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Abstract. A study of the Trento carbonate platform (Southern
Alps, Italy) identified a different type of parasequence named "burrorv

decreasing- upu,ard parasequence" (BDUP). This important type of bio-
turbated shallowing-upward sequence, 2.3-2.9 m thick, developed in a

warm lagoonal environment and characterizes the Pliensbachian inter-
val of the Calcari Grigi Formation. The study of surficial bioturbation
and three-dimensional, Y-shaped deep burrows in the BDUP (produced

mainly by crustxcean decapods) defined taphonomical characteristics

and resuìted in the identification of four types of Thalassinoides suevi-

czs (Types I, II, III, IV). A detailed analysis ofthe burrows focused on
the enlarsenrent at the bifurcation poinr, on rhe development of the
verrical burrow and on the coarse-grained skeletal debris infilling of the

burrows. Surficial bioturbation affected only rhe first centirneters of the

substrates and did not produce preservable trace fossils; it is recogniz-
able by the taphonomic dislocation of shell beds and reorientation of
skelet;rl renrains. Bioturbation-burrowing analysis resulted in the iden-
tification of l9 "burrow decreasing- upward" parasequences (BDUP).
They are ichnologically, taphonomically and sedimentologicallv well
characterized, and represent a useful type for sequence srrarigraph,v in
a carbonate platform environment dominated by biogenic cctivity.

Riassunto. I-analisi della piattafornra carbonatica di Trento (Alpi
Meridionali) ha permesso di individuare un nuovo tipo di parasequenza
qui denominata "burrorv-decreasing upward parasequence" (BDUP).

Questo tipo di sequenza "shallowing upward", estremamente biotur-
bato e spesso in genere 2,3-2,9 m, si è sviluppato durante il Giurassico
inferiore in ambiente lagunare subtidale e cararterizzal'intenallo Plien-
sbachiano della Formazione dei Calcari Grigi. La bioturbezione super-
ficiale ed i burrows profondi (a forma di Y e con reticoli sr,iluppati in
tre dimensioni prodotti in gran parte da crostacei decapodi) sono ab-

bondanti nella porzione inferiore della BDUP e sono stati studiati de-
finendone le caratteristiche tafonomiche salienti. Lo studio ha permesso
di individuare qurttro tipi dr Thalassinoides suevicus (tipi I, II, III, IV).
I-analisi di questi burrows è stata condott.r osservando l'allarsamento
al punto di biforcazione delle ramificazioni della traccia, lo sviluppo di
tunnel verticali ed il riempimento biochstico a granulometria grossola-

na talvolta presente nelle tracce. La bioturbazione superficiale, diversa-
mente da quella profonda, coinvolge solo i primi cenrimerri di substra-

to, non producendo tracce fossili preservabili, ma è riconoscibile per la
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dislocazione di letti conchieliari e la riorientazione di resti scheletrici.
L'anelisi della bioturbazione ha permesso di indìviduare 19 prrasequenze
"burrow-decreasing upward"; la BDUP è quindi ben caratterizzabile dal

punto di vista icnologico, tirfonomico e sedimentologico e rrppresenta
un utile srrumento nello studio di ambienti di piattaforma carbonati-
ca dominata da attività biologice e pertrnto può essere considerata una

nuova metodologia di supporto alla stratigrafia sequenziale.

Introduction and study area

This study is part of a more complex taphonomical
and ichnological analysis of the Sinemurian - Pliensbachi-
an interval of the Calcari Grigi Formation (for biostratig-
raphy see Bassi et al. 1999' Fugagnoli & Loriga Broglio
1996), carried orrt to review previous sequence stratig-
raphy and paleoenvironmental models (Monaco 1999;

20OOa, b; Monaco & Giannetti 2001, 2002; Masetti et

al. 1998).

