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settings, changes in basin conditions (e.g. 

-

mate), variable distance to the volcanic 

source, basin location in relation to acti-

ve volcanoes, and nature of the eruptions 

 2009). The occurrence of 

-

bons in non-marine, volcaniclastic suc-

cessions preserved in peri-volcanic ba-

of the main forcing-factors in order to 

explain the spatial and temporal variabi-

-

vation of lithofacies and lithofacies asso-

ciations from outcrops, spatial variation 

data constitute strong tools for the deve-

lopment of accurate volcaniclastic facies 

the number of published case studies 

-

 2012), in particular from 

The Cretaceous sedimentation of the 

-

-

(Ramos 

succession of  non-marine, volcaniclas-

Chubut Group (Barremian-Campanian?) 

 1999). 

-

-

posed in the N-S trending San Bernardo 

-

-

main reservoirs (Acuña  2011), pro-

-

outcrop-based studies constitute a good 

approach to predict the pattern of  change 

of  the unit in surrounding areas. In spi-

te of  their importance as oil reservoir and 

lithological changes among exposures 

and the development of  sedimentologi-

cal studies covering small areas of  the fold 

basin-scale alluvial architecture up to date.

-

channels obtained from a basin-boun-

-

tre. Having this goal in mind, the authors 

aim to improve understanding of  the main 

forcing-factors controlling the sedimen-

-

sions preserved in peri-volcanic basins.

The Golfo San Jorge basin is a domi-

-

Figure 1: a) Location map and 

Jorge basin (ages after Bridge 

et al. 2000). The dotted line 

of the Golfo San Jorge basin. 

The boxed area indicates the 

location of the San Bernardo 

-

gical map of the San Bernardo 

of measured outcrop sections 

(encircled numbers) and other 

outcrop sections referred to in 

the text, main localities and ac-

cess roads. 
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supercontinent during the Jurassic and 

-

representing the climax of the rift event 

-

na in southern South America.  A second 

-

the conformation of E-W, NNW-SSE or 

-

gari 

subsurface of the basin.

The initial Patagonidic tectonic pha-

se (compressional) in the Andean Ran-

the main depocentres of the basin over 

-

detritus. At the same time, the genera-

normal faults (Uliana 

 2013) resulted in the 

creation of accommodation space for the 

deposition of the Chubut Group (Barre-

-

trine environments (Hechem  1990, 

-

tillo, Bajo Barreal and Laguna Palacios 

-

-

-

 

2003 and Paredes 

-

-

-

isolated channel sandbodies (Sciutto 

 

-

channels. The Chubut Group contains 

-

mation) and oil reservoirs of the basin 

-

result of the tectonic inversion of exten-

(Peroni  1995, Homovc  1995).

-

mation and the continental Rio Chico 

-

-

-

as “Rodados Tehuelches".

Castillo Formation: previous studies

-

-

-

-

radiometric ages suggest that the Castillo 

 

-

-

and a centripetal distribution at regional-

 1990) suggesting a 

thermal (post-rifting) mechanism of sub-

 (1999) ha-

reactivation during the initial stages of 

-

-

proportion of epiclastic material and an 

upper “section” consisting of tuff beds 

and sandstone bodies. Hechem  

as lacustrine and the upper “section” as 

outcrops in the Codo del Senguerr anti-

-

 

groups of environments in the basin: the 

-

-

-

-

-
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stage during the deposition of  the Casti-

-

 2012). 

Paredes 

lithofacies and six main lithofacies asso-

fall beds. Details and dimensions of  allu-

vial channels and channel belts in the Co-

do del Senguerr and Sierra Silva anticlines 

-

-

-

-

increasing subsidence (Sierra Nevada an-

ticline, Sierra del Castillo anticline, Sie-

rra Silva anticline, Las Pulgas anticline, 

Papelía anticline) to the most complete 

section in Codo del Senguerr anticline 

in the southern end of the San Bernardo 

-

paleocurrent measurements, derived pri-

bedding, supplement the lithofacies 

information and aid in the reconstruc-

tion of the paleogeographic setting. Pa-

according to the geometrical methods 

Figure 2:

include information of bounding surfa-

lithofacies and bedding architecture to 

depict lateral and vertical lithofacies re-

measured using GPS point data in their 

margins, and correcting their apparent 

-

-

tained and plotted in log-log diagrams. 

