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Abstract

Gnaccolini, M. and Jadoul, F., 1990. Carbonate platform, lagoon and delta “ high-frequency” cycles from the Carnian
of Lombardy (Southern Alps, Italy). Sediment. Geol., 67: 143-159.

The Early and Middle Carnian succession of the Bergamasc Alps (Southern Alps, Italy) was deposited in three
different environments: a deltaic depositional system passing seaward to a lagoon (or bay) and then to a carbonate
platform. The corresponding lithofacies (sandstones and siltstones; shales and limestones) are organized in “high-

frequency” cycles.

Fining-upward trends are typical of the subaerial delta plain cycles, and shallowing-upward trends are widespread
in the lagoon and platform cycles. The genesis of the lagoonal and carbonate platform cycles is possibly accounted for
by sea-level changes, mainly controlled by small-scale eustatic oscillations. Sea-level changes are interpreted as exerting

a major control also in the development of the deltaic cycles.

Introduction

The cyclic development of sedimentary succes-
sions has been studied by a number of workers
since last century, with respect to both small-scale
(millimetric) and meter-scale (up to 100 m) cyclic-
ity (e.g. Duff et al, 1967). “High-frequency”
cyclicity (1-10 m scale) in shallow-water carbon-
ates and shales has recently become a topic of
interest among sedimentologists (Goodwin and
Anderson, 1985; Brett and Baird, 1986; Goodwin
et al., 1986; Grotzinger, 1986a, b; Hardie et al.,
1986; Bosellini and Hardie, 1988). The Carnian
stratigraphic record of the Southern Alps in Lom-
bardy (northern Italy) is characterized by coeval
carbonate platform, lagoonal and deltaic facies
showing 1-10 m thick cycles of supposed high
frequency. Here we give a description of these
cycles, examine their lateral relationships and in-
terpret their significance.
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Geologic framework

The Carnian stratigraphic record of the South-
ern Alps in Lombardy has been widely investi-
gated since the second half of last century and its
paleogeographic setting has been dealt with by a
number of workers (see Gnaccolini and Jadoul,
1988, and references therein). The paleontological
studies by Allasinaz (1966, 1968) pointed out that
the faunal content of the Carnian succession of
Lombardy is not sufficient to allow a detailed
biostratigraphy. ;

In Fig. 1 it can be observed that in the Early
and Middle Carnian a large area in Lombardy was
covered by deltas fed by emerged lands set to the
south. These deltaic environments are represented
by terrigenous sequences of red (subaerial delta
plain) and greenish (delta front and prodelta)
volcanic litharenites and siltstones arranged in
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Fig. 1. Scheme showing the Carnian paleogeography in central Lombardy at the moment of maximum progradation of the deltaic
bodies (Alpine deformations are not restored). The black bar indicates the location of the stratigraphic cross-section shown in Fig. 2.
a—[ = location of measured sections.

fining-upward cycles (Arenaria di Val Sabbia).
The delta front and prodelta developed within a
wide lagoon (or bay), the central sector of which is
represented by alternating dark gray to black
limestones, marly limestones, marls and shales
rich in pelecypods (Gorno Formation). To the
northeast the lagoonal facies pass laterally into a
carbonate platform sequence. The platform
succession is represented by shallow subtidal and
peritidal facies consisting of light-coloured limes-
tones containing oncoids and stromatolitic algal
mats, locally with fenestrae, pisoids and tepee
structures (Breno Formation). The correlation be-
tween the Carnian deltaic, lagoonal and carbonate
platform deposits has been established by As-
sereto and Casati since 1965. Recently, a detailed
survey has been carried out in the Valcamonica,
where tectonics does not disturb the relationships
between the different facies associations. In this
particular area it is possible to observe the inter-
fingering of the deltaic deposit with the lagoonal
succession and of this latter with the platform
carbonates (Gnaccolini and Jadoul, 1988, fig. 11).

Fig. 2 shows the relationships between the dif-
ferent lithofacies associations which we observed
in Valcamonica as well as the five intervals repre-
senting the Carnian paleogeographic evolution.
Subsequently we recognized these five intervals in

the whole area of the Bergamasc Alps (Fig. 3). A
brief description of the intervals is given below.

