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LITHOSPHERIC MODELING OF THE ORDOVICIAN FORELAND BASIN IN
THE PUNA OF NW ARGENTINA: IMPLICATIONS FOR THE
INTERPRETATION OF EARLY PALEOZOIC TERRANES

Heinrich Bahlburg

Geologisch-Paldontologisches Institut, Universitit Heidelberg, Im Neuenheimer Feld 234, 6900 Heidelberg,
Germany.

ResuMEN

La cuenca Ordovicica de 1a Puna septentrional argentina se desarrollo de una posicion de tras-arco a una de
antepais. Modelos litosfericos demuestran que la interpretacién original basada en datos sedimentoldgicos,
volcanologicos y el calculo de tazas de subsidencia tectonica corresponde a procesos fisicos vigentes en la
evolucioén de cuencas de antepais. Sin embargo, los resultados de la modelacion soportan dos procesos €
interpretaciones distintos: (i) La evolucion de la cuenca controlada por compresion asociada a un aumento
del espesor de la litosfera, o (ii) 1a construccion de un arco sobre corteza continental de un margen pasivo
anterior. Las dos alternativas tienen consecuencias geologicas distintas referiendose al mosdico de los
terranes del Paleozoico temprano.
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INTRODUCTION

Most studies of Early Paleozoic sedimentary basins in NW Argentina and N Chile led to qualitative
Teconstructions of their geotectonic evolution. Here I present the results of a lithospheric modeling approach
towards a quantitative interpretation of the Ordovician basin in the Puna of NW Argentina which combines
theoretical considerations with data obatined in the field. '

Tue EarLy Pavrarozoic Basiv oF NW ARGENTINA

After the Pampean Orogeny in the early Cambrian, the Early Paleozoic evolution of marine basins starts in
the Late Cambrian. The Late Cambrian Meson Group overlies the Pampean Orogen with an erosional
unconformity. It is ¢. 3000 m thick and consists predominantly of shallow marine, partly tidally influenced
quartz-sandstones and shales. They were deposited on a west-facing marine platform (Kumpa and Sanchez,
1988). With a further erosional unconformity, the Mesoén Group is overstepped to the E and W by the
quartz-rich sandstones and shales of the Santa Victoria Group (Latest Cambrian to Early Llanvirn).
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Restricted to the Arenig, a magmatic arc became active farther W in the western Puna region and in
N Chile. It is mainly evidenced by basaltic to andesitic lavas of geochemical volcanic arc affinity, and
associated volcanoclastic apron deposits of ¢. 3500 m thickness (Koukharsky et al., 1988; Breitkreuz et al.,
1989; Bahlburg, 1990). At this time, the Puna basin and the siliciclastic platform of the Santa Victoria
Group were in a back-arc position. Tectonic subsidence analysis indicates a major loading event in the
western Puna during the Arenig which transformed the Puna basin into a foreland basin (Bahlburg, 1990).
This was accompanied by the emergence of the Cordillera Oriental in the Early Llanvirn. In the Middle
Ordovician, a ¢. 3500 m thick volcanoclastic turbidite complex was deposited in the Puna basin. Presently
available data suggest that the Arenig arc had been extinct by this time.

In modification of ecarlier subduction models for the Andean margin in the Ordovician (Coira ef al.,
1982; Hervé et al., 1987), the evolution of the Ordovician basin in the puna and Cordillera Oriental was
interpreted as connected to the collision of the Arequipa Terrane (Ramos, 1988; Forsythe et al.,, 1993),
leading to the Early Ordovician arc being thrust eastward over its back-arc basin (Bahlburg, 1990). This
interpretation was able to explain tectonic subsidence rates of up to 600 m/Ma associated with high
sedimentation rates in the developing foreland basin. However, there is no positive evidence of the
respective thrust fault, and alternative interpretations have to be tested.

