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Abstract. Although a division of the Phanerozoic climatic 1 Introduction

modes of the Earth into “greenhouse” and “icehouse” phases

is widely accepted, whether or not polar ice developed dur-In order to understand Jurassic and Cretaceous climate, the
ing the re|a‘[ive|y warm Jurassic and Cretaceous Periods igeconstruction of sea-surface temperatures at high latitudes,
still under debate. In particular, there is a range of iso-and their variation over different time scales, is of paramount
topic and biotic evidence that favours the concept of discretdmportance. A basic division of Phanerozoic climatic modes
“cold snaps”, marked particularly by migration of certain into “icehouse” and “greenhouse” periods is now common-
biota towards lower latitudes. Extension of the use of theplace (Fischer, 1982). However, a number of authors have in-
pa|aeotemperature proxy TeXback to the Middle Juras- voked transient icecaps as controls behind eustatic sea-level
sic indicates that relatively warm sea-surface conditions (26-change during the Mesozoic greenhouse period (e.g. Price,
30°C) existed from this intervab¢160 Ma) to the Early Cre-  1999; Stoll and Schrag, 2000; Dromart et al., 2003; Gale
taceous £115Ma) in the Southern Ocean, with a general €t al., 2002; Miller et al., 2003, 2005; €selle and Pittet,
warming trend through the Late Jurassic followed by a gen-2010); others weigh the evidence in favour of a relatively
eral cooling trend through the Early Cretaceous. The low-€quable tropical to subtropical environment at the poles
est sea-surface temperatures are recorded from around tfigroughout this interval, although there is evidence for inter-
Callovian—Oxfordian boundary, an interval identified in Eu- vals of rapid climate change (e.g. Tarduno et al., 1998; Huber
rope as relatively cool, but do not fall below 26. The  €tal., 2002; Bice et al., 2003; Jenkyns, 2003; Moriya et al.,
early Aptian Oceanic Anoxic Event, identified on the ba- 2007; Dera et al., 2011; Littler et al., 2011). Evidence for
sis of published biostratigraphy, total organic carbon andcool climates derives from oxygen-isotope data from well-
carbon-isotope stratigraphy, records an interval with the low-preserved foraminifera from one Upper Cretaceous Atlantic
est, albeit fluctuating Early Cretaceous palaeotemperature@DP site (Bornemann et al., 2008) and changes in nanno-
(~26°C), recalling similar phenomena recorded from Eu- fossil assemblages from both low and high latitudes (Mutter-
rope and the tropical Pacific Ocean. Extant belemstit®© lose et al., 2009) and putative Cretaceous glacial deposits and
data, assuming an isotopic composition of waters inhabitec0-called glendonites that formed from the cold-temperature
by these fossils of-1 %0 SMOW, give pa|aeotemperatures hydrated form of calcium carbonate, ikaite (Kemper, 1987;
throughout the Upper Jurassic—Lower Cretaceous intervafrakes and Francis, 1988; de Lurio and Frakes, 1999; Al-
that are consistently lower by14°C than does TE¥; and  ley and Frakes, 2003). The presence of certain plants,
the molluscs likely record conditions below the thermocline. fish species and fossil reptiles, however, rather points to-
The long-term, warm climatic conditions indicated by the wards much warmer polar climates, at least at low alti-
TEXgs data would only be compatible with the existence of tudes (Nathorst, 1911; Tarduno et al., 1998; Friedman et al.,
continental ice if appreciable areas of high altitude existed or2003; Vandermark et al., 2007), as do oxygen-isotope val-

Antarctica, and/or in other polar regions, during the Meso-ues of benthonic and planktonic foraminifera (Huber et al.,
zoic Era. 1995; Bice et al., 2003). Indeed, Moriya et al. (2007) could