The Jurassic shallow-water carbonate platform sys-

tem of the Calcari Grigi Formation in the Trento Plat-
form (\flestern Venetian Pre-Alps) is well-known, and
the sedimentological, paleontological and stratigraphical
characteristics of all its four members (Lower, Middle,
Upper, or Rotzo, and the Massone Oolite) have been

studied in detail (for extensive discussion on geological
settings, sedimentary stratigraphy, paleontology, tapho-
nomic stratigraphy and paleoenvironmental models, see

Bosellini & Broglio Loriga 1971; Clari 1925; Broglio
Loriga & Neri 1976;' Beccarelli Bauck 1988; Fugagnoli
& Loriga Broglio 1996; Masetti et al. 1998, Monaco &
Giannetti 2001,2002 and references therein). All sections
studied in this paper belong to the fossiliferous Rotzo
Member, the only member that shows regular networks
of decapod crustaceans, developed in a quite complex
lagoonal system.
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Different types of Tbalassinoides suevicus, ob-
served from the smallest to the largest form (Type I and

IV, respectively), associated with rare Opbiomorpba and
Thalassinoides isp., dominate the ichnocoenosis in the
Pliensbachian interval (Monaco 8c Garassino 2001). These

trace fossils are organized in a three-dimensional burrow
system, which gradually decreases upward and forms a

new type of a shallowing-upward sequence named here

"burrow decreasing-upward parasequence" (BDUP). Its
description and interpretation are one of the most im-
portant parts of this paper.

The analysis of trace fossils gives important in-
formation on the changes of paleoecological parame-
ters, because tiering, development of networks, size of
burrows and other geometrical characters are strictly re-
lated to depth, oxygenation of the environment, faunal
abundance and characteristics of the substrate. In the last

three years an accurate analysis has been carried out on

skeletal remains and their sedimentological context, re-

sulting in the description of different skeletal concentra-

tions (SkC) and taphofacies, each related to a different
depth range and hydrodynamic conditions (Monaco &
Giannetti 2001. 2002\.

Schenatic map of the Trento
c:rrbonrte pl.rtform .rnd loc.r-

tion of the studied sections.

Seven stratigraphic sections were analyzed (RVB,

SVB, PVB, SAMVB, RPC, AVG, AVS sections 23 m,
27.L5 m,39.90 m, 34 m, 24 m, 26 m and 25 m in thick-
ness, respectively), to define the iithostratigraphy of the
Rotzo Member in the Folgaria - Rovereto area (Fig. 1).

These sections cover a wide area, from the margin (AVS

section) to the inner part (RVB, SVB, PVB, SAMVB,
RPC sections) of the ancient carbonate platform, and

show different sub-environments (Fig.1, 2).

Biogenic structures in the "burrow decreasing -upward
parasequence" (BDUP) of Galcari Grigi

A careful analysis of biogenic structures and of
their relationship with ph;'sical structures (e.g. com-
bined flow- and storm-induced) reveals a strong bio-
genic activity in the Pliensbachian interval of the Cal-
cari Grigi Formation (Fig. 3 and Pl.1, figs. a-f). Biogenic

structures of the burrow decreasing-upward parasequence

(BDUP) were produced by endo- and epibenthic organ-
isms and reflect changes in environmental parameters

such as depth (subtidal to intertidal), characteristics of
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Bioturbtttion anal1,5i5 in the Trento Carbonate platfontt

Fig.2 - Conrposite str;.uigr,rphic colunrn formed bv thc. scctions of
the V,rlbona lrea. Asterisk ('r) indicrtes rhe interr'.rl rnrlo-
gous ro rhe' osrracod- and bir.elvc-bearint (Eonìodon sp.)

black shale of B,rssi et al. (1999) at the rop of Sinenruriirn,
rvhich nrarks the base of the Rotzo Member (see Monlco
& Giannetti 2001).

the substrate, energy, salinity, oxygenarion, productivity,
which are typical of the lower, middle and upper parts of
the parasequence (BOII MOP and TOP following Brett
1995). A detailed sedimentologic and taphofacies analysis
in all parasequences permits to reconstruct paleoenviron-
mental changes in the Trento area (Monaco & Giannetti
2001; 2002). The relationship arr-rong biogenic-induced
taphocharacters sugsests that the Pliensbachian interval
was characterized by different generarions of burrow sys-
tems showins remarkable biostratinomic features (Mo-
naco & Garassino 2001). Therefore, as revealed also by
neoichnology (Bromley 1996), the taphonomy of bur-
rows may be considered as one of the most importent
methods for the reconstruction of bioeenic processes in
shallow-water environments. Taphofacies distribution and
taphonomic stratigraphy in the Trento area were lareelv
discussed in Monaco & Giannetti (2001,2002).

