
iNTroducTioN

The Bardas Blancas Formation, northern Neuquén

Basin, comprises a lower Toarcian–lower Bajocian

marine siliciclastic platform, which is dominated by

hummocky cross-stratified sandstones and shell beds

produced by storm processes. Stratigraphic analysis of

the Neuquén Basin has been undertaken by, among

others, Gulisano (1981), Legarreta and Gulisano

(1989), Legarreta et al. (1993) and Gulisano and

Gutiérrez Pleimling (1994). detailed sedimentological

studies of the Bardas Blancas Formation (Junken 2002;

Sanci 2005; chacra 2007) refer only in passing to

palaeontological aspects, albeit mention was made of

the trace fossils Skolithos, Chondrites, Thalassinoides,

Planolites, Palaeophycus, Diplocraterion, Rhizoco-

rallium and Arenicolites. Additional data on the ich-

nology of this formation were provided in conference
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abstracts (Bressan and Palma 2007; Bressan and Palma

2008). 

The aims of this paper are to document the trace fos-

sils from the Lower–Middle Jurassic siliciclastic storm-

dominated marine platform of the Neuquén Basin,

which is exemplified by the Bardas Blancas Formation,

and to interpret its depositional environment. An analy-

sis of the distribution of the ichnotaxa in the different

lithofacies and outcrops of this unit is provided. 

GeoLoGicAL SeTTiNG

The sedimentary infill of the Neuquén Basin can be

subdivided into several mesosequences on the basis of

regional stratigraphic discontinuities controlled by eu-

static events (Legarreta et al. 1993). in Mendoza

Province, the cuyo Mesosequence (Hettangian-

callovian) is an equivalent of the cuyo cycle or

“cuyano” (Gulisano et al. 1984). This mesosequence

is bounded by intra-Liassic (Gulisano et al. 1984) and

intra-callovian (dellapé et al. 1979) regional discon-

tinuities and includes alluvial-fan clastic deposits (el

Freno Formation), marine inner shelf deposits (Puesto

Araya Formation), and offshore shelf black mudstones

(Tres esquinas Formation). These deposits are overlain

by fluvial-marine siliciclastic (Lajas Formation) and

carbonate-dominated deposits (calabozo Formation).

The stratigraphic succession ends with the evaporites

of the Tábanos Formation, which developed mainly in

the centre of the basin and records a strong restriction

of the Neuquén Basin coeval with a global sea-level

fall (riccardi et al. 2000). The cuyo cycle records the

first marine transgression in the Neuquén Basin.

The Bardas Blancas Formation is the middle unit in

the cuyo Mesosequence (Gulisano 1981; Gulisano et al.

1984). This unit overlies the remoredo Formation (up-

per Triassic–Hettangian) and is covered by the Auquilco

Formation (oxfordian), Tres esquinas Formation (Ba-

jocian) or the La Manga Formation (oxfordian).

The localities studied are situated in the northern

portion of the Neuquén Basin, in the Malargüe area, in

Mendoza Province. Five outcrops (Text-fig. 1) were

studied, from north to south: Loncoche creek (157 m

thick), Bardas Blancas (92 m), Potimalal river (68 m),

La Vaina creek (67 m), coihueco creek (55 m). 
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Text-fig. 1. A – Map of South America showing the location of Neuquén Basin. 1.B – General aspect of Neuquén Basin. 1.c – Map showing the 

geographic location of the outcrops. 1 – Loncoche creek; 2 – Bardas Blancas; 3 – Potimalal river; 4 – La Vaina creek; 5 – coihueco creek
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MeTHodS

For a better interpretation of the ichnotaxa, the litho-

facies bearing them are briefly characterized 

Trace fossils were described in the field. Selected

specimens are housed in the university of Buenos Aires

paleontology collection under the registration numbers

FceN Nº20255–20263. The ichnogenera and ich-

nospecies are listed alphabetically.

Modifying the terminology used by Moghadam and

Paul (2000), the occurrence of trace fossils in a bed was

recorded as abundant (examples visible in all or in a ma-

jority of square metres of bedding surface), frequent

(visible in a minority of square metres of bedding sur-

face) and isolated (seen only locally throughout a 50 m

section). To describe the distribution through the section

we used the terms low (occurring only occasionally),

medium (occurring in a few beds) and high (occurring

in most beds).

The bioturbation index for Skolithos and Thalassi-

noides was recorded. it is based on the degree of dis-

ruption of primary lamination, and ranges from 1 (vir-

tually undisturbed lamination) to 6 (complete bioturba-

tion) (droser and Bottjer 1986). 

LiTHoFAcieS deScriPTioN

The Bardas Blancas Formation is essentially a suc-

cession of interbedded storm deposits and fair-weather

deposits. Massive and laminated mudstones, laminated

siltstones, hummocky-cross stratified, massive and lam-

inated sandstones, fine- to medium-grained bioclastic

sandstones, and massive conglomerates (see Table 1) are

the most abundant lithofacies.

Massive and laminated mudstones (lithofacies A)

Description: The textural composition of the massive

and laminated mudstones ranges from silt to clay. The

beds are mostly tabular, 2–90 cm thick. Some of them

change their thickness laterally or pinch out completely.

The tabular beds have gradational lower contacts, usu-

ally with sandstones (lithofacies c, d and e) and fine-

Table 1. Lithofacies of the Bardas Blancas Formation
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to medium-grained bioclastic sandstones (lithofacies

G) and less frequently with conglomerates (lithofacies

H). The contact with the overlying lithofacies (c, d and

e) is sharp. 