-

-

-

and Gibling (2006) criteria.

CHARACTERIZATION 

ces-

-

clastic sediments, and it consists of tuffa-

ceous gravels, tuffaceous sandstones and 

-

-

and interpretation is presented in Table 

-

basis for understanding the nature of the 

-

sion, their descriptive aspects and inter-

lithofacies associations are interpreted 

-

-

-

fall beds. The names of the lithofacies 

associations and individual lithofacies, 

-
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expand the results of Paredes  (2009) 

 (2012) in relation to 

the proportion of the different facies as-

-

-

-

LA1. Tabular tuffs and reworked tuffs: 

ponds

This lithofacies association 

of centimetres to more than 1.5 metres 

-

-

-

-

-

Figure 3: Regional strati-

graphic cross-section of  the 

-

tum is the top of  the Castillo 

in the southern regions, and 

to the south-southeast in the 

northern areas. The north is 

main Regions (e.g. Region 1 

characteristics of  the unit. 

grained lithologies of  the Pa-

pelía anticline section is due 

-

tion of  the sections.
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TABLE 1:

LF1: Massive, matrix supported conglomeratates and tuffaceous sandstones: Individual beds are up to 1 m 

thick and have planar or slightly erosive base, sheet-like or ribbon geometry and bimodal grainsize. Coarse to 

medium-grained tuffaceous sandstones contain outsized clasts up to 20 cm in size. Elongate clasts could be 

vertically-oriented. Ungraded throughout the bed or coarse-tail normally graded at lowermost part and ungra-

ded at upper part.

LF2: Fine conglomerates and tuffaceous sandstones, inversely graded: Individual beds are several cm thick 

and show planar or gradational base. They show matrix or clast-supported framework and lack of sedimentary 

structures. Upward increase in the content of tuffaceous and/or pumice clasts. Broken or low-rounded clasts 

are common.

LF3: Medium- to fine-grained tuffaceous sandstones with antidune bedding: Planar or gradational base, fre-

quently interbedded with plane-laminated, fine tuffaceous sandstones. Dome-shaped stratification with stee-

per dipping stoss-than-lee side (12º and 8º). Amplitudes of 0.2-0.4 m and wave lengths of 1-3 m.

LF4: Parallel-laminated tuffaceous conglomerates and sandstones: Planar base, laminae are few mm to 1 cm 

in thick, with gradational contacts between laminae and occasional outsized clasts. Horizontal lamination or 

crude, horizontal bedding, defined by changes in the grain size. Frequently interbedded with low-angle cross 

bedding and massive sandstones.

LF5: Low angle cross-bedded tuffaceous gravels and sandstones: Erosive or planar base. Moderate grain size 

selection, occasionally with fining upward trend from coarse to fine sandstones. Sets are < 0.5 m thick and 

1-4 m of lateral extent. Foresets dip less than 10º. Individual laminae show plane-parallel lamination. Could 

contain a tuffaceous gravel lag in the base of the set. Interbedded with massive, plane-laminated and trough 

cross-bedded strata. Trunk remains.

LF6: Trough cross-bedded tuffaceous gravels and sandstones: Planar to slightly curved and erosive base, tuffa-

ceous clasts are poorly-to-well rounded. Clast-supported framework. Cross-bedding range from 0.2 to 1 m in 

thickness, sets dip from 15º to 25º, they are fining upward, but many sets are poorly organized.

LF7: Planar cross-bedded tuffaceous gravels and sandstones: Planar or erosive base, with clast supported 

framework. Moderate to well rounded clasts. Individual sets are 0.2 to 0.8 m thick, internally ungraded or that 

fine upward. The dip of foresets is between 16º-23º. Could contain trunk remains.

