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Figure 3 Arsenic phases observed in historic mine wastes, in Otago and the West Coast. (a) Mine processing 
residues at Golden Point historic site with cemented bukovskyite/scorodite residues (brown) on the right. 
(b) As-S-Fe ternary diagram showing the typical mineral phases present in the Golden Point cements. (c) 
Mine processing residues at Waiuta showing primary sulfides, intermediate scorodite and realgar and the 
most oxidised material at the top (Fe oxyhydroxides). (d) Close-up view of secondary arsenic sulfide forming 
on discarded wooden framing. (e) As-S-Fe ternary diagram showing the typical mineral phases present at 
Waiuta. (Modified from Kerr & Craw 2021a and Kerr & Craw 2021b).

 

Arsenolite
The most extreme examples of differences 
between thermodynamic predictions and 
empirical observations relates to arsenolite 
(As2O3). Arsenolite is theoretically highly 
soluble (≈12g/L, Vink 1996), yet at Waiuta 
arsenolite-bearing mine wastes lying on open 
ground in a wet climate (>2000mm rain/
year) have survived for 80 years with only 
partial alteration (Fig 4a-c; Kerr and Craw 
2021b). At the same site, bulk arsenolite piles, 
formed during roasting of ore and somewhat 
sheltered by the historic cyanide tanks, have 
remained intact (Fig 4d).  Arsenic levels in this 
material are up to 60 wt% and appear to have 
undergone little remobilisation, apart from 
surface disturbance by sheltering animals 
that mistakenly chewed their bedsheets (Fig 
4e; Kerr and Craw 2021b).

Laboratory-based leach column studies 
yielded ~16 mg/L dissolved As (Kerr et al 
2015) yet empirical observations have seen a 
maximum of “only” 0.35 mg/L dissolved As 

at the Waiuta site (Haffert and Craw 2008). 
The leach column experiments simulated 
arsenopyrite dissolution in Reefton ore rock 
with monthly water inundation. Over six 
months, arsenolite formed a coating on the 
arsenopyrite surface (Kerr et al 2015; Fig 
4f). This ‘armouring’ effect likely limited 
further arsenopyrite dissolution and, despite 
its high solubility, the arsenolite persisted 
after subsequent inundations.  In the field, 
and over longer timescales, dissolved As 
is further limited by the formation of iron 
arsenates and iron oxyhydroxides either by 
total replacement or as a protective rim or 
cement (Fig 1e, 2a, 3a,c). 

Conclusions
We find that the processes and physical 
parameters that control the dissolution 
rates of arsenic minerals are complex; and 
grain size, surface area, secondary mineral 
armouring and subsequent encapsulation 
are important factors. Additionally, highly 
localised conditions can control As dissolution 
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Figure 4 Examples of arsenolite in historic mine waste and leaching experiments. (a-c) Detrital arsenolite 
crystals at the West Coast site showing varying levels of alteration. (a) Large unaltered arsenolite grain with 
quartz/scorodite grains (centre left). (b) Arsenolite grain with minor As-Mg-Si-O rim. (c) Altered arsenolite 
grain (light grey) with smaller arsenolite grains (bright white). (d) Cyanide tank with bulk arsenolite material 
beneath. (e) Remains of several possums and weka beneath the cyanide tank where highest As levels were 
recorded on site. (f) Arsenolite (As) and iron sulfates (Fe) obscuring primary arsenopyrite in leaching column 
experiments. 

 

rates and these microenvironments are 
not necessarily representative of the wider 
environmental conditions of a site. Our 
empirical observations across several sites, 
which represent a range of environments and 
timescales, suggest that thermodynamically 

predicted solubilities are overestimated, and 
that certain arsenic minerals can persist for 
far longer than expected. Our observations 
provide some context for further research 
of dissolution rates of arsenic mineral 
solubilities.  
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