SI-4 Raman spectroscopy
Raman spectroscopy was used to investigate the following samples; fifteen modern Nucella sp. shells
from three different sites (Skye, Devon and Craster with five shells per site), one modern Antalis sp.
shell, two fossil Nucella sp. shells (S1 and S2) from Easington Raised Beach, and six archaeological
bead fragments ~2 mm in size (3688, 3852, 3884, 3870, 4162, and 4283).
Raman spectra were collected from the external regions of the shells with single measurements in
sections M1, M2, M3, M4 and M5 (Figure S-4a) (in total five spectra per shell). Raman spectra were
also collected from the middle and internal regions of the modern and fossil Nucella sp. shells
sectioned lengthwise (Figure S-4b) (six spectra), and from the inside of the modern Antalis sp. shell
(three spectra). Three spectra were collected from each side of the archaeological bead fragments.
Bio-polymorphs of calcium carbonate (aragonite and calcite) were identified in the Raman spectra by
comparing the peak assignments obtained in this study with literature references [1-3].

Figure S-5 shows typical spectra of calcite found in the external region (position M3) of modern and
fossil Nucella sp. shells. Aragonite was also found in the tip and lip regions of these shells (spectra
not shown). In the middle layer of the modern and fossil Nucella sp. shells, calcite was identified, and
in the internal layer, aragonite was identified (Figures S-6 & S-7). These results are typical of all of
the Nucella sp. shells sampled in this study. For the modern Antalis sp. shell, only aragonite was
found in both the external and internal parts of the shell (Figure S-8). For the archaeological bead
fragments, only calcite was observed in samples 3688 and 3852, whilst calcite and aragonite were
both observed in the 3884, 4162, and 4283 bead fragments (Figure S-9). The exception was bead
fragment 3870, which was identified as aragonite only (Figure S-10).

Figure S-4: (a) Raman spectra were obtained in the external part of the shells from regions M1-M5
(modern Nucella sp. shown as an example). (b) Picture of a sectioned modern Nucella sp. shell
showing the areas where spectra where collected from the internal layer (left) and middle layer (right).

Figure S-5: Calcite spectra collected from the external region (M3) of a modern Nucella sp. shell
from Devon and a fossil Nucella sp. shell (S2).

Figure S-6: (a) Aragonite spectrum obtained from the internal layer and (b) calcite spectrum obtained
from the middle layer of a modern Nucella sp. shell from Devon. The positive identifications of
aragonite and calcite were made by comparison with the literature [1-3]. Peaks marked with *
correspond to carotenoids in the shell [4-5].

Figure S-7: (a) Aragonite spectrum obtained from the internal layer and (b) calcite spectrum obtained
from the middle layer of the fossil Nucella sp. shell (S2). The positive identifications of aragonite and
calcite were made by comparison with the literature [1-3].

Figure S-8: Aragonite spectra found in the exterior (M3) and interior regions of a modern Antalis sp.
shell. The positive identification of aragonite was made by comparison with the literature [1-3].

Figure S-9: (a) Aragonite and (b) calcite spectra found on opposite sides of the 4162 archaeological
bead fragment of unknown shell origin. The positive identifications of aragonite and calcite were
made by comparison with the literature [1-3].

Figure S-10: Aragonite spectrum obtained from the 3870 archaeological bead fragment of unknown
shell origin. The positive identification of aragonite was made by comparison with the literature [13].
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