Endobenthic activiry causes movement and redis-
tribution of skeletal grains. Therefore, it is necessary to
propose a distinction between "surficial bioturbation" and
"deep burrowing", due to different trace-makers and eco-
logical conditions. Surficial bioturbation is characterized

b)' th" absence of preserved walls or networks: it is quite
well recognizable on the outcrops by the hon.rogeniza-
tion of the deposits, the dislocation of continuous shell
beds, like those produced by currents, waves or srorms,
and by the reorientation of shells (well visible in the case

of geopetal structures). It is not possible to attribute ex-
actly the different forn-rs of surficial bioturbation to the
organisr.ns that generated them, because of the general
lack of specific structures such as walls, linings, tubes
and chin-rneys typical of many burrows. Anyhow, it may
be sugeested that this type of bioturbation in the Cal-
cari Grigi is due to nektic/epibenthic organisms, which
episodically (like fishes) or incessantly (such as worms
or mollusks do) interact with the substrate. Surficial bio-
turbation produces a lot of taphocharacters like crushing,
reorientation of shell fragments, disarticulation, mottled
concentration of skeletal remains and biogenic advection,
frequently superimposed on structures produced by phys-
ical agents (Monaco 1999).

On the contrary, the geometry and taphonomy of
the deep burrowing in the Pliensbachian of the Trento
area are better characterized (e.g. intersection of differ-
ent senerations of burrows). The grearesr part of the net-
works observed in the studied sections is constituted by
tiered levels of quite regular burrows having a smoorh
external wall (Tbalassinoides gr. sueaicus). Each level is
composed of mazes verv well developed in the horizon-
tal plane (Pl. 1, fig. d, f). Locally, verrical tunnels are also
preserved. Burrows of Tbalassinoides are characteristi-
cally Y-shaped with a typical enlargement at the point of
bifurcation of the branches. This enlargement is located
in correspondence of the turning chamber of the crus-
tacean, produced by the burrower in order to change
the direction of locomotion by 180" performing a som-
ersault followed by a roll around the body axis (see the
shrimp Callianassa, Stamhuis et al. 1996). The degree of
enlargement is very different in the four Thalassinoides
swe'uicus forms identified: in type i (the smallest one)
the enlargement is very poorly developed (from 2 to 4
cm) and its diameter is quite similar to the diameter of
the branches, while in type II it ranges from 6 cm to 10

cm, a little larger than the branches, having a width of 4-
7 cm; its maze is very regular, with cylindrical branches
up to 25 cm in length, and it appears more complex than
that of type I. The largest forms observed in the Calcari
Grigi are type III and type IV: type III shows very large
turning chambers, from 14 to 22 cm, it has very short
branches narrowing progressively up to 9-10 cm in di-
aÍìeter and distributed symmetrically in the horizontal
plane; type IV is distributed in irregular networks and
turning chambers are loosely developed (swollen turn-
around), ranging from 15 cm to 17 cm, while the diam-
eter of branches varies slishtly between 14 cm to 16 cm.
Type IV was observed mainly in the PVB section, while
type III is present particularly in the AVG and RVB sec-
tions. Type II and I are present in all the studied secrions
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Bioturbation analt,sis in the

and are observed mosr frequently in the AVS secrion,
where other types of Thalassinoides are nor presenr. In
the analysis of the enlargement of the turning chamber,
besides its absolute dimensions, also its proporrions com-
pared to the geometry of the whole network are impor-
tant (Pl. 1, fig. f). In some rare cases it was possible to
observe vertical tunnels, close to the entrance on the
seafloor, still preserved.