According to the recently revived hypothesis of the Late Proterozoic supercontinent in the Cambrian
(Bond et al., 1984; Dalziel, 1991; Dalla Salda et al., 1992), eastern North America rifted away from western
South America during the Cambrian. This may be reflected in NW Argentina by the Late Cambrian-Early
Ordovician potential rift-to-drift succession in the Argentinian Cordillera Oriental represented by the
Mesé6n and Santa Victoria Groups (see above). Consequently it would be likely that a passive margin stage
in the Late Cambrian and possibly Tremadoc preceded the development of the Arenig arc as part of an
active margin,

In order to test both interpretations, an infinite beam elastic plate lithospheric loading model was
applied which is able to take account of 1* order features observed in the evolution of the Ordovician Puna
basin in NW Argentina. Two scenarios were testet: (i) that of lithospheric thickening through thrusting of
the existing arc over its back-arc basin (Tectonic Scenario), and (ii) that of arc construction on a previously
passive margin (Arc Scenario). Numerical details of the model will be discussed elsewhere (Bahlburg and
Furlong, in prep.).

MODEL SCENARIOS

Arc Scenario: The first loading event in the Arenig (max. 6000 m load thickness) is taken to be dominated
by early volcanic products of basic chemistry with a density of 2900 kg/m®. The sediment shed from this
evolving source is taken to be of corresponding increased density, i.e 2700 kg/m®. On the far side of the
basin, sediment input reflects metamorphic and plutonic sources, the sedimentary rocks of the eastern Puna
basin are quartz-rich, and their density is assumed as 2500 kg/m®. At the time of the second loading event in
the Llanvirn (max. 2000 m load thickness), the arc is assumed to have evolved to upper crustal
compositions with a density of 2800 kg/m?®, with a corresponding density of the eroded sediment of 2600
kg/m®. For the third timestep in the Llandeilo no additional loading event is assumed as there is no record
of active volcanism. The sediment is taken to reflect erosion to deeper levels of the arc, cutting into
granitoids, and a density of 2500 kg/m® is used.

Tectonic Scenario; Throughout this scenario, an upper crustal density of 2800 kg/m® is assigned to the
tectonic loads. Eroded sediment in all timesteps has a density of 2500 kg/m®. No tectonic loads were added
in the Llandeilo time step as tectonic subsidence data indicate a decrease in the subsidence rate at this time
{Bahlburg, 1990).

Resurrs Anp Discussion

The results obtained in the two different scenarios show only very minor differences between them. This is
not surprising as the two runs differ only in the small density differences assigned to the various loads.
These differences play only an insignificant role in comparison to the overriding interplay between the size
of the loads and the flexural properties of the loaded lithosphere. Therefore it appears to be justified to
ignore these minor discrepancies in the following discussion.
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Fig. 1: Arc Scenario, results of timestep 2 (Llanvirn), assuming a flexural rigidity of the lithosphere of 10*
Nm. baseline: top of the lithosphere before loading; flexed baseline: top of the lithosphere after loading,

As the main conclusion from the model scenarios it can be stated that under both assumptions the geometry
and facies patlerns of the Ordovician Puna basin were reproduced well for a total Joad thickness of max.
8000 m, loading a lithosphere with a flexural rigidity of 10? Nm, representing an equivalent elastic
thickness of 13 km. This is a fitting value either for a thinned back-arc crust or a young leading edge at a
previously passive margin (Karner and Watts, 1983; Erickson, 1993). The resulfs are inconsequential in so
far as no preference for either of the scenarios can be derived. However, they have distinctly different
implications for interpretations of the geotectonic evolution of NW Argentina and N Chile.

According to Ramos (1988), the Arequipa Terrane docked to the Pampeanas Terrane in the Ocldyic
Orogeny at the end of the Ordovician. Although there is no positive evidence of a major Ordovician suture
in this region, the terrane boundary between the Pampeanas Terrane in the E, and the Arequipa Terrane in
the W is assumed to be located along the border between the Cordillera Oriental and the Puna, or within the
Puna. In either case, the Arenig arc would reside on the Arequipa Terrane. This interpretation corresponds
to the Tectonic Scenario presented above. If, however, the Arenig arc was constructed on the previously
passive margin of the Pampeanas Terrane, as is inherent to the Arc Scenario, the arc would reside on the
former trailing edge of this terrane. The suture with the Arequipa Terrane would accordingly coincide with
the position of the Ordovician subduction zone W of the Cordon de Lila in N Chile (Niemeyer, 1989). This
interpretation is supported by the facies patterns and geometries of the Ordovician sedimentary rocks in the
Cordillera Oriental which represent, from E to W, an uvninterrupted shelf-slope-basin section (Bahlburg,
1991). Further field studies should be directed towards identifying the actual position of the suture between
the Pampeanas and Arequipa Terranes.



