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[1] The Mesozoic, perhaps the longest period of warmth during the Phanerozoic Earth
history, has been repeatedly affected by short‐lived cold interludes lasting about one
million years. While the origin of these cold snaps has been classically attributed to a
temporary atmospheric CO2 drawdown, quantified mechanisms explaining these
instabilities of the carbon cycle are still lacking. Based on a climate carbon cycle model,
we show that the general demise of carbonate platforms accompanying these short‐lived
cold interludes is a powerful mechanism capable of generating a fast atmospheric CO2

decrease and a moderate sea level drop associated with ice sheet buildup. The temporary
nature of the carbonate production decline explains the relative short time of these
cold events but makes it possible to account for ice sheet waxing and waning.
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1. Introduction

[2] Transitions from greenhouse to icehouse conditions
have been intensively studied, particularly with the renewed
interest in the conditions leading to the Neoproterozoic gla-
ciations [Hoffman et al., 1998] as well as for those triggering
the inception of ice sheets over Gondwana during the Permo‐
Carboniferous [Horton et al., 2007] and over Antarctica across
the Eocene‐Oligocene boundary [Coxall et al., 2005;DeConto
and Pollard, 2003;Merico et al., 2008]. Although the state of
the Earth system is very different for each ice age, atmospheric
CO2 level drawdown is commonly required to explain the
long‐term general cooling trend to initiate glaciation. Transi-
tions from a high CO2 world to a low CO2 world are often
ascribed to a permanent increase in silicate weathering result-
ing, for example, from the breakup of the Rodinia supercon-
tinent for the Neoproterozoic cool period [Donnadieu et al.,
2004] or from the widespread appearance of land plants for
the Permo‐Carboniferous cool period [Berner, 1997]. Meso-
zoic cold interludes are completely at odds with classical ice
age theory because they are not associated with any long‐term
global cooling trend and last for about one million years
[Dromart et al., 2003b; McArthur et al., 2007; Steuber et al.,
2005]. These events challenge our knowledge of the Earth
system because they require the identification of non-
permanent processes capable of triggering climatic cooling for
a short time period.

[3] In this contribution, we focus on the Middle Late
Jurassic Transition (MLJT) about 160 Ma ago [Dromart
et al., 2003a]. A short‐lived drop in seawater temperature
around the Callovian‐Oxfordian transition has been identi-
fied using the oxygen isotope composition of shark tooth
enamel, belemnite rostra and bivalve shells from Tethyan
and sub‐Arctic domains [Dromart et al., 2003b; Brigaud
et al., 2009; Price and Rogov, 2009; Nunn and Price,
2010]. Although the influence of local paleoceanic chan-
ges implying cool water influxes cannot be completely
excluded [Wierzbowski and Rogov, 2011], other indepen-
dent proxies support the climatic interpretation for a cooling
trend: (1) palynological and clay mineral data indicating that
continental air became markedly cooler in north Europe
hinterlands [Abbink et al., 2001; Pellenard and Deconinck,
2006], (2) successive southward invasions of boreal
ammonite families in the NW Tethyan domains [Thierry
et al., 2006] and (3) a local CO2 minimum [Royer et al.,
2004] located at the MLJT in the proxy record of CO2.
During the Callovian and Oxfordian periods, perturbations
in the carbonate deposition pattern occur [Dromart et al.,
2003a] as evidenced by shrinkage of the latitudinal extent
of carbonate platforms followed by a general demise of
carbonate platforms deposition. By the end of the Early
Callovian, carbonate platform deposition had ceased on the
midlatitude platforms located above 25° (i.e., West Europe
and East Africa) and was confined to low latitudes. Finally,
low‐latitude platforms experienced a short shutdown of
production in the latest Callovian, correlative in time with
the cooling.
[4] Here, we investigate the climate‐carbon cycle behavior

during the Middle‐Late Jurassic Transition using a general
circulation model with coupled components for atmosphere,
ocean, cryosphere and biogeochemical cycles of C, O and P
[Donnadieu et al., 2006]. We force our climate‐carbon model
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Figure 1. Model results simulating the effects of the collapse and the recovery of the carbonate plat-
forms during the Middle Late Jurassic transition. (a) Fdown function as described in the main text.
(b) Changes in atmospheric CO2 content. Note that the first collapse is more diluted in times than the
second one based on geological data. Nevertheless, the effect remains the same when increasing the time
for the collapse (see dashed curve). (c) Changes in the burial flux coming from tropical and subtropical
platforms. Note the remaining flux of the tropical shallow carbonate platform during the crisis (i.e., 20%
here). We have also plotted the mean saturation state. (d) Distribution of the carbonate species.
(e) Changes in sedimentary calcium carbonate burial fluxes. The black curve represents the neritic plat-
form carbonate burial flux, the red curve represents the pelagic shelfal carbonate burial, and the green
curve represents “abiotic” carbonate production flux (see text). Note that the neritic/global carbonate pro-
duction ratio is 65% in this run. Platform collapse lasts for 1 million years; 20% of the preperturbation
platform burial flux is conserved during the crisis in order to account for the likely possibility that car-
bonate platforms still exist in specific environments.
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