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Abstract
Crushed ore in Adirondack wollastonite mines (New York) shows textural evidence for wollastonite 

dissolution and cementation by calcite and opal. The reaction CaSiO3 + CO2 = CaCO3 + SiO2 is a model 
reaction for silicate weathering and carbonation that has not been characterized in the field until now 
(outside of controlled experiments). Cemented samples from the Lewis and Fox Knoll mines contain 
up to 3% and 6% calcite, respectively, and contain modern 14C. Carbon isotope ratios have an organic 
signature at both mines but more strongly at Lewis (δ13C from –9‰ to –29‰ VPDB), which, along 
with observed filamentous biofilms, supports a microbial role in mineralization.

Differences are seen between wollastonite weathering in these mines vs. wollastonite weathering 
in lab experiments and field studies of carbonate formation in other rock types. Grains surrounded 
by reaction products reach complete dissolution here, indicating that passivation by jacketing is not 
important at the field sites. Also, dissolved ions do not all form in situ reaction products, suggesting 
that solutes are leaving the system. A key finding of this study is the strong organic δ13C signature 
of calcite cements at the Lewis mine, which also show higher calcite content per years of exposure 
compared to cements at the Fox Knoll mine. Although microbial fractionation complicates isotopic 
assessment of atmospheric CO2 sequestration, our findings suggest sequestration rates are enhanced 
by geomicrobiological activity.
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Introduction
Silicate weathering and the subsequent formation of carbonate 

minerals have long been known to have a first-order control on 
Earth’s carbon cycle (Urey 1952), and more recently, weathering 
reactions have been looked to as a method for engineered carbon 
sequestration (Oelkers and Cole 2008). For the carbonate-silicate 
geochemical cycle, silicate weathering is often described by using 
the simplified “Urey reaction” for wollastonite weathering and 
carbonation as a proxy for all silicates:

wollastonite + carbon dioxide = calcite + quartz. (1)
     CaSiO3    +          CO2         = CaCO3 + SiO2

Wollastonite dissolution and carbonation have been inves-
tigated in the laboratory (e.g., Huijgen et al. 2006; Daval et al. 
2009a, 2009b; Schott et al. 2012; Di Lorenzo et al. 2018) and 
in field studies on wollastonite “liming” of watersheds and in 
agriculture (Shao et al. 2016; Haque et al. 2020). Although this 
reaction is reported in the metamorphic petrology literature, 
wollastonite weathering and carbonation in the field (outside of 
controlled experiments) have not previously been characterized.

During research on wollastonite deposits in the Adirondack 
region of New York (Barcello et al. 2018), we observed crusts 
of calcite-cemented crushed ore at the Lewis and Fox Knoll 

mines, often having the aspect of concrete and surmised that 
they formed via wollastonite weathering according to the above 
reaction. Crushing enhances reaction rates and, therefore, the 
potential for C capture, which may help offset CO2 emissions 
from mines (Power et al. 2013). Here we show that microbially 
mediated wollastonite dissolution and formation of opal and 
calcite from atmospheric CO2 is well developed in these and 
likely other wollastonite mines. For example, we also observe 
similar cemented mine wastes at the currently operating Oak 
Hill mine 2.5 km east of Lewis and the Valentine wollastonite 
mine in northwestern New York (Kasten et al. 2022). Our results 
give new insights into approaches for C sequestration and the 
value of using isotopes to enhance our understanding of mineral 
weathering processes in natural systems.

Geologic setting
Wollastonite ore in the Willsboro-Lewis wollastonite district 

occurs as coarse wollastonite-garnet-pyroxene skarns found 
along the contact between anorthosite and country rocks in 
the Adirondack Highlands (Whitney and Olmsted 1998). 
The skarns and anorthosite are thought to have formed at 
1155 Ma. Both were deformed and recrystallized at high grade 
1090–1020 Ma (Seman et al. 2017; Peck et al. 2018) and show 
low δ18O indicative of meteoric water metasomatism (Valley and 
O’Neil 1982; Barcello et al. 2018).

The mines in this district have accounted for the majority 
of U.S. wollastonite production throughout the history of 
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