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Sammanfattning 
 
Första studien av mikrofauna från mellersta kambrium i olistoliter i den 
argentinska Precordilleran 
Elise Fahlgren & Maria Tranvik 
 
Den här studien är den första undersökningen som fokuserar på mikrofauna i sedi-
mentära avlagringar, i detta fall olistoliter, från mellersta kambrium i Sydamerika. 
Studien utreder en tidigare preliminärt utforskad kalkstensformation i västra Argen-
tina, nära staden San José de Jáchal, i den argentinska precordilleran. Formationen, 
med namnet Los Sombreros-formationen, innehåller olistoliter från kambrium med 
omkringliggande material som tidigare daterats till ordovicium. I denna studie har 
några av olistoliterna undersökts och jämförts med den välkända Stephenforma-
tionen från norra Kanada, en formation som är känd för att innehålla exceptionellt 
välbevarade mjukdelar av fossil, kallat the Burgess Shale Biota. Syftet med studien 
är att fastställa huruvida Los Túneles-olistoliterna har potential att innehålla välbeva-
rade fossil samt att utreda ifall ytterligare undersökningar är av intresse eller ej. 

Studien fokuserar på vad som tidigare trotts vara en megaolistolit bland Los 
Túneles-olistoliterna, som i sin tur är en del av Los Sombreros-formationen. I denna 
studie har det visat sig att den tidigare kallade megaolistoliten egentligen består av 
tre olika olistoliter som avsatts intill varandra. Tidigare preliminära undersökningar 
har visat att dessa olistoliter skulle kunna innehålla liknande fossil som Stephen-
formationen. Det finns bara ett fåtal platser i världen där så pass exceptionellt 
välbevarade fossil tidigare hittats och om Los Túneles-olistoliterna skulle visa sig 
vara en sådan plats skulle det vara av betydelse för den fortsatta paleontologiska 
forskningen i Argentina. Genom insamling av prover som upplösts i syra och sedan 
undersökts i mikroskop har slutsatsen dragits att Los Túneles-olistoliterna inte kan 
jämföras med Burgess Shale Biota och att ytterligare undersökningar förmodligen 
inte kommer visa annorlunda resultat eftersom mjukdelar av fossil inte påträffats 
överhuvudtaget. Fossilfynden som har gjorts, så som Chancelloriidae Chancelloria, 
Hexactinellida Recticulosa och Mollusca Hyolitha fastställer att de tre Los Túneles-
olistoliterna härstammar från mellersta kambrium. Det omkringliggande materialet 
som tidigare daterats till ordovicium fastställs i denna studie, med stöd av den 
regionala geologin i området, till att härstamma från devon. 
 
Nyckelord: Olistolit, Burgess Shale-type bevaring, Mellersta Kambrium, Argentina, 
Mikropaleontologi 
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Abstract 
 
The First Study of the Micro-Fauna of Middle Cambrian Olistoliths in the 
Argentine Precordillera 
Elise Fahlgren & Maria Tranvik 
 
This study implies a survey of a somewhat unexplored Cambrian carbonate 
formation in the Argentine Precordillera (AP) located in western Argentina, close to 
the city of San José de Jáchal. The carbonate platform of the AP is a unique piece of 
the South American geology and is in this study partly surveyed and compared with 
the Stephen Formation of northern Canada, a middle Cambrian unit renowned for its 
contents of exceptionally well preserved soft bodied fossils named the Burgess Shale 
biota. 

The investigated formation consists of an olistolith among the several Los Túneles 
Olistoliths at the Western Precordillera. The olistolith originates from the Cambrian 
Period and lies embedded in younger material with an age and history up for debate 
by several paleontologists and biostratigraphers. Shallow investigations have shown 
that these rocks may have similar properties to rocks of the Stephen Formation. 
There are only a few known rock assemblages on Earth showing Burgess Shale-type 
(BST) preservation and if the Los Túneles Olistolith proves to possess BST 
preservation it would be of great substance for the geological researchers of 
Argentina. The olistolith has in this study been explored by gathering samples in field 
and dissolving them in acid to investigate possible fossil content. The aim is thus to 
ascertain whether or not the Los Túneles Olistolith may contain especially well 
preserved fossils. This is the first study ever made of the microfauna in a middle 
Cambrian unit in the whole of South America, and hence it will tell if further 
investigations would be of interest.  

This survey determines that the Los Túneles Olistolith actually consists of three 
olistoliths encased in matrix, do not contain BST preservation and that further studies 
are not probable to show otherwise. The fossil findings, such as Chancelloriidae 
Chancelloria, Hexactinellida Recticulosa and Mollusca Hyolitha establish that the 
three Los Túneles Olistoliths originate from middle Cambrian while the matrix 
surrounding the olistolith is determined to be of Devonian age. 
 