These mudstones generally lack autochthonous fos-

sils; they rarely yield fragments of Trigonia (Trigonia)

sp. exhibiting evidence of transport. Trace fossils are

represented by local Chondrites occurrences

Interpretation: These mudstones are interpreted as

deposits accumulating during fair-weather periods

(Spalletti and del Valle 1990), below fair-weather wave

base, in an offshore-transition to an offshore zone (read-

ing and collinson 1996).

Fragments of Trigonia (Trigonia) sp. were rede-

posited from shallower zones by currents. 

The absence of autochthonous fauna and the rare

presence of the trace fossils Chondrites and Thalassi-

noides (both burrow systems communicating with wa-

ter-sediment interface), suggest restricted oxygenation

(rhoads and Morse 1971; ekdale and Mason 1988;

Savrda et al. 1991). The complete absence of trace fos-

sils throughout much of this lithofacies suggests anoxic

conditions

Laminated siltstones (lithofacies B)

Description: This lithofacies is characterized by lami-

nated siltstones in tabular beds 1–140 cm thick. contacts

to overlying sandstone lithofacies c, d and e, and un-

derlying lithofacies c, d, e and G are sharp. 

Locally the siltstones are intercalated with lenticu-

lar massive sandstone bodies, which have sharp basal

contacts and planar or undulatory upper surfaces. 

The laminated siltstones rarely contain ammonites

?Phylloceras cf. trifoliatum Neumayr, Westermanniceras

groeberi (Westermann and riccardi), and bivalves, some

of them in situ, such as Pholadomya laevigata Hupé and

Pholadomya sp., and others redeposited, including Gram-

matodon sp., Trigonia (Trigonia) sp., ?Gryphaea sp. and

Camptonectes (c.) sp. Trace fossils include isolated Tha-

lassinoides and Chondrites.

Interpretation: These siltstones are interpreted as fallout

of suspended fine material or storm-emplaced sedi-

ments. The lenticular sandstones reflect the waning

flow deposits of storm-generated currents (Brenchley et

al. 1993; cantalamessa and di celma 2004). These de-

posits characterize an environment below fair-weather

wave base, in an offshore-transition zone (reading and

collinson 1996).

The presence of sparse bivalve shells, including in

situ material, suggests bottom sediments that were at

least partially oxygenated. Where autochthonous bi-

valves are absent and only Thalassinoides and Chon-

drites are present, the bottom waters could have been

permanently poorly oxygenated (rhoads and Morse

1971; ekdale and Mason 1988; Savrda et al. 1991). 

Hummocky cross-stratified sandstones (lithofacies C)

Description: Fine- medium-grained sandstones with

hummocky cross-stratification. Beds are tabular, with

erosive basal contacts overlying fine-grained lithofacies

(lithofacies A and B), sandstone lithofacies (lithofacies

c and d) and conglomeratic lithofacies (lithofacies H).

The upper contacts are sharp or gradational into over-

lying sandstones (lithofacies d and e) or fine-grained

lithofacies (lithofacies A and B).

This lithofacies includes two different forms of

hummocky cross-stratified sandstones, the scour and

drape form (cheel and Leckie 1993), and the migrating

form (Brenchley 1989; cheel and Leckie 1993), defined

originally as “low-angle trough cross-stratification” by

Arnott and Southard (1990).

First order truncations with shell lags and sandy

and muddy rip-up clasts, define hummocky beds that

can reach thicknesses over 1.5 m. The shell lags are

characterized by disarticulated bivalve shells, usually

highly fragmented, showing evidence of transport.

Second order truncations with plant and shell detri-

tus separate laminae sets 20 cm thick. Third order trun-

cations, also with plant and shell detritus, separate lam-

inae less than 1 cm thick.

Amalgamation in these sandstones is frequent. The

amalgamated packages are up to 16 m thick.

The top of these beds can have wave-ripples with

wavelengths between 7–8 cm and 0.5 cm high, and

climbing ripples. dewatering structures are common.

These sandstones contain redeposited bivalves be-

longing to the genera Pleuromya, Modiolus, Lucina

and Trigonia. Gastropods and cephalopods are present

but less common. The latter are represented by belem-

nites and by ammonites such as Phylloceras cf. trifo-

liatum Neumayr, Tmetoceras cf. flexicostatum Wester-

mann and Phylloceras cf. trifoliatum Neumayr. 

These sandstones are usually extensively biotur-

bated. Trace fossils including Taenidium, Palaeophycus,

Planolites, Thalassinoides, Gyrochorte and Chondrites

are found usually at the top of these beds. Chondrites is

also very frequent along laminae, and less frequent

Thalassinoides occurs at the base of these beds.

Skolithos crosses the beds and is seen in lateral view. 

Interpretation: Hummocky cross-stratified sandstones

are interpreted as storm deposits (dott and Bourgeois
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1982). Amalgamated sandstones are deposited above

fair-weather wave base, in the middle–lower shoreface.

Non-amalgamated sandstones are distributed between

the lower shoreface and the upper offshore-transition

zone, above the storm-wave base (reading and

collinson 1996). Thinner beds suggest deeper waters

(cheel and Leckie 1993). 

Wave-ripples at the top of these sandstones record

oscillatory flow during the waning stage of the storm or

subsequent fair-weather period (Kerr and eyles 1991).

Shell lags are composed of mechanically reworked ma-

terial deposited during the peak of the storm (Kreisa

1981). isolated bivalve and gastropod shells were prob-

ably reworked during a waning storm phase. 

The abundant trace fossils indicate aerobic condi-

tions at the sea floor after the storm, when the trace-

makers colonized the newly deposited sediments

(rhoads and Morse 1971; ekdale and Mason 1988;

Savrda et al. 1991).

