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Abstract. This report presents the results of petrographical and mineralogical (optical microscopy, SEM/EDS)
study of xenotime derived from the Upper (Middle?) Cambrian rocks (Wisniéwka Sandstone Fm.) of the
abandoned Podwisnidwka mine pit. This is the first work on this mineral from the Holy Cross Mts. The authigenic
xenotime occurs primarily as overgrowths around/on zircon in siliciclastic rocks. Moreover, this mineral is
characterized by the large size of the overgrowths reaching 50 um long and 20 um wide. The presence of pyrite-
coated zircon/xenotime aggregates indicates that the xenotime formed prior to hydrothermal quartz-pyrite
mineralization. The apparent lack of xenotime and vein pyrite in the tuff-bearing series, compared to the other two
series displaying hydrothermal signature (pyrite, hematite, nacrite, jarosite), as well as considerable variations of
the xenotime overgrowths in size and morphology, and their dominant irregular patchy-zonal microtexture may
provide evidence for direct precipitation of this mineral from hydrothermal fluids.
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1. Introduction

Xenotime (YPO,) is a common accessory mineral that occurs in a wide variety of
igneous, metamorphic, hydrothermal and sedimentary environments (e.g. Wark, Miller
1993; Forster 1998; England et al. 2001; Rasmussen et. al 2001, 2007; Kositcin et al. 2003;



Vallini et al. 2005; Richter et al. 2006; Stanistawska, Michalik 2008; Harlov et al. 2008;
Hetherington et al. 2008). This mineral has found application in geochronology of various
sedimentary and diagenetic processes in siliciclastic rocks (McNaughton et al. 1999;
Kositcin et al. 2003; Rasmussen, 2005; Rainbird et al. 2006; Hetherington et al. 2008).
These deposits are commonly characterized by the presence of authigenic xenotime that
usually forms pyramidal, syntaxial outgrowths from detrital zircon grains (Rasmussen
1996). Along with aluminophosphate and phosphate minerals (florencite, crandallite,
goyazite, apatite) xenotime represents an important global sink for oceanic P, Y and the
HREE (Rasmussen 1996).

This report presents the first results derived from optical microscopy and SEM/EDS
analyses performed on the xenotime and zircon as well as on their host rocks from the
Upper (Middle?) Cambrian succession of the abandoned Podwisnidéwka mine pit, Holy
Cross Mts, Poland. The principal objective of this study was to characterize the unique
occurrence of xenotime in the Holy Cross Mts and propose a concept of the origin of this
mineral based on petrographical and mineralogical data. This is a part of a larger ongoing
investigation aiming at elucidating various aspects of ore and gangue mineralization and
acid mine drainage (AMD) in the Wisniowka mining area.

2. Study area location and geologic framework

The study area comprises the abandoned Podwi$nidéwka mine pit (Fig. 1A). This is the
easternmost part of the large Wisniowka massif which forms the western part of the
Lysogory Block in the Holy Cross Mountains. This Paleozoic structure is a part of the
Trans-European Suture Zone (TESZ). Highly complex geologic setting of the study area is
the subject of much controversy (e.g. Zylinska et al. 2006 and references therein). The
Podwisnidéwka mine pit bedrock consists of the Upper Cambrian (Furongian) series
composed of quartzites, quartzitic sandstones with clayey shale, tuff/tuffite and bentonite
interbeds. These rocks make up the Wisnidéwka Sandstone Formation. Zylinska et al. (2006)
suggests that the rocks from Podwisniowka may be of uppermost Middle Cambrian age.

The mine pit is partly filled with a shallow acid pond (Migaszewski et al. 2007a, 2008).
The most exposed western wall consists of three rock series: (i) the southern series
consisting of northerly-dipping, fine-bedded quartzites, in places with numerous tuffite and
bentonite interbeds, (ii) the central (pyrite-bearing) series consisting of steeply-dipping,
medium-bedded quartzites, quartzitic sandstones and siltstones with subordinate clayey
shales, and (iii) the northern series composed of non-bedded hematite-goethite quartzites
passing northward into hydrothermally metamorphosed quartzites, locally quartzite-quartz
breccias (Fig. 1B).

