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Between January and September of 1887 Carlos Ameghino carried out his first geologic and paleonto-
logical expedition to the Rio Santa Cruz, Patagonia. Based on the fossils and geologic information
compiled, in 1887 and 1889, Florentino Ameghino named more than 120 new species of extinct mam-
mals and his Formacién Santacruceiia and Piso Santacruceiio (Santacrucian stage). Data published by both
brothers state that the specimens were collected in outcrops by the Rio Santa Cruz, between 90 and
200 km west of its mouth. However, information in the posthumously published letters and Travel Diary
of C. Ameghino allows us to recognize a fourth locality, Rio Bote, at about 50 km further southwest. In
1900, 1902, F. Ameghino divided the Piso Santacrucefio in a younger étage Santacruzienne and older étage
Notohippidéen, restricting the geographical distribution of the latter to Kar Aiken locality, northeast of
Lago Argentino. However, 15 of the 54 species that F. Ameghino listed as exclusively Notohippidian stage
already had been named on specimens collected South to the Rio Santa Cruz in 1887, two year prior to C.
Ameghino’s first visit to Kar Aiken. Based on historical information and several expeditions to the Rio
Santa Cruz and its environs, in this contribution we establish the geographical locations of the 1887
localities, formalize their names, evaluate the stratigraphic position of the fossil-bearing levels, and
analyze the geographic extension of the Notohippidian, inferring that Rio Bote is where C. Ameghino first
collected species that came to define the Notohippidian.
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1. Introduction Argentina, in southern Patagonia (Fig. 1). It is composed of mud-
stones, tuffaceous sandstones and tuffs, deposited in fluvial envi-
ronments under the influence of intense explosive pyroclastic input
(Feruglio, 1949; Furque and Camacho, 1972; Bown and Fleagle,
1993; Tauber, 1994, 1997; Matheos and Raigemborn, 2012). In its
western exposures conglomeratic lenses are common (Furque and
Camacho, 1972; Blisniuk et al., 2005). SCF thins to the southeast,
from about 600 m in thickness in the northwest (Ramos, 1979;

Blisniuk et al., 2005) to ~250 m in the southeast (Tauber, 1994,

The early Miocene Santa Cruz Formation (SCF) is widely
distributed in the Austral geologic basin of Santa Cruz province

* Corresponding author. Seccién Paleontologia de Vertebrados, Museo Argentino
de Ciencias Naturales “Bernardino Rivadavia”, Av. Angel Gallardo 470, 1405DJR
Ciudad Auténoma de Buenos Aires, Argentina. Tel.: +54 11 4982 6595int190;

fax: +54 11 4982 1154/4494/5243.

E-mail addresses: jctano@macn.gov.ar, jctano@yahoo.com (J.C. Fernicola),
jicuiti@yahoo.com.ar (J.I. Cuitifio), vizcaino@fcnym.unlp.edu.ar (S.F. Vizcaino),
msbargo@fcnym.unlp.edu.ar (M.S. Bargo), richard.kay@duke.edu (R.F. Kay).

http://dx.doi.org/10.1016/j.jsames.2014.02.002
0895-9811/© 2014 Elsevier Ltd. All rights reserved.

1997). The gradual transition of marine deposits (Monte Leén, Es-
tancia 25 de Mayo and El Chacay formations) to the overlying
terrestrial deposits of the SCF seems to be slightly diachronous
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Fig. 1. Outcrops of the Santa Cruz Formation in the Santa Cruz Province. Modified from Vizcaino et al. (2013).
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along the basin. At the Atlantic coast (SE Santa Cruz province) the
top of the Monte Le6n Formation is dated at 18 Ma by means of Sr
isotopes on marine shell carbonate (Parras et al., 2012), and the
base of the SCF is dated at 17.8 Ma by the Ar/Ar method on minerals
from tuff layers (Perkins et al., 2012). To the northwest, near Lago
Posadas, Blisniuk et al. (2005) provided a range of 22.5 to 14.3 Ma
for the whole column of the SCF using Ar/Ar methods from tuff
layers. The age of 22.5 Ma was questioned by Perkins et al. (2012)
who, based on sedimentation rates and lack of sedimentation
breaks, suggested that the base of the unit should not be older than
~19 Ma. Perkins’ interpretation agrees with the ages obtained at
Lago Argentino by Cuitifio et al. (2012), who combining both Sr
isotope stratigraphy and Laser Ablation-U/Pb zircon ages from tuff
beds, dated the transition of the SCF and the underlying marine
beds at 19 Ma. These data suggest that the beginning of the
deposition of the SCF started earlier in the western region of the
Austral Basin than in its eastern region. The age of the complete
section of the SCF is well established for the coastal localities from
~18 to 16 Ma (Perkins et al., 2012). Overall, the base of the for-
mation rests conformably on marine deposits of the Monte Leon
Formation and its equivalents (Feruglio, 1938; Cuitifio and Scasso,
2010; Griffin and Parras, 2012).

The best known SCF exposures, especially noted by their fossil
vertebrate richness, are located to the southeast along the Atlantic
coast (Feruglio, 1949; Marshall, 1976; Tauber, 1994, 1997, Vizcaino
et al., 2012a), whereas less intensively studied outcrops appear
along the Andean foothills, from the Rio Turbio area in the south, to
the Lago Posadas area in the north (Marshall, 1976; Nullo and
Combina, 2002; Blisniuk et al., 2005; Bostelmann et al., 2013)
(Fig. 1). Other exposures have received little attention by geo-
scientists, such as those in the Rio Santa Cruz valley, first geologi-
cally explored in 1877 by Francisco Moreno (Moreno, 1879). In 1887
Carlos Ameghino made the first detailed geologic and paleonto-
logical reconnaissance identifying fossiliferous localities and pro-
ducing the information up on which his brother Florentino
Ameghino (1889) based his Formacion Santacrucefia and Piso San-
tacrucefio (Santacrucian stage). Later, . Ameghino (1900—1902)
divided the Piso Santacrucefio in a younger étage Santacruzienne
and older étage Notohippidéen (Notohippidian stage). Currently, the
Notohippidian is regarded as representing early Santacrucian local
fauna (Marshall and Pascual, 1977; Marshall et al., 1983).

