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1. Introduction

The paper by Sell et al. (2014) reports new, high quality and 
high precision data that constrain the Lower Toarcian time scale, 
and provides further dates from the K-LIP,1 emplaced during the 
same time interval. The Early Toarcian records an episode of 
mass extinction of marine fauna correlated with a global nega-
tive CIE. The extensive magmatism of the K-LIP has been pro-
posed as the leading explanation for the environmental changes 
(Svensen et al., 2007, 2012; McElwain et al., 2005). In past stud-
ies we and coauthors have investigated this potential association 
by dating sills of the K-LIP event across South Africa (Svensen 
et al., 2012) and verifying the stratigraphic correlation using a 
fossiliferous bentonite-bearing shale section in western Argentina 
(Mazzini et al., 2010). We have also conducted a number of de-
tailed investigations of the mode of emplacement of the Karoo sills 
and their effects on the intruded sedimentary rocks, concluding 
that the heat from the intrusions contributed to devolatilization 
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and venting of 12C-enriched CO2 and CH4 (Svensen et al., 2007;
Aarnes et al., 2011).

In their new paper Sell et al. (2014) provide U–Pb results on 
a different fossiliferous Toarcian stratigraphic section in the Andes, 
reporting high precision U–Pb zircon ages of 183.22 ±0.26 Ma and 
181.99 ±0.13 Ma for bentonites that bracket the critical strata con-
taining the TOAE. They also provide dates for one mafic and one 
granophyric sill from the Karoo basin as well as one rhyolitic and 
one granophyric sill from the Lebombo rift in the eastern parts of 
South Africa. Based on the latter dates, Sell et al. (2014) suggest 
that the K-LIP may have extended for a longer period of time and 
may thus not have been solely responsible for the TOAE. That con-
trasts with the results of Svensen et al. (2012), who documented a 
short duration of the K-LIP sill emplacement and the likelihood of 
a causal connection to the TOAE. We disagree with the conclusion 
of Sell et al. (2014) and will argue against their interpretation in 
this reply.

We appreciate nevertheless the contribution by Sell et al.
(2014). Their paper tightly constrains the timing of the stratigra-
phy of the studied section in Peru, adding high precision U–Pb data 
and new perspectives on the TOAE problem and shedding more 
light on some of the links between the TOAE and the K-LIP. The 
paper also raises some questions which we would like to address 
in this comment. We discuss first a technical factor which skews 
the comparison between our dates and those from other laborato-
ries; in this comments we report an adaptation of our results to 
the same calibration solution widely used in the geochronological 
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community. We also use the opportunity to discuss some of the 
natural factors that can complicate the interpretation of high pre-
cision U–Pb data, with implications for the conclusions by Sell et 
al. (2014). Finally, we argue why the samples collected by Sell et 
al. (2014) cannot be used to draw conclusions about the duration 
of the sill emplacement in the Karoo Basin.

2. Bias in the published U–Pb results from Oslo

The U–Pb data reported in Mazzini et al. (2010) and Svensen 
et al. (2012) were obtained with our own mixed 202Pb–205Pb–235U 
spike, which has been calibrated against various reference solu-
tions and having a U/Pb ratio considered to be known to bet-
ter than 0.2%. More recent repeated measurements, using the 
same spike, of an artificial U–Pb solution (ET100) provided by the 
EARTHTIME initiative (Condon et al., 2007) reveal a small but re-
producible difference, yielding an average value of 206Pb/238U =
0.0156513 versus the value of 0.015623 obtained with the ET2535 
spike at NIGL (Condon, personal comm., 2014). The data pub-
lished by Sell et al. (2014) were obtained using the same spike 
as NIGL. Such a bias has negligible effects on the data of most 
projects handled in the Oslo laboratory, but it becomes a more 
significant factor in projects involving time-scale dating or the res-
olution of short-lived magmatic and volcanic processes requiring 
the comparison of data sets from different sources. It is not ev-
ident whether the bias can be linked to the original calibration 
or whether the spike composition might slowly change with time, 
due for example to absorption in walls of the storage FEP bot-
tle. The data in Mazzini et al. (2010) and Svensen et al. (2012)
were obtained recently enough that this consideration is less rel-
evant. They can therefore be adapted to match those obtained 
with the ET spike, for this Jurassic age involving a correction of 
+0.35 Ma.