500 Second ISAG, Oxford (UK), 21-23/9/1993

REFERENCES

BAHLBURG, H., 1990, The Ordovician basin in the Puna of NW Argentina and N Chile: geodynamic

evolution from back-arc to foreland basin. Geotektonische Forschungen 75, 1-107.

BAHLBURG, H., 1991, The Ordovician back-arc to foreland successor basin in the Argentinian-Chilean

Puna: tectonosedimentary trends and sea-level changes. In: Sedimentation, Tectonics, and Eustasy (Edited

by Macdonald, D.I.W.) . Special Publications of the international Association of Sedimentologists 12,

465-484 . .

BOND, G.C., NICKESON, P.A. and KOMINZ, M.A., 1984, Breakup of a supercontinent between 625 and

555 Ma: new evidence and implications for continental histories. Earth and Planetary Science Letters 70,
- 325-345.

BREITKREUZ, C., BAHLBURG, H., DELAKOWITZ, B. and PICHOWIAK, S., 1989, Volcanic events in

the Paleozoic central Andes. Journal of South American Earth Sciences 2, 171-189.

COIRA, B., DAVIDSON, J., MPODOZIS, C. and RAMOS, V., 1982, Tectonic and magmatic evolution of

the Andes of northern Argentina and Chile. Earth Science Reviews 18, 303-332.

DALLA SALDA, L., DALZIEL, LW.D., CINGOLANI, C. and VARELA, R., 1992, Did the Taconic

Appalachians continue into southern South America? Geology 20, 1059-1062.

DALZIEL, 1LW.D., 1991, Pacific margins of Laurentia and East Antarctica-Australia as a conjugate rift

pair: evidence and implications for an Eocambrian supercontinent. Geology 19, 598-601.

ERICKSON, S.G., 1993, Sediment loading, lithospheric flexure, and subduction initiation at passive

margins. Geology 21, 125-128.

FORSYTHE, R.D., DAVIDSON, J., MPODOZIS, C., and JESINKEY, C., 1993, Lower Paleozoic relative

motion of the Arequipa block and Gondwana: paleomagnetic evidence from Sierra de Almeida of northern

Chile. Tectonics 12, 219-236.

HERVE, F., GODOY, E., PARADA, M.A., RAMOS, V. RAPELA, C., MPODOZIS, C. and DAVIDSON,

1., 1987, A general view on the Chilean-Argentine Andes, with emphasis on their early history. dmerican

Geophysical Union Geodynamic Series 18, 97-113.

KOUKHARSKY, M., COIRA, B,, BARBER, E. and HANNING, M., 1988, Geoquimica de vulcanitas

ordovicicas de la Puna (Argentina) y sus implicancias tectonicas. V. Congreso Geologico Chileno 3,

1137-158.

Karner, G.D. and Watts, A.B., 1983, Gravity anomalies and flexure of the lithosphere at mountain ranges.

Journal of Geophysical Research 88, B4, 449-477.

KUMPA, M. and SANCHEZ, M.C., 1988, Geology and sedimentology of the Cambrian Grupo Mesén (NW

Argentina). In: The southern Ceniral Andes: contributions to structure and evolution of an active

continental margin (Edited by H. Bahlburg, C. Breitkreuz, and P. Giese). Lecture Notes in Earth Sciences

17, 39-54.

NIEMEYER, H.,, 1989, El complejo igneo-sedimentario del Cordon de Lila, region de Antofagasta:

Significado tecténico. Revista Geolégica de Chile 16, 163-181.

RAMOS, V.A., 1988. Late Proterozoic-Early Paleozoic of South America - a collisional history. Episodes

11, 168-174.



