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Abstract A detailed investigation of the protoglobigeri-

nids from the Kimmeridgian section of the Montagne de

Crussol, SE France is presented. This monotonous suc-

cession of predominantly carbonate beds represents peri-

platform hemipelagic deposits, well dated by ammonites.

Three species were determined in thin sections and in

isolated forms after extraction by acetolysis. Favusella?

parva (KUZNETSOVA) is the most common species occurring

in almost the entire succession from the Orthosphinctes to

the Beckeri zones. Favusella hoterivica (SUBBOTINA) has

been retrieved less frequently from the Platynota to the

Beckeri zones, and it is its oldest occurrence. The rare

Globuligerina bathoniana (PAZDROWA) occurs only in the

Late Kimmeridgian. Based on our study and the review of

the literature a palaeogeographical map was plotted,

showing that most of the protoglobigerinid occurrences

are in deep water facies of the northern margin and central

part of the Tethys. These records demonstrate the presence

of Globuligerina bathoniana, G. oxfordiana (GRIGELIS),

Favusella hoterivica, F.? parva and Compactogerina

stellapolaris (GRIGELIS) in the Kimmeridgian.

Keywords Protoglobigerinids � Conoglobigerinidae �
Favusellidae � Late Jurassic � Palaeogeography �
SE-France

Introduction

Protoglobigerinids are tiny globigerina-like foraminifera

known from the Jurassic sediments, especially from the

Oxfordian for a long time. They are mentioned from the

Late Triassic to the Early Cretaceous in rock thin sections

as well as in isolated forms. However, the finds in isolated

forms are very scarce, sporadic in space and time. Gener-

ally, they are poorly preserved because of their aragonite

test wall. Despite the exhaustive synthesis of BouDagher-

Fadel et al. (1997) their detailed morphology of these

fossils, taxonomy and stratigraphic and palaeobiogeo-

graphic distributions, are still very lacunal. To understand

the phylogenetic origin of these foraminifera, their evolu-

tion and their hypothetic relations with the Cretaceous

planktonic species request to improve the field records as

well as the laboratory analysis. While the Middle Jurassic–

Oxfordian protoglobigerinid record is fairly good, there is

a huge gap in the knowledge of this group from the

Kimmeridgian up to the Hauterivian (e.g. Riegraf 1987a;

BouDagher-Fadel et al. 1997; Görög and Wernli 2003,

2004). In these stages, some protoglobigerinids are repor-

ted in rock thin sections, while the descriptions of isolated

forms are dramatically scarce.

Hence, the aim of this work is to review the Kimme-

ridgian records of protoglobigerinids in the literature and to

add new discoveries in thin section as well as in isolated

forms from the well-dated field section of Crussol, strato-

type of the Crussolian stage, near Valence in the south-

eastern France (Fig. 1).
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Previous researches on the Kimmeridgian

protoglobigerinids

Kimmeridgian protoglobigerinids were identified in 44

publications concerning 26 areas or lithologic units

(Table 1; Fig. 2). The Kimmeridgian age of these fossils is

questionable in 11 papers, and in 14 occurrences, the age is

Kimmeridgian without any further specification. In most

cases (17) the authors mentioned the forms from the Early

Kimmeridgian and only three times from the Late Kim-

meridgian. From 10 areas (21 papers) only citations

without illustrations could be found. The protoglobigeri-

nids are figured in thin sections of 10 areas (14 works) and

as isolated specimens from 6 areas only (9 papers). Based

on our experience (Görög and Wernli 2003) high and low

trochospiral forms could be identified in the published

illustrations and descriptions, suggesting that the low

trochospiral forms are more frequent.

Ten species were cited, half of them from only one

locality and we could not find any detailed systematic

description about Globigerina cf. bulloides D’ORBIGNY,

1826, ?Globuligerina lobata (TERQUEM, 1883) and ‘‘Glob-

igerina (suprajurassica ?)’’ (in Bergougnan 1971). In 27

publications, the determinations indicate only Globigerina

or ‘‘Protoglobigerina’’.

In our detailed analysis, we disregard citations without

illustration. For the morphological description of the shells,

H is the height of the trochospire and D is the largest

transverse diameter.

Records in rock thin sections in the literature

Our compilation shows that Kimmeridgian protoglobige-

rinids in thin sections are sparsely illustrated in the

literature (Table 1). Apart from a single location in the

North Atlantic (Luterbacher 1972), the palaeogeographical

distribution of these occurrences covers essentially the

Northern and the Central parts of the Tethyan realm

(Fig. 2). Only one record is located in epicontinental sea

(Southern Jura Mountains, Bernier 1984).

The determinations are usually on generic level. In

general the sections are small, with D being in average

around 180–200 lm, sometimes reaching up to 270 lm. In

the majority of the areas the high and low trochospiral

forms are associated. The walls appear thin, always

recrystallised, and were probably originally aragonite. The

building of the tests are not very clear, it may be consec-

utive or concurrent (Wernli 1988).

The most detailed studies are those of Giovagnoli and

Schiavinotto (1986, 1987, 1990), who analysed a great

number of sections from the Early Kimmeridgian of the

Apennines (Umbria-Marche facies). Their statistical results

show that the Kimmeridgian forms are small (up to

240 lm) with high trochospire, thin wall and concurrently

built test. Hereinafter we will demonstrate that low tro-

chospiral as well as high trochospiral forms exist in the

Kimmeridgian.

Records in isolated forms in the literature

Grigelis et al. in (1977, p. 927, fig. 1) described by means

of drawings a new, low trochospiral species, Globuligerina

stellapolaris (GRIGELIS, 1977) from the Kimmeridgian and

the Volgian (Tithonian) of the Timan-Pechora region in

northern Russia. Later, Grigelis and Gorbatchik (1980a, pl.

