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1. INTRODUCTION

The Gura Șoimului Formation, defined by Stoica (1953) 
cropping out in the Bistrița Half-Window (Tazlăul Mare Basin), 
covering the Oligocene-Miocene boundary interval (Mirăuță, 
1969), shows both molasse and flysch features (Grasu et al., 
1998; 1999). This formation was the subject of brief petro-
graphic investigations (Joja, 1952), followed by more detailed 
ones (Grasu et al., 1988; 1999), including lithostratigraphic 
(Mirăuță, 1969; Ionesi & Florea, 1984; Ionesi & Bogatu, 1986), 
sedimentological (Grasu et al., 1988; Ionesi & Popescu, 1994; 
Ionesi et al., 1994; Ionesi & Popescu, 2000; Popescu, 2005), 
and biostratigraphical. The later ones allowed determining 
an Early Miocene age based on foraminifers and calcareous 
nannofossils assemblages. Thus, according to Ionesi & Pope-
scu (2000), the planktonic foraminifers (i.e., Globigerinoides 
primordius, G. trilobus and G. sicana) indicates the late Aqui-
tanian – early Burdigalian interval (Ionesi & Gheța, 1978) or 
early Burdigalian (Ionesi & Bogatu, 1986), while the calcare-
ous nannofossils assemblages comprising the species Heli-

cosphaera kampteri, H. ampliaperta, H. carteri, Sphaenolithus 
belemnos and Discoaster druggi, among other taxa are inter-
preted either to be late Aquitanian – early Burdigalian in age 
(Ionesi & Gheța, 1978), or early Burdigalian – the NN2 Biozone 
(Dicea & Dicea, 1980; Mărunțeanu, 1992) and respectively 
early to late Burdigalian – NN3 Biozone (Ionesi & Meszaros, 
1995; Popescu, 2005). According to Ionesi (1977, 1979), Ionesi 
& Grasu (1986), the Gura Șoimului Formation is a lithostrati-
graphic unit characteristic of the Vrancea Nappe, which crops 
out in half-windows, windows and splays of the Eastern Car-
pathians external flysch zone. 

In this paper, the presence of Mammillichnis ichnogenus 
is for the first time reported in Gura Șoimului Formation from 
Pleșu Anticline that belong to the Subcarpathian Nappe. The 
presence of this ichnogenus confirms the Early Miocene age 
of these deposits and offers the possibility of correlation with 
synchronous formations from the external flysch of the East-
ern Carpathians, based on ichnofaunas.
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2. GEOLOGICAL SETTING
In the Moldavian Subcarpathians that include the study 

area, the Neamțului Depression is bordered to the north by 
the Pleșu Hill, which represents an anticline containing Mi-
ocene formations that are Burdigalian conglomerates with 
green schist elements. From the petrographic point of view, 
these green schist elements are specific to the Subcarpathian 
Nappe located north of the Trotușului Valley (Tufescu, 1966). 
Towards N of the Lunca Village, the Catrinei Spring (= pârâul 
Chitan – Popescu-Voitești, 1945; = pârâul Adânc – Grasu et al., 
1999), has its catchment basin in the Cetățuia Mare Hill and 
confluences with Nemțișor Spring; this spring cuts the Upper 
Eocene deposits of the Bisericani Formation, the Lower Oligo-
cene sediments of the Bituminous Marls and Lower Menilitic 
units, as well as Upper Miocene sediments of the Gura Șoim-
ului and Pleșu units (the latter being firstly described as the 
Pleșu Conglomerates). Both Gura Șoimului and Pleșu units 
crop out in the axis of the Pleșu anticline (Fig. 1) located in 
the Subcarpathian tectonic unit.

The Miocene deposits of the Moldavian Subcarpathians 
(comprised between Râșca and Agapia valleys) were sub-
ject of general geological investigations (Athanasiu, 1916; 
Popescu-Voitești, 1945) and of detailed studies of Joja (1952). 
Without paleontological arguments, Joja (1952) has separat-
ed three horizons (members): 
(i)  The lower subconglomerate horizon (Aquitanian); 
(ii)  The middle conglomerate horizon (Burdigalian) and 
(iii) The upper horizon (“Helvetian”). 

