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Climatic changes in the aftermath of the end-Permian mass extinction evidence from palynological records of Pakistan
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Early Triassic fossil records feature the varied responses of the biosphere to the greatest mass extinction in
the Phanerozoic. Few marine clades recovered relatively quickly (e.g. ammonoids, Brayard et al., 2009 and
conodonts, Orchard, 2007) whereas benthic organisms showed a comparatively slow recovery (Hautmann et al.,
2008). Environmental perturbations such as climatic changes are thought to be the cause for the delayed recovery
of some clades (Galfetti et al., 2007). A climatic framework of this interval can be inferred from the palynological
data of the sedimentary archives of the thermally unaltered Salt Range and Surghar Range sections in Pakistan.
Spore-pollen records from four sections provide new evidence for climatic perturbations in the aftermath of the
end-Permian mass extinction. The palynological record encompasses isolated assemblages from the Permian and
the Griesbachian and a continuous from the middle Dienerian up to the Anisian. Concomitant organic carbon
isotope data allow for correlation with other Early Triassic sections. Age control is provided by ammonoids and
conodonts.
Two markedly different assemblages have been recovered from the Chhidru Formation:
One assemblage is dominated by typical Permian floral elements such as conifer and pteridosperm pollen indicating dry climates in the late Permian. The second is dominated by lycopod spores (up to 60%). In comparison
with other records this assemblage can be assigned to the Griesbachian indicating more humid climates and the
diachrony of the boundary between Chhidru Formation and Mianwali Formation.
Middle to late Dienerian palynological assemblages are characterised by the dominance of spores indicating humid
climates. Lower Smithian assemblages show a continuous increase pollen abundance indicating a trend towards
dryer climates. This trend is reversed in the middle Smithian, with increasing dominance of spores towards the
upper Smithian. A distinct and abrupt change from spore-dominated to pollen-dominated assemblages marks the
onset of dryer climates in the Spathian and Anisian. This change coincides with the Anasibirites/Wasatchites beds
and the onset of a global positive shift in the organic and inorganic carbon isotopes. It can be correlated with a
similar climatic change in the Boreal realm (Galfetti et al., 2007).
Values of bulk organic C-isotopes from the samples with Permian affinity range around -26h. Whereas δ 13 Corg
values of samples with Griesbachian affinity display values around -29h indicating a stratigraphic level near the
negative carbon isotope minimum that marks PT boundary sections worldwide.
Middle Dienerian δ 13 Corg values around -28h are followed by an increase across the Dienerian-Smithian
boundary with peak values of -24h during the middle Smithian. The following steady decrease to values around
-32h reached at the level of the Anasibirites/Wasatchites beds is followed by a pronounced positive shift at the
Smithian-Spathian boundary. Stable Spathian values (around -28h) are followed by another positive shift at the
Spathian-Anisian boundary (-25h).
The three positive shifts (Dienerian-Smithian, Smithian-Spathian, and Spathian Anisian) coincide with or seem
to be closely related to changes in the spore/pollen - ratio implying a close relationship between environmental
changes and ecological responses. C-isotope perturbations in the Early Triassic are thought to be caused by
recurring CO2 releases probably by late protracted pulses of the Siberian Trap emplacement (Payne & Kump,
2007).The close relationship between positive C-isotope excursions, extinctions of ammonoids, and climatic
changes proposed by Galfetti et al. (2007) for the Smithian/Spathian boundary and can be confirmed for the most
pronounced shifts of the Early Triassic.
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