2, fig. 1, republished in 1980b, pl. 1, fig. 5) and Gorbatchik

and Kuznetsova (1998, pl. 1, figs. 1–3) gave SEM pictures

of topotypes. This species is also cited from the Early

Kimmeridgian of Crimea (Kuznetsova and Uspenskaya

1980; Gorbatchik and Kuznetsova 1998). The diameter is

250–260 lm and the wall surface shows pseudomuricae in

discontinuous ridges. Simmons et al. (1997) have chosen

G. stellapolaris as type species of their new monotypic

Fig. 1 Location of the studied Crussol section. Scale bar 50 km
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genus Compactogerina, and they only recorded it from the

Tithonian.

In northwestern Atlantic at DSDP site 534A, the poorly

preserved Globuligerina aff. oxfordiana (GRIGELIS, 1958)

(Gradstein, 1983, p. 552, pl. 2, figs. 1–10, low trochospiral

small forms, D = 70–80 lm) are probably Oxfordian in age,

even though the dinoflagellates indicate Kimmeridgian age.

Kuznetsova and Gorbatchik (1985, p. 113, pl. 16, figs. 1,

2) illustrated by means of drawings their new species

Globuligerina parva (KUZNETSOVA, 1985) from the Early

Kimmeridgian of Crimea. The re-illustrations by SEM in

Gorbatchik and Kuznetsova (1998, pl. 2, figs. 8, 9) reveal

that the holotype and the paratype are poorly preserved.

El Kamar (1986) published pictures with few visible

details of Globuligerina oxfordiana (pl. 2, fig. 8, pl. 5,

figs. 7, 10) and Globuligerina bathoniana (PAZDROWA,

1969) (pl. 3, figs. 1, 6; pl. 5, fig. 4) from the earliest

Kimmeridgian of Portugal.

Stam (1986) took good pictures of different species form

the Early Kimmeridgian (Platynota Zone) of Portugal, like

Globuligerina oxfordiana (pl. 8, figs. 4–12) (figs. 9–12

could be Favusella? parva), Globuligerina bathoniana (pl.

10, figs. 9–12) and Globuligerina balakhmatovae (MOROZOVA,

1961) (pl. 11, figs. 11, 12), even thought the latter forms

could be tectonically deformed specimens of G. oxfordiana.

Samson (1997, p. 142, pl. 16, figs. 12–19) illustrates

poorly preserved specimens of Globuligerina oxfordiana

from the Early Kimmeridgian of region of Havre, Seine-

Maritime, Normandie, France. The individual on plate 16,

fig. 12 (re-illustrated in Samson 2001, pl. 5, fig. 30) with a

Fig. 2 Palaeogeographical

distribution of the

Kimmeridgian

protoglobigerinids. The

palaeogeographical map is

modified after Thierry (2000).

Numbers refer to the Table 1.

ACP Apennine Carbonate

Platform, AM Armorican

Massif, Aq Aquitaine, BK
Bakony, Bu Bükk, CPP
Corbières-Provence Platform,

Dm Dalmatia, Dr Drama, EP
Eastern Pontids, FC Flemish

Cap, GrB Great Bank, H
Hochstegen, IM Iberian Meseta,

LBM London Brabant Massif, M
Moesia, Ma Mardin, MC Massif

Central, Mg Magura, MM
Moroccan Meseta, OMB Oued

Mya Basin, RM Rhenish Massif,

SC Silesian Cordillera, Sic
Sicanids, SP Serbo Pelagonian,

TrP Trento Plateau, UMB
Umbria-Marches Basin, VoB
Vocontian Basin, VB Volgian

Basin, WP Western Pontids
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low extraumbilical aperture could belong to Haeuslerina

helvetojurassica (HAEUSLER, 1881). Those attributed to

Globuligerina cf. balakhmatovae are deformed (pl. 16,

figs. 21–23) while a high trochospiral form (pl. 16, fig. 20)

to Globuligerina bathoniana.

Simmons et al. (1997) illustrated by SEM a metatype of

Haeuslerina parva (=Favusella? parva). In their synthetic

table ‘‘Stratigraphical distribution of Conoglobigerinidae’’

(op. cit., fig. 2.2) only two species (H. parva and G. bath-

oniana) occur in the Early Kimmeridgian, but not any in the

Late Kimmeridgian.

To sum up, the record of the isolated protoglobigerinids

in the Kimmeridgian is very poor in the number of sites

as well as in the quality of the material. Moreover, the

published illustrations do not allow unambiguous identifi-

cations. Almost all the finds come from the northern margin

and the central part of the Tethys and from the North

Atlantic. For these areas, we can retain the occurrences of

Globuligerina oxfordiana, G. bathoniana and Favusella?

parva. Only Compactogerina stellapolaris has been found

in high latitude (Northern Russia).

The geological setting of the Crussol field section

The studied field section is located in the Montagne de

Crussol, near Valence (Ardeche Department), Rhone valley,

in SE France (Fig. 1). During the Kimmeridgian, the Crussol

area was situated in the northwestern edge of the Vocontian

Trough, at the European margin of the Tethys, which formed

a gulf opening to the east (Fig. 2). In this direction, it grades

into the deep facies of the Valais Trough that is connected

with the Alpine Tethys Ocean (Thierry 2000). The Vocontian

Trough is bounded to the west, south and southeast by the

Corbières-Provence shallow carbonate platform. Exposed

lands in proximity are the Massif Central to the west and the

Corsica-Sardinia block to the southeast. From the Late

Oxfordian to the Early Kimmeridgian the Vocontian Trough

is subjected to a subsidence inducing an extension and the

enlargement of the basin on its margins. From the Late

Kimmeridgian the slowdown of the subsidence coupled with

a compression phase produced the progradation of the neritic

facies toward the centre of the basin (Enay 1984; Colombié

and Strasser 2003).

Materials and methods

The Montagne de Crussol is an abrupt rocky mountain with

several abandoned quarries on its western flank, which

provide a continuous section from the Oxfordian to the

Tithonian. The Kimmeridgian part of the succession has

been studied in detail by Atrops (1982) who determined the

ammonites. He numbered the beds in the outcrops so we

could use his numbering in our work (Fig. 3). Langoisseux

(2001, unpublished) restudied the same outcrops carrying

out a sequence stratigraphy using multidisciplinary

approach. His collection of rock thin sections (Cru) has

been used for the present paper (Fig. 3).

