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Major objectives 
 
Key aims of the project are as follows (from the 
2005 NERC application): 
 
1. How do the timings and patterns of extinction 

on land compare with those in the sea? What 
were the global rates for loss of life on land, 
and how do these compare with the scale of 
the marine crisis? 

2. Can the end-Guadalupian and PTB events be 
distinguished on land? 

3. In each case, were there associated climatic 
changes (in temperature, CO2 etc.), as 
indicated by oxygen and carbon isotopes?  Do 
the isotope curves match those from South 
Africa, and from marine sections, thus implying 
a truly global-scale change? 

4. What were the local environmental changes as 
indicated by sedimentology?  Is there any 
change in the distribution and type of 
paleosols? Is there any evidence for global 
warming (e.g. aridity, desertification)?  Is there 
any evidence for the proposed massive plant 
die-off and soil stripping at the beginning of the 
Triassic? 

5. How did life on land respond to the two crises?  
What was the pattern of ecosystem collapse?  
Is there evidence for ecological or taxonomic 
selectivity?  How does the pattern in Russia 
compare with South Africa? 

6. What was the nature and timing of the post-
extinction recovery through the Early and Mid 
Triassic, in terms of rebuilding total diversity 
and rebuilding ecosystems?  How do the 
Russian data compare to South Africa and the 
marine realm? 

 
In our various endeavours, I hope we can tackle 
some of these issues in the next two years. 
 

Mike Benton (Bristol, May 7
th

, 2008) 
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Magnetostratigraphy 
 
Following extensive palaeomagnetic sampling of 
five sections around Orenburg during the 2006  
Joint Expedition, Graeme Taylor, shown in heroic 
pose with his rock drill (below), and geophysics 
student Chris Tucker, both at the University of 
Plymouth, have completed a paper for Earth & 
Planetary Science Letters that proves what we 
already know – but something that is not accepted 
uniformly by the international community, that the 
Tatarian is Late Permian.  Recall that Gradstein et 
al. (2004) A Geologic Time Scale (Cambridge), 
the international standard, classifies the Russian 
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Ufimian to Tatarian as all Guadalupian, i.e. Middle 
Permian. 
 

 

 
 
“Magnetostratigraphy of Permian-Triassic 
boundary sequences in the Cis-Urals, Russia: No 
evidence for a major temporal hiatus.” 
 
Graeme K. Taylor
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Abstract 
A total of five sections spanning the Permian-
Triassic Boundary (PTB) of the SE Urals in the 
Orenburg region of Russia have been studied for 
magnetostratigraphic purposes. The Upper 
Permian and Lower Triassic of this region have a 
well documented vertebrate fauna whose 
evolution has a significant bearing on our 
understanding of the PTB mass extinction event. 
However serious doubts have arisen about 
correlation of the Russian strata, the Tatarian 
stage in particular, with the Upper Permian 
globally and it has even been suggested that the 
Upper Permian in Russia is marked by a 9-10 Ma 
stratigraphic gap. Our palaeomagnetic data yield 
a distinct series of polarity zones that leads to 
clear local and regional correlation and a 
straightforward correlation with a recently 
compiled global magnetostratigraphic record. On 
the basis of this correlation the sampled sections 
span the upper Guadalupian to Griesbachian 
stages without any obvious break. Anomalies in 
the magnetic inclination are consistent with 

sediment compaction (inclination shallowing, a 
common phenomena of red beds) but declination 
anomalies between these sites and elsewhere in 
Russia may suggest localised vertical axes 
rotations. 
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Isotopes, paleosols and 
climate 
The Permian/Triassic (P/Tr) boundary is widely 
assumed to have been a time of extreme 
environmental upheaval and change. A possible 
record of this is a notable negative anomaly in 
both stable ‰

13
C and ‰

18
O isotope records at 

or near the P/Tr boundary recorded in multiple 
marine and terrestrial sections around the globe. 
In the terrestrial realm, this anomaly has been 
reported from the Transantarctic Mountains in 
Antarctica, the Karoo Basin in South Africa, 
Australia, India and Madagascar, which has been 
linked to several extinction mechanisms including 
the Siberian Traps and mass methane release. 
However these sections are all from southern 
palaeolatitudes. 
 