Afterwards, Polonic & Polonic (1968) noted the multifacial 
character of these units. The authors, based on the geometry 
of the formations located between Lower Salt Formation and 
Perchiu Gypsum units, separated the following formations: 
Topolița, Pleșu, Drăceni, Solca, Valea Catrinei and Valea Mare. 
All these units where described as ‘Beds’, except Pleșu and 
Valea Mare that were described as conglomerates.

Mirăuță & Mirăuță (1964 – fide Micu, 1976) considered 
that the Upper Almașu Conglomerates represent a western 
equivalent of the Pleșu Conglomerates; therefore, the Valea 
Catrinei unit represents the stratigraphic equivalent of the 
Almașu Sandstone, which contains a rich ichnofauna of birds 
and mammals (Panin, 1965; Brustur, 2015) that can be found 
in Cracăului Valley in the Cuejdiului Valley Basin. Săndulescu 
et al. (1980) identified the Valea Catrinei unit below the Low-
er Salt Formation and considered it as an equivalent of the 
Gura Șoimului Formation. This opinion was also sustained by 
Grasu et al. (1999) based on petrographic data and by Pope-
scu (2005), taking into account the lithological and biostrati-
graphical features.

According to Grasu et al. (1999), the presence of the gyp-
sum in both lithological entities (Valea Catrinei and Gura Șo-
imului units) gives them the identity; hence, is not any more 
necessary keeping the name of Valea Catrinei Formation. The 
interpretation of the Pleșu Conglomerates, Almașu Sand-

stone and Moișa Sandstone sedimentology at the stratotype 
(Grasu et al., 1999), suggests that the first aforementioned 
unit is very similar with Lower Almașu Conglomerates, while 
Almașu and Moișa Sandstones are possibly the same unit. Ac-
cording to Grasu et al. (1999), the base of the Gura Șoimului 
Formation, exposed in the Catrinei Spring, is made by breccia 
with green schist clasts, followed by a turbidite succession, 
with mm to dm layers of fine greenish sandstones, silts and 
shales. In the upper half of the studied section, the rhyth-
mites are interrupted by parabreccia and green sandstones 
with argillaceous clasts, along with fine laminated gray-green 
shales that in some places are replaced by black shales, similar 
with Oligocene dysodile shales. These lithological aspects are 
common to Gura Șoimului Formation from Vrancea Nappe. 

From the tectonic point of view, the Eocene-Oligocene 
Formations cropping out in the axis of the Pleșu Anticline 
(Iocated in the Subcarpathian Nappe) were considered to be 
either in a normal position (Joja, 1952; Macovei & Atanasiu 
– fide Băncilă, 1958), or inserted in splays (Popescu-Voiteș-
ti, 1945), olistoliths (Polonic & Polonic, 1967) or even diapir 
structures (Joja et al., 1968). The fact that the Bisericani and 
Gura Șoimului units from the Catrinei Spring are included in 
a splay is confirmed by drilling data and their particular struc-
tural features, in relation to Pleșu Conglomerates (Grasu et al., 
1999).

3. RESULTS

3.1. Lithology

Recent investigations of the Catrinei Spring section (Brus-
tur, 2015), in an outcrop exposing the Gura Șoimului Forma-
tion from the Subcarpathian Nappe (Fig. 2), offer the first 
argument to assign the Early Miocene age of this for mation 
based on paleoichnological data, and allows for its supposed 
equivalence to Almașu Sandstone. In the outcrop exposed on 
the Catrinei Spring banks, gray-green sandstone layers, medi-
um coarsed with rare rounded green schists were observed 
(Fig. 2a1). Above these layers, a thin alternation of green tur-
bidites, composed of thin sandstones (max. 3-4 cm thick), 
green pelitic sediments and gray siltic sediments that con-
tain the ichnospecies Mammillichnis aggeris occur (Fig. 2a2). 
In this outcrop, cm-thick intercalations of breccia with green 
schists angular clasts and conglomerates with green clasts, 
and rarely reddish sandstones and black silicolites were also 
observed (Fig. 2b). In some intervals, the green pelitic sedi-
ments are tectonized, being comprised between thin layers 
of hard siliceous sandstones (Fig. 2c). At approximately 10 
m upstream from this outcrop, dm beds of hard green-gray 
sandstones, with parallel lamination and tendency to detach 
in fine parallel layers, occur (Fig. 2d).  