The Kimmeridgian section can be observed from the

base to the top, going upwards on the mountain, in the

quarry D, then in the quarry B and finally in the quarry F

following the nomenclature of Atrops (1982, fig. 55). From

the Panula Zone (partly) to the Beckeri Zone (partly) the

sampled succession measures about 70 m in thickness.

This is a monotonous series of decimetric to plurimetric

limestone or marly limestone beds generally without

interbeds, with plane or wavy beddings. Only rare centi-

metric or thicker marl interbeds can be found. The

limestones are essentially mudstones, micritic, beige, grey

or pink-grey in colour, with few grains visible in the field.

The outcrop represents a typical peri-platform, hemipelagic

deposit. Apart from the ammonites, the other macrofossils

(belemnites, brachiopoda, aptychii, echinoderms) are rela-

tively rare. The microfossil content is analysed below in the

chapter ‘‘Micropalaeontological associations’’.

From the Kimmeridgian succession, four marl samples

have been washed by standard method but we failed to find

any protoglobigerinids in these facies. In calcareous indu-

rated rocks, 41 thin sections of rocks collected by

O. Langoisseux (coll. Cru) and eight by us (coll. W) have

been analysed. All these samples are deposited in the

Département de Géologie et Paléontologie, Université de

Genève. Eleven samples of calcareous and marly rocks

have been treated by means of acetolysis following the

method of Lethiers and Crasquin-Soleau (1988). This

extraction gave better results than the standard washings.

Our records of protoglobigerinids in thin sections and in

isolated forms are given in Fig. 3.

Micropalaeontological associations of the Crussol

section

In rock thin sections the microfossils are relatively rare,

forming a very monotonous and constant association in these

mudstones all along the succession. There are tuberoids (sensu

Gaillard 1983), small Globochaete, recrystallized radiolarians

(dominant spumellarians), calcispherulids (Colomisphaera

spp.), Saccocomidae, microgastropods, microbrachiopods

and some ‘‘filaments’’ and aptychii. The foraminifera fauna is

subordinate: besides the protoglobigerinids, it contains small,

simple agglutinated forms (Ammobaculites irregularis

(GÜMBEL, 1862), Reophax sp.), tiny Nubeculariidae, some

Nodosariidae (Lenticulina, Nodosaria), Polymorphinidae and

Spirillinidae.
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The record of the isolated microfossils extracted by

standard washing as well as by the acetolysis is very var-

iable from bed to bed. Hence, the plankton–benthos ratio

(P/P ? B) varies from 5 to 40%. However, these figures

must be used with caution because of the inconsistent

extraction method. This technical distortion can be well

illustrated in some samples, for example at the base of the

outcrop (W2617), where the protoglobigerinids are present

in rock thin sections but absent in the acetolysis residues.

Hereinafter we give only a succinct analysis because the

benthic foraminifera have not been studied in detail.

In the Early Kimmeridgian the associations are poor and

less diverse, with radiolarians, some Nodosariidae (mostly

Lenticulina), Spirillina, Polymorphinidae and some

agglutinated species and Paalzowella. The Late Kimme-

ridgian reveals a richer and more diverse fauna: dominant

groups are lenticulinids (Lenticulina muensteri ROEMER,

1839, L. subalata (REUSS, 1854), Astacolus varians

(BORNEMANN, 1854), L. quenstedti (GÜMBEL, 1862), Poly-

morphinidae (Eoguttulina oolithica (TERQUEM, 1874),

E. bilocularis (TERQUEM, 1864), Guttulina pera LALICKER,

1950, Sigmomorphina ssp.) and spirillinids (Spirillina

elongata BIELECKA POZARYSKI, 1954, S. tenuissima Gümbel,

1862). Other Nodosariidae (Dentalina and Nodosaria) are

relatively diverse, but not frequent; smooth and orna-

mented forms are also present. In some samples

agglutinated specimens are also abundant, mostly small-

sized Haplophragmoides, and Glomospira. Besides them,

rhizamminids, Textularia jurassica GÜMBEL, 1862, Ammo-

discus sp., Reophax sp. and Ammobaculites sp. also occur.

The epistominids are rare.

All samples of the succession contain radiolarians, sponge

spicules, saccocomids, other echinoderm fragments, micro-

gastropods, ammonite protoconchs and a few ostracods.

In all samples, the abundance of the protoglobigerinids

diminishes when the number of radiolarians increases.

Protoglobigerinids of the Crussol section

Protoglobigerinids in rock thin sections

Almost all 49 rock thin sections analysed from Crussol

yield protoglobigerinids (see Fig. 3). They are scarce,

usually about ten per slide (1–2 sections by cm2) and never

appearing as bloom like in the oceanic Middle Jurassic.

The most frequent sections are small, about 70–160 lm in

the largest diameter, some rare reaching up to 250 lm. A

large part of them are entirely filled with sparicalcite. Some

are partially filled, generally in the early whorls, leaving

only the last chambers empty. In this case the thickness of

the wall measures about 6–7 lm, which is always

Fig. 3 Lithostratigraphic log of the Crussol section (simplified after

Atrops 1982) and distribution of the protoglobigerinids. X no

protoglobigerinids, Cru collection of O. Langoisseux, W collection

of R. Wernli
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Fig. 4 Scale bars are 200 lm in 1–2, 4–5, 7–9 and 11–14, and 10 lm

in 3, 6, 10 and 15. umb. umbilical view, lat. lateral view, enlarg.
enlargement. 1–11 Globuligerina bathoniana (PAZDROWA), 1 lat.-umb.

W2619, 2 lat. W2764, 3 enlarg. of 2, 4 umb. W2766, 5 umb. W2766,

6 enlarg. of 5, 7 umb. W2768, 8 umb. W2769, 9 umb. W2769, 10
enlarg. of 9, 11 lat.-dorsal, W2769. 12–15 Favusella? parva
(KUZNETSOVA), 12 umb. W2765, 13 lat. W2766, 14 umb. W2769, 15
enlarg. of 14

Kimmeridgian protoglobigerinids from Crussol 91



Fig. 5 Scale bars are 200 lm in 1–5 and 7–14, and 10 lm in 6. umb.
umbilical view, lat. lateral view, spiral spiral view, enlarg. enlarge-

ment. 1–6 Favusella hoterivica (SUBBOTINA), 1 umb. W2619, 2 lat.