Massive sandstones (lithofacies D)

Description: Fine- medium-grained massive sandstones

with tabular beds, which are 2–204 cm thick and display

a sharp or erosive base and a sharp top, both in contact

with lithofacies B, c, d, G and H. intercalations of

shell concentrations or layers of massive/laminated

mudstones occur locally. Some beds exhibit dewatering

structures. exceptionally, these sandstones contain peb-

bly lenticular bodies with erosional basal surfaces which

are composed of well-rounded to sub-rounded pebbles

and sandstone matrix. 

The upper parts of the beds are bioturbated. Plano-

lites, Palaeophycus, Taenidium and Chondrites are seen

on their tops. Vertical Skolithos is present at the top of

the beds and decreases in abundance downward. rede-

posited bivalves and belemnites are present.

Interpretation: Massive sandstones suggest episodic

rapid deposition (collinson and Thompson 1989).  This

interpretation is supported by the presence of dewater-

ing structures. These sandstones are interpreted as

storm-generated sediments, deposited between the lower

shoreface and the offshore-transition zone (reading

and collinson 1996).

Shell concentrations are interpreted as basal de-

posits transported when the flow was initially presum-

ably stronger prior to the deposition of massive sand-

stones. Successive shell layers intercalated with massive

sandstones suggest amalgamation of beds. Massive or

laminated mudstones indicate decantation deposits dur-

ing fair-weather periods, below fair-weather wave base

(reading and collinson 1996). When these mudstones

are present, massive sandstones are restricted to an off-

shore-transition zone. 

Lenticular pebbly bodies are interpreted as rip cur-

rent deposits (Hart and Plint 1995), originated in the up-

per shoreface and deposited in lower shoreface to open

shelf environments (reading and collinson 1996). 

Laminated sandstones (lithofacies E)

Description: This lithofacies consist of fine- to very

fine-grained sandstones, in tabular, laterally extensive

sets with horizontal-planar or undulatory lamination;

sets of laminae may thicken and thin slightly. Basal con-

tacts are sharp, mostly over hummocky cross-stratified

sandstones (lithofacies c) and less frequently over litho-

facies A, d, e, G and H. upper contacts are sharp with

sandstone lithofacies (usually lithofacies c, and less

frequently d, e, G and H) and gradational into overly-

ing siltstones (lithofacies B). Lenticular shell concen-

trations and concretions are common. 

Fossils include rare specimens of the ammonite

Westermanniceras groeberi (Westermann and riccardi).

The tops of beds are extensively bioturbated with Chon-

drites and Thalassinoides. Frequent Skolithos is seen in

vertical cross sections.

Interpretation: Laminated sandstones are produced by

slow currents (Guy et al. 1966) between the lower

shoreface and the offshore-transition zone (reading

and collinson 1996). irregularities in the lamination

(undulatory surface) are attributed to wave action (de

raaf et al. 1977).

Lenticular shell beds are interpreted as high-energy

storm deposits. The presence of these lenses interstrat-

ified with laminated sandstones suggests the alternation

of low-energy processes, when laminated sandstones

were deposited, and high-energy events, characterized

by lenticular shell beds. 

Wave-rippled sandstones (lithofacies F)

Description: Tabular fine-grained sandstones, which

are 5–43 cm thick. Basal contact sharp (over lithofacies

F) or transitional (over lithofacies c and G).  upper con-

tact irregular (below lithofacies c, d and F) with

straight-crested symmetrical ripples, which range from

2–5 cm in wavelength and 0.3–0.4 cm in high.  These

beds are highly bioturbated with Chondrites, and less

frequently with Skolithos.

Interpretation: Straight-crested symmetrical ripples are

interpreted as wave ripples, produced under oscillatory

flows over non-cohesive surfaces (reineck and Singh



1975), conditions prevailing above fair-weather wave

base.

Fine-medium grained bioclastic sandstones (lithofa-

cies G)

Description: Tabular, laterally continuous shelly sand-

stone beds which are 5–80 cm thick. Basal contacts are

usually erosive or, more rarely, sharp (over lithofacies

B, d, e and F) and upper contacts are horizontal or un-

dulatory (below lithofacies A, d and e).

These concentrations are dominated by bivalve

shells, almost invariably disarticulated, with different de-

grees of fragmentation. Less common are other molluscs

belemnites, ammonites and brachiopods. Bioclasts are

usually matrix-supported, rarely bioclastic-supported,

with a fine- to medium-grained sandstone matrix. Most

of the bioclasts are concordant with the stratification. No

bioturbation structures have been recognized in this

lithofacies. 

Interpretation: The high degree of disarticulation and

fragmentation indicates prolonged exposure on the

seafloor and/or repeated exhumation/burial cycles (Jen-

nette and Pryor 1993). These shell beds are interpreted

as storm deposits originated in shoreface and beach

zones, where transported and mixed assemblages are

common (Kreisa 1981). deposits over 10 cm thick cor-

respond to amalgamated event beds. These sandstones

indicate environments between the upper and middle

shoreface.

Massive conglomerates (lithofacies H)

Description: Tabular fine to coarse conglomerate beds,

which are 35–115 cm thick. Basal contact is erosive

(over lithofacies d, e and H) and upper contact is hori-

zontal (under lithofacies c and d).  Matrix-supported con-

glomerate with a fine- medium-grained or even coarse-

grained sandstone matrix. The grain size ranges from

sabulitic sands to pebbles (0.4–14 cm), which are prolate

to equidimensional, well rounded to subrounded, rhyolitic

and basaltic in composition. Selection is poor, with oc-

casional clasts reaching 30 cm. Fractured clasts are usual.

