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ABSTRACT 

Very few high-resolution quantitative records of planktonic foraminifera have been established 

for the Aquitanian to Burdigalian interval, particularly at low latitudes. In addition, the Burdigalian 

GSSP has not yet been defined, and there is still a debate about which bioevents provide the best 

approximation of the boundary.  

Provisionally, the Base of the calcareous nannofossil Helicosphaera ampliaperta (calibrated at 

Ceara Rise at 20.43 Ma) has been chosen for the recognition of the base of Burdigalian Stage (e.g., 

Raffi et al., 2020). However, other events were proposed to define the boundary, such as Top 

Paragloborotalia kugleri (21.12 Ma), Base Globigerinoides altiaperturus (19.97 Ma), Top of Chron 

C6An (19.97 Ma), Base of calcareous nannofossil Sphenolithus belemnos (19.01 Ma) (e.g., Raffi et 

al., 2020). The aim of this work was to improve the resolution of planktonic foraminiferal record of 

the Aquitanian – Burdigalian interval, refine the stratigraphic position of bioevents and their age 

calibration, possibly identifying additional events, and obtain a paleoecological interpretation of the 

studied assemblages.  

The first part of this work deals with a high-resolution quantitative analysis of the planktonic 

foraminiferal assemblages of Site 926 (ODP Leg 154, Ceara Rise, Equatorial Atlantic Ocean), in the 

interval from 21.5 to 17.6 Ma (Aquitanian-Burdigalian). Following the composite section of Site 926, 

astronomically calibrated by Shackleton et al. (1999) and Pälike et al. (2006a), 137 samples were 

selected from pale levels of nannofossil-foraminiferal chalk with a time resolution of ~30 kyr. The 

high-resolution quantitative analysis provided the quantitative distribution patterns of the 55 

taxonomic categories identified in the assemblages. Particular focus was given to biostratigraphic 

marker species of this interval, typical of the low-latitude zonation (Wade et al., 2011; King et al., 

2020), such as Top (T) Paragloborotalia pseudokugleri, Top P. kugleri, Top Tenuitella munda, Base (B) 

Globigerinoides altiaperturus, Base Globigerinatella sp. and Base Globorotalia praescitula.  

In the second part of this study, the high-resolution quantitative analysis was extended 

downwards in Hole 926B, selecting 44 samples after a qualitative survey and focusing on the 

Paragloborotalia pseudokugleri/P. kugleri group. This choice was made to obtain the quantitative 

distribution pattern of the group from the first occurrence of P. kugleri, close to the Oligo-Miocene 

boundary, to its last occurrence in the Aquitanian - Burdigalian interval, to observe the gradual 

morphological transition between the end members of this plexus and to better understand the 

evolution of P. kugleri.  

The last part of this study deals with paleoecological evaluations on the planktonic 

foraminifera of the Aquitanian – Burdigalian interval, considering specific diversity, preservation 

state, depth habitat, temperature preference and productivity. 
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1. Introduction 

 

1.1. Planktonic foraminifera and Biostratigraphy 
Planktonic foraminifera are marine protozoans with calcareous shells and chambered tests 

living in the upper part of the water column of modern oceans and seas. They first appeared in the 

mid-Jurassic, around 170 Ma and since the Early Cretaceous showed a progressive diversification 

with the appearance of new taxa (Frerichs et al., 1972; Caron & Homewood, 1983; Schiebel & 

Hemleben, 2017). Furthermore, they had two important mass extinctions at the Aptian/Albian (113 

Ma) and Cretaceous/Paleogene (66 Ma) boundaries (Patterson et al., 2004) (Fig. 1.1). 

  

 
Fig. 1.1 - The number of planktonic foraminiferal species from the Jurassic through Recent as defined by speciation and 

extinction events. (modified from Patterson et al., 2004) 

 

Due to their calcareous shell's high preservation potential within marine sedimentary rocks, 

they are commonly used in various geoscience fields, such as biostratigraphy, paleoecology, 

paleoceanography and paleoclimatology. 

Planktonic foraminifera are valuable indicators of a rock's formation age and are extensively 

used in biostratigraphy. Indeed, although they do not live on the seabed (rock-forming 

environment), they rapidly sink to the bottom with sediment particles (future rocks), so they can be 

used for dating and correlations. They are particularly reliable for the oceanic province and the outer 

portion of the neritic zone, as their living environment generally excludes the inner neritic areas. 

They are excellent index fossils because they are morphologically distinct, diverse, rapidly evolving 

(short vertical distribution), highly abundant, often globally distributed, and have high preservation 

potential. As such, they are widely used for the biostratigraphy of Cretaceous and Cenozoic marine 

sediments and are fundamental components of chronostratigraphy (Schiebel & Hemleben, 2017).  

Starting from the mid-nineteenth century, a standard biostratigraphic practice has been to 

divide stratigraphic sections into zones and subzones (Hedberg, 1976), known as biozones (Fig. 1.2). 

These are non-overlapping portions of a stratigraphic succession that are characterized by a 
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particular fossil content and are located between distinct biohorizons (McGowran, 2005). 

Biohorizons are levels, in a stratigraphic succession, where changes in the fossil record occur (e.g., 

appearances, disappearances, abundance variations, evolutionary changes, and also changes in 

coiling direction), that can be thought of as correlatable levels between stratigraphic sections. 

Hence, zones and subzones enable the identification of broad and easily recognizable intervals of 

stratigraphy, which can be confidently correlated regionally and/or globally (Wade et al., 2011). 

Following the more recent biozonal schemes (e.g., Wade et al., 2011; King et al., 2020), five types of 

biozones are currently used that are based on stratigraphic lowest and highest occurrences of fossil 

species (LO and HO or Base and Top) (Fig. 1.3).  

 
Fig. 1.2 – Example of biohorizons and biozones. (modified from MacLeod, 2005) 

 

 
Fig. 1.3 - Nomenclature of biozones by Wade et al. (2011). (modified from Hedberg, 1976 and Pearson, 1998) 

Biozone  

Biohorizon 

Biohorizon 
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Given the importance of planktonic foraminifera for biostratigraphy, the first biostratigraphic 

schemes were developed in conjunction with taxonomic and stratigraphic research starting in the 

1940s, particularly in the oil-producing regions of the USA (e.g., Cushman & Stainforth, 1945) and 

became highly advanced by the mid-20th century in important economic areas as in the West and 

the Former Soviet Union. Since the 1960s, the local schemes (e.g., Bandy, 1964; Banner & Blow, 

1965) began to develop with the oceanographic campaigns of the Deep-Sea Drilling Project (DSDP), 

followed by the Ocean Drilling Programme (ODP), the Integrated Ocean Drilling Programme (IODP) 

and more recently Integrated Ocean Discovery Program (IODP). The findings from these expeditions 

revealed the existence of similar species assemblages and faunal succession across different ocean 

areas, including the deep Pacific Ocean (Krasheninikov, 1971). As a result, biostratigraphic schemes 

began to be considered global within broad latitudinal belts (see below), while also acknowledging 

some regional differences in various ocean basins, the Mediterranean Sea (e.g., Cita, 1973; Iaccarino 

& Salvatorini, 1982; Iaccarino, 1985; Di Stefano et al., 2008; Lirer et al., 2019) and highly productive 

areas.  

Planktonic foraminifera have been most abundant and diverse in the tropics and subtropics 

throughout the Cenozoic. Therefore, the zonal schemes are the most detailed and easy to apply to 

these latitudes (e.g., Cushman & Stainforth, 1945; Bolli, 1957; Blow, 1959, 1969; Berggren et al., 

1983, 1995; Bolli & Saunders, 1985; Wade et al., 2011; King et al., 2020). However, in the temperate 

mid-latitudes and sub-polar oceans, especially in the Neogene when climatic gradients were more 

pronounced than in the Paleogene, the use of secondary markers and the amalgamation of zones, 

when key species are absent, or the development of entirely separate zonal schemes are required 

(e.g., Jenkins, 1966, 1967, 1971; Kaneps, 1975; Poore & Berggren, 1975; Berggren et al., 1983; 

Kennett & Srinivasan, 1983; Stott & Kennett, 1990; Berggren et al., 1995). Nevertheless, the 

tropical/subtropical schemes have always provided the standard zonation incorporated in the 

Geological Time Scale (GTS), where an increasing number of key datum levels have been accurately 

calibrated against magneto- and/or astronomical time scales (e.g., Berggren et al., 1985, 1995; 

Lourens et al., 2004; Wade et al., 2011; Hilgen et al., 2012; Raffi et al., 2020).  

The most recent Neogene GTS (Raffi et al., 2020) includes an amended version of the 

biostratigraphic scheme of Wade et al. (2011). Moreover, King et al. (2020) suggest further 

amendments to the zonation of Wade et al. (2011).  

The next paragraph will focus on the planktonic foraminifera biostratigraphic scheme and 

biochronology of the Aquitanian- Burdigalian interval for the (sub)tropical regions.  

 

1.2. Aquitanian - Burdigalian biostratigraphy, biochronology and 

chronostratigraphy (State-of-the-art) 

According to the most recent (sub)tropical planktonic foraminiferal biozonation (Wade et al., 

2011; King et al., 2020), the Aquitanian to Burdigalian interval spans from Zone M1 to Zone M4 (Fig. 

1.4).  

In the amended version of the biostratigraphic scheme of Wade et al. (2011), incorporated in 

the most recent Neogene GTS (Raffi et al., 2020), generic and species names have been updated 

according to the taxonomic revisions of Spezzaferri et al. (2018a, 2018b, 2018c) and Wade et al. 
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(2018), and the subdivision of Zone M4 into two subzones (M4a and M4b) has been removed 

(Berggren et al., 2018; Leckie et al., 2018). The most notable amendment to Wade et al. (2011) 

zonation proposed by King et al. (2020) is the reintroduction of the subdivision of Zone M3 into two 

subzones (M3a and M3b) (Fig. 1.4). Following Wade et al. (2011, amended) and King et al. (2020), 

here is a brief description of the planktonic foraminiferal zones characterizing the Aquitanian to 

Burdigalian interval at low latitudes: 

• Zone M1 is defined by the total range of Paragloborotalia kugleri, from the Base (B) to 

the Top (T) of the nominal taxon, both calibrated at Ceara Rise in Hole 926B at 22.96 Ma 

and at 21.12 Ma, respectively (Pearson & Chaisson, 1997; Shackleton et al., 1999). This 

zone is divided into subzones M1a and M1b by the Base of Globoquadrina dehiscens 

(recorded in South Atlantic Hole 516 F by Berggren et al., 1983 and Pujol, 1983), dated 

at 22.50 Ma. The B of P. kugleri, which represents the lower boundary of Subzone M1a, 

is used to approximate the Oligocene/Miocene boundary (23.03 Ma) because it occurs 

two meters above the ‘golden spike’ for the base of Neogene System, Miocene Series, 

and Aquitanian Stage, at Lemme-Carrosio section, Italy (Berggren et al., 1983, 1985, 

1995; Steininger et al., 1997; Gennari et al., 2018; Leckie et al., 2018).  

• Zone M2 ranges from the T of Paragloborotalia kugleri (21.12 Ma) to the B of 

Globigerinatella sp. (19.30 Ma). The T of P. kugleri marks the boundary between 

Subzone M1b and Zone M2 and is considered one of the events used to approximate 

the Aquitanian-Burdigalian boundary (Raffi et al., 2020) that still lacks a formal 

definition.  

• Zone M3 includes the interval from the B of Globigerinatella sp. (19.30 Ma) and the T of 

Catapsydrax dissimilis (17.54 Ma), both calibrated at Ceara Rise in Hole 926B by Pearson 

& Chaisson (1997). Initially, the base of Zone M3 was defined by the B of Globigerinatella 

insueta s.s. (Berggren et al., 1995). Wade et al. (2011), however, reconsidered this event 

and opted to use the first occurrence of Globigerinatella sp. as the lower boundary of 

Zone M3, based on the evolutionary trend of this species described by Pearson (1995) 

and Pearson & Chaisson (1997). Nowadays, according to King et al. (2020), the B of G. 

insueta s.s., calibrated at 17.59 Ma at Ceara Rise, is the event used to subdivide the Zone 

M3 into subzones M3a and M3b, leading to a highly condensed Subzone M3b of ∼50 

kyr (Fig. 1.4). 

• Zone M4 spans from the T of Catapsydrax dissimilis (17.54 Ma) and the B of Praeorbulina 

sicana (16.39 Ma), both calibrated at Ceara Rise in Hole 926B (Pearson & Chaisson, 

1997). This zone was previously subdivided into two Subzones (M4a and M4b) by the B 

of Paragloborotalia birnageae (Berggren et al., 1995; Wade et al., 2011). However, 

thanks to investigations by Spezzaferri (1994), Berggren et al. (2018) and Leckie et al. 

(2018) that found the B of P. birnageae in the uppermost Oligocene (Zone O7), this 

subdivision was removed (see also King et al. 2020).  

Other bioevents occurring in this interval, although non-defining zonal boundaries, are the T 

of Paragloborotalia pseudokugleri (21.31 Ma), the T of Tenuitella munda (20.83 Ma), the B of 

Globigerinoides altiaperturus (19.97 Ma), the T of Dentoglobigerina binaiensis (19.09 Ma) and the B 

of Globorotalia praescitula (18.22 Ma) (Raffi et al., 2020) (Fig. 1.4). Only two of these  bioevents 
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(Paragloborotalia pseudokugleri T and Dentoglobigerina binaiensis T) were calibrated in the Ceara 

Rise based on the record of Pearson & Chaisson (1997), while the others were calibrated in Hole 516 

F, South Atlantic (G. praescitula B and G. altiaperturus B; Berggren et al., 1983, 1995; Pujol, 1983), 

and in Hole 747, Kerguelan Plateau (T. munda T; Li et al., 1992; Wright & Miller, 1992;  Berggren et 

al., 1995). 

In Figure 1.4, planktonic foraminiferal (sub)zones and bioevents are shown beside calcareous 

nannofossil zones and events following Backman et al. (2012) and Agnini et al. (2014).   

 

 

 
 
Fig. 1.4 - Planktonic foraminifera and calcareous nannofossils biostratigraphy and biochronology. Zonations: 1) Wade et 
al., 2011; King et al., 2020; 2) Backman et al., 2012; Agnini et al., 2014. 
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As mentioned above, low-latitude planktonic foraminiferal events for the Aquitanian to 

Burdigalian interval are mainly based on Ceara Rise records (ODP Leg 154, Equatorial Atlantic Ocean; 

Pearson & Chaisson, 1997) and, to less extent, on Site 516 (Berggren et al., 1983; Pujol, 1983) and 

have been directly calibrated to magnetostratigraphy (Wright & Miller, 1992; Berggren et al., 1983, 

1995) or to astrochronology (Shackleton et al., 1999). However, these bioevents have been defined 

through low-resolution and qualitative/semi-quantitative studies (e.g., Curry et al., 1995; Pearson 

& Chaisson, 1997). For this time interval, a few high-resolution quantitative records of planktonic 

foraminifera are available only for mid-latitudes (e.g., Fabbrini et al., 2019a, 2019b). In addition, the 

best biohorizon approximating the Aquitanian/Burdigalian boundary is still under discussion (Raffi 

et al., 2020). 

Currently, there is no consensus on the criterion, and age, for determining the Aquitanian-

Burdigalian boundary, and the GSSP (Global Stratigraphic Section and Point) of Burdigalian stage has 

still to be formally defined (Fig. 1.4) (Raffi et al., 2020). The criteria that have been proposed until 

now to define the boundary are: 

• the Top of Paragloborotalia kugleri (M1/M2 zonal boundary) (Berggren et al., 1995) dated 

at 21.12 Ma (Lourens et al., 2004; Wade et al., 2011; King et al., 2020); 

• the Base of the calcareous nannofossil Helicosphaera ampliaperta (associated with the 

base of magnetic polarity Subchron C6An.2n) (Fornaciari & Rio, 1996), dated at 20.43 Ma 

(Backman et al., 2012);  

• the Base of Globigerinoides altiaperturus (approximating the magnetic polarity C6An/C6r 

transition) (Iaccarino & Salvatorini, 1982; Montanari et al., 1991), dated at 19.97 Ma 

(Wade et al., 2011; Raffi et al., 2020); 

• the Top of the magnetic polarity Chron C6An (Berggren et al., 1995), dated at 19.97 Ma 

(Lourens et al., 2004); 

• the Base of calcareous nannofossil Sphenolithus belemnos (Haq et al., 1987), which defines 

theCNM4/CNM5 zonal boundary and is dated at 19.01 Ma (Backman et al., 2012) (Fig. 1.4).  

Provisionally, the Base of H. ampliaperta, calibrated at 20.43 Ma at Ceara Rise, has been 

chosen for the recognition of the base of the Burdigalian Stage (Lourens et al., 2004; Backman et al., 

2012; Hilgen et al., 2012; Raffi et al., 2020), because it is the best bioevent approximating the 

radiometric age 87Sr/86Sr of 20.10 Ma, measured in the historical stratotype section of the 

Burdigalian in Saucats (Bordeaux, France) (Cahuzac et al., 1997; Poignant et al., 1995; Raffi et al., 

2020). However, although this biohorizon is well-recognized and reliable in the outcropping sections 

of the Mediterranean (e.g., Fornaciari & Rio, 1996; Fabbrini et al., 2019b), it has a low degree of 

reliability in the open ocean (Raffi et al., 2020).  

Contrary to the other defined Miocene GSSPs, land-based deep marine succession in the 

Mediterranean region, suitable to establish the Burdigalian GSSP, has not been identified yet. 

Fabbrini et al. (2019b) recently proposed the Contessa section (Italy) as a potential candidate, 

despite the presence of hiatuses, since they identified the Base of H. ampliaperta within Chron 

C6An.2n. However, Kasbohm et al. (2021) modified geochronology by Fabbrini et al. (2019b), using 

high-precision U-Pb zircon dating to obtain new ages for the volcaniclastic horizons of the Bisciaro 

Formation (Contessa section). This led Kasbohm et al. (2021) to rejecting the proposal of Fabbrini et 

al. (2019b) to consider the Contessa section as a potential candidate of the GSSP for the Burdigalian 



7 
 

Stage, due to inconsistencies in the biostratigraphic and paleomagnetic data and the presence of 

hiatuses in the succession. 

Other authors (Foresi et al., 2014; Di Stefano et al., 2024) suggest the St. Thomas section 

(Malta Island) as another option for formally defining the Aquitanian/Burdigalian boundary in the 

Mediterranean area. Here, H. ampliaperta is absent at the base of the section, despite its presence 

being reported in older levels (Fornaciari & Rio, 1996). However, in this section, the Base and the 

Base common (Bc) of S. belemnos were recorded, dated respectively 19.09 Ma and 19.02 Ma. 

According to Foresi et al. (2014), the Bc of this taxon is a better-defined and more reliable event 

than the Base, and both these events fall in the upper part of magnetic polarity Chron C6n and 

denote the youngest possible option in literature to define the Aquitanian/Burdigalian boundary. 

Currently, there is an ongoing evaluation of the possibility of defining the Burdigalian GSSP in 

an astronomically calibrated oceanic succession ((I)ODP core) as an alternative (Raffi et al., 2020). 

According to the latter authors, some potential candidates for establishing the Burdigalian GSSP are:  

• ODP Sites 925/926/929 (Ceara Rise, Leg 154; Curry et al., 1995) that present high-resolution 

benthic foraminiferal stable isotope records based on a tuned cyclostratigraphy, but are 

lacking magnetostratigraphy because of magnetic overprint (Curry et al., 1995; Shackleton 

& Hall, 1997; Pälike et al., 2006a; N. Shackleton, unpublished); 

• ODP Site 1264 (Walvis Ridge, Leg 208; Zachos et al., 2004) characterized by excellent records 

of carbonate (% CaCO3) and benthic isotope (δ18O, δ13C) tuned to 100-kyr short eccentricity 

(Liebrand et al., 2016); 

• ODP Site 1090 (Billups et al., 2004) that presents a very good magnetostratigraphy and high-

resolution stable isotope records tuned to obliquity, but at its high-latitude location the 

applicability of standard low-latitude calcareous plankton biostratigraphy is prevented; 

• IODP Site U1337 (eastern equatorial Pacific, Exp. 320/321; Pälike et al., 2010b) with a high-

resolution benthic foraminiferal and bulk carbonate stable isotope record (Holbourn et al., 

2015).  

All these records compose an almost complete astrochronology framework for the Miocene, but 

the stratigraphic community still has objections to defining the Burdigalian's GSSP in the deep-sea 

(IODP/ODP) core archives (Raffi et al., 2020). 

This work presents the results of a high-resolution quantitative biostratigraphic analysis of 

planktonic foraminiferal assemblages performed on Site 926 (ODP Leg 154, Ceara Rise, Equatorial 

Atlantic Ocean), where the succession is continuous in the Aquitanian - Burdigalian interval and 

astronomically calibrated (Shackleton et al., 1999; Pälike et al., 2006a), generally has good 

preservation of planktonic foraminifera and underlies the Lower Miocene astronomical timescale 

(Raffi et al., 2020). 

The aims of the first part of this work are the improvement of resolution of the planktonic 

foraminiferal distribution patterns in the Aquitanian - Burdigalian interval (from 21.5 to 17.6 Ma), 

the refinement of the bioevents stratigraphic position and their age calibration and, possibly, the 

identification of additional events useful to increase the biostratigraphic resolution. All these data 

give new insights into the issue of the formal definition of the base of the Burdigalian Stage. 
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1.3. The Paragloborotalia pseudokugleri - Paragloborotalia kugleri 

lineage 
 

The P. pseudokugleri-P. kugleri plexus, with P. kugleri evolving from P. pseudokugleri, 

represents an important taxonomic group at the Oligo-Miocene Transition (OMT) and the 

Aquitanian/Burdigalian boundary. 

Concerning P. pseudokugleri, its Base defines the zonal boundary O6/O7 (Fig. 1.4) that, 

according to Wade et al. (2011) and King et al. (2020), is dated at 25.4 Ma. This bioevent is calibrated 

at Site 1218 (Pälike et al., 2006b), in the Equatorial Pacific (Lyle et al., 2002), using benthic 

foraminiferal stable isotope records (Lear et al., 2004; Coxall et al., 2005; Tripati et al., 2006; Wade 

et al., 2007). The Top of P. pseudokugleri is reported to be approximately halfway within the range 

of P. kugleri, falling within Zone M1 (Wade et al., 2011; Leckie et al., 2018) and calibrated at 21.31 

Ma at ODP Site 926 (Pearson & Chaisson, 1997; Shackleton et al., 1999). However, some authors 

have found it extending to near the top of the range of P. kugleri (e.g., at Rio Grande Rise by Pujol, 

1983; Ontong Java Plateau by Chaisson & Leckie, 1993; and at Ceara Rise by Pearson & Chaisson, 

1997). Recent observations from IODP Site U1337 suggest a ~400 kyr offset between the extinction 

of P. pseudokugleri and P. kugleri (Pälike et al., 2010c; Leckie et al., 2018).  

As mentioned in the previous paragraph, the entire range of the species P. kugleri defines 

Zone M1. The Base (22.96 Ma) approximates the Oligocene/Miocene boundary (23.03 Ma) (Base of 

P. kugleri for Berggren et al., 1983, 1985, 1995; Steininger et al., 1997; Leckie et al., 2018; Base 

common of P. kugleri for Gennari et al., 2018) and the Top is one of the candidate events to identify 

the Aquitanian/Burdigalian boundary (Raffi et al., 2020) (Fig. 1.4). Both these events were calibrated 

at Ceara Rise at ODP Site 926 and are considered in the most recent biochronology for (sub)tropical 

regions (Raffi et al., 2020).  

The distinction between the two taxa is somewhat arbitrary because the morphological 

transition from P. pseudokugleri to P. kugleri is gradual. In a given succession, the lowermost 

specimens of P. kugleri are typically rare and are found within a population that is mostly classified 

as P. pseudokugleri due to their intergrading nature between the two end members of the plexus. 

The relative abundance of P. kugleri compared to P. pseudokugleri typically increases in the higher 

part of the succession, with the P. pseudokugleri morphospecies often persisting throughout most 

of the P. kugleri range (Leckie et al., 2018). 

Another issue of this work is to quantitatively characterize the distribution pattern of the 

Paragloborotalia pseudokugleri-P. kugleri plexus, focusing on 1) the stratigraphic position of the 

Base and Top of P. pseudokugleri and P. kugleri; 2) the morphological transition between the end 

members of the plexus (P. pseudokugleri and P. kugleri, with their transitional forms). 
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1.4. Ecology of planktonic foraminifera 
Planktonic foraminifera provide information on the past environment and climate. The 

physical conditions and chemical composition of the surficial seawater environment can be inferred 

by studying the taxonomic composition of the planktonic foraminiferal assemblages and analyzing 

the chemical composition of their calcite shells (Kucera, 2007). Changes of oxygen and carbon stable 

isotope and element ratios of planktonic foraminiferal shells are used as indicators of 

paleotemperature (e.g., 18O, Mg/Ca), paleoproductivity (e.g.,  13C, Ba/Ca) and pH seawater 

changes (B/Ca).  

 

1.4.1. Latitudinal and vertical distribution of planktonic foraminifera 

Planktonic foraminifera are widely distributed in modern oceans, with clearly defined faunal 

provinces for many species (e.g., Hemleben et al., 1989).  

The taxonomic composition of planktonic foraminiferal assemblages generally varies with 

latitude. Currently, the assemblages are divided into five main bioprovinces at global scale that 

present a bipolar trend compared to the tropical belt (Fig. 1.5): tropical, sub-tropical, temperate, 

subpolar and polar (e.g., Bradshaw, 1959; Bé, 1959, 1977; Hemleben et al., 1989; Kucera, 2007). 

Additionally, a sixth province is primarily determined by major upwelling regions and is almost 

exclusively characterized by eutrophic conditions, the abundance of prey and turbidity (Schiebel & 

Hemleben, 2017).  

The distribution patterns in these provinces are influenced by factors such as water 

temperature, salinity (Phleger, 1960; Bé & Tolderlund, 1971; Tolderlund & Bé, 1971; Caron et al., 

1987; Bijma et al., 1990), radiation (Erez, 1983; Erez & Luz, 1983), turbidity (Ortiz et al., 1995), 

stratification of water masses (Field, 2004), chemistry, seasonality, the presence of symbionts 

(Hemleben et al., 1989), abundance of prey, and trophic demands of planktonic foraminifera at a 

species level (e.g., Spindler et al., 1984; Schiebel et al., 2001). 

Particularly, sea surface temperature (SST, surface mixed layer temperature) seems to be the 

primary factor influencing the latitudinal distribution, but also the abundance and diversity of 

planktonic foraminifera (Rutherford et al., 1999; Morey et al., 2005; Kucera, 2005), as evidenced by 

the 18O values recorded on their calcitic shells. Most planktonic foraminiferal species are largely 

eurythermal (Fig. 1.6) and occur over a wide temperature range of 15–20 °C, reaching up to 25 °C 

(Bé & Tolderlund, 1971), with an optimum temperature range of 10 °C (Lombard et al., 2011).  

Figure 1.6 shows the temperature-related distribution of planktonic foraminiferal species in 

surface sediment data from the Atlantic Ocean. The colored bars display the proportions of the 

major species in the respective assemblages (Kucera et al., 2005; Schiebel & Hemleben, 2017). 
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Fig. 1.5 – Planktonic foraminiferal provinces according to data from plankton tows and sediment samples. (Hemleben 

et al., 1989) (from Schiebel & Hemleben, 2017) 

 

 
Fig. 1.6 - Surface-sediment data from the Atlantic Ocean (Kucera et al., 2005) were used to analyze the distribution of 

planktonic foraminiferal species at one-degree centigrade intervals, revealing a temperature-related pattern. (from 

Schiebel & Hemleben, 2017) 

 

The various environmental factors also affect the vertical distribution of species that move 

within their specific depth range (Schiebel & Hemleben, 2005; Rebotim et al., 2017). As a result, 

these species develop shell morphologies that reflect their depth habitat. Generally, species living 
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in the superficial part of the water column have large and rounded shells, subspherical chambers 

and a very perforated wall. On the other hand, species from deeper habitats usually have thicker 

shells and often show thick and imperforate keels and ornamentations (Cita & Premoli Silva, 1978). 

Living planktonic foraminifera are most abundant in euphotic near-surface waters between 

10 and 50 meters (Fig. 1.7, Sen Gupta, 1999; Fig. 1.8A). Below this depth, their abundance decreases 

exponentially (Bé, 1977) and this pattern is related to the availability of nutrients, prey and sunlight 

(especially for those with photosymbionts such as Globigerinoides sacculifer) (Bijma & Hemleben, 

1994; Sen Gupta, 1999).  
        

  
 

Most planktonic foraminifera live in the mixed layer at the top of the water column, and only 

a few forms live in a deeper habitat (thermocline and sub-thermocline) (Fig. 1.8). 

According to Bé (1977), as reported in Sen Gupta (1999), three broad groups exist based on 

their depth distribution: 

• Shallow-dwellers, that live at a depth < 50 m (Fig. 1.8). This group consists of spinose forms, 

including all species of Globigerinoides and several of Globigerina. These species tend to be 

thinner-walled and smaller than deeper-dwelling forms.  

• Intermediate-dwellers (50-100 m deep) (Fig.1.8), that live at a depth of 50-100 m. In this 

group are considered both spinose (e.g., Globigerina bulloides, Hastigerina pelagica, 

Orbulina universa, Globigerinella aequilateralis, and Globigerina calida) and non-spinose 

forms (e.g., Pulleniatina obliquiloculata, Neogloboquadrina dutertrei, Candeina nitida, and 

Globigerinita glutinata). 

• Deep-dwellers, that live at a depth > 100 m (Fig. 1.8). This assemblage includes spinose (e.g., 

Hastigerinella digitata, Globigerinella adamsi and Sphaeroidinella dehiscens) and non-

spinose forms (e.g., Neogloboquadrina pachyderma, Globoquadrina conglomerata and all 

the species of Globorotalia).  

 Fig. 1.7 – Abundance profile of planktonic 

foraminifera in Santa Barbara Basin. (from 

Sen Gupta, 1999) 
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The depth habitats of individual species are difficult to define within narrow limits due to 

diurnal, ontogenetic, seasonal, and long-term variation (Sen Gupta, 1999). 

The vertical distribution of planktonic foraminifera in the water column (Fig. 1.9) is influenced 

by various biogenic and abiogenic environmental factors. Biogenic factors include: (1) the need for 

sunlight by species with symbionts, while symbiont-barren species can thrive independently from 

light (e.g., Weiner et al., 2012), (2) ontogenetic vertical migration and reproduction at specific water 

depths (e.g., Hemleben et al., 1989; Bijma et al., 1990; Schiebel et al., 1997) and (3) the availability 

of prey (e.g., Schiebel et al., 2001). Abiotic environmental factor, such as surface water mixing, 

transport of specimens by gales, and freshwater lenses hindering the ascent of individuals to surface 

waters also play a role in the depth distribution of foraminifera (Schiebel & Hemleben, 2017).   

The depth preferences of planktonic foraminifera have been determined using stable oxygen 

(18O) and carbon isotope ( 13C) values measured on the shells of the specimens. At (sub)tropical 

oceanic latitudes, relatively low 18O values indicate shell growth in the mixed layer and, depending 

on the presence or absence of symbionts, there will record high or low 13C values, respectively. On 

the other hand, low  13C and relatively high 18O values indicate a shell growth in the thermocline 

and the subthermocline (intermediate and deep-dwellers), respectively (e.g., Pearson et al., 1997; 

Pearson & Wade, 2009; Aze et al., 2011). 

Currently, for many species values of 18O and  13C are available to define their depth preferences 

(Aze et al., 2011; Coxall & Spezzaferri, 2018; Leckie et al., 2018; Pearson et al., 2018a, 2018b; 

Spezzaferri et al., 2018a, 2018b, 2018c; Olsson et al., 2018; Wade et al., 2018). 

 

 

 

A 
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Fig. 1.8 - A) Temperature/depth profile divided into euphotic, photic, and mesophotic zones with different nutrient 

richness; B) Temperature/depth profiles for the open ocean at different latitudes (Brenchley & Harper, 1998).  

Mixed layer: a layer of active turbulence generated by winds, surface heat fluxes, or processes such as evaporation or 

sea ice formation.  

Thermocline: distinct layer characterized by a high-temperature gradient associated with depth. Its depth and thickness 

depend on seasonal weather variations, latitude, and local environmental conditions, such as tides and currents. 

 

 

 

 
Fig. 1.9 - Idealized scheme of planktonic foraminiferal depths habitats and life cycle in the pelagic ocean. The average 

water depth inhabited by planktonic foraminifera varies at species level. (from Schiebel & Hemleben, 2017) 

 

B 
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1.4.2. Productivity  

Primary productivity and prey availability are other essential factors that can influence the 

distribution (regional and vertical) of planktonic foraminifera species. They have preferences on 

depth habitat (e.g., Weiner et al., 2012), according to specific ecological demands, and may ascend 

and descend in the water column during ontogeny (Hemleben et al., 1989). In tropical regions, there 

is a more noticeable vertical separation of species compared to polar waters. This is because there 

is a wider variety of environmental and biological factors at different depths in tropical waters, while 

the water column in polar regions tends to be more uniform (Schmidt et al., 2004a, b). 

In addition, planktonic foraminifera show distinct seasonal distribution patterns, which are 

most noticeable at mid to high latitudes (e.g., Bé 1960, 1977; Schiebel & Hemleben, 2005; Fraile et 

al. 2009), where the interaction of increased mixing depth of surface waters, nutrient recycling, and 

light intensity leads to two main production seasons in spring and fall. At low latitudes, instead, 

where light intensity and temperature remain high year-round, seasonal variations are minimal, and 

productivity is influenced by regional conditions such as monsoonal activity and upwelling intensity 

(e.g., Kroon & Ganssen 1989; Ivanova et al., 1999; Conan & Brummer, 2000; Schiebel et al., 2004). 

The highest concentrations of planktonic foraminifera on the vertical scale are found near the 

deep chlorophyll maximum (DCM), typically located around the seasonal thermocline and 

pycnocline in the upper 100 meters of the water column (e.g., Fairbanks & Wiebe 1980; Schiebel et 

al., 2001; Field, 2004). When surface water mixing increases (e.g., in upwelling zones) and the 

thermocline shifts to a greater depth, for example due to increased wind stress (e.g., Schiebel et al., 

1995), chlorophyll may be redistributed from DCM, and nutrients may be drawn into surface waters 

(Fig. 1.10). The first consequence of this is the increase in opportunistic species, such as Globigerina 

bulloides, which is the most common morphospecies in the temperate ocean and was identified as 

an indicator of eutrophic conditions (Thiede, 1975), living in upwelling zones. Following this, 

planktonic foraminiferal species that prefer 'fresh' prey, like Globigerinita glutinata, proliferate due 

to the entrainment of nutrients into the mixed layer (Schiebel et al., 2001, 2004; Schiebel & 

Hemleben, 2017). 
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Fig. 1.10 - Schematic view of hydrographic, trophic, and faunal development in the eastern North Atlantic around 47 °N, 

20 °W (BIOTRANS), between 10 September and 3 October 1996. (from Schiebel & Hemleben, 2017, modified from 

Schiebel et al., 2001) 

 

 

 

1.4.3. Preservation of planktonic foraminifera in surface sediments 

The chance of planktonic foraminifera being preserved in oceanic deep-water sediments and 

then in sedimentary rocks depends on the occurrence of carbonate dissolution. 

The deep waters of the oceans are undersaturated with calcium carbonate (Berger, 1970), and 

the decomposition of organic matter during settling creates corrosive microenvironments 

conducive to calcite dissolution throughout the water column (Schiebel, 2002). This leads to the 

immediate dissolution of planktonic foraminiferal shells when they settle onto the sea floor after 

death (Berger, 1971). The dissolution intensity depends upon the final settling depth and the time 

the foraminiferal shells spend in the water column and on the sea floor. Recent estimates indicate 

that only about 25% of planktonic foraminiferal shells reach the sea floor (Schiebel, 2002).  

 The dissolution rate starts to increase rapidly from several hundred meters above the Calcite 

Compensation Depth (CCD), at a depth called lysocline (Fig. 1.11) (Berger, 1970; Kucera, 2007). This 

impacts the overall composition of the sediment by favoring insoluble components such as clay and 

opal (Kucera, 2007). Sometimes, carbonate dissolution can also occur above the lysocline when, in 

cases of high primary productivity, excess organic carbon reaching the sea floor can lead to 

increased CO2 concentration in pore waters (Peterson & Prell, 1985; Adler et al., 2001).  

The depth of the lysocline and the CCD reflects the concentration of CO2 in the bottom waters, 

which changes in response to shifts in oceanic circulation and carbon redistribution among the 

major global reservoirs. The proximity of the lysocline and the rate of dissolution are evident in the 

preservation of planktonic foraminiferal shells, which can be utilized as an indicator of bottom water 

chemistry, as well as deep circulation and carbon cycling (Kucera, 2007). 
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Studies by & Heezen (1967), Berger (1968, 1970), and Bé et al. (1975) highlighted that the 

thickness of the shells decreases with increasing dissolution (Fig. 1.12), and this corresponds to the 

mass of calcite lost to dissolution. This process gradually reduces the  sand content of sediment in 

pelagic oozes, where the main component of the coarse fraction is planktonic foraminiferal shells 

(Kucera, 2007).  

Because of the varying shell morphology, certain species of planktonic foraminifera are more 

susceptible to dissolution (Ruddiman & Heezen, 1967; Berger, 1968), and assemblages affected by 

dissolution are therefore enriched in species resistant to dissolution (e.g., Neogloboquadrina 

pachyderma, N. dutertrei, Pulleniatina obliquiloculata, Globorotalia inflata, G. menardii, G. tumida). 

This effect can be used to quantify dissolution intensity by determining the excess abundance of 

resistant species (Fig. 1.14, Kucera, 2007).  

In addition, since deep-sea benthic foraminifera have generally thick and smooth shells, they 

are more resistant to dissolution than those of planktonic foraminifera. For this reason, the ratio 

between whole shells of the two groups (the P/B ratio) decreases with increasing dissolution (Fig. 

1.12) and it can be used as an index to evaluate the intensity of dissolution (Fig. 1.13). 

Fig. 1.11 - The relationship between 

calcite supply, dissolution, and 

preservation on the sea floor. (from 

Kucera, 2007, mod. from Berger, 1970) 

 

Lysocline: depth at which a rapid 

dissolution of carbonates begins. It 

separates well preserved from poorly 

preserved foraminiferal assemblages. 

 

CCD: depth at which dissolution exceeds 

the supply of calcium carbonate and 

below which sediments are devoid of 

calcium carbonate. 
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Fig. 1.12 – A well-preserved assemblage of planktonic foraminifera compared to an assemblage affected by calcite 

dissolution. (from Kucera, 2007) 

  

In addition, calcite dissolution has the potential to alter the chemical composition of 

foraminiferal shells and influence geochemical proxies. The most notable impact is observed in the 

Mg/Ca ratio because, being the Mg-rich carbonate phase more soluble than pure calcite, 

foraminiferal shells undergoing dissolution will appear depleted in Mg (Brown & Elderfield, 1996; 

Barker et al., 2005). Instead, Berger & Killingley (1977) noted that calcite dissolution could affect the 

carbon and oxygen stable isotopic (18O  13C) composition in foraminiferal shells. This may be due 

to the selective removal of outer shell layers that contain the geochemical and isotopic 

characteristics of the adult habitat of each species. The impact of calcite dissolution on geochemical 

proxies becomes more evident as the depth approaches the lysocline (Kucera, 2007). 

Finally, calcite dissolution leads to increased fragmentation (Figs. 1.12, 1.13) and changes the 

mean size of the assemblage, gradually decreasing the number of dissolution-prone species. In this 

way, the remaining assemblages seem to indicate colder conditions (Berger, 1968; Vincent & Berger, 

1981; Thunell & Honjo, 1981). This phenomenon reflects the tendency of dissolution-prone species 

to be more common in tropical faunas. For these reasons, it would be better to refrain from basing 

environmental reconstructions on samples that present signs of moderate to severe dissolution and 

limit studies to appropriately preserved fossil material (Kucera, 2007). 

In Figure 1.13, Kucera (2007) summarized all the indices for estimating calcite dissolution 

intensity from planktonic foraminifera. The most commonly used index is the “Degree of 

fragmentation” , which represents the proportion between fragments and whole shells of 

planktonic foraminifera. It was used in numerous studies (Thunell, 1976; Le & Shackleton, 1992) 

thanks to its rapid and simple determinability and its applicability to pelagic sediments containing 

planktonic foraminifera of any age (Kucera, 2007). 
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Fig. 1.13 – Dissolution indices. (from Kucera, 2007) 
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2. ODP Leg 154 - Site 926  

2.1. Study area – Ceara Rise and ODP Leg 154 

The study material comes from ODP Site 926 (Leg 154), which was drilled at Ceara Rise, located 

off the northern coast of Brazil (Western Equatorial Atlantic Ocean) (Fig. 2.1). The Ceara Rise is a 

bathymetric high formed around 80 Ma at the Mid-Atlantic Ridge, along with the Sierra Leone Rise 

located in the eastern equatorial Atlantic. Its depth ranges from 2600 to 4500 mbsl (Fig. 2.2), and it 

is covered by a succession of more than 1000 m thick, characterized by relatively undisturbed 

lithogenic and biogenic sediments (Curry et al., 1995). In addition, Ceara Rise is characterized by flat 

shoals oriented northwest-southeast, bordered by the Ceara Abyssal Plain to the northeast and east 

and by the Amazon Fan to the west and southwest (see Figs. 2.1 and 2.3) (Curry et al., 1995).  

 

 

 

 

 
Fig. 2.1 - Location of study area on the Ceara Rise in the western Equatorial Atlantic Ocean and the five sites of the Ocean 

Drilling Program (ODP) Leg 154 (see the next paragraph).  
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Fig. 2.2 – Ceara Rise bathymetry with locations of the five sites of the ODP Leg 154. (from Curry et al., 1995) 

 

 

 
Fig. 2.3 – Location of Ceara Rise in relation to the Ceara Abyssal Plain and the Amazon Fan. (from Curry et al., 1995) 
 

 
The goal of Leg 154 was to recover sedimentary successions along a bathymetric transect in 

the western equatorial Atlantic. This would have added to the previously collected global data on 

depth transects and helped the understanding of the Cenozoic history of deep-water chemistry. 

Since Ceara Rise is situated under the warm surface waters of the western tropical Atlantic, it was 
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considered an ideal area for studying the history of tropical sea-surface temperatures, the 

development of tropical calcareous microfossils (foraminifera and nannofossils), and the chemistry 

of nutrient-depleted surface waters (Curry et al., 1995). 

Leg 154 is characterized by five sites (925, 926, 927, 928, and 929) drilled on the slopes of the 

northeast face of the rise at approximately 300-m depth intervals (Fig. 2.2). Sites 925, 926, and 927 

are shallower (3041, 3598 and 3315 mbsl), while Sites 928 and 929 are deeper (4012 and 4356 mbsl).  

At each site, APC/XCB cores (APC = Advanced hydraulic Piston Core; XCB = Extended Core 

Barrel) were collected into the Miocene interval, but deeper penetration was planned at three of 

the sites (925, 926, and 929) to provide a depth transect that would span since the lower Oligocene. 

However, drilling at Site 929 was extended downward into the Paleocene (Curry et al., 1995).  

Since the aim of drilling during Leg 154 was to obtain the most complete successions possible for 

the drilled intervals, all five sites included triple, overlapping APC coring in order to reconstruct a 

composite section and obtain a continuous stratigraphic succession for each site (Curry et al., 1995).   

Drilling multiple APC holes at each site, with an offset in depth, has typically been a method 

to have a continuous stratigraphic succession, overcoming the problems related to no sediment 

recovery and core breaks (Curry et al., 1995). For instance, the stratigraphic interval missing in 

sections with no recovery in one hole can be recovered in an adjacent hole. On Leg 154, the 

continuity of recovery was confirmed by creating combined depth sections at the sites where 

multiple coring took place. The methodology used for the composite section of Leg 154 is similar to 

that used by Hagelberg et al. (1992) during Leg 138 (Curry et al., 1995). 

Firstly, for each site, high-resolution measurements of magnetic susceptibility, GRAPE 

(gamma-ray attenuation porosity evaluator) wet bulk density, natural gamma emissions, P-wave 

velocity and color reflectance percentages were obtained. Magnetic susceptibility and color 

reflectance were used as the primary lithologic parameters.  Integration of at least two different 

physical properties allowed more confident hole-to-hole correlations than using only a single 

parameter. The correlative features were aligned by adjusting the ODP coring depths in meters 

below the seafloor (mbsf), core-by-core. Then, integrating several lithologic parameters, the 

resulting adjusted depth scale was in meters composite depth (mcd). So, for each core at each site, 

the depth adjustment required to convert from mbsf to mcd was provided. Finally, to establish 

correlations between the two holes, a single physical parameter was measured and shifted along a 

depth scale from one core to the next (for an example, see Fig. 2.4 by Curry et al., 1995).   