Over the ensuing years, more widely exposed and accessible
highly fossiliferous exposures of SCF have taken priority in the
paleontological literature, so much so that C. Ameghino’s Rio Santa
Cruz discoveries (upon which the faunal content of SCF was origi-
nally based) passed into a sort of oblivion. In the classic summary of
the Santacrucian localities, Marshall (1976) mention these impor-
tant localities only collectively as Barrancas del Rio Santa Cruz and in
a recent expanded abstract Tauber et al. (2008) report several
paleontologic sites, without making a precise identification with
the C. Ameghino’s localities (see below).

Based on historical information and several of our own expe-
ditions to the Rio Santa Cruz since 2009, Fernicola et al. (2010, 2013)
gave a preliminary report on the geographic location of C.
Ameghino’s (1887) fossiliferous localities. The goal of this contri-
bution is to further establish the geographical locations of the 1887
localities, formalize their names, and evaluate the stratigraphic
position of the mammal-bearing levels. Also, we review the
geographic provenance of the species that F. Ameghino used to
establish the Notohippidian stage.

1.1. Historical context

The goals of the early explorations of the Patagonian region
during the XIXth century, made by expeditions of FitzRoy, Darwin

and Sulivan were much broader than geologic and paleontological,
including general issues on geography and natural history
(Brinkman, 2003; Fernicola, 2011a,b; Vizcaino et al., 2012b, 2013).
The first expedition with specific geologic and paleontological pur-
poses was launched in 1886 by, Moreno and Florentino Ameghino,
Director and Sub Director of the Museo de La Plata, respectively. They
commissioned Carlos Ameghino, then preparator of paleontology at
the Museo de La Plata to explore the Rio Santa Cruz (Farro, 2008,
2009; Podgorny, 2009; Fernicola, 2011a, b; Vizcaino, 2011;
Vizcaino et al., 2012b, 2013). Maps produced by FitzRoy and
extended and improved by the expedition of Moreno of 1876—77
served as a guide for the Ameghino expedition, which began in
January 1887 and returned to La Plata in September 1887 with more
than 2000 fossil pieces (F. Ameghino, 1887; C. Ameghino, 1890).
Many of the fossils were quickly studied and reported by Florentino
in a concise paper, in which he recognized 122 taxa, of which 110
were new species (F. Ameghino, 1887). Ameghino intended that the
new taxa would be more extensively described and figured in a later
contribution. For different reasons, however, Moreno and F. Ame-
ghino could not agree about where to publish the fossil collection of
1887 (Fernicola, 2011a). This, together with a contentious prior
relationship that existed between both (Podgorny, 2009), resulted in
the departure of F. Ameghino from the Museo de La Plata on
February 25, 1888 (F. Ameghino, 1889; Fernicola, 2011a,b). This
separation exacerbated the conflict on how the fossils should be
published and prompted a vigorous competition for obtaining new
fossils from Santa Cruz. In November 1888, Moreno sent Santiago
Pozzi and Clemente Onelli on a new museum expedition to the Rio
Santa Cruz (Moreno, 1890; Farro, 2009; Fernicola, 2011a,b; Riccardi,
2008; Vizcaino et al., 2012b, 2013). Meanwhile, F. Ameghino, who
had misappropriated part of the 1887 collection intended originally
for the Museo de La Plata (Fernicola, 2011b), prepared the manu-
script of his extensive “Contribucién al Conocimiento de los Mami-
feros Fosiles de la Argentina” (F. Ameghino, 1889), in which he
described all known fossil mammals of Argentina including those of
Rio Santa Cruz (F. Ameghino, 1889). As mentioned above, in that
article Ameghino (1889) based his Piso Santacrucefio mainly on the
lithological and faunal composition of the sites in the Rio Santa Cruz
valley. Based on this concept Pascual et al. (1965) formalized the
“Edad Mamifero Santacrucense” (Santacrucian Land Mammal Age).

