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We described new specimens assignable to the poorly known species Pachybiotherium 

illuminatum from the Pinturas Formation (Santa Cruz Province, 

Argentina). 
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THE M ICROBIOTHERIA constitute a group of Australidelphian marsupials from 

South America (e.g., Hershkovitz, 1999). The biochron of the Microbiotheria extends 

from early Paleocene (Marshall and de Muizon, 1988) to present (Reig, 1955), with a 

single living species (Dromiciops gliroides Thomas, 1894) whose distribution is 

restricted to the ecoregion of the Valdivian temperate forests in Chile and Argentina 

(Hershkovitz, 1999; Martin, 2010). (Marshall, 1982; Goin and Abello, 2013). In 

addition, the distribution of fossil Microbiotheria extended from Colombia to the 

Antarctic Peninsula (Goin, 1995; Goin et al., 2007). 

The family Mirobiotheriidae was taxonomically rich during the Miocene and its 

records are abundant in early Miocene times of Santa Cruz and Pinturas formations, and 

the Colhue Huapi Member of the Sarmiento Formation, from Patagonia (e.g., Marshall, 

1982; Goin et al., 2010; Chornogubsky and Kramarz, 2012). The known genera include 

the following: Microbiotherium Ameghino, 1887, Pachybiotherium Ameghino, 1902, 

Clenia Ameghino, 1904, Oligobiotherium Ameghino, 1902, and Eomicobiotherium 

Marshall, 1982 (e.g., Marshall, 1982; Goin and Abello, 2013). Among the 

Microbiotheriidae of the Pinturas Formation, two species of Microbiotherium 

(Microbiotherium tehuelchum and Microbiotherium gallegosense), Oligobiotherium 

divisum, and Pachybiotherium illuminatum, are currently recorded, in addition to a set 

of specimens assigned to Microbiotheriidae indet. (Goin et al., 2010; Chornogubsky and 

Kramarz, 2012). The main goal of this paper is to describe new specimens assignable to 

Pachybiotherium illuminatum, which give more information about this poorly known 

species. 

Abbreviations and conventions. BsAs, Buenos Aires; ARG, Argentina; SEM, 

Scanning Electron Microscope; MACN-A, Museo Argentino de Ciencias Naturales, 



Colección Ameghino; MPM-PV, Museo Regional Provincial “Padre Manuel Jesús 

Molina”, Colección de Paleontología de Vertebrados; MACN-PV SC, Museo 

Argentino de Ciencias Naturales, Colección Santa Cruz; L, length; W, Width; P3, third 

upper premolar; M1, M1, M3, upper molars; m1, m2, m3, m4, lower molars; StA, StE, 

Stylar cusps. 

 

GEOLOGICAL SETTING 

Specimens were exhumed from different localities of the Pinturas Formation. 

The latter lies discordantly upon Jurassic rocks near the Andean Precordillera and 

outcrops at different points along and in the vicinity of the Río Pinturas. The Formation 

is mainly a deposit of pyroclastic and epiclastic aeolian nature of Miocene age in the 

northwestern region of Santa Cruz Province, Argentina (Fig. 1. 1–2). Two significant 

intraformational erosional unconformities divide the Pinturas Formation into three 

sequences: a lower, a middle, and an upper one, all of them with different development 

of paleosoils (e.g., Bown & Larriestra, 1990; Kramarz & Bellosi, 2005). The lower 

sequence is characterized by having immature paleosoils and / or muddy volcaniclastic 

(carbonatic) rocks at the base and on the top, and markedly mature paleosoils in the 

middle section. The middle part of the Pinturas Formation is dominated by one or two 

units of paleodunes and with varying amounts of volcaniclastic muddy rocks with 

immature paleosoils. Finally, the upper portion of the unit is characterized by the 

presence of volcaniclastic muddy rocks with immature paleosoils (Bown & Larriestra, 

1990). Almost all of the Pinturas Formation paleosoils carry vertebrate fossils, with the 

exception of the more mature paleosoils in the lower section. The lower and middle 

portions bear a particular faunal association, informally known as the “Pinturan” 

(Kramarz & Bellosi, 2005), whilst the upper sequence includes a Santacrucian type of 



faunal association (Kramarz & Bellosi, 2005; Chornogubsky & Kramarz, 2012; Fleagle 

et al., 2012).  

 The Pinturas Formation outcrops appear in several localities throughout most of 

northwestern Santa Cruz Province. On this study, we present two specimens exhumed 

from two different localities: Portezuelo Sumich Norte and Los Toldos Sur (Fig. 1. 1–

2). The former has lower section levels while in the latter, outcropping levels are 

difficult to assign to any particular section (Bown & Larriestra, 1990), but are 

tentatively assigned to the upper part of the Formation (following Kramarz & Bellosi, 

2005; but see below).  