The Permian - Triassic terrestrial sedimentary 
record of the South Urals, in Russia, was situated 
in the northern palaeolatitudes and contains many 
vertisol palaeosol horizons. These horizons 
include pedogenic carbonates at different stages 
of development, both above and below the P/Tr 
boundary.  Analyses of the ‰

13
Ccarb and 

‰
18

Ocarb signatures of these pedogenic 
carbonates have revealed a number of negative 
excursions in ‰

13
Ccarb and ‰

18
Ocarb in the 

Late Permian, including a negative excursion that 
begins in the latest Permian and continues into 
the Early Triassic. Associated with these 
excursions are indicators of increasing aridity, 
including pedogenic dolomite, which suggest a 
dramatic change in climate. Modelling work is 
underway to convert these isotope data into 
estimates of palaeotemperature and palaeo-
pCO2; the first time this has been attempted for 
the P-Tr record of the northern hemisphere. 
These data are being used to shed new light on 
the size, timing and possible cause of the 
negative excursions in northern palaeolatitudes. 
 

 

 
This work forms Tim Kearsey's PhD thesis (Tim 
looking far-seeing and intelligent, above), which is 
currently being written up (due for submission in 
early 2009). Aspects of the work have been 
presented at a number of national and 
international conferences and several publications 
on isotopes, climate and paleosol changes are 
expected over the next 6-12 months. 
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Sedimentology 
 
Valentin Tverdokhlebov and Galina 
Tverdokhlebova identify two key issues for study: 
 
1. The history of the crisis events, and their 
association with the accumulation of red 
continental formations after the marine Early 
Kazanian transgression.  This study may trace 
changes of character of sedimentogenesis, fauna, 
flora, isotope composition of C and O from 
normal-marine Early Kazanian conditions to just 
after the P/T crisis in complete sections in the Cis-
Urals. 
 
2. Study of the post-crisis stage, by detailed study 
of Early and Middle Triassic sections. 
Paleontologically well-founded Middle Triassic is 
situated only in Cis-Urals European Russia.  It 
might be possible to use isotopes in carbonates to 
correlate from the Russian Lower and Middle 
Triassic to Central Europe. 
 
They note also that the  "Putaytino" section is 
situated across the PTB on the Upper Vyatka 
River and may be of interest. Here the PTB 
contact is exposed and the basal Triassic part 
contains conchostracans and ostracods.  The 
Severodvinian and Vyatkian gorizonts are 
exposed below. 
 
Near the city Kotelnich’ on the Vyatka river the 
section is important too. The largest "cemetery" of 
tetrapods specifically Pareiasauria is situated 
here.  Vyatkian ostracods occur through the whole 
section. Triassic ostracods were found at the very 
top of the section. The age of the 40- m thick 
rocks, exposed along 10 km have been debatable 
to the present time. We recognized aeolian sands 
in the middle part of the section, which may 
evidence of a rise in aridity. 
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Andy Newell (BGS) proposes to devote most of 
June 2008 to working on two proposed papers, 
stemming from earlier fieldwork. 
 
1. Fluvial-aeolian sedimentation in the early 
Triassic of the Buzuluk depression. Basic 
sedimentology paper but we actually have some 
nice sections, photographs and long-distance 
correlations acquired during our long trek to 
Buzuluk. Interest may lie in climatic instability in 
the Early Triassic. Also the documentation of 
high-porosity Triassic aeolian sandstones from 
the Orenburg region might interest the petroleum 
community. 
 
2. Enhanced calcic-palaeosol development on the 
flanks of salt domes. Using the Sambullak section 
where the calcretes are few and thin (basin-
centre) and the Tuyembetka sections with those 
spectacular calcretes (sits on top of a salt dome). 
Simple, short but interesting paper. Hopefully Tim 
can provide a short summary of calcrete 
development with a couple of photomicrographs 
and we can use VPT's excellent structural 
mapping of the dome. The structure can also be 
nicely shown on the terrain model. This will be 
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especially good if the palaeomag. can link the 
sections. 