Interpretation: The massive conglomerate lithofacies

can be interpreted as storm beds in the lower shoreface

(cantalamessa and di celma 2004), where the tabular

geometry would be a result of uniform reworking by

waves, while the matrix-supported fabric suggests prox-

imity to fluvial distributary mouths (Hart and Plint

1995). The lack of fossils is a common feature in high-

energy marine conglomerates (Hart and Plint 1995). 

SySTeMATic icHNoLoGy

ichnogenus Arenicolites Salter, 1857

diAGNoSiS: Vertical u-tubes without spreite (Für-

sich 1974a).

iNTerPreTATioN: Arenicolites is a dwelling trace

(domichnion) attributed to shrimps (Bromley 1996) or

detritus-feeding lugworms (Swinbanks 1981).

Arenicolites isp. 

(Text-fig. 2A)

MATeriAL: Field observations.

deScriPTioN: Arenicolites appear on bedding sur-

faces as paired circular marks, which are terminations

of the limbs of an endichnial u-shaped, thinly-lined tu-

bular burrow. Burrow diameter varies between 2 and 5

mm, and the limbs are 3–15 mm apart. 

ichnogenus Chondrites Sternberg, 1833

diAGNoSiS: regularly branching tunnel systems con-

sisting of a small number of master shafts open to the

surface, which ramify at depth to form a dendritic net-

work (uchman 1999).

iNTerPreTATioN: Chondrites is a feeding structure

(fodinichnion) produced by deposit feeders such as an-

nelids or sipunculoid worms (richter 1927; osgood 1970).

Chondrites intricatus Sternberg 1833 

(Text-fig. 2B)

diAGNoSiS: Small Chondrites composed of numerous

downward-radiating, mostly straight branches. The an-
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Text-fig. 2. Trace fossils of the Bardas Blancas Formation: A – Arenicolites isp.; B – Chondrites intricatus; c – ?Diplocraterion isp.; d – Gordia

isp.; e – Gyrochorte isp.; F – Lockeia isp.; G – Palaeophycus striatus; H – Palaeophycus tubularis; i – Palaeophycus isp.; J – Planolites bever-

leyensis; K – Skolithos verticalis; L – Taenidium serpentinum; M – Taenidium isp.; N – Thalassinoides isp. type A;  o – Thalassinoides isp. 

type B; P – horizontal trace fossils; Q – horizontal trace fossil with Chondrites intricatus in its filling. Scale (bar): 2 cm
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[Text-fig. 2]



gle of branching is usually less than 45º. The branches are

less than 1.0 mm (mostly about 0.5 mm) wide. The bur-

row system is more than 20 mm wide (uchman 1999). 

MATeriAL: Field observations, sample FceN 20256

(lithofacies d, coihueco section), sample FceN 20263

(lithofacies c, La Vaina section).

deScriPTioN: Small, branching burrow systems

which spread out in horizontal or gently inclined en-

dichnial or rarely epichnial tunnels. Burrow diameters

remain more or less constant, and range from 0.5 to 0.8

mm. Smooth margins. Burrows are usually infilled by

sediments from the overlying bed. Branches, usually bi-

furcating, a few millimetres apart.

reMArKS: Chondrites commonly penetrates in the in-

fill of Thalassinoides and horizontal trace fossils, pos-

sibly assigned to Palaeophycus or Planolites. The re-

working in the infill and margins does not enable a

reliable ichnogenus determination. 

ichnogenus Diplocraterion Torell 1870

diAGNoSiS: Vertical u-shaped spreiten-bearing bur-

rows (Fürsich 1974b). 

iNTerPreTATioN: dwelling burrow of suspension-

feeding animal (Fürsich 1974b) or benthic predators

(Bromley 1996).

?Diplocraterion isp. 

(Text-fig. 2c)

MATeriAL: Field observations

deScriPTioN: Vertical u-shaped endichnial burrows

with parallel limbs and unidirectional spreiten, retrusive,

continuous and regular. Tube diameter is 4–5 mm thick

and separation of vertical burrows is 1.5 cm. There is lat-

eral displacement of the u-tube, an unusual feature in

this ichnogenus.

ichnogenus Gordia emmons, 1844

diAGNoSiS: Horizontal, thin, unbranched, simple

smooth worm-like trails of uniform thickness through-

out; mostly bent but not meandering, characterized by

self-overcrossing (Häntzschel 1962; Fillion and Pickerill

1990; MacNaughton and Pickerill 1995). 

iNTerPreTATioN: Gordia is interpreted as a grazing

trail (fodinichnia).

Gordia isp. 

(Text-fig. 2d)

MATeriAL: Field observations and sample FceN

20262 from lithofacies c at Bardas Blancas section. 

deScriPTioN: Smooth worm-like, epichnial hori-

zontal structure, with uniform thickness, 2–3 mm. Seg-

ments gently bent each 5–10 cm, crossovers are nu-

merous. 

ichnogenus Gyrochorte Heer, 1865

diAGNoSiS: Wall-like burrow with a top part (positive

epirelief) consisting of two convex lobes with a median

furrow and a bottom part (negative hyporelief) consist-

ing of two grooves and a median ridge. The lobes on the

top, and more rarely the grooves at the base, commonly

exhibit transverse meniscus-like discontinuities and of-

ten obliquely aligned plaits. The burrow exhibits an ir-

regular meandering or arcuate course, but more rarely

it can be straight or gently curved (emended diagnosis,

Gibert and Benner 2002).

iNTerPreTATioN: Burrow produced in the active

search for food of a deposit feeder, probably an op-

portunistic animal colonizing sandy bottoms after

high-energy event deposition (Gibert and Benner

2002).

Gyrochorte isp. 

