First report of sponge rhaxes in the Picuin
Leufu Formation (Tithonian-Berriasian),
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The Picun Leufd Formation (Tithonian-Berriasian, Neuquén Basin, Argentina) comprises mixed carbonate-siliciclastic
rocks. Here we report the occutrence of rhaxes (microscleres of the sponge genus Rhaxe/la Hinde, 1890) in the Picun
Leufd Formation, which have formerly been misinterpreted as calcispheres. Furthermore, the meaning of the micro-
scleres with respect to sedimentary environments and diagenesis in the Picin Leufd Formation is briefly evaluated. The
rhaxes in the Picin Leufd Formation are highly abundant (up to 80-90 % of the components) and occur in various fa-
cies ranging from the proximal lagoon to the outer inner ramp, all representing shallow water environments. Diagenetic
processes linked to the rhaxes probably have a significant impact on reservoir qualities in different parts of the Picun
Leufd Formation.
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Introduction

The Neuquén Basin is located on the castern side of the  with a steeper depth gradient in the western part of the
Andes and is the most important hydrocarbon-producing  basin (Schwarz & Buatois 2012) and are characterised by
province in southern South America (Howell et al. 2005)  multiple carbonate, clastic and evaporite intervals (e.g.,
(Fig. 1). The Basin was characterised by a back-arc exten- ~ Uliana & Legarreta 1993; Vergani et al. 1995; Howell et al.
sion during the late Jurassic to early Cretaceous (e.g., Le-  2005).

garreta & Uliana 1991). Stratigraphical units in the south-

eastern margin of the basin were deposited on a ramp sys-

tem (Legarreta & Uliana 1991; Schwarz & Buatois 2012)
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Fig. 1:

In the study area the Tithonian to middle Valanginian in-
terval is represented by the two marine lithostratigraphic
Formations of the lower Mendoza Group, i.e. (from base
to top) the Vaca Muerta Formation and the Picun Leufu
Formation (Weaver 1931) (Fig. 1), with the Vaca Muerta
Formation being the basinal equivalent to the shelf depos-
its of the Quintuco and Picun Leufd Formations.

Thin section analysis of mixed siliciclastic-carbonate rocks
of the Picin Leufd Formation revealed highly abundant
kidney-shaped microscleres (“rbaxes”: Fig. 3.3., 3.4.), being
characteristic for the genus Rhaxe/la Hinde, 1890. Howev-
er, these components have been interpreted as cal-
cispheres (Armella et al. 2007). Aim of this paper is the re-
interpretation of these fossils in the Picin Leufd For-
mation. Furthermore, the meaning of the rhaxes with re-
spect to sedimentary environments and diagenesis in the
Picun Leufa Formation is briefly evaluated.

Methods

One section exposed along the Picun Leufd Crecek in the
southern part of the Neuquén Basin (Figs. 1-2) was doc-
umented and sampled. 75 thin sections were prepared for
microfacies analyses. The microfacies was classified based
on Dunham (1962). Field emission scanning electron mi-
croscopy (Fe-SEM) was conducted on selected samples,
using a ZEISS Gemini Supra TM 40. For elemental anal-
yses, an energy dispersive X-ray spectrometer (EDX) Ox-
ford Inca 400 coupled to the SEM was used. The car-
bonate content was measured using the gas volumetric
“Scheibler” method (cf. Kenter et al. 1997). For the iden-
tification of mineral phases a Philips PW1800 diffrac-
tometer (XRD) equipped with a Cu-tube (ka 1.541, 40 kV,
30 mA) was used. Based on these results, the weight-
percent of stable carbonate minerals (dolomite and low-
mg calcite) were calculated for each sample. The ratio be-
tween calcite and dolomite was calculated based on Royse
etal. (1971).

Location of the study area and stratigraphy of the Tithonian—Valanginian strata in the Neuquén Basin (stratigraphy after Howell et al. 2005, modified).

Results and discussion

Rhaxes in the Picun Leuft Formation

Rhaxes observed in the Picin Leufd Formation have
spherical and reniform shapes. The taxonomic interpreta-
tion of rhaxes is still controversially discussed since reni-
form shapes are characteristics of both selenaster- and
sterraster-type microscleres (e.g., Reitner 1992; Wieden-
mayer 1994; Pisera 1997; Ritzler 2002; Reid 2004). But,
selenasters are characteristic for the family Placospongi-
idae Gray, 1867 (Rutzler 2002) while sterrasters are typical
for the Geodiidae Gray, 1867 (Uriz 2002). However, the
discussion of this taxonomic problem is not possible
based on the investigated material and lies beyond the
scope of this paper. For this reason, we will use the term
“rbaxes” in the following.

