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Depositional trends in the Valdorbia Section 167

4. Ages

The biostratigraphy is based on ammonite horizons within the Tenuicostatum and
Serpentinus Zones (Venturi, in press) and on provisional horizons within the other zones
studied by Venturi and not yet published (personal communication). The ammonite ho-
rizons are summarized in Table 1 and ammonite zones have been indicated, for graphic
convenience, with age initials followed by a number. Each horizon is reported in metres
in Figure 4, 5 and 6, following the Channell et al. (1984) sampling. Recently published
data of the Valdorbia Section have been used as well (Cresta et al. 1989, Fig. 37 and 38).
Calcareous nannofossil events, reported by Reale (1989), arc located on the right side of
the four partial sections. The lower part of the Valdorbia section (530m to 510m) has
been attributed to the Carixian on the base of the first occurrence of Mitrolithus jansae at
499.8 m (Fig. 4) which falls in the upper part of the Davoei Zone (Carixian) according to
Reale et al. (1991).

5. Micropaleontology

An important micropaleontological study of the Valdorbia Jurassic microfacies has been
carried out by Centamore et al. (1971) in which the Valdorbia section was indicated as
“Sezione del Sentino Ovest”. A preliminary study of the microfossils occurring in the
Valdorbia section both in thin section and in the sample washed residues was illustrated
by Cresta et al. (1988), by means of a schematic distribution chart. No distinction be-
tween microfacies (observed in thin section) and microfossils (separated from the se-
diments) was indicated and a further study has allowed a better understanding of the
microfaunal distribution and of the microfossil reworking.

In this work the micropaleontological observations concern both the microfaunal con-
tent of the microfacies analysed in thin section and the assemblages of the separated mi-
crofossils from the washed residues. 160 samples have been collected in stratigraphic or-
der at 1 m interval roughly spanning the period of time from the Carixian to the Early
Aalenian. 92 samples, mainly limestones have been processed for microfacies study from
the COR, while 68 samples, mainly argillaceous and marly sediments, about 400 gr. each,
have been collected mainly from the MS and RAUM units.

5.1 Data presentation
5.1.1 Microfacies

The fossil content is summarised in Figure 20 where the microfacies are arranged in
groups with different characteristics.

- Microfacies 1 (Carixian). The most characteristic fossils are stout calcareous sponge spicules and recrystal-
lized echinoid remains (PI. 1, Fig. 1, 2 and 3) while other organisms are scattered discontinuously. Radiolar-
ians are associated with gastropods and other microfossils. This microfacies contains Miliolina (PI. 1, Fig. 8).
simple agglutinated foraminifers (Pl. 1. Fig. 5), plurilocular agglutinated foraminifers and Lagenina, both
sculptured and smooth (Pl. 1 Fig. 7, Fig. 1, 2, 12, 13 and 14) of which Lenticulina is the dominant taxon.
Besides Ophthalmidium (PI. 1, Fig. 11) and Agerina martana (Pl. 1, Fig. 10), there are some tubular, por-
cellaneous, biloculine forms interpreted here as Planiinvoluta (PI. 1, Fig. 6 and 9) with a porcellaneous test,
according to Koehn Zaninetti (1969). The latter are characteristic but of controversial interpretation be-
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Fig. 6. Partial Sections III and 1V, upper parts of the Valdorbia Section.
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i m 1825 hor. 12b - Merlaites alticarinatus
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| m 183,4 hor. 11¢c - Peronoceras aculeatum
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| m 1843 hor. 10b - "Phymatoceras" speciosum.

m 184.4 hor. 10 - Merlaites dausus

i m 1845 hor. 9 - Meriaites clausus, Merlaites gr. gradata

| m185,3 hor 8 - Collina meneghinii

m 185,5 hor. 7 - Collina gemma, Collina meneghinii, Pseudomercaticeras
gr. frantzii, Hildoceras gr. bifrons.