Five conical mounds were observed in the studied
sections. Probably rnounds were made by the animals
transporting the sediment out of the horizontal galler-
ies through the vertical runnels, as obsen'ed in presenr
environnrents; the vertical tunnels were useful to pro-
mote ventilation of the burrows and to permit access ro
the seafloor.

An exceptional discovery is represented by the end
of a vertical tunnel with the enrrance very well preserved,
which passes frontally to the rippled sea-floor, flattened
by a repetitive moving and surfacing of rhe animal fron.r
the entrance of the burrow. The mound close to the bur-
row's entrance passes laterally to symn.retric wave ripples,
and both strucrures are covered by a coarse-grained de-
posit (see Monaco & Garassino 2001, fig. 3f).

In some beds it is possible to observe morrles of
coarse-grained sediment, subcircular in shape, very similar
to the "tubular rempesrires" recorded in modern tropical
carbonate storm systems (Caicos islands, see \lanless et
al. tf SS;. Tubular rempesr;res, quite frequentlv observed
in the RVB, SVB and AVG sections, represenr infillings of
burrows by coarse-grained skeletal debris during srorm or
hurricane evenrs. The infilling of skeletal debris is differ-
ent from the sediment of rhe bed: in fact, being transport-
ed by physical evenrs, it contains a lot of coarse-grained
bioclastic remains, fragmenred by transport. The shape
of these tubular rempesrires is quite rounded, depending
on the shape of the burrows that in the Calcari Grigi are
mainly represented by Tbalassinoides. Frequently, a tubu-
lar tempestite cross cuts a burrow sysrem, and therefore
may be considered as rhe laresr biogenic event.

A great importance was given ro rhe analysis of
skeletal remains recovered inside the burrows: in fact,
these are presenr only in the largest forms of Tbalassi-
noides (type III-IV) and in the central part of rhe bur-
rows, belted by a muddier sedin.rent. These bioclastic

Fig.3 - Sketch of rhe burrow decreasins-uprvard sequence (BDUP).
Deep burrorving at the base of the sequence is characteriz_ed
by different types of TbaLtssinoides snet,icus (type I to IV),
rvhile surficial burrorving is preserved in the middle-upper
part of BDUP Note that nodularitv and burrowing decrease
upward in siz-e ;ind complexitr'.

Trento Carbonate platform

grainstones, located in correspondence of the lumen of
the burrow, may represent remains of the crushing ac-
tivity of the animal or consrirure a second bioturbation
phase. Gastropods, bivalves, foraminifers (Orbitopsella)
and pellets, generally attributable to crustaceans, are well
visible in thin section.

Burrow Decreasing-Upward Parasequence

Taphonomic and ichnologic analyses permitted to
individuate a new rype of sequence: the "burrow decreas-
ing-upward" parasequence (BDUII see Fig. 3; Pl. l, fig.
a, b, e). It is about 2.3-2.9 m thick and it strictly corre-
sponds to the taphonomic parasequence of Brett (1995).
Besides the shallowing-upward trend, the rwo sequences
have in common the presence of shell beds induced by
storm waves in the middle part, and a bioclastic cap, con-
stituted by disarticulated and winnowed shells, several
centimeters or decimeters thick, in the top.

The BDUP is described following the vertical dis-
tribution of different facies from the lower. to the mid-
dle and upper parrs, as follows.

Base and lower part of the BDUP
Vhile rniddle and upper intervals of the BDUP have different

characteristics in the studied sections, the base-lower part of the se-
quence is quite similar in all the identified sections. It is characterized
b1'an intensely biorurbated nodular limesrone bed, 60- lO0 cm thick,
made of pure carbonate, thar protrudes from the adjacenr layers (Pl. l,
fig. a-f). It reveals a dominance of deep biological activity, represented
by the networks of burrows described above, forming a "three-dimen-
sional burrou,syslem" (3DBS, Monaco & Giannetti 2OO2). Both size
and tiering of burroq.s decrease from bottom to top (from large Tba-
lassinoicles tvpe III or IV, to type II and I, Fig. 3), conferring a rypical
trend also to nodularitl', r,hich in these sections is completely due to
biogenic activity. Because each nodule coincides with a burrow's sec-
tion, nodularity decreases upward both in siz-e and density, creeting a