Key words: Olistolith, Burgess Shale-type preservation, middle Cambrian, 
Precordillera, Micropaleontology 
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Resumen 
 
El primer estudio micro-paleontológico en olistolitos del Cambrico Medio en la 
Precordillera de Argentina 
Elise Fahlgren & Maria Tranvik 
 
Este estudio se enfoca en un área poco explorada de una formación que aloja 
olistolitos carbonaticos del Cámbrico y Ordovícico situado en la Precordillera de 
Argentina en el oeste del país, cerca de San José de Jáchal, Provincia de San Juan. 
La plataforma carbonatada de la precordillera es una parte única de la geología de 
Sudamérica y es en esta investigación parcialmente estudiada y comparada con la 
Formación Stephen en el norte de Canadá, una unidad del Cámbrico Medio famosa 
por su contenido de fósiles excepcionalmente bien preservados llamado the Burgess 
Shale biota.  

La investigación se ha enfocado en un olistolito entre los varios que aparecen en 
el sector Los Túneles en el norte de la Precordillera de San Juan, oeste de 
Argentina. De este olistolito sa ha recuperado macrofauna indicativa del período 
Cámbrico. Este olistolito está alojado en rocas clásticas cuya una edad que es 
todavía un tema de debate entre paleontólogos y bioestratigrafos. Investigaciones 
superficiales han mostrado que estas rocas pueden tener los mismos atributos que 
las rocas de la Formación Stephen. Solo hay unas pocas formaciones sedimentarias 
en la Tierra que mantienen preservación del tipo de Burgess Shale (BST) y si el 
olistolito de estudio de la sección de Los Túneles presenta preservación de BST va a 
tener gran importancia para la Geología de Argentina. El estudio ha incluido un 
muestreo de campo de varios olistolitos, posterior tratamiento químico 
(desagregación física y química de las calizas en ácido para investigar possible 
contenido de microfósiles), y finalmente”picking” bajo lupa binocular para rescatar 
micropiezas fósiles. El objetivo de este es comprobar si el olistolito de la sección de 
Los Túneles puede tener fósiles especialmente bien preservados. Este estudio es el 
primer estudio de la micro fauna del Cámbrico medio en el conjunto de Sudamérica y 
de ahí que lo indicará si estudios adicionales serían de interés. 

Este investigación determina que el olistolito en Los Túneles Olistolitos en 
realidad consiste en tres olistolitos encerrados en matriz, contiene fósiles sin una 
preservación BST y por tanto estudios adicionales no son requeridos para demostrar 
lo contrario. Los hallazgos fósiles, por ejemplo Chancelloriidae Chancelloria, 
Hexactinellida Recticulosa y Mollusca Hyolitha, establezca que los tres olistolitos de 
Los Túneles Olistolitos son de Cámbrico Medio y la matriz que rodea a los olistolitos 
de periódo Devónico. 
  
Palabras clave: Olistolito, Burgess Shale-type preservation, Cámbrico Medio, 
Precordillera, Micropaleotología 
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Introduction 
 
To understand the history of the Earth and the evolution of life, paleobiology as well 
as fossil findings are of high importance. During the Cambrian Period, ca 485-541 
Ma, life started to develop more rapidly than ever before in an episode called the 
Cambrian explosion. Not only did life evolve quickly but the conditions for 
preservation of fossils were of great favour and allowed for many fossils to be well 
retained. The abundance of fossils from this time makes the Cambrian an important 
period to study in the understanding of the history of life on Earth (e.g. Valentine et 
al., 1999). 

This study implies a survey of a somewhat unexplored Cambrian geological 
formation in the Argentine Precordillera (AP) located in western Argentina. The AP is 
placed between the Western Sierra Pampeanas to the E and Cordillera Frontal to 
the W. It is an overall east-verging fold and thrust belt and is interpreted to be an 
allochthonous terrane. The geologic history of the AP is under debate, and it is by 
many believed that the microplate detached from Laurentia during early to middle 
Cambrian and was transported close to or collided with western Gondwana during 
sometime between Ordovician and Devonian (Buggisch et al., 2000; Gomez & Astini, 
2015; Holmer et al., 1999). The carbonate platform of the AP is a unique piece of the 
South American geology, and is in this study partly surveyed and compared with the 
Stephen Formation of northern Canada. This is a middle Cambrian unit renowned for 
its contents of exceptionally well preserved soft bodied fossils named the Burgess 
Shale biota.  

The Argentinian formation investigated in this study consists of three 
olistoliths belonging to the Los Túneles Olistoliths in the Western Precordillera. The 
olistoliths originates from the Cambrian Period and lies embedded in matrix of 
Ordovician (Benedetto & Vaccari, 1992; Gomez & Astini, 2015; Holmer et al., 1999; 
Keller, 1999) or Devonian rocks (Peralta, 2013a,b; Heredia, 2015, pers. comm.; 
Peralta & Heredia, unpublished material). Preliminary investigations have shown that 
these rocks may possess similar properties as rocks of the middle Cambrian 
Stephen Formation in western Canada (Streng, unpublished data). The Stephen 
Formation is best known for including the famous Burgess Shale with its 
exceptionally preserved fossils. There are only a few known rock assemblages on 
Earth showing fossils of Burgess Shale-type preservation (Benedetto & Vaccari, 
1992; Gaines et al., 2012) and if the Los Túneles Olistoliths corresponds to these 
properties it would be of great substance for the geological researchers of Argentina.  