Bifrons

m 188,2 hor. 6b - Hildoceras angustisiphonatumn

m 188,2 hor. 6 - Hildoceras gr. semipolitum, Collina gr. gemma, Mercaticeras
gr. mercati, Mercaticeras dilatum
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Mercaticeras thyrrenicum, Mercaticeras gr. mercati, Pseudomercaticeras n.
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Frechiella subcarinata, Rarenodia planulata, Mesodactylites broili.
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m 193,8 hor. 2a - Hildoceras rancostatum

sections Il and IV
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Tenuico |Serpe

statum

m 378,8 hor. 1b - Dactyiioceras sp., Praemercaticeras ? sp.,
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"Coeloceras” sp.
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\L' ;
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m 490 Aneﬂceras ralgovranum Arieticeras retrorsicosta
m 492,90 - Arieticeras algovianum
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DO1
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m 496,35 - Protogrammoceras gr. cerebratum
m 497,75 - Fuciniceras lavinianum

section |

Tab. 1. Symbols of the ammonite zones.
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cause they have been considered, in general, as shallow water agglutinated foraminifers such as Glomospi-
ra and/or Glomospirella. In the Valdorbia Section Glomospira and Glomospirella show, instead, a siliceous
test and the microanalysis of the separated specimens exhibits a greater amount of silica cement than ag-
glutinated grains. It is possible, however, that in the Carixian these Ammodiscidae possess a finely agglu-
tinated wall with a calcareous crypto-crystalline cement (Pl. 1, Fig. 5).

In this microfacies Planiinvoluta occurs scattered in the matrix, not included in intraclasts.

- Microfacies 2 (Lower Domerian — Middle Domerian). This microfacies is distinguished from microfacies
1 on account of the decrease in organic content and the almost total disappearance of plurilocular Textulari-
ina and Miliolina. Gastropods, thick ostracod valves, Lagenina, some Ammodiscus and Repmanina with sili-
ceous tests, occur together with ammonite nuclei, echinoid fragments, radiolarians and calcispherids (Pl. 1,
Fig. 4, 15, 16, 17, 18, 19 and 20). Within microfacies 2, the microfauna does not show clear indications of re-
working, with the exception of those at levels 495.2 m and 489 m which are rich in stout calcareous sponge
spicules. At 488.95 m - 488 m, corresponding to a slump, the biofacies does not change but is richer in organ-
isms, which suggests that the slumped sediments have a local source in the basin and the sliding process has
concentrated the skeletal remains.

- Microfacies 3 (Upper Domerian-LowerToarcian). Microfossils are rare or absent. (Pl. 2, Fig. 1 and 2).

- Microfacies 4 (Lower Toarcian, Tenuicostatum Zone). Strong input of fine detrital materials and pyrite
occur at this time. The laminated calcarenite/rudite beds contain reworked oolites, green algae, algal coated
grains, large lituolids (Pl. 2, Fig. 3-7 and 9), and Earlandia all derived from a carbonate platform. Miliolina
(Pl 2, Fig. 11-13), almost absent in the marly, autochthonous lithotypes, occur again and are considered as
reworked from sediments deposited in an open marine environment immediately after the beginning of the
carbonate platform drowning, because they are absent in the “Calcare Massiccio™ microfacies. Other rare
types of microfacies are mudstones with flat and thin bivalves, absent in the sample washed residue, and
some calcified radiolarians (Pl. 2, Fig. 8). Of all the microfacies, number 4 shows the most reworking, as mi-
crofauna of different environments and ages are involved. It has to be remarked that in the microfossil dis-
tribution chart in Cresta et al. (1988) the vertical distribution of Ophthalmididae and Glomospira and Glo-
mospirella (here interpreted as Planiinvoluta) within the Mirabile Zone has been made on the basis of their
occurrence in fine detrital calcisiltite.

- Microfacies 5 (upper part of Tenuicostatum Zone). Calcified radiolarians (Pl. 2, Fig. 10 and 14) are dominant.

—  Microfacies 6 and 7 (Serpentinus to Erbaense Zone). These microfacies still indicate an input of fine detri-
tal material into the area but with a minor degree of reworking compared to microfacies 4. However, the
occurrence of Planiinvoluta and Earlandia (PI. 3, Fig. 2, 3 and 4) testify a persistent influence of allochems,
such as small porcellaneous foraminifers and pellets. Ophthalmidium and Agerina martana no longer occur
above level 190 m. Lagenina are present as well, probably removed from the same environment of deposi-
tion. From sample 189 (middle part of Bifrons Zone) upwards the microfacies starts to become enriched
with flat bivalve tests (PI. 3, Fig. 1).

