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APPENDIX I: FULL DATA AND ANALYTICAL TECHNIQUES - BAKER ET AL.
(1998) "METASOMATISM OF THE SHALLOW MANTLE BENEATH YEMEN BY
THE AFAR PLUME - IMPLICATIONS FOR MANTLE PLUMES, FLOOD
VOLCANISM, AND INTRAPLATE VOLCANISM

Table Al lists trace element data determined by a variety of analytical
techniques for the southern Yemen and Red Sea mantle xenoliths, along with
major element data for representative mineral phases from these rocks. Table
A2 lists Sr, Nd, and Pb isotope ratios for mineral separates from the xenoliths
and Rb, Sr, Sm, Nd, U, and Pb trace element data determined by thermal

ionisation mass spectrometric isotope dilution analysis.

MAJOR ELEMENT DATA
The small number of mineral major element analyses included as a footnote
to Table Al were made using a JEOL Superprobe 733 electron microprobe at
University College, University of London. Analyses were performed at an
accelerating potential of 15 kV, using a Link analyser and ZAF corrections.
O/

Analytical errors are better than £ 1% for major elements and + 10% for minor

elements.

TRACE ELEMENT DATA

Trace element data were determined by one or more of four techniques:
(a) Isotope dilution inductively-coupled plasma mass spectrometric (ID ICP-MS)
analysis: Trace element analyses were determined on acid-leached bulk mineral
separates, taken into solution by attack with HF/HNOs5 and sequential
evaporation with HNO3, HCl and HNO3, before final dissolution in 10% HNOs.
The solution was spiked with mixed Zr-Ba and U-Pb spikes: following
measurement of isotopic ratios at the NERC ICP-MS facility, concentrations of Zr,

Ba, U and Pb were determined by isotope dilution (ca. 4% error; 2 sd).
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Concentrations of Rb, Sr, Y, Nb and Th (5-8% error; 2 sd) were determined by
ratio to Zr or U, with mass bias calibrated by international standards.
(b) lon microprobe (SIMS) analysis: SIMS analyses were performed with a
Cameca IMS 4f ion microprobe at the University of Edinburgh, using a 8 nA
primary beam of O~ and a beam size of 0-25 um. Fuller details of the analytical
technique are described by Chazot et al. (1996). Precision and accuracy (2 sd) of the
ion microprobe data are better than £ 15% for Hf, £ 15% for Nb and Ba in the
trace-element-depleted clinopyroxenes, and £ 10% for all other elements.
(¢) Inductively-coupled plasma mass spectrometric (ICP-MS) analysis: ICP-MS
analyses on a small number of samples were made on wnleachied mineral
separates at the NERC ICP-MS facility.
(d) Thermal lonisation mass spectrometric isotope dilution (TIMS ID) analysis:
TIMS 1D analvses for the REE, Rb, Sr, U and Pb were carried out at the Royal
Holloway University of London Radiogenic Isotope Laboratory (UK). Acid-
leached mineral separates were taken into solution by standard acid-digestion
techniques (HF/HNO;5 followed by sequential evaporation of HNOs;, HCI and
HNO3) and the resulting solution quantitatively split into fractions for TIMS 1D
analysis and Sr-Nd-Pb isotopic analysis. The TIMS ID fraction was spiked with a
mixed REE spike, a mixed U-Pb spike and mixed Rb-Sr spike. U-Pb-Rb-5r-REE
were progressively separated using standard anion (REE-U-Pb) and cation (Rb-5r)
exchange techniques. Reproducibility of ID analyses are better than + 0.5%.
Blanks for ID and isotopic analyses were typically less than Rb, 0.5 ng; Sr, 1.0 ng;
REE La, 230 pg, Ce, 430 pg, Nd, 170 pg, Sm, 20 pg, Eu, 4 pg, Dy, 20 pg, Er, 12 pg, Yb,
12 pg; U, 0.5 ng; Pb, 0.5 ng. These blanks are negligible with the exception of Rb in
samples K4, JK10, BAS, and KA clinopyroxene, and U and Pb in the extremely
trace-element-depleted samples (BAS and KA), and trace element concentrations
for all these samples were blank-corrected.

In manv cases, trace element analyses were determined on the same samples

using multiple techniques. Trace element concentrations determined using the
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different techniques often exhibit considerable variation for individual elements,
in particular: (i) low abundance elements in the depleted clinopyroxenes (e.g., Rb,
Ba, Pb, Nb); (ii) differences observed between in siti analyses and analyses of bulk
mineral separates where the bulk mineral separates can clearly contain trace
element rich inclusions or contaminants (e.g., note the high Ba content of JK8
clinopvroxene determined by ID ICP-MS compared with the SIMS value); (iii)
differences between leached (ID ICP-MS and TIMS ID) and unleached analyses
(ICP-MS) of mineral separates (leached mineral separates almost without
exception have higher trace element abundances); (iv) relatively high Pb
contents determined by ICP-MS, even in incompatible trace element depleted
minerals which relate to Pb blank levels of the ICP-MS technique. However,
regardless of the analytical technique used, the trace element data clearly define
the trace element differences between the minerals from the hydrous Ataq,
anhvdrous Ataq, and the anhydrous Bir Ali and Kod Ali xenoliths, discussed by

Baker et al.

St, Nd, and Pb ISOTOPIC DATA

Sr, Nd, and Pb isotopic analyses were made on hand-picked, acid-leached
mineral separates as described previously. Details of the mass spectrometry are
described in Thirlwall (1991a and b). Blank-corrections were only necessary for
the Pb isotopic analyses of samples BAS and KA, but are generally small
compared with the large difference in Pb isotopic composition these samples
have compared to the Ataq mineral separates. Reproducibility of isotope ratios
monitored by multiple analysis of standards are better than %75r/%65r, £0.00002;
3N /N, +0.000012; 206Ph /204Pb, +0.010; 207Pb /2M4Pb, +£0.012; 205Pb /20+Pb,

+0.028.
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