22 
 

 
Fig. 2.4 - Magnetic susceptibility records from Site 927. A) Cores on mbsf depth scale where data from each hole are 

offset for clarity. B) Cores after adjusting the depth scale in meters composite depth (mcd), integrating lithologic 

parameters, where features common to all holes are relatively aligned. (from Curry et al., 1995) 

 

Following the construction of composite depth, a single spliced record was created to 

represent the sedimentary succession from multiple cores. Identifying missing intervals between 

successive cores allowed data integration from adjacent holes, resulting in a complete record. The 

spliced record offers the advantage of providing a single representative dataset for a specific site 

about lithologic parameters such as magnetic susceptibility, color reflectance, or natural gamma 

(Curry et al., 1995). 
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2.2. Site 926 

The present study focuses on Site 926, particularly on the Aquitanian—Burdigalian interval. 

So, this paragraph will show the general characteristics of this site and its recovered stratigraphic 

succession. 

Site 926 is located at the midpoint of the Ceara Rise depth transect, where the seafloor is 3598 

m deep and bathed by North Atlantic Deep Water (NADW) above the current lysocline. At Site 926, 

three holes were drilled: 926A, 926B, and 926C. Hole 926A drilled to a depth of 327 mbsf using the 

APC. Hole 926B was cored to 254 mbsf with the APC and then drilled further using the XCB to reach 

a depth of 605.7 mbsf. Hole 926C was cored to 247.5 mbsf with the APC and extended with the XCB 

to a depth of 398.3 mbsf. By comparing the magnetic susceptibility and high-resolution color 

reflectance records in detail, it was demonstrated that the sedimentary succession had been wholly 

recovered (Curry et al., 1995). 

 

2.2.1. Lithology 

The recovered sedimentary succession at Site 926 covers the interval from the late Oligocene 

to the Holocene without any significant stratigraphic break. It is characterized by rhythmic 

sedimentary cycles that show an alternation of light-colored nannofossil and foraminiferal chalk and 

ooze, and dark-colored siliciclastic sediments (see the example in Figure 2.5). Changes in sediment 

color are linked to variations in the amounts of carbonate, clay minerals, and to a lesser extent, iron 

oxides and sulfides (Fig. 2.6). In most of the succession, calcium carbonate is the dominant 

component of sediments (50% to 80%), while terrigenous material, most of which comes from the 

Amazon River outflow, constitutes the bulk of the noncarbonate portion of the sediments (Fig. 2.6). 

Between 10 and 12 Ma there was identified an interval of lower mean carbonate that corresponds 

to an interval of more dissolved calcareous microfossils (Fig. 2.7). Other low carbonate values are 

present near 375 mbsf (~20 Ma) and are characterized by consistently low color reflectance and high 

concentrations of sulfur and organic carbon (Fig. 2.6). These values correspond to the interval where 

pore-water silica values are near 1000 μM (Fig. 2.7) and are associated with the presence of diatoms 

and radiolarians, which are generally absent throughout much of the cored section. The more 

significant amount of solid phase silica and silica in the pore waters near 400 mbsf may be related 

to increased sedimentation rates during the early Miocene but also to silica concentration in the 

bottom waters. At Site 926, indeed, it is possible that there was more Antarctic Bottom Water than 

Northern Component Water, which is relatively depleted in silica (Curry et al., 1995).  
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Fig. 2.5 – Original photos from core 41X by hole 926C to show an example of cyclicity in the sediments. (from Curry et 

al., 1995) 

 

 
Fig. 2.6 – Calcium carbonate, color reflectance in the green (550 nm) wavelength, organic carbon, and sulfur vs. depth 

at Site 926. Lithologic unit boundaries are shown on the right side of the diagram. (from Curry et al., 1995) 
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Fig. 2.7 – Calcium carbonate and pore-water silica profiles at Sites 926. (from Curry et al., 1995) 

 
The rhythmic sedimentary cycles that characterize this succession are astronomically 

calibrated and related to the Milankovitch orbital cycles, particularly obliquity and precession, with 

amplitude modulated by eccentricity (details in paragraphs 2.3, Shackleton et al., 1999; Pälike et al., 

2006a). Furthermore, the Neogene astronomical timescale (Astronomically Tuned Neogene Time 

Scale [ATNTS]) for the Early to Middle Miocene is based on the astronomically calibrated succession 

of Ceara Rise (Lourens et al., 2004; Hilgen et al., 2012; Raffi et al., 2020).  

Sedimentary cyclicity was well recorded by magnetic susceptibility, color reflectance, and 

natural gamma-ray emission that show variations in the ratio of terrigenous material to biogenic 

carbonate in the sediments (Fig. 2.8) (Curry et al., 1995), and also by the δ18O record based on 

analyses of a mixture of Cibicidoides (benthic foraminifera) species (Pälike et al., 2006a). 

Unfortunately, due to a pervasive magnetic overprint, it has been impossible to obtain 

magnetostratigraphic data at Site 926 and also at the other sites of Leg 154 (Curry et al., 1995).  
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Fig. 2.8 – Core recovery, lithostratigraphy, age, biozones, percentage of reflectance (550 nm), magnetic susceptibility, 

carbonate content, bulk density, and natural gamma of sediments recovered at Holes 926A through 926C. (from Curry 

et al., 1995) 

 

2.2.2. Initial age model of Site 926 (Curry et al., 1995) 

According to Curry et al. (1995), age assignments at Site 926 were initially based on 

biostratigraphic analyses of calcareous nannofossils and planktonic foraminifera.  

The assemblages of both fossil groups are rich and generally well-preserved, providing an 

exceptional biostratigraphic succession and excellent opportunities for studying evolutionary 

processes and ecological patterns, especially because there is no break in their stratigraphic records 

(Curry et al., 1995). Their preservation is excellent in the Pleistocene-Pliocene part of the succession 

but is affected by carbonate dissolution in some stratigraphic intervals, i.e. in the Middle Miocene 

and in the upper Lower Miocene. 
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The shipboard biostratigraphic analysis to establish stratigraphic constraints for calcareous 

nannofossil events was based on one to six samples per core section, with a sample spacing ranging 

from 1.5 to 0.25 m (example in Figure 2.9; Curry et al., 1995). 

 This resolution was later implemented by Raffi et al. (2006) and Backman et al. (2012). 

Constraints on planktonic foraminifera events were established by examining three to six 

samples per core, with a sample spacing of 1.5 to 3 meters, in stratigraphic intervals with multiple 

cores. One to six samples were studied per 9 meters of core in stratigraphic intervals recovered in a 

single hole (example in Figure 2.10; Curry et al., 1995). Later, Pearson & Chaisson (1997) increased 

the resolution of the shipboard biostratigraphic data published by Curry et al. (1995), using a 

sampling distance of 1.5 meters (example in Fig. 2.11; Pearson & Chaisson, 1997), which corresponds 

to a time resolution of 100 kyr. 

 

 

 
 

Fig. 2.9 – Calcareous nannofossil biohorizons identified in Hole 926B (T = top, B = base) of Late Oligocene- Early Miocene 

interval. (modified from Curry et al., 1995) 

 

 
 

Fig. 2.10 – Planktonic foraminifera events identified in Hole 926B (T = top, B = base) of Late Oligocene- Early Miocene 

interval. (modified from Curry et al., 1995) 

 

       

 
 

Fig. 2.11 – Planktonic foraminifera events in Hole 926B (T = top, B = base) of Late Oligocene- Early Miocene interval. 

(modified from Pearson & Chaisson, 1997) 

 

The initial age model of Site 926, published by Curry et al. (1995), was based on the calibration 

of calcareous nannofossil and planktonic foraminiferal events, derived from the age estimates 

provided in the time scale of Berggren et al. (1995).  

Currently, the age calibration of these events is based on the age model developed by 

Shackleton et al. (1999) through astronomical tuning, which was later improved and corrected by 

Pälike et al. (2006a) (see paragraph 2.3 for details).  

The sedimentation rates were calculated starting from the age calibration of calcareous 

nannofossils and planktonic foraminifera (Fig. 2.12) (Curry et al., 1995). They were highest in the 

Pleistocene (33 m/myr), lowest in the middle Miocene (11 m/myr), and intermediate in the lower 
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Miocene and late Oligocene (20-25 m/myr). They gradually increased from the middle Miocene to 

the Pleistocene (Fig. 2.13), and this increase was mainly due to a growing amount of terrigenous 

material from the Amazon River. On the other hand, during the Pleistocene, a biogenic carbonate 

flux decrease was recorded. However, the change in sedimentation rates is not just because of 

variations in terrigenous supply but also due to a dissolution problem. In fact, during the Middle 

Miocene, episodes of severe dissolution caused the lysocline to move up to depths shallower than 

3600 m, which reduced sedimentation rates at Site 926 (Curry et al., 1995). 
 

 
Fig. 2.12 - Age-depth plots of calcareous nannofossil (circles) and planktonic foraminiferal (squares) events at Site 926, 

using data from Holes 926A and 926B. The events are plotted on the mcd depth scale. The sedimentation rates are 

expressed in meters per million years both on the mcd and mbsf (in parentheses) scales. (from Curry et al., 1995) 

 

 
Fig. 2.13 - Sedimentation rates at Site 926 on the age. (from Curry et al., 1995) 
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2.3. Age model and astronomical tuning of Site 926 

The age model adopted in this study is based on the astronomical tuning of the composite 

section of Site 926 by Shackleton et al. (1999), with the most recent recalibration by Pälike et al. 

(2006a).  

 

2.3.1. Age model and astronomical tuning by Shackleton et al. (1999) 

Shackleton et al. (1999) created their timescale, adopting the astronomical solution of Laskar 

et al. (1993), which provided the basis for their tuning. 

The starting point of their work were the shipboard data of Site 926 (magnetic susceptibility, 

color reflectance, and natural gamma-ray emission, Fig. 2.14), which recorded the cyclicity of 

sediments (see paragraph 2.2) and the age model based on calcareous nannofossil and 

foraminiferal bioevents (Curry et al., 1995; Pearson & Chaisson,1997). 
 

 
Fig. 2.14 - From left to right, data of insolation target, downhole spectral gamma ray (SGR) log for ODP Hole 926B, and 

magnetic susceptibility (volume-normalized SI units) for Holes 925A, 926C, 926B, 928B and 929A in the interval 18-22 

Ma. (from Shackleton et al., 1999) 
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First of all, as mentioned in the previous paragraph, the measurements of magnetic 

susceptibility, color reflectance and natural gamma-ray emission can help estimate the amount of 

terrigenous material compared to biogenic calcium carbonate. Terrigenous material is dark-colored 

and contains uranium, potassium, and iron minerals, while biogenic calcium carbonate is white, non-

radioactive, and non-magnetizable (Curry et al., 1995; Harris et al., 1997). Shackleton et al. (1999) 

noted that using the three data sets in parallel was convenient for scaling the shipboard 

measurements, which have incompatible units, approximately in terms of percent CaCO3. In fact, 

very high percent carbonate values are characterized by very high reflectance that is sensitive to 

small changes, while the values of the other two parameters are low. On the other hand, very low 

percent carbonate values are better recognized by the exceptionally high magnetic susceptibility 

since reflectance is a less sensitive parameter in dark-colored sediment. 

Regarding bioevents, the time-scale work was mainly based on age assignments by Berggren 

et al. (1995), but, unfortunately, due to a pervasive magnetic overprint, magnetostratigraphic 

information was lacking (see paragraph 2.2), and it was impossible to carry out a direct correlation 

between bioevents and magnetostratigraphy to obtain the absolute ages at Site 926.  

About astronomical tuning, Shackleton et al. (1999) extended the work started by Weedon et 

al. (1997), who studied the lithological cyclicity in the sedimentary record in Ceara Rise. They 

confirmed that the Oligocene was characterized by ~ 41kyr cycles and established a provisional time 

scale for the Oligocene by assuming that the cyclicity is a response to orbital obliquity variation. 

Furthermore, they used spectral analysis to estimate the mean wavelength and the sedimentation 

rate of successive core intervals. 

Shackleton et al. (1999) performed a high-resolution correlation between stratigraphic 

successions of Leg 154 Sites that allowed for the determination of changing vertical gradients with 

respect to water depth in parameters such as CaCO3 (%) or δ18O, permitting reconstructions of the 

Oligocene water masses to be attempted. Subsequently, they tried to identify the imprint of a 

particular component of the orbital forcing in the successions, determining the dominance of the 

obliquity cycle in the variability of Oligocene sediments. Then, they conducted a depth-to-time 

conversion that correlated the sedimentary cycles above and below the Miocene base to a series of 

obliquity cycles (Shackleton et al., 1999). The high-resolution site-to-site correlations were 

completed only after displaying all the sites on a common time scale. This was probably achieved 

correctly for most of the material recovered from the time interval 18-28 Ma.  

Weedon et al. (1997) arranged their time scale, assuming the Oligocene-Miocene boundary 

was identified with the Top of Sphenolithus delphix calibrated at 23.8 Ma. However, Shackleton et 

al. (1999) discovered that during this interval the obliquity signal showed long-period variation in 

amplitude, with reduced amplitude cycles very close to the boundary and higher-amplitude cycles 

above and below. This pattern does not align with the calculated obliquity at the accepted age for 

the boundary; hence, the most probable position was at the amplitude minimum, younger than 

previously calibrated ones.  

After the entire sequence had been placed on the age model using obliquity cycles, it became 

possible to utilize amplitude modulation of the precession signal, which is influenced by the long-

period component of eccentricity (406 kyr), and then progress through the ~100 kyr cycle, while still 

keeping obliquity as the primary basis for tuning. The most reliable method for determining the 

correct age of a tuned succession is to analyze the long-period amplitude modulations (eccentricity). 

It is important to note that the actual tuning is usually based on the most evident cyclical patterns 
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found in the geological records, typically related to obliquity or precession cycles (Shackleton et al., 

1999). 

As said previously, the Oligocene and Lower Miocene sediments display a strong 41 krs 

cyclicity, but some variations occur at about twice that frequency, likely due to precession, in certain 

intervals. Because of this, it was used a curve dominated by obliquity but also including a noticeable 

precession component as a tuning target. Traditionally, the insolation curve June 65 N was used as 

a tuning target because the precession component heavily influences it, but was unsuitable for use 

here. To prevent variability from being forced into the precession band, control point insertion was 

limited to once per 41 kyr cycle. However, it is essential to note that any method that links data 

extremes to insolation extremes does improve consistency with precession (Shackleton et al., 1999). 

As a result of this astronomical tuning, a time scale was developed for each recovered core by 

either matching it to the astronomical target curves by Laskar et al. (1993) or identifying the most 

suitable match in another site that could be more easily linked to the orbital template (Shackleton 

et al., 1999). This method, which had already been successfully used by Shackleton & Crowhurst 

(1997) for the interval younger than ca. 14 Ma, was extended by Shackleton et al. (1999) to the 

interval from ca. 18 to 28 Ma (Fig. 2.15).  

Regarding the absolute age of the tuned section, it was evaluated by statistical comparisons 

with the orbital target. To perform statistical analyses of the entire interval, a spliced record based 

chiefly on data from Site 926 was created with a percentage of data from Sites 928 and 925 inserted 

in gaps in the record of Site 926 (Shackleton et al., 1999). 

Thanks to the evaluation of absolute age, it was possible to recalibrate the age of Site 926 

bioevents by Curry et al. (1995), for calcareous nannofossils, and Pearson & Chaisson (1997), for 

planktonic foraminifera.  

The calculated absolute age was assigned to the Top and Base of each bioevent (both 

nannofossils and foraminifera) in each Leg 154 site considered (see Tab. 2 in Shackleton et al., 1999). 

The mean of the two ages (top and base) corresponded to the tuned age of each bioevent in each 

site. The best age estimates are usually derived from the most reliable site and were given to 0.1 

Ma, except for a few nannofossil data determined with exceptional precision. 

In the end, comparing the ages by Shackleton et al. (1999) with the literature ages of previously 

published CK95 time scale by Cande & Kent (1995), it is noticed that the age calibration of the 

Oligocene-Miocene boundary, previously dated at 23.8 Ma, and events close the boundary, are ~0.9 

Ma younger (Shackleton et al., 1999). In this way, the O/M boundary was shifted from 23.8 Ma 

(Cande & Kent, 1995) to 22.9 Ma (Shackleton et al., 2000). 
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Fig. 2.15 - (a) Amplitude of the 21 ka variability (obtained by complex demodulation) of a spliced magnetic susceptibility 

record for the interval 18-28 Ma (solid) compared with orbital eccentricity (dotted) over the same time-interval (Laskar 

et al., 1993). (b) Amplitude of the 41 ka variability (obtained by complex demodulation) of the spliced record (solid), 

compared with amplitude of the obliquity variability (dotted) from Laskar et al., (1993). (from Shackleton et al., 1999) 

 

 

2.3.2. Recalibration by Pälike et al. (2006a) 

Pälike et al. (2006a) revised Shackleton et al. (1999)'s age model at Site 926. They improved 

the astronomical tuning for the interval from ~17.86 to ~26.5 Ma, by adding to previous datasets 

(e.g., magnetic susceptibility and color reflectance) stable isotope (δ18O and δ13C) records across the 

Oligocene/Miocene boundary (extended by Paul et al., 2000, and Zachos et al., 2001) and the 

percentage of > 65 µm coarse sand fraction.  

The new records of benthic stable isotope (δ18O and δ13C) and percent sand fraction > 65µm 

by Pälike et al. (2006a) follow the methods described by Paul et al. (2000). The benthic stable isotope 

records were extended downward analyzing a mix of Cibicidoides species (e.g., C. mundulus and C. 

crebbsi) and upward analyzing only C. mundulus record (Pälike et al., 2006a). The coarse fraction 

data by Pälike et al. (2006a) were added to those published previously from ODP Site 929 (Zachos et 

al., 1997; Paul et al., 2000). The percentage of the coarse fraction was transformed into 

“arcsin√(%coarse fraction/100)” to obtain more normally distributed values from data cutted at zero 

percent (Weedon, 2003). 
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The re-adjustment of the ODP Leg 154 data set by Pälike et al. (2006a) started from the 

astronomical solution by Laskar et al. (2004), who improved the calculation of Earth’s orbital 

variations to fit better with the geological data (Pälike et al., 2004).  

In Fig. 2.16, all available datasets (δ18O, δ13C, coarse fraction, susceptibility and lightness 

combined data, obliquity and ETP) by Pälike et al. (2006a) are plotted against their new time scale 

together with the astronomical target curves from Laskar et al. (2004), where the ETP is an artificial 

combination of eccentricity, obliquity (tilt) and climatic precession that normalizes these three 

orbital components. Here, the stable isotope data show a significant eccentricity imprint, making 

the eccentricity component very prominent. 
The new ages by Pälike et al. (2006a) were found to be approximately 20 kyr older in the 

interval preceding ~19.71 Ma (Shackleton et al., 1999). This age shift then gradually increases from 

19.71 to 20.15 Ma and reaches an average offset of approximately 90 kyr for the remainder of the 

data, except for the interval from 23.35 to 24.21 Ma. 
Both stable isotope time series contain ~110 and ~405 kyr eccentricity cycles. The oxygen 

isotope record shows obliquity cycle amplitude variations that co-vary with the astronomical target 

curve, and this pattern also fits the benthic carbon isotope record. These results are similar to those 

of Zachos et al. (2001). 

The δ18O curve in detail (Fig. 2.16) shows a significant positive excursion correlated to the 

glacial event Mi-1 (Miller et al., 1991; Zachos et al., 2001). According to Zachos et al. (2001), the Mi-

1 event coincides with a period of low eccentricity associated with the 400-kyr cycle. During this 

event, a series of obliquity period cycles started at 23.3 Ma, over which δ18O increased to a peak at 

23.0 Ma. In the new time scale by Pälike et al. (2006a), the position of the Mi-1 event coincides with 

an obliquity minimum near the position of the Oligocene/Miocene boundary (Shackleton et al., 

2000; Zachos et al., 2001). 
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Fig. 2.16 - ODP Leg 154 data plotted versus age (Ma) according to the revised astronomical time scale of Site 926 of 

Pälike et al. (2006a). Astronomical solutions of Laskar et al., (2004) were applied. Red tick and codes mark the position 

of the absolute number of ~400 kyr cycles as first proposed by Wade & Pälike (2004). Thin cross-lines mark the position 

of obliquity amplitude minima, thick green cross-lines mark the position of long-term eccentricity amplitude minima. 

(from Pälike et al., 2006a) 

 

 

Starting from Pälike et al. (2006a) new calibration, the definitive position of the O/M 

boundary at Site 926 was determined by correlating the isotope stratigraphy and nannofossil 

biostratigraphy of ODP Sites 926 and 1090 (Billups et al., 2004). The latter is located in the Southern 

Atlantic Ocean and it was chosen because used the astronomical solution of Laskar et al. (2004), as 

a tuning target, and presented a well-defined magnetic polarity data set (Channell et al., 2003). The 

correlation between the two sites was used to refine the geomagnetic polarity time scale by Cande 

& Kent (1995) and to define the O/M boundary in Site 926. In Site 1090, the O/M boundary was 

defined at the Base of Chron C6Cn.2n, dated at 23.03 Ma, corresponding to the positive oxygen 

isotope excursion of Mi-1 “Event” (Zachos et al., 2001), and was approximated by the Top of 

calcareous nannofossil Sphenolithus delphix (dated at 23.06 Ma), located just below the chron base 

(Pälike et al., 2006a; Wade et al., 2011; Agnini et al., 2014) (see Fig. 2.17).  
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Correlating the oxygen isotope records of two sites (see Fig. 2.17) made it possible to match the 

positive excursions referred to the Mi-1 event and correlate the Top of S. delphix. In this way, the 

O/M boundary in Site 926 was dated at 23.03 Ma (Lourens et al., 2005), approximated by glacial 

event Mi-1 (~23.0 Ma) and the last occurrence of S. delphix, dated at 23.06 by Raffi et al. (2006).  

This revision led to a shift of ~100 kyr in the age calibration of the Oligocene/Miocene by 

Shackleton et al. (2000), controlled by the difference in amplitudes of the 100 kyr eccentricity cycle 

(Pälike et al., 2006a).  

 

 

 
 
Fig. 2.17 – Focus on data around Oligocene/Miocene boundary between 22.4 and 24.3 Ma on Pälike revised time scale 

and comparison between ODP Site 1090 and ODP Hole 926B and Hole 929A to define the O/M boundary. (from Pälike 

et al., 2006a) 
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3. Material and Methods 

 

3.1. Site 926 Composite section and sample choice 
 

3.1.1. Aquitanian – Burdigalian interval 
Referring to the previous chapter, which gave an overview of ODP Site 926, a composite 

section of Site 926 for the Aquitanian - Burdigalian interval, from 21.5 Ma – 17.6 Ma (which is the 

main focus of this part of the work), was reconstructed by correlating Holes 926B and 926C starting 

from the calibrated tie points of the age model of Shackleton et al. (1999), with the new age 

calibration by Pälike et al. (2006a). As a result, a graphic reconstruction of the composite section 

was made, where lithological data from the cores by Curry et al. (1995) were added (Fig. 3.1). In 

Figure 3.1, the horizontal red bands indicate the calibrated tie points by Shackleton et al. (1999) and 

Pälike et al. (2006a), while the vertical bands, near the cores, mark the composite sections followed 

by Shackleton et al. (1999) (red) and in this work (blue). This study focused on samples collected 

from Holes 926B and 926C, previously requested from the ODP Repository in Bremen (Germany), 

chosen with a sampling interval of 20 cm (~5kyr resolution). Each sample was added to the graphic 

representation of the composite section (red stars in Figure 3.1). 

Following the composite section, the studied interval precisely ranges from core 926B/45X 

(452.61 mcd) to core 926C/34X (340.56 mcd) (21.5 Ma – 17.6 Ma). The age of each sample was 

calculated by linear interpolation using the software PAST (Hammer et al., 2001), starting from the 

calibrated tie points (Shackleton et al., 1999; Pälike et al., 2006a). From the initial collected samples, 

137 samples were selected to conduct a quantitative analysis of planktonic foraminifera. The 

samples were chosen from the same lithology (light-colored nannofossil and foraminiferal chalk 

levels), with a time resolution of ~30 kyr, in order to evaluate planktonic foraminifera assemblages 

always in the same phase of the sedimentary cycle (obliquity minima) (Pälike et al., 2006a). 

Following the samples chosen for this part of the work, the last version of the composite 

section, visible in Figure 3.2, was reconstructed, with a particular focus on a portion of the section 

to show the cyclicity in sediments (with light-dark alternation) and the chosen samples. The 

bioevents of this interval were also added: planktonic foraminifera events by Pearson & Chaisson 

(1997) (red) and calcareous nannofossil events by Backman et al. (2012) (blue). 
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Fig.3.1 – Composite section by Shackleton et al. (1999) and Pälike et al. (2006a).
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Fig.3.2 – Composite section of the Aquitanian-Burdigalian interval and bioevents by Pearson & Chaisson (1997) (planktonic foraminifera) and Backman 

et al. (2012) (calcareous nannofossils). 
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3.1.2. Upper Chattian – Aquitanian interval 

For the second part of the work aimed to obtain the entire distribution pattern of 

Paragloborotalia pseudokugleri/Paragloborotlia kugleri group, the analysis conducted on the 

Aquitanian – Burdigalian interval was extended downwards to the upper Chattian. This stratigraphic 

interval was recovered only in Hole 926B, but the depths were reported in mcd, like the interval 

above, following the meters composite depth scale of Shackleton et al. (1999) and Pälike et al. 

(2006a).  

The studied interval for this part of the work ranges from the Top of the Core 926B/55X (541,68 

mcd) to the top of Core 926B/46X (453.47 mcd), covering the time interval from 24.7 Ma to 21.5 

Ma. Also for this interval, a graphic reconstruction of the section was made, with the addition of 

lithological data from the cores by Curry et al. (1995) and the bioevents by Pearson & Chaisson 

(1997) (planktonic foraminifera) and Raffi et al. (2006) (calcareous nannofossils) (Fig. 3.3). Here, the 

samples requested to the ODP Repository in Bremen (Germany) have a sampling distance of ~50 cm 

(~12.5  kyr resolution), and their ages were calculated by linear interpolation using the software 

PAST (Hammer et al., 2001), starting from the calibrated tie points by Shackleton et al. (1999) and 

Pälike et al. (2006a). 

The first step of this part of the work was a qualitative analysis of this interval in order to have 

an overview of the distribution of the entire group and identify, preliminarily, the Bases of P. 

pseudokugleri and P. kugleri. Then, 44 samples were selected from nannofossil and foraminiferal 

chalk levels (as in the previous interval), with a time resolution of ~35 kyr, for a quantitative analysis 

of planktonic foraminifera. These samples belong to the interval from the top of Core 926B/46X 

(453.47 mcd) to the top of the Core 926B/51X (503.27 mcd), covering the time span from 21.5 to 

23.2 Ma. 
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Fig.3.3 – Upper Chattian - Aquitanian interval of Hole 926B in mcd scale and bioevents by Pearson & Chaisson (1997) (planktonic foraminifera), and 

Curry et al. (1995) and Raffi et al. (2006) (calcareous nannofossils). 
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3.2. Sample preparation 
Each sample was subjected to laboratory treatment by dedicated laboratory staff to obtain 

washed residues.  

Firstly, the samples were weighed using an electronic scale and then heated in an oven at a 

constant temperature of 40°C for 4-5 days. Once the residual moisture was removed, the samples 

were taken out of the oven and weighed again (sample dry weight). Distilled water was then slowly 

added to the glass beakers containing the samples and stirred with a glass rod to break up the 

samples. After the reaction with the distilled water was complete and each sample had been fully 

disaggregated, it was gently washed with running water by pouring it into a 63 µm mesh sieve, which 

was previously cleaned with a methylene blue solution to highlight the presence of any 

contaminating particles. The remaining fraction > 63 µm was poured onto a filter paper and placed 

in a flask to create a vacuum, eliminating the residual water. Finally, each sample was placed in an 

oven at a temperature of 40°C for 2-3 days. Once completely dry, the washed residues were sieved 

using a 125 µm mesh sieve, obtaining two fractions (> 125 and < 125 µm) that were weighed. The 

fractions of the washed residues were placed in plastic boxes and appropriately labeled. 

                
 

3.3. Micropaleontological analysis  
At this phase, the samples were ready for micropaleontological analyses using a reflected light 

stereomicroscope. This type of analysis was performed on each sample by splitting the > 125 μm 

fraction of the washed residue obtained using a microsplitter that divided sediment fractions into 

equal parts.                 

For each sample, 200-300 specimens of planktonic foraminifera were counted in splits of >125 

μm fraction of the washed residue. The number of benthic foraminifera, planktonic foraminifera 

fragments, and radiolarians were also counted. The faunal density was calculated using planktonic 

foraminifera countings and the weight (in grams) of each sample. It indicates the concentration of 

planktonic foraminifera in the entire > 125 µm fraction for each sample, expressed as the number 

of specimens of planktonic foraminifera per gram of residue > 125 µm. 

Each taxa were classified at specific and supra-specific level by using taxonomic manuals (e.g., 

Blow, 1969; Bolli & Saunders, 1985; Kennett & Srinivasan, 1983; Spezzaferri, 1994; Pearson & 

Chaisson, 1997; Iaccarino et al., 2005; Iaccarino et al.,  2007; Coxall & Spezzaferri, 2018; Leckie et 

al., 2018; Olsson et al., 2018; Pearson et al., 2018a, 2018b; Spezzaferri et al., 2018a, 2018b, 2018c; 

Wade et al., 2018).  

The supra-specific taxonomic categories identified in this work are: 

• Dentoglobigerina altispira group: Dentoglobigerina altispira and Dentoglobigerina 

globosa. 

• Dentoglobigerina baroemoenensis group: Dentoglobigerina baroemoenensis and 

Dentoglobigerina larmeui. 

• Globigerinella obesa group: Globigerinella obesa and Globigerinella pseudobesa. 

• Globigerinoides parawoodi group:  Globigerinoides italicus, Globigerinoides joli and 

Globigerinoides neoparawoodi. 
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• Paragloborotalia continuosa group: Paragloborotalia continuosa and Paragloborotalia 

pseudocontinuosa. 

• Paragloborotalia pseudokugleri/P. kugleri group: Paragloborotalia pseudokugleri, 

Paragloborotalia kugleri and Pragloborotalia pseudokugleri/P. kugleri transition 

forms. 

• Tenuitella clemenciae group: Tenuitella clemenciae and Tenuitella minutissima. 

• Trilobatus trilobus group: Trilobatus immaturus, Trilobatus quadrilobatus and 

Trilobatus trilobus. 

 

(Additional information is in the “Taxonomic Appendix” at the end of this volume). 

 

In addition, sinistral and dextral-coiled specimens of Paragloborotalia siakensis and 

Paragloborotalia cf. P. bella were counted separately to represent the prevailing coiling direction of 

the species.  

The quantitative analysis of the samples from the stratigraphic interval from the top of Core 

926B/46X (453.47 mcd) to the top of the Core 926B/51X (503.27 mcd) was focused on the P. 

pseudokugleri/P. kugleri group. 

The relative abundance of each taxon was calculated by dividing the number of specimens of 

that taxon by the total number of planktonic foraminifera specimens in the sample and then 

multiplying by 100 to express it as a percentage. However, a variable number of specimens (on 

average about 12%) cannot be identified being juvenile forms or poorly preserved. 

The main biostratigraphic events characterizing this interval have been identified. The lowest 

and highest occurrences of a taxon are indicated with the terms Base (B) and Top (T), respectively. 

The term Top Common (Tc) indicates the stratigraphically highest common presence. 

In addition, a qualitative analysis of planktonic foraminifera was conducted for some samples 

to identify the exact position of some bioevents, increasing the resolution of the analysis. (i.e., 

Paragloborotalia kugleri Base and Top, Paragloborotalia pseudokugleri Base and Top, 

Globigerinatella sp. Base, Globigerinoides altiaperturus Base, Globorotalia praescitula Base).  

The diversity indices were calculated using the software PAST (Hammer et al., 2001) to 

evaluate the biodiversity (number of species) of assemblages along the succession. The considered 

indices are: 

 

- Shannon–Wiener Index (H): It provides an estimate of the diversity of the assemblage. It is a 

function of the number of species, and for a given number of species, it reaches the greatest 

number if all species have the same relative abundance. It considers both the number of 

species and their relative proportion (Spellerberg & Fedor, 2003). 

 

𝐻 = −∑𝑝𝑖ln𝑝𝑖

𝑆

𝑖=1

 

 

pi = relative abundance for each species 

S = number of species 
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- Equitability (E): it expresses the degree of uniformity in which individuals are distributed 

among the various species that comprise a community (Buzas & Gibson, 1969; Pielou, 1975). 

                    

𝐸 = 𝑒𝐻 𝑆⁄  

 

 

- Dominance (D): it indicates how evenly or unevenly individuals are spread across different 

species in a particular sample. If there is high dominance, it means that one or a few species 

dominate and have a monopoly on the available resources in the system. On the other hand, 

low dominance indicates a more balanced distribution of species, which is a sign of a 

healthier ecosystem (Simpson, 1949). 

 

𝐷 = ∑ (
𝑛𝑖

𝑁
)
2

𝑖  

 

 

The percentages of planktonic foraminiferal fragments, the Plankton/Benthic ratio, and the 

percentages of radiolarians were calculated. These are considered dissolution indices and provide 

an estimate of the assemblage's preservation state (Parker & Berger, 1971; Berger, 1973; Thunell, 

1976; Cullen & Prell, 1984; Peterson & Prell, 1985; Cullen & Droxler, 1990; Naidu et al., 1992; Le & 

Thunell, 1996; Conan et al., 2002; Kucera, 2007, see paragraph 1.4.2).  

The plankton/benthic ratio (%) and the percentage of radiolarians can also be considered as 

productivity indices (Berger & Diester-Haass, 1988; Weinheimer, 2001; Lazarus, 2005, 2008), 

together with the faunal density. 

The taxa recognized were divided into dissolution-resistants and dissolution-susceptibles to 

evaluate the preservation status of the assemblages along the succession (Tab. 3.1). To carry out 

this division, some papers and manuals were consulted (Kennet & Srinivasan, 1983; Spezzaferri, 

1994; Kucera, 2007; Fox & Wade, 2013) 

Taxa were also divided into three groups according to their depth habitat (Tab. 3.2): mixed 

layer (surface + mixed layer dwellers), thermocline and sub-thermocline. The abundances (%) for 

each group were calculated to identify the preferred depth range of the assemblages’ taxa. The 

species marked with an asterisk (*) prefer a surface habitat. The species whose depth habitat is 

unknown were not counted in the groups. In addition, Dentoglobigerina tripartita, D. venezuelana 

and Tenuitella munda were not considered because they can inhabit different depth habitats. The 

groupings were made possible by consulting various papers and taxonomic manuals (Wade et al., 

2007; Pearson & Wade, 2009; Aze et al., 2011; Coxall & Spezzaferri, 2018; Leckie et al., 2018; 

Pearson et al., 2018a, 2018b; Spezzaferri et al., 2018a, 2018b, 2018c; Olsson et al., 2018; Wade et 

al., 2018). 

In addition, the taxa were divided into four groups according to their temperature preferences 

(warm, warm-temperate, cold-temperate and cold) to evaluate the variations of surface 

paleotemperature of water masses (SST) (Tab. 3.3). Some taxonomic manuals and papers were 

considered for these groupings (Bé & Tolderlund, 1971; Sanvoisin et al., 1993; Spezzaferri, 1994; 

ni = number of individuals of the i-th species  

N = total number of individuals 

 

H = Shannon–Wiener Index  

S = number of species 
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Pearson et al., 1997; Pearson & Shackleton, 1995; Pearson & Wade, 2009; Aze et al., 2011; Stewart 

et al., 2012; Spezzaferri et al., 2018c). This subdivision partly reflects the latitudinal distribution and 

the depth of habitat (Tab. 3.2).  

The ratio between the warm/temperate-warm taxa and temperate-cold/cold taxa was 

calculated. Species with poorly known temperature preferences or wide tolerance ranges were 

excluded (Dentoglobigerina venezuelana, Globoturborotalita woodi, Paragloborotalia bella, 

Paragloborotalia siakensis, marked in yellow in Tab. 3.3). 

Finally, eutrophic taxa and/or upwelling zone taxa are grouped to evaluate, together the 

faunal density, the paleoproductivity (Tab. 3.4). To identify these specific taxa, several papers were 

consulted such as Spezzaferri (1994, 1995), Wade et al. (2007); Kucera (2007); Pearson & Wade 

(2009) and Coxall & Spezzaferri (2018). 

 

 

 
Tab. 3.1 – Dissolution resistant and susceptible taxa. 

 

 

 
Tab. 3.2 – Depth habitat preference of the species of studied interval (surface dwellers are indicated with *). 

 

Dissolution resistant taxa Dissolution susceptible taxa

Catapsydrax Globigerinatella

Dentoglobigerina Globigerinella

Globorotalia Globigerinoides

Globorotaloides Globoturborotalita 

Trilobatus

mixed-layer (surface dwellers*) thermocline sub-thermocline
Cassigerinella chipolensis* Dentoglobigerina binaiensis Catapsydrax dissimilis 

Ciperoella anguliofficinalis Dentoglobigerina larmeui Catapsydrax unicavus 

Dentoglobigerina altispira Globoquadrina dehiscens Globorotalia praescitula

Dentoglobigerina baroemoenensis Globoturborotalita euapertura Globorotaloides stainforthi 

Dentoglobigerina globularis Paragloborotalia bella Globorotaloides suteri

Globigerina bulloides Paragloborotalia nana

Globigerinita glutinata Paragloborotalia siakensis 

Globigerinoides altiaperturus*

Globigerinoides obliquus*

Globigerinoides subquadratus*

Globoturborotalita brazieri

Globoturborotalita connecta

Globoturborotalita drury

Globoturborotalita martini

Globoturborotalita occlusa

Globoturborotalita pseudopraebulloides 

Globoturborotalita woodi

Paragloborotalia continuosa*

Paragloborotalia kugleri

Paragloborotalia pseudokugleri

Tenuitella angustiumbilicata 

Trilobatus immaturus*

Trilobatus primordius

Trilobatus quadrilobatus

Trilobatus sicanus

Trilobatus subsacculifer

Trilobatus trilobus
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Tab. 3.3 – Temperature preferences of the species of studied interval. 

 

 

 
                                                     Tab. 3.4 – Eutrophic species of studied interval. 

  

warm taxa warm temperate taxa cold temperate taxa cold taxa
Cassigerinella chipolensis

Catapsydrax dissimilis 

Catapsydrax unicavus 

Dentoglobigerina altispira gr.

Dentoglobigerina globularis

Dentoglobigerina larmeui gr. 

Dentoglobigerina tripartita

Dentoglobigerina venezuelana Dentoglobigerina venezuelana Dentoglobigerina venezuelana Dentoglobigerina venezuelana

Globigerina bulloides 

Globigerinita glutinata

Globigerinoides altiaperturus 

Globigerinoides bolli

Globigerinoides obliquus

Globigerinoides parawoodi  gr.

Globigerinoides subquadratus

Globoquadrina dehiscens Globoquadrina dehiscens Globoquadrina dehiscens Globoquadrina dehiscens

Globorotalia praescitula

Globorotaloides

Globoturborotalita brazieri

Globoturborotalita druryi

Globoturborotalita connecta

Globoturborotalita martini

Globoturborotalita occlusa

Globoturborotalita pseudopraebulloides 

Globoturborotalita  woodi Globoturborotalita  woodi 

Paragloborotalia bella Paragloborotalia bella 

Paragloborotalia nana

Paragloborotalia pseudokugleri / P. kugleri gr.

Paragloborotalia siakensis Paragloborotalia siakensis

Tenuitella angustiumbilicata 

Tenuitella munda 

Trilobatus sicanus gr.

Trilobatus subsacculifer

Trilobatus trilobus gr.

eutrophic taxa (upwelling zone)

Cassigerinella chipolensis

Catapsydrax dissimilis 

Catapsydrax unicavus 

Globigerina bulloides 

Globigerinita glutinata

Globigerinita uvula 

Globorotaloides 

Paragloborotalia pseudokugleri / P. kugleri gr.
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4. High resolution biostratigraphy of the Aquitanian – Burdigalian 

interval at Site 926  

The foraminiferal assemblages from the interval between 21.5 Ma and 17.6 Ma at Site 926 are 

mainly characterized by planktonic foraminifera, as shown by the high Plankton/Benthos ratio with 

values varying from 98 to 100% (details in paragraph 7.3, Fig. 7.4.). The state of preservation of 

planktonic foraminifera is generally rather good, although a notable percentage of fragments (from 

15.1 to 49.9 %) might suggest varying levels of dissolution throughout the succession (details in 

paragraph 7.3, Fig. 7.4.). However, the effect of dissolution does not seem so strong to modify the 

taxonomic composition of the planktonic foraminiferal assemblages as indicated by the high values 

of Plankton/Benthos ratio and diversity indexes (Shannon Wiener and Equitability) (see paragraph 

7.2, Fig. 7.3).  

In this chapter, the results of the high resolution quantitative biostratigraphic analysis carried 

out in this study are described, the bioevents identified in this study and their age calibration are 

discussed and compared with previous studies at Site 926, and the biostratigraphic interpretation of 

the studied interval encompassing the Aquitanian-Burdigalian boundary is presented.  

 

4.1. Biostratigraphic results  
The quantitative distribution patterns of selected biostratigraphic marker species (zonal 

markers and secondary markers), plotted against mcd depth and the bioevents identified in the 

studied interval are presented in Figure 4.1. The age calibration of these bioevents, derived from the 

age model of Pälike et al. (2006a), are shown in Table 4.1. 

Taxonomy and distribution patterns of the main biostratigraphic marker species are discussed 

in detail in the following paragraphs. 

 

4.1.1. Paragloborotalia pseudokugleri / P. kugleri group 

As mentioned in paragraph 1.3, the species Paragloborotalia pseudokugleri and 

Paragloborotalia kugleri are two important markers for the Oligocene-Miocene Transition and the 

Early Miocene zonation (e.g., Wade et al., 2011). According to Wade et al. (2018), P. kugleri is 

distinguished from P. pseudokugleri by the following main morphological features: curved sutures 

on the spiral side (on both sides in more advanced forms), 6–8 chambers in the final whorl and 

pinched profile. 

In this quantitative study, P. pseudokugleri and P. kugleri were lumped together in a group to 

maintain the classification consistent along the succession because of the presence of transitional 

forms between the two species as those described by Spezzaferri (1994; see Plate 23, Figs. 2-4). In 

the present study, forms with a lobate profile, radial sutures and a rounded final chamber were 

considered as specimens of P. pseudokugleri, while forms with a continuous outline, curve sutures 

on spiral side and a pinched final chamber were classified as P. kugleri. Finally, forms with a lobate 

outline and sutures that start to curve were considered transitional forms (see Spezzaferri, 1994). 

The latter are the most abundant in the group.  
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Observing the distribution pattern of this group (Fig. 4.1), it can be noticed that it is fairly 

abundant (from 13 to 40%) in the lower part of the studied interval up to the depth of 444 mcd, and 

then it shows a marked decrease in abundance, becoming rare up to 410.18 mcd (except for two 

abundance peaks at depths of 417.50 and 430 mcd). 

Considering this distribution pattern, obtained through quantitative analysis, and increasing 

the sample resolution with qualitative analysis, it was possible to define the stratigraphic position of 

the T of P. pseudokugleri, and the Tc and the T of P. kugleri (respectively, bioevents 1, 2 and 4 in Fig. 

4.1 and Tab. 4.1):  

- the T of P. pseudokugleri is recorded at 448.72 mcd, between the samples 

154/926B/45X/5/10-12 and 154/926B/45X/4/100-102, and is dated at 21.33 Ma;  

- the Tc of P. kugleri corresponds to the remarkable abundance decrease at about 443 mcd, 

between samples 154/926B/45X/1/85-87 and 154/926B/44X/6/110-112, with an age of 

21.13 Ma;  

- T of P. kugleri is placed at a higher stratigraphic level at 410.18 mcd, between the samples 

154/926C/41X/3/140-142 and 154/926C/41X/3/120-122, and is calibrated at 20.05 Ma.  

Figure 4.2 shows a focus on the distribution pattern of this group with the recognized events and 

photos of P. pseudokugleri and P. kugleri specimens taken with a reflected-light stereomicroscope 

camera. 

 

4.1.2. Tenuitella munda 

Tenuitella munda is considered in this work as a marker species of this interval because Wade 

et al. (2011) and Raffi et al. (2020) took it into account as a secondary event of Zone M2 in the 

standard zonation of the (sub)tropical region.  

The distribution pattern of this species (Fig. 4.1) shows abundances relatively higher (0.5 - 3.5 

%) in the lower part of the interval and a slight decrease starting from 424.05 mcd, between samples 

154/926B/43X/1/90-92 and 154/926C/42X/5/45-47. The Tc of T. munda (bioevent 3 in Fig. 4.1 and 

Tab. 4.1), is placed in correspondence with this decrease in abundance and calibrated at 20.50 Ma. 

Above this level, the species is discontinuously present with rare specimens up to the top of the 

studied interval. Specimens of T. munda are shown in Plate 4.1.  

