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Abstract. The W-Sn Panasqueira deposit consists of an 
extensive swarm of coplanar, subhorizontal veins that are 
laterally overlapping and connecting. Segmentation 
structures, a local zigzag geometry and straight 
propagation paths indicate that the veins are exploiting 
regional cross-fold joints. These joints are associated 
with subvertically-plunging F3 folds, which developed 
during late-orogenic oroclinal buckling. Veining 
reactivated the joints under hydraulic overpressures and 
low differential stress. The consistent orthogonal 
relationship between the veins and non-cylindrical F3 fold 
hinges indicates that veining occurred in a similar stress 
regime as jointing, i.e. with the minimum principal stress 
subparallel to the fold hinges. In-situ Rb-Sr dating (LA-
ICP-MS/MS) of muscovite selvages bordering the vein 
walls has demonstrated that W-Sn mineralization 
occurred in a time range of 305-302 (± 2.3 to 4.1) Ma. 
Hence, the structural emplacement of the vein swarm 
occurred in a late-orogenic setting, simultaneous with 
transpressional F3 folding and prior to the tectonic 
inversion at ca.297-295 Ma. Iberian vein-type W-Sn 
mineralization and oroclinal buckling thus appear not only 
to share their late-Variscan timing, but could also be 
considered as kinematically related processes. 
 
1 Introduction and geological setting 
 
The world-class W-Sn Panasqueira deposit is situated in 
the southwestern part of the Iberian Massif (Portugal) 
(Fig. 1), part of the Variscan orogenic belt present 
throughout Europe. More specifically, Panasqueira is 
located within the Central Iberian zone (CIZ), the axial 
zone of the Iberian Massif. The CIZ is a predominantly 
autochthonous domain, consisting of metasedimentary 
rocks deposited at the northern continental margin of 
Gondwana during the Neoproterozoic to early Palaeozoic 
(Martínez Catalán et al. 2014). Regional metamorphism 
in these sequences ranges from lower greenschist to 
amphibolite facies (Martínez Catalán et al. 2007). Late- 
to post-tectonic with Variscan deformation (310-285 Ma), 
widespread granite intrusion occurred throughout the CIZ 
(Gutiérrez-Alonso et al. 2011; Martínez Catalán et al. 
2014). W-Sn mineralization is spatially and temporally 
associated with this granite suite.  

The Panasqueira deposit consists of an extensive 
network of subhorizontal quartz veins, which are cross-
cutting the strongly folded metasedimentary host rock 

peripheral to a greisen cupola (Fig. 1). The vein swarm is 
a textbook example of a greisen-affiliated W-Sn vein-type 
deposit, but is characterized by a conspicuous flat 
attitude. A variety of structural emplacement modes have 
been proposed (Marignac 1973; Kelly and Rye 1979; 
Ribeiro and Pereira 1982; Derré et al. 1986; Foxford et al. 
2000), but none of these studies have focused on the 
intimate relationship with the Variscan deformation 
structure nor are there adequate time constraints 
available. 

 

 
Figure 1. Geological map and cross-section of the Panasqueira 
deposit indicating the location of the underground mine and vein 
swarm relative to the contact metamorphic aureole and greisen 
cupola (data source Beralt Tin & Wolfram S.A.). The inset displays 
the location of the mine (yellow star) within the Iberian Massif. 
 

To clarify the structural emplacement mode of the vein 
swarm and its relationship with the Variscan orogenic 
framework we have performed an integrated structural 
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(Jacques et al. 2018b) and in-situ Rb-Sr geochronological 
analysis. The aim of this study is to highlight the 
relationship between the geometry of the vein swarm, the 
Variscan deformation structure and the late-orogenic 
geodynamic setting. 
 