(Text-fig. 2e)

MATeriAL: Field observations and sample FceN

20257 from lithofacies d at the coihueco section. 

deScriPTioN: Straight to gently curved bilobate

epireliefs up to 4 mm wide. The lobes exhibit slight

transverse ribs, perpendicular to the long axis of burrow,

with a distance between ribs that varies between 0.5 and

1 mm.

reMArKS: even in the absence of the associated con-

cave hyporeliefs, it is possible to distinguished this Gy-

rochorte from Aulichnites because the former has trans-

verse ribs, which are absent in Aulichnites (Gibert and

Benner 2002).
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ichnogenus Lockeia James, 1879

diAGNoSiS: Small, almond-shaped, oblong bod-

ies preserved in convex hyporelief; tapering to sharp

and obtuse points at both ends. Surface commonly

smooth. Mostly symmetrical. usually with a mid-

ridge. Sometimes with vertical spreiten (Schlirf et al.

2001).

iNTerPreTATioN: This structure is a resting trace

(cubichnion) of small burrowing bivalves (osgood

1970).

Lockeia isp. 

(Text-fig. 2F)

deScriPTioN: Small concave epireliefs with pointed

terminations and a narrow keel along the main axis.

They are 30–40 mm long and 3–5 mm wide.

ichnogenus Palaeophycus Hall, 1847

diAGNoSiS: Branched or unbranched, smooth or or-

namented, lined, essentially cylindrical, predominantly

horizontal burrows of variable diameter; infilling typi-

cally structureless, of same lithology as host rock (Pem-

berton and Frey 1982).

iNTerPreTATioN: interpreted as a dwelling burrow

(domichnion) probably produced by polychaetes

(Häntzschel 1975; Pemberton and Frey 1982; uchman

1995).

reMArKS: To distinguish Palaeophycus from Plano-

lites we followed the criteria of Pemberton and Frey

(1982), which involves examination of the burrow mar-

gins and internal fill of the burrows. 

Palaeophycus striatus Hall, 1852 

(Text-fig. 2G)

diAGNoSiS: Thinly lined burrows sculpted by fine,

continuous, parallel, longitudinal striae (Pemberton and

Frey 1982).

MATeriAL: Field observations.

deScriPTioN: Branched, winding, cylindrical, epich-

nial burrow, with longitudinal parallel-striated infill-

ing. Burrow diameter uniform, reaches 1.5 cm. 

Palaeophycus tubularis Hall, 1847 

(Text-fig. 2H)

diAGNoSiS: Smooth, unornamented burrows of vari-

able diameter, thinly but distinctly lined (Pemberton

and Frey 1982).

MATeriAL: Field observations and sample FceN

20261 from lithofacies c at the coihueco section.

deScriPTioN: unbranched, smooth, thinly-lined,

straight and curved, cylindrical, horizontal to subhori-

zontal epichnial burrows. Their diameter ranges be-

tween 0.3 and 2 cm and it is uniform in the same spec-

imen. The burrow fills are similar to the surrounding

sediment.

Palaeophycus isp. 

(Text-fig. 2i)

MATeriAL: Field observations 

deScriPTioN: Branched or unbranched, cylindrical

to subcylindrical epichnial burrows, with distinctly lined

walls. oriented horizontal to slightly inclined, straight

to curved. Burrow diameters generally constant be-

tween 0.2 and 1 cm; in some specimens the diameter

varies in an irregular way. infilling structureless, with the

same lithology as the host rock. 

ichnogenus Planolites Nicholson, 1873

diAGNoSiS: unlined, rarely branched, straight to tor-

tuous, smooth to irregularly walled or annulated bur-

rows, circular to elliptical in cross-section, with variable

dimensions and configurations; infillings essentially

structureless, differing in lithology from host rock (Pem-

berton and Frey 1982).

iNTerPreTATioN: Planolites is a feeding burrow

(pascichnion) produced by the activity of vagile en-

dobenthic deposit feeders (Alpert 1975, Pemberton and

Frey 1982). 

Planolites beverleyensis (Billings, 1862) 

(Text-fig. 2J)

diAGNoSiS: relatively large, smooth, straight to gen-

tly curved or undulose cylindrical burrows (Pemberton

and Frey 1982).
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deScriPTioN: Horizontal to inclined, cylindrical to

sub-cylindrical in cross-section, smooth-walled, un-

branched, straight to slightly curved epichnial burrows

of uniform width, about 10 mm in diameter. infilling

structureless, differing in lithology from host rock. 

ichnogenus Skolithos Haldeman, 1840

diAGNoSiS: Single, vertical, unbranched burrows,

cylindrical or subcylindrical, lined or unlined. Burrows

perfectly straight to curved, and may be inclined from

the vertical. diameter 1 to 15 mm, length from a few

centimetres up to a metre; diameter may vary slightly

along length of burrow. Burrow wall distinct or indis-

tinct, smooth to rough, may be annulated. Prominent

funnel-shaped aperture absent. The sediment that infills

the burrow is generally structureless; it may exhibit a

passive, meniscus fill (Alpert 1974).

iNTerPreTATioN: Skolithos is interpreted as the

dwelling burrow (domichnion) of annelids or phoronids

(Alpert 1974).

Skolithos verticalis (Hall, 1843) 

(Text-fig. 2K) 

diAGNoSiS: Burrows cylindrical to prismatic (where

in contact), straight to curved, vertical to inclined. di-

ameter 1 to 4 mm, length 2 to 15 cm. Burrow wall

smooth, rarely corrugated (Alpert 1974).