 

4.1.3. Globigerinoides altiaperturus 
Globigerinoides altiaperturus is a helpful marker species for the Early Miocene (e.g., Kennett 

& Srinivasan, 1983; Bolli & Saunders, 1985) and has been documented in various locations and time 

intervals. Its distinctive features include an umbilical primary aperture with a distinct and generally 

very rounded high arch, as well as one very high-arched supplementary sutural aperture on the spiral 

side opposite the primary aperture (Spezzaferri et al., 2018a). In their Plate 9.1, these authors 

figured forms very similar to the holotype Globigerinoides altiaperturus, originally described by Bolli 

(1957) (pictures 1-8), together with specimens less typical having a small and low arched 

supplementary aperture (pictures 9-17).    

In the present study, the typical forms were labeled as Globigerinoides altiaperturus s.s. (sensu 

stricto), whereas the less typical forms were indicated as Globigerinoides cf. G. altiaperturus. 
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At Site 926, the Base of G. altiaperturus s.l. (sensu latu, which includes less typical forms) 

(bioevent 5 in Fig. 4.1 and Tab. 4.1) was found at a depth of 409.52 mcd, between samples 

154/926B/41X/5/15-17 and 154/926B/41X/4/125-127, (Fig. 4.1) and dated at 20.00 Ma (Tab. 4.1). 

Specimens of G. cf. G. altiaperturus are present in the lower portion of the distribution range, 

whereas G. altiaperturus s.s. (Pl. 4.1) are recorded from 386.87 mcd, dated at 19.16 Ma, up to the 

top of the studied interval.  

 

4.1.4.  Globigerinatella sp. 

The species Globigerinatella sp. was described for the first time by Pearson (1995) as a 

transitional form between Globigerinita glutinata and Globigerinatella insueta. Globigerinatella sp. 

can be distinguished from G. glutinata by having a more spherical morphology and the presence of 

a second generation of bullae, which are usually around the final chamber/swollen bulla typical of 

the species; instead, it is distinguished from G. insueta because it is lacking one or more areal 

apertures or areal bullae (see Plate 2 by Pearson, 1995). In addition, the author showed the presence 

of transitional forms between G. glutinata and Globigerinatella sp. These transitional forms exhibit 

a swollen chamber-like bulla with one or more sutural apertures but do not have secondary bullae 

(see pictures 5-6 in Plate 2 in Pearson, 1995). Pearson & Chaisson (1997) also observed an 

intergradation in Leg 154 material between these species. They showed how some individuals 

attributed to Globigerinatella sp. occur among populations of G. glutinata in the lower part of Zone 

N5/6 (= Zone M2/M3 by Wade et al., 2011), below the Base of the calcareous nannofossil 

Sphenolithus belemnos.  

In Figure 4.3 the distribution patterns of G. glutinata, G. glutinata/Globigerinatella sp. 

transition and Globigerinatella sp. obtained in this work together with SEM photos are shown to 

document the variability of this group of species along the stratigraphic succession: 

- G. glutinata is always present and abundant (0.3-25%) throughout the studied interval.  

- The transitional forms were found from the base of the interval until the first appearance of 

Globigerinatella sp. with an abundance of 0.3-3.8 %.  

- Globigerinatella sp. presents a continuous distribution with an abundance of 0.3-2.1% from its 

Base (bioevent 6 in Fig. 4.1 and Tab. 4.1) identified at a depth of 391.35 mcd between samples 

154/926B/39X/5/20-22 and 154/926B/39X/4/135-137 and dated at 19.30 Ma. Globigerinatella 

sp. specimens found at the top of the studied interval are much more evolved than those of the 

lower levels and they closely resemble G. insueta s.s., but they do not show the areal apertures 

yet. 

Some specimens of Globigerinatella sp. are also shown in Plate 4.1. 

 

4.1.5. Globorotalia praescitula 
Globorotalia praescitula is considered as the initial taxon of the Globorotalia radiation during 

the Miocene (Cifelli & Scott, 1986), and Wade et al. (2011) and King et al. (2020) considered its first 

occurrence as an additional event occurring within Zone M3a in the standard zonation of 

(sub)tropical areas. For this reason, this species is taken into account as a marker of the studied 

interval.  
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At Site 926, G. praescitula is very rare (0.3-0.7%) and presents a very discontinuous distribution 

pattern (Fig. 4.1). Its Base (bioevent 7 in Fig. 4.1 and Tab. 4.1) is recorded between samples 

154/926B/36X/1/100-102 and 154/926B/36X/1/80-82 at a depth of 357.22 mcd and dated at 18.15 

Ma. 

In Plate 4.1, some specimens from the Base level of G. praescitula are shown. 

 

4.1.6. Catapsydrax dissimilis 

Catapsydrax dissimilis is a long-ranging taxon (upper Middle Eocene - Lower Miocene) 

characterized by large tests with globular to subglobular chambers with a cancellate wall texture, 

and a distinct bulla covering the umbilicus, with a countable number (2-4) of infralaminar apertures. 

It is an important marker species in standard biozonal schemes from different climatic regions (Blow, 

1969; Bolli, 1957; Wade et al., 2011; Raffi et al., 2020).  

Observing its distribution pattern in this study (Fig. 4.1), C. dissimilis is discontinuously present 

throughout the interval, with abundances ranging from 0.2 to 3.4 %.  

Some photos of this species are shown in Plate 4.2. 

 

4.1.7. Paragloborotalia birnageae 

Paragloborotalia birnageae is characterized by a coarsely cancellate wall, a circular, weakly 

lobulate equatorial outline and a kummerform final chamber with low aperture and flap-like lip 

(Leckie et al., 2018). This species was considered an upper Burdigalian marker, as previously 

mentioned in paragraph 1.2, because its first occurrence was originally thought to identify the zonal 

boundary M4a/M4b by Berggren et al. (1995), until when several authors reported this taxon in the 

lower Miocene and upper Oligocene (e.g., Blow, 1979; Chaisson & Leckie, 1993; Spezzaferri, 1994). 

In this study, P. birnageae is present throughout the interval but more abundant and 

continuous in the lower part (0.3-5.3%), then occurs sporadically from 405 mcd depth up to the top 

(Fig. 4.1). 

In Plate 4.2, some SEM photos of this species are present. 

 

4.1.8. Paragloborotalia nana 

 Paragloborotalia nana is indicated as the ancestral species of all Paragloborotalia lineages 

(Kennett & Srinivasan, 1983; Leckie et al., 2018). It is taken into account as a marker of this interval 

because it ranges up to the top of Zone M1a in (sub)tropical oceans, according to Iaccarino & Premoli 

Silva (2007) and up to Zone M2 as noted by Lekie et al. (2018). 

In the present study, the distribution pattern of P. nana is discontinuous but spans the entire 

interval up to the top, with a higher abundance (0.3-3.4%) in the lower part of the section (see Fig. 

4.1). 

Some photos of this species, made with a reflected-light stereomicroscope camera, are shown 

in Plate 4.2. 
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4.1.9. Paragloborotalia siakensis  

Paragloborotalia siakensis is a long-ranging species which extends from the Oligocene (Zone 

O3) up to Upper Miocene (Zone M11) (e.g., Wade et al., 2011). In this work, it is considered as a 

marker for the studied interval due to the potential biostratigraphic value of its changes in coiling 

direction, as highlighted for the Langhian in oceanic marine successions (King et al., 2023) and in the 

Mediterranean (Lirer et al., 2019 and references therein).  

In this work, P. siakensis is abundant (2.7-39.7%) and exhibits a random coiling direction 

throughout the entire studied interval; however, it is characterized by a decrease in abundance close 

to the B of H. ampliaperta (421 mcd) and at 362 mcd in the upper part of the studied interval (Fig. 

4.1). 

Specimens of P. siakensis are shown in Plate 4.2. 

 

4.1.10. Globoquadrina dehiscens and Dentoglobigerina binaiensis 

Other two important markers of this interval are Globoquadrina dehiscens and 

Dentoglobigerina binaiensis. The Base of G. dehiscens (22.50 Ma) marks an important zonal 

boundary (M1a/M1b) (see paragraph 1.2), while the Top of D. binaiensis (19.09 Ma) is a secondary 

bioevent of Early Miocene, occurring after the Base of Globigerinatella sp. (19.30 Ma) and preceding 

the Base of the nannofossil Sphenolithus belemnos (19.01 Ma). Both these events were identified at 

Sites 925 and 926 by Pearson & Chaisson (1997) and calibrated by Shackleton et al. (1999). 

 Unfortunately, these species are almost absent in the studied interval. They are present only 

in a few samples (D. binaiensis with an abundance of < 1 % and G. dehiscens with an abundance of 

~1%) and, for this reason, the distribution patterns of these species are not shown. Some well-

preserved specimens of D. binaiensis were found in samples 154/926C/41X/4/70-72 and 

154/926C/41X/3/140-142 (see Plate 4.2). 
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Fig. 4.1 – Quantitative distribution patterns of planktonic foraminiferal markers from Site 926 in the Aquitanian – Burdigalian interval. Bioevents are indicated with numbers from 1 to 7: 1) T P. pseudokugleri; 2) Tc P. kugleri; 

3) Tc T. munda; 4) T P. kugleri; 5) B G. altiaperturus; 6) B Globigerinatella sp.; 7) B G. praescitula. The biostratigraphic results of this study are compared with those previously published from Site 926 (Pearson & Chaisson, 

1997). Calcareous nannofossil events are also indicated in blue (Curry et al., 1995; Backman et al., 2012). 



52 
 

 

 

 

 

 

 
Tab. 4.1 - Planktonic foraminiferal datums at Site 926, their stratigraphic positions and age calibrations. Bioevents are indicated with the same coding number shown in Figure 4.1. 

Age calibrations of bioevents derived from this study are compared with the published biochronology (Raffi et al., 2020).  

 Bioevents 
 

Core, section, interval (cm) Depth (mcd) Mean depth 
(mcd) 

Age (Ma) 
[This study] 

Age (Ma) 
Raffi et al., 2020 

Δ Age (Ma) 

  Top Bottom Top Bottom     

7 B Globorotalia praescitula 154/926B/36X/1/80-82 154/926B/36X/1/100-102 357.12 357.32 357.22 18.15 ± 0.005 18.22 0.07 

6 B Globigerinatella sp. 154/926B/39X/4/135-137 154/926B/39X/5/20-22 391.17 391.52 391.35 19.30 ± 0.005 19.30 0 

5 B Globigerinoides altiaperturus 154/926B/41X/4/125-127 154/926B/41X/5/15-17 409.17 409.87 409.52 20.00 ± 0.007 19.97 0.03 

4 T Paragloborotalia kugleri 154/926C/41X/3/120-122 154/926C/41X/3/140-142 410.08 410.28 410.18 20.08 ± 0.005 21.12 1.04 

3 Tc Tenuitella munda 154/926C/42X/5/45-47 154/926B/43X/1/90-92 423.67 424.42 424.05 20.50 ± 0.028 20.83 0.33 

2 Tc Paragloborotalia kugleri 154/926B/44X/6/110-112 154/926B/45X/1/85-87 441.82 443.77 442.80 21.13 ± 0.037   

1 T Paragloborotalia pseudokugleri 154/926B/45X/4/100-102 154/926B/45X/5/10-12 448.42 449.02 448.72 21.33 ± 0.010 21.31 0.02 
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Fig. 4.2 – Distribution pattern of Paragloborotalia pseudokugleri/P. kugleri group with the recognized events (1, 2 and 4, 

see caption Figure 4.1) and photos of P. pseudokugleri and P. kugleri taken with a reflected-light stereomicroscope 

camera. a) Paragloborotalia pseudokulgleri and Paragloborotalia kugleri, sample 154/926B/45X/5/90-92; b) 

Paragloborotalia kugleri, sample 154/926B/43X/5/65-67; c) Paragloborotalia kugleri, sample 154/926B/42X/3/73-75; 

d) Paragloborotalia kugleri, sample 154/926C/41X/4/70-72. 



54 
 

 

 

Plate 4.1 – Marker species photos taken with a reflected-light stereomicroscope camera and SEM (scanning electron 

microscope). 1a-1b) Tenuitella munda, sample 154/926B/36X/1/80-82; 2a-2c) Tenuitella munda, sample 

154/926B/45X/4/100-102. (a) spiral view; (b) side view; (c) umbilical view. 3a-3c) Globigerinoides altiaperturus, sample 

154/926B/39X/1/71-73; 4a-4c) Globigerinoides altiaperturus, sample 154/926B/40X/6/69-71; 5) Globigerinatella sp., 

sample 154/926C/34X/4/65-67; 6) Globigerinatella sp. sample 154/926C/34X/4/65-67; 7a-7b) Globigerinatella sp., 

sample 154/926C/34X/3/20-22; 8a-8c) Globorotalia praescitula, sample 154/926B/36X/1/80-82; 9a-9c) Globorotalia 

praescitula, sample 154/926B/36X/1/80-82; Scale bar: 1-9 = 100 μm. 
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Plate 4.2 – Marker species photos taken with a reflected-light stereomicroscope camera and scanning electron 

microscope (SEM) microscope).  1a-1c) Paragloborotalia siakensis, sample 154/926B/45X/1/85-87; 2a-2c) 

Paragloborotalia siakensis, sample 154/926B/45X/5/90-92; 3a-3c) Paragloborotalia nana, sample 

154/926B/42X/3/135-137; 4a-4c) Paragloborotalia nana, sample 154/926B/36X/3/105-107; 5a-5c) Catapsydrax 

dissimilis, sample 154/926C/34X/3/20-22;  6a-6c) Catapsydrax dissimilis,  sample 154/926B/45X/1/85-87; 7a-7c) 

Paragloborotalia birnageae, sample 154/926B/43X/5/65-67; 8a-8c) Paragloborotalia birnageae, sample 

154/926C/41X/4/70-72;  9a-9c) Dentoglobigerina binaiensis, sample 154/926C/41X/4/70-72; 2). (a) spiral view; (b) side 

view; (c) umbilical view. Scale bar: 1-9 = 100 μm.
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Fig. 4.3 – Quantitative distribution patterns of Globigerinita glutinata, Globigerinatella sp. and transition forms between two species. 
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4.2. Discussions on planktonic foraminiferal bioevents at Site 926 
In this section, the bioevents identified in the studied interval (indicated by numbers 1 to 7 

from bottom to top in Fig. 4.1 and Tab. 4.1) are discussed and compared with previously published 

data at Site 926 by Pearson & Chaisson (1997) and other literature data. Three out of the seven 

bioevents identified had been previously defined at this site: T Paragloborotalia pseudokugleri, T 

Paragloborotalia kugleri, and B Globigerinatella sp. In Figure 4.1 the stratigraphic position and 

the uncertainty range of these bioevents, as defined in this work, can be compared with those 

published by Pearson & Chaisson (1997) based on lower resolution analysis. Bioevents not 

previously recorded at Site 926 are Tc Paragloborotalia kugleri, B Globigerinoides altiaperturus, 

Tc Tenuitella munda and B Globorotalia praescitula. In addition, the relative position of the 

planktonic foraminiferal events with respect to the main and most reliable calcareous nannofossil 

bio-horizons has been considered (Fig. 4.1) (Curry et al., 1995; Backman et al., 2012; Raffi et al., 

2020).  

Finally, age calibration of the identified bioevents, reported in Table 4.1, is compared with 

the most recent biochronology by Raffi et al. (2020) and the age difference (Δ) is calculated to 

show the discrepancy between the calibration obtained in this work and literature data (Raffi et 

al. 2020).  

In the following paragraphs, each recognized bioevent was discussed. 

 

4.2.1. Top Paragloborotalia pseudokugleri 
Following the (sub)tropical standard zonation and biochronology (Raffi et al., 2020), this 

bioevent falls in the upper part of Subzone M1b and is dated at 21.31 Ma.  

The stratigraphic position of Top P. pseudokugleri, as defined in this work, is in very good 

agreement with that recorded by Pearson & Chaisson (1997) (Fig.4.1) and its age of 21.33 Ma is 

20 kyr older than the calibration reported by Raffi et al. (2020) (Tab. 4.1).  

 

4.2.2. Top common and Top Paragloborotalia kugleri 
The Top of P. kugleri identifies the boundary between Subzone M1b and Zone M2 (Wade et 

al., 2011) and is dated at 21.12 Ma (Raffi et al., 2020).  This bioevent, as defined at Site 926 by 

Pearson & Chaisson (1997) and adopted in the standard zonation and biochronology (see Raffi et 

al., 2020), predates by about 230 kyr the calcareous nannofossil Helicosphaera euphratis / H. 

carteri crossover (X), which is recorded at 435.51 mcd (Fig. 4.1) with an age of 20.89 Ma and 

defines the base of the CNM4 zone (Backman et al., 2012).  The Top of P. kugleri at Site 926 also 

predates by about 680 kyr the B of the calcareous nannofossil Helicosphaera ampliaperta 

(recorded at 421.46 mcd and dated at 20.44 Ma) (Fig.4.1), chosen as a provisional event to define 

the Aquitanian/ Burdigalian boundary (Pearson & Chaisson, 1997; Backman et al., 2012; Raffi et 

al., 2020).  

In this research, the quantitative distribution pattern of the group P. pseudokugleri/P. 

kugleri allowed the recognition of the Tc of P. kugleri, associated with a significant abundance 

decrease at 442.80 mcd and dated at 21.13 Ma, and the T of P. kugleri at 410.18 mcd and dated 

at 20.08 Ma. As defined in this study, the Tc of P. kugleri nearly coincides with the extinction level 

of P. kugleri, as recorded by Pearson & Chaisson (1997), and the T of P. kugleri results younger by 
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about 1 Myr than the calibration known in literature and postdates B Helicosphaera ampliaperta 

by about 360 kyr (Fig. 4.1).  

These discrepancies between the results of the present study and the data by Pearson & 

Chaisson (1997) could be a consequence of the different sampling resolution (1.5 m instead of ~ 

50 cm on average), different method of biostratigraphic analysis (semiquantitative instead of 

quantitative) and the different size fractions of the residue analyzed (> 150 μm instead of > 125 

μm).  

 

4.2.3. Top common Tenuitella munda 
The occurrence of Tenuitella munda has been reported starting from the upper Eocene 

(Pearson et al., 2018b), but its extinction level is not well defined yet. Blow (1979) recorded the 

Top of this species in the Upper Miocene. Li (1987) noted that it persists into the upper part of 

Lower Miocene Zone M3. Pearson & Chaisson (1997) recorded its occurrence up to the top of 

Zone N4 (= M1) in Site 925 but not at Site 926, and more recently Pälike et al. (2010c) up to 

Subzone M5a at Site U1338 in the equatorial Pacific Ocean. Following the current biochronology 

(Raffi et al., 2020), the T of T. munda is recorded at Site 747 (Kerguelen Plateau) in the Southern 

Ocean (Li et al., 1992) with the magnetostratigraphy reinterpreted in Wright & Miller (1992) and 

dated at 20.83 Ma. 

According to the data of this study, the occurrence of T. munda throughout the studied 

interval indicates that this species persists longer at low latitudes than at mid-latitude Southern 

Ocean. The Tc of T. munda at Site 926, recorded in correspondence with a slight decrease in 

abundance at 424.05 mcd and dated at 20.50 Ma, slightly predates the Base of H. ampliaperta 

(Fig. 4.1). The calibration of Tc of T. munda at Site 926 is about 330 kyr younger than the Top of T. 

munda in the Southern Ocean presented in the current biochronology by Raffi et al. (2020) (Tab. 

4.1). 

 

4.2.4. Base Globigerinoides altiaperturus 
The Base of G. altiaperturus was found in the upper part of Subzone M1b, just below the 

zonal boundary M1/M2, in the Lemme-Carrosio Section (Italy), Global Stratotype section and 

Point (GSSP) for the base of Aquitanian Stage. This bioevent is associated with the magnetic 

polarity Subchron C6AAr.2r (Spezzaferri, 1996; Iaccarino et al., 1996; Spezzaferri et al., 2018a). 

According to the most recent biochronology by Raffi et al. (2020), however, the Base of G. 

altiaperturus set at the base of Chron C6r, dated at 19.97 Ma, based on the record at Hole 516F 

in South Atlantic Ocean (Pujol,1983; Berggren et al., 1995) and in the Contessa Highway section 

(Montanari et al., 1991; Berggren et al., 1995; Fabbrini et al., 2019b). This event has never been 

calibrated in Site 926, but Pearson & Chaisson (1997) documented the occurrence of G. 

altiaperturus in the Early Miocene, from Zone N4 to Zone N7 (= Zones M1 to M4) at Site 925. 

In this work, the age calibration of B G. altiaperturus s.l. (recorded at 409.52 mcd and dated 

at 20.00 Ma) is consistent with the current biochronology by Raffi et al. (2020) (see Tab. 4.1). On 

the other hand, if only typical forms (G. altiaperturus s.s.) are considered, the Base of this species 

would be defined at a depth of 386.87 mcd and dated at 19.16 Ma, resulting ~800 kyr younger. 
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4.2.5. Base Globigerinatella sp.  
The Base of Globigerinatella sp. defines the lower boundary of Zone M3 of Wade et al. 

(2011), calibrated at 19.30 Ma at Ceara Rise (Pearson & Chaisson, 1997) postdating the B of 

Helicosphaera ampliaperta and predating the B of Sphenolithus belemnos.  

According to this work, B Globigerinatella sp. is almost coincident with previously published 

data at Site 926 by Pearson & Chaisson (1997) (Fig. 4.1 and Tab. 4.1). The B of Globigerinatella 

insueta s.s., which evolves from Globigerinatella sp. and is dated at 17.59 Ma (Raffi et al., 2020), 

was not found despite the occurrence, in the topmost part of the studied interval, of more 

evolved specimens that do not show yet the areal apertures typical of G. insueta s.s.. 

 

4.2.6. Base Globorotalia praescitula 
According to Berggren et al. (1995), Globorotalia praescitula appeared in Chron C5En and 

its Base was considered as Early Miocene zonal marker for Transitional and Sub-Antarctic areas. 

Berggren et al. (1995) also used this event to define the base of Zone Mt3 of transitional 

planktonic foraminiferal zonation. According to Wade et al. (2011) and King et al. (2020), the Base 

of G. praescitula is a secondary event falling within Zone M3a, and it is dated at 18.22 Ma 

(Berggren et al., 1983; King et al., 2020). This event was recorded in Indian Ocean Holes 747A, 

748B, 751, in North Atlantic Hole 608, and in South Atlantic Hole 516F in the lowest part of 

polarity zone C5En (precisely at Chron C5En.5) (Berggren et al., 1983; Raffi et al., 2020). Pearson 

& Chaisson (1997) found this species at Site 925, from the zone N5/N6 (= M2/M3). 

The Base of G. praescitula, recorded at 357.22 mcd at Site 926 is calibrated at 18.15 Ma, 

and this age estimate is rather consistent with the existing biochronology of King et al. (2020) and 

Raffi et al. (2020) (Tab. 4.1). 

 

4.2.7. Top Catapsydrax dissimilis 
As mentioned in paragraph 1.2, Catapsydrax dissimilis is an important marker species of 

Lower Miocene because its Top marks the lower boundary of Zone M4 and is calibrated at 17.54 

Ma at Sites 925 and 926 (Pearson & Chaisson, 1997; Shackleton et al., 1999; Lourens et al., 2004; 

Wade et al., 2011).  

In this study, C. dissimilis occurs until the top of the studied interval, so it was not possible 

to define the Base of Zone M4.  

 

4.2.8. Base Paraglobotalia birnageae 
The distribution pattern of Paragloborotalia birnageae in this work confirms its presence 

already in the Aquitanian—Burdigalian interval. This record is in agreement with the findings of 

the other authors (Blow, 1979; Chaisson & Leckie, 1993; Spezzaferri, 1994; Leckie et al., 2018) 

who recorded this species from the Upper Oligocene and not from the upper part of Lower 

Miocene (zonal boundary M4a/M4b) (Berggren et al., 1995). 

 

4.2.9. Top Paraglobotalia nana 
Paragloborotalia nana is a long-ranging species that first appeared in upper Eocene Zone 

E13 (Olsson et al., 2006) and disappeared in the Lower Miocene. According to Iaccarino et al. 

(2007), the Top of this species is recorded close to the top of Zone M1a in (sub)tropical oceans. 

Some other authors, however, reported the Top of P. nana at higher stratigraphic levels in several 
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oceanic sites, namely within Zone M3 (e.g., Chaisson & Leckie, 1993; Spezzaferri, 1994; Pearson 

& Chaisson, 1997; Leckie et al., 2018; Fabbrini et al., 2019a).  

The results of this study agree with these findings because P. nana was recorded up to the 

top of the studied interval corresponding to Zone M3a.  

 

4.2.10. Coiling change of Paraglobotalia siakensis  
In this work, this species appears to be randomly coiled throughout the entire interval, 

indicating that no coiling direction change of biostratigraphic significance occurred. 

 

4.3. Biostratigraphic interpretation 
The planktonic foraminiferal (sub)tropical zonation of Wade et al. (2011) and King et al. 

(2020) were applied for the biostratigraphic interpretation of the studied interval at Site 926. The 

following considerations can be made, based on the results of this study: 

• The studied interval ranges from Subzone M1b (pars), for the presence of 

Paragloborotalia pseudokugleri, Paragloborotalia kugleri and Globoquadrina dehiscens 

from the base to Subzone M3a (pars), due to the absence of Globigerinatella insueta s.s. 

and the presence of Catapsydrax dissimilis up to the top of the interval. The Base of G. 

insueta s.s. and the Top of C. dissimilis define the lower boundary of Subzone M3b and 

the lower boundary of Zone M4, respectively (Fig. 4.4).  

• The boundary between Subzone M1b and Zone M2, defined by the Top of P. kugleri dated 

at 20.08 Ma, results younger by about 1 Myr than what is reported in Wade et al. (2011) 

and Raffi et al. (2020). According to the present study, the boundary M1b/M2 postdates 

the Base of the calcareous nannofossil Helicosphaera ampliaperta (20.43 Ma) and then 

the provisional base of the Burdigalian Stage by about 360 kyr (Fig. 4.4). Note, however, 

that Tc of P. kugleri, identified in this work, is nearly coinciding with the T of this species 

as identified by Pearson & Chaisson (1997).  

• The zonal boundary M2/M3a, defined by the Base of Globigerinatella sp. (19.30 Ma), is in 

very good agreement with literature data. 

• Additional events were identified for the first time at Site 926: Tc Paragloborotalia kugleri 

and Tc Tenuitella munda, which fall within Subzone M1b, B Globigerinoides altiaperturus, 

which falls in the lowermost part of Zone M2, and B Globorotalia praescitula occurring 

within Subzone M3a (Fig. 4.4). They can help to improve the biostratigraphic resolution of 

the studied interval.  

• Tc of T. munda (dated at 20.50 Ma) closely approximates the Aquitanian/Burdigalian 

boundary, provisionally identified by the B of H. ampliaperta (dated at 20.44 Ma), 

although the reliability of this bioevent should be confirmed in other successions. A 

marked abundance decrease of P. siakensis is observed close to the boundary. 

• B of G. altiaperturus (dated at 20.00 Ma) postdates the Aquitanian/ Burdigalian boundary 

by 440 kyr. 

• Based on the age estimates of this study, T P. kugleri and B G. altiaperturus seem to align 

with the top of magnetic polarity Chron C6An, dated at 19.97 Ma. Thus, three of the five 

potential criteria for the definition of the Aquitanian/Burdigalian boundary (as discussed 

in paragraph 1.2) may be very close to one another.  
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In conclusion, the high-resolution quantitative biostratigraphic record of planktonic foraminifera 

presented in this study contributes to increasing knowledge of the distribution patterns of 

biostratigraphic markers, identifying more precisely biostratigraphic events and, therefore, 

improving the standard zonation of (sub)tropical regions across the Aquitanian-Burdigalian 

interval. 

 

 

 

Fig. 4.4 - Planktonic foraminifera biochronology of this study compared with biochronology by Raffi et al. (2020). 

Zonations: 1) Wade et al., 2011; King et al., 2020; 2) Backman et al., 2012. 
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5. The Paragloborotalia pseudokugleri-P. kugleri group 
As mentioned in paragraph 3.1.2, the quantitative analysis of planktonic foraminifera 

carried out for the Aquitanian — Burdigalian interval was extended downwards to the upper 

Chattian in Hole 926B, focusing on the Paragloborotalia pseudokugleri/P. kugleri group. The aim 

of this part of the work was to obtain a high-resolution quantitative distribution pattern of the 

group, and to observe the morphological variation from P. pseudokugleri to P. kugleri through 

transitional forms along the stratigraphic succession, starting from the levels of the Bases of 

Paragloborotalia pseudokugleri and Paragloborotalia kugleri. The latter bioevent approximates 

the Oligocene/Miocene boundary (see paragraphs 1.3 and 2.3.2; Berggren et al., 1983, 1985, 

1995; Steininger et al., 1997; Gennari et al., 2018; Leckie et al., 2018).  

Additionally, this analysis aimed to compare the morphotypes of P. kugleri identified at the 

beginning of its distribution range, which are more typical forms, with those found near its last 

occurrence in this study.  
 

5.1. Results 
A preliminary qualitative analysis of this interval allowed the identification of the 

stratigraphic position of the Base of P. pseudokugleri and the Base of P. kugleri.  

The B of P. pseudokugleri is defined at a depth of 541.37 mcd, between samples 

154/926B/55X/2/85.5-87.5 and 154/926B/55X/2/25-27, and dated at 24.72 Ma. The B of P. 

kugleri, instead, is placed at 498.28 mcd, between samples 154/926B/50X/5/132.5-134.5 and 

154/926B/50X/5/80-82, and calibrated at 23.05 Ma. The transitional forms between P. 

pseudokugleri and P. kugleri start to appear shortly before the first appearance of P. kugleri, at 

500.44 mcd between the top of Core 926B/51X and the base of Core 926B/50X. 

In addition, the quantitative analysis conducted from the top of Core 926B/51X (503.27 

mcd - 23.2 Ma) to the Top of Core 926B/46X (453.47 mcd - 21.5 Ma) allowed to complete the 

distribution pattern of the group starting from the levels preceding the occurrence of the 

transitional forms to P. kugleri.  

The results of these analyses are shown in Figure 5.1, and a summary of all bioevents 

related to this group, with their age calibration, is presented in Table 5.1.  

In the interval from cores B/55X to B/51X only P. pseudokugleri is present. The quantitative 

distribution pattern of P. pseudokugleri/P. kugleri group indicates that its abundance ranges from 

5 to 42 % from the B up to the Tc of P. kugleri, with some oscillations along the studied interval, 

while it is always < 10 % above the Tc of P. kugleri up to its Top.  

In Figure 5.1, photos of P. pseudokugleri, P. pseudokugleri-P. kugleri transition and P. kugleri 

from selected stratigraphic levels are also included to document the morphological variability of 

this group both in the same stratigraphic level and along with its distribution range. Starting from 

the B P. pseudokugleri level, typical forms of this species are shown, having a lobulate outline, 

with inflated, subglobular chambers and radial depressed dorsal intercameral sutures. Then, from 

the Base of P. kugleri to the Top of P. pseudokugleri, a gradual transition between P. pseudokugleri 

and P. kugleri forms can be noticed. P. kugleri specimens present a more continuous outline, less 

inflated and more appressed chambers, with a pinched final chamber, and more curved and less 

depressed sutures. P. pseudokugleri-P. kugleri transitional forms exhibit intermediate 

characteristics between the two end members of the group. They have a less lobulate outline, 

still inflated chambers and no pinched final chamber with respect to P. pseudokugleri, but present 



63 
 

sutures starting to curve from the first chambers on the spiral side more similar to P. kugleri. 

Above the Top of P. pseudokugleri, these transitional forms persist and disappear together with 

P. kugleri. At the Top of its range, however, specimens of P. kugleri are very rare and not well 

preserved.  
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Fig. 5.1 – Distribution pattern of the Paragloborotalia pseudokugleri/P. kugleri group, the identified bioevents and the morphological evolution of the group along the stratigraphic succession. 
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Tab. 5.1 – Bioevents related to Paragloborotalia pseudokugleri/P. kugleri group at Site 926, along with their stratigraphic positions, their age calibrations derived from this study, and 

comparison with the standard biochronology. 

 

 

 

 

   

 
 

Bioevent 
 

 
 

Core, section, interval (cm) 

 
 

Depth (mcd) 

 
 

Mean depth 
(mcd) 

 
 

Age (Ma) 
[This study] 

 
Age (Ma) 

Raffi et al., 2020 
Wade et al., 2011 
Shackleton et al., 

1999 and Pälike et 
al., 2006a 

 
 

Δ Age 
(Ma) 

       Top       Bottom Top Bottom     
T Paragloborotalia kugleri 154/926C/41X/3/120-122 154/926C/41X/3/140-142 410.08 410.28 410.18 20.08 ± 0.005 21.12 1.04 
Tc Paragloborotalia kugleri 154/926B/44X/6/110-112 154/926B/45X/1/85-87 441.82 443.77 442.80 21.13 ± 0.037   

T Paragloborotalia pseudokugleri 154/926B/45X/4/100-102 154/926B/45X/5/10-12 448.42 449.02 448.72 21.33 ± 0.010 21.31 0.02 

B Paragloborotalia kugleri 154/926B/50X/5/80-82 154/926B/50X/5/132.5-134.5 489.02 489.55 498.28 23.05 ± 0.01 22.96 0.09 

B Paragloborotalia pseudokugleri 154/926B/55X/2/25-27 154/926B/55X/2/85.5-87.5 541.07 541.68 541.37 24.72 ± 0.30 25.4 /24.67 0.68/0.05 
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5.2. Discussions 
The morphological variations of the Paragloborotalia pseudokugleri/P. kugleri group shown in 

Figure 5.1 confirm the gradual transition from P. pseudokugleri and P. kugleri and the consistency of 

morphological features of P. kugleri from its Base to its Top. This consistency is particularly evident 

even after the Top common P. kugleri level, where P. kugleri forms were identified for the first time 

at Site 926 in this study. These observations confirm the persistent presence of P. kugleri until ~1 

Myr after the T P. kugleri identified by Pearson & Chaisson (1997), despite specimens at the Top level 

of P. kugleri are poorly preserved (Fig. 5.1). 

The Top of P. pseudokugleri, and the Top and Top common of P. kugleri were discussed in 

paragraphs 4.2.1 and 4.3, while the Bases of P. pseudokugleri and P. kugleri are discussed in the 

following paragraphs. 

 

5.2.1. Base Paragloborotalia pseudokugleri 
The Base of P. pseudokugleri defines the boundary between Zones O6 and O7 that, according 

to Wade et al. (2011) and King et al. (2020), is dated at 25.4 Ma. This age was calibrated by Pälike et 

al. (2006b) at Site 1218, Equatorial Pacific (Lyle et al., 2002), using new benthic foraminiferal stable 

isotope records (Lear et al., 2004; Coxall et al., 2005; Tripati et al., 2006; Wade et al., 2007). This is 

because Wade et al. (2011) did not include tuned ages from Ceara Rise for the Oligocene (Pearson 

& Chaisson, 1997; Shackleton et al., 1999) due to the significant differences in the age estimates 

between Site 925 (24.6 Ma) and 929 (24.9 Ma) (Shackleton et al., 1999, p. 1926). However, even 

though P. pseudokugleri is rare at Site 1218, its Base falls within Subchron C8n.1n (Shipboard 

Scientific Party, 2002), and this is consistent with the age estimate in BKSA95 (Berggren et al., 1995). 

The age of this event in BKSA95 is derived from Hole 803D and Hole 628A (Leckie et al., 1993), where 

this bioevent was recorded within Chrons C8n and C7n, respectively. 

However, based on the calibration by Shackleton et al. (1999) and Pälike et al. (2006a), this 

event was dated at 24.67 Ma at Site 926, resulting in 800 kyr younger than the age by Wade et al. 

(2011).  

In this study, the Base of P. pseudokugleri is found at a slightly lower stratigraphic position than 

that reported by Pearson & Chaisson (1997). It is dated at 24.72 Ma, appearing older 50 kyr than the 

calibration of Shackleton et al. (1999) and Pälike et al. (2006a), but younger 680 kyr than the 

calibration used by Wade et al. (2011) and King et al. (2020). 

 

5.2.2. Base Paragloborotalia kugleri 
The Base of P. kugleri defines the boundary between Zones O7 and M1a, dated at 22.96 Ma 

(calibrated at Ceara Rise by Pearson & Chaisson, 1997; Shackleton et al., 1999 and Pälike et al., 

2006a), approximates the Oligo-Miocene boundary (23.03 Ma, Pälike et al., 2006a) and postdates 

the Top of calcareous nannofossil Sphenolithus delphix, located at 499.66 mcd depth (Curry et al., 

1995) and dated at 23.06 Ma (Raffi et al., 2006) at Site 926. Berggren et al. (1995a) also recorded 

this event in Holes 558, 563 (North Atlantic) and 516 F (South Atlantic). In the latter hole, it 

corresponds to the base of Subchron C6Cn.2n. 

The Base of P. kugleri of this work is identified in a slightly lower stratigraphic position (498.28 

mcd) compared to that of Pearson & Chaisson (1997) and dated at 23.05 Ma, resulting 90 kyr older 

than the previous calibration.  
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5.3. Conclusions  

Following the planktonic foraminiferal (sub)tropical zonation by Wade et al. (2011) and King et 

al. (2020), the interval studied in this part of the work spans from the Base of Zone O7 to the Top of 

Subzone M1b defined by the Top of Paragloborotalia kugleri (see Fig. 5.2).  

The Base of P. pseudokugleri (25.4 Ma), which defines the zonal boundary O6/O7, results 680 

kyr younger than the age calibration for this bioevent used by Wade et al. (2011) and King et al. 

(2020).  

The Base of P. kugleri (22.96 Ma), which identifies the zonal boundary O7/M1a, is calibrated 

at 23.05 Ma in this work, and, therefore, the zonal boundary should be shifted downward than 90 

kyr, getting closer to T Sphenolithus delphix, dated at 23.06 Ma (Raffi et al., 2006; Backman et al., 

2012) and slightly predating the O/M boundary (23.03 Ma) (see Fig. 5.2). 

In conclusion, the high-resolution quantitative analysis was useful to refine the stratigraphic 

position of the biovents related Paragloborotalia pseudokugleri/P. kugleri group and to improve the 

knowledge of its morphologic variability along the entire distribution range of P. kugleri.  

 

 
Fig. 5.2 - Planktonic foraminifera biochronology of this study compared with Raffi et al. (2020) biochronology of 

planktonic foraminifera (bioevents by (1) Wade et al., 2011 and King et al., 2020) and calcareous nannofossil (bioevents 

by (2) Backman et al., 2012 and Agnini et al., 2014).  
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6. Biostratigraphic correlation between Site 926 (this study) and 

(I)ODP sites (and sections) at low and middle latitudes 

 
In this chapter the biostratigraphic record from Site 926, obtained in this study (see Chapters 

4 and 5), is correlated with those from selected (I)ODP successions and/or outcropping section 

following an equatorial transect and a low-to middle-latitude transect. The two transects were 

correlated with the magnetostratigraphic scale whenever possible to establish a reliable time 

constraint. These correlations were attempted to verify the reliability of the biovents identified in 

this study.  
 

6.1. Equatorial transect  
For this correlation, Holes U1336A, U1336B, and U1337A (IODP Expedition 320/321), and Site 

1218 (Leg 199) (Pälike et al., 2010a, 2010b, 2010c; Lyle et al., 2002) were chosen. They are located 

within the equatorial region on the Pacific plate (Fig. 6.1). 
 

 
Fig. 6.1 - Location map of the Sites 1218, U1336, U1337 and 926 in Mollweide projection. 

 

Each Hole/Site presents a stratigraphic succession continuous in the Aquitanian-Burdigalian 

interval and also in the interval across the Oligocene/Miocene boundary (Lyle et al., 2002; Pälike et 

al., 2010b, 2010c), and astronomically calibrated (Site 1218, Pälike et al., 2006b; Site U1336, 

Kochhann et al., 2016; Site U1337, Holbourn et al., 2015 and Hilgen, 2025). Only Site 1218 provides 

a complete magnetostratigraphy for the entire interval, whereas Holes U1336A and U1336B only 

present partial data. Planktonic foraminifera events identified in these wells are comparable to those 

in this study. Calcareous nannofossil events, defined by a high-resolution analysis were also 

considered in order to better constrain the correlation of planktonic foraminiferal bioevents.  

The correlation, shown in Figure 6.2, resulted rather complex due to the following factors:  
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- the lower resolution of biostratigraphic data, since the sampling step of the equatorial Pacific 

successions was up to 9 m for some events, while it is about 50 cm at Site 926 in this study. 

- the different size fraction of the analyzed residue, because the size fractions used for 

micropaleontological analysis in the equatorial Pacific sites were > 250 μm and > 150 μm, 

compared to > 125 μm fraction of this work.  

- some critical events for the studied interval, as the Base of Globigerinatella sp. (Base of Zone 

M3a) and the Base of Helicosphaera ampliaperta (approximation of the 

Aquitanian/Burdigalian boundary), were not identified in all the successions. 

- the discordance of the relative positions of the Base of P. pseudokugleri and the Top of 

Sphenolithus ciperoensis. The T of S. ciperoensis postdates B P. pseudokugleri in Site 926 and 

in Site 1218, but the relative position of these two bioevents is inverted in Hole U1336A, and 

this stratigraphic interval is not recovered in Holes U1336B and U1337.  

- the discordance of the relative positions of the Base of P. kugleri and the Top of Sphenolithus 

delphix that approximate the O/M boundary. At Site 926 (this work) and in Hole 1336A B P. 

kugleri postdates T S. delphix, but at Site 1218 and in Holes U1336B and U1337A, the relative 

positions of these bioevents are inverted. In addition, at Site 1218, B P. kugleri falls in Chron 

C6Cn.2r (Upper Oligocene), while according to Wade et al. (2011) and Lirer et al. (2019) it is 

placed in Chron C6Cn.2n (Lower Miocene).  

- the discrepancy of the relative positions of the Top of Paragloborotalia kugleri and the Top 

of Paragloborotalia pseudokugleri. At Site 926 and in Hole 1336B T P. kugleri postdates T P. 

pseudokugleri in agreement with literature, but they coincide in Hole U1336A and 

are inverted in Hole U1337A. 

- the discrepancy of the magnetostratigraphic constrain of the Top of P. kugleri. At Site 1218 

this bioevent is associated with magnetic polarity Chron C6Ar (Lyle et al., 2002), whereas 

according to the existing biochronology (Raffi et al., 2020) is associated with C6AAn. All this 

indicates a younger Top for P. kugleri at Site 1218, which is in better agreement with the data 

of the present work. 

- the presence of specimens classified as P. cf. P. kugleri and P. cf. P. pseudokugleri recorded in 

an anomalous stratigraphic position in Hole U1337A, close to the Top of Catapsydrax 

dissimilis (17.54 Ma), which corresponds to the base of the M4 zone (Burdigalian) (Pälike et 

al., 2010a, 2010b).  

As can be noticed, the correlation was inconclusive due to the lack of high-resolution records of 

planktonic foraminifera, since the only biostratigraphic data available of Sites 1218, U1336 and 

U1337 are those with the resolution of the Shipboard Scientific Party (Lyle et al., 2002; Pälike et al., 

2010b, 2010c).  
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Fig. 6.2 – Bio-magnetostratigraphic correlation of Site 926 (this study) with Equatorial Pacific Ocean Site 1218 (Lyle et al., 2002) and Holes U1336A, U1336B and U13367A (Expedition 320/321; Pälike et al., 2010b, 2010c).
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6.1. Low to mid-latitude (South to North Atlantic) transect  
For the second correlation with Site 926, Hole 516F (located in SW Atlantic Ocean at 30°S), 

Hole U1406A (located in NW Atlantic Ocean at 40°N) and the Contessa section (an outcropping 

section located in the Mediterranean Sea at 43°N) were chosen, proceeding from south to north 

(Fig. 6.3). 

 
Fig. 6.3 - Location map of the Contessa section and Sites U1406, 926 and 516 in Mollweide projection. 

 

Except for Site 926, each succession provides almost complete magnetostratigraphy of the 

interval (some levels of uncertainty are marked with gray bands in Figure 6.4). In Hole U1406A and 

in the Contessa section, however, the stratigraphic succession is not complete due to the presence 

of hiatuses. Despite this, a correlation with Hole 516F and Site 926 was attempted. Planktonic 

foraminifera and calcareous nannofossil events are considered as in the previous correlation. 

However, in this case, bioevents were defined with a high-resolution quantitative analysis (Gennari 

et al., 2018; Fabbrini et al., 2019a, 2019b) and are comparable to those of Site 926 (this study). 

In the correlation shown in Fig. 6.4, it is possible to note that:  

- It was impossible to correlate some critical events, such as B Globigerinatella sp. and B 

Helicosphaera ampliaperta, because they were not identified in the holes. B H. ampliaperta 

was defined only in the Contessa section (Fabbrini et al., 2019b) and, according to the existing 

biochronology (Raffi et al., 2020), postdates T P. kugleri and occurs in Chron C6An.2n. 

According to the most recent work by Kasbohm et al. (2021), who reinterpreted the 

magnetostratigraphy of the Contessa section and modified the age model of Fabbrini et al. 