To discover which qualities the Los Túneles Olistoliths hold, a detailed 
geological investigation was performed and samples were collected from several 
different levels of the rock formation to receive a complete picture of the area. These 
samples were processed in the laboratory to investigate fossil contents and further to 
compare potential similarities between the olistoliths and the Stephen Formation. 
This is the first time a micro paleontological study is ever done in a middle Cambrian 
unit in the whole of South America and the aim of this study is hence to ascertain 
whether or not the Los Túneles Olistoliths may contain especially well preserved 
fossils as well as if further investigations of this sparsely studied area would be of 
interest.  
 
  



2 
 

Study area and geological setting 
 
The area of survey is located about 30 km W 
of the city San José de Jáchal of the Western 
Precordillera (Fig. 1). The outcrop is part of a 
thin thrusted front (Fig. 2) affected by very low 
grade metamorphism where tectonics caused 
an E-W crustal shortening of about 50 % 
(Holmer et al., 1999). The geology of this area 
may be interpreted as several fragments of 
different sizes provided by the carbonate 
platform and slope of lower Cambrian, middle 
Cambrian and middle Ordovician age encased 
in a siliciclastic rock of Ordovician (Benedetto 
& Vaccari, 1992; Gomez & Astini, 2015; 
Holmer et al., 1999; Keller, 1999) or Devonian 
age (Peralta, 2013, b; Heredia, 2015, pers. 
comm.; Peralta & Heredia, unpublished 
material) called the Los Sombreros Formation. 
The Los Sombreros Formation is a sequence 
with blocks of several ages distinguishing 
collisional and post-collisional stratigraphy of the 
AP (Gomez & Astini, 2015). The three blocks of 
investigation are on account of their 
emplacement within younger material therefore 
olistoliths. The olistoliths are considered to originate from an outer continental shelf 
or slope environment that due to tectonic events collapsed sometime between lower 
Ordovician to upper Devonian resulting in a gravity slide of Cambrian calcareous 
blocks falling into the younger succession. Consequently, the succession includes 
carbonate olistoliths derived from the Cambrian period, an age interpretation based 
on trilobite findings (Bordonaro, 2003; Beresi, 2003; Benedetto & Vaccari, 1992; 
Gomez & Astini, 2015; Holmer et al., 1999; Peralta, 2013b). The Los Túneles 
olistoliths are deep water dark grey limestones of mudstone type coupled with marl 
and with fossils rarely visible. The lower section has thinner layers of ≤3 cm 
thickness whereas thicker beddings can be observed in the upper section (≤5-25 cm 
thick). The whole formation has well-preserved parallel bedding which is slightly 
folded in smaller scale. The calcareous block is emplaced sideways and layers do 
therefore have a predominant vertical extension. It has a length of kilometre-scale, a 
thickness of approximately 270 metres and the weathered surface of light orange 
mudstone limestone can easily be distinguished from the surrounding medium grey 
siliciclastic or shaley rock. The block lies more or less in N-S direction almost 
vertically displayed along a road cut (Fig. 3), crosscut by the Jáchal river and 
continuing on opposite side of the canyon but is there difficult to access (Gomez & 
Astini, 2015).  

Fig. 1. Location of study area and 
distribution of outcrops of the Los 
Sombreros Formation. Image by 
Benedetto & Vaccari (1992). 
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Fig. 2. Schematic geological map of study area. Note the thrust fault adjacent to 
the bottom of the left carbonate section (taken from Benedetto & Vaccari, 1992, 
fig. 2). 

Fig. 3. Satellite image showing the olistoliths examined as well as where sampling 
took place. Base of the section is located at the right end and top at left end of the 
drawn orange line (Source: Google maps). 
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Literature studies of the Burgess Shale 
 
The Burgess Shale is a formation located in western Canada which has a unique 
record of animal life developed during the so-called “Cambrian explosion”. The 
formation holds exceptionally well preserved assemblages of diverse soft-bodied 
animals as well as soft-tissues like guts or eyes which are elsewhere unknown (Fig. 
4). This type of unique preservation, where metazoans are displayed as flattened 
carbonaceous films and occasionally in three-dimensional form (Butterfield, 2003, 
2009) was subsequently named Burgess Shale-type (BST) preservation (Gaines et 
al., 2012; Gaines, 2014). 