LF8: Medium-to-fine tuffaceous sandstones with asymmetrical ripples: Planar or gradational base, asymmetri-

cal ripples present straight crest lines and are 2-5 cm in amplitude and 5-15 cm in wavelength. Ripples could 

preserve the lee and stoss side. Rare plant remains and Planolites traces on bedding surfaces.

LF9: Gravels and tuffaceous sandstones with convex-up top: Planar lower and upper contact with finer litho-

facies, tabular or double-wedge shape. Individual bodies are 0.2-0.7 m and 15-40 m in length. Strata can be 

massive, or they could contain parallel lamination and low angle cross bedding. Planolites and Skolithos fossil 

traces on bedding surfaces, and grey mottling.

LF10: Massive, medium-to-fine tuffaceous sandstones. Gradational to sharp base from other sandstone-domi-

nated lithofacies (e.g. LF8, LF6, LF5 is common). Preserved in upper reaches of set of strata with fining-upward 

trend or on top of multistory sandbodies. Massive appearance is due to the presence of near-vertical to hori-

zontal burrows and trails of Planolites, Palaeophycus and Skolithos.

LF11: Tabular, massive or laminated tuffs: Planar base, extension of thousand of meters with gradual variations 

in thickness. Strata are massive, but could contain parallel lamination, pumice clasts or tuffaceous fragments. 

Could show small trunks, plant remains, roots and desiccation cracks on bedding surfaces. Common Planolites, 

Skolithos, Palaeophycus fossil traces. Scattered to densely-packed, core-type accretionary lapilli beds, aggre-

gated are 3-7 mm in diameter or have oval shape.

LF12: Tabular, laminated tuffs with asymmetrical ripples: Planar base and tabular geometry, strata are finely 

laminated and contain straight-crest ripples of 0.5-1 cm in amplitude and 3-7 cm in wavelength. Organic debris 

and mudcracks can be found. Common Planolites, Skolithos, Palaeophycus and Taenidium fossil traces. 

LF13: Fine, massive tuffs with lenticular geometry: Planar base on tabular tuff beds. Strata are < 0.5 m thick 

and several meters width, composed by clay-sized particles and internally ungraded. Frequently interbedded 

with plane-laminated and low angle cross-bedded tuffs. Could contain pumice clasts and tuffaceous, outsized 

clasts.

LF14: Plane-laminated, fine tuffs with lenticular geometry: Planar base. Strata range from few cm to several 

tens of cm. Laminae is < 5 mm thick, but changes in the thickness laminae into the same strata are common, 

as well as inverse grading. Could contain pumice outsized clasts interbedded parallel to the planar lamination. 

Frequent low-angle truncations of laterally extensive laminae.

LF15: Low angle cross-bedded tuffs with lenticular geometry: Erosive or planar base. Sets are < 0.3 m thick 

and 1-3 m of lateral extent and present asymptotic base. Individual laminae are unstructured and ungraded, 

with gradational contacts between coarse and fine strata. Foresets dip less than 10º. Frequently Interbedded 

with massive or plane-laminated beds.

Volcaniclastic, cohesive debris flow: lahar. (Coussot and 

Meunier 1996, Dasgupta 2003). Bulking from initial tur-

bulent flow and rapid deposition from suspension (Smith 

and Lowe 1991). 

Inverse grading is due to kinematical sieving (Segschnei-

der et al. 2002) in a high-particle concentration flood-

flow. 

Migration of antidunes under upper-flow regime condi-

tions. (Alexander and Fielding 1997).

Hyperconcentrated flood flow, aggradation in upper-flow 

regime conditions developed in very shallow water depth 

(Tunbridge 1981, Tooth 1999).

Migration of low-relief bedlforms with high wavelength/

amplitude ratio. Upper flow regime (flash flood) or lower 

flow regime (downstream accretion of bedforms, Miall 

1996). Hyperconcentrated flood flow (Smith 1987a).

Migration of sinuous-crested dunes in mobile channels or 

infilling of scours (Bridge 1993a, Miall 1996, Todd 1996).