Interval 1

It can be clearly observed only in the southern
sectors of the Valle Brembana, Val Seriana and
Valcamonica and includes part of the Breno For-
mation and the Calcare Metallifero Bergamasco
Formation. The Breno Formation is here com-
posed of well bedded (20-100 cm) peritidal light
gray limestones, locally showing tepee structures
(Assereto et al., 1977). The thickness ranges from
130 m in the Valle Brembana to a few meters in
the lower Valcamonica. The Calcare Metallifero
Bergamasco Formation (25-60 m thick) consists
of thin-bedded (5-40 cm) gray limestones, often
with stromatolites and chert nodules.

A regional unconformity marks the contact with
the underlying Esino Limestone, and corresponds
to the Ladinian—Carnian boundary (Assereto et
al., 1977). Interval 1 represents a transgressive
event: tidal flats develop on a previously emerged
area. A drowning surface marks the upper limit of
interval 1, at the passage from the Calcare Metal-
lifero Bergamasco, locally karstified, to the overly-
ing Gorno Formation.
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Fig. 2. The Carnian delta—lagoon-carbonate platform transition in the Southern Alps of Lombardy (Valcamonica) according to
Gnaccolini and Jadoul, 1988 (modified). 4 = delta front and prodelta greenish litharenites and siltstones (Arenaria di Val Sabbia).
B = lagoonal dark gray wackestones, packstones, mudstones and marls (Gorno Formation p.p.); stromatolitic bindstones are frequent
in the lowermost part of the succession (B* = Calcare Metallifero Bergamasco); B** = gray to dark gray packstones, locally
grainstones (Gorno Formation p.p.). C = peritidal light gray packstones (Breno Formation, Annunciata Member) locally dolomitized
(D). Five intervals have been identified, representing different phases of the Carnian paleogeographic evolution in the studied area.
They are tentatively correlated with the Carnian cycles 3.1 and 3.2, supercycle UAA-3, of Haq et al. (1987). SB = Sequence
Boundary; LSW = Low-stand Wedge Systems Tract; SMW = Shelf Margin Wedge Systems Tract; TR = Transgressive Systems
Tract; HS = High-stand Systems Tract. On the right, the Carnian stratigraphy of the Presolana Allochthonous is outlined (according

to data published by Allasinaz, 1968, and Rodeghiero 1977).

Interval 2

In the southern region of the studied area this
interval consists of red to green deltaic litharenites
and siltstones (Arenaria di Val Sabbia) and its
maximum thickness is about 500 m in the Valle
Brembana and 200 m in the Valcamonica. North
of this clastic prism, interval 2 is represented by
the lower part of the Gorno Formation consisting
of dark gray lagoonal limestones and marly lime-
stones intercalated with marls, fine-grained aren-
ites and shales (maximum thickness about 130 m
in the Valle di Scalve). In the northeastern sector
interval 2 consists of the lower part of the Breno

Formation (Annunciata Member p.p., Fig. 3), a
sequence of light gray peritidal limestones.

In the central part of the studied area, at the
beginning of interval 2 a wide and shallow lagoon
developed. The lagoon was bound southward by
deltaic bodies and northward by peritidal
carbonate platforms. The development of the del-
tas could be related to: (1) the growth of a volcanic
arc southward (Garzanti and Jadoul, 1985), (2) the
creation of available space for the sediments
(accommodation) within the studied area; this
latter phenomenon was connected to a relative
sea-level rise, which was in turn related to an
increased tectonic subsidence and /or eustacy.
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Fig. 3. Tentative chronostratigraphic division of the Carnian of central Lombardy, from the Esino Limestone to the San Giovanni

Bianco Formation, showing the five intervals considered. Vertical bars indicate the stratigraphic position of the studied sections

(a-l); sections f, h and i correspond, in part, to Gnaccolini and Jadoul (1988) sections 4, 5 and 9. Their locations are shown in Fig.

1. Sections a, ¢, f, h and i are illustrated in Fig. 10. On the right, the Carnian stratigraphy of the Presolana Allochthonous is
outlined (inferred from data of Allasinaz, 1968 and Rodeghiero, 1977).

Interval 3

It is represented by dark gray limestones and
marly limestones with intercalated dark marls and
shales. Its thickness is about 20 m in the Val
Brembana and 25-30 m in the Valcamonica. To
the north, these lithofacies interfinger with lime-
stones (mainly subtidal) of the Breno Formation.

Interval 3 corresponds to the maximum pro-
gradation northward and southward of the Gorno
Formation lagoonal lithofacies.