MATeriAL: Field observations. 

deScriPTioN: Burrows cylindrical, straight, vertical

to slightly inclined. diameter 1–3 mm, the same for each

specimen, length 1 to 15.5 cm. Burrow wall smooth. The

infilling sediment tends to weather out and leaving the

burrows as holes in the rock. 

reMArKS: in storm deposits of the Bardas Blancas

Formation erosion events were important and some of

these burrows interpreted as Skolithos could be

Monocraterion, which differs from Skolithos in having

a prominent funnel-shaped aperture at the top of the bur-

row. individual circular marks on bedding surface has

also been interpreted as Skolithos, with burrow diame-

ter 1–2 mm.

ichnogenus Taenidium Heer, 1877

diAGNoSiS: unlined or very thinly lined, unbranched,

straight or sinuous cylindrical burrows containing a

segmented fill articulated by meniscus-shaped partings

(d´Alessandro and Bromley 1987).

iNTerPreTATioN: Taenidium is thought to have been

a feeding burrow (pascichnion) produced by the activ-

ity of a worm-like deposit feeder (d´Alessandro and

Bromley 1987)

Taenidium serpentinum Heer, 1877 

(Text-fig. 2L) 

diAGNoSiS: Serpentiform Taenidium having well-

spaced, arcuate menisci; distance between menisci about

equal to or a little less than burrow width. Secondary

subsequent branching and intersections occur. Bound-

ary sharp, lining lacking or insignificant (d´Alessandro

and Bromley 1987).

MATeriAL: Field observations 

deScriPTioN: Sinuous unbranched epichnial bur-

rows with back-fill of alternating meniscus-shaped

packets, which display crossovers. Burrow diameters

vary between 0.5 and 1 cm, and are constant for each

specimen.

Taenidium isp. 

(Text-fig. 2M)

MATeriAL: Field observations 

deScriPTioN: Straight, curved or sinuous epichnial

Taenidium, 6–8 mm wide, at least 50 mm long, having

badly preserved, irregular (deformed) menisci, variably

oriented in relation to stratification plane. 

ichnogenus Thalassinoides ehrenberg, 1944

diAGNoSiS: Three-dimensional burrow systems con-

sisting predominantly of smooth-walled, essentially

cylindrical components of variable diameter; branches

y- to T-shaped, enlarged at points of bifurcation

(Howard and Frey 1984). 

iNTerPreTATioN: This structure is considered to be

the dwelling structure (domichnion) of decapod crus-

taceans, particularly certain members of the Super-

family Thalassinidea (Swinbanks and Luternauer

1987).
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Thalassinoides isp. type A 

(Text-fig. 2N)

MATeriAL: Field observations 

deScriPTioN: Predominantly horizontal to subhori-

zontal, straight to slightly curved, epichnial or hypich-

nial burrows. Branches are y-shaped, with a wide angle

between the arms, thus almost T-shaped . The burrows

are cylindrical to sub-cylindrical, commonly from 1 to

3.5 cm, constant for every specimen. internal surfaces

are smooth. Vertical connections were not observed. The

field situation does not allow determination of the depth

of penetration of these galleries into the substrate. 

Thalassinoides isp. type B 

(Text-fig. 2o)

MATeriAL: Field observations 

deScriPTioN: Straight, horizontal , hypichnial or

epichnial burrows with y-shaped branches. in some

specimens a slight meniscate structure is visible. Bur-

rows width is 4 cm and side branches are 2 cm, with

swellings at junctions. 

Horizontal trace-fossils (Text-fig. 2P, Q)

deScriPTioN: Straight to sinuous, horizontal cylin-

drical epichnial trace fossils. Burrow diameter 0.5–2 cm.

The quality of the exposures does not allow recognition

of possible branching or meniscate backfills but locally

it is possible to recognize that the sediment infilling the

burrows is coarser than the matrix of the host rock. indi-

vidual specimens can appear crossing over other ichno-

taxa (e.g. horizontal trace fossils overcrossing Thalassi-

noides). The infilling can be penetrated by Chondrites.

iNTerPreTATioN: The sinuosity of some of the trace

fossils and the texture of the infilling suggest the activ-

ity of deposit-feeders (fodinichnion), while straight bur-

rows where is not possible to recognize the infilling are

interpreted as dwelling burrow (domichnion). 

reMArKS: The poor preservation does not allow

closer determination.

diSTriBuTioN oF LiTHoFAcieS 

Facies change from north to south (Text-fig. 3). The

northernmost locality (Loncoche section) contains about

25% of gravel lithofacies, while mudstones and silt-

stones are almost completely absent. Most of the beds

are hummocky cross-stratified sandstones (lithofacies

c). This lithofacies succession has been interpreted as

the shallower deposits of this unit, characterizing envi-

ronments from the lower foreshore to the upper off-

shore-transition zone.

The southernmost locality (coihueco section) is

composed mostly of hummocky cross-stratified sand-

stones (lithofacies c) and massive sandstones (facies d),

with a basal conglomerate (lithofacies H) and scarce silt-

stones (lithofacies B) in the last metres. These deposits

are interpreted as representing an environment between

the upper shoreface to the upper offshore-transition

zone. 

Between these two localities, the Bardas Blancas

section is dominated by hummocky cross-stratified

sandstones (lithofacies c) and siltstones (lithofacies B).