The abundance of soft bodied fossils found in Cambrian strata has been 
subject to many studies and opens an important “taphonomic window”, an insight to 
how fossils deposited and formed during this period (Gaines, 2014). The great 
occurrence of BST preservation from the Cambrian Period can be explained by a 
number of favourable sedimentary circumstances which retarded processes of 
microbial composition. There are three main requirements to be fulfilled resulting in 
BST preservation. (1) Rapid deposition and entombment. Event-driven 
sedimentation is a feature leading to rapid entombment and all investigated fossil 
bearing horizons containing BST deposits have formed through this kind of 
sedimentation (Gaines, 2014). According to detailed petrographic analysis, BST 
fossils occur merely in very fine grained sediments such as claystones with a particle 
size of <25 µm, overall with carbonate sediments. The soft-parts are hence 
advantageously rapidly entombed by this type of claystone beds. Therefore, 
according to Gaines (2014), event-driven deposits should be more prone to have 
BST fossils than in situ deposits at seafloor. Additionally, the BST fossil records 
occur mostly in mudstones in lower and middle Cambrian strata (Gaines, 2014). (2) 
Anoxic or dysoxic environment. The Cambrian oceans are known to have been 
anoxic to dysoxic environments implying that these rocks were transported over a 
chemocline where a border separates habitable benthic environments from 
anoxic/dysoxic ones and as a consequence therefore excludes bioturbation. 
According to Gaines (2014), experiments have shown that recently perished 
organisms can endure such a transport without breaking apart. Additionally, 
occurrence of pyrite is subordinate in BST formation due to this low oxygenic level. 
(3) High alkalinity in water. Enhanced alkalinity in the Cambrian oceans probably 
resulted in fast cementation at sediment-water interface. This thin but protective 
cemented carbonate carapace restricted the oxygen flux between beds and hence 
also retarded microbial degradation during deposition and burial of soft-tissues 
(Butterfield et al., 2007; Butterfield, 2009; Gaines, 2014; Gaines et al., 2012).  

Fossilization of original tissue and early diagenesis decide which parts of the 
organism are lost and which are retained. The histology of the different parts of the 
organisms decides further how the fossilization will take place. For example muscles 
are not present in BST preservation due to their lack of propensity for either organic 
preservation or mineralization (Butterfield, 2003). Other characteristics in the BST 
rocks are the frequently observed aluminosilicate films. The aluminosilicate is 
secondary and derived from subsequent metamorphic alteration. It is proven that 
most if not all fossils in the Burgess Shale are represented by both carbonaceous 
and aluminosilicate coatings (Butterfield et al., 2007 & 2009; Gaines et al., 2012).  
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Burgess Shale-type deposition is per se not telling very much about the rock 
since the different deposits may contain different richness and quality of 
preservation. There is no general way to classify BST rocks but an attempt to easier 
grade the preservation type has been made by Gaines (2014) who divides the BST 
preservation into three categories depending on their overall paleontological 
importance (Gaines, 2014). Even though Burgess Shale-type preservation is 
important in the understanding of evolution of life it is necessary to understand that 
these deposits occur very sparsely across the globe and do not give the bigger 
trends regarding life on Earth. The sudden increase of skeletons and shells during 
the Cambrian explosion resulted in easier fossilization of organisms. This means that 
the conventional, widespread fossil record of skeletons and shells shows the greater 
trends of life during the Cambrian period. BST deposits alone can therefore not be 
used in describing the large-scale-patterns but can add important details to the 
conventional record (Butterfield, 2003). 

 
 
 
 
Methods 
 
The fieldwork was carried out in two parts - primarily during two days followed by one 
day of complementary fieldwork later on in the study. The survey was started, with 
the assistance of Dr. Susana Heredia and Dr. Matilde Sylvia Beresi, by taking a look 
at the block in its whole from a distance. The focus was to sample and log entire 
section and the samples were systematically collected from bottom to top of the 
block with an average distance of six meters between each sample. The equipment 
used in the field consisted of geological hammer, hammer wedge, monocular, safety 
goggles, satellite image, field guide, notebook, pencil, outcrop markers, plastic 
sample bags and camera. The samples collected in field were chosen based on the 

Fig. 4. Burgess Shale-type fossils of Walcott Quarry Member from the 
Greater Phyllopod Bed of the Burgess Shale in cross-polarized light (taken 
from Gaines, 2014, fig. 1A-D). 
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natural boundaries of the mudstone limestone block and its directly adjacent 
surroundings. From each level samples were collected with an average weight of 
500 grams, with a lithology based on dark grey limestones of mudstone type except 
of a more coarse grained rock type in dark brown found at a level of 100 meters 
appearing to be a sandstone. The mudstone samples have all more or less the same 
color and lithology, but with a stratigraphically upward bed thickening. 

Formic acid was used to extract microfossils from samples brought to the 
laboratory. Formic acid is a naturally occurring acid, for example in the venom of a 
bee or ant sting, but can be dangerous when dealing with strong concentrations. The 
acid that was used arrived to the university with a percentage of 85 %. It was then 
diluted to 30 % to reduce the dangers of handling a strong acid and the dilution then 
went even further, to 10 %, when used in the dissolving of rock samples. Formic acid 
may cause skin burns and blisters and therefore plastic gloves were used when 
dealing with the acid (Pubchem, 2015). 

When examining the samples in the laboratory the first thing to do was to 
crush them to easier dissolve the rock and extract the fossils (Fig. 5a). The different 
samples were then weighed and put in different buckets, 400g of every sample in 
each bucket, along with 3,5 liters acid of 10 %. The percentage of the acid is at 10 % 
since this percentage is both the most economic one and least harmful to the 
preservation of fossils (Jeppson & Anehus, 1995). 

The samples rested in acid for four days and were washed in three sieves 
with openings of 125 µm, 1000 µm and 2000 µm. Afterwards they were dried and 
examined in a binocular microscope (Fig. 5b). The fossils detected in the Los 
Túneles Olistoliths were then to be compared with fossils found in the Stephen 
Formation to determine whether or not the two formations are similar to one another 
or not.  

