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Pleistocene palaeotemperatures?

ROYAL E. Peneycad'*, |. Candy’, D. Schreve’ NERC

HOLLOWAY
'Centre for Quaternary Research, Department of Geography, Royal Holloway University of London, Egham, Surrey, TW20 OEX, United Kingdom

*Corresponding author: Elizabeth.Peneycad.2010@live.rhul.ac.uk

Introduction 3 Methods & Study sites 5 Pleistocene temperature reconstructions
e §'80 of terrestrial carbonates provides valuable evidence of climate change Modern 8®Ort - §"® 0Omw relationship s Key West Runton Temperature (°C)
Modern rodent
HYT : : y 1 . East Yorkshire © sampling site . e . 0 5 10 15 20 25 30 35
e Deriving quantitative temperature estimates is often problematic e 3 UK study sites: % o samping e e Mean §'0 of water vole (Mimomys savini) 35 D
e 50 of carbonate (6'0c) reflects: . sampling site - ' 18 ]
1) 60 of th ( . | c wat (5" 0mu) 1) Somerset, 2) Surrey, 3) Yorkshire a Plsocns teeth (n=12) coupled with mear;& O of s 40-
(@) e meteoric water source mw . . ISC| ] = .
) T t t mineralization (T} e 104 vole (Microtus agrestis) teeth Valvata piscinalis shells (n=139) O -45-
m I I Mmineraliz N -
emperature 4 crallzatio analysed West e Mean calculated temperature =16.2 £2.1°C E 50"
e Unless §"®*0Omw can be reconstructed, temperature cannot be calculated 18 . : Runton , _ > :
* 670 of water obtained from new e Calculated temperature consistent with 8 55°
: 18 . . g ]
e Coupling 6'°0 values of rodent teeth and mollusc shell carbonates can isotope analyses (Somerset) and existing beetle-based mean summer temperature 9: £.0-
: . . 5. . . Q § 4
potentially address this problem published datasets (Surrey®; East Marsworth estimates for the site®: 2 c: 8 West Runton
e Approach has not yet been applied to reconstructing Pleistocene temperatures’ Yorkshire®) R L . S . /" Mean 6% of shell aragonite:
18 18 Somerset e MCR TMAX = 16-18°C @) -7.0 - i 5.55 £ 0.12 %o (VPDB)
e Average 6'°Ortand 6'°Omw used to O Surrey 3 . o
. . _ Wells W -7.5° A Mean summer temperature:
generate modern fractionation equation 50 km Marsworth : 16.2 £ 2.1°C
o -8.0 - L
I
Rationale : : e Analysed Galba truncatula shells indicate c 5 10 15 20 25 30 35
Plelstocenereconstructlons ] ] 18 _3.5_||||I||||I|||||||||I||||||/|//|/||||||
e 50 of moll hell = 5§80 of 4 envi " N _ _ . _ o evaporation of meteoric water source: 6'°O :
OT moliusc shell = ot water and environmental temperature e Fossil vole teeth and shells analysed from 2 Middle Pleistocene interglacial sites: d §3C val Hval lated (R2=0.57) = 40°
S180 of rodent tooth = 80 of water and constant bodv t t an values positively correlated (R*=0.57) T -
® OoT rodent tootn = OT water and constan oay temperature : : . 4.5
) 1) West.Runton, Norfolk | 2) I\/Iarswor’g?, Buck1|8nghamsh|re | e Mean 8™0 of vole (Microtus sp.) teeth C§> E
- N e 60 of meteoric water calculated using modern 6"°Ort- 6'°*Omw relationship (n=20) coupled with minimum &0 of shell 7 -5.0;
/ CLIMATE e §'0mw combined with 6§80 of shells to estimate mean summer palaeotemperature’: v culated t 1494 6c 85
o ® - ° -— ° - u
/ N < T(°C)=21.36-4.83 5180aragonite — 8'80water ean calculated temperature ~ &N
+. -6.0-
e Calculated temperature consistent, within % YT Marsworth
uncertainties, with beetle-based summer S - Minimum ™0 of shell aragonite:
: 10. o /.0- -4.85 + 0.09 %o (VPDB)
temperature estimates’™: 00 .
4 ) 0 -7.5° Mean summer temperature:
METEORIC WATER MCR TMAX — 15_170C - ///,’ 14.2 £ 2.6°C
6180 8.0°
mw
8 A _ . . .
S Reconstructed temperatures are statistically equivalent to published palaeotemperature
)
g N S estimates
sl (.
E| [ SURFACE WATER | VEGETATION |
2 o N Conclusions & Further work
g mixin Top right: Mimomys savini tooth
= 8 ESISSSL aee st vesssE. Bottom I‘Ight Valvata picinalis . . . . 18