W2768, 3 spiral with brocken bulla, W2763, 4 umb. with brocken

bulla, W2769, 5 spiral oblique, W2619. 7–14 Protoglobigerinids in

rock thin sections. The numbers indicate the bed numbers. 7, 9, 12, 14
Globuligerina cf. bathoniana (PAZDROWA), 7, 8 156, 9, 12 119, 14
W2768. 8, 10 undetermined protoglobigerinids. 8 156, 10 W2768. 11
Favusella cf. hoterivica (SUBBOTINA), W2768. 13 Favusella? cf. parva
(KUZNETSOVA), W2766
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recrystallised in sparicalcite, that is also visible on some

isolated forms (Fig. 4.6). No sections clearly show the

details of the juvenile stage. In several sections displaying

the three last successive empty chambers, the thickness of

the wall seems to be constant and so the building of the test

appears consecutive.

The specific, even generic determination of the pro-

toglobigerinids based on sections is very difficult (Wernli

and Görög 2000). In the case of the Kimmeridgian of

Crussol where there are isolated shells as well as sections

from the same levels, it is possible to tentatively attribute:

• the high trochospiral forms to Globuligerina cf. bath-

oniana (Fig. 5.7, 5.9, 5.12, 5.14),

• the low trochospiral forms to Favusella cf. hoterivica

(Fig. 5.11),

• the small petaloids equatorial sections to Favusella?

cf. parva (Fig. 5.13).

The habit of the protoglobigerinids of Crussol well

coincides with those of Giovagnoli and Schiavinotto (1990)

from the Kimmeridgian of Apennines. In our opinion, the

building of the tests (consecutive or concurrent) cannot

clearly be identified in both occurrences. We can confirm

contrary to these authors (op. cit., fig. 12) and also Wernli

(1988), that high trochospiral tests as well as low trocho-

spiral ones exist together in the Kimmeridgian (Figs. 3,

5.7–5.14).

Protoglobigerinids in isolated forms

In general, the isolated tests are moderately well preserved

and not deformed. Although the wall is recrystallized in

some cases the surface ornamentation is still retained. The

number of the specimens strongly varies from sample to

sample, from 3 to 5 up to 150. The vertical distribution of

the different species can be seen in Fig. 3.

Superfamily Favusellacea Longoria, 1974 emend. Banner

and Desai, 1988

Family Conoglobigerinidae Simmons, BouDagher-

Fadel, Banner and Whittaker, 1997

Genus Globuligerina Bignot & Guyader, 1971, emend.

Simmons, BouDagher-Fadel, Banner and Whittaker, 1997

Globuligerina bathoniana (PAZDROWA, 1969)

Figure 4.1–11.

?1961 Globigerina conica n. sp.; Iovčeva & Trifonova,

p. 343, pl. II, figs. 1–8.

pars 1969 Globigerina bathoniana n. sp; Pazdrowa,

p. 45, pl. I, figs. 1, 2, 4 (non fig. 3), figs. 5–

9, pl. II, figs. 1–5, 7?, 8, 9, pl. III, fig. pl. IV,

1–3. non pl. II, figs. 6 ab.

?1973 Conoglobigerina bathoniana (PAZDROWA,

1969); Fuchs, p. 455, pl. 1, fig. 2 (glauconitic

moulds).

1976 Gubkinella bathoniana PAZDRO (sic); Ascoli,

p. 672, 713, pl. 1, fig. 1.

pars 1976 ‘‘Globigerina’’ bathoniana (PAZDROWA);

Gradstein, p. 560, pl. 3, fig. 1 non? 2ab.

(transitional form to G. oxfordiana).

1977 Globigerina hoterivica SUBBOTINA; Masters,

p. 460, pl. 22, figs. 1–3.

1980a Conoglobigerina bathoniana (PAZDRO) (sic);

Grigelis & Gorbatchik, p. 9, pl. 1, figs. 3a–c.

Refigured in:

• 1980b Conoglobigerina bathoniana (PAZDRO) (sic);

Grigelis & Gorbatchik, pl. 1, figs. 3ab (topotype).

• 1981 Conoglobigerina bathoniana (PAZDRO) (sic);

Alekseeva & Gorbatchik, pl. 1, figs. 1ab.

1981 ? Globigerina bathoniana PAZDRO (sic), 1969;

Bielecka & Styk, p. 34, pl. 3, figs. 21ab.

pars1986 Globuligerina bathoniana (PAZDROWA); Stam,

p. 108, pl. 9, figs. 6, 7, 9, 11–13; pl. 10,

figs. 1–12; pl. 11, figs. 1–10; pl. 13, figs. 1–12;

pl. 14, figs. 1, 2, 5–7. (non pl. 9, figs. 8, 10). The

pl. 9, fig. 12 is refigured in:

• 1988 Globuligerina bathoniana (PAZDROWA); Banner &

Desai, pl. 1, fig. 4.

1987a Globuligerina bathoniana (PAZDROWA, 1969);

Riegraf, p. 195, pl. 1, figs. 1–11 and text-

figs. 5a–e (drawings). Reillustrated in:

• 1987b Globuligerina bathoniana (PAZDROWA); Riegraf,

figs. 3–13.

• 1988 Globuligerina bathoniana (PAZDROWA); Riegraf,

p. 474, pl. 5, figs. 23–25.

non 1996 Globuligerina bathoniana (PAZDRO) (sic);

Kuznetsova et al., p. 191, pl. 15, fig. 14.

1997 Globuligerina bathoniana (PAZDROWA, 1969);

Simmons et al., p. 27, pl. 2.8, figs. 4–12.

2002 Globuligerina bathoniana PAZDROWA (sic);

Görög & Wernli, p. 30, pl. 1, figs. 28, 29.