The pieces that were of interest were put aside to photograph in a scanning 
electron microscope (SEM, Fig. 5c). A SEM is a microscope that directs a focused 
beam of high energy electrons toward a solid specimen, e.g. a fossil. The method 
generates a high resolution image and involves scattering of electrons, showing 
signals from interaction between beam electron and atoms of the sample. The SEM 
gives information such as morphology, topography, chemical composition, crystalline 
structure and electronic structure (Schwartz et. al., 2000; Pagel, 2000; Altenberger et 
al., 2014, pers. comm.). In this study the purpose of using the SEM was mainly to 
highlight the morphology of the samples and the SEM used for this study was of the 
brand and model JEOL, JSM-661OLV.  

The logged section included in this report was made with CorelDRAW. The 
outcrop was digitally reconstructed through pictures and drawings made in field.  

The recovered microfossils are housed in the INGEO-MP collection (San Juan 
University) following current Argentine laws on Paleontological Patrimony. SEM 
Microphotographs were obtained in the CCT-Mendoza (CONICET). 
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Results 
 
The results from this survey are presented below and include a description of the 
fossil findings as well as a brief description of the lithology within the Los Túneles 
Olistoliths. 
 
Lithology and sedimentology 
 
The studied olistolith is oriented W-E with layers striking N-S and is part of a fold 
thrust belt. The bottom section of the block is recognized by its distinct fissile, wavy 
structure since it is interpreted as lying adjacent to a thrust fault (Fig. 2). The overall 
lithology (Fig. 6) consists of dark grey limestones of mudstone type which in bigger 
scale has planar bedding and in more detail is slightly less fissile than the bottom 
section. The bedding has an upward thickening trend with an initial thickness of ≥3 
cm and in uppermost section of 0.5-10 cm. A few varieties and deviations can be 
observed in stratigraphy of the formation. The initial 30 m consist of mudstone 
limestone beds alternating with marl units and some 20 m above follows a brownish, 
fissile section of mudstone limestone. Additionally, at a level of about 100 m, a five 
meter thick, dark brown, medium grained sandstone is emplaced connected to a 10 
m wide ravine of porous mudstone limestone. 
 

Fig. 5. a. Jaw crusher of the Engineering Faculty at the National University of 
San Juan. Photo by Tranvik (2015). b. Binocular microscope of the 
Engineering Faculty at the National University of San Juan. Photo by Tranvik 
(2015). c. Scanning Electron Microscope, model JEOL, JSM-661OLV, at the 
CONICET. Photo by Fahlgren (2015). 

a b c 



8 
 

 

 
  

Fig. 6. Logged section of the Los Túneles Olistoliths. 
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Systematic paleontology 
 
Several microfossil pieces were recovered, among them: Parts of sponges, hyoliths, 
trilobites, inarticulate brachiopods, ichnofossils and unidentified fragments of organic 
origin. 
 

Phylum AGMATA 
Genus SALTERELLA 

Salterella sp. 
Fig. 7 

Material: 7 fragments from sample 8. 
Description & Discussion: Internal molds of Salterella were found among the cone 
shaped fossils found in sample no. 8. The specimens show distinct internal canals as 
well as clearly visible internal layers (Fig. 7A-C). Salterella is known to have lived in 
near-shore environment and are considered to be of importance for paleogeographic 
reconstructions due to their limited dispersal and demonstrated link to Laurentian 
shallow-water inner-shelf facies (Astini et al, 2004). 
 

 

 
 

Phylum Incertae Sedis 
Class COELOSCLERITOPHORA 

Family CHANCELLORIIDAE 
Genus CHANCELLORIA 

Chancelloria sp. 
Fig. 8 

Material: 47 fragments of rays and spicules from sample 6. 
Description & Discussion: Fossils of genus Chancelloria were found in sample no. 6, 
belonging to the family of Chancelloriidae. Chancelloriidae is a family of an animal 
which existed during early to late Cambrian. Within this family lies the genus 
Chancelloria which is known from lower to middle Cambrian. The Chancelloria is 
constructed of many small so called sclerites. The sclerites are star shaped with six 
or seven rays and have sizes of usually around 1.42 to 1.71 mm but rare findings 
may be as big as 3-4 mm (Bordonaro & Martos, 1985). The chancelloriid lived on 
carbonate platforms and slopes. The preservation of most findings suggest that they 
have been gently transported and buried not far from their living environments 
(Beresi, 2003).  