(2019b), B H. ampliaperta, estimated at 20.43 Ma (Raffi et al., 2020), should fall between the 

volcaniclastic horizons dated at 20.86 Ma and 20.57 Ma. This suggests a potentially earlier 

first occurrence at the Contessa section.  

- The relative positions of T Paragloborotalia kugleri and T Paragloborotalia pseudokugleri are 

consistent. In the Contessa section, T P. pseudokugleri was not indicated (Fabbrini et al., 

2019b) and T P. kugleri is located below Raffaello Level (RL in Fig. 6.4) dated by Kasbohm et 
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al. (2021) at 22.30 Ma. This should indicate an early last occurrence of P. kugleri, possibly 

due to underestimating its stratigraphic range (Kasbohm et al., 2021). 

- The relative positions of B P. kugleri and T S. delphix also align with biochronology (Raffi et 

al., 2020) because B P. kugleri always postdates T S. delphix. In Hole 516F, the Base common 

(Bc) of P. kugleri was considered by Gennari et al. (2018) to be time-equivalent to the Base 

of P. kugleri recorded in the Lemme-Carrosio section (Steininger et al., 1997) and at low 

latitude (Pearson & Chaisson, 1997), falling in Chron C6Cn.2n. Instead, in the Contessa 

Section (Fabbrini et al., 2019b), B P. kugleri falls in Chron C6Cn.2r as in Site 1218, while in 

Hole 1406A it falls into an uncertainty interval.  

 

In conclusion, these correlations highlight the importance of high-resolution quantitative analysis of 

planktonic foraminiferal assemblages in biostratigraphy. This is essential for enhancing the 

understanding of the distribution patterns of biostratigraphic markers within specific time intervals 

on a global scale, and for improving the resolution and accuracy of standard zonations. 
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Fig. 6.4 – Bio-magnetostratigraphic correlation of Site 926 (this study) with Hole 516F (SW Atlantic Ocean; Gennari et al., 2017), Hole U1406A (NW Atlantic Ocean; Fabbrini et al., 2019a) and the Contessa Section 

(Mediterranean Sea; Fabbrini et al., 2019b).
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7. Paleoecology of planktonic foraminiferal assemblages of Site 

926 in the Aquitanian-Burdigalian interval  

 

7.1. General features of the assemblage 
 

The planktonic foraminifera assemblage of the studied interval comprises 16 genera and 55 

taxonomic categories classified at specific and supra-specific levels (see paragraph 3.3. and Appendix 

1). In addition, a variable portion of specimens (from 2 to 35 %) cannot be determined as they are 

juvenile or poorly preserved forms (undetermined).  

The abundance patterns of genera recognized (%) and undetermined specimens (%) are shown 

in Figure 7.1 (the percentage values are reported in Appendix 2). Genera Globoquadrina and 

Globigerinatella are omitted, the first one because its abundance is always < 2 %, and the second 

one because Globigerinatella sp. is the only species of this genus and its distribution curve is shown 

together with other species in Figure 7.2c. 

As shown in Figure 7.1, genera Paragloborotalia, Globigerinita, Dentoglobigerina, 

Globorotaloides and Ciperoella dominate in the assemblage. They are always present throughout 

the succession, showing a mean abundance > 5%. Paragloborotalia is the most representative genus 

and shows an abundance spanning from 5.7 to 70.4 %, with a decrease at a depth of ~421 mcd (near 

the Base of H. ampliaperta) and in the upper part of the studied interval at 362 mcd. Globigerinita 

is the second most abundant genus of the assemblage, it is always present in the assemblage and 

shows an abundance that ranges from 1.9 to 39.5 %. Genus Dentoglobigerina has an abundance 

spanning from 1 to 23.3 %, with higher values from 425 mcd up to the top of the interval. Genus 

Globorotaloides is characterized by an abundance ranging from 0.6 to 26.5 % and shows a gradual 

decrease in abundance moving towards the top of the interval. Genus Ciperoella is continuously 

present in the entire succession, presenting an abundance from 1 to 20.8 %. 

Genera Catapsydrax, Tenuitella and Globigerinella are present throughout the interval 

exhibiting discontinuous abundance patterns in some intervals. Genus Tenuitella is characterized by 

an abundance ranging from 0.3 to 12.2%, with a higher abundance in the lower part of the interval 

up to the depth of 425 mcd, above which it always remains below 10%. Genera Catapsydrax and 

Globigerinella present values of abundance always <10%. 

Genera Globoturborotalita, Trilobatus, and Globigerinoides have a similar abundance pattern. 

They are discontinuously present in the lower part of the interval and gradually increase in 

abundance starting from ~423 mcd depth, occurring more continuously.  

Genera Globorotalia, Globigerina and Cassigerinella show very discontinuous or spotted 

abundance patterns. Globorotalia shows higher abundances in the interval from 425 to 410 mcd. 

Cassigerinella is very scattered in the upper part of the interval from 380 mcd. 

The last abundance curve in Figure 7.1 shows the percentage of undetermined specimens in 

the assemblages, with a mean value of 15% (2 – 35%). 
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Fig. 7.1 – Genera and undetermined specimens’ abundance patterns vs. depth (mcd). 
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Figures 7.2a-d present the species characterizing the main genera, starting with the most 

abundant ones that have a continuous distribution throughout the succession, and ending with 

those that exhibit a discontinuous or scattered pattern. 

In Figure 7.2a, species with a continuous distribution pattern throughout the studied interval 

are shown: Paragloborotalia siakensis, Paragloborotalia sp.1, Globigerinita glutinata, Globigerinita 

uvula, Globorotaloides suteri, Ciperoella anguliofficinalis and Catapsydrax unicavus. P. siakensis 

(randomly coiled) and G. glutinata are the most abundant species with an abundance spanning from 

2.7 to 39.7 % and 2.2 to 24.4 %, respectively.   

Figure 7.2b shows species with a decreasing distribution pattern from bottom to top in the 

studied interval. These are the entire group of Paragloborotalia (except for P. siakensis), all 

Globorotaloides (except G. suteri), Ciperoella fariasi, Tenuitella praestainforthi, T. munda and 

Globigerinita sp. (G. glutinata - Globigerinatella sp. transition forms, see Chapter 4). 

Paragloborotalia pseudokugleri/P. kugleri group is the most abundant, with values spanning from 13 

to 40 %. Additionally, also for Paragloborotalia cf. P. bella, which shows values between 0.3 and 13 

%, as for P. siakensis, the two different coiling directions of species show random distribution 

throughout the succession.   

Figure 7.2c presents species with an increasing distribution pattern in the central part of the 

studied interval and those with an increasing distribution pattern from bottom to top. The first group 

is characterized by Globorotalia sp. (0.3 - 21%), Dentoglobigerina venezuelana (0.3 - 5.5%), D. 

globularis (0.2 - 15.3%) and D. larmeui gr. (0.3 - 11.7%). The second group is represented by species 

of genera Globoturborotalita, Globigerinoides and Trilobatus, as mentioned at the beginning of the 

paragraph, and by other species such as Globigerinatella sp. (0.3 - 3.8%), Dentoglobigerina altispira 

gr. (0.3 - 13%), Catapsydrax dissimilis (0.2 - 3.4%), Globigerinella sp. (0.3 - 3.7%) and Tenuitella 

clemenciae gr. (0.3 - 2.4%).  

The last group of species is shown in Figure 7.2d. It is characterized by species that present a 

discontinuous distribution pattern. The most abundant are Tenuitella angustiumbilicata (0.3 - 6.1%), 

Globigerinella obesa gr. (0.3 - 3.7%) and Globigerina bulloides (0.2 - 5.4%). The other species occur 

scattered throughout the interval with an abundance always < 2%.  
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Fig. 7.2a – Relative abundance of species (%) vs. depth (mcd). Species with continuous distribution pattern throughout 

the studied interval. 
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Fig. 7.2b – Relative abundance of species (%) vs. depth (mcd). Species with decreasing distribution pattern from bottom to top in the studied interval. 
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Fig. 7.2c – Relative abundance of species (%) vs. depth (mcd). Species with increasing distribution pattern in the central part of the range and species with increasing distribution 

from bottom to top in the studied range. 

 

 



80 
 

 
Fig. 7.2d – Relative abundance of species (%) vs. depth (mcd). Species with discontinuous distribution pattern or rare occurrences.
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7.2. Diversity indices 
In Figure 7.3 the distribution patterns of diversity indices (Shannon-Wiener Index, Equitability, 

and Dominance) are presented (numeric values in Appendix 2).  

Shannon-Wiener Index consistently shows high values in the entire interval, ranging from 2.1 

to 3.2. It is the same for Equitability, which varies between 0.7 and 0.9, with values close to the 

maximum. In contrast, Dominance always remains low, ranging from 0.1 to 0.2. The curves of 

Equitability and Dominance are nearly mirrored images. 

 

 
Fig. 7.3 – Diversity indices vs depth (mcd). 
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7.3. Dissolution and preservation 
Figure 7.4 shows the distribution patterns of dissolution/preservation indices of the 

assemblage (numeric values in Appendix 2).  

The Plankton/Benthos ratio is always very high, with values ranging from 98 to 100 %. The 

curve of fragments’ percentage presents a notable range of values, averaging 34.7% with peaks 

reaching 49.9%, and the curve of dissolution-resistant / dissolution-susceptible taxa (Tab. 3.1) has 

values ranging from 17.4 to 100%, showing a gradual decrease in abundance, starting from ~405 

mcd depth, until the top of the succession, with a slightly increase between 373 and 369 mcd (core 

926B/37X). Radiolarians show an abundance spanning 1 to 17 %, with higher values in the first part 

of succession (from the base to ~405 mcd depth). Their abundance pattern is continuous from the 

lower part of the succession until ~405 mcd depth (core B/41X mcd), and then discontinuous until 

the top. 

 

 
Fig. 7.4 – Dissolution/preservation indices vs depth (mcd). 
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7.4. Productivity indices 
In Figure 7.5, the indices used to evaluate the productivity of the planktonic foraminiferal 

assemblage are illustrated (numeric values in Appendix 2).  

Faunal density (number of specimens per gram of residue >125 µm) presents values that span 

from 53091 to 697958 and exhibits two significant peaks at depths of 436.6 mcd (697958) and 370.8 

mcd (633600).  

 Paleoproductivity (sum of eutrophic taxa, Tab. 3.4) varies from 11.1 to 53.8 % and presents a 

continuous distribution pattern throughout the interval, with a slight decrease in abundance in the 

last three cores of the succession (B/36X – C/34X), in correspondence with the interval of less 

radiolarian abundance.  

Radiolarians are both a dissolution index and a productivity index (details in the previous 

paragraph). 
 

 
Fig. 7.5 – Faunal density (number of specimens per gram of residue >125 µm) and Paleoproductivity (sum of eutrophic 

taxa %) vs depth (mcd). 
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7.5. Depth habitat and sea surface temperature (SST) 
In Figure 7.6, the depth habitat preference of taxa and the warm/cold taxa ratio (variation of 

SST) are shown (numeric values in Appendix 2).  

Mixed layer and thermocline taxa dominate the assemblages. Mixed layer taxa, which are also 

comprised of surface dwellers (see Tab. 3.2), have an abundance that ranges from 17.5 to 51.9 %. 

Thermocline taxa show an abundance spanning from 0.4 to 40.6 %, and their distribution is 

dominated by Paragloborotalia siakensis (see Fig. 7.2a), with higher values concentrated from the 

base of the interval until the depth of ~422 mcd (close to B H. ampliaperta). Sub-thermocline taxa 

are poorly represented in this assemblage, mostly dominated by Catapsydrax and Globorotaloides 

genera, with an abundance ranging from 0.6 to 23.4 %. 

The warm/cold taxa (Tab. 3.3) ratio presents values ranging from 12.5 to 82.8 %, showing some 

fluctuations along the succession, with lower values occurring between 442 and 425 mcd, 406 and 

404 mcd, and 371 and 369 mcd.  
 

 
Fig. 7.6 – Depth habitat preferences (%) and warm/cold taxa ratio vs depth (mcd). 
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7.6. Discussion  
 

7.6.1. Diversity 
Observing the distribution curves of different indices, summarized in Figures 7.7a-b, it was 

possible to note that assemblage at Site 926, in the Aquitanian – Burdigalian interval (from 21.5 to 

17.6 Ma), is mainly characterized by planktonic foraminifera, as shown by the high values of 

Plankton/Benthos ratio. It also appears well diversified, as demonstrated by dominant high values 

of Shannon-Wiener Index and Equitability and by low values of Dominance, which provide an 

estimate of the diversity (species richness and their relative abundance) variation of the assemblage 

along the succession (Simpson, 1949; Buzas & Gibson, 1969; Pielou, 1975; Spellerberg & Fedor, 

2003). This could mean a balanced species distribution in the assemblage, indicating stable 

environmental conditions. 

7.6.2. Preservation and dissolution 
The preservation state of the assemblage is generally quite good due to high values of the 

Plankton/Benthos ratio throughout the studied interval. Generally, shells of planktonic foraminifera 

are considered to be less resistant to dissolution than those of benthic foraminifera (Conan et al., 

2002; Kucera, 2007), so high values of this ratio should indicate that dissolution did not severely 

affect the assemblage. However, there are a significant percentage of fragments in some levels of 

the succession and very high values of dissolution resistant/susceptible taxa ratio (dissolution index 

by Conan et al., 2002; Kucera, 2007) in the interval from ~442 to ~405 mcd (~21.09 -19.81 Ma). 

Above ~405 mcd the dissolution resistant/susceptible taxa ratio shows a gradual decrease up to the 

top of the studied interval. In addition, the percentage of radiolarians (dissolution index by Conan 

et al., 2002) is high in the lower and middle parts of the studied interval and also shows a decline 

from ~405 mcd depth upward. The high values of radiolarians and dissolution resistant/susceptible 

taxa ratio appear to be unrelated to the Plankton/Benthos ratio and the percentage of fragments.   

According to Curry et al. (1995), the interval of high percentage of radiolarians could 

correspond to the interval of high values of pore-water silica values (near 1000 μM), which might be 

related to increased sedimentation rates within the Early Miocene at Site 926 and to greater silica 

concentration in the bottom waters, due to a more significant proportion of Antarctic Bottom Water 

compared to Northern Component Water, which is relatively depleted in silica (see paragraph 2.2.1).  

7.6.3. Productivity 
Productivity appears to remain relatively constant, as there are no significant fluctuations in 

the curve of eutrophic taxa (paleoproductivity curve in Figs. 7.7a-b) throughout the succession 

(always below 50%, except for some sporadic levels), with the lowest values at the top of studied 

interval, between core 926B/36X and core 926C/34X (from 18.32 to 17.60 Ma). 

Furthermore, there is no evident correlation between the paleoproductivity curve, the faunal 

density curve (especially with its prominent peaks), and the drastic decline of radiolarians, which 

also serve as a productivity index (Lazarus, 2005, 2008).  

According to literature about Site 926 (Curry et al., 1995), nutrient concentrations in the Ceara 

Rise zone remain low because the productivity of surface waters exceeds the upwelling of nutrients 

in the mixed layer. This happens because Ceara Rise is located on the western side of the Atlantic 

Ocean, making it less susceptible to annual and glacial-interglacial fluctuations in upwelling. As a 
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result, the concentration of nutrients in the surface-water mixed layer tends to remain consistently 

low (Curry & Crowley, 1987; Curry et al., 1995).  

7.6.4.  Depth habitat and Temperature 
Regarding the depth habitat, the assemblage is mainly characterized by mixed-layer taxa, 

which are always abundant, particularly in the interval between the base of succession and Tc P. 

kugleri. However, there is a slight decline in abundance between Tc P. kugleri (21.13 Ma) and B H. 

ampliaperta (20.43 Ma), where thermocline taxa show higher values. 

The warm/cold taxa ratio (Figs. 7.7a-b) indicates the variation in sea surface temperature (SST) 

and was compared with other indices and the isotopic record (δ¹⁸O) by Pälike et al. (2006a). It is 

important to note that the isotopic record at Site 926 was conducted only for Hole 926B and with a 

higher resolution than that of this study. As a result, there is no direct correlation between the 

isotopic record and the indices values calculated in the composite section used in this study. 

Observing the warm/cold taxa ratio, it was possible to note that higher values (> 50%) are 

concentrated at the base and the top of the interval, particularly between the base of the succession 

and Tc P. kugleri (from 21.5 to 21.13 Ma), and between cores 926B/36X and 926C/34X (from 18.32 

to 17.60 Ma, highlighted by the orange bands in Fig. 7.7b). However, it must be specified that the 

interval at the base is mainly characterized by Paragloborotalia species of mixed layer (all except P. 

siakensis that is a thermocline taxa), while the interval at the top by species of Globoturborotalita, 

Globigerinoides and Trilobatus genera (see distribution patterns of species in Figs. 7.2b-c). These 

intervals also correspond to low δ¹⁸O values (Fig. 7.7b), suggesting higher sea surface temperatures. 

In contrast, the middle part of the interval, between Tc P. kugleri and the top of core 926B/37X 

(from 21.13 to 18.51 Ma, marked by the blue wide band in Fig. 7.7b), displays lower values of the 

warm/cold taxa ratio, reflecting a lower concentration of warm taxa, which consistently remains < 

50 % (except for some levels), in favor of cold taxa. This could indicate a less warm interval than the 

previous ones. 

Here, three particular intervals (darker blue bands in Fig. 7.7b) are marked by the lowest values 

of warm/cold taxa ratio.  

The first level is located between Tc P. kugleri and Tc T. munda (from 21.13 to 20.50 Ma, a little 

below B H. ampliaperta), and it is characterized by a decrease in abundance of mixed-layer taxa, an 

increase in abundance of thermocline taxa and the highest values of radiolarians. In addition, this 

interval is in correspondence with two maxima of δ¹⁸O values (dated at ~21.04 Ma and 20.65, close 

to Tc P. kugleri), whose the second one corresponds to a obliquity minimum indicated by Pälike et 

al. (2006a). 

This interval could be associated with the minor glacial event Mi-1a by Miller et al. (1991), 

calibrated at 21.1 Ma to the ATS of Shackleton et al. (1999) and identified at the top of Zone N4b (= 

M1b, defined by T P. kugleri coincident with Tc P. kugleri of this work). Therefore, these results could 

indicate a level of colder sea surface temperatures.   

The second level corresponds to a depth of ~405 mcd (above B G. altiaperturus), where the 

beginning of the decline of radiolarians and the gradual decrease of dissolution-resistant taxa were 

recorded (see paragraph 7.6.2). This level also corresponds to a maximum of δ¹⁸O that could indicate 

another level of colder sea surface temperatures. 

In the end, the third level, located in core 926B/37X (between 373 and 369 mdc), is 

characterized by slightly increased radiolarian values, higher paleoproductivity values, a peak of 
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faunal density, an increase in abundance of dissolution resistant/susceptible taxa ratio, and lower 

values of diversity indices (Shannon-Wiener Index and Equitability). In this case, there is a correlation 

with higher values of δ¹⁸O, although not as elevated as in the levels previously mentioned. This may 

suggest a level characterized by colder surface temperatures, slightly increased productivity, and a 

resulting decrease in diversity. 

7.7. Conclusions 
The analysis of the planktonic foraminifera in the Aquitanian to Burdigalian interval (from 21.5 

to 17.6 Ma) revealed a rich and well-diversified assemblage characterized by almost constant 

productivity and a predominance of warm taxa, particularly in the lower and upper intervals of the 

studied succession, which indicate warmer sea surface temperature levels. However, it was 

identified, in the middle part of the succession (from 21.13 Ma to 18.51 Ma), a colder interval where 

colder taxa seem more prevalent, particularly in three levels corresponding to high values of δ¹⁸O. 

The first interval could correspond to the Mi-1a event by Miller et al. (1991) (21.1 Ma), although this 

event was not indicated in the isotopic record (δ18O) at Site 926 by Pälike et al. (2006a). 
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Fig. 7.7a – Summary of all indices for the assemblages.
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Fig. 7.7b – Summary of all assemblage indices with δ18O curve. 
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8. General conclusions 
 

The data obtained from this study allowed the identification of the planktonic foraminiferal 

events of the Aquitanian-Burdigalian interval detailing with high resolution their stratigraphic 

position and their age calibration. 

Particularly, the most significant events recognized in the studied interval were those related 

to Paragloborotalia kugleri. The Top common of P. kugleri (dated at 21.13 Ma) was identified for the 

first time at Site 926 in this study. It coincides with the Top of P. kugleri by Pearson & Chaisson (1997), 

which was identified at the same site. On the other hand, the Top of P. kugleri in this study was dated 

at 20.08 Ma, resulting more recent, by about 1 Myr, than reported in the standard biochronology 

(e.g., Wade et al., 2011; King et al., 2020; Raffi et al., 2020). This implies that the Top of the Subzone 

M1b (Wade et al., 2011; King et al., 2020) should be ~1 Myr younger and the Top of P. kugleri 

postdates the Base of Helicosphaera ampliaperta (20.43 Ma) falling in the Burdigalian. 

Additionally, it was possible to observe that the age estimates of Top of P. kugleri (20.08 Ma) 

and the Base of Globigerinoides altiaperturus (20.00 Ma), recorded for the first time at Site 926, 

approximate the age of Top of Chron C6An (19.97 Ma). These events represent three of the five 

optional criteria suggested to approximate the Aquitanian/Burdigalian boundary (Raffi et al., 2020; 

see paragraph 1.2 for details). Their close proximity, at Site 926, could give new insight into the 

selection of criterium to identify the base of BurdigalianStage. 

The focus on the Paragloborotalia pseudokugleri/P. kugleri group allowed for better 

documentation of the morphological variability of these two species throughout the entire 

distribution range of P. kugleri, from 23.05 to 20.08 Ma. This confirmed the presence of transitional 

forms between two end members of the group, starting from levels closely preceding the Base of P. 

kugleri up to its last occurrence level. 

Biostratigraphic correlations of Site 926 with other (I)ODP sites and the Contessa section 

were complex or unclear due to the different resolution of the analysis, the different fraction of 

washed residue considered for the analysis, the presence of several hiatuses in sedimentation (both 

in Hole U1406 and Contessa Section), the absence of significant events in some successions (B 

Globigerinatella sp. and B H. ampliaperta) and the discrepancy of relative positions of important 

planktonic foraminiferal and calcareous nannofossil events (T P. pseudokugleri and T P. kugleri, B P. 

kugleri and T S. delphix, B P. pseudokugleri and T S. ciperoensis) in the various sites.  

These results emphasize the importance of high-resolution quantitative studies to improve 

the understanding of the distribution patterns of biostratigraphic markers, identify biostratigraphic 

events more accurately across specific time intervals on a global scale, and improve the resolution 

and accuracy of standard zonations.  

From the paleoecological evaluation of Aquitanian - Burdigalian interval (from 21.5 Ma to 

17.6 Ma), it was possible to note that the assemblage is: mainly composed by planktonic 

foraminifera, as testified by high values of the Plankton/Benthos ratio; well-diversified, as indicated 

by high values of the diversity indices, Shannon-Wiener and Equitability, and low values of 

Dominance; well-preserved (not very severely affected by dissolution) because of high values 

Plankton/Benthos ratio  and specific diversity indices, despite a significant percentage of fragments 

and dissolution resistant taxa. The productivity seems apparently constant throughout the 

succession, with no notable oscillations, since there are no significant variations in the curve of the 

group of eutrophic taxa and no clear relationship with the faunal density and the variations in 
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abundance of radiolarians. Additionally, the assemblage is mainly composed by mixed layer and 

thermocline taxa (especially at the base of succession) and, in general, by warm taxa.  

Finally, higher values of the warm/cold taxa ratio indicate higher sea surface temperatures in 

the basal interval up to Tc P. kugleri (21.13 Ma) and at the top of the interval (cores 926B/36X - 

926C/34X, 18.32 - 17.60 Ma). Instead, lower values of the warm/cold taxa ratio in the middle part of 

the succession (from Tc P. kugleri to top core 926B/37X, from 21.13 to 18.51 Ma) suggest a higher 

concentration of cold taxa and a decrease in sea surface temperature, particularly in three intervals 

corresponding to high values of δ¹⁸O (Pälike et al., 2006a), where the first interval could be 

associated with the Mi-1a event by Miller et al. (1991). 
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Appendix 1 - Taxonomic notes 
All the taxonomic categories recognized in the planktonic foraminiferal assemblages of Site 

926 are alphabetically listed by genus. For each species the taxonomic references, used for 

classification, are indicated and some observations are added. 

 
Genus Cassigerinella Pokorný, 1955, emended Li, 1986 

TYPE SPECIES — Cassigerinella boudecensis Pokorný, 1955 (= junior subjective synonym of 

Cassigerinella chipolensis Cushman & Ponton, 1932) 

 

Cassigerinella chipolensis (Cushman & Ponton, 1932) 
Cassidulina chipolensis Cushman & Ponton, 1932: p. 98, pl. 15, figs. 2a-c. 

Cassidulina chipolensis - Kennett & Srinivasan, 1983: p. 19, pl. 1, figs. 1,3-5.   

Cassigerinella chipolensis - Spezzaferri, 1994: p. 155, pl.  29, figs. 5a-c. 

Cassigerinella chipolensis - Pearson et al., 2018a: p. 484, pl. 18.1, figs. 1-16. 

 

Observations: it is very rare and present from core 926B/37X to the top of the studied interval. 

 

Cassigerinella sp. 

Observations: specimens like Cassigerinella globulosa Egger, 1857 but with a few chambers (juvenile 

forms) occur sporadically in cores 926B/38X and 926C/37X. 

 

Genus Catapsydrax Bolli, Loeblich, & Tappan, 1957 

TYPE SPECIES — Globigerina dissimilis Cushman & Bermúdez, 1937. 

 

Catapsydrax dissimilis (Cushman & Bermúdez, 1937) 
Globigerina dissimilis Cushman & Bermúdez, 1937: p. 25, pl.3, figs. 4-6.  

Catapsydrax dissimilis - Kennett & Srinivasan, 1983: p. 23, pl. 2, figs. 1, 3-8. 

Catapsydrax dissimilis dissimilis - Spezzaferri, 1994: p. 163, pl. 33, figs. 1a-c. 

Catapsydrax dissimilis - Coxall & Spezzaferri, 2018: p. 84, pl. 4.1, figs. 1-16. 

 

Observations: C. dissimilis is characterized by the primary aperture covered by a slightly inflated or 

flattened bulla, with 2 or more (up to 4) rimmed infralaminal openings (Coxall & Spezzaferri, 2018). 

It is discontinuously present throughout the studied interval. 

 

Catapsydrax unicavus Bolli, Loeblich, & Tappan, 1957 
Catapsydrax unicavus Bolli, Loeblich, & Tappan 1957: p. 37, pl. 7: fig. 9a-c. 

Catapsydrax unicavus - Kennett & Srinivasan, 1983: p. 27, pl. 3, figs. 1-3. 

Catapsydrax unicavus - Spezzaferri, 1994: p. 163, pl. 33, figs. 5a-c. 

Catapsydrax unicavus - Coxall & Spezzaferri, 2018: p. 90, pl. 4.3, figs. 1-16. 

 

Observations: C. unicavus is distinguished from C. dissimilis by having a more compact test and a 

single infralaminal aperture always located at the umbilical end of the bulla (Coxall & Spezzaferri, 

2018).  

It is continuously present throughout the studied interval and is more abundant than C. dissimilis.  

 



108 
 

Genus Ciperoella Olsson & Hemleben, 2018  

TYPE SPECIES — Globigerina ciperoensis Bolli, 1954.  

 

Ciperoella anguliofficinalis (Blow, 1969) 
Globigerina anguliofficinalis Blow, 1969: p. 379, pl. 11, figs. 1, 2, holotype, figs. 3-5 paratype. 

"Globigerina" anguliofficinalis - Spezzaferri, 1994: p. 103, pl. 3, figs. 4a-c. 

Ciperoella anguliofficinalis - Olsson et al., 2018: p. 219, pl. 7.1. figs. 1-18. 

 

Observations: It occurs abundantly throughout the studied interval. 

 

Ciperoella fariasi (Bermúdez, 1961) 
Globigerina fariasi Bermúdez, 1961: p. 1181, pl. 3, figs. 5a-c. 

"Globigerina" ciperoensis fariasi - Spezzaferri, 1994: p. 103, pl. 3, figs. 5a-c. 

Ciperoella fariasi - Olsson et al., 2018: p. 225, pl. 7.4. figs. 1-18. 
 

Observations: It occurs continuously from the base of the studied interval until ~434 mcd of depth 

(close to the Helicosphaera euphratis/ H. carteri crossover), then discontinuously occurs up to core 

926B/40X (401.92 mcd, Zone M2). Its stratigraphic range is uncertain in literature because 

Spezzaferri (1994) recorded it from Zone O3 to M1 (?), and Pearson & Chaisson (1997) identified this 

species from Zone O3 at Ceara Rise, equatorial Atlantic Ocean. 

 

Genus Dentoglobigerina Blow, 1979 

TYPE SPECIES — Globigerina galavisi Bermúdez, 1961. 

 

Dentoglobigerina altispira group 

 

Dentoglobigerina altispira (Cushman and Jarvis, 1936) 
Globigerina altispira Cushman and Jarvis, 1936: p. 5, pl. 1, fig. 13a-c. 

Dentoglobigerina altispira altispira - Kennett & Srinivasan, 1983: p. 187, pl. 46, figs. 4-6. 

Dentoglobigerina altispira altispira - Spezzaferri, 1994: p. 177, pl. 40, figs. 5a-c. 

 

Dentoglobigerina globosa (Bolli, 1957) 
Globoquadrina altispira globosa Bolli, 1957: p. 111, pl. 24, figs. 9a-10c. 

Dentoglobigerina altispira globosa - Kennett & Srinivasan, 1983: p. 181, pl. 44, fig. 4; p. 187, pl. 46, figs. 7-9. 

Dentoglobigerina altispira globosa - Spezzaferri, 1994: p. 177, pl. 40, figs. 3a-c. 

Dentoglobigerina globosa - Wade et al., 2018b: p. 349, pl. 11.6, figs. 1-16. 

 

Observations: D. altispira differs from its ancestor D. globosa by having a distinctly high trochospire 

and laterally compressed and umbilically prolonged fewer chambers in the final whorl (Wade et al., 

2018b). As reported by Wade et al. (2018b) D. altispira first appeared in Lower Miocene Subzone 

M1b evolving from D. globosa. In the studied interval, first occurrences of this species are recorded 

scattered from the base of core 926B/40X (Zone M2). 

Specimens of D. altispira and D. globosa were counted together due to morphological gradation 

between the two species. Specimens of D. globosa not showing clear teeth could be confused with 

Ciperoella fariasi. 



109 
 

Dentoglobigerina baroemoenensis group 

 

Globigerina baroemoenensis (LeRoy, 1939) 
Globigerina baroemoenensis LeRoy, 1939: p. 263, pl. 6, figs. 1, 2. 

Globoquadrina baroemoenensis - Kennett & Srinivasan, 1983: p. 187, pl. 46, figs. 1-3. 

Dentoglobigerina baroemoenensis - Spezzaferri, 1994: p. 177, pl. 40, figs. 1 a-c. 

Dentoglobigerina baroemoenensis - Wade et al., 2018b: p. 336, pl. 11.1, figs. 1-16. 

 

Dentoglobigerina larmeui (Akers, 1955) 
Globoquadrina larmeui Akers, 1955: p. 661, pl. 65, figs. 4a-c. 

Dentoglobigerina larmeui - Spezzaferri, 1994: p. 179, pl. 41, figs. 3a-c. 

Dentoglobigerina larmeui - Wade et al., 2018b: p. 354, pl. 11.8, figs. 1-16. 

 

Observations: As reported by Wade et al. (2018b), D. baroemoenensis is distinguished from D. 

larmeui by its more angular, disjunct and slightly reniform chambers and more trapezoidal outline, 

and by the broad, deep umbilicus. Specimens of these species were counted together to keep the 

classification consistent. 

 

Dentoglobigerina binaiensis (Koch, 1935) 
Globigerina binaiensis Koch, 1935: p. 558, nomen novum for G. aspera Koch, 1926. 

Globoquadrina binaiensis - Kennett & Srinivasan, 1983: p. 181, pl. 44, figs. 1, 3; p. 183, pl., 45, figs. 1-3. 

Globoquadrina binaiensis - Spezzaferri, 1994: p. 181, pl.  42., figs. 3a-c; 4a-c.  

Dentoglobigerina binaiensis - Wade et al., 2018b: p. 339 pl. 11.2, figs. 1-16; p. 341 pl. 11.3, figs. 1-16. 

 

Observations: it is very rare and scattered along the studied interval. 

 

Dentoglobigerina globularis (Bermúdez, 1961) 
Globoquadrina globularis Bermúdez, 1961: p. 1311, pl. 13, figs. 4-6. 

Dentoglobigerina globularis - Spezzaferri, 1994: p. 177, pl. 40, figs. 2a-c. 

Dentoglobigerina globularis - Wade et al., 2018b: p. 351, pl. 11.7, figs. 1-16. 

 

Observations: D. globularis differs from D. globosa by having less chambers (3½-4 and 5-6, 

respectively) in the final whorl leading to a less lobulate outline (Wade et al., 2018b). It is 

discontinuous in the lower and higher parts of the studied interval, but more continuous and 

abundant between 425 and 370 mcd (from core 926B/43X to core 926B/37X). 

 

Dentoglobigerina tripartita (Koch, 1926) 
Globigerina bulloides var. tripartita Koch, 1926: p. 742, figs. 21 a, b. 

Globoquadrina tripartita - Spezzaferri, 1994: p. 181, pl. 42, figs. 2a-c. 

Dentoglobigerina tripartita - Wade et al., 2018b: p. 369, pl. 11.14, figs. 1-9; p. 371, pl. 11.15, figs. 1-16. 

 

Observations: it occurs scattered in the entire interval. 

 

Dentoglobigerina venezuelana (Hedberg, 1937) 
Globigerina venezuelana Hedberg, 1937: p. 681, pl. 92, fig. 7 a, b. 

Globoquadrina venezuelana - Kennett & Srinivasan, 1983: p. 181, pl. 44, figs. 5-7. 
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"Globigerina" venezuelana - Spezzaferri, 1994: p. 171, pl. 37, figs. 2a-c, 3a-d; p. 173, pI. 38, figs. 2a-c, 3a-c; 

p. 175, pI. 39; figs. 4a-c. 

Dentoglobigerina venezuelana - Wade et al., 2018b: p. 374, pl. 11.16, figs. 1-16. 

 

Observations: it is present in the entire interval.  

 

 

Genus Globigerina d’Orbigny, 1826 

TYPE SPECIES— Globigerina bulloides d’Orbigny, 1826. 

 

Globigerina bulloides d’Orbigny, 1826 
Globigerina bulloides d’Orbigny, 1826: Ann. Sci. Nat. 7, p. 277, no. 1. 

Globigerina (Globigerina) bulloides - Kennett & Srinivasan, 1983: p. 37, pl. 6, figs. 4-6. 

Globigerina bulloides - Spezzaferri et al., 2018b: p. 187, pl. 6.2, figs. 1-16. 

 

Observations: it is discontinuous throughout the interval. 

 

Globigerina sp. 

Observations: very small specimens of Globigerina that are difficult to assign to a species. 

 

Genus GlobigerinatellaCushman & Stainforth, 1945 

TYPE SPECIES — Globigerinatella insueta Cushman & Stainforth, 1945 
Globigerinatella insueta Cushman & Stainforth, Chaisson & Leckie 1993 (partim), p. 157, pl. 10, figs. 3-5 

Globigerinatella sp. Pearson, 1995: p. 56, pl. 2, figs. 7-12. 

Globigerinatella sp. Pearson & Chaisson, 1997: p. 67, pl. 1, figs. 2-12. 

 

Observations: Globigerinatella sp. was described for the first time by Pearson (1995) as a transitional 

form between Globigerinita glutinata and Globigerinatella insueta. It can be distinguished from G. 

glutinata by having a more spherical morphology and the presence of a second generation of bullae, 

which are usually around the final chamber/swollen bulla typical of the species; instead, it is 

distinguished from G. insueta because it is lacking of one or more areal apertures or areal bullae 

(Pearson, 1995).  

 

 

Genus Globigerinella Cushman, 1927 

TYPE SPECIES — Globigerina aequilateralis Brady, 1879 = junior subjective synonym of 

Globigerinella siphonifera (d’Orbigny, 1839). 

 

Globigerinella obesa group 

Globigerinella pseudobesa (Salvatorini, 1967) 
Turborotalia pseudobesa Salvatorini, 1966: p. 10, pI. 2, figs. 6a-15. 

Globigerinella pseudobesa - Kennett & Srinivasan, 1983: p. 235, pl. 59, figs. 6-8 

 

Globigerinella obesa (Bolli, 1957) 
Globorotalia obesa Bolli, 1957: p. 119, pl. 29, figs. 2-3. 
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Globigerinella obesa - Kennett & Srinivasan, 1983: p. 235, pl. 59, figs. 2-5. 

Globigerinella obesa - Spezzaferri, 1994: p. 131, pl. 17, figs. 5a-c. 

Globigerinella obesa - Spezzaferri et al., 2018b: p. 199, pl. 6.8, figs. 1-23. 

 

Observations: specimens of these species were counted together to keep the classification 

consistent. 

Globigerinella sp.  

Observations: it includes very small specimens of Globigerinella difficult to classify at species level. 

 

Genus Globigerinita Brönnimann, 1951 

TYPE SPECIES — Globigerinita naparimaensis Brönnimann, 1951. 

 

Globigerinita glutinata (Egger, 1893) 
Globigerina glutinata Egger, 1893: p. 371, pl. 13 (on p. 356), figs. 19-21. 

Globigerinita glutinata - Kennett & Srinivasan, 1983: p. 225, pl. 56, figs., 1,3-5. 

Globigerinita glutinata - Spezzaferri, 1994: p. 151, pl. 27, figs. 6a-c; p. 153, pI. 28, figs. 1a-c. 

Globigerinita glutinata - Pearson et al., 2018a: p. 438, pl. 16.2, figs. 1-16; p. 439, pl. 16.3, figs. 1-13. 

 

Observations: G. glutinata differs from other globigeriniform species by its distinctive glutinata-type 

microperforate wall texture (Pearson et al., 2018a). It is very abundant in the entire interval. 

 

Globigerinita uvula (Ehrenberg, 1861) 
Globigerinita uvula (Ehrenberg) Parker, 1962: p. 252, pl. 8, figs. 14-20. 

Globigerinita uvula - Kennett & Srinivasan, 1983: p. 225, pl. 56, figs. 6-8. 

Globigerinita uvula - Spezzaferri, 1994: p. 151, pl. 27, figs. 5a-c.  

Globigerinita uvula - Pearson et al., 2018a: p. 439, pl. 16.3, figs. 14-15. 

 

Observations: G. uvula is distinguished from G. glutinata by its high to very high trochospiral coiling 

(Parker, 1962; Pearson et al., 2018a). It is abundant in the entire interval. 

 

Globigerinita sp. (G. glutinata - Globigerinatella sp. transition) 

 

Observations: transitional forms between G. glutinata and Globigerinatella sp., shown by Pearson 

(1995), were considered. They exhibit a swollen chamber-like bulla with one or more sutural 

apertures but do not have secondary bullae (see pictures 5-6 in Plate 2 in Pearson, 1995). Pearson 

& Chaisson (1997) already observed an intergradation between these species in Leg 154 material.  

 

 

Genus Globigerinoides Cushman 1927, emended by Spezzaferri et al., 2015 

TYPE SPECIES — Globigerina rubra d’Orbigny, 1839. 

 

Globigerinoides altiaperturus Bolli, 1957 
Globigerinoides triloba altiapertura Bolli, 1957: p. 113, pl. 25, figs. 7a-c, 8. 

Globigerinoides altiapertura - Kennett & Srinivasan, 1983: p. 55, pl. 10, figs. 1; p. 57, pl. 11, figs. 4-6. 

"Globigerinoides" altiaperturus - Spezzaferri, 1994: p. 119, pl. 11, figs. 3a-c, 4a-c, 5a-c. 
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Globigerinoides altiaperturus - Spezzaferri et al., 2018a: p. 275, pl. 9.1, figs. 1-22. 

 

Observations: the main distinguishing features of G. altiaperturus are an umbilical primary aperture, 

which is a distinct and generally very rounded high arch, and one very high arched supplementary 

aperture on the spiral side opposite to the primary aperture (see figures 1-8 of Plate 9.1 in 

Spezzaferri et al., 2018a). Within the variability of the species, these authors considered also 

specimens, that in our opinion are less typical being characterized by somewhat lower arched 

primary and supplementary apertures (see figures 9-17 of Plate 9.1).  In the studied assemblages at 

Site 926, less typical specimens (indicated as G. cf. G. altiaperturus) are present in the lower portion 

of the distribution range, starting from core 926B/41X (409,17 mcd), whereas typical forms 

(indicated as G. altiaperturus s.s., see also Pl. 4.1) are recorded from 386.42 mcd (cores 926B/39X), 

dated at 19.16 Ma (lower part of Zone M2), up to the top of the studied interval (Zone M3a).  

In literature G. altiaperturs was recorded from Subzone M1b, just below the boundary between Zone 

M1/M2 (Spezzaferri,1996; Iaccarino et al., 1996) to Zone M4 (Kennett and Srinivasan, 1983; 

Spezzaferri, 1994). B G. altiaperturus is identified at the base of Zone M2 (= N5) in Hole 516F in the 

Atlantic Ocean (Spezzaferri,1994; Spezzaferri and Pearson, 2009) dated at 21.8 Ma (Wade et al., 

2011), but also at the Aquitanian GSSP at Lemme Carrosio section (Italy), documented at 13 m, in 

Subchron C6AAr2r, in the upper part of Subzone M1b, just below the Subzone M1/M2 boundary 

(Spezzaferri, 1996; Iaccarino et al., 1996). 

 

Globigerinoides bollii Blow, 1959 
Globigerinoides bollii Blow, 1959: p. 189, pl. 10, figs. 65a-c. 

Globigerinoides bollii - Kennett & Srinivasan, 1983: p. 71, pl. 15, figs. 4-6. 

Globigerinoides bollii - Spezzaferri, 1994: p. 127, pl. 15, figs. 1a-c. 

Globigerinoides bollii - Spezzaferri et al., 2018a: p. 277, pl. 9.2, figs. 1-16. 

 

Observations: as reported by Spezzaferri et al. (2018a), G. bollii is distinguished from G. altiaperturus 

by the more compact test and the primary aperture which consists of a small rounded arch. This 

species occurs sporadically throughout the interval. 

 

Globigerinoides obliquus Bolli, 1957 
Globigerinoides obliquus Bolli, 1957: p. 113, pl. 25, figs. 10a-c. 

Globigerinoides obliquus - Kennett & Srinivasan, 1983: p. 57, pl. 11, figs. 7-9. 

Globigerinoides obliquus - Spezzaferri, 1994: p. 125, pl. 14, figs. 2a-c. 

Globigerinoides obliquus - Spezzaferri et al., 2018a: p. 285, pl. 9.6, figs. 1-18. 

 

Observations: it probably evolved from G. altiaperturus at the end of Subzone M1b by developing 

lateral elongation of the aperture and compression of chambers (Spezzaferri et al., 2018a).  

 

Globigerinoides parawoodi Keller, 1981 
Globigerinoides parawoodi Keller, 1981: p. 304, pI. 4, figs. 1-11. 

 

Observations: Spezzaferri et al. (2018a) revised the taxonomy of G. parawoodi Keller (1981), 

considering the holotype of G. parawoodi as a junior synonym of Globigerinoides italicus Mosna and 
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Vercesi (1975), introducing a new species, namely Globigerinoides neoparawoodi, to describe the 

paratype of. G. parawoodi and suggesting a different phylogenetic relationship. Globigerinoides 

neoparawoodi evolved from Globoturborotalita woodi in the upper part of Subzone M1a and G. 

italicus probably derived from G. neoparawoodi at the top of Subzone M1a. Further Spezzaferri et 

al. (2018) considered the specimens figured and named G. parawoodi by Spezzaferri (1994) as a new 

species Globigerinoides joli.  

Within the assemblages of Site 926, specimens associated to G. italicus, G. neoparawoodi and G. joli 

were counted together as a group to keep the classification consistent.  

 

Globigerinoides subquadratus Brönnimann, 1954 
Globigerinoides subquadrata Brönnimann, 1954, in Brönnimann & Todd, 1954: p. 680, pl. 1, figs. 8a-c. 

Globigerinoides subquadratus - Kennett & Srinivasan, 1983: p. 55, pl. 10, figs. 2; 75, pl. 16, figs. 1-3. 

Globigerinoides subquadratus - Spezzaferri, 1994: p. 121, pl. 12, figs. 5a-c. 

Globigerinoides subquadratus - Spezzaferri, 2018a: p. 287, pl. 9.7, figs. 1-20. 

 

Observations: specimens with only one secondary aperture, similar to specimens figured by 

Spezzaferri (1994) (Plate 12, Figs. 5a-c) are also included. 

