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S1. X-ray Absorption Spectroscopy Analysis 

Samples were prepared in form of self-supported pellets by mixing sample powders (about 16 mg) and pure 

cellulose (about 100 mg), then pressing at 5 kbar for few minutes. XAS spectra were measured in transmission 

geometry keeping the sample at liquid nitrogen (TLN~80 K) in order to minimize the thermal disorder effect on 

the XAS structural signal. The incident, Io, and transmitted, It, X-ray beam intensities were detected using 

ionization chamber with opportune gas mixture (Ar, N2 and He) to give 20% absorption at I0 and 80% absorption 

at I1 chamber. After I1 the absorption spectrum from a reference Zn foil was measured using a third ionization 

chamber (I2) in order to monitor the x-ray beam energy calibration. 

Standard procedures (Rehr and Albers 2000) were used for XAS data normalization and extracting the structural 

EXAFS (Extended X-ray Absorption Fine Structure) signal χ(k) using ESTRA code (Meneghini et al. 2012); 

these procedures include pre-edge linear back-ground removal, spline modelling of bare atomic background µo, 

and edge step normalization. Third degree polynomial splines (roughly spaced ∆k~3 Å-2) were used to model the 

post-edge background µo. The photoelectron wavevector modulus k ( ), was calculated choosing 

the edge energy (Eo) at the first inflection point (first derivative maximum) of the absorption spectrum, and 

refined during the data fitting. 

The EXAFS data refinement was performed using the FITEXA code (Meneghini et al. 2012) which exploits the 

MINUIT routines (CERN Fortran libraries) (James 1994) for versatile least square refinement and accurate 

statistical error analysis. Data refinement was performed on the raw kχ(k) spectra (i.e. without Fourier filtering), 

applying the standard EXAFS formula (Rehr and Albers 2000). Model atomic clusters obtained from 

crystallographic models (ICSD) were used to calculate theoretical amplitude and phase functions with FEFF 8.4 

code (Zabinsky et al. 1995; Ankudinov et al. 1998). The atomic structure of crystallographic model was the 

starting points for the data refinements. Usually, for each spectrum, coordination numbers (CN), bond distances 

(R), and mean square relative displacement (MSRD) factors (σ2) were let free to vary for each shell. Physical 

constraints were applied in order to reduce the number of free parameters: in each refinement the same edge 

energy shift (ΔE) was applied to all considered shells. Standard errors on the refined parameters are calculated 

using the MINOS option in the program (James 1994), which also takes into account the correlation between 
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parameters. In order to evaluate the best fit quality, we report in tables also the R2 factor: 
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quantifying the absolute misfit between experimental data and theory (Standards and Criteria Committee 2000). 

Here χ(ki) and χth(ki) are respectively the experimental data and the theoretical values at the point ki and the sum 

runs over all the experimental data points. 

 

 

 

Figure S1. Zn silicate biomineral along the Naracauli stream (a), and collected by a high-density polyethylene bottle (b). 
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Figure S2. X-ray diffraction patterns of biomineral sample WM9 collected along the Naracauli stream and abiotic hemimorphite 
from San Giovanni Mine (Sardinia, Italy). Dashed lines indicate the main peaks of hemimorphite and circles indicate the peaks of 

quartz. The WM9 pattern has been collected at the BM08 beamline (Meneghini et al. 2001) of the European Synchrotron 
Radiation Facility (ESRF, Grenoble, France) using an angle dispersed set-up based on a large area detector, especially suited for 

high statistics XRD data. 

 

S2. FTIR analysis 

Figure 2 shows the FTIR spectra of the samples WM9, WM13 in the range 400–4000 cm–1.  The two spectra are 

very similar, however in the spectrum of WM13 it is observed that the peaks at 1391 cm-1 and at 559 cm-1 are 

more intense than in the sample WM9. A broad band between 3700 – 2800 cm-1 and a less intense absorption at 

1647 cm-1 
can be assigned to the adsorbed water or crystallization water (Nakamoto, 1986). The presence of 

intense peaks in the range 1550 and 1370 cm-1 can be attributed to the presence of carbonate stretching. This is 

confirmed by the peaks at 1050 cm–1, n1 symmetric CO3
2– stretching mode, peaks at 834 cm–1, n2 out-of-plane 

OCO bending mode. The presence of the peak at 467 cm-1, attributed to Zn-O bending mode, allows to assign all 

these characteristic peaks to hydrozincite (Music et al. 2002; Stoilova et al. 2002; Hales and Frost 2007). The 

FTIR spectra of pure hydrozincite and hemimorphite are shown for comparison.  

S3. 29Si NMR analysis 
In the 1H-29Si cross-polarization experiment, magnetization transfer to the Si nucleus depends upon the contact 

time period and is related to other structure-dependent parameters, such as the distance between the two nuclei, 

the number of protons, and the proton relaxation times in the rotating frame (Mehring 1983; Slichter 1989). Only 

signals from Si atoms having neighboring hydrogen atoms can be collected in the cross-polarization spectrum. 
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S4. 13C NMR analysis 

During the 1H-13C cross-polarization experiment the proton magnetization is transferred to a carbon nucleus 

during the contact time period; this transfer is correlated to the distance between the proton and the carbon nuclei 

and is governed by characteristic proton spin-lattice relaxation time in the rotating frame (T1r) and the carbon-

proton cross polarization time (Mehring 1983; Slichter 1989). A quaternary or poorly protonated carbon is 

normally affected by slow rates of cross polarization from the few bonded or remote protons (Mehring 1983; 

Slichter 1989; Alemany et al. 1983).  

Spectra of the biomineral samples (see Fig. 4 in the main paper) show a signal at 166.8 ppm, full width at half 

maximum of 3.6 ppm. According to the FTIR spectra, the signal at 166.8 ppm can be attributed to the carbonate 

group of hydrozincite (De Giudici et al. 2009; Scorciapino et al. 2013). In a previous study on the biomineral 

hydrozincite, it was shown that the 13C NMR spectra are characterized by the presence of more than one peak in 

the range 160-168 ppm (De Giudici et al. 2009). Medas et al. (2014) suggested that hydrozincite observed in 

WM samples is detrital. In fact, hydrozincite in these samples occurs as sparse fragments not connected to the 

extracellular polymeric substances secreted by the cyanobacteria Leptolyngbya frigida. For this reason, the 

presence of hydrozincite was no further considered in the discussion section of the main paper. 

 

S5. X-ray Absorption Spectroscopy results 

The best fits obtained with and without the Si shell are reported in Fig. S2 for sake of completeness. The 

statistical analysis (Meneghini et al. 2012) demonstrates that adding the Si shell improve the best fit quality 

reducing the R2 by about 50 %. Noticeably in the previous data (Medas et al. 2014), the statistical analysis did 

not permit to reliably assess the presence of such a Zn-Si shell. Here the Zn-Si shell resulted statistically 

significant thanks to a better data quality that allowed to extend the k-range of EXAFS data analysis. We 

checked the possibility to add further coordination shells in the analysis but the improvement of the best fit 

resulted not statistically significant. 
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Figure S3. Experimental data (points) and best fits (full lines) of EXAFS spectra of biomineral samples with and without the Si 
shell. 
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Table S1. Results of Loss on Ignition analysis. 

Sample LOI % w/w 

  
WM1 13.08 

WM3 15.12 

WM4 11.32 

WM5 11.31 

WM7 12.45 

WM9 13.62 

WM10 14.55 

WM13 11.94 

WM14 11.03 

WM15 10.74 

WM20 10.05 

WM21 10.32 

WM22 10.01 

WM23 9.50 
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