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Miocene skeletal limestones and adjacent deposits in the Basso Monferrato
and in the foothills of the Ligurian Alps were studied in detail.
The interpretation of the data resulted in a number of conclusions, dispersed over several chapters. The main conclusions will be summarized in
order to present an overall picture of the results. The corresponding paragraphs are indicated in parentheses.
Lithostratigraphy and Chronostratigraphy
1. The areal and time distribution of the coarser grained skeletal and
glauconitic parts of the Pietra da Cantoni Formation and the San Michele
Member of the Antognola Formation are schematically presented in fig. 54.
The main conclusions are:
- The Pietra da Cantoni ranges from Aquitanian to at least Serravallian
(III-3,IV-4).
- The base of the formation is diachronous, from Aquitanian to well into
the Burdigalian (III-2-4,11; III-3).
- The lithology of the formation shows considerable vertical and lateral
changes (IV).
- The top part of the San Michele Member and the basal part of the Pietra
da Cantoni Formation are time-equivalent (V-4).
2. The heterogeneous Pietra da Cantoni Formation in the sense of Montrasio et al. (1968) is maintained. For the coarser skeletal limestone units,
the Colma Member is proposed (lV-3).
3. One name is applied to all Miocene skeletal limestones and glauconitic
sediments in the Acqui - Spigno Monferrato - Ponzone region (VI-3). This
Visone Formation (Franceschetti. 1967) is of Burdigalian Age (III-2-8,11;
VI-4).

Biostratigraphy
1. Miogypsinidae are a very useful tool for a detailed chronostratigraphic
subdivision of the coarse skeletal carbonates of Oligo-Miocene age (111-2-11).
2. The succession of the Miogypsinidae in the northeastern region
(Rosignano Monferrato - Vignale) begins with M. socini and is followed by M.
burdigalensis and assemblages intermediate between M. negrii and M. bur-

digalensis. Then M. globulina appears, and the succession ends with assemblages of primitive M. intermedia (111-2-4). Only M. globulina is widely
distributed. The older species are found in the north, and M. intermedia is
restricted to the east. These differences in distribution of the Miogypsina
species are attributed to suitable environments.
3. The northwestern (Crea - Murisengo) region apparently contains only
M. socini"assemblages (III-2-6).
4. In the southern region around Acqui, Spigno Monferrato and Ponzone,
assemblages were recorded of primitive M. intermedia and probably of M.
globulina. Other Miogypsina species in this region are unlikely to be present
(III-2-8).
5. The absence of assemblages of true M. negrii in the Monferrato, notwithstanding the presence of suitable environments, might confirm the
extremely limited and discontinuous areal distribution of this species
III-2-9).
Paleoecology and depositional environments
1. The rhodoliths were formed o"n the flat top parts of shoals and carbonate buildups, on exposed shorefaces, and in surge channels. They were
commonly formed in rather high energy environments at shallow depths,
down to a few tens of meters. The diameter of the rhodoliths seems to be
mainly a measure of wave energy. During growth the rhodoliths were turned
over by waves and wind-driven currents. Finally they were moved downwards by traction currents and various types of mass-transport such as grain
flows, slumps and turbidity currents (IV-2, 4 and VI-2, 4). They are supposed to have grown mainly on the windward side of the shoals; this suggests
that in the Piedmont Basin the winds were mainly blowing from the west to
northwest during the Early Miocene.
2. The association of algal fragments - generally fragments of branching
coralline algae -, Miogypsinidae and Amphisteginidae was formed on the top
and upper flanks of carbonate buildups and other shoals by growth and
subsequent fragmentation. A rather high energy environment in the photic
zone and above the wave base is deduced in part from the very low mud
content in sediments that were little displaced. The grains were transported
by winnowing, traction currents and various kinds of mass-transport such
as grain flows, slumps and turbidity currents, before they finally came to rest
(IV-2, 4 and VI-2, 4).
3. The initial association of large, complete skeletons of the Lepidocyclinidae and fine-grained skeletal fragments is to be situated on the flanks of

certain carbonate buildups and other shoals. It was formed from intensively
fragmentated skeletal grains brought down from higher parts of the shoals,
and the "in situ" growth of the Lepidocyclinidae that lived on the finegrained sediment. This took place in the photic zone and in a medium energy
environment near or slightly below the wave base. The resulting sediment
was occasionally transported by traction currents and grain flows (IV-2, 4).
4. The association of Operculina and skeletal grains in a marl matrix was
formed in the deeper parts of the photic zone on the lower flanks of shoals
and on the leeside of carbonate buildups. This association originated in a low
energy environment by the mixing of, in part redeposited, fine skeletal
grains, micrite, occasional clay and marl flakes, and tests of Operculina that
lived on the soft sediment. Part of this sediment was transported downward
by mass-transport. (IV-2, 4 and VI-2, 4).
5. Globigerinid marl or limestone was mainly formed by settling tests of
planktonic- foraminifera together with a variable amount of clay-sized particles
in deeper water (IV-2, 4 and VI-2, 4).
6. The absence of colonial corals in the presence of other fully marine and
sunlight-dependent organisms is probably to be attributed to permanent or
seasonal low temperatures - average annual temperature below 22°C - in
northern Italy during the Early Miocene (IV-2).
7. In many places glauconitic marls are enclosing the skeletal limestones;
their presence indicates slow- to non-depositional, largely neritic, conditions.
Accumulated glauconite grains were frequently transported to greater
depths by various kinds of mass-transport, including turbidity currents (IV-4,
VI-4).
8. The layers rich in phosphate grains and phosphate matrix indicate the
presence of notable local breaks in the sedimentation, mainly in neritic
environments (VI-4).
9. Siliceous marls were deposited in deeper quiet waters far from any
source of clastic detritus. Silica concretions were observed in proximal
turbiditic limestone beds deposited in such environments (VI-4).
10. The nature and exact position of the carbonate buildups or shoals that
supplied the surrounding area with flows of skeletal grains can only be
guessed. No recognizable part of the buildups proper is exposed. Large parts
may have been removed by later erosion, but it is quite possible that about
all skeletal grains were removed shortly after being formed. When a buildup
resulted, it must have been a mixed skeletal buildup (Heckel, 1974), in
which branching coralline algae, bryozoans and barnacles formed the sessile
parts, whereas rhodoliths, foraminifera and molluscs represented the moving
components (IV-2, VI-2).

Transporting mechanisms
1. All coarse skeletal limestones in the investigated regIOns were redeposited mainly by mass-transport (IV-4, V-4, VI-4).
2. Winnowing and wind-driven currents must have moved loose skeletal
grains up to or over the edge of the shoals (IV-4, VI-4).
3. The influence of winnowing is also perceptible in sediments deposited
in somewhat deeper water (unit L, Castello d'Uviglie section). During
occasional severe storms, even fine-grained sediments, deposited in many tens
of meters waterdepth, were affected (IV-4).
4. Grain flows (flows of cohesionless grains in water, Bagnold, 1956) are
considered as the main transporting agent on the upper flanks of the shoals,
(IV-4, VI-4); these flows were triggered by oversteepening of the slopes. The
flows graded downwards into grain flows sensu Stauffer (1967), in which the
intertitial fluid may have been a water-clay mixture.
5. Secondary clay seams in assumed grain-flow deposits (sensu lato) in the
southern region are thought to be dish-structures (after Stauffer, 19'(7),
accentuated by subsequent pressure solution (VI-4-1).
6. The moving sediments incorporated coarse local material, clay and
water, on their way down, and in some places carved erosion channels in
the underlying deposits. Processes believed to affect sedimentation in these
submarine channels include traction currents, grain flows, slumping and
turbidity current action (IV-4-3). Slumped strata were observed in a number
of places, and probably indicate places of sudden decrease of the gradient of
the depositional slope (IV-4-2).
7. In some areas, e.g. northwest of Spigno Monferrato, skeletal or glauconite material was mass-transported in such a way and over such distances
that turbidity currents developed. The resulting deposits show most or all
characteristics of turbidites (VII-I, 4).
Structural geology
1. The Miocene shoals in the Monferrato region - with thriving limesecreting organisms - were formed by tectonic movements of a persistent or
repetitive nature during the Late Oligocene and Early-Middle Miocene. These
small scale movements were superimposed on the general subsidence of the
Piedmont Basin (11-3).
2. In the northern Monferrato, the updomings are probable extensions of
the foldbelts in the northwesternmost Apennines. Diapirism accentuated the
anticlinal structures (11-3-1).
3. In the southern Monferrato, the structures are the result of interaction

of movements along rejuvenated E-W faults and younger Apennine folding
with NNW-SSE trending axes (II-3-2).
4. The skeletal limestones in the south are generally tightly cemented by
primary and neomorphic spar. They were deeply buried under younger
deposits in an area with relatively high temperature gradients (hot springs at
Acqui). The limestones in the northern Monferrato, originally almost identical, only show incipient vadose and phreatic cements. They were never deeply
buried and the excellent initial porosity has been largely preserved (IV-I, 4
and VI-I, 4).
Paleogeography
1. The coarser calcareous sediments deposited in the northern Monferrato
in Miocene times have not originated from the margins of the Piedmont
Basin but from highs within the basin (IV, V, VI).
2. Wave-influenced sandstones of Middle to Late Oligocene age around
Casale Monferrato and VignaIe are the first indications of a rising area in the
interior of the basin (IV-I) .
.3. The Crea limestones and sandstones are mass-transported sediments
from a short-lived diapiric rise of Aquitanian Age, probably about ten km to
the northeast. The variety of sediments - rhodolithic and Miogypsina
limestones alternating with quartz-serpentine sandstones - was caused by
erosional and depositional processes acting side by side in the same shoal
area (V-4, VII-2).
4. The Murisengo sandstones and limestones originated from another
short-lived surfacing diapiric anticlinal structure of Aquitanian Age, situated
immediately to the northeast (V-4, VII-2).
5. Around Casale Monferrato, a much larger and somewhat different
up doming had developed in Aquitanian time, probably structurally in line
with the rise northeast of Crea. From this shoal area, skeletal material mixed
with some siliceous-clastic and glauconitic sediments flowed or slumped
downward in a southwesterly direction.
6. The shoal around Casale Monferrato was enlarged in Burdigalian times,
and attained the nature of a carbonate bank. Large quantities of algal
nodules, larger foraminifera and algal debris were transported westwards into
the elongate depressions of Colma - Treville and Moleto - Ottiglio. The shoal
area was somehow connected with the non-depositional area around Vignale
(VII-2).
7. After a while, but still in Burdigalian time, large areas of this shoal
changed into glauconitic platform areas, but rhodoliths continued to be

formed locally (IV-4-1).
8. The succession of coarse sediments coming down from the Casale shoal
ends with a lithoclast layer, representing a breaking-up of parts of the
substrate on top of the shoal and probably caused by a tilting of the area
(IV-4, VII-2).
9. In Late Burdigalian and Early Langhian times, the area around Casale
remained part of a non- to slow-depositional glauconite-rich platform (IV-4,
VII-2).
10. The Vignale area was apparently non-depositional as of the OligoMiocene transition. Carbonate-secreting organisms dwelt on this rise in
Middle Burdigalian time. The Vignale area was part of a glauconitic platform
area from Late Burdigalian to at least Serravallian times (IV-4-6). In some
parts, calcareous deposition was resumed during the Serravallian/Tortonian.
11. The relief caused by a local Middle to Late Miocene updoming and a
subsequent erosive phase (Moleto) was obliterated again by marl deposition
of Tortonian Age (IV-4-5).
12 The coarser sediments, deposited in the southern Monferrato in
Miocene times, predominantly consist of sandstones that originated from
the basinal margins (VI-4, VII-2), mainly in the west.
13. Tectonic movements in or before the Burdigalian caused the forming
of two short-lived shoals on which carbonate-secreting organisms settled, a
large one near Acqui and a small one south of Ponzone. Only the latter may
have had some connection with the basinal margin to the south (11-3-2,
VII-1-2).
14. The directions of transport measured or assumed in turbiditic sandstones and in carbonates in the Spigno Monferrato area are markedly
different. This suggests the presence of a rather flat horizontal basinal
bottom. The directions of transport from the NNE, observed in the carbonates, indicate that the material originated in the western part of the
Acqui shoals (VI-4).
15. In part cohesionless skeletal grain and/or glauconite grain material
flowed downward from the shoals. From the resulting tongue-shaped
deposits, the original position of the sediments on the shoals can be determined, and the environmental conditions in certain parts of the shoals can
be interpreted (VI-1, 4, VII-3).
16. During the subsequent general subsidence, the shoal areas and their
surroundings were covered with a thin layer rich in glauconite and phosphate
grains (VI-1, 4 and VII-3).
17. Before the end of the Burdigalian, siliceous-clastic turbidite sedimentation was resumed in the entire southern Monferrato (VI-4, VII-3).

In Mid-Tertiary times the Po. Basin was being filled with siliceous-clastic

sediments; carbonates were scarce and of restricted areal distribution.
In the triangle Turin - Milan - Genova, scattered Mid-Tertiary limestone
outcrops are found in two areas in the province of Alessandria. The northern
hills of the Basso Monferrato - part of the anticlinorium between the
northwesternmost Apennines and the Western Alps - contain limestones
south and west of Casale Monferrato (our northeastern region) and in two
outliers farther west, near Murisengo and around the Santuario di Crea (our
northwestern region). The second area is in the south, in the foothills of the
Ligurian Alps between Acqui Terme, Prasco, Ponzone and Spigno Monferrata. The northern and southern areas are about 50 km apart.
The scarce limestone in the Po Basin was mined in numerous quarries, and
for many years geological studies were made in these quarries.
For the northeastern region this first led to purely paleontological publications on the abundant macrofossils and larger foraminifera in these
limestones, locally known as "Pietra da Cant ani" , to which Sacco (1935)
assigned a Helvetian Age for rather obscure reasons. Drooger & Socin (1959)
tried to correlate some of the exposures in the area by means of Miogypsinidae and planktonic foraminifera. The outcrops contained Miogypsina
globulina, a species known from the type Burdigalian. Stratigraphic studies
in this region by Montrasio et al. (1968) resulted in the following uniform
heterolithic succession from bottom to top: a) calcarenites rich in algal
nodules; b) sandy marls; c) sandy marls and calcareous sands; d) marls and
siliceous limestones; e) silty marls; and f) serpentine-bearing calcareous
sands. They mentioned Globigerinoides bisphericus in the basal and Orbulina
universa in the top part. The age of their Pietra da Cantoni Formation then
ranges from slightly older than Langhian to Early Serravallian. According to
Bonsignore et al. (1969), the Pietra da Cantoni Formation ends just before
the appearance of Praeorbulina, i.e. just below the base of the Langhian (in
the sense of the stratotype in the Langhe area). Caretta (1972) assigned a
pre-Langhian Age to the lower part of the Pietra da Cantoni Formation.

Sacco & Stella (1924) placed the Murisengo limestones of the northwestern
region in the Helvetian and the Crea limestones in the "Langhian", as
(incorrectly) "defined" in the Turin area. In the Murisengo area, Socin
(1953) found Miogypsina gunteri in the basal part, and he assigned a Late
Aquitanian to "Langhian" (Turin area) Age to the limestones. Montrasio et
al. (1968) mentioned the presence of Miogypsina gunteri and Miogypsina
globulina in the Crea area, and they assigned an Early Aquitanian to
Burdigalian Age to the coarser sediments in this area, which together form
the San Michele Member. According to Bonsignore et al. (1969), this
member extends from a little above the appearance 'level of Globigerinoides
altiaperturus to somewhat below that of Globigerinoides bisphericus.
The southern rim of the western part of the Po Basin has attracted the
attention of geologists since the early 19th century. The faunal contents of
the limestones was studied by De Alessandri (1901) and Trabucco (1908),
who placed the limestones of Acqui in the Aquitaniano+) and at the base of
the Langhiano respectively. Sacco (1935) adhered to the first view, but
Vervloet (1966) considered the limestones as Burdigalian, because they
contained some specimens of Miogypsina globulina and M. intermedia near
Piantivello and Acqui-Visone. Gelati (1969) and Nicora (1971) gave lengthy
descriptions of the limestones and the adjacent sediments in this region.
They mentioned the presence of Miogypsina globulina in the top part, and
Nicora observed M. gunteri in other parts. According to these authors, the
Acqui limestones range from Zone N4 up to and including Zone N7 (Blow,
1969), and so cover the Aquitanian and Burdigalian Stages. From the
features of the Acqui limestone, Gelati (1969) assumed the presence of a
vast subtidal platform, probably connected with a subaerially exposed area
to the south. In the Piantivello area, he assumed two successive periods with
shoals: the first shoals slightly older (Aquitaniano basale) than the platform
in the Acqui area (Aquitaniano medio).
The historical confusion gave us the following goals for investigation:
- to determine the correct stratigraphical interrelation of the sediments,
especially of the limestones.
- to interpret the sedimentary processes and depositional environments.
- to reconstruct the Mid-Tertiary paleogeography of the area.

During the fieldwork (1969-1972)
a great number of exposures was
studied and sampled in detail. The sections are presented in graphic logs
(paragraphs IV-l, V-l and VI-i) with the main sedimentary and paleontological characteristics. Only part of the sections can be reproduced in this
paper; all others are available for reference in the Stratigraphy Department
of the Utrecht State University.
In the field, attention was paid to the mineralogical composition, the grain
size, fossil contents, and to sedimentary structures. Special attention was
given to structures indicating transport direction. Sedimentary processes and
depositional environments were concluded from the rather scarce sedimentary structures and from the fabric of the limestones, as visible with the
naked eye and in thin-sections. For the fabric of the limestones, the classification of Dunham (1962) was used, which gives weight to the presence of
mud between grains and to the kind of support of the grains. Fossil
assemblages provided additional information on paleoecological and environmental conditions. In the laboratory, additional mineralogical information
was obtained from thin-sections and from the carbonate content determined
by means of the Scheibler method. A few samples were analysed with X-ray
fluorescence spectrometry.
Our biostratigraphical considerations are mainly based on the lineages of
the Miogypsinidae - larger foraminifera, showing a rapid evolution in
Early Miocene times - and on planktonic foraminifera. 25 Or more
specimens of Miogypsina per sample were ground up to the equatorial plane.
In such half-sections, several parameters can be measured, which permit
positioning the population
in the Miogypsina lineage, and thus sections to
be correlated.
Conclusions on paleoenvironment were drawn from the combined lithological and biostratigraphical data of small areas. The results so obtained
were compared with those of other areas. A synthesis of the basinal history,
and a comparison of our results with previous work conclude this paper.
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STRATIGRAPHIC AND GEOLOGIC SETTING;
OUTLINE OF PREVIOUS RESEARCH

The investigated area (fig. 1) consists of two regions, the hills of Basso
Monferrato and the foothills of the Ligurian Alps, separated by the Asti Alessandria depression, 40 km wide and filled with younger Mio-pliocene
sediments.
The northern region extends west and south of Casale Monferrato for
more than 25 km in W - E direction. It consists of low hills, slowly rising to
the west (Crea 443 m), and separated by broad valleys. The hills form NW SE to W - E running ridges from Turin in the west to some km north of
Alessandria, where the older sediments are covered by Quaternary deposits.
The older Neogene reappears as part of the Apennines farther east, near
Tortona.
The limestone is more resistant to erosion than the adjacent rocks;
consequently, it is found as cap-rock on many hills. The limestones were
used for construction, and they are still being used in the cement industry
around Casale Monferrato. This resulted in numerous quarries, most of
which now abandoned. Other exposures outside the quarries are scarce.
The southern region is situated SW and SE of Acqui Terme. It extends
about 25 km in W - E direction and forms part of the foothills of the
Ligurian Alps. Heights range from less than 200 m (Acqui) to more than
600 m (Ponzone). Compared with the northern region, this part is stronger
dissected by small streams. Exposures are better than in the north, the
vegetation being less dense. In the Visone area, a large quarry produces lime5tone for steel industries; elsewhere mining activities have come to a standstill.

II-2-1 Stratigraphy of the northern regions
In the traditional view, as expressed by Sacco (1935), the Miocene rocks
in this area represent four stages defined in an Italian sense, from base to

top: Aquitaniano (marls, sands), Langhiano (marls), Elveziano (marls, limestones) and Tortoniano (marls), overlain by Mio"Pliocene marls, sands and
gypsum. A correlation of the stratigraphic units with the corresponding
stratotypes was rather speculative, except for the Tortonian marls. The
limestones near Casale, the so-called Pietra da Cantoni, and the sandstones
and limestones of Murisengo were included in the Elveziano. The sandstones
and limestones of the Crea area were assigned to the Langhiano (Sacco &
Stella, 1924).
Boni & Capetta (1950) postulated a Langhiano age for the Pietra da
Cantoni as well. Elter (1956) concurred "because 'of the occurrence of
Miogypsinidae", but strangely enough he finally accepted Sacco's views.
Draoger & Socin (1959) praved that at least part of the Pietra da Cantoni
should be assigned to the Burdigalian. In the meantime, Socin (1953) correlated the sandstones and limestones of Murisengo with the Aquitaniano
and Langhiano, because of the presence of Miogypsina gunteri.
A detailed study of the litho- and biostratigraphy was carried out by
Montrasio et al. (1968), and by Bonsignore et al. (1969). They omitted to
establish type sections for the lithostratigraphic units.
In addition to ophiolites and chaotic Paleocene to Mesozoic sediments in
the cores of some anticlinal structures, Montrasio et al. distinguished the
following formations:
- The Casale Monferrato Formation, composed of clays, sandstones and
fine-grained, locally marly limestones. The fauna contains amongst others
Globorotalia aragonensis, Nummulites, Discocyclina, Assilina and Alveolina.
An Early to Middle Eocene age was concluded.
- The Gassino Formation, separated by an unconformity (Bonsignore et
al., 1969) from the previous formation, consists of marls, clays and calcarenites. Because of the presence of Globigerapsis semiinvoluta and Globorotalia cerro-azulensis, the age is Late Eocene. This formation is stratigraphically an important element in the Turin area (Gassino), but it is
restricted to a few outcrops in the Monferrato region.
- The Arenarie di Ranzano Formation is composed of sandstones, conglomerates and marls. The fauna contains amongst others Globorotalia
cerro-azulensis (near the base), Globigerina tapuriensis and Globigerina
ampliapertura. The upper part, characterized by rhytmically alternating thin
sandstones and marls (Camagna Member) contains Globigerina angulisuturalis. This formation, originally defined in the Apennines, is supposed to be
Late Eocene to Middle Oligocene.
- The Marne di Antognola Formation consists of marls with a few
sandstone beds in the lower part. The fauna contains Goborotalia kugleri in

the lower part, Globigerinoides primordius in the middle, and G. trilobus in
the upper part. According to Montrasio et aI., these planktonics point to a
Late Oligocene to Early Miocene age. The top of the formation locally
consists of a sandstone and limestone unit (Crea, Murisengo), the San
Michele Member. According to the authors, Miogypsina gunteri was found in
the lower part and M. globulina in the upper part. An Early Aquitanian to
Burdigalian Age was assigned to this member, which is one of the lithostratigraphic units studied in detail in the present investigation. The Marne di
Antognola Formation was originally described from the Apennines.
- The Marne a Pteropodi Inferiori Formation, established in the Turin
area, consists of alternating very fine-grained siliceous, fissile limestones and
marls. This formation does not contain pteropods in the Monferrato region.
The fauna includes Globigerinoides trilobus and Globoquadrina dehiscens.
The age would be Burdigalian. This formation is absent east of the line
Cereseto - Ottiglio.
- The Pietra da Cantoni Formation, based on the calcareous deposits in
the surroundings of Rosignano Monferrato, was supposed to consist of a
uniform succession of six units, which are from base to top: a) calcarenites
rich in algal nodules; b) sandy marls; c) calcareous sands and sandy marls; d)
marls and siliceous, fine-grained limestones; e) silty marls; and f) serpentine-bearing calcareous sands. In the microfauna, Globigerinoides bisphericus
(basal part), Praeorbulina glomerosa, Orbulina suturalis and O. universa (top
part) were supposed to indicate an age ranging from late Aquitaniano
(Italian sense, which may comprise the whole early Miocene) to Early
Serravallian. This formation was studied in detail by the present author.
- The local Marne di Mincengo Formation consists of marls with Orbulina
species, Globorotalia mayeri and G. miozea. A Serravallian Age was
proposed.
- The Marne di Sant'Agata Fossili Formation, established in the Tortona
area, consisting of marls and clays, contains amongst others Globigerinoides
obliquus and Globorotalia menardii. The age was considered Tortonian,
possibly in part Late Serravallian.
- The Gypsum and sulphur-bearing formation of clays, marls, gypsum and
cavernous limestones was assigned to the Messinian.
Shallow-marine Pliocene, and terrestrial Quaternary deposits are covering
the succession.
On the basis of litho- and chronostratigraphical correlations. with the
Turin area, Bonsignore et aI. (1969) assigned unit d) of the Pietra da Cantoni
Formation to the top of the Complesso di Termo Fora Formation, and units
e) and f) to the Complesso di Baldissero Formation. Sturani (in Caretto,

1972) assigned a pre-Langhian age to units a through c.
In Corsi et al. (1969), G. O. Gatto included the Miogypsina-bearing
limestones of Conzano in the Mombissaggio Formation from the Tortona
area of Serravallian and probably of Langhian Age.
11-2-2 Stratigraphy of the southern region
In the 19th century, Pareto and Mayer introduced several stage names for
the Miocene deposits of the Piedmont area: Bormidian (conclomerates,
sandstones and marls), Aquitaniano (sandstones and marls), Langhian
(marly sandstones and marls) and Serravallian (sandstones and marls). Mayer
(1857) established the Tortonian (marls), placed by Pareto in the Pliocene.
Later, Sacco dropped the name Bormidian and used Tongriano (lower part;
conglomerates and marls) and Stampiano (upper part; marls) instead,
placing both in the Oligocene. Moreover he replaced the Serravallian by
Elveziano. In doing so he contributed more than his share to the later
confusion in chronostratigraphic terminology.
In the early days, the limestones around Acqui Terme, Spigno Monferrato
and Ponzone were assigned either to the Langhian (Trabucco, 1891, 1908)
or to the Aquitaniano (De Alessapdri, 1901). Later, Sacco (1935,1942) also
concluded to an Aquitaniano age, whereas Rovereto (1939) assigned the
limestones near Ponzone to the Burdigalian. Lorenz (1962) considered the
limestones near Acqui, Visone and Ponzone of Middle Aquitanian Age on
account of the presence of Miogypsina s. str.
Vervloet (1966) proposed a detailed lithostratigraphy for the Spigno
Monferrato and Acqui areas, and established type-sections for his units.
Correlations were based on planktonic foraminifera and Miogypsinidae. In
the Spigno area, he distinguished in the lower part the Bormida Formation
and the overlying Ovrano Formation. In the Ovrano Formation, the basal
Piantivello Member and the overlying Roccaverano Member each have conglomeratic sandstones at the base and marls near the top. The Piantivello
Member includes a detrital limestone bed with Miogypsina intermedia,
suggesting a Burdigalian Age.
In the Acqui area, Vervloet distinguished the Orba Formation and the
Ravanosco Formation. The Ravanosco Formation consists of marls and
sandstones, 'and locally of conglomeratic sandstones at the base, where
Vervloet observed a discontinuous detrital limestone bed, containing a few
specimens of Miogypsina globulina, to be assigned to the Burdigalian.
Franceschetti (1967) studied the area east of Visone. The only formation
of special interest is his Visone Formation, which included all limestones and

glauconitic sediments formerly placed by Vervloet at the base ot the
Ravanosco Formation.
Lorenz (1969) studied the surroundings ofPonzone. Above the marls (his
"Formation marneuse" equivalent to the upper part of Vervloet's Orba
Formation), he distinguished a "Formation greseuse", composed of sandstones, marls and local limestones and glauconite, equivalent to Vervloet's
Ravanosco Formation. He assigned an Early Burdigalian Age to his "Formation greseuse", because of the presence of Miogypsina cf. burdigalensis.
Gelati (1967,1968,1969)
studied the Langhe area (west of the area under
consideration here) and the Acqui - Spigno Monferrato area. His lithostratigraphic subdivision and bio- and chronostratigraphic correlations, as far
as relevant to this paper, are summarized below.
- The Molare Formation (from Franceschetti, 1967) consists of conglomerates and sandstones. The type-section is located on the Orba near Molare,
The faunal contents were not discussed; an age slightly older than Late
Oligocene was postulated.
- The Rocchetta Formation, with marls and some sandstones. The typesection of Vervloet's Rocchetta Member of the Bormida Formation is
maintained. The fauna contains Nummulites intermedius (at the very base),
Globigerinoides primordius, G. trilobus (in the upper part) and Miogypsina
intermedia-globulina
and Globoquadrina dehiscens s. str. The formation
was considered Late Oligocene to Early Miocene.
- The Monesiglio Formation, locally overlying the Rocchetta Formation,
consists of alternating marls and some thin sandstone beds, and of massive
sandstones and some thin marl layers. The type-section is situated on the
Bormida di Millesimo river between the villages of Monesiglio and Cengio,
southwest of the area under consideration. The faunal contents comprise
Globigerinoides primordius( absent in the lower part), G. trilobus, Globoquadrina dehiscens s. str. and G. altispira (in the upper part). The age of the
formation ranges from Late Oligocene to Early Miocene.
- The Serole Formation overlies the Monesiglio and Rocchetta Formations. It consists of sandstones and marls (in the lower part) and of marls,
some thin sandstones and a few intercalated limestone beds (in the upper
part). The type-section is the same as that of the lower part of Vervloet' s
Ovrano Formation. The fauna contains Globigerinoides primordius (absent
in the basal part), G. trilobus, Globoquadrina dehiscens s. str. and Globigerinoides bisphericus (in the upper part). The age of this formation, with
the possible exception of the very base, was given as Early Miocene. Nicora
(1971) included the formation in the Monesiglio Formation.
- The Acqui Limestone, a formal member (Gelati, 1969) of the Visone

Formation (Francescnetti,
1967), unconformably - overlies the Rocchetta
~
Formation in the Acqui - Visone area. It consists of grey or whitish
calcarenites, composed for the greater part of calcareous algae and foraminifera, and containing some serpentine pebbles and glauconite grains. The
presence of Miogypsina globulina in the upper part of the formation may
point to a Burdigalian Age. Nicora (1971) observed M. gunteri in the lower
part of the limestones and assigned an Aquitanian Age to them. She included
lateral glauconite sands in the Acqui Limestone, but excluded the overlying
glauconitic level. The type-section of the Acqui Limestone is the Cava
Zanoletti section (= our Visone-W section). According to Gelati (1969) ,.the
Acqui Limestone presumably corresponds to zones NS - N7 and according to
Nicora (1971) to zones N4 - N7 of Blow (1969). She considered the age as
Aquitanian to Burdigalian.
The Acqui Limestone plus the limestone beds in the Monesiglio Formation (sensu Nicora, 1971) form the main subject of investigation in this
southern region.
- The Corte milia Formation overlies the Acqui Limestone, the Rocchetta
Formation, the Serole Formation and the Monesiglio Formation; it is
characterized by alternating sandstones and marls. The type-section is
situated along the Uzzone brook, south of the village of Cortemilia and
12 km WNW of Spigno Monferrato. The fauna includes Globigerinoides
bisphericus (absent at the base). According to Gelati (1968), the age of the
greater part of the formation is Aquitaniano.
Nieora (1971) distinguished four biozones based on planktonic foraminifera and correlated them with some stratotypes.
Zone 1 is characterized by the absence of the genus Globigerinoides.
Zone 2 is between the appearance of G. primordius and the appearance of
G. trilobus s. str.
Zone 3 ranges from the first occurrence of G. trilobus to that of G.
bisphericus. Two subzones, A and B, are distinguished by the presence or
absence of Catapsydrax dissimilis.
Zone 4 is the interval between the appearance levels of G. bisphericus and
Praeorbulina.
She also proposed a zonation based on larger foraminifera.
Zone 1M is the oldest, characterized by an association of Operculina and
Amphistegina.
Zone 2M is characterized by the association of Miogypsina (predominantly M. gunteri) and A mphistegina.
Zone 3M contains Miogypsina globulina.
Zones 1M, 2M and 3M are equivalent to the main part of Zones 2, 3A and
3B respectively.
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The difference in structure between the northern regions and the region in
the south justifies a separate discussion.
Il-3-1 Structure of the northern regions
In the traditional view (Sacco, 1935), the structural development of the
post-Eocene rocks of the Piedmont region was rather simple. Immediately
south of the river Po, a number of subparallel, more or less regular folds
merge westwards into one single anticline near Turin. Folding was less
intense with decreasing age of the rocks involved.
Recent research seems to point to a far more complicated structure. The
eastern half of the Turin - Monferrato hills is considered to consist of three
areas, each with a separate tectonic history up to Miocene times, i.e. the
southern, the northwestern and the Casale areas (Elter, 1956; Montrasio et
al., 1968; Bonsignore et al., 1969 and Sames, 1970).
The southern part shows en echelon folds with axial dips to the ESE (the
ar:ticlines of Vignale, Villadeati, and NW of Moleto). The Eocene to
Oligocene cores may be pierced by diapiric structures, containing Mesozoic
rocks. Some structures are bordered by south-dipping reverse faults, or they
show longitudinal tensional faults (Montrasio et al., 1968). In the Vignale
area, the Pietra da Cantoni Formation is transgressive over Oligocene rocks.
Locally, another transgression is assumed of Late Miocene and Pliocene
sediments over older rocks.
The northwestern region, N of Crea and 10 to 20 km W of Casale
Monferrato, is characterized by two anticlines with Eocene and Paleocene
cores and a WSW - ENE strike; the Pietra da Cantoni Formation unconformably overlies the older rocks.
In the area around Casale, the Eocene is intensively folded and faulted.
Late Eocene folds, approximate WSW - ENE, were folded and faulted again
in post-Oligocene time; this resulted in a slight northward thrusting of the
Oligocene and Eocene. The Pietra da Cantoni Formation unconformably
overlies these older rocks. According to Sames (1970), the variation in axial
directions may be explained by diapirism.
For the northern regions, the tectonic phases (modified after Montrasio et
al., 1968) may be summarized as follows.
- A first phase of Late Eocene age caused intensive folding of Eocene and
older rocks. Subsequent local emergence and erosion took place in the
eastern (Casale) area. In the Turin area, however, marine sedimentation was

continuous. Some authors, e.g. Bonsignore et al. (1969), assumed this phase
to be part of the Alpine orogeny, but others (Sames, 1970) stressed that the
present Turin - Monferrato hills remained a westward extension of the
Emilian geosyncline during the Oligocene.
- A second local phase (Early Miocene), preceding and during the
deposition of the Pietra da Cantoni and the San Michele Member, began to
delineate some of the present anticlinal structures. During this phase
diapirism reached the break-through stage (Sames, 1970).
- During the Middle Miocene, tectonic movements of local significance
were followed by a Tortonian transgression in the areas of Casale, Moleto
and Vignale. The present structures, like the Stura Valley depression W of
Treville and the Roncaglia basin SE of Rosignano, became outlined. The
large Asti - Alessandria basin separating the Turin - Monferrato hills from
the Ligurian Alps was also formed in this period (Montrasio et al., 1968).
- A fourth phase (Late Pliocene) produced the ultimate structural configuration. It caused the gentle folding of Upper Miocene and Pliocene rocks.
Locally, this phase must have started in the Late Miocene already.
- The area as a whole was finally subjected to a general uplift in Early
Quaternary times.
II-3-2 Structure of the southern region
In the southern part of Piedmont, south of the Asti - Alessandria
depression, pre-Tertiary crystalline rocks of the so-called Voltri Group have a
thin cover of Tertiary sediments, dipping slightly north. Two structural
directions can be distinguished. Subvertical W - E faults are concentrated
near outcrops of the older paleo-relief on the northwestern side of the Voltri
Massif. They may be considered as faults of the pre-Oligocene rocks
rejuvenated in Miocene times (Lorenz, 1969). In general the N-block is the
uplifted one. Gentle NNW - SSE trending folds represent the Apennine
folding direction (Lorenz, 1969). Folding began in the Oligocene. These two
different types of movement probably contributed to the (near) emergence
of the area near Acqui, where the Acqui limestone originated.

The Miogypsinidae will receive special attention in this paper; they are the
only group on which different phases of calcarenite formation can be
distinguished in these regions.
Since the late thirties of this century, Miogypsinidae have been used in
correlations and for age determinations of Oligo-Miocene sediments. They
are known to be present in several regions in Italy, and in Piedmont they
have been studied in most detail. In the Turin area, Miogypsina globulina
(= Miogypsina irregularis), the type species of the genus Miogypsina Sacco,
1893, was described as Nummulina globulina by Michelotti as early as 184l.
Drooger (1954) published a succession ofMiogypsina species in this area for
a:detailed biostratigraphy in the Turin hills.
Some tens of kilometers east of the Turin hills, Miogypsinidae were
reported from scattered limestone outcrops in the Casale region (Drooger &
Socin, 1959). Other outcrops were described (Vervloet, 1966; Gelati, 1969)
farther south in the Acqui Terme - Spigno Monferrato area.
The purpose of this study is to ascertain the relative stratigraphic position
of all these limestone outcrops by studying the Miogypsinidae (III-2). Some
of the associated planktonic foraminifera have also been included in order to
correlate the ranges of the Miogypsina species with zones based on planktonic
foraminifera (III-3).
. In 'Chapter III the reader will find a brief review of the previous literature
on Italian Miogypsinidae; an account of the methods of investigation; a
description of the morphological characteristics in each of the Miogypsinabearing as~~mblages from the northeastern (Rosignano - Vignale), northwestern (Crea - Murisengo) and southern (Acqui - Spigno) regions; the
results of the counts and measurements of the Miogypsina assemblages, and
remarks on phylogenetic trends and on biostratigraphy based on Miogypsinidae. At the end, details will be given on planktonic foraminiferal species
and on composite biostratigraphy.