find no oxygen-isotope evidence for glaciation during the
mid-Cenomanian, an interval suggested to have witnessed
glacio-eustatic changes in sea level by Gale et al. (2002).
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The organic geochemical proxy Te&(“tetraether index analysis has shown that the error in TggXalues is~0.01
of 86 carbon atoms”) offers the advantage of giving esti-or ~0.6°C. The BIT (Branched and Isoprenoid Tetraether
mates of sea-surface temperatures and is applicable to thosedex) of all samples was:0.1, indicating a low content
sediments lacking in carbonate that contain sufficient quaneof soil-derived organic carbon, and hence minimal bias of
tities of immature organic matter (Schouten et al., 2002, TEXgg-derived palaeotemperatures (cf. Weijers et al., 2006).
2003; Kim et al., 2010). TEs data from Aptian and Al- The apolar fractions of all samples from Site 693 and a
bian organic-rich sediments suggest low-latitude temperasubset of samples from Site 511 were studied by GC-MS,
tures in the Atlantic and Pacific Ocean in the range 31-which indicated the presence of pristane, phytane, hopanes,
36°C (Schouten et al., 2003; Forster et al., 2007; DumitrescuCpg-dinorhopane, lycopane and sterenes, suggesting that
et al., 2006; recalibrated after Kim et al., 2010). Upperthe marine organic matter has mainly a phytoplanktonic
Berriasian to lower Barremian organic-rich sediments fromsource. The ratio of two stereoisomers af®omohopanes
the peri-equatorial Atlantic Ocean give similar mid<3D (17,21— BBI[BB +apB)) is >0.6 for all sediments analyzed,
sea-surface temperatures from TdgXdata (Littler et al., indicating that the organic matter is immature and hence suit-
2011). The highest latitude Cretaceous sediments examineable for palaeotemperature reconstruction using the ggEX
to date are lowermost Maastrichtian carbonate-free organicproxy (cf. Schouten et al., 2004).
rich muds from the Arctic Ocean, which yielded a recali- Bulk organic isotopes and TOC contents for sediments
brated mean annual sea-surface temperatured®fC (re- from Site 511 were determined by decalcifying powdered
calibrated from the data of Jenkyns et al., 2004, using the rerock samples with 2N hydrochloric acid and analysing the
vised temperature calibration of Kim et al., 2010). The long- decalcified sediments in duplicate on a Carlo Erba 1112
term evolution of mid-Mesozoic, high-latitude palaeotem- Flash Elemental Analyser coupled to a Thermofinnigan Delta
peratures in the Southern Hemisphere is here elucidated bilus isotope mass spectrometer. Analytical errors for TOC
analysing DSDP/ODP sediments retrieved from Site 693 andSite 693) were generally better than 0.3 %; reproducibility
511 close to Antarctica (Fig. 1). This report extends theof813C0rg was generally~0.1 %o, PDB.
application of the TEXs palaeothermometer back into the
Callovian (Middle Jurassic), the oldest sediments from the

World Ocean yet analysed for this proxy. 3 Lithology and stratigraphy

Material from two sites drilled by the Deep Sea Drilling
2  Methods Project and the Ocean Drilling Program was investigated

in this study (Fig. 1): DSDP Site 511, Falkland Plateau,
Powdered and freeze-dried sediments (1-3 g dry mass) weri@ the South Atlantic, drilled during Leg 71 (palaeolatitude
extracted with dichloromethane (DCM)/methanol (2:1) by ~60° S); and ODP Site 693A, drilled in the Weddell Sea
using the Dionex accelerated solvent extraction techniqueon the continental slope off East Antarctica (palaeolatitude
The extracts were separated by,® column chromatog- ~70°S), during Leg 113 (Ludwig and Krasheninikov et al.,
raphy using hexane/DCM (9:1), DCM/methanol (95:5) and 1983; Barker et al., 1988). The section drilled on the Falk-
DCM/methanol (1:1) as subsequent eluents to yield the apland Plateau is unusual in that it offers a Middle Jurassic—
olar, tetraether and polar fractions, respectively. The apolat-ower Cretaceous hemipelagic sedimentary section of black
and desulfurized (using Raney Ni) polar fractions were analJdocally laminated organic-rich shale and mudstoré40 m
ysed by gas chromatography and gas chromatography/ma#g thickness, containing a rich macrofauna of belemnites,
spectrometry. The polar fractions were analysed for GDGTsammonites and bivalves (Basov et al., 1983; Jeletzky, 1983).
as described in Schouten et al. (2007): separation waghe section drilled on the Antarctic slope is represented by
achieved on a Prevail Cyano column (2150 mm, 3um, ~70m of Lower Cretaceous hemipelagic black organic-rich
with flow rate at 0.2 ml minl), and single ion monitoring of ~ silty mudstone (Fig. 2: O’Connell, 1990).
the [M + HJ* ions (dwell time, 234 ms) was used to quantify ~ The biostratigraphy of the high-latitude Cretaceous sedi-
the GDGTs with 1-4 cyclopentane moieties and calculate thenents is not unambiguous because the ranges of critical taxa
TEXgg values following Schouten et al. (2002). These valuesare imperfectly known and certain key stage boundaries are
were converted to sea-surface temperature (SST) accordingot yet rigorously defined. The organic-rich section of ODP