Description: The relatively small tests reaching the

maximum 200 lm in the largest dimension are high tro-

chospiral (H/D [ 0.9) with 3 1
2
�4 chambers in the last

whorl. The general shape is roughly conical with a

rounded apex giving a U profile in lateral view. The

juvenile stage has not been clearly analysed because the

chambers are strongly appressed. On the umbilical side,

the last 3 1
2
�4 chambers are globular with incised sutures
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giving a strongly lobulated outline. The aperture is an

umbilical, asymmetric, globuligerine-like arch as high as

wide surrounded by a lip. The distal part of this arch

(following the ontogenic progression) is protruding when

the proximal one is re-entrant into the chamber (Fig. 4.4).

The aperture is commonly damaged, in this case it

appears like a single arch without lip. The umbilicus is

well marked, depressed, but in the majority of the spec-

imens it is filled by sediment therefore the aperture is not

clearly visible.

The wall is generally recrystallised with a surface

showing the quadrate and rhombic network of the diage-

netic sparicalcite (Fig. 4.6). Only in some case, we can see

a surface with few elevated, more or less vermiculated

discontinuous pustules (Fig. 4.10) but never forming a

meshwork like in the favusellids. Perforations have not

been observed.

In the rock thin sections the wall measures about 7 lm

in thickness and the building of the tests seems to be

consecutive.

Remarks: Globigerina conica IOVČEVA & TRIFONOVA

from the Tithonian of Bulgaria is a high trochospiral form

strongly resembling to G. bathoniana in general shape.

However, all specimens are glauconitic molds, without

characteristic details of the wall and the aperture.

In the original description, Pazdrowa (1969) accepts a

very large variability for her new species G. bathoniana

especially in the height of the trochospire. However, we

consider the middle to high trochospiral forms with a

minimum H/D ratio of 0.9 as G. bathoniana, and the low

trochospiral forms as Globuligerina oxfordiana (GRIGELIS)

(pl. II, fig. 6ab). This applies also to Gradstein’s (1976,

pl. 3, fig. 2ab) and Stam’s specimens (1986, pl. 9. figs. 8,

10). Disregarding the height of the trochospire G. bath-

oniana is strongly related to G. oxfordiana as illustrated

by of Pazdrowa (1969), Stam (1986) or Simmons et al.

(1997).

The specimens of Kuznetsova et al. (1996) have an excep-

tional large size, 380–460 lm, and very low trochospires.

Occurrence: G. bathoniana occurs in the Late

Kimmeridgian of the Crussol section, relatively in small

number.

Distribution: Late Bajocian—Late Kimmeridgian

(Tithonian?).

Ogrodzieniec area, north from Krakow, Poland: Batho-

nian (Pazdrowa 1969; Masters 1977; Grigelis and

Gorbatchik 1980a, b; Alekseeva and Gorbatchik 1981;

Stam 1986, Simmons et al. 1997), Late Callovian–Early

Oxfordian (Fuchs 1973); North Western Poland: Bathonian

(Bielecka and Styk 1981); Scotian shelf: Bathonian?–

Callovian (Ascoli 1976); Grand Banks, New Foundland:

Late Bathonian–Early Callovian (Gradstein 1976), Late

Bajocian–Bathonian (Stam 1986); Brenha section,

Portugal: Early Bathonian (Stam 1986); Mareta Beach,

Portugal: Callovian (Stam 1986); Tojeira 1 section, Por-

tugal: Early Kimmeridgian (Platynota Zone) (Stam 1986);

SW Germany: Callovian (Riegraf 1987a, b, 1988); Bakony

Mts, Hungary: Bathonian (Görög and Wernli 2002); Stubel

village, Moësian Platform, NW Bulgaria: Tithonian (Iov-

čeva and Trifonova 1961).

Family Favusellidae Longorina, 1974

Genus Favusella Michael, 1973

Favusella hoterivica (SUBBOTINA, 1953)

Figure 5.1–5.6.

1953 Globigerina hoterivica n. sp.; Subbotina, p. 50,

pl. 1, figs. 1–4. fide Catalogue Ellis and Messina.

Fossil foraminifera of the USSR: Globigerinidae,

Hantkeninidae and Globorotaliidae. VNIGRI 76,

Leningrad.

?1961 Globigerina terquemi n. sp.; Iovčeva & Trifonova,

p. 344, pl. II, figs. 9–14.

1964 Globigerina tardita ANTONOVA sp. n.; Antonova

et al., p. 60, pl. 12, figs. 4a–c, 5a–c.

1964 Globigerina quadricamerata ANTONOVA sp. n.;

Antonova et al., p. 60, pl. 12, figs. 6a–c.

1976 Caucasella hoterivica (SUBBOTINA); Ascoli, p. 674,

pl. 1, fig. 3.

1980a Globuligerina hauterivica (sic) (SUBBOTINA);

Grigelis & Gorbatchik, pl. 2, figs. 3ab.

1980b Globuligerina hauterivica (sic) (SUBBOTINA);

Grigelis & Gorbatchik, pl. 2, figs. 7ab.

1981 Globuligerina hauterivica (sic) (SUBBOTINA) 1953;

Gorbatchik & Antonova, p. 84, pl. 1, figs. 1–4.

Refigured in:

• 1986 Globuligerina hauterivica (sic) (SUBBOTINA);

Gorbatchik, pl. 11, figs. 1ab, 2.

• 1988 Favusella hoterivica (SUBBOTINA); Banner &

Desai, pl. 1, figs. 6ab.

1986 Globuligerina quadricamerata (ANTONOVA);

Gorbatchik, pl. 12, figs. 1a–c, 2ab, 3. The pl. 12

figs. 1bc refigured as:

• 1988 Favusella tardita quadricamerata (ANTONOVA);

Banner & Desai, pl. 1, figs. 8ab.

1986 Globuligerina tardita (ANTONOVA); Gorbatchik,

pl. 13, figs. 1 ab, 2, 3. Refigured in:

• 1988 Favusella tardita (ANTONOVA); Banner & Desai,

pl. 1, figs. 7ab.