III-2-1 Previous research on the Miogypsinidae, with emphasis on the Italian
representatives
The introduction of the generic name Miogypsina by Sacco (1893), based
on Nummulites
irregularis Michelotti 1841 (a homonym of N. irregularis
Deshayes 1838) now considered to be a synonym of Nummulina globulina
Michelotti 1841, marked the beginning of prolific name-giving. This resulted
in more than 50 names of species, subspecies and varieties of the Miogypsinidae, predominantly based on external differences.
Tan Sin Hok (1936, 1937) clarified some of the phylogenetic trends in
Miogypsinidae, when he introduced the principle of nepionic acceleration:
the nepionic stage of the individuals is accomplished with increasing rapidity
~n the course of geologic time. The validity of this principle is now generally
accepted. Drooger (1952) modified the methods of Tan Sin Hok, by
applying the population concept "assuming beforehand that each sample has
been part of a single homogeneous population, unless it may be proved on
the basis of the ascertained data that it is not".
Several counts and measurements, introduced by the authors mentioned
above, have been used in this study to express the observations on the
morphological features numerically. Drooger (1952) used statistical methods
to distinguish morphologically adjacent specific units in Mi~gypsinid
assemblages. By now, the investigations by several authors of the Miogypsinidae from Europe and elsewhere show considerable progress in unraveling
phylogenetic trends. It was discovered that the Miogypsinidae had their own
zoogeographical provinces. Some lineages turned out to be regional only,
whereas others had a world-wide distribution.
In northwestern Italy, Miogypsinidae were described as early as 1841 by
Michelotti. For a hundred years species were distinguished only on external
characteristics, which usually are highly variable. Drooger (1954), with the
new population concept in mind, restudied the Miogypsinidae of the Turin
area, paying attention only to internal morphological characteristics. He
recognized the following species: Miogypsina complanata Schlumberger,
Miogypsina gunteri Cole, M. socini Drooger, M. burdigalensis (Gumbel), M.
negrii (Ferrero) and M. globulina (Michelotti) He also found some assemblages intermediate· between M. socini and M. burdigalensis, and others
intermediate between M. globulina and M. intermedia Drooger.
Socin (1953) cited Drooger who before the species M. socini had been
established, studied a few specimens from the Murisengo area farther east
and named them M. gunteri.

The study of the Miogypsinidae from the stratotypes and correlative
deposits of the Aquitanian and Burdigalian Stages in SW France (Drooger et
al., 1955) substantiated the presence of time-equivalent deposits in northwestern Italy. The Aquitanian contains M. gunteri in the lower part and M.
tani Drooger in the middle and upper parts. The Burdigalian contains M.
burdigalensis at the base, M. globulina nearly throughout and M. intermedia
in the uppermost beds.
A study by Drooger & Socin (1959) on the foraminifera of the "Pietra da
Cantoni", i.e., the limestones and marls around Rosignano Monferrato,
resulted in finding several M. globulina assemblages generally associated with
Lepidocyclina
tournoueri Lemoine & R. Douville. As a consequence, the
authors assigned the "Pietra da Cantoni" limestones to the Burdigalian.
Montrasio et al. (1968) mentioned M. gunteri and M. globulina in their
San Michele Member situated around Crea.
Vervloet (1966) reported the presence of M. globulina in southern
Piedmont in the Rio Ravanosco Valley and, nearby, in limestone outcrops
near Acqui and Visone. He found primitive M. intermedia in two limestone
outcrops near Piantivello, NW of Spigno Monferrato .
. Lorenz (1969) observed M. cf. burdigalensis in limestones in the vicinity
ofPonzone.
Gelati (1969) sampled a few specimens of M. globulina in various outcrops
immediately above the Acqui Limestone around Acqui and Visone. Nicora
(1971) discovered M. gunteri in other parts of this limestone unit.
Ferrero (1968) mentioned M. gunteri, M. ex. interc. gunteri-tani, M.
socini, M. negrii and M. globulina from successive levels in the Termo Fora
Formation, in the Turin area. This might be the first discovery of M. tani-like
populations in northern Italy. Unfortunately,
the four last-mentioned
authors failed to mention accurate observational data and numbers of
studied specimens.

III-2-2 Methods of investigation
Coarse grained calcarenites and calcirudites were washed and sorted by
sieving. The sieve diameters were 125, 250 and 595!J.. In Lepidocyclina-rich
sediments and in samples with many very coarse components such as algal
balls, 2 mm and/ or 9 mm sieves were also used. Nearly all studied Miogypsinid specimens were found in the size interval 0.6-2 mm; smaller individuals
generally cannot be measured.
Details on the state of preservation and the number of specimens

sectioned are mentioned with the description of the samples. Preferably 25
oriented half-sections were considered enough to determine the internal
morphology. Thin-sections had to be made of poorly-preserved specimens
and of those that could not be isolated. Some sectioned Miogypsinidae were
discovered in thin-sections of rock samples for sediment-petrographic
studies.
Counts and measurements have been carried out on a number of characteristics, most of them as outlined by Drooger (1952,1964). The angles were
measured from outline drawings of the embryonic - nepionic stage and the
circumference of the test, drawn with a camera lucida, using a plastic ruler
and protractor. Direct measurements of angles by using cross-hairs and a
graduated revolving stage of the microscope appeared less reliable and were
not used. The size of the test and in some specimens the diameter of
protoconch and deuteroconch have been measured from the drawings.
The symbols and definitions of the used parameters are:
X = the total number of nepionic chambers of the primary spiral
starting around the protoconch, excluding both embryonic
chambers. If there are two protoconchal spirals, the value for
the longer one has been recorded.
the angle between the apical-frontal line (if such a line can be
established) and the line connecting the centres of both
nepionic chambers. Positive and negative values depend on
the position of the third chamber in relation to the apex. In
the case of the earlier species, it is necessary to continue the
scale in a negative sense beyond -180°, in order to obtain
correct statistical means (see Amato & Drooger (1969) for an
exhaustive article on this subject). In the subgenus Miolepidocyclina, this parameter generally cannot be measured.
V = 200 ex/ ~ is a measure for the degree of symmetry of the
nepionic spirals around the protoconch. The scale ranges from
a to 100.
ex = the arclength of the circumference of the protoconch underlying the smaller spiral.
the arclength of the circumference of the protoconch underlying both spirals around the protoconch.
diameter of protoconch and deuteroconch respectively, including half of the thickness of the walls and taken at right
angles to the line connecting the centres of both embryonic chambers. These parameters have been measured
only in a few samples, as they proved of limited use for the
present investigation.

Three posltlOns of the embryon in the test can be distinguished, i.e. a
central, an intermediate and a peripheral position. In accordance with the
limited scope of this study, the parameters Y and Z (Drooger, 1963) have
not been used. The parameter E (Souaya, 1961) was not used either because
it is dependent on the growth stages of the individuals, and of doubtful
value.
Mean values and their standard errors were calculated for each of the
parameters in assemblages in which heterogeneity was not apparent. These
values together with the number (N) and the range of the observations
per sample are given in figures 2, 3 and 11. Frequency distributions of X, V,
'Y, DI and DII are shown in histograms for several samples. Scatter diagrams
were plotted in order to investigate the relations between various parameters.
In the present investigation, species of Miogypsina have been recognized
by applying the X and V scales, in combination with other features.
Reference is made to Drooger (1952, 1963) for details on the principles of
classification and on the numerical scales.
11-2-3 The assemblages of Miogypsinidae
(Rosignano Monferrato - Vignale)

in the

northeastern

region

In this part of Chapter III, Miogypsina

assemblages from samples collected
in the Colma, Ozzano, Treville, Rosignano, Cella Monte, Moleto - Ottiglio
and Vignale - Conzano areas will be dealt with.
Colma area
From this area, two Miogypsina-bearing
Villa San Bartolomeo section. The results
10), published by Drooger & Socin (1959),
The approximate position of these samples
the Villa San Bartolomeo section.

samples were studied from the
from two other samples (CM 9,
have been used for comparison.
is indicated in the graphic log of

Sample: SM 22
Determination: Miogypsina ex. interc. globulina-intermedia
(fig. 2).
Material: Scarce Miogypsina specimens from a coarse calcarenite, exceedingly
rich in Lepidocyclina tournoueri. The sampling interval is about 5 em. The
specimens are slightly leached, and are rather brittle. In most specimens, part
of the chambers are filled with glauconitic material.
Description: The test is small (diameter 0.8 to 1.6 mm), rounded, slightly
elongate or bluntly subtriangular, and more or less biconvex. The test is
evenly covered with pustules. Some tests have traces of a flange. The apical
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Measurements on assemblages
from Drooger & Socin (1959).
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from the Colma, Ozzano, Treville and Rosignano

areas. CM samples are

part is protruding. The maximum thickness is about halfway between the
apex and the midpoint. The thickness is about half the diameter. Protoconch
and deuteroconch are medium to large, situated at the periphery of the test.
All examined twenty-seven equatorial sections have a second principal
auxiliary chamber; in fifteen, at least part of the short spiral is covered by
the final chambers of the main spiral. X = 5.9, V ~ 43.6 and 1" = +37.3°.
Equatorial chambers are ogival to rhombic. The presence of lateral chambers
has been ascertained from partly broken specimens. Microspheric forms have
not been found.
Sample: SM 28
Determination: Miof!ypsina f!lobulina (fig. 2).
Material: Specimen;f;om a~coarse skeletal limestone with dispersed coralline
algal balls, about 6 m above sample SM 22. Sampling interval about 20 em.
These specimens are slightly better preserved than those from SM 22.
Miogypsinidae are rather scarce.
Description: The same as the Miogypsinidae from sample SM 22, except for
the following differences. The diameter of the test ranges from 0.7 to
1.9 mm. All twenty-six equatorial sections show a second principal auxiliary
chamber; in twelve of them part of the shorter spiral is covered by the final
chambers of the main spiral. X = 5.8, V = 39.8 and:Y = +36.r. One poorly
preserved micro spheric form was found.
Sample: CM 10 (Drooger & Socin, 1959), collected from about the same
level as sample SM 22, gives slightly lower values of X and 1. See fig. 2 for
more details.
Determination: Miogypsina globulina. This determination is somewhat uncertain owing to the low number (10) of sectioned specimens and the high V
value of 40.
Sample: CM 9, a sample taken in the hamlet of Colma, from the glauconiticrho dolithic unit G 1 of the Villa San Bartolomeo section. See fig. 2 for more
details.
Determination: Miogypsina intermedia (based on counts and measurements
by Drooger & Socin, 1959). This determination is somewhat doubtful,
however, owing to the low number (12) of sectioned specimens and the V
value of 49.

One sample (SM 81+81 *) has been investigated from the Ozzano-287-SW
section and another (SM 87) from the Chiappo section. Sample CM13a from

the top part of the Casa Amelio section, studied by Drooger & Socin (1959),
has been added for comparison.
Sample: SM 81+81 *
Material: A large number of specimens from a slumped rhodolithic and
calcarenitic marl level. The sampled interval is about 25 em. Two different
assemblages of the Miogypsinidae appear to be present.
Description SM 81: (39 specimens). Most ot the specimens fit the description
of sample SM 22 except for some details. The diameter of the test ranges
from 1 to 3 mm. All sectioned specimens have a second principal auxiliary
chamber. In three specimens the embryonic apparatus is slightly removed
from the periphery, in the others it is strictly peripheral. Except for two
cases, all r values are positive. Equatorial chambers are ogival to rhombic.
Hexagonal chambers are present near the frontal margin in some larger
specimens. X = 6.7, V = 40.0 and 'l = +23.2°. One poorly preserved microspheric form was found.
Determination: Miogypsina globulina (fig. 2)
Description SM 81 *: The few poorly preserved specimens have the following
characteristics. Test 1.5 to 1.9 mm in diameter, about circular, rather flat,
set with pustules; some tests have traces of a flange. The equatorial chambers
are equidimensionally arcuate, to ogival at the periphery. The embryon is
situated at or near the centre of the test. X = 7.5, V = 39.7. One brownish
specimen is different: it has the initial apparatus at the periphery, 9 chambers in the longest spiral and a negative gamma-value. This specimen of
socini-appearance was included to calculate the mean (fig. 2). No microspheric forms.
Determination: Miogypsina ex. interc. burdigalensis-negrii (fig. 2).
Sample: SM 87
Determination: Miogypsina globulina (fig. 2).
Material: A large number of rather well-preserved specimens from a coarse
skeletal limestone; sampled interval about 20 em; some chambers are filled
with carbonate cement.
Description: In general as in sample SM 22. A few specimens are slightly
warped. The diameter ranges from 1.3 to 2.1 mm. Twenty-six out of twentyseven sectioned specimens show a second principal auxiliary chamber. In
fifteen specimens, the longer protoconchal spiral covers at least part of the
shor1:er one. All gamma-values but one are positive. X = 6.2, V = 31. 7. 'l =
+23.8°. One micro spheric form has an X value of 16.
Samvle

CM 13a, taken in the Lepidocyclina-rich

upper part of the Casa

Amelio section, was described by Drooger & Socin (1959). See fig. 2.
Determination: Miogypsina globulina.
Treville area
Fro1l,1the Treville section, seven samples were studied, from base to top
SM 233, 234, 193, 483, 482, 443 and 481+481 *. The graphic log of this
section gives more information.
Sample: SM 233
Determination: Miogypsina ex. interc. burdigalensis-so'cini (fig. 2).
Material: Numerous reasonably well-preserved specimens from a thin skeletal
limestone level, intercalated in marls. No evidence of slumping; sampling
interval about 10 cm; some chamber-filling with sparry cement.
Description: The test is rounded and rather strongly biconvex. There is no
clear apex. A few specimens are slightly warped. The larger specimens are
rather flat and Lepidocyclina-like.
The greatest thickness of the test is in the
centre. Most specimens have a sharp flange-like margin. Pustules are evenly
distributed with the largest ones generally near the centre. Very small
specimens have pustules only in the centre of the test. The size of the test
varies from 0.5 to 2.5 mm. A large number of minute specimens is too
immature to be measured. The position of the embryonic apparatus varies
considerably. In general the longer spiral covers the shorter one. Twentythree out of twenty-seven specimens have a second principal auxiliary
chamber. The equatorial chambers are arcuate to ogival. X = 8.5, V = 23.4.
No microspheric forms. 'Y values could be reliably measured in six specimens
only;'i = 0°.
Sample: SM 234
Determination: Miogypsina socini (fig. 2).
Material: A number of internally well-preserved specimens from a slumped
mass, consisting of skeletal limestone and marl. Sampling interval about
35 cm.
Description: As sample SM 233, but for the following differences. Absence
of warped specimens. The size of the test ranges from 0.8 to 2.2 mm. In two
thirds of the specimens the embryonic apparatus is situated near the periphery. Twenty-four out of twenty-seven sectioned specimens have a second
principal auxiliary chamber. X = 8.6, -::;= -16.0°. No micro spheric forms.
Sample: SM 193
Determination: Miogypsina burdigalensis (fig. 2).
Material: A number of reasonably well-preserved specimens from a sample

consisting of coarse skeletal grains in a marly matrix. There is clear evidence
of slumping. Sampling interval about 10 cm.
Description: As sample SM 233, but for the following differences. No
warped specimens. The size of the sectioned specimens ranges from 1 to
2.6 mm. Specimens over 2 mm in diameter are common. In 24 out of 27
sectioned specimens the embryonic apparatus is situated near the centre of
the test. All but one of the specimens have a second principal auxiliary
chamber.
X = 7.1, V= 38.2. One microspheric form was found with an X
value of over 20 and with a central embryon.
Sample: SM 483
Determination: Miogypsina socini (fig. 2).
Material: Numerous well-preserved specimens from a mixture of marl, some
skeletal grains and a few coralline algal balls. Sampling interval about 30 cm.
Description: As sample SM 233, but the size of the sectioned specimens
ranges from 0.9 to 2.2 mmm. In nearly all specimens the embryonic apparatus is situated at the periphery. Twenty-five out of twenty-seven sectioned
specimens have a second principal auxiliary chamber. X = 8.9, V = 15.9 and
-;;;= -28.6°. One poorly preserved micro spheric form was found.
Sample: SM 482
Determination: Miogypsina socini (fig. 2).
Material: Reasonably well-preserved specimens from a mixture of marl,
skeletal grains and some coralline algal balls. Sampling interval about 30 cm.
Some filling of chambers.
Description: As SM 233, but for the following differences. The size of the
sectioned specimens ranges from 1 to 1.9 mm. Most of the specimens have a
peripheral embryonic-nepionic
stage. Twenty-one out of twenty-eight
sectioned specimens show a second principal auxiliary chamber. X = 8.6, V =
16.4, -;y = -21.0°. No micro spheric forms.
Sample: SM 443
Determination: Miogypsina ex intel-c. negrii-burdigalensis (fig. 2).
Material: Well-preserved specimens from a mixture of marl, coralline algal
balls and smaller skeletal grains. Sampling interval about 30 cm. Some
chamber-filling.
Description: The test is rounded, biconvex, and without a distinct apex. The
larger specimens are rather flat and Lepidocyclina-like.
The greatest thickness of the test is at or near the centre. The test is evenly set with pustules,
the largest near the centre. A few specimens have a flange-like margin. The
size of the sectioned specimens ranges from 1.3 to 2.6 mm. The embryonic
apparatus is situated in the centre of the test. All twenty-six sectioned

specimens show a second principal auxiliary chamber. In most specimens the
longer spiral covers the shorter one. The equatorial chambers are arcuate to
ogival. X = 6.8, V = 48.7. One microspheric form was found with an X value
of about 20. The position of the embryon of this specimen is intermediate
between the periphery and the centre of the test.
Sample: SM 481+481 * (fig. 2)
Material: Numerous well-preserved specimens from a mixture of marl,
coralline algal balls and smaller skeletal grains. The sampled interval is about
30 cm. Two morphologically different groups are present. No microspheric
forms.
Description SM 481: Most (26) of the sectioned specimens are similar to the
specimens in sample SM 443. A few specimens are slightly warped. The
diameter of the test ranges from 1 to 2.8 mm. The embryonic apparatus is
situated at or near the centre of the test. Twenty-five out of twenty-six
sectioned specimens have a second principal auxiliary chamber. X = 6.5, V =
47.1.
Determination: Miogypsina ex. interc. negrii-burdigalensis (fig. 2).
Description SM 481 *: A few (5) specimens are different. The test is 1.2 to
2 mm in diameter, elongate or rounded, and more or less equally biconvex;
the apical part is slightly protruding. The maximum thickness is about
halfway between the centre of the test and the apex. The embryonic
apparatus is strictly peripheral. Equatorial chambers are ogival to rhombic. X
= 6.4, V = 44.4.7 = +19.2°.
Determination: Miogypsina ex. interc. globulina-intermedia
(fig. 2).
Rosignano area
Six samples (SM 157A, 266, 267, 268, 373 and 447) from four different
sections and outcrops were studied in detail.
Sample: SM 157A from the Rosignano-S section.
Determination: Miogypsina globulina (fig. 2).
Material: Numerous reasonably well-preserved specimens from the top part
of a channel-fill containing algal fragments, larger foraminifera and some
coralline algal nodules. Sampling interval about 20 cm. 27 specimens were
sectioned.
Description: The test is 1.2 to 2.8 mm in diameter, rounded to somewhat
elongate, and more or less equally biconvex. The apical part is somewhat
protruding. The maximum thickness of the test is generally about halfway
between the centre and the apex. The initial chambers are peripheral.

Equatorial chambers are ogival to rhombic. X
No microspheric forms.

=

6.6, V

=

30.9, 'l

=

+20.9°.

Sample: SM 268, Rosignano-Cimitero, exposure 202.
Determination: Miogypsina globulina (fig. 2).
Material: Poorly preserved specimens from coarser stringers in fine-grained
skeletal calcarenite; twenty-six were sectioned. The coarser stringers consist
of very coarse-grained bryalgal fragments, larger foraminifera (Miogypsina,
Operculina) and some coralline algal balls (up to 7 cm). A giant Pecten was
observed. Sampling interval about 10 cm.
Description: In general as sample SM 157A. The diameter of the test ranges
from 0.9 to 2.2 mm. X = 6.4, V = 34.6. 'l = +29.1°. In one micro spheric
individual, the X value is about 17.
Sample: SM 373, Rosignano-Cimitero section.
Determination: Miogypsina ex. interc. burdigalensis-socini (fig. 2).
Material: Numerous reasonably well-preserved specimens, 27 of which were
sectioned. They were collected in a channel-fill, consisting of large marlclasts, coralline algal balls and other skeletal grains. Sampling interval about
20 cm.
Description: The test is 1.2 to 2.6 mm in diameter, rounded, and in a few
cases slightly warped. The larger specimens are rather flat, smaller ones are
strongly biconvex. The position of the embryonic-nepionic apparatus varies
from central to peripheral. Twenty-three specimens have a second principal
auxiliary chamber. Equatorial chambers are arcuate to ogival. X = 8.9, V =
19.2. In 14 specimens, 'Y could be measured; 'Y = -30.2°. No micro spheric
forms.
Sample: SM 266, Rosignano-W section.
Determination: Miogypsina socini (fig. 2).
Material: A great number of somewhat recrystallized but otherwise wellpreserved specimens from a thick quartz- and serpentine-bearing calcarenite
bed. Thirty-one were sectioned. Because of the supposed presence of minor
faults, the lithostratigraphic position of this sample in relation to samples SM
447 and SM 267 from the same section is uncertain.
Description:
The test is 0.9 to 4.6 mm in diameter, rounded to slightly
elongate, and more or less equally biconvex. In a few specimens the apex is
visible from the outside. The maximum thickness is in the centre. The initial
chambers are situated at the periphery of the test in most of the specimens.
Twenty-two out of thirty-one specimens have a second principal auxiliary
chamber. Equatorial chambers are arcuate to ogival. X = 8.9, V = 16.5. Most
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Samp le: SM 447, Rosignano- W section.
Determination: Miogypsina socini (fig. 2).
Description: In general as sample SM 266. The size of the test ranges from
1.1 to 2.2 mm. Twenty-three out of twenty-eight sectioned specimens have a
second principal auxiliary chamber. X = 8.7, V = 17.1. "1 = -17.1 ° . No
microspheric forms.
Sample: SM 267, Rosignano-W section.
Determination: Miogypsina socini (fig. 2).
Description: In general as sample SM 266. The size of the test ranges from 1
to 2.4 mm. In slightly more than half of the sectioned specimens the
embryonic-nepionic apparatus is situated at the periphery. Twenty-one out
of twenty-seven specimens have a second principal auxiliary chamber. No
micro spheric forms were observed. X = 9.1, V = 18.6. "1 = -23.9°.
Cella Monte area
Samples SM 116 + 116*, 478, 479 and 110 from the Cella Monte - San
Quirico sections, and sample SM 124 from the Cella Monte - Carcanara
section have been studied. In addition, the results of three samples (CM 1, 2,
3) from the Cella Monte - Cossetta section, published by Drooger & Socin
(1959), have been used for comparison. The approximate position of these
samples is indicated in the graphic log of the Cella Monte - Cossetta section.
Sample: SM 116 + 116* of the Cella Monte - San Quirico-NE section.
(fig. 3,4, 5, 6, 7, 8).
Material: Numerous specimens from a quartz- and serpentine-bearing coarsegrained rhodolithic skeletal limestone bed. Two different assemblages of
Miogypsinidae can be recognized: a great number of well-preserved whitish
specimens (SM 116), and a much smaller number of generally smaller and
less well-preserved brownish specimens (SM 116). Sampling interval about
30 em. No micro spheric forms.
Description SM 116: The rounded test is 1.0 to 2.6 mm in diameter. Larger
specimens are rather flat, smaller ones are strongly biconvex. The embryonicnepionic stage is commonly situated in the centre of the test. Fifty-one out
of fifty-two sectioned specimens have a second principal auxiliary chamber.
Equatorial chambers are arcuate to ogival. X = 6.2, V = 48.1. The diameter
of the protoconch (DI) ranges from 120 to 290/1 and the mean is 175/1. The
diameter of the deuteroconch (DII) ranges from 140 to 360/1, with a mean
of 246/1.
Determination: Miogypsina ex. interc. negrii-burdigalensis.
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Description SM 116 *: The diameter of the test is 0.9 to 1.8 mm. The
embryonic-nepionic stage is generally situated at the periphery of the test.
Thirteen out of fourteen sectioned specimens
have a second principal
auxiliary chamber. Equatorial chambers are arcuate to ogival. X = 8.1, V =
22.1, -;;= -18.8°. The diameter of the protoconch (DI) ranges from 160 to
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from samples SM 116, 116*, 478 and 479 of

230M, the mean value is 189M. The diameter of the deuteroconch
ranges from'160 to 310M, with a mean of 224M.
Determination: Miogypsina socini.
Sample: SM 478, from approximately the same level as SM 116 + 116*.
Determination: Miogypsina burdigalensis (figs. 3,4,5,6,
7).
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SM478

in samples SM 116, 116*,

Material: Numerous specimens, with filled chambers, from a coarse quartz
and serpentine-bearing skeletal limestone bed. Most specimens are whitish,
but some are brownish. In contrast to sample SM 116 + 116*, different
groups cannot be distinguished.
Description: In general as sample SM 116. The test is 1.1 to 2.6 mm m

diameter. In most of the individuals, the initial apparatus is situated in the
centre of the test. Some specimens, most of which are somewhat brownish,
show a peripheral
position of the embryon. Sixty-two out of sixty-three
sectioned specimens have a second principal auxiliary chamber. X = 6.6, V =
38.0 1 = -31.6°. The diameter of the protoconch (DI) ranges from 140 to
280M,'the mean is 189M.The diameter of the deuteroconch (DIl) ranges from
140 to 330M; the mean is 233M.
.
.
Sample: SM 479, from approximately the same level as samples SM
116 + 116* and SM 478.
Determination: Miogypsina burdigalensis (figs. 3, 4, 5, 6, 9 and 10).
Material: Numerous reasonably well-preserved specimens from a channelfill, consisting of coarse quartz- and serpentine-bearing skeletal limestone.
Most chambers are filled with clear carbonate cement. The colour of the
specimens is whitish, but a few are brownish. No different groups can be
distinguishe d.
Description: In general as sample SM 116. The diameter of the test ranges
from 1.1 to 3.5 mm. In most specimens the initial apparatus is situated in
the centre of the test. Sixty-one out of sixty-two sectioned specimens have a
second principal auxiliary chamber. X=6.7,
V=38.5;
1=_7.7°.
The
diameter of the protoconch (Dr) ranges from 150 to 260M, the mean is 194M.
The diameter of the deuteroconch (DIl) ranges from 140 to 380M, the mean
is 235M. Three poorly-preserved microspheric specimens were observed, with
the position of the embryon peripheral (1), intermediate (1), and central (1).
Sample: SM 110 from the Cella Monte - San Quirico-SE section.
Determination: Miogypsina globulina (fig. 3).
Material: Small specimens of reasonable preservation, obtained from a
channel-fill consisting of Lepidocyclina-rich
skeletal limestone, Sampling
interval about 20 em.
Description: The test is rounded to somewhat elongate, and more or less
equally biconvex. The diameter ranges from 0.7 to 1.6 mm. The apical part
is slightly protruding. The maximum thickness of the test is generally
situated about halfway between the centre and the apex. The initial
apparatus is located at the periphery. Twenty-nine out of thirty-one
sectioned specimens have a second principal auxiliary chamber. Equatorial chambers are ogival to rhombic. X = 6.6, V = 36.7, ;:; = +36.3°. No
micro spheric forms.
Sample: SM 124, Cella Monte - Carcanara section.
Determination: Miogypsina socini (fig. 3).
Material: Fairly well-preserved specimens from a limestone-boulder

and

marl-pebble bearing skeletal limestone. Sampled interval about 10 em.
Descrip tion: The rounded test is 1 to 1.9 mm in diameter. Some individuals have traces of a flange or a slightly protruding apical part. The
maximum thickness of the test is towards the centre of the test. The
initial chambers are situated at or not very far from the periphery. Twentysix out of twenty-seven sectioned specimens have a second main auxiliary
chamber. Equatorial chambers are arcuate to ogival. X = 9.5, V = 17.1, :y
= -23.0°. No microspheric forms.
Sample: SM 127, top of Cella Monte - Carcanara section. This sample,
consisting of marl, contains one damaged specimen of Miogypsina, with the
embryon at the periphery and rhombic equatorial chambers. This specimen
may belong to the M. globulina - M. intermedia group.
Samples: CM 1, 2 and 3, collected in the Cella Monte - Cossetta section. See
Drooger & Socin (1959) and fig. 3 for more details.
Determination: Miogypsina globulina.
Moleto - Ottiglio area
Seven samples (SM 131, 135, 140, 166, 248, 251 and 469) from six
sections and exposures have been studied.
Sample: SM 135 from the Moleto-E section.
Determination: Miogypsina globulina (fig. 3).
Material: Numerous well-preserved specimens, collected from a rho dolithic
skeletaUimestone. Sampling interval about 20 em.
Description: The test is generally small, rounded to slightly elongate and 0.7
to 1.8 mm in diameter. The apical part is somewhat protruding. The
maximum thickness of the test is about halfway between the centre and the
apex. The initial apparatus is located at the periphery. All twenty-six
sectioned specimens have a second principal auxiliary chamber. Equatorial
chambers are ogival to rhombic. X = 6.0, V = 37.4; ;Y = +39.6°. No microspheric forms.
Sample: SM 131, Moleto-S section.
Determination: Miogypsinaglobulina
(fig. 3).
Material: Numerous well-preserved specimens from the surface of a rhodolithic skeletallimestone. Sampling interval about 40 em. Twenty-six mactospheric specimens were sectioned.
Description: In general as sample SM 135. The diameter of the test ranges
from 0.7 to 1.6 mm. X = 5.8, V = 35.0; :y = +37.3°. One poorly preserved
micro spheric form.

Sample: SM 140, Moleto-SW section.
Determination: Miogypsina globulina (fig. 3).
Material: Numerous, small, welll-preserved specimens from calcarenitic marl
at the base of the skeletal limestone. Sampling interval about 15 em.
Description: In general as sample SM 135. Some specimens are slightly
warped. ,The diameter of the test ranges from 0.7 to 2 mm. Twenty-seven
out of twenty-eight sectioned specimens have a second principal auxiliary
chamber. X = 6.3, '1= 30.6;;Y = +34.1
0.

Sample: SM 469, Moleto-Prera section.
Determination: Miogypsina globulina (fig. 3).
Material: As sample SM 140.
Description: In general as sample SM 135. The diameter of the test ranges
from 0.8 to 2.2 mm. All twenty-seven sectioned specimens have a second
principal auxiliary chamber. X = 6.5, '1= 34.9;;Y = +28.7°. One micro spheric
form with X = 16.
Sample: SM 248, Moleto-Prera section, higher than sample SM 469.
Determination: Miogypsina globulina (fig. 3).
Material: A sample taken in marly calcarenite, containing, well-preserved
specimens. Sampling interval about 50 em.
Description: In general as sample SM 135. The diameter of the test ranges
from 0.7 to 2.2 mm. All twenty-six sectioned specimens have a second
principal auxiliary chamber. X = 6.2, '1= 42.0;;Y = +35.4°. No micro spheric
forms.
Sample: SM 166, Ottiglio-E section.
Determination: Migypsina globulina (fig. 3).
Material: Small well-preserved specimens from a thick rhodolithic skeletal
limestone bed. Sampling interval about 50 em.
Description: In general as sample SM 135. The diameter of the test ranges
from 0.6 to 1.5 mm. All twenty-six sectioned specimens have a second
principal auxiliary chamber. X = 6.2, '1= 37.1;;Y = +29.2°. No micro spheric
forms.
Sample: SM 251, Ottiglio-W, exposure 186.
Determination: Miogypsina globulina (fig. 3).
Material: Fairly well-preserved specimens from a rhodolithic skeletal
limestone. The sampling interval is a few decimeters.
Description: In general as sample SM 135. The diameter of the test ranges
from 0.8 to 2 mm. All twenty-six sectioned specimens have a second principal auxiliary chamber. X = 6.4, V = 40.0; ;Y = +33.2°. Two poorlypreserved micro spheric forms.
50

Vignale - Conzano area
Two large samples SM 258 and SM 440 have been studied from the
Conzano and the Vignale sections respectively. A few specimens were
sectioned from samples SM 167, 477 and 270. All these samples contain
only macrospheric forms.
Sample: SM 440 from the Vignale section.
Determination: Miogypsina intermedia (fig. 3).
Material: Poorly-preserved specimens from an impure quartz- and serpentinebearing fine-grained calcarenit~ with Pecten, Operculina and shark teeth.
Sampling interval is a few decimeters.
Description: The somewhat elongate to rounded test is 0.8 to 1.5 mm in
diameter. Generally, the apical part is somewhat protruding. The maximum
thickness of the test is about halfway between the centre and the apex. The
initial apparatus is strictly peripheral. All twenty-seven sectioned specimens
have a second principal auxiliary chamber. Equatorial chambers are ogival to
rhombic. X = 6.2, V = 51.2 and f= +39.0°.
Sample: SM 167, also from the Vignale section, from about the same level as
sample SM 440.
Determination: Miogypsina intermedia or M. globulina (fig. 3).
Material: As sample SM 440. Only three specimens.
Description: As sample SM 440. X = 6.0, V = 47.0 and:; = +48.3°.
Sample: SM 477, exposure 354, south ofVignale.
Determination: Miogypsina intermedia or M. globulina (fig. 3).
Material: A few specimens from rather fine-grained impure skeletal
limestone. Sampling interval a few decimeters.
Description: As sample SM 440. Only three specimens. X= 5.7, V = 45.7;
-::;= +53.3°.
Sample: SM 258, Conzano section.
Determination: Miogypsina ex. interc. intermedia-globulina (fig. 3).
Material: Specimens from a coarse channel-fill, composed of quartz and
serpentine grains, marl-pebbles, molluscs, and larger foraminifera of the
genera Operculina and Miogypsina. Sampling interval about 15 em.
Description: In general as sample SM 440. The diameter of the test in
twenty-seven sectioned specimens ranges fr-om 1.0 to 2.0 mm. X = 6.2, V =
46.4;;Y = +35.r.
Sample: SM 270, Conzano section, from about the same level as sample SM
258.

Determination: Mlogypsina intermedia or M. globulina (fig. 3).
Material: As sample SM 258.
Description: As sample SM 258. Only four good sections. X = 6.3, V
1= ~67.0o.
III-2-4

= 49.5,

The results of counts and measurements on the Miogypsinidae from
the northeastern region

All Miogypsina-bearing
samples were collected from redeposited sediments. Nevertheless, in most samples the frequency distribution of the
parameter values seems to be normal. In a few samples there are two
different assemblages of Miogypsinidae; in a few others the variation is
considerable and the assemblages can hardly be considered to represent
single populations. In the Treville section, reversals have been noticed in the
stratigraphic succession of the Miogypsina species as established by Drooger
(1954,1963).
The samples in the Villa San Bartolomeo section (Colma area) only show
slight overall evolutionary changes, from an assemblage intermediate
between M. globulina and M. intermedia via a slight and indistinct reversal to
an assemblage with primitive M. intermedia. Other Miogypsina species are
not present in this area.
In the Ozzano area, three assemblages of M. globulina were found. In one
sample (SM 81), this species is accompanied by a small number of less
well-preserved specimens of the subgenus Miolepidocyclina. This sample was
taken from a slumped mass of marl, coralline algal balls and limestone
boulders; mixing may account for the co-occurrence of Miogypsina and
Miolepidocyclina species.
The seven samples in the Treville section demonstrate an overall evolutionary change from an assemblage intermediate between M. burdigalensis and
M. socini (sample SM 233) to the co-occurrence of an assemblage intermediate between M. negrii and M. burdigalensis and a few specimens
belonging to either M. globulina or M. intermedia (sample SM 481). In
several samples, however, this trend seems to be reversed. All samples, except
the lowermost one (SM 233), and probably SM 193 with M. burdigalensis,
were taken' from slumped beds. The present author is inclined to consider
the M. socini assemblages of samples SM 234, 483 and 482 to have originated from older sediments. The co-occurrence of assemblages designated as
M. negrii-burdigalensis and M. globulina or M. intermedia at the top of the

section may be attributed
found around Treville.

to mlXmg. No other Miogypsina

species were

In the Rosignano area, three samples without distinct stratigraphic order
from the Rosignano-W section contain M. socini assemblages. The
Rosignano-Cimitero section contains an assemblage intermediate between M.
burdigalensis and M. socini (sample SM 373). In this assemblage the average
position of the embryonic apparatus is still farther from the periphery than
it is in sample SM 267 from the Rosignano-W section.
Assemblages of M. burdigalensis or M. negrii-burdigalensis were not found
near Rosignano, although they may have escaped our attention. In the upper
parts of the skeletal limestone units, two assemblages of M. globulina were
found.
In the Cella Monte area, three types of Miogypsina assemblages were
found, i.e., socini, burdigalensis or negrii-burdigalensis, and globulina.
Assemblages of M. socini were observed in the Cella Monte - Carcanara
section and in sample SM 116 of the Cella Monte - San Quirico-NE section.
In this sample the specimens of the M. socini assemblages are all brownish;
the whitish specimens belong to an assemblage intermediate between M.
negrii and M. bu rdiga lens is. In this case there is an older group (M. socini)
and a younger group. In samples SM 478 and 479 from the same sections, it
was not possible to distinguish such different groups; both assemblages are
named M. burdigalensis. These assemblages as well as the M. negrii-burdigalens is assemblage of sample SM 116 show such an extreme variation in the
values of parameters X (4-10), V (0-100), DI and DII (fig. 6), 'Y( _68° +13°) and in the position of the embryon, that they can hardly be considered
to represent single populations. This histograms of X and V and the diagrams of
V /X in figures 4 and 5 are indicative of the wide morphological ranges. In
the diagrams of DII/DI (figs. 8, 10) these samples demonstrate rather broad
variations, but they do not show different clusters. In addition to extreme
variation the diagrams of V/DI (figs. 7, 9) also show some probable gaps. It
may be assumed that these assemblages are the result of mixing of several
closely related populations.
The Miogypsina assemblages, in which the measured parameters have
extremely wide ranges and abnormal distribution, all consist of Miolepidocyclina species. This may be explained by the presumedly rapid development
of the Miolepidocyclina
lineage from M. socini. Because all samples were
taken from redeposited limestones and marls, some mixing of populations
has inevitably taken place. Mixing of populations of rapidly developing
species causes wide ranges and abnormal distributions of parameter values,
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whereas mixing of populations of more slowly developing species may result
in seemingly normal frequency distributions. To determine the species,
applying the population concept, though in this case based on incorrect
premises, makes more sense than using the typological species concept,
which results in a great number of species but will leave questions about
their reliability and development.
The upper Lepidocyclina-rich
skeletal limestones in the Cella Monte Cossetta and CelIe Monte - San Quirico-NE sections again contain M.
globulina assemblages.
In the Moleto area, seven assemblages of lvI. globulina were found. Two
successive samples from the Moleto-Prera section, about 40 m apart, show a
very slow development of M. globulina from V = 34.9 (SM 469) to V = 42.0
(SM 248). From the relative stratigraphic position of the Ai. globulinabearing samples in the Moleto calcarenites, it is assumed that other Miof!YP-
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sina species are absent in this area. The presence of warped specimens m
samples SM 140 and 469 may be explained by assuming that individuals
displaced towards soft sediments during life, continued to grow.
In the Vignale - Conzano area, single assemblages of M. intermedia
(Vignale) and M. intermedia-globulina
(Conzano) were observed. Furthermore, a few specimens from three other samples point to assemblages similar
to those mentioned above. On the basis of the stratigraphic position of the
samples in the composite column, the presence of older Miogypsina-bearing
in this area can be excluded. The sediments overlying the Miogypsina-bearing
sediments are either too fine grained or too young for Miogypsinidae.
It may be concluded that M. socini, M. burdigalensis (including forms
resembling M. negrii), M. globulina and M. intermedia are the only Miogypsina species· in the northeastern
region. Notwithstanding
widespread
resedimentation, most show a normal distribution. Only during periods of
presumedly rapid evolution, resedimentation and the accompanying mixing
resulted in assemblages with extremely wide variations and/or discontinuous
frequency distribution of the measurements.
III-2-5

Miogypsina
Murisengo)

assemblages from the northwestern

regIOn (Crea -

Miogypsina-bearing samples from the Santuario di Crea section (from base
to top SM 187, 188, 283,444 and 287), and sample SM 184 from the Crea-E
section were studied.
Sample: SM 187, Santuario di Crea section.
Determination: Miogypsina socini (fig. 11).
Material: Numerous somewhat recrystallized specimens from a partially
cemented quartz- and chlorite-bearing skeletal limestone. Many of the
specimens are studded with mineral grains; some show signs of abrasion.
Sampling interval about 20 em.
Description: The rounded test is 0.9 to 1.9 mm in diameter. The initial
chambers are situated at or near the periphery of the test. Nineteen out of
thirty-two sectioned specimens have a second main auxiliary chamber.
Equatorial chambers are arcuate to ogival. X = 10.7; V = 13.5; ;:;= -56.7°.
One poorly preserved micropheric form.
Sample: SM 188, Santuario di Crea section.