The retrogradation of the deltaic bodies has
been ascribed to the conclusion of the volcanic
and tectonic activity occurred in a region located
southward of the studied are (Garzanti and Jadoul,
1985). However, by examining the relationships

between lagoonal and carbonate platform facies
(Gnaccolini and Jadoul, 1988), we infer that a
relative sea-level rise was a contributory cause.

Interval 4

The boundary between intervals 3 and 4 is
marked by the sudden disappearance of marls and
shales. This boundary could be correlated with the
erosional surface, marked by pervasive karstifica-
tion (Allasinaz, 1968; Rodeghiero, 1977), in the
Carnian allochthonous succession of the Pre-
solana. Interval 4 consists of a carbonate-rich se-
quence with ooids, rare stromatolites, sparse black
chert nodules, and represents a continuous marker
from the Valcamonica to the Valle Brembana. At
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Castel Orseto this interval is composed of a 55 m
thick sequence, while in the Valle di Scalve it is
about 85 m thick. These sediments interfinger
northward with the Annunciata Member of the
Breno Formation. In Valle Brembana, the maxi-
mum thickness of interval 4 deposits is 20-25 m.

Interval 4 marks a sudden facies change in
most of the lagoonal area, where environmental
conditions very similar to those prevailing on the
carbonate platform established.

Interval 5

The contact between intervals 4 and 5 corre-
sponds to the reappearance of marls and shales. In
fact, interval 5 consists of alternating limestones,
marly limestones, marly and shales rich in
pelecypods and subordinate gastropods, algae and
echinoids (upper part of the Gorno Formation,
90-100 m thick in the Val Brembana and 90-140
m thick in Valcamonica). The sediments of this
interval deposited in an open lagoon or bay and
overlie those of interval 4, which can be ascribed
to a shallow-water environment characterized by
higher energy. Northward these lithofacies inter-
finger with a shallow-water carbonate platform
(Annunciata Member of Breno Formation, upper
part, about 100 m thick).

In carbonate platform of the Presolana area
(Fig. 3) the lower part of interval 5 could corre-
spond to a subtidal facies rich in ammonoids
(Allasinaz, 1968) that overlies carbonates with
caliches and vadose—phreatic cements.

Interval 5 ends with a regressive event and the
rapid progradation of the transitional and alluvial
sediments of the lower part of the San Giovanni
Bianco Formation.

The Carnian sequence that we analyzed can be
divided in two depositional sequences (sensu
Mitchum et al., 1977): a lower one, comprising
intervals 1, 2 and 3 and an upper one, represented
by intervals 4 and 5 (Fig. 2). The basal sequence
boundary is recognizable in the whole of the South
Alpine region (Biddle, 1984). The maximum flood-
ing episode (interval 3) can be correlated with: (1)
the interfingering of the basinal facies of the S.
Cassiano Formation within the Dolomia Cassiana
platform in the eastern Dolomites, (2) the Julian

lagoonal facies in northeastern Veneto (Cadore),
and (3) the basinal deposits of the Rio del Lago
Formation in the Julian Alps (Brusca et al., 1981).
Recently, Bosellini and Doglioni (1988), and
Doglioni et al. (1989) recognized, in the western
Dolomites, two Carnian depositional sequences
that correlate very well with our sequences in
Lombardy. Furthermore, some of the events that
we identified could be related to similar episodes
occurred in the North Alpine domain. In particu-
lar: the basal transgression of interval 2 might
coincide with the first siliciclastic intercalation
observed by Hagemeister (1988) in the upper part
of the Wettersteinkalk. Intervals 3 and 5 could
correspond, respectively, to the second and third
terrigenous horizons occurring in the Carnian se-
quence of the Raibler Schichten (Hagemeister,
1988).

Embry (1988) has identified two major trans-
gressive—regressive cycles in the Carnian of the
Sverdrup Basin (Canadian Artic Island) which can
be correlated to the depositional sequences that
we observed in Lombardy. Similar transgressive—
regressive cycles have been described, according to
Embry (1988), in the Canadian Rocky Mountains
and Svalbard. On the basis of the aforementioned
data local tectonism can be ruled out as a major
control on the development of the Carnian se-
quences.

In Lombardy these sequences have been tenta-
tively correlated in Fig. 2 with the Carnian cycles
3.1 and 3.2 of Haq et al. (1987). In this region,
however, the lower sequence boundary seems to
be controlled both by eustatism and tectonics
(Assereto et al., 1977).

Anatomy of the cycle

Here we give the results of the analysis of 207
“high-frequency” cycles (1-10 m) observed in
stratigraphic sections in the Valle Brembana,
Valcamonica and Val di Scalve. These cycles occur
in each of the above-mentioned five intervals.