Migration of straight-crested dunes in mobile channels 

(Miall 1985) or avalanching processes in lateral, transver-

se or medial bars (Todd 1996).

Migration of small bedforms by dilute flows in lower flow 

regime with turbulent behavior. 

Transportation in dune to upper plane bed flow condition. 

Rapid deposition by deceleration of turbulent flows as a 

crevasse splay (Smith et al. 1989, Farrell 2001). Incipient 

paleosol development.

Disruption of the sediment by burrowing organisms due 

to exposition of braid-lateral-longitudinal bars during low-

stages flood flows or abandonment of channels.

Ash-fall deposits on extensive lowland areas (Cas and 

Wright 1987). Subaerial, inmature paleosol.

Reworking of ash-beds in ephemeral ponds. Subaqueous 

paleosol.

Reworking of pyroclastic material in fluvial channels. La-

minar flood-flow conditions (Dasgupta 2003).

Upper-flow regime conditions and high-bedload concen-

trations in fluvial channels (Tunbridge 1989, Bridge and 

Best 1997). Some beds represent very shallow (< 2 cm) 

water depth.

Hyperconcentrated flood flow (Smith 1987a). Migration of 

low-amplitude, long-wavelength dunes in ash-reworked 

fluvial channels (Zanchetta et al. 2004). Upper and lower 

flow regime conditions.

Lithofacies name and description              Interpretation
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Taenidium and insect pupation cham-

found. Strata could also contain vertica-

-

-

-

-

-

(Bellosi  2002). Interbedded sandsto-

nes and tuffs preserved in the Sierra del 

Castillo contain internal moulds of mo-

and gastropods that belong to Vivipa-

 2011).

particles suggests a distal volcanic sour-

-

ne laminations in tuff strata are due to 

-

-

-

-

tion of the substrate during periods of 

Hasiotis 2006). Common mottling of 

the bioturbated sediment and occurren-

ce of carbonate concretions also indicate 

as andisoils, entisoils or inceptisoils. The 

Figure 4: 

-

-
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ocurrence of Taenidium isp. is attributed 

 

-

on bedding surfaces. 

-

inferred in tuffaceous strata that pre-

-

The single bioclastic association identi-

 2011).

tuff 

This lithofacies association is 

-

-

ash beds that represent less than 5% of  the 

-

facies association are tens of  centimetres 

-

 or 

could contain parallel-lamination (lithofa-

-

-

ces of  parallel-laminated or cross-bedded 

-

-

The sandstone and tuff  alternations occur 

in three distinctive arrangements: (a) tuffa-

ceous sediments and sandstone bodies can 

-

-

-

nated (1 cm to 10 cm) alternations of  non-

-

-

-

-

-

vironment is inferred due to the alter-

small scale of the interbedded sandsto-

ne bodies and their spatial association 

-

-

Figure 5: 
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high-discharge events (Smith 

-

-

minated sandstone and tuff beds repre-

-

related to the increase in the distance to 

-

are interpreted as crevasse channels, for-

med as a result of the crevassing of a ma-

stones and conglomerates: low-sinuo-

This lithofacies association in-

The base of  this lithofacies association is a 

-

-

-

ches of  the sandbodies can contain trails, 

-

-

-

-

macroscale inclined strata set (  Brid-

-

-

-

have high-angle dips (>65) to the paleocu-

-

-

-

dune forms, such as 3-D dunes (lithofa-

-

bedded strata containing parallel-lamina-

increasing discharge conditions, and se-

-

-

denced from the occurrence of  matrix-

supported conglomerates and sandsto-

channel and the formation of  a tempora-

-

of  internal erosion surfaces and the uni-

Figure 6: 
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(Lunt 

-

cross-sets, and channel dimensions that 

-

-

macroforms located in the margin of the 

spread in individual channels, that su-

-

channels (Bridge  2000). The absence 

of lateral accretion surfaces also implies 

Figure 7: Schematic representation of a 

-

nel (Codo del Senguerr anticline sec-

large-scale inclined surfaces at bases of 

-

-

nel lithofacies association.