C. Ameghino (1890) stated that he discovered three separate
fossil-bearing outcrops on each margin of the Rio Santa Cruz, be-
tween 90 and 200 km west of its mouth. However, in a letter sent to
his brother in 1887 from Santa Cruz (Letter 166 published in
Torcelli, 1935) and in his Travel Diary of 1887 (published by Rusconi,
1965) he mentions a fourth locality, about 50 km further southwest
than those mentioned in the 1890 publication. In March 1889, C.
Ameghino was also dismissed from the Museo de La Plata, and in
September of the same year he returned for a second time to the Rio
Santa Cruz to prospect on the river, up to Lago Argentino (F.
Ameghino, 1906; Rusconi, 1965; Vizcaino, 2011). A month later,
Moreno sent a third museum expedition headed by Juan Ivovich
and Francisco Larumbe to Santa Cruz (Moreno, 1890; Farro, 2009;
Riccardi, 2008; Vizcaino et al., 2013). The competition in Santa
Cruz between Moreno and the Ameghino brothers was to continue
until the early 1890s (Vizcaino et al., 2012b, 2013). One positive
result of this competition was the discovery of many new paleon-
tological localities along the Atlantic coast between Monte Ledn
and Rio Gallegos. The Atlantic outcrops are more extensive and
yield more complete specimens than those from the Rio Santa Cruz
(Marshall, 1976; Vizcaino et al., 2012a). The specimens from these
new localities were announced by F. Ameghino (1890, 1891, 1894)
and Mercerat (1890a—c, 1891a—f) who had replaced Ameghino in
the Department of Paleontology at the Museo de la Plata from 1890
to 1892.
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Fig. 3. Map of the Rio Santa Cruz area with the itinerary of the expedition of Carlos Ameghino in 1887, based on Carlos Ameghino’s Travel Diary and the map of the Rio Santa Cruz published by Moreno in 1879 (Fig. 2). Brown line
indicates itinerary from Isla Pavén to Rio Bote, and green line from Rio Bote to Isla Pavon. Numbers in black circles (1—14) correspond to the 1887 camps of Carlos Ameghino: 1, Chikerook Aike (February, 25); 2, west to Barrancas Blancas
(February, 26); 3, Barrancas Blancas, (February 27 — March, 1); 4, Big Bend (March, 2); 5, Plateau near Segundas Barrancas Blancas (March, 3); 6, Plateau (March, 4); 7, Plateau (March, 5); 8, Rio Bote (March, 6 and 7); 9, river bend near
Yaten Haugeno (March, 8 and 9); 10, Yaten Huageno (March, from 10 to 14); 11, Rio Santa Cruz (March, 15); 12, western end of the Segundas Barrancas Blancas (March, 16—20); 13, eastern end of the Segundas Barrancas Blancas (March,
21-24) 14, Barrancas Blancas (March, 25—30). Numbers in black rectangles correspond to the fossil localities: BB, Barrancas Blancas; 2BB, Segundas Barrancas Blancas; YH, Yaten Huageno; and RB, Rio Bote. (For interpretation of the
references to color in this figure legend, the reader is referred to the web version of this article.)
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The quality of the specimens described and the novel and
contentious evolutionary hypotheses developed by F. Ameghino in
his publications sparked a desire among several foreign scientists
from Europe and North America to obtain Santacrucian fossils.
These was achieved via direct purchase, exchange, and/or through
their own expeditions (Podgorny, 2009; Vizcaino et al., 2012b,
2013). The well-known quality of the fossils from sites on the
Atlantic coast lead to the virtual abandonment of sites on the Rio
Santa Cruz, a phenomenon that continued throughout the twen-
tieth century (Vizcaino et al., 2012a, 2013). The localities of the Rio
Santa Cruz were so neglected that Marshall et al. (1983) recognized
a coastal site, Monte Léon (Figs. 1-3), as the type locality of the
Santacrucian Land Mammal Age, even though this concept is based
on the faunal assemblage that F. Ameghino (1889) described from
sites along the Rio Santa Cruz. The same happened with the his-
torical sources used in subsequent biostratigraphic work that
included the Santacrucian fauna, in which only the paper of C.
Ameghino (1890) and/or subsequent papers of F. Ameghino
(1900—1902, 1906) were considered, and the mammal-bearing
exposures on the Rio Santa Cruz were only mentioned in general
terms (e.g., Marshall et al., 1983; Tauber et al., 2008). For instance, in
the list of Santacrucian localities Marshall (1976) included “Bar-
rancas del Rio Santa Cruz” as an undetermined number of expo-
sures situated mainly in the middle part of river. Furthermore,
pertinent information available in the posthumously published
letter and Travel Diary of C. Ameghino (see above) was excluded
and consequently the report of the westernmost locality being near
Lago Argentino, impeded identification of the geographical source
of the specimens on which F. Ameghino established the faunal lists
of his Santacrucian and Notohippidian stages (e.g., Gonzalez and
Scillato-Yané, 2009). The latter Notohippidian was formalized by
F. Ameghino (1900—1902) as the oldest Santacrucian subdivision,
the type locality of which was in the Car-Aiken or Kar-Aiken region,
located northeast of Lago Argentino (Fig. 2) although Marshall and
Pascual (1977) did suggest that F. Ameghino (1902, 1906) included
in his Notohippidian some taxa based on specimens collected in
other sites not enumerated.

2. Materials and methods

As already mentioned three main historical sources used here
were published in the reverse order to the actual time when their
were elaborated: 1) Carlos Ameghino’ Travel Diary was written in
1887 not published until 1965 by Rusconi; 2) the detailed letter that
Carlos Ameghino sent from Santa Cruz to his brother Florentino in
1887 was not published until 1935 (Letter 166 in Torcelli, 1935); and
3) the report of the geological exploration to the Rio Santa Cruz of
1887 by C. Ameghino was published by him in 1890 only after being
edited by F. Ameghino (Letter 176, in Torcelli, 1935). For the first two
sources we had to rely on the transcriptions by Torcelli (1935) and
Rusconi (1965). However, it is noteworthy that the spelling
and syntax of these transcripts were not always those used by C.
Ameghino in his manuscripts.

The geographical references used here correspond to those
present in the historical sources mentioned, which are based on the
map of the Rio Santa Cruz published by Moreno in 1879, and its
antecedent map published by FitzRoy (1837). All historical refer-
ences regarding the locations of the Rio Santa Cruz, mentioned in
the text, were confirmed by our field observations since 2009 along
Rio Santa Cruz and near Lago Argentino. For precise positioning of
each locality and stratigraphic measurements we used the topo-
graphic charts of the Instituto Geografico Nacional (Argentina) at
1:100,000 scale and Global Positioning System device (GPS). For
sedimentary section measurements we used a Jacob’s Staff. The
translations of C. Ameghino’s account into English takes into

account modern grammar and syntax but are otherwise as they are
published.

3. Three stories of a field trip
3.1. Account 1: Carlos Ameghino’ travel diary of 1887

3.1.1. First visit to Barrancas Blancas (February 27—March 1)

Carlos Ameghino and his assistants, Ataliba and Francisco, left
from the Government House of Santa Cruz, on February 21, 1887.
They arrived on the 25th to the Indian settlement Chikrokaiken (in
Rusconi, 1865: 36; =Chikorkaik of C. Ameghino, 1890:
8; =Chickerook-aiken of Moreno, 1879: 241; Fig. 2). On the 26th,
they continued their journey to the west and camped a short dis-
tance from Barrancas Blancas. In his entry of February 27th he says:
“... We left early and walked along the river bank, but there came a
moment when it is necessary to deviate, when the river takes the
eastern end of the Barrancas Blancas leaves only an impracticable
narrow path ... We climbed to the high plateau and reached the
opposite end of the cliff. When we arrived there we were forced to
descend ... we immediately headed to the river, which runs about
1 km from the cliffs, where we made camp on a beautiful little
valley ... Walking along its bare flanks, I had the fortune to discover
some interesting remains of fossil animals, the first of terrestrial
origin that I had collected on this trip”. Between the February 27
and March 1, Ameghino mentioned that he collected xenarthrans,
notoungulates, marsupials, and rodents. Before continuing to the
west, he spent the afternoon of March 1 “... arranging the collec-
tions obtained, and burying the heaviest portion at the bottom of a
bush to collect it on the way back...”.