Determination: Miogypsina socini (fig. 11).
Material: As sample SM 187.
Description: In general as sample SM 187. The test is 0.8 to 1.7 mm in
diameter. Some specimens have an indistinct apical part. The maximum
thickness is in the centre of the test or at a slight distance from this point
towards the apex. Twenty out of thirty sectioned specimens have a second
principal auxiliary chamber. X= 9.8; V = 11.2; 'l = -46.7°. In three somewhat
larger micro spheric forms, the embryon is located at the periphery.
Sample: SM 283, Santuario di Crea section.
Determination: Miogypsina socini (fig. 11).
Material: Specimens of mediocre preservation taken from a well-cemented
and impure skeletal limestone. Most of the specimens are studded with
detrital grains. Sampling interval about 20 em.
Description: In general as sample SM 188. The diameter of the test ranges
from 0.7 to 2 mm. Sixteen out of twenty-seven specimens have a second
principal auxiliary chamber. X = 9.6; V = 10.8;:Y = -47.5°. No microspheric
forms.
Sample: SM 444, Santuario di Crea section.
D'etermination: Miogypsina socini (fig. 11).
Material: As sample SM 283, but Miogypsinidae are rare.
Description: In general as sample SM 188. The diameter of the test ranges
from 1.2 to 1.8 mm. Twelve out of fourteen sectioned specimens have a
second principal auxiliary chamber. X = 8.9; V = 16.6; :y = -29.3°. No
micro spheric forms.
Sample: SM 287, Santuario di Crea section.
Determination: Miogypsina socini (fig. 11).
Material: As sample SM 283. Miogypsinidae are rare.
Description: In general as sample SM 188. The diameter of the test ranges
from 1.2 to 1.8 mm. All ten sectioned specimens have a second principal
auxiliary chamber. X = 9.1; V = 23.8;:Y = -28.6°. No miCl:ospheric forms.
Sample: SM 184, Crea-E section.
Determination: Miogypsina socini (fig. 11).
Material: As sample SM 188.
Description: In general as sample SM 188. The diameter of the test ranges
from 0.8 to 1.5 mm. Seventeen out of eighteen sectioned specimens have a
second principal auxiliary chamber. X = 9.8; V = 16.1; :y = -49.3°. No
microspheric forms.

Murisengo area
Three Miogypsina-bearing
near Murisengo.

samples were studied from two sections in and

Sample: SM 227, Murisengo section.
Determination: Miogypsina socini (fig. 11).
Material: Poorly preserved specimens from a quartz and serpentine-bearing
coarse-grained skeletal limestone. Sampling interval 20 em.
Description: The specimens are rounded to slightly elongate, and more or
less equally biconvex. A few show a protruding apical part. The greatest
thickness of the test is at or near the centre. The test is covered with
pustules. The diameter of the test ranges from 1.2 to 1.7 mm. The
embryonic apparatus is situated at or near the periphery. Seven out of eight
sectioned specimens have a second principal auxiliary chamber. X = 9.0; V =
13.0; ;y = -34.4°. No microspheric forms.
Sample: SM 226, Murisengo section.
Determination: Miogypsina socini (fig. 11).
Material: As sample SM 227.
Description: In general as sample SM 227. The diameter of the test varies
from 1 to 2.1 mm. The greatest thickness is in some specimens near the
periphery. Ten out of fourteen sectioned specimens have a second principal
auxiliary chamber. X = 8.6; V = 13.2; ;Y = -23.4°. No microspheric forms.
Sample: SM 298, Pirenta section.
Determination: Miogypsina socini (fig. 11).
Material: Numerous recrystallized specimens from a quartz-bearing wellcemented calcarenite. Sampling interval a few decimeters. Most specimens in
thin-sections.
Description: In general as sample SM 227. The diameter of the test ranges
from 1 to 1.9 mm. Sixteen out of twenty-two sectioned specimens have a
second principal auxiliary chamber. X = 9.8; V = 14.7; ;Y = -48.4°. No
micro spheric forms.
III-2-6

The results of counts and measurements on the Miogypsinidae from
the north western region

Although all samples were taken in sediments with evidence of considerable mass-transport, the distribution of the various parameters seems to be
normal.
Sample SM 187 with M. socini was taken near the base of the coarser

sediments overlying the marl deposits in the Crea area. Therefore, conditions
probably must have been unfavourable for the Miogypsinidae prior to the
deposition of these limestones. In the Murisengo area, sample SM 298 is
somewhat higher above the base of the coarser sediments. It contains a
slightly higher developed M. socini. It may be concluded that it is unlikely
that species older than M. socini were present in the Crea-Murisengo region.
The Santuario di Crea section presents information on M. socini hitherto
unknown in the literature. In successive samples over about 90 m, this
species shows a very slow development. X decreases from 10.7 to 9.1 from
the lowermost to the uppermost sample, and V increases from 13.5 to 23.8.
The increase of -.y from -56.r to -28.6° is as expected, but the difference is
not highly significant. These overall changes are well noticeable in the
extreme samples; the small morphological interval between these extremes
renders the intermediate data irregular. Sample SM 184 from the Crea-E
section fits very well in this succession.
From the Murisengo area, few data are available. Two samples (SM 227
and 226) of the Murisengo section contain highly developed M. socini (X = 9
and 8.6 respectively). Based on field evidence, sample SM 298 from the
Pirenta section must be from a somewhat lower level. This is supported by
the X value of 9.8.
Although the uppermost coarser sediments in both areas are not exposed,
it seems improbable that Miogypsina species younger than M. socini are
represented, the more so because above the unexposed interval of modest
thickness only fine-grained sediments - unsuitable for Miogypsinidae - are
found.
III-2-7 Miogypsina assemblages from the southern region (Acqui - Spigno
Monferrato)
Acqui area
Three small Miogypsina-bearing assemblages from SM 237 in the Visone-S
section and from SM 346 and SM 347 in the San Croce section, and a few
single specimens from different localities (fig. 12). No microspheric forms.
Sample: SM 237, Visone-S section.
Determination: Miogypsina intermedia (fig. 11).
Material: Specimens of average preservation from a cemented coarse-grained
skeletal limestone rich in glauconite. The limestone has a somewhat marly
matrix. Sampling interval about 10 em.
Description: The test is elongate to rounded. The diameter ranges from 0.8

to 2 mm. The initial chambers are at or near the periphery of the test. All
fourteen sectioned specimens have a second main auxiliary chamber. The
equatorial chambers are rhombic. X = 5.8; V = 49.4;;:; = +38.7°.
Sample: SM 346, San Croce section, about half a meter below SM 347.
Determination: Probably Miogypsinaglobulina
(fig. 11).
Matericd and Description: In general as sample SM 237. The test is 0.6 to 1.3
mm in diameter. The maximum thickness is near the apex. All four sectioned
specimens have a second main auxiliary chamber. X = 6.0; V = 38.5; ;:; =
+53.3° .
Sample: SM 347, San Croce section.
Determination: Probably Miogypsinaglobulina
(fig. 11).
Material and Description: In general as sample SM 237. The diameter of the
test· ranges from 1.3 to 1.8 mm. All six sectioned specimens have a second
principal auxiliary chamber. X = 6.2; V = 37.7;;:; = +41.2°.
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A few specimens from scattered localities between Acqui Terme, Ponzone
and Spigno Monferrato have been listed in figure 12. They seem to belong to
the M. globulina-intermedia group.
Spigno Monferrato

area

Two Miogypsina-bearing samples, SM 205 from the Casa Poggi-S section
and SM 199 from the Rocchetta section. No micro spheric forms.

Sample: SM 205, Casa Poggi-S section.
Determination: Miogypsina intermedia (fig. 11)
Material: Numerous specimens from marl mixed with coralline algal nodules
and other skeletal grains. Sampling interval about 20 em.
Description: The test is slightly elongate to rounded with a distinct apex.
The diameter of the test ranges from 1 to 2.2 mm. The initial chambers are
situated at or near the periphery of the test. All twenty-seven sectioned
specimens have a second principal auxiliary chamber. The equatorial
chambers are rhombic. X = 5.8; V = 51.1; -;;= +32.9°.
Sample:' SM 199, Rocchetta section.
Determination: Probably Miogypsina globulina (fig. 11).
Material: Recrystallized specimens from cemented skeletal limestone, rich in
algae.
Description: In general as sample SM 205. All eight sectioned specimens with
a second principal auxiliary chamber. X = 5.9; V = 41.9; -;;= +24.8°.
III-2-8 The results of counts and measurements on the Miogypsinidae from
the southern region
All samples were taken from redeposited sediments, with signs of at least
some - and in some cases even long-distance - mass transport. The distribution of the various parameters, however, seems to be normal.
Only M. intermedia and probably M. globulina assemblages were found. A
number of single specimens from various localities (fig. 12) confirm these
determinations. Most single specimens in thin-sections could not be fully
measured; the frequent positive 'Y values (which can easily be estimated even in
slightly oblique sections) and the peripheral position of the embryon again
point to M. globulina and/or M. intermedia. Although the presence of older
species of Miogypsinidae cannot be completely excluded, it seems highly
improbable that they will be found in these limestones.
From the available data it seems likely that the limestones were formed in
a time that coincided with the early part of the range of M. intermedia and
possibly with part of the range of M. globulina. After the deposition of the
Acqui Limestone, environmental conditions became unfavourable again for
Miogypsinidae.
It may be concluded that M. intermedia and possibly M. globulina are the
only Miogypsinidae present. The data are too scarce for any conclusion on
evolutionary trends.

Family Miogypsinidae Vaughan, 1928
Genus Miogypsina Sacco, 1893
Subgenus Miogypsina Sacco
Miogypsina (Miogypsina) socini Drooger
pI. 1, figs. 1-7
Miogypsina (Miogypsina) socini Drooger,
p. 233, pI. 2, figs. 20-24.

1954 Proc. Kon. Ned. Ak. Wet., ser. B, vol. 57,

Localities and samples: Treville section, SM 234, SM 482-483; Rosignano-W
section, SM 266-267, SM 447; Cella Monte - San Quirico-NE section, SM
116*; Cella Monte - Carcanara section, SM 124; Crea-E section, SM 184;
Santuario di Crea section, SM 187-188. SM 283, 287, SM 444; Pirenta
section, SM 298; Murisengo section, SM 226-227.
Diagnosis: Populations of Miogypsina s. str., with a peripheral position of the
embryonic-nepionic
apparatus (which may be slightly away from he
periphery only in some individuals. It is proposed to define this more
precisely as: in at least 50% of.the sectioned specimens the initial stage must
be situated at the periphery of the test. X is higher than 7, V is less than 45,
and at least 50 percent of the sectioned specimens must have a second
principal auxiliary chamber.
Remarks:
is negative; this species was originally described from Rio Torello
near Turin, northern Italy.
Distribution: M. socini has not yet been found outside Italy.

r

Miogypsina (Miogypsina) globulina (Michelotti)
pI. 3, figs. 1-6
Nummulina globulina Michelotti,

1841, Mem. Soc. Ital. Sci. Modena, vol. 22, p. 297, pI.

3, fig 6.

Nummulites

irregularis Michelotti, 1841 (non N. irregularis Deshayes,
Ital. Sci. Modena, vol. 22, p. 297, pI. 3, fig. 5.

1838), Mem. Soc.

Miogypsina irregularis (Michelotti), Drooger 1954, Proc. Kon. Ned. Akad. Wet., ser. B,
vol. 57, p. 238, pI. 2, figs. 1-5.
Miogypsina' (Miogypsina) globulina (Michelotti), Drooger & Socin 1959, Micropaleontology, vol. 5, no. 4, p. 420, pI. 1, figs. 5-6.

Localities and samples: Villa San Bartolomeo section SM 28; Ozzano287-SW section, SM 81; Chiappo section, SM 87; Rosignano-S section,
SM 157A; Rosignano-Cimitero, exposure 202, SM 268; Cella Monte - San

Quirico-SE section, SM 110; Moleto-E section, SM 135; Moleto-S section,
SM 131; Moleto-SW section, SM 140; Moleto-Prera section, SM 469, SM 248;
Ottiglio-E section, SM 166; Ottiglio-W, exposure 186, SM 251; Rocchetta
section, SM 199; S. Croce section, SM 346, SM 347; Ponzone - Bric
Cardinelle section, SM 207.
In the Villa San Bartolomeo section (SM 22) and in the Treville section
(SM 481 *), assemblages were determined as M. ex. interc. globulina-intermedia. The assemblages of samples CM 1, 2, 3 (Cella Monte - Cossetta
section), CM 10 (Villa San Bartolomeo section) and CM 13a (Casa Amelio
section), described by Drooger.& Socin (1959), are considered to belong to
this species.
Diagnosis: Populations of Miogypsina s.s.; V between 0 and 45; 'Y positive; X
less than 7. More than 50% of the specimens per sample have a second
principal auxiliary chamber.
Remarks: This species was originally described from the Turin area, Italy.
Drooger & Socin (1959) showed that the name Nummulites
irregularis
Michelotti is a homonym of Nummulites irregularis Deshayes, 1838. They
suggested that the name M. globulina should be used for all assemblages
earlier described as M. irregularis. The species is known from the stratotype
of the Burdigalian.
Distribution:
World-wide: Mediterranean,
American and Indo-Pacific
Regions.
Miogypsina (Miogypsina)

intermedia Drooger

pI. 3, figs. 7, 8
Miogypsina intermedia Drooger, 1952, Study of Amer. Miogypsinidae, Acad. thesis,
Utrecht, p. 35, 55, pI. 2, figs. 30-34, pI. 3, fig. 4; Drooger, 1954, Proc. Kon. Ned. Ak.
Wet., ser. B, vol. 57, no. 5, p. 586, 589; Vervloet, Strat. Micropal. Data Tertiary S.
Piemont, Acad. thesis, Utrecht, p. 61, text fig. 6, (1966).

Localities and samples: Vignale section, SM 440; C. Poggi-S section,
SM 205; Visone-S section, SM 237.
Assemblages of M. ex. interc. intermedia-globulina
were found in the
Conzano section (SM 258, SM 270) and possibly in the Vignale section
(SM 167) and in Vignale, exposure 354 (SM 477). The assemblage of sample
CM 9 from Colma (Drooger & Socin, 1959) probably belongs to M. intermedia also.
Diagnosis: Populations of Miogypsina s.s.; V between 45 and 70; -;;;positive;
X less than 7. More than 50% of the specimens per sample have a second
principal auxiliary chamber.

This species was originally described from Cuba. It is known from
the higher part of the stratotype of the Burdigalian. Our specimens belong to
primitive M. intermedia
assemblages, which deserve hardly more than the
notation M. ex. inrerc. in termedia-globulina.
Distribution:
World-wide: Mediterranean, American and Pacific Regions.
Remarks:

Miogypsina

(Miolepidocyclina)

burdigalensis,

(Gumbel)

pI. 1, figs. 8,9
Orbitoides (Lepidocyclina) burdigalensis Gumbel 1868, Abh. K. Akad. Wiss., voL 10,
p.719.
Miogypsina burdigalensis (Gumbel), Schlumberger, 1900, BulL Soc. GeoL France, 3d ser.,
voL 28, p. 330, pl. 2, figs. 11-12, pl. 3, figs. 22, 25; Bronnimann, 1940, Schweiz, Pal.
Abh., vol. 63, p. 81, pl. 7, figs. 1-6, pl. 8, figs. 20-22, pl. 9, figs. 4-7, 9; Drooger,
1954, Proc. Kon. Ned. Ak. wet., ser. B, vol. 57, p. 236, pl. 2. figs. 13-14.
Localities
and samples:
Treville section, SM 193; Cella Monte - San
Quirico sections, SM 478, SM 479.
Assemblages determined as M.ex.
interc. burdigalensis-socini
were observed in the Treville section (SM 233) and in the Rosignano-Cimitero section
(SM 373). In the Ozzano-287-SW section, an assemblage (SM 81 *) was found
that may be designated as M. ex. interc. burdigalensis-negrii.
Diagnosis:
Populations of Miogypsina;
the initial chambers in the greater
part (i.e. more than 50% (present author)) of the individuals are situated
near the centre of the median layer. V is less than 45.
Remarks:
In SW France and northern Italy the values of X generally range
between 6 and 8. This species was originally described from the Aquitaine
basin, SW France. It is known from the basal strata of the typical Burdigalian.
Distribution:
Mediterranean Region, West Africa, SW France.
(Miolepidocyclina)
negrii (Ferrero)
pI. 2, figs. 1-10 (from M. (M.) ex. interc.
negrii-burdigalensis
assemblages)

Miogypsina

Lepidocyclina negrii Ferrero, 1909, Bull. Sac. Geol. !taL, Roma, vol. 28, p. 135, pl. 3,
figs. 1-13.
Miogypsina (Miolepidocyclina) negrii (Ferrero), Drooger, 1954, Proc. Kon. Ned. Ak.
Wet., ser. B, voL 57, p. 237, pl. 2, figs. 6-12; Ferrero, 1968, Proc. C.M.N.S. Bologna,
Giorn. GeoL (2), voL 35, p. 175, fig. 2.

Localities and samples: Assemblages determined as M. ex. interc. negriiburdigalensis have been observed in sample SM 116, Cella Monte - San
Quirico-NE section, and in samples SM 443 and SM 481, Treville section.
Diagnosis: Populations of Miolepidocyclina; V is higher than 45 and less than
70.
Remarks: The published X values are less than 7; this species was originally
described from the Rio Torello, near Turin, northern Italy. Except for the
intermediate assemblages, present in the area under investigation, occurrences published so far, based on 3-15 specimens, are from an area of one
square km immediately E of Turin and from NW Greece (De Mulder, 1975).
Distribution: Turin area, NW Greece.
III-2-10 Phylogeny of the Miogypsinidae
The shallow marine environments in which the Miogypsinidae lived, were
unsuitable for the other groups of microfossils, which today are generally
used in biostratigraphy, e.g. planktonic foraminifera. Consequently, Miogypsinidae are still useful for correlation of Late Oligocene to Middle Miocene
shallow water sediments.
Two methods have been used in this study for establishing the correct
succession of species of Miogypsinidae in the area. First, in each section
with Miogypsina species in successive levels, the old law of superposition of
strata can still be applied. It must be borne in mind, howeyer, that Miogypsinidae lived in a rather high energy environment, where resedimentation was
not only common, but even the rule. If superposition were the only
argument, this method may lead to misinterpretation.
The second method is based on theory, i.e. the principle of nepionic
acceleration, introduced fOf'Miogypsinidae by Tan Sin Hok (1936,1937).
He suggested that during geologic time the nepionic stage is completed with
increasing rapidity. In primitive forms there is only one long spiral around
the protoconch, originating from one main auxiliary chamber. With progressing time the spiral shortened, then a second main auxiliary chamber
appeared leading to a second spiral around the protoconch, and finally both
protoconchal spirals became increasingly symmetrical.
This principle was critically examined and proved to be valid for the
general evolution of the group. It became increasingly clear, however, that
Miogypsinidae had their own zoogeographical provinces and that different
stocks, though developing according to the same principle, evolved in different ways and at different rates.
In addition to the acceleration trend, the nepionic apparatus is known to

have moved from the periphery towards the centre of the test several times.
Northern Italy is part of the presumed Me.diterranean zoogeographical
province. Only some of the species are present. They are fairly well known,
and they were placed in the correct stratigraphic order, which is as follows.
In Oligocene beds Miogypsina complanata s.l. Going upwards, Nliogypsina
gunteri is followed by M. socini. One poorly documented (Ferrero, 1968)
assemblage intermediate between M. gunteri and M. tani was reported. M.
socini assemblages lead to the Miolepidocyclina
assemblages of M. burdigalensis, which in turn are succeeded by M. negrii assemblages. After the
extinction of the last species of the subgenus Miolepidocyclina
(i.e. M.
negrii), assemblages of M. globulina appeared, followed by M. intermedia. In
northern Italy the beginning of the latter species marks the end of the local
history of the Miogypsinidae.
In the Italian Miogypsinidae, the most peculiar feature is, that the subgenus Miolepidocyclina developed from M. gunteri via M. socini. When in the
main lineage this happened is not exactly known, but from the available data
it seems likely that already about halfway the X range of M. gunteri,
specimens with two main auxiliary chambers gradually developed. The
assemblage of sample SM 187 from the Santuario di Crea section is probably
closest of all described Miogypsina assemblages to the artificial boundary
between M. gunteri and M. socini. This boundary is defined as the morphological level where 50% of the individuals of the assemblage have a second
principal auxiliary chamber. Sample SM 187, with M. socini, still shows a fair
proportion of the assemblage with only one principal auxiliary chamber (13
out of 32). The X of this sample is 10.7. Drooger (1954) described aM.
gunteri assemblage with an X of 10.6 from the Turin area. So it seems
probable that M. gunteri developed to M. socini gradually and at different
rates. Most probably, this took place in northern Italy. Outside Italy, M.
socini is still unknown. In other areas around the Mediterranean, M. gunteri
was gradually replaced by M. tani, which apart from one poorly documented
and questionable occurrence is unknown from northern Italy.
In the development from M. socini to M. burdigalensis, the average
position of the initial apparatus gradually changed from near-peripheral to
sub central. This coincides with an overall shortening of the main spiral and a
general increase in the average size of the test. M. socini assemblages have X
values as, low as 8.1 (sample SM 116*, Cella Monte - San Quirico-NE
section), whereas assemblages intermediate between M. socini and M. burdigalensis have X values between 10.1 and 9.1 (Turin area, Drooger, 1954) Qr
between 8.9 (SM 373) and 8.5 (SM 233) in the northern Monferrato area. If
the shortening of the spiral was synchronous in the whole area, this suggests

that the development leading to populations with a more central position of
the embryon, e.g. M. burdigalensis, started somewhat earlier in the Turin
area than in the northern Monferrato area. It is quite possible, however, that
the X values were decreasing according to a somewhat erratical pattern during
the transition from M. socini to M. burdigalensis.
At any rate, in the northern Monferrato area certain assemblages identified as M. socini and M. burdigalensis-socini, have identical X values.
Assemblages of M. burdigalensis with the embryon in or near the centre of
the test, show X values of 7.1 (SM 193) to 6.6 (SM 478).
The range of M. burdigalensis, if expressed in meters, would be very short
compared with that of M. socini. In the Santuario di Crea section, M. socini
is present in at least 90 meters. In the Treville section, M. burdigalensis may
occur in nearly 12 m, from sample SM 233 (M. burdigalensis-socini) to
SM 443 (M. negrii-burdigalensis). Although sediment thickness cannot be
proved to have any proportionate relation to time intervals, M. burdigalensis
may have a shorter time range than M. socini.
The reason for a relatively shorter duration of the M. burdigalensis range
might be twofold. First, it is quite possible and already suggested (Drooger,
19.(3) that the development of the subgenus Miolepidocyclina
proceeded
very rapidly. Second, the parent species M. socini already shows V values of
over 20, so there is comparatively little place left for V up to 45, which
marks the boundary between M. burdigalensis and M. negrii.
Notwithstanding the assumedly short time range, M. burdigalensis is
widely distributed, i.e. in the whole Mediterranean, in the Aquitaine Basin
and on the western coast of Africa. M. burdigalensis must have originated in
Italy, and most probably in the northern part.
From M. burdigalensis, M. negrii developed. Small assemblages of true M.
negrii are so far only reported from a small area in the valley of the Rio
Torello near Turin and from NW Greece. In the Monferrato area, assemblages
of M. negrii-burdigalensis are known from the Treville section (samples SM
443 and 481) and from the Cella Monte - San Quirico-NE section (sample
SM 116).
In the Turin area as well as in northern Monferrato, the last assemblages of
Miolepidocyclina
were replaced, gOlllg upwards, by assemblages of M.
globulina. As the depositional environment remained more or less the same,
it is probably better to use the words 'driven out'. One is inclined to suggest
that the invasion of M. globulina first reached the Monferrato area, and only
arrived in the Turin area when the local development of the subgenus
Miolepidocyclina was well within the range of M. negrii.
As already suggested by Drooger (1954), M. globulina in northern Italy is

'rootless', for the preceeding parent species M. tani is not present. It must
have invaded the area possibly from an area outside the Mediterranean. In
Monferrato, the M. globulina trends are rather obscure. Neither X, V nor "1
are significantly changing. The idea of retarded or arrested evolution of
certain M. globulina stocks was put forward by Raju (1974). Nevertheless,
there is an overall trend to M. intermedia, though probably rather erratic.
Primitive M. intermedia assemblages were found in the Acqui - Spigno area
in the south and in the Vignale area in the northeast. In the other areas the
environment probably had become unfit for Miogypsinidae in the meantime.
A change towards unfavourable environmental conditions was either the
only reason or one of the reasons for the disappearance of the Miogypsinidae
from the Turin and Monferrato areas. It has been recently suggested by Smit
(1974) that climatic deterioration might have caused the withdrawal of the
Miogypsinidae from the northern outskirts of their geographic range
(Aquitaine Basin, northern Italy) at approximately the same level of development of early M. intermedia.
Microspheric generation
Specimens of the microspheric generation are rare in the studied samples,
notwithstanding their larger size. Poor preservation prevented us from
establishing the exact number of spiral chambers in most specimens. One
specimen from the M. burdigalensis assemblage of SM 193 shows more than
20 chambers; another specimen from an assemblage intermediate between
M. negrii and M. burdigalensis (SM 443) has some 20 spiral chambers.
Three specimens from M. globulina assemblages have 16 (SM 87), 16
(SM 469), and about 17 (SM 268) spiral chambers.
As to the position of the embryon, specimens from M. socini assemblages
have the embryon at the periphery (SM 188, 3 specimens; SM 266, 1
specimen). Three specimens from SM 479 (M. burdigalensis) show a central,
an intermediate and a peripheral embryon. SM 193 (M. burdigalensis assemblage) contained one specimen with a central embryon. SM 443 (M. negriiburdigalensis assemblage) contains one specimen with an intermediate
position of the embryon. Data are too scarce to lead to any conclusion. The
available data, however, are in accordance with the suggestion by Drooger
(1963) and Raju (1974) that specimens of the micro spheric generation also
developed according to the principle of nepionic acceleration, although they
were considerably lagging behind compared to their corresponding macrospheric specimens.

III-2-11 Biostratigraphy based on Miogypsinidae
Miogypsinidae have proved to be excellent tools to subdivide OligoMiocene sediments within one sedimentary basin. To a certain extent they
can even be used for world-wide correlations. The fact that the rapidly
developing family of the Miogypsinidae consists of many successive species,
numerically so defined that for each assemblage there can be little doubt
about the exact name of the species, combined with the use of the population concept for establishing the species, gives Miogypsinidae their great
value for biostratigraphy. Moreover, external features, liable to great diversity due to different environmental conditions, have been excluded in
establishing the species. This is a great advantage compared with the
common practice in identifying most of the other benthonic and planktonic
foraminifera.
The major adverse factors for the common use of Miogypsinidae in
biostratigraphy are their restriction to certain shallow marine environments,
the limited time range of the group, and the variation in the evolutionary
patterns of local stocks.
The succession of Miogypsinidae in northern Italy is known from Drooger
(1954). In this paper a zonation based on the Miogypsinidae is presented,
valid for at least northern Italy. It has not been attempted to work in great
detail, because of the possible resedimentation of most sediments containing
Miogypsinidae. Raju (1974) proved that individual stocks during certain
periods, in which they show an overall development according to the
principle of nepionic acceleration, may have had a stagnant evolution or even
a nepionic retardation in detail; for this reason, the applicability is restricted.
The following range zones (= lineage zones = phy lozones) can be distinguished in northern Italy.
1. M. complanata s.l, Zone, defined by the total range of M. complanata s.
str., M. formosensis and M. bantamensis. This group of species was found at
some places in the Turin area (Drooger, 1954) but not in Basso Monferrato.
2. M. gunteri Zone, defined by the total range of M. gunteri. This species
was found in the Turin area (Drooger, 1954) and in southern Piedmont
(Vervloet, 1966) but not in the hills of Basso Monferrato.
3. M. socini Zone, defined by the total range of M. socini. This species was
observed in the Turin area, in Basso Monferrato and in southern Piedmont.
4. M. burdigalensis-negrii Zone, defined by the total range of M. burdigalensis and M. negrii. Because of the local presence of M. negrii, we refrain
from establishing a separate zone for this species. M. burdigalensis was
found in the Turin area and in the Monferrato hills. True M. ne.f!rii is only

known from one valley near Turin (Drooger, 1954; Ferrero, 1968), transitional assemblages from the Monferrato hills.
5. M. globulina Zone, defined by the total range of M. globulina. This
species was found in the Turin area, in Basso Monferrato and in southern
Piedmont.
6. M. intermedia Zone, defined by the total range of M. intermedia. This
species was collected in the hills of Basso Monferrato and in southern
Piedmont. Assemblages transitional between M. intermedia and M. globulina
are from the Turin area. Higher developed species are not known from
northern Italy.
Whenever two Miogypsina species were found in one sample, the oldest
species was considered to be reworked.
The described Miogypsina assemblages (111-2-3,5, 7) from the Colma, the
Ozzano and the Moleto - Ottiglio area are from the M. globulina zone. The
assemblages in the Treville, Rosignano and Cella Monte areas are from the M.
socini Zone (samples SM 234, 483, 482, SM 266, 447,267 and SM 124), the
M. burdigalensis-negrii
Zone (samples SM 233, 193, 443, SM 373 and
SM 116,478,479)
and the M. globulina Zone (samples SM 481 *, SM 157A,
268, SM 110 and CM 1, 2, 3). The assemblages described from the Vignale Conzano area point to the M. intermedia Zone. In the Crea and Murisengo
areas, only assemblages originating from the M. socini Zone were found. The
Acqui - Spigno Monferrato area contained two assemblages, to be' assigned
to the M. intermedia Zone. Other assemblages from this area are too small
for definite conclusions about their zonal position.
Correlations by means of the Miogypsinidae with some stratotypes
Correlation between the Miogypsinid succession of species in northern
Italy and that of the Aquitaine basin in southwestern France is of great value
because the type deposits of both stages of the Lower Miocene, i.e.,
Aquitanian and Burdigalian, are located in the Aquitaine basin. Prior to the
study of the Miogypsinidae in the Aquitaine basin by Drooger (in Drooger et
al., 1955), correlations were attempted either with tests of macrofossils,
which are rather unreliable because of their susceptibility to environmental
changes, or simply on the basis of lithology. For Italy, this resulted in
confusion; the term Aquitaniano e.g. might mean anything up to the whole
lower half of the Miocene and part of the Oligocene.
With macrofossils, in this case pelecypods, a correlation was also made
between the marginal marine type-deposits of the Middle Miocene Helvetian
Stage in Switzerland and deposits in northern Italy; this resulted in the
erroneous conclusion of Miogypsinidae being present in Helvetian deposits in
Italy.
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The type deposits of the Aquitanian and Burdigalian consist of shallow
marine to lacustrine deposits. The succession of the Miogypsinidae is as
follows:
Type Aquitanian: M. gunteri is found in beds considered to correspond to
the lower part of the type Aquitanian; M. tani is present in the middle and
upper parts of the type section.
Type Burdigalian: M. burdigalensis is found in the basal beds of the type
deposits; M. globulina is found in the major part of the section from the base
upwards, whereas M. intermedia is present in the uppermost beds.
All species names were established by applying the population concept.
The correlation between the successions of Miogypsinidae in the Turin
area and in the Aquitaine basin as proposed by Drooger( 19 54) can also be
used for comparing the Miogypsinidae in the area under investigation and
those in southwestern France. This correlation (fig. 13) is reproduced in a
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successions in northern Italy and

slightly modified version, to include the results of the latest investigations.
As may be seen in the diagram of fig. 13, a comparison between these two
areas not far from each other but situated in different basins, shows already
rather different successions. Fortunately, the stratigraphic ranges of M.
socini and the subgenus Miolepidocyclina originating in northern Italy from
a M. gunteri stock, can be correlated with those of the Miogypsina species in
the Aquitaine basin, because of the presence of M. burdigalensis in both
areas.
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Distribution of planktonic foraminifera based on selected samples from the northern
regions. The tentative position of the samples relative to the succession of zones is inferred
mainly from lithostratigraphic and biostratigraphic evidence.

Correlations between the Miogypsina-bearing strata in northern Italy and
those in other areas outside the Mediterranean generally present far greater
problems, which apart from uncertainty about isochronism are the followmg:
1. The development of local successions - such as that of the subgenus
Miolepidocyclina that deviate in one or more respects from the main lineage
- results in regional species such as M. socini and M. negrii, which are of
little value for long distance correlations. Fortunately, some of the areally
restricted species such as M. burdigalensis may be present in a larger area,
and then they are excellent for correlation.
2. The local nepionic retardation or arrested evolution in some stocks.
This was observed in the subgenus Miogypsinoides (M. bantamensis) and in
the subgenus Miogypsina (M. globulina). See Raju (1974).
3. The upper limit of the range of M. gunteri in Italy cannot be correlated
with the upper limit elsewhere, because M. socini must have developed from
an Italian M. ~unteri stock at an earlier morphological level than M. tani
elsewhere.
4. In northern Italy, the higher developed species of the subgenera
Miogypsina and Miogypsinoides are absent or very rare.
However, if sufficient data are available, as e.g. in Europe, for recognizing
regional patterns of evolution, the Miogypsinidae can be used very well for
interregional correlations. When correlating shallow marine sediments,
Miogypsinidae must be given preference to planktonic foraminifera because
of their relatively rapid rate of evolution.

111-3-1 Biostratigraphy based on planktonic foraminifera
From a number of samples, taken in visible or obvious lithostratigraphic
relation to the Miogypsina-bearing strata, the planktonic foraminifera have
been studied, to obtain a better insight in the correlation between the
Miogypsina zonation and that based on planktonic foraminifera. Samples
taken for planktonics cover a much greater interval. Data on planktonic
foraminifera in the southern area were already published by Gelati (1968)
and Nicora (1971); some of these data have been incorporated in the graphic
logs of the studied sections. Other information is presented in the distribution charts (figs. 14-16), and a list of the main observed species of planktonic foraminifera is added as an appendix (III-3-2).
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G.oplmo

ulisu turolisl
opimo

in the Villa San Bartolomeo

Because of the sedimentary-stratigraphic scope of this investigation, no
more than a rough zonation has been made, following to some extent the
zonation by Nicora (1971), and approaching the frequently used zonation
by Blow (1969). The zonation is based on the succession of appearance
levels of Globigerinoides primordius Blow & Banner; G. trilobus (Reuss);
G. altiaperturus Bolli; G. sicanus Borsetti and the genus Praeorbulina Olsson;
species of the genus Orbulina d'Orbigny; and Globigerina acostaensis Blow.
In the lower part two other planktonic foraminiferal associations can be
recognized without representatives of the genus Globigerinoides; these are
based on the absence or presence of Globorotalia opima opima Bolli and
Globigerina angulisuturalis Bolli.
The following zones were distinguished in our sections (see figure 17):
I Globigerina ampliapertura Zone:
The oldest zone, found in samples SM 192 (Vignale, expo 92) and SM 49
(Torre Veglio section), contains G. ampliapertura, Globorotalia increbescens
and Globigerina ouachitaensis. In the absence of typical Eocene species,
these taxa suggest Zone P20/Nl (Blow, 1969). Samples SM 192 and SM 49
belong to the Arenarie di Ranzano Formation.
II Globigerina angulisuturalis/Globorotalia
opima opima Zone:
This zone is characterized by the joint presence of G. angulisuturalis and
G. opima opima, in the absence of representatives of the genus Globigerino ides. This suggests an assignment to the P21/N2 - P22/N3 zonal interval
of Blow (1969). Postuma (1971) combined both zones in his G. angulisuturalis Zone. Zone II is recognized in samples SM 25 (Villa San Bartolomeo
section), SM 145 (Torre Veglio, expo 49), SM 169 (Vignale section) and
SM 259 (Conzano section), belonging to the Marne di Antognola Formation
or to the Arenarie di Ranzano Formation.
In the southern region (Acqui - Spigno) the marls of the Rocchetta
Formation underlying the Miogypsina-bearing calcarenites contain Globigerinoides in the uppermost part only. The smaller foraminifera are generally
poorly preserved, and G. angulisuturalis was not recognized by Gelati (1968)
and Nicora (1971); for these reasons the lower part of the Rochetta marls is
considered to belong to our Zones I and II together.
III Globigerinoides

primordius Zone:
A zone with G. primordius, but without G. trilobus.Associated species are
Globoquadrina
venezuelana, G. tripartita, G. praedehiscens, Globigerina
obesa and Catapsydrax disssimilis.
In terms of Blow's (1969) standard scheme, the association of Zone III
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belongs, by definition, to Zone N4. Recent investigations have shown that
this zone overlaps his Zone N3 (RCMNS congress Bratislava, 1975, Report
working groups, p. 26).
Zone III is represented in a great number of samples from both the
northern and southern parts of the area under investigation. It is found in
the Marne di Antognola Formation, the Pietra da Cantoni Formation and in
the upper part of the RocchettaFormation.

