
INTRODUCTION

In this paper we studied the sedimentary cover of the 
Mirdita ophiolites, which form an outstanding NNW-SSE 
trending ophiolitic belt, which crops out within the Dinaride-
Hellenide orogenic belt and represents the remnants of the 
Mesozoic Neo-Tethyan oceanic lithosphere in the Central 
Mediterranean area. The Mirdita ophiolites are a key element 
of the Dinaride-Albanide-Hellenide orogenic belt (Fig. 1), as 
are made up of complete ophiolite sequences (i.e., oceanic 
lithospheric sequences from the upper mantle to the lower 
crust, and upper crust). In north Albania, the ophiolitic belt 
has been classically subdivided into the Western (WMO) and 
Eastern (EMO) Mirdita Ophiolites (Shallo, 1994; Beccaluva 
et al., 1994; Figs. 1, 2). Recent works show that this distinc-
tion can be made based on the composition of the mantle 
sequences, whereas the composition of the magmatic rocks 
shows a gradual transition from the WMO to the EMO (Sac-
cani et al., 2004; 2011; 2017; Dilek et al., 2005; Bortolotti et 
al., 2013). Both the WMO and EMO share the same amphib-
olitic sole and sub-ophiolitic mélange at their bases (Carosi 
et al., 1996; Saccani et al., 2004; Gaggero et al., 2009; Bor-
tolotti et al., 2013; Myhill, 2011). Likewise, both ophiolites 
share the same supra-ophiolitic mélange (Simoni Mélange) 
and post-emplacement deposits (Bortolotti et al., 2013). Ra-
diolarian biostratigraphy is a fundamental tool for dating the 
siliceous sedimentary cover of the ophiolitic volcanic series 
and when coupled with the geochemistry of the associated 
volcanics, allow the reconstruction of the geodynamic evolu-
tion of the Dinaric-Hellenic belt to be made. In the last 30 
years several researches were aimed at dating the cherts in 
Albania and the first papers were published in the early 1990s 

(Marcucci et al., 1992; 1994; Chiari et al., 1994; Kellici et al., 
1994; Prela et al., 1994).

We present here new data on the Jurassic radiolarian as-
semblages collected in seven sections in northern Albania 
(Fig. 1). Four sections are located in the sub-ophiolitic mé-
lange (Rubik Complex; Bortolotti et al., 2013) of the WMO, 
whereas three sections were sampled in the upper part of the 
EMO sequences. Some of the radiolarian cherts studied in 
this paper were stratigraphically associated with volcanic 
rocks, which were however not studied because of their very 
intense alteration, which hampered us to unequivocally date 
the different magmatic events recorded in the Mirdita ophio-
lites. Nonetheless, we will use regional-scale comparisons 
and available literature data to tentatively associate the ob-
tained biostratigraphic ages with the magmatic evolution of 
the Jurassic Neo-Tethys.

GEOLOGICAL SETTING

The Dinaride-Albanide-Hellenide belt formed as a result 
of the diachronous collision of the Adria plate with Eurasia in 
Cenozoic times (Dilek et al., 2005). The central-southern seg-
ment of this belt (i.e. from Albania to Greece) consists of a se-
ries of a stack of tectonic units formed in three distinct domains 
that are, from west to east (Fig. 1): 1) the rifted continental 
margin of Adria, composed of a west-vergent imbricate stack 
of several tectonic units that were classically distinguished 
with different names in Albania and Greece (see Shallo, 1994; 
Robertson, 1994; Bortolotti et al., 2013 for an exhaustive de-
scription); 2) a Neo-Tethyan oceanic domain represented by 
an ophiolitic suture that has classically been subdivided into 
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ABSTRACT

In this paper we present new data on the Jurassic radiolarian assemblages collected in seven sections of the sedimentary cover of the Mirdita ophiolites in 
Albania. These ophiolites form an outstanding NNW-SSE trending ophiolitic belt representing the remnants of the Mesozoic Neo-Tethyan oceanic lithosphere 
in the Mediterranean area. 

The studied sections were sampled in the sub-ophiolitic mélange of the Western Mirdita ophiolites (Rubik Complex) and in the Eastern Mirdita ophiolitic 
sequences. In the sub-ophiolitic mélange the oldest ages of radiolarians associated with the basalts are referable to the UAZ 4-5 (late Bajocian to latest Ba-
jocian-early Bathonian) and UAZ 5 (latest Bajocian-early Bathonian). In the radiolarian cherts belonging to the Eastern Mirdita ophiolites similar ages were 
found: from UAZ 5 (latest Bajocian-early Bathonian) to UAZ 5-7 (latest Bajocian-early Bathonian to late Bathonian-early Callovian).

These new biostratigraphic ages are consistent with the tectono-magmatic evolution of the Jurassic Neo-Tethys. In fact, the UAZ 4-5 and UAZ 5 cor-
respond to the very early stages of subduction initiation, whereas the slightly younger UAZ 5 and UAZ 5-7 ages found in the Eastern Mirdita ophiolites could 
correspond to the subsequent mature stage of the subduction.
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the Mirdita-Subpelagonian,  Korabi-Pelagonian, and Vardar 
ophiolites (Robertson 1994; Robertson and Shallo, 2000; Dilek 
et al., 2005; Ferrière et al., 2012); 3) the Serbian-Macedonian 
and Rhodope continental blocks with Eurasia affinities. In Al-
bania, the orogenic belt includes, from west to east (Fig. 2): 1) 
the Sazani, Ionian, Kruja, Krasta-Cukali, and Albanian Alps 
tectonic units representing the Adria continental domain; 2) the 
Mirdita ophiolites; 3) the Korabi tectonic unit representing the 
easternmost edge of the Adria continental domain (Bortolotti 
et al., 2013). Alternatively, some authors refer the Korabi tec-
tonic unit to the western border of an independent microconti-
nental block known as the Korabi-Pelagonian microcontinent 
(e.g., Robertson, 1994; Robertson and Shallo, 2000; Shallo and 
Dilek, 2003; Dilek et al., 2005).

In north Albania, both the WMO and EMO consist of 
complete Jurassic oceanic lithospheric sequences including a 
large variety of rocks. It is worth to note that the North Mirdi-
ta ophiolites represent, together with the Vourinos ophiolites 
in Greece, the only preserved complete oceanic sequences in 
the Albanide-Hellenide belt. According to a classical subdi-
vision of the Mirdita ophiolites, the WMO and EMO were 
interpreted as representing mid-ocean ridge (MOR) and su-
pra-subduction zone (SSZ) oceanic sequences, respectively 

(Shallo et al., 1987; Shallo, 1994; Beccaluva et al., 1994). 
However, many authors showed that although mainly com-
posed of MOR-type rocks, the WMO also include significant 
amounts of rocks formed in a SSZ setting, whereas minor 
volumes of typical MOR-type plutonic rocks are interlayered 
within the SSZ-type intrusive sequences of the EMO (e.g., 
Bortolotti et al., 1996; 2002; Manika et al., 1997; Bébien et 
al., 1998; 2000; Insergueix-Filippi et al., 2000; Hoeck et al., 
2002; Koller et al., 2006; Saccani et al., 2011; 2017; Saccani 
and Tassinari, 2015). In addition, the Mirdita ophiolites also 
include minor Triassic ophiolitic sequences representing por-
tions of the Triassic Vardar ocean basin. They are known as 
the Porava Unit and consist of slices of pillow basalts show-
ing thin intercalations or covers of red ribbon cherts and rare 
serpentinite bodies at the base. Pillow basalts range in compo-
sition from N-MORBs to alkaline ocean island basalts (Bor-
tolotti et al., 2004) with ages ranging from Middle to Late 
Triassic (Kellici et al., 1994; Marcucci et al., 1994; Chiari et 
al., 1996; Bortolotti et al., 2004; 2006; Gawlick et al., 2008). 