3.1.2. First visit to Segundas Barrancas Blancas (March 3)

After breaking camp, Ameghino continued to the west: “Day 2
[March 2] ... we always walked along the river edge, as we moved,
the immense ‘Barrancas Blancas’ gradually disappeared on the
horizon [behind us]... The Barrancas Blancas disappeared from our
sight, and only some arid hills can be seen in the direction from
which we passed ... At about 5 pm we camped in the corner of a big
bend that the river forms from south to north, and then to the east.
From here, we observed a system of bare cliffs of similar structure
to those that we have just left, and that by analogy I will call
‘Segundas Barrancas Blancas’. On March 3, he wrote: “... we broke
camp, and continued our trip. As the path in this great bend was
extremely rugged, and does not allow passage without serious
danger, I decided to climb up to the plateau. Crossing deep and
treacherous gorges, | managed to reach the first bare small hills, and
here I again focused on the search for fossils, with such a success
that judging by the many pieces collected in the short time at my
disposal, these cliffs should be immensely rich in objects of this
nature”. Among the pieces found by Carlos Ameghino, he only
mentioned the presence of the ungulate Astrapotherium.

3.1.3. Nearby Rio Bote (March 7)

Carlos Ameghino continued his journey to the west: “Day 4
[March 4] ... we traversed the plateau because it was more expe-
ditious and less rugged... In the afternoon we saw, for the first time,
the Cordillera on the far western horizon... Day 5 [March 5]. ...
Early we left this place ... after long, long hours of wandering in this
inhospitable region... We crossed a chain of black basalt hills on the
north and we arrived to our happiness in a valley in which the
abominable basalt margin ends... Around 5:30 pm we reached the
edge of a very high plain, from where we saw the magnificent Rio
Santa Cruz, and farther to the west an inland sea: the beautiful Lago
Argentino ... trying to get to the river would be useless [at this
point], because it was still at least a couple of leagues [about 10 km]
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from us ... On the way, we had noted a small lake about 5 blocks
[approximately 750 m] from here, which might supply the neces-
sary water for the night. Without wasting time we left for that place
... Day 6 [March 6]... We saddled and at 8 am started our journey
westwards along the side of the plain and descending into the
valley. Some bare cliffs can be seen in the distance in that direction,
which I want to reach today... At about 3 pm shortly before
[reaching] the bare cliffs, we arrived at a canyon that trends south
where we found splendid green pastures with high grass that reach
the belly of the horses. Moving to the bottom of the cliff we found a
magnificent spring ... Day 7 [March 7]... I picked up some fossils
but almost all identical to those collected in the lower course of the
river ... On returning to the camp, I climbed to the plain to see the
lake, but closer now”. On March 8, with the arrival of a snowfall,
Ameghino decided to return.

3.1.4. Yaten Huageno (March 10—14)

On March 8 and 9 they camped again near to Rio Santa Cruz. On
March 10 Ameghino wrote: “... we arrived to a place where the
river makes an immense and sharp bend descending almost at a
right angle from north to south, before running to the east. As far as
I can tell, the Indians call this place Yaten Huageno ... in the corner
of this sharp bend there are some colossal bare cliffs which
resemble enormous forts ...” In these deposits, he collected

xenarthrans, notoungulates, and rodents. They departed on March
14 moving eastward “...to avoid the detours formed by the river to
the north, where one can observe immense gorges and basalt cliffs
that make this route impassable. This impressive corner is fairly
called ‘La Fortaleza’...” (Fig. 3).

3.1.5. Second visit to Segundas Barrancas Blancas (17—21 March)

On March 16, they camped on the western margin of “Segundas
Barrancas Blancas”, and on March 21 they camped at the eastern
end of this cliff exposure. Between March 17 and 21, Ameghino
collected many fossils. Bad weather from March 22 and 23 pre-
vented him from continuing his work, so the 24th, he prepared his
equipment to leave the next day.

3.1.6. Second visit to Barrancas Blancas (March 26—30)

On March 25, at 6 am he moved towards Barrancas Blancas,
arriving at 4 pm at the place where he had camped on the outward
journey and buried part of the collection. Between March 26th and
29th, he collected additional fossil mammals specimens. On March
30, he mentions the discovery of marine beds: “Exploring the ex-
tremity of the cliffs I have made an interesting discovery today I
have observed that below the subaerial [stratigraphic] levels, which
contain terrestrial fossils, there are well developed sea beds, with
wide banks of oysters and other marine fossils” (Fig. 4). On March
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31 they left Barrancas Blancas, arriving at Government House on
April 3, 1887.

3.2. Account 2: letter sent by Carlos to his brother of May 6, 1887

In his letter of May 6, 1887 to Florentino, Carlos wrote: “Our first
camp after we left Pavén Island to the west was in a place that the
natives call Chikrok-kaiken (Fig. 2) ... the next day ... we continued
our trip, and we camped ... a short distance from Basalt-Glen
(Fig. 2), where there are immense cliffs, which the natives call
‘Barrancas Blancas’ ... I made my first findings [of fossils] ... We left
this place on March 2, and in order to gain time and way, we left the
rugged valley of the river for the flat plateau, and after five
consecutive days of riding on the Pampa, we caught sight of Lago
Argentino on the evening of March 6. Here I spent a day, busy in
exploring a cliff, where I collected some fossils, but almost all of
which are similar to those already found in the lower course of the
Rio Santa Cruz. On March 8, we started to descend the river ... The
richest site [ have visited, is located three days away from the Lago
Argentino, in a place that the Indians know as Yaten Huageno. I
have found fossils along the whole course of the river, wherever
there are bare cliffs, and at all levels of Formation ... In one of these
cliffs (Barrancas Blancas), found four days ride from of the Gov-
ernment House... I found below the strata which contain fossil
remains of terrestrial animals, a well developed marine terrain with
strong banks of oysters and other marine fossils, strata alternating
with whitish sandy clay stratified beds ...".

3.3. Account 3: geological explorations in Patagonia, Carlos
Ameghino 1890

C. Ameghino (1890) related that on February 26 they left the
Indian place called Chikorkaik to continue westward to the place
called Barrancas Blancas, located “... at the western end of the
immense bend that the river described in Swamp bank [=Swamp
Bend of FitzRoy, 1837 =Suamp Bend of Moreno, 1879] or Rincén
Grande” (Figs. 2 and 3). In these deposits, he reported collecting
cingulates, sloths, notoungulates, marsupials, and rodents in the
upper strata and that “The lower basal strata of the cliff is occupied
by a marine formation...”.