In addition to “high-frequency” 1-10 m cycles
that are dealt with in this article, we observed:

(1) small-scale (10-100 cm) cycles, mostly peri-
tidal autocycles developed within both carbonate
platform facies and prodelta facies.
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(2) Large-scale cycles (20-60 m) which com-
prise several 1-10 m scale “high-frequency”
cycles; these large-scale cycles are well developed
at the passage from carbonate platform facies to
lagoonal facies (with shallowing-upward trend
connected with the progradation of the platform,
see fig. 11 in Gnaccolini and Jadoul, 1988) and
within the delta front and prodelta facies.

The studied “high-frequency” cycles include
carbonates, shale-limestone and siliciclastic cycles.
The cycles exclusively consisting of carbonates can
be easily recognized in the field: their lower
boundary is marked by a sudden change from
underlying shallow subtidal, intertidal or supra-
tidal deposits to overlying deeper carbonate litho-
facies. Shallowing-upward trend is a characteristic
feature of the upper part of these cycles.

In the shale-limestone cycles the lower
boundary is represented by a sudden change from
very shallow-water carbonates to overlying
lagoonal shales, which, in turn, pass upward to
carbonate layers with a general shallowing-upward
trend. Siliciclastic cycles are quite easy to recog-
nize: they are often characterized by an erosional
basal contact and show a fining-upward trend.

The observed ‘“high-frequency” cycles can be
grouped according to their composition, evolu-
tionary trend and significance: seven main types
are here described.

1. Shallowing-upward carbonate cycles with evidence
of subaerial exposure (Fig. 4)

These cycles characterize the carbonate plat-
form deposits in interval 1 (1a cycles, Fig. 9) and
in interval 5 (5d cycles, Fig. 9).

la cycles show thicknesses ranging from 1.2 to
6.6 m and, more frequently, from 1.5 to 3.5 m (as
many as twenty-two la cycles have been measured
in the Breno Formation of the Valle Brembana).
The lower part of each cycle displays bioturbated
light gray to light brown, seldom dark gray,
wackestones /packstones containing pelecypods
and dasyclad algae. These lithologies alternate with
thin intraclastic packstone/grainstone layers as
well as slightly dolomitized bindstones with planar
stromatolites and desiccation structures. This part
generally accounts for 23-53% of the whole cycle.

M. GNACCOLINI AND F. JADOUL
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Fig. 4. Examples of type I cycles (from section 1) and type II
cycles (from section i).

The upper part of the cycle consists of slightly
dolomitized intraclastic packstones showing irreg-
ular cavities due to both dissolution and desicca-
tion (47-77% of the whole cycle). The uppermost
part shows embryo tepee structures which some-
times disrupt also the lower part of the cycle.
Tepee cements include dark hemispheroids of
calcite ray crystals (“raggioni”; Assereto and Folk,
1980), cavity-filling fibrous calcite (“coconut meat
calcite”; Assereto and Folk, 1980) and sparry
calcite.

Similar cycles have been measured in interval 5
(5d cyles) in the Breno Formation cropping out in
the Valcamonica. They are 4.5-4.9 m thick and
show a scoured base, with an erosion surface
extending down to 50 cm. The lower part of each
consists of light gray, coarse-grained, dolomitized
packstones with intraclasts and oncoids. These
packstones represent 20-47% of the cycles. The
upper part (53-80% of the cycle) consists of in-
traclastic packstones showing fenestrae alternating
with stromatolitic bindstones. Embryo tepee struc-
tures are well developed within this part of the
cycles.
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The sediments showing tepee structures account
for 47-80% of the type I cycles, with average
thickness 2.7 m in the Valcamonica and 1.7 m in
the Valle Brembana. These conspicuous thick-
nesses testify the repeated subaerial exposure of
the platform, probably controlled by eustatic sea-
level oscillations (Grotzinger, 1986a, b; Hardie et
al., 1986; Bosellini and Hardie, 1988). The shoal-
ing-upward trend, regardless of the presence of
tepee structures, may be interpreted also as the
result of autocyclic mechanisms.

I1. Shallowing-upward carbonate cycles (Fig. 4)

This group includes two kinds of cyles, the first
one of which ends with stromatolitic bindstones
and the second one with grainstones.