The rocks of the central series contain scattered and vein crypto- to microcrystalline
pyrite associated with secondary goethite accumulations. In some places, quartzite-quartz-
pyrite breccias occur. The pyrite-bearing zone extends eastward through the pit floor to the
opposite pit wall.
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Fig. 1. (A) Location of the abandoned Podwisniéwka mine pit. (B) View of the western wall with a tuff/bentonite-
bearing quartzite series (i) in the south, a pyrite-rich quartzite-clayey shale series (ii) in the center, and
a tectonically brecciated iron-quartzite series (iii) in the north. Samples from sites: 5, 10, 15, 16 are described in
Fig. 2

3. Materials and methods

In total, 28 quartzite, shale, tuff and pyrite-quartz samples were collected from three
rock series of the most exposed western pit wall. Locations of four xenotime-rich sampling
points (5, 10, 15, 16) are presented in Figure 1A. Microscopic examinations were
performed on thin polished sections using conventional optical methods in transmitted and
reflected light (polarizing microscopes Axiolab Carl Zeiss and Nikon LV100 Pol). In
addition, the study of these rocks was carried out with scanning electron microscopy (SEM;
microscope LEO 1430; EHT = 15 kV, WD = 19-22 mm) using different techniques, i.e.



quadrant back scattering detection (QBSD), secondary electron imaging (SEI) and
cathodoluminescence (CL). Semi-quantitative chemical analyses of selected minerals were
made with an EDS ISIS Detector (Oxford Instruments Ltd.). The samples were coated with
carbon prior to SEM analysis. The SEM study was performed at the Electron Microscope
Laboratory of the Polish Geological Institute in Warsaw.

4. Description of samples

The results of petrographical and mineralogical studies of host rocks in the
Podwisnidwka quarry were described in more detail by Migaszewski et al. (2007a, 2008).
They indicated that the quartzites consisted primarily of quartz, whereas the shales
comprised muscovite and illite. Most of the shales also contain a considerable amount of
aleuritic terrigenous and subordinate pyroclastic quartz grains. Smectite and kaolinite are
scarce, and volcanic glass, chalcedony and feldspars occur only in trace amounts. The
detrital accessory minerals are dominated by rutile and zircon, as well as scarce monazite,
anatase and tourmaline. The crandallite series minerals also occur in trace amounts in all
the rocks examined (Migaszewski et al. 2007b). In addition, the quartzites and subordinate
shales of the central series (ii) reveal the presence of variable amounts of scattered and vein
pyrite (Migaszewski et al. 2007a, 2008), accumulations of wavellite and variscite
(Dumanska-Stowik et al. 2007), vein nacrite and jarosite, as well as a large variety of
supergene minerals, including iron oxyhydroxysulfates and oxyhydroxides (e.g.
schwertmannite, ferrihydrite, hydroxy-green rusts, goethite, and in places alunite,
secondary jarosite and gypsum (Migaszewski et al. 2008).

5. Results

One of the most common detrital accessory minerals of the examined siliciclastic rocks
is zircon (Zr[SiO4]) (Fig. 2A-H). Zircon occurs as subrounded-to-rounded grains reaching
160 pum in diameter. Some exhibit complex zonation in QBSD images (Fig. 2A-C), but
zonation in others is best observed in CL images (Fig. 2E).

In contrast, xenotime (Y[POy]) forms pyramidal, dentate overgrowths on most of the
zircon grains (Fig. 2A-E). In places, the xenotime rim is nearly complete (Fig. 2B, F).
Some of the outer xenotime grain boundaries on contact with the matrix are somewhat
rounded. Discrete xenotime grains are scarce in the samples examined. This evidence may
suggest that specific nucleation conditions were required for xenotime growth. In general,
the xenotime overgrowths vary in size from minute (about 1 pm) dentate crystals to larger
prisms up to 50 um long and 20 um wide. In some places, the xenotime fills fractures
within zircon grains (Fig. 2G). Some of the zircon grains contain minute inclusions of
xenotime (Fig. 2D, E). In contrast to the zircon grains, the xenotime overgrowths generally
display a delicate, irregular patchy-zonal microtexture (Fig. 2A-C, F, G).