Generalized stratigraphic reconstructions that resume evi-
dence from different localities of the Mirdita ophiolites are 
shown in Fig. 3. Both the WMO and EMO are associated 
throughout with the same sub-ophiolitic mélange unit (the 

Fig. 1 - Simplified tectonic map of the Al-
banide-Hellenide orogenic belt showing the 
main paleo-tectonic domains and the main 
ophiolitic massifs. Compiled after Ferrière 
et al. (2012) and Bortolotti et al. (2013). The 
dashed line indicates the approximate bound-
ary between the Western-type (W) and East-
ern-type (E) ophiolites. The box shows the 
area expanded in Fig. 2.
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Rubik Complex, Bortolotti et al., 2013) with slices of meta-
morphic sole intercalated in-between. Interestingly, the same 
ophiolitic mélange (known as the Avdella Mélange, Pagon-
das Mélange, etc. in Greece and Ankara Mélange in Turkey) 
is found at the base of all the Hellenic-Turkish ophiolitic se-
quences, though many of these sequences are incomplete, be-
ing represented only by mantle peridotites (e.g., Photiades et 
al., 2003; Saccani and Photiades, 2005; Saccani et al., 2011, 
Chiari et al., 2012; Bortolotti et al., 2018). The sub-ophiolitic 
mélange consists of an assemblage of blocks and/or thrust 
sheets of mainly: 1) Triassic-Jurassic carbonate sequence; 2) 
serpentinized mantle peridotites; 3) Triassic basalts showing 
alkaline, enriched (E-) mid-ocean ridge basalt (MORB), and 
normal (N-) MORB compositions; 4) Jurassic basalts show-
ing N-MORB, medium-Ti basalt (MTB), and boninitic com-
positions (Bortolotti et al., 1996; 2002; 2004; 2013; Saccani 
and Photiades, 2005). These features are also observed in the 
sub-ophiolitic mélange units in the many ophiolitic complex-
es of the Hellenides (e.g., Jones et al., 1992; Bortolotti et al., 
2003, 2008; Chiari et al., 2012).

The WMO reconstructed stratigraphic sequence (Fig. 3a) 
includes, from bottom to top: 1) mantle tectonites largely con-
sisting of lherzolites showing variable degree of depletion as 

a consequence of previous partial melting and melt extraction 
coupled with subsequent relative enrichment by subduction-
derived fluids (see Saccani et al., 2011; Saccani et al., 2017); 
2) a layered mafic-ultramafic cumulitic sequence; 3) a mafic 
to differentiated intrusive sequence; 4) a poorly developed 
sheeted dyke complex; 5) a volcanic sequence. The layered 
mafic-ultramafic cumulitic sequence is largely composed of 
typical MORB-type rocks, including dunites, plagioclase-du-
nites, troctolites, wehrlites, mela-gabbros, and gabbros (e.g., 
Saccani and Tassinari, 2015). Nonetheless, this sequence lo-
cally includes, especially in southern Albania, rock types that 
characteristically occur in SSZ type settings, such as webster-
ites and orthopyroxenites, (Hoeck et al., 2002; 2014; Koller et 
al., 2006). The upper intrusive sequence is largely dominated 
by gabbros with very scarce Fe-gabbros, plagiogranites and 
gabbronorites (Beccaluva et al., 1994). The volcanic sequence 
includes pillow lava basalts showing high-Ti, N-MORB af-
finity alternate with MTBs formed in a nascent forearc setting 
(see Saccani et al., 2011; Saccani, 2015). These sequences are 
cross cut by boninitic dykes and locally topped by boninitic 
lava flows (Bortolotti et al., 1996; 2002, Bébien et al., 2000; 
Hoeck et al., 2002; Dilek and Furnes, 2008; Saccani et al., 
2011; 2017).

Fig. 2 - Simplified tectonic map of 
Central-Northern Albania (modi-
fied from Xhomo et al., 2002 and 
Hoeck et al., 2014) with the loca-
tion of the sampled sections. The 
dashed line indicates the approxi-
mate boundary between the West-
ern-type (W) and Eastern-type (E) 
ophiolites.
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The reconstructed stratigraphic sequence of the EMO 
(Fig. 3b) includes (from bottom to top): 1) mantle tectonites 
exclusively represented by clinopyroxene-rich harzburgites, 
depleted harzburgites, and very depleted harzburgites (Sac-
cani et al., 2017); 2) a layered mafic-ultramafic cumulitic 
sequence; 3) a mafic to differentiated intrusive sequence; 
4) a thick sheeted dyke complex; 5) a volcanic sequence. 
Mantle harzburgites frequently show dunite and chromitite 
pods and lenses, whose abundance increases towards the 
upper part of the mantle section featuring a transition to the 
overlying ultramafic-mafic cumulates. Ultramafic cumulates 
consist of dunites with chromitite layers, olivine-websterites, 
and websterites (Saccani and Tassinari, 2015). Though the 
EMO show the typical complete ophiolitic sequence ob-
served in SSZ ophiolites, layers of MOR-type rocks, such as 
plagioclase-lherzolites, troctolites, and gabbros occur in the 
cumulitic sequences of the Bulqiza and Shebenik ultramafic 
massifs (Beccaluva et al., 1994; Bébien et al., 1998), as well 
as in south Albania (Koller et al., 2006). Both cumulitic and 
isotropic mafic rocks are largely dominated by olivine-gab-
bronorites and gabbronorites and are followed upwards by 
abundant quartz-diorites and plagiogranites. The sheeted dike 
complex and the volcanic sequence include basalts, basaltic 
andesites, andesites, dacites and rhyolites showing both low-
Ti, island arc tholeiitic (IAT) and very low-Ti boninitic af-
finities (Beccaluva et al., 1994; Shallo, 1994; Bortolotti et al., 
1996; Bébien et al., 2000). Volcanic rocks occur as both mas-
sive and pillow lavas. Finally, the whole ophiolitic sequence 
is frequently cross cut by boninitic dykes.

Radiolarian cherts associated with WMO lavas gave latest 

Bajocian-early Bathonian to late Bathonian-early Callovian 
ages (UAZ 5 to UAZ 7) and late Bajocian/latest Bajocian-
early Bathonian to middle Callovian-early Oxfordian (UAZ 
4-5 to UAZ 8) for EMO lavas (Marcucci et al., 1994; Mar-
cucci and Prela, 1996; Chiari et al. 1994; 2002; 2004; Prela 
et al., 2000). Both the WMO and EMO share the same post-
emplacement deposits, which include the Late Jurassic-Early 
Cretaceous supra-ophiolitic mélange (Simoni Mélange) and 
Firza Flysch and the Early-Late Cretaceous post-orogenic 
carbonate sequence (Bortolotti et al., 2013). 

The formation of the Dinaride-Hellenide Neo-Tethys is 
inferred to have started at the Early-Middle Triassic bound-
ary, as testified by the age of radiolarian cherts stratigraphi-
cally associated with N-MORBs found in the sub-ophiolitic 
mélanges (Bortolotti et al., 2002; 2004; 2006). Mid-oceanic 
spreading in this Neo-Tethyan oceanic sector was then ef-
fective up to Middle Jurassic times, when the intra-oceanic 
subduction started (Dilek et al., 2005; 2008). 