- Microfacies 8 (Meneghinii — Opalinum Zones). This microfacies contains microfossils characteristic of the
typical calcareous nodular RAUM such as that of the Pozzale (M. Martani) Section (an “intermediate” sec-
tion without detrital input, studied by Venturi, in press). The organic content consists of ammonite nuclei
and bivalves with shelter porosity, small low-trochospiral gastropods, globochaetes, very tiny heart-shaped
brachiopods, biconvex Lenticulina’s and a few radiolarians (Pl. 3, Fig. 5-9). These microfossils are also
characteristic of the “Dogger” microfacies which is found on the morphostructural highs.

- Microfacies 9 (Aalenian) (P1. 3, Fig. 10 and 11). In the pebbly mudstone at 174.5 m the intraclasts commonly
exhibit the same microfacies as microfacies 8.

5.1.2 Microfossils

The term “microfossils” is used to describe the fossil content which occurs in the washed
residue fraction between 63 pm and 2 mm. Microfossils can be rare or absent if only sam-
ple fractions greater than 150 pm are used.

The coarse fraction (>2 mm) has been observed, but no qualitative or quantitative anal-
yses have been carried out. Tests or skeletons are mainly calcareous and consist of benthic
foraminifers, ostracods, fragments of macroinvertebrates or small whole macroinverte-
brates (< 1 cm), represented by microbrachiopods, bivalves, microgastropods, echinoderms,
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ammonite protoconchs and rhyncholites. The non-calcareous microfossils are fish teeth
(very rare) and radiolarians, which occur abundantly in some stratigraphic intervals.

As the benthic foraminifers are the object of this study, quantitative analyses have
been carried out only on them and are described in detail below. The other microfossils
were processed for semi-quantitative analysis which consists of spreading the washed res-
idue uniformly three times on a standard extraction tray (6 x 10 cm) and establishing nu-
merical classes using the symbols R (rare), defined as less than 10, C (common) between
10 and 50, and A (abundant) for more than 50. With this methodology the distribution
chart of microfossils has been constructed (Fig. 7). Ostracods are as abundant or common
as benthic foraminifers and these two groups of organisms are the ones most continuous-
ly distributed in the sediments. Some sculptured ostracods have been classified by C. Arias
(personal communication) and are shown on Figure 7.

Benthic foraminifers are almost always present in the marly lithotypes in variable
abundance, according to the different stratigraphic intervals. They are represented by a
few Textulariina, Lagenina and Miliolina in the Carixian, by Lagenina and simple agglu-
tinated forms in the Domerian, and mainly by Lagenina in the Toarcian with an increase
of Spirillina in the Middle and Upper Toarcian. Faunal analyses were conducted on the
benthic foraminifers after all the specimens, occurring in 6 gr. of the washed residue of
the sample fraction > 63 um, have been picked and counted (see Tab. 1 in Bartolini et al.,
1992). They were diagnosed in detail and the species distribution and abundance
(R<10%, C =10-30%, A >30%) are reported in Figure 8 in order of first occurrence
from the bottom to the top of the section. Some of the most indicative species are illus-
trated in Pl. 4 and 5. Although in the Lagenina etching or other chemical dissolution traces
are rare or absent, the tests generally show poor preservation, due to recrystallization or
mechanical processes. Thus several forms are left under open nomenclature. The genera
are 1identified in accordance with the classification proposed by Loeblich & Tappan
(1988).

Recently several authors (Bernard 1986; Chamney 1976; Morris 1982; Kaiho 1991)
have recognized the influence of chemical, physical and trophic parameters of the sea-
bottom environment on the general test morphology of benthic foraminifers. There is a
general agreement that flat morphology and uncoiled forms of Lagenina are characteris-
tic of a low energy, muddy environment, sometimes poorly ventilated, while strictly
coiled and stout specimens occur in ventilated and high energy hydrodynamic environ-
ments. For this reason, in Figure 9, the genera have been arranged in morphogroups ac-
cording the scheme proposed by Bernard (1986) and modified by Bartolini et al. (1992)
and reported in this paper in Table 2.

Variations of the foraminiferal dimensions have been noted within the different strat-
igraphic intervals. Thus the foraminiferal size, as shown in Figure 10, has been subdivided
into three classes: small <200 pm in diameter or length according to the specimen test
shape, medium > 200 pm < 500 pm and large > 500 pm.