The specimens encountered in the Los Túneles Olistoliths are very well 
preserved, some disarticulated into individual rays and some preserved with the rays 

 
 Fig. 7. Scanning Electron Microscope microphotographs of specimens of Salterella sp. All 
samples were collected in the Los Túneles Olistoliths, San Juan, the Argentine Precordillera. 
a. Sample 8, INGEO-MP 8019 b. Sample 8, INGEO-MP 8020 c. Sample 8, INGEO-MP 8021 
d. Sample 8, INGEO-MP 8022  
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still sticking together in star shaped patterns (Fig. 8A). In some of the samples the 
basal pores are clearly visible (Fig. 8H) whilst in others preservation is poorer. The 
specimens appear as single rays with a size varying from 400 µm up to almost 2 mm 
and entire sclerites with a size of about 1-2 mm (Fig. 8A, 8H). These fossils are 
interpreted to be molds of the actual primary sclerites, due to the way the basal 
pores of the Chancelloria are preserved. In these specimens, no actual holes are 
preserved. Rather, the holes from the Chancelloria shells are casts preserved on a 
non-organic material probably consisting of very fine silicic material. Hence the 
fossils in this collection seem to be molds of sedimentary material in place of the 
actual Chancelloria sclerite.  
 

 

 
 

Phylum PORIFERA 
Class HEXACTINELLIDA 

Order RETICULOSA 
Reticulosa, gen. et sp. indet. 

Fig. 9 
Material: 5 fragments from sample 6. 
Description & Discussion: Pieces measured are between 1-2.5 mm wide, appear 
somewhat wavy and covered with grid patterns (Fig. 9A-C). Specimens were found 
in sample no. 6 and are interpreted to be sponges of the class Hexactinellida. These 
early Ediacaran sponges, commonly called Glass sponges, differ from cellular 
sponges in that way that they do not contain a true system of canals. The 
Hexactinellida are very variable in shape and the only sponge group lacking 
encrusted forms (Ereskovsky, 2010). 

The samples found in the Los Túneles Olistoliths are shattered and preserved 
as pieces of the outer walls showing little general structure. 

 

  

 
 
Fig. 8. Scanning Electron Microscope microphotographs of well-preserved Chancelloria 
clearly showing articulation. All samples were collected in the Los Túneles Olistoliths, San 
Juan, the Argentine Precordillera. a. Sample 6, INGEO-MP 8001 b. Sample 6, INGEO-MP 
8002 c. Sample 6, INGEO-MP 8003 d. Sample 6, INGEO-MP 8004 e. Sample 6, INGEO-
MP 8005 f. Sample 6, INGEO-MP 8006 g. Sample 6, INGEO-MP 8007 h. Sample 6, 
INGEO-MP 8008. 
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Phylum MOLLUSCA 
Class HYOLITHA 

Order HYOLITHIDA 
Hyolithida, gen. et sp. indet. 

Fig. 10 
Material: 4 cone shaped fragments from sample 8. 
Description & Discussion: In sample no. 8 several cone shaped fossils were found. 
Some of these are determined to be hyoliths, preserved by glauconization. The 
hyoliths are known to have existed from the Cambrian period until their extinction 
during the Permian period (Martí Mus & Bergström, 2007). The specimens found in 
the Los Túneles Olistoliths are preserved in such a manner that the helens are not 
maintained. The cones of the hyoliths have a sharp tip that makes it distinguishable 
from e.g. the Chancelloria spicules found in this study with a softer tip (Mestre 
García, pers. comm.).  
 

 

 
 

  

 
Fig. 9. Scanning Electron Microscope microphotographs of sponges of order Recticulosa. All 
samples were collected in the Los Túneles Olistoliths, San Juan, the Argentine Precordillera. 
a. Sample 6, INGEO-MP 8009 b. Sample 6, INGEO-MP 8010 (1) c. Sample 6, INGEO-MP 
8011 d. Sample 6, INGEO-MP 8010 (2) 

Fig. 10. Scanning Electron Microscope microphotographs of a cone shaped fossil interpreted to 
be a Hyolith. The sample was collected in the Los Túneles Olistoliths, San Juan, the Argentine 
Precordillera. Sample 8, INGEO-MP 8013. 
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Phylum BRACHIOPODA 
Class LINGULATA 

Order ACROTRETIDA 
Genus PROTOTRETA 

Prototreta sp. 
Fig. 11 

Material: 10 specimens from sample 11. 
Description & Discussion: Acrotretid brachiopods are a group of small, millimeter-
sized brachiopods which existed from the Cambrian to Devonian period and were 
particularly common and diverse during the Cambrian and Ordovician period. Their 
shell is typically circular in outline with a conical or strongly convex ventral and a 
gently convex to flat dorsal valve, and consists of calcium-phosphate (Streng, 2015, 
pers. comm.). The entire collection from this survey consists of broken conical 
ventral valves with a diameter between 400 µm to 1 mm. These acrotretids have 
shells with a tip called apex (Fig. 11F). On the inside of the shell, this apex is filled 
with thick shell laminae constituting the so called apical process. The laminae show 
a fine columnar structure characteristic for acrotretid brachiopods (Fig. 11C). These 
laminae are pierced with an internal pedicle tube (Fig. 11E), reaching to the outside 
of the shell being visible as a pedicle opening adjacent to the apex (Fig. 11B, 11C). 
In one specimen (Fig. 11D) a pair of muscle scars is visible situated posterior to the 
internal pedicle foramen, the so called apical pits. Additionally, another specimen 
shows traces of an interior cardinal muscle scar (Fig. 11E). 
 