 

 

Genus Globoquadrina Finlay, 1947 

TYPE SPECIES — Globorotalia dehiscens Chapman, Parr, and Collins, 1934. 

 

Globoquadrina dehiscens (Chapman, Parr, & Collins, 1934) 
Globorotalia dehiscens Chapman, Parr, & Collins, 1934: p. 569, pl. 11, figs. 36a-c. 

Globoquadrina dehiscens - Kennett & Srinivasan, 1983: p. 181, pl. 44, figs. 2; 183, pl. 45, figs. 7-9.  

Globoquadrina dehiscens - Spezzaferri, 1994: p. 183, pl. 43, figs. 2a-c. 

Globoquadrina dehiscens - Wade et al., 2018b: p. 378, pl. 11.17, figs. 1-16. 

 

Observations: it is very rare and occurs very discontinously. 

 

 

Genus Globorotalia  

TYPE SPECIES - Pulvinulina menardii var. tumida Brady, 1877 accepted as Globorotalia tumida 

(Brady, 1877) (type by original designation) 

 

Globorotalia praescitula 

Globorotalia praescitula (Accepted Name Globoconella praescitula (Blow, 1959)) 

 
Globorotalia scitula (Brady) sub sp. praescitula Blow, 1959: p. 221, pI. 19, figs. 128a-c. 

Globorotalia (Globoconella) praescitula - Kennett & Srinivasan, 1983: p. 109, pl. 24, figs. 1; pl. 25, figs. 4-6. 

Globorotalia praescitula - Spezzaferri, 1994: p. 149, pl. 26, figs. 7a-c. 

 

Observations: it is very rare and scattered from the top of core 926B/36X (357.12 mcd).  
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Globorotalia mendacis Blow 1969 
Globorotalia (Turborotalia) mendacis Blow, 1969: p. 390-391, pl. 38, figs. 5, 6. 

Globorotalia mendacis – Spezzaferri, 1994: p. 145, pl. 24, figs. 1a-d. 

 

Observations: currently, it is placed in synonymy with P. birnageae (Leckie et al., 2018), but in this 

work, the two species were considered separately in order to observe their distribution range. 

 

Globorotalia sp. Spezzaferri, 1994 

Globorotalia sp. Spezzaferri, 1994: 147, pl. 25. Figs. 1-5. 

 

Observations: some specimens like Globorotalia sp. by Spezzaferri (1994) are identified within the 

distribution range of Paragloborotalia kugleri. They have a morphology very similar to P. kugleri but 

show a different type of wall, while P. kugleri has a normal perforate, coarsely cancellate, sacculifer-

type wall texture (Olsson et al., 2006; Leckie et al., 2018), Globorotalia sp. has a smooth and non-

spinose, finely to coarsely perforated wall texture (Spezzaferri, 1994) 

 

 Genus Globorotaloides Bolli, 1957 

TYPE SPECIES— Globorotaloides variabilis Bolli, 1957. 

 

Globorotaloides stainforthi (Bolli, Loeblich, & Tappan, 1957) 
Catapsydrax stainforthi Bolli, Loeblich, & Tappan, 1957: p. 37, pl. 7, figs. 11a-c. 

Catapsydrax stainforthi - Kennett & Srinivasan, 1983: p. 23, pl. 3, figs. 4-6. 

Globorotaloides stainforthi - Spezzaferri, 1994: p. 165, pl. 34, figs. 3a-c. 

Globorotaloides stainforthi - Coxall & Spezzaferri, 2018: p. 106, pl. 4.8, figs. 1-16. 

 

Observations: G. stainforthi differs from C. dissimilis by having a more compressed test and a 

different morphology of the bulla, which extends further towards the equatorial periphery than in 

C. dissimilis and usually has more apertures. It is discontinuously present throughout the interval. 

 

Globorotaloides suteri Bolli, 1957 
Globorotaloides suteri Bolli 1957: p. 117 (partim), pl. 27, fig. 13 a-b, holotype, and pl. 27, figs. 9a-c, 11 a-b, 

paratypes. 

Globorotaloides suteri - Kennett & Srinivasan, 1983: p. 215, pl. 53, figs. 1, 3-5. 

Globorotaloides suteri - Spezzaferri, 1994: p. 165, pl. 34, figs. 5a-c. 

Globorotaloides suteri - Coxall & Spezzaferri, 2018: p. 108, pl. 4.9, figs. 1-16; p. 110, pl. 4.10, figs. 1-16. 

 

Observations: it is continuously present in the entire interval. 

 

Globorotaloides testarugosus (Jenkins, 1960) 
Globorotalia testarugosa Jenkins, 1960: p. 368, pl. 5, figs. 8a-c. 

Globorotaloides testarugosa - Spezzaferri, 1994: p. 167, pl. 35, figs. 1 a-c; 3a-c; 4a-c 

Globorotaloides testarugosa - Coxall & Spezzaferri, 2018: p. 110, pl. 4.11, figs. 1-16. 

 

Observations: it occurs only in a few samples. 
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Globorotaloides variabilis Bolli, 1957 
Globorotaloides variabilis Bolli, 1957: p. 117, pl. 27, figs. 15a-20c. 

Globorotaloides variabilis - Kennett & Srinivasan, 1983: p. 215, pl. 53, figs. 2, 6-8. 

Globorotaloides variabilis - Spezzaferri, 1994: p. 165, pl. 34, figs. 1a-c; p. 4.12, figs. 1-16. 

 

Observations: it is mostly present in the lower part of the succession and then is scattered. 

 

Globorotaloides sp.1 

Observations: it includes Globorotaloides forms with 4 chambers and no bulla; it occurs continuously 

in the first part of the interval (up to about 400 mcd, core 926B/40X) and then discontinuously until 

the top of the studied interval. 

 

 

Genus Globoturborotalita Hofker, 1976, emended by Spezzaferri et al. (2015) 

TYPE SPECIES — Globigerina rubescens Hofker, 1956. 

 

Globoturborotalita brazieri (Jenkins, 1965) 
Globigerina brazieri Jenkins, 1965: p. 1098, figs. 6, 43-51. 

Globigerina (Zeaglobigerina) brazieri - Kennett & Srinivasan, 1983: p. 41, pl. 7, figs. 7-9. 

Zeaglobigerina brazieri - Spezzaferri, 1994: p. 109, pl. 6, figs. 3a-c; 4a-c. 

Globoturborotalita brazieri - Spezzaferri et al., 2018c: p. 239, pl. 8.2, figs. 1-19. 

 

Observations: it is very rare and scattered. 

 

Globoturborotalita connecta (Jenkins, 1964) 
Globigerina woodi connecta Jenkins, 1964: p. 72, figs. 1a-c. 

Globigerina (Zeaglobigerina) connecta - Kennett & Srinivasan, 1983: p. 45, pl. 8, figs. 1-3. 

Zeaglobigerina connecta - Spezzaferri, 1994: p. 105, pl. 4, figs. 4a-c. 

Globoturborotalita connecta - Spezzaferri et al., 2018c: p. 243, pl. 8.4, figs. 1-19. 

 

Observations: it occurs discontinuously in the entire interval 

 

Globoturborotalita eolabiacrassata Spezzaferri & Coxall, 2018 
Globoturborotalita eolabiacrassata Spezzaferri et al., 2018c: p. 245, pl. 8.5, figs. 1-20. 

 

Observations: it is rare (0.3 - 0.9 %) and recognized only in four samples. 

 

Globoturborotalita euapertura (Jenkins, 1960) 
Globigerina euapertura Jenkins, 1960: p. 351, pl. 1, figs. 8a-c. 

"Globigerina" euapertura - Spezzaferri, 1994: p. 173, pl. 39, figs. 1a-d, 2a-c. 

Globoturborotalita euapertura - Spezzaferri et al., 2018c: p. 247, pl. 8.6, figs. 1-16. 

 

Observations: it is very rare. 

 

Globoturborotalita martini (Blow & Banner, 1962) 
Globigerinita martini martini Blow and Banner, 1962: p. 110, pl. XIV, fig. O. 
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Catapsydrax martini - Spezzaferri, 1994: p. 163, pl. 33, figs. 7a-c. 

Globoturborotalita martini - Spezzaferri et al., 2018c: 253, pl. 8.9, figs. 1-15. 

 

Observations: it is very rare.  

 

Globoturborotalita occlusa (Blow & Banner, 1962) 
Globigerina praebulloides occlusa Blow and Banner 1962: p. 93, pl. IX, figs. U-W. 

Globoturborotalita occlusa - Spezzaferri et al., 2018c: p. 255, pl. 8.10, figs. 1-17. 

 

Observations: it occurs scattered in the entire interval. 

 

Globoturborotalita paracancellata Olsson & Hemleben in Spezzaferri et al., 2018 Globoturborotalita 

paracancellata Spezzaferri et al., 2018c: p. 261, pl. 8.12, figs. 1-17. 

 

Observations: it is present in a few samples in the top interval. 

   

Globoturborotalita pseudopraebulloides Globoturborotalita pseudopraebulloides 
Globigerina praebulloides praebulloides Blow, ideotype, 1962: p. 92, pl. IX, figs. O-Q. 

Globoturborotalita pseudopraebulloides - Spezzaferri et al., 2018c: p. 263, pl. 8.13, figs. 1-17. 

 

Observations: it occurs discontinuously in the entire interval 

 

Globoturborotalita woodi (Jenkins, 1960) 
Globigerina woodi Jenkins, 1960: p. 352, pl. 2, fig. 2a-c. 

Globigerina (Zeaglobigerina) woodi - Kennett & Srinivasan, 1983: p. 41, pl. 7, figs. 4-6. 

Zeaglobigerina woodi - Spezzaferri, 1994: p. 105, pl. 4, figs. 3a-c, pI. 5 figs. 3a-c. 

Globoturborotalita woodi - Spezzaferri et al., 2018c: p. 265, pl. 8.14, figs. 1-17. 

 

Observations: it is present discontinuously in the lower part of the interval, but it becomes 

continuous and more abundant above 405 mcd (Core 926B/41X) up to the top of the interval. 

 

Globoturborotalita sp. A 

Observations: it is like the G. woodi but with the loop-shaped aperture; it becomes more abundant 

in the upper part of the interval.  

 

 

Genus Paragloborotalia Cifelli, 1982 

TYPE SPECIES — Globorotalia opima subsp. opima Bolli, 1957. 

 

Paragloborotalia birnageae (Blow, 1959) 
Globorotalia birnageae Blow, 1959: p. 210-211, pl. 17, figs. 108a-c. 

Globorotalia (Fohsella) birnageae - Kennett & Srinivasan, 1983: p. 95, pl. 21, figs. 6-8. 

Globorotalia birnageae - Spezzaferri, 1994: p. 149, pl. 26, figs. 1a-c. 

Paragloborotalia birnageae - Leckie et al., 2018: p. 133, pl. 5.2, figs. 1-9; p. 135, pl. 5.3, figs. 1-16. 
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Observations: It is present throughout the interval but more abundant and continuous in the lower 

part, then occurs scattered from 405 mcd (Core 926B/41X) up to the top of the interval.  

Lekie et al. (2018) considered Globorotalia mendacis (Blow, 1969) to be a junior synonym of P. 

birnageae because both taxa have about 6 embracing chambers in the final whorl, a compact test 

with mostly closed umbilicus and a low aperture with a thin lip, and slightly curved dorsal sutures. 

However, they noticed a complete gradation between forms with a broadly rounded margin (P. 

birnageae s.s.) and specimens with a subacute margin (G. mendacis). 

The two species were considered separately range in this work to observe their distribution range. 

 

Paragloborotalia continuosa group 

Paragloborotalia continuosa (Blow, 1959) 
Globorotalia opima subsp. continuosa Blow, 1959: p. 218-219, pl. 19, figs. 125 a-c. 

Globorotalia opima Bolli subsp. continuosa Blow, 1959 — Jenkins, 1960: p. 366, pl. 5 (partim), figs. 4a-c. 

Paragloborotalia continuosa - Spezzaferri, 1994: p. 137, pl. 20, figs. 7a-c. 

Paragloborotalia continuosa - Leckie et al., 2018: p. 139, pl. 5.4, figs. 1-4, 8. 

 

Paragloborotalia pseudocontinuosa (Jenkins, 1967) 
Globorotalia pseudocontinuosa Jenkins, 1967 

Paragloborotalia pseudocontinuosa - Spezzaferri, 1994: p. 137, pl. 20, figs. la-c. 

Paragloborotalia pseudocontinuosa - Leckie et al., 2018: p. 139, pl. 5.4, figs. 9-16. 

 

Observations: Paragloborotalia continuosa and P. pseudocontinuosa were counted together to keep 

the classification consistent because of the intergradation between the two species. P. continuosa 

differs from P. pseudocontinuosa by its more extraumbilical aperture, less spherical chambers, and 

flatter spiral side (Leckie et al., 2018). 

 

Paragloborotalia pseudokugleri/ Paragloborotalia kugleri group 

 

Paragloborotalia kugleri (Bolli, 1957) 
Globorotalia kugleri Bolli, 1957: p. 118, pl. 28, figs. 5a-6. 

 

Globorotalia (Fohsella) kugleri - Kennett & Srinivasan, 1983: p. 95, pl. 21, figs. 1, 3-5. 

Paragloborotalia kugleri - Spezzaferri, 1994: p. 143, pl. 23, figs. 5a-c; 6; p. 145, pI. 24, figs. 1a-d; 2a-d 

Paragloborotalia kugleri - Leckie et al., 2018: p. 143, pl. 5.5, figs. 1-16. 

 

 

Paragloborotalia pseudokugleri (Blow, 1969) 
Globorotalia (Turborotalia) pseudokugleri Blow, 1969: p. 391, pl. 10, figs. 4-6. 

Paragloborotalia pseudokugleri - Spezzaferri, 1994: p. 143, pl. 23, figs. 1a-c. 

Paragloborotalia pseudokugleri - Leckie et al., 2018: p. 161, pl. 5.9, figs. 1-16. 

 

Observations: Paragloborotalia pseudokugleri and Paragloborotalia kugleri were counted together 

to keep the classification consistent, because of the gradual morphological transition between the 

end members of the plexus. Paragloborotalia pseudokugleri /P. kugleri transition forms by 

Spezzaferri (1994, pl. 23, figs. 2a-d, 3a-d, 4a-c) are also included. 
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Paragloborotalia nana (Bolli, 1957) 
Globorotalia opima nana Bolli, 1957: p. 118, pl. 28, fig. 3a-c. 

"Globorotalia" nana - Kennett & Srinivasan, 1983: p. 107, pl. 24, figs. 3-5. 

Paragloborotalia nana - Spezzaferri, 1994: p. 137, pl. 20, figs. 4a-c. 

Paragloborotalia nana - Leckie et al., 2018: p. 151, pl. 5.7, figs. 1-16. 

 

Observations: it has a discontinuous distribution pattern but spans the entire interval up to the top, 

with a higher abundance in the lower part of the interval. 

 

Paragloborotalia siakensis (LeRoy, 1939)  
Globorotalia siakensis LeRoy, 1939: p. 262, pl. 4, figs. 20-22. 

Globorotalia (Jenkinsella) siakensis - Kennett & Srinivasan, 1983: p. 173, pl. 42, figs. 1, 6-8. 

Paragloborotalia siakensis - Spezzaferri, 1994: p. 139, pl. 21, figs. 1a-c; 2a-c. 

Globorotalia siakensis - Zachariasse & Sudijono, 2012: p. 162, Fig. 6, 1-13; Fig. 8, 1-5. 

Paragloborotalia siakensis - Leckie et al., 2018: p. 167, pl. 5.11, figs. 1-16. 

 

Observations: P. siakensis is abundant in the entire studied interval, exhibits a random coiling 

direction and is distinguished by a decrease in abundance near the B of H. ampliaperta (at 421 mcd) 

and in the upper part of the studied interval at 362 mcd. 

 

Paragloborotalia cf. P. bella (Jenkins, 1967) 
Globorotalia bella Jenkins, 1967: p. 1069, figs. 3.1-6 

Globorotalia (Jenkinsella) bella - Kennett & Srinivasan, 1983: p. 175, pl. 42, Figure 2; pl. 43, figs. 1-3. 

 

Observations: specimens very similar to Globorotalia bella figured by Kennett & Srinivasan (1983) 

occur in the entire interval showing a random coiling direction. They are characterized by five, ovate, 

inflated chambers (the last one bigger and more prominent), and a low arch aperture with a thick 

lip. 

 

Paragloborotalia sp.1 

Observations: specimens included in this taxon differ from P. bella and P. siakensis being 

characterized by the last chamber often smaller than previous ones and a low arch, extraumbilical 

aperture, sometimes bordered by a prominent lip.  

 

 

Genus Tenuitella Fleisher, 1974, emended Li, 1987, Huber et al., 2006 

TYPE SPECIES — Globorotalia gemma Jenkins, 1965: p. 1115-1118, fig. 11, nos. 97-103. 

 

Tenuitella angustiumbilicata (Bolli, 1957) 
Globigerina ciperoensis angustiumbilicata Bolli, 1957: p. 109 (partim), pl. 22, fig. 12. 

Globigerina (Globigerina) angustiumbilicata - Kennett & Srinivasan, 1983: p. 29, pl. 4, figs. 3-5. 

Tenuitellinata angustiumbilicata - Spezzaferri, 1994: p. 161, pI. 32, figs. 6; 7a-c. 

Tenuitella angustiumbilicata Pearson et al. 2018b: p. 445, pl. 16.4, figs. 1-12. 

 

Observations: it occurs throughout the entire interval.  
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Tenuitella clemenciae (Bermudez, 1961) 
Turborotalia clemenciae Bermudez, 1961: p. 1321, pI. 17, figs.10a-b (fide Ellis & Messina 1949).  

Globorotalia (Tenuitella) clemenciae - Kennett & Srinivasan, 1983: p. 165, pl. 39, figs. 1, 3; pl. 40, figs. 1-6. 

 

Observations: specimens of this group are rare and occur sporadically, resulting more continuous 

between cores 926B/37X and 926B/35X.  

According to Kennett & Srinivasan (1983), Globorotalia minutissima, which was described from the 

Miocene of Trinidad by Bolli (1957), closely resembles Globorotalia clemenciae. These two taxa may 

actually be the same species, in which case G. minutissima would have priority. However, since they 

did not examine the type specimens of G. minutissima, they were unable to reach a definitive 

conclusion.  

 

Tenuitella munda (Jenkins, 1965) 
Globorotalia munda Jenkins, 1965: p. 1121-1122, fig. 14, nos. 126-133. 

Globorotalia (Tenuitella) munda - Kennett & Srinivasan, 1983: p. 163, pl. 39, figs. 5-7. 

Tenuitella munda - Spezzaferri, 1994: p. 159, pl. 31, figs. 2a-c. 

Tenuitella munda - Pearson et al., 2018b: p. 452, pl. 16.6, figs. 1-16. 

 

Observations: this species is present throughout the interval showing a higher abundance in the 

lower part of the interval and a slight decrease at 424.05 mcd (core 926B/43X), then the species is 

discontinuously present up to the top of the studied interval. 

 

Tenuitella praestainforthi Blow, 1969 
Globigerinita stainforthi praestainforthi Blow, 1969: p. 383, pI. 25, figs. 3-5. 

Tenuitellinata praestainforthi - Spezzaferri, 1994: p. 161, pI. 32, figs. 3a-c 

 

Observations: According to Li (1987) and Li et al. (1992), T. praestainforthi and T. angustiumbilicata 

are very similar except for the large umbilical bulla and strongly pustulose surface texture, and they 

suggested that these species “may be morphs of the same biospecies”. Currently, T. praestainforthi 

is formally placed in synonymy with T. angustiumbilicata by Pearson et al. (2018), who consider the 

presence or absence of an umbilical bulla as not a species-defining characteristic. However, in this 

work, the two species were considered separated. 

 

Tenuitella sp. 

 

Observations: very small specimens of Tenuitella difficult to classify at species level. 

 

 

Genus Trilobatus Spezzaferri, Kucera, Pearson, Wade, Rappo, Poole, Morard, & Stalder, 2015 

TYPE SPECIES — Globigerina triloba Reuss, 1850. 

 

Trilobatus trilobus group 

 

Trilobatus immaturus (LeRoy, 1939) 
Globigerinoides sacculiferus (Brady, 1877) var. immaturus LeRoy, 1939: p. 236, pl. 3, figs. 19-21. 
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Globigerinoides immaturus - Kennett & Srinivasan, 1983: p. 63, pl. 13, figs. 7-9. 

Globigerinoides immaturus - Spezzaferri, 1994: p. 123, pI. 13, figs. 3a-c. 

Trilobatus immaturus - Spezzaferri et al., 2018a: p. 293, pl. 9.9, figs. 1-21. 

Trilobatus immaturus Poole & Wade, 2019: p. 1996, fig. 6P; p. 1998, figs. 7A–K. 

 

Trilobatus quadrilobatus (d’Orbigny, 1846) 
Globigerina quadrilobata d’Orbigny, 1846: p. 164, pl. 9, figs. 7-10. 

Globigerinoides quadrilobatus - Kennett & Srinivasan, 1983: p. 67, pl. 14, figs. 1-3. 

Globigerinoides quadrilobatus - Spezzaferri, 1994: p. 119, pI. 11, figs. 2a-c. 

Trilobatus quadrilobatus - Spezzaferri et al., 2018a: p. 299, pl. 9.12, figs. 1-20. 

Trilobatus quadrilobatus - Poole & Wade, 2019: p. 1998, figs. 7L–N; p. 2000, figs. 8A–K. 

 

Trilobatus trilobus (Reuss, 1850) 
Globigerina triloba Reuss, 1850: p. 374, pl. 47, figs. 11a-e. 

Globigerinoides triloba - Kennett & Srinivasan, 1983: p. 63, pl. 10, figs.  4; p. 63, pl. 13, figs. 1-3. 

Trilobatus trilobus - Spezzaferri et al., 2018a: p. 303, pl. 9.14, figs. 1-21. 

Trilobatus trilobus - Poole & Wade, 2019: p. 1996, figs. 6A–O. 

 

Observations: T. immaturus, T. quadrilobatus and T. trilobus were considered as a group, according 

to Poole & Wade (2019), who observed an intergradation between these species characterized by 

the morphological progression of T. trilobus, T. immaturus, T. quadrilobatus, and T. sacculifer. This 

progression includes an increase in maximum size, a decrease in the chamber expansion rate, and a 

change in the final chamber dominance ratio. Additionally, there is looser chamber coiling and 

modifications in the position and morphology of the primary aperture. 

 

Trilobatus cf. T. primordius (Blow & Banner, 1962) 
Globigerinoides primordius Blow & Banner, 1962: p. 15, pl. ix, figs. Dd-Ff. 

Globigerinoides primordius - Kennett & Srinivasan, 1983: p. 57, pl. 11, figs. 1-3 

"Globigerinoides" primordius - Spezzaferri, 1994: p. 119, pI. 11, figs. 1a-d; p. 121, pI. 12, figs. 2a-b. 

Trilobatus primordius - Spezzaferri et al., 2018a: p. 297, pl. 9.11, figs. 1-20. 

 

Observations: forms similar to T. primordius were recognized only in a few samples. According to 

Spezzaferri et al. (2018a), T. primordius differs from T. quadrilobatus by the primary aperture slightly 

tending toward the peripheral margin and by its more markedly subovate outline and the larger last 

chamber. 

 

Trilobatus subsacculifer (Cita, Premoli Silva, & Rossi, 1965) 
Globigerinoides sacculifer subsacculifer Cita, Premoli Silva and Rossi, 1965: p. 268, pl. 31, figs. 3a-c. 

Globigerinoides subsacculifer - Spezzaferri, 1994: p. 123, pI. 13, figs. 4a-c; figs. 5a-c. 

Trilobatus subsacculifer - Spezzaferri et al., 2018a: 301, pl. 9.13, figs. 1-20.  

 

Observations: this species differs from T. immaturus and T. trilobus by a slightly sac-like last chamber 

(Spezzaferri et al., 2018a), and it is discontinuously present up to the top of the studied interval.  

 

Trilobatus cf. T. sicanus  

Globigerinoides sicanus de Stefani, 1952: p. 9, fig. 6. 
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Globigerinoides sicanus - Kennett & Srinivasan, 1983: p. 63, pl. 13, figs. 4-6 

 

Observations: very few specimens, similar to Trilobatus sicanus and characterized by one 

supplementary aperture (Turco et al., 2011) occur scattered from core 926B/42X until the top of 

studied interval (core 926C/34X). 
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Appendix 2 – Tables (Aquitanian – Burdigalian interval) 

Taxa relative abundances (%), diversity indices values, preservation indices values (%), productivity indices (%), depth habitat preference values (%) and temperature 

preferences values (%) along the succession. 
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154/926C/34X/3/20-22 340,71 1/256 0,36 0,00141 179200,00 17,603 1,1 1,5 2,7 1,1 1,1 0,4 0,8 17,5 20,5

154/926C/34X/3/60-62 341,11 1/1024 2,40 0,00234 150186,67 17,614 2,1 3,5 1,5 6,8 1,2 2,1 1,2 0,3 0,3 6,5 12,6

154/926C/34X/3/115-117 341,66 1/1024 2,18 0,00213 158297,25 17,630 2,1 6,7 0,6 2,1 0,9 0,9 0,3 0,9 0,9 0,9 3,3 10,9

154/926C/34X/4/45-47 342,46 1/1024 2,39 0,00233 130677,82 17,652 1,6 1,3 2,3 1,0 1,6 0,7 1,0 0,3 0,3 3,9 14,0

154/926C/34X/4/105-107 343,06 1/1024 1,95 0,00190 137583,59 17,668 0,4 3,4 1,9 0,8 4,5 0,4 0,4 0,8 7,9 5,7

5 154/926C/34X/5/115-117 344,66 1/512 1,29 0,00252 114306,98 17,713 1,4 2,1 0,4 5,3 0,4 2,1 2,1 3,2 6,7

6 154/926C/34X/6/25-27 345,26 1/1024 2,58 0,00252 138517,83 17,729 1,7 4,7 0,3 4,1 0,3 1,2 1,2 0,3 0,3 0,9 0,6 0,6 2,6 12,2

154/926B/35X/1/15-17 346,87 1/2048 4,00 0,00195 129536,00 17,770 0,4 4,1 0,8 5,8 0,8 1,2 0,8 1,2 1,2 4,9 9,9

154/926B/35X/1/95-97 347,67 1/1024 3,26 0,00318 115278,53 17,791 0,3 1,1 6,0 0,3 1,6 0,5 0,5 1,4 0,5 0,5 8,7 3,6

2 154/926B/35X/2/40-42 348,62 1/1024 1,72 0,00168 173841,86 17,819 1,7 2,7 6,5 5,5 0,3 2,1 0,7 1,4 0,3 0,7 6,5 8,9

154/926B/35X/3/30-32 350,02 1/1024 2,12 0,00207 156015,09 17,859 0,3 0,6 2,2 8,1 0,3 2,2 0,6 0,3 1,6 0,3 1,2 2,8 4,7 4,7

154/926B/35X/3/125-127 350,97 1/512 2,50 0,00488 73318,40 17,891 2,1 2,5 0,9 1,2 0,3 0,3 1,2 0,9 1,2 5,2 3,7

154/926B/35X/4/30-32 351,52 1/2048 2,37 0,00116 385404,22 17,917 0,9 0,7 0,5 5,0 1,6 1,6 0,5 0,7 0,2 0,9 2,7 0,7 0,7 9,3 10,9

154/926B/35X/4/85-87 352,07 1/1024 2,73 0,00267 151912,09 17,939 1,5 3,5 0,8 2,5 0,8 0,8 1,0 1,8 7,1 11,4

5 154/926B/35X/5/70-72 353,42 1/1024 2,50 0,00244 146227,20 17,986 1,4 6,0 0,3 0,9 0,6 0,3 0,3 3,7 0,9 0,9 6,0 4,6

154/926B/35X/6/30-32 354,52 1/1024 2,51 0,00245 166043,03 18,028 0,2 2,5 4,5 0,5 3,0 0,2 1,0 0,2 0,7 1,0 1,2 11,4 8,0

154/926B/35X/6/90-92 355,12 1/1024 1,46 0,00143 158509,59 18,053 3,0 3,5 0,9 3,5 0,4 0,4 0,9 0,4 0,4 1,3 10,4 14,7

7 154/926B/35X/7/15-17 355,87 1/1024 1,93 0,00188 163415,54 18,084 1,3 1,3 4,2 1,6 2,3 0,6 0,3 0,6 1,0 2,3 0,6 0,6 9,4 9,4

154/926B/36X/1/15-17 356,47 1/512 1,11 0,00217 155445,05 18,115 0,6 1,2 5,2 1,8 4,9 0,9 0,6 2,4 0,9 0,3 2,1 0,3 0,3 15,9 7,3

154/926B/36X/1/80-82 357,12 1/1024 2,92 0,00285 142728,77 18,149 0,2 1,0 3,5 0,5 2,7 0,2 1,0 1,0 1,0 2,0 1,2 1,2 13,0 6,2

154/926B/36X/2/25-27 358,07 1/1024 1,64 0,00160 156097,56 18,181 0,9 1,3 6,5 1,7 1,7 1,3 0,9 0,4 1,7 11,3 3,0

154/926B/36X/2/138-140 359,20 1/2048 1,69 0,00083 340525,44 18,213 1,1 0,7 3,2 11,3 2,1 2,8 0,4 1,1 2,1 1,1 1,4 1,1 1,1 8,8 3,5

154/926B/36X/3/45-47 359,77 1/1024 2,50 0,00244 103628,80 18,231 1,1 9,9 3,8 2,7 0,8 3,1 0,8 0,4 2,7 0,8 0,8 6,5 2,3

154/926B/36X/3/105-107 360,37 1/1024 2,94 0,00287 127477,55 18,259 0,3 2,0 7,6 1,4 6,2 1,4 2,0 1,7 0,6 0,3 0,3 5,1 4,5

154/926B/36X/4/50-52 361,32 1/1024 1,57 0,00153 171536,31 18,305 1,6 6,7 2,0 6,0 0,4 0,4 0,4 0,4 0,4 0,4 0,4 4,8 2,8

154/926B/36X/4/110-112 361,92 1/1024 1,53 0,00149 163973,86 18,323 5,1 8,9 2,1 4,2 0,4 0,4 0,8 2,5 8,4 5,1

1 154/926B/37X/1/30-32 366,32 1/512 1,52 0,00297 101389,47 18,422 1,0 0,7 6,8 4,1 0,3 2,0 0,3 1,7 1,4 0,3 0,3 0,3 14,6 6,8

154/926B/37X/2/37-39 367,89 1/512 1,48 0,00289 78529,73 18,480 4,0 3,6 4,0 2,2 1,8 0,9 1,3 1,3 2,2 2,2 8,0 4,9

154/926B/37X/2/115-117 368,67 1/256 0,46 0,00180 182539,13 18,510 0,9 0,6 7,3 0,6 2,4 1,2 0,9 0,6 0,3 0,6 0,3 0,3 21,4 9,2

154/926B/37X/3/40-42 369,42 1/256 0,47 0,00184 185191,49 18,536 0,3 1,7 1,7 4,3 2,0 6,4 0,9 1,7 0,6 0,3 0,3 21,7 17,1

154/926B/37X/3/120-122 370,22 1/512 0,90 0,00176 151324,44 18,560 0,4 4,2 0,8 3,0 0,4 1,1 2,3 0,4 0,4 0,8 19,2 6,0

154/926B/37X/4/25-27 370,77 1/512 0,24 0,00047 633600,00 18,583 1,3 0,7 4,0 0,3 4,0 1,7 0,7 0,7 0,3 0,3 0,7 15,8 11,4

154/926B/37X/4/80-82 371,32 1/512 1,05 0,00205 177493,33 18,604 0,3 0,8 2,2 4,9 3,0 8,2 0,3 0,8 0,5 2,2 0,3 1,1 0,8 22,4 5,5

154/926B/37X/5/10-12 372,12 1/512 0,92 0,00180 172521,74 18,629 1,3 1,6 1,6 6,2 1,3 2,6 0,3 2,6 0,3 1,0 2,0 1,0 1,6 1,3 1,3 14,3 7,8

154/926B/37X/5/105-107 373,07 1/512 2,03 0,00396 84997,04 18,665 0,6 1,9 4,3 4,3 2,5 1,2 1,6 0,9 1,2 1,2 1,2 12,4 3,4

B 37X

2

3

4

5

4

6

B 36X

1

2

3

4

C 34X

3

4

B 35X

1

3
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5 154/926C/37X/5/60-62 373,59 1/1024 1,61 0,00157 155190,06 18,667 3,3 0,8 5,4 1,2 1,2 0,4 2,9 0,4 1,2 2,5 7,1 1,2

6 154/926C/37X/6/10-12 374,59 1/1024 1,71 0,00167 158690,06 18,700 0,4 3,4 5,3 2,3 1,1 1,9 2,3 0,4 2,7 0,8 0,4 3,0 3,4

7 154/926C/37X/7/10-12 375,59 1/1024 1,19 0,00116 178984,87 18,734 0,5 0,5 2,0 2,5 0,5 3,9 1,5 3,0 0,5 2,0 6,4 14,8

154/926B/38X/1/55-57 376,17 1/1024 2,45 0,00239 153808,98 18,763 0,3 1,4 5,5 2,7 3,0 1,6 1,6 2,5 0,3 1,6 10,4 5,7

154/926B/38X/1/136-138 376,98 1/1024 2,45 0,00239 175960,82 18,790 0,7 0,2 1,0 4,5 2,9 2,1 0,5 3,1 0,7 0,7 0,7 0,7 6,9 8,1

154/926B/38X/2/25-27 377,37 1/1024 1,88 0,00184 199897,87 18,805 2,8 5,1 1,4 1,4 2,3 1,4 1,7 0,3 1,1 11,9 7,9

154/926B/38X/2/105-107 378,17 1/1024 2,26 0,00221 149522,12 18,832 0,3 0,3 3,9 1,8 3,0 2,1 0,9 2,7 0,3 1,8 1,8 10,0 3,3

154/926B/38X/3/35-37 378,97 1/256 0,44 0,00172 146036,36 18,858 0,8 2,5 6,3 1,7 3,3 2,5 1,7 1,3 0,4 2,1 0,4 12,1 5,4

154/926B/38X/3/75-77 379,37 1/1024 2,31 0,00226 157367,97 18,872 0,6 0,3 2,4 2,1 1,5 0,9 2,1 1,8 1,8 0,3 1,8 11,2 3,8

154/926B/38X/4/5-7 380,17 1/512 1,08 0,00211 229451,85 18,905 1,2 0,6 0,4 1,7 0,8 0,6 2,9 1,2 0,6 0,2 0,6 17,6 9,9

154/926B/38X/4/45-47 380,57 1/1024 2,01 0,00196 191554,23 18,920 0,8 1,9 4,8 1,1 1,1 1,6 0,5 0,5 1,6 1,1 0,5 0,5 0,5 11,7 4,5

154/926B/38X/4/125-127 381,37 1/2048 1,62 0,00079 348918,52 18,949 0,4 2,2 1,1 3,3 2,2 0,4 0,4 2,2 0,7 1,5 0,7 17,0 2,6

154/926B/38X/5/55-57 382,17 1/512 1,18 0,00230 126698,31 18,979 0,3 2,4 0,3 3,8 0,3 3,5 1,7 2,8 1,7 18,1 8,0

154/926B/38X/5/95-97 382,57 1/1024 2,40 0,00234 130560,00 18,995 0,4 1,8 2,5 2,9 5,1 0,7 1,8 1,8 1,1 1,1 1,1 17,3 7,2

154/926B/38X/6/5-7 383,17 1/1024 2,79 0,00272 110107,53 19,020 0,7 3,4 1,7 3,4 2,1 2,8 2,4 1,0 0,3 0,3 1,0 1,0 20,7 5,2

154/926B/38X/6/45-47 383,57 1/2048 2,86 0,00140 221269,93 19,036 0,3 2,4 3,4 0,3 3,4 0,3 0,3 0,7 0,3 1,4 0,3 12,9 2,0

154/926B/38X/6/110-112 384,22 1/1024 1,78 0,00174 128287,64 19,065 1,8 2,7 1,4 6,4 3,7 1,8 0,5 1,4 0,9 0,5 0,5 14,6 2,3

7 154/926B/38X/7/40-42 385,02 1/256 0,69 0,00270 119095,65 19,103 0,3 1,9 2,5 1,3 1,9 3,5 0,6 0,9 1,3 1,6 0,6 0,3 15,1 2,8

154/926B/39X/1/10-12 385,42 1/1024 2,07 0,00202 128123,67 19,120 1,2 2,3 1,2 2,3 1,9 1,5 1,5 1,2 0,8 8,9 6,6

154/926B/39X/1/71-73 386,03 1/512 1,07 0,00209 117233,64 19,143 1,6 1,2 2,0 1,6 3,3 0,4 4,1 1,2 0,4 1,2 0,4 1,2 13,5 4,1

154/926B/39X/1/110-112 386,42 1/1024 1,92 0,00188 148800,00 19,153 0,7 0,4 5,2 1,1 4,1 3,3 0,4 0,4 0,7 1,5 2,2 2,2 2,2 14,8 4,1

154/926B/39X/2/50-52 387,32 1/512 1,13 0,00221 157677,88 19,173 2,3 4,9 3,2 4,1 2,0 0,9 0,9 0,6 0,3 0,6 10,2 6,7

154/926B/39X/2/90-92 387,72 1/512 1,88 0,00367 76255,32 19,184 0,4 6,1 1,4 2,5 4,7 0,4 0,4 0,4 2,9 0,7 0,7 11,9 6,8

154/926B/39X/3/55-57 388,87 1/1024 1,90 0,00186 125035,79 19,218 0,4 3,1 4,0 1,8 2,2 3,1 1,8 0,4 1,3 1,8 2,2 2,2 13,5 6,7

154/926B/39X/3/95-97 389,27 1/512 0,71 0,00139 145667,61 19,237 0,5 1,5 7,5 0,5 5,5 3,5 1,5 1,0 1,0 1,5 1,5 13,4 4,5

154/926B/39X/4/50-52 390,32 1/1024 2,75 0,00269 75589,82 19,273 0,5 3,0 4,6 1,5 4,6 3,6 1,5 4,6 1,5 13,7 2,5

154/926B/39X/4/75-77 390,57 1/1024 1,59 0,00155 137821,38 19,281 1,9 0,5 4,7 1,4 5,2 3,8 1,4 2,3 0,5 12,2 11,3

154/926B/39X/4/135-137 391,17 1/256 0,64 0,00250 156000,00 19,299 0,3 1,9 2,7 3,5 2,7 2,2 0,5 1,6 0,5 0,5 0,5 13,2 12,9

154/926B/39X/5/20-22 391,52 1/1024 2,43 0,00237 106613,99 19,309 1,2 1,2 6,9 0,8 4,4 3,2 4,8 0,4 1,2 0,4 9,3 3,6

154/926B/39X/5/115-117 392,47 1/512 1,08 0,00211 97659,26 19,344 2,5 3,0 8,4 4,9 2,5 1,5 6,9 6,9

154/926B/39X/5/145-147 392,77 1/256 0,64 0,00250 147600,00 19,360 0,9 1,2 3,6 2,7 4,0 0,3 1,5 7,9 8,2

6 154/926B/39X/6/30-32 393,12 1/1024 2,01 0,00196 102909,45 19,371 0,5 0,9 6,6 13,2 2,4 3,3 0,9 0,9 3,8 4,2

154/926C/39X/5/80-82 393,52 1/256 0,70 0,00273 119222,86 19,383 1,1 1,1 4,9 0,3 2,6 2,0 1,4 2,9 0,3 10,1 6,6

154/926C/39X/5/120-122 393,92 1/1024 1,72 0,00168 203013,95 19,397 0,6 2,1 3,0 4,5 3,0 0,6 4,5 1,5 0,3 3,0 5,7

154/926C/39X/6/50-52 394,72 1/128 0,88 0,00688 53090,91 19,423 0,8 2,5 12,8 4,5 4,5 0,8 0,3 3,6 0,6 5,6 3,9

154/926C/39X/6/110-112 395,32 1/512 1,29 0,00252 122244,96 19,443 0,3 2,0 13,2 0,3 8,9 4,6 0,3 0,3 2,3 1,0 0,3 0,3 6,3 3,0

C 39X

5

6

39X

1

2

3

4

5

C 37X

B

38X
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154/926B/40X/1/45-47 395,37 1/256 0,75 0,00293 96256,00 19,447 0,7 0,7 8,1 0,4 4,8 0,4 4,8 1,5 0,4 1,5 1,5 9,2 6,6

154/926B/40X/1/105-107 395,97 1/512 1,05 0,00205 113127,62 19,465 0,9 8,3 0,4 3,5 7,4 0,9 0,4 1,7 1,3 2,2 0,9

154/926B/40X/2/75-77 397,17 1/512 1,25 0,00244 126566,40 19,501 2,3 9,6 5,9 5,6 3,3 0,3 2,6 1,3 1,3 0,3 8,9 2,0

154/926B/40X/2/135-137 397,77 1/1024 1,85 0,00181 143913,51 19,517 2,0 5,3 2,9 5,7 1,6 1,2 0,8 3,3 0,4 0,4 0,4 7,3 1,2

154/926B/40X/3/45-47 398,37 1/256 1,11 0,00434 61117,12 19,536 0,9 4,8 0,4 5,7 7,0 0,4 0,4 0,4 0,9 0,4 7,0 1,7

154/926B/40X/3/120-122 399,12 1/512 1,25 0,00244 100761,60 19,562 8,2 7,3 6,1 0,4 0,8 0,8 0,8 4,9 3,3

154/926B/40X/4/85-87 400,27 1/512 1,04 0,00203 120615,38 19,603 0,9 3,9 5,7 2,2 0,4 2,2 0,9 1,3 1,3 0,4 9,2 3,5

154/926B/40X/4/145-147 400,87 1/1024 1,58 0,00154 137397,47 19,626 0,5 1,5 1,0 5,9 5,4 2,0 2,0 1,5 1,5 0,5 6,9 10,9

154/926B/40X/5/11-13 401,03 1/256 0,83 0,00324 98698,80 19,633 7,4 7,0 4,1 0,7 0,7 0,7 0,4 12,5 6,3

154/926B/40X/5/52,5-54,5 401,45 1/256 1,49 0,00582 64257,72 19,655 1,3 8,6 1,3 5,1 4,5 1,6 2,7 0,3 0,3 6,7 1,6

154/926B/40X/5/100-102 401,92 1/256 0,86 0,00336 69358,14 19,670 3,1 10,3 2,2 2,2 4,9 4,0 3,1 0,9 0,9 0,4 13,8 7,1

154/926B/40X/6/13-15 402,55 1/1024 1,80 0,00176 216746,67 19,692 1,1 3,0 3,2 5,9 2,2 4,9 1,6 2,4 0,3 1,3 0,3 0,3 8,9 6,7

154/926B/40X/6/69-71 403,11 1/1024 2,08 0,00203 138830,77 19,717 0,7 3,6 7,5 2,1 6,4 0,4 1,4 1,8 1,8 3,6 10,7

C 40X 6 154/926C/40X/6/15-17 404,06 1/512 0,91 0,00178 138971,43 19,767 1,2 3,1 10,9 2,0 7,4 3,1 3,1 3,1 3,1 5,9 5,9

154/926B/41X/1/35-37 404,57 1/128 0,23 0,00180 173634,78 19,815 3,3 2,7 6,0 0,3 3,3 2,7 2,7 2,7 0,3 24,3 15,0

154/926B/41X/1/90-92 405,12 1/256 0,41 0,00160 235395,12 19,835 0,9 2,1 19,3 1,5 1,2 8,3 0,6 0,3 3,6 2,4 2,4 0,6 9,8 10,4

154/926B/41X/2/48-50 405,70 1/256 0,23 0,00090 287165,22 19,869 0,4 1,2 3,5 1,2 0,8 4,3 0,8 0,8 0,8 24,4 7,5

154/926B/41X/2/108-110 406,30 1/64 0,12 0,00188 201600,00 19,891 1,6 1,6 3,7 0,5 0,8 2,9 0,3 0,8 0,8 1,1 1,1 6,9 3,2

3 154/926B/41X/3/45-47 407,17 1/512 2,14 0,00418 79910,28 19,913 7,1 2,8 7,7 1,5 0,3 0,6 3,7 3,7 0,9 11,3 4,6

154/926B/41X/4/15-17 408,37 1/128 0,23 0,00180 121321,74 19,949 1,4 2,3 7,5 0,9 0,9 8,4 2,8 3,3 0,9 0,9 1,4 15,4 7,9

154/926B/41X/4/125-127 409,17 1/256 1,02 0,00398 81317,65 19,997 0,6 0,6 9,7 1,3 1,3 3,1 3,8 3,8 0,3 3,1 3,1 0,6 11,0 2,5