Percentage values of indicative parameters, such as species diversity, ornate Lageni-
na, agglutinated foraminifers and Spirillina abundance, have been plotted in Figure 10 as
well. The results of the distribution charts and graphics enable us to draw the conclusion
that benthic foraminiferal assemblages change with time, thus providing further paleoen-
vironmental information.
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Morphogroup A = elongated and flat forms: Lingulonodosaria, Paralinguli-
na, Vaginulina, Citharina.

Morphogroup B = clongated and pointed forms: Foguttulina.

Morphogroup C = cylindrical and elongated forms: Prodentalina, Pseudo-
langella, Pseudonodosaria, Nodosaria, Marginulina.

Morphogroup D = flattened, planispiral forms: Astacolus, Falsopalmula,
Vaginulinopsis, Lenticulina varians.

Morphogroup E = Biconvex, planispiral, strictly coiled forms: biumbelicate
Lenticulina as Lenticulina miinsteri.

Morphogroup F = planoconvex or conical forms: Conicospirillina, Turrispi-
rillina, Rehinoldella.

Tab. 2. Foraminiferal morphogroups.

Although foraminiferal abundance in the sediments is low, the long interval of time
makes changes in the microfossil assemblages easily recognisable. On the basis of micro-
paleontological examination of several sections of the UMB (Nocchi 1992), a stratigraph-
ic succession of benthic foraminiferal assemblage units has been established. Each assem-
blage is distinguished from the others by a different ratio of foraminifer genera and mor-
phogroups, by class sizes, species diversity and different accompanying fauna. They are
indicated with capital letters in alphabetical order and arranged from the oldest to the
youngest. These assemblages, with slight differences, have been recognized in the Val-
dorbia Section, and are summarized in the scheme of Figure 11. The foraminifer species
included in each assemblage can be seen in Figure 8. This scheme is based also on the
autochthonous microfacies. The grey-reddish marly stratigraphic interval found above
the COR limestones by Nocchi & Bartolini (in press), has been replaced by pebbly
mudstones and slumps in the Valdorbia Section. Thus, the cosmopolitan Pliensbachian
foraminiferal assemblage BC, characteristic of this interval, is missing.

The following benthic foraminiferal trends can be identified:

a Decrease and disappearance of Miliolina and plurilocular Textulariina during the
Domerian.

b Disappearance of siliceous biloculine tubular foraminifers in the uppermost Domer-
1an sediments.

¢ The average size of foraminifers is between 200 pm and 500 pm (Fig. 10). However in
the assemblage E, characteristic of the black shales of the Tenuicostatum Zone, the
average foraminiferal size is below 200 um. An increase in size can be clearly seen af-
ter the Serpentinus Zone, in particular at the boundary between the Bifrons and Er-
baense Zones (Fig. 10).
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AGE MORPHOGRUP FREQUENCY IN THE VALDORBIA SECTION

marphogrup C % morphogrup D % morphogrup E % marphogrup F %

TOS

TO2

TOARCIAN

0 20 40 60 80100

8

Fig. 9. Morphogroup percentages.

d Increasing in Spirillina, biconvex Lenticulina (morphogroup E) (Fig. 9) and Coni-
cospirillina (PL. 5, Fig. 4-6) and the occurrence of abraded and “cigar-shaped”
Lenticulina’s (Fig. 13, PI. 4, Fig. 1 and 4) from the Bifrons Zone upwards.

e Decrease in the foraminiferal content in the Lower Aalenian as shown in Fig. 8.

In the UMB benthic foraminifers show a low density in the sediments, so that the species
distribution depends upon the quantity of sample collected. Furthermore they are clearly
related to ecological factors affecting the sea-bottom so that they can be time-transgres-
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Fig. 10. Percentage of indicative parameters.

sive. However a few forms that have been calibrated by ammonite and nannofossil bio-
stratigraphy in other UMB sections, have been found here and can be considered as good
index species. These are shown in Figure 12. The disappearance of Glomospira-Glomos-
pirella is variable between the Emaciatum and Tenuicostatum Zones. Conicospirillina
first occurrence (FO) is at the boundary between Serpentinus/Bifrons Zones approxi-
mately. Lenticulina d’orbignyi (PI. 5, Fig. 10) FO falls always within the Erbaense Zone
or at the boundary between Bifrons/Erbaense while the last occurrence (LO) falls within
the Meneghinii Zone.
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5.2 Data discussion
5.2.1 Paleoecological inferences

