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Organic-carbon rich shales from localities in England, 
Italy and Morocco, which formed during the Cenomanian–
Turonian Oceanic Anoxic Event (OAE), have been studied for 
their total organic carbon values (TOC) together with their 
carbon-, nitrogen- and iron-isotope ratios.  Carbon-isotope 
stratigraphy (δ13Corg and δ13Ccarb) allows accurate recognition 
of the strata that record the Oceanic Anoxic Event, in some 
cases allowing characterization of isotopic species before, 
during and after the OAE.  Within the black shales formed 
during the OAE, relatively heavy nitrogen-isotope ratios, 
which correlate positively with TOC, suggest nitrate 
reduction; extant sulfur-isotope data and molecular fossils of 
green sulfur bacteria signify the development of free H2S in 
the water column by sulfate reduction.  Black shales deposited 
before the onset of the OAE in Italy have unusually low bulk 
δ57Fe values, unlike those found in the black shale (Livello 
Bonarelli) deposited during the Oceanic Anoxic Event itself: 
these latter conform to the Phanerozoic norm for organic-rich 
sediments.  Pyrite formation in the pre-OAE black shales has 
apparently taken place via dissimilatory iron reduction (DIR), 
within the sediment, a suboxic process that causes an 
approximately -2 ‰ fractionation between a lithogenic 
Fe(III)oxide source and Fe(II)aq. In contrast, bacterial sulfate 
reduction (BSR), at least partly in the water column, 
characterized the OAE itself and was accompanied by only 
minor iron-isotope fractionation.  This change in the manner 
of pyrite formation is reflected in a decrease in the average 
pyrite framboid diameter from ~10 µm to ~ 6.5 µm.  A 
gradual, albeit irregular increase in Fe-isotope values during 
the OAE, as recorded in the Italian section, may demonstrate 
limited isotopic evolution of the dissolved iron pool, 
consequent upon ongoing water-column precipitation of pyrite 
under euxinic conditions.  

An important implication of the low δ57Fe values 
measured in this study is that they decrease the gap between 
the lowest values observed for Phanerozoic sediments in 
which DIR is indicated to exert a strong control of isotopic 
fractionation and the very low Fe-isotopic compositions 
observed for Archaean rocks.. 

Speciation of arsenic in the 
coprecipitated As(V)-Fe(III) solids 

Y.F. JIA1, L. XU1 AND G.P. DEMOPOULOS2 
1Institute of Applied Ecology, Chinese Academy of Sciences, 

Shenyang, China, 110016 (yongfeng.jia@iae.ac.cn) 
2Department of Mining, Metals and Materials Engineering, 

McGill University, Montreal, QC, Canada, H3A2B2 
(george.demopoulos@mcgill.ca) 

 
Lime neutralization and coprecipitation with ferric iron is 

the common method for the removal and immobilization of 
arsenic from industrial mineral processing effluents. The 
nature of the arsenate in the coprecipitated AsV-FeIII solids is 
not fully understood though it is generally believed that 
arsnate is adsorbed as surface complex on ferrihydrite. In this 
study we used infrared spectroscopy and X-ray diffraction to 
characterize the coprecipitates with an attempt to shed some 
more light on this issue. 

A suit of AsV-FeIII coprecipitates were synthesized by 
neutralization of acidic solutions of various Fe/As molar ratios 
to pH 4-8 using both sodium hydroxide and slaked lime as 
base. The synthesized samples were subjected to powder X-
ray diffraction and Fourier transformed infrared analyses. Lab 
synthesized scorodite, poorly crystalline ferric arsenate and  
2-line ferrihydrite were used as reference materials. The 
speciation of arsenate was determined based on the As-O 
stretching vibration bands located at 650-950 cm-1 and the 
characteristic XRD bands of poorly crystalline ferric arsenate 
and ferrihydrite.  

Both infrared spectroscopic and X-ray diffraction data 
showed that poorly crystalline ferric arsenate is the dominant 
arsenate phase in the AsV-FeIII solids coprecipitated at pH 4 
using NaOH as base. At pH 8 the arsenate is present basiclly 
as adsorbed surface complex in ferrihydrite. The results are 
similar to the arsenate-ferrihydrite adsorption system in which 
poorly crystaline ferric arsenate surface precipitate is formed 
at acidic pH while bidentate surface complex is the major 
arsenate species on the surface of ferrihydrite. Crystalline 
yukonite (Ca2Fe3(AsO4)4(OH)·12H2O) was generated in the 
coprecipitated solid when the CaO neutralized system was 
subjected to heat treatment at 75 °C. 
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