 

 
 

Acrotretida gen. et sp. indet. 
In sample no. 2 a convex shell similar to an acrotretid brachiopod was encountered, 
but the fragmentary preservation does not allow detailed taxonomic determination.  
 
  

 

Fig. 11. Scanning Electron Microscope microphotographs of Brachiopods of order 
Acrotretida. All samples were collected in the Los Túneles Olistoliths, San Juan, the 
Argentine Precordillera. a. Sample 11, INGEO-MP 8014 b. Sample 11, INGEO-MP 8015 (1) 
c. Sample 11, INGEO-MP 8015 (2) d. Sample 11, INGEO-MP 8016 e. Sample 11, INGEO-
MP 8017 f. Sample 11, INGEO-MP 8018  
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Phylum ARTHROPODA 
Class TRILOBITA 

Trilobita, gen. et sp. indet. 
Fig. 12 

At the level between sample 5 and 6, within the matrix, a trilobite pygidium of 
indeterminable class was found visible to the naked eye in hand specimen. The 
specimen measures 20 mm of length. 
 

 

 
 

Tubes 
Fig. 13 

Material: Unknown amount of fragments, mainly from sample 6. 
Description & Discussion: A big amount of different kinds of tubes have been 
collected, mainly from sample 6. These tubes may be traces or molds of traces from 
worms but appear to not have characteristic features and hence do not allow further 
determination. 
 

 

 
  

Fig. 12. Photograph of a trilobite collected in the Los Túneles Olistoliths, San Juan, the 
Argentine Precordillera. INGEO-MP 8012 

 
 Fig. 13. Scanning Electron Microscope microphotographs of unidentified tubes. All samples 

were collected in the Los Túneles Olistoliths, San Juan, the Argentine Precordillera. a. 
Sample 6, INGEO-MP 8023 & INGEO-MP 8024 b. Sample 6, INGEO-MP 8025  
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Fig. 14. Contrasts between the lower level matrix 
and the underlying (left) and overlying (right) 
olistoliths. Photo by Heredia (2015). 

Discussion 
 
There is no doubt about that this formation is a confusing one and interpretations 
about it seem to differ. The two main questions under debate are (1) if the olistolith 
among the Los Túneles Olistoliths is one megaolistolith or several olistoliths 
separated by matrix, and (2) from what ages the surrounding materials are. 

 (1) Is the olistolith among the Los Túneles Olistoliths one megaolistolith or 
several olistoliths separated by matrix? The logged sequence and the actual outcrop 
show the presence of two odd sections within the so called megaolistolith (Fig. 6 & 
Fig. 14). The material in these areas 
differs in being brownish in color 
and having a fissile texture (see 
Results). The first section, at about 
50 m, clearly differs from the under- 
and overlying dark grey limestones 
not only by its color but also in being 
shaley and brittle (Fig. 14). This 
suggests that this section 
represents younger matrix 
separating two distinct olistoliths. 
The dark brown, medium grained, 
hard sandstone at about 100 m in 
the logged sequence followed once 
more by brittle material is 
interpreted to be a second section of 
matrix. With this in mind, the so 
called megaolistolith is in this study 
considered to be three different 
olistoliths. 
 (2) From what ages are the surrounding materials? There are two opposing 
interpretations of the age of the rocks surrounding the olistoliths; it is suggested to be 
either of Ordovician (Benedetto & Vaccari, 1992; Gomez & Astini, 2015; Holmer et 
al., 1999; Keller, 1999) or Devonian age (Peralta, 2013a & 2013b; Heredia, 2015, 
pers. comm.; Peralta & Heredia, unpublished material). The formation 
stratigraphically underlying the Los Sombreros Formation is the Punta Negra 
Formation from the early middle Devonian (Peralta, 2013b). According to Peralta 
(2013a,b) the material encasing all olistoliths of the Los Sombreros Formation is 
prone to be post-Punta Negra in age. Furthermore, this is a discussion concerning 
the time occurrence of the AP’s collision with or emplacement close to Gondwana. 
Bordonaro (2003) and Gomez & Astini (2015) suggested a collision between the AP 
and Gondwana taking place during the Ordovician. Opposing this argument is the 
regional geology of the area. According to Heredia (2015, pers. comm.), Peralta 
(2013a) and Heredia & Peralta (unpublished data) there are no geological signs of 
bigger tectonic events in this region during the Ordovician period whereas rocks from 
the Carboniferous consist of a completely different material. Excluding Carboniferous 
and subsequent time, this proposes a tectonic event taking place during upper 
Devonian with the olistoliths consequently falling into the upper Devonian material of 
the Los Sombreros Formation. It should be kept in mind that there are several 
olistoliths in this region emplaced along the AP, spreading some kilometers from to 
the Los Túneles Olistoliths down to the San Isidro Formation 300 km S of this 
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outcrop in the province of Mendoza and 17 km W of Mendoza city. These olistolithic 
blocks originate from Cambrian, Ordovician, Silurian and lower Devonian (Cingolani 
& Heredia, 2001; Heredia, 2015, pers. comm.; Peralta, 2013a). All these olistoliths 
probably fell into younger matrix during the same tectonic event in the upper 
Devonian. Since the authors contradicting this theory have only poorly investigated 
the Los Túneles Olistoliths and regional geology of the province of San Juan, the 
arguments in favor of the material encasing the olistoliths being of Ordovician age 
are in this study considered as having lacks of necessary evidence. 