-

do del Senguerr anticline 

section). Individual laminae 

-

and internal arrangement of  

-

leocurrent. The detailed ver-
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(Bridge 2003), or that the regional depo-

-

scale inclined strata, interpreted as braid 

bars (Bridge 2003). Braided sandbodies 

-

vial channel lithofacies association.

LA4. Parallel-laminated conglomera-

 This lithofacies association 

-

de coarse- to medium-grained sandstone 

-

-

-

-

-

-

-

-

te lamination and carbonate concretions 

sandbodies ( -

velop scouring at the bases and margins, 

-

can be broad sheets (Gibling 2006) of 

-

-

load transport (Hampton and Horton 

-

 

-

due to high concentration of coarse ash 

fragments carried in suspension into the 

-

ration and reduce the turbulence (Allen 

Soft-sediment deformations indicate ra-

(Turbeville 1991) regions.

LA5. Massive conglomerates and 

-

posits

 This lithofacies association is 

-

ceous conglomerates and sandstone beds 

-

trix supported, it has a bimodal grainsi-

-

-

-

parallel-laminated sandstones (lithofacies 

-

-

 Poor sorting, coarse grain-

of  current structures evidence transpor-

Smith 1991) from a cohesionless, subae-

The small scale of  the involved sandbo-

-

-

-

bedding) due to suppressed turbulence in 

-

-

-

fall beds

 This lithofacies association 

-

-

-

-

-

 sedimentation (Best 1992). Para-
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-

tion of  the substrate during transitional to 

relation to association LA1 are suggestive 

Although the overall proportion of  coar-

se-grained lithofacies associations (LA3 + 

-

tematic variations in their relative propor-

-

data of  coarse-grained sandbodies from 

-

The interpretation of  the spatial organi-

integrated into an overall depositional mo-

-

basin (e.g. Uliana and Legarreta 1999, He-

At the northern basin-margin exposures 

-

-

-

The occurrence of  small-scale sandbodies 

-

-

9b)  is indicative of  variable and episodic 

-

-

-

short-lived periods of  seasonal, high-dis-

-

-

vours the development of  a channel net-

-

-

to the lithofacies associations of  the Castillo 

-

ned sandbodies (LA3+LA4+LA5+LA6) 

exception of  the northern basin-margin 

-

tion of  ash-fall strata (LA1) is preserved. 

b)  Spatial changes in the proportion of  

coarse-grained sandbdodies of  the Casti-

-

sin margin (Region 1) to the southern San 

-

locations (e.g. Region 3) there is a tripartite 
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of  increasing subsidence (Region 3: Sie-

rra Silva and Las Pulgas anticlines) due to 

the common occurrence of  subaerial de-

and the larger scale of  the coarse-grained 

sandbodies suggest a more integrated dra-

southernmost part of  the San Bernardo 

area of  higher relative subsidence. Sub-ae-

-

CONTROLS ON THE 

EVOLUTION

Changes in the characteristics of  the Cas-

importance among four main controls: 

tectonics, base level changes, climate and 

 The deposition of the Castillo 

 1999, 

 2011, Paredes  2013) and at 

-

served in the Codo del Senguerr anticli-

Figure 10:
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-

-

cement, and the presence of small-scale 

centimetres. Paleocurrent measurements 

Cretaceous normal faults mapped in the 

subsurface of surrounding areas (Homo-

vc  1995), suggesting the occurrence 

-

sedimentation at outcrops.