The rhaxes observed in the Picun Leufd Formation
occur abundantly in some samples (up to 80-90 % of the
components: Fig. 3.1). Similar occurrences are e.g. known
from the Portlandian of Dorset, were Rhaxella spicules
make up to 70 % of the rocks (Townson 1975). The
length of the spicules of the Picun Leufd Formation rang-
es between 103—127 um, while the width ranges between
72-96 um. This is comparable to the size range of Rhaxel-
Ja spicules in the Portlandian of Dorset, which range bet-
ween ~50-230 um in length and ~50-170 um in width
(cf. Haslett 1992) (Fig. 4). The rhaxes in the Picin Leufa
Formation are characterised by a clear rim which appears
dark under transmitted light and spar cemented inner
parts (Fig. 3.3.). EDX measurements show that the rim of
the rhaxes is siliceous, while the core is made up of Ca-
COs (Fig. 5). In some samples, the rhaxes occur as nuclei
of ooids (Fig. 3.4.).

Despite these characteristics, the rhaxes in the Picin
Leufd Formation have been misinterpreted as calcispheres
(Armella et al. 2007). Calcispheres are characterised by
differentiated calcitic walls with or without openings and
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Fig. 2: Sedimentary section. (A) Lithology; (B) Estimated abundances of rhaxes in thin sections (0 = absent, 1= rare, 2 =common, 3 = abundant); (C) Distribution
of rhaxes in different palaeoenvironments of the Pictin Leufd Formation, colours of bars indicate the petrographically estimated abundance of rhaxes in the respective
facies (white bar = absent, light green bar =rare, middle green bar = common, dark green bar = abundant); (D) Mineralogical composition of the sediment (in %;
1=silica, 2 = dolomite, 3 = low-magnesium calcite).
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Fig. 3:

pores (e.g., Keupp 1991; Fligel 2004; and references ther-
ein). But, transmitted light and scanning electron micros-
copy reveals that the objects do not exhibit typical wall
structures of calcispheres (Figs. 3, 5) and, neither openings
nor pores have been observed. These findings cleatly sup-
port the interpretation as sponge rhaxes.

Palaeoenvironment and diagenesis

Sedimentary rocks of the Picin Leufd Formation were
deposited on a tidally dominated, mixed carbonate-silici-
clastic ramp (Spalletti et al. 2000). The studied interval of
the Picun Leuft Formation, which is merely a small part
of the whole Formation, can roughly be subdivided into
two lithological intervals and range from siliciclastic rocks
with intercalated carbonate beds to pure carbonates
(Fig. 2). Six facies groups (FGs) have been distinguished
(Fig. 2). The observed rhaxes occur in different facies
ranging from the proximal lagoon to the outer inner ramp,
with pure sandstones in the lower part of the section be-
ing the only exception (Fig. 2). And, the number of rhaxes
increases with decreasing amounts of siliciclastic material
(Fig. 2). This implies that the distribution of Rbaxella was
strongly affected by impact of siliciclastic material.

(1-4) Thin sections photographs of sponge rhaxes — Rhaxella sp. (1) Example of sample with highly abundant rhaxes; (2) Detail of (1), note the spherical
and reniform shapes of the rhaxes; (3) Rhaxes with a clear micritic rim (white arrows); (4) Rhaxes as nuclei of ooids. All from the Picin Leufd Fm. (Tithonian—
Valanginian), south of Zapala, Neuquén Basin, Argentina.

In the Portlandian of Dorset, Rhaxella throve in low-to
medium energy environments of the outer part of the car-
bonate shelf (i.e., seaward of the high energy ooid shoal),
were facies transitionally changed downslope into open
marine conditions (Townson 1975; Haslett 1992). This is
in good accordance with the situation observed in the
Picun Leufd Formation, since the rhaxes-bearing facies
clearly represent shallow water environments. And, they
are partly also abundant in relative deeper facies like la-
goonal or marginal ramp facies (Fig. 2). Moreover, a close
spatial association of environments with rhaxes and ooid
shoals is evident in the Picin Leufi Formation as well,
since rhaxes commonly occur as nuclei of ooids. Since
rhaxes within ooids are commonly well-preserved
(Fig. 3.4.), it appears that they have not been significantly
transported or even reworked before ooid genesis. This
observation further underlines the close spatial relation-
ship between environments inhabited by Rbaxella and
ooid shoals.