3. Comparison

The corrected ages are listed in Table 1 and plotted in Fig. 1. 
The two estimates of the timing of the CIE, from Sell et al. (2014)
based on the Peru section and Mazzini et al. (2010) from the Ar-
gentinian section, overlap within uncertainty, although the latter 
extends to a younger time period. Conversely, Mazzini et al. (2010)
extrapolate an age of 182.5 ± 0.6 Ma for the boundary between 
Pliensbachian and Toarcian, whereas Sell et al. (2014) suggest that 
Fig. 1. Compilation and comparison of results from Encarnacion et al. (1996), Sell 
et al. (2014) and Burgess et al. (2015) and the corrected ages of Svensen et al. 
(2007, 2012) and Mazzini et al. (2010). The extrapolated age of 182.5 ± 0.6 Ma for 
the Pliensbachian–Toarcian boundary proposed by Mazzini et al. (2010) may be too 
young depending on the stratigraphic interpretation. Further work on the details of 
the biostratigraphy is in progress. CIE = Carbon Isotopic Excursion; badd = badde-
leyite.

the boundary must be older than 183.5 Ma. Neither of the two 
studies could find datable volcanic horizons near the top of the 
Pliensbachian and the extrapolation relies on a proper estimate 
of the sedimentation rates in the strata below the lowest dated 
volcanic tuff. The bottom of the section investigated in Mazz-
ini et al. (2010) has limited biostratigraphic constrains and thus 
the extrapolated age of the boundary is subjected to some uncer-
tainty.

More pronounced differences are evident with respect to the 
timing of the rocks associated with the K-LIP. Svensen et al. (2007, 
2012) reported data for 15 mafic sills and dykes collected on a tra-
verse across South Africa (Figs. 1–2). The ages obtained range from 
182.7 to 183.4 Ma (Table 1), but essentially all overlap within error 
and were modelled to represent emplacement over a period of less 
than 0.47 myr. By contrast, Sell et al. (2014) dated two sills from 
the Karoo Basin (one giving a reliable age of 183.014 ± 0.072 Ma) 
Table 1
Ages of Karoo sills and dykes, from Svensen et al. (2007, 2012), and Argentinian tuffs from Mazzini et al. (2010), adapted to ET spike; 2σ − int = analytical uncertainty; 
2σ + tr = analytical + tracer uncertainty; 2σ + tr + λ = analytical + tracer + decay constant uncertainty.

No. Sample Age 
(Ma)

2σ − int 2σ + tr 2σ + tr + λ

Karoo (Fig. 2)
1 SP-07-05 Dyke 183.0 0.3 0.4 0.5
2 SP-06-05 Dyke 182.9 0.3 0.4 0.5
3 K08-13 Sill 183.2 0.4 0.5 0.6
4 K08-16 Sill 182.7 0.6 0.6 0.7
5 K08-34 Sill 183.3 0.5 0.5 0.6
6 K08-1 Sill 183.4 0.5 0.5 0.6
7 K08-6 Sill 182.9 0.3 0.3 0.4
8 SP08-05 Sill 183.4 0.3 0.4 0.5
9 K08-47 Sill 182.8 0.7 0.8 0.8

10 K08-48 Sill 183.3 0.3 0.4 0.5
11 K08-41 Sill 182.9 0.5 0.5 0.6
12 K08-31 Sill 183.1 0.9 0.9 1.0
13 QU1-2 Sill 183.1 0.3 0.4 0.5
14 K08-9 Sill 183.2 0.4 0.5 0.6
UZ1 G39974 Sill 182.9 0.4 0.4 0.5

Neuquen
AS29 tuff 180.9 0.4 0.5 0.6
AS16. tuff 181.8 0.2 0.3 0.4
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Fig. 2. Geological map of the Karoo Basin showing sampling sites, numbered as in Fig. 1 and Table 1 (adapted from Svensen et al., 2012).
together with two sills from the Lebombo rift giving ages of 
181.31 ± 0.19 and 179.32 ± 0.18 Ma (Fig. 1). Thus, in summary, 
Sell et al. (2014) only present one new reliable age from the sill 
complex in the Karoo Basin.

The two Karoo sills represent the main K-LIP sill complex 
crossed by the traverse sampled in our study (Fig. 2; Svensen 
et al., 2012). The granophyre studied by Sell et al. (2014) yields 
their oldest age of 183.014 Ma, which is well within the range 
of our dates. The other sample from the Karoo Basin only yielded 
baddeleyite, which show a range of ages for different grains. The 
results are deemed inconclusive by the authors, who suggest that 
the age range may represent protracted crystallization of badde-
leyite in the magma chamber, although they also discuss a po-
tential effect of Pb loss. A protracted crystallization of zircon in 
large silicic or bimodal magma systems is well documented, but 
whether the same applies for baddeleyite is more speculative. Bad-
deleyite is only stable in silica undersaturated systems, and it is a 
question whether one can maintain basaltic magma in the crust 
for extended periods of time without inducing extensive crustal 
melting and contamination, the consequent silicification of the 
magma destroying the stability field of baddeleyite and produc-
ing zircon. In general the mafic sill complexes have the character 
of relatively fast crystallized systems with little crustal contami-
nation, evidenced also by the rarity of zircon xenocrysts in such 
rocks.