Paleoecological studies concerning Jurassic benthic microforaminifers are rather scarce
and controversial due to the difference between such assemblages and more recent ones.
Stam (1986) discusses the two major interpretations concerning small benthic Jurassic
foraminifers.

a Jurassic Spirillinina, Lagenina and simple representatives of Textulariina have been
believed to be characteristic of Jurassic shelf to marginal marine deposits in the Euro-
pean and North African epicontinental seas (Gordon 1970; Johnson 1976; Copestake
1989: Nicolin & Ruget 1988; Stam 1986; Nagy et al. 1990; Nagy & Johansen 1991; Cu-
baynes et al. 1991, etc.). The two main foraminiferal components belong to the subor-
ders Textulariina and Lagenina and occur in highly varying proportions while other
groups are seldom dominant in the various marine shelf environments affected by
sea-level fluctuations.

b According to Luterbacher (1972), Kuznetsova (1974), Bartenstein (1974), Kuznetsova
& Seibold (1978), Sliter (1980), Basov & Krasheninnikov (1983), Gradstein (1983)

Fig. 11. Foraminiferal assemblage scheme.
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and Riegraf et al. (1984), Lagenina, Spirillinina and Glomospirella-Glomospira as-
semblages characterize bathyal and abyssal deposits in the DSDP Sites of North At-
lantic and Indian Oceans during Late Jurassic — Early Cretaceous. Most of these au-
thors discuss the possibility of faunal reworking but they give the Jurassic UMB as an
example of a deep water environment. In fact, Kimmeridgian Lagenina and Spirillini-
dae were found by Farinacci (1965) in the Monti Martani area and were considered
by the author as deep water benthic foraminifers. After several field investigations,
however, Farinacci found out that the foraminiferal assemblage described in 1965 was
contained in a mass flow originating from a shallow water morpho-structural high into
a depressed area that was characterized by siliceous and calcareous deposits known as
the “Calcari diasprigni” stratigraphic unit (A. Farinacci, personal communication).

In 1981, having collected a large amount of new paleontological and sedimentological
data, Farinacci and her group revised Farinacci’s original interpretations of the M.
Martani Ridge, in “The Ammonitico Rosso Symposium”™ (Farinacci and Elmi [Eds.]
1981). They considered the M. Martani area as a shallow water area of deposition, di-
rectly affected by eustatic sea level changes during the Jurassic.

In this paper the information given by the first group of authors has been useful in inter-
preting the sea-bottom features of the Valdorbia area in the early Jurassic and is consid-
ered here to fit the UMB for the following reasons:

1 The assemblage variations, the recognizable trends in the microfauna related to sedi-
mentological and geochemical changes, and the agglutinated foraminiferal turnover
near the Domerian/Toarcian boundary are difficult to explain in a bathyal or abyssal
environment. :

2 Macroinvertebrates, although in stunted forms, occur throughout all the section ex-
hibiting a decrease in size from Domerian to Lower Toarcian and an increase in the
Middle and Upper Toarcian. On the basis of the microfacies analysis they cannot be
considered as reworked fauna from a shallow water carbonate platform. Their distri-
bution would be rather unusual in a bathyal environment.

3 In bathyal environments in the North Atlantic Ocean, during the late Jurassic the ag-
glutinated foraminifers are always abundant and the macroinvertebrates rare or ab-
sent. In the Valdorbia area the faunal distribution is completely different.

4 Thin and small bivalves (posidoniids) have been demonstrated to be benthic organisms
by Kauffman (1981), Conti & Cresta (1982) and Conti & Monari (1992). In the Val-
dorbia Section they are associated with common microbrachiopods and microgastro-
pods. A trend of increasing numbers of bivalves and brachiopods, and a decrease in
benthic foraminifers in a sedimentary sequence, such as has been noted in the upper
part of the Valdorbia Section, is not easily explanable in a deep environment.

