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encrusted boulders and hummocks, and with oysters forming banks
along the shoreline ( Surlyk and Sørensen, 2010; Sørensen et al., 2012 ).

2.1.2. Maltesholm
The locality is an abandoned limestone quarry adjacent to the north-

ern margin of the Linderödsåsen horst ( Fig. 1 ; Christensen, 1975;
Sandström, 2001 ). The uppermost lower Campanian succession consists
of skeletal sandstones with abundant fragments of rudists, calcareous
algae and belemnites, and few other fossil remains. The locality repre-
sents the deeper, more open coastal waters of the overall shallow basin.

2.1.3. Åsen
The locality is an abandoned clay pit, presently used as a refuse

dump, situated at the northern margin of the Kristianstad Basin
( Fig. 1 ). The uppermost lower Campanian marine succession consists
of unconsolidated quartz-sand. The sediment was deposited in a shel-
tered coastal environment, presumably with murky waters ( Sørensen
et al., 2013 ). A fluvial system was probably located nearby indicated
by the topography of the basement rock (i.e., the Höljeån valley) and
the presence of early Campanian fluvial sediments underlying the
marine sediments, ( Friis and Skarby, 1981; Rees, 1999 ).
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Fig. 1. A: Palaeogeographical map of northern Europe during the Late Cretaceous. The lo-
cation of the Campanian Kristianstad Basin is indicated by an asterix, based on Ziegler
(1990) and Surlyk and Sørensen (2010) . B: Onshore extent of Late Cretaceous sediments
from the Kristianstad Basin, based on Norling and Bergström (1987) .
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Late Cretaceous coarse, skeletal carbonate gravels of the Kristianstad Basin 
(Sweden) were deposited in a shallow marine setting at mid-high latitudes of 
the NW European epicontinental Chalk Sea (50°N) under the influence of a 
warm temperate to subtropical climate (Sørensen et al., 2015). Sediments of 
the Kristianstad Basin were dated using strontium isotope dating and 
belemnite biostratigraphy (B. mammillatus zone, ~78 Ma). Inter-species 
variability in the chemistry of fossil belemnite (Belemnellocamax 
mammillatus), rudist and oyster (Acurostrea incurva and Rastellum 
diluvianum) shells in this setting was studied. A detailed geochemical study of 
an assemblage of R. diluvianum shells of varying ontogenetic age showed 
that the marine fauna of Kristianstad Basin is exceptionally well preserved 
and records seasonal changes in paleoenvironment. The present study 
expands on this work by applying new methods to accurately reconstruct 
temperature seasonality in oyster and rudist shells using microsampled 
clumped isotope thermometry measurements. Results of this study shed light 
on the use of this new technique on Late Cretaceous bivalve shells to 
reconstruct absolute temperature seasonality during greenhouse climates.
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Multi-proxy records combined with growth modelling shows that shells of 
Rastellum diluvianum record season changes in stable oxygen isotope 
composition. These regular changes allow very detailed growth modelling 
that can be used to reconstruct the organisms paleoenvironment and life 
cycle (de Winter et al., in review). However, changes in oxygen isotope 
composition can be related to both changes in sea water composition and 
temperature.

We need an independent measure for temperature to confidently 
resolve temperature seasonality.
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Methods
Trace element analyses

MicroX-Ray Fluorescence (µXRF)
Bruker M4 Tornado

ICP-OES
7000 DV Perkin Elmer

LA-ICP-MS
Analyte G2 + Thermo X2

to plasma

Stable isotope analyses

Isotope ratio mass
spectrometry (IRMS) 

NuPerspective

Carbonate Clumped
Isotope analysis (CCI)

Thermo MAT253+

Results

Bivalve growth modelling

high-resolution
oxygen isotope profiles

Judd et al., 2018

Microscopic observations

Scanning Electron Microscopy
Quanta 200 ESEM

µXRF mapping
Bruker M4 Tornado

Sampling small samples 
for clumped isotope 
analysis in growth 

direction along the shell 
of Rastellum diluvianum 
to isolate temperature 

seasonality.
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) Reproducibility of independently sampled 

and measured stable oxygen isotope data 
(measured at VUB and Utrecht 
University).

Seasonal cyclicity in oxygen isotopes 
used to pool data voor accurate 
seasonal temperature reconstructions 
using a sliding window on data ordered by 
stable oxygen isotope value.
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Discussion

Low latitude (10°N - 30°N)
temperature seasonality

Steuber et al., 2005

Reconstructions in the context of long-term climate change

High latitude (50°N)
temperature seasonality

(this study)

Absolute temperature seasonality reconstructions shed light on 
latitudinal changes and improve temperature reconstructions 
and climate models
Next step is to apply this technique on other species to assess 
the reproducibility of reconstructions:

R. diluvianum A. incurvaRudists
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