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SUPPLEMENTARY TABLE 1. Purity of heavy liquid (phytolith) yields estimated by comparing relative abundances of different types of 
phytoliths, other biogenic silica, and non-biogenic silica.  

TABLE 1A. Heavy liquid yield (dry weight) expressed as (mass extract)/(mass sample) (%), and numeric (unweighted) 
composition of heavy liquid yields expressed as proportion (%) in number of particles of different origin.  
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TABLE 1B. Volumetrically weighted composition (%) of heavy liquid yields. See text for explanation.  

1 DIP  =  diagnostic phytoliths; NDG  =  non-diagnostic (potential) grass phytoliths (e.g., cuneiform bulliforms, elongate sinuous, echinate, and dendritic, 
acicular hair cells); NDO  =  non-diagnostic phytoliths; OB  =  other biosilica, including diatoms, sponge spicules, and chrysophyte cysts; NB  =  volcanic ash 
and other non-biogenic silica; Phytoliths total contribution  =  DIP + NDG + NDO. 

2 Samples identified in bold are “pure.”  
3 UWBM  =  University of Washington Burke Museum of Natural History and Culture. 
4 p  =  pure; >50% phytoliths by volume; lp  =  less pure; 20-50% phytoliths by volume; np  =  not pure; <20% phytoliths by volume. 
* Assemblages not included in quantitative assemblage analysis because of insufficient preservation. 
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SUPPLEMENTARY TABLE 2. Stable carbon isotope ratios and phytolith assemblage composition of biosilica extracted from Neogene 
paleosols from Nebraska and Kansas.1 

1 N/A  =  not applicable. 
2 G  =  good-pristine (occluded organic material and fine ornamentation routinely preserved on GSSC; elongates and bulliform cells may be etched or 

broken); P  =  poor (occluded material often missing and GSSC commonly broken or etched; elongates and bulliform cells often etched or broken); VP  =  very 
poor (phytoliths fragmentary or structurally/texturally altered to such a degree that identification is complicated); alt  =  altered; et  =  etched, fra = fragmented. 

3 0-3; 3 = pristine, 2 = good, 1 = OK, 0 = poor-very poor. 
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4 Semiquantitative estimation: n.o.  =  not observed; p  =  present (rare); mab  =  moderately abundant; ab  =  abundant; vab  =  very abundant. 
5 AQ  =  phytoliths from wetland plants (e.g., Equisetum, sedges); FI TOT  =  morphotypes typical of forest indicators (e.g., palms, woody and herbaceous 

dicotyledons, ferns, conifers); CH TOT  =  GSSCs produced primarily by members of the BE (Bambusoideae, Ehrhartoideae) clade (e.g., GPWG 2001) plus 
basal grasses; POOID-D + POOID-ND  =  GSSCs produced mainly by Pooideae; PAN + CHLOR  =  morphotypes of Panicoideae and Chloridoideae grasses; 
PACMAD general  =  morphotypes of (other) C3/C4 grasses in the PACMAD clade (Panicoideae, Arundinoideae, Chloridoideae, Micrairoideae, Aristidoideae 
and Danthonioideae; Duvall et al. 2007); OTHG  =  other, non-diagnostic or unidentified GSSC; NDG  =  non-diagnostic (potential) grass phytoliths; NDO  =  
non-diagnostic and indeterminable phytoliths. 

* Assemblages not included in quantitative assemblage analysis because of insufficient preservation. 
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SUPPLEMENTARY TABLE 3. Abundances of C4 grasses in the Neogene of Nebraska and Kansas based on phytolith assemblages and 
carbon isotope ratios, respectively.1 

 

1 N/A  =  not applicable. For other abbreviations, see Suppl. Table 2; for further explanations, see text. 
2 The 95% confidence intervals (C.I.) were calculated using bootstrapping with 1000 replicates (Resampling Stats 5.0, available at 

http://www.resample.com/). 
* Assemblages not included in quantitative assemblage analysis because of insufficient preservation. 
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SUPPLEMENTARY TABLE 4. Relative abundance of non-GSSC phytoliths and non-
diagnostic (potential) grass phytoliths (NDG) in leaf assemblage from Strömberg 's 
reference collection (Strömberg 2003, unpublished data). 
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SUPPLEMENTARY FIGURE 1. Poaceae phylogeny with C3/C4 photosynthetic pathway character states shown at tips and the four C3-C4 
contrasts generated using phylocom. Dated phylogeny modified from Bouchenak-Khelladi et al. (2009). 