to the equation of Kim et al. (2010): Site 693 (Fig. 2) has yielded planktonic foraminifera of prob-
able late Aptian age (Leckie, 1990); nannofossil data suggest
SST=1684x log(TEXge) +38.6 (1) the presence of the uppermost Aptian to lowermost Albian

This calibration, based on analysis of 426 core-top Sam_mterval, with a stage boundary tentatively fixed at around

ples and satellite-derived sea-surface temperatures averagd'é3 mbsf, although the boundary would be placed higher in

. . ) o : % section on some biostratigraphic criteria (Mutterlose and
over 10yr, is applicable for regions yielding SST eStlmateSWise, 1990; Mutterlose et al., 2009).

>15°C, which is the case for the studied sections. The ma-
jority of samples were analysed in duplicate and replicate
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Fig. 1. Map of the mid-Cretaceous world, showing the locations of Site 511 on the Falkland Plateau, Site 693 on the Antarctic shelf, and
Site 766 (location includes adjacent Sites 762 and 763) on the Exmouth Plateau, western Australia. Reconstructions after Smith et al. (1981)
Mutterlose et al. (2009), O’Connell (1990), Bralower et al. (1994), and Clarke and Jenkyns (1999).

For Site 511, nannofossil biostratigraphy suggests theat 508-513 mbsf on the basis of nannofossil and ammonite
presence of the uppermost Callovian, Oxfordian andbiostratigraphy (Jeletzky, 1983; Bralower et al., 1993). How-
Kimmeridgian—Tithonian stages, an interpretation that isever, planktonic foraminiferal faunas fix the boundary be-
broadly supported by biostratigraphic determinations of mol-tween the Aptian and Albian stages-a486 mbsf (Huber et
luscan faunas (Jeletzky, 1983) and strontium-isotope ratiosl., 1995), although some authors, using nannofossil dating,
from belemnites that, when compared with the global ref-have put the contact lower in the section, between 500 and
erence curve, suggest the presence of all four stages (Pric&l0 mbsf (Basov et al., 1983; Bralower et al., 1993). A gen-
and Gicke, 2002). There is no unequivocal nannofossil ev-eralized “best fit” stratigraphy, utilizing available biostrati-
idence for the presence of the Berriasian, Valanginian andyraphic and Sr-isotope data, is utilized in Fig. 3.

Hauterivian stages, which implies the presence of a major

hiatus within the black shales without any obvious sedimen-

tary expression (Wise, 1983) Whether this putative hiatu54 TOC and Organic Carbon-isotope curves from ODP

is a function of non-deposition or due to large-scale removal  Sjte 693A and DSDP Site 511

of sediment by slumping is unresolved. However, strontium-

isotope ratios give values that suggest that the Hauteriviamhe total organic-carbon (TOC) curve from Site 693A in
and possibly the Valanginian are represented at this site, ahe Weddell Sea is unremarkable, indicating values generally
least by those belemnites yielding age-significant geochemtower than 1.5 % over the interval analysed and, apart from
ical data (Price and ®cke, 2002). The Barremian and peak values at-456 mbsf, shows a decreasing trend towards
Aptian intervals are recognized by characteristic planktonicthe top of the interval (Fig. 2). TOC values for the Lower
foraminiferal faunas (Krasheninnikov and Basov, 1983) andCretaceous dark shales and mudstones of this site average
nannofossil data have been used to fix the boundary between2 59, (O’Connell, 1990). In the lower part of the inves-
the stages at-555mbsf (Bralower et al., 1994), an age- tigated sections3Corg values track close te-27 %o before
assignment that is at odds with that derived from strontium-rising to—22 %o and then drop back te —25 %.. This range
isotope dating that indicates a Hauterivian—Barremian agef values is typical for organic matter in Aptian—Albian black
as high as 524 mbsf in the core (Price and¢ke, 2002).  shales in Europe (Menegatti et al., 1998). Given the number
The boundary between the lower and upper Aptian is fixedof positive and negative excursions in the Aptian and Albian,
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Fig. 2. Geochemical and palaeotemperature data from ODP Site 693 on the Antarctic shelf. Total Organic Carbon (TOC) values mostly lie
in the 0.5-1.5wt % range; the carbon-isotope values, including the positive excursion, are compatible with the biostratigraphically assigned
Aptian-Albian age. Palaeotemperature data, determined using the Kim et al. (2010) calibration, suggest sea-surface temperatures mostly ir
the 24-28C range. Approximate absolute ages after the time scale of Ogg et al. (2008).

