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abstract

The effect of alteration phases on the Pb-isotope systematics of weakly altered basalts from two 
major ocean islands (Hawaii and Kerguelen) was investigated using scanning electron microscopy 
(SEM), X-ray diffraction (XRD), and acid-leaching experiments. Alteration within vesicles and as 
replacement products of olivine and glass consists mainly of phyllosilicate mixtures (most commonly 
smectite ± talc, serpentine, chlorite, celadonite), goethite, and zeolite with minor pyrolusite, barite, 
apophyllite, dolomite, pyrite, and chalcopyrite. The presence of distinct alteration assemblages within 
the Hawaiian and Kerguelen basalts can be related to differences in their eruption environment, age, 
and sampling method. In particular, the Hawaiian basalts have been contaminated by highly radio-
genic components (seawater and drilling mud), demonstrating the importance of acid-leaching prior 
to Pb-isotopic analysis even for young basalts that appear to be relatively unaltered. However, for 
some basalts, leaching may not remove the alteration completely or in a reproducible way, which 
may reflect variable extents of dissolution of secondary minerals that are not readily soluble in HCl 
(e.g., celadonite) or inconsistencies in the leaching procedure. The incomplete removal of foreign Pb 
components, which typically have distinct Pb-isotopic signatures, is a major source of uncertainty 
and may represent the ultimate limitation on high-precision Pb-isotopic compositions of ocean-island 
basalts. To achieve the highest precision and accuracy, we recommend that Pb-isotope studies of 
basalts include an investigation of the alteration mineralogy and an evaluation of the effectiveness of 
the leaching procedure as part of standard quality control protocols. 
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introDuction

The Pb-isotopic compositions of ocean-island basalts are 
a powerful tool for the characterization of their mantle source 
components, especially with recent improvements in precision 
and reproducibility offered by the triple-spike method (e.g., 
Abouchami et al. 2000) and by multiple collector inductively 
coupled plasma mass spectrometry (MC-ICP-MS) (e.g., White 
et al. 2000; Weis et al. 2005). However, Pb-isotopic compositions 
of ocean-island basalts are highly susceptible to modification by 
non-magmatic Pb from seawater, hydrothermal alteration, aeo-
lian dust, and subaerial weathering, as well as by contamination 
during sample recovery and processing (e.g., McDonough and 
Chauvel 1991; Thirlwall 2000; Weis et al. 2005). Acid-leaching 
of basaltic rock powders or chips may not remove the foreign Pb 
component completely or in a reproducible way (e.g., Abouchami 
et al. 2000; Eisele et al. 2003), resulting in erroneous values, data 
scatter, and poor reproducibility, which reduces the effectiveness 
of the Pb-isotopic system as a geochemical tracer.

Therefore, it is critical to understand the types, quantities, 
and distribution of alteration phases in ocean-island basalts that 
are analyzed for Pb-isotope ratios. Most studies concerning the 
alteration of basalt have focused on strongly altered samples (e.g., 

Böhlke et al. 1980; Alt and Honnorez 1984; Banerjee et al. 2004), 
which are typically not selected for geochemical analysis. In 
this study, we present a mineralogical investigation of alteration 
phases in a select group of weakly altered basalts from two major 
ocean-island volcanic systems (Hawaii and Kerguelen) based on 
scanning electron microscopy (SEM), X-ray diffraction (XRD), 
and acid-leaching experiments that were specifically designed to 
test the effectiveness of leaching at removing alteration phases 
and the resulting effect on Pb-isotope systematics. 

sample Description

Basalts from four volcanic centers from Hawaii and Ker-
guelen were examined to cover a range of ages, eruptive environ-
ments, lava compositions, and alteration styles (Table 1; Fig. 1). 
The basalts selected for this study display only minor to moderate 
alteration and are typical samples analyzed for geochemical 
studies. Loss-on-ignition (LOI), a commonly used parameter for 
helping to assess the degree of alteration in a sample (and thus 
its suitability for geochemical work), ranges from 0–2 wt% in 
the four samples (Table 1), within the range of values that are 
considered acceptable.

The two Hawaiian basalts are from the two largest Hawaiian 
volcanoes, Mauna Loa (J2-019-04) and Mauna Kea (SR0954-
8.00), which belong to the “Loa” and “Kea” trends, respectively 
(Dana 1849; Jackson et al. 1972). Basaltic lavas from the two * E-mail: dhanano@eos.ubc.ca


