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1. Introduction
Recently Isozaki (2009) has tried to explain how a series of
catastrophic events which occurred on the surface of the planet over a
30 Ma period straddling the Permo-Triassic boundary were driven by
deep Earth processes. The starting point for his hypothesis is the core.
Perturbations of “stable” activity within the outer core, possibly due to
it being penetrated by large volumes of subducted lithospheric slab
that had accumulated in the lower part of the mantle, resulted in two
ostensibly coeval events: (i) an upward-ascending superplume being
generated at the core–mantle boundary (CMB), and (ii) an instantaneous major change in the geomagnetic ﬁeld's conﬁguration, from a
ﬁxed polarity state with an assumed high-intensity, to a low-intensity
system in which ﬁeld reversals took place on a more “normal” 105–
106 years. The superplume is considered to have risen rapidly through
the ∼2300 km-thick lower mantle whereupon it began heating the
base of the upper mantle (iii). Within a geologically short period a
number of geographically-linked upper mantle plumes formed and
rose to the Earth's surface resulting in extensive maﬁc volcanism (iv).
The devastating impact on the biota was principally a consequence of
the increased cosmic radiation reaching the Earth's surface as a result
of the weakened geomagnetic ﬁeld (v). It is thought that the radiation
would have enhanced the cloud-cover (Svensmark, 2007), which
when combined with the increased gases and aerosols associated with
the eruptive activity would have contributed to the solar-heat
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shielding and, hence, to a “plume winter” (vi). A protracted period
of global-ocean anoxia stressed the biota even further (vii).
There are, however, problems with the proposed extinction
scenario.
2. Geomagnetic aspects
First, if the principal driver for the plume winter and, hence the
extinction, was the substantially enhanced incoming cosmic radiation
(caused by the reduced geomagnetic-ﬁeld ﬂux) following the
Kiaman's superchron termination, should not the biotic response
have been more rapid? As it is, there was an approximately three
million-year hiatus between the end-Kiaman reversal and the midCapitanian extinction. This suggests that the geomagnetic ﬁeld was
not the principal causal mechanism; possibly it was more of an
“exacerbating factor”.
Second, a fundamental assumption made by Isozaki is that the
geomagnetic ﬁeld during superchrons is somewhat stronger than it
is for other times. Two references are cited to support this claim
(Kutzner and Christensen, 2002; Maruyama and Santosh, 2008) but
neither draws upon geomagnetic paleointensity data to demonstrate
the case. Whilst the available geomagnetic paleointensity data-suite
hints at the geomagnetic ﬁeld being stronger during the Kiaman, as
compared to the period which followed it (e.g., Biggin and Thomas,
2003), such a notion is a long way from being “accepted knowledge”.
Indeed recent works have identiﬁed both low- and anomalously highstrength ﬁelds within the superchron (Garcia et al., 2006; Cottrell
et al., 2008).
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3. Timing of volcanism
For the volcanism aspect of the Isozaki's hypothesis to have any
validity, it must be possible to show that (i) it is no older than
265.8 Ma, and (ii) at the localities where this criterion is met there is
sufﬁcient time between the superplume beginning its ascent from the
CMB and the surface magmatism commencing. With regards to the
latter, it is worth noting that one of the most inﬂuential plume models,
the “Campbell–Grifﬁths” (e.g., Campbell, 2005), estimates this process
to take ∼100 Ma. At 7 Ma, Van Keken's (1997) ﬁgure is appreciably
less; Farnetani and Samuel's (2005) “spout plume” is thought to travel
at 10–12 cm/year, and would thus make the journey in around 25 Ma.
Irrespective of the estimate differences, the critical point is that a nonnegligible period of time is required to get a plume from the CMB to
the Earth's surface, which is almost certainly N 10 Ma.
3.1. Timing of volcanism: Oslo Rift, Oman, northern India, offshore
Western Australia, North China block
Apart from the effusive activity associated with the SW China
Emeishan large igneous province (see below), a key argument in
Isozaki's model is that mantle–plume volcanism also occurred in the
Oslo Rift, and at Oman, northern India, offshore Western Australia and
the North China block.

