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�8�Q�L�W�����X�S�S�H�U���S�D�U�W���R�I���W�K�H���3�L�H�Q�L�Q�\���/�L�P�H�V�W�R�Q�H���)�R�U�P�D��
�W�L�R�Q�������6�S�R�W�W�\���V�W�U�X�F�W�X�U�H���L�V���F�K�D�U�D�F�W�H�U�L�V�W�L�F���D�O�V�R���R�I���P�L�F��
�U�L�W�H���O�L�P�H�V�W�R�Q�H�V���R�I���W�K�H���. �R�V�W�R�O�H�F�����0�D�Q�L�Q���%�H�O�W�����D�Q�G
�5�R�K�D�W�D���6�N�D�O�D����� �&�K�R�F�����8�Q�L�W���R�I���W�K�H���6�W�U�D�]�R�Y���E�H�O�W
���6�D�O�D�M����������������

�7�H�F�W�R�Q�L�F���D�F�W�L�Y�L�W�\���R�I���W�K�H���I�L�Q�L�V�K�L�Q�J���/�D�W�H���. �L�P�P�H�U�L�D�Q
�P�R�Y�H�P�H�Q�W�V���L�V���G�R�F�X�P�H�Q�W�H�G���E�\���E�H�G�V���R�I���W�K�H
�1�R�]�G�U�R�Y�L�F�H���E�U�H�F�F�L�D�����,�Q���W�K�H���2�X�W�H�U���&�D�U�S�D�W�K�L�D�Q�V�����W�K�H
�2�O�L�Y�H�W�D���D�Q�G���. �R�S�U�L�Y�Q�L�F�H���O�L�P�H�V�W�R�Q�H�V���G�H�S�R�V�L�W�H�G���R�Q
�V�K�D�O�O�R�Z���P�D�U�L�Q�H���H�O�H�Y�D�W�L�R�Q�V�����%�D�V�V�N�\���G�H�Y�H�O�R�S�P�H�Q�W����
�2�Q���W�K�H���R�W�K�H�U���K�D�Q�G�����F�K�D�U�D�F�W�H�U�L�V�W�L�F���I�R�U���E�D�V�L�Q���S�D�U�W�V���R�I
�W�K�H���* �R�G�X�O���G�H�Y�H�O�R�S�P�H�Q�W���L�V���V�H�G�L�P�H�Q�W�D�W�L�R�Q���R�I���W�K�H
�7�H�V�I�Q���O�L�P�H�V�W�R�Q�H�V���R�I���W�X�U�E�L�G�L�W�L�F���F�K�D�U�D�F�W�H�U��
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�&�D�O�S�L�R�Q�H�O�O�L�G�V�����&�D�O�S�L�R�Q�H�O�O�L�G�D�H���%�R�Q�H�W�����������������Z�H�U�H
�D���F�R�P�S�R�Q�H�Q�W���R�I���W�K�H���S�O�D�Q�N�W�R�Q�L�F���H�F�R�V�\�V�W�H�P���R�I���W�K�H
�I�L�U�V�W���G�H�S�W�K���O�H�Y�H�O���L�Q���W�K�H���7�H�W�K�\�V���R�F�H�D�Q�����R�Q���W�K�H���E�R�X�Q�G��
�D�U�\���R�I���W�K�H���-�X�U�D�V�V�L�F���&�U�H�W�D�F�H�R�X�V���S�H�U�L�R�G�����7�K�H���H�Y�R�O�X��
�W�L�R�Q���R�I���W�K�H���E�U�D�Q�F�K�H�V���R�I���W�K�L�V���I�D�P�L�O�\�����D�F�F�R�U�G�L�Q�J���W�R���S�U�H��
�V�H�Q�W���N�Q�R�Z�O�H�G�J�H�����F�R�Y�H�U�H�G���D���S�H�U�L�R�G���R�I���������P�L�O�O�L�R�Q
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�7�K�H�V�H���S�O�D�Q�N�W�R�Q�L�F���P�L�F�U�R�R�U�J�D�Q�L�V�P�V���Z�H�U�H���U�D�S�L�G�O�\
�V�S�U�H�D�G���E�\���V�H�D���F�X�U�U�H�Q�W�V�����Z�K�L�F�K���H�[�S�O�D�L�Q�V���W�K�H���L�G�H�Q�W�L�F�D�O
�F�R�P�S�R�V�L�W�L�R�Q���R�I���D�V�V�R�F�L�D�W�L�R�Q�V���L�Q���W�K�H���Z�K�R�O�H���D�U�H�D���R�I
�W�K�H�L�U���R�F�F�X�U�U�H�Q�F�H�����7�K�H�L�U���J�H�R�J�U�D�S�K�L�F���H�[�S�O�R�V�L�R�Q���Z�L�W�K�L�Q
�W�K�H���7�H�W�K�\�G���S�U�R�Y�L�Q�F�H���L�Q�F�O�X�G�H�V���D�Q���D�U�H�D���I�U�R�P���H�D�V�W�H�U�Q
�0�H�[�L�F�R�����7�H�[�D�V�����9�H�Q�H�]�X�H�O�D���D�Q�G���&�X�E�D���L�Q���Z�H�V�W�����W�R
�,�U�D�Q�����2�P�D�Q���D�Q�G���. �L�R�J�D�U���Q�D�S�S�H�V���R�I���7�L�E�H�W���L�Q���H�D�V�W

�)�R�U���W�K�L�V���U�H�D�V�R�Q�����F�D�O�S�L�R�Q�H�O�O�L�G�V�����D�V���J�H�Q�H�U�D�O�O�\���N�Q�R�Z�Q
�D�U�H���R�I���J�U�H�D�W���V�W�U�D�W�L�J�U�D�S�K�L�F���L�P�S�R�U�W�D�Q�F�H���D�Q�G���W�K�H�\���D�U�H���E�H��
�V�L�G�H�V���D�P�P�R�Q�L�W�H�V���D���N�H�\���J�U�R�X�S���I�R�U���I�L�Q�H���E�L�R�V�W�U�D�W�L�J�U�D�S�K�L�F
�]�R�Q�L�Q�J���R�I���W�K�H���0�L�G�G�O�H���8�S�S�H�U���7�L�W�K�R�Q�L�D�Q�����%�H�U�U�L�D�V�L�D�Q���D�Q�G
�/�R�Z�H�U���9�D�O�D�Q�J�L�Q�L�D�Q�����7�K�H���O�D�V�W���R�F�F�X�U�U�H�Q�F�H�V���R�I���U�H�S�U�H�V�H�Q��
�W�D�W�L�Y�H�V���R�I���&�D�O�S�L�R�Q�H�O�O�L�G�D�H���%�R�Q�H�W���D�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H
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�W�H�U�P�L�Q�H�G���E�\���W�K�H���F�K�D�U�D�F�W�H�U���D�Q�G���V�W�U�X�F�W�X�U�H���R�I���W�K�H�L�U���W�H�V�W
�����O�R�U�L�F�D�����7�K�H�L�U���O�R�U�L�F�D���L�V���I�R�U�P�H�G���E�\���V�S�L�U�D�O���O�L�N�H���D�U�U�D�Q�J�H�G
�F�D�O�F�L�W�H���S�U�L�V�P�V�����R�U�L�H�Q�W�H�G���S�H�U�S�H�Q�G�L�F�X�O�D�U�O�\���W�R���W�K�H���V�X�U��
�I�D�F�H�����$�X�E�U�\���H�W���D�O�������������������,�Q���V�S�L�W�H���R�I���W�K�H���J�H�Q�H�U�D�O�O�\
�D�F�F�H�S�W�H�G���R�S�L�Q�L�R�Q���&�R�O�R�P�������������������%�R�Q�H�W����������������
�7�D�S�S�D�Q���/�R�H�E�O�L�F�K���������������������%�R�U�]�D�������������������5�H�P�D�Q�H