-

Wagoner  1990). Neither feature has 

-

-

 (1993) to relate ba-

se-level shifts using the vertical variation 

in the proportion of channel belts and 

-

-

 Legarreta  

1993). Although this approach is valid for 

-

and the results can be of local character, 

level shifts.

climate has been commented above in 

the development of the depositional mo-

-

climate of the Golfo San Jorge basin in 

-

-

point to a semiarid environment, such 

as the presence of pollen, the 

common occurrence of oolitic grainsto-

nes and 

lacustrine facies (Hechem 

presence of vertisoils and the abundan-

-

des 

environment. In contrast, studies in the 

 1994) evidence hu-

during Late Albian-Cenomanian. Simi-

lar conditions have been also reported 

from the southernmost areas of Patago-

-

-

during the mid-Cretaceous a climatic 

shift from semi-arid environments to 

more humid conditions occurred in the 

Golfo San Jorge basin and surrounding 

areas of Southern Patagonia. A compa-

-

-

regional lacustrine deposition. Reduction 

-

tic variation from semi-arid to more hu-

-

-

-

tions and resedimentation processes of 

such particles are major control on the 

characteristics of volcaniclastic succes-

sions preserved close to volcanoes (e.g. 

Figure 11:

extensional fault. The pen is 0.14m long.
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-

high enough to impose major changes in 

the occurrence of braided channels du-

-

and the occurrence of inter-eruptive and 

-

unusual occurrence of braided channels, 

-

-

ded channels implies that the deposition 

-

exceeded the in-channel threshold for 

and the rate of aggradation during erup-

in distal environments that contain brai-

ded channels could not have a direct rela-

ash to the receiving basin could have oc-

curred long time after the ending of the 

-

-

 2012) advocated 

-

-

-

sits of the Castillo formation are domi-

-

-

-

-

-

ville  2009) that have demonstrated 

the transportation of volcaniclastic par-

from the source, the transpotation of 

particles in hot conditions has not been 

proven, and the inferred relief of the vol-

-

about 3,000 m above sea level. Thus, in 

spite of the importance of the volcani-

clastic participation in the composition 

-

-

advocate the idea that the occurrence of 

-

-

red the creation of intrabasin highs that 

-

 (2011) and Paredes  (2013) in the 

subsurface of the basin. In this scenario, 

-

se grained particles in small-scale chan-

collected during this research does not 

from proximal volcaniclastic sources.

-

tion

-

rent scales of observation of geological 

features during exploration and the de-

-

ta can provide detailed images of the 

(e.g. Posamentier 

drilled sandstone bodies, their internal 

heterogeneities, vertical arrangement of 

lithofacies and lithofacies associations, 

-

real lateral extent of the potential reser-

voir must be obtained from seismic data 

-

crop sections.

-

-

sence of  oil-bearing reservoirs that are 

-

-

logs. Another intrinsic source of  uncer-

-

-

ds a reliable correlation of  potential re-

hand this implies that a large number of  

coarse-grained volcaniclastic sandstones 

Published data on the dimensions of the 

-

tion correspond to Bridge  (2000) 

 (2012). The former 

-

-

 (2012) provi-

-
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-

sured sandbodies at Codo del Senguerr 

of these sandbodies evidence that most 

-

from the outcrop sections exposed in di-

fferent geographical and geological areas 

of  the basin (e.g. Region 2 to Region 4) 

-

-

13). Such relations, although limited to the 

-

-

-

tained from outcrops and could help to 

-

-

CONCLUSIONS

Golfo San Jorge basin in the San Bernar-

-

-

-

clude exposures from the northern basin-

margin to the most complete exposures 

-

-

main lithofacies associations: (i) subaerial 

-

-

Depending on the differential subsiden-

ce of  the basin, the spatial variations in 

-

coarse-grained sandbodies, four main Re-

the northern basin-margin (Region 1) the 

-

-

In areas proximal to the northern basin-

margin (Region 2) the succession is less 

-

and a great variation in discharge. In the 

southern areas (Region 3) the unit is 300-

-

-

Figure 12:
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-

tion are outcrop analogs of  the oil-bea-

ring succession preserved in the subsur-

face of  the basin. The detailed data set of  

-

and lateral extent of  the coarse-grained 
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-

-

sions has direct implications in the deve-

lopment of  oil-bearing reservoirs, and it 

constitutes a strong tool to improve the 

-

-

-

-

-

dinate role in the evolution of  the unit. 

-

-

changes in the subsidence associated to 

coeval extensional tectonics.

-

helpful comments and suggestions to im-

paper.
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