On March 2 he commented “... We have decided to leave Bar-
rancas Blancas, to ascend the river before the snow season begins,
we left the rugged river valley and we climbed to the plateau to
continue our interrupted trip to the interior”. Carlos mentioned
that on March 6 “... after crossing the last tributaries of Rio Bote, we
camped for the afternoon in the surroundings of the beautiful Lago
Argentino. There, I was planning to stay for a few days and explore
the vicinity of the lake, but the next day we were surprised by
heavy snow, and we were forced to return”. On March 8, they
started the trip back “... along the river, I was fortunate to discover
two new fossil sites ... The first ... is located three days ride on the
return from the lake, in the large cliffs a short distance from Yaten-
Huageno, on a considerable bend the river makes at this point.”
Carlos Ameghino mentioned that he collected cingulates, notoun-
gulates, rodents, and astrapotheres at Yaten Huageno.

According to Carlos, “The second site is located at approximately
42 km downstream from Yaten Huageno, shortly before the Basaltic
Glen canyon, at the apex of a great bend where the turns southeast,
then bends sharply to the north to resume its interrupted course in
the east. In this site ... I found the first remains of Pachyrucos...”
Finally, Carlos mentioned that “After visiting the interesting Bar-
rancas Blancas site with the same or better result as the first time,
we arrived on April 1 to the Isla Pavén, and 3 of this month [April 3],
we returned to the Government House, after one month and 12
days of profitable absence”.

4. Results

Combining data from these three accounts with our field work
since 2009 along the Rio Santa Cruz, and in the area nearby to Lago
Argentino, allowed us to locate precisely the four fossil sites
mentioned by Carlos Ameghino variously in his three accounts and
to recognize the general stratigraphy of the area.

4.1. General stratigraphy

The valley of Rio Santa Cruz forms a prominent incision into the
Neogene sedimentary cover of the Austral (or Magallanes) Basin.
The E—W oriented valley contrasts with the smooth topography of
the plateaus (mesetas) that surround it, especially to the south
(Meseta Pampa Alta, Strelin et al., 1999; and Pampa de Monte Leén,
Panza, 2002). The oldest unit recognized is the Early Miocene
marine Monte Ledn Formation (Parras et al., 2012), that is restricted
to the east and to the topographically lower portion of the Rio Santa
Cruz valley. Conformably and transitionally overlying the Monte
Le6n Formation is the terrestrial SCF, which the best outcrops
appear along the southern slope of the valley. The estimated
thickness of SCF in the valley is 250 m, although our observations
are confined to the well exposed first 100 basal meters from the
base. At its western end, the valley broadens and becomes a co-
lossal glacial trough with Lago Argentino at its apex (Strelin et al.,
1999). There, older units crop out due the Neogene Andean uplift.
Throughout its course on the river, the SCF is covered unconform-
ably by late Miocene-Pleistocene sedimentary deposits of fluvial
and glacial origin and by Plio-Pleistocene basaltic lava flows (Strelin
et al., 1999; Panza, 2002). In the western portion of the valley, the
late Cenozoic sedimentary cover is composed of a complex
assemblage of glacial, fluvial and lacustrine sediments (Strelin et al.,
1999). To the east the cover consists of well-sorted fluvial gravels of
the terrace systems associated to the valley formation history
(Panza, 2002). The basaltic lava flows are found along both sides of
the central and western parts of the valley (Panza and Franchi,
2002), such as the Céndor Cliff Basalt (Strelin and Malagnino,
2009).

4.2. Fossil localities

Below we discuss the information compiled and give the loca-
tion and names of the fossil sites. These are referenced to the names
of the ranches (estancias, abbreviated as Ea.) that today contain
them.

4.2.1. Barrancas Blancas (=Ea. Santa Lucia — Ea. Aguada Grande)
According to the above accounts this site is located to the west of
the Indian settlement Chickerook-Aike (Fig. 2: Moreno, 1879). In
1890, Carlos Ameghino provided more precise information to place
Barrancas Blancas “...at the western extremity of the great bend
described by the river in Swamp-Bank [=Swamp Bend of FitzRoy,
1837 =Suamp Bend Moreno, 1879] or Rincén Grande...”. These
geographic references coincide with those that Carlos stated in his
letter to Florentino, noting that Barrancas Blancas is located to the
east of Basalt Glen (Fig. 1). During our exploration between Basalt
Glen and Swamp Bend, we observed badlands exposures of pale
horizontal strata approximately 6 km in length from east (S
50°9'38.31" — W 69°40'23.40”) to west (S 50°12'31.70" — W
69°4310.66"). The eastern end of this exposure is located in Es-
tancia Aguada Grande whereas the western end is located in the Ea.
Santa Lucia (Topographic Chart Estancia Santa Lucia, 5169-2). Our
stratigraphic observations correspond to what Carlos Ameghino
described. Two distinctive sections can be recognized within this
exposure (Fig. 4). A lower marine section of 30 m in thickness crops
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out at the eastern end of the exposure where the river erodes the
slope. This section bears sparse marine bivalves, gastropods and
barnacles, and beds of Ostrea (?) cf. hatcheri (Miguel Griffin com.
pers. 2010) are noticeable (Fig. 4). We preliminarily assign this
section to the upper part of the Monte Le6n Formation. It is covered
transitionally by the upper section which is assigned to the Santa
Cruz Formation, composed by nearly 100 m of well stratified, yel-
low to greenish siltstone and tabular claystone beds, with evidence
of paleosol formation. Sandstone beds are infrequent and abundant
pyroclastic material is observed mixed with the epiclastic material,
as well as thick tuff beds (Fig. 4).

The upper section (Santa Cruz Formation) contains fossil ver-
tebrates, mostly mammals, among which we recognized cingulates
(Propalaehoplophorus sp., Proeutatus sp, Prozaedyus sp. and Sten-
otatus sp.), sloths (Hapalops sp.), rodents (Acaremys sp. and Neo-
reomys sp.), notoungulates (Nesodon sp. and Adinotherium sp.),
litopterns (Thoatherium sp.), astrapotheres (Astrapotherium sp.),
marsupials (Palaeothentes sp.), and primates (Homunculus sp.).