2 Structural analysis 
 
2.1 Fold and foliation generations 
 
Detailed mapping over an area of ca. 15 km² overlying 
the underground mine has highlighted the presence of 
two superimposed fold generations, which correspond to 
the regionally defined F1 and F3 fold stages (cf. Díez-
Balda et al. 1990). Both fold generations are 
characterized by subvertical axial planes and fold axes, 
and define a Type 3 fold interference (cf. Ramsay 1967). 
F1 folds are isoclinal with an axial planar S1 cleavage 
parallel to S0, and are thus generally only discernable in 
the hinge zones. During late-orogenic transpression (D3), 
F3 folding refolded the vertical S1 fabric along a vertical 
axis. F3 folds show a M-, S,- and Z-type parasitic 
geometry depending on the position in the first-order fold 
structure, but S3 has a consistent axial planar, NW-SE 
attitude. The F3 folds have a strongly non-cylindrical 
nature, with F3 fold hinge plunge often varying within a 
single outcrop. S1 is the main penetrative fabric of the 
host rock, which is strongly microfolded by a spaced S3 
crenulation cleavage. 
 
2.2 Regional joint system 
 
Within the mining area, and regionally throughout the 
southern Central Iberian Zone (Derré et al. 1986; 
Jacques et al. 2018a), a systematic joint network with a 
subhorizontal to moderately-inclined attitude is 
omnipresent. The joints are planar, regularly-spaced and 
often continuous over a length up to tens of metres. In 
addition, no apparent fractographic features (e.g. 
plumose structures, hackle fringes, etc.) nor any mineral 
infilling away from the mine is present. 

Geometric analysis of the joints demonstrates that 
they have a consistent orthogonal orientation relative to 
the S0-S3 intersection lineations and F3 fold hinge lines, 
even when the latter show strong variations in plunge. 
This relationship is obvious from the outcrop- to the 
regional scale. Hence, the joints correspond to cross-fold 
or ac-joints, which developed orthogonal to the 
mesoscale F3 folds (Fig. 2). 

 
2.3 Vein swarm 
 
The W-Sn bearing vein swarm consists of coplanar veins 
that are overlapping in a relay-stepping geometry and 
connecting laterally over large distances, without any 
mutual cross-cutting relationship. Connection occurs 
along subhorizontal splays, or along high-angle veins 
forming rock bridges (Fig. 2 – type 1). Straight vein tips, 
various segmentation structures and a zigzag geometry 

demonstrate that the veins have exploited a pre-existing 
joint system, i.e. the regional cross-fold joints. 

The veins are predominantly subhorizontal (dip < 20°), 
although locally inclined veins with a dip of ca. 40-50° 
occur (‘galo’ veins). These inclined veins are 
preferentially exploiting pre-existing joint sets with a 
moderate dip. Inclined veins are related to the strongly 
non-cylindrical nature of the F3 fold axes, i.e. they occur 
where the S0-S3 intersection lineation switches from a 
general subvertical to a local moderate plunge (Fig. 2 – 
type 2). Dilation in the inclined veins occurred 
consistently at a high angle to the vein wall, hence they 
are extension veins similar to the subhorizontal ones. 
These observations have important repercussions for the 
kinematic model for the Panasqueira vein swarm (see 
section 4). 
 
3 Rb-Sr dating 
 
3.1 Methodology 
 
The recent innovation of installing a reaction cell in 
between two quadrupoles within an inductively-coupled 
plasma mass spectrometer has eliminated the 
predicament of isobaric overlap, allowing online 
separation of 87Sr from 87Rb in MS/MS mode (Zack and 
Hogmalm 2016; Hogmalm et al. 2017). In addition, the 
use of a laser ablation system with a small spot size (50 
µm) allows inclusions and alterations to be avoided 
during analysis, while controlling the mineral paragenesis 
and potential internal zonations. 