IV Globigerinoides trilobus Zone:
This zone is characterized by G. trilobus, prior to the first occurrence of
Globigerinoides altiaperturus, G. sub quadratus or G. sicanus. Accompanying
species include Globigerina ciperoensis, G. angustumbilicata, Globoquadrina
praedehiscens, G. venezuelana and Globigerinoides primordius. The zone is
correlative with Zone N5 and probably with part ofN6 of Blow (1969). It is
recognized in a number of samples, taken in the Rocchetta Formation (top
part) and in the Pietra da Cantoni Formation, from the southern and
northern parts of the area respectively.
V Globigerinoides altiaperturus Zone:
This zone marks the interval with the index species prior to the first
occurrence of G. sicanus. The accompanying fauna includes G. trilobus, G.
sacculiferus, G. sub quadratus, Globoquadrina altispira and G. dehiscens.
Zone V is thought to be coeval with the larger part of Zone N6 and with
Zone N7 of Blow (1969). It is found amongst others in samples SM 13-15
from the Castello d'Uviglie section and in samples SM 33-36 from the Villa
San Bartolomeo section, all belonging to the Pietra da Cantoni Formation. In
the southern region Zone V is represented in a number of samples taken
above the coarse-grained limestone beds, which belong either to the Cortemilia Formation or to the Monesiglio Formation.
VI Globigerinoides sicanus/Praeorbulina Zone:
Zone VI is defined by the presence of G. sicanus and by the absence of
representatives of the genus Orbulina. A few specimens of Praeorbulina
glomerosa occur in some of the samples.
Zone VI can be correlated with Zone N8 of Blow; it is recognized in a
great number of samples belonging to the Pietra da Cantoni Formation and
the Corte milia Formation.
'
VII Orbulina Zone:
The seventh zone is characterized by the partial range of representatives of
the genus Orbulina prior to the appearance of Globigerina acostaensis.
This zone can be correlated with the N9 - N15 zonal interval of Blow
(1969). It was recognized in sample SM 173 (Vignale section), SM 177
(Vignale, expo 79) and in the upper marly part of the Castello d'Uviglie
section (SM 16-20), the Villa San Bartolomeo section (SM 39-44) and the
Torre Veglio section (SM 55). On account of the presence of Globorotalia
menardii forms 2 and 3 (Tjalsma, 1971) some of the samples· can be
correlated indirectly with Zones N13-N14 of Blow. The samples from the
Vignale area belong to the Pietra da Cantoni Formation. The marl samples

from the Colma area might very well belong to the Mincengo Formation,
although according to Montrasio et al. (1968) this formation must be absent
in this area.
VIII Globigerina acostaensis Zone:
This zone is characterized by the presence of G. acostaensis. The absence
of G. conomiozea and G. humerosa suggests a correlation with Zone N16 of
Blow (1969). It was recognized in samples SM 133 and 272 from the
Moleto-S section. These clayey marl samples belong to the Sant'Agata Fossili
Formation of authors.
Associated planktonic foraminifera in Miogypsina-bearing samples
Most of the Miogypsina-bearing samples from the areas of investigation do
not contain planktonic foraminifera; this is not surprising in view of the
different habitats of both groups of fossils. However, if coarse Miogypsinabearing skeletal grains are found mixed with marl, both groups may be found
together. This does not necessarily mean that the fossils of both groups are
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Correlation of the Miogypsina
zones and the planktonic foraminiferal zones in the Monferrato region of northwestern Italy and correlation with some Miocene stratotypes.

o( equal age, as all Miogypsinidae are redeposited, and reworking of planktonic foraminifera is equally common. The numerous unconformities and
diastems generally underlying, but also overlying, Miogypsina-bearing beds
restrict the value of the planktonic foraminifera found just below or immediately above the Miogypsina-bearing strata. From the data presented in this
chapter, in the description of the sections (see Chapters IV, V, VI), and in
the literature (Gelati, 1969; Nicora, 1971), a few conclusions may be drawn
on the co-occurrence of Miogypsina species and certain planktonic foraminiferal species (fig. 18).
Miogypsina socini is found in the Globigerinoides primordius Zone, e.g. in
sample SM 124 of the Cella Monte - Carcanara section and in sample
SM 101 of the Rosignano-W section, but it is not found together with G.
trilobus, except for one doubtful case in sample SM 232 of the Treville
section. In this section the nearest Miogypsina-bearing sample (SM 233) is
8 m higher than the level with G. d. trilobus and contains M. ex. interc.
burdigalensis-socini already. The range of M. socini seems to coincide with
the upper part of the N3-N4 zonal interval of Blow (1969) and possibly with
the lowermost part of his Zone N5.
Sample SM 115 with G. trilobus underlying sample SM116 with M.
negrii-burdigalensis in the Cella Monte - San Quirico-NE section, represents
the only circumstantial evidence for the stratigraphic relation between the
ranges of M. burdigalensis and the G. trilobus zonal association. M. burdigalensis is found in the basal beds of the Burdigalian type area, whereas G.
trilobus would already occur in the underlying type-Aquitanian. Hence it
may be assumed that : M. burdigalensis co-occurs with G. trilobus, suggesting the correlation of its range with part of Zone N5 of Blow (1969).
In some sections, G. trilobus was observed in marl underlying Miogypsina
globulina-bearing beds: the San Croce section and the Rio delIa Caliogna
section in the southern region and the Moleto-S section in the northeastern
region. This leads to the conclusion that M. globulina-bearing strata may be
correlated with part of the planktonic foraminiferal Zone N5 of Blow
(1969).
In the Villa San Bartolomeo and in the Castello d'Uviglie sections, marl
samples (SM 25 and SM 12 respectively) taken immediately above the
coarse-grained limestone beds with primitive M. intermedia (sample CM 9)
contain G. trilobus but not yet G. altiaperturus. Globigerinoides sicanus or
Orbulina species were neither observed together with Miogypsinidae. This
may mean that also the range of M. intermedia overlaps part of the range of
our G. trilobus Zone.
The G. altiaperturus Zone and all younger zon~s in northern Italy seem to
be younger than the topmost Miogypsina
Zone.

III-3-2 Reference list of the main planktonic foraminifera
Catapsydrax dissimilis (Cushman and Bermudez) = Globigerina dissimilis
Cushman and Bermudez 1937, Contr. Cushm. Lab. For. Res., v. 13, p. 25,
pl. 3, figs. 4-6.
Gloqigerina acostaensis Blow 1959, Bull. Amer. Pal., no. 178, p.208,
pl. 17, figs. 106-107.
Globigerina ampliapertura Bolli 1957, Bull. u.s. Nat. Mus., no. 215,
p. 108, pI. 22, figs. Sa, 7b (non figs. 4a-b).
Globigerina angulisuturalis Bolli = Globigerina ciperoensis angulisuturalis
Bolli 1957, Bull. u.s. Nat. Mus., no. 215, p. 109, pI. 22, figs. 11a-c.
Globigerina angustumbilicata
Bolli = Globirzerina ciperoensis an!!ustumbilicata Bolli 1957, Bull. U.S. Nat. Mus., no. 215, p. 109, pl. 22, figs. 12-13.
Globigerina ciperoensis Bolli 1954, Contr. Cushm. Found. Foram. Res.,
v. 5, p. 1, textfigs. 3, 6.
Globigerina decoraperta Takayanagi and Saito = Globigerina druryi Akers
decoraperta Takayanagi and Saito 1962, Sci. Reports, Tohoku Univ., ser. 2
(Geol.), spec. vol. 5, p. 85, pI. 28, fig. 10.
Globigerina druryi Akers 1955, Journ. PaL, v. 29, p. 654, pI. 65, fig. 1.
Globigerina falconensis Blow 1959, Bull. Amer. Pal., no. 178, p.l77,
pI. 9, figs. 40-41.
Globigerina nepenthes Todd 1957, prof. Paper U.S. Geol. Surv., no. 280H,
p. 301, pl. 78, fig. 7.
Globigerina obesa (Bolli) = Globorotalia obesa Bolli 1957, Bull. U.S. Nat.
Mus., no. 215, p. 119, pI. 29, figs. 2-3.
Globigerina ouachitaensis Howe and Wallace 1932, Geol. Bull. Louisiana
Dept. Conserv., no. 2, p. 74, pI. 10, fig. 7.
Globigerina praebulloides Blow and Banner 1962, Fund. Mid. -Tert. Strat.
Corr., p. 92, pI. 9, figs. O-Q.
Globigerina quinqueloba Natland 1938, Bull. Scripps Inst. Oceanogr.
Tech. Ser., v. 4, pt. 5, p. 149, pI. 6, figs. 7a-c.
Globigerina siakensis Leroy 1939, Natuurk. Tijdschr. Nederl. -Indie, v. 99,
pt. 6, p. 262, pi. 4, figs. 20-22.
Globigerinoides altiaperturus Bolli = Globigerinoides triloba altiapertura
Bolli 1957, Bull. U.S. Nat. Mus., no. 215, p. 113, pI. 25, figs. 7-8, textfig.
21, no. 3.
Globigerinoides bulloideus Crescenti 1966, Geol. Rom., v. 5, p. 43, textfigs. 8-3-3a, 9.
Globigerinoides extremus Bolli and Bermudez = Globif<erinoides obliquus
Bolli extremus Bolli and Bermudez 1965, Bol. Inform. Asoc. Venez. Geol

Min. Petr., v. 8, p. 139, pI. 1, figs. 10-12.
Globigerinoides obliquus Bolli 1957, Bull. u.s. Nat. Mus., no. 215, p. 113,
pI. 25, figs. 9-10.
Globigerinoides primordius Blow and Banner 1962, in Eames et aL, Fund.
Mid.-Tert. Strat. Corr., p. 115, figs. Dd, Ff, textfig. 14.
Globigerinoidesruber
(d'Orbigny) = Globigerina rubra d'Orbigny 1839, in:
De La Sagra, Hist. Phys. Nat. <:=uba,v. 8, p. 82, pI. 4, figs. 12-14.
Globigerinoides sacculiferus (Brady) = Globigerina sacculifera Brady 1877,
Geol. Mag., London, n.s., decade 2, 4, 12, p. 535.
Globiszerinoides sicanus De Stefani 1950, Plinia, Ital., v. 3, pt. 4, p. 9,
fig. 6 on pl. 13 of Cushman and Stainforth 1945, (C.L.F.R. Spec. PubL 14).
Globigerinoides sub quadratus Bronnimann 1954, in Todd et aL, Amer.
Journ. Sc., v. 252, p. 680, pI. 1, fig. 5.
Globigerinoides
trilobus (Reuss) = Globigerina trilobus Reuss 1850,
Denkschr. K. Akad. Wiss., Wien, Math. Naturw. Cl., v. 1, p. 374, pI. 47,
fig. 1L
Globoquadrina
altispira (Cushman and Jarvis) = Globigerina altispira
Cushman and Jarvis 1936, Contr. Cushm. Lab. Foram. Res., v. 12, p. 5, pL 1,
figs. 13a-c, 14.
Globoquadrina
dehiscens (Chapman, Parr and Collins) = Globoratalia
dehiscens Chapman, Parr and Collins
1934, J ourn. Linn. Soc., London,
(Zool.), v. 38, pt. 262, p. 569, pI. 11, figs. 36a-c.
Globoquadrina galavisi (Bermudez) = Globigerina galavisi Bermudez 1961,
Congr. GeoL Venezolano, III, Mem. Caracas, Venezuela, v. 3, Dir. Geol., Bol.
Geol., Spec. publ. 3 (1960), p. 1183, pI. 4, fig. 3.
Globoquadrina
praedehiscens
Blow and Banner = Globoquadrina
dehiscens praedehiscens Blow ,!-nd Banner 1962, in Eames et aI., Fund.
Mid.-Tert. Strat. Corr., p. 116, pI. 15, figs. Q, S.
Globoquadrina sellii Borsetti 1959, Giorn. Geol., ser. 2, v. 27, p. 209,
pI. 13, figs. 3a-c.
Globoquadrina tripartita (Koch) = Globigerina bulloides var. tripartita
Koch 1926, Eel. Geol. He1v., v. 19, p. 746, textfigs. 21a-b.
Globoquadrina
venezuelana
(Hedberg)
Globigerina
venezuelana
Hedberg 1937, Journ. PaL, v. 11, p. 681, pI. 92, fig. 7.
Globorotalia acrostoma Weze1 1966, Riv. Ital. Pal. Strat., v. 72, no. 4,
p. 1298, pI. 101, figs. la-c.
Globorotalia increbescens (Bandy) = Globigerina increbescens Bandy
1949, Bull. Amer. PaL, v. 32, no. 131, p. 120, pI. 23, figs. 3a-c.
Globorotalia kugleri Bolli 1957, Bull. U.S. Nat. Mus., no. 215, p. 118,
pI. 28, figs. Sa-b ..

Globorotalia lenguaensis Bolli 1957, Bull. u.s. Nat. Mus., no. 215, p. 120,
pI. 29, figs. 5a-c.
Globorotalia mayeri Cushman and Ellisor 1939, Contr. Cushm. Lab.
Poram. Res., v. 15, p. 11, pI. 2, fig. 4.
Globorotalia menardii form 2 Tjalsma 1971, Utrecht Micropal. Bull. no. 4,
p. 58, pI. 4, figs. 4a-6b.
Globorotalia menardii form 3 Tjalsma 1971, Utrecht Micropal. Bull. no. 4,
p. 59, pI. 5, figs. la-3c.
Globoratalia menardii form 4 Tjalsma 1971, Utrecht Micropal. Bull. no. 4,
p. 59, pI. 5, figs. 4a-6c.
Globorotalia opima nana Bolli 1957, Bull. U.S. Nat. Mus., no. 215, p. 118,
pI. 28, figs. 3a-c.
Globorotalia opimaopimaBolli
1957, Bull. u.s. Nat. Mus., no. 215, p. 117,
pI. 28, figs. la, 2.
Globorotalia peripheroronda Blow and Banner = Globorotalia (Turborotalia) peripheroronda
Blow and Banner 1966, Micropaleontology, v. 1?,
p. 294, pI. 1, fig. 1, pI. 2, figs. 1-3.
Globorotalia praemenardii Cushman and Stainforth, 1945, Cushm. Lab.
Poram. Res., Spec. Publ. 14, p. 70, pI. 13, figs. 14a-c.
Globorotalia praescitula Blow = Globorotalia scitula praescitula Blow
1959, Bull. Amer. PaL, no. 178, p. 221, pI. 19, fig. 128.
Globorotalia scitula (Brady) = Pulvinulina scitula Brady 1882, Roy. Soc.
Edinburgh, v. 1~, p. 716.
Globorotalia ventriosa Ogniben = Globorotalia scitula ventriosa Ogniben
1958, Riv. Ital. PaL, v. 64, p. 246, pI. 15, figs. 4-5.
Globorotalia sp. Tjalsma 1971, Utrecht Micropal. Bull. no. 4, p. 64, pI. 8,
figs. 2a-3c.
Orbulina suturalis Bronnimann 1951, Contr. Cushm. Pound. Poram. Res.,
v. 2, p. 135, textfig. 2, no. 1-15, textfig. 3, no. 3-8, 11, 13-16, 18,20-22,
textfig. 4, no. 2-4,7 -12,15-16,19-22.
Orbulina universa d'Orbigny, Blow 1956, Miocropaleontology, v. 2, p. 66,
textfig. 2, no. 8-9, textfig. 3, stage 7.
Praeorbulina glomerosa (Blow) = Globigerinoides glomerosus Blow 1956,
Micropaleontology, v. 2, p. 64, textfig. 1, no. 9-19, textfig.2, no. 1-4,
text fig. 3, stage 3-5.

THE NORTHEASTERN REGION:
ROSIGNANO MONFERRATO - VIGNALE

The field data are shown in simplified graphic logs of the major sections
and in a location map (fig. 19). The legend of the graphic logs is shown in
fig. 43. Details of the sections, more elaborate logs, and longer descriptions
are available for further study in the Stratigraphy Department of the State
University, Utrecht. In each section, sedimentary units are distinguished,
differing from other units in composition, texture, sedimentary structures or
fossil contents. The lithostratigraphic subdivision is made in informal units.
The naming of these units is similar for all areas. This paragraph contains
details on the locations.

Torre Veglio section (exposure 4)
In an abandoned quarry, north of the road leading westward from the
village of Terruggia, close to an ancient watch-tower. The graphic log is
shown in fig. 20.
Villa San Bartolomeo section (exposure 2)
A large abandoned quarry below the castle-like Villa San Bartolomeo, at
the outskirts of the hamlet of Colma, facing the farmhouse known as Casa
Lucchina. The graphic log is presented in fig. 20. The type locality of the
Colma Member is defined in this section, and the relevant sedimentary units
F, F1, G1 and H will be described (fig. 21).
Unit C: greenish-grey, unstratified marl.
Unit F: bioclast-foraminiferal grainstone. From 1.1 to 7.4 m above the
base of the section.
Description: medium to very coarse-grained, light-coloured, unstratified
skeletal limestone, chiefly consisting of angular algal remains mixed with
minor quantities of pelecypod and bryozoan debris and with larger foraminifera. Rhodoliths are rare. The base is very rich in whole skeletons of
Lepidocyclina toumoueri; it also contains some Miogypsina, to be assigned
to M. ex. interc. f<lobulina-intermedia (sample SM 22). The top of this unit
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contallls a M. globulina assemblage (sample SM 28). The high~initial interand intra particle porosity is only slightly affected by granular sparite and
microspar cement. The boundary with the preceding unit is sharp.
Unit F1: bioclast-rhodolith-foraminiferal grainstone. From 7.4 to 12.5 m.
Description: coarse-grained skeletal limestone, as in the preceding unit,
but mixed with numerous rhodoliths, with a diameter ranging from 5 to
12 em. The rhodoliths consist of Lithothamnium with minor quantities of
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The Villa San Bartolomeo section, type-section of the Colma Member, situated in the quarry in front of the castle-like Villa San Bartolomeo, Colma.
The basal marl unit (C) is exposed in the lower left corner. The marl- limestone contact (C/F) is rich in Lepidocyclina
tests. The limestone succession
consists of calcarenite (F), rhodolithic limestone (F1), glauconitic rhodolithic limestone (G1), the lithoclast-mollusc layer (H) and marly, glauconitic,
very fine calcarenite (L), overlain by marl (Q1).
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Legend fig. 43.

Lithophyllum
and bryozoans and occasionally a covering Balanus. Observable cores consist of calcisiltite or marl pebbles. The rhodoliths are either
well packed or, especially near the base, loosely arranged in subhorizontal
layers. The high initial porosity decreased somewhat as a result of
granular sparite and microspar cement. Cavities within the rhodoliths
contain some micrite. The boundaries of this unit are gradual.
Unit G1: rhodolith-bioclast-glauconite packstone. From 12.5 to 13.7 m.
Description: whitish, packed rhodoliths in a matrix mainly consisting of
light-coloured, medium to very fine-grained, marly biocalcarenite, glauconite
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and serpentine sand. The fairly porous matrix chiefly consists of algal
fragments with minor quantities of planktonic foraminifera. Most of the
rhodoliths, up to 12 cm, are covered with Balanus. Sample CM 9, taken in
this unit but outside the quarry, contains an assemblage of primitive Miogypsina intermedia; some pore-filling granular sparite and microspar and some
micrite. Burrows filled with glauconite and serpentine-rich material continue
into the preceding unit.
Unit H: impure phosphatic lithoclast-mollusc-glauconite-rhodolith
packstone. 13.7 to 13.85 m.
.
Description: pebble- and cobble-sized components floating in a matrix of
light-coloured, very fine, marly calcarenite and calcisiltite mixed with smaller
foraminifera, green and brown glauconite and some serpentine, quartz and
phosphate grains.
The coarse components include indurated, rounded limestone and marlclasts - up to 8 cm - with a greenish or brownish coating, brownish stained
rhodoliths, brownish Pecten, Conus, Trochus and some ahermatypic corals,
unpatinated Amussium, fish remains and a few volcanic rock fragments. The
finest matrix consists of micritic carbonate, collophane and clay minerals.
Sparse granular sparite and microspar cement.
Unit L: impure (glauconite, serpentine) litho clast-foraminiferal wackestone (base and certain levels near the top) and mudstone. From 13.85 to
26.3 m.
Castello d'Uviglie section (exposure 1)
An abandoned, partly levelled quarry on top of the hill NE of Uviglie
castle near Rosignano. The graphic log is represented in fig. 20.
San Giorgio - Treville area
San Giorgio-Cimitero section (exposure 5)
A cellar behind a waste-dump, at the side of the graveyard of the village of
San Giorgio Monferrato. See fig. 22 for the graphic log.
San Giorgio section (exposure 6)
On the south side of the castle in the village of San Giorgio. See fig. 22 for
the graphic log.
Casa Amelio section (exposure 10)
An overgrown quarry behind the farmhouse known as Casa Amelio,
halfway between the villages Ozzano and San Giorgio Monferrato. See fig. 22
for the graphic log.

Ozzano-28 7-NE section (exposure 7)
A large quarry on the northeastern slope of hill 287, northeast of the
village of Ozzano Monferrato. The strata are dipping steeply. The graphic log
is represented on fig. 23.
Ozzano-287 -SW section (exposure 8)
An abandoned quarry on the southwestern slope of hill 287, northeast of
Ozzano. See fig. 23 for the graphic log.
Chiappo section (exposure 11)
A few nearly vertical strafa near some farmhouses locally known as
Chiappo, about 1 km NNW of the centre of Ozzano. See fig. 22 for the
graphic log.
Treville section (exposure 163)
A now partly overgrown section on top of a hill, 500 m E of Treville, in
the immediate vicinity of the graveyard. See fig. 22 for the graphic log.

Rosignano-E section (exposures 12,66)
Along the semicircular road, which runs east and north of the older part
of the village of Rosignano Monferrato. The section begins some meters
below this road at the southwesternmost point of the higher part of the
village, then continues to a square (Piazza Faletti) and includes the high cliff
bordering the square. See fig. 24 for the graphic log.
Rosignano-S section (exposures 12, 67)
A composite section based on outcrops along the steep southern side of
Rosignano. See fig. 24 for the graphic log.
Rosignano-W section (exposures 13,14,197)
A section compiled from three outcrops near a waste-dump some 400 to
500 m west of the centre of Rosignano. See fig. 24 for the graphic log.
Rosignano-Cimitero section (exposure 274)
A small outcrop, about 200 m NW of a graveyard, and about 900 m NW
of the centre of Rosignano. See fig. 24 for the graphic log.
Cella Monte - Cassetta section (exposure 27)
A rock, partly incorporated in the wall of a farmhouse belonging to the
mansion known as Villa Cassetta; located along the Via dietro Torre on the
northeastern side of the village of Cella Monte. See fig. 25 for the graphic
log.
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Cella Monte - San Quirico-SE section (exposures 19, 20)
In the large quarry northwest of the village of Cella Monte. The section
begins near an abandoned farmhouse, some meters below the lowermost
platform of the quarry. It continues in a western direction to the road Cella
Monte - Ozzano. See fig. 25 for the graphic log.
Cella Monte - San Quirico-NE section (exposures 19, 21)
In a steep gully draining the large quarry northwest of Cella Monte See
fig. 25 for the graphic log.
Cella Monte - Carcanara sectiqn (exposures 39-41)
Three neighbouring outcrops along a country lane, east of the road Cella
Monte - Ozzano, about 1 km NW of the centre of Cella Monte. See fig. 25
for the graphic log.
Moleto - Ottiglio area
Moleto-E section (exposure 47)
Some 150 m ESE of the village of Moleto. The section begins in the
southwestern part of an abandoned quarry, then continues across a NW - SE
trending minor fault to the northeastern part of the quarry. See fig. 26 for
the graphic log.
Moleto-S section (exposures 45, 46)
Two outcrops more than 200 m SSE of Moleto, on both sides of the road
leading towards this village. See fig. 26 for the graphic log.
Moleto-SW section (exposures 48, 53,
Several outcrops in~an agglomerate
section begins about 200 m WSW of
this village. See fig. 26 for the graphic

55)
of active and abandoned quarries. The
Moleto and ends about 400 m SSW of
log.

Moleto-Prera section (exposure 58)
In a large and rapidly expanding quarry. The section begins some 550 m W
to WSW of Moleto and ends about 700 m SW of this village. See fig. 27 for
the graphic log.
Prera section (exposures 59-63, 69-71)
In fresh and overgrown parts of a large quarry. The section begins some
700 m W to WSW of Moleto, passes about 400 m E of the hamlet of Prera
and ends about 900 m SW of Moleto. See fig. 28 for the graphic log.
Ottiglio-E section (exposures 72,73)
Two outcrops, situated 700 and 800 m east of the village of Ottiglio. See
fig. 27 for the graphic log.
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Vignale - Conzano area
Vignale section (exposures 75-77)
Near some houses known as Case Ruichena, about 800 m NW of Vignale
Monferrato. The lowermost part of the section was studied about 100 m to
the south and in a gully still farther to the southeast. Fig. 29.
Conzano section (exposure 195)
The steep side of a lane some 200 m south of the village of Conzano, 30 m
west of a sharp turn to the left in the road Conzano - Lu. The graphic log is
shown in fig. 29.

As much information is available, an analysis of the coarser elements and a
discussion of their environmental significance are presented for this northeastern region.
Carbonate grains, defined here as grains;? 30/1 (Bissell & Chilingar,l967),
belong to three broad genetic categories (Logan et al., 1969):
1. grains formed on the sea floor by benthonic organisms, and preserved as
complete skeltons, skeletal elements and fragments.
2. grains formed in the water as skeletons or skeletal elements of planktonic
and nektonic organisms; this category is, almost exclusively, represented
by planktonic foraminifera; remains of fishes and other swimming vertebrates are relatively rare.
3. grains of non-skeletal origin, e.g. lithoclasts and pellets.
Non-carbonate grains are also present. Glauconite-rich sediments are
widely distributed. In places there are phosphate grains, quartz, chloritized
serpentine, mica and various other non-carbonate grains.

IV-2-1-1 Coralline algae
The main constituents of most skeletal limestones are angular to subrounded coralline algal fragments belonging to the genera Lithothamnium
(predominant), Lithophyllum,
Archaeolithothamnium,
Mesophyllum
and
Lithoporella. Skeletal limestones rich in algal fragments and with Miogypsinidae and Amphisteginidae occur in the Colma, Rosignano, San Giorgio and
Moleto areas. Algal fragments are rare in the Chiappo section and in the

Fig. 30

Rhodolith (4.5 cm across) from the unit PI - GI transition in the Villa San Bartolomeo
section, showing light-coloured concentric algal thalli alternating with barnacles and scarce
bryozoans. Some voids are filled with skeletal debris. Note the unidirectional (upward)
growth of the barnacles on the one-time upper half of the rhodolith.

Vignale - Conzano area.
Recent examples of carbonate buildups dominated by coralline algae but
without hermatypic corals, can be found in temperate and polar seas.
There, red algae form buildups up to several kms long and preferably at
depths of 18 to 36 m. Colonial corals are absent but other marine invertebrates are present (Heckel, 1974).
A striking feature of our Miocene carbonates is the presence of large
quantities of coralline algal nodules or rhodoliths (term of Ginsburg &
Bosellini, 1973). The coralline algal nodules (fig. 30) are more or less regular,
ovoid to globular, in some instances discoidal bodies, ranging from 2 .to
21 em in diameter. The surface of the nodules is commonly rather smooth,
but some nodules have numerous small knob-like protuberances of a
few mm. In cross-section, the nodules show concentric laminae formed by
thin layers of coralline algae of spheroid or overlapping, hemispheroid shape.
The rhodoliths may have originated as algal encrustation around a skeletal
fragment or a litho clast, but generally there is no perceptible nucleus.
Most rhodolith-forming algae belong to species of the genus Lithotham-

nium. Lithophyllum
is second in importance. Species of the genera Mesophyllum, Archaeolithothamnium
and Lithoporella were observed in a few
algal nodules. Other nodule growths may partly consist of encrusting
bryozoans.
Between the algal thalli, numerous larger and smaller voids occur. A dense
packing of the thalli is related to current velocities (Bosence, 1976). The
void space in the rhodoliths may have been enlarged by borings of various
organisms such as sponges and pelecypods. The voids may be filled with
fine-grained skeletal grains, micrite or sparry cement. Skeletal grains incorporated during growth include Amphistegina and smaller, mainly planktonic
foraminifera, Balanus and occasional worm tubes and encrusting foraminifera, probably Gypsina plana.
Balanus-covered algal nodules are found in the upper part of the rhodolithic limestones in the Colma and San Giorgio areas and in all rhodolithic
levels of the Moleto area. In the Rosignano, Cella Monte and Treville areas,
they have not been found.
The usual colour of the nodules is white. Some reworked rhodoliths are
buff internally, and have a green or brown coating and an epifauna of
serpulids.
The number of algal nodules per unit of sediment-volume and the
maximum size show regional patterns. The nodules are decreasing in number
in western direction, away from the shoals where they were formed. West of
the line Treville - Sala Monferrato - Ottiglio, hardly any were found.
The northernmost sections (San Giorgio-Cimitero, San Giorgio and Casa
Amelio) contain the largest algal nodules, with a diameter of 12 cm and
more. The specimens near Rosignano, Cella Monte and Ozzano are smaller,
up to 8 cm in diameter. In the Moleto area, the nodules attain the largest
dimensions of 10 to 12 cm in the middle part of the Moleto-SW section, but
elsewhere they range up to 9 cm. The quartz-bearing skeletal limestones
under Rosignano and Cella Monte contain small nodules of 5 to 6 cm. In the
Vignale area only one single small specimen was found.
Until a few years ago, comparatively little was known of living coralline
algae forming nodules. Logan et al. (1969) considered periodical rolling of
rhodoliths, one layer thick, on a hard substrate and under very shallow water
conditions as prerequisites for the formation. Surge channels seemed to him
an optimal habitat for their growth. Konishi (1976) observed living rhodoliths in a tidal channel at depths of 3 to 7 m in a fringing reef complex off
one of the Ryukyu Islands. Referring to data on wave energy for the
Yucatan shelf, Logan concluded that rolling of algal nodules is regularly
found in shallow water down to about 9 m. During occasional high energy

events, such as severe storms, they may be moved to a depth of 15 m.
According to Johnson (1961), rhodoliths with living crust are present in
many shallow reef-flat areas of the Indo-Pacific at depths ranging from 0 to
20 m, and particularly in the upper part of this range under near-intertidal
conditions. Barnes et al. (1970) observed living rhodoliths off the exposed
northeastern shore of Aldabra, Indian Ocean, down to depths of 30 m.
Rhodoliths occur with Heterostegina and/or Amphistegina, on offshore highs
in the Persian Gulf at depths between 18 and 36 m. The main rolling agents
seem to be currents and waves generated by persistent NW winds (Purser,
1973).
Bosellini & Ginsburg (1971) demonstrated the mechanism of movement
of certain living rhodoliths off Bermuda, where they occur only in Whalebone Bay at less than 2 m below mean high-water level. Most smooth
rhodoliths are concentrated in the sand-floored channels that traverse either
rocky bottom covered with Sargassum or with beds of turtle grass (Thalassia
testudinum).
Within the channels the rhodoliths are scattered, or concentrated in small depressions. Bumpy rhodoliths occur either halfburied in the
sand, or trapped in rock-floor depressions.
Rhodoliths are not restricted to tropical waters. Locally, they abound in
sublittoral parts of arctic seas (Adey & MacIntyre, 1973). The genus Lithothamnium is predominant in polar and boreal seas, whereas Lithophyllum,
Archaeolithothamnium
and Lithoporella are more abundant in tropical and
subtropical regions (Adey, 1970). In temperate regions, Alexandersson
(1974) collected living algal nodules at depths of 5 to 30 m in the Skagerrak,
and Mastrorilli (1960) described recent rhodoliths from the Gulf of Taranto,
Italy, at depths of less than 60 m.
The environmental significance of deeper water rhodoliths (100-120 m)
remains a problem (Siesser, 1972; McMaster & Conover, 1966). They may
have been formed in shallow, agitated waters during times of lower sea level.
IV-2-1-2 Larger foraminifera
This group is represented by several species of the genus Miogypsina
(Chapter III), Lepidocyclina
(Nephrolepidina)
tournoueri
(Lemoine &
Douville), Operculina
complanata
(Defrance), A mphistegina
lessonii
d'Orbigny, Gypsina sp., Eulepidina dilatata (Michelotti) and rare Sorites sp.
Sorites is always present as fragments; complete skeletons of the other
speClesare common.
Miogypsinidae occur in most medium- or coarse-grained, pure or impure,
skeletal limestones. A positive correlation seems to be present between the

Fig. 31

Fine-grained calcarenite rich in tests of Lepidocyclina
Cassetta section, unit F2.

tournoueri,

from the Cella Monte -

numbers of coralline algal elements and Miogypsinidae.
Skeletal limestone particularly rich in Miogypsinidae is present m the
Chiappo section. Associated grains are Amphistegina
and Lepidocyclina,
Smaller foraminifera, litho clasts, mollusc debris and rare bryozoan and algal
fragments. The intergranular 'olume is only filled for about one sixth by
micrite.
The impure, quartz-bearing, skeletal limestone beds around Rosignano in
places are exceedingly rich in Miogypsinidae, associated with bryalgal fragments, Amphistegina,
Operculina, Gypsina, smaller 'foraminifera, and rare
Lepidocyclina. Micrite is scarce, less than 10%.
In the Vignale - Conzano area, Miogypsinidae are rare in the lower part of
the calcareous sediments and absent in the higher part.

Lepidocyclina-rich
skeletal limestones (fig. 31) are present in four areas,
i.e. near Colma (basal part of the limestone), east of Ozzano, in Cella Monte,
and west of Moleto. The abundant Lepidocyclina skeletons are associated
with small quantities of other larger foraminifera, fine to medium-grained
algal and bryozoan debris, smaller foraminifera and occasional Clypeaster.
The intergranular volume is occupied by micrite, from less than 10 to about
50 per cent.
Lepidocyclina specimens were found in small numbers in the algal skeletal
limestone beds of San Giorgio, Colma, Rosignano, and Moleto. In the
quartz-bearing skeletal limestone around Rosignano, only very few
specimens were observed in thin-sections. They are associated with Miogypsina socini and possibly do not belong to L. tournoueri (the few specimens
do not permit species determination). Lepidocyclinidae seem to be absent in
the Vignale - Conzano and Treville areas.
Operculina specimens are scarce in almost all skeletallinestones. They are
numerous in the higher part (unit F4) of the Rosignano-E section in a
fine-grained skeletal limestone, mixed with abundant irregular marl-flakes,
where they are associated with some bryalgal fragments, smaller foraminifera, a few Amphistegina and Gypsina and some molluscs. The intergranular
volume of the limestone is occupied by micrite for about 50%.
The Amphisteginidae are most frequent in the relatively coarse-grained,
algal-rich, skeletal limestones. Gypsina occurs in subordinate quantities in
these sediments.
Most Eulepidina dilatata were found in coarse, algal-rich skeletal limestones of the Colma and San Giorgio areas. The rather ill-defined Lepidocyclina subdilatata R. Douville (1908), originally described from the southwestern side of Rosignano, probably belongs to this species also.
IV-2-1-3 Smaller benthonic foraminifera
The benthonic smaller foraminifera of the basal marls predominantly
consist of species of the genera Nodosaria, Stilostomella and Uvigerina.
Almaena osnabrugensis hieroglyphica (Sigal) is present in one layer and
apparently represents a marker of local importance.
In the coarse skeletal limestones, species of the genera Asterigerina,
Cibicides, Elphidium and Textularia predominate. The overlying glauconitic,
marly, fine-grained limestone beds may contain numerous specimens of the
genera Cylindroclavulina, Planularia, Robulus, Textulariella, Vaginulina and
Vulvulina.
The upper marls in places contained numerous specimens of the genera

Bolivina, Dorothia, Karreriella, Robulus, Vaginulina and Vulvulina. Uvigerina
selliana (A = 1.34, S; = 83, N = 26) and a few U. felixi were found in clayey
marls of unit R of the Moleto-S section. They point to a Tortonian Age.
IV-2-1-4 Other benthonic

skeletal grains

Pelecypoda are found as complete skeletons and as fragments. Coarsegrained, high-energy skeletal limestones contain thick-shelled pelecypods,
whereas low-energy marls generally contain thin-shelled specimens. Some of
the more frequent genera are:
Pecten, Chlamys and Flabellipecten, in or on top of coarse-grained skeletal
limestones;
A mussium, on top of coarse-grained skeletal limestones and in glauconitic,
very fine-grained skeletal limestones with large lithoclasts;
Cardita, present as complete skeletons in Lepidocyclina-rich
or glauconitic, fine-grained skeletal limestones;
Ostrea in the lower and upper marls and in marly, glauconitic, very
fine-grained skeletal limestone;
Teredo is found in wood remains.
Branching as well as encrusting bryozoans are found in most types of
skeletal limestone and especially in or on coralline algal nodules. The faunas
resemble a recent bryozoan assemblage collected in the Gulf of Mexico off
Florida at a depth of about 40 m, both qualitatively and quantitatively.
Barnacle fragments (Balanus, but also Verruca) are present in most algal
skeletal limestones. In the Rosignano, Cella Monte, Treville and Vignale Conzano areas, however, they are absent. Balanus skeletons m~y be common
on coralline algal nodules. Barnacles are most abundant in intertidal environments (Heckel, 1972). Off Japan, rocky shoals covered with Balanus occur at
depths of25-50 m (K. Konishi,pers. comm., 1975).
Echinoderms are represented by complete skeletons of Clypeaster and
other genera. They are most frequent in all Lepidocyclina-rich fine-grained
skeletal limestone and in the algal skeletal limestone of unit F1 of the Torre
Veglio section. Skeletal plates and spines were observed in almost all types of
sediments.
Ostracods are present in various numbers in the skeletal limestones and in
the marls. Dr. W. Sissingh identified the faunas from some of our samples.
Nearly all species are common in water deeper than 100 m. A greater depth
may be assumed for the samples from the Castello d'Uviglie and Ozzano287-NE sections.
Sponge spicules are common in fine-grained, low energy sediments.

