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Abstract

The Karoo Basin and adjacent Cape Fold Belt of South Africa record tectonism along the western Gondwanan margin from the Carboniferous
through the Jurassic dissection of the Pangean supercontinent. Previous studies have suggested that the Karoo Basin may be a retroarc foreland
basin created as a result of lithospheric flexure in response to tectonic loading of the Cape Fold Belt. However, paleotectonic reconstructions
indicate the distance between the Panthalassan margin and the Karoo Basin may have exceeded 1000 km, making this interpretation suspect,
and leading to recently postulated models that link early tectonic subsidence of the Karoo Basin to epeirogenic, mantle-driven dynamic
subsidence. We present new results from 1-D basin models that incorporate newly available stratigraphic age controls from volcanic ashes
interbedded throughout the Permian Ecca Group within the Karoo Supergroup. Basin subsidence analysis suggests that periods of rapid
tectonic subsidence occurred during the intervals of 280-277, 270-257, and 248-243 Ma. These rapid subsidence events are coeval with
deformational events in the adjacent Cape Fold Belt as constrained by previously published 40Ar/39Ar ages of syn-metamorphic cleavage
micas that record periodic, post-deformational cooling at 298, 278, 258, 247, and 230 Ma (error unspecified). The compatibility between
40Ar/39Ar thermochronology and basin subsidence suggests that the Cape Fold Belt-Karoo Basin may represent a Late Paleozoic-Mesozoic
intracratonic foldbelt-foreland basin system. If the age of deformational fabric development in the Cape Fold Belt is robust and not partially
reset, then episodic subsidence events within the Karoo Basin could have been coupled with topographic crustal loading driven by Permian-
Triassic shortening in the Cape Fold Belt. The variation in tectonic subsidence within the basin modeling results is completely controlled by the
age estimates for lithostratigraphic units. Lithostratigraphic age constraints are not always sufficient for generating a robust geohistory model in
a basin with highly diachronous filling. Significant risk for major error exists when assessing burial histories using poorly-constrained
chronostratigraphy.
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How can basin models be used in tectonic studies?

How can high-precision age constraints improve
basin models?
* Greater temporal resolution than
biostratigraphy
* Reduces importance of lithostratigraphic
correlations

Does geochronology improve basin modeling
such that models can be used to:

* Understand the relationship between Orogenic wedge -
deformation and sedimentation -

Forebulge
i Backbulge

= Craton

3 RCSOIVC tectonic events

Are mountain building events recorded better in
the mountain belts themselves, or in the

adjacent basins?



Why is absolute age important in basin models?

(for hydrocarbon exploration)
Lithology, compaction properties, and unit

thickness can be directly observed/constrained

for basin modeling. Age, however, is usually
estimated based on biostratigraphic
interpretations.

Basin model products that are dependant on age:
e Sedimentation and subsidence rate
* Compaction rate
* Timing of hydrocarbon maturation
* Timing of HC migration

Possible implications of poor age controls
Examples:
* High sed rate dilutes organic matter
* Migration predates reservoir development
e Seal insufficient to retain HC’s over time
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C-Tr Tectonism Along the Gondwanan Margin
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The Karoo Basin and Cape Fold Belt record the Carboniferous-Triassic

evolution of Gondwana.
Paleogeography modified from Lopez-Gamundi and Rossello [1998] and Fildani et al. [2007]



Foldbelt-foreland basin model

Orogenic wedge

A — Foreland basin
_A

Forebulge

—

Modified from DeCelles and Giles, 1996

The Karoo Basin has been suggested to be a foreland basin in response to
the Permian-Triassic Gondwanide Orogeny. Does the Karoo Basin record

the relationship between deformation and sedimentation?



Geologic Overview of South Africa
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Dating the Cape Orogeny

Halbich et al. (1983)
from CFB rocks
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Contentious 4°Ar/3°Ar ages of
“mica” exist for deformation of

the Cape Fold Belt.

Ages were interpreted to represent
the growth of syndeformational
metamorphic mica.



- How can absolute ages be obtained for sedimentary rocks?



Volcanic ashes can be used to produce a radiometric
age for the surroundmg strata Ash bed
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Plinian eruption of
Mzt. Pinatubo, Philippines
Photo from: Newhall et al. (1997)

Ashes record geologically instantaneous events, where deposition occurs hours or
days following an eruption.

Ash can travel 1,000’s of km from the volcanic source.



U-Pb zircon geochronology to date the eruption of

volcanic ashes & [ anoeaa
Multiple zircon grains are analyzed using | Anca
the Sensitive High Resolution Ion
Microprobe (SHRIMP) at the USGS-
Stanford Geochronology Center at
Stanford University.
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GeochronOlogical age constraints on the Karoo
strata
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Basin modeling methodology
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Introduction of high-precision age reduces reliance on bio/lithostratigraphic correlation



Dating basin filling using U-Pb zircon from ashes

and basin models-Tanqua
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Dating basin fill using U-Pb zircon from ashes and

basin models-Laingsburg
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Dating basin filling using U-Pb zircon from ashes

and basin models-Ripon
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Basin Filling ~247 Ma
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Basin Filling ~241 Ma
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Comparison
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Comparison
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Implications for Basin Modeling-Tanqua Depocenter
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Using age controls from biostratigraphy and correlated based on lithostratigraphy
can potentially lead to models with less reasonable sedimentation rates and rapid
accumulation.

Improved age controls lead to models with more moderate sedimentation rates.



Conclusions

*Sedimentation in the Karoo Basin
shows some temporal correlation
with estimates for the timing of
deformation.

*These models suggest an in-phase
model for sedimentation-
deformation may be valid

*With enough detail, basin models
may be complimentary to
structural/deformation studies in
tectonic investigations

*High-precision, geochronologic
age controls greatly improve the
usefulness of basin models
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