The in-situ Rb-Sr dating was performed at the 
University of Gothenburg (Sweden) using an ESI 
213NWR (TwoVol2) Nd-YAG laser ablation system 
connected to an Agilent 8800 QQQ ICP-MS/MS with an 
octopole reaction cell (ORS). N2O was used as reaction 
gas for all samples. NIST610, 612 and BCR-2G glass and 
Mica-Mg nanopowder pellet standards were measured 
systematically between the different samples to allow for 
the detection of drift during the analysis day. Muscovites 
from mineralized vein selvages were subjected to three 
analytical runs each consisting of a minimum of 10 spots, 
which combined gave a robust and reliable age for each 
sample. Glitter© was used for signal revision and to 
generate the background-subtracted count rates. Isotope 
ratios were calculated with an in-house spreadsheet, 
using correction factors obtained from (i) low Rb-
moderate Sr (NIST 610, 612, BCR-2G) and (ii) high Rb-
low Sr standards (Mica-Mg). Isochron ages were 
calculated using the Isoplot 4.15 software using the most 
recent 87Rb decay constant (λ87 = 1.3972 ± 0.0045  10-11 
a-1) of Villa et al. (2015). Mica-Mg and Högsbo-Ms 
nanopowder pellets (Hogmalm et al. 2017) and Högsbo, 
GA1550 and MMHb mica crystals were used for data 
quality control by comparing the isochron age with 
constraints from literature. 
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Figure 2. Kinematic model for the Panasqueira veins, showing the close relationship between the fold geometry and the vein orientation. Due 
to the non-cylindrical nature of the F3 folds, local shallow-plunging S0-S3 intersection lineations occur, which in turn influences the orientation 
of the cross-fold joints and veins. (1) Joint and vein attitude associated with subvertical S0-S3 intersection lineations, i.e. the predominant 
geometry. (2) Inclined veins associated with shallower-plunging S0-S3 intersection lineations., i.e. the local ‘galo’ veins. Vein dilation is 
consistently perpendicular to the vein wall, indicating a σ3 consistently subparallel to the F3 hinge lines. Adapted after Jacques et al. (2018b). 

 
3.2 Results 

 
Errors on the primary standards were calculated from the 
standard deviations of repeated analysis, giving a 
precision of 1.7-2.4% for 87Rb/86Sr and 0.13-0.19% for 
87Sr/86Sr. Isochron age calculation for the secondary 
standards indicates quite good reliability. Standards 
which were subjected to at least 10 spot analyses show 
reliable ages that typically deviate less than 0.5% from 
the ages constrained in literature. 

Muscovites bordering the vein walls were analyzed for 
five samples spatially distributed across the mine. The 
muscovites from the vein selvages represent the earliest 
stage of vein opening and are overlapping with or just 
preceding W and Sn mineralization (Kelly and Rye 1979). 
Besides muscovites (high Rb, low Sr), tourmalines (low 
Rb, moderate Sr) within the vein selvages were also 
analyzed. The presence of tourmaline is advantageous 
because it allows constraint of the initial 87Sr/86Sr ratio. 
Tourmaline is present in the selvages associated with 
muscovite, topaz and arsenopyrite and is thus cogenetic 
with the first stage of mineralization (Codeço et al. 2017; 
Launay et al. 2018). 

The five samples display a quite consistent age of ca. 
305-302 Ma (± 2.3 to 4.1 Ma), with an average isochron 
age of 302.8±1.3 Ma when all 5 samples are grouped 
together (Fig. 3). The isochrons are characterized by 
relatively small errors (2σ = 0.7-1.3%) and good MSWD 
values (between 0.6 and 1.2). Muscovite shows a large 

variation in 87Rb/86Sr ranging generally from ca. 500 to ca. 
10,000, but with a maximum of 40,000 (Fig. 3). The 
measured tourmaline 87Sr/86Sr ratios vary from 
0.720±0.004 to 0.739±0.004 with an average value of 
0.730±0.012 and a coefficient of variation equaling 
0.81%.  

 
4 Metallotectonic model 
 
Our structural analysis has successfully demonstrated a 
close kinematic relationship between late-orogenic F3 
folding, regional cross-fold jointing and W-Sn vein-type 
mineralization. Veining reactivated the regional joint 
system in the vicinity of the Panasqueira cupola, under 
hydraulic overpressures and low differential stresses 
(Jacques et al. 2018b). The consistent perpendicular 
orientation of the veins relative to the non-cylindrical F3 
fold axes indicates that the reactivation did not occur 
during far-field horizontal contraction, as formerly 
suggested in literature (Kelly and Rye 1979; Foxford et al. 
2000). Instead, our study of the inclined ‘galo’ veins 
indicates that vein reactivation was controlled by local 
stress states, i.e. the minimum principal stress 
consistently subparallel to the F3 fold axis (Fig. 2). Veining 
thus occurred in a similar stress regime as the cross-fold 
joints, i.e. simultaneous with F3 folding and associated 
with hinge-parallel stretching (Jacques et al. 2018b). This 
interpretation is supported by in-situ Rb-Sr age dating, 
which gives an average isochron age of 302.8±1.3 Ma for 
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the onset of W-Sn mineralization (Fig. 3). This timing is 
late-orogenic, simultaneous with regional D3 deformation 
and prior to the tectonic inversion at ca. 297-295 Ma (cf. 
Pastor-Galán et al. 2015). 

