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TRACE AND MINOR ELEMENTS IN GALENA: A RECONNAISSANCE LA-ICP-MS
STUDY

TRACE ELEMENTS IN GALENA

ABSTRACT

Many minor/trace elements can substitute into the crystal lattice of galena at various
concentrations. /n-situ LA-ICP-MS analysis and trace element mapping are used to
obtain minor/trace element data from a range of natural galena specimens aiming to
enhance understanding of the governing factors that control minor/trace element
partitioning. The coupled substitution Ag" + (Bi, Sb)*" <> 2Pb*", is confirmed by data
obtained, although when Bi and/or Sb are present at high concentrations (~> 0.002
mol.%), site vacancies most likely come into play through the additional substitution
2(Bi, Sb)’" + 0 <> 3Pb*". Galena is the primary host of Tl in all mapped mineral
assemblages. Thallium is likely incorporated into galena along with Cu through the
coupled substitution: (Ag, Cu, TI)" + (Bi, Sb)*" < 2Pb*". Tin can reach significant
concentrations in galena, particularly when the latter formed via metamorphic
recrystallisation. Tin is concentrated in galena, likely via the substitution: Sn* + o «
2Pb2+, involving the creation of lattice vacancies, or Sn?"  Pb*". Tin and In
concentrations show a strong positive correlation across the sample suite indicating that
the availability of these elements is intimately linked in natural systems. Cadmium and
minor Hg can be incorporated into galena; the simple isovalent substitution (Cd, Hg)*"
— Pb*" is inferred. Significant oscillatory compositional zoning, and lesser sector
zoning of minor/trace elements (Ag, Sb, Bi, Se, Te) is confirmed, for the first time, in
galena from two epithermal ores. Zoning is attributed to slow crystal growth into open
spaces within the vein at relatively low temperatures. The datasets generated increase
understanding of the nature and distribution of minor/trace elements in galena, and
partitioning between galena and coexisting minerals. These data have several
applications in the minerals industry, particularly in studies of mineral deposit genesis,
ore processing and, potentially, also in mineral exploration.
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Figure 1: Reflected light photomicrographs illustrating various occurrences of, and
textures in, galena. (a) Typical blocky structure of galena (Gn) due to perfect cubic
cleavage on [001] parting on [111] (Baita Bihor, BBH20). (b) Common triangular
cleavage pits on polished surface of galena. These reveal a deformed lattice structure
(Kapp Mineral, Kmi 4). (¢) Galena as a matrix for various gangue and ore minerals (Sp:
sphalerite, Py: pyrite) (Mt. Isa, 5984B C1) and (d) galena and sphalerite filling the
matrix between pyrite crystals (Bleikvassli, V538). (e) Intergrown galena and sphalerite
from a massive SEDEX ore (Zinkgruvan, ZN 99.2) and (f) banded galena, sphalerite
and pyrrhotite (Po) in a layered SEDEX ore (Sullivan). .........ccoccoeviiiiiiiniiniieieieeee. 16

Figure 2: Reflected light photomicrographs (a - d) and backscattered SEM images (e
and f) illustrating various occurrences of, and textures in, galena. (a) Galena (Gn) as
inclusions in chalcopyrite (Cp) and pyrite (Py) (Toroiaga, T1a). (b) 120° triple points
between galena, sphalerite (Sp) and gangue minerals indicating chemical equilibrium
due to annealing in the recrystallised ore (Broken Hill, BH233). (c) Galena filling
fractures within sulphides (Kochbulak, 47) and (d) gangue minerals (Kapp Mineral,
Kmi 4). Galena is typically a late-forming mineral in the paragenesis and so tends to fill
fractures and cracks in pre-existing minerals. (e) Skeletal replacement of sphalerite by
galena. Replacement is occurring preferentially parallel to the sphalerite cubic structure
(Efemcukuru, S4). (f) Micro-inclusion of hessite (Ag,Te) within galena (Efemcukuru,

Figure 3: Representative time-resolved LA-ICP-MS depth profiles for galena. From left,
the background count is 30 s, followed by 50 s ablation time, which is integrated. Parts-
per-million concentrations are given for selected elements. CPS = counts per second. (a)
Flat spectra reflecting solid solution for Bi, Ag and T, but also Te, Cd and Cu (BBH20,
Baita Bihor). (b) Flat spectra for Bi, Ag, Sb and TI, but also Sn (Bv-97-3, Bleikvassli).
(c) Peak on Zn profile indicating mineral inclusion. Note flat spectra for Sn and In
(V538, Bleikvassli). (d) Peak on Au profile indicating inclusion (BdA 99-5, Baia de
Aries). (e) Parallel peaks on Sb, Hg and Cd profiles reflecting mineral inclusions (30,
Kochbulak). (f) Peak on Ag and Sb profiles reflecting mineral inclusion. Accurate solid
solution concentrations can still be calculated by selecting only the signal before the
peak (BH218, Broken Hill). .....ccc.ooiiiiiiiiiiee e 26
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Figure 10: Histograms showing the distribution of (a) Ag, (b) Bi, (c) Sb, (d) Tl, (e) Sn,
(f) In, (g) Te and (h) Cd in galena. Distributions are plotted by deposit type. SEDEX
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