 
Dr Newell demonstrating his use of high-tech 
equipment in Korolki Ravine, 2006.  
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Numerical palaeobiology 
 

Marcello Ruta, Postdoc employed in Bristol on the 
NERC grant, offers a brief list of projects he is 
working on.  ,  

    -
 NERC,    

,    . 
 
1. Temnospondyl supertree (Ruta et al. 
Proceedings B, Dec. 2007) 
 
This paper collates phylogenetic information for 
the largest group of early 'amphibians' - the 
temnospondyls-, using published phylogenies to 
arrive at a supertree of the majority of described 
genera and species. The supertree is used to 
analyze the temporal distribution of significant (or 
otherwise) changes in net speciation rates across 
the history of the group, with special reference on 
the Permo-Triassic boundary. Net diversification 
rates bracket narrowly the extinction event, and 
are dotted along the Permian history of the group. 
The group diversified extensively immediately 
before the extinction event, and waves of 
speciation occurred immediately after, testifying to 
the possible occurrence of geographic selectivity 
in the extinction, whereby a geographically well 
delimited cluster of families (present in South 
Africa) possibly initiated the post-Palaeozoic 
radiation of the entire group. 
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2. Effects of sampling size and tree shape on 
faunal turnover (Ruta and Benton, 
Palaeontology, in press) 
 
This paper sets out to establish the impact of 
taxonomic rank, taxonomic sample size and 
phylogenetic topology on rates of 
origination/extinction, faunal turnover, and 
extinction intensity in primitive amphibians. Major 
conclusions from this study are as follows: 1) the 



 6

impact of the Permian extinction on temnospondyl 
diversification is less dramatic when inferred 
diversity (i.e. observed stratigraphic occurrences 
plus extrapolated portions of diversity deriving 
from tree geometry) is examined; thus, there is an 
increase of more than 55% in observed family 
diversity across the Permo-Triassic boundary, but 
only a little more than 6% when inferred diversity 
is considered; 2) pre-extinction diversity levels are 
achieved again in the late Early Triassic or early 
Middle Triassic, depending upon the use of 
observed or inferred diversity; 3) the correlation 
between extinction and origination rates is strong 
and significant, especially when time calibration is 
introduced (i.e. when diversity in a time interval is 
standardized by interval duration); 4) background 
extinctions are as significant as originations in 
shaping temnospondyl diversity during the Lower 
Triassic. 
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3. The fossil record of early tetrapods: 
sampling, worker effort, and the end-Permian 
mass extinction (Bernard, Ruta, Tarver, Benton), 
submitted to Paleontology, April 2008. 
 
The paper is derived from Emma Bernard’s MSc 
thesis, carried out in 2006-7, and shows that the 
record of basal tetrapods (‘amphibians’) is 

dominated by the well-sampled sedimentary 
basins of Europe and North America, but finds 
from other continents are increasing rapidly.  The 
key aim of the study was to determine whether 
sampling affected temporal patterns.  There is 
little evidence that taxon counts relate to research 
effort (as counted by numbers of publications), 
nor for any biasing effects of the ‘pull of the 
Recent’ (increased quality of the fossil record and 
increased sampling through time).  In fact, 
sampling is apparently not related to geological 
time at all.  In particular, sampling improves 
across the Permo-Triassic boundary, with most 
records of basal tetrapod taxa (when corrected for 
duration of the geological time bins) occurring in 
the Early Triassic, so adding some confidence 
that the record of magnitude of generic loss may 
be realistic. 
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4. Disparity in Permo-Triassic amniotes (Ruta, 
Benton, Surkov; for submission to Proceedings B 
some time in May). 
 
This paper investigates phylogeny-based patterns 
of morphological disparity in amniotes using 
anomodont therapsids and pareiasaur 
parareptiles as case studies. It explores cladistic 
characters as a source of quantified 
morphological divergence, and is conducted in 
parallel with analyses of calibrated diversity at 
genus level through the entire documented history 
of both groups. The aim is to determine whether 
the mass extinction impacts (and to what extent) 
rates of morphological diversification or the ability 
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of taxa to spread in morphospace. Time-
calibrated cladograms are used to contrast 
disparity at Biozone level and to compare profiles 
of disparity and taxonomic richness. 
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5. Supertree of Carboniferous to Triassic 
amniotomorphs (Ruta, Benton, Pisani, maybe 
Graeme Lloyd as well?). 
 