Temporal and kinematic constraints indicate that 
vertical-axis F3 folding reflects transpressional 
deformation within the outer arc and southern limb of the 
late-Variscan Cantrabrian orocline (315-297 Ma) 
(Jacques et al. 2018a). W-Sn vein-type mineralization 
and oroclinal buckling are thus cogenetic and 
kinematically related processes. 
 

 

 
Figure 3. Rb-Sr isochron diagram for the five different Panasqueira 
samples combined (n=126). The data-point error crosses are 1σ. 

 
Acknowledgements 
 
We thank Beralt Tin & Wolfram (Portugal) S.A. for the 
possibility to study the Minas da Panasqueira 
underground mine and for the excellent assistance during 
our research stays. D. Jacques is financially supported by 
a postdoctoral fellowship of the Research Foundation 
Flanders (FWO). 
 
References 
 
Codeço MS, Weis P, Trumbull RB, Pinto F, Lecumberri-Sanchez P, 

Wilke FDH (2017) Chemical and boron isotopic composition of 
hydrothermal tourmaline from the Panasqueira W-Sn-Cu 
deposit, Portugal. Chem Geol 468:1–16. doi: 
10.1016/j.chemgeo.2017.07.011 

Derré C, Lécolle M, Roger G, Carvalho JTF (1986) Tectonics, 
magmatism, hydrothermalism and sets of flat joints locally filled 
by Sn-W aplite-pegmatite and quartz veins; southeastern border 
of the Serra de Estrela granitic massif (Beira Baxia, Portugal). 
Ore Geol Rev 1:43–56 

Díez-Balda M, Vegas R, Gonzalez-Lodeiro F (1990) Central Iberian 
zone. Autochtonous sequences. Structure. In: Dallmeyer RD, 
Martinez Garcia E (eds) Pre-Mesozoic Geology of Iberia:172–

188 
Foxford KA, Nicholson R, Polya DA, Hebblethwaite RPB (2000) 

Extensional failure and hydraulic valving at Minas da 
Panasqueira, Portugal; evidence from vein spatial distributions, 
displacements and geometries. J Struct Geol 22:1065–1086 

Gutiérrez-Alonso G, Fernández-Suárez J, Jeffries TE, Johnston ST, 
Pastor-Galán D, Murphy JB (2011) Diachronous post-orogenic 

magmatism within a developing orocline in Iberia, European 
Variscides. Tectonics 30:TC5008. doi: 10.1029/2010TC002845 

Hogmalm KJ, Zack T, Karlsson AK, Sjöqvist ASL, Garbe-Schönberg 
D (2017) In situ Rb-Sr and K-Ca dating by LA-ICP-MS/MS : an 
evaluation of N2O and SF6 as reaction gases. J Anal At 
Spectrom 32:305–313. doi: 10.1039/C6JA00362A 

Jacques D, Muchez P, Sintubin M (2018a) Superimposed folding 
and W-Sn vein-type mineralisation in the Central Iberian Zone 
associated with late-Variscan oroclinal buckling: A structural 
analysis from the Regoufe area (Portugal). Tectonophysics 
742–743:66–83. doi: 10.1016/j.tecto.2018.05.021 

Jacques D, Vieira R, Muchez P, Sintubin M (2018b) Transpressional 
folding and associated cross-fold jointing controlling the 
geometry of post-orogenic vein-type W-Sn mineralization: 
examples from Minas da Panasqueira, Portugal. Miner Depos 
53:171–194. doi: 10.1007/s00126-017-0728-6 

Kelly WC, Rye RO (1979) Geologic, fluid inclusion and stable 
isotope studies of the tin-tungsten deposits of Panasqueira, 
Portugal. Econ Geol 74:1721–1822 