as recorded iB13C carbonate from the Vocontian Trough, 5 Middle Jurassic—Early Cretaceous marine
south-east France, the isotopic curve from Site 693A has lit- sea-surface temperatures in the Southern Ocean
tle chemostratigraphic significance, although both negative

and positive excursions do occur close to the stage boundaryexXge-derived sea-surface temperatures for the continen-
in the French section (Herrle et al., 2004). tal slope off Antarctica (Site 693A), around Aptian—Albian

TOC values for Site 551 are typically in the 2-6 % range poundary time, fall in the range 24—-28 and suggest a
for the majority of samples over the uppermost Jurassic-warming trend into the early Albian (Fig. 2).

lowest Cretaceous interval (Fig. 3), dropping abruptly to val- - the gata from the Falkland Plateau (Site 511) give the first

ues close to zero around the boundary of the lower and uprgy . nalaeotemperature record from the Jurassic and sug-
per Aptian; the organic matter has a relatively high hydro-gest values in the range 26-3D, with an overall warming

gen index (200-600 mg hydrocarbons per g organic Carbon)trend, for the latter part of this Period (Fig. 3). Such a general

indicating that it is dominantly marine in nature (Deroo et . iming trend fits with the overall decline in oxygen-isotope
al., 1983), as borne out by biomarker analysis, which revealg s in Upper Jurassic belemnites and oysters from Europe
high abundances clfasteranes and lycopane. Over the samg, | py;ssia (Jenkyns et al., 2002: Dera et al., 2011) and paly-
Mesozoic interval5™“Corg values are typically in the range ,nical evidence from the North Sea (Abbink et al., 2001).

—30 10 —28 %o, rising into an irregular positivg excgrsion. Conversely, the Cretaceous section, over the Hauterivian—
close to the lower-upper Aptian boundary, as fixed l:)'Os‘tr""t"Early Aptian interval, shows an overall cooling trend over a

graphically by nannofossils and ammonites (Jeletzky, 1983i:|osely similar temperature range (3029, a pattern also
Bralower et al., 1993), with a peak value 6fL8.5 %.. By

. . : ) : registered in theé180 ratios of fish teeth from France and
comparison with European sections in Italy and SW'tzerland’SWitzerland (Pugat et al., 2003). Comparison with Site 693

tE'S Isotopic S|gnatl;]re IS chare.lgtensr?.c (;);Pthe middie Eart Ofover the late Aptian interval suggests that sea-surface tem-
the Aptian stage where a positive Shiftd’Corg Of 67 %o peratures were some°€ warmer at the Falkland Plateau

is observed (Menegatti et al., 1998). Biostratigraphy andinan off Antarctica, in line with assumed palaeolatitudes of

carbon-isotope stratigraphy are hence in agreement. the sites. Although the TE% temperature estimates carry
some uncertainty due to calibration errors (5 Kim et al.,
2010), potential seasonal biases (e.g. towards summer in high
latitudes; discussion in Sluijs et al., 2006) and depth habi-
tat (e.g. towards thermocline temperatures; Lopes dos Santos
et al., 2010), these data indicate that, in the Late Jurassic

