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INTRODUCTION
The Lower Carboniferous limestones in Ireland host the Irish Zn-Pb orebodies, one of the most significant sources of Zn in the world but stratigraphic correlations
are difficult, relying on incomplete biostratigraphy. The main goal of this study to develop a chemostratigraphic reference framework for the volcanic ash layers to
support exploration for the carbonate zinc-lead deposits of Ireland.
The conventional practice in most tephra correlation is to analyse the elemental chemistry of volcanogenic glass (e.g. Lowe, 2011 [1]). The studied tuffs were
deposited into Mississippian age carbonates of the Irish Midlands Basin and are largely diagenetically altered to bentonite clay bands which coincides with the
devitrification of glass. But despite alteration, some bentonites contain resistant phenocrysts like zircon and apatite. Therefore, this study introduces a multi-proxy
tool using high-precision trace element bulk-rock geochemistry, apatite characterisation as well as U-Pb zircon geochronology.
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MATCHOGRAM
Modified method after Marx et al., 2005 [6] compares the relative concentrations of the least mobile elements of 
two samples with each other. First step is to divide all elements from sample A with the corresponding element in 
sample B. A perfect match would be unity. To correct for asymmetry and bias, the concentration of sample A serves 
once as the numerator and once as the denominator. Results are summed up and divided by two to receive the 
symmetrical ratio. Step two corrects for dilution effects. Finally, the reference point is set to zero. Therefore, a
perfect match would result in the sum of absolute 
deviates (ƩD) of zero. The closer the samples’ ƩD is to zero, 
the more likely they share the same origin. The following
element list was used: Al, Ti, Y, Nb, Sn, Ta, La, Pr, Nd, Sm,
Gd, Dy, Er, Yb

RESULT
The three different tuff horizons can be distinguished.

A) Simplified geological map of Ireland, showing the locations of available samples (black 
stars). This poster shows the results for the highlighted area. B) Stratigraphic columns for 
the two sampled boreholes from Slieve Dart.

SAMPLE DESCRIPTION
Three different tuff horizons were sampled from two drillcores (3470/15; 3471/4) in the
Slieve Dart area in the north-west of Ireland. Individual tuff horizons are shown in
different colours. Tuff 1 is the stratigraphically highest tuff in the drill-cores, liing in the
Oakport Limestone formation, followed by Tuffs 2 and 3, which occur in the Kilbryan
Limestone.

HIGH-PRECISION TRACE ELEMENT BULK GEOCHEMISTRY
Volcanic ashes in general are not a one-to-one geochemical image of their source. Their bulk-rock geochemistry 
may be influenced by alteration, phenocrysts, aeolian fractionation, dilution with matrix sediments,… . To minimise 
the influence of these secondary effects on the tuffs, the focus is on aluminium, titanium, niobium, tantalum , rare 
earth elements (REEs) [2]. Used method is a refined high-precision solution ICP - MS trace element analysis [3], [4] 
using low-P hotplate HF-HNO3 digestions. REE/Al ratios were first normalised to MUQ before they were vertically 
translocated to comparable levels in the diagram (H). Negative europium anomalies, like observed in all three tuff 
layers, are characteristic of silicic igneous rocks. They also indicate highly evolved, sub-alkaline magma sources [5]. 
Marker Tuffs from a different area (Tara Deep) are shown for comparison. 

APATITE CHARACTERISATION
Apatite ages are less precise than Zircon ages. But as the trace element chemistry of apatite can provide an 
effective link to the parent igneous rock type of the tuffs, apatite dating will only be used to rapidly characterise 
sample age populations before analysing them for trace elements. Apatite dating as well as trace element data 
were gained using LA ICP-MS. Only both tuff 3 yield enough apatites to date them. Apatite U-Pb ages for sample 
3471/4 and 3470/15 all lie on Tera-Wasserburg discordias (J, K), yielding lower intercept ages 379 ± 28 Ma and 
368 ± 35 Ma, respectively. The initial Pb composition was anchored using an initial 207Pb/206Pb composition 
derived from the Stacey and Kramers model with a conservative uncertainty of 0.02, as otherwise they exhibit a 
relatively poor constrained intercept age due to the small spread in U-Pb ratios.
The Sr/Y vs ƩLREE biplot introduced by O’Sullivan et al., 2019, in review discriminates Tuff 3 apatites as felsic 
granitoid apatites (L). Tuff 1 falls into the alkali-rich igneous apatite and Tuff two into the mafic granitoids to mafic 
igneous apatite field.  

SEM-CL imaging of the zircons shows the zoning 
and the average sizes of the occuring zircons (G).
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RESULT
The apatite ages for both Tuff 3 samples are in 
accordance with the zircon ages. The principal 
component analysis links both tuff 3 samples to a 
felsic parental magma composition which is 
already indicated by the whole-rock chemistry. 
The REE patterns from tuff 3 are also 
distinguishable from tuff 1 and tuff 2. Thus, the 
combined approach is able to reveal different ash 
beds and can be used for a big dataset to develop 
an Irish chemostratigraphic framework.

The rare earth elements of apatite phenocrysts were 
normalised to chondrite. The REE pattern of both 
tuff 3 layers are notably different from those of the 
stratigraphically higher beds (M). 

J K

B

H

U-Pb ZIRCON DATING 
The used method was laser ablation inductively 
coupled mass spectrometry (LA ICP-MS). Tuff 1 in 
both drill cores did not yield any zircons. Zircons 
from the four other samples are plotted on U-Pb 
zircon Wetherill concordias. Samples yield con-
cordant analyses as well as discordant analyses 
which are interpreted as older inherited grains, 
common Pb bearing grains and grains which 
suffered Pb loss (C, D, E, F). The concordant ages 
for the 2nd tuffs are 345.4 and 347.6 Ma, whereas 
the ages for the 3rd tuffs are both around 358.5 Ma. 
RESULT
U-Pb zircon dating reveals that Tuff 2 and Tuff 3 can 
be differentiated. Tuff 2 is roughly 12 Ma younger 
than Tuff 3. 
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RESULT
The REE plot can clearly distinguish three tuff horizons
and correlate the same horizon across cores indicating an
evolved magma source. Binary plots also separates the
three different tuff layers (I).
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