1988 Globuligerina hoterivica (SUBBOTINA); Ascoli, pl. 1,

figs. 14–16.
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1995 Favusella hoterivica (SUBBOTINA); Wernli et al.,

p. 388, pl. 1, figs. 1–7, pl. 2, figs. 1–16, pl. 3,

figs. 1–15; Text-fig. 5. The pl. 4.2, figs. 1–8

refigured in Simmons et al. 1997.

1997 Favusella hoterivica (SUBBOTINA, 1953); BouDagher-

Fadel et al., p. 60, pl. 2.5, figs. 11–14 (same

pictures on pl. 4.1. figs. 2–5!), pl. 4.1, figs. 1, 6–

17, pl. 4.2, figs. 1–8.

?2004 ‘‘transitional forms between Globuligerina oxfor-

diana (GRIGELIS, 1958) and Favusella hoterivica

(SUBBOTINA, 1953)’’; Görög and Wernli, p. 41,

pl. 1, figs. 3–11.

Description: The small tests between 180 and 220 lm

in the largest diameter are low trochospiral (H/D = 0.6–

0.8) with typically four chambers, sometimes 3� in the last

whorl. These last chambers increasing regularly in size are

fully globular and separated by incised sutures giving a

well quadrilobated umbilical side. The aperture is (intra-)

umbilical in position drawing a weakly asymmetric arch, as

wide as high, surrounding by a lip. Its form is more regular

and less ‘‘globuligerine’’ than in Globuligerina oxfordiana

and there is no fossa.

On the spiral side which is moderately convex we count

11 or more chambers, since the details of the first whorls

are not visible, coiled in at least three whorls. The

arrangement of the chambers is relatively compact and the

juvenile part is blunted, not forming a protruding apex.

A large part of the material is recrystallised and shows the

quadrate and rhombic texture of the shell, typical of the dia-

genetic calcite. Only in some cases, there appears a reticulate

surface ornamentation with small irregular and polygonal

meshes of 5–7 lm in diameter that is diagnostic of the genus

Favusella (Fig. 5.6). No perforations have been observed.

Some of the shells have a bulla variable in size that can

be flat, small or as large and inflated as the last chamber. Its

position is more or less umbilical. On a broken isolated

individual the thickness of the wall of the bulla is about

10 lm (Fig. 5.4).

In rock thin sections the wall is about 7 lm in thickness

and the building of the tests seems to be consecutive.

Remarks: Distinguishing F. hoterivica from G. oxfor-

diana can be difficult on poorly preserved tests without

arguments regarding the wall, and if the aperture is not

clear. Besides, transitional specimens between the two

species probably occur in the Kimmeridgian–Tithonian

(Görög and Wernli 2004). Following our experience:

• F. hoterivica has a larger, more symmetrical, less

virguline aperture than G. oxfordiana.

• F. hoterivica has no fossa. In G. oxfordiana the position of

the aperture is not strictly umbilical but slightly shifted

toward the distal direction. The re-entrant (proximal) part

of the aperture produces a narrow umbilical depression

(fossa). This feature is well developed in the Oxfordian

individuals of G. oxfordiana (see for example illustrations

in Bignot and Guyader 1971; Wernli and Kindler 1986;

Grigelis and Norling 1999; Simmons et al. 1997).

• F. hoterivica more frequently possess a bulla. A big bulla can

be confused with a normal last chamber and raises the

question of the standard orientation of the test as discussed by

Wernli et al. (1995). The bulla is not situated in the line of the

trochospiral ontogenic progression. It also differs from the

rest of the test in its whitish colour and less hyaline, sugar-

like aspect. It never shows a reticulate or favose surface.

• F. hoterivica generally has a more compact test with

more fully globular chambers.

Occurrence: F. hoterivica occurs in the Early as well as

in the Late Kimmeridgian of the Crussol section, relatively

frequent.

Distribution: Early Kimmeridgian–Early Aptian.

Pshish, NW Caucasus: Hauterivian (Subbotina 1953;

Gorbatchik 1986; Gorbatchik and Antonova 1981); Shise and

Tusheps river, Mazutka, NW Caucasus: Late Barremian–Early

Aptian (Antonova et al. 1964; Gorbatchik 1986; BouDagher-

Fadel et al. 1997); Kura river, NW Caucasus: Early Aptian

(Antonova et al. 1964; Gorbatchik 1986; BouDagher-Fadel

et al. 1997); 397A site, N Atlantic: Late Barremian (Gorbatchik

1986); NW Atlantic margin of North America: Valanginian

(Ascoli 1988); Scotian shelf: Valanginian (Ascoli 1976),

Berriasian–Valanginian (Wernli et al. 1995); Urukh river,

N. Caucasus: Hauterivian (Grigelis and Gorbatchik 1980a, b).

Favusella? parva (KUZNETSOVA, 1985)

Figure 4.12–415.

non 1973 Globuligerina parva n. sp.; Fuchs, p. 466,

pl. 4, fig. 6.

?1983 Globuligerina aff. oxfordiana (GRIGELIS); Grad-

stein, pl. 2, figs. 9, 10. (surface with tubercules). ?

pl. 2, figs. 1–8 (strongly corroded specimens).

1985 Globuligerina parva K. KUZNETSOVA, sp. nov.;

Kuznetsova (in Kuznetsova and Gorbatchik),

p. 113, pl. 16, figs. 1a–c, 2ab. (drawings).

1986 Globuligerina oxfordiana (GRIGELIS); Stam,

pl. 8, figs. 9–12; pl. 14, figs. 13–15.

?1997 Haeuslerina parva (KUZNETSOVA, 1985);

Simmons et al., p. 29, pl. 2.5, fig. 4. (badly

preserved).

1998 Tenuigerina parva (K. KUZNETSOVA, 1985);

Gorbatchik and Kuznetsova, pl. 2, figs. 8a–c

(re-illustration of the holotype by MEB), and

fig. 9, paratype.