Clim. Past, 8, 215226, 2012 www.clim-past.net/8/215/2012/
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Fig. 3. Geochemical and palaeotemperature data from DSDP Site 511 on the Falkland Plateau. TOC data after Deroo et al. (1983); belemnite
8180 palaeotemperature determinations after Price arittk@&r (2002); TEXg palaeotemperatures derived from the equation of Kim et

al. (2010). Biostratigraphy after numerous sources (see text) integrated with strontium-isotope stratigraphy (Pridelen@@?2). The

relatively low values 0813 Corg passing to relatively high values in the higher parts of the cored section are characteristic of the Aptian
stage. The position of the sediments recording the OAE (Fig. 4) is fixed by biostratigraphy (Bralower et al., 1993), as well as by the carbon-
isotope curve (negative to positive excursion) and the stratigraphic pattern of enrichment in organic carbon, which shows a dramatic fall in
the 520-510 mbsf level. The Jurassic part of the section displays an overall warming trend, the Cretaceous part of the section an overall
cooling trend; the estimated temperature change across the thermocline is similar through both intervals. Approximate absolute ages aftel
the time scale of Ogg et al. (2008): given points are based on the Callovian-Oxfordian boundary and the early Aptian OAE.

to Early Cretaceous interval, the Southern Hemisphere wa$ Reconstruction of the Jurassic—Cretaceous
likely enjoying a tropical to sub-tropical climate that ex- thermocline in the Southern Oceans
tended to high latitudes. Indeed, oxygen-isotope data from
well-preserved glassy planktonic foraminifers in the Turo- gecause Site 511 offers a rich macrofossil assemblage,
nian of the Falkland Plateau indicate that unusually high S€aincluding ammonites, bivalves and belemnites (Jeletzky,
water temperatures (30-3€) persisted into the Late Creta- 1983), palaeotemperature data can be extracted from the
ceous (Bice et al., 2003). oxygen-isotope ratios of the skeletal carbonate. The oxygen-
Given that mid- to late Cretaceous palaeotemperaturegsotope data from belemnites, however, must represent tem-
from the Arctic Ocean have been estimated to exce€€20  peratyres below the thermocline, since in one critical Maas-
based on TEX¥s-derived data from a lower Maastrichtian {richtian (uppermost Cretaceous) outcrop on the Antarctic
black shale (Jenkyns et al., 2004), itis difficult to see how thepeninsula, where these fossils co-exist with benthic and
Cretaceous world could have hosted appreciable amounts Qfjanktonic foraminifera, thes’80 values of the molluscs
ice, unless it was stored at high altitude on Antarctica and/olgyerjap with those of the bottom-dwelling microfossils (Dut-
other polar sites. ton et al., 2007). In another study of Callovian (Middle
Jurassic) claystones from southern Britain, 8480 values

www.clim-past.net/8/215/2012/ Clim. Past, 8, 21226, 2012
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Fig. 4. Detailed illustration of sea-surface palaeotemperature evolution for the Middle Jurassic—Lower Cretaceous section on the Falkland
Plateau (DSDP Site 511), using the equation of Kim et al. (2010). The evidence for drops in palaeotemperature in the late Callovian, early
Aptian (after the onset of the OAE) and late Aptian conforms to globally recognized patterns.

of belemnites were found to overlap with those of coexistingmarine surface waters: a value efl.5%. has been con-
benthonic bivalves (Anderson et al., 1994), similarly arguing sidered appropriate for the Cretaceous of Site 511 (Bice et
for the fact that belemnites do not record sea-surface or eveal., 2003), which would decrease temperatures~°C
mixed-layer temperatures, despite their long-term applicawith respect to those calculated using’@0 SMOW value
tion to marine Mesozoic palaeoclimatological studies (Ureyof —1 %.. Given the evidence, from North American pale-
etal., 1951; Lowenstam and Epstein, 1954). osol sphaerosiderites, for an accelerated Albian hydrological

Interpretation of belemnite habitat as relatively deep nek-CYcle With greater precipitation and cross-latitude oxygen-
tonic or nektobenthonic is critical as it bears directly on ISQtOPe fractionation than today (Ufnar et al., 2004), the
the $180 SMOW value of ambient seawater chosen for the®™ @ SMOW values of near-surface high-latitude marine wa-
palaeotemperature equation. The “canonieaPO value of ~ ters might well have been lower thanl.5%. However,