Especially the glauconitic, marly, very fine-grained skeletal limestone of the
Colma area and the globigerinid limestone of the Moleto area (Moleto-SW
section, unit K) are locally rich in sponge spicules.
Serpulids occur on marl- and limestone-pebbles, rhodoliths and mollusc
shells.
Gastropods are mainly represented by the carnivorous genera Conus and
Trochus. They are most numerous in the lithoclast and mollusc-rich layer in
the Colma and San Giorgio areas.
Brachiopods are scarce in the skeletal limestones. The genera Terebratula
and Rhynchonella
are predominant. One Terebratula-rich bed is found in
the upper part of the Prera section.
Some solitary corals (amongst others Trochocyathus) occur in the lithoclast and mollusc-rich layer in the Colma and San Giorgio areas. The total
absence of hermatypic corals is noteworthy. This might be caused by
fluctuations in salinity - unlikely in the centre of a marine basin -, by lack
of hard substrates - unlikely because of the presence of coralline algae,
bryozoans, barnacles and ahermatypic corals - or by permanent or seasonal
low water-te~peratures. The absence of hermatypic corals in the Monferrato
remains somewhat puzzling. According to Chevalier (1974), colonial corals
thrived in the Mediterranean during the Early Miocene. These faunas impoverished gradually toward the end of the Miocene. Coral reefs disappeared
completely from the Mediterranean in Pliocene times (Buchbinder. 1975).
IV-2-2 Planktonic and nektonic skeletal grains
These grains mainly consist of complete skeletons of representatives of the
foraminiferal families Globigerinidae and Globorotaliidae. Sediments very
rich in planktonic foraminifera are present on top of the coarse skeletal
limestone units in the Cella Monte and Moleto - Ottiglio areas and farther
west. No use was made of plankton/benthos ratios because the centres of
carbonate sedimentation were partly situated in the centre of the basin.
Marine vertebrates have added a very small, though interesting number of
skeletal grains. The litho clast-mollusc layer in the Colma - San Giorgio area,
similar beds in the Moleto-E and S sections and the gravel-bearing marl in the
Vignale section are the most promising levels for vertebrate remains.
Bones of sea cows (Metaxytherium)
have been found as well as teeth of
dolphins and other Odontoceti. Sirenidae live in nearshore areas; this implies
the existence of shore-lines in or near the area of investigation.
Hemiglobular teeth of Sparus were found with teeth and vertebrae of

other fishes. The lower marls in the Moleto area, in the Cella Monte area and
in the Treville section are rather rich in otoliths. All otoliths (determination
Gaemers) belong to the family Myctophidae (Gill, 1892), the so-called
lantern-fishes. These fishes now live between 300 and 700 m (C. Sturani,
pers. comm., 1973).
Shark teeth are locally numerous. They belong to species of the genera
Carcharodon (the largest ones), Galeocerdo, Hemipristis, Isurus and Odontaspis, and other genera. A spine of a saw shark and a tooth of the ray
Pycnodus were found in the Castello d'Uviglie section. Caretto (1972)
presented a complete list of fish remains from the area.
IV-2-3 Non-skeletal carbonate grains
Small, ovoid, micritic components, considered to be faecal pellets, occur
in the upper part of the Moleto sections together with numerous tests of
planktonic foraminifera.
Lithoclasts are fairly numerous in some levels, notably in the litho clastmollusc layer in the Colma and San Giorgio areas and in the gravel-bearing
marl (unit L4) of the Vignale section. The litho clasts usually consist of
indurated marl-pebbles, generally with a green (glauconitic) or brown
(ferrous and/or phosphatic) coating, of reworked algal nodules and of
dense-limestone pebbles. These litho clasts must have originated fr.om older,
Tertiary formations. Irregular marl-flakes (unit F4, Rosignano-E section)
indicate reworking of partially indurated marls.
IV-2-4 Glauconite and phosphate
Rounded, somewhat lobulate, sand-sized glauconite grains are conspicuous
in the upper part of the sections of the Colma area, in the sections of the San
Giorgio - Ozzano area, in the upper part of the Moleto sections and around
Vignale. Some are recognizable as glauconite fillings of skeletal grains,
predominantly foraminifera. Indurated marl-pebbles may have a glauconitic
coating. Some reworked algal nodules (unit L2, Ozzano-287-NE section)
show strong glauconization of the peripheral part. According to Mc Rae
(1972), glauconite is most readily formed on platform areas, deeper than
50 m, with low or· even negative sedimentation rates, oxygenated bottom
water conditions, slightly reducing conditions below the sediment-water
interface and moderate temperatures.
Phosphatic sand grains are scarce in some glauconitic sediments, notably
in the lithoclast-mollusc layer of the Colma and San Giorgio areas, and in the

Vignale section. Some grains consist of altered skeletal grains, predominantly
algal fragments; others consist of crypto-crystalline yellowish-grey collophane. Most of the algal nodules in the litho clast-mollusc layer in the Colma
San Giorgio areas are enriched in phosphate in the outer parts. This level
evidently corresponds to a major break in the sedimentation. The total
phosphate content of algal nodules, of sand-sized grains and of the matrix in
this layer was determined with X-ray fluorescence spectrometry. The
maximum values are about 20%.
Algal nodules in the upper part (unit L2) of the Ozzano-287 -NE section
show a surface with holes and borings, enriched in glauconite, whereas a less
porous inner ring of algal cells has a relatively high phosphate content.
Intercalated bryozoan and molluscan skeletons do not have the characteristic
brownish colour of the phosphatized elements.
IV-2-S Other components
The impure skeletal limestone and sandstone beds under Rosignano and
Cella Monte, e.g. unit Dl of the Rosignano-S section, are fairly rich in
angular quartz and chloritized serpentine; they also contain rare feldspar and
muscovite.
The litho clast-mollusc layer in the Colma and San Giorgio areas, the basal
glauconitic marl in the San Giorgio - Ozzano area, and the glauconitic
limestone and marl higher up in the Ozzano-287 sections contain some
quartz and chloritized serpentine grains.
The gravel-bearing marl (unit L4) of the Vignale section contains angular
detrital quartz and chloritized serpentine associated with minor quantities of
glaucophane and weathered feldspar, porphyritic rock-fragments and
fragments of serpentinites,' glaucophane schists, alaskite, quartzose
conglomerates, and iron-stained sediments. In other parts of the Vignale
section, as well as in the Vignale - Conzano area as a whole, these minerals
are much scarcer.
In other areas the non-carbonate-grains, not including glauconite and
phosphate, are generally less than 1%, except for the Oligocene sandstones
underlying the Torre Veglio section. The detrital non-carbonatic components
originated either from coarse siliceous-clastic formations of Oligocene age, or
from much older material brought to the surface by diapirism (Vignale).

IV-3

REGIONAL
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In order to give a comprehensive picture of the sedimentary units, it seems
useful to present a summary of the vertical succession in different areas, and
the lateral extension and lithological variation of the units.
The major problem in this compilation is the manner of presentation.
Although in the smaller areas lithostratigraphic correlation may be obvious,
the large variation in similar sediment types in the entire northeastern region,
asks for a classification system that groups lateral equivalents without
suggesting correlations that might be problematical.
Formal lithostratigraphy is avoided. Only one formal member will be
added to the lithostratigraphic subdivision of Montrasio et al. (1968).
For all our smaller units the informal letter system, shown in the
lithological logs, will be taken as the basis of discussion. If there are vertical
subdivisions of a unit, or strong evidence of lateral equivalence of units with
a different composition, numbers will be added to the letters.
In the entire region three major groupings of sediments can be recognized:
the pluriform Pietra da Cantoni Formation, and the deposits underlying and
those overlying these calcareous sediments.
For the lower group, letters A-C will be used, for the uppermost
sediments Q-R. Inside the Pietra da Cantoni (D-M) the fossils permit a
twofold subdivision which is of chronostratigraphic value. Although such
biostratigraphic evidence should not be incorporated in a lithostratigraphic
classification, it was considered useful to do so for the discussion.
IV-3-1 Deposits below the limestone and glauconitic sediments
In the Torre Veglio and Vignale sections and in several outcrops around
Vignale, the basal unit B is formed by alternating thin, fine-grained,
quartz-serpentine sandstones and greenish grey marls. The sandstone beds
show signs of wave-action. Montrasio et al. (1968) assigned these sediments
to the Camagna Member of the Arenarie di Ranzano Formation of Middle
Oligocene age.
The basal part (A) of the San Giorgio-Cimitero section consists of
non-fossiliferous marly calcisiltite of unknown (Eocene?) age, underlying the
glauconitic skeletal limestone of the Pietra da Cantoni Formation. In the
other northernmost sections, the base of the limestones and glauconitic
sediments is not visible.
In most other sections, the underlying deposits consist of thick series of

grey marl (C), assigned by Montrasio et al (1968) to the Marne di Antognola
Formation of Late Oligocene to Early Miocene age.

In some sections (Vignale, Torre Veglio) these deposits unconformably
overlie the basal units. In the Torre Veglio section the angle is about 25°,
opening to the SSW. In other sections a basal disconformity is concluded
from faunal evidence.
The rhodolithic and glauconitic limestones oj the Colma area
The northeastern Torre Veglio section shows 4.5 m of rhodolithic
limestone (unit F1), followed by 1.2 m of glauconitic rhodolithic limestone,
0.2 m of lithoclasts, and 5 m of marly, very fine-grained glauconitic
limestone (unit L). See fig. 32.
The rhodolithic limestone with Miogypsina globulina and M. ex. interc.
globulina-intermedia
increases in thickness to the southwest, is 11.4 m in the
Villa San Bartolomeo section, to decrease again in the same direction to
7.1 m in the Castello d'Uviglie section. The number of rhodoliths per unit of
sediment volume shows a general decrease in this direction.
The overlying glauconitic rhodolithic limestone (unit G 1) _withMiogypsina
intermedia and the lithoclast layer are approximately constant in thickness.
The composition of the latter unit changes: the percentage of lithoclasts
diminishes, whereas that of R.elecyyods (Pecten, A mussium) increases in
southwest direction.
The marly, very fine-grained glauconitic limestones of the upper part of
the Torre Veglio section attain a thickness of 12.5 m in the Villa San
Bartolomeo section, and decrease to 8.9 m in the Castello d'Uviglie section
(unit L).
The glauconite
Giorgio area

sandstone,

rhodolithic

and glauconitic

limestones

of the San

The San Giorgio-Cimitero section, situated NNW of Torre Veglio, does not
contain the rhodolithic limestone, but it shows 3.3 m of glauconitic,
rhodolithic limestone (unit G1), succeeded by 0.2 m of lithodasts and
some marly, very fine-grained, glauconitic limestone. To the west (San
Giorgio) glauconitic sandstone (unit D3) appears under the rhodolithic
limestone (unit F1). The rhodoliths are frequently arranged in strings, and

farther west, in the Casa Amelio section they are floating in the marly
skeletal limestone. The upper part of this section shows a rapid upward
change in composition
of the limestone by the appearance of
Lepidocyclina-rich
skeletal limestone with sparse Miogypsina globulina (unit
F2).

Fig. 32

Rhodoliths embedded in light-coloured skeletal limestone (F1), overlain by packed rho doliths in a dark, glauconitic, skeletal limestone matrix (G1), the litho clast-mollusc layer (H)
and marly, glauconitic, very fine calcarenite (L) in the upper right corner. The diameter of
the rhodoliths ranges from 4 to 10 em, Torre Veglio section.

The limestones and glauconitic sediments of the Ozzano area
The Lepidocyclina limestone and the basal glauconite sandstone disappear
east of Ozzano. In the Ozzano area, the Ozzano-287-SW section contains
grey marl (unit C), a slump with rhodoliths and marl with Miogypsina
globulina, and a few meters of skeletal limestone with larger foraminifera,

followed by marly, very fine-grained glauconitic, serpentine and marl-pebble
bearing limestones. Higher up, the sediment contains more clay and shows
bedding and in places graded bedding (unit L2, Ozzano-287-NE section).
Above this level, bluish mottled marl or marly limestone appears. None of
these units is found farther west.
The Chiappo section, north of Ozzano, contains glauconite and
serpentine-bearing marl followed by skeletal limestone with Miogypsina
globulina. This limestone also disappears to the west.
The lower impure limestones
Treville

and sandstones of Rosignano, Cella Monte and

In part impure limestones and quartzose sandstone beds, some of them
with channel-features, are restricted to the Rosignano and Cella Monte areas.
In some places they contain numerous Miogypsina socini (e.g. the
Rosignano-W section) or rhodoliths.
Overlying these lower sediments and in a variously imbricated position,
several discontinuous channel-fills and slump levels were observed. The
slump levels extent far to the northwest and reach the village of Treville. The
slump levels near Treville (unit E) contain marl, rhod~liths and
Miogypsinidae. The Miogypsinidae include M. burdigalensis-socini,
M.
burdigalensis, M. negrii-burdigalensis and M. globulina-intermedia.
In the
Rosignano area M. burdigalensis-socini was observed in the RosignanoCimitero section. In the Cella Monte area M. negrii-burdigalensis was found
in the Cella Monte - San Quirico-NE section. West of Treville only marls
were observed, apart from an isolated patch of glauconitic, marly
globigerinid limestone in Cereseto.
The upper skeletal limestone in the Rosignano area
The lower and upper limestones are separated by marls or marly
calcisiltites (unit D2, Rosignano-E section), pinching out to the east. The
upper limestones start with a skeletal limestone with channel-fills, rare
rhodoliths, Miogypsina globulina and Lepidocyclinidae (unit Fl of the
Rosignano-E section). The marl-content of the next higher units is much
higher than in the clean skeletal limestones (unit F 1) of the Castello
d'Uviglie section. Unit F4 of the Rosignano-E section consists of
Operculina-rich skeletal limestones with numerous marl pebbles and flakes,
which are absent east and west of this exposure. The next higher skeletal
limestone with a few algal nodules, glauconite, serpentine and darkened
marl- and lime clasts, probably is a diluted, clayey equivalent of the

glauconitic, rhodolithic limestone (unit G1) of the Castello d'Uviglie section.
The total thickness of the upper skeletal limestones in Rosignano is
considerably greater than in the Castello d'Uviglie section. All the upper
skeletal limestone units are thinning to the west and disappear west of the
cemetery of Rosignano.
The upper skeletal limestone in the Cella Monte area
In the village of Cella Monte, the total thickness of the upper limestones
has decreased sharply as compared with Rosignano. The upper limestones are
pinching out rather rapidly to the northwest and southwest. The succession
in Cella Monte consists of tongues of Lepidocyclina-rich skeletal limestone
with sparse Miogypsina globulina
(Cella Monte - Cossetta section)
juxtaposed with tongues of other skeletal limestones.
The Cella Monte - San Quirico sections, north of the village, show some
lenticular bodies of Lepidocyclina-limestone
with sparse Miogypsina
globulina, interbedded with very fine, marly calcarenite or alternating with
rhodolithic limestone. On top follows a thick series of very fine, marly
calcarenite (unit K, Cella Monte - San Quirico-SE section). Glauconitic
sediments are absent except for one local occurrence at the northwestern
side of the village.

The rhodolithic

and Lepidocyclina

limestone

of the Moleto - Ottiglio area

Half-way between Cella Monte and Moleto, the skeletal limestones have
disappeared, but towards the village of Moleto, they reappear and increase
again in thickness.
. The Moleto-E section shows 3.7 m of rhodolithic limestone with
Miogypsina globulina (unit Pi), succeeded by more than 1 m of glauconitic
rhodolithic limestone and by more than 1 m of glauconitic and calcarenitic
marl with three pelecypod levels (unit Ll). In the Moleto-S section, to the
west, the upper units have been removed by erosion, the lower unit is nearly
10 m thick.
The limestone units increase in thickness to the west: the Moleto-SW
section consists, above the basal marl, of 53 m of partly bedded, Miogypsina
globulina-bearing rhodolithic limestones (unit Pi). However, the number of
rhodoliths ,per unit volume decreases going west; the skeletal limestone
becomes somewhat marly and a separation in rhodolithic limestones and
other skeletal limestones can be made. The boundary between the coarse
skeletal limestone and the overlying calcarenitic marls or marly calcarenites
fades away in the same direction.

The Moleto-Prera section contains about 50 m of rhodolithic skeletal
limestones with Miogypsina globulina, alternating with marly skeletal
limestones (unit F 1). The rhodoliths are skeletal sand-supported. The
uppermost few meters are devoid of rhodoliths, but show alternating coarse
and fine-grained marly skeletal limestones.
The Prera section, farther to the west, contains 15 m of alternating
rhodolithic limestones and calcarenitic marl beds, followed by 46 m of
Lepidocyclina-rich marly fine-grained skeletal limestone (unit F 3).
The Ottiglio-E section, still farther to the west, contains no more than
22 m of in part rhodolithic, marly skeletal limestones with Miogypsina
globulina. 400 m west of Ottiglio (point 186) only a few meters were
observed of a partly rhodolithic skeletal limestone with Miogypsina
globulina. In this area the skeletal limestone units seem to be pinching out.
The overlying marl, glauconite and marly limestones in the Moleto - Ottig'lio
area
In the Moleto-SW and Moleto-Prera sections the overlying, marly, very
fine-grained skeletal limestones still show some glauconite at the base, but
farther west glauconite appears to be absent at this level.
The top of the Moleto-SW section is formed by marly globigerinid
limestone (unit K), and a partly similar type of sediment with an admixture
of glauconite grains, occurs in unit KL2 of the Moleto-Prera section.
On top of the marly skeletal limestone, the Prera and Ottiglio-E sections
contain several tens of meters of calcarenitic and glauconitic marls.
The limestone and glauconitic sediments of the Vignale - Conzano area
Above the basal unconformity, the Vignale section shows a few meters of
micaceous marly calcisiltite (unit ?D), several meters of marly impure
skeletal limestone with Operculina and Miogypsina intermedia (unit G2),
some meters of fine-grained skeletal limestone (unit G3), and 20 to 30 m of
glauconitic calcisiltites to very fine-grained calcarenites (unit L3). The
sequence continues with 5.5 m of marly calcisiltite (unit K), 4 m of
conglomeratic marl with Orbulina (unit L4), about 40 m of glauconitic
calcisiltites (unit L5), 4 m of marly calcisiltite to very fine-grained
calcarenite (unit M1) and 4 m of marly impure calcarenite and calcisiltite
with Pectinidae and Operculina (unit M2). It is difficult to practically
impossible to trace all these units in other outcrops, but the units ?D and G
can be recognized in a number of places in and around the village of
Vignale.
A few meters of quartzose skeletal limestone with Miogypsina intermedia-

globulina are visible near Conzano. About 15 km ENE of Vignale, near Pomaro Monferrato, glauconitic marl with Orbulina (unit L) was observed.
Formal lithostratigraphy
Following Montrasio et al. (1968), all limestone and glauconitic units are
included in the Pietra da Cantoni Formation, the type~locality of which is
somewhere near Rosignano. The formation is very heterogeneous. It seems
useful to distinguish the coarse-grained limestone units, generally rich in
coralline algal nodules, Miogypsinidae and Lepidocyclinidae, as a separate
formal member.
The following member is proposed:
Name: Colma Member, after the hamlet of Colma di Rosignano.
Diagnosis: Sediments consisting for at least a large part of benthonic
skeletal grains of medium-sand or coarser size.
Underlying and overlying formation: The Colma Member forms a local
development in the basal part of the Pietra da Cantoni Formation.
Type section: Villa San Bartolomeo section, units F, F1, G1 and H
inclusive, situated in a large quarry immediately south of the hamlet of
Colma. The 12.75 m thick succession is described in paragraph IV-l.
Areal distribution:
All medium or coarser grained benthonic skeletal
limestones and skeletal-grain-bearing marls east of the line Treville Ottiglio, i.e. in the Colma, San Giorgio, Ozzano, Treville, Rosignano, Cella
Monte, Moleto, Ottiglio, Vignale and Conzano areas. The greatest thickness,
some 80 m, was observed in the Prera section. Only the basal part of the
Vignale section (unit G2) is included in this member.
Faunal contents: MioJ{ypsina socini, M. burdigalensis, M. negrii-burdigalensis, M. globulina and M. intermedia, Lepidocyclina tournoueri, Globigerinoides primordius and G. trilobus.
IV-3-3 Overlying units
The upper limit of the skeletal limestone and glauconite units is distinct
only in the Colma area, because marly glauconitic, very fine-grained skeletal
limestone is overlain by grey marl (unit Q1) interbedded with a few
glauconitic marl levels. This marl resembles the marls of the Mincengo
Formation (Montrasio et al., 1968).
Near Ozzano, glauconite, serpentine and marl-pebble-bearing marls
alternate with silty marls. Northwest of Rosignano and in Cella Monte, the
marly, very fine-grained skeletal limestone grades into calcarenitic marls. In

the Treville area, coarse slump levels grade into very fine-grained calcarenitic
marl. In the Moleto area, the distinction between skeletal limestones and
overlying marls becomes increasingly difficult in a westerly direction. The
top of the calcarenitic and glauconitic units is not present in the Vignale
area. In the Conzano area the coarser sediments are overlain by very marly
calcisiltite. Following Montrasio et al. (1968) all these sediments are
included in the Pietra da Cantoni Formation.
Coarse skeletal limestone in the Moleto-S section is overlain by clayey
marl of Tortonian Age.

For the general paleogeographic synthesis of the northeastern region, all
environmental indications of textural, structural and ecological nature must
be combined. Within the region the sections and smaller outcrops may be
grouped in some smaller areas, in which lithostratigraphic correlation seems
to be fairly easy. These areas will be dealt with according to the geographic
pattern from east to west and from north to south.
IV-4-1 The Colma area (sections of Torre Veglio, Villa San Bartolomeo and
Castello d'Uviglie)
In stratigraphic order the sedimentary succession in this area is as follows:
(Q1)
the upper marls,
(L)
fine-grained glauconitic sediments,
(H)
a litho clast-mollusc layer,
(G1)
glauconitic rhodolithic skeletal limestones,
(F, F1)
more or less rhodolit'hic skeletal limestones,
(BC)
the lower marls and sandstones.
ad (BC). The lower marls originated in an open marine
environment of average depth, as may be concluded from the hiiShfrequency
of species of Uvigerina, Nodosaria and Stilostomella among the smaller
benthonic foraminifera. The sandstone beds in the Middle Oligocene marls in
the Torre Veglio section (B) have sharp boundaries. In the upper part of
some of these beds small-scale cross-laminated sets - occasionally with
so-called off-shoots ~ or wavy lamination were observed. The lower
boundary of the sets is generally concave-upward. These features point to an
episodical influence of wave action (Boersma, 1970).

These lowermost sediments were formed in an environment entirely
different from that of the overlying limestones. There is a considerable
time-gap in between, as may be concluded from the faunal break and the
distinct angular unconformity in the Torre Veglio section. Middle Oligocene
to Early Miocene assemblages of planktonic foraminifera are present in the
lower marls, whereas the overlying skeletal limestone contain Miogypsinidae
of Burdigalian Age. The time gap between the two units increases to the
northeast. As a consequence, the deposition of the skeletal limestone must
have been preceded by an erosional phase, which was of decreasing duration
in southwestern direction.
At the base of the limestone units, discontinuous lag-deposits of
serpentine boulders and lithoclasts of Eocene age with bore holes, are
additional evidence of an erosional period. These elements suggest a relative
uplift of the northeastern part of the area during the Early Miocene. Narrow
and straight fissures with a depth of about 20 cm occur in the top of the
marls below the contact with the skeletal limestone in the Castello d'Uviglie
section. These fissures, with a 30° dip to the east, are filled with impure
skeletal limestone. Their presence may suggest some kind of sliding of marl
slices to the west along curved fault-planes, before or at the very beginning
of the skeletal limestone deposition.
ad (F, F1). In the coarse-grained skeletal limestone with Lepidocyclinidae,
Miogypsina globulina and M. ex. interc. globulina-intermedia,
the most
outstanding feature is the abundance of coralline algal nodules. The
hemispherical laminar structure of the rhodoliths is thought to have resulted
from episodical rolling. Consequently, the agitation caused by wave and surf
action, and wave-induced currents or tides must at least periodically have
been sufficiently strong to permit the overturning of rhodoliths with
diameters from 2 to 21 cm. The crust of algal nodules which have become
situated too deep for periodical overturning (deeper than a few tens of
meters) may have continued to grow in upward direction, before the nodules
were buried under newly supplied sediment.
The size distribution of the algal nodules may be correlated with wave
energy, as well as with the direction of prevailing winds. Relatively large
specimens (> 10 cm) from the sections of Torre Veglio and Villa San
Bartolomeo. thus may have originated from a comparatively shallow
environment, or more likely from an area with an exposed position at the
windward side of the shoals. The Balanus-encrusted rhodoliths of these
sections suggest shallow marine to littoral conditions (Heckel, 1972).
From the way the algal balls are embedded in the sediments, it must be

concluded, however, that very few, if any, are found at the places where
they originated. Modes of occurrence, such as dispersed at random and
floating in finer material from skeletal calcarenite to marl, are hard to
imagine in the habitat of rhodoliths. When found floating, the mode of final
deposition of the rhodoliths is the same as that of the relatively fine-grained
skeletal material surrounding them. Evidently, processes of transport and
deposition prevented effective segregation of particles according to size,
which might be expected to have taken place under shallow water
conditions. To explain the arrangement of rhodoliths supported by skeletal
calcarenite, the only suitable mechanism of deposition is mass-transport
along a submarine slope. In the case of well-packed rhodolithic limestones,
an initially small amount of relatively fine-grained matrix and an insufficient
incorporation of such finer sediment during down-slope movement may be
considered to have prevented the development of the characteristic floating
arrangement of the rhodoliths.
As to the origin of the predominantly angular skeletal fragments of the
matrix of these limestones, which consist for the major part of fragments of
branching and encrusting coralline algae, but also of bryozoans, pelecypods
and barnacles, an initial deposition at a slightly greater depth than the
original habitat of the rhodoliths seems most probable. As shown by
Houbolt (1957), fragmentation of skeletons is largely caused by boring and
breaking activities of algae, clams and fishes, Mechanical rounding of skeletal
fragments only takes place in very shallow, turbulent zones. The absence of
micritization of the skeletal grains by blue-green algae seems to exclude a
slow deposition in shallow water.
Hence, the nature of the skeletal fragments in our sediments suggests an
origin in less turbulent areas, i.e. from relatively tranquil, somewhat deeper
environments which surrounded the higher parts of the shoals. During
mass-transport downslo_pe, the high density. of the moving sediment-mass,
and the short distance covered, prevented any effective rounding of the
fragments. Calcareous mud is nearly absent in between most skeletal
fragments, thus indicating that there was some turbulence during the initial
deposition and relatively short distances during resedimentation.
Additional delimitation of the environment in
which the skeletal
fragments were formed, is the restriction of the coralline algae to the photic
zone (commonly less than 60 m, depending on turbidity). In recent seas
maximum development of red algae is in the depth range from 0 to 20 m
(Johnson, 1961) or from 0 to 45 m (Logan et al., 1969). The bryozoan
fauna resembles a recent assemblage taken at a depth of about 40 m in the
Gulf of Mexico. Miogypsinidae and Amphisteginidae are generally present as

complete skeletons and thus seem to have lived amidst the coarser skeletal
fragments. Amphisteginidae may have lived attached to algae or other forms
of subaquatic vegetation (Blanc-Vernet, 1969). The presence of an epiphytal
component in the microfauna is also suggested by frequent Cibicides and
Asterigerina amongst the benthonic foraminifera.
Prior to mass-transport, the skeletal fragments must have undergone some
sorting according to grain size under the influence of decreasing turbulencce
with increasing depth. So, the fine to medium-grained skeletal limestone rich
in complete skeletons of Lepidocyclina in the basal part of unit F of Villa
San Bartolomeo section, may be considered to have originated in somewhat
deeper waters than the overlying relatively coarser skeletal limestones. It
cannot be decided whether these basal Lepidocyclina deposits are in situ, or
also brought to their present position by mass-transport. Lepidocyclinidae
seem to have lived on the finer calcarenitic sediment. The scarcity of
rhodoliths in this type of sediment may be explained by assuming that they
formed at greater depth on terraces of the shoal, in the higher parts of which
flourished coralline algal nodules.
ad (G1). Farther upwards in the sections, skeletal fragments and larger
foraminifera decrease sharply in numbers. Nevertheless, some Miogypsina
intermedia were recorded. The matrix between the rhodoliths now consists
for the greater part of glauconite and smaller, mainly planktonic
foraminifera. Tubes filled with glauconitic material penetrate into the
underlying non-glauconitic skeletal-fragment limestones. The combined
presence of a glauconitic sediment and burrowing structures may be
attributed to conditions of very slow deposition to non-deposition, most
probably in a neritic environment. As algal nodules still occur in large
numbers and show no signs of reworking or of prolonged stay at the
sediment-water interface, their source area, i.e. the shallow platform of hard
bank nature, must have continued to exist nearby.
The reason of this change of the matrix remains rather obscure. The
conditions of origin of the glauconitic sediments may somehow have been
comparable to those on the present-day Sahul-shelf (van Andel & Veevers,
1967), where active sedimentation is limited to the littoral zone, the outer
shelf and the upper slope of the adjoining Timor through. In intermediate
areas, older sediments are subject to a mere reworking by waves and organic
activity, resulting in the formation of glauconitic skeletal sands. For our
Colma area, such glauconitic calcarenites must have accumulated in slightly
deeper parts of the sedimentation realm, together with rhodoliths
mass-transported downward from a shallow platform. It is equally well

possible that both glauconite and rhodoliths were mass-transported together
to the Colma area, which means that in the upslope part towards the shoals
the calcareous debris environments had lost in importance or had been
replaced by slow-deposition glauconite environments.
ad (H). On top of the rhodolithic-glauconitic limestone units a 15-20 cm
bed contains Eocene to Miocene lithoclasts, such as indurated marl and
dense-limestone pebbles with green or brown coating, glauconitic and
phosphatized grains, brownish stained algal nodules, Amussium, brownish
Pecten, gastropods, solitary corals and a concentration of sharkteeth and
other teeth. The matrix consists of glauconite grains, smaller and mainly
planktonic foraminifera, micrite and collophane. The surface part of some
algal nodules is enriched in glauconite, while peripheral as well as more
internal parts of the algal nodules may contain phosphate.
This bed (fig. 33) clearly corresponds to a major sedimentation break in
the area because algal nodules, limeclasts and matrix are enriched in
phosphate. The coarse components show signs of reworking and of
prolonged stay at the sediment-water interface.
The abundance of much older litho clasts and the absence of unaltered
coralline algal nodules probably point to the breaking-up of the hard
substrate on which the algal nodules previously had been formed. This may
have been caused by a slight westward tilting of the region of shoals, as a
result of which the Colma area subsided and the area east of Colma became
subjected to renewed erosion. Evidently, the shoal conditions became
unfavourable for abundant calcareous organisms, such as algae and larger
foraminifera. Possibly the nearby shoal area subsided too far below sea level,
permitting only glauconite and fine debris to accumulate under conditions of
slow deposition.
ad (L). The phosphatized litho clast layer is overlain by glauconitic, very
fine calcarenite to calcisiltite with intense bioturbation
and a rich
microfauna. This again points to neritic environments with slow deposition.
The final place of deposition was situated essentially below wave-base. There
is but one continuous level, best developed in the Castello d'Uviglie section,
which shows evidence of relatively rapid deposition, nearly undisturbed by
bioturbation, and of winnowing (even and wavy laminae consisting of grains
of comparable size as the coarsest constituents in the associated relatively
fine sediments). On the Oregon shelf, high-energy wave conditions are
known to cause winnowing of fine-grained bottom sediments and the
formation of oscillatory ripples down to depths of 100 to 150 m and more
(Komar, 1976). The occasional floating pebbles and cobbles point to
mass-transport from more distant emerged areas.

Fig. 33

Packed rhodoliths in a glauconitic skeletal limestone matrix (GI), overlain by the litho clastmollusc layer (H) and marly, glauconitic, very fine calcarenite (L). The diameter of the
rhodoliths ranges from 5 to 8 em. Torre Veglio, exposure 49.

ad (Q1). In an upward sense, the abrupt change to fossiliferous marls with
Orbulina species and Globorotalia menardii forma 2 Tjalsma in the lower
part, might point to a hiatus in sedimentation or to an erosional phase prior
to the marl deposition (fig. 15). The change in sedimentation type may just
as well reflect a further general subsidence of the area of deposition. The
admixture of dispersed glauconite, serpentine sand and reworked algal
fragments implies occasional mass-transport from neritic areas with slow
deposition or no deposition at all.
Nearly all ostracod species, observed in the marls, are most common in
water deeper than 100 m. Because of the predominance of the deeper water
species an even greater depth may be assumed. This conclusion is confirmed
by the monospecific bryozoan fauna of one Batopora species, observed in
the topmost marls of the Torre Veglio section. The only recent species of
this genus was described by Cook (1966) from the John Murray Collection,
Stn. 125, Zanzibar, at a depth or805 m in muddy sediment.