This is an ambitious work that seeks to produce a 
synthetic tree covering the phylogeny and 
evolutionary history of most of the amniotes and 
amniote-like tetrapods from the carboniferous to 
the Triassic. the resulting tree will be used to 
quantify speciation rates, extinction intensity and 
biogeographical patterns of dispersal in no fewer 
than 20 different groups... 
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6. Extinction density distribution (Benton, Ruta, 
Wang (maybe?) hopefully again for PNAS or 
Proc. B some time in summer). 
 
This study will focus on the application of spatial 
statistics to explore continuity of intensity, cause, 
and effect among extinction events across the 
Permo-Triassic of Russia. Preliminary results 
indicate a slightly bimodal pattern of extinction 
intensities and a roughly unimodal distribution of 
origination levels in the Russian basin, based 
upon data in Benton et al. (2004). 
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Ostracods 
 
A paper is being prepared for submission to 
Palaeontology by Iya Molostovskaya, David 
Horne and Mike Benton, which will seek to 
establish a biostratigraphical framework for late 
Permian and early Triassic red beds, based on 
nonmarine ostracods (predominantly darwinulids). 
Scanning Electron Micrographs of key taxa have 
been taken at Bristol University and drafts of 10 
plates have been prepared; Mike Benton, on his 
recent visit to Saratov, received revised plates 
from Iya Molostovskaya and these are now being 
checked and matched with text. He was also able 
to bring back a set of representative specimens 
which will facilitate any further necessary imaging 
and will form a reference set to be deposited in 
the Natural History Museum in London, in support 
of the forthcoming publication.  Dave Horne is 
currently editing the text and will visit Bristol later 
in May in order to take a few additional or 
replacement images for the plates. 
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Fishes 
 
Raoul J. Mutter writes: This April, Mike and I had 
the privilege to visit Maxim and Alla Minikh’s very 
large collection of Permo-Triassic fishes housed 
in the Geological Institute in Saratov University. 
Our ten-day journey was my first trip to Russia 
and an excellent chance for Mike to see and 
appreciate the wealth of Russian fishes waiting to 
have their say on the Permo-Triassic extinction 
event(s). We were truly stunned by the number 
and quality of fish specimens Alla produced from 
behind curtains, out of drawers, boxes and 
shelves. 
 
I have shot over 600 pictures and Mike has 
translated many dozens of cyrillic labels, both 
concentrating on some of the jewels of their 
collection, the eurynotoidids, platysomids, 
karaunguriids and Saurichthys. The 
discordichthyid actinopterygian Geryonichthys is 
my personal favourite: this creature, only scarcely 
scaled, possessed several ventral and dorsal fin 
spines (Figure below) - acanthodian-like in 
position on its body and superficially shark-like 
morphology. I now eagerly await translation of 
Alla and Maxim’s manuscript on the Permian 
actinopterygian fauna from the Eastern European 
Platform. 
 

 
 
Fig. 1: Dorsal fin spine of the holotype specimen 
SGU 1320-4 of Geryonichthys burchardi A. 
Minich, 1998 in lateral view (posterior wall a top). 
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Dicynodonts 
 
Mikhail Surkov is continuing with several studies 
of dicynodonts.  The group is important as the 
major tetrapod group of herbivores, and as 
animals that survived the PTB mass extinction 
and radiated again in the Triassic. 

 
His paper on the head kinematics of dicynodonts 
has been acepted for publication by Journal of 
Vertebrate Paleontology, later in 2008.  The key 
findings here were that dicynodonts may be 
classified into three categories that reflect feeding 
on low, medium and high vegetation.  These are 
distinguished on the basis of the occipital index, 
the difference between the relative width and 
height of the occiput, which gives a measure of 
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the relative importance of the lateral and the 
dorsoventral clusters of neck muscles.  High-level 
feeding adaptations among dicynodonts arose by 
the middle of the Tatarian (latest Permian) and 
lasted until the Late Triassic. Specialized low 
feeders existed only in the Middle Triassic. 
 