Saccani et al. (2011; 2017), and van Hinsbergen et al., 
(2020) suggested that the WMO and EMO collectively re-
cord the spatial and temporal variation of progressive mantle 
evolution and melt formation in the upper plate of a subduct-
ing slab from the very early stages of subduction initiation 
through a mature stage of an established subduction zone. In 
particular, the WMO record the Mid Jurassic inception of the 
intra-oceanic subduction characterized by the transition from 
mid-ocean ridge volcanic activity (N-MORB) to nascent 
forearc volcanism (MTB and boninites), whereas the EMO 
record a relatively mature subduction stage with production 
of IAT and boninitic magmatic rocks. 

Fig. 3 - Reconstructed logs of the Western-type (a) and Eastern-type (b) Mirdita ophiolites. Compiled from: Beccaluva et al. (1994), Shallo (1994), Bébien et 
al. (2000), Bortolotti et al. (2002; 2013), Hoeck et al. (2002; 2014) and Saccani et al. (2011). The stratigraphic position of the sampled section is also shown. 
IAT: Island arc tholeiitic basalt; MORB: mid-ocean ridge basalt; MTB: medium-Ti basalt; SSZ: supra-subduction zone.
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GEOCHEMICAL FEATURES OF THE JURASSIC 
VOLCANIC ROCKS

This section briefly resumes the geochemical features of 
the Jurassic ophiolitic volcanic rocks cropping out in both 
the WMO and EMO sequences, as well as those incorpo-
rated as blocks and tectonic slices within the sub-ophiolitic 
mélange units. In the lack of direct evidence from the volca-
nic rocks associated with the studied radiolarian cherts, this 
brief summary will be useful for discussing the significance 
of biostratigraphic ages obtained in this paper in the light of 
the magmatic and geodynamic evolution of the Mirdita Neo-
Tethys during Middle Jurassic times. It should be noted that 
the sub-ophiolitic mélange units also include abundant Tri-
assic volcanic rocks, which will not however be discussed 
here, as Triassic biostratigraphy and magmatism are beyond 
the scope of this paper. Research during the last decades on 
the geochemistry and petrogenesis of oceanic upper crustal 
rocks in the Jurassic ophiolites of the Albanides has led to the 
recognition of four different types of volcanic and subvolca-
nic rocks (e.g., Shallo, 1994; Beccaluva et al., 1994; 2005; 
Bortolotti et al., 1996; 2002; 2013; Bébien et al., 2000; Hoeck 
et al. 2002; Saccani et al., 2004; 2011; Saccani and Photiades, 
2005; Dilek et al., 2005; 2007; 2008). They are: 1) high-Ti 
mid-ocean ridge basalts showing N-MORB compositions; 
2) medium-Ti basalts (MTB); 3) low-Ti, island arc tholeiitic 
(IAT) basalts, basaltic andesites, andesites, and rhyolites; (4); 
very low-Ti boninitic basalts, basaltic andesites, andesites, 
and rhyolites.

High-Ti, normal-type mid ocean ridge basalts  
(High-Ti N-MORB)

Jurassic N-MORBs are found in both volcanic sequenc-
es of the WMO and in the sub-ophiolitic mélange (e.g., 
Bortolotti et al., 2002; Saccani and Photiades, 2005; Dilek 
et al., 2008; Monjoie et al., 2008). These rocks display a 
clear sub-alkaline affinity as exemplified by their low Nb/Y 
ratios (0.02-0.09). Their Ti/V ratios range from 26 to 39 
(Fig. 4), clustering in the field of basalts generated at mid-
ocean ridge settings (Shervais, 1982). Their overall geo-
chemical features are similar to those of basalts generated at 
mid-ocean ridges. For example, relatively primitive basalts 
have TiO2 = 0.76-2.23 wt%, P2O5 = 0.08-0.22 wt%, and V = 
133-434 ppm values. No significant Th and Nb depletions 
or enrichments with respect other incompatible elements are 
observed in these basalts. Rare earth elements (REE) pat-
terns of near-primitive basalts show depletion in light REE 
(LREE) with respect to medium REE (MREE) and heavy 
REE (HREE), as evidenced by the LaN/SmN (0.41-0.78) and 
LaN/YbN (0.34-0.86) ratios. All data are from Saccani et al. 
(2011; 2017). Plotted in the Th-Nb diagram in Fig. 5a, the 
Jurassic N-MORBs do not show any detectable subduction 
influence and cluster in the field for typical N-MORB com-
positions. 

The low Zr/Y ratios (< 4) and very low Ta/Yb ratios (< 
0.08) indicate that these rocks likely originated from partial 
melting of a depleted N-MORB type sub-oceanic mantle 
source, with no influence of enriched ocean island basalt 
(OIB) components. In fact, Saccani et al. (2011; 2017) us-
ing REE modelling have demonstrated that near-primitive N-
MORBs are generally compatible with 10-20% partial melt-
ing of a depleted MORB mantle (DMM) source (Workman 
and Hart, 2005). 

Medium-Ti basalts (MTB)
MTBs crop out in the WMO of the northern Albanides, 

in the southern Albanides, and as blocks included in the 
sub-ophiolitic mélange (Bortolotti et al., 2002; Hoeck et al., 
2002; Saccani and Photiades, 2005). These basalts show geo-
chemical characteristics that are intermediate between those 
of N-MORBs and IATs (Bébien et al., 2000; Saccani et al., 
2011; Saccani, 2015). Compared to N-MORB, they show 
slightly lower contents in TiO2 (0.67-1.09 wt%), P2O5 (0.01-
0.17 wt%), Zr (5-90 ppm), and Y(18-29 ppm). Their Ti/V 
ratios (16-28) straddle the boundary between the IAT and 
MORB fields (Fig. 4). The contents of high field strength el-
ements (HFSE) are slightly lower than those of N-MORBs 
with comparable degrees of fractionation, but Th, Ta, and 
Nb concentrations are highly depleted with respect to those 
of N-MORBs. Their Th and Nb values are about 0.1 times 
N-MORB composition and are also significantly lower than 
those of IAT and boninitic basalts, (Saccani et al., 2011; 
2017). MREE, and HREE compositions are slightly lower 
than those of N-MORBs, but LREE concentrations are high-
ly depleted with respect to those of N-MORBs (Saccani et 
al., 2011; 2017). In fact, LaN/YbN ratios are in the range of 
0.01-0.25. Accordingly, they display no Th enrichment with 
respect to Nb, indicating no detectable subduction-related 
contribution (Bortolotti et al., 2002; Saccani, 2015). In Fig. 
5a, MTBs plot in the field for nascent forearc basalts. Sac-
cani et al. (2011; 2017) have suggested that primary MTB 

Fig. 4 - V vs. Ti/1000. Tectonic discrimination diagrams (Shervais, 1982) 
for the Jurassic basalts from the Mirdita ophiolites and Sub-ophiolitic Mé-
lange. Data from: Bortolotti et al. (2002), Hoeck et al. (2002), Saccani et 
al. (2004), Saccani and Photiades (2005), Dilek et al. (2008) and Monjoie 
et al. (2008). Abbreviations: BABB: backarc basin basalt; Bon: Boninite; 
IAT: Island arc tholeiitic basalt (low-Ti basalt); MTB: medium-Ti basalt; 
N-MORB: normal-type mid-ocean ridge basalt (high-Ti basalt); OIB: ocean 
island basalt.
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melts originated low degrees of partial melting (~ 5-8 %) of 
depleted lherzolites left as the residual mantle after the initial 
N-MORB melt extraction without any detectable LREE and 
Th enrichment by subduction-related fluids. 