In some places, the zircon/xenotime aggregates are partly coated by pyrite, which is
scattered in quartzites of the central series (ii) (Fig. 2H). It is interesting to note that the
xenotime overgrowths on detrital zircon also occur in hydrothermal pyrite veins.



Fig. 2. SEM/QBSD/CL images. (A, B, C) Rounded to subrounded zonal zircon grains overgrown by minute
aggregates of xenotime (showing a delicate irregular patchy-zonal microtexture, locally with dissolution marks)
embedded in a quartz matrix of ferric quartzite (A, B — sample 15) and metamorphic quartzite (C — sample 16).
(D, E) Subrounded zircon grain partly surrounded by minute tooth-like crystals of xenotime with somewhat
rounded grain boundaries. Some of the pores and cracks in the zircon grain are infilled with submicroscopic
inclusions of xenotime. Zonation of zircon is highlighted in a CL image (E). These accessory minerals occur in
a quartz groundmass of quartzite (sample 5). (F) Zircon grains enveloped by a xenotime overgrowth showing
a compositional patchy-zonal microtexture. The smaller zircon grain is almost entirely enclosed by the xenotime.
These two minerals are embedded in a quartz matrix of ferric quartzite (sample 15). (G) Fractured zircon grain
with xenotime overgrowths and fills exhibiting a delicate, irregular patchy-zonal microtexture (sample 15).
(H) Irregular xenotime overgrowths on a rounded detrital zircon grain and scattered sub- and euhedral pyrite
grains sited in a quartz matrix of quartzite. Some of the pyrite grains contain xenotime inclusions (sample 10).
Abbreviations: Zrn - zircon, Xtm - xenotime, Qz - quartz



6. Discussion

The microtextural relationships between zircon and xenotime indicate that the
subrounded-to-rounded zircon grains are of detrital origin. In contrast, most of the outer
surfaces of xenotime overgrowths reveal no rounded morphologies that preclude the transport
of combined zircon/xenotime aggregates along with other detrital minerals. This evidence
suggests that the xenotime precipitated in a sedimentary environment prior to cementation of
quartz grains. It should be stressed that similar pyramidal overgrowths of early-diagenetic
xenotime have been found in sandstones and other clastic rocks throughout the world (e.g.
Rasmussen 2005). Somewhat rounded outer xenotime boundaries are scarce and may have
been formed as a result of early-diagenetic dissolution by hydrothermal fluids.

The microtextural relationships between pyrite and zircon/xenotime aggregates also
indicate that the xenotime formed prior to the pyrite (see also Fig. SA in Migaszewski et al.
2007a). The apparent lack of xenotime and vein pyrite in the tuff-bearing series (i), compared
to the other two series (ii and iii) exhibiting hydrothermal imprint (pyrite, hematite, nacrite,
jarosite), may indicate that the xenotime also precipitated from hydrothermal fluids
discharged from sea floor springs, not directly from seawater (Rasmussen 1996). This
suggestion is also evidenced by considerable variations of the xenotime overgrowths in size
and morphology, and their dominant irregular patchy-zonal microtexture. According to some
authors (Kositcin et al. 2003), this is a characteristic signature of hydrothermal xenotime.
These results seem to exclude the breakdown of other Y- and P-bearing phases in the
sediments during diagenesis as a possible scenario (Rasmussen et al. 1998).

It is noteworthy that some tiny xenotime inclusions found in a few zircons are of
different origin (Fig. 2D, E). It seems that these inclusions were overgrown by low-
temperature zircon (Hay, Dempster 2009).

7. Conclusions

From this study the following conclusions can be drawn:

1. Authigenic xenotime overgrowths on detrital zircon grains are a common feature of
siliciclastic rocks in the Podwisniowka area. The xenotime inclusions within some
zircon grains are subordinate and represent a different genetic variety.

2. The xenotime overgrowths predate the formation of hydrothermal pyrite.

3. The xenotime is a product of early-diagenetic precipitation and crystallization in
shallow-marine siliciclastic sediments. The main source of P and Y for this mineral may
have been hydrothermal fluids discharged from sea floor vents.

Considering this, in the area examined the sea floor spring activity may have taken
place directly after deposition of siliciclastics in the Late Cambrian, i.e. during the

Caledonian sedimentary-diastrophic cycle.
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