4.2.2. Segundas Barrancas Blancas (=Ea. Cordén Alto — Ea. El
Tordillo — Ea. Rincon Grande)

This locality was omitted in the letter that Carlos Ameghino sent
to his brother Florentino on May 6, 1887. However, his Travel Diary
mentions that he found an important fossiliferous site, which he
informally called Segundas Barrancas Blancas, located West of
Barrancas Blancas and East of Yaten Huageno (Fig. 2). Carlos did not
use that name in his 1890 publication, but he gave further
geographical details to locate this fossiliferous locality slightly West
of Basalt Glen and about 45 km East of Yaten Huageno (Fig. 2). The
different geographical references of the three accounts are com-
plementary. We locate an extensive outcrop of about 14 km in
length from East (S 50°16'12.48"” — W 70°22/23.21” W) to West (S
50°16'51.90 " — W 70°17'54.76"). The western end of this exposure
is located at Ea. Cordén Alto, while the eastern end is at Ea. Rincon
Grande (Topographic Chart Estancia La Barrancosa, 5169-1). The
exposures lie at the bottom of the valley, where the river erodes its
southern slope. Here, SCF is composed of 90 m of horizontal strata
of tabular geometry, composed of greenish and yellow siltstones
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and tabular to lenticular beds of gray sandstones (Fig. 5). Some poor
exposures of the Santa Cruz Formation were identified in the up-
permost part of the valley slope, giving a total thickness of about
230 m. No marine deposits were observed here.

In this section we found fossil mammal remains, among which
we can list cingulates (Eucinepeltus sp., Cochlops sp., Prop-
alaehoplophorus sp., Proeutatus sp., Prozaedyus sp. y Stenotatus sp.,),
sloths (Hapalops sp.), rodents (Neoreomys sp., Prolagostomus sp.,
and Perymis sp.), notoungulates (Nesodon sp., Adinotherium sp., and
Interatherium sp.), litopterns (Thoatherium sp), astrapotheres
(Astrapotherium sp.), and marsupials (Palaeothentes sp. and Abder-
ites sp.).

4.2.3. Yaten Huageno (=Ea. El Refugio)

This locality is mentioned in all three accounts. According to his
Travel Diary, is located slightly west of the corner known as “La
Fortaleza” and the place called Yaten Huageno (Fig. 2). This last
reference was also provided by Carlos Ameghino both in his letter
of 1887 and the publication of 1890. He considered these deposits
as the westernmost outcrops located near the Rio Santa Cruz
(Fig. 3). We located an outcrop of about 2 km in length from East (S
50°15'17.48" — W 71°4'9.56") to West (S 50°1517.48" — W
71°4'9.56") within the lands of Ea. El Refugio (Topographic chart
Estancia Cerro Fortaleza, 5172-5) (Fig. 6). This outcrop corresponds
entirely to the SCF which lies horizontally, and is composed of 90 m
of brown and greenish siltstone, sandstone and tuff beds. Fine-
grained beds are tabular and sandstone deposits appear as lentic-
ular bodies (Fig. 6).

We recorded fossil remains of cingulates (Cochlops sp., Pro-
eutatus sp., Prozaedyus sp. and Stenotatus sp.), sloths (Hapalops sp.),
rodents (Perymis sp. and Neoreomys sp.), and notoungulates
(Nesodon sp. and Interatherium sp.).

4.2.4. Rio Bote (=Ea. Maria Elisa)

The location of this paleontological site is the most contentious
of the four visited by Carlos Ameghino in 1887, because it was not
included in his publication of 1890. However, Carlos reported the
existence of this site in his Travel Diary, and in his letter to

Fig. 5. Second Barrancas Blancas locality. A) Exposure of the Santa Cruz Formation at the base of the southern valley slope. B) Sedimentary section logged in the exposure showed in

A. Legend as in Fig. 4.
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Fig. 6. Yaten Huajeno locality. A) Exposure of the Santa Cruz Formation at this locality. Note people (encircled) for scale. B) Sedimentary section logged at this locality. Legend as in

Fig. 4.

Florentino. Both accounts agree: he noted that on March 7 various
fossils were collected and their taxonomic assignment was no
different from what Carlos had previously collected in the lower
reaches of the valley. In both documents Carlos said that the pro-
spected site is far distant from the Rio Santa Cruz. According to his
Travel Diary, it is more than 10 km south of the river, on an
extensive cliff oriented south to north, nearby a river that drains
into the Rio Santa Cruz. These references, together with the data
provided in C. Ameghino (1890), that between March 6 and 8 he
was around the Rio Bote, allowed us to focus our effort on this river.
We explored both sides of the Rio Bote valley and found an expo-
sure of the Santa Cruz Formation at about 15 km SW of it mouth, in
the Ea. Maria Elisa (Topographic Chart Estancia La Entrerriana,
5172-10) (Fig. 7). The outcrop is approximately 1.5 km in length,
from northeast (S 50°21'50.31” — W 71°50'14.69") to southwest (S
50°22/27.66” — W 71°50'57.89”) and beds dip a slightly to the east.
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In this locality, the base of the Santa Cruz Formation is not exposed,
although it can be inferred to be close by, because the underlying
marine Estancia 25 de Mayo Formation (Cuitifio and Scasso, 2010)
crops out along the Rio Bote valley, a few kilometers northeast.
According to Cuitifio and Scasso (2010) and Cuitifio et al. (2013) the
uppermost marine beds of the Estancia 25 de Mayo Formation (the
Bandurrias Member) are covered transitionally by the Santa Cruz
Formation. At the Rio Bote locality, we measured 125 m of gray to
greenish siltstone, sandstone and tuff beds, with minor proportion
of conglomerates in lenticular beds. This lithologic array is consis-
tent with the description provided by Furque and Camacho (1972)
and Furque (1973) for the lowermost Los Dos Mellizos Member of
the SCF at the Lago Argentino region.