Low-Ti island arc tholeiitic rocks (IAT)
This rock-group exclusively crops out in the EMO (e.g., 

Beccaluva et al., 1994; Dilek et al., 2008; Saccani et al., 
2011). These rocks are mainly represented by fractionated 

products, such as basaltic andesites, andesites, and dacites, 
whereas near-primitive IAT basalts are rare. Basaltic rocks 
have relatively low TiO2 contents (0.48-1.10 wt%) and low 
Ti/V ratios (Fig. 4). They also have relatively low contents 
of P2O5 (0.04-0.06 wt%). N-MORB normalized incompatible 
elements exhibit depleted patterns compared to N-MORB 
compositions, and display mild negative anomalies in Th, Ta, 
and Nb (Saccani et al., 2011). These rocks are characterized 
by depletion in LREE, as exemplified by low LaN/YbN (0.20-
0.63) ratios. They show a clear Th enrichment with respect to 
Nb, suggesting some influence of subduction-derived compo-
nents (Fig. 5a). In Fig, 5b, these rocks plot in the field for IAT 
basalts (Saccani, 2015).

The chemistry of near-primitive IAT basalts is consis-
tent with an origin from partial melting of refractory mantle 
sources. Their Th enrichment relative to Nb suggests an arc 
signature (Dilek et al., 2008; Saccani et al., 2011; 2017; Sac-
cani, 2015) showed that REE patterns of the near-primitive 
IAT basalts are consistent with ~ 10-20% partial melting of 
residual MORB mantle lherzolites, which were slightly en-
riched in LREE by subduction-derived fluids.

Very low-Ti boninitic rocks
Very low-Ti, boninitic rocks mainly crop out in the EMO 

sequences, but are also fairly abundant in the WMO, where 
they occur as both lava flows and dykes (Bortolotti et al., 
2002; Dilek et al., 2008). Moreover, they are largely repre-
sented in the sub-ophiolitic mélange (Saccani et al., 2005). 
Boninitic basalts are characterized by very low TiO2 contents 
(0.12-0.46 wt%) and Ti/V ratios (Fig. 4), which are compara-
ble with those of typical boninitic rocks from forearc regions 
of oceanic island arcs (e.g., Crawford et al., 1989; Pearce 
et al., 1992). Accordingly, their P2O5 (< 0.10 wt%), Zr (< 6 
ppm) and Y (< 11 ppm) contents are very low. Compatible 
element contents, such as Ni (up to 869 ppm) and Cr (up to 
1739 ppm), are also very high. Very low-Ti boninitic basalts 
are strongly depleted in HFSE but Th (Saccani et al., 2011). 
Commonly, they display U-shaped REE patterns typical of 
boninites, with LaN/SmN = 1.03-2.85 and SmN/YbN = 0.25-
0.78. Similar to IAT basalts, they show a clear Th enrichment 
with respect to Nb, suggesting subducted slab influence (Fig. 
5a), whereas in the classification diagram in Fig. 5b, they plot 
in the field for boninitic basalts. 

Saccani et al. (2011; 2017) suggested that primary bo-
ninite melts may have been generated by high degrees of 
partial melting (15-25%) of a refractory harzburgitic source, 
which is residual after the extraction of MTB and/or IAT pri-
mary melts but significantly enriched in LREE. 

THE SAMPLED SECTIONS

Sampling was focused on the radiolarian cherts deposited 
in the upper part of the ophiolitic volcanic series in northern 
Albania. Samples were taken in seven sections in northern 
Albania (Fig. 2). In the WMO, four sections were focused on 
the radiolarian cherts included in the sub-ophiolitic mélange 
(Fig. 3a). They are: a) Koman; b) Karma 1; c) Karma 2; d) 
Gomsique. In the EMO, three sections were focused on the 
radiolarian cherts forming the sedimentary cover of the ophi-
olitic unit (Fig. 3b). They are: e) Gurth; f) Gurth 2; g) Gurth 4. 

a) Koman. This section is located near the mining gal-
leries of Palaj near the Koman dam (N 420 05ʹ 03ʺ, E 190 48ʹ 

Fig. 5 - a) N-MORB normalized Th vs. Nb and b) chondrite-normalized 
Yb vs. Dy tectonic discrimination diagrams (Saccani, 2015) for the Juras-
sic basalts from the Mirdita ophiolites and Sub-ophiolitic Mélange. Data 
from: Bortolotti et al. (2002), Hoeck et al. (2002), Saccani et al (2004), 
Saccani and Photiades (2005), Dilek et al. (2008) and Monjoie et al. (2008). 
Normalizing values are from Sun and McDonough (1989). Abbreviations: 
CAB: calc-alkaline basalt; IAT: Island arc tholeiitic basalt (low-Ti basalt); 
MTB: medium-Ti basalt; N-MORB: normal-type mid-ocean ridge basalt 
(high-Ti basalt); OIB: ocean island basalt.
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31ʺ). It consists of very altered basalts which include 1.30 m 
of red radiolarian cherts. The chert sample AL374 was col-
lected near the lower contact with the basalt. 

b) Karma 1. This section is located along the road from 
Koman to Karma (N 420 05ʹ 06ʺ, E 190 48ʹ 36ʺ). It consists of 
almost totally altered basalts with a level of 1.5 m of red ra-
diolarian cherts, the chert sample AL371 was collected about 
0.5 m from the lower contact with the basalt. 

c) Karma 2. This section is located about 150 m from Kar-
ma 1 and consist of very altered volcanic rocks, most likely 
represented by pillow basalts with a level of 3 m of red radio-
larian cherts where the sample AL372 was collected.

d) Gomsique. This sampling area is located near the road 
to Vau Dejës village about 1 km from the Gomsique bridge 
(N 420 01ʹ 21ʺ, E 190 40ʹ 03ʺ). In this area, cherts were found 
in two distinct outcrops. The first one consists of about 40 
m of altered basalts with chert layers in between. Sample 
AL1205 was collected in a red radiolarian chert of about 20 
cm. The second one consists of a thin sedimentary sequence 
including limestones, pelagic mudstones, and radiolarian 
cherts. Sample AL1205b was taken in a chert level of about 
0.3 m close to the mudstone beds. 

e) Gurth. This section is located about 500 m from Gurth 
mine (N 410 55ʹ 34ʺ, E 200 04ʹ 05ʺ). It consists of very altered 
intermediate to acidic volcanic rocks (most likely andesites) 
with a level of red radiolarian cherts of about 2 m. Two chert 
samples, GU7 and GU8, were collected in this section about 
0.4 and 1.5 m from the lower contact with the volcanic rocks. 

f) Gurth 2. This section is located about 6 km NE from the 
Gurth Spaç village and it consists of about 4.9 meters of red 
cherts and shales, greenish-gray cherts and red cherts. The 
supra-ophiolitic mélange (Simoni Mélange) unconformably 
covers the cherts. Three chert samples were collected: G2-1 
at 20 cm from the base of the cherts, G2-3 at 0.45 cm from 
the base, and the last sample G2-2 at 0.90 m from the base.

g) Gurth 4. This section is located NE from the Gurth 
Spaç village (N 410 55ʹ 43ʺ, E 200 03ʹ 43ʺ) and consists of 
about 2.5 m of red radiolarian cherts in contact with altered 
andesitic/dacitic lava flows. Two samples were taken for ra-
diolarian analyses G4-1 and G4-3, respectively at 0.5 and 2 m 
above the andesites/dacites. The radiolarian cherts are uncon-
formably covered by the supra-ophiolitic mélange (Simoni 
Mélange).