o Drinki Section at West Runton e Strong linear relationship exists between the average 6'°0 of rodent tooth carbonate and
rinking Food | shell .
E \G ROUNDWATER ) water water (Photo courtesy of Professor Jim Rose) average 6'®0 of local meteoric water
A . ] ] e Coupling the 60 values of rodent teeth and mollusc shells generates accurate mean
mmer palaeotemperature estimates
Source water 680 i i Body . . . . su
gwater . . . .
5'80,, temperature MOdern fractlonatlon r6|al‘IOnShlp e This approach can potentially be applied to other Quaternary sites across Europe
(37°C) 4, T e Analyses are being undertaken on additional modern rodent teeth from the UK to improve
] o Somerset --- 95% confidence . . . . .
— | e surey (Bootstrap: N=1999) * Strong linear correlation between the robustness of the modern fractionation equation
2 c @ East Yorkshire —— Inter-quartile.ra.nge (5'80rt) median 5180rt and mean 6180mw
S ] Standard deviation (6 0mw) . . . . o
3 e Slope of calibration line (1.31) is similar
< ¢ to published fractionation equations for Acknowledgements | |
"q'; ] This research was funded by the Natural Environment Research Council (UK).
g the 60 of rodent tooth phosphate References
-IE (1 14)2,4 1. Grimes, S. T., Mattey, D. P,, Collinson, M. E. & Hooker, J. J. Using mammal tooth phosphate with freshwater carbonate and phosphate palaeoproxies to obtain mean
1 = ] . paleotemperatures. Quat. Sci. Rev. 23, 967-976 (2004).
MO"USC She" aragonlte ROdent tOOth carbonate § / ] . . 2. Longinelli, A., lacumin, P., Davanzo, S. & Nikolaev, V. Modern reindeer and mice: revised phosphate—water isotope equations. Earth Planet. Sci. Lett. 214, 491-498 (2003).
5180ms 5180rt - . o RObUSt mOdern rEIatlonShlp enables 3. Navarro, N., Lécuyer, C., Montuire, S., Langlois, C. & Martineau, F. Oxygen isotope compositions of phosphate from arvicoline teeth and Quaternary climatic changes, Gigny, French
r 18 Jura. Quat. Res. 62, 172—182 (2004).
©._8 paSt 6 Omw tO be CaICUIatEd 4. Royer, A. et al. What does the oxygen isotope composition of rodent teeth record? Earth Planet. Sci. Lett. 361, 258-271 (2013).
. . oc,o . 5. Darling, W. G. & Bowes, M. J. A long-term study of stable isotopes as tracers of processes governing water flow and quality in a lowland river basin: The upper Thames, UK. Hydrol.
e 50 of rodent teeth can be used to infer 6'®0 of meteoric water o Process. 30, 2178-2195 (2016).
18 . . . 18 . c 6. Brown, T., Bradley, C., Grapes, T. & Boomer, |. Hydrological assessment of Star Carr and the Hertford catchment, Yorkshire, UK. J. Wetl. Archaeol. 11, 36-55 (2011).
[ 6 O Of meteoric water can be COmb|ned W|th 6 O Of She” aragOnlte to Ca|CU|ate 8 -9 - 6180rt =1 27(+0 10)6180mw +1 02(+0 67) :/.IWhiSte, R., Denf;s,1Pélél§c2A§I;i2;o(rl1,919'.9IE)xperimentalcaIibration and field investigation of the oxygen isotopic fractionation between biogenic aragonite and water. Rapid Commun.
| — o LI U N . -—WJe ass Spectrom. 13, - .
mean summer tem peratu re = 2 8. Shell data sourced from RHUL BSc and MSc Dissertations by Siwan Davies and Caroline Juby, and Davies, S.M., Rose, J., Branch, N.P., Candy, I., 2000. West Runton (TG188 432 & TG
. . . . . . 18 1 R - 0.99 185 432). Pre-glacial Freshwater Muds and Coastal Sands and Gravels. In S. G. Lewis, C. A. Whiteman, & R. C. Preece, eds. The Quaternary of Norfolk and Suffolk Field Guide,
e Quantification and validation of the relationship between 6'°O of rodent teeth 10— Quaternary Research Association, pp. 61-65.
18 . . . 2-4 -9 -8 7 -6 -5 -4 9. Coope, G. R. Coleoptera from the Cro‘merian Type Site at Wes't Ru.nton, Norfolk, England. Quat. Int. 228, 4652 (2010). . ' -
and 6 O Of meteoric water Is reqUIred Mean 5180 of local meteoric water (%o VSMOW) igég/l_ulr;gg,(lz.olzﬁt al. A late Middle Pleistocene temperate-periglacial-temperate sequence (Oxygen Isotope Stages 7-5e) near Marsworth, Buckinghamshire, UK. Quat. Sci. Rev. 20,




