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Morphology of pyrite in particulate matter from shallow submarine hydrothermal vents
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abstRaCt

Here we present the first study of pyrite textures observed in particulate matter from an active 
shallow submarine vent site, which is characterized by large spatial and temporal variations in the 
physico-chemical conditions caused by a combination of geochemical processes and microbial activity. 
Morphologic characterization of pyrite crystals from suspended particulate matter in the discharged 
fluid of a shallow submarine vent system near Punta Mita, Nayarit, Mexico, showed diverse crystal 
morphologies and aggregates; well-defined framboids are only observed within the deposits of fine-
layered calcite (calcareous tuff) formed around the vents, whereas particulate matter contains diverse 
pyrite crystal forms as globular, cubic, octahedral, and pyritohedral but no framboids. Available 
sulfur isotopic data indicate that pyrite is formed as a consequence of microbial sulfate reduction in 
a hydrothermal reducing environment. 

The results of our study in a natural system provide evidence of the effect of variations in key 
parameters, such as redox state, on the pyrite morphologies and framboid size distribution, and support 
the conclusions of numerous studies that have attempted to explain pyrite crystallization processes that 
generate different morphologies as a result of large variations in the physico-chemical conditions. 
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intRoduCtion

Pyrite (FeS2) is the most common and widespread sulfide 
mineral, and the process of its formation has been discussed in 
many publications (e.g., Rickard and Luther 2007). However, 
current experimental data and thermodynamic models do not 
necessarily reproduce the natural conditions for pyrite deposition. 
For instance, the effects of chemosynthesis and the nature of the 
substrate on the kinetics of pyrite formation and, consequently, 
on crystal morphology are still unknown (Rickard and Luther 
2007). Although the formation of pyrite framboids (i.e., roughly 
spherical aggregates of discrete equidimensional, euhedral to 
subhedral microcrystals) has been attributed to microbial activ-
ity, it has also been demonstrated that inorganic deposition of 
framboids is achieved in the laboratory with only abiotic chemi-
cal reactions during experiments (Ohfuji and Rickard 2005). A 
determining factor for successful synthesis of framboids is a very 
high supersaturation with respect to pyrite, such that nucleation 
rate is significantly greater than crystal growth rate; fast growth 
rates of pyrite crystals cause irregular features as observed in 
natural framboidal pyrite from the Kuroko-type volcanogenic 
massive sulfide deposit of Nukundamu, Fiji (Butler and Rickard 
2000). Such conditions are commonly achieved in laboratory 
experiments by the addition of S0, O2, or by increasing Eh and 
temperature (Ohfuji and Rickard 2005). However, considering 
that a high concentration of reactants is required to produce a 
measurable quantity of product, the reactant concentrations are 

not consistent with those normally found in natural environments 
(Rickard and Luther 2007).

Crystal morphology and habit of pyrite have been related to 
chemical parameters of the solution. Murowchick and Barnes 
(1987) related the presence of cubic, octahedral, and pyritohedral 
crystal forms to the degree of supersaturation of the solution 
with respect to pyrite, and suggested that cubic faces developed 
at lower supersaturation conditions. 

In modern deep submarine hydrothermal systems, pyrite is 
particularly abundant and its formation is commonly attributed 
to high iron and sulfur activities concurrent with microbial activ-
ity (Jannasch 1995). Pyrite occurs both in chimneys and sulfide 
mounds, and as particulate matter expelled from the vents. Most 
studies of suspended particulate matter in deep vent fluids have 
focused in the bulk chemical composition, without considering 
textures and crystal morphologies, as their main purpose was to 
estimate hydrothermal chemical fluxes, in addition to locating 
new active areas in the sea bottom (Trocine and Trefry 1988; 
Varnavas et al. 2000; Edmonds and German 2004). One textural 
and morphologic study of pyrite was performed in metalliferous 
sediments from the Red Sea (Sweeney and Kaplan 1973). This 
study described the occurrence of diverse crystal forms (cubic, 
octahedral, pyritohedral, and pseudohexagonal), however, 
framboids or other crystal aggregates were absent. Textural 
studies of suspended particles of pyrite have been performed in 
seawater column samples from oxic and anoxic environments 
(Wilkin et al. 1996; Wilkin and Barnes 1997; Suits and Wilkin 
1998), but not directly in suspended particles from active vent * E-mail: prol@geofisica.unam.mx