 

SYSTEMATIC PALEONTOLOGY 

Infraclass METATHERIA Huxley, 1880 

Supercohorte MARSUPIALIA Illiger, 1811 

Cohorte AUSTRALIDELPHIA Szalay, 1982 

Order MICROBIOTHERIA Ameghino, 1889 

Family MICROBIOTHERIIDAE Ameghino, 1887 

Genus Pachybiotherium Ameghino, 1902 

 

Type species. Pachybiotherium acclinum Ameghino, 1902 

Occurrence. early Miocene, Santa Cruz Province, Argentina. 

 

Pachybiotherium illuminatum Goin et al., 2010 

(Figures. 2.1–6) 

 



Holotype. MPM-PV 1805, a right mandibular fragment with alveoli of m1–2 and 

complete m3–4 (Goin et al., 2010). 

Referred material. MPM-PV 1806, an isolated right M2 (Goin et al., 2010); MACN-

PV SC3617b, a right dentary fragment with complete m3 (Fig. 2.1–3); MACN-PV 

SC4463, right maxillary fragment with P3-M3 (Fig. 2.4–6). 

Geographic and stratigraphic provenance. Pinturas Formation, Santa Cruz Province; 

early Miocene. MACN-PV SC3617b comes from Portezuelo Sumich Norte (lower 

section of the Pinturas Formation). MACN-PV SC4463 comes from Los Toldos sur 

(?upper section of the Pinturas Formation). 

Measurements. Lm3 = 3.4 mm; Wm3 = 2.10 mm; LM1 = 3.28 mm; WM1 = 3.1 mm; 

LM2 = 3.29 mm; WM2 = 3.66 mm; LM3 = 3.24 mm; WM3 = 3.41 mm; LM1-3 = 9.79 

mm.  

Description. Specimen MACN-PV SC3617b is a right dentary fragment with part of 

the anterior alveolus and posterior root of p3, anterior root of m1, posterior root of m2, a 

complete m3, and the roots of m4. Despite not being complete, both the robustness and 

the depth of the mandibular ramus can be appreciated. In labial view, the dentary shows 

a small foramen ventral and distal to the posterior root of p3. The m3 is complete, shows 

no wear but the tips of the cusps are missing, except for the paraconid. The trigonid is as 

long as the talonid, but the latter is wider. The protoconid has a wide base and the 

metaconid is a little distally projected from the protoconid. The paraconid is small and 

is separated from the paracristid by a notch. The latter shows a small cuspule on its end. 

A small cuspule is placed distal and labial to the paraconid. In addition, mesial and 

basal to the metaconid, two small cuspules are present. There is a vestigial anterobasal 

cingulid. The talonid has a wide basin, the hypoconid is low and labially salient, the 



entoconid is labiolingually compressed, and the hypoconulid is large and almost 

centrally placed on the distal margin of the tooth. No distal cingulid can be seen. 

Specimen MACN-PV SC4463 is a right maxillary fragment bearing four teeth, 

P3–M3. The crown of the two rooted P3 is broken, and only its base is preserved, but it 

can be interpreted as a premolariform tooth. The molars are triangular in occlusal view 

and are worn. They have a wide protocone, decreasing in width from M1 to M3. No 

paraconule can be seen but a moderately developed metaconule is present at the end of 

the postprotocrista in all three molars. All teeth have well developed paracones and 

metacones, united by a wide and straight centrocrista. Even though there are no large 

differences in size among them, the metacone has a wider base and is taller than the 

paracone in all the preserved molars. The labial margin of the molars present no 

ectoflexus. The stylar region is very reduced, only small StA and StE are preserved, 

sometimes united by a narrow rim. The latter has different development on each tooth, 

being smaller on the M1, where it does not connect to StA and StE and shows a small 

cuspule at the center of the rim. On the M2, the rim is more developed, connects the 

StA with the StE, and has small cuspule-like crenulations. Finally, the M3, the 

narrowest of the teeth, has a rim that is intermediate in development when compared to 

the M1 and M2. However, it shows a few very small crenulations. 