Radiolarian analyses

The twelve samples of radiolarian cherts have been 
etched with hydrofluoric acid at different concentrations. The 
samples yielded radiolarians with moderate-good preserva-
tion (Figs. 6-8). We utilized the radiolarian zonation based 
on Unitary Association zones (UAZ) proposed by Baumgart-
ner et al. (1995) for the Middle Jurassic-Early Cretaceous 
(Aalenian-early Aptian interval) and for the taxonomy of ra-
diolarian genera we followed O’Dogherty et al. (2006; 2009; 
2017). In the following paragraphs we discuss the range of 
some taxa that were reported with a different age range in 
Baumgartner et al. (1995). The principal radiolarian markers 
are illustrated in Figs. 6-8.

Eoxitus hungaricus Kozur (= Tethysetta dhimenaensis 
ssp. A; UAZ 3-8 in Baumgartner et al., 1995) occurs also in 
the Carpathian up to the Tithonian (Paulian Dumitrica, pers. 

comm., as reported in Chiari et al., 2008). We could indicate 
a broader range for this taxon: UAZ 3-11 (early-middle Bajo-
cian to late Kimmeridgian-early Tithonian).

Eucyrtidiellum dentatum Baumgartner (= Eucyrtidiellum 
unumanese dentatum; UAZ 6-7 in Baumgartner et al., 1995). 
Šegvić et al. (2014) found this taxon in a sample of UAZ 5 
age (latest Bajocian-early Bathonian), therefore the range of 
E. dentatum could be indicated as UAZ 5-7 (latest Bajocian-
early Bathonian to late Bathonian-early Callovian).

Eucyrtidiellum pustulatum Baumgartner. Baumgartner et 
al. (1995) indicated an UAZ 5-8 range (latest Bajocian-early 
Bathonian to middle Callovian-early Oxfordian) while Gaw-
lick et al. (2016) indicated a broader range. 

Kilinora (?) oblongula (Kocher) (= Stylocapsa oblon-
gula; UAZ 6-8 in Baumgartner et al., 1995). The range of 
this taxon could be UAZ 5-8 (latest Bajocian-early Bathonian 
to middle Callovian-early Oxfordian). In fact Gawlick et al. 
(2016) found K. (?) oblongula in the sample AL 1993 of UAZ 
5 age (latest Bajocian-early Bathonian).

Hexasaturnalis nakasekoi Dumitrica and Dumitrica-Jud 
(= Acanthocircus suboblongus suboblongus; UAZ 3-11 in 
Baumgartner et al., 1995 only Fig. 1). This taxon, one of the 
most common saturnalid, was described for the first time by 
Dumitrica and Dumitrica-Jud (2005) and its range is referable 
to the interval Bathonian-late Kimmeridgian/early Tithonian 
(Dumitrica and Dumitrica-Jud, 2005).

Hexasaturnalis suboblongus (Yao) (= Acanthocircus 
suboblongus suboblongus; UAZ 3-11 in Baumgartner et al., 
1995). After Dumitrica and Dumitrica-Jud (2005) the range 
of this taxon is early-middle Bajocian to late Bajocian (UAZ 
3-4) after Chiari et al. (2007) the range of this taxon could be 
longer: early-middle Bajocian to latest Bajocian-early Batho-
nian (UAZ 3-5). Furthermore Carter et al. (2010) reported the 
first appearance of this taxon in the late Aalenian (UA 39) 
Mirifusus proavus-Transhsuum hisuikyoense Zone, this zone 
is in good agreement with UAZ 2. Taking into consideration 
these correlations we could assign to Hexasaturnalis subob-
longus an UAZ 2-5 range (late Aalenian to latest Bajocian-
early Bathonian). 

Striatojaponocapsa synconexa O’Dogherty, Goričan 
and Dumitrica (= Tricolocapsa plicarum ssp. A; UAZ 4-5 
in Baumgartner et al., 1995). Prela et al. (2000) indicated 
for this taxon a longer range: late Bajocian to middle Batho-
nian (UAZ 4-6?), O’Dogherty et al. (2006) found this taxon 
in samples (VS3, VS4) of middle Bathonian age (UAZ 6) 
while Matsuoka and Ito (2019) indicated the last occurrence 
of S. synconexa in the lower part of Striatojaponocapsa 
conexa Zone (late Bathonian). We could assign to Striato-
japonocapsa synconexa an age range from late Bajocian to 
late Bathonian.

Theocapsommella cucurbiformis (Baumgartner) (= Theo-
capsomma cucurbiformis; UAZ 6-7 in Baumgartner et al., 
1995). The range of this taxon could be considered longer 
UAZ 5-7 (latest Bajocian-early Bathonian to late Bathonian-
early Callovian) because Halamic et al. (1999) and Prela et 
al. (2000) found this taxon in samples of UAZ 5 (latest Bajo-
cian-early Bathonian).