Furthermore, the Los Túneles Olistoliths are by several authors interpreted to 
be of middle or late Cambrian age based on fossil findings. In a field trip guide by 
Cingolani & Heredia (2001) about the San Isidro Formation, several olistoliths within 
this formation are described. These olistoliths include several fossils such as 
inarticulate brachiopods, sponge spicules, hyoliths and middle Cambrian trilobites. 
These four groups of animals match findings among the Los Túneles Olistoliths 
made in this survey and indicate that the geologically nearby emplaced Los Túneles 
Olistoliths likewise have a middle Cambrian age. 

A reason to believe that BST preservation is absent in the Los Túneles 
Olistolith is that the three main requirements for such preservation do not match the 
formation as they should to display such well-preserved fossils; (1) Rapid deposition 
and entombment. The olistoliths include clay sediments matching the BST deposition 
requirements but it can neither in specimens nor in the field be seen how the fossils 
have been emplaced in the rock. The beds overall have similar thicknesses with the 
exception of a slightly stratigraphically upward thickening from the first 50 meters 
(bed thickness ≤3 cm) to the over lying 200 meter of the section (0.5-10 cm bed 
thicknesses) (Fig. 6). This suggests in situ deposit at sea floor rather than an event-
driven deposition when forming these calcareous Cambrian rocks. (2) Anoxic to 
dysoxic environment. Contents of pyrite nodules in the lower section, material of dark 
grey limestone mudstone with interpreted continental slope depositional environment 
and the absence of bioturbation with consequently more or less parallel bedding 
through the entire formation matches requirements of BST preservation. (3) High 
alkalinity in water. It seems that oxygen flux was retarded during sedimentation 
caused by anoxic to dysoxic conditions which is known for the Cambrian oceans. 
 This survey aims to determine whether or not the Los Túneles Olistoliths 
contained properties that showed that they are probable to host Burgess Shale-Type 
preserved fossils. This study is rejecting the possibility of hosting BST preservation 
as well as the probability of this formation showing similarities with the Stephen 
Formation in northern Canada. 
 
Sources of errors 
 
One week to manage practical and literary preparations for this study was in the end 
quite short in preparations for fieldwork. The fieldwork was started at the second day 
after arrival to Argentina and carried out during a period as short as two days. The 
map of study area was on account of these circumstances wrongly interpreted and 
later on a one day complementary visit to collect additional samples was therefore 
made. Collecting samples systematically can be up for debate since this is a method 
chosen due to lack of time for more detailed fieldwork and sampling at all 
stratigraphical levels of the outcrop. Furthermore, fresh samples were not collected 
at all levels, but instead weathered rocks were collected, meaning some of the 
specimens may thus be of poorer quality. The method of crushing samples before 
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putting them in acid may in the short term save time, but can on the other hand be a 
disadvantage. The area of study is sparse in fossils and hence there is a risk of 
crushing these few fossils into pieces when exerting the crushing method. Initially, 
there were misunderstandings about putting the samples in formic acid in the 
laboratory where the acid turned out to be as weak as only 3 %. Since the process 
then had to be redone it was consequently a time consuming process before the 
samples could be studied in binocular microscope. Additionally, the entire section 
was measured along the road cut and not entirely straight over which probably 
means it is some tens of meters shorter in reality. 
 
Conclusion 
 
The matrix encasing the different olistoliths has previously been dated to be of 
Ordovician age (Keller, 1999; Benedetto & Vaccari, 1992; Gomez & Astini, 2015; 
Holmer et al., 1999) and Devonian age (Peralta, 2013b). This survey concludes that 
the matrix is of Devonian age (Heredia, 2015, pers. comm.) but however the fossils 
found within the olistoliths show that these sediments, as previously determined, 
indeed were accumulated in the Cambrian period (Bordonaro, 2003).  

Results show that the chance of these olistoliths’ ability to hold fossils with 
Burgess Shale-type preservation is quite low. Not one of the findings has showed 
characteristics that can be associated with BST preservation and further 
investigations cannot be assumed to show very much difference. The examinations 
and fieldwork performed in this survey did not show a connection between the Los 
Túneles Olistoliths and the Stephen Formation, instead the survey detected 
unexpected and before sparsely studied lithologic changes within the olistolith. 
These findings led to the theory of the previously called megaolistolith (Keller, 1999) 
not being just one olistolith but instead three different ones, all from the Cambrian 
period but deposited with some difference in time. The second olistolith that briefly 
was explored in this survey did not show any fossils which leads to the conclusion 
that nor this olistolith has potential of holding BST fossils.  

This first study of micro fauna in a middle Cambrian unit ever done in South 
America has shown to not have much in common with the Stephen Formation, but to 
be of great importance to the development of paleontological research in South 
America. Further investigations of the entire Los Sombreros Formation should thus 
be of grand interest. 
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