Launay G, Sizaret S, Guillou-Frottier L, Gloaguen E, Pinto F (2018) 
Deciphering fluid flow at the magmatic-hydrothermal transition: 
A case study from the world-class Panasqueira W–Sn–(Cu) ore 
deposit (Portugal). Earth Planet Sci Lett 499:1–12. doi: 
10.1016/j.epsl.2018.07.012 

Marignac C (1973) Analyse structurale de l’environment du 
gisement à tungstène-étain de Panasqueira (Beira Baixa, 
Portugal); Implications génétiques. Académie des Sci Paris, 
Comptes Rendus 277:269–272 

Martínez Catalán JR, Arenas R, Díaz García F, González Cuadra P, 
Gómez-Barreiro J, Abati J, Castiñeiras P, Fernandez-Suarez J, 
Sanchez Martinez S, Andonaegui P, González Clavijo E, Diez 
Montes A, Rubio Pascual FJ, Valle Aguado B (2007) Space and 
time in the tectonic evolution of the northwestern Iberian Massif: 
Implications for the Variscan belt. In: Hatcher RD, Carlson MP, 
McBride JH, Martínez Catalán JR (eds) 4-D Framework of 
Continental Crust: Geological Society of America Memoir 
200:403–423 

Martínez Catalán JR, Rubio Pascual FJ, Díez Montes A, Díez 
Fernández R, Gómez Barreiro J., Dias Da Silva I, González 
Clavijo E, Ayarza P, Alcock JE (2014) The late Variscan HT/LP 
metamorphic event in NW and Central Iberia: relationships to 
crustal thickening, extension, orocline development and crustal 
evolution. Geol Soc London, Spec Publ 405:225–247. doi: 
10.1144/SP405.1 

Pastor-Galán D, Groenewegen T, Brouwer D, Krijgsman W, 
Dekkers MJ (2015) One or two oroclines in the Variscan orogen 
of Iberia? Implications for Pangea amalgamation. Geology 
43:527–530. doi: 10.1130/G36701.1 

Ramsay JG (1967) Folding and Fracturing of Rocks. McGraw Hill, 
New York 

Ribeiro A, Pereira E (1982) Controles paleogeográficos, 
petrológicos e estruturais na génese dos jazigos portugueses 
de estanho e volfrâmio. Geonovas 1:24–31 

Villa IM, De Bièvre P, Holden NE, Renne PR (2015) IUPAC-IUGS 
recommendation on the half life of 87Rb. Geochim Cosmochim 
Acta 164:382–385. doi: 10.1016/j.gca.2015.05.025 

Zack T, Hogmalm KJ (2016) Laser ablation Rb/Sr dating by online 
chemical separation of Rb and Sr in an oxygen-filled reaction 
cell. Chem Geol 437:120–133. doi: 
10.1016/j.chemgeo.2016.05.027 



1228 Life with Ore Deposits on Earth – 15th SGA Biennial Meeting 2019, Volume 3 

Stream sediment geochemistry for regional prospectivity 
analysis: Tin, cesium, tantalum and tungsten anomalies in 
Leinster, southeast Ireland 
David Kaeter, Julian F. Menuge 
Irish Centre for Research in Applied Geosciences (iCRAG) and University College Dublin 
 
John Harrop 
Blackstairs Lithium Ltd. 

 
Abstract. Sediments of streams draining the Leinster 
Batholith, SE Ireland, are rich in rare elements such as 
Cs and Sn. After correcting regional stream sediment 
data from the Geological Survey Ireland Tellus project for 
the lithological background, geochemical anomalies 
could be identified. Prominent anomalies 
(>1.5 SD – >2.5 SD) for residuals of Sn, Ta and W 
appear in and downstream of catchments with known 
deposits of rare-element pegmatites and Sn-W veins. 
Anomalies for Ta and Sn on the same regional trend 
suggest the presence of undiscovered rare-element 
pegmatites. High Cs residuals for streams draining 
metasedimentary rocks east and southeast of the 
granitoids are best explained by glacial transport and 
regional drainage. High to anomalous Cs residuals for 
streams draining volcanogenic rocks in the SE of the area 
are a likely artefact of the background correction. Future 
work includes mineralogical investigation of heavy 
minerals in stream sediment samples from catchments 
with known rare-element pegmatites, local stream 
sediment surveys as well as optimization of background 
correction and principal component analysis to identify 
multi-element anomalies for the regional geochemical 
data.  
 