The first one is represented in interval 1 (1b
cycles, Fig. 9) and in interval 4 (4c and 4e cycles,
Fig. 9) and it develops within the carbonate plat-
form facies or in the transition zone between the
lagoon and the platform. Thirteen 1b cycles have
been measured in the Calcare Metallifero
Bergamasco of the Valle Brembana and Valle di
Scalve. These cycles, 1.4-8.7 m thick (average
thickness 2-3.5 m), show a lower part consisting
of dark gray wackestones, locally packstones, with
intraclasts and bioclasts (mainly pelecypods and
gastropods), bioturbation and oncoids (43-75% of
the whole cycle). The upper part mainly consists
of dark gray intraclastic packstones and stromato-
litic bindstones with fenestrae, vertically arranged
in thin bedded subtidal-intertidal couplets (25—
57% of the whole cycle). The top of the cycle can
be characterized by the presence of small embryo
tepees.

4c cycles are mainly 3-4.5 m thick (minimum
thickness 1.4 m, maximum thickness 7 m; six
cycles have been measured in the Gorno Forma-
tion, Valle di Scalve). The lower part of the cycle
consists of dark gray packstones and wackestones
(with foraminifers as Lagenids, Involutinidae,
Trocholinae, Glomospirella sp.) intercalated with
marls and marly limestones. These lithofacies are
locally bioturbated and represent 78-92% of the
whole cycle. The upper part (8-22% of the whole
cycle) is formed by bindstones showing planar
stromatolites and fenestral cavities.

Three 4e cycles, 1.6-2.6 m thick, have been
measured in the Breno Formation, Annunciata
Member, Valcamonica. They show a lower part
consisting of light gray, intraclastic/bioclastic
(mainly pelecypods and gastropods) wackestones
and packstones seldom showing a scoured base
(85-90% of the whole cycles). The upper part
(10-15% of the cycles) mainly consists of pack-
stones associated with bindstones showing
stromatolites and fenestrae.

The second kind of shoaling-upward carbonate
cycle differs from those above-mentioned because
the shallowing upward is indicated by grainstones
with superficial oolites, intraclasts, bioclasts and
aggregates. These cycles have been observed in
interval 4 (4b cycles, Fig. 9). They are generally
3-4.5 m thick (minimum thickness 1.8 m, maxi-
mum thickness 6 m; nine cycles have been mea-
sured in the Gorno Formation, Valle Brembana,
Castel Orseto). The lower part of the cycle con-
sists of bioclastic wackestones and packstones with
pelecypods, echinoderms, gastropods and ooids
(developed around quartz grains), pellets and in-
traclasts (64-87% of the whole cycle). The upper
part (13-36% of the whole cycle) is composed of
dark gray oolitic grainstones with intraclasts and
bioclasts, these latter represented by dasyclad al-
gae (Clypeina besici Pantic), Porostromata, be-
nthic forams and pelecypods. Locally, packstones
may be present and, at the top of the cycles, small
algal boundstones (Porostromata bafflestones) can
be observed.

The lower part of the type II cycles is indicative
of subtidal depositional environment, char-
acterized by well oxygenated waters. The upper
part represents deposition in shallower waters,
locally up to supratidal environments. Textures
and structures of these deposits do not allow the
exact identification of the causes for the shoaling
upward, however, these could be related to the
same mechanisms that controlled the evolution of
type I cycles.

II1. Shallowing-upward cycles, mainly consisting of
carbonate lithofacies with some basal shaley inter-
layers (Fig. 5)

This group is represented by cycles which can
be observed at the transition from carbonate plat-
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form facies to lagoonal facies, in interval 4 (4d
cycles, Fig. 9) and in interval 5 (5c cycles, Fig. 9).

The 4d cycles are generally 1.5-4.5 m thick
(minimum thickness 1.2 m, maximum thickness
4.5 m; six cycles have been measured in the Breno
Formation, Annunciata Member, Valcamonica).
The lower part consists of alternating dark gray
bioclastic /intraclastic packstones and wacke-
stones with intercalated dark shales and marls
(26-65% of whole cycle). The upper part consists
of light gray bioturbated packstones with dasyclad
algae and gastropods. Towards the top of this
member, they make transition to light gray
stromatolitic bindstones showing thin peritidal
cycles, oncoids and fenestrae (35-74% of the whole
cycle). '

The 5c¢ cycles are generally 2.5-5 m thick
(minimum thickness 1.8 m, maximum thickness
8.4 m). As many as twenty-six cycles have been
measured (Breno Formation, Annunciata Mem-
ber; Valcamonica). The lower part of each cycle
(32-72% of the whole cycle) consists of dark gray
wackestones and packstones with intraclasts and
bioclasts (pelecypods and dasyclad algae) as well
as oncoids or planar stromatolites with fenestrae.

