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Is “C-AMS analysis of phytoliths a suitable dating tool ?
B 3 1 A‘OB 1 Rémi Corbineau*’, Guaciara M. Santos’, Anne Alexandre’, Paul E. Reyerson*

Material and Methods AV Results

Introduction

Two phytolith extraction protocols leading to purity 100%

Phytoliths are micrometric amorphous silica 1-“ g

. o Evaluation of phytolith extraction protocols commonly used
particles that form in living plant cells.
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Protocol 1 Protocol 2

Fossil phytolith assemblages are used as

vegetation, climate, and archaeobotanical =D hi t 500°C Acid digestion (H,SO,, H,0,, HNO,, KCIO,, KOH). Dry ashing (500°C) + acid digestion (HNO,, HCIO,, H,0,).
indicators ry ashing a. - @ e . (Combined from Kelly 1999, Piperno 2006, Prior 2005) (Combined from Kelly 1999, Parr et al. 2001, Piperno 2006).
' = Microwave digestion (b) = Wet oxidation using H,SO,+H,0O, y , FIP , :
Quantification of phytoliths helps to assess the Parr et al. 2001 Gy el TRED
global biogeochemical cylcle of silicon. SEM images and EDS analysis of phy’fc_)Iiths (high peak of Si). . SEM images and EDS analysis
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Carbon (phytC) can be trapped during phytolith
formation and represents less than 2% by dry *““™"™" qy5icq) phytolith structures
weight. found in grass leaf tissues.

Radiocarbon dating of phytC is immediatly attractive because phytC is fully protected
from oxidizing environments (wilding 1967). Therefore, it would contribute to obtaining
new absolute chronologies and would bring new insights on the global silicon cycle.

Sl BT e 8 22 Y SEM-EDS analysis of (a) phytoliths (high peaks of Si)
Optical microscopic images from Parr et al. 2001.  and support, and (b) organic particle (high peak of C).

Organic matter (OM) still remai N Al\ I o s
. - - - rganic matter still remains. |
State of the art: phytC investigations g B 0 o o
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Chemical composition -sugars Set up of new phytolith extraction protocols - Au A " \ Al -,{‘ Ity
GC-MS ~ pronie acia | LT LA MC'{ RPN W o JU Y L 58
- - - | | S \arar? f sl BN | LT Agman W R Thata e Lt Lwnand ¥ W B AN it LR U S
Perry et al. 1987, Pironon et al. 2007, » - lignin O AU S, Ol A e ol G S U O i s gy
Smith and Anderson 2001. - proteins L i i i
L erls 1. Combination of published extraction protocols. A J\ Pd
P ) _ (Geiss 1978, Kelly et al. 1999, Parr et al. 2001, Prior 2005, Piperno 2006) - Le A b
- aromatic hydrocarbons (if heated at 400°C) Phytoliths are partly dissolved. ' - :

Raman spectroscopy » - aliphatic compounds

Pironon et al. 2001. - graphite or coal (if heated at 400°C) 2. Checking for potential sources of old C contaminant:

1. All particles analysed by EDS are siliceous.

Protein stains + PCR 2. No Ca was analyzed.

Elb t al. 2009 - glycoproteins but no DNA - Phytoliths samples extracted in two different laboratories.
aum et al. .

(UW-Madison and CEREGE).

03C signature Direct *C-AMS dating - 4C-AMS analysis of a sample of “C free SiO, powder subjected to the phytolith
extraction procedure as a BLANK.

Attempts were made to use phytC 8"C 1. Attempts to obtain absolute 14C Values ObtaiHEd fOr the FACE Samples