5 154/926B/41X/5/15-17 409,87 1/1024 0,94 0,00092 267982,98 20,011 0,5 2,9 18,3 1,0 5,3 1,4 1,4 1,0 1,4 1,4 0,5 8,2 9,6

3 154/926C/41X/3/140-142 410,28 1/128 0,24 0,00188 155733,33 20,081 0,7 9,7 1,0 3,1 13,8 3,1 0,3 1,0 0,7 0,7 5,9 4,5

154/926C/41X/4/70-72 411,08 1/128 0,24 0,00188 121066,67 20,118 3,2 4,1 4,6 7,3 2,8 5,5 0,5 14,7 2,3

154/926C/41X/4/145-147 411,83 1/2048 1,42 0,00069 429791,55 20,152 0,7 7,3 0,7 15,3 1,7 4,2 0,3 0,3 0,3 7,0 3,5

154/926C/41X/5/50-52 412,38 1/1024 1,03 0,00101 338019,42 20,178 2,8 6,5 2,8 1,5 10,8 2,2 2,2 0,6 2,2 2,2 0,9 7,7 3,4

154/926C/41X/5/110-112 412,98 1/256 0,55 0,00215 179665,45 20,205 0,5 5,8 0,5 1,6 10,3 2,6 4,2 0,3 0,3 4,5 5,0

1 154/926B/42X/1/101-103 414,93 1/512 0,50 0,00098 260096,00 20,232 4,9 2,8 1,8 6,4 11,7 3,2 0,7 0,4 0,4 0,7 15,9 8,8

154/926B/42X/2/10-12 415,52 1/512 1,08 0,00211 189629,63 20,247 1,1 5,6 1,9 5,0 10,8 1,6 0,3 0,8 0,8 1,3 16,1 8,2

154/926B/42X/2/88-90 416,30 1/512 0,88 0,00172 143127,27 20,269 1,7 10,1 5,0 0,8 8,8 2,1 2,9 10,9 6,3

154/926B/42X/2/145-147 416,87 1/1024 1,41 0,00138 236028,37 20,288 0,3 6,0 4,1 1,6 5,0 1,9 1,6 1,9 12,6 8,2

154/926B/42X/3/73-75 417,65 1/2048 1,72 0,00084 320297,67 20,314 1,3 2,2 1,8 2,7 7,1 0,4 4,0 0,4 0,9 13,4 9,4

154/926B/42X/3/135-137 418,27 1/1024 1,86 0,00182 114511,83 20,333 3,0 3,5 10,0 1,0 1,5 0,5 9,0 7,5

4 154/926B/42X/4/86-88 419,28 1/256 0,30 0,00117 174933,33 20,359 3,9 8,3 0,5 0,5 12,3 1,0 2,0 0,5 0,5 0,5 9,8 8,3

B 42X

C 41X
4

5

2

3

5

6

B 41X

1

2

4

B 40X

1

2

3

4
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5 154/926B/42X/5/80-82 420,72 1/1024 2,24 0,00219 174628,57 20,398 2,2 3,6 0,8 2,7 1,6 1,6 0,5 0,3 0,3 11,8 9,1

154/926B/42X/6/10-12 421,52 1/1024 1,20 0,00117 175786,67 20,427 8,0 2,5 1,0 7,0 1,0 2,0 2,0 0,5 4,5 10,0

154/926B/42X/6/65-67 422,07 1/1024 1,45 0,00142 242228,97 20,451 0,6 5,9 0,6 0,6 0,3 7,1 0,9 1,5 1,5 4,9 7,4

154/926B/42X/6/145-147 422,87 1/512 0,71 0,00139 172349,30 20,475 3,0 4,7 3,0 6,0 0,4 0,4 2,1 1,3 17,0 5,1

7 154/926B/42X/7/20-22 423,12 1/512 1,38 0,00270 141727,54 20,482 0,8 6,1 0,8 4,0 0,3 1,3 0,3 1,6 10,9 8,0

C 42X 5 154/926C/42X/5/45-47 423,67 1/256 0,48 0,00188 152533,33 20,469 1,5 4,4 5,2 0,7 3,3 0,7 14,0 8,1

154/926B/43X/1/90-92 424,42 1/256 0,69 0,00270 140614,49 20,525 0,6 3,8 6,5 1,2 1,5 0,3 1,8 0,6 0,3 3,8 0,3 2,7 2,7 0,6 6,5 4,7

154/926B/43X/2/35-37 425,37 1/128 0,48 0,00375 106133,33 20,552 0,5 4,6 3,5 1,3 0,3 2,5 1,3 5,1 4,1

154/926B/43X/2/90-92 425,92 1/512 1,22 0,00238 153180,33 20,571 0,7 1,7 2,0 0,3 0,7 3,3 0,3 1,0 16,8 3,3

154/926B/43X/3/10-12 426,62 1/512 0,80 0,00156 132480,00 20,599 0,5 1,5 0,5 1,0 1,5 0,5 0,5 0,5 4,9 7,8

154/926B/43X/3/72-74 427,24 1/256 0,68 0,00266 121600,00 20,620 1,4 1,0 1,0 0,7 0,3 3,1 1,0 1,0 7,5 2,4

154/926B/43X/4/30-32 428,32 1/1024 1,54 0,00150 141631,17 20,650 0,9 1,9 0,9 0,5 0,5 0,9 0,5 0,9 0,5 0,5 7,1 4,2

154/926B/43X/4/130-132 429,32 1/512 1,07 0,00209 127760,75 20,685 0,8 11,7 1,1 1,5 0,4 1,5 0,4 1,1 1,1 1,9 7,2 3,4

154/926B/43X/5/65-67 430,17 1/512 0,29 0,00057 368993,10 20,714 4,3 0,5 1,0 0,5 0,5 0,5 0,5 8,2 2,4

154/926B/43X/5/145-147 430,97 1/128 0,20 0,00156 138880,00 20,737 1,9 2,9 0,5 1,0 1,0 3,8 13,3 1,9

6 154/926B/43X/6/75-77 431,77 1/256 0,49 0,00191 119640,82 20,762 2,3 10,6 0,9 1,4 0,5 2,8 2,8 7,9 0,9

CC 154/926B/43X/CC/25-27 432,27 1/512 0,57 0,00111 195817,54 20,778 8,4 1,0 0,5 7,9 6,4

1 154/926B/44X/1/115-117 434,37 1/512 1,03 0,00201 166027,18 20,850 0,3 2,0 4,0 4,6 0,6 2,0 1,1 1,7 2,3 1,4 1,4 0,6 6,6 1,4

2 154/926B/44X/2/85-87 435,57 1/256 0,47 0,00184 151965,96 20,896 3,2 2,9 3,2 3,2 0,4 1,1 1,1 1,4 9,7 2,9

154/926B/44X/3/36,5-38,5 436,59  1/4096 1,25 0,00031 697958,40 20,931 0,9 4,2 1,9 2,8 0,9 0,5 0,5 0,5 2,8 20,8 2,8

154/926B/44X/3/135-137 437,57 1/256 0,35 0,00137 154331,43 20,963 3,8 2,4 3,3 1,4 2,8 0,5 1,4 10,0 1,4

4 154/926B/44X/4/125-127 438,97 1/256 0,31 0,00121 199845,16 21,003 0,8 0,8 2,4 2,4 0,8 2,0 0,8 0,4 2,0 1,6 11,0 1,2

5 154/926B/44X/5/96-98 440,18 1/1024 1,44 0,00141 164977,78 21,039 0,9 2,6 2,6 1,7 3,0 3,5 1,3 1,3 6,5 0,4

6 154/926B/44X/6/110-112 441,82 1/512 0,63 0,00123 194234,92 21,092 0,4 8,8 5,9 1,7 1,7 2,5 2,5 3,4 0,4

1 154/926B/45X/1/85-87 443,77 1/256 0,83 0,00324 98390,36 21,165 0,3 1,3 2,8 0,9 1,3 0,6 0,3 1,3 2,8 2,8 4,1

2 154/926B/45X/2/55-57 444,97 1/1024 1,27 0,00124 174160,63 21,200 1,4 6,9 1,4 0,5 0,5 0,9 6,4 6,4

154/926B/45X/3/45-47 446,37 1/512 1,01 0,00197 101893,07 21,250 2,0 6,9 2,5 0,5 1,5 0,5 1,0 0,5 0,5 3,9

154/926B/45X/3/125-127 447,17 1/1024 1,64 0,00160 141112,20 21,279 0,4 6,3 3,1 0,4 5,4 1,8 1,8 0,9 7,1 1,3

4 154/926B/45X/4/100-102 448,42 1/512 1,13 0,00221 138194,69 21,321 0,3 1,9 0,3 0,3 1,6 1,9 2,6 10,3 0,6

154/926B/45X/5/10-12 449,02 1/512 1,08 0,00211 115674,07 21,341 1,2 2,5 2,5 0,8 1,2 2,5 4,1 4,5

154/926B/45X/5/90-92 449,82 1/512 0,56 0,00109 234057,14 21,367 0,8 0,4 7,5 0,4 0,8 1,6 1,6 1,2 2,7 4,3 2,4

6 154/926B/45X/6/60-62 451,02 1/256 0,59 0,00230 155335,59 21,406 0,3 5,6 4,2 6,4 1,4 0,3 0,6 1,1 0,8 0,8 0,3 1,7

5

B 42X

B

43X

2

3

4

5

44X
3

45X

3

6
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154/926C/34X/3/20-22 340,71 1/256 0,36 0,00141 179200,00 17,603 0,4 2,7 2,3 0,4

154/926C/34X/3/60-62 341,11 1/1024 2,40 0,00234 150186,67 17,614 0,3 0,3 7,9 2,1 0,6 4,1 1,2 0,6

154/926C/34X/3/115-117 341,66 1/1024 2,18 0,00213 158297,25 17,630 3,0 0,3 1,5 6,4 3,6 0,3 0,9 2,7 0,6 0,3

154/926C/34X/4/45-47 342,46 1/1024 2,39 0,00233 130677,82 17,652 2,0 0,3 7,2 2,0 0,3 1,3 0,7 1,0

154/926C/34X/4/105-107 343,06 1/1024 1,95 0,00190 137583,59 17,668 0,8 1,9 9,8 1,9 0,4 1,9 3,0 0,4 0,8

5 154/926C/34X/5/115-117 344,66 1/512 1,29 0,00252 114306,98 17,713 0,7 1,4 4,6 0,4 0,4 0,4 1,8 1,8

6 154/926C/34X/6/25-27 345,26 1/1024 2,58 0,00252 138517,83 17,729 0,9 0,3 5,0 1,5 2,6 2,0 0,6 0,9

154/926B/35X/1/15-17 346,87 1/2048 4,00 0,00195 129536,00 17,770 0,4 7,0 0,4 3,3 0,4 0,8

154/926B/35X/1/95-97 347,67 1/1024 3,26 0,00318 115278,53 17,791 1,6 0,5 1,9 7,4 0,8 4,6 1,4 0,8

2 154/926B/35X/2/40-42 348,62 1/1024 1,72 0,00168 173841,86 17,819 0,7 0,7 1,7 1,7 0,3 2,1 8,2 0,3 2,4

154/926B/35X/3/30-32 350,02 1/1024 2,12 0,00207 156015,09 17,859 0,6 0,6 0,3 7,8 1,6 0,3 1,2 5,6 0,6 6,2 0,3 0,3

154/926B/35X/3/125-127 350,97 1/512 2,50 0,00488 73318,40 17,891 1,8 1,2 1,5 14,4 0,6 0,3 0,9 4,6 4,3

154/926B/35X/4/30-32 351,52 1/2048 2,37 0,00116 385404,22 17,917 1,8 1,4 0,9 9,1 0,5 0,5 3,4 2,5

154/926B/35X/4/85-87 352,07 1/1024 2,73 0,00267 151912,09 17,939 2,3 1,3 8,3 3,0 0,3 0,5 0,3 3,5 1,3

5 154/926B/35X/5/70-72 353,42 1/1024 2,50 0,00244 146227,20 17,986 0,3 2,3 9,5 1,7 1,1 0,6 2,3 1,7 1,1

154/926B/35X/6/30-32 354,52 1/1024 2,51 0,00245 166043,03 18,028 0,2 0,2 0,2 3,7 0,2 0,7 0,5 4,0 0,7 0,5

154/926B/35X/6/90-92 355,12 1/1024 1,46 0,00143 158509,59 18,053 4,3 2,2 2,2 5,2 0,4

7 154/926B/35X/7/15-17 355,87 1/1024 1,93 0,00188 163415,54 18,084 0,3 0,3 1,0 3,9 2,6 0,3 1,9 0,6 1,3 0,3

154/926B/36X/1/15-17 356,47 1/512 1,11 0,00217 155445,05 18,115 0,9 2,4 0,9 0,6 0,9 4,9 0,3 1,5 0,3 0,3

154/926B/36X/1/80-82 357,12 1/1024 2,92 0,00285 142728,77 18,149 0,2 0,5 1,2 7,2 0,7 0,5 1,2 2,5 0,2 1,5 0,5 0,2 0,5

154/926B/36X/2/25-27 358,07 1/1024 1,64 0,00160 156097,56 18,181 0,9 2,2 8,7 3,0 0,4 2,6 0,4

154/926B/36X/2/138-140 359,20 1/2048 1,69 0,00083 340525,44 18,213 0,4 3,9 0,7 1,4 0,7 4,2 1,1 1,8 0,4

154/926B/36X/3/45-47 359,77 1/1024 2,50 0,00244 103628,80 18,231 1,5 3,8 0,8 7,3 3,1

154/926B/36X/3/105-107 360,37 1/1024 2,94 0,00287 127477,55 18,259 0,3 0,8 2,0 0,3 0,3 7,3 1,1 0,3

154/926B/36X/4/50-52 361,32 1/1024 1,57 0,00153 171536,31 18,305 0,4 0,4 2,4 7,5 0,4 1,6 1,2 1,2 0,4 0,4

154/926B/36X/4/110-112 361,92 1/1024 1,53 0,00149 163973,86 18,323 1,7 0,8 3,8 0,4 0,4 8,4 1,7 1,3 0,4 0,8 0,8

1 154/926B/37X/1/30-32 366,32 1/512 1,52 0,00297 101389,47 18,422 0,3 1,0 0,7 1,7 0,3 4,8 0,7 0,3 0,3

154/926B/37X/2/37-39 367,89 1/512 1,48 0,00289 78529,73 18,480 0,4 0,9 1,8 1,8 4,5 0,4 4,0 0,9 0,9 0,9

154/926B/37X/2/115-117 368,67 1/256 0,46 0,00180 182539,13 18,510 1,2 0,9 0,3 0,6 3,1 0,3 0,3 0,3

154/926B/37X/3/40-42 369,42 1/256 0,47 0,00184 185191,49 18,536 0,9 6,1 0,9

154/926B/37X/3/120-122 370,22 1/512 0,90 0,00176 151324,44 18,560 0,8 1,1 0,4 9,8 0,8 0,8 0,4

154/926B/37X/4/25-27 370,77 1/512 0,24 0,00047 633600,00 18,583 0,3 1,0 3,0 1,0 0,3

154/926B/37X/4/80-82 371,32 1/512 1,05 0,00205 177493,33 18,604 0,5 2,2 0,5 0,3 3,8 0,8 1,1

154/926B/37X/5/10-12 372,12 1/512 0,92 0,00180 172521,74 18,629 0,3 0,3 0,3 4,2 0,3 0,3 3,6 0,3 2,0 0,3

154/926B/37X/5/105-107 373,07 1/512 2,03 0,00396 84997,04 18,665 0,6 1,2 1,2 0,6 0,9 1,2 10,9 0,3 0,3 0,3

B 37X

2

3

4

5

4

6

B 36X
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C 34X
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5 154/926C/37X/5/60-62 373,59 1/1024 1,61 0,00157 155190,06 18,667 0,4 1,7 2,9 1,7 0,4 0,4 7,9 0,4 1,2

6 154/926C/37X/6/10-12 374,59 1/1024 1,71 0,00167 158690,06 18,700 1,1 0,4 0,4 6,1 1,1 1,1 4,2 1,1 0,4 0,4 0,4

7 154/926C/37X/7/10-12 375,59 1/1024 1,19 0,00116 178984,87 18,734 2,0 2,5 3,9 1,0

154/926B/38X/1/55-57 376,17 1/1024 2,45 0,00239 153808,98 18,763 0,3 0,3 1,6 0,5 2,5 0,5 1,9 3,6 1,1 1,1

154/926B/38X/1/136-138 376,98 1/1024 2,45 0,00239 175960,82 18,790 0,2 0,2 0,2 0,7 0,2 4,3 0,2

154/926B/38X/2/25-27 377,37 1/1024 1,88 0,00184 199897,87 18,805 0,3 0,6 2,0 0,8 0,6 5,1 0,8 0,3

154/926B/38X/2/105-107 378,17 1/1024 2,26 0,00221 149522,12 18,832 0,3 0,6 0,6 4,5 0,3 0,3 9,4 0,3 0,6 0,3

154/926B/38X/3/35-37 378,97 1/256 0,44 0,00172 146036,36 18,858 0,4 15,1 1,3

154/926B/38X/3/75-77 379,37 1/1024 2,31 0,00226 157367,97 18,872 0,3 1,8 1,5 8,8

154/926B/38X/4/5-7 380,17 1/512 1,08 0,00211 229451,85 18,905 0,2 0,2 6,6 0,6 0,2

154/926B/38X/4/45-47 380,57 1/1024 2,01 0,00196 191554,23 18,920 0,3 0,8 0,8 1,6 11,7 0,3

154/926B/38X/4/125-127 381,37 1/2048 1,62 0,00079 348918,52 18,949 1,1 0,4 2,6 1,8 1,8 0,7 0,7

154/926B/38X/5/55-57 382,17 1/512 1,18 0,00230 126698,31 18,979 0,3 0,3 1,4 9,4 0,3 0,3 0,3

154/926B/38X/5/95-97 382,57 1/1024 2,40 0,00234 130560,00 18,995 1,1 0,7 0,4 6,1 1,1 0,4

154/926B/38X/6/5-7 383,17 1/1024 2,79 0,00272 110107,53 19,020 0,3 4,1 0,3 1,7 0,3 4,1 0,3

154/926B/38X/6/45-47 383,57 1/2048 2,86 0,00140 221269,93 19,036 1,0 1,4 1,7 0,3 6,8 0,7 1,4

154/926B/38X/6/110-112 384,22 1/1024 1,78 0,00174 128287,64 19,065 0,5 0,9 0,5 1,8 0,5 2,7 9,6 0,5 0,9

7 154/926B/38X/7/40-42 385,02 1/256 0,69 0,00270 119095,65 19,103 1,3 0,6 0,3 1,3 0,3 0,6 11,0

154/926B/39X/1/10-12 385,42 1/1024 2,07 0,00202 128123,67 19,120 1,2 2,7 3,1 6,6

154/926B/39X/1/71-73 386,03 1/512 1,07 0,00209 117233,64 19,143 0,4 0,8 0,4 0,4 8,2 0,4 0,8 0,4

154/926B/39X/1/110-112 386,42 1/1024 1,92 0,00188 148800,00 19,153 0,4 1,5 3,0 0,7 7,0 0,4 1,1 0,4

154/926B/39X/2/50-52 387,32 1/512 1,13 0,00221 157677,88 19,173 0,3 0,3 0,3 0,9 6,1 0,6

154/926B/39X/2/90-92 387,72 1/512 1,88 0,00367 76255,32 19,184 0,7 2,5 2,9 0,7 2,2

154/926B/39X/3/55-57 388,87 1/1024 1,90 0,00186 125035,79 19,218 2,7 0,4 6,7 4,9 0,4

154/926B/39X/3/95-97 389,27 1/512 0,71 0,00139 145667,61 19,237 0,5 0,5 9,0

154/926B/39X/4/50-52 390,32 1/1024 2,75 0,00269 75589,82 19,273 0,5 0,5 0,5 6,1 3,0

154/926B/39X/4/75-77 390,57 1/1024 1,59 0,00155 137821,38 19,281 0,5 9,4 0,5

154/926B/39X/4/135-137 391,17 1/256 0,64 0,00250 156000,00 19,299 7,8 0,5

154/926B/39X/5/20-22 391,52 1/1024 2,43 0,00237 106613,99 19,309 0,4 0,8 0,4 12,5 0,8

154/926B/39X/5/115-117 392,47 1/512 1,08 0,00211 97659,26 19,344 1,0 0,5 1,0 9,9 0,5 0,5

154/926B/39X/5/145-147 392,77 1/256 0,64 0,00250 147600,00 19,360 0,3 8,5

6 154/926B/39X/6/30-32 393,12 1/1024 2,01 0,00196 102909,45 19,371 0,5 3,3 8,5 0,5

154/926C/39X/5/80-82 393,52 1/256 0,70 0,00273 119222,86 19,383 0,3 0,3 1,1 9,5

154/926C/39X/5/120-122 393,92 1/1024 1,72 0,00168 203013,95 19,397 1,5 0,3 9,9 0,3 0,6

154/926C/39X/6/50-52 394,72 1/128 0,88 0,00688 53090,91 19,423 2,2 0,8 13,1 0,3

154/926C/39X/6/110-112 395,32 1/512 1,29 0,00252 122244,96 19,443 0,3 2,0 0,3 11,5 0,7

C 39X

5

6

39X
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154/926B/40X/1/45-47 395,37 1/256 0,75 0,00293 96256,00 19,447 4,0 0,4 6,6 0,7

154/926B/40X/1/105-107 395,97 1/512 1,05 0,00205 113127,62 19,465 1,3 7,4 1,7

154/926B/40X/2/75-77 397,17 1/512 1,25 0,00244 126566,40 19,501 0,7 9,6 0,3 0,7

154/926B/40X/2/135-137 397,77 1/1024 1,85 0,00181 143913,51 19,517 0,4 1,6 3,3 0,8 8,2 0,8 1,2 0,4 0,4

154/926B/40X/3/45-47 398,37 1/256 1,11 0,00434 61117,12 19,536 0,9 14,8 0,4

154/926B/40X/3/120-122 399,12 1/512 1,25 0,00244 100761,60 19,562 2,0 2,0 12,2 0,8

154/926B/40X/4/85-87 400,27 1/512 1,04 0,00203 120615,38 19,603 0,4 0,4 1,7 13,5 0,4 0,4

154/926B/40X/4/145-147 400,87 1/1024 1,58 0,00154 137397,47 19,626 1,5 17,8 1,0

154/926B/40X/5/11-13 401,03 1/256 0,83 0,00324 98698,80 19,633 1,1 14,4

154/926B/40X/5/52,5-54,5 401,45 1/256 1,49 0,00582 64257,72 19,655 0,3 2,1 0,3 15,0 0,3

154/926B/40X/5/100-102 401,92 1/256 0,86 0,00336 69358,14 19,670 0,4 1,3 8,9

154/926B/40X/6/13-15 402,55 1/1024 1,80 0,00176 216746,67 19,692 0,5 0,5 0,8 3,5 8,1

154/926B/40X/6/69-71 403,11 1/1024 2,08 0,00203 138830,77 19,717 1,1 3,6 2,1 0,7 0,4 8,2 1,1 0,7

C 40X 6 154/926C/40X/6/15-17 404,06 1/512 0,91 0,00178 138971,43 19,767 0,4 0,8 0,4 2,7 19,1 0,8

154/926B/41X/1/35-37 404,57 1/128 0,23 0,00180 173634,78 19,815 1,0 6,6 1,0

154/926B/41X/1/90-92 405,12 1/256 0,41 0,00160 235395,12 19,835 2,4 0,6 1,5 0,9

154/926B/41X/2/48-50 405,70 1/256 0,23 0,00090 287165,22 19,869 0,8 0,4 13,0 1,2 0,4

154/926B/41X/2/108-110 406,30 1/64 0,12 0,00188 201600,00 19,891 0,3 2,9 15,1 1,1 0,3

3 154/926B/41X/3/45-47 407,17 1/512 2,14 0,00418 79910,28 19,913 0,3 0,6 2,8 0,6 11,7 0,3 1,2

154/926B/41X/4/15-17 408,37 1/128 0,23 0,00180 121321,74 19,949 0,9 0,9 7,5 0,9

154/926B/41X/4/125-127 409,17 1/256 1,02 0,00398 81317,65 19,997 0,3 0,3 0,3 2,5 0,9 16,6

5 154/926B/41X/5/15-17 409,87 1/1024 0,94 0,00092 267982,98 20,011 2,9 4,8 2,9 0,5 11,1 1,0

3 154/926C/41X/3/140-142 410,28 1/128 0,24 0,00188 155733,33 20,081 0,3 0,7 0,3 0,7 1,7 12,8 1,0 0,3

154/926C/41X/4/70-72 411,08 1/128 0,24 0,00188 121066,67 20,118 0,9 0,9 8,7 0,9

154/926C/41X/4/145-147 411,83 1/2048 1,42 0,00069 429791,55 20,152 1,0 2,1 2,1 1,0 11,5 3,5

154/926C/41X/5/50-52 412,38 1/1024 1,03 0,00101 338019,42 20,178 1,2 3,1 3,4 0,9 7,4 1,5 0,3

154/926C/41X/5/110-112 412,98 1/256 0,55 0,00215 179665,45 20,205 0,8 2,4 1,6 1,3 6,3 1,1

1 154/926B/42X/1/101-103 414,93 1/512 0,50 0,00098 260096,00 20,232 1,1 0,4 4,9 3,9 0,4 10,2 1,4

154/926B/42X/2/10-12 415,52 1/512 1,08 0,00211 189629,63 20,247 0,3 0,8 6,6 2,1 7,9 1,3

154/926B/42X/2/88-90 416,30 1/512 0,88 0,00172 143127,27 20,269 0,8 1,3 2,9 11,3 0,8

154/926B/42X/2/145-147 416,87 1/1024 1,41 0,00138 236028,37 20,288 1,6 5,7 3,5 1,3 7,5 0,9 0,6

154/926B/42X/3/73-75 417,65 1/2048 1,72 0,00084 320297,67 20,314 0,9 4,5 1,3 10,3 1,8

154/926B/42X/3/135-137 418,27 1/1024 1,86 0,00182 114511,83 20,333 0,5 0,5 1,0 5,0 1,0 6,0 2,0

4 154/926B/42X/4/86-88 419,28 1/256 0,30 0,00117 174933,33 20,359 0,5 0,5 1,5 2,9 1,0 5,4 2,5

B 42X

C 41X
4

5

2

3

5

6

B 41X

1

2

4

B 40X

1
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4
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5 154/926B/42X/5/80-82 420,72 1/1024 2,24 0,00219 174628,57 20,398 0,3 0,3 17,3 1,6 0,5 4,1 1,4 0,3

154/926B/42X/6/10-12 421,52 1/1024 1,20 0,00117 175786,67 20,427 1,0 2,0 2,0 7,0 1,5 1,5 8,5 0,5

154/926B/42X/6/65-67 422,07 1/1024 1,45 0,00142 242228,97 20,451 0,6 0,6 0,9 21,3 2,5 1,2 9,0

154/926B/42X/6/145-147 422,87 1/512 0,71 0,00139 172349,30 20,475 10,6 0,4 5,5 0,4

7 154/926B/42X/7/20-22 423,12 1/512 1,38 0,00270 141727,54 20,482 0,3 0,3 0,3 4,2 1,3 0,3 5,0 1,3 0,3

C 42X 5 154/926C/42X/5/45-47 423,67 1/256 0,48 0,00188 152533,33 20,469 1,1 1,8 1,1 4,1 2,2

154/926B/43X/1/90-92 424,42 1/256 0,69 0,00270 140614,49 20,525 2,9 0,6 3,8 0,3 0,3

154/926B/43X/2/35-37 425,37 1/128 0,48 0,00375 106133,33 20,552 1,0 0,3 3,5 3,0 0,3

154/926B/43X/2/90-92 425,92 1/512 1,22 0,00238 153180,33 20,571 3,3 2,0 2,0 1,7 3,0 0,3

154/926B/43X/3/10-12 426,62 1/512 0,80 0,00156 132480,00 20,599 1,0 0,5 1,5 4,4 4,4

154/926B/43X/3/72-74 427,24 1/256 0,68 0,00266 121600,00 20,620 0,3 5,1 1,0 2,7 2,1 1,7 6,2

154/926B/43X/4/30-32 428,32 1/1024 1,54 0,00150 141631,17 20,650 0,5 0,9 2,4 6,1 1,9

154/926B/43X/4/130-132 429,32 1/512 1,07 0,00209 127760,75 20,685 0,8 3,8 0,8 10,9 4,5

154/926B/43X/5/65-67 430,17 1/512 0,29 0,00057 368993,10 20,714 0,5 1,0 2,9 1,9 1,0 10,1 1,4

154/926B/43X/5/145-147 430,97 1/128 0,20 0,00156 138880,00 20,737 1,0 1,9 6,7 1,0

6 154/926B/43X/6/75-77 431,77 1/256 0,49 0,00191 119640,82 20,762 0,5 1,4 9,3 4,2

CC 154/926B/43X/CC/25-27 432,27 1/512 0,57 0,00111 195817,54 20,778 0,5 7,4 8,9 12,4 4,0

1 154/926B/44X/1/115-117 434,37 1/512 1,03 0,00201 166027,18 20,850 0,9 0,3 6,0 0,3 12,3 0,9 0,3

2 154/926B/44X/2/85-87 435,57 1/256 0,47 0,00184 151965,96 20,896 5,0 0,4 11,9 0,4

154/926B/44X/3/36,5-38,5 436,59  1/4096 1,25 0,00031 697958,40 20,931 0,9 5,1 0,5 7,4 1,4 0,5

154/926B/44X/3/135-137 437,57 1/256 0,35 0,00137 154331,43 20,963 0,9 5,2 2,4 14,7 0,9 0,9 0,5

4 154/926B/44X/4/125-127 438,97 1/256 0,31 0,00121 199845,16 21,003 0,4 4,5 0,4 11,0 1,6

5 154/926B/44X/5/96-98 440,18 1/1024 1,44 0,00141 164977,78 21,039 0,9 0,4 1,7 9,6 9,1 0,4 0,4

6 154/926B/44X/6/110-112 441,82 1/512 0,63 0,00123 194234,92 21,092 0,8 1,3 12,2 14,3

1 154/926B/45X/1/85-87 443,77 1/256 0,83 0,00324 98390,36 21,165 0,3 0,6 0,6 0,9 0,6 1,3 0,3 0,3

2 154/926B/45X/2/55-57 444,97 1/1024 1,27 0,00124 174160,63 21,200 1,4 0,9 2,8 0,5

154/926B/45X/3/45-47 446,37 1/512 1,01 0,00197 101893,07 21,250 2,0 0,5 3,0 2,0 2,5 6,4 0,5 3,0

154/926B/45X/3/125-127 447,17 1/1024 1,64 0,00160 141112,20 21,279 0,9 4,5 0,4 7,1 0,4

4 154/926B/45X/4/100-102 448,42 1/512 1,13 0,00221 138194,69 21,321 0,3 0,6 1,0 1,9 2,6 1,9 0,3 0,3 1,9

154/926B/45X/5/10-12 449,02 1/512 1,08 0,00211 115674,07 21,341 0,8 5,0 2,1 2,5

154/926B/45X/5/90-92 449,82 1/512 0,56 0,00109 234057,14 21,367 0,4 0,4 2,7 0,8 1,6 1,2

6 154/926B/45X/6/60-62 451,02 1/256 0,59 0,00230 155335,59 21,406 0,6 1,4 4,7 2,2 1,1 6,4 1,9

5

B 42X

B

43X

2

3

4

5

44X
3

45X

3

6
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154/926C/34X/3/20-22 340,71 1/256 0,36 0,00141 179200,00 17,603 0,4 0,4 4,6 0,8 1,5 2,3 2,3 0,4 7,6 9,5 17,1 0,4 0,4

154/926C/34X/3/60-62 341,11 1/1024 2,40 0,00234 150186,67 17,614 0,9 1,8 3,8 1,5 0,6 1,2 3,5 1,8 5,3 2,1 0,6

154/926C/34X/3/115-117 341,66 1/1024 2,18 0,00213 158297,25 17,630 1,2 2,4 4,6 0,9 0,6 1,5 0,3 0,6 4,9 6,1 10,9 2,1 0,3 0,3

154/926C/34X/4/45-47 342,46 1/1024 2,39 0,00233 130677,82 17,652 0,3 1,3 6,8 0,3 1,6 3,6 4,6 8,1 1,0

154/926C/34X/4/105-107 343,06 1/1024 1,95 0,00190 137583,59 17,668 0,4 0,4 0,8 8,3 0,4 6,8 6,4 13,2 1,1

5 154/926C/34X/5/115-117 344,66 1/512 1,29 0,00252 114306,98 17,713 1,4 14,8 0,4 8,1 10,9 19,0 1,4 0,4

6 154/926C/34X/6/25-27 345,26 1/1024 2,58 0,00252 138517,83 17,729 2,3 12,5 0,3 1,2 5,5 4,1 9,6 2,3 0,3

154/926B/35X/1/15-17 346,87 1/2048 4,00 0,00195 129536,00 17,770 0,4 0,4 12,8 0,4 8,2 10,7 18,9 1,2 1,2

154/926B/35X/1/95-97 347,67 1/1024 3,26 0,00318 115278,53 17,791 1,4 0,3 1,9 9,8 0,3 3,8 8,7 12,6 1,6

2 154/926B/35X/2/40-42 348,62 1/1024 1,72 0,00168 173841,86 17,819 0,7 4,5 0,7 0,3 4,5 8,6 13,0 1,4

154/926B/35X/3/30-32 350,02 1/1024 2,12 0,00207 156015,09 17,859 0,3 2,8 1,6 0,6 0,3 3,4 3,4 6,9 0,3 0,6

154/926B/35X/3/125-127 350,97 1/512 2,50 0,00488 73318,40 17,891 4,3 2,1 0,3 0,3 4,3 5,8 10,1 1,2

154/926B/35X/4/30-32 351,52 1/2048 2,37 0,00116 385404,22 17,917 0,2 3,6 2,7 0,2 0,9 0,2 3,0 3,0 5,9 2,7 0,7

154/926B/35X/4/85-87 352,07 1/1024 2,73 0,00267 151912,09 17,939 0,3 5,8 1,0 3,5 5,8 9,3 1,3 0,3 0,3

5 154/926B/35X/5/70-72 353,42 1/1024 2,50 0,00244 146227,20 17,986 0,6 1,4 5,2 0,9 2,0 2,9 4,9 2,3 0,3

154/926B/35X/6/30-32 354,52 1/1024 2,51 0,00245 166043,03 18,028 0,2 2,7 4,7 1,0 0,7 2,7 4,0 6,7 1,0 0,7 0,2

154/926B/35X/6/90-92 355,12 1/1024 1,46 0,00143 158509,59 18,053 1,3 1,3 0,4 4,3 6,9 11,3 1,3 1,3

7 154/926B/35X/7/15-17 355,87 1/1024 1,93 0,00188 163415,54 18,084 1,9 5,8 1,6 0,3 1,9 0,3 7,1 11,0 18,2 1,9 0,3 1,0

154/926B/36X/1/15-17 356,47 1/512 1,11 0,00217 155445,05 18,115 0,6 0,9 2,4 2,1 0,6 0,6 1,2 0,9 5,2 4,6 9,8 2,8 1,2 0,9

154/926B/36X/1/80-82 357,12 1/1024 2,92 0,00285 142728,77 18,149 0,5 5,0 2,5 3,2 3,5 6,7 2,0 1,5 0,5 0,5

154/926B/36X/2/25-27 358,07 1/1024 1,64 0,00160 156097,56 18,181 0,9 3,9 1,7 0,4 0,4 3,5 1,7 5,2 3,9 1,3 0,4

154/926B/36X/2/138-140 359,20 1/2048 1,69 0,00083 340525,44 18,213 1,1 3,5 3,2 0,4 0,4 0,7 1,8 3,2 4,9 1,1 2,8 1,1 0,4

154/926B/36X/3/45-47 359,77 1/1024 2,50 0,00244 103628,80 18,231 2,3 3,1 4,2 0,8 0,8 1,5 0,4 0,4 3,8 3,8 7,6 4,2 1,1

154/926B/36X/3/105-107 360,37 1/1024 2,94 0,00287 127477,55 18,259 0,3 0,3 4,2 6,2 0,3 0,3 0,6 0,8 0,6 3,7 7,0 10,7 0,8 1,1

154/926B/36X/4/50-52 361,32 1/1024 1,57 0,00153 171536,31 18,305 1,2 0,4 4,4 4,8 0,4 0,4 0,8 2,4 0,8 4,0 1,6 5,6 2,4 1,2

154/926B/36X/4/110-112 361,92 1/1024 1,53 0,00149 163973,86 18,323 0,8 5,1 3,0 5,1 6,3 11,4 1,3 1,7

1 154/926B/37X/1/30-32 366,32 1/512 1,52 0,00297 101389,47 18,422 0,7 0,3 3,7 0,7 8,8 18,0 26,9 1,4 0,7

154/926B/37X/2/37-39 367,89 1/512 1,48 0,00289 78529,73 18,480 0,9 6,3 7,6 0,4 0,4 4,9 7,6 12,5 0,9

154/926B/37X/2/115-117 368,67 1/256 0,46 0,00180 182539,13 18,510 0,3 4,3 0,6 0,6 0,6 0,3 7,6 9,8 17,4 1,2 1,8

154/926B/37X/3/40-42 369,42 1/256 0,47 0,00184 185191,49 18,536 1,7 1,4 0,3 0,3 0,9 0,3 10,7 12,4 23,1 1,2

154/926B/37X/3/120-122 370,22 1/512 0,90 0,00176 151324,44 18,560 0,4 1,5 6,0 0,4 0,4 0,8 11,7 15,5 27,2 1,1 1,5

154/926B/37X/4/25-27 370,77 1/512 0,24 0,00047 633600,00 18,583 0,3 4,4 0,7 0,7 1,3 0,3 11,1 9,4 20,5 0,7 0,3

154/926B/37X/4/80-82 371,32 1/512 1,05 0,00205 177493,33 18,604 0,3 0,3 3,6 0,8 0,5 1,4 2,7 0,3 8,7 11,7 20,5 1,1 0,3

154/926B/37X/5/10-12 372,12 1/512 0,92 0,00180 172521,74 18,629 1,6 0,7 3,3 4,2 6,8 7,8 14,7 1,6 1,6

154/926B/37X/5/105-107 373,07 1/512 2,03 0,00396 84997,04 18,665 0,9 3,7 1,6 2,2 0,3 2,5 0,3 0,3 4,7 6,5 11,2 1,9 0,6 0,3

B 37X
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5 154/926C/37X/5/60-62 373,59 1/1024 1,61 0,00157 155190,06 18,667 0,8 3,3 4,1 1,7 0,4 6,6 5,8 12,4 1,2 0,4

6 154/926C/37X/6/10-12 374,59 1/1024 1,71 0,00167 158690,06 18,700 1,1 0,8 8,7 1,5 0,4 5,3 4,2 9,5 0,4

7 154/926C/37X/7/10-12 375,59 1/1024 1,19 0,00116 178984,87 18,734 1,5 1,5 8,4 0,5 7,4 5,4 12,8

154/926B/38X/1/55-57 376,17 1/1024 2,45 0,00239 153808,98 18,763 0,5 0,3 3,8 3,6 0,3 5,7 6,3 12,0 0,8

154/926B/38X/1/136-138 376,98 1/1024 2,45 0,00239 175960,82 18,790 1,4 2,9 5,7 0,2 0,5 9,0 10,0 19,0 1,7

154/926B/38X/2/25-27 377,37 1/1024 1,88 0,00184 199897,87 18,805 1,1 0,3 4,5 3,1 0,3 0,3 0,3 5,1 4,2 9,3 1,1 1,4

154/926B/38X/2/105-107 378,17 1/1024 2,26 0,00221 149522,12 18,832 1,5 2,7 3,0 3,0 0,6 0,6 0,9 3,3 6,3 9,7 0,9 0,3 0,6

154/926B/38X/3/35-37 378,97 1/256 0,44 0,00172 146036,36 18,858 0,4 0,8 5,0 0,4 0,4 0,8 15,5 12,1 27,6 0,4

154/926B/38X/3/75-77 379,37 1/1024 2,31 0,00226 157367,97 18,872 0,3 2,9 1,2 8,5 2,1 0,3 0,3 3,2 4,4 7,6 0,6 0,6

154/926B/38X/4/5-7 380,17 1/512 1,08 0,00211 229451,85 18,905 0,4 3,9 0,8 0,8 1,0 0,2 11,8 7,5 19,3 0,8 0,4

154/926B/38X/4/45-47 380,57 1/1024 2,01 0,00196 191554,23 18,920 1,6 0,5 4,3 4,0 0,5 0,8 1,3 0,5 7,4 3,7 11,2 0,5 1,3

154/926B/38X/4/125-127 381,37 1/2048 1,62 0,00079 348918,52 18,949 5,9 5,5 1,5 1,5 3,0 0,4 0,7 5,9 7,7 13,7 0,7

154/926B/38X/5/55-57 382,17 1/512 1,18 0,00230 126698,31 18,979 2,4 6,3 1,0 0,7 1,7 1,0 0,3 7,7 13,6 21,3 0,3

154/926B/38X/5/95-97 382,57 1/1024 2,40 0,00234 130560,00 18,995 2,2 8,3 3,6 1,8 5,4 1,1 1,1 11,2 6,5 17,7 1,4 0,4

154/926B/38X/6/5-7 383,17 1/1024 2,79 0,00272 110107,53 19,020 1,0 0,7 3,8 0,3 1,0 1,4 1,7 0,7 6,6 6,9 13,4 0,7

154/926B/38X/6/45-47 383,57 1/2048 2,86 0,00140 221269,93 19,036 1,0 9,5 0,3 12,2 13,6 25,8 0,7 0,3 0,7

154/926B/38X/6/110-112 384,22 1/1024 1,78 0,00174 128287,64 19,065 1,4 5,9 5,9 0,9 7,3 8,2 15,5

7 154/926B/38X/7/40-42 385,02 1/256 0,69 0,00270 119095,65 19,103 1,3 7,3 0,3 14,2 13,6 27,8 0,3

154/926B/39X/1/10-12 385,42 1/1024 2,07 0,00202 128123,67 19,120 0,8 3,1 5,8 0,4 5,8 5,0 10,8 0,4 0,4

154/926B/39X/1/71-73 386,03 1/512 1,07 0,00209 117233,64 19,143 2,4 12,2 12,2 7,3 19,6 0,4

154/926B/39X/1/110-112 386,42 1/1024 1,92 0,00188 148800,00 19,153 1,5 1,5 4,8 5,9 12,5 18,5 0,4 0,4

154/926B/39X/2/50-52 387,32 1/512 1,13 0,00221 157677,88 19,173 1,5 3,2 7,3 0,3 8,7 9,9 18,6 0,3

154/926B/39X/2/90-92 387,72 1/512 1,88 0,00367 76255,32 19,184 0,4 0,4 3,2 5,8 8,6 10,8 19,4

154/926B/39X/3/55-57 388,87 1/1024 1,90 0,00186 125035,79 19,218 0,4 0,9 4,9 3,6 3,6 4,0 7,6

154/926B/39X/3/95-97 389,27 1/512 0,71 0,00139 145667,61 19,237 7,0 9,5 0,5 10,9 10,4 21,4 0,5

154/926B/39X/4/50-52 390,32 1/1024 2,75 0,00269 75589,82 19,273 1,5 5,1 5,1 4,1 2,5 6,6 0,5

154/926B/39X/4/75-77 390,57 1/1024 1,59 0,00155 137821,38 19,281 1,4 3,3 1,9 8,5 8,5 16,9 0,9 0,5

154/926B/39X/4/135-137 391,17 1/256 0,64 0,00250 156000,00 19,299 0,8 0,8 5,9 0,3 0,5 11,6 12,1 23,7 0,5 0,3

154/926B/39X/5/20-22 391,52 1/1024 2,43 0,00237 106613,99 19,309 1,6 1,2 11,3 10,9 6,0 16,9 0,8

154/926B/39X/5/115-117 392,47 1/512 1,08 0,00211 97659,26 19,344 0,5 1,5 3,0 13,3 13,3 26,6 3,0

154/926B/39X/5/145-147 392,77 1/256 0,64 0,00250 147600,00 19,360 0,3 1,2 8,2 0,9 0,6 1,5 0,6 0,6 14,6 19,1 33,7 1,5

6 154/926B/39X/6/30-32 393,12 1/1024 2,01 0,00196 102909,45 19,371 0,5 0,5 8,5 0,9 0,9 1,9 0,5 13,2 12,3 25,5 0,9

154/926C/39X/5/80-82 393,52 1/256 0,70 0,00273 119222,86 19,383 1,1 0,9 9,8 0,3 0,3 15,5 15,8 31,3 2,9 0,3

154/926C/39X/5/120-122 393,92 1/1024 1,72 0,00168 203013,95 19,397 2,4 1,8 8,7 1,2 2,4 3,6 0,6 0,9 5,4 10,2 15,7 3,6 1,2

154/926C/39X/6/50-52 394,72 1/128 0,88 0,00688 53090,91 19,423 0,3 0,3 8,1 13,1 13,4 26,5 2,2 0,8 0,3

154/926C/39X/6/110-112 395,32 1/512 1,29 0,00252 122244,96 19,443 0,7 0,7 4,3 0,7 1,0 1,6 10,5 12,8 23,4 2,0 0,3

C 39X

5

6
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154/926B/40X/1/45-47 395,37 1/256 0,75 0,00293 96256,00 19,447 2,6 7,7 0,4 11,0 13,2 24,2 2,9 0,7 0,4