— 1%, SMOW for Jurassic—Cretaceous seawater (Shackletof1€S€ considerations would apply primarily to the lower den-

and Kennett, 1975) was used by Price anddge (2002) sity near-surface layers of the ocean influenced by mix-

to calculate palaeotemperatures from the belemnites fronind Of rainwater and seawater, and belemnites undoubtedly
Site 511. Adoption of 4180 SMOW value of 0, as in today's dwelled at greater depths. Hence, #180 SMOW value of

ocean, would warm such palaeotemperatures-ByC but —1 %o is deemed most appropriate for calculation of belem-
such a calculation is clearly not applicable to a world lacking nite palaeotemperatures, but the calculated values should be

substantial land-based polar ice. On the contrary, the presenfonsidered as maxima.
day evaporation-precipitation balance of the global ocean is Comparison of the reconstructed marine palaeotempera-
such as to lower thé80 SMOW values of high-latitude tures from belemnites with those determined from the gEX
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proxy allows the temperature drop across the thermocline t&& The early Aptian Oceanic Anoxic Event on the
be reconstructed. As shown in Fig. 3, the drop in temperature  Falkland Plateau
across the mixed layer was remarkably close t6Q4lur-
ing the entire Late Jurassic—Early Cretaceous interval on thd he early Aptian Oceanic Anoxic Event (OAEla or Selli
Falkland Plateau. The belemnite palaeotemperatures frorfrvent), defining a period of unusually widespread oxygen-
Site 511 are comparable to those determined from highdepleted waters accompanied by widespread deposition of
latitude Upper Jurassic and Lower Cretaceous sites in th&lack shales, has been recorded in all major ocean basins
Southern Hemisphere such as James Ross Island, Antarctié@chlanger and Jenkyns, 1976; Arthur et al., 1990; Jenkyns,
and western Australia, which give figures in the 102@¢5 2003, 2010). The record of the OAE has been identified at
range (Ditchfield et al., 1994; Pirrie et al., 1995). A verti- Site 511 on the Falkland Plateau on biostratigraphic grounds
cal thermal gradient of up to P£, based on Oxygen-isotope (Bralower et aI., 1994) Because organic-rich sediments
data of coexisting fossil fish and brachiopods, has also beefharacterize much of the section, isolating the interval af-
reconstructed from Middle to Upper Jurassic sediments fronfected by the OAE on lithological grounds alone is not im-
northern and southern France (Picard et al., 1998). mediately obvious. A defining characteristic of the OAE
Pa|ae0temperature offsets in the range %A %ased on in sections worldwide is the presence of a negative carbon-
TEXgs determinations (warmer) and belemnst®O values  isotope excursion followed by a positive excursion that ex-
(cooler), are similarly recorded from the Barremian sedi-tends into the late Aptian (Weissert and Lini, 1991; Jenkyns,
ments of north Germany (Mutteﬂose et al., 2010) Thesel995; Menegatti et al., 1998; Luciani et al., 2001; Bellanca
figures indicate the approximate level of increase needed t@t al., 2002; Malké et al., 2010). Typically, the positive
convert belemnite palaeotemperatures into sea-surface vad™>C excursion extends stratigraphically well above the most
ues. Such figures are considerably greater than the 262.5 organic-rich horizon, across which carbon-isotope values are
sea-bottom to sea-surface difference suggested by Zakhardglatively constant. The suggested level on the Falkland
et al. (2011), or 8C suggested by Moriya et al. (2003), for Plateau that records the early Aptian OAE, as fixed by bios-
Cretaceous ammonites, based on their assumed nektobetfatigraphy, TOC (note the dramatic drop in values passing
thonic ecology, but is in line with the relative depth habi- Up-section) and**Coq stratigraphy (Fig. 3), is illustrated
tat inferred for these two types of Cepha|opod' with belem- in Flg 4. The reconstructed palaeotemperatures at this site

nites typically inhabiting deeper, colder water (Anderson etrange between 26 and 26 during the OAE and indicate a
al., 1994). drop of ~3°C at the level where a relative maximum TOC