However, it appeats that deep water depths were criti-
cal for Rhaxella as well. In the lower Oxfordian of north
Yorkshire, the extensive development of Rhaxella general-
ly went along with the establishment of shallow water ma-
rine conditions (i.e., the transition from Oxford Clay into
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the Lower Calcareous Grit; Wright 1983). In case of the
Neuquén Basin, the Los Catutos Member (middle Titho-
nian) of the Vaca Muerta Formation could help to evalu-
ate this problem. In contrast to the Picin Leufd For-
mation, the Los Catutos Member was situated in the more
distal part of the Neuquén Basin, representing deeper
open marine parts of the ramp (e.g., Scasso et al. 2005).
And, rhaxes also have been described in this Member
though they are not abundant as in the Picun Leufd For-
mation (only 4-20 % rhaxes and radiolarians; Scasso et al.
2005). Furthermore, the preservation seems to be worse
than in the Picun Leufu Formation, since the rhaxes are
flattened or fragmented, only rarely preserved, and show
other diagenetic features which could not be observed in
the Picun Leufd Formation (e.g., syntaxial overgrowths;
Scasso et al. 2005). And, they can easily be confused with
spumellarian radiolarians (Scasso et al. 2005), implying
that the preservation of the rhaxes is not very good. For
these reasons it appears much more probable that envi-
ronments inhabited by Rbaxella were closer to the ones
represented by the Picin Leufd Formation than to the
environments represented by the Los Catutos Member.

This raises the question whether the shallow marine
Picun Leufd Formation even directly represents the envi-
ronment inhabited by Rbaxella. In some cases it is as-
sumed that Rhaxella lived epifaunally attached to a fine
sand substrate supported by a lime mud matrix (Townson
1975; Haslett 1992). Wholly preserved body fossils of
Rhaxella have not been found in the Picun Leufd For-
mation so far. And, the rhaxes are not restricted to a
muddy to fine sandy facies, but also occur within different
types of coarser grained grainstones and packstones. Fur-
thermore, the preservation of the rhaxes ranges from
clearly recognisable (i.e., with well-defined silicified rims)
to poorly recognisable shapes (i.e., with strongly alterated
rims). In sum this implies that the observed rhaxes are not
entirely autochthonous, and that the environments inhab-
ited by Rbaxella are not directly represented by the sedi-
mentary facies of the Picin Leufd Formation. Thus, the
respective environments have been very close to the ones
represented by the Picun Leufd Formation or may just
have been constantly reworked. However, both would
imply that the environments inhabited by Rhbaxe/la may
have not been stable over a relative long time once they
had been established, but rather changed dynamically on
short term.

The preservation style of the investigated rhaxes has
implications for diagenetic processes in the Picun Leufd
Formation, particularly with regard to desilification- and
silification-processes. In the Portlandian of Dorset (Port-
land Limestone Formation) e.g., spicules of Rbaxella are
usually only preserved as casts and moulds, with the silica
replaced by calcite (Townson 1975). The dissolution of
the silica gives rise to thinly bedded chert horizons, which
preserved these spicules in their original siliceous form
(Wilson 1966). Similar processes are described for the
Lower Calcareous Grit, were thin beds of cherts were sec-

ondarily formed because of Rhaxella (Powell 2010). This is
in line with a proposed relation between presence of rhax-
es and diagenetic quartz cementation during shallow buti-
al, being important in hydrocarbon provinces with highly
variable reservoir qualities such as e.g. the South Viking
Graben (Williams et al. 1985; Hendry & Trewin 1995;
Maast et al. 2011). Thus, the occurrence and distribution
of thaxes could have implications for resetvoir qualities in
different settings of the Picun Leufd Formation.
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Fig. 4: Dimension of rhaxes in the Picin Leufti Formation compared to spic-

ules of Rhaxella sorbyana, R. winspitensis, R. elongata, Rhaxelloides sphaerica and
R. cylindrica (after Haslett 1992, modified). Note that the rhaxes in the Pictn Leufd
Formation are smaller than those of other species.

Conclusions

Rhaxes in the Picun Leufd Formation have formerly been
misinterpreted as calcispheres (Armella et al. 2007). They
are locally highly abundant in some samples (up to 80—
90 % of the components). Dimensions of the rhaxes are
comparable to the size range of Rbaxella spicules in the
Portlandian of Dorset, while they are smaller than ones in
the Ardassie limestone of Brora and in the Alness Spicu-
lite of the Moray Firth (both Oxfordian Stage). Rhaxes in
the Picin Leufu Formation occur in a wide range of facies
ranging from the proximal lagoon to the outer inner ramp,
all cleatly representing shallow water environments. Al-
though they are not originally preserved, they are com-
monly clearly recognisable due to the presence of a well-
defined silicified rim. The rim could be explained by the
depositional and diagenetic environments in which eatly
diagenetic solution and re-precipitation of silica was tem-
porarily favoured. This could be important with respect to
reservoir qualities in different parts of the Picin Leufu
Formation.
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(1-6) SEM pictures and respective EDX data of a Rhaxella rhax from the Pictin Leufd Formation. (1) Rhax with clear reniform shape; (2) Detail of (1), the silici-

fied rim is clearly distinguishable from the calcite because of etching; (3—6) EDX data [see (2) for positions]; CaC0sspar cemented inner part of the rhax]; (4-5) Si0: rim of

the same rhax; (6) CaC0s matrix surrounding the rhax.
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