154/926B/40X/1/105-107 395,97 1/512 1,05 0,00205 113127,62 19,465 0,9 13,5 18,3 20,9 39,1 1,3

154/926B/40X/2/75-77 397,17 1/512 1,25 0,00244 126566,40 19,501 3,0 5,0 0,3 0,3 0,3 14,5 9,2 23,8 2,0 0,3

154/926B/40X/2/135-137 397,77 1/1024 1,85 0,00181 143913,51 19,517 1,2 9,4 1,2 1,2 2,4 4,1 2,9 2,4 5,3 2,9 0,8

154/926B/40X/3/45-47 398,37 1/256 1,11 0,00434 61117,12 19,536 0,9 1,3 1,3 0,4 1,7 0,9 2,2 0,4 11,8 22,7 34,5 3,5 0,9 1,7

154/926B/40X/3/120-122 399,12 1/512 1,25 0,00244 100761,60 19,562 0,8 0,4 3,3 4,5 0,4 0,4 0,8 0,8 13,1 13,1 26,1 6,1 0,8

154/926B/40X/4/85-87 400,27 1/512 1,04 0,00203 120615,38 19,603 0,4 0,9 0,4 15,3 1,3 1,3 0,4 8,7 13,1 21,8 2,2 0,4

154/926B/40X/4/145-147 400,87 1/1024 1,58 0,00154 137397,47 19,626 2,0 0,5 6,4 2,0 0,5 2,5 1,0 1,0 0,5 5,0 4,0 8,9 5,4 0,5

154/926B/40X/5/11-13 401,03 1/256 0,83 0,00324 98698,80 19,633 0,4 2,2 5,2 0,4 0,7 0,4 0,4

154/926B/40X/5/52,5-54,5 401,45 1/256 1,49 0,00582 64257,72 19,655 0,3 3,5 2,7 2,4 1,1 3,5 0,3 1,1 5,6 8,3 13,9 1,6 0,3

154/926B/40X/5/100-102 401,92 1/256 0,86 0,00336 69358,14 19,670 0,9 6,7 0,9 0,4 6,3 4,9 11,2 2,2 0,9

154/926B/40X/6/13-15 402,55 1/1024 1,80 0,00176 216746,67 19,692 0,3 0,5 1,1 4,0 2,2 2,2 4,3 0,5 0,5 9,2 5,7 14,8 1,3 0,5

154/926B/40X/6/69-71 403,11 1/1024 2,08 0,00203 138830,77 19,717 0,7 2,1 8,5 0,7 0,7 1,4 0,4 2,8 4,3 7,1

C 40X 6 154/926C/40X/6/15-17 404,06 1/512 0,91 0,00178 138971,43 19,767 0,8 2,3 0,8 0,4 0,4 0,8 0,8 1,2 2,0 5,5 7,4 0,8 0,4

154/926B/41X/1/35-37 404,57 1/128 0,23 0,00180 173634,78 19,815 1,0 1,0 1,7 2,7 0,7 1,7 1,3 6,3 5,3 11,6 2,0 0,7

154/926B/41X/1/90-92 405,12 1/256 0,41 0,00160 235395,12 19,835 0,3 4,5 0,3 1,2 1,5 1,2 1,2 8,0 8,3 16,3 0,3

154/926B/41X/2/48-50 405,70 1/256 0,23 0,00090 287165,22 19,869 5,5 0,4 0,8 1,2 1,2 0,8 1,6 1,6 7,5 9,4 16,9

154/926B/41X/2/108-110 406,30 1/64 0,12 0,00188 201600,00 19,891 0,3 7,7 1,6 4,0 0,5 14,1 11,9 26,0 0,5

3 154/926B/41X/3/45-47 407,17 1/512 2,14 0,00418 79910,28 19,913 0,9 3,1 4,0 0,3 0,9 3,1 3,7 6,7 0,3 0,6

154/926B/41X/4/15-17 408,37 1/128 0,23 0,00180 121321,74 19,949 0,5 5,6 1,4 1,4 0,5 0,5 1,4 1,9 8,9 6,5 15,4 0,5 0,5

154/926B/41X/4/125-127 409,17 1/256 1,02 0,00398 81317,65 19,997 2,2 6,9 0,6 1,3 0,6 7,5 2,8 10,3 0,3 0,6 0,9

5 154/926B/41X/5/15-17 409,87 1/1024 0,94 0,00092 267982,98 20,011 1,0 2,9 1,0 1,0 0,5 3,8 2,9 6,7 1,4

3 154/926C/41X/3/140-142 410,28 1/128 0,24 0,00188 155733,33 20,081 1,7 1,4 1,0 1,0 0,3 0,3 6,2 4,8 11,1

154/926C/41X/4/70-72 411,08 1/128 0,24 0,00188 121066,67 20,118 0,5 0,5 2,3 2,3 2,3 2,3 0,5 0,9 6,9 9,2 16,1 0,5

154/926C/41X/4/145-147 411,83 1/2048 1,42 0,00069 429791,55 20,152 0,3 2,8 0,7 1,0 1,7 1,4 1,0 0,3 7,3 2,4 9,8 0,3 0,3

154/926C/41X/5/50-52 412,38 1/1024 1,03 0,00101 338019,42 20,178 1,2 1,8 7,1 0,6 0,6 0,9 1,2 2,8 3,4 6,2 0,3 0,6

154/926C/41X/5/110-112 412,98 1/256 0,55 0,00215 179665,45 20,205 0,5 1,8 2,1 0,3 0,8 1,3 7,7 10,0 17,7

1 154/926B/42X/1/101-103 414,93 1/512 0,50 0,00098 260096,00 20,232 0,4 0,7 1,1 0,4 1,1 1,4 1,8 3,2

154/926B/42X/2/10-12 415,52 1/512 1,08 0,00211 189629,63 20,247 0,5 2,1 0,3 0,5 1,9 3,4 3,7 7,1

154/926B/42X/2/88-90 416,30 1/512 0,88 0,00172 143127,27 20,269 0,4 4,6 0,8 1,3 0,8 1,3 3,4 4,6 0,8 0,8 0,4

154/926B/42X/2/145-147 416,87 1/1024 1,41 0,00138 236028,37 20,288 0,6 1,9 2,5 1,6 1,6 0,6 0,6 0,3 3,8 1,9 1,3 3,1 0,6

154/926B/42X/3/73-75 417,65 1/2048 1,72 0,00084 320297,67 20,314 0,4 0,4 0,4 1,3 0,9 6,3 1,8 2,2 4,0 0,4

154/926B/42X/3/135-137 418,27 1/1024 1,86 0,00182 114511,83 20,333 2,0 3,0 0,5 0,5 2,0 0,5 0,5 3,0 1,5 1,5 3,0 3,0

4 154/926B/42X/4/86-88 419,28 1/256 0,30 0,00117 174933,33 20,359 0,5 5,9 0,5 0,5 1,0 0,5 0,5 0,5 9,8 10,3 20,1 0,5

B 42X

C 41X
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5 154/926B/42X/5/80-82 420,72 1/1024 2,24 0,00219 174628,57 20,398 1,1 5,2 1,9 1,9 1,9 0,5 1,9 0,5 1,9 1,9 3,8 0,5

154/926B/42X/6/10-12 421,52 1/1024 1,20 0,00117 175786,67 20,427 4,5 1,5 1,5 1,0 0,5 3,5 4,0

154/926B/42X/6/65-67 422,07 1/1024 1,45 0,00142 242228,97 20,451 0,6 0,3 1,2 0,6 3,4 3,4 0,3 1,9 2,5 0,3 3,4 2,2 1,5 3,7 0,6

154/926B/42X/6/145-147 422,87 1/512 0,71 0,00139 172349,30 20,475 0,4 4,7 0,9 0,9 1,7 1,7 3,0 1,7 9,4 7,7 17,0 0,4 0,4

7 154/926B/42X/7/20-22 423,12 1/512 1,38 0,00270 141727,54 20,482 0,3 4,5 0,5 0,5 0,3 1,6 3,4 1,1 0,8 11,7 9,8 21,5 1,1 0,8

C 42X 5 154/926C/42X/5/45-47 423,67 1/256 0,48 0,00188 152533,33 20,469 0,4 6,3 1,1 1,1 1,8 2,6 2,2 0,7 11,8 11,4 23,2

154/926B/43X/1/90-92 424,42 1/256 0,69 0,00270 140614,49 20,525 0,6 0,3 5,6 0,9 0,9 2,1 3,8 1,2 13,9 15,9 29,8 2,7 0,3

154/926B/43X/2/35-37 425,37 1/128 0,48 0,00375 106133,33 20,552 0,3 11,6 1,5 1,0 2,5 5,6 9,1 2,3 13,4 15,9 29,4 1,0 2,3 2,0

154/926B/43X/2/90-92 425,92 1/512 1,22 0,00238 153180,33 20,571 0,7 1,3 1,3 1,3 3,0 1,3 1,0 17,2 20,8 38,0 0,3 1,3

154/926B/43X/3/10-12 426,62 1/512 0,80 0,00156 132480,00 20,599 8,3 1,5 7,3 9,2 2,9 19,4 18,0 37,4 0,5

154/926B/43X/3/72-74 427,24 1/256 0,68 0,00266 121600,00 20,620 7,5 0,7 3,4 4,1 6,2 7,2 2,7 1,4 13,0 18,5 31,5 0,3 1,7

154/926B/43X/4/30-32 428,32 1/1024 1,54 0,00150 141631,17 20,650 0,9 3,8 0,5 2,4 5,2 10,4 2,4 14,6 18,9 33,5 1,9 2,8 0,5

154/926B/43X/4/130-132 429,32 1/512 1,07 0,00209 127760,75 20,685 2,6 2,6 0,8 3,4 0,4 0,8 5,7 0,4 2,6 9,4 11,3 20,8 1,9 0,4 1,9

154/926B/43X/5/65-67 430,17 1/512 0,29 0,00057 368993,10 20,714 1,0 1,0 2,4 3,4 3,4 5,8 9,2 1,4 7,7 7,2 10,1 17,4 0,5 2,4

154/926B/43X/5/145-147 430,97 1/128 0,20 0,00156 138880,00 20,737 0,5 4,8 1,0 1,0 5,2 1,0 5,7 2,4 1,0 12,4 17,6 30,0 0,5 0,5 1,0

6 154/926B/43X/6/75-77 431,77 1/256 0,49 0,00191 119640,82 20,762 0,5 3,7 0,9 3,2 8,3 0,9 13,4 17,1 30,6 0,5 0,9 2,8

CC 154/926B/43X/CC/25-27 432,27 1/512 0,57 0,00111 195817,54 20,778 0,5 4,0 0,5 2,5 1,5 8,4 8,4 14,4 22,8 0,5

1 154/926B/44X/1/115-117 434,37 1/512 1,03 0,00201 166027,18 20,850 1,7 2,0 2,0 0,6 3,4 3,2 6,6 1,1 2,0 1,7 0,3 12,0 9,7 21,8 0,9 1,4 1,7

2 154/926B/44X/2/85-87 435,57 1/256 0,47 0,00184 151965,96 20,896 0,4 0,7 1,4 0,7 3,6 3,6 7,2 1,8 1,4 3,6 0,4 1,8 13,7 14,0 27,7 1,4 1,4

154/926B/44X/3/36,5-38,5 436,59  1/4096 1,25 0,00031 697958,40 20,931 1,4 0,9 1,4 0,9 5,1 3,2 8,3 1,9 1,4 2,3 7,4 8,3 15,7 0,9 0,5 1,9

154/926B/44X/3/135-137 437,57 1/256 0,35 0,00137 154331,43 20,963 3,3 1,4 2,4 1,9 4,3 1,9 3,8 1,4 0,9 10,0 14,2 24,2 1,4 0,5 0,9

4 154/926B/44X/4/125-127 438,97 1/256 0,31 0,00121 199845,16 21,003 0,8 1,6 2,9 1,6 2,0 3,7 2,0 3,7 5,3 3,3 0,8 8,2 4,9 13,1 2,4 3,3 1,6 4,9

5 154/926B/44X/5/96-98 440,18 1/1024 1,44 0,00141 164977,78 21,039 0,9 0,9 2,6 1,3 1,3 1,7 3,0 0,9 3,0 0,4 6,1 9,6 11,3 20,9 0,4 1,7 3,5

6 154/926B/44X/6/110-112 441,82 1/512 0,63 0,00123 194234,92 21,092 3,8 2,5 1,3 3,8 0,8 0,4 0,8 1,7 5,0 8,8 10,9 19,7 2,5 0,8

1 154/926B/45X/1/85-87 443,77 1/256 0,83 0,00324 98390,36 21,165 0,3 0,9 4,4 3,1 7,5 2,2 0,3 0,3 1,9 39,6 8,5 9,4 17,9 1,3 0,6 0,9

2 154/926B/45X/2/55-57 444,97 1/1024 1,27 0,00124 174160,63 21,200 0,5 0,5 0,5 1,8 3,2 5,0 3,2 0,9 0,9 0,5 17,9 7,8 7,3 15,1 4,1 2,3

154/926B/45X/3/45-47 446,37 1/512 1,01 0,00197 101893,07 21,250 2,0 3,4 2,0 5,4 0,5 0,5 0,5 22,2 7,9 6,9 14,8 3,9 1,5

154/926B/45X/3/125-127 447,17 1/1024 1,64 0,00160 141112,20 21,279 3,6 0,9 1,3 3,1 4,5 2,2 0,4 12,9 11,6 8,0 19,6 1,8 0,9

4 154/926B/45X/4/100-102 448,42 1/512 1,13 0,00221 138194,69 21,321 6,8 5,8 12,6 2,3 26,5 5,5 4,8 10,3 5,5 2,6 3,9

154/926B/45X/5/10-12 449,02 1/512 1,08 0,00211 115674,07 21,341 0,4 4,1 4,1 8,3 2,5 15,7 17,8 10,7 28,5 3,7 2,5

154/926B/45X/5/90-92 449,82 1/512 0,56 0,00109 234057,14 21,367 0,4 7,8 4,3 12,2 0,4 21,6 11,4 11,4 22,7 3,1 0,4

6 154/926B/45X/6/60-62 451,02 1/256 0,59 0,00230 155335,59 21,406 1,1 1,7 3,9 5,6 9,5 0,3 1,4 0,8 4,7 8,4 9,5 17,8 5,6 1,1

5

B 42X

B

43X

2

3

4

5

44X
3

45X

3

6



134 
 

 

H
O

LE

C
O

R
E

SE
C

TI
O

N

SA
M

P
LE

A
V

ER
A

G
E 

D
EP

TH
 (

m
cd

)

FR
A

C
TI

O
N

 E
X

A
M

IN
ED

W
EI

G
H

T 
>1

2
5

 µ
m

 (
gr

.)

FR
A

C
TI

O
N

 W
EI

G
H

T

FA
U

N
A

L 
D

EN
SI

TY

A
G

E 
(M

a)

Tr
ilo

b
a

tu
s

 s
p

.

Tr
ilo

b
a

tu
s 

si
ca

n
u

s 
 g

r.

Tr
ilo

b
a

tu
s

 c
f.

 T
. p

ri
m

o
rd

iu
s

Tr
ilo

b
a

tu
s 

su
b

sa
cc

u
lif

er

Tr
ilo

b
a

tu
s 

tr
ilo

b
u

s 
gr

.

in
d

et
er

m
in

ab
ili

TO
T 

p
la

n
kt

o
n

ic

fr
a

gm
en

ts

b
en

th
ic

 f
o

ra
m

in
if

er
a

ra
d

io
la

ri
an

s

p
la

n
k/

b
en

t 
(%

)

p
la

n
k 

fr
a

gm
en

ts
/p

la
n

k 
w

h
o

le
 (

%
)

ra
d

io
la

ri
an

s 
(%

)

C
a

ss
ig

er
in

el
la

 s
p

p
.

C
a

ta
p

sy
d

ra
x 

sp
p

.

C
ip

er
o

el
la

 s
p

p
.

D
en

to
g

lo
b

ig
er

in
a

 s
p

p
.

G
lo

b
ig

er
in

a
 s

p
p

.

G
lo

b
ig

er
in

el
la

 s
p

p
.

G
lo

b
ig

er
in

it
a

 s
p

p
.

G
lo

b
ig

er
in

o
id

es
 s

p
p

.

G
lo

b
o

ro
ta

lia
 s

p
p

.

154/926C/34X/3/20-22 340,71 1/256 0,36 0,00141 179200,00 17,603 2,7 16,7 263 262 3 21 98,9 49,9 7,4 2,7 2,7 2,3 0,8 38,0 0,4

154/926C/34X/3/60-62 341,11 1/1024 2,40 0,00234 150186,67 17,614 0,3 10,6 16,8 340 155 1 2 99,7 31,3 0,6 2,1 3,5 11,5 0,3 19,1 10,6

154/926C/34X/3/115-117 341,66 1/1024 2,18 0,00213 158297,25 17,630 9,7 16,4 329 96 100,0 22,6 2,1 6,7 4,9 1,8 14,3 14,9

154/926C/34X/4/45-47 342,46 1/1024 2,39 0,00233 130677,82 17,652 8,8 29,0 307 137 2 100,0 30,9 0,6 2,9 2,3 4,2 0,3 17,9 11,4 0,3

154/926C/34X/4/105-107 343,06 1/1024 1,95 0,00190 137583,59 17,668 0,8 17,7 10,2 265 106 1 4 99,6 28,6 1,5 0,4 3,4 1,9 5,7 0,8 13,6 14,3

5 154/926C/34X/5/115-117 344,66 1/512 1,29 0,00252 114306,98 17,713 0,4 12,3 15,1 284 125 1 100,0 30,6 0,4 1,4 2,1 10,2 9,9 7,0 0,4

6 154/926C/34X/6/25-27 345,26 1/1024 2,58 0,00252 138517,83 17,729 0,6 12,8 14,0 343 124 100,0 26,6 1,7 4,7 7,0 0,3 1,5 14,9 7,6

154/926B/35X/1/15-17 346,87 1/2048 4,00 0,00195 129536,00 17,770 9,5 12,8 243 84 1 100,0 25,7 0,4 0,4 4,1 8,6 1,2 14,8 7,4

154/926B/35X/1/95-97 347,67 1/1024 3,26 0,00318 115278,53 17,791 0,5 11,2 16,7 366 119 100,0 24,5 1,4 6,0 2,5 1,9 12,3 12,3

2 154/926B/35X/2/40-42 348,62 1/1024 1,72 0,00168 173841,86 17,819 0,3 8,6 15,1 292 124 1 99,7 29,8 4,5 6,5 9,9 0,7 15,4 5,1

154/926B/35X/3/30-32 350,02 1/1024 2,12 0,00207 156015,09 17,859 0,3 14,6 16,2 321 57 100,0 15,1 0,3 2,8 8,1 5,0 0,3 2,8 9,3 10,9 0,3

154/926B/35X/3/125-127 350,97 1/512 2,50 0,00488 73318,40 17,891 0,3 1,5 12,9 17,8 326 92 100,0 22,0 2,1 2,5 4,0 1,2 8,9 19,6 0,3

154/926B/35X/4/30-32 351,52 1/2048 2,37 0,00116 385404,22 17,917 0,7 0,5 10,0 15,5 440 149 1 99,8 25,3 0,9 1,1 5,0 4,5 3,4 20,2 13,6

154/926B/35X/4/85-87 352,07 1/1024 2,73 0,00267 151912,09 17,939 0,5 0,5 11,9 17,2 396 144 1 1 99,7 26,7 0,3 1,5 3,5 4,0 0,8 1,8 18,4 14,9 0,3

5 154/926B/35X/5/70-72 353,42 1/1024 2,50 0,00244 146227,20 17,986 0,6 0,6 10,6 27,2 349 96 1 6 99,7 21,6 1,7 1,4 6,0 2,0 4,6 10,6 13,8

154/926B/35X/6/30-32 354,52 1/1024 2,51 0,00245 166043,03 18,028 0,5 0,7 9,0 25,9 402 183 1 1 99,8 31,3 0,2 2,7 4,5 5,7 1,2 19,4 4,7

154/926B/35X/6/90-92 355,12 1/1024 1,46 0,00143 158509,59 18,053 1,3 1,3 8,7 17,7 231 76 2 100,0 24,8 0,9 3,0 3,5 6,1 0,4 1,3 25,1 4,3

7 154/926B/35X/7/15-17 355,87 1/1024 1,93 0,00188 163415,54 18,084 11,7 9,1 308 152 4 100,0 33,0 1,3 2,6 4,2 4,9 0,6 2,9 18,8 8,1

154/926B/36X/1/15-17 356,47 1/512 1,11 0,00217 155445,05 18,115 0,9 0,9 6,1 11,3 327 196 1 99,7 37,5 0,6 1,2 5,2 10,7 0,9 2,4 23,2 4,3 0,6

154/926B/36X/1/80-82 357,12 1/1024 2,92 0,00285 142728,77 18,149 1,0 0,2 9,0 19,7 401 109 1 4 99,8 21,4 1,0 1,2 3,5 5,5 3,2 19,2 10,0 0,5

154/926B/36X/2/25-27 358,07 1/1024 1,64 0,00160 156097,56 18,181 0,9 9,1 22,9 231 72 2 100,0 23,8 0,9 2,2 6,5 5,6 1,7 14,3 11,7

154/926B/36X/2/138-140 359,20 1/2048 1,69 0,00083 340525,44 18,213 0,4 0,7 6,7 18,3 284 115 1 100,0 28,8 0,4 1,1 3,9 11,3 8,5 2,5 12,3 4,2

154/926B/36X/3/45-47 359,77 1/1024 2,50 0,00244 103628,80 18,231 0,8 10,3 13,0 262 102 2 100,0 28,0 0,8 1,1 9,9 11,1 3,4 8,8 5,3

154/926B/36X/3/105-107 360,37 1/1024 2,94 0,00287 127477,55 18,259 5,3 23,9 356 126 1 8 99,7 26,1 2,2 2,2 7,6 12,6 0,3 9,6 3,4

154/926B/36X/4/50-52 361,32 1/1024 1,57 0,00153 171536,31 18,305 0,8 9,1 23,8 252 86 3 100,0 25,4 1,2 1,6 6,7 9,1 0,8 0,4 7,5 11,1

154/926B/36X/4/110-112 361,92 1/1024 1,53 0,00149 163973,86 18,323 4,6 13,5 237 85 3 100,0 26,4 1,3 5,1 8,9 7,2 2,5 13,5 6,8

1 154/926B/37X/1/30-32 366,32 1/512 1,52 0,00297 101389,47 18,422 2,0 12,9 294 138 1 2 99,7 31,9 0,7 1,7 6,8 8,5 0,7 21,4 4,1

154/926B/37X/2/37-39 367,89 1/512 1,48 0,00289 78529,73 18,480 2,7 17,9 224 87 3 100,0 28,0 1,3 4,0 12,5 3,6 12,9 9,8

154/926B/37X/2/115-117 368,67 1/256 0,46 0,00180 182539,13 18,510 1,8 18,0 327 206 14 100,0 38,6 4,1 1,5 7,3 5,8 0,3 0,3 30,6 2,4

154/926B/37X/3/40-42 369,42 1/256 0,47 0,00184 185191,49 18,536 0,3 4,0 346 164 1 7 99,7 32,2 2,0 0,3 3,5 4,3 11,6 0,3 38,7 0,9

154/926B/37X/3/120-122 370,22 1/512 0,90 0,00176 151324,44 18,560 0,8 7,9 265 158 7 100,0 37,4 2,6 0,4 4,2 7,5 0,4 0,8 25,3 1,9

154/926B/37X/4/25-27 370,77 1/512 0,24 0,00047 633600,00 18,583 0,3 0,7 23,2 297 226 1 23 99,7 43,2 7,2 2,0 4,0 7,7 0,3 27,3 1,3

154/926B/37X/4/80-82 371,32 1/512 1,05 0,00205 177493,33 18,604 0,3 1,4 0,5 4,9 366 134 1 3 99,7 26,8 0,8 0,3 3,0 4,9 15,0 0,3 0,8 27,9 3,3

154/926B/37X/5/10-12 372,12 1/512 0,92 0,00180 172521,74 18,629 0,3 0,3 2,6 10,1 307 176 1 4 99,7 36,4 1,3 1,3 3,3 6,2 8,1 2,0 2,9 22,1 5,2

154/926B/37X/5/105-107 373,07 1/512 2,03 0,00396 84997,04 18,665 0,3 0,6 4,3 16,8 322 136 1 1 99,7 29,7 0,3 0,6 1,9 4,3 10,6 1,2 1,2 15,8 3,7
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5 154/926C/37X/5/60-62 373,59 1/1024 1,61 0,00157 155190,06 18,667 0,4 2,9 27,4 241 94 2 100,0 28,1 0,8 4,1 5,4 5,8 0,4 2,5 8,3 5,0

6 154/926C/37X/6/10-12 374,59 1/1024 1,71 0,00167 158690,06 18,700 0,4 0,4 11,0 22,0 264 74 5 100,0 21,9 1,9 3,8 5,3 8,0 2,7 6,8 9,1

7 154/926C/37X/7/10-12 375,59 1/1024 1,19 0,00116 178984,87 18,734 0,5 1,0 4,4 22,2 203 109 1 6 99,5 34,9 2,9 0,5 2,5 2,5 8,9 2,0 21,2 2,0

154/926B/38X/1/55-57 376,17 1/1024 2,45 0,00239 153808,98 18,763 0,3 3,6 24,9 366 176 2 100,0 32,5 0,5 0,3 1,4 5,5 9,0 2,5 1,6 16,1 5,2

154/926B/38X/1/136-138 376,98 1/1024 2,45 0,00239 175960,82 18,790 0,2 0,5 2,6 26,4 421 227 3 6 99,3 35,0 1,4 0,7 1,2 4,5 9,3 0,7 0,7 15,0 1,4

154/926B/38X/2/25-27 377,37 1/1024 1,88 0,00184 199897,87 18,805 0,6 0,3 5,6 24,3 354 164 100,0 31,7 2,8 5,1 6,5 1,7 1,1 19,8 3,7

154/926B/38X/2/105-107 378,17 1/1024 2,26 0,00221 149522,12 18,832 3,0 26,0 331 116 3 100,0 26,0 0,9 0,6 3,9 7,9 2,7 1,8 13,3 6,3

154/926B/38X/3/35-37 378,97 1/256 0,44 0,00172 146036,36 18,858 0,8 6,7 239 146 2 3 99,2 37,9 1,2 3,3 6,3 10,5 0,4 0,4 17,6 0,4

154/926B/38X/3/75-77 379,37 1/1024 2,31 0,00226 157367,97 18,872 0,9 6,5 25,6 340 158 1 100,0 31,7 0,3 0,6 2,6 2,1 7,9 0,3 1,8 15,0 2,1

154/926B/38X/4/5-7 380,17 1/512 1,08 0,00211 229451,85 18,905 0,2 0,4 26,1 483 347 2 19 99,6 41,8 3,8 1,2 1,0 1,7 5,6 0,8 27,5 0,4

154/926B/38X/4/45-47 380,57 1/1024 2,01 0,00196 191554,23 18,920 0,3 0,3 3,5 3,7 19,4 376 172 2 100,0 31,4 0,5 2,7 4,8 4,8 1,6 0,5 16,8 1,9

154/926B/38X/4/125-127 381,37 1/2048 1,62 0,00079 348918,52 18,949 0,4 0,4 0,4 3,0 22,1 271 148 5 100,0 35,3 1,8 2,6 1,1 9,2 20,3 4,1

154/926B/38X/5/55-57 382,17 1/512 1,18 0,00230 126698,31 18,979 1,7 9,1 287 274 6 12 98,0 48,8 4,0 0,3 2,8 3,8 8,4 26,1 0,7

154/926B/38X/5/95-97 382,57 1/1024 2,40 0,00234 130560,00 18,995 2,5 6,5 277 158 100,0 36,3 2,2 2,5 10,5 1,1 25,6 1,8

154/926B/38X/6/5-7 383,17 1/1024 2,79 0,00272 110107,53 19,020 0,7 1,7 17,6 290 232 5 100,0 44,4 1,7 4,1 1,7 11,7 0,3 1,0 25,9 4,8

154/926B/38X/6/45-47 383,57 1/2048 2,86 0,00140 221269,93 19,036 3,1 17,3 295 189 1 100,0 39,0 0,3 0,3 2,4 8,5 0,3 15,3 4,1

154/926B/38X/6/110-112 384,22 1/1024 1,78 0,00174 128287,64 19,065 2,7 11,9 219 129 2 100,0 37,1 0,9 1,8 2,7 15,1 0,5 16,9 4,1

7 154/926B/38X/7/40-42 385,02 1/256 0,69 0,00270 119095,65 19,103 1,3 11,7 317 243 8 100,0 43,4 2,5 2,2 2,5 9,5 0,6 18,3 3,5

154/926B/39X/1/10-12 385,42 1/1024 2,07 0,00202 128123,67 19,120 0,8 3,1 31,7 259 138 100,0 34,8 1,2 2,3 6,9 1,2 16,2 3,9

154/926B/39X/1/71-73 386,03 1/512 1,07 0,00209 117233,64 19,143 0,4 2,0 14,7 245 146 3 98,8 37,3 2,9 2,0 12,2 1,2 17,6 1,2

154/926B/39X/1/110-112 386,42 1/1024 1,92 0,00188 148800,00 19,153 0,4 17,3 271 123 3 100,0 31,2 1,1 1,1 5,2 9,2 3,7 21,0 1,8

154/926B/39X/2/50-52 387,32 1/512 1,13 0,00221 157677,88 19,173 0,3 1,2 22,4 344 192 4 8 98,9 35,8 2,3 2,3 4,9 11,0 0,6 0,6 16,9 0,9

154/926B/39X/2/90-92 387,72 1/512 1,88 0,00367 76255,32 19,184 0,7 4,0 18,7 278 257 1 2 99,6 48,0 0,7 0,4 6,1 9,7 3,6 18,7 3,2

154/926B/39X/3/55-57 388,87 1/1024 1,90 0,00186 125035,79 19,218 6,7 17,9 223 96 100,0 30,1 3,6 4,0 10,8 4,0 20,2 3,1

154/926B/39X/3/95-97 389,27 1/512 0,71 0,00139 145667,61 19,237 9,5 201 125 2 99,0 38,3 2,0 7,5 11,9 2,5 17,9 1,0

154/926B/39X/4/50-52 390,32 1/1024 2,75 0,00269 75589,82 19,273 4,1 24,9 197 100 100,0 33,7 3,6 4,6 15,7 1,5 16,2 1,5

154/926B/39X/4/75-77 390,57 1/1024 1,59 0,00155 137821,38 19,281 1,9 2,3 15,5 213 176 1 2 99,5 45,2 0,9 2,3 4,7 14,1 0,5 23,5

154/926B/39X/4/135-137 391,17 1/256 0,64 0,00250 156000,00 19,299 0,3 1,3 14,8 372 266 2 4 99,5 41,7 1,1 2,2 2,7 10,5 1,1 26,1

154/926B/39X/5/20-22 391,52 1/1024 2,43 0,00237 106613,99 19,309 2,8 12,9 248 140 1 99,6 36,1 2,4 6,9 14,9 0,4 12,9 1,6

154/926B/39X/5/115-117 392,47 1/512 1,08 0,00211 97659,26 19,344 0,5 2,5 12,8 203 92 100,0 31,2 2,5 3,0 15,8 1,5 13,8 1,0

154/926B/39X/5/145-147 392,77 1/256 0,64 0,00250 147600,00 19,360 0,9 12,2 329 249 4 3 98,8 43,1 0,9 2,1 3,6 8,5 16,1 0,3

6 154/926B/39X/6/30-32 393,12 1/1024 2,01 0,00196 102909,45 19,371 3,3 9,9 212 115 1 99,5 35,2 1,4 6,6 18,9 0,9 8,0 0,5

154/926C/39X/5/80-82 393,52 1/256 0,70 0,00273 119222,86 19,383 2,9 6,0 348 255 2 99,4 42,3 2,3 4,9 9,2 17,0 0,6

154/926C/39X/5/120-122 393,92 1/1024 1,72 0,00168 203013,95 19,397 0,6 6,9 12,3 332 241 1 99,7 42,1 2,7 3,0 12,7 1,5 9,0 1,5

154/926C/39X/6/50-52 394,72 1/128 0,88 0,00688 53090,91 19,423 2,8 2,2 358 244 100,0 40,5 3,4 12,8 13,7 0,6 9,5

154/926C/39X/6/110-112 395,32 1/512 1,29 0,00252 122244,96 19,443 3,3 6,3 304 194 2 99,3 39,0 2,3 13,2 16,8 1,3 9,2 0,3

C 39X
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154/926B/40X/1/45-47 395,37 1/256 0,75 0,00293 96256,00 19,447 0,7 8,4 273 249 5 98,2 47,7 1,5 8,1 13,6 1,5 15,8

154/926B/40X/1/105-107 395,97 1/512 1,05 0,00205 113127,62 19,465 0,4 0,4 0,9 5,2 230 129 100,0 35,9 0,9 8,3 14,3 1,3 3,0

154/926B/40X/2/75-77 397,17 1/512 1,25 0,00244 126566,40 19,501 0,3 3,3 8,3 303 127 100,0 29,5 2,3 9,6 15,2 4,0 11,2

154/926B/40X/2/135-137 397,77 1/1024 1,85 0,00181 143913,51 19,517 0,8 2,9 20,8 245 74 1 99,6 23,2 2,0 5,3 11,4 0,8 3,7 9,0 2,0

154/926B/40X/3/45-47 398,37 1/256 1,11 0,00434 61117,12 19,536 0,9 0,9 4,8 229 138 2 1 99,1 37,6 0,4 0,9 4,8 14,4 0,9 9,2

154/926B/40X/3/120-122 399,12 1/512 1,25 0,00244 100761,60 19,562 2,9 4,1 245 96 2 100,0 28,2 0,8 8,2 15,5 0,8 8,2 2,0

154/926B/40X/4/85-87 400,27 1/512 1,04 0,00203 120615,38 19,603 3,9 5,2 229 100 1 1 99,6 30,4 0,4 0,9 3,9 10,5 2,2 13,1 2,6

154/926B/40X/4/145-147 400,87 1/1024 1,58 0,00154 137397,47 19,626 13,9 202 96 4 100,0 32,2 1,9 2,0 1,0 13,4 3,5 18,3 1,5

154/926B/40X/5/11-13 401,03 1/256 0,83 0,00324 98698,80 19,633 35,1 271 173 1 3 99,6 39,0 1,1 7,4 12,5 0,7 19,2 1,1

154/926B/40X/5/52,5-54,5 401,45 1/256 1,49 0,00582 64257,72 19,655 0,3 0,3 2,1 20,1 374 322 2 6 99,5 46,3 1,6 8,6 12,6 2,9 8,3 2,4

154/926B/40X/5/100-102 401,92 1/256 0,86 0,00336 69358,14 19,670 1,3 14,7 224 159 1 100,0 41,5 0,4 3,1 10,3 11,2 4,0 21,4 1,8

154/926B/40X/6/13-15 402,55 1/1024 1,80 0,00176 216746,67 19,692 1,3 15,4 371 301 4 8 98,9 44,8 2,1 4,0 3,2 17,0 0,3 1,6 15,6 1,9

154/926B/40X/6/69-71 403,11 1/1024 2,08 0,00203 138830,77 19,717 2,8 21,0 281 94 1 2 99,6 25,1 0,7 4,3 7,5 10,3 1,8 14,2 6,8

C 40X 6 154/926C/40X/6/15-17 404,06 1/512 0,91 0,00178 138971,43 19,767 1,6 13,3 256 154 1 4 99,6 37,6 1,5 4,3 10,9 12,5 6,3 11,7 1,6

154/926B/41X/1/35-37 404,57 1/128 0,23 0,00180 173634,78 19,815 0,7 9,3 301 200 4 29 98,7 39,9 8,8 6,0 6,0 6,3 2,7 39,5

154/926B/41X/1/90-92 405,12 1/256 0,41 0,00160 235395,12 19,835 1,2 7,4 337 310 5 6 98,5 47,9 1,7 3,0 20,8 13,9 2,4 20,8

154/926B/41X/2/48-50 405,70 1/256 0,23 0,00090 287165,22 19,869 0,4 10,2 254 171 3 12 98,8 40,2 4,5 1,6 4,7 5,9 0,8 32,7

154/926B/41X/2/108-110 406,30 1/64 0,12 0,00188 201600,00 19,891 17,2 377 268 3 36 99,2 41,6 8,7 3,2 4,2 5,6 1,1 10,1 0,3

3 154/926B/41X/3/45-47 407,17 1/512 2,14 0,00418 79910,28 19,913 1,5 23,6 326 177 15 100,0 35,2 4,4 7,1 12,9 3,7 16,9 0,9

154/926B/41X/4/15-17 408,37 1/128 0,23 0,00180 121321,74 19,949 9,8 214 165 1 10 99,5 43,5 4,5 3,7 7,5 15,4 0,9 24,8

154/926B/41X/4/125-127 409,17 1/256 1,02 0,00398 81317,65 19,997 1,9 13,5 319 122 3 7 99,1 27,7 2,1 1,3 9,7 11,9 0,3 3,1 14,1 0,9

5 154/926B/41X/5/15-17 409,87 1/1024 0,94 0,00092 267982,98 20,011 2,4 9,6 208 57 100,0 21,5 3,4 19,2 8,2 2,4 18,3 7,7

3 154/926C/41X/3/140-142 410,28 1/128 0,24 0,00188 155733,33 20,081 0,7 21,5 289 155 5 28 98,3 34,9 8,8 0,7 10,7 21,5 0,7 10,4 1,0 0,3

154/926C/41X/4/70-72 411,08 1/128 0,24 0,00188 121066,67 20,118 20,2 218 190 1 8 99,5 46,6 3,5 3,2 4,1 20,2 0,5 17,0 0,9

154/926C/41X/4/145-147 411,83 1/2048 1,42 0,00069 429791,55 20,152 0,3 0,7 18,5 287 103 1 1 99,7 26,4 0,3 0,7 7,3 22,0 0,3 0,3 10,5 1,0 2,1

154/926C/41X/5/50-52 412,38 1/1024 1,03 0,00101 338019,42 20,178 0,3 0,3 1,5 16,6 325 126 3 100,0 27,9 0,9 2,8 9,2 16,6 0,6 2,2 12,0 1,2 3,1

154/926C/41X/5/110-112 412,98 1/256 0,55 0,00215 179665,45 20,205 0,3 0,3 1,1 25,3 379 178 1 8 99,7 32,0 2,1 0,5 6,3 18,7 0,3 9,5 0,8 2,4

1 154/926B/42X/1/101-103 414,93 1/512 0,50 0,00098 260096,00 20,232 0,7 13,1 283 94 6 100,0 24,9 2,1 7,8 23,0 0,7 0,4 25,4 1,4 4,9

154/926B/42X/2/10-12 415,52 1/512 1,08 0,00211 189629,63 20,247 0,5 15,3 378 215 2 22 99,5 36,3 5,5 1,1 7,4 17,5 0,3 0,8 25,7 1,1 6,6

154/926B/42X/2/88-90 416,30 1/512 0,88 0,00172 143127,27 20,269 2,5 16,8 238 70 1 9 99,6 22,7 3,6 1,7 15,1 14,7 17,2 0,8 1,3

154/926B/42X/2/145-147 416,87 1/1024 1,41 0,00138 236028,37 20,288 1,9 18,9 318 122 1 12 99,7 27,7 3,6 0,3 10,1 10,1 1,9 20,8 1,6 5,7

154/926B/42X/3/73-75 417,65 1/2048 1,72 0,00084 320297,67 20,314 1,8 21,4 224 55 8 100,0 19,7 3,4 1,3 4,0 14,3 0,4 23,7 0,9 4,5

154/926B/42X/3/135-137 418,27 1/1024 1,86 0,00182 114511,83 20,333 1,0 29,9 201 91 3 100,0 31,2 1,5 3,0 3,5 12,4 0,5 16,4 1,0 6,0

4 154/926B/42X/4/86-88 419,28 1/256 0,30 0,00117 174933,33 20,359 0,5 7,8 204 147 9 100,0 41,9 4,2 3,9 8,8 15,7 0,5 18,6 1,0 1,5
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5 154/926B/42X/5/80-82 420,72 1/1024 2,24 0,00219 174628,57 20,398 0,5 1,4 20,6 364 188 1 18 99,7 34,1 4,7 2,2 10,4 0,5 0,3 21,2 0,5 17,3

154/926B/42X/6/10-12 421,52 1/1024 1,20 0,00117 175786,67 20,427 0,5 26,9 201 81 14 100,0 28,7 6,5 8,0 11,4 2,0 14,9 3,0 9,0

154/926B/42X/6/65-67 422,07 1/1024 1,45 0,00142 242228,97 20,451 17,0 324 77 1 7 99,7 19,2 2,1 0,6 6,5 9,0 1,5 12,3 2,2 21,3

154/926B/42X/6/145-147 422,87 1/512 0,71 0,00139 172349,30 20,475 10,6 235 150 1 29 99,6 39,0 11,0 3,0 16,6 1,3 22,1 10,6

7 154/926B/42X/7/20-22 423,12 1/512 1,38 0,00270 141727,54 20,482 0,5 18,0 377 209 49 100,0 35,7 11,5 0,8 6,1 6,4 0,3 1,6 18,8 0,8 4,2

C 42X 5 154/926C/42X/5/45-47 423,67 1/256 0,48 0,00188 152533,33 20,469 15,1 271 156 26 100,0 36,5 8,8 1,5 4,4 9,2 0,7 22,1 1,1

154/926B/43X/1/90-92 424,42 1/256 0,69 0,00270 140614,49 20,525 0,3 11,5 339 206 3 26 99,1 37,8 7,1 4,4 7,7 8,3 0,3 2,7 11,8 2,9

154/926B/43X/2/35-37 425,37 1/128 0,48 0,00375 106133,33 20,552 8,4 395 374 2 47 99,5 48,6 10,6 5,1 3,5 4,1 10,4 1,0

154/926B/43X/2/90-92 425,92 1/512 1,22 0,00238 153180,33 20,571 10,9 303 172 1 25 99,7 32,0 7,6 0,7 1,7 6,3 0,3 21,1 3,3

154/926B/43X/3/10-12 426,62 1/512 0,80 0,00156 132480,00 20,599 0,5 9,7 206 158 3 35 98,6 43,4 14,5 0,5 1,9 2,4 0,5 13,1 1,0

154/926B/43X/3/72-74 427,24 1/256 0,68 0,00266 121600,00 20,620 5,8 292 216 1 30 99,7 42,5 9,3 2,4 1,0 4,1 1,0 9,9 0,3 6,2

154/926B/43X/4/30-32 428,32 1/1024 1,54 0,00150 141631,17 20,650 11,3 212 84 2 13 99,1 28,4 5,8 1,9 2,8 1,4 0,5 11,3 1,4

154/926B/43X/4/130-132 429,32 1/512 1,07 0,00209 127760,75 20,685 0,4 7,9 265 85 2 5 99,3 24,3 1,9 0,8 12,8 3,4 0,4 1,1 12,5 0,8

154/926B/43X/5/65-67 430,17 1/512 0,29 0,00057 368993,10 20,714 16,9 207 137 2 13 99,0 39,8 5,9 4,8 1,4 0,5 0,5 10,6 0,5 1,0

154/926B/43X/5/145-147 430,97 1/128 0,20 0,00156 138880,00 20,737 11,0 210 141 2 26 99,1 40,2 11,0 1,9 2,9 2,4 19,0 1,0

6 154/926B/43X/6/75-77 431,77 1/256 0,49 0,00191 119640,82 20,762 5,1 216 80 13 100,0 27,0 5,7 2,3 10,6 2,8 2,8 8,8 0,5

CC 154/926B/43X/CC/25-27 432,27 1/512 0,57 0,00111 195817,54 20,778 2,0 202 98 3 12 98,5 32,7 5,6 8,4 1,0 14,9 0,5 7,4

1 154/926B/44X/1/115-117 434,37 1/512 1,03 0,00201 166027,18 20,850 0,9 6,9 349 169 1 7 99,7 32,6 2,0 2,3 8,6 5,4 2,3 1,4 8,6 0,9 0,3

2 154/926B/44X/2/85-87 435,57 1/256 0,47 0,00184 151965,96 20,896 5,8 278 153 2 12 99,3 35,5 4,1 6,1 6,5 0,4 1,1 14,0

154/926B/44X/3/36,5-38,5 436,59  1/4096 1,25 0,00031 697958,40 20,931 8,3 216 115 4 100,0 34,7 1,8 0,9 6,0 4,6 0,5 26,4 0,9

154/926B/44X/3/135-137 437,57 1/256 0,35 0,00137 154331,43 20,963 3,3 211 102 3 7 98,6 32,6 3,2 3,8 5,7 4,7 12,8 0,9

4 154/926B/44X/4/125-127 438,97 1/256 0,31 0,00121 199845,16 21,003 0,4 9,4 245 118 1 13 99,6 32,5 5,0 1,6 4,9 6,1 13,9 0,4