In further work with Marcello Ruta (see 'Numerical 
Palaeobiology' above), Misha and Mike Benton 
are comparing the characteristics of dicynodonts 
'before' and 'after' the PTB mass extinction.  Initial 
results indicate that the post-extinction forms 
showed less overall morphological disparity than 
those before.  This theme will be developed 
further. 
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Papers published in 2007 
and 2008 (so far) 
 
Sahney, S. and Benton, M. J. 2008. Recovery 
from the most profound mass extinction of all 
time. Proceedings of the Royal Society, Series B 
275, 759-765. 

 

 
 
Figure 1 from Sarda Sahney’s paper, showing 
variations in global familial diversity of tetrapods 
through the Permian and Triassic (upper, dashed 
curve), and the more modest variation in mean 
community diversity (lower, solid line). 
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Ruta, M., Pisani, D., Lloyd, G. T. and Benton, M. 
J. 2007. A supertree of Temnospondyli: 
cladogenetic patterns in the most species-rich 
group of early tetrapods. Proceedings of the 
Royal Society, Series B 274, 2087-2095. 
 
Newell, A. J., Gower, D. J., Benton, M. J. and 
Tverdokhlebov, V. P. 2007. Bedload abrasion and 
the in situ fragmentation of bivalve shells. 
Sedimentology 54, 835-845. 
 
Surkov, M. V., Benton, M. J., Twitchett, R. J., 
Tverdokhlebov, V. P. Newell, A. J. 2007. First 
occurrence of footprints of large therapsids from 
the Upper Permian of European Russia. 
Palaeontology, 50, 641-652. 
 

Papers in press 
 
Benton, M. J. 2008. The end-Permian mass 
extinction on land. Proceedings of the 
Geologists' Association in press [also, 
translated into Russian, in publication of 
Saratov State University]. 
 
Surkov, M. V. and Benton, M. J. 2008. Head 
kinematics and feeding adaptations of Triassic 
dicynodonts. Journal of Vertebrate 
Paleontology, in press. 
 
You can get copies of these papers from: 
http://palaeo.gly.bris.ac.uk/Russia/Russia-
publications.html  
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The 2006 field party walks up to the basal Triassic 
conglomerate on Sambulla Hill (A); Richard Twitchett 
and Andy Newell get into the Permo-Triassic Boundary 
on Sambulla (B). 2006   

    
   Sambulla (A);  

      Permo-
   Sambulla ( ). 

 

Papers planned during the 
2006 Expedition 
 
Still planned, and not yet started: 

1. The Permo-Triassic trace fossils (RJT) 
2. Lill iput Effect among trace fossils, and other 

fossil groups (RJT) 
3. The Kulchomovo halite story (AJN) 
4. Climate change evidence from the 

palaeosols (RJT) 
5. Lower Triassic aeolian/ fluvial interactions 

(AJN) 
6. Description of the earliest Triassic alluvial 

fans and conglomerates (AJN/ VPT) 
7. Stratigraphic overview – what is the 

Tatarian? (MJB et al.) 
8. Patterns of recovery of tetrapods after the 

PTB (MJB) 
9. Sampling and fossil diversity through the 

Russian sequence (MJB/ RJT) 
 
Papers in progress: 
1. Isotopes across the PTB (RJT/ TK) 
2. Landscape reconstruction/ facies 

distributions through time (VPT) 
3. Evolution of climate/ repeat aridification 

(VPT) 
4. Ostracods and biostratigraphy (IIM) 
5. Fishes and biostratigraphy (AM, MM, RM) 
 

My apologies to our Russian collaborators.  I 
used the website http://www.online-
translator.com/text.asp?lang=en to produce 
automatic translations of English to Russian, 
and they are probably very bad – but at least 
they are better than I could do by myself. 
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www.online-translator.com/text.asp? lang=en, 
   

     
,      -   

   ,     
. 

 

 
Saratov, April 2006: Valentin Petrovich Tverdokhlebov, Galina Ivanovna Tverdokhlebova, Mike Benton, Evgeny Popov, 

Alla Vasilieva Minikh, Iya Ivanovna Molostovskaya, Raoul Mutter 