Cycles III Cycle III

(ad) (5d)

Fig. 5. Type III cycles (from section i); symbols in Fig. 4.

M. GNACCOLINI AND F. JADOUL

They intercalate with dark gray marly limestones
and shales. The upper part (28—-58% of the cycle)
is represented by light gray intraclastic packstones
and subordinate wackestones with dasyclad algae
and oncoidal structures, passing upward either to
ruditic packstones or bindstones showing planar
stromatolites and fenestrae, arranged in thinner,
peritidal, small-scale cycles.

The lower part of the type III cycles consists of
shallow subtidal lithofacies: packstones, wacke-
stones, alternating marls and black shales with
pelecypods. The upper part, which consists of
packstones and subordinate wackestones making
transition to stromatolitic bindstones with
fenestrae toward the top, represents intertidal en-
vironments.

1V. Shale—limestone cycles with shallowing-upward
trend in the carbonate part (Fig. 6)

These cycles developed within that part of the
lagoon which is near to the shoreline and more
affected by siliciclastic input. They have been ob-
served (Fig. 9) in interval 3 (3a cycles), in interval
4 (4a cycles) and in interval 5 (5a cycles). The 3a
cycles are generally 2-3.5 m thick (minimum
thickness 0.9 m, maximum thickness 5 m). Twelve
3a cycles have been measured in the Gorno For-
mation of the Valle Brembana. The lower part of
the cycle consists of dark gray shales, locally inter-
calated with thin beds of greenish litharenites,
grayish-green hybrid arenites and dark gray
wackestones /packstones with pelecypods. Within
the shales it is possible to observe faint lamina-
tions. This lower part makes up 35-67% of the
whole cycle. The upper part consists of dark gray
wackestones /packstones, passing to packstones
and grainstones towards the top of the cycle. The
packstones contain intraclasts and bioclasts,
mainly pelecypods, Porostromata algae, echino-
derms and gastropods. The grainstones are mainly
composed of oolites and subordinate bioclasts
(mainly Porostromata) as well as a small amount
of quartz, feldspar and volcanic rock fragments.
The upper part constitutes 33-65% of the whole
cycle.

4a cycles are 1.3-5.1 m thick (generally 2.5-4.5
m thick; as many as eight cycles have been mea-
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Cyvcle IV Cycle 1V Cyvcle
(4a) (5a) (2c)
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Fig. 6. Type IV cycles (from section ¢) and type V cycles (from
section h).

sured in the Gorno Formation, Valle Brembana).
The lower part of each cycle consists of bio-
turbated dark gray shales and marly shales show-
ing bioturbation which alternate with thin-bedded
dark gray wackestones and mudstones, gray hy-
brid arenites and subordinate greenish litharenites.
They form 25-46% of the whole cycle. The upper
part is represented by dark gray bioclastic and
intraclastic packstones with Porostromata, echi-
noderms and gastropods, grading upward into
oolitic grainstones. Locally, small algal (Porostro-
mata) bafflestones can be observed. The upper
part makes up 54-75% of the whole cycle.

The 5a cycles are mostly 3-5 m thick (mini-
mum thickness 1.8 m, maximum thickness 8.5 m).
Nineteen cycles have been measured (Gorno For-
mation, Valle Brembana). The lower part of each
cycle consists of alternating shales and thin-be-
dded mudstones, wackestones or packstones, lo-
cally showing bioturbation, as well as dark gray
hybrid arenites and subordinate greenish lith-
arenites (50-85% or the whole cycle). The upper
part (15-50% of the cycle) is formed by dark gray
wackestones with fragments of pelecypods,
echinoderms, benthic foraminifers and ostracods.
Packstones with pelecypods occur at the top of the
cycle, as well as less common oolitic grainstones;
small Porostromata bafflestones are locally pres-
ent.

The basal part of the type IV cycles is inferred
to represent low-energy subtidal environments, lo-
cally anoxigenic. The occurrence of abundant
shales locally associated with litharenites, testify a
sudden increase in siliciclastics, which over-
whelmed the carbonate input. The upper part of
the cycles indicates a reduced siliciclastic input
followed by sedimentation of subtidal carbonates
evolving upward to shallower and shallower con-
ditions.