At the Rio Bote Locality we recorded fossils including cingulates
(Proeutatus sp.), rodents (Perymis sp.), and notungulates (Adino-
therium sp. and Notohippus sp.).

Fig. 7. Rio Bote locality. A) Exposure of the Santa Cruz Formation at this locality. Note brownish, lenticular bodies of coarse sandstone. B) Sedimentary section logged at this locality.

Legend as in Fig. 4.
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5. Discussion
5.1. Stratigraphy

The field examination of the Santa Cruz Formation in the four
localities visited by Carlos Ameghino in 1887 allowed us to make
some comparisons regarding the stratigraphy of these mammal-
bearing beds along the Rio Santa Cruz valley. From Barrancas
Blancas to Rio Bote, the outcrops form an E—W discontinuous belt
of nearly 160 km (Figs. 4—7). The thickness of the exposed indi-
vidual outcrops is barely above 100 m, although the total thick-
ness of the unit can be inferred to increase from east (about
250 m at the middle reach of the valley) to west (about 500 m in
the region of Rio Bote; Furque, 1973). The studied outcrops would
correspond to the basal strata of the SFC. This is clearly visible at
Barrancas Blancas (Fig. 4) and near to Rio Bote locality (Fig. 7),
where the exposures conformably cover the underlying marine
units (Monte Le6én and Estancia 25 de Mayo formations, respec-
tively). At Segundas Barrancas Blancas and Yaten Huageno, the
base of the SCF is not visible. However, as we could verify in the
field, no faulting nor folding affects the horizontal strata of these
sections, which together with its position at the bottom of the
valley, allows us to assume that the exposures correspond to the
lower part of this formation. In this scenario, we conclude that all
the observations made by Carlos in his trip were made on the
stratigraphically lower beds of the SCF.

From a sedimentological point of view, the four localities are
part of a lateral continuous fluvial system, which shows some
proximal (western) to distal (eastern) trends. At Rio Bote, the
locality closer to the Andean belt, the coarsest grain size is
recorded, whereas at Barrancas Blancas the grain size is finer.
Additionally, the geometry of the sandstone bodies changes
from lenticular at western localities to tabular at eastern local-
ities. The base of the unit, visible at Barrancas Blancas and near
to Rio Bote locality, shows a transition from tide-dominated
estuarine systems that grade upwards to a low-energy fluvial
system.
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Fig. 8. Map of Santa Cruz Province published by F. Ameghino (1906) shows the dis-
tribution of the Notohippidian levels. Modified from F. Ameghino (1906).

5.2. Paleontological localities

Comparison among the three accounts summarized above
allowed us to identify a set of discrepancies between the versions
that the brothers Ameghino decided to publish (C. Ameghino, 1890)
and those that were published posthumously (Letter 166 in Torcelli,
1935 and Travel Diary in Rusconi, 1965). Among these discrepancies
only two are worth mentioning here. First, in his Travel Diary C.
Ameghino recorded that after collecting in Barrancas Blancas and
Segundas Barrancas Blancas he went westward across the plateau
to attempt to reach Lago Argentino, while in the letter sent to his
brother and in his publication of 1890 he mentioned having
reached the plateau only after prospecting Barrancas Blancas.
Second, Carlos only used the name Segundas Barrancas Blancas in
his Travel Diary. However, both discrepancies do not affect the
general reconstruction of Carlos trip, nor the possibility of locating
the sites prospected by him.

We have now reconstructed the trip itinerary conducted by
Carlos in 1887 (Fig. 3) and have established the precise locations of
the four fossil localities south to the Rio Santa Cruz mentioned in
his Travel Diary. The instructions that Moreno gave to the mem-
bers of the expedition in 1888 to Rio Santa Cruz (in Farro, 2008),
based on the report that Carlos gave to Moreno when he returned
from the 1887 expedition are consistent with our reconstruction.
In his 1888 instructions given to Santiago Pozzi and Clemente
Onelli, Moreno mentioned four fossiliferous localities on the south
bank of the Rio Santa Cruz: “Leaving Isla Pavon on the south side,
you will arrive at Chikerook-Aiken, where you must examine the
place for some days ... and you will study the region geologically
with the data of Mr. Ameghino, extending it as much as possible,
taking sketches, samples and photographs ... from Chikerook-
Aiken ... you will continue to “Barrancas Blancas”, shown in the
map, where you will stay as long as you need, so as not to leave
any good fossils behind ... We have a chart of the hills in ‘Bar-
rancas Blancas’, when the terrain allows it, you will go to the great
bend of the river in ‘Stepout Reach’, there is another site [Segundas
Barrancas Blancas] ... from ‘Stepout Reach’, you will continue to
‘Yaten Huageno’ where you can obtain another collection ... from
that point, you will continue to the west until you reach Rio Bote;
in the high mineral cliffs that are to the south there are un-
doubtedly fossils ...” (from Farro, 2008). The location of the four
localities, agrees exactly with those given by Carlos in his Travel
Diary, but not with the publication of C. Ameghino (1890), in
which the westernmost paleontological site located in the valley of
the Rio Bote was omitted. Although at the moment we are unable
to establish the reasons that led the Ameghino brothers to do so, it
is important to consider that this omission has restricted the un-
derstanding of other paleontologists as to the geographical extent
of the Santacrucian fauna, as it was defined by F. Ameghino in
1889, solely to the cliffs of the Rio Santa Cruz. Thus, in the revision
of Miocene fossil localities of Santa Cruz provided by Marshall
(1976), the locality in the Rio Bote (=Ea. Maria Elisa) was not
mentioned, while the “locality” Barrancas del Rio Santa Cruz was
recognized in the following general terms: “This locality almost
certainly refers to the extensive but discontinuous exposures of
Santa Cruz beds along the middle part of the Rio Santa Cruz be-
tween Lago Argentino and the town of Santa Cruz. The majority of
these exposures lies between 75 and 125 km due E (c. 50° 20’ S,
70° 30" W) of Lago Argentino (see Ameghino, 1906; Fig. 57;
Feruglio, 1938; Fig. 6)”. In this way, according to Marshall (1976)
the main exposures would include the localities that Carlos
Ameghino called Segundas Barrancas Blancas (=Ea. Cord6n Alto —
Ea. El Tordillo — Ea. Aguada Grande) and Yaten Huageno (=Ea. El
Refugio). This scheme was later reproduced by Marshall et al.
(1983).
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The westernmost locality, Rio Bote (=Ea. Maria Elisa), provides
new evidence on the geographic provenance of the fossil specimens
on which F. Ameghino (1900—1902) recognized the species that
constituted his Notohippidian list. Briefly, Ameghino (1900—1902)
formalized his Notohippidian stage on a set of species that were
recognized from fossil specimens that were collected by Carlos
Ameghino in 1889, during his third Patagonian expedition, aimed at
the west region of Santa Cruz (F. Ameghino, 1900—1902, 1906;
Rusconi, 1965; Vizcaino, 2011). In particular, F. Ameghino (1900—
1902) mentioned “Kar-aiken, north of the Rio Santa Cruz, near
Lago Argentino, as the locality to observe the typical Notohippidian
layers and to collect fossils”, while in 1906 he pointed out that “The
layers of this stage that appear in Karaiken seem to occupy a
considerable extent, and these have a minimum thickness of 80 m.
Unfortunately, as I have said, this locality was visited only once in
1889”. In this article, F. Ameghino included a map in which the
distribution of the Notohippidian levels was restricted to a small
region located about 20 km northeast of Lago Argentino (Fig. 8).
However, this information is not consistent with the geographic
locations inferred from his taxonomic list of 1900—02. In this list, F.
Ameghino (1900—1902) included 72 species, of which 54 were
exclusive to the Notohippidian stage. Among the latter, 38 were
erected by F. Ameghino after 1890, while of the remaining 16
Ameghino founded 10 in 1887 and six in 1889. According to F.
Ameghino (1887, 1889), 15 of the 16 species were based on speci-
mens collected on the cliff of the Rio Santa Cruz. Recently, Fernicola
(2011) established that such specimens were found by Carlos on his
expedition of 1887. For all these reasons, the specimens of those 15
species (Table 1) that contributed to form the concept for the
Notohippidian could not have been collected at Karaiken but must
come from some locality samples on the 1887 expedition. The lo-
calities in the north margin of the Rio Santa Cruz can be discounted
because according to the 1887 expedition, the westernmost point
prospected by Carlos was Céndor Cliff, located about 75 km east of
Lago Argentino, almost in front of Yaten Huageno. We propose that
the locality in which Carlos collected the Notohippidian specimens
corresponds to that not reported by the Ameghino brothers in their
lifetime and which we have recognized as Rio Bote. It is clear that
the inclusion of these 15 species in the Notohippidian list was not a
mistake for two reasons. First, F. Ameghino (1900—1902) stated that
he had clearly identified the localities where the fossil specimens
that he included in the Notohippidian stage were collected. Second,
it seems reasonable to consider that such a “mistake” would involve
only a few taxa, not such a large number of species.

