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Compositional trends of Icelandic 
basalts: Implications for short-length 

scale lithological heterogeneity in mantle 
plumes 
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Lithological variations in the mantle source beneath mid-ocean 

ridges and ocean islands have been proposed to play a key role in 
controlling melt generation and basalt composition.  Iceland, as an 
extremum of oceanic crustal thickness and positioned at the centre of a 
long wavelength geochemical enrichment in Mid-Atlantic Ridge basalt 
chemistry, is an excellent place to study the relative importance of source 
lithology, mantle potential temperature and mantle flow field in 
generating melting and compositional anomalies on the Earth. 

We begin by looking specifically at the major element composition 
of the end-member Icelandic melts, to constrain the lithologies 
contributing to melting.  End-member melt compositions are identified 
using a plot of whole rock Nb/Zr against MgO, and coloring the points by 
a second major element.  With a large dataset, as exists for Iceland, a plot 
such as this allows the effect of concurrent mixing and crystallisation on 
basalt major element chemistry to be separated from the geochemical 
variability which is mantle in origin.  Applying this technique we identify 
the enriched end-member melt on Iceland to have higher FeO (11.3 wt%) 
and lower CaO (11.2 wt%) than the depleted melts (9.2 wt%  FeO and 
12.9 wt% CaO).  To relate these end-member melt characteristics to 
source lithology we compare their compositions to a dataset of 
experimental partial melt compositions from the literature, produced 
from melting at a range of pressures, melt fractions and of peridotitic and 
pyroxenitic starting lithologies.  Traditionally, experimental partial melts 
and natural melts have been compared graphically.  In contrast, we 
quantify the difference between the basalt compositions across the major 
oxides (CaO-FeO-MgO-Al2O3-SiO2) and, accounting for uncertainties, 
identify those experimental melts most like the end-member Icelandic 
basalts.  The key result of this analysis is that no single source lithology 
available in the literature can account for the major element variability 
observed on Iceland, with the enriched Icelandic melt compositions 
requiring their source to have been refertilized by addition of up to 40% 
mid-ocean ridge basalt.  

Significant refertilization of the enriched source beneath Iceland 
means that it will be more fusible than a KLB1-like peridotite, and as such 
will be over-represented in accumulated melts compared with its 
abundance in the source.  The likely abundance of enriched material in the 
Icelandic source was estimated to be ~10%, by taking this bias into 
account and weighting observed compositions by erupted volume.  To 
investigate whether this fraction of enriched material can account for the 
high crustal thickness at Iceland (up to 35 km) we develop a bi-lithologic 
peridotite-pyroxenite melting model in which the latent heat of melting of 
both the enriched and depleted material are considered - allowing for the 
effect of significant amounts of fusible source material on melt 
production to be assessed.  This modelling demonstrates that with 10% 
pyroxenite in the source, significant temperature anomalies (+200K) and 
a plume driven mantle flow field are required to generate crustal 
thickness as high as observed in central Iceland. 
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Increasing, elevated concentrations of trace metals in the surface layers of 
soils may result from a diverse array of anthropogenic, atmospheric 
sources, in addition to chemical weathering of parent material and other 
natural sources. There is considerable, ongoing concern about the fate and 
transformations of these elements, and their eventual release to surface 
waters and groundwaters. The first step in this process is their release to the 
soil solution, and the first step in beginning to understand these processes is 
to obtain representative water samples for testing and analysis. The 
Elmvale Groundwater Observatory (Springwater Township, Ontario) 
consists of two dedicated groundwater sampling systems designed 
exclusively for the analysis of trace metals. One well was constructed 
entirely of surgical stainless steel, the other made using acid-washed high 
density polyethylene (HDPE). Both wells are artesian flow systems. Using 
ICP-SMS and the clean lab methods developed for polar snow and ice, it is 
possible to measure all of the trace metals of contemporary environmental 
interest. Sampling the water within a laminar flow clean air cabinet helps to 
eliminate variability by protecting the samples from anthropogenic aerosols 
in ambient air. Many trace metals such as Cr and Pb are found at 
concentrations (1 ng/L) significantly lower than the Arctic ice from the 
mid-Holocene (ca. 4 K to 8 K yr BP). Groundwater quality monitoring 
programs undertaken in the same region typically show “concentrations” 
for the same trace metals which are three orders of magnitude greater (1 
μg/L) because of the introduction of colloids during sampling. The purpose 
of our studies is analytical and academic whereas the monitoring studies are 
intended to ensure that metal concentrations in groundwaters do not exceed 
the relevant water quality guidelines. Illustrative results of the two 
approaches are presented and their implications compared, with a view to 
better understanding the mechanisms of natural filtration of water by soils 
as well as analytical procedures to better characterize soil water quality.


