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High concentrations of As are reported in ground waters and 
bedrocks in many parts of New England [1]. Ryan et al. [2] 
reported that hydrated ultramafic rocks contain high 
concentrations of As (up to 449 ppm in serpentinites and 1,100 
ppm in talc-magnesite rocks) in northern Vermont. Altered 
ultramafic rocks are common in the Appalachians in New 
England. We investigated the occurrence of As in representative 
serpentinites from northern Vermont (103-450 ppm As in bulk 
rocks). The study includes the examination of polished-thin 
sections, electron microprobe analysis of minerals, mechanical 
separation of mineral fractions (ferrihydrite films, antigorite-
rich fraction, magnetite-rich fraction), acid leaching and 
digestion of these fractions, and X-ray absorption spectroscopic 
study of As. Magnetite-rich fractions yielded high 
concentrations of As in hot HNO3 digestion at 90 ºC. Brown 
films of ferrihydrite along cracks and on surfaces contain very 
low concentrations of As. Antigorite-rich fractions contain 
minor As (<50 ppm). X-ray absorption spectra of these fractions 
show that the As is predominantly +3 in magnetite- and 
antigorite- fractions. 

Magnetite commonly forms a fine dusting in serpentine 
since the hydration of olivine releases Fe(II). Magnetite also 
forms rims of chromite grains during serpentinization. Our data 
suggest that As(III) in water was fixed in magnetite and minor 
amounts in serpentine during the hydration of ultramafic rocks. 
Our earlier study of serpentinites in northwestern Himalayas 
show that As (V) is fixed in serpentinites by replacing Si(IV) in 
antigorite [3]. The results of these studies suggest that hydrating 
ultramafic rocks are capable of fixing both As (III) and As(V) 
and that the speciation of As in serpentinites is controlled by the 
oxidation state of As in the hydrating fluids. 
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An almost continuous stratigraphic section of the Jurassic (Lias) 
Úrkút black shale-hosted manganese ore body was subjected to 
careful mineralogical (X-ray powder diffractometry) and 
petrographic (light microscopy and SEM) studies, with the aim 
to determine the abundance and distribution of minerals in the 
microcrystalline ore and to document micro-textural evidence 
that may hold clues as to the origin of the finely laminated 
carbonate-rich manganese ore. A total of 112 oriented samples 
were collected through the extent of the ore-bearing succession 
for this purpose. These samples represent all macroscopically 
different ore types, distinguished mainly by their coloration in 
black, brown and green laminated carbonate-rich ore types. 
Light cream to pink coloured laminae composed mainly of 
rhodochrosite occur in all ore types; carbonate concretions up to 
dm in size, are formed of very similar carbonate-rich material. 

Bulk ore samples and subsamples representing individual 
laminae can be categorized not only by colour, but by their 
mesoscopic appearance, including attributes such as lamina 
thickness and abundance of detrital grains. 

Black, brown and green laminae are very dense, 
microcrystalline and rather uniform in mineralogical 
composition. The most abundant mineral is Ca-rhodochrosite in 
all ore types. Slight variations in abundance of celadonite (10Ǻ 
phyllosilicate, green ore), goethite (brown ore), and manganite 
(black ore) cause the obvious color variations. 

Light coloured carbonate-rich laminae are more compact 
and appear coarser grained than the enclosing darker (including 
green) laminae. The mineralogical composition of these 
carbonate-rich laminae is rather variable, with 5 distinct 
compositional groups, including (i) almost monomineralic Ca-
rhodochrosite layers (ii) apatite-rich laminae (mainly fish 
remnants, and rarely secondary accumulations), (iii) Mn-
bearing calcite-rich laminae (often coarse grained, biodetritus 
accumulation), (iv) barite-bearing laminae (often associated 
with Mn-bearing calcite, quartz, or apatite), (v) laminae rich in 
siliciclastic detritus, mainly quartz and K-feldspar. 

Mineralogical and petrographic observations are used to 
suggest that the different laminated ore types owe their origin to 
a single genetic process. All the formations took place under 
neutrophylic, mildly alkaline pH. Obvious variations in color 
are thought to reflect slight changes in Eh during deposition 
and/or early diagenesis. 
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