V. Shale—limestone cycles (without evidence of shal-
lowing-upward trend (Fig. 6)

This kind comprises cycles 2c, observed in in-
terval 2 (cycles 2¢, Fig. 9). These cycles are gener-
ally 2.5-5 m thick, with a minimum thickness of
1.7 m and a maximum thickness of 7.6 m. As
many as ten 2c cycles have been measured in the
Gorno Formation, Valle di Scalve. The lower part
of the cycle consists of dark gray shales and silty
marls, with intercalated (but less abundant)
litharenites and hybrid arenites showing ripple
bedding or parallel lamination and, locally, dis-
articulated pelecypods. This part represents 10—
60% of the whole cycle. The upper part consists of
dark gray intraclastic and bioclastic
wackestones /packstones (40-90% of the cycle).

The examined cycles do not show clear evi-
dence of shallowing upward, apart from a sudden
lithologic change. However, in some cycles we
observed coarse-grained packstones at the top,
testifying that the environmental energy increased.
These cycles are very similar to the type IV ones
inasmuch as they also represent a period char-
acterized by siliciclastic sedimentation followed by
a period in which carbonate deposition prevailed.

VI. Trendless marly limestone—limestone cycles (Fig.
7)

Here we include cycles observed within lagoonal
sequences in interval 3 (3b cycles. Fig. 9) and in
interval 5 (5b cycles, Fig. 9).

The 3b cycles are 2.4-7.7 m thick (average
thickness 4-6 m). As many as fourteen cycles have
been measured in the Gorno Formation (Castel
Orseto, Valle di Scalve, Valle del Torrente Riso).
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Fig. 7. Type VI cycles (from section f); legend in Fig. 6.

The lower part of the cycle (35-80% of the whole
cycle) consists of alternating dark gray marly
mudstones, wackestones and, locally, packstones,
with faint parallel or ripple lamination. Parallel-
oriented, disarticulated pelecypods as well as
echinoderm fragments and ostracods are fre-
quently observed. The upper part of the cycle
(20-65% of the whole cycle) consists of dark gray,
thin-bedded wackestones and packstones, with
subordinate mudstones with skeletal fragments
(pelecypods, ostracods, gastropods, benthic for-
ams, lagenids) and peloids. The thin beds are
frequently separated by a millimeter-thick shale
layer.

The 5b cycles are 1.2-11.2 m thick (mostly
2.5-5 m thick). Eighteen cycles have been mea-
sured within the Gorno Formation (Castel Orseto,
Valle del Torrente Riso). The lower part of each
cycle consists of dark gray marly mudstones and
wackestones. Intercalated thin-bedded packstones
and wackestones with pelecypods, echinoderms
and Porostromata are also present. The base of
some beds often shows bioturbation (Thalas-
sinoides ). This part represents 27-58% of the whole
cycle. The upper part consists of dark gray
wackestones and packstones showing pelecypods
and gastropods, arranged in thin beds separated
by interlayered shale partings (42-73% of the
whole cycle).

The type VI cycles are characterized by basal
lithofacies rich in fine-grained siliciclastics and
upper members with prevalent limestones. There
are no clear evidences for shallowing-upward
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trends. However, we observed a similarity with
types IV and V cycles: the presence of siliciclastic
components, in variable amounts, within the lower
member of each cycle.

VII. Fining-upward siliciclastic cycles (Fig. 8).

Here we group two kinds of cycles (2b and 2a,
Fig. 9) observed in interval 2.

2b cycles correspond to the proximal delta front.
They are mostly 1-6 m thick (minimum thickness
0.5, maximum thickness 9.1 m), and generally
show erosional basal contacts (as many as twenty-
two cycles have been measured in the peripheral
part of the Arenaria di Val Sabbia, in the Valle
Brembana). The lower part of these cycles consists
of medium- to fine-grained, greenish litharenites
with festoon to low-angle cross-bedding. This lith-
ofacies represents 50-85% of the whole cycle. The
litharenites often include dark gray to black shale
clasts, which locally concentrate to form an in-
traformational conglomerate. The upper part (15—
50% of the whole cycle) consists of greenish to
gray greenish massive siltstones, locally showing
faint traces of lamination. In the uppermost part
of the cycle these siltstones sometimes alternate
with, or grade into, thin beds of dark gray shales,
occasionally bioturbated.