3.2. Paleoichnology 

We have the chance to identify a low calcareous silt clast, 
yellowish gray-green, very thin (6 mm), which conserves on 
one stratification surface approximately 60 specimens of 
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Mammillichnis (Fig. 3), leading to an important paleoichno-
logical argument that confirms the Lower Miocene age of 
Gura Șoimului Formation from the Pleșu anticline axis. As can 
be seen, in good light conditions, natural (Fig. 3a) or artifi-
cial (Fig. 3b), significant details of Mammillichnis ichnogenus 
occur. This ichnogenus is characterized by a hemispheric 
structure, more or less flattened, with an obvious apical de-
pression that contains inside a small cylindrical protrusion. 
Some specimens may have an elliptical or circular contour. 
On a 25 cm2 of the studied sample (12x7 cm), approximate-
ly 40 hypichnial specimens of Mammillichnis aggeris (Fig. 3a) 
were identified. 

These specimens were assigned to two dimensional 
classes: (i) one with the diameter comprised between 2 and 
3.5 mm and (ii) another with bigger diameter, comprised be-
tween 4.5 and 9-11 mm (Fig. 3d). In some specimens, there 
is a small circular depression (Fig. 3a1, 3c1), with a cylindrical 
sub-millimeter tubercle, and in two specimens a radial sym-
metry, poorly shaded (Fig. 3b2) exists. Most of the Mammil-
lichnis specimens are flattened due to subaerial alterations 

that obliterate the central depression and the cylindrical tu-
bercle.

The ichnogenus Mammillichnis described by Chamber-
lain (1971), highlights a hemispherical shape with an apical 
depression containing a cylindrical protuberance. To explain 
the formation of this biogenic structure, the aforementioned 
author proposes three possibilities: (i) trace of rest, (ii) eggs 
housing, or (iii) part of an organism body that explored the 
substrate. Based on the radial symmetry of one specimen of 
Mammillichnis identified in the Carpathian flysch from Po-
land, Ksiazkiewicz (1977) assigned it to Anthozoa, an opinion 
shared by Crimes et al. (1981). Contrary to this interpretation, 
Seilacher (2007) excludes this ichnogenus from Coelenterata 
traces category.

According to Uchman (1998), the ichnospecies Mammil-
lichnis aggeris could rather be a funnel type trap produced 
by another organism in a muddy, cohesive substrate. This 
biogenic sedimentary structure can be confused with sand 
volcanoes, but these have a larger diameter (3-5 cm), with 
sand laminae concentrically arranged around a small crater 
(cf. Crimes, 1977, p. 83). The Mammillichnis ichnogenus was 

Fig. 1. Geological map of the Tg. Neamț–Lunca region (from the Geological Map of Romania, scale 1: 200,000, sheet 13 Piatra Neamț, 1968). 
Legend: Upper Eocene – 1. Bisericani Formation; Oligocene – 2. Lower Menilite and Bituminous Marls units; Miocene: Aquitanian – 3. Gura 
Șoimului Formation; Burdigalian – 4. Gray Formation; 5. Pleșu Conglomerates; 6. Badenian; 7. Sarmatian (Bassarabian); Quaternary – 8. Upper 
Pleistocene; 9. Middle Holocene; 10. Upper Holocene; 11. Reverse anticline; 12. Pleșu Anticline; 13. Syncline; 14. Reverse fault, 15. Overthrusting 
(=Pericarpathian Fault); 16. Gura Șoimului Formation cropping out in the Catrinei Valley. VN - Vrancea Nappe, SN - Subcarpathian Nappe (PD 

Pietricica Digitation, VMD Valea Mare Digitation); MP - Moldavian Platform.
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Fig. 2. Lithology and sedimentology of the Gura Șoimului Formation, Catrinei Valley outcrop
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Fig. 3. Mammillichnis aggeris  Chamberlain 1971
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described from Paleozoic, e.g., Cambrian, and Ordovician, as 
well as Paleogene (Oligocene), while its last occurrence cited 
by Uchman (1998, p. 109), extended in the Early Miocene, as 
shown by Alexandrescu et al. (1993). Likewise, the Arthrophy-
cus tenuis ichnospecies (=Sabularia tenuis – in Alexandrescu & 
Brustur, 1984; Alexandrescu, 1986; Alexandrescu et al., 1993), 
frequently associated with Mammillichnis, may be found in 
the Early Cretaceous (Valanginian) – Early Miocene interval. 
According to Uchman (1998), this ichnogenus characterizes 
deep sea deposits, but may be found also in deltaic or shal-
low marine water sediments.