1 Introduction 
 
1.1 Regional geology and mineral deposits 
 
The geology of the province of Leinster is dominated by 
late-Caledonian S-type composite granitic intrusions 
forming the Leinster Batholith (Fig. 1). The plutons are 
products of prolonged multi-episodic magmatism of 
Ordovician to Devonian age during and after Caledonide 
orogenic development (Fritschle et al. 2018a; 2018b). 

The granitoids intruded Ordovician to Silurian 
metasedimentary rocks of the Leinster–Lakesman 
terrane which lies directly southeast of the Iapetus suture. 
Among the oldest rocks in Leinster are Cambrian 
turbidites and quartzites. These are overlain by Cambrian 
to Middle Ordovician metapelites, which are themselves 
unconformly overlain by Ordovician volcanogenic rocks. 
Silurian deep-marine turbidites in the north and Devonian 
Red Sandstones in the southwest are located above the 
Ordovician units. The youngest rocks in the area are 
Carboniferous limestones, mudstones and shales.  

A major SW–NE trending dip-slip ductile shear zone, 
the East Carlow Deformation Zone (ECDZ; McArdle and 

Kennedy 1985), parallels the Iapetus suture from the 
southwestern end of the Leinster Batholith to the east 
coast and possibly extends into the Irish Sea. Where it 
follows the eastern flank of the Leinster Granite it 
contains a belt of Li-Cs-Ta-enriched (LCT) rare-element 
pegmatites. The LCT pegmatites have been subject to 
research and exploration since the 1970s (e.g. Steiger 
and von Knorring 1974; O'Connor et al. 1991; Barros and 
Menuge 2016; Kaeter et al 2018).  The best explored and 
studied LCT pegmatite occurrences are at and NE of 
Aclare.  

Bedrock deposits of Sn and W are located near 
Tinahely on the same regional trend in sheets of 
(greisenized) granodiorite trending parallel to the ECDZ 
and in sediment-hosted veins (McArdle et al. 1986). 

Mineral deposits in Leinster not illustrated in Fig. 1 
include Zn–Pb veins in Glendalough, Cu–Fe Kuroko-type 
VMS deposits in Avoca, and sub-economic Quartz–Au 
veins on the same regional trend but further east as Sn–
W deposits. Furthermore, alluvial Au is associated with 
the Goldmines River ~6 km east of Tinahely.  

 
1.2 Topography and catchments 
 
Most of Ireland’s present-day topography formed during 
glaciations 10–30 ka ago. Glacial transport in the Leinster 
area during the Weichselian was restricted to a NW–SE 
direction (c.f. Ó Cofaigh et al. 2012, Clark et al. 2018) and 
the transport distances are assumed to be limited. 
However, glacial erratics from the Leinster granite are 
found all the way to the east coast. 

Streamlines were delineated from a 25-m digital 
elevation model (European Environment Agency 2016). 
Tellus stream sediment sample points (Geological 
Survey Ireland 2016) were snapped to the nearest stream 
lines and used as pour points to delineate the catchments 
of each sample (Fig. 2). Regionally, the rivers drain 
towards W and N for most of the Northern Pluton; towards 
E and SE, east of Tinahely; and towards SW to S, west 
of Tinahely. 

 
2 Data and methodology 
 
A geochemical survey of low-order streams covering an 
area of 7544 km2 in Leinster was undertaken by 
Geological Survey Ireland in 1986–1988 (O’Connor and 
Reimann 1993). Recently, 1851 archived samples have 
been re-analyzed as part of the Tellus project and the 
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data was made available to the public (Geological Survey 
Ireland 2016). 

 

 
Figure 1. Geological map of Leinster, southeast Ireland. Produced 
with data from Geological Survey Ireland. 