5 The investigated Jurassic foraminiferal assemblages have been compared with those
occurring in the bathyal “Scisti a Fucoidi” Fm. of the Lower Cretaceous in the UMB,
which Coccioni has been studying (R. Coccioni, personal communication). The Toar-
cian and the Early Cretaceous Lagenina are somewhat similar but in the Early Creta-
ceous the macroinvertebrates are almost absent, the ostracods rare and the Textula-
riina more abundant and diversified than in the Early Jurassic.
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It is well known that small benthic foraminifers have adapted to a great range of envi-
ronments during geological history. Lagenina, Spirillina and Glomospira-Glomospirella
could have adapted to different ecological factors affecting the sea-bottom in the
Early Cretaceous after the deepening of the relatively shallow-water sea-floor which
persisted in a small area of the Umbria-Marche basin (topographic highs) during the Late
Jurassic.

In this paper the bathymetric terminology has been taken from van Morkoven &
Berggren (1986): 0-30 m inner shelf: 30-100 m middle shelf; 100-200 m outer shelf; and
200-600 m upper bathyal. These environmental interpretations have been drawn from
foraminiferal studies of the Jurassic European epicontinental shelves but use of this bathy-
metric terminology does not imply that the Valdorbia area was an epicontinental sea dur-
ing the Early Jurassic. In fact the Jurassic UMB was not near or related to a continent,
because the sediments do not show any coarse terrigenous input. The micropaleontologi-
cal assemblages, however, permit an acknowledgement of sea-level fluctuations in Toar-
cian deposits, which are poorly differentiated in lithology. as in the Western European
shelves (Cubaynes et al. 1990).

- Assemblage A. This assemblage has been considered by Nocchi (1992) to character-
1ze an environment of deposition corresponding to a middle shelf. In the Valdorbia
Section, however, it is uncertain whether the organisms were local or have been dis-
placed from elevated surrounding areas, although the microfacies 1 does not show
clear indications of reworking. In the morphostructural highs, in fact, the isochronous
lower part of COR is rich in microfossils (Nocchi 1992) some of which (Miliolina) oc-
cur in the Valdorbia section as well, while others (Involutina liassica, Trocholina etc)
are rare or absent.

- Assemblages B and C. The two assemblages alternate through the whole Domerian
section. Consideration of each one separately would result in an interpretation of re-
petitive and abrupt fluctuations in the sea-bottom depth. Assemblage B, containing
mainly Lagenina associated with ammonites, echinoids and radiolarians seems to in-
dicate open marine, distal shelves with normal salinity and oxygenation (Johnson
1976; Cubaynes et al. 1989); whereas, assemblage C (Pl. 4, Fig. 1-7) (simple Textula-
riina, including Glomospira and Glomospirella, associated with Verneulinoides, Ha-
plophragmoides), is interpreted as indicative of a shallow water, restricted marginal
environment, with reduced salinity and terrestrial influx, or of a lowstand of sea-level
(Lgfoldli & Thusu 1979; Nagy & Johansen 1991; Cubaynes et al. 1989). It is more ap-
propriate to consider both these assemblages together in order to interpret the ma-
rine environment of deposition. The problematic assemblage C has already been dis-
cussed by Nocchi & Bartolini (in press). One of the few papers dealing with Glomos-
pira-Glomospirella paleoecology is that of Chamney (1976). He interprets the Glo-
mospira-Glomospirella assemblages as a response to the siliceous content in the ma-
rine waters and to the high level of current energy of the marine environment. Fur-
thermore Chamney (1976), together with Gradstein & Berggren (1981), suggest that
factors controlling agglutinated foraminiferal assemblages can be the availability of
CaCOa, post-depositional dissolution of calcareous-hyaline foraminifers, low salinity
and/or low temperature, lack of oxygen and pH fluctuations. These factors can affect
both marginal brackish waters and the deepest part of the oceans.
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Following the paper of Nocchi & Bartolini (in press), further investigations have been
carried out both in the UMB and in the pelagic Jurassic internal lonic Zone of
Greece. These investigations have shown that the Upper Domerian interval, consist-
ing of thin marls interstratified with limestones and particularly rich in Glomospira-
Glomospirella (assemblage C), extends to other south Tethyan areas, such as Greece.
Assemblage C, therefore seems indicative of more extensive environmental condi-
tions in the Domerian than those suggested by Nocchi & Bartolini who considered
the possibility that the concentration of siliceous benthic foraminifers were due to
pressure dissolution of calcium carbonate.