Because oxygen-isotope values from planktonicvalue is recorded. Although the early Aptian OAE represents

foraminifera are typically reset by recrystallization on an interval of relative warmth (Jenkyns, 2003), two cooling
the sea floor, hence producing spuriously low temperaturegpisodes of~4°C, based on TE¥s records, are recorded
(Pearson et al., 2001), benthonic foraminiferal recordsfrom Shatsky Rise in the north Pacific Ocean (ODP Site
are potentially more reliable indices of ambient condi- 1207) where temperatures range between 32 an€3bu-
tions. Basal Albian benthic foraminifera from Site 511 Mitrescu et al., 2006; recalculated using the calibration of
suggest sub-thermocline tempera[ures,\dfsoc (Fasse” Kim et al., 2010) the drops in temperature, assumed to be
and Bralower, 1999), in line with reconstructed belemnite global in nature, are attributed to drawdown of carbon diox-
palaeotemperatures established in the Barremian—Aptiaffle due to enhanced marine organic-carbon burial and con-
part of the core (Fig. 3). Th&l80 record of upper Aptian tinental weathering during the OAE (Jenkyns, 2010). Given
bulk and fine-fraction nannofossil carbonates cored fromthat the Shatsky Rise occupied a peri-equatorial position dur-
off western Australia (ODP Sites 762, 763, 766 (Fig. 1): ing the early Aptian, the Equator-to-pole sea-surface tem-
palaeolatitude-53-52 S) has yielded estimated palaeotem- perature gradient during the OAE wasl0°C or less. A
peratures as low as-12°C (Clarke and Jenkyns, 1999), drop in temperature of-3°C during the early phase of this
which suggests either that the nannofossils mostly inhabite@vent has been suggested for a mid-latitude site (southern
waters deeper than the thermocline and/or that sea-flooFrance), based on oxygen-isotope data from well-preserved
re-equilibration must have influenced this material as well. Pelagic limestones and marlstones (Kuhnt et al., 2011). A
There is no reason to think that sub-thermocline waterscooling event is also recorded in the early Aptian based
necessarily had an origin at the surface around Antarctica®n the oxygen-isotopic composition of enamel in fish teeth
more probably they reflect the typical temperature struc-from central and northern Europe (Rat et al., 2003). The

ture of a Mesozoic water column heated by insolation fromdifferent sedimentary archives, and the range of palaeolati-
above. tudes represented, underscore the global nature of this fall in

temperature.
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8 Evidence for Jurassic—Cretaceous “cold snaps” in do not illustrate any notable drop in temperature in the Late
the Southern Ocean Aptian, although such a phenomenon may not have been cap-
tured by the TEXs profile because the use of this proxy
The Callovian—Oxfordian boundary interval has been identi-is precluded by the lack of black shales extending into the
fied in Europe as a relatively cool interval, based on a num-Albian.
ber of independent criteria. Oxygen-isotope data from En- |n conclusion, although accumulation of ice at high alti-
glish and Russian belemnites indicate a drop in temperatur@ude on Antarctica or other polar regions cannot be ruled out
commencing in the latest Callovian (Jenkyns et al., 2002),and indeed can be successfully modelled (Donnadieu et al.,
as do sharks’ teeth from England, France and Switzerlang(11), there is an absence of critical evidence. As far as
(Lécuyer et al., 2003). Accompanying the proposed dropantarctica is concerned, the pre-Cenozoic elevation is poorly
in temperature<{7°C in Northern Hemisphere mid-latitudes known. Estimates of 500-1200 m have been suggested for
from shark-teeth data), there is evidence for simultaneous inthe Transantarctic Mountains, with most of the uplift having
vasion of boreal ammonite species into lower latitude zonegaken place since the Jurassic (Fitzgerald, 2002), but such an
and, because regional facies analysis suggests sea-level faltea of modest Mesozoic relief only represents a small por-
across the stage boundary, it has been suggested that thign of a very large continent. The fact remains that these
interval records build-up of continental polar ice (Dromart reconstructed warm high-latitude sea-surface palaeotemper-
et al, 2003). The TE¥ palaesotemperature data from the atures are difficult to reconcile with the notion of major “ice-

Falkland Plateau (Fig. 3) indicate an observed minimum ofhouse” interludes for a period extending ovet0 million yr
~25-26°C around Callovian—Oxfordian boundary time, fol- (Middle Jurassic to Early Cretaceous).

lowed by a 2—3 C rise. Because the lowest value lies close
to the base of the cored section, neither an absolute miniSuppIementary material related to this
mum nor an absolute rise in temperature can be determinegyrticle is available online at:
but clearly the TEXs data, even considering the uncertain- hitp://www.clim-past.net/8/215/2012/
ties in palaeotemperature estimates, are not compatible witgp-g-215-2012-supplement.pdf
glaciation at sea level on Antarctica and adjacent continents.
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