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1 Introduction

This report presents the results of mineralogical characterisation of a small suite of seven pan
concentrate samples from Nigeria. The samples were submitted for analysis by Drs Roger Key
and John Ridgway (BGS) as part of the ‘Technical Assistance Services for the Geochemical
Mapping of Nigeria’ project which aims to provide baseline geoscientific information for
mineral exploration and environmental management through a study of the distribution of
important metallic elements.

Particular interest was expressed in determining the hosts for the elevated levels of Zr in the
concentrates. Full sample details, including Zr geochemical data from X-ray fluorescence
spectroscopy (XRFS) are listed in Table 1.

Table 1. Summary of samples submitted

Incoming S 3 Zr from
sample BGCSO(';:PL % g Site lithology Catchment lithology XRFS
number S - analysis

|
MOS2B250 | MPLNS54 | 06,40.80 | 09,56.25 | Blotite granite, locally ‘Older Granite’ 606.1 ppm
feldspar-phyric
MOSAD 250 MPLNS55 | 06.25.59 | 09.40.41 Granite anq biotite schist Blrn‘m Gwari SChIS’t 190.9 ppm
fragments in stream and “‘Older Granite
MOS7C 250 MPLN856 | 07,10.05 | 10,04.05 | Granite, partly migmatitic | Kushaka Schist 842.4 ppm
MOS15A 250 | MPLN857 | 06,56.54 | 09,05.36 | Granite gneiss g;%??éguc Gneiss 1668.8 ppm
MOS16D 250 | MPLN858 | 06,56.49 | 09,05.41 | Augen gneiss Migmatitic Gneiss 3.0 wit%
Complex
MOS17A 250 | MPLNB859 | 06,57.06 | 09,06.32 Migmatitic Gneiss 1.6 Wt%
Complex
MOS20A 250 | MPLP078 | 07,00.93 | 09,07.13 | Migmatitic gneiss Sheared Migmatitic 0.7 wt%
Gneiss Complex

2 X-ray diffraction analysis

2.1 PREPARATION

In order to achieve a finer and uniform particle-size for powder XRD analysis, approximately 3 g
portions of the tema-milled material were micronised under acetone for 10 minutes and then
spray-dried following the method and apparatus described by Hillier (1999). The spray-dried
material was then front-loaded into standard stainless steel sample holders.

2.2 ANALYSIS

Whole-rock XRD analysis was carried out using a PANalytical X’Pert Pro series diffractometer
equipped with a cobalt-target tube, X’Celerator detector and operated at 45kV and 40mA. The
micronised/spray-dried samples were scanned from 4.5-85°26 at 2.76°26/minute. Diffraction

1
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data were initially analysed using PANalytical X’Pert Highscore Plus version 2.2a software
coupled to the latest version of the International Centre for Diffraction Data (ICDD) database.

2.3 QUANTIFICATION

Following identification of the mineral species present in the sample, mineral quantification was
achieved using the Rietveld refinement technique (e.g. Snyder & Bish, 1989) using PANalytical
Highscore Plus software. This method avoids the need to produce synthetic mixtures and
involves the least squares fitting of measured to calculated XRD profiles using a crystal structure
databank. Errors for the quoted mineral concentrations are typically +2.5% for concentrations
>60 wt%, £5% for concentrations between 60 and 30 wt%, +10% for concentrations between 30
and 10 wt%, +20% for concentrations between 10 and 3 wt% and +40% for concentrations <3
wt% (Hillier et al., 2001). Where a phase was detected but its concentration was indicated to be
below 0.5%, it is assigned a value of <0.5%, since the error associated with quantification at
such low levels becomes too large.

3 Results and discussion

The quantitative results of powder XRD analyses are summarised in Table 2.

Table 2. Summary of quantitative powder XRD analyses

mineral (%0)
Incoming o
sample BGS MPL g 2 . )
number | % g e Bl e |2 le |25 |3 |5
= |2 |2 (2|5 |2 |E |5 |E |2
MOS2B 250 MPLN854 | 84.1 5.0 6.2 0.7 nd <0.5 nd nd 15 2.3
MOS4D 250 MPLN855 | 81.2 6.1 6.4 0.7 nd <05 | <05 nd 4.0 1.3
MOS7C 250 MPLN856 | 77.1 4.5 151 0.7 nd <05 | <05 | <0.5 1.9 nd
MOS15A 250 MPLN857 | 66.9 | 16.0 | 13.5 12 1.7 <05 | <05 | <05 | <05 nd
MOS16D 250 MPLN858 | 58.8 | 14.4 | 16.2 1.9 3.8 <0.5 0.7 3.9 <0.5 nd
MOS17A 250 MPLN859 | 67.1 | 10.7 | 13.1 1.7 4.4 <0.5 0.7 2.0 <0.5 nd
MOS20A 250 MPLPQ78 68.0 9.7 8.2 1.7 4.7 <0.5 6.1 1.2 <0.5 nd