4. DISCUSSION

The identification of Mammillichnis ichnogenus, asso-
ciated with Arthrophycus (=Sabularia), Planolites isp. and 
Helminthopsis isp., in the Podu Morii Formation (Izvoarele 
Member) from the Pucioasa Formation (i.e., Puciosa Marl 
interbedded) with Fusaru Sandstones belonging to the 
Tarcău Nappe of the Romanian Carpathians bend, exposed 
between Teleajenului and Buzăului valleys), was made by 
Alexandrescu et al. (1993). Brustur (1996) reported Mammil-
lichnis, associated with Arthrophycus (=Sabularia), Rhizoco-
rallium, Scolicia, Ophiomorpha and Zoophycos, in the Podu 
Morii Formation from the Vrancea Nappe, cropping out in 
the central part of the Eastern Carpathians, between Coza 
and Mișina valleys.

In the Tarcău Nappe occurring in the Buzău Valley basin, a 
paleoichnocoenosis with Arthrophycus (=Sabularia) was iden-
tified (Alexandrescu & Brustur, 1984) along with Taphrhelmin-
thopsis and Helminthopsis (Alexandrescu, 1986; Alexandrescu 
& Brustur, 1984), in the Vinețișu Formation and its external 
corresponding, i.e., the Podu Morii Formation. 

In the Buzăului Valley basin, successions described as 
‘hieroglyphic beds’, located towards the base of Vinețișu 
Formation (above the Vinețișu Tuff), N to the Nehoiu local-
ity (Tarcău Nappe, southern Eastern Carpathians) contain 
many specimens of Mammillichnis, which in the lower part 
of Podu Morii Formation, are part of Athrophycus (=Sabularia) 
paleoichnocoenosis (Brustur, 1995 – personal obs.).  Accord-
ing to Melinte (1988) and Melinte & Brustur (2008), which 
studied the calcareous nannofossil associations, both forma-
tions enclosing the Mammillichnis ichnogenus belong to the 
NN1-NN2 calcareous nannoplankton zones, Early Miocene 
(Aquitanian-Burdigalian) in age. The occurrence of Mammil-
lichnis aggeris ichnospecies in the Gura Șoimului Formation 
cropping out in the Pleșu Anticline, widen the spreading area 

of this ichnofossil to the north of Bistriței half-window, also 
certifying an Early Miocene age of this unit. 

The presence of these biogenic structures shows, tak-
ing into account the frequency of ichnogenus Arthrophycus 
(=Sabularia) along with Memmillichnis, the existence of an 
intense synchronous benthonic activity at the change of ge-
ochemical facies, indicating the modification of the paleoset-
ting, from the anoxic Oligocene to the Early Miocene oxic one 
(Alexandrescu et al., 1993).

5. CONCLUSIONS

Based on the paleoichnological investigation carried out 
on Gura Șoimului Formation exposed in the Pleșu Anticline 
(Subcarpathian Nappe), the conclude:
(i)  The presence of Mammillichnis ichnogenus represents 

the first paleoichnological argument that confirms the 
Early Miocene age of Gura Șoimului Formation cropping 
out in the Pleșu Anticline axis.

(ii)  The Valea Catrinei unit (= Valea Catrinei Beds, sensu Po-
lonic & Polonic, 1968) represents the Gura Șoimului For-
mation from Pleșu Anticline, as stated by Săndulescu et al. 
(1980) based on its geometrical position. A similar setting 
was attributed bu  Grasu et al. (1999) based on the pe-
trographical and sedimentological features and Popescu 
(2005), arguing the litho- and biostratigraphic data (cal-
careous nannofossils).

(iii)  The Almașu Sandstone is not the stratigraphic equiva-
lent of Gura Șoimului Formation, as the paleoichnologi-
cal content of the two lithostratigraphic entities is quite 
distinct; the first unit of the above-mentioned unit con-
tains a continental ichnofaunas, while the second one is 
characterized by marine ones. For solving the assumed 
equivalence between the Almașu unit  (= The Almașu 
Sandstone) and the Moișa one (Grasu et al., 1999), it is 
necessary to perform detailed paleoichnological inves-
tigation of the Moișa Sandstone, in order to identify a 
possible presence of continental ichnofaunas enclosing 
traces of vertebrates.
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