�����������D�����������������V�W�D�W�H�G���W�K�D�W���F�D�O�S�L�R�Q�H�O�O�L�G�V���D�U�H���Q�R�W���I�R�V�V�L�O
�W�L�Q�W�L�Q�Q�L�G�V�����V�L�Q�F�H���W�K�H�L�U���W�H�V�W���F�R�Q�V�L�V�W�V���S�U�L�P�D�U�L�O�\���R�I���F�D�O��
�F�L�W�H�����5�H�F�H�Q�W���W�L�Q�W�L�Q�Q�L�G�V���U�H�S�U�H�V�H�Q�W���D���V�X�E�V�W�D�Q�W�L�D�O�O�\
�P�R�U�H���V�L�J�Q�L�I�L�F�D�Q�W���P�R�U�S�K�R�O�R�J�L�F�D�O���J�U�R�X�S���W�K�D�Q���F�D�O��
�S�L�R�Q�H�O�O�L�G�V���D�Q�G���H�V�S�H�F�L�D�O�O�\���W�K�H���F�K�H�P�L�V�W�U�\���R�I���W�H�V�W�V���L�V���L�Q
�E�R�W�K���J�U�R�X�S�V���G�L�I�I�H�U�H�Q�W�����5�H�P�D�Q�H�������������D�����V�X�S�S�R�U�W�H�G
�K�L�V���V�W�D�W�H�P�H�Q�W���R�I���S�U�L�P�D�U�\���F�D�O�F�L�W�H���F�K�D�U�D�F�W�H�U���R�I���F�D�O��
�S�L�R�Q�H�O�O�L�G���W�H�V�W�V���E�\���W�K�H���I�R�O�O�R�Z�L�Q�J���D�U�J�X�P�H�Q�W�V��

�)�L�Q�G�L�Q�J�V���R�I���V�D�Q�G�\���I�R�U�D�P�L�Q�L�I�H�U�V�����Z�K�L�F�K���K�D�G���Q�R�W
�E�H�H�Q���F�D�O�F�L�I�L�H�G���L�Q���F�D�O�S�L�R�Q�H�O�O�L�G���O�L�P�H�V�W�R�Q�H�V�����Z�L�W�K���G�L�I�I�H�U��
�H�Q�W���F�U�\�V�W�D�O�O�R�J�U�D�S�K�L�F���R�U�L�H�Q�W�D�W�L�R�Q���R�I���W�K�H���F�R�O�O�D�U���D�Q�G
�W�H�V�W�����R�I���W�K�H���J�H�Q�X�V���&�D�O�S�L�R�Q�H�O�O�R�S�V�L�V���&�R�O�R�P��������������
�Z�K�L�F�K���H�[�F�O�X�G�H�V���F�D�O�F�L�I�L�F�D�W�L�R�Q���S�R�V�W���P�R�U�W�H�P�����2�Q���W�K�H
�R�W�K�H�U���K�D�Q�G�����W�L�Q�W�L�Q�Q�L�G�V���K�D�Y�H���R�U�J�D�Q�L�F���O�R�U�L�F�D���D�Q�G���D�W
�V�R�P�H���V�S�H�F�L�H�V���W�K�H���V�X�U�I�D�F�H���L�V���D�J�J�O�X�W�L�Q�D�W�H�G�����$�F�F�R�U�G��
�L�Q�J���W�R���5�H�P�D�Q�H�������������������W�D�[�R�Q�R�P�L�F���S�R�V�L�W�L�R�Q���R�I���&�D�O��
�S�L�R�Q�H�O�O�L�G�D�H���%�R�Q�H�W���������������U�H�P�D�L�Q�V���X�Q�F�O�H�D�U���D�Q�G���W�K�L�V
�D�X�W�K�R�U���V�X�J�J�H�V�W�V���W�R���F�O�D�V�V�L�I�\���W�K�H�P���Z�L�W�K���S�U�R�W�R�]�R�D�Q�V��
�Z�L�W�K���X�Q�V�X�U�H���V�\�V�W�H�P�D�W�L�F���S�R�V�L�W�L�R�Q��

�7�K�H���L�P�S�R�U�W�D�Q�F�H���R�I���F�D�O�S�L�R�Q�H�O�O�L�G�V���I�R�U���W�K�H���]�R�Q�L�Q�J���R�I
�W�K�H���X�S�S�H�U�P�R�V�W���-�X�U�D�V�V�L�F���D�Q�G���/�R�Z�H�U���&�U�H�W�D�F�H�R�X�V���L�V
�G�H�W�H�U�P�L�Q�H�G���E�\���W�K�H�L�U���D�E�X�Q�G�D�Q�W���R�F�F�X�U�U�H�Q�F�H�����U�D�S�L�G
�H�Y�R�O�X�W�L�R�Q�����U�H�O�D�W�L�Y�H�O�\���H�D�V�\���L�G�H�Q�W�L�I�L�F�D�W�L�R�Q���R�I���W�D�[�R�Q�V��
�D�G�Y�D�Q�F�H�G���H�O�D�E�R�U�D�W�L�R�Q���R�I���E�L�R�V�W�U�D�W�L�J�U�D�S�K�L�F���]�R�Q�L�Q�J���D�Q�G
�F�R�Q�W�L�Q�X�R�X�V���S�D�O�H�R�W�R�O�R�J�L�F���U�H�F�R�U�G���R�I���W�K�H���G�H�Y�H�O�R�S�P�H�Q�W
�R�I���L�Q�G�L�Y�L�G�X�D�O���E�U�D�Q�F�K�H�V�����D�O�O�R�Z�L�Q�J���V�R���F�D�O�O�H�G���S�K�\�O�O�R�J�H��
�Q�H�W�L�F���F�R�Q�W�U�R�O���R�I���E�L�R�V�W�U�D�W�L�J�U�D�S�K�L�F�D�O�O�\���L�P�S�R�U�W�D�Q�W���F�K�D�Q��
�J�H�V���L�Q���D�V�V�R�F�L�D�W�L�R�Q�V

�$�O�W�K�R�X�J�K���H�Y�R�O�X�W�L�R�Q�D�U�\���F�K�D�Q�J�H�V���L�Q���W�K�L�V���J�U�R�X�S
�Z�H�U�H���Q�R�W���D�V���L�P�S�R�U�W�D�Q�W���D�V���L�Q���D�P�P�R�Q�L�W�H�V�����W�K�H�\���S�U�R��
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�7�K�H���I�R�X�Q�G�D�W�L�R�Q�V���I�R�U���F�D�O�S�L�R�Q�H�O�O�D���V�F�D�O�H�V���Q�D�Y�H
�E�H�H�Q���O�D�L�Q���G�R�Z�Q���L�Q���W�K�H���Z�R�U�N�V���R�I���5�H�P�D�Q�H�������������E�������/�H
�+�H�J�D�U�D�W�������5�H�P�D�Q�H�������������������. ���%�R�U�]�D�������������������$�O��
�O�H�P�D�Q�Q�������������������&�D�W�D�O�D�Q�R�������/�L�J�X�R�U�L�������������������)�D�U�H�V����
�/�D�V�Q�L�H�U�������������������6�W�D�Q�G�D�U�G���F�D�O�S�L�R�Q�H�O�O�L�G���E�L�R�]�R�Q�L�Q�J���I�R�U���W�K�H
�0�H�G�L�W�H�U�U�D�Q�H�D�Q���S�U�R�Y�L�Q�F�H���K�D�V���E�H�H�Q���H�O�D�E�R�U�D�W�H�G���W�!�\
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The applicability of the standard calpionellid
zoning for the Western Carpathian region has been
demonstrated by Borza (1969). On the basis of a
further detailed study, Borza (1984) complemented
this study by the distribution of microplanktonic
remnants of the families Cadosinidae Wanner,
1940, Stomiosphaeridae Wanner, 1940 and Cal-
cisphaerulidae Bonet, 1956. A summary descrip-
tion of calpionellid fauna in the Western Carpathi-
ans, as well as of reference profiles, was presented
by Borza (1969, 1980). Correlation study of Upper
Jurassic - Lower Cretaceous profiles was presented by
Borza - Michali'k (1986), RehAkovA - Michau'k (1992).