cyclical pattern in the base-lower part of the BDUR well recogniz-able
in the field (Pl. I, fig. e). Taphonomic analysis reveals characters related
to biogenic activitv (like trace fossil cutting, shell crushing and active
burrorv infilling, peloid concentration, boring, encrusting and mottled
concentrations of bioclastic packstone, see caregory C in Monaco &
Giannetti 2001), even if some differences berween sections exist. In
the AVG and AVS sections the three-dimensional burrow sysrem rs

particuhrly well developed, reaching 80 cm-l m in thickness (Thalassi-
noìdes wpe IV is not present, while type III, and tvpe II in particular,
are verv abundant and developed in tiers). Usually, limestone beds of
3DBS show shell concentrarions deposited by physical transport (storm
currents) and nrany of such skeletal remains are affected by burrowing,
Thesc. layers rvere probably formed by high-energy processes at the
storm wîve base during crusracean activiry, inducing reworking, abra-
sion, grouping and fragnrentation (phvsical taphocharacters of carego-
n'D, see Monaco & Giannetti 2001). In rhe RVB, SVB and PVB sec-
tions all burrou's of crusraceans conrain skeletal remains, like shells of
bivalves (recognizable valves of rhe genus Geruilleioperna) and of fo-
ranrinife rs (malnlv Orbitopsel/a) which are encrusred by biogenic (like
algal enveloping) and inorganic processes. Encrustation, therefore, af-
fects conrnronlv the skeletal remains involved in burrow activity, and
thin mln llyers of calcium carbonare surround shells which are placed
inside the burrow or laying around the burrow's rim. On the contrary,
boring seems to affect shells of gregarious communities of bivalves (like
Lithioperna, some specinrens in life position) and of terebrarulacean

81
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Biotwrbation anah,sis in the

brachiopods, frequentll' encrusted too, r'hich rre distributed outside
the burrorv s1'stenr. Boring has been referred to the ectìr'itr. of severrl

sroups of organisms like sponses, boring algae and poh'chaete annelids

(Neunrann 1966; Bromlcr'1996 and referenccs therein).
In some sections (PVB, SAMVB) the top of the lou'er part of

BDUP reveals linrestones u'ith brachiopod and gastropod greq,rrious

conrnrunities (facies of.t0 to 80 cnr in thickness, see Broglio l-orig;r et

il. 1996; Broglio Loriga E: Fugagnoli 1997) u,hich are not burrol'cd.
Sparry calcite cements rrnd geopettrl structures (categorv B in Monrrco

& Girnnetti 2001; Monlco '1999) xe present; l poor degree of frrg-
mentation, abrasion and sroupins of these skeletal renrains indicates

the verv low energl' conditions affecting sonT e sub-environments. Thcse

protected environments l,ere colonized onlv bi' specialized gregarious

uroups of organisms, proliferatinr in bottonr condirìons totallv disad-

vantageous to rìctive burrorvers such irs crustlce;rns and, therefore, to
thc .levelopnrent oi rnr burros inu .ìctivit\'.

Middle and upper part of the BDUP
Toward the middle and upper part of the BDUIì the size and

densiti' of burrows decrease and only Thal,tssinoitles ti,pe I is still
prescnt. Thercfore, it is not possible to recosnize a conrpletely devel-

oped three-dirlensional burroq'svstem (Pl. t, fig. b).
This part re;rches 80 cm-lm in thickness and is generallv char;rc-

terized by an increase of surficial bioturbation affecting phvsical struc-
tures. A lot of structures like co;irse-grained, bioclastic ripples (Lcckie
1988), cross lanrin;rtions, HCS and carpets of fragmented skeletal re-