The potential of having partially reset U–Pb ages of zircon and 
baddeleyite because of loss of Pb is also an important consider-
ation. The authors have treated the zircon grains with chemical 
abrasion (Mattinson, 2005), which we agree is a very efficient way 
to eliminate zircon domains affected by Pb loss. However, the zir-
con populations in differentiated mafic sills can be extremely rich 
in U and zoned, and in some cases it is virtually impossible to 
eliminate all secondary Pb loss, unless one dissolves away all the 
grain. Based on our experience (e.g. Corfu et al., 2013) we would 
argue that it is next to impossible to avoid partially reset badde-
leyite ages, unless the grains are large enough to minimize the 
effect of Pb loss from near-surface layers, surficial crystallization 
to zircon, and ideally are large enough so they can be air-abraded. 
Nucleous recoil during alpha decay leads automatically to some 
loss of daughter nuclides in the outer region of grains, and this 
effect can cause pronounced effects in very thin and small bad-
deleyite blades (Davis and Davis, 2010). The fact that the oldest 
age of 182.8 Ma in sample SA91 of Sell et al. (2014) was obtained 
from what seems to have been the largest baddeleyite grain an-
alyzed (judging from the amount of Pb recovered) would support 
the suggestion that this rock is at least that old, again in agreement 
with our data. The second sample of that area, SA97, contains both 
zircon and baddeleyite, which show remarkably matched ages of 
183.014 Ma for zircon and 183.07 Ma for baddeleyite. Some bad-
deleyite grains, however, yield older ages (up to 183.3 Ma). We 
accept Sell et al. (2014)’s interpretation, but nevertheless cannot 
avoid speculating whether Pb loss rather than protracted crystal-
lization was the mechanism that caused the spread in baddeleyite 
ages, and hence a somewhat older age is likely.

In any case, the data in these two samples from the southern 
domain of the Karoo Basin sill complex are perfectly in agree-
ment with our (adapted) results indicating a relatively short-lived 
but areally extensive period of mafic sill emplacement across 
the Karoo Basin. The data are also consistent with the previ-
ous age of Encarnacion et al. (1996) from a nearby intrusion 
(Figs. 1–2).

4. The Lebombo volcanics and concluding remarks

The two samples with the deviating younger ages of 181.31 ±
0.19 and 179.32 ± 0.18 Ma are a granophyre and a rhyolite from 
the Lebombo rift much further north. Although not mentioned 
by Sell et al. (2014), it is well established that the Lebombo 
volcanism is geologically and geochemically different from the 
main Karoo volcanism (e.g., Riley et al., 2004; Klausen, 2009). The 
Lebombo province represents a complex rift-setting with an over-
all succession of nephelinites at the bottom, overlain by picrites 
and picritic basalts, then by low-Mg basalts with local rhyolites, 
followed at the top by the main rhyolitic sequence with local 
basalts. The chronostratigraphy within the sequence, and its com-
parison with the ages of sills in the Karoo Basin, are not fully re-
solved by the existing dates. Three SHRIMP U–Pb zircon ages range 
from about 182 to 179 Ma but have uncertainties of ±2–3 Ma 
(Riley et al., 2004). The Ar–Ar results for whole rocks and miner-
als (plagioclase, biotite, hornblende) of the Lebombo felsic volcanic 
rocks yield dates of about 180–178 Ma, but the latter can be par-
tially affected by disturbances related to alteration and locally by 
Ar-excess (Duncan et al., 1997; Jourdan et al., 2007). Nevertheless, 
the published data suggest that the main rhyolite volcanism of the 
Lebombo rift post-dates the Karoo Basin sill emplacement. This age 
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difference is nicely demonstrated by the new data from Sell et al.
(2014).

The comparison of samples from the Lebombo rift with sam-
ples from the main Karoo Basin is an interesting exercise in itself, 
but does not help understand the environmental effects of the 
main Karoo volcanism and sills – or the duration of sill emplace-
ment. Sell et al. (2014) conclude that “our data are not sufficient 
to address eruptive volumes per unit time”, and judging from their 
one good new data point from the Karoo Basin, we couldn’t agree 
more. We stress that the new results by Sell et al. (2014) reinforce 
our earlier interpretation that the K-LIP sill emplacement was a 
rapid event that likely triggered the TOAE.
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