A continuous fossil record of standard calpionel-
lid zones (Calpionella, Calpionellopsis, Calpionel-
lites) in Berriasian and Lower Valanginian pelagic
sediments is represented in the profiles Strazovce
(Borza et al. 1980, Michali'k et al. 1990 a, Borza-
PetercAkovA, 1994), Hlboc (Borza - Michali'k
1987) and Brodno (Borza, 1969, Michali'k et al.
1990 b). In the profiles Brodno and Stramberk
(HouSa et al. 1993), the distribution of calpionellids
was checked by magnetostratigraphic study. For
example, the boundary between the calpionellid
zones A (Crassicollana) and B (Calpionella), corre-
sponding to the boundary Tithonian-Berriasian, is
iocated approximately in the middle of the magne-
tozone M-19n. The above result may be well corre-
lated with results from profiles in the area of north-
ern and central Italy (cf. Housa et al. 1994).

Radiolarians

Similarly as calpionellids, radiolarians provide to
a certain extent the possibility for a wide pale-
ogeographic and stratigraphic correlation. For the
Tethyd realm in the greatest detail elaborated is the
biozoning of Baumgartner (1984, 1987), which
divides the Middle Jurassic - Lower Cretaceous
(Bathonian-Hauterivian) on the basis of unit asso-
ciations (UA) into nine zones.

In spite of the fact that towards the end of the
Jurassic period paleooceanographic conditions
changed and radiolarians gradually lost their rock-
forming importance (De Wever, 1989), changes in
their associations on the boundary between the
Tithonian and Berriasian may be well correlated
with calpionellid events.

The Jurassic-Cretaceous boundary is indicated
by a significant change on the base of the zone D,
where UA 11 appears (Table 1).

The unit association 11 has a wide paleo-
geographic extension, but its onset is not every-

where quite synchronous. For example, in the pro-
file Fiumo Bosso (Umbria, Italy), UA 11 is found
several meters below the boundary of the calpionel-
lid zones A/B (Crassicollaria/Calpionella) in the
uppermost Tithonian. In the Atlantic region (BlaKe
Bahama Basin) UA 11 is found directly above a
sample of the zone Calpionella, which corresponds
already to the Upper Berriasian. In the profile
Svinita (Rumania), the onset of UA 11 was dated on
the basis of ammonites in the Upper Berriasian
(Baumgartner, 1984,1987).

From the above mentioned facts it follows that
the onset of this unit association may be confined
by the range Upper Tithonian-Upper Berriasian. For
this reason, the onset of UA 11 has been tested in
the Western Carpathian region in the profile
Hrusove (OndrejickovA et al. 1993), controlled by
common occurrence and distribution of calpionellids
and calcareous nannoplankton. In the profile
Hrusove, similarly as in the profile Fiumo Bosso in
Italian Umbria, UA 11 appears in the uppermost
Tithonian, below the boundary of calpionellid zones
A/B. The onset of UA 11 may be well correlated with
the occurrence of calcareous nannoplankton asso-
ciation of the zone CC1 (Nannoconus steinmanni).
In Lower Berriasian horizons (zone Calpionella) of
the Hrusove profile, besides typical representatives
of UA 11 - Parvicingula cosmoconica (Foreman),
Obescapsula rusconensis Baumgartner, Archeo-
dityomitra excellens (Tan-Sin-Hok), Alievum helenae
(Schaaf), Xitus spiculahus (Aliev), Pseudodytyo-
mitra depressa Baumgartner - there are found also
species described in younger stages than the
Berriasian. Here belong Pseudodityomitra lilyae
(Tan-Sin-Hok) and Archaeodictyomitra nuda Schaaf
belong.

The Upper Berriasian has not been studied so
well from the viewpoint of radiolarian zoning to dis-
tinguish it separately. Valanginian radiolarian fauna
has not been mentioned yet to occur in the Western
Carpathian region.

Calcareous dinoflagellates

Calcareous microfossils (cadosinas, stomio-
sphaeras, calcispherulas) are an important
component of the Upper Jurassic - Lower Creta-
ceous ecosystem. Their suitability for zoning of pe-
lagic sediments of the Western Carpathians was
verified in the works of Borza (1969, 1984), Nowak
(1968), RehAnek (1985), having been classified by
the authors with a group with unsure systematic
position.
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elaborate a zoning and its correlation with the
above mentioned groups of fossils. In thin sections
from Berriasian and Valanginian sequences of the
"Neocomian facies" from different tectonic units,
the so far unique presence of the genera Spirillina
Ehrenberg 1843, Patellina Williamson 1858,
Ammodiscus Reuss 1963, Lenticulina Lamarck
1804, Nodosaria Lamarck 1812 and Textularia
Defrance 1824 has been recorded. The
occurrence of planktonic foraminifers is dated
already as Late Hauterivian, by the zone
Globuligerina hoterivica (Salaj - Samuel 1966).
The character of the tests (predominant are thin-
walled benthic calcareous and agglutinated forms)
as well as of preservation (frequent corrosion)
indicates sedimentation in deep-water environ-
ment, near to the CCD level with oxygen and light
deficiency. Therefore it may be well understood
that in the Western Carpathians, in the Berriasian-
Valanginian range, planktonic foraminifers are
missing.

A poor Valanginian foraminifer microfauna was
mentioned by Salaj - Samuel (1966) in the West-
ern Carpathian region from the profile Podskalie
(Kostelec unit of the Manin belt). It is sporadically
represented by representatives of the genus Len-
ticulina Lamarck 1804, from which the species
Lenticulina (Lenticulina) guttata (Ten-Dam) and L.
(L.) muensteri (Roemer) could be determined.

Tunisia

a) Lithology and biostratigraphy

The best and in fauna richest regions for estab-
lishing Lower Cretaceous stratigraphy are Zaghouan
and Djebel Oust, situated 60-70 km from Tunis.

Biostratigraphic studies of these sediments are
based mainly on ammonites (Solignac, 1927,
Castany, 1951, Burollet et al. 1983), calpionellids
(Colom et al. 1953, Memmi - Salaj, 1975) and fo-
raminifers (StrAnik et al. 1972, Maamouri and
Salaj, 1974, 1978, Salaj, 1980, 1984, 1989,
Maamouri et al. 1994). Radiolarians and calcareous
dinoflagellates have not been studied so far in
sediments from these areas.

Due to its quality and abundance in fauna, the
Djebel Oust area has been proposed as type region
for the Lower Cretaceous (Castany, 1951), or
parahypostratotype of the individual stages (Salaj,
1980, Maamouri, et al. 1994).