mains, containing ;rutochthonous and allochthonous bioclasts, sugqests

high-energy processes like combined flos', storm or tsunrmis e.'ents,

that induce r strong, but short-lived stress on the seafloor. Frasnren-

tation, orientation, grouping and disarticulation are the most comnlon
t;rphocharacters, because of the r.erv high degree of transport. Coarse-

urained ripples are forrled by fragmc'nted skelctal renr:rins, in sonre

cases oriented and aligned on the foresets. Frequentll', the interlction
benveen phvsical and biologic;rl agents is visible: continuous shell beds

induced bv currents are often interrupted bv surficìal bioturbation, shells

are reoriented and mottlcd concentrations oi bioclasts fragmented b1'

trlnsport and crushing irre present. Therefore, biolosicirl activirv on

the substrate is due nrainlv to surficial bioturbation and linritedlv to
deep burro*'ers.

Many of the ph1'sical processes rre dominated by combined
flou's. These are formed bv the interaction bet$'een nornr:rl r.ave nro-

tion irnd currents close to the fair-weather rvave base (Harms 1969).

Tre n t o C arb o nt ate p latform

According to several xuthors, this induced a very strong total stress

on the seafloor, of greater magnitude than rvlve and current stresses

cornbined (Grant 3t Madsen 1986). Generally, biocìasts are nrinutelv
fragmented, and it is not always possible to rttribute thenr to l precise

group of organisms. In other cases, robust gastropod shells such as ner-

inerceans (N. norigliensis) are preserved vhole, but grouped together
rvith minutell fragmented bioclasts. In the upper Pliensbachian whole
shells of g;rstropods are concenrrated in levels 3-4 cm thick, laterally
continuous, sonletimes associated with symnretrical rìpples of bioclasts.

Combined flow concentrations were crushed and res,orked b1'burrow-
ing and scavenging organisms that interrupted the continuity of bio-
clastic levels fonning n.rottled concentration of bioclasts.

Generalll', the top of the "burrow decreasing-uprvard" sequence

(BDUP) is the thinnest portion, about 20-35 cm thick, and, in the Rotzo
Member, deposited nrainly in subtidal conditions, is not alv,ays present.

Vhen present, it consists of the upper subtidal part of the sequence,

but sometinres (trvo cases in the Middle Pliensbachirn) it may contain
intertidal/supratidal deposits as well (10-15 cm thìck, PVB and RPC sec-

tions). Upper subtidal deposits are formed by tightly packed shell beds,

composed of convex-up oriented bivalves, which in sonre cases show

shelter porositl,filled by sparry calcitic cement. Shell orientation may be

referred to the action of uni-or bi-directional fair-weather and tidal cur-

rents, s.ith enough strength to orient, but not transport, bivalve shells.

Bivah,es, completell' disarticulated, represent an endobenthic fauna, of-
ten monospecific, and form shell beds extended later;rlly up to tens of
nreters, t,vpic:rllv found in carbonrte-dominrted para-sequences (Kidwell
et al. 1986; Aisner 1985; Fernóndez López 1997a,b; Brett 1995). In sonre

areas surfici;rl bìoturbation affects these levels, favouring shell crushing,

reorientation and concentration of fecal pellets close to the shells, while
deep burrowinu is completely absent or very poorly developed.

The intertidal\supralidal portion of the sequences, rvhere

prcsent, reveals typic;rl characters of subaerial exposure: bubble-like
and planar bird's e1'es, oxidized shells, reddish films indicative of soìl

processes lnd flet pebbles of mud, desiccation cracks, and in the RPC
section root strucrures and plant remains of Equisetites sp.. Loc;rlly, it
is possible to observe flat pebble breccirs (very common instead in the

Loiver and Middle Members) and mud-cracked polygons rounded b1'

transport: these layers u'ere probably ìnduced by stornrs or hurricanes

that affected the substrate. An intertidal hurricane deposit u,as observed

in the SVB section: this is few cnr thick and is composed of pelleted

lìrle nrud, showing tubular voids due to gas escape. Skeletal rem:rins

are rare and deep burrowing is not visible.