In the Valdorbia area the Corniola depositional environment was, probably, affected
by changes of physical and chemical conditions in the water mass. These factors could
have been a decrease in sea-floor temperature, an increase in silica, as indicated by
radiolarian content, during a relative deepening, and an oceanic opening during the
deposition of assemblage A. These water mass features could also have eliminated
Miliolina and Involutinina, enhanced simple siliceous Textulariina and left unaffected
the Lagenina, which inhabit deeper shelf areas as well. Other factors could be consid-
ered to be low calcareous productivity over a short period, the slow sedimentation
rate causing an increase in the relative clay content, without excluding diagenetic pro-
cesses and pH fluctuations.

Assemblage D. This assemblage is characterized mainly by small Eoguttulina
(predominantly Eoguttulina metensis) associated with Prodentalina, and by a scarcity
of macroinvertebrates. Among the agglutinated foraminifers, Bathysiphon and Hy-
perammina are abundant and the only fauna occurring at the bottom of this strati-
graphic interval. Finely agglutinated Bathysiphon can be found to a depth below 200
m (Chamney 1976; Boltvoskoy & Wright 1976). Stam (1986) suggests, moreover, that
Eoguttulina’s and Prodentalina’s prefer relatively deep water, between 150-200 m or
more. Ruget (1980) attributes a restricted environment to assemblages dominated by
polymorphinids.

In the Early Jurassic a transition from simple Textulariina and Lagenina assemblages
to Lagenina-only assemblages is indicative of a deepening towards deep and distal
shelf areas (Johnson 1976; Cubaynes & Ruget 1987). Simple siliceous Textulariina
seem to prefer a shallower habitat than Lagenina. As a whole assemblage D is be-
lieved to indicate the deepest environment of deposition within the Valdorbia Section.
Within the stratigraphic interval represented by assemblage D, Pliensbachian Lageni-
na, such as Marginulina gr. prima, Berthelinella paradoxa, Ichthyolaria sulcata, Pseu-
donodosaria vulgata, are at first small and rare and then disappear altogether. In the
Valdorbia section, however, the turnover of the cosmopolitan shelf benthic foramini-
fers within the Tenuicostatum Zone is not obvious as in other sections of the UMB
(Nocchi & Bartolini in press) due to lack of the stratigraphic interval with the assem-
blage BC. The earlier disappearance of Glomospirella compared to Lagenina, is odd,
since factors which are favorable to their growth, such as clay and organic silica, in-
crease. Such a disappearance could be explained by the deepening of the sea-floor
(Boltovskoy & Wright 1976).

Assemblage E. This assemblage characterizes the black shale lithofacies, of the mid-
dle-upper part of the Tenuicostatum Zone, and has already been discussed by Barto-
lini et al. (1992). It corresponds to disaerobic-anaerobic conditions on the sea-floor
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which are favorable to a bloom of small and flat forms of morphogroup A ( PI. 4, Fig.
10 and 17) such as Paralingulina gr. tenera and Eoguttulina. These are considered op-
portunistic taxa which thrive best in poorly ventilated environments as they are infau-
nal organisms and already adapted to poorly oxygenated sediments. In the Valdorbia
section Spirillina and Haplophragmoides (PL. 5, Fig. 8) also occur in this stratigraphic
interval while in other sections, such as Pozzale (Bartolini et al. 1992) they are almost
absent. The species diversity (Fig. 10) is variable indicating that the depositional envi-
ronment was probably occasionally oxygenated. Among the other organisms small
pyritized ostracods belonging to Procytherura are common together with other forms
(PL. 6, Fig. 10 and 15). The other organisms (juvenile forms) characteristic of the black
shales (Bartolini et al. 1992) are indicative of starved conditions unfavorable to their
growth.

— Assemblage F. In this assemblage smooth Lagenina are almost the only group recov-
ering from the benthic crisis of the Tenuicostatum Zone and are characterized by an
irregular increase of Lenticulina. According to Cubaynes et al. (1989), Cubaynes &
Ruget (1987), Bielecka & Posaryska (1954), assemblages dominated by Lagenina are
indicative of distal, outer shelves or deeper shelf areas with accumulation of marly ar-
gillaceous sediments.