A similar trend is found in the Potimalal and La Vaina

sections, which are characterized by a succession of

hummocky cross-stratified sandstones (lithofacies c)

but with a higher proportion of fine-grained beds

(lithofacies A and B), with basal conglomeratic de-

posits. in these three sections, shell beds (lithofacies G)

are abundant and are intercalated with hummocky

cross-stratified sandstones. These deposits correspond

to an environment between the shoreface to the lower

offshore-transition zone.

diSTriBuTioN oF TrAce FoSSiLS

The distribution of trace fossils in the sections

studied with estimation of their frequency is shown in

table 2. 

eleven ichnogenera has been recognized. Chon-

drites is the most abundant ichnogenus, which appears

in all the outcrops studied and in the greatest number of

lithofacies types (lithofacies A to F). Most of the struc-

tures are dwelling traces (Arenicolites, Thalassinoides,

Skolithos, and Palaeophycus) and deposit feeder struc-

tures (Chondrites, Gyrochorte, Planolites and Taenid-

ium), which are closely related with the substrate, par-

ticularly the second group since the availability of food

is related to substrate type (Fürsich and Hurst 1974).

The diversity of trace fossils is similar but not the

same in different outcrops of the Bardas Blancas For-

mation. The ichnogenera Chondrites, Palaeophycus,

Skolithos and Thalassinoides have been noted in all the

sections studied, and Arenicolites, Gyrochorte and

Planolites have been observed in four of the five sec-

tions. Gordia, Lockeia, Taenidium and ?Diplocraterion
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occur only rarely in one or two of the sections studied

(except for Taenidium serpentinum, which is frequent in

a single bed in the Loncoche section). The most diverse

trace fossil assemblages occur in the coihueco section,

which displays a higher proportion of sandstone litho-

facies. 

The abundance of bioturbation varies throughout the

different lithofacies. All the trace fossils mentioned are

present in sandstone lithofacies. Arenicolites, Gordia,

Lockeia, and ?Diplocraterion are restricted to hum-

mocky cross stratified sandstones (lithofacies c), which

displays the higher diversity. When these sandstones are

amalgamated, trace fossils are absent, except for occa-

sional Skolithos. it is not excluded that trace fossils

were eroded at the top of the beds prior to the amalga-

mation. of the sandstone beds, the laminated sand-

stones (lithofacies e) and wave-rippled sandstones

(lithofacies F) display the lowest trace fossil diversity.

in the siltstone beds (lithofacies B) Chondrites and

Thalassinoides are present, while in the shale beds

(lithofacies A) only Chondrites occurs.

Although post-storm deposits were bioturbated, the

fine- to medium-grained bioclastic sandstones (lithofa-

cies G) and massive gravels (lithofacies H) appear to be

devoid of trace fossils, presumably due to the large size

of the shells (Kidwell 1991) and the coarse grains re-

spectively. 

icHNoFAcieS 

The Bardas Blancas Formation contains elements of

the Cruziana, Skolithos and possibly the Zoophycos

ichnofacies.

Storm sandstones contain trace fossils indicative of

the Skolithos ichnofacies, such as Skolithos, Arenicolites

and ?Diplocraterion. This ichnofacies suggests the col-

onization of storm sands by a community of opportunis-

tic organisms in a post-event, high-stress, physically-

controlled environment (Pemberton et al. 1992). in these

conditions, diversity is low and the abundance of indi-

vidual ichnogenera is usually high (Pemberton et al.

1992). However, the Skolithos ichnofacies elements in

this unit are less abundant than expected. The ichnofab-

ric index measured for Skolithos ranges from 1 (no bio-

turbation recorded) to 2 (discrete, isolated trace fossils).

The sandstone beds (lithofacies c, d, e and F) ex-

hibit a trace fossil assemblage indicative of the proximal

expression of the Cruziana ichnofacies (Maceachern et

al. 2008), with Chondrites, Gordia, Gyrochorte, Lock-

eia, Palaeophycus, Planolites, Taenidium and Tha-

lassinoides. This association characterizes low-energy

environments (storm sands once the environment sta-

bilizes or fair-weather deposits), colonized by deposit

feeders and also by mobile carnivores, omnivores and

suspension feeders (Pemberton et al. 1992; Maceach-

ern et al. 2008). As is typical in this ichnofacies, the di-

versity is high and individual densities of most ichno-

genera are low (Pemberton et al. 1992).  

Siltstones (lithofacies B) with Thalassinoides type A

and Chondrites, and mudstones (lithofacies A) with

isolated Chondrites, could represent the distal expres-

sion of the Cruziana ichnofacies or the Zoophycos ich-

nofacies (Maceachern et al. 2008), characterizing low-

energy environments (lower offshore-transition zone

to offshore zone, reading and collinson 1996). The low

diversity suggests that these Thalassinoides and Chon-

drites are elements of the Zoophycos ichnofacies, which

commonly develops during dysaerobic to anoxic con-

ditions (Maceachern et al. 2008).

PreSerVATioN ANd uNdereSTiMATioN oF

TrAce FoSSiLS

Syn-depositional and post-depositional processes

affected the preservation of trace fossils in the Bardas

Blancas Formation. High-energy processes related to

storm deposits erased traces on the tops of the beds,

while the stacking of sandstone beds in amalgamated in-

tervals hides superficial trace fossils on the top and in the

base of the beds. Where the nature of the outcrop al-

lowed the tops of these amalgamated sandstones to be

seen, horizontal trace fossils were found to be present,

and hence the abundance and diversity of trace fossils

in this lithofacies is probably higher than actually ob-

served. 

Moreover, trace fossils in the sandstone lithofacies

have been affected by weathering and by the activity of

other organisms. composite forms (sensu Pickerill and

Narbonne 1995) and overcrossing between burrows are

common in sandstone beds in this unit. The producers

TrAce FoSSiLS FroM THe JurASSic oF ArGeNTiNA 215

Table 2. Trace fossils occurrence in Bardas Blancas Formation. Lithofacies (lit.): A – massive and laminated mudstones; B – laminated siltstones;

c – hummocky cross-stratified sandstones; d – massive sandstones; e – laminated sandstones; F – wave-rippled sandstones; G – fine-medium grained

bioclastic sandstones; H, massive gravels. occurrence of trace fossils in any bed was recorded as abundant (examples visible in all or in a major-

ity of square meter of bedding surface), frequent (examples visible in a minority of square meters of bedding surface) and isolated (seen only one

time throughout a 50 m section). To describe the distribution through the section the terms used are: low (occurring only occasionally), medium 

(occurring in a minority of beds) and high (occurring in the majority of beds)



of Chondrites modified the infilling of trace fossils

making it impossible to differentiate between some

taxa, notably Planolites and Palaeophycus. 