Unuma gordus Hull (= Unuma sp. A; UAZ 4-6 in 
Baumgartner et al., 1995). After Auer et al. (2009) this taxon 
could reach also the middle/late Oxfordian boundary or the 
late Oxfordian.
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Fig. 6 - (scale bar = 50μm). 1) Archaeodictyomitra publica (Hull), GU8; 2) Archaeodictyomitra exigua Blome, GU8; 3) Archaeo-
dictyomitra patricki Kocher, AL372; 4) Archaeodictyomitra praeapiarium Cordey, AL1205b; 5) Archaeodictyomitra prisca Ko-
zur and Mostler, AL1205b; 6) Archaeodictyomitra sp. cf. A. cellulata O’Dogherty, Goričan and Dumitrica, AL1205b; 7) Archaeo-
dictyomitra sp. cf. A. exigua Blome, AL1205b; 8) Archaeodictyomitra sp. cf. A. rigida Pessagno, G4-1; 9) Archaeospongoprunum 
elegans Wu  AL372; 10) Bernoullius cristatus Baumgartner, AL372; 11) Campanomitra ulivii (Chiari, Marcucci and Prela), 
AL1205b; 12) Doliocapsa magnipora (Chiari, Marcucci and Prela), AL1205; 13) Emiluvia premyogii Baumgartner, AL372; 
14) Eoxitus baloghi Kozur, AL372; 15) Eoxitus hungaricus Kozur, AL1205b; 16) Eucyrtidiellum (?) circumperforatum Chiari, 
Cortese and Marcucci, AL372; 17) Eucyrtidiellum dentatum Baumgartner, AL1205b; 18) Eucyrtidiellum dentatum Baumgartner, 
G2-1; 19) Eucyrtidiellum pustulatum Baumgartner, G4-1; 20) Eucyrtidiellum semifactum Nagai and Mizutani, G4-3; 21) Eucyr-
tidiellum semifactum Nagai and Mizutani, GU8; 22) Eucyrtidiellum unumaense (Yao), AL372; 23) Guexella nudata (Kocher), 
AL1205b; 24) Guexella nudata (Kocher), AL372; 25) Helvetocapsa matsuokai (Sashida), AL372; 26) Helvetocapsa matsuokai 
(Sashida), G4-1; 27) Helvetocapsa matsuokai (Sashida), GU8; 28) Hemicryptocapsa buekkense (Kozur), GU7; 29) Hemicrypto-
capsa marcucciae (Cortese), GU8; 30) Hemicryptocapsa marcucciae (Cortese), G2-2.
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Fig. 7 - (scale bar = 50 μm). 1) Hemicryptocapsa yaoi (Kozur), GU7; 2) Hemicryptocapsa sp. cf. H. buekkense (Kozur), G4-3; 
3) Hemicryptocapsa sp. cf. H. yaoi (Kozur), AL372; 4) Hexasaturnalis nakasekoi Dumitrica and Dumitrica-Jud, AL 372; 5) 
Hexasaturnalis suboblongus (Yao), AL372; 6) Hexasaturnalis sp. cf. H. tetraspinus (Yao), AL372; 7) Hiscocapsa kodrai (Chiari, 
Marcucci and Prela), AL1205; 8) Hsuum matsuokai Isozaki and Matsuda, AL1205b; 9) Hsuum sp. cf. H. belliatulum Pessagno and 
Whalen, AL1205b; 10) Hsuum sp. cf. H. mirabundum  Pessagno and Whalen, AL1205b; 11) Japonocapsa sp. aff. J. fusiformis 
(Yao) sensu Matsuoka (1983), GU7; 12) Kilinora (?) oblongula (Kocher), AL372; 13) Mizukidella kamoensis (Mizutani and Kido), 
AL372; 14) Paronaella bronnimanni Pessagno, AL 1205b; 15) Praewilliriedellum convexum (Yao), GU 7; 16) Praewilliriedellum 
robustum (Matsuoka), AL1205b; 17) Praewilliriedellum robustum (Matsuoka), AL372; 18) Protunuma lanosus Ozvoldova, AL 372; 
19) Protunuma ochiensis Matsuoka, AL1205; 20) Protunuma quadriperforatus O‘Dogherty and Goričan, AL1205b; 21) Protunuma 
turbo Matsuoka, GU 8; 22) Protunuma sp. cf. P. lanosus Ozvoldova, G2-1; 23) Pseudodictyomitrella renevieri O’Dogherty, Goričan 
and Dumitrica, AL 1205b; 24) Pseudodictyomitrella sp. aff. P. cappa (Cortese), AL1205; 25) Quarkus japonicus (Yao), GU7; 26) 
Quarkus sp. cf. Q. madstonense (Pessagno, Blome and Hull), G2-1; 27) Saitoum pagei De Wever, AL1205b; 28) Saitoum sp. cf. S. 
levium De Wever, AL1205b; 29) Semihsuum amabile (Aita), GU8; 30) Striatojaponocapsa conexa (Matsuoka), G2-3.
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Fig. 8 - (scale bar = 50μm). 1) Striatojaponocapsa plicarum (Yao), AL372; 2) Striatojaponocapsa synconexa O‘Dogherty, 
Goričan and Dumitrica, AL372; 3) Striatojaponocapsa synconexa O‘Dogherty, Goričan and Dumitrica, AL1205b; 4) Striato-
japonocapsa sp. cf. S. synconexa O’Dogherty, Goričan and Dumitrica, G2-2; 5) Takemuraella sp. cf. T. schardti O’Dogherty, 
Goričan and Dumitrica, AL372; 6) Theocapsommella cucurbiformis (Baumgartner), G2-1; 7) Theocapsommella himedaruma 
(Aita), AL1205; 8) Theocapsommella medvednicensis (Goričan), AL37; 9) Theocapsommella medvednicensis (Goričan), G2-1; 
10) Theocapsommella sp. cf. T. cucurbiformis (Baumgartner), AL372; 11) Transhsuum parasolense (Pessagno and Whalen), 
AL1205; 12) Transhsuum sp., G2-2; 13) “Tricolocapsa“ tetragona Matsuoka, AL1205b; 14) “Tricolocapsa“ tetragona Matsuoka, 
G4-3; 15) Tritrabs sp. cf. T. rhododactylus Baumgartner, AL1205; 16) Unuma gordus Hull, AL1205b; 17) Unuma gordus Hull, 
G2-2; 18) Unuma latusicostatus (Aita), AL1205b; 19) Unuma latusicostatus (Aita), G4-3; 20) Unuma sp. aff. U. latusicostatus 
(Aita), AL1205b; 21) Williriedellum formosum (Chiari, Marcucci and Prela), GU8; 22) Williriedellum nodosum Chiari, Marcucci 
and Prela, AL372; 23) Xitus skenderbegi (Chiari, Marcucci and Prela), AL372; 24) Xitus skenderbegi (Chiari, Marcucci and Prela), 
AL1205b; 25) Yaocapsa sp. aff. Y. mastoidea (Yao) sensu Goričan et al. (2012), AL372; 26) Yaocapsa sp. aff. Y. mastoidea (Yao) 
sensu Goričan et al. (2012), AL1205b; 27) Zhamoidellum sp. 2 sensu O’Dogherty et al. (2006), G2-2; 28) Zhamoidellum sp. aff. Z. 
ventricosum Dumitrica, GU8; 29) Zhamoidellum sp. aff. Z. ventricosum Dumitrica, G4-3; 30) Zhamoidellum sp., AL372.
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Zhamoidellum ventricosum Dumitrica (UAZ 8-11; in 
Baumgartner et al., 1995). Several authors indicated a broad-
er range for this taxon (Šmuc and Goričan, 2005; O’Dogherty 
et al., 2006; Danelian et al., 2008 and Gawlick et al., 2018). 
Šmuc and Goričan (2005) found this taxon in a sample (M8 
21,90) of UAZ 6-7 age (middle Bathonian to late Bathonian-
early Callovian) while Gawlick et al. (2018) found Z. ven-
tricosum in the sample SRB 262 of probably Bathonian age, 
thererefore taking into in consideration these data we could 
indicate an UAZ 6 to UAZ 11 range for this taxon (middle 
Bathonian to late Kimmeridgian-early Tithonian). 

The radiolarian assemblages and the ages in the examined 
samples are the following: 

Sub-ophiolitic mélange (Rubik Complex)
a) Koman

AL374: Striatojaponocapsa synconexa O’Dogherty, 
Goričan and Dumitrica, Theocapsommella medvednicensis 
(Goričan), Unuma gordus Hull, Zhamoidellum sp.

Age: late Bajocian to late Bathonian-early Callovian (UAZ 
4-7) for the occurrence of Unuma gordus Hull and Striatoja-
ponocapsa synconexa O’Dogherty, Goričan and Dumitrica.

b) Karma 1
AL371: Striatojaponocapsa plicarum (Yao), Striatoja-

ponocapsa synconexa O’Dogherty, Goričan and Dumitrica, 
Theocapsommella sp. cf. T. cordis (Kocher).

Age: late Bajocian to latest Bajocian-early Bathonian 
(UAZ 4-5) for the presence of Striatojaponocapsa synconexa 
O’Dogherty, Goričan and Dumitrica and Striatojaponocapsa 
plicarum (Yao).

c) Karma 2
AL372: Archaeodictyomitra patricki Kocher, Archaeo-

spongoprunum elegans Wu, Bernoullius cristatus Baumgart-
ner, Doliocapsa magnipora (Chiari, Cortese and Marcucci), 
Emiluvia premyogii Baumgartner, Eoxitus baloghi Kozur, 
Eoxitus hungaricus Kozur, Eucyrtidiellum (?) circumperfora-
tum Chiari, Cortese and Marcucci, Eucyrtidiellum dentatum 
Baumgartner, Eucyrtidiellum unumaense (Yao), Guexella nu-
data (Kocher), Helvetocapsa matsuokai (Sashida), Hemicryp-
tocapsa yaoi (Kozur), Hemicryptocapsa sp. cf. H. yaoi 
(Kozur), Hexasaturnalis nakasekoi Dumitrica and Dumitrica-
Jud, Hexasaturnalis suboblongus (Yao), Hexasaturnalis sp. 
cf. H. tetraspinus (Yao), Kilinora (?) oblongula (Kocher), 
Mizukidella kamoensis (Mizutani and Kido), Praewilliriedel-
lum robustum (Matsuoka), Protunuma lanosus Ozvoldova, 
Quarkus japonicus (Yao), Semihsuum amabile (Aita), Stria-
tojaponocapsa plicarum (Yao), Striatojaponocapsa syncon-
exa O’Dogherty, Goričan and Dumitrica, Takemuraella sp. 
cf. T. schardti O’Dogherty, Goričan and Dumitrica, Theo-
capsommella sp. cf. T. cucurbiformis (Baumgartner), Tritrabs 
casmaliaensis (Pessagno), Unuma gordus Hull, Williriedel-
lum nodosum Chiari, Marcucci and Prela, Xitus skenderbegi 
(Chiari, Marcucci and Prela), Yaocapsa sp. aff. Y. mastoidea 
(Yao) sensu Goričan et al. (2012), Zhamoidellum sp.

