What do oyster shells tell us about paleoclimatology?
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The Problem

Stable isotope
geochemistry

0180 des carbonates

6180CaCO3 = f ( 618Owater & Twater )

Measured Unknown

(180/160 ) ech

6180CaCO3 =
(180/160 ) std
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The Problem

Paleoclimatic data from shallow water environments

o More sensitive to low amplitude climatic variations
o Access to seasonal temperature variations Continuous recording of the
seasonal temperature
variations
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The Problem

Paleoclimatic data from shallow water environments

Winter growth break

o More sensitive to low amplitude climatic variations

o Access to seasonal temperature variations
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The Problem

Paleoclimatic data from shallow water environments

"y _ L . What do mollusc shells really
o More sensitive to low amplitude climatic variations record?

o Access to seasonal temperature variations
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Modern calibration

o Oyster shells bred in a farming site in Normandy
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Modern calibration

Mn?** chemical markings date
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Calibration sur le réecent

Several in-vivo Mn2+ chemical marking of the shells

Date Historique Marquages

aout-04 Arcachon

28/01/05 Marais OK
01/02/05 BDV

09/02/05 BDV OK
24/02/05 BDV OK
09/05/05 BDV OK
21/07/05 BDV OK
15/09/05 BDV OK
17/10/05 BDV OK
15/11/05 BDV OK
31/01/06 BDV OK
15/03/06 BDV OK
15/05/06 BDV OK
27/06/06 BDV OK
10/08/06 BDV OK
22/09/06 BDV OK
07/11/06 BDV OK
28/11/06 BDV

15 markings in 2

Lartaud et al., 2010, GML years 4
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Modern calibration

Growth
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Modern calibration
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Sclerochronology

o Rythmicity and controlling parameters of oyster shell growth
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CL increment width

measured increment widths

A

Growth

156 )I( 79 increments in 44 days j‘ 77 increments in 43 days o
140 - o §&
3 s :
\8— 120 §V g
§ 100 - § g 3
£ 04Vg
I
S 601 \
% 40_
S LN
20
D
0 . | | | .
0 0.5 1 1.5 2 2.5
Distance (mm)
2 increments / day
Short-term ——  tidal
Huyghe et al., 2019, Marine Biology 6

Damien Huyghe - EGU - 05/26/22



=
o
k=,
o
c
O
e
L
O
O
b
o
O
7

o Rythmicity and controlling parameters of oyster shell growth
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Sclerochronology

o Rythmicity and controlling parameters of oyster shell growth
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Sclerochronology

o Rythmicity and controlling parameters of oyster shell growth
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Sclerochronology

o Rythmicity and controlling parameters of oyster shell growth

long-term ————  temperature N I I N L L L\ S S i
S QP ® @ e @ @@ @ AN
S > —>
50 dJuvenile Adult
Medium-term  ———  lunar :
> 160 - .
[ N
O 0
E 140 - -
Short-term —————  tidal =3 -
2120 @ -
= -
= : 25
= 100 - : i
= [ |
?, 80 - . 20
= U
o) . e
C 60 - o -15 @
© Y ) B
$ - 2
10- 3 + B
20 - ® o ¢ + ® + 5 g
0 2005 I 2006 0
JEImTAIM]IJsJAa]s[o[N]D[sJF[MTAIM]ITsA]s[Oo[N]D]

Huyghe et al., 2019, Marine Biology

Huyghe et al., 2019, Marine Biology

Damien Huyghe - EGU - 05/26/22



Geochemistry

o Implications for temperature reconstruction
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Geochemistry

o Uncertainty : 680y, unknown in the past

« 0180 of the carbonates o As7 of the carbonates
618OCaCO?: =f ( 618Owater & Twater ) A47 =f ( Twater )
measured unknown measured unknown

Magallana gigas Cubitostrea plicata Ostrea bellovacina
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Geochemistry: the As
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Geochemistry: the A4z
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Application to the past : the Bartonian of the Paris Basin

Oceanic domain Paris Basin

> . .
3 \\ oL ®®
‘ (Stage) 5 82 15 1 050 -05
= R s : _ | l l l o
8 . CNET Temperature (°C)
W=y — - C17|CNET6| _
= — 40} — 10 15 20 25 30 35 40
Crochet d’huire observé en cathodoluminescence o — = L 1 1
== Sampling 60 1am + Sampling §'*0 k_m O Sampling 60 SOO_pm —_— C <
Sampling A, . . Sampling A,, . . . O CNE15
Bicorbula gallica Turritella sulcifera Crassostrea cucullaris - +’ c18
Le Guépelle Chavencon Le Guépelle 40 — ©
Sables du Guépelle Horizon de Mt St-Martin Sables de Beauchamp _ o
—e— 05"0 Growth Growth ] 41 03 ©
__6_A 51 52 :3 G e o T |CNE14| §
. (o5 g © - C19 =
Py = —
. = o 1o CNE13
. S —
vrre 8L1e(:\g1tft(1c‘:'n;618 0= Hinge Lenght (mm) < m CNE12
4 O
9| &
— CNE11
L 1.2 []c20
] )
)
o 45— = cNEf0| &
o Summer temperature ~ 37 °C il 1 8 R N
O Wlﬂter temperature ~ 20 OC = CNES T T T T T 1
_ 10 15 20 25 30 35 40
i _ Co1 CNE8| I
o Increase of the seasonal gradient of temperature P e 2
o ! | !
modified from Gradstein et al., 2020 8 1 2

and westerold et al., 2020

Mean temperature
Marlot et al., 2022 - EGU  different to today (°C)

15

Damien Huyghe - EGU - 05/26/22



Conclusions

o Oyster shells growth obeys to: = Tidal cycles
- Lunar
- Seasonal

o Oyster mineralize their shell all along the year

o Seasonal variations of temperature can be reconstructed from 0180 and As7
measurements of oyster shells

o The juvenile phase follows biological control tactors inducing isotopic fractionation
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