Trace fossils in the fine-grained beds are scarce and

it is difficult to compare the variation in preservation be-

tween these beds and the sandstones beds; however,

Chondrites found in the shale beds (lithofacies A) and

siltstone beds (lithofacies B) appear to be better pre-

served than those present in other facies. 

diagenesis enhanced the lining of Arenicolites,

which appear as double circular marks, with a darker cir-

cle around each opening. 

even when there are reasons to believe that hori-

zontal trace fossils are underestimated, the low abun-

dance in vertical trace fossils (elements from Skolithos

ichnofacies) cannot be explain by considering only the

preservation potential. Vertical burrows (preserved as

endichnia) are present at the tops of the beds, decreas-

ing in abundance downward; erosion could have erased

the uppermost centimetres of the beds where the density
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Text-fig. 4. Schematic diagram showing the distribution of trace fossils in Bardas Blancas Formation. Trace fossils in the diagram A illustrates the

opportunistic community which colonizes the massive sandstone beds (lithofacies d) and hummocky cross-stratified sandstone beds (lithofacies

c), which are elements from Skolithos ichnofacies. The diagram B illustrates the climax community in the same beds, once the environmental en-

ergy decreases, interpreted as elements from Cruziana ichnofacies. in both diagrams, the Zoophycos ichnofacies is illustrated in LA. representa-

tive forms include: 1 – Arenicolites; 2 – Chondrites; 3 – Diplocraterion; 4 – Gordia; 5 – Gyrochorte; 6 – Lockeia; 7 – Palaeophycus; 8 – Plano-

lites; 9 – Skolithos; 10 – Taenidium; 11 – Thalassinoides. Lc – lithofacies c (hummocky cross-stratified sandstones); Ld – lithofacies d (massive 

sandstones); LA – lithofacies A (massive and laminated mudstones)



of burrows would be expected to be higher. it does not

explain why isolated Skolithos reaching 15 cm occur in

sandstone beds. According to droser and Bottjer (1989),

physical processes (including rate of sedimentation,

rate and nature of episodic sedimentation and rate and

nature of erosion) and biological controls (life habits and

behaviour of the infauna, sizes of organisms, rates at

which organisms colonize substrates) are determining

factors in the development of the ichnofabric. in the Bar-

das Blancas Formation the answer to the low diversity

probably lies in biological factors such as the nature of

the burrowing organisms.

iNTerPreTATioN oF THe dePoSiTioNAL

SeTTiNG 

The sediments of the Bardas Blancas Formation

were deposited on a marine platform, including fore-

shore to offshore zone environments. Body fossils

(which include marine cephalopods such as ammonites

and belemnites) confirm this interpretation. The ichno-

genera content is typical of storm deposits (Pemberton

et al. 1992).

differences in the distribution of trace fossils in the

outcrops considered are related to facies changes. The

sections with a higher proportion of sandstone beds ex-

hibit a higher diversity in trace fossils. 

The high diversity noted in hummocky cross-strat-

ified sandstones (lithofacies c) can be attributed to the

presence of ichnogenera from two ichnofacies (Skolithos

and Cruziana), in two successive stages of colonization.

The distribution of trace fossils in these sandstones sug-

gests early colonization by pioneers (elements of the

Skolithos ichnofacies), followed by the activity of a

community exploiting a low-energy environment (ele-

ments of the Cruziana ichnofacies) (Text-fig. 4).

Trace fossil diversity is determined by physical pa-

rameters. As seen, different colonization phases were

controlled by high-energy and low-energy processes.

The ethological categories registered in the Bardas

Blancas Formation (domichnia and Fodinichnia) sug-

gest that the distribution of the producers was con-

trolled in some degree by the substrate (Pickerill et al.

1984). oxygen levels were also a controlling factor. 

The low diversity in fine-grained lithofacies (lithofa-

cies A and B) would be related to low oxygen levels. The

complete absence of epifaunal and infaunal body fossils

and trace fossils in some levels suggests anoxic bottom

waters, while other levels with some isolated body fos-

sils and/or trace fossils (Chondrites or Thalassinoides)

suggest low oxygen levels (dysaerobic bottom waters and

anaerobic interstitial waters) (ekdale and Mason 1988).

coNcLuSioNS 

The Bardas Blancas Formation was deposited on a

marine platform, dominated by high-energy processes

(storms). The body fossils and associated trace fossils

confirm this interpretation.

Trace fossils in the sandstone beds are interpreted as

elements of the Skolithos and Cruziana ichnofacies.

Their distribution suggests an environment between the

shoreface and the offshore-transition zone. isolated

Chondrites in the mudstone beds, and Chondrites and

Thalassinoides type A in the siltstone beds, are inter-

preted as elements of the Zoophycos ichnofacies, indi-

cating environments between the lower offshore-tran-

sition zone and the offshore zone.

depositional processes exerted a strong effect on the

emplacement and preservation of the trace fossils. ero-

sion and amalgamation of sandstone beds were the prin-

cipal factors that led to the underestimation of horizon-

tal trace fossils in the sandstone lithofacies. in these

beds, vertical trace fossils would be affected by erosion

and biological parameters. 
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