One of Isozaki's two support references for the Oslo Rift
magmatism was Larson et al. (2008). That work indicates that the
ﬁrst basalt ﬂows were erupted in the Late Carboniferous–Early
Permian (291 ± 8 Ma), whilst the bulk of the magmatism spanned
“Stages 3 and 4” (from 6), the latter mainly between 288 Ma and
270 Ma (Fig. 1) (activity continued until the Early Triassic, but it was
very much the waning stage).
For Oman, Isozaki drew upon Rabu et al. (1990). Those authors
brieﬂy described two locally-developed volcanic units, both within
the Saiq Formation. Based on the fusulinid fossil content of a
carbonate which sits atop the lower volcanic series and envelops
the upper package, the units were considered to have been erupted in
the middle to late Murghabian which, based on Menning et al. (2006),
would make them ∼ 266 Ma (Fig. 1).
No reference was cited by Isozaki (2009) for the age of the
northern India Panjal Traps and the correlative formations now in
Tibet and Nepal. The available literature, however, indicate that the
effusive activity there pre-dated 265.8 Ma: the Nar–Tsum spilites in
southern Tibet and the Bhote Kosi basalts in central Nepal date from
the Sakmarian–Roadian (Garzanti et al., 1999), whilst the NW India
Panjal Traps date from the Artinskian–Kazanian (Chauvet et al., 2008).
Using the Menning et al. (2006) time-scale, it is clear that the
volcanism in northern India had terminated by ∼ 267 Ma (Fig. 1);
more critically, it could have started well before then at 282–287 Ma.
Supposed Permian–Triassic age basalts have been identiﬁed in a
borehole offshore Western Australia (e.g., Veevers and Tewali, 1995).
It must be noted, however, that the source of this information was Le
Maitre (1975) who reported a simple petrographic study of some
“probable Mesozoic age” basaltic drill chips from the Edel No. 1
Petroleum Well. My survey of the literature indicates that there is no
evidence for a Permo-Triassic maﬁc LIP offshore Western Australia.
One explanation for the Edel well basalt fragments is that they were
erupted as a result of the Early Cretaceous break-up of India and
Australia, and are thus correlative with the SW Australia Bunbury
Basalts (e.g., Cofﬁn et al., 2002).
Although a North China block LIP is portrayed on the paleogeographic map of Isozaki (2009, Fig. 3), no mention is made of it in the
text, nor is a reference cited. Fortunately, Isozaki (2007) provides
some information: Yang and Woolley (2006). From that work, three
localities could realistically be incorporated into Isozaki's model:
Datong (40.0°′N, 113.0°E), Huanglongpu (34.3°N, 110.0E) and
Huayangchuan (34.0°N, 110.2°′E), their respective age dates being
229 Ma, 206 Ma and 181 Ma.
3.2. Timing of volcanism: Emeishan
For more than a decade the Emeishan Basalts have been temporally
correlated with the end of the Guadalupian series (260.5 Ma), when a
major biotic crisis was thought to have occurred (e.g., Wignall, 2001).
New studies, however, indicate that although the onset of volcanism
and the extinction were synchronous, they date from the middle
Capitanian stage, ∼263.0 Ma. This is based on detailed stratigraphic
studies of ostensibly conformable Maokou Limestone/Emeishan Basalt
contacts in sections in the northern and eastern LIP. There, the
lithological boundary can be 2–3 full conodont biozones older than the
end of the Guadalupian (e.g., Ali et al., 2002; Wignall et al., 2009).
3.3. Summary of the timing data

Fig. 1. Geological time-scale showing the ages of the various phenomena and LIPs
referred to by Isozaki (2009). The scale and stratigraphic nomenclature follow Menning
et al. (2006).

Volcanism in the Olso Rift, Oman, northern India and Emeishan
cannot be related to the end-Kiaman superplume. The effusive activity
either pre-dates the event (Oslo, Oman, India), or is so temporally
close to the episode (b3 Ma; Emeishan), that there would have been
insufﬁcient time between the plume beginning its ascent from the
CMB at 265.8 Ma and the start of volcanism. The so-called Western
Australia LIP can be disregarded; it is more likely of Early Cretaceous
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age. Only the North China block volcanic rocks could conceivably be
linked to the event, but the volumes of material that were either
erupted or emplaced as shallow-level intrusive bodies are almost
inconsequential.
4. Conclusions
Isozaki has proposed an all-encompassing model linking events
which happened ∼265.8 Ma in the deep Earth (termination of the
Kiaman superchron, formation of a superplume at the core–mantle
boundary) to various catastrophic surface processes (large-scale
volcanism) and phenomena (mass extinctions) that occurred a
short time later in the Middle Permian through Early Triassic.
Unfortunately, detailed scrutiny of the data indicates signiﬁcant
problems with aspects of the hypothesis such that it can probably be
considered falsiﬁed. With regard to explanations for the midCapitanian (not end-Guadalupian) and end-Permian killing episodes,
until proven otherwise, it is probably best if they are rooted in
scenarios linked respectively to the formation of the Emeishan Basalts
and the Siberian Traps.
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