XRD analysis indicates that the samples are predominantly composed of quartz with subordinate
amounts of feldspar (plagioclase and K-feldspar), pyroxene (augite) and traces of ‘mica’
(undifferentiated mica species possibly including muscovite, biotite, illite and illite/smectite),
pyrite + further minor-trace amounts of zircon, amphibole, ilmenite and ‘kaolin’
(undifferentiated kaolin group minerals possibly including kaolinite, halloysite etc). Such a
mineralogical assemblage is commensurate with observations made using an optical microscope.
Selected heavy mineral grains are shown in the photomicrographs (Figures 1 and 2). Note that
the zircons in Figure 1d show different morphologies. One of the zircons, indicated to the right
of the field-of-view, is a composite grain typical of those found in some migmatites. It is
composed of a rounded core with overgrowths which in turn are not facetted. The remaining
zircons shown in Figure 1d are euhedral.
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Figure 1. Optical photomicrographs of selected heavy mineral grains from the pan
concentrates

a. Amphibole grain, sample MOS16 b. Amphibole grain, sample MOS20
c. Zircon grain, sample MOS16 d. Zircon grain, sample MOS16
e. Zircon grain, sample MOS16 f. ?llmenite grain, sample MOS20



Report IR/09/040 Version 2 Last modified: 10/07/2009

Figure 2. Optical photomicrographs of selected heavy mineral grains from the pan
concentrates

a. Amphibole grain, sample MOS16 b. Monazite grain, sample MOS20
c¢. Uraninite/magnetite grain, sample MOS20

Cluster analysis of the powder diffraction data (Figure 3) indicates two relatively strong mineral
assemblages:

e Group 1 samples (MOS2B, 4D and 7C) are characterised by relatively high quartz and
phyllosilicate/clay mineral contents but relatively low feldspar, ferromagnesian mineral
(pyroxene, amphibole) and zircon contents. These samples were sampled over granite
and schist bedrock.

e Group 2 samples (MOS15A, 16D and 17A) are characterised by lower quartz, higher
feldspar, very low phyllosilicate/clay mineral contents but relatively high ferromagnesian
mineral and zircon contents. These samples were all sampled over migmatitic gneiss
bedrock.

e Although apparently similar to the Group 2 samples, the non-clustered sample
(MOS20A) shows an increased ilmenite concentration. MOS20A was also sampled over
sheared migmatitic gneiss bedrock.
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Figure 3. Cluster analysis dendrogram for the pan concentrate XRD traces

The only Zr-bearing phase identified by XRD in the pan concentrates was zircon (ZrSiO4). XRD
concentrations show an excellent correlation with XRFS geochemical data (Figure 4, R? = 0.98)
with an apparent XRD detection limit of ¢.700 ppm Zr.

Zr concentrations derived from the XRD zircon contents confirm that zircon is the dominant host
for Zr in the pan concentrates. The small, residual Zr concentrations may result from XRD
quantification error or the presence of below XRD-detection levels of other Zr-bearing phases
such as baddeleyite (ZrO2).

More accurate speciation of the heavy mineral fraction and potential identification of further Zr-
bearing phases could be achieved if the quartz and feldspar component was removed using heavy
media (e.g. Li-polytungstate) separation techniques prior to further XRD analysis.
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Figure 4. Correlation plot of XRD Zr (from zircon concentration) and XRFS Zr (both
ppm)



Report IR/09/040 Version 2 Last modified: 10/07/2009

4 Summary

e XRD analyses have been completed on a suite of seven pan concentrates from Nigeria.

e XRD analysis indicates similar assemblages to those observed from optical microscopy
and which are predominantly composed of quartz with subordinate amounts of feldspar
(plagioclase and K-feldspar), pyroxene (augite) and traces of ‘mica’, pyrite = further
minor-trace amounts of zircon, amphibole, ilmenite and ‘kaolin’.

e Cluster analysis of XRD data indicates two relatively strong mineral assemblages with
differing quartz, feldspar, phyllosilicate/clay mineral, ferromagnesian mineral and zircon
contents. The mineral assemblage groupings correspond closely with the bedrock
geology with samples collected from drainage basins underlain by migmatitic gneiss
having different mineral assemblages from the other samples from schist and granitic
terrains.

e The non-clustered sample (MOS20A) shows an increased ilmenite concentration.

e Zircon was the only Zr-bearing phase identified by XRD in the pan concentrates. Trace
quantities of other Zr-bearing minerals (e.g. baddeleyite) may also be present but are
below XRD detection limits.

e More accurate speciation of the heavy mineral fraction and potential identification of
further Zr-bearing phases could be achieved if the quartz and feldspar component was
removed using heavy media (e.g. Li-polytungstate) separation techniques prior to further
XRD analysis.
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Appendix: X-RAY DIFFRACTION TRACES:

KEY

The upper figure on each page shows the sample diffraction trace. The lower figure shows stick
pattern data for the extracted sample peaks (orange) and the identified mineral standard data.
Vertical axis — intensity (counts), horizontal axis - °26 Co-Ka..
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