Cyvcle VII Cycle VII Cycle VII
(2a) (2a) (2b)

—] Siltstones
B Sandstones

Cross bedding

o

@5 Nodular caliches

iﬂeadisn colour
| ’Greenish colour

Fig. 8. Type VII cycles (from sections a and d).
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The greenish sandstones and siltstones, which
make up most of the cycles, represent the sub-
aqueous end of the delta distributary channels.
The dark gray shales that sometimes cap the cycle
can be interpreted as vertical accretion deposits
formed in lagoonal environments. 2b cycles, simi-
lar to those belonging to the subaerial delta plain
(see 2a cycles) could be autocycles brought about
by the shifting of distributary channels. However,
this phenomenon could be strongly controlled by
external factors such as water-level changes within
the lagoon and climatic changes (see below).

The second type of siliciclastic cycles has been
observed within the subaerial delta plain (2a cycles,
Fig. 9). They are 3—15 m thick (exceptionally 1-23
m) and are characterized by an erosional basal
contact (as many as sixteen cycles have been mea-
sured in the central part of the Arenaria di Val
Sabbia in the Valle Brembana). The lower part of
the cycle consists of medium- to fine-grained,
cross-bedded, reddish litharenites showing, at the
base, red shale clasts which can be abundant
enough to make up an intraformational con-
glomerate. The lower part represents 20-75% of
the whole cycle. The upper part consists of red
massive siltstones with intercalated fine-grained to
very fine-grained litharenites, sometimes showing
ripple structures, and makes up 25-80% of the
whole cycle; nodular caliches were observed lo-
cally. It might be possible that some of these
cycles are, at least partially, “composite cycles”
(see fig. 17 in Duff et al., 1967) consisting of
several simple cycles of which only the lowermost
one shows coarse basal deposits.

Cycles of this kind characterize fluvial se-
quences (Cant, 1982; Galloway and Hobday, 1983;
Miall, 1984) and are generally interpreted as the
result of channel filling and abandonment. Chan-
nel deposits are represented by the basal red
litharenites, while the overlying red siltstones
testify vertical accretion deposits in the interchan-
nel areas. These cycles could be related to auto-
cyclic phenomena. However, they could be partly
controlled by external factors such as relative
water-level oscillations in the lagoon (cf. J.R.L.
Allen, 1965, in Duff et al., 1967) or climatic varia-
tions. In our case these latter can be ruled out
because of the occurrence of nodular caliches,
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which are dispersed throughout the whole delta
plain sequence.

Interpretation

The different types of cycles can be tentatively
correlated and framed within the Carnian evolu-
tionary history of the studied area (Fig. 10). In
order to do this, we should refer, at first, to a
single interval where most of the environments
recognized are represented. Interval 5 (Fig. 11A) is
perhaps the best one: in this interval we recog-
nized cycles belonging to different, but coeval,
depositional settings: lagoonal (5a, b), lagoon-—
platform transition (5¢) and platform (5d). The
lateral passage from one of these cycles to the
other cannot be directly observed in the field.
However,the correlation between these cycles is
very likely, as they show an ubiquitous shallow-
ing-upward trend and very similar thicknesses.

5d cycles are situated between two erosional
surfaces testifying two consecutive falls of sea
level (see description of type I cycles). The sedi-
ments forming the basal part of 5d cycles were
deposited during the rise of sea level occurred
shortly after the sea-level fall responsible for the
development of the basal unconformity of the
cycle. Also the transitional zone to the lagoon
(cycles 5¢) was affected by the rise of sea level:
here the intertidal light gray carbonates which end
the underlying cycle change abruptly to dark
limestones and marls testifying the expansion of
the lagoonal facies due to the sea-level rise. The
lower part, consisting of marly limestones or prev-
alent shales, of the mere lagoonal (5b and Sa
cycles) is ascribed to siliciclastic input related to:
(1) erosive phenomena on emerged lands as a
consequence of a sea-level fall, followed by (2)
erosive phenomena which took place on the shore-
ward side of the lagoon, as a consequence of the
transgression related to the following rise of the
sea level (cf. Davies and Clifton, 1987; Kraft et
al., 1987). The increase in siliciclastic input could
also be due to uplift of the source area and/or
climatic variations, which affected fluvial dis-
charge. Nevertheless, taking into consideration in-
terval 2 (Fig. 9), we can see that the shale-lime-
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Fig. 10. Cycles types observed in stratigraphic sections a, ¢, [, h and i (see Figs. 1 and 3 for locations). s /s. [, { /m /sh respectively
refer to siltstones and sandstones, limestones, alternating limestones, marls and shales showing no evident cyclicity.