Age: latest Bajocian-early Bathonian (UAZ 5) for the 
presence of Bernoullius cristatus Baumgartner, Eucyrtidiel-
lum dentatum Baumgartner, Guexella nudata (Kocher), Hex-
asaturnalis suboblongus (Yao), Praewilliriedellum robustum 
(Matsuoka), Yaocapsa sp. aff. Y. mastoidea (Yao) sensu 
Goričan et al. (2012) and Kilinora (?) oblongula (Kocher) 
with Striatojaponocapsa plicarum (Yao). It is worth of note 

that in this sample is also present a specimen of Hexasaturna-
lis nakasekoi Dumitrica and Dumitrica-Jud, a taxon which is 
not included in the database of the zonation of Baumgartner 
et al. (1995). Anyway considering the range of this taxon, 
Bathonian-late Kimmeridgian/early Tithonian, the age of the 
sample AL 372 could be indicated as early Bathonian.

d) Gomsique
AL1205: Doliocapsa magnipora (Chiari, Marcucci and 

Prela), Eucyrtidiellum dentatum Baumgartner, Hemicrypto-
capsa marcucciae (Cortese), Hemicryptocapsa yaoi (Kozur), 
Hiscocapsa kodrai (Chiari, Marcucci and Prela), Protunuma 
lanosus Ozvoldova, Protunuma ochiensis Matsuoka, Pseudo-
dictyomitrella sp. aff. P. cappa (Cortese), Theocapsommella 
himedaruma (Aita), Transhsuum parasolense (Pessagno and 
Whalen), Tritrabs sp. cf T. rhododactylus Baumgartner, Un-
uma gordus Hull, Williriedellum formosum (Chiari, Marcucci 
and Prela).

Age: latest Bajocian-early Bathonian to late Batho-
nian-early Callovian (UAZ 5-7) for the occurence of Pro-
tunuma ochiensis Matsuoka with Eucyrtidiellum dentatum 
Baumgartner.

AL1205b: Archaeodictyomitra praeapiarium Cordey, Ar-
chaeodictyomitra prisca Kozur and Mostler, Archaeodictyo-
mitra sp. cf. A. cellulata O’Dogherty, Goričan and Dumitrica, 
Archaeodictyomitra sp. cf. A. exigua Blome, Campanomitra 
ulivii (Chiari, Marcucci and Prela), Eoxitus hungaricus Ko-
zur, Eucyrtidiellum dentatum Baumgartner, Guexella nudata 
(Kocher), Helvetocapsa matsuokai (Sashida), Hexasaturna-
lis sp. cf. H. nakasekoi Dumitrica and Dumitrica-Jud, Hsuum 
matsuokai Isozaki and Matsuda, Hsuum sp. cf. H. belliatulum 
Pessagno and Whalen, Hsuum sp. cf. H. mirabundum  Pes-
sagno and Whalen, Mizukidella kamoensis (Mizutani and 
Kido), Paronaella bronnimanni Pessagno, Praewilliriedel-
lum convexum (Yao), Praewilliriedellum robustum (Matsuo-
ka), Protunuma quadriperforatus O’Dogherty and Goričan, 
Pseudodictyomitrella renevieri O’Dogherty, Goričan and Du-
mitrica, Saitoum pagei De Wever, Saitoum sp. cf. S. levium 
De Wever, Semihsuum amabile (Aita), Striatojaponocapsa 
synconexa O’Dogherty, Goričan and Dumitrica, Transhsuum 
maxwelli gr. (Pessagno) “Tricolocapsa“ tetragona Matsuoka, 
Unuma gordus Hull, Unuma latusicostatus (Aita), Unuma sp. 
aff. U. latusicostatus (Aita), Yaocapsa sp. aff. Y. mastoidea 
(Yao) sensu Goričan et al. (2012), Xitus skenderbegi (Chi-
ari, Marcucci and Prela), Xitus sp. cf. X. skenderbegi (Chiari, 
Marcucci and Prela), Zhamoidellum sp.

Age: latest Bajocian-early Bathonian (UAZ 5) for the oc-
currence of Eucyrtidiellum dentatum Baumgartner, Guexella 
nudata (Kocher), Praewilliriedellum robustum (Matsuoka), 
“Tricolocapsa“ tetragona  Matsuoka, Yaocapsa sp. aff. Y. 
mastoidea (Yao) sensu Goričan et al. (2012) with Helveto-
capsa matsuokai (Sashida) and Unuma latusicostatus (Aita).

Eastern Mirdita Ophiolite (EMO)

e) Gurth 
GU7: Eucyrtidiellum semifactum Nagai and Mizutani, 

Hemicryptocapsa buekkense (Kozur), Hemicryptocapsa yaoi 
(Kozur), Hemicryptocapsa sp. aff. H. buekkense (Kozur), 
Japonocapsa sp. aff. J. fusiformis (Yao) sensu Matsuoka 
(1983), Praewilliriedellum convexum (Yao), Quarkus japon-
icus (Yao), Unuma gordus Hull.
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Age: latest Bajocian-early Bathonian to middle Bathonian 
(UAZ 5-6) for the occurrence of Eucyrtidiellum semifactum 
Nagai and Mizutani with Japonocapsa sp. aff. J. fusiformis 
(Yao) sensu Matsuoka (1983).

GU8: Archaeodictyomitra publica (Hull), Archaeodic-
tyomitra exigua Blome,  Eucyrtidiellum semifactum Nagai 
and Mizutani, Helvetocapsa matsuokai (Sashida), Hemicryp-
tocapsa marcucciae (Cortese), Hiscocapsa kodrai (Chiari, 
Marcucci and Prela), Praewilliriedellum convexum (Yao), 
Protunuma turbo Matsuoka, Semihsuum amabile (Aita), Un-
uma gordus Hull, Williriedellum formosum (Chiari, Marcucci 
and Prela), Zhamoidellum sp. aff. Z. ventricosum Dumitrica.

Age: latest Bajocian-early Bathonian to late Bathonian-
early Callovian (UAZ 5-7) for the occurrence of Eucyrtidiel-
lum semifactum Nagai and Mizutani with Semihsuum ama-
bile (Aita) and Protunuma turbo Matsuoka.

f) Gurth 2 
G2-1: Eucyrtidiellum dentatum Baumgartner, Protunuma 

sp. cf. P. lanosus Ozvoldova, Quarkus sp. cf. Q. madsto-
nense (Pessagno, Blome and Hull), Theocapsommella cucur-
biformis (Baumgartner), Theocapsommella medvednicensis 
(Goričan).

Age: latest Bajocian-early Bathonian to late Bathonian-
early Callovian (UAZ 5-7) for the co-occurrence of Eucyrti-
diellum dentatum Baumgartner with Theocapsomella cucur-
biformis (Baumgartner).