The Berriasian is represented by a sequence of
dark sub-lithographic (intrabiopelmicrites and mic-

rites) calpionellid limestones, with layers of dark-
grey to black marls.

The Berriasian stage in Tunisia is defined from
the microfaunistic viewpoint by the zone Tintinnop-
sella carpathica/Globospirillina neocomiana (Memmi
and Salaj, 1975).

Index species appear on the base of the Grandis
zone. It is the first appearance of large forms of
Tintinnopsella carpathica (Murgeanu et Filipescu),
determining unambiguously the base of the Berria-
sian. We note that small - primitive Tintinnopsella
carpathica (Murgeanu et Filipescu) specimens
appear in the Jacobi zone. This fact has been
pointed out by Memmi - Salaj (1975), Salaj (1980)
and Remane (1985). In any case, these small
specimens should be described as a new sub-spe-
cies within the species Tintinnopsella carpathica
(Murgeanu et Filipescu).

The upper boundary of this zone, and thus also
the boundary Berriasian-Valanginian, is determined
by the appearance of foraminifer species Epis-
tomina (Brotzenia) ornata (Roemer) and Epistomina
(Hoeglundia) caracolla (Roemer). Biostratigraphic
classification of Berriasian and Valanginian sedi-
ments from the area of Djebel Oust is represented
in Tab. 2.

Marly layers in the Berriasian, from the base of
the ammonite Grandis zone, are rich in microfauna.
It is represented by the following species: Spirillina
minima (Schacko), Globospirillina neocomiana
(Moullade), Trocholina molesta Gorbatchik, Tro-
cholina vasserodi Guillaume and Trocholina burlini
Grobatchik. From planktonic foraminifers, the
presence of the species Globuligerina gulekhensis
Grobatchik et Poroschina has been proved and it
occurs in the whole Valanginian. From radiolarians
there is Sethocapsa cetia Foreman, passing from
the Upper Jurassic into the Berriasian and occurring
still in the whole Valanginian. (Maamouri et al.
1994).

From benthic foraminifers, besides the above
mentioned species, the following ones are found
practically in the whole Berriasian: Rhizammina in-
divisa Brady, Ammodiscus cretaceous Reuss,
Dorothia sp., Ramulina spinata Antonova, Den-
talina linearis Roemer, Dentalina aff. hilscana
Reuss, Dentalina deflexa Reuss, Nodosaria nuda
Reuss, Dentalina deflexa Reuss, Dentalina gracilis
d'Orbigny, Dentalina nana Reuss, Dentalina sili-
qua Reuss, Lenticulina (Saracenaria) parallela
(Reuss), Vaginulina aff denudata Reuss, Lenti-
culina (Saracenaria) planiscula (Reuss), Lenticulina
(Lenticulina) aff. turgidula (Reuss), Lenticulina (L.)
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The Upper Valanginian is represented by a fly-
schoid formation (up to 300 m) formed by greenish
aleuritic claystones with abundant beds of dark-grey
micaceous quartzites, with traces of plant fragments
and hieroglyphs, in the middle to upper part of this
sequence (200-250 m), decrease in the quantity of
quartzites and appearance of rare intercalation of
grey marls and grey sometimes even dark-grey to
black clayey limestones may be observed, which
are relatively abundant and form several horizons in
the uppermost part of the Valanginian.

In the immediate underlier of dark bituminous
Hauterivian limestones, in a 5 m thick dark marl-
stone complex, there are rarely present specimens
of Marginulina reticulosa Ten Dam (A. - L. Maa-
mouri, Salaj, M. Maamouri, Matmati et Zargouni,
1994). Comparing this horizon with the same
horizon in the stratigraphic region of Kef el Blidah,
dated by ammonites (StrAni'k et al. 1972, Salaj,
1980), this horizon was classified with the lower-
most part of the Hauterivian (Maamouri et al. 1994).

b) Biostratigraphic correlation of sediments from
the area of Djebel Oust with the hypos tratal profile
of Angles

The profile of Angles lying in the road-cut at the
foot of Baussayes hill in the French province Alpes
de Haute, has been proposed as hypostratotype of
the Valanginian by Bussnardo - Thieuloy -
Moullade et al. (1979). The Vocontian Lower
Cretaceous bed successsion is represented by a
sequence of marly limestones and marlstones. The
Valanginian part of the profile attains a thickness of
240 m. An overview of biostratigraphic classification
based on ammonites is presented in Table 3, 4.
The calpionellid microfauna has been studied in the
profile by Allemann etal. (1971).

Foraminifer zones of the Valanginian in the Vo-
contian trough were defined in detail by Moullade
(1966, 1974) and redefined again on the Valangin-
ian hypostratotype in relation to ammonite zones
(Bousnardo et al. 1979).

In view of the importance of the Berriasian and
Valanginian on the Djebel Oust profile as well as in
the Vocontian trough, one of the authors (Salaj)
dealt with a revision of the Berriasian-Valanginian
profile of the Vocontian trough (profile Angles - type
profile of the Valanginian hypostratotype). This ne-
cessity resulted above all from the fact that the
presence of eipistominas, important not only for
Lower Cretaceous but also Jurassic stratigraphy,
has not been reported from this profile.

From the comparison material (profile Angles) it
is evident that the most abundant component in the
microfauna are representatives of the family No-
dosariidae Ehrenberg, 1838. Even though in the
stratigraphic horizons they are synchronous in age,
they have been predominantly redeposited by tur-
bidite wash from the external platform and slope
into the basin. This is supported by the taphonomic
analysis of these foraminifer associations, which
have been damaged by mechanical transport due to
turbidites, while their tests are clearly sorted accord-
ing to size. Juvenile and developing stages of tests
are missing in the foraminifer associations. From
the above mentioned facts it follows that there are
present thanatocenoses from various paleoecologic
nests of various depth horizons.

From species important for the Berriasian and
Valanginian not described from the Angles profile,
we present the following:

In the Berriasian there occur: Globospirillina
neocomiana (Moullade), Trocholina molesta
Gorbatchik, Trocholina budini Gorbatchik, Conor-
boides valendisensis Bartenstein et Bfjand,
Conorboides hofkeri Bartenstein et Brand, Len-
ticulina (Lenticulina) nodosa (Reuss), Falsogaudry-
inella tealbyensis (Bartenstein) and Globuligerina
gulkensis Gorbatchik et Poroshina.

In the Valanginian, from wihch not more than 40
species have been described, there occur practically
about 100 well identifiable species. We shall present
only the more important and so far in publications
about the Vocontian trough not mentioned ones.

Otopeta zone (6 m)

In this zone, besides the already mentioned index
species Lenticulina (Lenticulina) nodosa (Reuss),
passing into this zone already in the Berriasian,
there occur also Haplophragmoides sp., Valvulina
fusca Williamson, Dentalina linearis Reuss,
Bythoceratina sp. and Opthalmidium div. sp.

Petransiensis zone (53 m)

The following species occur in this zone:
Conicospilrillina reussi Antonova, Lamarckina
reussi Antonova, Lamarckina membranaacea
Antonova, Epistomina (Hoegiundina) caracolla
(Roemer), Globuligerina gulekhensis Gorbatchik
et Poroshina and Globuligerina sp.