IV-4-2 The San Giorgio - Ozzano - Treville area (sections of San GiorgioCimitero, San Giorgio, Casa Amelio, Ozzano-287-NE and SW,
Chiappo and Treville)
At San Giorgio the succession fairly well resembles that of the Colma area,
but in the Ozzano - Treville strip the series are thicker and different. The
following units can be recognized:
(Q2)
glauconite and marl-sand, sandy marl and bluish burrowed marl
(Ozzano),
(L, Ll-2) glauconitic very fine .marly calcarenite and glauconitic marl (San
Giorgio - Ozzano),
very fine calcarenitic marl (Treville),
(K)
lithoclast-mollusc layer (San Giorgio),
(H)
(G 1-2)
glauconitic skeletal limestones with rhodoliths (San Giorgio) or
with marl-content (Ozzano),
Lepidocyclina
limestone (Ozzano) with sparse Miogypsina
globulina,
skeletal limestones with rhodoliths (San Giorgio), marl-content
(Ozzano) and with Miogypsina globulina,
calcarenitic and rhodolithic marls, alternating with, marls, with
Miogypsina burdigalensis-socini, M. negrii-burdigalensis and M.
globulina-intermedia
(Treville),
glauconitic marIs of Early Miocene age (San Giorgio - Ozzano),
(D3)
grey marl of Early Miocene age (Ozzano - Treville
(C)
barren
calcisiltite of unknown age (San Giorgio).
(A)
The areal distribution of these sediment types and lateral changes
in lithology are described in paragraph IV - 3.

f,

ad (A). The basal part Of the San Giorgio-Cimitero section shows
unfossiliferous calcisiltite of unknown (Eocene?) age overlain by glauconitic
skeletal limestone. The sharp contact between these units shows a few deep
bore holes. Elsewhere in the San Giorgio area, Eocene deposits immediately
underlie the Miocene Pietra da Cantoni Formation (Montrasio et al., 1968).
A considerable time-gap and an erosional phase seem to separate the
calcisiltite and the overlying glauconitic skeletal limestone.
ad (C, D3). Glauconitic, calcisiltitic, fossiliferous marls with some quartz,
serpentine and phosphate grains (unit D3) in the basal part of the San
Giorgio and Ozzano-287 -NE sections, indicate a slow-depositional neritic
environment. The age is Early Miocene. The above mentioned glauconitic
sediments in the San Giorgio section are directly overlain by skeletal

limestone, but the Ozzano-287-NE section farther to the west shows marls in
between (C). These marls increase in thickness in westward direction
(Ozzano-287-SW, Treville). Benthonic smaller foraminifera such as
Stilostomella, Nodosaria and Uvigerina species are abundant and suggest an
open marine low-energy environment. The age is the same as that of the
glauconitic marls.
ad (E). In the Treville section, several skeletal limestone beds and skeletal
limestone-bearing slumped layers are intercalated in marls. Glauconitic
sediments are absent. The concentration of slump levels may be explained
best by assuming a prominent local decrease in gradient of the slope (Stanley
& Unrug, 1972). The number of rhodoliths increases in the higher part of the
unit.
The lower part of this unit in the Treville section contains one 2 m thick
planar skeletal-limestone bed with distinct bedding planes, horizontal
lamination and a finer grained top part. This suggests that the material was
transported over a much larger distance than that of the unstratified skeletal
limestone units in the San Giorgio and Colma areas.
Except for the topmost level all limestones in the Treville section contain
Miogypsina species which are older (M. socini or M. burdigalensis) than the
Miogypsinidae in the skeletal limestone units in the Colma - San Giorgio Ozzano areas. Since there probably was an emerging mass of Eocene rocks
around Casale Monferrato, a northeasterly origin of the slumped material
may be assumed. The same direction is also concluded from current
directions measured in deposits of about the same age (with M. socini) near
Rosignano.
The influence of repeated slumping of masses of earlier deposited skeletal
limestones to form this unit is also suggested by the irregular vertical
distribution of the Miogypsina species. In the other areas we get the
impression of repeated mass-transport of unconsolidated surface material
from the shoals which did not disturb the orderly succession of Miogypsina
assemblages in the sections. The Treville section is characterized by the
combination of repeated slumping and disorderly succession of Miogypsina
assemblages.
Ostracod assemblages from the lower part of unit E of the Treville section
contain both deeper water taxa and shallow water forms, thus also
supporting the idea of mixing.
ad (F 1). The main skeletal limestone unit in the San Giorgio section
consists of nearly 10 m of pure rhodolithic skeletal limestone. It is overlain
by glauconite-rich rhodolithic skeletal limestone (unit G 1). In the San

Giorgio-Cimitero section only the glauconitic skeletal limestone (G1) is
present. The contact between both superposed units does not seem to be of
an erosional nature. Hence, it may be assumed that the San Giorgio-Cimitero
section was situated in a non-depositional area during the formation of the
pure rhodolithic skeletal limestones. Another possibility is that this
glauconitic limestone represents a mixture of material originating from
different directions, e.g. skeletal grains from the east and glauconite from the
north.
In the San Giorgio section the coralline algal nodules of unit Flare
arranged in strings, while farther west they decrease in number and occur
dispersed in the relatively fine-grained skeletal material (unit F 1, Casa
Amelio section). These skeletal limestones are pinching out before reaching
Treville. They are not found far beyond the Chiappo section either. This
regional trend is a consequence of the increasing distance of transport, away
from the shallow platform where the calcareous material originated. The
zone with the maximum skeletal limestone thicknesses from Colma to
Treville may represent the axis of an elongated westnorthwest eastsoutheast or northwest - southeast trending trough.
ad (F2). In the Casa Amelio section the algal-foraminiferal limestones of
unit F1 are abruptly superposed by finer-grained Lepidocyclina-rich skeletal
limestones (unit F2). A lenticular unit that is restricted to the immediate
vicinity of Casa Amelio. It does not seem to have had any connection with
the Cella Monte Lepidocyclina limestone which disappears already on the
northern side of that village. The Lepidocyclina limestone of Casa Amelio
either consists of undisplaced material or of elements from a source area
situated somewhere to the north, i.e. west to southwest of Casale Monferrato.
ad (Gl-2, H). The glauconitic rhodolithic skeletal limestone (G1) in the
San Giorgio area may have been continuous with the G 1 deposits of the
Colma area. Discoidal rhodoliths occur at the base of unit G 1 in the San
Giorgio-Cimitero section. They are limited to areas of hard substrate where
growth is limited in a downward direction into the substrate. Therefore, with
frequent overturning, the growth can only have been lateral (Bosence, 1976).
The glauconitic skeletal limestone shows a gradual decrease in number of
algal nodules and other skeletal grains and an increase in marl and glauconite
contents in western direction in the Ozzano sections. This suggests both an
increasing distance from the source area and increasing depth towards the
west.
The limeclast-mollusc layer (H) observed in the Colma area is also present

in the sections of San Giorgio, but it was not observed farther west.
The two sections of Ozzano cannot be readily correlated lithostratigraphically with the sections in the San Giorgio and Colma areas. The
sediments corresponding to the F -G units closer to the Casale emerged area
seem to be much thicker. On top of unit C in the Ozzano-287-NE section 20
meters of glauconite-bearing algal-lithoclast packstones to grainstones (G2)
can best be correlated with the G units to the east. Algal fragments are
numerous, algal balls are few and restricted to the lower part in which also a
single specimen of M. intermedia supports a correlation. Admixtures of
quartz, serpentine and small darkened, indurated marl pebbles may be
considered erosional products from the Casale area.
In Ozzano-287 -SW, the corresponding unit of 11. 6 m is clearly different.
The basal part consists of a rather chaotic mass of rhodoliths, coarse skeletal
fragments, boulders of fine-grained calcarenite and marl. Sample SM 81
contains assemblages of M. burdigalensis-negrii and M. globulina, which give
the impression that this basal slump mass might be equivalent for instance
to the top part of the E unit of Treville.
The upper part of unit G2 in this section is marlier and finer grained than
in Ozzano-287-NE.
ad (Ll). Some 16 meters of calcareous glauconitic marls in Ozzano287-NE differ from the unit underneath because algal fragments are no
longer recognizable. The top part of Ozzano-SW may belong to this unit as
well.
ad (L2). This unit contains more than 40 meters of grey marls still
containing the glauconite and marl-clasts. Especially the lower half is well
bedded with both graded and non-graded layers.
The greater part of the sands is not graded, but snows mud~supported
grains, which suggests deposition from mass-flows. Flame structures (fig. 34)
at the base of some of the graded beds point to a depositional slope to the
west. Reworked, glauconitized and phosphatized algal nodules, dense
limestone pebbles of Eocene age as well as the marl-sand itself are evidence
of erosion of Eocene to Lower Miocene deposits in the source area.
Brownish and greenish stained algal nodules near the base resemble the H
level of the Colma and San Giorgio units.
The unit contains Globigerinoides sicanus in the higher part, which suggests a chronostratigraphic range extending above that of the Pietra da
Cantoni, discussed so far.
The upper very fine calcarenitic marls (K) in the Treville section represent
juxtaposed basinal sediments undisturbed by material flowing down from
glauconitic platforms.
126

Fig. 34

Subvertical, graded bed with flame-structures,
Ozzano-287-NE section, base of unit L2.

consisting

of marl-sand, and glauconite.

ad (L). The topmost sediments in the San Giorgio sections above unit H
are similar to the units of the Colma area, and probably correspond to the L
units of Ozzano. The presence of G. sicanus suggests a correlation with the
upper part of L2.
ad (Q2). Upwards in the Ozzano-287-NE section, bluish-grey marls or
marly limestones with intense, bioturbation contain G. sicanus and Praeorbulina glomerosa. These species suggest a correlation with the base of the Ql
units of the Colma area. Some sequences point to a transition from sand to
sandy brownish grey marl to bluish grey burrowed marl. The bioturbated
marls are considered to represent the hemipelagic part of Bouma's E interval
(Bouma, 1962), corresponding to periods of normal, slow settling of fines.
Ostracods from this part of the section indicate a depositional depth of more
than 100 m. Some shallow water species may reflect the presence of allochthonous material.
Summarizing, the San Giorgio sections are more or less similar to those of
the Colma area. The San Giorgio section resembles the Castello' d'Uviglie
section particularly in the string-like arrangement of the rhodoliths. The
distance of transport from the shoal area to both sections may have been of

the same order. In the Ozzano area the sedimentation appears to have
become more and more continuous, as may be concluded from the intercalation of an increasing amount of marls and from the disappearance of
the
limeclast-mollusc bed. An additional difference is caused by the influence
of a non- to slow-depositional shelf north of the San Giorgio Ozzano area, which supplied glauconitic sediments by mass-transport before
and long after the deposition of the skeletal limestones.
IV-4-3 The Rosignano area (sections of Rosignano-E/ Sand W
and Rosignano-Cimitero)

(K)
(Gl)
(F4)
(F3)
(F1)
(D2)
(D1)
(C)

The sedimentary units in this area are:
marly, very fine-grained fossiliferous sediments,
glauconite and serpentine-bearing rhodolithic skeletal limestones,
Operculina limestone,
as (F1) but with less conspicuous changes in lithology,
marly, fine-grained calcarenite interbedded with channel-fills of pure
and coarse skeletal limestone with Miogypsina globulina,
marls, gradually changing upward into marly calcisiltite and very fine
calcarenitic marl,
several quartzose sandstone or impure limestone beds with Miogypsina socini, intercalated in marl,
basal marls of Early Miocene age.

ad (C). The open marine basal marls in this area resemble the lower marls
in the Colma, Ozzano and Treville areas in lithology and in overall foraminiferal contents. They are all of about the same - Late Oligocene to Early
Miocene - a?;e.
ad (D1). Interstratified with marls, beds occur with a composition ranging
from quartzose to impure limestones, and containing Miogypsina socini or
Miogypsina
burdigalensis-socini.
These beds are best exposed in the
Rosignano-W section. In some places their basal part is irregular and shows
channel cross-stratification. Most contain marl-pebbles, and a few show
grading. Horizontal lamination may occur, particularly in the upper part of
the strata. The sedimentary features fit the description of 'submarinechannel deposits' by Stanley & Unrug (1972), but on a much smaller scale.
Processes believed to affect sedimentation in submarine channels include
turbidity current action, slumping and traction transport. A fair distance of
transport is required to permit the generation of turbidity currents; in our
examples these currents certainly did not reach a fully mature stage. The

axial orientation of the scour-and-fill structures indicates an east - west or
northeast - southwest orientation of transport. The general geologic picture
favours a transport direction to the west. A west-dipping depositional slope
thus may be assumed. The occasional presence of small algal nodules points
to the presence of a shallow platform area in the east. The local presence of
M. socini requires deposition in this area prior to the formation of the
skeletal limestones in the Colma area, an assumption that agrees with the
idea on slope configuration.
ad (D2). Upwards, the marl changes into calcisiltite (Rosignano-S) and
marly fine-grained skeletal limestone, interpreted as material winnowed away
from a developing shoal nearby.
ad (Fl). Higher up, the previous type of sedimentation becomes interrupted by coarse-grained, in part channel-shaped, rhodolithic skeletal
limestones with Miogypsina globulina (Rosignano-E and S sections). Apart
from the more bioclastic composition, their general aspect resembles that of
the sandstone and limestone beds of unit Dl. The rhodoliths are floating in
skeletal sand, indicating the influence of mass-transport. The channels have a
general east-west orientation.
ad (F3). Farther upwards in the Rosignano-E section, the scour-and-fill
structures become indistinct and increasingly more shallow, and the
sediment finer-grained. Inconspicuous sedimentary wedges and channel-fills
on a number of weathered cliffs suggest a preferential southwest - northeast
to west - east axial orientation of channels and tongues. Apparently, the
erosional capacity of submarine sediment-flow gradually diminished;
channels were replaced by laterally restricted, juxta- and superposed tongues
of skeletal sand. This change may have been caused by a decrease of the
slope gradient and/or by a retreat of the source area of the coarser skeletal
material in eastward direction.
ad (F4). The next higher part of the Rosignano-E section consists chiefly
of marly fine-grained skeletal limestones rich in irregular marl-flakes and
Operculina. These flakes point to erosion of semi-consolidated marls. The
most likely source area is the same shallow platform that also supplied the
material for the skeletal limestones. A remarkable feature is the combination
of marly skeletal limestone and abundant Operculina. According to
Hottinger (1972), Operculina now lives on rather soft substrates with vegetation, at depths of 35 to 100 m. The depositional depth and environment of
unit F4 may have been similar. The then present vegetation may have
trapped the marl-flakes.

ad (G1). The succeeding unit in the Rosignano-E section
marly skeletal limestones with a few rhodoliths and some
serpentine grains. This deposit may be considered as the
equivalent of the glauconitic-rho do lithic skeletal limestone
d'Uviglie section in the Colma area.

is composed of
glauconite and
diluted, marly
of the Castello

ad (K). On top, marly calcisiltite to very fine calcarenite rich in smaller,
mainly planktonic, foraminifera (below the sicanus Zone), suggests open
marine conditions with little supply of siliceous-clastic material. It may
correspond to the K units in the other areas.
Summarizing, it appears that the main skeletal limestone body (FI-Gl) in
the Rosignano area is lense-shaped. From Castello d'Uviglie to Rosignano,
the thickness increases to more than 40 m. From Rosignano to the northwest the thickness decreases again rather rapidly, while the limestones
pinch out southwest of the cemetery. Regarding the general decrease in grain
size and the increase in matrix content from east to west, the transport is
once more assumed to have been in the same general direction.
Compared to the Rosignano-East limestones, the Castello d'Uviglie
limestones with M. globulina and M. intermedia at only 1 km distance show
a more condensed succession, far more rhodoliths and a lower matrix
content. The rapid increase in depositional depth from Colma to Rosignano
probably is a consequence of strong differential crustal movements:
The quartz-serpentine-bioclast sandstone and impure limestone beds with
M. socini in Rosignano-West suggest a phase of non-deposition or erosion in
the Colma area and around San Giorgio. Glauconite admixture from the
non-depositional shelf area north and east of San Giorgio, abundant around
Ozzano and San Giorgio and to a lesser extent in the Colma area, did hardly
or not reach the area of Rosignano.
IV-4-4 The Cella Monte area (sections of Cella Monte - San Quirico-NE and
SE, Cella Monte - Cossetta and Cella Monte - Carcanara)
In this area, the lithological succession, in stratigraphic order, consists of:
(K)
fossiliferous marly calcisiltite to very fine calcarenite of Early
Miocene age,
(F2, F3) discontinuous
coarse skeletal limestone and Lepidocyclina
limestone levels, with Miogypsina globulina, alternating with marly
calcisiltite and very fine calcarenite,
(Dl, D2) marl alternating with discontinuous somewhat impure rhodolithic
skeletal limestone levels with M. negrii-burdigalensis or M. bur-

(C)

digalensis or lower down, alternating with discontinuous quartzbearing skeletal limestone levels with M. socini; going upwards the
marl changes gradually to marly calcisiltite and very fine calcarenite,
lower marls of Early Miocene age.

ad (C). The lower marls in the San Quirico-NE section contain a rich
benthonic foraminiferal fauna, amongst others consisting of numerou s
Uvigerina, representing open marine low-energy conditions.
ad (Dl-2). The lower quar~z, serpentine and rhodolith-bearing skeletal
limestone level embedded in fine marly calcarenites of the Carcanara section
shows a striking similarity, even in the mode of deposition, with the
corresponding unit in the Rosignano area. As in Rosignano, it suggests the
availability of local erosional material and the nearby presence of some very
shallow carbonate shoals. The time relation will be the same because both
contain M. socini. The less impure rhodolithic skeletal limestone levels of the
San Quirico-NE section, rich in larger foraminifera, show the dwindling
supply of siliceous-clastic material and the flourishing of lime-secreting
organisms of a shoal community. These levels will be somewhat younger
than that of Carcanara, since the Miogypsinidae consist mainly of M. burdif<alensis.
ad (F2-3). Upwards the marls change into marly calcisiltites and marly
fine-grained skeletal limestones (San Quirico-SE section),. considered to
consist of winnowed out and afterwards transported material from nearby
shoals. This kind of sedimentation was frequently interrupted by the
deposition of coarse-grained, in places rhodolith-bearing, skeletal limestone
and fine-grained Lepidocyclina
limestone. The rhodoliths are generally
skeletal-sand-supported and indicate mass-transport. Most coarser sediments
are present as submarine channel deposits.
The fine-grained skeletal limestones rich in complete Lepidocyclina
skeletons predominate the coarse-grained skeletal limestones. The Lepidocyclina skeletons are larger than the adjoining sediment particles and commonly show undamaged flanges. It seems very likely that Lepidocyclina lived
in this sediment. The presence of M. globulina, for instance in the Cossetta
section, shows these deposits to be comparable in age with the various
coarser carbonate deposits of the Colma area. Sorites, an epiphyt, is present
as fragments only. It is reported to live at depths of a few meters (Bathurst,
1971), 5-70 m (Hottinger, pers. comm.) or infralittoral (Blanc-Vernet,
1969).

Because of the smaller grain size a somewhat greater depth is assumed for
the place of origin of the Lepidocyclina limestones than for that of the
coarser algal-rich skeletal limestones. Lepidocyclina limestone is present in
deep channel-fills (San Quirico-SE), or it shows some very shallow, tonguelike, scour-and-fill structures and small-scale cross-stratification (Cossetta
section), proof of at least some transport.
Most scour-and-fill structures have a SW-NE or W-E orientation, but the
absence of Lepidocyclina-rich
skeletal limestone in the entire Rosignano
area, in the Castello d'Uviglie section and around the villages of Coppi and
Moleto points to a source area nearby to the ESE or SE. It might be assumed
that the Lepidocyclina limestones are of about the same age as the deposits
with numerous Lepidocyclina at the base of the limestone units in the Villa
San Bartolomeo section. A direct connection between these two deposits is
improbable, if we consider the distribution pattern of the Lepidocyclina
limestones. A common source area, however, might be assumed.
The relative scarcity of algal nodules and the near absence of glauconitic
sediments indicate the relative inaccessibility of the Cella Monte area to
these sediments. For transported glauconite the northern source area may
have been too remote, while the algal nodule streams may have avoided the
area because the slope gradient did not lead them to the Lepidocyclina-rich
skeletal limestones.
ad (K). When the coarser supply with larger foraminifera came to an end,
deposition continued with calcisiltite and marly very fine calcarenite.
Gradually more tests of planktonic foraminifera and less fossil detritus
appear in the sediments, suggesting a decreasing inf1uence of the shoals
inhabited by lime-secreting organisms.
A comparison of the Cella Monte area with the areas already discussed
shows that it has much in common only with the Rosignano area. In both,
the coarser skeletal limestones are predominantly present as channel-fills and
juxtaposed and superposed tongues. This points to about the same conditions of transport, gradient and depth. The hinterland areas of Rosignano
and Cella Monte seem to have been quite different, however, as the former
area received a supply of rhodoliths and algal fragments, whereas the latter
received more sediments rich in Lepidocyclina.

IV-4-5 The Moleto - Ottiglio area (sections of Moleto-E, S, SW, MoletoPrera, Prera and Ottiglio- E)
The following sedimentary units can be distinguished:
(R)
clayey marl of Tortonian Age, preceded by a local erosional
phase (Moleto),
alternating marl and glauconitic marl with Globigerinoides
sicanus,
marly globigerinid limestone (Moleto) to very fine calcarenitic
marl (Moleto - Ottiglio),
shelly and glauconitic very fine grained calcarenite (Moleto),
(L, L1)
glauconitic rho dolithic skeletal limestone (Moleto),
(G1)
(F2)
a huge lense of fine-grained Lepidocyclina-rich
skeletal
limestone, situated within F (Prera),
(F, F 1, F 3) coarse skeletal limestone with Miogypsina globulina, in the
eastern part rich in rhodoliths; the marl content increases in a
westerly direction (Moleto - Ottiglio) ,
.
(C)
lower marl of Early Miocene age (Moleto - Ottiglio).
ad (C). The sediments underlying the skeletal limestone units in this area
consist almost exclusively of unstratified grey marls, in some places rich in
planktonic foraminifera of Early Miocene age, benthic uniserial foraminifera
(Nodosaria, Stilostomella), otoliths, sponge spicules and small oysters, which
indicate open-marine low energy conditions. All otoliths. belong to the
family Myctophidae, the lanternfishes. These fishes now live at depths
between 300 and 700 m (Sturani, pers. comm., 1973). It is possible, however, that in Miocene times they lived in shallower waters as well. Only in the
eastern part of the easternmost section (Moleto-E section) glauconitic marl
was observed, suggesting non- 'to slow-depositional conditions nearby before
the beginning of the skeletal limestone deposition.
ad (F, F1, F2, F3). The skeletal limestone body in the Moleto - Ottiglio
area is distinctly lense-shaped, but the eastern and western parts of this lense
differ considerably. In the easternmost part (Moleto-E section, more than
4.8 m) closely packed algal nodules suggest a short transport distance. Very
shallow scour-and-fill structures (orientation of the axes east - west) in
alternating rhodolithic layers and marly skeletal limestone beds are found in
the lower part of the F 1 unit of the Moleto-SW section (fig. 35). These
structures resemble those observed around Rosignano and require a submarine slope and some distance of transport. Nearly 50 m of rhodolithbearing marly beds and calcarenitic marls is present farther west (MoletoPrera section), suggesting still greater distance o{ transport. A few rhodo-

Fig. 35

Bedded rhodoliths around m 40 (unit Fl) In tne Nfoleto-SW section. The poorly cemented
upper part of the slightly wedge-shaped beds contains primary marl matrix. The maximum
diameter of the rhodoliths is 8-9 em.

lithic levels and some isolated algal nodules near Ottiglio mark the limit of
the distribution of algal nodules. Algal nodules, larger foraminifera and
coarse skeletal fragments show an overall decrease in quantity going westward, while the marl content increases steadily. This points to a source area
in the east for these types of grains.
Balanus-covered algal nodules are most frequent in the lower part of the
Moleto sections. But Balanus is also common in the topmost layers with algal
nodules. So the source area of these algal nodules may have undergone minor
changes in water-depth. On the other hand, barnacles need time to settle on
an algal nodule, therefore their presence may also reflect periods of less
frequent overturning.
A thick sequence of Lepidocyclina-rich skeletal limestone was observed in
the Prera section only (unit F2, 46.5 m). At least some mass-transport is
assumed because of algal nodules floating in the finer grained sediments. The
same source area as for the Cella Monte Lepidocyclina limestone, i.e. some

area ENE of Moleto, seems likely for this lense-shaped deposit, which is
absent in the other sections of the Moleto area.
ad (G1). The rhodolithic skeletal limestones in the easternmost part of
the area are capped by glauconitic-rhodolithic skeletal limestone (Moleto-E
section, more than 1.1 m), which has not been recognized farther west.
Evidently, the shoal area to the east partly became a non- to slowdepositional shelf area, suitable for the formation of glauconite.
ad (L, L1). The preceding sediments are overlain in the eastern sections by
a few meters of shelly and glau~onitic, very fine-grained, marly calcarenites
in the Moleto-SW section, containing darkened indurated marl-pebbles and
shark teeth. In the Moleto-E section there are three distinct levels rich in
pelecypods. These sediments indicate non-depositional shelf conditions and
even erosion of the hinterland. Westward, no trace of a slowing down of the
sedimentation rate is found.
ad (K). From east to west, the upper parts of the sections between Moleto
and Ottiglio show increasing marl contents, interpreted as an increase in
depth, based on the comparison of the marly globigerinid limestone of the
Moleto-SW section with the very fine-grained calcarenitic marls, of the Prera
section. The globigerinid limestones suggest that the area had become relatively inaccessible to clay particles.
ad (KL, L). Alternating marls and well-bedded glauconitic marls, about
52 m in the Prera section, overly the sediments already discussed. Bedded
glauconitic marls suggest the availability, at some distance, of glauconitic
grains from a non- to slow-depositional shelf area.
ad (R). In the Moleto-S section, the top of the rhodolithic skeletal
limestone is more cemented than usual and is abruptly overlain by clayey
marls. The base of the marl is rich in glauconite, glauconitized marl-sand and
shark teeth. The planktonic foraminifera, Uvigerina selliana and u. felixi
indicate a Tortonian Age. Apparently, there has been an erosional phase in
the eastern part of the area before the renewed transgression of the Tortonian.
Comparison of the Moleto - Ottiglio area with the other areas already
discussed shows that direct lithological correlation is not possible, as skeletal
limestones are unknown between Cella Monte and Moleto. The Moleto Ottiglio area seems to have formed part of a depositional depression which
was separated from the depressions which comprised the areas discussed
before. Nevertheless, many similar lithological features were observed, such

as packed rhodoliths (Colma), submarine channel deposits (Rosignano
and Cella Monte), a glauconitic top of the rhodolithic skeletal limestone
(Cella Monte and Ozzano). This suggests that similar depositional environments and modes of transport must have been present in this area.
As to the age it must be emphasized that the coarse Moleto - Ottiglio
skeletal ,limestones all correspond to the M. globulina Range zone. The older,
in part impure, calcarenites with M. socini and M. burdigalensis of the
Rosignano and Cella Monte areas and of the Treville section in the north,
and of the Crea - Murisengo region farther west, are unknown.

The sedimentary succession of this area is rather complex. In the Vignale
area the stratigraphic sequence is:
(M)
marly impure calcarenites,
(L3, L4, L5, K) glauconitic calcisiltites; a conglomeratic marl (L4) of Serravallian Age is intercalated,
(G2, G3)
marly impure calcarenites with Miogypsina intermedia,
micaceous calcisiltite,
( ?D)
thin-bedded quartzose sandstones and marls of Middle
(B)
Oligocene age.
In the Conzano area, unit (G) is intercalated

between Upper Oligocene

marl below (C) and marly calcisiltite (K).
ad (B). The steeply inclined Middle Oligocene strata around Vignale
Monferrato resemble the wave-influenced thin-bedded quartzose sandstones
and marl layers of the basal unit of the Torre Veglio section (Colma area); an
angular unconformity separates them from the overlying Miocene sediments.
ad (?D, G2-3). The basal part of the limestone units consists of micaceous
calcisiltite (?D), followed by a mixture of non-carbonate grains, skeletal
fragments, molluscs, foraminifera and marl (Vignale section, units G2-3).
Coarser grains are supported by finer ones and so suggest mass-transport.
Transport through submarine channels may have occurred as well; the
orientation of a few scour-and-fill structures is ENE - WSW (Vignale, 2x),
NW - SE (Vignale) and SSE - NNW (Conzano). This might point to a
source area' west and immediately north of Conzano. This is partly in
agreement with the ideas of Elter (1956), who situated an emerged area with
an Ullknown northern boundary east and southeast of Conzano in OligoMiocene times.
In the Vignale and Conzano areas, skeletal grains are comparatively scarce,

rhodoliths are absent. These areas probably were inaccessible to algal
nodules, rather by the absence of a sufficient slope gradient than too great a
distance, as there was a large skeletal calcarenite and algal nodules producing
shallow platform area not too far away to the north and northeast. Another
explanation of the absence is suggested by the various occurrences of
Miogypsina intermedia, the youngest species of all. This might mean that
deposition in Vignale and Conzano started at the time when the formation
of algal nodules to the north came to an end.
ad (L3-5, K). The presence of tens of meters of glauconitic sediments rich
in planktonic foraminifera and of phosphate grains points to nondepositional shelf conditions in the area. A few scour-and-fill structures
suggest at least some transport.
Halfway the Vignale section glauconite becomes rare (unit K) and conglomeratic marl is present over some meters (unit L4). Abundant darkened,
indurated and rounded limeclasts must have originated in some nondepositional area, where they stayed at the sediment - water interface for a
prolonged period of time. The coarse components are partly arranged in
strings; most of them are marl-supported which points to mass-transport. A
slump fold in these strata indicates a depositional slope to the south. The
rather large quantity of various kinds of siliceous-clastic and other material
here, suggests the presence of a 'diapiric-influenced' (Elter, 1956) area
nearby where (wave) erosion was in progress. Planktonic foraminifera in the
marl suggest a Serravallian Age, (fig. 14, samples SM 173, 177),
ad (M). The top of the Vignale section once more contains larger foraminifera and molluscs, suggesting rather shallow conditions. As the age of these
beds is Serravallian or Tortonian, the absence of Miogypsinidae is not
surprising. Evidently, the area witnessed a new period of insular shallowing
with the formation of calcare~ites, for which there is no evidence in the
other areas. However, slumped limestone deposits with algal nodules of
about the same Middle Miocene age are found in the Tortona - Serravalle
Scrivia area (Vervloet, 1966).
A comparison of the Vignale - Conzano area with the areas already
discussed shows the different type of sedimentation. The relative abundance
of siliceous-clastic material and of lime-clasts and the abundance of glauconite grains in combination with the absence of indications for a considerable distance of transport, point to local erosion followed by, or contemporaneous with, a longer period of non-depositional shelf conditions. Con
ditions for the buildup of organic banks by lime-secreting organisms seem to
have been unfavourable in his area, perhaps because of diapirism and continuous erosion.

~.
p.

ira

Formation,
do cont~nSChioVlnato

~

e1e 01.119681

-

Caacse

ITIIIIJI]]]

Quartzose

00

.

olcorenltes

CJ

fter Mantraslo
at
e 0[(1971)
Ie Membecl

(San Niche

c
5 ondstones

.
Ie Membecl
(Son Mlche

Sections
110
111

(with

Crea-E
Sontuorlo

155

Pirento

157.
216

Murisengo

exposure
di

number)

Crea

Formation)

o of the nor thwestern
Location map

. n (CreareglO

Murisengo) .

As in IV-l, the field data are represented by simplified graphic logs
(fig. 37) and by a location map (fig. 36).
Four sections in these areas are considered sufficient for an analysis of the
calcarenitic sediments. This paragraph contains the details of the location.
Crea-E section (exposure 110)
In a sharp turn of the road that leads downwards from the Sanctuary of
Crea, at about 300 m ESE of the basilica of Crea.
Santuario di Crea section (exposure 111)
The section starts below the restaurant due west of the basilica of Crea,
then continues (not exposed) behind a few houses and finally runs northwestwards along a wooded lane to the chapel donated by the parishes of
Rosignano and Ozzano. The proposed type-locality of the San Michele
Member consists of the D4-6 units of this section. A description of the
relevant units is therefore included.
Unit C: light brown-grey unstratified marl.
Unit D4: quartzose Miogypsina-packstone
and impure bioclast-packstone,
quartzose sandstones and marls from 2.0 - 45.5 m (not exposed between m
18 and m 38).
Description: the following alternating sediments:
Miogypsina sandstone with minor quartz and chlorite, fine-grained quartzose
sandstone, quartzose very fine-grained calcarenite to calcisiltite, silty marl,
medium-grained skeletal limestone with some quartz and chlorite, and
coarse- to medium-grained quartz-serpentine sandstone. Most sandstones are
packed. The fossil contents are coralline algae, Miogypsinidae and Amphisteginidae, bryozoans, pelecypods, smaller foraminifera, Operculinidae and rare
Lepidocyclinidae. Sample SM 187 contains Miogypsina socini. The matrix of
the coarser beds consists of micrite, partially replaced by neomorphic spar,
in places mixed with clay minerals.
The thickness of the beds of this well-bedded unit varies from a few em to
over 3 m. Some of the beds are fining upwards. Wavy lamination is present,

and also evidence of burrowing, loading and slumping. In a few places balls
consisting of coarse-grained calcarenite were presumedly formed by flowing.
Unit D5: the same types of sediments as in the preceding unit, with the
addition of quartzose rhodolith-bioclast packstone. From 45.5 to 75.5 m.
Description: as unit D4, plus a sediment composed of rhodoliths, algal and
other skeletal fragments, coarse quartz and chlorite/serpentine grains and
some Miogypsinidae. Samples SM 188 and 283 contain Miogypsina socini
assemblages. The rhodoliths are mainly sand-supported. In some places,
horizontal lamination was observed.
Unit D6: quartzose sandstones, quartzose bioclast:packstones, and marls.
75.5 - 104 m (top of exposure). Part is poorly exposed; no outcrops
between 82 and 92 m.
Description: fine to coarse-grained quartz-bioclast-serpentine sandstones
alternating with very fine calcarenite and calcisiltite, silty marls and marly
very fine quartzose sandstones. A few beds are rich in marl-pebbles. The
faunal contents are Amphisteginidae, smaller foraminifera, some pelecypods
and rare Miogypsinidae. Samples SM 444, 287 contain Miogypsina soCini
assemblages. The matrix of the coarser beds consists of micrite, partly
replaced by neomorphic spar, and clay minerals. Sedimentary structures are
not distinctly visible in this well-b~dded unit.
Pirenta section (exposure 155)
A composite section in a number of strongly overgrown old quarries along
the ridge SE of the village of Murisengo, and near the sulphurous spring
called La Pirenta.
Murisengo section (exposures 157, 216)
Part of the section is in the village of Murisengo near the old municipality
building, another part about 120 m to the SE along the path leading to the
cemetery.

V-2-1 Coralline algae
Coralline, algal nodules occur near the Crea Sanctuary and are scarce in the
lower part of the Pirenta section.
The rhodolithic limestone beds in Crea are intercalated between predominantly siliceous-clastic and skeletal-debris limestone beds, whereas the
rhodoliths in Murisengo are distributed at random in a slumped mass of
skeletal grains, lithoclasts and non-carbonaticgrains.
The algal nodules
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contain less Bryozoa than in the northeastern region and no Balanus. They
are relatively small: maximum diameter 5-7 cm,. modal size 4 cm in the Crea
area, and maximum and modal diameter 5 cm in the Murisengo area.
Coralline algal fragments predominantly of the Lithothamnium
- Lithophyllum group are common in the coarser limestone beds of the Crea area
and common to absent around Murisengo.
V-2-2 Other skeletal grains
Benthonic foraminifera are generally present. Preservation is generally
poor to mediocre. Larger foraminifera are represent~d by Miogypsina socini,
in some beds abundant, and to a lesser extent by Amphistegina, Operculina
and rare Lepidocyclina. Some layers are nearly pure Miogypsina limestones
with one or two thirds of the interparticle volume originally occupied by
micrite.
A mphistezina. and Operculina are rather scarce in the coarser calcareous
sandstones. Gypsina and small Lepidocyclina are rare in the purer limestones
and absent in other sediments. The underlying marl contains smaller
benthonic foraminifera, poorly preserved, encrusted and recrystallized. The
assemblage may be comparable with the fauna of the lower marls in the
northeastern region. Poorly preserved planktonic foraminifera in the intercalated marls belong to the genera Catapsydrax, Globigerina, Globorotalia,
Globigerinoides and Globoquadrina.
Pelecypod fragments are present in most parts of the studied sections.
Complete skeletons are rare. Most pelecypods belong to the Pectinidae and
Ostreacea.
Bryozoa, echinoid spines, sponge spicules and ostracods were found in the
coarser limestone beds of the Crea sections. In the Murisengo-Pirenta section,
Halimeda-like codiacean algae were observed.
V-2-3 Other components
Most sediments are rather rich in non-carbonate constituents such as
detrital quartz, chloritized serpentine, plagioclase, microcline, polyquartz of
metamorphic origin, igneous rock fragments, muscovite and biotite, and clay
and phyllite pebbles. Glaucophane, rock fragments with trachytic texture,
volcanic glass, tourmaline, garnet, zircon and klinozoisite are locally present
in small quantities. Glauconite and phosphorite are rare to absent. Some
ovoid micritic pellets were observed in the Pirenta section. More or less
indurated marl-pebbles are common, especially in the Murisengo area.

V-3

REGIONAL

COMPILATION

OF THE SEDIMENTARY

UNITS AND

LITHOSTRATIGRAPHY

Lithostratigraphically the units of the four described sections can again be
combined to three larger groups.

These marls, present in the whole area, are only of remote interest to the
investigation. Their total thickness, which seems to vary owing to tectonic
complications, may be more than 500 m (Montrasio et a1., 1968). Following
these authors, the marls are included in the Marne di Antognola Formation
of Late Oligocene - Early Miocene age. They are exposed at the base of the
Santuario di Crea and Pirenta sections.
V-3-2 Quartzose sandstone and limestone units
Below Crea and around Murisengo two separate, probably lenticular
hodies of limestones and quartz-serpentine sandstones are present. Each of
these bodies seems to pinch out to the northwest and to the southeast. The
poor exposures did not permit to obtain more than a general idea of these
units and their regional distribution.
The best exposed sections in the Crea area are those near the Crea
Sanctuary. They show on top of the basal marls (unit C) 43.5 m of alternating quartzose sandstone, Miogypsina limestone, bioclast limestone and
marl beds and laminae (unit D4), 30 m of similar beds plus some small
rhodoliths (unit D5) and 28.5 m of sandstone, sandy bioclast limestone and
marl (unit D6). This last unit is devoid of algal nodules and is poor in
Miogypsinidae and in skeletal grains. Towards the northwest, rhodoliths
seem to be absent. Samples taken in units D4 - D6 contain Miogypsina
socini assemblages.
The Murisengo sand and limestone body shows a maximal thickness of
some 35 m immediately southeast of Murisengo and then pinches out to
disappear west of the village of Villadeati. The lithologic composition seems
highly variable. In the village of Murisengo, massive quartzose sandstones
(15.4 m, unit D12 of the Murisengo section) are followed by well-bedded
and laminated quartzose sandstones, impure bioclast-Miogypsina packstones,
and marls (units D13-14) and, after a break, by 5 m of silty marl (unit D15).
Poor exposures prevent a detailed study.
The succession in the ridge southeast of Murisengo is again different in

detail: poorly-bedded and slumped quartz-serpentine sandstones and conglomeratic sandstones with marl-pebbles, rhodoliths, Miogypsinidae and
other skeletal grains (lower part of Pirenta section), are followed by pure
Miogypsina limestones, and massive quartz-serpentine and marl-pebble sandstones interbedded with thin, partly graded, sandstone beds and marl layers
(units D8-10). Thin, frequently graded sandstone beds and marl (unit Dll)
form the top part of La Pirenta. To the southeast, only some impure skeletal
Miogypsina-bearing limestone beds remain visible up to a point west of
Villadeati.
The various successions of quartzose sandstone and limestone units form
the San Michele Member of the Marne di Antognola Formation. This
member, named after the hamlet of San Michele, was proposed and
described by Montrasio et al. (1968). As no type section was designated, the
entire D unit of the Santuario di Crea section is recommended as such.
V-3-3 Overlying marls
The overlying marls are of little interest to our study; they are shown as
unit D15 in the Murisengo section. According to Montrasio et al. (1968),
these marls are placed in their Marne a Pteropodi inferiori Formation. They
must beof Early Miocene age.

The Oligo-Miocene sediments in this area contain the lenticular body of
quartzose sandstones and limestones with occasional interbedded marls.
Poorly exposed thick marl units of open marine, low energy environment are
underlying and overlying this sequence.
Siliceous-clastic material constitutes the bulk of these sediments. In the
supposed absence of supply from the basinal margins, the presence of this
material points to ;j.ninsular area in the Piedmont basin where erosion was in
progress. On the basis of an admixture of rhodoliths and larger foraminifera,
it is assumed that shoals adjoining an emerged area were nearby. The small
algal nodules may have been swept off the shoal at a relatively early stage of
growth. It may be assumed that the environmental area in which they could
grow and turn over was more restricted than that in the northeastern region.