5 154/926B/44X/5/96-98 440,18 1/1024 1,44 0,00141 164977,78 21,039 1,7 8,3 230 111 1 5 99,6 32,6 2,1 0,9 5,2 8,3 1,3 7,0 1,3 1,7

6 154/926B/44X/6/110-112 441,82 1/512 0,63 0,00123 194234,92 21,092 0,4 7,1 238 100 5 100,0 29,6 2,1 0,4 14,7 1,7 1,7 2,5 3,8 0,8 1,3

1 154/926B/45X/1/85-87 443,77 1/256 0,83 0,00324 98390,36 21,165 5,7 318 125 3 11 99,1 28,2 3,3 0,3 4,1 2,8 1,6 2,8 4,1 0,3 0,6

2 154/926B/45X/2/55-57 444,97 1/1024 1,27 0,00124 174160,63 21,200 1,4 18,3 218 82 5 100,0 27,3 2,2 1,4 8,3 1,8 12,8

154/926B/45X/3/45-47 446,37 1/512 1,01 0,00197 101893,07 21,250 0,5 0,5 9,4 203 128 1 2 99,5 38,7 1,0 2,0 9,4 2,0 0,5 1,5 3,9 5,4 2,0

154/926B/45X/3/125-127 447,17 1/1024 1,64 0,00160 141112,20 21,279 4,9 8,0 224 163 3 100,0 42,1 1,3 6,7 3,6 5,4 1,8 9,4 0,9

4 154/926B/45X/4/100-102 448,42 1/512 1,13 0,00221 138194,69 21,321 0,3 5,2 310 218 2 8 99,4 41,3 2,5 0,3 2,3 1,9 1,9 13,5 1,9 1,9

154/926B/45X/5/10-12 449,02 1/512 1,08 0,00211 115674,07 21,341 8,7 242 231 2 7 99,2 48,8 2,8 1,2 5,0 2,1 11,2 0,8

154/926B/45X/5/90-92 449,82 1/512 0,56 0,00109 234057,14 21,367 11,4 255 108 2 3 99,2 29,8 1,2 1,2 7,5 1,2 1,6 2,7 6,7 0,4 0,4

6 154/926B/45X/6/60-62 451,02 1/256 0,59 0,00230 155335,59 21,406 15,3 359 258 4 11 98,9 41,8 3,0 0,3 9,7 8,6 1,1 0,8 1,9 0,6 1,4

5
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154/926C/34X/3/20-22 340,71 1/256 0,36 0,00141 179200,00 17,603 2,7 3,4 26,6 0,8 2,7 0,1527 2,3230 0,7407 2,3 28,5 19,8 5,3 43,3 4,9 1,9 23,2 6,8 22,8

154/926C/34X/3/60-62 341,11 1/1024 2,40 0,00234 150186,67 17,614 0,6 8,5 12,4 2,6 10,9 0,0728 2,9230 0,8682 2,9 37,6 6,5 2,6 21,8 30,9 4,4 9,7 35,3 78,4

154/926C/34X/3/115-117 341,66 1/1024 2,18 0,00213 158297,25 17,630 1,2 7,3 17,9 2,7 9,7 0,0701 2,9810 0,8602 8,8 37,7 12,8 3,0 17,6 28,3 3,0 7,0 31,3 81,7

154/926C/34X/4/45-47 342,46 1/1024 2,39 0,00233 130677,82 17,652 1,3 3,3 16,9 1,0 8,8 0,0919 2,7620 0,8379 5,9 27,7 8,1 4,2 22,1 23,8 2,0 8,5 25,7 75,2

154/926C/34X/4/105-107 343,06 1/1024 1,95 0,00190 137583,59 17,668 2,3 5,7 21,9 1,1 18,5 0,0967 2,7030 0,8110 4,9 40,8 14,0 5,7 19,6 38,9 1,1 13,6 40,0 74,6

5 154/926C/34X/5/115-117 344,66 1/512 1,29 0,00252 114306,98 17,713 2,1 3,2 34,2 1,8 12,7 0,1164 2,5540 0,7933 2,5 31,0 19,0 3,5 13,4 25,4 3,5 7,0 28,9 80,4

6 154/926C/34X/6/25-27 345,26 1/1024 2,58 0,00252 138517,83 17,729 2,6 5,8 23,6 2,6 13,4 0,0874 2,8010 0,8234 3,8 35,6 9,6 4,4 19,5 26,8 3,5 7,3 30,3 80,6

154/926B/35X/1/15-17 346,87 1/2048 4,00 0,00195 129536,00 17,770 3,7 2,1 32,1 2,5 9,5 0,1078 2,5600 0,8057 0,4 27,6 18,9 3,7 18,9 23,9 2,1 10,3 25,9 71,6

154/926B/35X/1/95-97 347,67 1/1024 3,26 0,00318 115278,53 17,791 4,6 5,7 22,7 1,6 11,7 0,0844 2,7830 0,8351 4,6 38,0 12,6 6,0 18,3 26,8 2,2 14,8 29,0 66,3

2 154/926B/35X/2/40-42 348,62 1/1024 1,72 0,00168 173841,86 17,819 10,3 3,4 18,5 1,4 8,9 0,0742 2,8900 0,8583 3,4 35,3 13,4 12,7 30,1 19,9 4,5 21,2 24,3 53,4

154/926B/35X/3/30-32 350,02 1/1024 2,12 0,00207 156015,09 17,859 6,9 10,6 9,3 0,9 15,0 0,0736 2,9870 0,8335 3,1 37,7 6,9 8,4 19,3 29,9 0,6 15,3 30,5 66,7

154/926B/35X/3/125-127 350,97 1/512 2,50 0,00488 73318,40 17,891 5,5 8,6 12,6 1,2 14,7 0,0868 2,8220 0,8469 4,0 33,7 10,4 6,7 16,6 35,9 1,5 13,2 37,4 73,9

154/926B/35X/4/30-32 351,52 1/2048 2,37 0,00116 385404,22 17,917 3,9 6,4 10,0 3,4 11,1 0,0701 2,9900 0,8480 5,0 39,8 6,1 4,5 26,1 28,0 3,9 15,0 31,8 68,0

154/926B/35X/4/85-87 352,07 1/1024 2,73 0,00267 151912,09 17,939 4,3 7,3 10,4 1,8 12,9 0,0805 2,8270 0,8396 5,3 39,4 9,3 5,3 25,0 30,6 1,3 14,1 31,8 69,2

5 154/926B/35X/5/70-72 353,42 1/1024 2,50 0,00244 146227,20 17,986 4,0 4,9 10,9 2,6 11,7 0,0704 2,9560 0,8691 5,2 34,7 4,9 3,7 16,0 28,1 2,9 11,7 30,9 72,5

154/926B/35X/6/30-32 354,52 1/1024 2,51 0,00245 166043,03 18,028 5,2 4,2 13,2 2,0 10,2 0,0742 2,9600 0,8325 1,5 36,3 6,7 7,2 27,4 18,9 2,2 19,4 21,1 52,1

154/926B/35X/6/90-92 355,12 1/1024 1,46 0,00143 158509,59 18,053 4,3 6,9 13,0 2,6 11,3 0,0882 2,7730 0,8513 0,4 32,5 11,3 5,2 32,9 19,0 2,2 18,2 21,2 53,8

7 154/926B/35X/7/15-17 355,87 1/1024 1,93 0,00188 163415,54 18,084 2,3 4,2 26,3 3,2 11,7 0,0883 2,8620 0,8258 3,9 37,0 20,1 4,5 24,4 22,4 2,6 15,9 25,0 61,1

154/926B/36X/1/15-17 356,47 1/512 1,11 0,00217 155445,05 18,115 5,8 6,4 14,1 4,9 8,0 0,0693 3,1100 0,8613 2,4 46,2 11,0 6,1 31,8 20,8 3,4 25,4 24,2 48,8

154/926B/36X/1/80-82 357,12 1/1024 2,92 0,00285 142728,77 18,149 3,7 8,5 9,2 4,5 10,2 0,0696 3,0610 0,8476 2,5 41,4 7,2 3,7 24,2 24,2 3,0 19,0 27,2 58,9

154/926B/36X/2/25-27 358,07 1/1024 1,64 0,00160 156097,56 18,181 3,0 8,2 7,8 5,6 10,0 0,0681 2,9930 0,8889 2,6 42,9 5,6 5,2 19,5 23,8 5,6 16,9 29,4 63,6

154/926B/36X/2/138-140 359,20 1/2048 1,69 0,00083 340525,44 18,213 7,0 7,7 9,2 5,3 7,7 0,0552 3,2240 0,8996 1,4 41,2 6,0 8,8 24,3 17,6 4,6 20,1 22,2 52,5

154/926B/36X/3/45-47 359,77 1/1024 2,50 0,00244 103628,80 18,231 8,0 8,4 14,1 5,3 11,1 0,0600 3,0330 0,9103 1,9 45,4 9,5 8,4 17,9 22,1 7,6 16,8 29,8 63,9

154/926B/36X/3/105-107 360,37 1/1024 2,94 0,00287 127477,55 18,259 7,6 6,2 18,8 2,0 5,3 0,0687 2,9500 0,8591 2,2 35,7 11,8 9,8 19,4 17,1 3,4 14,9 20,5 57,9

154/926B/36X/4/50-52 361,32 1/1024 1,57 0,00153 171536,31 18,305 1,6 9,1 14,3 3,6 9,9 0,0571 3,1470 0,8852 4,0 39,3 6,3 3,2 11,1 29,0 0,8 9,5 29,8 75,8

154/926B/36X/4/110-112 361,92 1/1024 1,53 0,00149 163973,86 18,323 8,9 11,0 14,3 3,0 4,6 0,0646 2,9790 0,8941 1,3 35,4 12,2 13,9 27,4 16,9 1,7 22,4 18,6 45,4

1 154/926B/37X/1/30-32 366,32 1/512 1,52 0,00297 101389,47 18,422 4,8 2,4 31,3 2,0 2,0 0,1425 2,5410 0,7472 1,4 33,7 26,9 6,5 27,9 11,9 3,7 21,1 15,6 42,6

154/926B/37X/2/37-39 367,89 1/512 1,48 0,00289 78529,73 18,480 4,0 9,8 20,5 0,9 2,7 0,0630 3,0300 0,9092 3,1 31,7 12,9 4,0 17,0 17,9 4,0 12,1 21,9 64,5

154/926B/37X/2/115-117 368,67 1/256 0,46 0,00180 182539,13 18,510 3,7 1,2 23,2 3,1 1,8 0,1384 2,5090 0,7377 1,5 37,6 18,3 4,6 36,1 7,3 3,7 26,9 11,0 29,0

154/926B/37X/3/40-42 369,42 1/256 0,47 0,00184 185191,49 18,536 6,1 2,6 26,0 1,2 0,3 0,1511 2,3090 0,7265 1,2 38,2 23,7 9,5 48,6 8,7 2,0 31,2 10,7 25,5

154/926B/37X/3/120-122 370,22 1/512 0,90 0,00176 151324,44 18,560 10,2 3,8 34,0 2,6 0,8 0,1525 2,4100 0,7312 0,8 32,8 27,9 10,2 35,8 6,8 2,3 29,8 9,1 23,3

154/926B/37X/4/25-27 370,77 1/512 0,24 0,00047 633600,00 18,583 3,0 1,7 26,6 1,0 1,0 0,1450 2,4230 0,7352 0,3 29,0 21,9 5,1 32,7 8,4 2,0 21,2 10,4 33,0

154/926B/37X/4/80-82 371,32 1/512 1,05 0,00205 177493,33 18,604 4,1 2,5 28,4 1,4 2,2 0,1206 2,6810 0,7602 4,1 44,8 22,4 7,1 35,2 15,0 1,9 29,5 16,9 36,5

154/926B/37X/5/10-12 372,12 1/512 0,92 0,00180 172521,74 18,629 4,2 8,1 18,9 3,3 3,3 0,0748 3,0370 0,8476 2,0 39,1 14,7 7,2 32,9 15,3 2,9 25,4 18,2 41,8

154/926B/37X/5/105-107 373,07 1/512 2,03 0,00396 84997,04 18,665 12,1 5,6 15,8 2,8 5,3 0,0716 3,0650 0,8552 3,4 38,8 14,9 12,7 31,7 14,3 3,7 28,0 18,0 39,2
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5 154/926C/37X/5/60-62 373,59 1/1024 1,61 0,00157 155190,06 18,667 8,7 5,8 18,7 1,7 3,3 0,0681 3,0410 0,8857 3,3 30,7 14,5 12,4 21,2 11,6 4,6 20,3 16,2 44,3

6 154/926C/37X/6/10-12 374,59 1/1024 1,71 0,00167 158690,06 18,700 5,3 12,9 11,4 0,4 11,7 0,0669 3,0520 0,8654 2,7 42,0 9,8 8,0 18,2 26,1 3,0 14,8 29,2 66,4

7 154/926C/37X/7/10-12 375,59 1/1024 1,19 0,00116 178984,87 18,734 6,4 3,9 21,7 5,9 0,0911 2,7470 0,8642 26,1 13,3 6,4 30,0 14,8 3,4 15,3 18,2 54,4

154/926B/38X/1/55-57 376,17 1/1024 2,45 0,00239 153808,98 18,763 5,5 6,8 15,8 0,8 3,8 0,0705 2,9890 0,8703 0,8 35,0 12,8 4,9 25,4 14,2 2,7 19,7 16,9 46,3

154/926B/38X/1/136-138 376,98 1/1024 2,45 0,00239 175960,82 18,790 4,5 4,5 25,4 1,7 3,3 0,1063 2,7350 0,7966 0,5 28,0 19,5 5,7 21,4 8,8 5,2 13,3 14,0 51,3

154/926B/38X/2/25-27 377,37 1/1024 1,88 0,00184 199897,87 18,805 5,6 7,1 13,0 2,5 6,5 0,0731 2,9460 0,8578 1,7 39,5 9,6 7,9 29,9 15,3 2,5 22,0 17,8 44,7

154/926B/38X/2/105-107 378,17 1/1024 2,26 0,00221 149522,12 18,832 9,7 8,5 14,2 1,8 3,0 0,0687 3,0170 0,8628 2,1 35,0 10,3 10,0 26,3 16,6 3,0 23,3 19,6 45,8

154/926B/38X/3/35-37 378,97 1/256 0,44 0,00172 146036,36 18,858 15,1 2,5 33,5 0,4 0,8 0,1422 2,4230 0,7729 28,5 28,5 18,4 36,4 7,5 1,7 31,4 9,2 22,7

154/926B/38X/3/75-77 379,37 1/1024 2,31 0,00226 157367,97 18,872 10,3 12,9 10,3 1,2 7,4 0,0756 2,9010 0,8616 0,3 39,4 7,9 11,5 28,2 15,9 4,7 25,0 20,6 45,2

154/926B/38X/4/5-7 380,17 1/512 1,08 0,00211 229451,85 18,905 6,6 1,2 25,3 1,2 0,6 0,1548 2,3480 0,7046 1,2 26,7 20,3 7,7 35,4 5,2 1,4 25,5 6,6 20,6

154/926B/38X/4/45-47 380,57 1/1024 2,01 0,00196 191554,23 18,920 13,3 6,6 17,0 1,9 7,7 0,0781 2,9470 0,8428 1,6 37,5 12,5 14,4 33,8 14,1 1,1 30,6 15,2 33,1

154/926B/38X/4/125-127 381,37 1/2048 1,62 0,00079 348918,52 18,949 1,8 9,2 23,2 0,7 4,1 0,0967 2,8460 0,8287 1,5 35,4 17,7 4,4 24,0 11,8 3,7 21,4 15,5 42,0

154/926B/38X/5/55-57 382,17 1/512 1,18 0,00230 126698,31 18,979 10,8 3,5 30,7 0,3 1,7 0,1218 2,5330 0,7775 1,4 35,9 23,7 12,2 39,7 8,4 3,1 31,7 11,5 26,6

154/926B/38X/5/95-97 382,57 1/1024 2,40 0,00234 130560,00 18,995 6,5 3,6 33,6 1,8 2,5 0,0964 2,7450 0,8330 2,2 36,1 24,2 8,3 33,2 10,5 4,3 26,0 14,8 36,3

154/926B/38X/6/5-7 383,17 1/1024 2,79 0,00272 110107,53 19,020 6,2 2,1 21,0 0,7 2,4 0,1061 2,7890 0,8200 2,4 37,2 15,5 8,6 36,6 13,1 4,8 31,4 17,9 36,4

154/926B/38X/6/45-47 383,57 1/2048 2,86 0,00140 221269,93 19,036 7,1 3,1 35,6 1,7 3,1 0,1458 2,4890 0,7468 1,0 26,8 26,1 7,5 22,7 12,2 1,7 20,7 13,9 40,2

154/926B/38X/6/110-112 384,22 1/1024 1,78 0,00174 128287,64 19,065 12,8 8,2 22,4 2,7 0,0879 2,8050 0,8510 2,3 41,6 15,5 11,4 31,5 18,3 2,3 29,2 20,5 41,3

7 154/926B/38X/7/40-42 385,02 1/256 0,69 0,00270 119095,65 19,103 12,0 1,3 35,3 0,3 1,3 0,1538 2,4280 0,7368 1,6 28,1 27,8 13,9 32,2 10,1 1,9 29,3 12,0 29,0

154/926B/39X/1/10-12 385,42 1/1024 2,07 0,00202 128123,67 19,120 9,7 3,9 17,0 0,8 3,9 0,0758 2,8460 0,8956 1,2 24,7 11,2 7,7 26,3 12,7 0,8 19,7 13,5 40,7

154/926B/39X/1/71-73 386,03 1/512 1,07 0,00209 117233,64 19,143 9,0 4,1 31,8 0,4 2,4 0,1132 2,6330 0,7902 0,4 30,2 20,4 11,4 29,4 11,8 1,6 25,3 13,5 34,7

154/926B/39X/1/110-112 386,42 1/1024 1,92 0,00188 148800,00 19,153 10,7 4,8 23,2 0,7 0,4 0,1034 2,7380 0,8130 0,4 32,8 18,8 8,9 30,6 12,2 0,7 26,9 12,9 32,4

154/926B/39X/2/50-52 387,32 1/512 1,13 0,00221 157677,88 19,173 7,0 5,2 26,2 0,3 1,5 0,1067 2,6270 0,8063 0,6 30,2 18,9 8,4 26,7 10,5 1,5 20,1 11,9 37,3

154/926B/39X/2/90-92 387,72 1/512 1,88 0,00367 76255,32 19,184 2,9 6,8 25,2 4,7 0,1053 2,6350 0,8290 0,7 37,1 19,4 3,2 21,9 17,3 0,7 15,1 18,0 54,3

154/926B/39X/3/55-57 388,87 1/1024 1,90 0,00186 125035,79 19,218 11,7 6,7 11,2 6,7 0,0696 2,8860 0,9082 0,4 38,6 7,6 8,5 35,4 17,0 2,2 28,7 19,3 40,2

154/926B/39X/3/95-97 389,27 1/512 0,71 0,00139 145667,61 19,237 9,0 7,0 31,3 0,5 0,1152 2,4610 0,8216 0,5 39,3 21,4 10,9 28,9 9,5 1,5 24,9 10,9 30,6

154/926B/39X/4/50-52 390,32 1/1024 2,75 0,00269 75589,82 19,273 6,1 9,6 11,7 0,5 4,1 0,0730 2,8350 0,9171 0,5 39,1 6,6 9,6 25,9 15,2 1,5 23,9 16,8 41,3

154/926B/39X/4/75-77 390,57 1/1024 1,59 0,00155 137821,38 19,281 10,3 4,7 18,8 1,4 4,2 0,1004 2,6200 0,8477 37,1 16,9 12,2 36,2 14,6 2,3 25,4 16,9 40,0

154/926B/39X/4/135-137 391,17 1/256 0,64 0,00250 156000,00 19,299 7,8 2,2 30,4 0,8 1,6 0,1402 2,3900 0,7519 28,5 24,2 9,9 36,0 9,1 3,8 23,4 12,9 35,6

154/926B/39X/5/20-22 391,52 1/1024 2,43 0,00237 106613,99 19,309 12,5 3,6 28,2 0,8 2,8 0,1000 2,6140 0,8336 0,8 36,7 16,9 14,9 27,8 14,5 6,0 24,2 20,6 45,9

154/926B/39X/5/115-117 392,47 1/512 1,08 0,00211 97659,26 19,344 11,3 3,0 29,6 3,0 3,0 0,1327 2,4860 0,8165 31,5 26,6 13,3 27,6 18,2 3,0 20,7 21,2 50,6

154/926B/39X/5/145-147 392,77 1/256 0,64 0,00250 147600,00 19,360 8,5 1,5 44,7 1,5 0,9 0,1860 2,2170 0,7402 0,6 23,1 35,9 10,6 26,7 8,2 2,4 18,5 10,6 36,5

6 154/926B/39X/6/30-32 393,12 1/1024 2,01 0,00196 102909,45 19,371 12,3 0,9 36,3 0,9 3,3 0,1296 2,4530 0,8056 31,1 27,8 9,9 21,7 19,8 1,4 17,5 21,2 54,9

154/926C/39X/5/80-82 393,52 1/256 0,70 0,00273 119222,86 19,383 10,6 2,0 41,4 3,2 2,9 0,1536 2,3760 0,7578 0,6 29,3 31,6 11,8 29,6 9,2 4,3 23,3 13,5 36,7

154/926C/39X/5/120-122 393,92 1/1024 1,72 0,00168 203013,95 19,397 10,2 5,1 29,5 4,8 7,5 0,0772 2,8680 0,8701 0,6 30,7 20,2 13,0 21,7 19,6 5,1 17,2 24,7 59,0

154/926C/39X/6/50-52 394,72 1/128 0,88 0,00688 53090,91 19,423 16,2 0,8 34,6 3,4 2,8 0,1267 2,4700 0,7876 34,1 26,5 17,3 29,1 12,3 3,4 26,0 15,6 37,6

154/926C/39X/6/110-112 395,32 1/512 1,29 0,00252 122244,96 19,443 13,8 2,0 29,3 2,3 3,3 0,1165 2,5590 0,7855 0,3 40,8 25,0 14,1 25,3 18,4 2,6 22,7 21,1 48,1
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154/926B/40X/1/45-47 395,37 1/256 0,75 0,00293 96256,00 19,447 11,0 3,3 32,2 4,0 0,7 0,1116 2,6100 0,8108 35,2 24,9 8,4 28,2 13,6 5,1 22,3 18,7 45,5

154/926B/40X/1/105-107 395,97 1/512 1,05 0,00205 113127,62 19,465 7,4 2,6 52,6 1,3 1,7 0,2104 2,1450 0,7044 27,8 40,4 8,3 11,3 14,3 2,6 10,4 17,0 61,9

154/926B/40X/2/75-77 397,17 1/512 1,25 0,00244 126566,40 19,501 10,2 4,0 29,4 2,3 3,6 0,1124 2,5790 0,8116 0,3 43,2 23,8 12,5 23,4 16,2 5,6 21,8 21,8 50,0

154/926B/40X/2/135-137 397,77 1/1024 1,85 0,00181 143913,51 19,517 12,2 13,5 11,8 3,7 3,7 0,0567 3,1010 0,9118 4,5 46,1 7,8 11,0 23,7 16,3 4,5 23,3 20,8 47,2

154/926B/40X/3/45-47 398,37 1/256 1,11 0,00434 61117,12 19,536 15,7 2,6 38,9 6,1 1,7 0,1725 2,3780 0,7300 2,2 34,9 36,7 15,7 25,3 15,7 4,8 25,3 20,5 44,8

154/926B/40X/3/120-122 399,12 1/512 1,25 0,00244 100761,60 19,562 14,3 5,3 31,8 6,9 2,9 0,1174 2,5690 0,8193 0,8 42,0 26,5 12,2 22,4 20,4 7,3 20,0 27,8 58,1

154/926B/40X/4/85-87 400,27 1/512 1,04 0,00203 120615,38 19,603 13,5 2,6 38,9 2,6 3,9 0,1160 2,5810 0,7831 0,4 30,1 23,1 14,4 27,1 15,7 2,6 24,0 18,3 43,3

154/926B/40X/4/145-147 400,87 1/1024 1,58 0,00154 137397,47 19,626 17,8 3,5 19,3 5,9 0,0930 2,6900 0,8579 1,0 29,2 11,9 19,8 37,6 15,8 5,9 27,2 21,8 44,4

154/926B/40X/5/11-13 401,03 1/256 0,83 0,00324 98698,80 19,633 14,4 2,6 6,6 0,4 0,1277 2,3230 0,8036 0,7 35,4 0,4 14,4 33,2 12,5 1,5 26,9 14,0 34,2

154/926B/40X/5/52,5-54,5 401,45 1/256 1,49 0,00582 64257,72 19,655 15,2 4,0 21,4 1,9 2,7 0,0972 2,6710 0,8199 0,5 33,4 18,4 15,2 23,5 15,0 2,7 22,2 17,6 44,3

154/926B/40X/5/100-102 401,92 1/256 0,86 0,00336 69358,14 19,670 8,9 0,9 19,2 3,1 1,3 0,0880 2,6580 0,8729 1,3 37,1 11,6 12,1 33,0 10,3 2,7 26,8 12,9 32,6

154/926B/40X/6/13-15 402,55 1/1024 1,80 0,00176 216746,67 19,692 11,6 1,9 24,3 1,9 1,3 0,0750 2,9060 0,8630 1,1 26,7 19,7 12,1 31,5 11,1 3,5 25,3 14,6 36,5

154/926B/40X/6/69-71 403,11 1/1024 2,08 0,00203 138830,77 19,717 9,3 13,2 8,9 2,8 0,0716 2,8640 0,8898 3,2 37,0 8,9 12,8 27,8 21,0 0,7 17,1 21,7 56,0

C 40X 6 154/926C/40X/6/15-17 404,06 1/512 0,91 0,00178 138971,43 19,767 21,9 3,9 10,9 1,2 1,6 0,0931 2,7660 0,8488 1,6 33,2 9,4 23,4 37,9 13,3 2,0 32,4 15,2 32,0

154/926B/41X/1/35-37 404,57 1/128 0,23 0,00180 173634,78 19,815 8,6 18,3 2,7 0,7 0,1293 2,4580 0,8072 1,7 38,2 15,6 12,6 53,8 4,3 3,3 39,5 7,6 16,2

154/926B/41X/1/90-92 405,12 1/256 0,41 0,00160 235395,12 19,835 5,3 0,3 24,6 0,3 1,2 0,1108 2,5790 0,8011 40,7 19,0 5,0 28,5 10,7 2,1 18,4 12,8 41,0

154/926B/41X/2/48-50 405,70 1/256 0,23 0,00090 287165,22 19,869 15,4 0,4 28,0 0,4 0,1432 2,3790 0,7586 1,6 35,0 19,7 15,0 48,8 5,5 1,6 41,3 7,1 14,6

154/926B/41X/2/108-110 406,30 1/64 0,12 0,00188 201600,00 19,891 19,1 0,5 38,2 0,5 0,1547 2,3520 0,7502 4,0 19,1 26,5 18,3 32,4 4,5 1,6 29,7 6,1 17,0

3 154/926B/41X/3/45-47 407,17 1/512 2,14 0,00418 79910,28 19,913 15,3 5,2 12,0 0,9 1,5 0,0829 2,7730 0,8511 0,3 35,0 7,7 12,3 31,3 12,3 3,1 27,3 15,3 36,0

154/926B/41X/4/15-17 408,37 1/128 0,23 0,00180 121321,74 19,949 10,3 0,5 26,2 0,9 0,0928 2,6920 0,8472 1,4 36,9 18,7 12,1 37,4 9,8 4,7 29,9 14,5 32,6

154/926B/41X/4/125-127 409,17 1/256 1,02 0,00398 81317,65 19,997 20,1 2,2 19,1 1,9 1,9 0,0931 2,7230 0,8262 1,9 35,4 11,0 18,8 35,1 7,2 4,7 33,5 11,9 26,2

5 154/926B/41X/5/15-17 409,87 1/1024 0,94 0,00092 267982,98 20,011 15,4 1,0 11,1 1,4 2,4 0,0888 2,7690 0,8601 2,9 39,4 8,2 14,9 36,5 15,4 1,9 28,4 17,3 37,9

3 154/926C/41X/3/140-142 410,28 1/128 0,24 0,00188 155733,33 20,081 16,3 2,1 14,2 0,7 0,1033 2,6250 0,8056 1,0 39,4 11,4 15,2 27,7 19,0 3,8 22,8 22,8 50,0

154/926C/41X/4/70-72 411,08 1/128 0,24 0,00188 121066,67 20,118 10,6 0,5 22,5 0,5 0,1062 2,5590 0,8407 2,3 38,1 18,8 11,9 32,1 13,3 3,7 28,9 17,0 37,0

154/926C/41X/4/145-147 411,83 1/2048 1,42 0,00069 429791,55 20,152 18,1 0,3 17,1 0,7 1,0 0,0919 2,7390 0,8309 1,4 35,9 12,5 13,2 30,0 18,8 3,1 26,1 22,0 45,7

154/926C/41X/5/50-52 412,38 1/1024 1,03 0,00101 338019,42 20,178 13,2 3,4 16,0 0,9 2,2 0,0598 3,0780 0,8965 0,9 37,2 6,8 11,1 28,9 18,5 2,5 24,9 20,9 45,6

154/926C/41X/5/110-112 412,98 1/256 0,55 0,00215 179665,45 20,205 10,3 2,4 21,9 1,6 0,1024 2,6850 0,8341 0,8 30,9 17,7 8,2 21,6 16,1 2,6 15,3 18,7 55,0

1 154/926B/42X/1/101-103 414,93 1/512 0,50 0,00098 260096,00 20,232 15,9 1,1 5,7 0,7 0,0910 2,6990 0,8385 0,4 44,5 3,5 10,6 42,4 11,7 12,0 32,5 23,7 42,1

154/926B/42X/2/10-12 415,52 1/512 1,08 0,00211 189629,63 20,247 11,4 0,5 11,9 0,5 0,0927 2,6650 0,8386 0,5 42,9 7,7 9,0 38,9 19,8 2,1 28,8 22,0 43,2

154/926B/42X/2/88-90 416,30 1/512 0,88 0,00172 143127,27 20,269 15,1 0,4 12,2 2,1 2,5 0,0784 2,7960 0,8798 0,8 38,2 5,9 13,0 34,9 14,3 4,2 28,6 18,5 39,3

154/926B/42X/2/145-147 416,87 1/1024 1,41 0,00138 236028,37 20,288 13,2 3,1 11,9 0,6 1,9 0,0667 2,9690 0,9008 2,2 38,7 5,0 9,1 38,1 15,1 2,8 26,1 17,9 40,7

154/926B/42X/3/73-75 417,65 1/2048 1,72 0,00084 320297,67 20,314 13,4 0,9 12,9 0,4 1,8 0,0832 2,7870 0,8659 1,8 36,6 4,0 12,9 43,8 19,2 0,4 28,1 19,6 41,1

154/926B/42X/3/135-137 418,27 1/1024 1,86 0,00182 114511,83 20,333 9,0 2,0 12,4 3,0 1,0 0,0689 2,9190 0,9067 1,5 34,3 4,0 10,0 31,8 14,9 4,5 21,4 19,4 47,6

4 154/926B/42X/4/86-88 419,28 1/256 0,30 0,00117 174933,33 20,359 11,8 0,5 28,9 0,5 0,5 0,1006 2,6830 0,8051 1,5 34,8 21,1 10,3 34,3 14,7 1,5 25,5 16,2 38,8
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5 154/926B/42X/5/80-82 420,72 1/1024 2,24 0,00219 174628,57 20,398 7,7 1,4 15,4 0,5 1,9 0,0972 2,7750 0,8241 2,2 25,8 6,3 4,7 29,1 6,3 2,7 20,1 9,1 31,1

154/926B/42X/6/10-12 421,52 1/1024 1,20 0,00117 175786,67 20,427 11,4 0,5 12,4 0,5 0,0719 2,8480 0,9083 4,5 27,4 4,0 10,0 26,9 12,4 1,0 15,9 13,4 45,8

154/926B/42X/6/65-67 422,07 1/1024 1,45 0,00142 242228,97 20,451 12,7 2,2 14,2 0,6 0,1065 2,7040 0,8114 4,0 28,7 7,4 10,8 29,0 13,9 1,2 18,8 15,1 44,5

154/926B/42X/6/145-147 422,87 1/512 0,71 0,00139 172349,30 20,475 6,4 0,4 28,1 0,9 0,1045 2,5790 0,8344 3,0 33,2 20,4 6,0 28,5 8,9 3,0 23,8 11,9 33,3

7 154/926B/42X/7/20-22 423,12 1/512 1,38 0,00270 141727,54 20,482 8,0 0,5 32,1 1,9 0,5 0,1141 2,6520 0,7796 4,0 28,6 23,1 6,1 28,6 6,1 2,4 20,7 8,5 29,1

C 42X 5 154/926C/42X/5/45-47 423,67 1/256 0,48 0,00188 152533,33 20,469 9,2 0,4 36,2 0,1272 2,4750 0,8261 2,6 28,0 26,6 6,6 33,6 6,3 3,0 24,7 9,2 27,2

154/926B/43X/1/90-92 424,42 1/256 0,69 0,00270 140614,49 20,525 4,7 1,2 41,3 2,9 0,3 0,1400 2,6240 0,7714 3,8 25,1 30,7 8,3 21,8 4,4 3,5 15,9 8,0 33,3

154/926B/43X/2/35-37 425,37 1/128 0,48 0,00375 106133,33 20,552 6,8 0,5 54,9 5,3 0,1419 2,4760 0,7898 9,1 20,8 34,2 8,9 21,0 1,8 3,5 19,2 5,3 21,6

154/926B/43X/2/90-92 425,92 1/512 1,22 0,00238 153180,33 20,571 8,6 1,0 44,6 1,7 0,2238 2,1950 0,6905 3,0 25,1 40,6 4,3 30,7 2,3 1,7 27,7 4,0 12,5

154/926B/43X/3/10-12 426,62 1/512 0,80 0,00156 132480,00 20,599 10,7 59,2 0,5 0,5 0,2034 2,2030 0,7236 9,2 17,5 40,3 6,3 23,8 1,5 3,4 16,0 4,9 23,3

154/926B/43X/3/72-74 427,24 1/256 0,68 0,00266 121600,00 20,620 12,7 54,5 2,1 0,1421 2,5400 0,7993 7,2 17,8 38,4 6,2 26,4 1,7 3,4 24,3 5,1 17,4

154/926B/43X/4/30-32 428,32 1/1024 1,54 0,00150 141631,17 20,650 10,4 0,9 52,8 5,2 0,1724 2,4310 0,7551 10,4 24,1 35,8 6,1 22,6 1,9 4,7 21,2 6,6 23,7

154/926B/43X/4/130-132 429,32 1/512 1,07 0,00209 127760,75 20,685 20,0 35,8 4,2 0,4 0,0981 2,7360 0,8302 5,7 30,2 24,5 12,5 34,3 3,4 2,3 30,2 5,7 15,8

154/926B/43X/5/65-67 430,17 1/512 0,29 0,00057 368993,10 20,714 17,4 43,5 2,9 0,0949 2,6970 0,8487 9,2 30,4 22,2 11,1 36,2 8,2 2,9 28,5 11,1 28,0

154/926B/43X/5/145-147 430,97 1/128 0,20 0,00156 138880,00 20,737 9,5 0,5 50,0 1,9 0,1533 2,4440 0,7793 5,7 24,8 33,3 10,5 27,6 1,0 3,8 25,7 4,8 15,6

6 154/926B/43X/6/75-77 431,77 1/256 0,49 0,00191 119640,82 20,762 14,8 0,5 47,7 4,2 0,1441 2,4380 0,7889 8,3 31,5 30,6 13,0 26,9 3,2 0,9 27,8 4,2 13,0

CC 154/926B/43X/CC/25-27 432,27 1/512 0,57 0,00111 195817,54 20,778 25,2 0,5 39,6 0,5 0,1094 2,4560 0,8497 3,0 29,2 24,3 12,4 48,0 9,9 1,5 33,7 11,4 25,3

1 154/926B/44X/1/115-117 434,37 1/512 1,03 0,00201 166027,18 20,850 19,5 4,0 35,0 4,0 0,9 0,0935 2,8940 0,8278 2,0 25,2 30,1 14,9 32,4 6,6 4,3 32,4 10,9 25,2

2 154/926B/44X/2/85-87 435,57 1/256 0,47 0,00184 151965,96 20,896 17,3 1,4 44,6 2,9 0,1271 2,5770 0,8007 3,6 28,1 35,3 12,2 32,0 9,0 1,8 28,8 10,8 27,3

154/926B/44X/3/36,5-38,5 436,59  1/4096 1,25 0,00031 697958,40 20,931 14,4 2,8 31,9 3,2 0,1029 2,7720 0,8233 1,9 37,0 25,5 8,8 41,7 7,9 2,3 38,4 10,2 21,0

154/926B/44X/3/135-137 437,57 1/256 0,35 0,00137 154331,43 20,963 23,2 1,4 41,2 2,8 0,1064 2,7510 0,8347 3,8 24,2 29,9 20,9 39,3 6,6 2,8 37,4 9,5 20,2

4 154/926B/44X/4/125-127 438,97 1/256 0,31 0,00121 199845,16 21,003 17,6 0,8 32,7 12,2 0,4 0,0660 3,0590 0,8908 5,3 27,8 20,0 13,1 32,2 4,5 7,8 31,8 12,2 27,8

5 154/926B/44X/5/96-98 440,18 1/1024 1,44 0,00141 164977,78 21,039 19,6 1,7 37,4 5,7 1,7 0,0886 2,8780 0,8546 3,9 29,1 24,3 10,0 33,5 11,7 5,2 30,4 17,0 35,8

6 154/926B/44X/6/110-112 441,82 1/512 0,63 0,00123 194234,92 21,092 26,5 35,7 3,4 0,4 0,1057 2,5840 0,8361 0,8 24,4 25,2 14,7 37,4 8,0 4,2 32,8 12,2 27,1

1 154/926B/45X/1/85-87 443,77 1/256 0,83 0,00324 98390,36 21,165 3,5 0,9 70,4 2,8 0,2225 2,2130 0,6572 0,6 51,9 27,4 2,2 48,7 43,1 3,8 9,7 46,9 82,8

2 154/926B/45X/2/55-57 444,97 1/1024 1,27 0,00124 174160,63 21,200 5,5 1,4 42,7 6,4 1,4 0,1084 2,6130 0,8223 0,9 39,4 20,6 5,0 37,6 20,6 4,6 15,6 25,2 61,8

154/926B/45X/3/45-47 446,37 1/512 1,01 0,00197 101893,07 21,250 12,3 2,0 43,3 5,4 1,0 0,1061 2,7260 0,8270 1,0 43,3 20,7 5,4 40,4 27,1 4,4 19,7 31,5 61,5

154/926B/45X/3/125-127 447,17 1/1024 1,64 0,00160 141112,20 21,279 12,1 4,0 40,6 2,7 4,9 0,0934 2,7120 0,8534 0,9 40,6 24,6 7,6 38,8 22,3 2,2 25,4 24,6 49,1

4 154/926B/45X/4/100-102 448,42 1/512 1,13 0,00221 138194,69 21,321 7,1 51,6 11,9 0,3 0,1266 2,5440 0,7809 1,3 48,1 25,2 0,6 46,8 29,0 7,7 22,3 36,8 62,3

154/926B/45X/5/10-12 449,02 1/512 1,08 0,00211 115674,07 21,341 9,5 55,4 6,2 0,1460 2,4020 0,8157 26,9 39,3 3,7 35,1 16,5 6,2 17,4 22,7 56,7

154/926B/45X/5/90-92 449,82 1/512 0,56 0,00109 234057,14 21,367 6,3 0,4 56,9 3,5 0,1547 2,2910 0,7411 38,8 35,3 3,5 37,3 22,4 3,5 13,7 25,9 65,3

6 154/926B/45X/6/60-62 451,02 1/256 0,59 0,00230 155335,59 21,406 16,4 2,8 34,3 6,7 0,0864 2,8170 0,8548 1,4 29,5 28,1 7,8 24,5 14,2 6,7 19,2 20,9 52,1
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Appendix 3 – Tables (upper Chattian – Aquitanian interval) 

 

Paragloborotalia pseudokugleri / P. kugleri group relative abundances (%) 
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1 154/926B/46X/1/85-87 453,47 1/1024 21,491 14,5 200 22 2 50,0 50,0

154/926B/46X/2/40-42 454,52 1/1024 21,522 11,8 255 65 3 14 38,8 38,8

154/926B/46X/2/75-77 454,87 1/1024 21,531 25,4 205 24 3 48,8 48,8

154/926B/46X/3/20-22 455,82 1/512 21,555 12,1 232 69 1 5 42,9 42,9

154/926B/46X/3/65-67 456,27 1/512 21,568 11,9 201 54 3 49,8 49,8

4 154/926B/46X/4/24-26 457,36 1/1024 21,601 20,3 261 48 1 2 38,2 38,2

154/926B/46X/5/20-22 458,82 1/512 21,648 24,5 229 39 6 43,7 43,7

154/926B/46X/5/115-117 459,77 1/256 21,680 1,0 206 71 2 9 48,1 48,1

6 154/926B/46X/6/95-97 461,07 1/128 21,728 27,4 215 71 5 95 45,5 45,5

1 154/926B/47X/1/80-82 463,02 1/1024 21,802 19,4 232 34 12 43,1 43,1

154/926B/47X/2/40-42 464,12 1/512 21,842 23,0 235 66 2 16 42,2 42,2

154/926B/47X/2/90-92 464,62 1/512 21,860 26,9 201 36 1 11 49,5 49,5

154/926B/47X/3/29-31 465,51 1/1024 21,889 32,5 255 52 2 14 38,9 38,9

154/926B/47X/3/125-127 466,47 1/512 21,916 30,5 311 100 2 14 31,9 31,9

154/926B/47X/4/30-32 467,02 1/512 21,930 34,4 311 84 5 6 31,6 31,6

154/926B/47X/4/115-117 467,87 1/512 21,959 22,7 225 53 1 14 44,2 44,2

5 154/926B/47X/5/120-122 469,42 1/512 22,017 37,4 302 83 2 3 32,9 32,9

6 154/926B/47X/6/70-72 470,42 1/512 22,048 19,5 339 63 3 14 29,2 29,2

1 154/926B/48X/1/100-102 472,92 1/512 22,127 41,3 264 59 3 37,9 37,9

2 154/926B/48X/2/70-72 474,12 1/1024 22,169 26,2 275 41 8 36,4 36,4

3 154/926B/48X/3/75-77 475,67 1/2048 22,224 33,3 243 56 11 41,2 41,2

154/926B/48X/4/36-38 476,78 1/512 22,260 8,9 236 75 7 6 41,2 41,2

154/926B/48X/4/145-147 477,87 1/512 22,296 14,0 235 56 2 11 42,2 42,2

5 154/926B/48X/5/94-96 478,86 1/1024 22,326 22,8 416 76 6 24,0 24,0

6 154/926B/48X/6/80-82 480,22 1/1024 22,374 16,7 449 135 2 22,2 22,2

7 154/926B/48X/7/35-37 481,27 1/1024 22,416 17,2 297 106 33,7 33,7

1 154/926B/49X/1/70-72 482,22 1/512 22,452 14,8 216 54 46,3 46,3

2 154/926B/49X/2/20-22 483,22 1/512 22,485 19,7 325 130 30,8 30,8

154/926B/49X/3/15-17 484,67 1/512 22,541 8,3 398 163 2 25,0 25,0

154/926B/49X/3/110-112 485,62 1/1024 22,577 12,6 231 107 1 43,1 43,1

4 154/926B/49X/4/85-87 486,87 1/256 22,612 23,7 316 158 1 31,5 31,5

154/926B/49X/5/30-32 487,82 1/1024 22,648 27,9 376 134 2 26,5 26,5

154/926B/49X/5/135-137 488,87 1/512 22,691 39,4 249 127 1 40,0 40,0

6 154/926B/49X/6/75-77 489,77 1/512 22,727 23,7 342 180 1 29,2 29,2

1 154/926B/50X/1/80-82 492,02 1/2048 22,816 40,1 262 127 38,2 38,2

154/926B/50X/2/25-27 492,97 1/512 22,852 26,9 264 107 1 37,7 37,7

154/926B/50X/2/115-117 493,87 1/1024 22,889 38,3 253 87 1 39,4 39,4

3 154/926B/50X/3/65-67 494,87 1/256 22,930 39,5 248 46 6 39,4 39,4

154/926B/50X/4/21,5-23,5 495,94 1/512 22,971 42,0 205 42 48,8 48,8

154/926B/50X/4/120-122 496,92 1/512 23,006 31,0 303 108 2 32,8 32,8

5 154/926B/50X/5/80-82 498,02 1/1024 23,045 18,1 237 103 42,2 42,2

6 154/926B/50X/6/74-76 499,46 1/512 23,102 12,0 274 134 36,5 36,5

1 154/926B/51X/1/60-62 501,42 1/512 23,172 9,5 242 76 2 41,0 41,0

2 154/926B/51X/2/105-107 503,37 1/128 23,248 11,7 385 126 1 25,9 25,9
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