Campylotoxum zone (45m)

Besides by Moullade (In Bousnardo et al. 1979)
described species, the following ones occur in this



�9�����%�R�U�]�D�����-�����6�D�O�D�M���	 ���$�����2�Q�G�U�H�M�L�F�
�N�R�Y�G�����0�L�F�U�R�E�L�R�V�W�U�D�W�L�J�U�D�S�K�\���R�I���3�H�O�D�J�L�F���%�H�U�U�L�D�V�L�D�Q������ ��������������

�7�D�E�O�H�������$�Q���R�Y�H�U�Y�L�H�Z���R�I���W�K�H���E�L�R�V�W�U�D�W�L�J�U�D�S�K�L�F���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���R�I���W�K�H���9�R�F�R�Q�W�L�D�Q���W�U�R�X�J�K���E�D�V�H�G���R�Q���D�P�P�R�Q�L�W�H�V�����%�8�6�1�$�5�' �2
�H�W���D�O������������������

�7�D�E���������$�Q���R�Y�H�U�Y�L�H�Z���R�I���W�K�H���E�L�R�V�W�U�D�W�L�J�U�D�S�K�L�F���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���R�I���W�K�H���9�R�F�R�Q�W�L�D�Q���W�U�R�X�J�K���E�D�V�H�G���R�Q���D�P�P�R�Q�L�W�H�V�����%�8�6�1�$�5�' �2���H�W
�D�O����������������

������



�6�J�H�R�O�R�J�L�F�D�O�+�$�* �$�O�,�1

�]�R�Q�H�����/�H�Q�W�L�F�X�O�L�Q�D�����/�H�Q�W�L�F�X�O�L�Q�D�����V�X�E�D�O�D�W�D�����5�H�X�V�V����
�/�H�Q�W�L�F�X�O�L�Q�D�����/�H�Q�W�L�F�X�O�L�Q�D�����J�L�E�E�D�����5�H�X�V�V�������/�H�Q�W�L�F�X�O�L�Q�D
���/�H�Q�W�L�F�X�O�L�Q�D�����W�X�U�J�L�G�X�O�D�����5�H�X�V�V�������/�H�Q�W�L�F�X�O�L�Q�D�����/�H�Q�W�L��
�F�X�O�L�Q�D�����V�D�[�R�Q�L�F�D���%�D�U�W�H�Q�V�W�H�L�Q���H�W���%�U�D�Q�G�����/�H�Q�W�L�F�X�O�L�Q�D
���/�H�Q�W�L�F�X�O�L�Q�D�����P�X�O�W�L�F�H�O�O�D���0�R�X�O�O�D�G�H�����/�H�Q�W�L�F�X�O�L�Q�D
���/�H�Q�W�L�F�X�O�L�Q�D�����F�D�W�D�V�F�R�S�L�X�P���0�L�W�M�D�Q�L�F�D�����)�U�R�Q�G�L�F�X�O�D�U�L�D
�P�L�U�R�G�L�V�F�D���5�H�X�V�V�����7�U�L�V�W�L�[���H�[�F�D�Y�D�W�X�P���5�H�X�V�V���D�Q�G
�%�R�O�L�Y�L�Q�D���W�H�[�W�L�O�D�U�R�L�G�H�V���5�H�X�V�V��

�)�L�Q�D�O�O�\�����L�Q���W�K�H���]�R�Q�H�V���9�H�U�U�X�F�R�V�X�P�����7�U�L�Q�R�G�R�V�X�P
�D�Q�G���&�D�O�O�L�G�L�V�F�X�V�������������P�������I�U�R�P���I�X�U�W�K�H�U���L�P�S�R�U�W�D�Q�W���V�S�H�F�L�H�V
�W�K�H���I�R�O�O�R�Z�L�Q�J���K�D�Y�H���E�H�H�Q���G�H�W�H�U�P�L�Q�H�G�����* �O�R�E�R�V�S�L�U�L�O�O�L�Q�D
�F�R�Q�G�H�Q�V�D���$�Q�W�R�Q�R�Y�D�����* �O�R�E�R�V�S�L�U�L�O�O�L�Q�D���F�O�D�U�D���$�Q�W�R�Q�R�Y�D��
�* �O�R�E�X�O�L�J�H�Q�Q�D���J�X�O�H�N�K�H�Q�V�L�V���* �U�R�E�D�W�F�K�L�N���H�W���3�R�U�R�V�K�L�Q�D��
�* �O�R�E�X�O�L�J�H�Q�Q�D���V�S�����D�Q�G���(�S�L�V�W�R�P�L�Q�D�����%�U�R�W�]�H�Q�L�D�����G�M�D�I�I�D��
�H�Q�V�L�V���6�L�J�D�O�����7�K�H���V�S�H�F�L�H�V���)�U�R�Q�G�L�F�X�O�D�U�L�D���F�I�����E�L�G�H�Q�W�D�W�D
�&�X�V�K�P�D�Q���F�R�U�U�H�V�S�R�Q�G�V���L�Q���I�D�F�W���W�R���W�K�H���V�S�H�F�L�H�V���)�U�R�Q�G�L��
�F�X�O�D�Q�D���D�Q�J�X�V�W�D���J�O�D�E�U�D�����3�H�U�Q�H�U����

�%�H�V�L�G�H�V���W�K�L�V�����D�W�W�H�Q�W�L�R�Q���K�D�V���E�H�H�Q���J�L�Y�H�Q���R�Q���W�K�H
�$�Q�J�O�H�V���S�U�R�I�L�O�H���W�R���W�K�H���E�R�X�Q�G�D�U�\���R�I���9�D�O�D�Q�J�L�Q�L�D�Q���+�D�X��
�W�H�U�L�Y�L�D�Q���E�R�X�Q�G�D�U�\�����7�K�H���E�D�V�D�O���S�D�U�W���R�I���W�K�H���+�D�X�W�H�U�L�Y�L�D�Q
�Z�D�V���G�H�W�H�U�P�L�Q�H�G���E�\���W�K�H���D�P�P�R�Q�L�W�H���]�R�Q�H���5�D�G�L�D�W�X�V
���D�S�S�U�R�[���������P�������%�H�V�L�G�H�V���W�K�H���L�Q�G�H�[���V�S�H�F�L�H�V���+�D�S�O�R��
�S�K�U�D�J�P�R�L�G�H�V���Y�R�F�R�Q�W�L�D�Q�X�V���0�R�X�O�O�D�G�H���I�R�U���W�K�H���/�R�Z�H�U
�+�D�X�W�H�U�L�Y�L�D�Q���]�R�Q�H���R�I���W�K�H���V�D�P�H���Q�D�P�H�����G�H�W�H�U�P�L�Q�H�G���E�\
�0�R�X�O�O�D�G�H�����������������I�X�U�W�K�H�U���L�P�S�R�U�W�D�Q�W���V�S�H�F�L�H�V���D�U�H
�I�R�X�Q�G���L�Q���W�K�H���E�D�V�D�O���S�D�U�W���R�I���W�K�H���+�D�X�W�H�U�L�Y�L�D�Q�����%�L�J�H�Q��
�H�U�L�Q�D���J�U�D�F�L�O�L�V���$�Q�W�R�Q�R�Y�D�����0�D�U�J�L�Q�X�O�L�Q�R�S�V�L�V���E�U�H�\�H�U�L
���=�H�Q�G�O�H�U�����D�Q�G���0�D�U�J�L�Q�X�O�L�Q�D���U�H�W�L�F�X�O�R�V�D���7�H�Q���' �D�P��
�N�Q�R�Z�Q���E�H�W�W�H�U���X�Q�G�H�U���W�K�H���Q�D�P�H���0�D�U�J�L�Q�X�O�R�S�V�L�V���G�M�D�I��
�I�D�H�Q�V�L�V�����6�L�J�D�O�������7�K�H���O�D�W�W�H�U�����G�X�H���W�R���O�D�W�H�U���G�H�V�F�U�L�S�W�L�R�Q��
�E�H�F�D�P�H���W�K�H���V�\�Q�R�Q�\�P���I�R�U���W�K�H���V�S�H�F�L�H�V���/�H�Q�W�L�F�X�O�L�Q�D
���0�D�U�J�L�Q�X�O�L�Q�R�S�V�L�V�����U�H�W�L�F�X�O�R�V�D�����7�H�Q���' �D�P����������������

�)�R�U���W�K�L�V���U�H�D�V�R�Q�����W�K�H���/�R�Z�H�U���+�D�X�W�H�U�L�Y�L�D�Q���]�R�Q�H
�/�H�Q�W�L�F�X�O�L�Q�D�����0�D�U�J�L�Q�X�O�L�Q�R�S�V�L�V�����G�M�D�I�I�D�H�Q�V�L�V���G�H�I�L�Q�H�G���E�\
�$�����/�����0�D�D�P�R�X�U�L�������6�D�O�D�M�����������������Z�D�V���U�H�Q�D�P�H�G���E�\���$����
�/�����0�D�D�P�R�X�U�L�������6�D�O�D�M�������0�����0�D�D�P�R�X�U�L�������0�D�W�P�D�W�L����
�=�D�U�J�R�X�Q�L�����������������D�V���/�H�Q�W�L�F�X�O�L�Q�D�����0�D�U�J�L�Q�X�L�Q�R�V�L�V�����U�H��
�W�L�F�X�O�D�W�H���]�R�Q�H��

�)�U�R�P���W�K�H���D�E�R�Y�H���U�H�Y�L�V�L�R�Q���L�W���L�V���H�Y�L�G�H�Q�W���W�K�D�W���P�L�F�U�R��
�E�L�R�V�W�U�D�W�L�J�U�D�S�K�L�F���F�O�D�V�V�L�I�L�F�D�W�L�R�Q���R�I���W�K�H���9�D�O�D�Q�J�L�Q�L�D�Q���R�Q
�W�K�H���)�U�H�Q�F�K���K�\�S�R�V�W�U�D�W�R�U�\�S�H���D�Q�G���L�Q���7�X�Q�L�V�L�D���L�V���E�D�V�L��
�F�D�O�O�\���L�G�H�Q�W�L�F�D�O�����7�K�H���O�D�F�N���R�I���H�S�L�V�W�R�P�L�Q�D�V���R�Q���W�K�H���K�\��
�S�R�V�W�U�D�W�R�W�\�S�H���S�U�R�I�L�O�H���R�I���$�Q�J�O�H�V���L�V���D���U�H�V�X�O�W���R�I���W�K�H���I�D�F�W
�W�K�D�W���W�K�H�L�U���D�U�D�J�R�Q�L�W�H���W�H�V�W�V���K�D�Y�H���E�H�H�Q���G�L�V�V�R�O�Y�H�G���G�X�H
�W�R���J�U�H�D�W�H�U���G�H�S�W�K���D�Q�G���W�K�X�V���L�Q���W�K�H���P�D�M�R�U�L�W�\���R�I���F�D�V�H�V
�R�Q�O�\���W�K�H�L�U���S�\�U�L�W�L�V�H�G���R�U���O�L�P�R�Q�L�W�L�V�H�G���F�D�V�W���K�D�Y�H���E�H�H�Q
�S�U�H�V�H�U�Y�H�G�����V�S�R�U�D�G�L�F�D�O�O�\���Z�L�W�K���U�H�P�Q�D�Q�W�V���R�I���W�K�H
�D�U�D�J�R�Q�L�W�H���W�H�V�W�V��

�&�R�Q�F�O�X�V�L�R�Q�V

�)�U�R�P���W�K�H���F�R�P�S�D�U�L�V�R�Q���R�I���W�K�H���S�U�H�V�H�Q�W�H�G���E�L�R�V��
�W�U�D�W�L�J�U�D�S�K�L�F���G�D�W�D�����H�V�S�H�F�L�D�O�O�\���W�K�H���F�R�P�S�R�V�L�W�L�R�Q���D�Q�G

�S�U�H�V�H�U�Y�D�W�L�R�Q���R�I���I�R�U�D�P�L�Q�L�I�H�U���D�V�V�R�F�L�D�W�L�R�Q�V�����F�R�Q�F�O�X��
�V�L�R�Q�V���P�D�\���E�H���P�D�G�H���R�Q���W�K�H���F�K�D�U�D�F�W�H�U���R�I���V�H�G�L�P�H�Q�W�D��
�W�L�R�Q���H�Q�Y�L�U�R�Q�P�H�Q�W���L�Q���W�K�H���D�U�H�D�V���V�W�X�G�L�H�G��

�7�K�H���V�H�G�L�P�H�Q�W�D�W�L�R�Q���H�Q�Y�L�U�R�Q�P�H�Q�W���R�I���W�K�H���P�R�Q�R�W�R��
�Q�R�X�V�����1�H�R�F�R�P�L�D�Q�����I�D�F�L�H�V���R�I���W�K�H���: �H�V�W�H�U�Q���&�D�U�S�D�W�K�L��
�D�Q�V���G�X�U�L�Q�J���W�K�H���%�H�U�U�L�D�V�L�D�Q���D�Q�G���9�D�O�D�Q�J�L�Q�L�D�Q���V�W�D�J�H
�P�D�\���E�H���F�K�D�U�D�F�W�H�U�L�V�H�G���D�V���W�K�H���K�H�P�L�S�H�O�D�J�L�F���S�D�U�W���R�I���D
�V�H�D���E�D�V�L�Q�����Z�L�W�K���R�[�\�J�H�Q���D�Q�G���O�L�J�K�W���G�H�I�L�F�L�H�Q�F�\�����W�K�H
�E�R�W�W�R�P���R�I���Z�K�L�F�K���Z�D�V���V�L�W�X�D�W�H�G���D�E�R�Y�H���&�&�' ���O�H�Y�H�O��
�E�X�G���V�L�J�Q�L�I�L�F�D�Q�W�O�\���E�H�O�R�Z���$�&�' ���O�H�Y�H�O�����7�K�L�V���L�V
�V�X�S�S�R�U�W�H�G���E�\���W�K�H���V�S�R�U�D�G�L�F���S�U�H�V�H�Q�F�H���R�I���W�K�L�Q���Z�D�O�O�H�G
�D�J�J�O�X�W�L�Q�D�W�H�G���I�R�U�D�P�L�Q�L�I�H�U�V���R�I���W�K�H���J�H�Q�X�V���$�P�P�R��
�G�L�V�F�X�V���5�H�X�V�V�����D�V���Z�H�O�O���D�V���U�D�U�H���R�F�F�X�U�U�H�Q�F�H���R�I
�F�D�O�F�D�U�H�R�X�V���E�H�Q�W�K�R�V���Z�L�W�K���F�R�U�U�R�G�H�G���W�H�V�W�V�����U�H�S�U�H��
�V�H�Q�W�H�G���D�E�R�Y�H���D�O�O���E�\���W�K�H���J�H�Q�H�U�D���/�H�Q�W�L�F�X�O�L�Q�D
�/�D�P�D�U�F�N���D�Q�G���1�R�G�R�V�D�U�L�D���/�D�P�D�U�F�N��

�7�K�H���U�H�O�D�W�L�Y�H�O�\���G�H�H�S���Z�D�W�H�U���F�R�Q�G�L�W�L�R�Q�V���R�I
�V�H�G�L�P�H�Q�W�D�W�L�R�Q���S�U�H�G�R�P�L�Q�D�W�H�G���G�X�U�L�Q�J���W�K�H���%�H�U�U�L�D�V�L�D�Q
�D�Q�G���9�D�O�D�Q�J�L�Q�L�D�Q���V�W�D�J�H���L�Q���W�K�H���9�R�F�R�Q�W�L�D�Q���W�U�R�X�J�K��
�%�H�V�L�G�H�V���W�K�L�Q���Z�D�O�O�H�G���D�J�J�O�X�W�L�Q�D�W�H�G�����U�H�O�D�W�L�Y�H�O�\���U�D�U�H
�I�R�U�D�P�L�Q�L�I�H�U�V�����W�K�H�U�H���R�F�F�X�U���I�R�U�D�P�L�Q�L�I�H�U���D�V�V�R�F�L�D�W�L�R�Q�V
�U�H�G�H�S�R�V�L�W�H�G���E�\���W�X�U�E�L�G�L�W�H���Z�D�V�K�����%�X�V�Q�D�U�G�R���H�W���D�O��
���������������I�U�R�P���W�K�H���H�[�W�H�U�Q�D�O���S�O�D�W�I�R�U�P���D�Q�G���V�O�R�S�H
�W�R�Z�D�U�G�V���W�K�H���E�D�V�L�Q�����7�K�L�V���L�V���V�X�S�S�R�U�W�H�G���E�\���W�K�H
�W�D�S�K�R�Q�R�P�L�F���D�Q�D�O�\�V�L�V���R�I���W�K�H�V�H���D�V�V�R�F�L�D�W�L�R�Q�V�����Z�K�L�F�K
�K�D�Y�H���E�H�H�Q���G�D�P�D�J�H�G���E�\���P�H�F�K�D�Q�L�F�D�O���W�U�D�Q�V�S�R�U�W���G�X�H
�W�R���W�X�U�E�L�G�L�W�H�V���D�Q�G���W�K�H���W�H�V�W�V���D�U�H���H�Y�L�G�H�Q�W�O�\���V�R�U�W�H�G
�D�F�F�R�U�G�L�Q�J���W�R���V�L�]�H�����7�K�H���O�D�F�N���R�I���H�S�L�V�W�R�P�L�Q�D�V���R�Q���W�K�H
�K�\�S�R�V�W�U�D�W�R�W�\�S�H���S�U�R�I�L�O�H���R�I���$�Q�J�O�H�V���L�V���D���U�H�V�X�O�W���R�I���W�K�H
�I�D�F�W���W�K�D�W���W�K�H�L�U���D�U�D�J�R�Q�L�W�H���W�H�V�W�V���K�D�Y�H���E�H�H�Q���G�L�V�V�R�O�Y�H�G
�G�X�H���W�R���J�U�H�D�W�H�U���G�H�S�W�K�����D�Q�G���W�K�X�V���L�Q���W�K�H���P�D�M�R�U�L�W�\���R�I
�F�D�V�H�V���R�Q�O�\���W�K�H�L�U���S�\�U�L�W�L�V�H�G���R�U���O�L�P�R�Q�L�W�L�V�H�G���F�D�V�W���K�D�Y�H
�E�H�H�Q���S�U�H�V�H�U�Y�H�G�����V�S�R�U�D�G�L�F�D�O�O�\���Z�L�W�K���U�H�P�Q�D�Q�W�V���R�I���W�K�H
�D�U�D�J�R�Q�L�W�H���W�H�V�W�V��

�7�K�H���P�R�V�W���R�S�W�L�P�D�O���F�R�Q�G�L�W�L�R�Q�V���I�R�U���S�D�U�D�E�L�R�V��
�W�U�D�W�L�J�U�D�S�K�L�F���V�W�X�G�L�H�V���E�D�V�H�G���R�Q���W�K�H���G�L�V�W�U�L�E�X�W�L�R�Q���R�I���I�R��
�U�D�P�L�Q�L�I�H�U�V���D�U�H���S�U�R�Y�L�G�H�G���E�\���W�K�H���/�R�Z�H�U���&�U�H�W�D�F�H�R�X�V
�V�H�G�L�P�H�Q�W�V���R�I���' �M�H�E�H�O���2�X�V�W���L�Q���Q�R�U�W�K�H�U�Q���7�X�Q�L�V�L�D�����,�Q
�%�H�U�U�L�D�V�L�D�Q���V�H�T�X�H�Q�F�H�V���D���U�L�F�K���R�F�F�X�U�U�H�Q�F�H���R�I���E�H�Q�W�K�L�F
�I�R�U�D�P�L�Q�L�I�H�U�V���K�D�V���E�H�H�Q���G�H�W�H�U�P�L�Q�H�G�����H�V�S�H�F�L�D�O�O�\���W�K�H
�I�D�P�L�O�\���1�R�G�R�V�D�U�L�G�D�H���(�K�U�H�Q�E�H�U�J�����7�K�H���S�U�H�V�H�Q�F�H���R�I
�W�K�H���J�H�Q�H�U�D���/�H�Q�W�L�F�X�O�L�Q�D���/�D�P�D�U�F�N���D�Q�G���(�S�L�V�W�R�P�L�Q�D
�7�H�U�T�X�H�P���L�V���L�P�S�R�U�W�D�Q�W���I�R�U���W�K�H���' �L�R�V�W�U�D�W�L�J�U�D�S�K�L�F���F�O�D�V��
�V�L�I�L�F�D�W�L�R�Q���R�I���W�K�H���9�D�O�D�Q�J�L�Q�L�D�Q�����7�K�H���R�F�F�X�U�U�H�Q�F�H���R�I
�H�S�L�V�W�R�P�L�Q�D�V���L�Q���7�X�Q�L�V�L�D�����Z�L�W�K���I�U�H�T�X�H�Q�W�O�\���S�U�H�V�H�U�Y�H�G
�D�U�D�J�R�Q�L�W�H���W�H�V�W�V�����L�Q�G�L�F�D�W�H�V���D���U�H�O�D�W�L�Y�H�O�\���V�K�D�O�O�R�Z�H�U
�V�H�G�L�P�H�Q�W�D�W�L�R�Q���H�Q�Y�L�U�R�Q�P�H�Q�W�����2�Q���W�K�H���E�D�V�L�V���R�I���D���G�H��
�W�D�L�O�H�G���P�L�F�U�R�I�D�F�L�D�L���D�Q�D�O�\�V�L�V�����F�D�O�F�L�P�H�W�U�\���D�Q�G���D�E�X�Q��
�G�D�Q�F�\���U�H�O�D�W�L�R�Q���R�I���S�O�D�Q�N�W�R�Q�L�F���D�Q�G���E�H�Q�W�K�L�F���I�R��
�U�D�P�L�Q�L�I�H�U�V�����0�D�D�P�R�X�U�L�������6�D�O�D�M���H�W���D�O�������������������7�D�E������
�D�����E�����F�����V�W�D�W�H�G���W�K�D�W���/�R�Z�H�U���&�U�H�W�D�F�H�R�X�V���V�H�G�L�P�H�Q�W�V���R�I
�W�K�L�V���U�H�J�L�R�Q���G�H�S�R�V�L�W�H�G���L�Q���W�K�H���G�H�S�W�K���U�D�Q�J�H���R�I����������
���������P�����P�D�[�L�P�D�O�O�\���X�S���W�R�����������P�������D�E�R�Y�H���$�&�' ���O�H�Y�H�O��

������



�9�����%�R�U�]�D�����-�����6�D�O�D�M���	 ���$�����2�Q�G�U�H�M�L�F�N�R�Y�D�����0�L�F�U�R�E�L�R�V�O�U�D�W�L�J�U�D�S�K�\���R�I���3�H�O�D�J�L�F���%�H�U�U�L�D�V�L�D�Q������

������

�v����

�������������&

�5�H�I�H�U�H�Q�F�H�V

�$�O�O�H�P�D�Q�Q���)�������������������%�H�U�U�L�D�V�L�D�Q���F�D�O�S�L�R�Q�H�O�O�L�G�V���L�Q
�6�R�X�W�K�H�U�Q���6�S�D�L�Q�����$�E�V�����,�,�����3�O�D�Q�N�W�����&�R�Q�I�����5�R�P�D�����7�H�F�K��
�Q�R�V�F�L�H�Q�]�D�����5�R�P�D��

�$�O�O�H�P�D�Q�Q���)�������&�D�W�D�O�D�Q�R���5�������)�D�U�H�V���)�����	 ���5�H�P�D�Q�H���-����
�������������6�W�D�Q�G�D�U�G���F�D�O�S�L�R�Q�H�O�O�L�G���]�R�Q�D�W�L�R�Q�����8�S�S�H�U
�7�L�W�K�R�Q�L�D�Q���9�D�O�D�Q�J�L�Q�L�D�Q�����R�I���W�K�H���: �H�V�W�H�U�Q���0�H�G�L�W�H�U��
�U�D�Q�H�D�Q���S�U�R�Y�L�Q�F�H�����3�U�R�F�����,�,�����3�O�D�Q�N�W�����&�R�Q�I�����5�R�P�D������������
�5�R�P�D������������������������

�$�Q�G�U�X�V�R�Y���' �������������������*�H�R�O�R�J�L�D���&�H�V�N�R�V�O�R�Y�H�Q�V�N�\�F�K
�. �D�U�S�D�W���,�,�����%�U�D�W�L�V�O�D�Y�D�����9�\�G�����6�O�R�Y�����$�N�D�G�����9�L�H�G�������������V��

�$�X�E�U�\���0�����3�������%�L�J�Q�R�W���*�������%�L�V�P�X�W�K���+�����	 ���5�H�P�D�Q�H���-����
�������������3�U�H�P�L�H�U�V���U�H�V�X�O�W�D�W�V���G�H���O�
�R�E�V�H�U�Y�D�W�L�R�Q���D�X���0�����(�����%��
�G�H���O�D���O�R�U�L�F�D���G�H�V���&�D�O�S�L�R�Q�H�O�O�H�V���H�W���G�H���T�X�H�O�T�X�H�V
�P�L�F�U�R�I�R�V�V�L�O�H�V���T�X�L���O�H�X�U�V���V�R�Q�W���D�V�V�R�F�L�H�V�����5�H�Y�����0�L�F�U�R��
�S�D�O�H�R�Q�W�R�O�����3�D�U�L�V����������������������������

�%�$�8�0�*�$�5�7�1�(�5���3�����2�������������������$���0�L�G�G�O�H���-�X�U�D�V�V�L�F���(�D�U�O�\
�&�U�H�W�D�F�H�R�X�V���O�R�Z���O�D�W�L�W�X�G�H���U�D�G�L�R�O�D�U�L�D�Q���]�R�Q�D�W�L�R�Q���E�D�V�H�G���R�Q
�8�Q�L�W�D�U�\���$�V�V�R�F�L�D�W�L�R�Q�V���D�Q�G���D�J�H���R�I���7�H�W�K�\�D�Q���U�D�G�L�R�O�D�U�L�W�H�V��
�(�F�O�R�J�D�H���J�H�R�O�����+�H�O�Y�������%�D�V�H�O��������������������������������

�%�D�X�P�J�D�U�W�Q�H�U���3�����2�������������������$�J�H���D�Q�G���J�H�Q�H�V�L�V���R�I���7�H�W�K�\�D�Q
�-�X�U�D�V�V�L�F���U�D�G�L�R�O�D�U�L�W�H�V�����(�F�O�R�J�D�H���J�H�R�O�����+�H�O�Y�������%�D�V�H�O��������������
����������������

�%�2�1�(�7���)�������������������=�R�Q�L�I�L�F�D�W�L�R�Q���P�L�F�U�R�I�D�X�Q�L�V�W�L�F�D���G�H���O�D�V
�F�D�O�L�]�D�V���&�U�H�W�D�F�L�F�D�V���G�H�O���(�V�W�H���G�H���0�H�[�L�F�R�����%�R�O�����$�V�F�R�F��
�0�H�[�����*�H�R�O�����3�H�W�U�R�O�������0�H�[�L�F�R���������������������������A��������

�%�2�5�=�$���. �������������������' �L�H���0�L�N�U�R�I�D�]�L�H�V���X�Q�G���0�L�N�U�R�I�R�V�V�L�O�L�H�Q
�G�H�V���2�E�H�U�M�X�U�D�V���X�Q�G���G�H�U���8�Q�W�H�U�N�U�H�L�G�H���G�H�U���. �O�L�S�S�H�Q�]�R�Q�H
�G�H�U���: �H�V�W�N�D�U�S�D�W�H�Q�����%�U�D�W�L�V�O�D�Y�D�����9�(�' �$�������������V��

�%�2�5�=�$���. �������������������9�]�I�D�K���Y�Q�X�W�R�U�Q�\�F�K���. �D�U�S�D�W���N���E�U�D�G��
�O�R�Y�H�P�X���S�D�V�P�X�����0�L�N�U�R�I�D�F�L�H���D���P�L�N�U�R�I�R�V�L�O�L�H���Y�U�F�K�Q�H�M
�M�X�U�\���D���V�S�R�G�Q�H�M���N�U�L�H�G�\�����0�D�Q�X�V�N�U�L�S�W�����$�U�F�K�����*�H�R�O�����O�L�V�W��
�6�$�9�����%�U�D�W�L�V�O�D�Y�D�������������V��

�%�2�5�=�$���. �������������������7�K�H���8�S�S�H�U���-�X�U�D�V�V�L�F���/�R�Z�H�U���&�U�H�W�D�F�H�R�X�V
�S�D�U�D�E�L�R�V�W�U�D�W�L�J�U�D�S�K�L�F���V�F�D�O�H���R�Q���W�K�H���E�D�V�L�V���R�I���7�L�Q�W�L�Q�Q�L�Q�D�H��
�&�D�G�R�V�L�Q�L�G�D�H�����6�W�R�P�L�R�V�S�K�D�H�U�L�G�D�H�����&�D�O�F�L�V�S�K�D�H�U�X�O�L�G�D�H
�D�Q�G���R�W�K�H�U���P�L�F�U�R�I�R�V�V�L�O�V���I�U�R�P���W�K�H���: �H�V�W���&�D�U�S�D�W�K�L�D�Q�V��
�*�H�R�O�����=�E�R�U�����*�H�R�O�����F�D�U�S�D�W�K�������%�U�D�W�L�V�O�D�Y�D��������������������������
��������

�%�R�U�]�D���. �������*�D�V�S�D�U�L�N�R�Y�D���9�������0�L�F�K�D�L�-�N���-�����	 ���9�D�V�L�&�H�N
�=�������������������8�S�S�H�U���-�X�U�D�V�V�L�F���/�R�Z�H�U���&�U�H�W�D�F�H�R�X�V���V�H�T�X�H�Q�F�H
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�6�L�O�H�V�L�D���D�Q�G���W�K�H�L�U���V�W�U�D�W�L�J�U�D�S�K�L�F���Y�D�O�X�H�����5�R�F�]�����3�R�O�����7�R�Z��
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