Description: The tests are very small, rarely reaching

150 lm, the majority being between 100 and 120 lm in
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larger diameter. The trochospire is very low, the H/D ratio

is about 0.6. The four well globular chambers in the last

whorl give a petaloid outline in umbilical view. The

aperture is intra-umbilical in position, forming a regular

arch as wide as high, underlined by a lip. The flattened

spiral side has not been clearly analysed because of the

compact arrangement of the juvenile stage. The wall sur-

face that is rarely preserved sometimes shows a weak

polygonal reticulation (Fig. 4.15) similar to that of

F. hoterivica, which explains the questionable placement

of our individuals in the genus Favusella.

Remarks: The holotype of Kuznetsova (in Kuznetsova

and Gorbatchik 1985) is illustrated by a schematic drawing

not showing clearly the aperture. The author writes that it is

umbilical, in small arch bordered by a weak lip. In 1998,

Gorbatchik and Kuznetsova re-illustrated the holotype by

means of SEM, but the pictures did not reveal any addi-

tional information. An enlargement of the test surface

(pl. 2, fig. 8c) shows, according to these authors, low

tubercules and pores, which in our opinion are not con-

vincing. The paratype (fig. 9) is strongly corroded and

deformed.

The metatype illustrated with the SEM by Simmons

et al. (1997) has the umbilical area strongly damaged, does

not give any information about the form and the position of

the aperture. These authors include parva in the genus

Haeuslerina considering that the aperture is intra-

extraumbilical.

Despite the inadequate definition of Favusella? parva,

that has been little cited and illustrated in the literature, we

tentatively attribute our individuals of Crussol to this

species.

Occurrence: Favusella? parva is the most frequent

forms in our material, occurs in all the Kimmeridgian of

Crussol.

Distribution: Late Oxfordian–Late Kimmeridgian.

Meganom Peninsula, East Crimea: Early Kimmeridgian

(Kuznetsova and Gorbatchik 1985; Gorbatchik and

Kuznetsova 1998; Simmons et al. 1997); DSDP site 534,

Blake-Bahama Basin; Oxfordian–Kimmeridgian? (Grad-

stein 1983); Tojeira section, Mareta beach, Portugal: Late

Oxfordian–Early Kimmeridgian (Stam 1986).

Results and comparisons

For study of the protoglobigerinids of the classical

Kimmeridgian outcrop of Crussol, 49 rock thin sections,

11 acetolysis extractions on hard rocks and four standard

washings in the rare marl interbeds has been analysed. In

all rock thin sections the microfossils are rare. The pro-

toglobigerinids are also scarce and never appear as oozes.

Their distribution is constant in all the succession.

Generally speaking, the determination of the Jurassic

protoglobigerinids from sections is very difficult (Wernli

and Görög 2000), but in the present work they could be

compared with the isolated forms from the same levels.

Thus, the high trochospiral sections can tentatively be

attributed to Globuligerina cf. bathoniana (PAZDROWA),

the low to middle trochospiral ones to Favusella cf.

hoterivica (SUBBOTINA) and the small sized, low trocho-

spiral forms to F.? cf. parva (KUZNETSOVA). These results

demonstrate that high and low trochospiral shells coexist

in the Kimmeridgian contrary to our previous opinion

(Wernli 1988) and to that of Giovagnoli and Schiavinotto

(1990). In all thin sections the wall is recrystallized in

sparicalcite and the building of the tests seems to be

consecutive.

All isolated protoglobigerinids come from hard rock

treated by acetolysis. Their abundance as well as the

plankton–benthos ratio is very variable due to the facies

of the rocks and to the other factors. For example, the

aragonite lysocline could play an important role in the

preservation of the shells. It well coincides that

the abundance of the protoglobigerinids diminishes when

the amount of the radiolarians (indicating deeper envi-

ronment) increase. Generally speaking, in this type of

sequences the acetolysis on hard rocks gives better results

than the standard washing of marly interbeds, indicating

probably a lower sedimentation rate of these calcareous

beds.

The isolated protoglobigerinds of the Crussol section are

moderately preserved and undeformed, but the apertures

are frequently obscured. The wall, which was originally

aragonitic is recrystallized in calcisparite and only in rare

cases retains the original ornamentation of its surface.

The associations of the isolated protoglobigerinids of the

Kimmeridgian of Crussol comprise the following three

species:

• High trochospiral Globuligerina bathoniana, with typ-

ical globuligerine aperture and wall with vermiculated

discontinuous pustules.

• Low to middle trochospiral Favusella hoterivica with

wall showing the characteristic favusellid ornamenta-

tion. Contrary to Globuligerina oxfordiana, it has no

umbilical fossa and more frequently possesses a bulla.

• Small, low trochospiral F.? parva reveals a reticulated

surface ornamentation, justifying its transfer from the

genus Globuligerina into the genus Favusella.

F.? parva is distributed almost throughout the entire

section studied from the Orthosphinctes to the Beckeri

zones. F. hoterivica has been retrieved less frequently

from the Platynota to the Beckeri zones, when the rarer

Globuligerina bathoniana occurs only in the Late

Kimmeridgian.
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Concerning the isolated forms, the comparisons of our

results with the literature is difficult because of the few

available data, the poor preservation of the shells and often,

the poor quality of many of the published pictures. On the

base of the best recognizable illustrations, we can draw the

following record of the Kimmeridgian protoglobigerinids:

• The most common species of the Crussol section,

Favusella? parva previously has been known only from

Crimea (Kuznetsova and Gorbatchik 1985; Gorbatchik

and Kuznetsova 1998).

• Globuligerina bathoniana is reported of the Early

Kimmeridgian of Portugal (El Kamar 1986; Stam 1986)

and France (Samson 1997), and appears in the Late

Kimmeridgian of the Crussol section.

• Occurrences of Globuligerina balakhmatovae (MOROZ-

OVA) in the Kimmeridgian are highly doubtful because

of all the figured specimens in the literature look like

deformed tests of G. oxfordiana or G. hoterivica.

According to Wernli and Görög (2007), the strati-

graphical range of this species is Late Bajocian–Late

Bathonian.