Apparently the greater part of the supply area was subjected to erosion, thus
furnishing large quantities of siliceous-clastic material. The considerable
changes in lithology of the successive beds give the impression of a rather
complex insular area.
The bulk of the larger foraminifera consists of Miogypsinidae (M. socini)J
and Operculinidae and Lepidocyclinidae are rare or absent. This suggests
high energy conditions in the shoal area, preventing habitats with primary
deposition of fine carbonate material. Almost pure Miogypsina-limestone
beds contain less matrix than other beds, whereas greywacke-like beds
contain but few Miogypsinidae.
The coarser sediments are well bedded, the finer grained ones are occasionally laminated. Locally there is evidence of slumping, flowing and
loading. Grading is present but not common. These features point to grain
separation suggesting a notable transport distance, rapid deposition and the
existence of a depositional slope. In the Crea-E section a truncated slumpfold and scour-and-fill structures indicate east-northeast to west-southwest
and north-northeast - south-southwest orientation of the sediment movements, respectively. The insular area has to be looked for in a general
northern direction.
For th~ northeastern region, we have concluded that in OIigo-Miocene
times a shallow to emerging area was situated around Casale Monferrato,
extending westward for more than 15 km. Away from this high area
sediment was channelled downward through a number of gullies forming
submarine fans. Two km in southwest direction, no trace of cOarser sediments is found at the same stratigraphic level. Evidently the northwest southeast orientation of tectonic elements already existed (Montrasio et al.,
1968), and a subdivision at that time into northwest - southeast orientated
compartments in the basin is likely to have existed. As a consequence, we
need not expect that coarse material of the northeastern Casale insular area
ever reached the Crea-Murisengo region. Actually, if we compare the coarser
sediments in the Crea area with the sediments in the northeastern region,
numerous differences may be pointed out. The sediments consist for the
greater part of siliceous-clastic material, and skeletal grains, although in same
layers predominant, are subordinate. The coarser sediments are well bedded,
suggesting a larger distance of transport than that of the generally unbedded
limestones in the northeastern region.
This large amount of siliceous-clastic grains suggests another source area
than the shoals north and southeast of Casale Monferrato that supplied the
northeastern region. However, the types of skeletal grains are the same in
both regions, and the western insular area may have been suitable for

lime-secreting organisms such as red algae and larger foraminifera. This
implies similar depth and energy conditions in at least parts of both regions.
The study of the Miogypsinidae indicates that both the top part of the
Crea sandstones and limestones and the lowermost impure limestones in the
Rosignano area contain highly developed Miogypsina socini and therefore are
considered to be contemporaneous.
V-4-2 The Murisengo area
Just as in the Crea area, the sedimentary succession near Murisengo
consists of siliceous-clastic sediments and impure limestones intercalated
between two marl units.
The coarser sediments resemble those of Crea in geometry and bulk
composition, and contain the same species of larger foraminifera. Coralline
algal nodules are rare and occur only in the basal part of the Pirenta section.
In some layers Miogypsinidae (M. socini) are numerous whereas in the
accompanying quartz-serpentine sandstones they are nearly absent.
The coarser sediments of the Murisengo area are in general thicker bedded
than the comparable sediments around Crea. This greater average bed thickness, the poor sorting and the occurrence of a large slumped mass in the
Pirenta section suggest a more proximal position of the Murisengo area with
respect to the source area. The abundance of matrix-supported coarse grains
and of large marl-clasts point in the same direction.
The few measured distinct scour-and-fill structures have a northwest southeast or east - west orientation.
The vast amount of detrital material foend in this small area points to an
equally small source area that was rapidly eroded in the time interval of a
single Miogypsina range zone only. EIter (1956) and Sames (1970) pointed
out the importance of diapiric structures in the tectonic framework of the
hills of Monferrato and the Turin hills. Sames concluded that the breakthrough phase of the Mesozoic diapirs was in the Early Miocene, which fits
very well with the Aquitanian Age (based on M. socini) of our sedimentary
bodies. A small diapiric structure is situated immediately northeast ;f
Murisengo. It seems likely that this area supplied the coarser sediments.

THE SOUTHERN REGION:
ACQUI TERME - SPIGNO MONFERRATO - PONZONE

As in IV-1, the field data are represented by simplified graphic logs of the
major sections and by location maps (figs. 38, 39).
The following sections have been selected to give a regional picture of the
limestone units in the southern region. This paragraph contains the details of
the location. The figure number in brackets refers to the figure with the
graphic log.
Prasco section (exposure 296)
In a roadsicie exposure about 1 km west of the village of Prasco (fig. 40).
Orb regno section (exposure 248)
Along a path some 300 to 400 m WSW of the hamlet of Orbregno, on the
east slope of the Monte Menno (fig. 40).
San Croce section (exposure 246)
An outcrop along the road descending from the San Groce hamlet towards
the village of Visone (fig. 40).
Costa la Corsica section (exposure 168)
A small exposure below a path some 650 m west of the Monte Menno
(fig. 40).
Visone-SE section (exposure 245)
A small exposure, SE of the village of Visone near the railway bridge over
the Torrente Visone (fig. 40).
Visone-S section (exposure 165)
Above the west bank of the Torrente Visone, some 800 m south of the
centre of Visone (fig. 40).
Visone-W section (exposure 169)
In the easternmost part of the quarry Zanoletti, west of Visone (fig. 40).
The type-locality of the Acqui Limestone Member is defined in this section.
A description of the relevant sedimentary units (F2, F4) is therefore given.

Unit C: greenish-grey micaceous marl.
Unit F2: Operculina-packstone
(base) to bioclast-foraminiferal packstone
(top). From 1.0 m to 7.7 m.
Description: greyish coarse-grained skeletal limestone with an admixture
of some quartz, glauconite and chloritized serpentine. The skeletal grains
consist of numerous Operculina, small skeletal fragments, some mollusc and
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some of which tend to be slightly concave-upwards.
Unit F4: algal-Amphistegina-Miogypsina
packstone from 7.7 m to 18 m.
Description: light-coloured skeletal limestone, predominantly consisting
of algal debris (Lithothamnium,
Lithophyllum)
and foraminifera (Amphistegina, Miogypsina), but other fossil fragments are also present. Near the top
glauC0nite-rich strings. Sample SM 237, taken at this level, contains Miogypsina intermedia. The matrix consists of neomorphic spar and minor micrite.
Some porefilling sparite and microspar. Little open pore space. 'Dish-structures' are very common.
Description of 'dish-structures': (in)distinct, discontinuous, undulating,
concave upwards, laminae dividing a limestone bed into more or less irregular
lenticular bodies. The length of these bodies varies between 10 and 30 cm.
The height is generally 5 to 10 cm. The laminae are one mm to a few mm
thick, in places composed of several close-spaced anastomosing thinner
laminae. A closer examination of a lamina reveals an enrichment - as
compared with the adjacent limestone - in clay minerals, quartz, chlorite/
serpentine and glauconite grains. Distinct stylolites have not been observed.
Unit G: clayey glauconitic bioclast-foraminiferal wackestone (base only)
to glauconitic marl from 18 m to 18.7 m.
Description: glauconite, chloritized serpentine, foraminifera, skeletal fragments (near the base) and phosphate grains floating in marl. The number of
coarser components decreases upwards. Burrows.
Unit K: grey marl.
ACllui section (exposure 134)
Immediately south of the town of Acqui along the road to the village of
Lussito (fg. 40).
Scaragli-NE section (exposure 259)
In an overgrown gully about 350 m NE of the hamlet of Scaragli, nearly
two km SW of Visone (fig. 41).
Scaragli-E-2 section (exposure 258)
Along a lane some 400 m due east of Scaragli (fig. 41).
Scaragli-E-l section (exposure 256)
Along a lane some 250 m east of Scaragli (fig. 41).
Cascina Montera section (exposure 253)
Near a path some 300 m S of Cascina Montera, about 350 m south of
Scaragli (fig. 41).

Casa Bozzetta section (exposure 252)
A hill-side exposure some 250 m east of Casa Bozzetta, situated about
500 m NNE of the hamlet of Case Bricco (fig. 41).
Case Bricco section (exposures 250, 251)
Some 250 m SE of Case Bricco, situated NW of the village of Grognardo
(fig. 41).
Casa Matto section (exposure 241)
A road-side exposure near Casa Matto, a farmhouse about 1.5 km east of
the village of Cavatore (fig. 41\.
Monte Caprioto-E section (exposure 238)
Some 250 m east of the summit of the Monte Caprioto, a hill 1 km SE of
Cavatore (fig. 41).
Monte Caprioto-S section (exposure 221)
An outcrop along the road Acqui Terme - Ponzone, some 250 m S of the
Monte Caprioto (fig. 41).
Rio Ravanosco section (exposure 223)
South of Acqui Terme, along a steep cliff on the left side of the western
branch of the Rio Ravanosco, some 350 m N 10° W of the farmhouse Casa
Ferri (fig. 41).
Rio della Caliogna section (exposure 220)
A section, composed of two parts divided by a minor fault, along a small
stream, the Rio delIa Caliogna, about 1400 m S 4° E of the centre of the
village of Melazzo (fig. 41).
Casa Poggi-S section (exposure 128)
Along the road Mombalddne - Roccaverano, 150 m south of Casa Poggi
and about 1800 m N 14° W of the village of Mombald one (fig. 42).
Casa Poggi-SW section (exposure 293)
An abandoned quarry some 380 m W 26° S of Casa Poggi (fig. 42).
Casa Poggi-W section (exposure 295)
Along a path some 1100 m W 6° S of Casa Poggi (fig. 42).
Piantivello section (exposure 125)
An abandoned quarry along a country-lane near the road between the
village of Mombaldone and the hamlet of Piantivello, 1500 m W 8° N of the
centre of Mombaldone (fig. 42).
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Rocchetta section (exposure 121)
Along the road from Spigno Monferrato to the village of Serole, about
2300 mE 25° S of Serole (fig. 42).
Ponzone-Bric Cardinelle section (exposures 129,130,132)
On the Brie Cardinelle, a hill S of the village of Ponzone. The lower part
of this composite section was studied in an abandoned quarry about 200 m
NW of the summit of the hill and in a small outcrop 100 m farther in the
same direction. The upper part is situated near the summit (fig. 43).

VI -2-1-1 Coralline algae
The most abundant constituents of the skeletal calcarenites are rounded
to angular coralline algal fragments of Lithothamnium,
Lithophyllum,
Archaeolithothamnium
and Lithoporella. Skeletal limestone particularly rich
in algal fragments occurs in the Acqui - Visone - Monte Menno area (the
algal-Amphistegina-Miogypsina
limestone F4), in the area west of the Bormida di Spigno, and around Ponzone (fig. 44).
Coralline algal nodules are present only in a few areas, notably in the
Piantivello and Casa Poggi sections where they are locally abundant. Furthermore, they were found near Denice, in the Visone-W section and in some
parts of the Ponzone-Bric Cardinelle section. They consist predominantly of
Lithothamnium
and resemble the rhodoliths of the northeastern region in
external appearance and internal structure. The whitish algal nodules contain
small quantities of other skeletal material enclosed during algal growth, such
as bryozoans and foraminifera (Amphistegina, planktonic foraminifera and a
few Gypsina plana (Carter)). The nodules may be mixed with coarse skeletal
sand, marl or non-carbonate gravel.
The largest algal nodules, 8 cm in diameter, were observed in the Casa
Poggi-S section. From there they diminish in size to the west (up to 6 cm in
the Casa Poggi-SW section and up to 4 cm in the Casa Poggi-W section) and
to the southwest where they have a maximum diameter of 4 to 5 cm in the
Piantivello section. Most of these algal nodules show traces of mechanical
rounding.
The rare rhodoliths in unit F2 of the Visone-W section are frequently
discoidal, and measure 6 cm. They occur in strings, in combination with
serpentine pebbles and Pecten. The rhodoliths south of Ponzone are 4 to
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Fig. 44

Channel-fills and wedges of impure coarse skeletal limestone and fine-grained quartzose
sandstone in between levels with wave-ripple-covered bedding planes (not figured) in the
lower part of unit Fll of the Ponzone - Bric Cardinelle section. The white specks are algal
fragments, the dark ones serpentine. The channel-fill in the lower right corner mainly
consists of bryozoans. Location of sample SM 245 with a single specimen of Miogypsina
intermedia.

7 em. They are present in the coarse-grained algal skeletal limestone and in
the heterolithic conglomerate.
VI-2-1-2 Benthonic foraminifera
In many places larger foraminifera are a major constituent of the skeletal
limestones, while smaller benthonic foraminifera are of minor importance.
Complete tests ot both categories are far more numerous than fragments.
The larger foraminifera belong to the genera Miogypsina, Amphistegina,
Operculina, Lepidocyclina and Gypsina. Species of the genus Miogypsina (M.
globulina and M. intermedia) are present in the coarser skeletal limestones of
the whole area, but they are most numerous in skeletal limestones that are
also rich in algal fragments and Amphistegina.
A mphistegina is present in all medium sand-sized and coarser skeletal
limestones, but most numerous in limestones rich in algal fragments and
Miogypsina. Gypsina is scarce in the algal-Amphistegina-Miogypsina
limestones.

Operculina-rich (Operculina complanata Defrance) skeletal limestones are
found in the lower part of the limestone in the Acqui, Visone-W and
Visone-S sections (unit F2). These Operculina are associated with many
small, poorly preserved fragments of fossils and small amounts of bryalgal
fragments, smaller foraminifera, Miogypsina and Amphistegina. The intergranular volume is or was for the greater part occupied by argillaceous
micrite. In coarser skeletal limestones, Operculina is. present in smaller
numbers.
Lepidocyclina specimens are rare in this southern region. They occur in
fine-grained, marly skeletal limestones, such as in the upper valley of the Rio
Ravanosco and in the Casa Bozzetta section.
In the basal marl units, a poorly preserved fauna of smaller benthonic
foraminifera consists of genera, which indicate a fully marine environment of
fair depth. Similar conditions are indicated by the smaller foraminifera of
the overlying marl units (amongst others various uniserial Lagenidae, Uvigerina, Pleurostomella).
VI-2-1-3 Other benthonic skeletal grains
Pelecypods are a regular but minor constituent of the coarser skeletal
limestone. Pectinidae and Ostrea-like forms were observed most frequently.
Oyster-fragments are remarkably common in all limestone units of the
Rocchetta, Piantivello and Casa Poggi sections, and in the area ofPonzone.
Amussium is rather frequent in the lower part of the glauconite sandstone of
the Monte Caprioto-E section.
Bryozoa are generally present in small numbers. They are predominant in
a few beds in the upper part of the Ponzone-Bric Cardinelle section (fig. 44).
Echinoid spines, sponge spicules and ostracods are equally present everywhere in small numbers. A few wave-ripple-covered bedding planes in the
Ponzone - Bric Cardinelle section are exceedingly rich in sponge spicules.
Solitary corals are nearly restricted to the lower limestone of the Piantivel10 section. Gastropods, brachiopods and dasycladacean algae are rare to very
rare.
VI-2-2 Planktonic and nektonic skeletal grains
These grains mainly consist of whole tests of planktonic foraminifera of
the genera Catapsydrax, Globigerina, Globigerinoides, Globoquadrina and
Globorotalia. The basal and overlying marl units as well as the glauconitic
marls and glauconite sandstones are usually rich in these forms. The finegrained skeletal limestones of the Casa Bozzetta and Case Bricco sections

consist for a large part of globigerinid tests.
Most of the shark teeth (e.g. Carcharodon and Odontaspis ) and other fish
teeth, mainly hemiglobular Sparus-teeth, were observed in the glauconitic
sediments on top of the limestones.
VI-2-3 Non-skeletal carbonate grains.
Scarce litho clasts are present in most sections. Indurated marl pebbles
with brownish (phosphatic) or greenish (glauconitic) coating were observed
in the Prasco, Orbregno, Scaragli and the Cascina Montera sections; pebbles
of dense limestone in the upper part of the Ponzone-Bric Cardinelle section.
Numerous semi-consolidated marl-pebbles are present in the glauconitic
sediments of the Rio della Caliogna section and in the Monte Caprioto-S and
-E sections; similar marl-pebbles also in the Casa Poggi-SWsection.
Slump-balls of 6-10 cm diameter, consisting of algal-rich skeletal limestone
are present in the Scaragli-E-1 and -E-2 sections, in the San Croce section
and in the Piantivello section.
VI-2-4 Glauconite and phosphate
Rounded, somewhat lobulate, sand-sized glauconite grains are a major
rock constituent on top of the skeletal limestones in the entire Prasco Monte Menno - Visone - Acqui - Rio Ravanosco - Monte Caprioto area.
In the upper Rio Ravanosco valley also the base of the skeletal limestone
starts to be glauconite-bearing. Glauconite sand and glauconitic marl are the
main sediments in both Monte Caprioto sections. Glauconitic skeletaL
limestones are present near Melazzo and northeast of Montechiaro d'Acqui
(exposure 353) and glauconite sand and glauconitic marl near Montechiaro
and north of Cartosio. Other glauconite deposits are found in the Casa
Poggi-S section and in the village of Ponzone.
In some places skeletal grains are filled with glauconite, and some marlpebbles have a glauconitic coating.
Rounded phosphate grains are far less numerous than glauconite particles.
They are a minor constituent of most glauconitic sediments. In parts of the
Rio della Caliogna, Rio Ravanosco, Scaragli-NE,-E-1 and -E-2, and the San
Croce sections, phosphate grains account for at least 1% of the sediment.
Some grains consist of filled and/or replaced algal fragments and foraminifera.

VI-2-S Other components
In the Ponzone area, in the area south and west of Cavatore, and in parts
of the Cascina Montera, Piantivello and Rocchetta sections, quartzchloritized serpentine-mica sandstone beds are associated with the calcareous
deposits. On a larger scale, siliceous-clastic sedimentation is the rule in the
western Po Basin, while limestone deposition is an exception.
The skeletal limestone beds generally contain some of the following
minerals and rock fragments: detrital quartz, chloritized serpentinitic rock
fragments, muscovite and feldspar and polyquartz of metamorphic origin.
Rare to very rare are clay pebbles, epidote, glaucophane, garnet, volcanic
glass, volcanic rock fragments with ophitic texture, quartz siltstone and
biotite gneiss.

VI-3

REGIONAL

COMPILATION

OF THE SEDIMENTARY

UNITS AND

LITHOSTRATIGRAPHY

The use of sedimentary units is discussed in IV-3. Two lower units, of
mariginal interest to the present study, will be briefly reviewed first.

This unit (C), characterized by grey generally micaceous marl, was observed in all sections except in the Case Bricco section (due to poor
exposure) and in the Rocchetta and Piantivello sections, in which unit B is
present. Gelati (1968,1969) placed this marl in the Rocchetta Formation.
VI-3-2 Basal marl and sandstone unit
This unit (B), characterized by alternating grey marl and graded quartzmica sandstone beds, is the basal unit in the Rocchetta and Piantivello
sections only. It was placed by Gelati (1968) in the Monesiglio Formation.
For more details, see Gnaccolini (1967,1968) and Gelati (op. cit.)
VI-3-3 Limestone and glauconite units
In our study, these units constitute the
Because of the rapid changes in lithology
section to section going from east (Prasco)
are separated by the Bormida di Spigno
dealt with separately.
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'piece de resistance' in this region.
it seems best to follow them from
to west (Spigno). Two larger areas
River. The Ponzone area will be

The various units distinguished in the easternmost area need some
grouping for the reader. For all smaller units, the informal letter system,
shown in the lithological logs, will be used as a basis of discussion. Vertical
subdivisions of a unit, or lateral equivalents with a different composition, are
denoted by additional numbers.
In a number of places the units unconformably overlie the basal marls,
such as in the San Croce section (exposure 246), angle 7° opening to the SE;
near the Visone-S section (exp. 166), angle 5° opening to the N; in the
Scaragli-NE section (exp. 259), angle 8° opening to the S and in the ScaragliE-1 section (exp. 256), angle
and opening to the W. In other localities no
unconformity has been observed owing to poor exposure.
The easternmost section, the Prasco section (exp. 296), shows 50 cm of
glauconitic marl (unit G). According to Franceschetti (1967) this glauconitic
marl-layer can be traced eastwards as far as the small town of Molare, 5 km
SE of Prasco. West ofPrasco the glauconitic marl remains the same up to the
vicinity of the Monte Menno. Due east of this hill, interfingering skeletal
limestones and glauconitic strings (unit F4, 0.5 m) are capped by 0.5 m of
glauconitic marl (unit G) in the Orbregno section (exp. 248).
To the west, along the southern slope of the Monte Menno, the glauconite
content in the lower unit continues to decrease. On top of the calcarenite,
slump balls of skeletal limestone are overlain by the glauconitic marl. These
balls may be interpreted as belonging to the slumped ends of skeletal
limestone-tongues, e.g. in the San Croce section (exp. 246).
While the thickness of the upper glauconitic marl unit (G) with Miogypsina intermedia and probable M. globulina remains the same, the skeletal
limestones increase in thickness northwestwards, from 0.75 m in the Costa la
Corsica section (exp. 168) to 4.4 m at 250 m E of the Visone-S section
(exp.166).
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So far the skeletal limestone was characterized by algal fragments, Miogypsina and Amphistegina, but due east of the Visone-S section (fig. 45) the
basal part contains numerous Operculina. Upwards, the Operculina-rich
skeletal limestone grades into the algal-Amphistegina-Miogypsina
limestone.
Both limestone units are visible near Visone and Acqui, owing to the uplift
of the northern block along the east-west Acqui fault.

The Operculina-rich skeletal limestone is 1.5 m in the Visone-S section
(exp. 165, unit F2), and 6.7 m in the Visone-W section (exp. 169), but
farther west in the Acqui section (exp. 134) it is again restricted to the basal
part of the limestones.
The algal-Amphistegina-Miogypsina
limestone (F4) overlying the Operculina type in the three last-mentioned sections shows thicknesses of 5.25 ill,
10.3 m and about 9 m respectively. The total thickness of both limestone
types together is 20 m immediately west of the Visone-W section (exp. 169).

Fig. 45

The Visone-S section with the basal marl (unit C), the Operculina limestone (F2), the
algal-Amphistegina-Miogypsina
limestone (F4), the ;;lauconitic unit G and the upper marl
(K).

Southwest of the Visone-S section (exp. 165), the thickness of the skeletal
limestone again decreases sharply to 1.9 m (unit F 4) in the Scaragli-NE
section (exp. 259) and to 0.35 m in the Scaragli-E-2 section (exp. 258). In
the Scaragli-E-1 (exp. 256) section, only 7 cm remains consisting of
darkened indurated marl-pebbles, pelecypods, other skeletal grains and glauconite (base of unit G). In both Scaragli-E sections slump balls composed of
skeletal limestone are found on top of the limestone.
Going southwest along these exposures, the overlying glauconitic marl
unit G remains constant in thickness and composition, but on top of the
basal marls a calcareous quartz-mica sandstone (FO) is found in the Cascina
Montera section (exp. 253). Its maximal thickness of more than 1.6 m is
northeast of this section. This sandstone is locally covered by quartz,
glauconite and serpentine-bearing skeletal limestone of 0.5 - 0.8 m with an
irregular base (F 3).
Farther south the quartz-mica sandstone is replaced again by 3.4 m of
impure fine-grained skeletal limestone (unit F 3) in the Casa Bozzetta section
(exp. 252), which in the Case Bricco section (exp. 250/51) changes to more
than 4 m (350 m to SW more than 6 m) of fine-grained skeletal limestone
rich in planktonic foraminifera. The uniform glauconitic marl G unit
continues to overly the skeletal limestones in both sections.
At a short distance to the west, in the vaHey ot the Rio Ravanosco, the
rather competent skeletal limestones are exposed in numerous outcrops. The
succession resembles that of the last-mentioned sections; the basal marls are
overlain by glauconite sandstone or glauconitic skeletal limestone (F 1),
followed by somewhat marly skeletal limestone (F3), which is capped by
glauconitic marl as usual.
In this area, the limestone with the greatest thickness of more than 10 m
is found 600 m, S 16° W of the Rio Ravanosco section (exp. 223). To the
northeast and to the southeast, the thickness diminishes rapidly to about
6 m.
The Casa Matto section (exp. 241) in the upper reaches of the Rio
Ravanosco contains 2.m or glauconite sandstone \unit F 1), grading upwards
into 4.4 m of glauconite-bearing skeletal limestone (unit F3). 450 m east of
the summit of the Monte Caprioto an outcrop on the watershed of the Rio
Ravanosco shows from bottom to top: marl, 4 m glauconite sandstone (F1),
1.8 m calcareous glauconite sandstone (F1) and 0.7 m glauconite-bearing
skeletal limestone (F3). The skeletal limestone evidently decreases in thickness from the Casa Bozzetta to the Monte C~prioto sections, whereas a
thickening basal glauconite sandstone unit becomes intercalated.
In the Monte Caprioto-E section (exp. 238), the glauconitic skeletal

limestone is reduced to a mere 0.3 m and pinches out a little to the
southwest. The glauconite sandstone and glauconitic marl units disappear
after another 120 m.
On the southern slope of the Monte Caprioto, 2.3 m of glauconite sandstone (unit F1) and 4.7 m of glauconitic marl (unit GK) appear again in the
Monte Caprioto-S section (exp. 221), but the beds are pinching out on the
western slope of this hill.
In western direction the calcarenitic-glauconitic beds appear again, but the
correlation of the separate subunits becomes rather questionable.
Due south of the village of Cavatore, the basal marl-unit is overlain by
0.5 m of glauconitic skeletal limestone and 0.5 m of marly quartz-sandstone.
About 600 m SSW to SW of Cavatore, alternating marls and glauconitic
sandstone beds (F1) were obs~rved, the latter in part bearing skeletal grains.
Several glauconite sandstone beds are wedging out to the east. Upwards,
alternating fine-grained quartz-mica sandstone beds, a few thin skeletal
limestone beds and marls were observed.
In the Rio delIa Caliogna section (exp. 220), south of the village of
Melazzo, the basal marls are overlain by more than 2.5 m of glauconite- and
marl-pebble-rich skeletal limestone (F1/F5),
followed by 4.2 m of calcareous
glauconite and marl-pebble sandstone (G) and 6.4 m of glauconitic marl
(GK).
From Visone towards Melazzo, the calcareous components deaease in
relative quantity, whereas glauconite becomes predominant in all units.
From the Caliogna to the south and southwest, a considerable decrease in
thickness can be observed again. Some quartz- and chlorite/serpentinebearing skeletal limestone was found in exposure 353, about 3 km northwest
of the village of Cartosio in the Erro valley. In exposure 345, 2 km north of
Cartosio, the basal marls are overlain by blocky marl (F12), glauconite
sandstone of 1 m, and again blocky marl with two glauconite sandstone beds
0.35 m and 0.4 m thick.
N ear the village of Montechiaro, skeletal limestones again seem to be
completely absent. On the hill NNE of the village (exposure 301), only
10 cm of glauconite sandstone was discovered between marl and blocky
siliceous marl beds (F12).
The Ponzone area, 10 km south of Acqui, has a completely different
lithostratigraphy of the calcarenite-glauconite deposits.
On top of the basal marl unit (C) near Ponzone, quartz-chlorite/serpentine-mica sandstone is present, partly as planar beds and partly as lenticular
west-east orientated bodies. Upwards, skeletal limestone beds with some

Fig. 46

Polymict conglomerates with some rhodoliths alternating with well-sorted, fine quartzose
sandstones with waveripples (not figured) in the upper part of unit Fll of the Ponzone Bric Cardinelle section.

rhodoliths appear, in places alternating with sandstones. All sandstones and
skeletal limestone beds pinch out to the north. Glauconite sandstones are
found laterally of the skeletal limestone beds in the village of Ponzone, and
they are also pinching out to the north. Marls and siliceous marls (F12)
appear instead, which can hardly be distinguished from the basal marl.
On the Bric Cardinelle (exp. 129, 130/32), the hill south of Ponzone, the
skeletal limestones (F9) and sandstones (F8) known from Ponzone, are
overlain by calcareous quartzose sandstones, impure skeletal limestones and
marl (11 m, unit FIO) and by a few meters ofheterolithic rhodolith-bearing
conglomerates (fig. 46) and wave-influenced sandstones (F11). This unit
wedges out rapidly to the north also. Indications of very shallow water
conditions are common on the Bric Cardinelle but absent in the village of

Ponzone. The Ponzone limestones contain single specimens of lvIiogypsina
globulina and lvI. intermedia.
Across the Bormida di Spigno river in western direction is a third area
with calcareous deposits, but subdivision in different F units makes little
sense (see graphic logs).
About 900 m S 27° Waf the centre of the village of Denice (exp. 218), a
few skeletal limestone beds are found containing some large marl-lumps.
Boulders composed of rhodoliths in a marly matrix were observed a little
distance down-hill.
About l,S km to the SW, the Casa Poggi-S sect'ion (exp.128) in the
roadside shows 4.7 m of bedded calcareous glauconite sandstone (F 1) followed by an irregular sequence with slumped skeletal limestone beds, rhodoliths and marl layers withlvIiogypsina intermedia (9.9 m).
The Casa Poggi-SW section (exp. 293) contains 7.1 m of bedded glauconitic skeletal limestone (F 1, F 5), 5.1 m of bedded skeletal limestone with
rhodoliths (F5-6), marl (2.1 m) and another 0.8 m of skeletal limestone with
rhodoliths and chert nodules (F 5-6). In a direction due west the skeletal
limestone beds pinch out at the Casa Poggi-W section (exp. 295). The lower
calcareous glauconite sandstone beds continue some distance farther west
where they disappear as well.
Southwest of Casa Poggi, however, the limestones are well-developed.
Above a basal marl and sandstone unit in the Piantivello section (exp. 125),
6.9 m of rhodolithic skeletal limestone (F6) is followed by some skeletal
limestone beds and marl-layers, 7.6 m of marls with thin sandstone beds, and
another 9.4 m of skeletal limestones with large incorporated marl-masses,
and rhodoliths at the top (unit F 5-6).
Along the line of outcrops to the southwest, the calcareous components
rapidly become less prominent. In the Rocchetta section (exp. 121), along
the road from Spigno Monferrato to Serole, four graded skeletal limestone
beds are widely spaced in the marls with some thin quartz-mica sandstone
beds. Some of them show distinctly erosive lower contacts. A little farther to
the southwest all limestone beds have disappeared.
Since about 1900 the limestone units as a whole have been referred to as
Acqui Limestone, in recent years by Vervloet (1966) for the limestones in
the Acqui. - Visone area, and by Gelati (1969) for the Monte Menno Visone - Acqui - Monte Caprioto area. The skeletal limestones and glauconitic sediments with occasional associated quartzose sandstone beds from
Visone eastwards were assigned by Franceschetti (1967) to his new-established Visone Formation.

Gelati (1969) used the Acqui Limestone as a formal member, with its
type-locality in the Visone-W section. This member comprises the limestone
units within the Visone Formation.
The Miocene skeletal limestone and glauconite units west of the Rio delIa
Caliogna and Monte Caprioto-S sections were included in the Rocchetta and
Serole Formations by Gelati (1969) and in the Rocchetta and Monesiglio
Formations by Nicora (1971). Vervloet (1966) placed the limestones west of
the Bormida di Spigno in the Piantivello Member of his Ovrano Formation.
The present author is in favour of using one name for all skeletal limestone
and glauconite units in the region; following Martinis et al. (1971), he prefers
the name Visone Formation. The type-section consists of the F2, F4, G units
of the Visone-W section (see VI-1).
VI-3-4 Overlying marl, and marl plus sandstone units
In most sections east of the Monte Caprio to, the limestone and glauconite
units are overlain by a marl unit (K) of variable thickness, followed by a unit
(L) composed of graded quartzose sandstones and marls. These units are
only of marginal interest to the subject and have not been studied in detail.
Following Gelati (1968), they are placed in the Cortemilia Formation. Gelati
(1968, 1969) and Nicora (1971) presented more details.
The marl unit is not very well developed west of the Monte Caprioto-S
section. West of the Bormida di Spigno river, the limestone and glauconite
units are intercalated in the Monesiglio Formation (Nicora, 1971), which is
characterized by rapidly alternating graded quartz-mica sandstones and grey
marls.
In the Ponzone area, the limestone and glauconite units are changing
laterally to the north, and iN part vertically as well, into marls alternating
with blocky siliceous marls. The limestone and glauconite units are for the
greater part overlain by quartzose sandstone beds alternating with marls,
which may be assigned to the Cortemilia Formation.

The environmental indications from textural, structural and ecological
features will be briefly discussed. For more general details the reader is
referred to the other areas and sections. The sections will be dealt with in
small groups in the same order as in the previous paragraph, i.e., in general
from east to west.

VT-4-1 The Prasco - Visone - Acqui - Scaragli area (Prasco, Orbregno, San
Croce, Costa la Corsica, Visone-SE, -S and -W, Acqui, Scaragli-NE,
-E-1 and -E-2 sections)
The sedimentary succession in this area is:
(L)
graded sandstone andmarl,
(K)
marl,
(G)
glauconitic marl,
(F 4)
algal-Amphistegina-Miogypsina
skeletal limestone,
(F2)
Operculina-rich skeletal limestone,
(C)
grey micaceous marL
ad (C). Siliceous-clastic and marl sedimentation prevailed in the southwestern Po Basin in Oligo-Miocene times. The grey fossiliferous marls, in
places with a few sandy laminae, point to open marine low energy conditions. The absence of coarse siliceous-clastic sediments immediately below
the calcarenites may have been caused by low erosion rates in the hinterland.
In a number of sections angular unconformities of 5-8 degrees with the
overlying skeletal limestones were observed or suspected. The unconformity
angles open to the north, west, south or southeast. The various dip directions
suggest an erosional truncation of a gentle dome-like structure south of
Visone. On the basis of planktonic foraminifera, Gelati (1969) supposed
variable amounts of sediment removal by erosion in other sections as well.
These data point to tectonic activity immediately prior to the formation of
the skeletal limestones. Relative vertical movements probably caused
limestone formation on top of similar new-formed shoals, while in other high
areas slow deposition permitted glauconite accumulation.
ad (F2, F4). The central-northern part of the area contains two types of
skeletal limestone; a darker, somewhat impure, Operculina-rich skeletal
limestone is overlain by a lighter coloured algal-Amphistegina-Miogypsina
skeletal limestone. The lower unit contains more micrite. The coarser
components of both, i.e. coralline algae and larger foraminifera, were
formed in the photic zone. Because of its greater marl content, the Operculina limestone is interpreted as a lower energy deposit than the algalAmphistegina-Miogypsina
limestone. This may be the result of a greater
water depth and/or a more sheltered position. According to Hottinger
(1972), Operculina lives in the Red Sea on a rather soft substrate between
vegetation at depths of 35 to 100 m.
The sparse discoidal rhodoliths of the Operculina limestones of the
Visone-W section suggest that coralline algal nodules were living on a shallow
rocky bottom (Bosence, 1976).
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The internal uniformity of both types of skeletal limestone, the general
absence of bedding and structures caused by traction transport, and the
mixture of micrite with coarser grains, notably coralline algal fragments,
formed in more or less agitated waters, all suggest that the material underwent some mass transport before its final deposition.
At the very ends of the skeletal limestone body, for instance in the
Orb regno section, the interfingering of irregular layers of calcarenite with
glauconitic laminae suggests an intermittent deposition of the limestone
constituents not by traction currents but by tongue-shaped mass flows.
Nearby, slump balls of skele~al limestone (for instance in the San Croce
section) in glauconitic marly sediments also suggest some fluid-like displacement of the skeletal grains.
Grain flows are essentially laminar mass flows of cohesionless grain
material (Bagnold, 1956). Several examples of grain flow of sand with excess
pore pressure produced by 'retrogressive flow slides' have been described.
Such flows are formed after the collapse of unconsolidated sediments on
generally gentle (as low as 3°, Carter (1975)) but locally oversteepened
slopes. In our case one might think of wave-built slopes of skeletal grains.
The collapsing sand liquefies and flows away from the base of the slope,
which becomes oversteepened again, and collapse continues- (Blatt et al.,
1972).
Supposed grain-flow deposits have the following characteristics (Stauffer,
1967, Blatt et al., 1972):
a. outsize clasts in a sand matrix;
b. thick, ungraded, sharply bounded beds, generally massive internally;
c. presence of faint, dish- or cup-shaped, laminae (dish-structures), slightly
enriched in clay, 4-50 cm long and orientated parallel to the bedding;
d. scarcity of sole marks;
e. lack of structures such as lamination or cross-lamination typically
formed by traction.
The features of points b, d and e are confirmed by our observations. Outsize
clasts were probably not available in sufficient quantity.
Numerous dish-structures were observed in the algal AmphisteginaMiogypsina limestone units, for instance in the Visone-S section. These
structures are similar to those described by Stauffer (1967), but they are not
limited to the middle part of the bed and cup-shaped structures have not
been observed.
When studying dish-structure-like features in the Acqui - Visone
limestones, one is inclined to assume the 'easiest' explanation, i.e., to
attribute them to pressure solution and thus label them as secondary clay

seams (Bathurst, 1971). In our case circumstantial evidence of grain flows
(sensu lato) is present and therefore dish-structures might be expected. The
visibility of dish-structures in limestones may have been improved by pressure solution.
Dish-structures are indistinct in the more marly Operculina limestones.
The reason may be twofold. Laminar mass flows of grains without cohesion
will less easily generate in sediments composed of skeletal grains in a marl
matrix, and pressure solution is less well perceptible in limestones with low
initial porosity and permeability (Barrett, 1964).
The largest thickness of some 20 m of the two limestone units together is
found west of Visone; from there they are pinching out to the southeast
(Prasco) and to the south (Scaragli). The lower lense-shaped Operculina
limestone is restricted to the Acqui - Visone area, while the algal A mphistegina-Miogypsina limestones, equally lense-shaped, have a larger horizontal
extension and reach Scaragli in the south and Orbregno in the southeast.
The thickness and extension of both limestone units suggest a direction of
transport; to the south or SSE. The source area is probably the same as that
of the limestone units in the Rio Ravanosco - Melazzo area and those
northwest of Spigno Monferrato, and must have been situated west of Acqui
Terme.
ad (G). The limestone units are capped everywhere by a glauconitic marl
unit. The boundary is rather abrupt and apparently marks a sudden change
in sediment supply. Probably this change was caused by the relative subsidence of the skeletal-grain producing shoals, which were transformed into
slow to non-depositional platforms below the photic zone.
In exposure 297 about halfway between Monte Menno and Prasco, the
chronometric age of this glauconitic unit was determined with the K - Ar
method by the B.R.G.M. Laboratoires de Geochronologie, Orleans, France,
through the mediation of Dr. 1. Premoli Silva. The result was 18.1 ±
1.1 million years (Odin et al., 1975).
The presence of considerable numbers of phosphate grains in this unit
deserves special attention. Recent phosphate accumulates in places of upwelling of deeper phosphate-rich waters adjacent to a shallow shelf area.
Commonly the upwelling is caused by divergence, which in the trade wind
belt is found where surface waters are blown off-shore. Elsewhere upwelling
is found when deep flowing currents are forced upward over shallow marine
areas (Blatt et al., 1972). It cannot be decided which of these processes
caused the upwelling in the area under consideration.
Phosphate may be precipitated on shelf bottoms at depths between 50
and 200 m, if the pH of the ascending cold water rises as a result of rising

temperature and the partial pressure of CO2 decreases (Kazakov in McKelvey
et al., 1953).
An additional mechanism is required, however, to suppress the precipitation of CaC03, the formation of which takes place at a more rapid rate,
under approximately the same chemical conditions. Gulbrandsen (1969)
proposed that suppression of CaC03 formation is reached by an increase in
phosphate-ion activity as a consequence of the decomposition of organic
matter. Such a process seems likely in nutrient-rich shallow parts of epicontinental seas in which large amounts of organic matter are present in
oxygenated waters of higher tha;n normal temperature, pH and salinity.
A similar origin is conceivable for the phosphate in the sediments in the
northeastern (Rosignano) region, near Ponzone and in the upper Rio
Ravanosco valley.
ad (KL). These non- to slow-depositional conditions were followed again
by marl sedimentation; then siliceous-clastic turbiditic sandstones became
intercalated again, indicating that subsidence still continued.
VI-4-2 The Scaragli - Monte Caprioto - Rio Ravanosco area (Cascina
Montera, Casa Bozzetta, Case Bricco, Casa Matto, Mont,e Caprioto-S
and -E and Rio Ravanosco sections)
The
(L)
(K)
(G)
(F 3)
(F1)
(FO)
(C)
The
area.

generalized sedimentary succession in this area is:
graded sandstone and marl,
marl,
glauconitic marl,
glauconitic somewhat marly bioclast foraminiferal limestone,
glauconite sand,
quartzose sandstone,
grey micaceous marl.
remarks made in the preceding paragraph can also be made for this

ad (C). Gelati (1969) mentioned the presence of an unconformable
contact between the underlying marls and the limestone and glauconite units
in the Rio Ravanosco and Monte Caprioto-S sections. This suggests tectonic
activity and an erosional phase prior to the limestone and glauconite deposition.
ad (FO). The material of the quartz-mica sandstone possibly originated in
the gneiss dome of the Monte Laione in the southeast. The sandstones
locally underlie the skeletal limestone, e.g. in the Cascina Montera section.