Table 1

List of the species exclusive to the Notohippidian stage of F. Ameghino (1900—1902)
that were founded by F. Ameghino between 1887 and 1889 based on specimens
collected by Carlos Ameghino in 1887 expedition, before his first visit to Kar-Aiken
made in 1889.

1887 1889

Marsupial
Microbiotherium tehuelchum
Rodents

Neoreomys indivisus
Phanomys mixtus
Schistomys erro

Xenarthra

Zamicrus admirabilis
Ungulates

Adinotherium splendidum
Phoberotherium sylvaticum
Planodus ursinus
Protypotherium attenuatum
Stenotephanos speciosus

Perimys procerus

Icochilus excavatus
Icochilus undulatus
Patriarchus palmidens
Protypotherium claudum

The new evidence presented here indicates that the
geographic area of the Notohippidian stage is larger than that
recognized by F. Ameghino (1900—02, 1906), involving outcrops
south as well as north to the Rio Santa Cruz, near Lago Argen-
tino. This interpretation is consistent with the proposal of
Marshall and Pascual (1977), who argued that the Noto-
hippidian, as a faunal assemblage concept, has a wider
geographical distribution than the type locality Karaiken,
although they don’t mention where else Notohippidian assem-
blages could be found. Finally, it is not possible at present to
exclude that other fossil localities have contributed with
different specimens upon which F. Ameghino (1900—1902) built
his original Notohippidian list.

6. Conclusions

Four, and not three (F. Ameghino, 1889; C. Ameghino, 1890),
fossil localities were prospected by Carlos Ameghino in 1887
South to the Rio Santa Cruz. From east to west, the first three are
on the south bank of the Rio Santa Cruz: 1) Barrancas Blancas, 2)
Segundas Barrancas Blancas, and 3) Yaten Huageno. The fourth
locality, Rio Bote is on the eastern bank of Rio Bote, a tributary of
Rio Santa Cruz, south of Lago Argentino. In the four localities we
recognized well stratified, fine-grained terrestrial deposits
attributable to the Santa Cruz Formation, representing a laterally
continuous fluvial sedimentary system. Because the exposures lie
at the bottom of the valley, and in some exposures its base is
visible, we conclude that the collection of Carlos Ameghino in
1887 was performed in the stratigraphically lower beds of the
SCF.

While the eastern three sites were reported in 1890 by Carlos
Ameghino, the existence of Rio Bote remained obscure because it
was only reported in the letter sent to his brother in March 1887,
and in his Travel Diary of the 1887 expedition. Thus, the
geographical distribution of Santacrucian stage, as it was concep-
tualized by F. Ameghino in 1889, extends for about 150 km from
east to west, measured from Barrancas Blancas to Rio Bote.

F. Ameghino (1900—1902) later transferred from the Santa-
crucian stage to the Notohippidian stage specimens collected in Rio
Bote, and the species upon which specimens were based. Thus, the
geographic distribution of the Notohippidian stage (sensu F.
Ameghino, 1900—1902) is not restricted to Karaiken locality, as he
originally claimed, nor to the region north of the Rio Santa Cruz
near Lago Argentino, but should be extended south of the Rio Santa
Cruz near that lake, to include Rio Bote and probably other outcrops
nearby. Hopefully, field work in progress will provide useful infor-
mation to assert if the claimed faunal differences that define the
two stages reflect temporal differences or contemporaneous
ecological variants.
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