• Globuligerina oxfordiana and affinis was in offshore

NW Atlantic (Gradstein 1983) and Portugal (El Kamar

1986; Stam 1986; Samson 1997).

• Compactogerina stellapolaris (GRIGELIS) is known from

the Early Kimmeridgian of Crimea and from the

Kimmeridgian–Tithonian of Pechora basin, N Russia.

In summary, the protoglobigerinid associations of the

Crussol section differ essentially from those of other

Tethyan areas, by the absence of Globuligerina oxfordiana

and the presence of Favusella hoterivica. Furthermore, the

latter shows here its oldest occurrence.

Regarding the Late Jurassic records of the protoglobi-

gerinids worldwide (e.g. Gorbachik and Kuznetsova 1983;

Gorbatchik and Kuznetsova 1998; Simmons et al. 1997;

present work) we can draw the following provisional

scheme of the stratigraphical range of the different species:

• Globuligerina bathoniana is known from the Early

Bajocian (Wernli and Görög 1999), continues into the

Oxfordian and becomes extinct in the Kimmeridgian–

Tithonian. The status of the similar high trochospiral

Globigerina conica IOVČEVA & TRIFONOVA (Tithonian)

is actually not clear because it is based on glauconitic

moulds. It is known only from the type locality and

could be a synonym of G. bathoniana. We note that no

high trochospiral forms are known in the Berriasian–

Valanginian.

• F. hoterivica has already appeared in the Kimmerid-

gian, continues into the Tithonian (Görög and Wernli

2003), Berriasian and Valanginian (Wernli et al. 1995)

and up to the Early Aptian (BouDagher-Fadel et al.

1997, fig. 4.1). It evolves slowly from G. oxfordiana by

simplification of the aperture and acquisition of a

favusellid network. Favusella? parva is recorded in the

Early and Late Kimmeridgian.

• Compactogerina stellapolaris (Kimmeridgian–Titho-

nian) seems to be the only species appearing in high

latitude.

• Neither turborotalid nor hedbergellid forms with extra-

umbilical aperture like Haeuslerina helvetojurassica

(HAEUSLER) have been found in post-Oxfordian deposits

in the Tethyan realm.

Conclusions

The Kimmeridgian of the Montagne Crussol, SE France is

represented by a monotonous succession of predominantly

hemipelagic, micritic limestones. The section well dated by

ammonites has been analysed in detail by means of

numerous rock thin sections, acetolysis extractions and

standard washings.

The relatively well-preserved associations of the iso-

lated protoglobigerinids comprise three species:

Globuligerina bathoniana, Favusella hoterivica and F.?

parva. The smallest form F.? parva (based on surface

ornamentation it was classified to genus Favusella) is the

most common species distributed almost throughout the

entire section from the Orthosphinctes to the Beckeri

zones. Globuligerina hoterivica was identified less fre-

quently from the Platynota to the Beckeri zones, while the

rarer Globuligerina bathoniana occurs only in the Late

Kimmeridgian. Similar faunas have been recognised in the

rock thin sections.

The exhaustive review of the literature reveals that the

records of the Kimmeridgian protoglobigerinids are rare

and generally of poor quality.

The protoglobigerinid associations of the studied Crus-

sol section essentially differ from that of the other Tethyan

faunas by the absence of G. oxfordiana and the presence of

F. hoterivica, showing its oldest occurrence at Crussol.

Based on our study we can amend the synthesis of

Simmons et al. (1997) and BouDagher-Fadel et al. (1997),

table fig. 4.1.) about the Kimmeridgian protoglobigerinids:

• In the Early Kimmeridgian, besides the F.? parva and

G. bathoniana, F. hoterivica, G. oxfordiana and

C. stellapolaris also exist,

• We demonstrate the occurrence of F.? parva and

F. hoterivica in the Late Kimmeridgian.

Data plotted on a palaeogeographical map show that the

majority of the hitherto known occurrences come from the

northern margin and central part of the Tethys besides

some from the North Atlantic.
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Hence, the data of the present study add very important

contribution to the knowledge of the Kimmeridgian pro-

toglobigerinids and fill an important gap in the

stratigraphical range, the palaeogeographical distribution

and the evolution of these foraminifers in the Late Jurassic.
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l’analyse sédimentaire, a la reconstitution d’un bassin de

sédimentation. Exemple du Jurassique terminal—Berriasien des
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plate-forme moësienne. Colloque sur la Limite Jurassique-
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ontologie, Abhandlungen, 112, 1–47.

Lethiers, F., & Crasquin-Soleau, S. (1988). Comment extraire les
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de Micropaléontologie, 31, 56–61.

Luterbacher, H. (1972). Foraminifera from the Lower Cretaceous and

Upper Jurassic of the northwestern Atlantic. Initial Reports of
the Deep Sea drilling project, 11, 561–593.

Masters, B. A. (1977). Mesozoic planktonic foraminifera. In: Ramsay,

A. T. S. (Ed.), Oceanic micropaleontology 1. London: Academic

Press, pp. 301–731.
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malme západnych Karpát. (Die ‘‘Lombardia’’- Mikrofazies–ein

Leithorizont im Malm, der Westkarpaten.) Geologicky Sbornik

Slovenska Akademia Ved. X, pp. 171–181.

Morozova, V. G., & Moskalenko, T. A. (1961). Foraminiferes
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Wernli, R., & Görög, Á. (2000). Determination of Bajocian protogl-

obigerinids (Foraminifera) in thin sections. Revue de
Paléobiologie, 19, 399–407.
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France. Revue de Micropaléontologie, 50, 185–205.
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100 Á. Görög, R. Wernli


	Kimmeridgian protoglobigerinids (Foraminifera)  from Crussol (SE France)
	Abstract
	Introduction
	Previous researches on the Kimmeridgian protoglobigerinids
	Records in rock thin sections in the literature
	Records in isolated forms in the literature

	The geological setting of the Crussol field section
	Materials and methods
	Micropalaeontological associations of the Crussol section
	Protoglobigerinids of the Crussol section
	Protoglobigerinids in rock thin sections
	Protoglobigerinids in isolated forms

	Results and comparisons
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