 

COMPARISONS AND DISCUSSION  

The specimens here assigned to Pachybiotherium illuminatum have similar size 

and proportions to the ones originally described by Goin et al. (2010). The mandibular 

ramus is very tall, and the preserved lower molar (m3) presents robust cusps, typical of 

the genus when compared to other microbiotheriids. Particularly, the preserved m3 of 

specimen MACN-PV SC3617b is very similar to that of the holotype. It has the same 



proportions and relative size of the cusps. Moreover, it bears the cuspules of “uncertain 

affinities” mentioned by Goin et al. (2010) and also a small cuspule at the end of the 

paracristid, separated from the paraconid by a notch (more developed in the MACN-PV 

SC specimen). These features are unique to this species and allow us to confidently 

assign the specimen to P. illuminatum. 

 MPM-PV 1806 consists of an isolated tooth described by Goin et al. (2010) as 

an M3 of Pachybiotherium illuminatum. The new maxillary fragment described herein, 

being the most complete specimen of the genus known up to now, allows as to suggest 

it corresponds to a right M2, since it has the same protocone development shown in this 

locus and the labial rim is complete, as in the M2 of MACN-PV SC4463. When Goin et 

al. (2010) interpreted the upper molar MPM-PV 1806 as an M3, they based their idea 

mostly on its relative size, using the criteria proposed by Clemens (1966), who argued 

that the length ratio M1/m1, M2/m2, and M3/m3 in three living didelphids lies between 

0.91 and 1.04 (Goin et al., 2010). Through this approach, they arrived to the conclusion 

that the upper molar of MPM-PV 1806 was an M3, and the M3/m3 was 1.0. Since no 

m2 is known for Pachybiotherium illuminatum, a new ratio cannot be calculated using 

this locus. However, based on the new specimens described herein, an M3/m3 length 

ratio of 0.95 was calculated, thus arguing in favor of the proposed designation. 

Pachybiotherium illuminatum in the Pinturas Formation. Most of the microbiotheres 

known from the Pinturas Formation (e.g., Microbiotherium tehuelchum, 

Microbiotherium gallegoense, Oligobiotherium divisium) come from the middle levels 

of the unit. This is also the case for the specimens described by Goin et al. (2010). The 

materials described in this paper come from two different localities and levels: the lower 

section of Portezuelo Sumich Norte (MACN PV SC3617b) and the possibly upper 

section of Los Toldos Sur (MACN PV SC4463).  



Even though some authors (e.g., Bown & Fleagle, 1993; Goin et al., 2010) 

named the locality as Los Toldos, this locality was divided in two by Bown & Larriestra 

(1990): Los Toldos Norte, with lower levels of the Pinturas Formation, and Los Toldos 

Sur, with levels of uncertain stratigraphic position, but probably from the lower section 

of the unit. However, Kramarz and Bellosi (2005) argued in favor of these levels as part 

of the upper sequence of this formation, based on the presence of a typical Santacrucian 

fauna in Los Toldos. This latter view was followed by other authors (e.g., Fleagle et al., 

2012).  

In this contribution, the stratigraphic range of the species has been extended to 

the oldest levels of the Pinturas Formation (in Portezuelo Sumich Norte) and new and 

valuable materials were added, shedding new light to the better understanding of the 

dental series of P. illuminatum. However, if Los Toldos Sur were to be considered part 

of the upper section of the Pinturas Formation (as suggested by Kramarz & Bellosi, 

2005) despite not bearing of the typical "Pinturan" fauna but rather a “Santacrucian” 

one, three things could  be concluded: 1) first, P. illuminatum would be reported for the 

first time as appearing on a typical Santacrucian fauna; 2) the differences among the 

typical “Pinturan” and Santacrucian faunas at the Río Pinturas localities would be 

reduced from previous hypotheses (e.g., Kramarz & Bellosi, 2005; Chornogubsky & 

Kramarz, 2012) since P. illuminatum would be part of both; 3) since the previously 

known specimens come from the middle portion of the Pinturas Formation at Portezuelo 

Sumich Sur, the new findings reported here would mean an extension of the biochron of 

the species to more recent times, represented by MACN-PV SC4463. 
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FIGURE CAPTIONS 

Figure 1. 1, Map of southern Patagonia showing the location of the Pinturas River 

localities (star) in the north of the of Santa Cruz Province; 2, Pinturas Formation profile 

with the levels represented in Portezuelo Sumich Norte (1) and Los Toldos Sur (2). 

(modified from Kramarz and Bellosi, 2005). 

 

Figure 2. 1–6, Pachybiotherium illuminatum Goin et al., 2010, 1–3, MACN-PV 

SC3617b; 1, occlusal view; 2, labial view; 3, lingual view; 4–6, MACN-PV SC4463; 4, 

occlusal view; 5, occluso-labial view; 6, occluso-lingual view. Scale bar equals 1 mm. 
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