G2-2: Hemicryptocapsa marcucciae (Cortese), Hemicryp-
tocapsa yaoi (Kozur), Praewilliriedellum convexum (Yao),  
Striatojaponocapsa synconexa O’Dogherty, Goričan and Du-
mitrica, Striatojaponocapsa sp. cf. S. synconexa O’Dogherty, 
Goričan and Dumitrica, Transhsuum sp., Unuma gordus 
Hull, Zhamoidellum sp. 2 sensu O’Dogherty et al. (2006). 

Age: late Bajocian to late Bathonian-early Callovian 
(UAZ 4-7) for the co-occurrence of Hemicryptocapsa mar-
cucciae (Cortese), Unuma gordus Hull with Striatojapono-
capsa synconexa O’Dogherty, Goričan and Dumitrica.

G2-3: Hemicryptocapsa yaoi (Kozur), Striatojapono-
capsa conexa (Matsuoka), Striatojaponocapsa synconexa 
O’Dogherty, Goričan and Dumitrica, Zhamoidellum sp.

Age: late Bajocian to late Bathonian-early Callovian 
(UAZ 4-7) for the presence of Striatojaponocapsa conexa 
(Matsuoka) with Striatojaponocapsa synconexa O’Dogherty, 
Goričan and Dumitrica. 

Considering the stratigraphic position of the samples we 
could assign an UAZ 5-7 age to the samples G2-1, G2-2 and 
G2-3 (latest Bajocian-early Bathonian to late Bathonian-early 
Callovian).

g) Gurth 4 
G4-1: Archaeodictyomitra sp. cf. A. rigida Pessagno, 

Eucyrtidiellum pustulatum Baumgartner, Helvetocapsa mat-
suokai (Sashida), Hiscocapsa kodrai (Chiari, Marcucci and 
Prela), Striatojaponocapsa synconexa O’Dogherty, Goričan 
and Dumitrica, Unuma gordus Hull.

Age: latest Bajocian-early Bathonian to late Bathonian-
early Callovian (UAZ 5-7) for the presence of Eucyrtidiellum 
pustulatum Baumgartner with Striatojaponocapsa synconexa 
O’Dogherty, Goričan and Dumitrica.

G4-3 Eucyrtidiellum semifactum Nagai and Mizutani, 
Helvetocapsa matsuokai (Sashida), Hemicryptocapsa sp. 

cf. H. buekkense (Kozur), Protunuma lanosus Ozvoldova, 
“Tricolocapsa“  tetragona  Matsuoka, Unuma gordus Hull, 
Unuma latusicostatus (Aita), Zhamoidellum sp. aff. Z. ven-
tricosum Dumitrica.

Age: latest Bajocian-early Bathonian (UAZ 5) for the oc-
currence of Eucyrtidiellum semifactum Nagai and Mizutani, 
“Tricolocapsa“ tetragona  Matsuoka and Unuma latusicosta-
tus (Aita).

Considering the stratigraphic position of the samples the 
age of the sample G4-1 could be referable to the UAZ 5 (lat-
est Bajocian-early Bathonian)

DISCUSSION AND CONCLUSIONS

The examined radiolarian cherts yielded radiolarians 
with moderate to good preservation and the determined age 
spanning from UAZ 4-5 to UAZ 5-7. In the sub-ophiolitic 
mélange (Rubik Complex) the oldest ages of radiolarian as-
sociated with the basalts (Fig. 9) are referable to the UAZ 
4-5 (late Bajocian to latest Bajocian-early Bathonian; sample 
AL371, Karma 1 section) and UAZ 5 (latest Bajocian-early 
Bathonian; sample AL372, Karma 2 section). Similar ages 
were found in the radiolarian cherts belonging to the Eastern 
Mirdita ophiolites (Fig. 9), the samples collected in the Gurth 
4 section (G4-1 and G4-3 samples) were assigned to UAZ 5 
(latest Bajocian-early Bathonian) and the samples collected 
in the Gurth 2 section (G2-1 G2-2 and G2-3 samples) indi-
cated an UAZ 5-7 age (latest Bajocian-early Bathonian to late 
Bathonian-early Callovian). Finally, the ages of the samples, 
GU7 and GU8 collected in the Gurth section are respectively 
UAZ 5-6 (latest Bajocian-early Bathonian to middle Batho-
nian) and UAZ 5-7 ages (latest Bajocian-early Bathonian to 
late Bathonian-early Callovian).

It is worth of note that the oldest published age of the 
sub-ophiolitic mélange is refereable to Late Anisian-Early 
Ladinian as indicated in Chiari et al. (1996), anyway in the 
present work we obtained more precise Jurassic ages for the 
radiolarian cherts belonging to this mélange. In fact, Kellici 
et al. (1994) indicated late Bajocian to late Bathonian-ear-
ly Callovian and middle Bathonian to late Bathonian-early 
Callovian ages (UAZ 4-7 and UAZ 6-7 in Bortolotti et al., 
2013). Considering the new data of the Eastern Mirdita ophi-
olites (UAZ 5, UAZ 5-6) these ages are comparable with the 
published ages reported in Chiari et al. (1994; 2002), Borto-
lotti et al. (2013) for Fushe Arrez (UAZ 4-5, late Bajocian to 
latest Bajocian-early Bathonian) and Shebaj (UAZ 5, latest 
Bajocian-early Bathonian).

Unfortunately, due to the intense alteration of the volca-
nic rocks associated with the studied radiolarian cherts it was 
not possible to assess the geochemical nature of the volcanic 
events occurring in these times. For the EMO, regional com-
parison and previous works show that the age ranges found in 
this study (namely, latest Bajocian-early Bathonian to late Ba-
thonian-early Callovian) can be referred to an IAT magmatic 
activity (Chiari et al., 1994; 2002; Bortolotti et al., 2013). In 
contrast, for what concerns the sub-ophiolitic mélange in the 
WMO, no literature data showing clear relationships between 
radiolarian biostratigraphy and geochemical affinity of strati-
graphically associated volcanic rocks are available in litera-
ture. Nonetheless, datings of basaltic rocks using radiolarian 
biostratigraphy are available for the volcanic series of the 
WMO sequences (Marcucci et al., 1994; Prela et al., 2000; 
Chiari et al., 2002). These data show that latest Bajocian to 
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early Callovian radiolarian ages in the WMO can always be 
referred to an N-MORB type magmatic activity. In the ab-
sence of any data from both this paper and from literature, we 
therefore speculate that the late Bajocian to latest Bajocian-
early Bathonian and latest Bajocian-early Bathonian to late 
Bathonian-early Callovian ages found in this paper could 
also be referred to an N-MORB magmatic activity. Nonethe-
less, future investigations on volcanic rocks-radiolarian chert 
pairs within the sub-ophiolitic mélanges of both the WMO 
and EMO should be carried out to fill this void of data. The 
commonly accepted geodynamic reconstructions of the Ju-
rassic evolution of the Albanian Neo-Tethys implies that the 
N-MORB magmatism in the WMO formed, together with the 
MTB magmatism, during the very early stages of subduc-
tion initiation (nascent arc). Subduction then shortly evolved 
to a relatively mature stage with the formation of a mature 
intra-oceanic arc where IAT and boninitic sequences of the 
EMO formed (Saccani et al., 2004; 2011; 2017; Dylek et al., 
2005; 2007; 2008; Bortolotti et al., 2013; van Hinsbergen et 
al., 2020). The new age data obtained in this work are well 
consistent with this geodynamic reconstruction; in fact, we 
suggest that radiolarian cherts in the sub-ophiolitic mélange 
of the WMO date the nascent arc stage of the subduction, 
whereas the slightly younger ages found in the EMO date the 
subsequent mature stage of the subduction. Hower the litera-
ture biostratigraphic data show that no significant age differ-
ences in age exist between the nascent arc stage and mature 
subduction.
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