83

PLATE 1

The burrow decreasing-ups'ard sequence (BDUP) in the Calcari Grigi
Formation, Rotzo Member, Folgaria and Lessini rrers.

Fig. ;r, b - Examples of thinning-upward sequence, here defìned as

BDUIì in the Folgaria area (AVG section); note a thicker
limestone bed correspondins to the "three-din-rensional

burrorv syster.rr" which characterizes the lorver p;rrt of
tsDUP

Fig. c - The base of BDUP ivhich abruptlt, overhvs dark mrrlv
levels (black arrow).

Fig. d, f - The base of BDUP ìs represented by regular mazes c,f

branched burrows of Thalassinoides snepicus type III-ll
(black arrou'; hammer for scale).

Fig. e - another example of the BDUP in the Lessini area (ham-
nrer ior scale).

Conclusions

In the Pliensbachian sections of the tento carbon-
ate platform 19 burrow decreasing-upward parasequences
were identified: they show different features, but they all

have in common a decrease in biogenic structures, accom-
panied by an increase in physical processes toward the top
of the sequence. Moreover, the "burrow decreasing-up-
ward" parasequence (BDUP) may be considered a syn-
onvmous of "nodular (biogenically-induced) decreasing-

upward" parasequence. The BDUP represents a type ol
the well-known shallowing-ups/ard parasequence in car-

bonate platform environments, mainly defined through
the study of bioturbation and taphonomic observations.
The burrow activity of crustaceans may be sensitive to
sea-level variation, oxygenation and carbonate production.
As a new carbonate sequence begins, the crustacean activ-
ity breaks out, decreasing progressively toeether with the
shallowing-upv/ard trend towards restricted (poorly oxy-
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genated) conditions of the lagoonal environment. There-
fore, the study of burrowers gives the possibility to re-
fine the knowledge about periodical sea-level and oxygen
variations in a parasequence. Some authors suggest that
a global environmental stress affected shelves during the
Lower Jurassic due to a rapid rise in C02 since the end
of the tiassic. It warmed shallow waters, damaging tem-
perature-sensitive organisms (corals) and favouring the
global proliferation of the opportunistic and tolerant spe-
cies in the LowerJurassic. In fact, during this period large

bivalves of the " Lithiotis" facies formed buildups, replac-
ing coral reefs typical of the end of Triassic (Fraser et al.

in press); also, the cyclic development of decapod crus-
tacean burrowers may reflect these peculiar conditions of
the lagoonal environment.

The lower part of BDUB corresponding ro rhe
"three-dimensional burrow system" described in Mo-
naco t{ Giannetti (2002), forms a thick limestone bed,
strongly burrowed and nodulaq easily identifiable in the
field. Therefore, the parasequence boundary may be eas-

ily detectable also looking at the outcrop from a distance.
Deep biogenic structures, distributed in tiers and classi-
fied as several types of Thalassinoides (type IV III, II, I,
from largest to smallest), result into/are the cause of rhe
nodularity trend of the parasequence. The evolution of
the transport of skeletal particles induced by burrowers
(both surficial and deep) through time may be recog-

nized studying the biostratinomy or genetic taphonomy
(Brett 1995). Therefore, genetic taphonomy of trace fos-
sils helps to define taphofacies and burrowing activities,
to highlight/to identify the variations of ecological pa-

rameters (e.g. carbonate productivity, nutrients, hydro-
dynamic conditions) and the shallowing-upward trends
typical of the studied sequences, although a more precise
modeling of these relationships is still in progress.

The middle and upper part of the BDUP are dom-
inated by characters suggesting physical transport and,

secondariiy, surficial bioturbation. As a consequence, this
type of crustacean burrowed parasequence may surely be

an important tool to investigate cyclicity in fossiliferous
and burrowed carbonate platform environments, revealing
also the paleoecological variations. The identification of
BDUP may represent a helpful method also in sequence
stratigraphy. In fact, starting from BDUB an ichnologi-
cal and taphonomical characterrzation of sequences of
higher order wouid be possible.
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