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Complex formation sequences of pyrrhotite, marcasite, 

and pyrite in two 5-m piston cores of muddy sediments 
offshore southwestern Taiwan were investigated by FESEM-
EDS-EBSD techniques. The cored sites were characterized by 
a shallow sulfate methane interface at ~2 meters below 
seafloor and located in a ridge area (Fengliao Ridge) with 
cold-seep activities. 

Two intriguing types of iron-sulfide microtextures were 
identified for the sediments. Firstly, sub-millimeter stacks of 
detrital pyrrhotite crystals were largely replaced by pyrite and 
minor marcasite. Later formed platy crystals (lathy section) of 
pyrrhotite developed from the edges of such stacks and were 
locally replaced by marcasite and pyrite as well. The second 
type involved the occurrence of millimeter-sized iron-sulfide 
nodules. The nodules had a core made of aggregates of lathy 
grains consisting of a mixture of pyrite and minor marcasite, 
and were fringed with pyrrhotite crystals and carbonate. 
Regardless of the microtextural differences, the marcasite 
EBSD data collected within single lathy grains invariably 
exhibited six intensity clusters aligned parallel to the long axes 
of the lathy grains in the {010} pole figure and two intensity 
clusters oriented perpendicular to the same axes in the {100} 
pole figure, and displayed an orientation relationship of 
{100}Mrc || {0001}Po, {010}Mrc || {1000}Po, and {001}Mrc || 
{1 10}Po whenever the pyrrhotite relicts were present. No 
specific orientation relationships between pyrite and pyrrhotite 
or marcasite were detected. All of the pyrrhotites had a Fe/S 
atomic ratio of ~0.87. 

The formation of marcasite occurred through epitaxial 
replacement of detrital or diagenetic pyrrhotite and was related 
to the oxidation of pyrrhotite that led to chemical changes in 
microenvironments. Relatively reducing pore fluids with low 
flux of hydrogen sulfide were favorable for the authigenesis of 
pyrrhotite. The multiple stages of phase replacement and 
precipitation were suggestive of temporal variations of redox 
conditions and hydrogen-sulfide activities associated with 
fluctuations of the sulfate-methane interface in the region. 
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Understanding the properties and the environmental 
behavior of charcoals produced from biomass is important 
within the context of carbon sequestration and sustainable 
agriculture. The present study compares the physicochemical 
properties of different types of chars and dissolved organic 
carbon (DOC) derived from them, as a means of making 
qualitative inferences about their stability and organo-mineral 
interactions in soils. 

 Chars were synthesized by slow pyrolysis at 250 °C and 
500 °C and hydrothermal carbonization (HTC) at 250 °C 
using wheat straw as feedstock. The charcoals were 
characterized by solid-state 13C nuclear magnetic resonance 
spectroscopy (NMR)  and thermogravimetric analysis (TGA). 
A higher proportion of  aromatic carbons (78%) were formed 
in char pyrolyzed at high temperature than low temperature 
pyrolysis (47%) and HTC charcoals (51%). Statistical 
correlations between 13C  NMR peak areas and mass loss data 
from TGA demonstrated that the aromatic carbons were 
mostly oxidized at temperature above 350 °C, while the alkyl 
carbons being oxidized at temperature below 350 °C. This 
suggests that the formation of aromatic structures was 
responsible for the thermal stability of charcoal. The leaching 
of labile organic carbon from chars was simulated using 
aqueous Soxhlet extraction. Leaching released a relatively 
small proportion of the charcoal carbon as DOC (<3%). The 
HTC charcoal leached more DOC than pyrolysis charcoal, and 
low-temperature pyrolysis charcoal leached more DOC than 
high-temperature pyrolysis charcoal. Spectroscopic 
characterization (proton and 13C liquid NMR and UV-vis) of 
the DOC impied that they are mostly low molecular weight 
neutral molecules (e.g., sugars and alcohols). Batch adsorption 
experiments showed no significant adsorption of the DOC 
onto kaolinite and goethite over a wide range of pH in the 
presence of 10 mM NaNO3, which suggests that adsorption 
potential of the DOC onto common soil minerals is low.  

 