— Assemblages G and H. The two assemblages are considered together because they
share some features which are believed to have paleoecological significance. The in-
crease in both abundance and in size of strictly coiled lenticulinids of morphogroup E
(Fig. 9 and 10 ) (see also Fig. 5 in Bartolini et al. 1992), the relative decrease in the
Eoguttulina and Prodentalina specimens and the occurrence of abraded, stout , bicon-
vex Lenticulina are indicative of a change in water depth and in the hydrodynamic re-
gime. According to several authors (Lipina 1961; Chamney 1976; Cubaynes et al.
1991) large, roboust forms developing an involute, reinforced test, thick walls and
closely packed chamber arrangements, indicate less favorable marine conditions due

\
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Fig. 13. Schematic drawing of a “cigar shape” Lenticulina miinsteri (same specimen in Pl. 6, Fig. 1 and 2)
a side view; b axial view.
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to high energy level created by the action of wave base or currents. Cubaynes et al.
(1990) report that lowstand sea-level benthic foraminiferal assemblages are represent-
ed almost exclusively by the morphogenus Lenticulina s.s. Moreover assemblages
dominated by Spirillina and Lenticulina gr. miinsteri seem characteristic of shallow
marine environments (Morris 1982) while Stam (1976) suggests a depth value of 50 m
— 100 m for Spirillina and Lenticulina. According to him the two groups show a signifi-
cant positive correlation with a shallowing trend in the sequence. Abraded forms (PI.
6, Fig. 1-4) can indicate areas under the influence of modest currents and waves (Mur-
ray 1984). Here the term “cigar-shaped” is attributed to stout biconvex Lenticulina’s
with umbilical plugs that reinforce the axial central area so that the marginal areas are
more easily eroded with the rolling axis perpendicular to the coiling one (Fig. 13). This
particular shape is probably due to a rolling action with a mechanical stress perpendic-
ular to the axial area due to current or storm wave action upon epifaunal or primary
weed fauna, without affecting benthic forms living inside the sediments.

The major difference between assemblages G and H consists of an abrupt increase in
size within the Erbaense Zone both in tightly coiled forms, such as Lenticulina gr.
munsteri, and also in well-preserved, large uncoiled forms, such as Astacolus and
Vaginulinopsis (PL. 5, Fig. 12, 13, 14 and 15) which are believed to have been domi-
nant in distal shelves during highstand deposits (Cubaynes et al. 1989). Within assem-
blage H, benthic foraminifers indicative of a calm environment are mixed with foram-
inifers indicative of moderately agitated sea-floor conditions. An explanation may be
that the remains of epifaunal organisms, such as biconvex Lenticulina, may be moved
horizontally along the sea-floor and broken specimens concentrated locally while in-
fauna specimens, such as Astacolus and Vaginulinopsis are more likely to remain un-
damaged and undisturbed.

As a whole the environment of deposition of the assemblages G and H, which lack
Miliolina, is not a very shallow environment, such as an inner shelf, but corresponds,
probably, to a transitional environment from a distal to a middle shelf with mixed fau-
na indicative of differentiated energy conditions on the sea-floor.

At the boundary between assemblages G and H (Erbaense Zone) the abrupt increase
in Astacolus and Vaginulinopsis could indicate a sudden junction of the thermocline
with the sea-floor and a consequent increase in oxygen, temperature and trophic con-
ditions, such as the availability of grass flooring the sea-bottom. Large, flat and un-
coiled foraminifers are believed to have a phytal habitat and to have thrive in an envi-
ronment with increasing trophic factors which could be supported by the occurrence
of microgastropods. The abraded “cigar-shaped” Lenticulina’s can be related to an
oscillatory flow regime near the sea-bottom at the major storm wave base as well.

The occurrence of Procytherura (Pl. 6, Fig. 7) among the ostracods is also probably
indicative of a relative shallow-water environment. Procytherura multicostata is a
common Toarcian species in the South West Germany (Arias 1991).

Assemblage I (mainly Lower Aalenian). A new crisis seems to affect the benthic
foraminifers which decrease in size, abundance and species diversity, several species
disappearing altogether (Fig. 8). The appearance again of Glomospira-Glomospirella
could be interpreted as reflecting an increase in the silica content in the water and/or
a return of shallower conditions than those in the underlying stratigraphic interval,
which is borne out by the richness of macroinvertebrate organisms in the biofacies.
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