
Supplementary Materials 
 
Supplementary Note S1 
Description. Scanning electron microscopy (SEM) images obtained in secondary electron imaging (SEI) mode 

show representative cassiterite grains recovered from the cleaning products of spiral separator concentrates. The 
investigated particles exhibit angular to subangular morphologies, irregular fracture surfaces, and varying 
degrees of surface roughness. Energy-dispersive spectroscopy (EDS) analyses confirm that the grains are 
predominantly composed of tin and oxygen, consistent with the composition of cassiterite (SnO₂). Variations in 
the measured Sn and O contents are attributed to local surface heterogeneity, grain morphology, and analytical 
conditions during EDS measurements. 
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Figure S1. Secondary electron (SEI) images of representative cassiterite grains recovered from gravity concentration 
products. (a) Sample 1: Sn = 77.87 wt.%, O = 22.13 wt.%; (b) Sample 1: Sn = 69.52 wt.%, O = 30.48 wt.%; (c) Sample 2: Sn = 72.05 
wt.%, O = 27.95 wt.%; (d) Sample 2: Sn = 61.43 wt.%, O = 38.57 wt.%. This is a figure. Schemes follow another format. If there 
are multiple panels, they should be listed as: (a) Description of what is contained in the first panel; (b) Description of what is 
contained in the second panel. Figures should be placed in the main text near to the first time they are cited. 

Supplementary Note S2.  
SEM–EDS investigation of tin-bearing phases in thermally activated products. 



Scanning electron microscopy coupled with energy-dispersive spectroscopy (SEM–EDS) was used to 
investigate the composition of newly formed phases occurring in thermally activated products of the Syrymbet 
weathering crust material. The phases were identified exclusively in thermally activated products and were not 
observed in untreated samples, indicating their formation during thermal processing. None of the investigated 
phases correspond completely to valid mineral species recognized by the International Mineralogical Association 
(IMA). The observed compositions likely represent products formed during thermal transformation of primary 
cassiterite-bearing material. 

 

Figure S2. BSE image and EDS spectrum of Fe–O-C aggregate. 



 

Figure S3. BSE image and EDS spectrum of Sn-O-C phase. 



 

Figure S4. BSE image and EDS spectrum of Ce-dominated phase. 



 

Figure S5. BSE image and EDS spectrum of Ce-dominated phase. 

 



 

Figure S6. BSE image and EDS spectrum of Ce-dominated phase. 



 

Figure S7. BSE image and EDS spectrum of Sn-O-C phase. 



 

Figure S8. BSE image and EDS spectrum of Sn-O-C phase. 



 

Figure S9. BSE image and EDS spectrum of Sn–Bi-O-C phase. 



 

Figure S10. BSE image and EDS spectrum of Sn–O-C aggregate. 