 

 
 
Figure 2. Topography, Tellus stream sediment sample points, 
regional watersheds and local catchments in Leinster, SE Ireland. 
Major watersheds are represented by the bold white lines; dashed 
grey lines outline granite intrusions. Produced with data from 
Geological Survey Ireland and EU Copernicus data. 
 

Geochemical data sets are so-called closed-number 
systems, because each compositional variable is part of 
a whole and therefore not independent (Carranza 2011). 
Furthermore, the values of each variable are typically log-
normally distributed. The data must be transformed to 
open the system for compositional data analysis. Multiple 
data transformations were compared for this study; data 
presented here was transformed by centered log-ratio 
(clr) transformation, which enhances recognition of 
geochemical anomalies associated with mineralization 
(Carranza 2011). 

Data was corrected for the lithological background by 
a linear-regression approach, where background 
composition is inferred from the composition of all 
catchments and the areal proportions of the respective 
underlying lithologic units (Bonham-Carter and 
Goodfellow 1986). Background concentrations were then 
subtracted from these measured concentrations and the 
residuals were investigated for anomalies.  

 
3 Results and discussion 
 
3.1 Background correction 
 
Most of the variation for Cs in the clr-transformed data 
prior to background correction (Fig. 3A) derives from the 
underlying lithologies. The plutons are generally rich in 
Cs, with catchments of the Northern Pluton showing 
highest Cs, while the metasedimentary rocks in the east 
show generally low Cs. These signals are reduced after 
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background correction (Fig. 3B). High residuals south of 
Aclare might be caused by transport of granite-derived 
material by glaciers or rivers. The signal of the 
volcanogenic rocks SE of Tinahely was enhanced by the 
background correction, possibly due to the lithologic 
heterogeneity of this unit. It was treated as one lithology 
for background correction but comprises basic to felsic 
volcanic rocks and metasedimentary rocks. However, 
most of the variability of the Cs residuals is within ±1.5 SD 
and anomalies >1.5 SD appear only locally. 
 

 
 
Figure 3. Comparison of the measured Cs data (A) with the 

residuals of the same data after background subtraction (B). 
In Fig. 4, clr-transformed data for Ta is compared to 

the residuals after background correction. The residuals 
(Fig. 4B) show that some of the high Ta concentrations 
can be attributed to the background lithologies. The 
number of anomalous catchments is clearly lower than 
concentrations of Ta >1.5 SD in the original data.  

 
3.2 Geochemical anomalies 
 
Geochemical anomalies >1.5 SD for Ta (Fig. 4B), Sn 
(Fig. 5A) and W (Fig. 5B) around Aclare and Tinahely are 
associated with known mineralization in the area. Tin 
anomalies correspond to both LCT pegmatites and Sn–
W veins. The >2.5-SD Ta anomaly in the east, distal to 
the granite margin (Fig. 4B), is located downstream of a 
quarry and likely anthropogenic. Anomalously low Ta 
residuals in catchments downstream of known LCT 
pegmatites deserve further investigation.  

 

 
 
Figure 4. Comparison of the measured Ta data (A) with the 
residuals of the same data after background subtraction (B). 
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Figure 5. Residuals for Sn (A) and W (B) after background 
correction. 

 
4 Implications and outlook 
 
Background correction drastically reduces the amount of 
prospective catchments, with prominent anomalies 
(>1.5 SD) for Sn and Ta mostly associated with 
catchments containing known LCT pegmatites. The 
residuals for these elements effectively delineate the 
pegmatite belt and suggest the occurrence of additional 
but so far unknown deposits on the same regional trend. 
While this is preliminary work, it already highlights the 
potential of stream sediment geochemistry for 
prospection of rare-element deposits.  

Artefacts, especially in maps for Cs, suggest that 
background correction can be improved. However, 
generalizing geologic units into too many lithological 
units, each only represented in a few catchments, will add 
uncertainty to the linear regression.  

Future work includes mineralogical investigation of 

heavy minerals in stream sediment samples from 
catchments containing LCT pegmatites and local stream 
sediment surveys. Furthermore, background correction 
will be optimized, and principal component analysis will 
be applied to characterize multi-element anomalies in the 
regional data. 
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