\YAl Discussion - Conclusions - Perspectives

signatures as C3/C4 plant proxies using chronologies (e.g. comparaison “C-AMS phytC/TL - 1“C-AMS analysis of laboratories ambient air.
IR-MS (Kelly et al. 1991, Mclaran and Umlauf 2000, Smith N tephra) (Kelly et al. 1991, Mulholland and Prior 1993,
and White 2004, Webb and Longstaffe 2010). Mclaran and (Jmlauf 2000, Piperno and Stothert 2003, Prior . | - . .
et al. 2005, Rieser et al. 2007). 3. Checking for samples purity: SEM-EDS. o 8E FACE/3.2.2 (control) 8E FACE BULK While phytC is commonly assumed to originate from plant tissues and/or photosynthesis, these
. 7E FACE/3.2.2 (enriched) 7E EACE BULK preliminary results suggest that phytC from the FACE grasses may come from a similar
‘ ‘ soil source.
. - . 1.110 £ | . . -
Z T Inexplicably old values/Inverted chronologies. Application to FACE grass samples 050 £ Bulk plant tissue from 8E FACE: These results will soon be confirmed or infirmed by :
s| - O ' : Modern
C; avg.=25.1%0 = C, avg.==12.2%0 0.990 + 14 . . . .
A = ] 2. Measurements of PhytC from modern Phytolith samples were obtained from harvested Sorghum bicolor (a C4 silicon accumulator) = 0.930 + T | = anaysis of FAGE samples exiracted using the same exiraction protocols in a
3t == - plants (Santos et al. 2010). YIVUL Samb . . S . . . o =1 T PhytC concentrates from 7E FACE and 8E FACE: different lab (lab 2: UW).
7 L. == il grown within a FACE (Free-Air CO, Enrichment) experiment at Maricopa, Arizona, during o 0.870 + . 1.175+-280 vrs BP
(JESEEEIENEEREE=== NENES NN 1 - Backrground assessments (BLANK) known ™C and 5"C values. S 0.750 ] 3 | |
B SR R - - Accuracy tests (<1%) = ‘ i Sl ket s e TS [245IS 14C analysis of phytC from grass planters fed by nutrients with differents §'*C and
; UEPENNPRUINUNN . NNNNNNNININE S - Replication tests Sorghum was exposed to fossil CO, (dead or "“C-free) during a full growing season in one hand c 0690 ¢ 3,580+-10 yrs BP 4C values.
Phytoliths : 3 ' (7E FACE), and to modern CO, (modern-air) in the other hand (8E FACE). Soils are the same. WL 0630 f :
C; avg.=30.4%o i C, avg.=-21.2%o 3 : | . . . )
o 2T 58 - 18 0.570 s The unexpected radiocarbon values of phytC highlight that "*C-AMS of phytoliths may not
o) = 0 . - = . agge . a0
- = 9.0% | | 3 Grass from rural area in Madison, USA 0.001 0-013_ ( )0-1 1 10 be a suitable dating tool but brings new thrilling questions on plants nutrition and the related
% --------------- QJ = n Ize mg .
1 = I Bulk plant - Modern (n 2) 14 - SOII Carbon C Cle.
] Amosphans G, mmmmb. Moo et C-AMS target preparation and measurement y
§_ phytC WP 5,040 +- 560 (n=1) yrs BP “C-AMS measurements of 7E FACE and 8E FACE
0 — LLLLL Ll L] @ i (bulk plant t|Ssue and phth for each Sample) Bremond L, Alexandre A, Hély C, Guiot J. 2005. A phytolith index as a proxy of tree cover density in tropical areas: Calibrationwith Leaf Area Index along a forest-savanna transect in southeastern Cameroon. Global and
s > 0 - ) " 0 K § BU|k plant tlssues are mOdern ; EIbaumpzniﬂtzgr:s:gees:li?Zzii.ross N, Levy AA, Weiner S. 2009. New methods to isolate organic materials from silicified phytoliths reveal fragmented glycoproteins but no DNA. Quaternary International
8"°C (%0 vPDB) A 50-300mg of phytO"thS and S|02 were. 193(1-2)1-9. ' , ’ S .
i . c o . H H H H Kelly E, Amundson R, Marino BD, Deniro M. 1991. Stable isotope ratios of carbon in phytoliths as a quantitative method of monitoring vegetation and climate change. Quaternary Research 35(2):222—-33.
PhytO“th 813C Va|UeS are mOI’e negatIVe Phth always ylelds ages Of Several - baked at 160 C before evacuatlon’ 1' Egot,oaslxre‘thdeljselzetg bflélé(s?llagtotlsﬁraes"frroerlrlaEEeFAtoCEssEamFRICeEShCo;Nr]strdoIIStlr;(o:: McC))lIaran MP, Umlauf M. 2000. Desert grassland dynamics estﬁnated from carbon iscr:topes in grassqphytoliths and soil organic matt:r. J(?urnalofVegetation Scien?:e11(1):71—g
o 1 1 1 1 Mulholland SC, Prior CA. 1993. AMS radiocarbon dating of phytoliths. In: Pearsall DM, Piperno DR, editors. Current Research in Phytolith Analysis: Applications in Archaeology and Paleoecology. MASCA Research
than graSS Ce”U|OSG 613C Va|UeS thousand years (from 21280 BP to 8a040 BP) - CombUSted at 900 C In quartz tUbe Wlth CUO and Sllver ere b- t d t d o CO 2 g p Papers in Science and Archaeology 10. PhiIadeIShia:pUr):itversity Museum ofArchach))IogyandAnthropoIogy, UniversityofPenn}:yIvania, 2{-3. i ” ”
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agm . . . - Meunier JD, Colin F, editors. Phytoliths: Applications in Earth Sciences and Human History. Lisse: A.A. Balkema Publishers. p 329-41.
- - Graphltlzatlon: Hydrogen redUCtIOn Wlth Fe pOWder aS CatalySt (SantOS et a/. 2004) those Of atmOSpherlc and tagged COZ- Prior CA, Carter JA, Rieser U. 2tOOS. Ar):phtytolit:fadioi:arbon dat,;s reliable? Poster presentettj;):the 10th International ConferenceponAcceIerator Mass Spectrometry, Berkeley, USA, September 2005.
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