South of Cavatore, other quartzose sandstone beds, are intercalated in or
mixed with hmestone and glauconitic sand. This may represent a reworking
of carbonate and glauconite grains, incorporated in quartzose sand during
transport.
ad (PI). In most of the area the limestone is underlain by tongue-shaped
(calcareous) glauconite sandstone bodies with a progressive thickening to the
south to nearly 5 m in the Monte Caprioto-E section. These glauconitic
tongues, rich in small marl pebbles, pinch out in northern direction; this may
be attributed to non-deposition. The flattened marl pebbles, only semiconsolidated when finally deposited, point to some mixing of glauconitic
sand flows and basal marls during transport. The glauconite must have been
formed in some southern part of the main shoal with non-depositional shelf
conditions.
ad (F3). The limestones consist of glauconitic, marly, mostly rather
fine-grained skeletal limestone composed of algal and mollusc fragments,
smaller foraminifera, larger foraminifera (Amphistegina, Miogypsina, Operculina and rare Lepidocyclina), and so differs from the two types of skeletal
limestone in the Acqui - Visone area. This may suggest another source area
for the material. Remarkable is. the local abundance of planktonic foraminifera (e.g. Case Bricco section), suggesting open marine, rather low energy
conditions. Algal nodules have not been observed, this suggests that the
environment in the source area was unsuitable for their growth, possibly as a
consequence of some combination of lack of appropriate depth, of low wave
energy, and of turbidity. Some dish-structures were observed in the purer
limestones.
The thickness of the limestone units varies from about 10 m south of the
Rio Ravanosco section to zero on the Monte Caprioto. The variable thickness and small differences in com position, are arguments for assuming the
presence of tongue-shaped skeletal limestone bodies.
The original environment of the limestone material probably was situated
at the lee side of a shoal - as components from high-energy environments
are scarce - in the vicinity of non-depositional shelf areas where the
formation of glauconite was in progress.
Although indications of mass transport are scarce, it is believed that all
limestone material was transported by such mechanisms from some part of
the main shoal area near Acqui Terme.
ad (G, K. L). As in the Acqui - Visone area, the limestones are overlain
by the glauconitic marl unit with a low phosphate content, followed by
marls and by a unit of graded sandstone beds and marls.

VI-4-3 The Melazzo - Montechiaro area (Rio della Caliogna section)
The sedimentary succession in this area is:
(KL) marls and graded sandstones and marls,
(F)
glauconitic or otherwise impure skeletal limestone (F 5), glauconite
sand or glauconitic marl (FG), blocky siliceous marl (F12), graded
sandstone and marl (F),
(C)
marl.
ad (C). No clear unconformable contacts
glauconite units and the underlying marls are
or less continuous deposition, and therefore
depth than the Acqui - Visone area, and more

between the limestone and
present. This suggests a more
a position possibly at greater
distant from the shoals.

ad (FG, F 5). Limestones are scarce and thin; they consist of very impure,
marl-pebble-rich, or quartz- and glauconite-bearing skeletal limestones with
bryalgal and mollusc fragments and larger foraminifera, predominantly
Amphistegina and JvIiogypsina.
The orientation of scour-and-fill structures point to some west-east orientated submarine channels, most probably with a transport direction from
east to west. Processes believed to affect sedimentation in such channels
include turbidity currents and slumping, as well as traction (Stanley &
Unrug, 1972). Numerous indistinct bedding-planes suggest intermittent
deposition of skeletal and glauconite grains. Apparently the Montechiaro
area was inaccessible to tongue-shaped flows of skeletal grains.
Glauconite grains are very common, especially near Melazzo where a
glauconitic mass of several meters was found. To the southwest the glauconitic sediments decrease in thickness; near Montechiaro only a few thin
glauconitic beds are present.
The limestone in this area and the Acqui - Visone limestone are thought
to have originated from different parts of the same shoal area. An adjacent
glauconite-producing area must be assumed to explain the numerous glauconitic sediments. The shoals must have formed the southern parts of the
large shoal area west of Acqui Terme, already mentioned in the previous
paragraphs.
ad (F, F12). The Montechiaro area is not only devoid of skeletal limestones, but siliceous-clastic sediments are also scarce. The area is assumed to
have been some kind of rather deep platform on which only a few, very thin,
graded quartz-mica-glauconite sandstones were added to the marls. There is a
rhythmic alternation of thin blocky siliceous marls and ordinary marls. The
thicker siliceous marl beds with a sandy base are interpreted as turbidites.

The even bedding and the scarcity of sand-sized particles suggest an origin in
quiet water far from any source of coarse clastics. This does not necessarily
mean very deep water; a kind of platform as outlined above might do as well.
The key to the origin of most cherts and all recent marine silica accumulations (Lisitzin, 1972) is the flourishing of diatoms, radiolaria and siliceous
sponges (Blatt et al., 1972), which are capable of removing dissolved silica
from the sea-water. After death they loose their organic tissue and settle on
the bottom. Solution of siliceous skeletons proceeds very slowly, and the
near absence of clastic material and slow deposition of calcareous planktonics are required for substantial silica accumulations. After burial the silica
may be mobilized and precipitated again.
Blocky siliceous marl was also observed southeast of Montechiaro, south
of Melazzo, and north of Ponzone.
ad (KL). The overlying units are similar to those described in the
preceding and following paragraphs.
VI-4-4 The area west of the Bormida di Spigno river (Casa Poggi-S, -SW and
-W sections, Piantivello and Rocchetta sections)
The basal (BC) and topmost units (L) in this area consist of marls or marls
interbedded with graded, mostly thin, quartzose sandstone beds, with indications of transport directions to the southeast. They are interpreted as basinal
deposits.
Between these marl units, glauconite sandstones are overlain by skeletal
limestone beds alternating with marls and thin, graded quartzose sandstone
beds.
The glauconitic beds in the northern part of the area (F1) pinch out to the
west and to the south. In western direction they have a greater extension
than the skeletal limestones. There is evidence (bedding, lamination, marlpebbles) in support of the idea of mass-transport of the glauconite sands over
at least a small distance.
The overlying well-bedded limestones (units FS ~ F7) consist ofbryalgal
and mollusc fragments, some A mphistegina and Miogypsina, and abraded
algal nodules, which must have originated from shallow shelf areas.
The tongue-like limestone beds wedge out rapidly in eastern and western
directions. To the southwest the limestones gradually become intercalated
between progressively thicker marl units and graded quartzose sandstone
beds; this suggests increasingly more open basinal conditions to the southwest, evidently in a direction down-slope. Grading is rarely observed in the

northern part of the area but it is the rule in the southwesternmost section.
To the southwest the skeletal limestone beds suit increasingly well the
qualifications of turbidites.
The presence of skeletal turbidites indicates a considerable distance of
transport. The already mentioned shoals west of Acqui Terme probably
formed the source area of the limestone and glauconite material. It may be
suggested that the material originated in the more windward oriented side of
the shoals, because of the presence of a fair number of coralline algal
nodules. Material from a non- to slow-depositional shelf area is present as
well.
Evidence of large-scale slumping in southwesterly direction is found in the
Casa Poggi-S and Piantivello sections, and points to renewed downslope
movements after settling of the mass-transported material. A local decrease in
the submarine slope may have been present.
The dish-structures occasionally observed in this area can be probably
attributed to grain flow processes and pressure solution. Dish-structures were
not observed in the turbiditic limestones of the Rocchetta section.
VI-4-S The Ponzone area (Ponzone - Brie Cardinelle section)
The skeletal limestone and glauconite unit in the Ponzone area is intercalated between quartzose lithic sandstones and heterolithic conglomerates.
All coarse detrital units gradually disappear to the north, and become
replaced by marls (see Lorenz, 1969).
The lower sandstone bodies are frequently present in large east-west
oriented scour-and-fill structures interpreted as submarine channels. The
sandstones are rich in matrix and contain numerous outsize clasts.
The matrix-rich skeletal limestone consists of bryalgal and mollusc fragments, larger foraminifera such as Miogypsinidae (M. globulina), and coralline algal nodules.
The unsorted sheet-like skeletal limestone beds south of Ponzone (Brie
Cardinelle, unit F9) show some north - south scour-and-fill structures
(fig. 47). The limestone beds alternate with quartzose sandstone beds with
large scale, low-angle cross-stratification and small scale wave-ripple crosslamination. Relatively large scale, low-angle, cross-stratification occurs in
various deposits of recent beach, shallow marine and various nonmarine
environments (Picard and High, 1973).
The previous units are overlain by bedded heterolithic conglomerates
mixed with algal nodules (unit F 1l). On the basis of the assumed regional
configuration, it is likely that the source area of the siliceous-clastic material

Fig. 47

Skeletal calcarenite overlain by scouring rhodolithic calcarenite. The topmost bed consists
of fine quartzose sandstone with wave ripples. Ponzone - Brie Cardinelle section, top part
of unit F9.

was situated in the east around the gneiss dome of the Monte Laione, and
the source area of the calcareous elements in the south.
In Ponzone, such shallow-water phenomena have not been observed. Here
glauconite is present in rather even-laminated beds separated by marl. The
glauconite beds are situated laterally of the skeletal limestone. South and
east of Ponzone little glauconite was observed. Evidence of large-scale
transport is lacking, and such displacements cannot be assumed for the
glauconite.
North of Ponzone siliceous marl beds (F12), indicative of open marine
conditions far from the source areas of coarse clastic material, become
progressively intercalated.
The paleo slope in the Ponzone area must have been rather steep, extending from very shallow depth (wave-ripples, algal nodules) in the south via
non-depositional shelf conditions (glauconite) near the village to a basinal
environment (siliceous marls) in the north.

BASINAL HISTORY,
PALEOGEOGRAPHY AND GENERAL CONCLUSIONS

The previous chapters contain a compilation of many Uthostratigraphic
and sedimentary data gathered in the field, and a review of the most useful
micropaleontological observations in the laboratory. As a result, the basinal
history during the Oligo-Miocene proved to be complexer than might have
been anticipated from the literature.
In summarizing this history, it must be pointed out that our knowledge of
the Oligo-Miocene basin is rather scanty. The opinion that the axis of the
Middle Tertiary basin was roughly west-east is probably correct, but it is far
from certain that the southern and northern limits were anywhere close to
the present line of outcrops of the Lower-Middle Oligocene along the
Apennines and the boundary of the very young deposits bordering the Alps
in the north. The position of the shoals may well have been intrabasinal; the
basin configuration immediately to the north is unknown because of the
thick cover of very young deposits of the Po and its tributaries. To the south
the visible lowermost Oligocene deposits indicate a transgression over an
earlier, distorted sedimentary series, but already for the immediately following sedimentation it must be surmised that the southern limit of the marine
realm was much farther south.
Whatever the real outline of the Oligo-Miocene west-east trending basin
has been, the mUng-up shows two distinctly different sedimentation patterns. The first one shows an accumulation of more or less autochthonous
deposits. In addition to shallow-marine, transgressive Oligocene sediments, a
considerable part of the later clayey sediments seems to have settled from
suspension in deeper water. Mixed in variable quantities with the fines we
find allochthonous coarser clastic sediments, clearly transported by turbidity
currents towards their final position. From the hills of Turin in the west to
the areas of the present investigation, the supply direction of these coarser
sediments is roughly west - east. We are evidently dealing with longitudinal
currents directed towards the open end of the former (and present) basin
(Gnaccolini, 1968, Bonsignore et a1., 1969):
Tectonic activity during the sedimentation caused an elevation of certain

parts of the sea bottom within the basin. Folding, faulting and diapirism in
combination may account for vertical movements. Intermittent, Late Eocene
to Tortonian movements are assumed in our northern areas. In the southern
area of investigation, these movements are Late Oligocene to Early Langhian,
but elsewhere younger phases are known, such as during the Serravallian in
the Scrivia area, and post-Tortonian for the entire Monferrato.
The effects of the uplift of smaller areas on the local sedimentation
pattern depended on the topographic relief of the sea bottom and on the
water depths that remained above the highs. The first effect on these higher
areas must have been more condensed series of sediments with finer texture,
as the elevated areas became inaccessible to the coarser material of the
turbidity currents that tended to follow the depressions. The next step may
have been slow- to non-deposition and the formation of glauconite and
occasionally of phosphate. The raised platforms had to come within the
photic zone to explain the flourishing of major carbonate forming organisms,
such as the coralline algae and the larger foraminifera. The final phase in the
upward movements must have been emergence and subsequent erosion of
previously formed sediments and even of consolidated and indurated rocks
of distinctly older age.
Most of the sediments formed on the shoals did not remain at the place of
origin. Especially for the sediments formed under shallow conditions, water
agitation and/or continued relative vertical movements caused them to
become displaced towards the depressions between the shoals and to other
deeper parts of the basin. Various modes of transport may have been
possible. In many places, however, transport distances may be assumed of
only a few kilometers at most. As a consequence, the exact location of the
shoals and their areal configuration can hardly be determined.
Especially the evolution of the larger foraminifera and the changes in
composition of the planktonic foraminiferal associations enable us to
reconstruct the history of the separate areas. In the description of this
history, the successive phases can be dated on the basis of biostratigraphic
conclusions. The usual stage terminology can be applied to reconstruct the
history, but since most of the stages involved were established far from
northern Italy, it is preferable to use a first-order time framework in terms of
regional chronozones based on the observed faunal development. It is readily
admitted that the transformation from biozones (biostratigraphy) to chronozones (chronostratigraphy) is based on wishful thinking, if applied on interregional or global scale; since we are dealing with a restricted area in one
basin, however, the application of chronozones is thought to be justified.
We will discuss the successive phases of the basinal history, primarily

based on the local chronozones in the sediments, and on second order
correlations with the general chronostratigraphic scale.
The northern and southern regions with their rather independent histories
will be dealt with separately.

The investigated northern regions formed a relatively small area in some
central part of the Oligo-Miocene Po Basin. Several shallow areas must have
played a role; the largest was situated in the immediate vicinity of Casale.
1. The ampliapertura and angulisuturalis/opima
opima chronozones of
Middle to Late Oligocene age.
The sediments consist of marls and locally of alternating marls and
sandstones. Thin wave-influenced quartzose sandstone beds, indicative of
shallow-water conditions, are restricted to the area east of the line Ozzano Ottiglio and, to the early part of this period. Both upwards and to the west,
the sandstones gradually disappear and marls indicate open marine deeper
water.
Around Casale and Vignale shoal formation probably started toward the
end of the Oligocene, because in the next period calcareous sediments
originated already in the Casale area.
2. This part of the history is equivalent to our primordius and socini
chronozones (Aquitanian). See fig. 48.
Locally, marl sedimentation was interrupted by deposition of quartzose
sandstones, impure skeletal limestones, and Miogypsina and rhodolithbearing limestones.
The shoal south of Casale Monferrato provided suitable conditions for the
flourishing lime-secreting organisms, such as the Miogypsinidae and coralline
algae that formed rhodoliths. Quartz and serpentine sand were produced
locally by erosion. Our knowledge about the extent and the products of this
shoal area is limited because to the north and east all observations are
obstructed by the combined effects of the geological structure and the
covering younger sediments. The presence and nature of the shoal can be
concluded from some of its material that flowed or slumped to the southwest, to become intercalated in the marls (Rosignano, Cella Monte). In a
deeper and more western part of the shoal, glauconite was formed. At least
part of the material formed glauconite sand and glauconitic marl near San
Giorgio and Ozzano. The material was transported over a short distance only
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and some of the deposits in this area may even be autochthonous.
Already at that time the sedimentation area showed a development of
elongated depressions and ridges, probably with a WNW-ESE trend, known
from the later anticlinal structures in the region. The calcareous sediments
tended to accumulate in the depressions, one of which from Colma to
Treville contains the quartz and rhodolith-bearing calcarenites in the
Rosignano-Cella Monte outcrops. Additional depressions were formed
further west, but these received their material from other shoals. One of these
shoals probably was a WNW-ward continuation of the Casale high.
The anticlinal structure, presumably accentuated by diapirism, produced
large quantities of siliceous-clastic material and skeletal grains including
numerous Miogypsinidae and - in its eastern part - some rhodoliths. Part of
this material was deposited around and northwest of Crea after having been
transported over a considerable distance. In the same timespan, still another
diapiric-influenced anticlinal structure emerged northeast of Murisengo.
Large quantities of unsorted siliceous-clastic material and some skeletal
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grains (mainly Miogypsinidae and a few rhodoliths) were moved over <1 short
distance and deposited in and squtheast of Murisengo.
East of the line San Giorgio - Colma - Vignale, non-depositional conditions and possibly even erosion, are assumed to have been present. In some
areas farther west, e.g. in the Moleto - Ottiglio area, open marine deeper
water conditions must have prevailed, and resulted in fairly continuous marl
deposition.
3. The burdigalensis/negrii chronozone which is supposed to correspond
to an undefined part of the Globigerinoides trilobus Zone (AquitanianBurdigalian transitional interval). See fig. 49.
This period is characterized by marl sedimentation with intercalations of
skeletal limestone with rhodoliths, or of quartz-serpentine sandstone.
The shoals around Casale Monferrato continued to be present, but their
supposed northwestern extension during the Aquitanian was probably sub-

merged again to such depth that it cannot be recognized from shallow water
material anymore. In the Casale area, lime-secreting organisms flourished;
Miogypsinidae and rhodoliths were frequent, but erosion of bedrock
decreased; this resulted in lesser amounts of free quartz and fewer serpentine
grains. Intermittently, mixtures of these materials were swept down in
roughly western directions along the Colma-Treville depression, and came to
rest as channel-fills near Cella Monte and northwest of Rosignano, or as
slump masses near Treville.
For the area east of the line Ozzano - Rosignano - Vignale, nondepositional conditions are assumed. In the Moleto - Ottiglio area, around
Crea, and farther to the west, open marine deeper water conditions continued or returned; this resulted in hardly interrupted marl deposition. Only
in the Murisengo area, the deposition of quartzose sandstones of the
Aquitanian petered out and was replaced by marl deposition.
4. The interval corresponding to our globulina
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zones and to a larger undefined part of the Globigerinoides trilobus Zone,
equivalent to the Early and Middle Burdigalian. See fig. 50.
Erosional or non-depositional conditions are assumed for the early part of
this period in the Vignale - Canzano area and around Casale Monferrato,
but a general subsidence followed shortly afterwards. Marl sedimentation
continued in the west, but various calcareous sediments originated in a much
larger eastern area than before. Rhodolithic skeletal limestones, algal debris
and Miogypsina limestones, Lepidocyclina
and Operculina skeletal limestones accumulated in the depressions and even on some presumedly higher
parts from San Giorgio to Vignale. In the later part of this period, the
sediments changed to marls, glauconitic - in part rhodolithic - skeletal
limestones and very fine marly calcarenites to very fine calcarenitic marls.
A hardly submerged shoal area south of Casale provided an excellent
habitat for the formation of rhodoliths. Similar conditions were present in
an area eastsoutheast of Moleto. The main rhodolith-producing areas may
have been saddles in a complicated shoal system, in part controlled by
NW-SE trending anticlinal axes. Coarse skeletal grains and rhodoliths were
transported by various kinds of bottom-currents and were funnelled downwards along the axes of the two major depressions of Colma - Treville and
Moleto - Ottiglio. Possibly, the bottom profile along the 'axes of the
depressions were not sloping down continuously in WNW direction. The
coarser skeletal material hardly reached Treville and Ottiglio, and a flattening
or reversed bottom slope may be concluded. In between, a' probably spurlike elevated area received less of these sediments, but Lepidocyclina thrived
amidst fine-grained skeletal debris winnowed from the higher parts of the
shoal areas by wave-action. This type of sediment is redeposited on both
sides of the spur: near Cella Monte and west of Moleto. A similar habitat
probably existed north of the Colma-Treville depression along the western
part of the Casale platform.
In the later part of this interval (M. intermedia Zone), large parts of the
shoal are~ by wave-action. This type of sediment is redeposited on both
some more upslope areas rhodoliths continued to be formed. Rhodoliths and
other skeletal grains evidently passed through the glauconite area before the
resulting mixture came to rest in the Colma - San Giorgio area. Cause of this
change may have been further subsidence and a slight tilting. The latter is
concluded from the presence of an overlying litho clast-mollusc layer
restricted to the same area. The litho clasts probably represent fragments of
the substrate in the top of the shoal. This layer with partial phosphatization
of litho clasts and matrix reflects a conspicuous break in the sedimentation.
Hereafter, slow sedimentation of marly glauconit,ic very fine calcarenite to

calcarenitic marl suggests an appreciable continued subsidence. Glauconitic
skeletal limestones were deposited as far west as Ozzano.
The very fine-grained calcarenitic marls, in part rich in planktonic
foraminifera, found near Treville, in the higher part of the Cella Monte
sections and farther west, point to the absence of influxes of detrital
material- but also to greater depths, higher sedimentation rates, and to
conditions unfavourable to local or nearby formation of glauconite. Marl
sedimentation also continued in the Crea, Murisengo and other western
areas.
In the Moleto - Ottiglio area, large scale mixing bf skeletal debris and
glauconite was not observed. East of Moleto some glauconitic limestones and
mollusc layers are found above the pure skeletal limestones, and reflect a
deepening and a slowing down of the sedimentation rate in the eastern,
shoalward part of the area toward the end of the period. To the west, all
evidence suggests a continuous sedimentation in deeper marine waters. Very
impure glauconitic skeletal limestone was deposited on inclined Oligocene
rocks in the Vignale - Conzano area, possibly during the younger part of the
period. Subsequently, the area was part of a non- to slow-depositional shelf
area agam.
5. The interval corresponds to the Globigerinoides altiaperturus Zone and
the sicanus chronozone (Late Burdigalian - Early Langhian). See fig. 51.
Shortly before the beginning of this period, benthonic skeletal grain
production virtually came to an end. Large non- to slow-depositional
glauconite-rich platform areas were situated in an arc from Casale Monferrato to Vignale. In the Colma area, glauconitic very fine marly calcarenites
were deposited below wave base, partly at least by mass-flows. Still more
glauconitic sediments with darkened indurated marl-pebbles are present in
the Ozzano area, indicating erosion of a (near-)emerged area in shoals around
Casale. Glauconitic and marly, very fine-grained skeletal limestones, consisting for a large part of the test of planktonic foraminifera, point to
slow-depositional platform conditions in or near the Vignale area.
Similar marly globigerinid limestones, but containing less glauconite, were
deposited in the Moleto - Ottiglio area, indicating a nearby slowdepositional platform area. In a wide area around Crea and Murisengo and in
the Cella Monte and Treville area, open marine basinal conditions with
globigerinid marls and silica accumulation must have continued to exist.
Conditions did not change much in the later part of this period, corresponding to the sicanus/Praeorbulina
chronozone. In the Ozzano area, turbidity currents transported glauconitic platform material into a kind of
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depression. Later, "hemipelagic" mottled marl became intercalated.
Very fine skeletal limestone or marl with some glauconite, darkened
marl-pebbles, and rich in globigerinids was deposited in the Moleto Ottiglio area and farther west, in part by mass flows from the east. About
15 km eastnortheast of VigIlale: near Pomaro Monferrato, similar sediments
were observed and similar conditions may have been present.
The entire region under discussion remained a structural high, inaccessible
to the siliceous-clastic material that is fairly common in other regions of the
Po Basin.
6. An ill-defined period, more or less equivalent to our Orbulina Zone, and
ranging from Late Langhian through Serravallian into the Early Tortonian.
See fig. 52.
The main sediments are marls, glauconitic marls and conglomeratic marls,
all rather rich in planktonic foraminifera.
The greater part of the northern regions shows continuous marl deposition, indicating open marine, low energy environments. Only in the Colma
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area there are some gaps in the sedimentation at the transltlon to the
Orbulina Zone. Occasional influxes of coarser material (mainly glauconite,
glauconitized marl-sand and redeposited foraminiferal tests) reached Ottiglio
in the northwest and Colma in the north, coming from the shallower area
east of Vignale and probably from other areas as well. In the VignaIe area
proper, glauconiticcalcisiltite
to very fine calcarenite was formed and
redeposited. This sedimentation was interrupted by a local mass-transported
conglomeratic marl. Finally, part of the Vignale area shallowed to such an
extent that larger foraminifera (Amphistegina) could live there again.
A shallowing and a local erosional phase around Casale, Moleto and
Vignale preceded a transgression of Tortonian Age, which established open
marine conditions again over-larger areas.

In the southern region the forming of large amounts of skeletal grains was
limited to the short period of the Early and Middle Burdigalian, equivalent
to our globulina and intermedia chronozones (fig. 53). Open marine deeper
water conditions were prevalent in Late Oligocene to Early Miocene times,
when marls and in some areas turbiditic sandstones were deposited. Subsequently, local uplift was accompanied by some erosion, and slightly
submerged shoals surrounded by glauconitic platform areas developed west
of Acqui Terme. On the windward side of the shoal area, coralline algal
nodules were formed while other skeletal grains were produced in a larger
area. During occasional severe storms, the shoals were swept clean of skeletal
grains, which accumulated on the upper slopes. Grain-flows from oversteepened slopes spread over a large area. The lowermost Operculina-rich
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limestones (Acqui-Visone) were formed on the lee side and in deeper parts of
the shoals with relatively low wave energy. Amphistegina-Miogypsina-rich
flows (Acqui-Visone) originated in an area with higher energy conditions.
The impure marly, mainly fine skeletal grain flows of the Rio Ravanosco
Valley are another product from the lee side of the shoals, mixed with some
local erosional material.
From the west side of the shoal turbidity currents, containing algal
nodules and other skeletal grains, reached the area northwest of Spigno
Monferrato, flowing at nearly right angles to the transport direction of the
siliceous-clastic sediments. In places, glauconite sand' was also transported
"en masse". At least part of the overlying glauconitic sediments may be
autochtohonous. At the end of the period, submergence finished carbonate
production, and glauconitic platform conditions existed in the entire Acqui
- Visone area.
The area around Montechiaro formed a kind of deep platform throughout
the Burdigalian, inaccessible to siliceous-clastic and coarse skeletal material.
Another small shoal south of Ponzone produced algal nodules and other
skeletal grains, which were transported northwards to the Ponzone area
proper.
Coarse siliceous-clastic material became available in an emerged area
presumedly around the Monte Laione. These clastics were washed down the
slopes to the west (Ponzone) and possibly to the northwest (Scaragli).
Towards the end of the Burdigalian, all shoal areas had subsided so far
that nearly everywhere marls follow the limestone and glauconite formation
and deposition. Only near Cavatore, quartz-sandstones directly overlie the
limestone and glauconite sequence. In some places, they seem to have
incorporated material from underlying beds.
After the Burdigalian the whole region was covered with a thick
turbiditic sandstone and marl formation (Cortemilia Formation, Gelati,
1968); this indicates that the normal siliceous-clastic, deep-water sedimentation was re-established.

All previous work of the last 25 years deals either with the northern or
with the southern regions; therefore these regions will be separately
discussed.

VII-4-1 The northern regions
The most recent publications by Socin (1953), Elter (1956), Drooger &
Socin (1959), Montrasio et al. (1968), Bonsignore et al. (1969) andCaretto
(1972) contain but few conclusions on carbonate formation or on paleogeographic reconstruction. Discussions on paleoenvironment are scarce or
wanting.
Socin's stratigraphy and paleontology of the Murisengo area (1953)
cannot be verified anymore, owing to rapid outcrop deterioration. Our
evidence is not in conflict with Socin's findings, but the correct name of his
Miogypsinids should be Miogypsina socini, a species established in 1954, and
not M. gunteri. M. socini may be regarded as a time-equivalent of M. tani,
known form the middle and upper parts of the Aquitanian stratotype.
Following Sacco, Elter (1956) maintained an Elveziano age for the Pietra
da Cantoni Formation in the Vignale area, although he professed sympathy
for a Langhiano age. As we found Miogypsina intermedia in the lowermost
strata, this basal part must be of Burdigalian Age. The conglomeratic marl
intercalation about halfway the glauconitic sediments in the Vignale section
contains Orbulina universa. Therefore, the Pietra da Cantoni Formation in
the Vignale area reaches at least into the Serravallian.
Drooger & Socin (1959) were rather unfortunate in their sampling; they
reported only a single Miogypsina species. In addition to Miogypsina globulina, we observed M. socini, M. burdigalensis, assemblages close to M.
negrii and primitive M. intermedia. Consequently, the Pietra da Cantoni
Formation began as early as the later part of the Aquitanian, bilt the main
bodies of the coarse skeletal limestone, containing M. globulina, must be of
Burdigalian Age. Glauconite sedimentation continued in some areas
(Vignale), at least into Serravallian time (fig. 54).
Montrasio et al. (1968) presented a lithostratigraphic nomenclature and a
geologic map, both of which appear to be useful; there are some points of
disagreement. They stated that the stratigraphic succession in the Pietra da
Cantoni Formation seemed rather uniform, and they distinguished six informal members labelled a through f. It appears that the stratigraphic
succession is variable; it is hardly possible to distinguish these members in
the field. Lateral changes in lithology are as common as vertical changes. For
a better understanding of the heterogeneous Pietra da Cantoni Formation,
the coarse benthonic skeletal limestone units are regarded as a separate
formal member (Colma Member, IV-3-2).
According to Montrasio et al., the Pietra da Cantoni Formation is equivalent to the following biozones of Cati et al. (1968): Globigerinoides
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Stratigraphic position of the coarse skeletal limestones and some glauconitic sediments of the
Pietra da Cantoni Formation and the ·San Michele Member. Not to scale.

bisphericus Zone, Praeorbulina glomerosa Zone, Orbulina suturalis Zone and
the basal part of the Globoquadrina altispira/Globorotalia miozea Zone. The
lowermost levels of the formation, however, contain Globigerinoides primordius in the absence of G. trilobus. Therefore, the G. primordius Zone and the
successive G. altiaperturus/G. trilobus ;lnd Globoquadrina dehiscens Zones of
Cati et al. are equivalent to the lower parts.
For the San Michele Member - the sandstones and limestones of Crea Montrasio et al. (1968) mentioned the presence said to be based on the
literature of Miogypsina gunteri and M. globulina. We observed M. socini in
varying stages of evolution in fiye successive samples, covering a thickness of
about 90 m; the top part of this member is considered isochronous with the
lowermost levels of the Pietra da Cantoni Formation (fig. 54). M. globulina is
unlikely to be present at Crea.
With one exception the observations and opinions of Montrasio et al. are
repeated in the guidebook on the geology of the Turin - Monferrato region
by Bonsignore et al. (1969). In this paper Elter & Sturani, referring to the
heterogeneous character of the Pietra da Cantoni Formation, proposed to
restrict the name Pietra da Cantoni to the informal members a to c only, in
order to comply with the Italian code on stratigraphic nomenclature. Other
stratigraphic codes, however, state that extremely heterogeneous rocks
together may constitute a form of unity compared to the adjacent rock units
and therefore may be regarded as formations. This seems to be applicable to
the Pietra da Cantoni Formation.
The solution offered by Elter & Sturani has other drawbacks. The informal member d - siliceous marls - was regarded as the extension of the
top part of the Complesso di Termo Fora, another not very homogeneous
formation in the Turin area. The correlation was said to be based on
identical lithofacies, relative stratigraphic position and age. The Monferrato,
however, contains nice examples of lithofacies crossing biozones and timelines. One sample from siliceous marls (SM 189, exposure 113, NE of
Casalino) indicates that at least part of them belongs to our Globigerinoides
altiaperturus Zone and thus must be older than the siliceous marls which
according to Bonsignore et al. contain G. bisphericus and/or Praeorbulina
glomerosa.
According to Elter & Sturani, the overlying members e and f - marls and
calcareous serpentine-bearing sands - correspond to the lower and middle
parts of the Complesso di Baldissero. This correlation is based on similar
evidence.
Moreover, it will prove very difficult or impossible to map these three
members over the entire distance from Turin to northeastern Monferrato,

unless the presence of certain microfossils is mapped, which seems an
improper method for delimiting lithostratigraphic units.
Caretto (1972) published an essentially taxonomic paper on shark teeth
from the Pietra da Cantoni. It contains a contribution by Sturani on the age
and paleoenvironment of our Torre Veglio section. Most of his paleoenvironmental interpretations of the lithological units are in fair agreement with our
conclusions. In the basal marl and sandstone unit, however, we interpreted
his turbiditic sandstones as sandstone beds affected by wave-action.
VII-4-2 The southern region
Recent publications on the southern region include papers by Vervloet
(1966), Franceschetti (1967), Lorenz (1969), Gelati (1968, 1969) and
Nicora (1971).
Vervloet's formal lithostratigraphic units for large areas of southern
Piedmont were dated by means of planktonic and larger foraminifera. On the
basis of 28 specimens from the Casa Poggi and Rocchetta sections, he
established the presence of primitive Miogypsina intermedia, and on very few
specimens the presence ot M. globulina near Acqui, Visone and in the upper
part of the Rio Ravanosco Valley. Specimens (in part Vervloet's) from the
Casa Poggi-S section were measured and Vervloet's results can be confirmed.
Franceschetti (1967) established another formal lithostratigraphy for the
area east of Acqui. He included all limestones and glauconitic sediments of
Early Miocene age in his Visone Formation. It seems logical to include both
sediments types in one formation because they can hardly be separated.
Lorenz (1969) described the limestones and glauconitic sediments of
Ponzone in detail, but he paid little attention to environmental and paleogeographic data. He mentioned the presence of Miogypsina burdigalensis.
Only a few specimens from Ponzone could be measured, but the species
involved seem to be M. intermedia and (or) M. globulina. The present author
failed to find specimens of Miogypsina species older than M. globulina.
Gelati (1968, 1969) dealt with the stratigraphic relations and the areal
distribution of the limestones in the Acqui - Spigno area. His observations
are generally correct and his lithostratigraphic names are maintained to avoid
confusion. His ideas on a shoal near Piantivello cannot be supported; the
material of the limestones was transported over a considerable distance and
cannot have originated in a local source area.
Nicora (1971) relied heavily on Gelati's lithostratigraphic data. She determined tha planktonic foraminifera in his sections and set up a biozonation.
The present author gratefully used some of the determinations. She also

distinguished three zones based on associations of larger foraminifera, which
are of questionable value. Her two lower zones were supposed to contain
Miogypsina gunteri either exclusively (zone 1 M) or for the larger part (zone
2M). Specimens from the Piantivello, Rio della Caliogna and San Croce
section (zone 2M) and from the Rio Ravanosco section (zones 1M and 2M)
all turned out to belong to M. globulina or M. intermedia assemblages.
Finally, Nicora explained the dish-structures as wave-ripple marks, whereas
the present author prefers some combined effect of grain-flow structure and
pressure-solution.
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Miogypsina specimen (No. 26) with X = 9, V = 0, and'Y = _48 from the M. socini
assemblage of sample SM 124, Cella Monte - Carcanara section, x 91
Miogypsina
specimen, external view, from the M. socini assemblage of sample
SM 483, Treville section, x 24
Miogypsina
specimen, external view, from the M. socini assemblage of sample
SM 482, Treville section, x 24
0
Miogypsina specimen (No. 18i with X = 8, V = 13, and'Y = _14 from the M. socini
assemblage of sample SM 234, Treville section, x 51
Miolepidocyclina
specimen (No. 20) with X= 8 and V = 18 from the Miogypsina ex.
interc. burdigalensis-socini
assemblage of sample SM 233, Treville section, x 60
Miolepidocyclina
specimen (No. 58) with X = 7 and V = 13 from the Miogypsina
burdigalensis assemblage of sample SM 479, Cella Monte - San Quirico sections, x 30
0
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Miolepidocyclina
specimen (No. 26) with X = 6 and V = 48 from the Miogypsina ex.
interc. burdigalensis-negrii
assemblage of sample SM 81 *, Ozzano-287-SW section, x
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Figs.3a-b
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Miolepidocyclina
specimen (No. 22) with X = 7 and V = 40 from the Miogypsina ex.
interc. negrii-burdigalensis
assemblage of sample SM 443, Treville section, x 35
Miolepidocyclina
specimens in part with flange (figs. 3a, 3b), external view, from the
Miogypsina
ex. interc. negrii-burdigalensis
assemblage of sample SM 481, Treville
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fig. 8 depicts specimen No.5 with X = 4 and V = 97 of 'ultra'-negrii appearance,
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Miogypsina
specimen, external view, from the M. globulina assemblage of sample
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Bolli, sample SM 259, Canzano section (exp. 195), unit C
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Bolli, sample SM 192, Vignale, expo 92, unit B
Globorotalia
opima nana Bolli, sample SM 99, Rosignano-S section (exp. 12, 67),
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Figs.2a-c
Fig.3a-c
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altiaperturus
Bolli, sample SM 13, Castello d'Uviglie section (exp. 1),
Unit L
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Globoquadrina
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Globorotalia
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section (exp. 7), unit L2
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