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Abstract Givetian subaqueous density-flow deposits re-
veal the existence of a peritidal carbonate platform in sed-
imentary basins preserved within the Rabat-Tiflet-Zone of
Morocco. The calcareous component assemblage displays
a photozoan carbonate production mode of the neritic
source environments. Characteristic elements of the al-
lochthonous faunal association are colonial tabulate cor-
als, stromatoporoids, crinoids, bryozoans and thick-shel-
led brachiopods. Active growing reefs and cortoid sand
shoals at the platform margin as well as periplatform
carbonates at the uppermost slope settings contributed
bioclastic and lithoclastic lime debris to the toe-of-slope
of the carbonate apron. Bipartite cobble rudstone beds
are interpreted as deposits of hyperconcentrated densi-
ty flows, which cannot be maintained on very low-angle
slopes for as long as more dilute flows and represent
short run-out distances. Beds consisting of mostly well-
organized pebbly grainstones, packstones and grainstone-
wackestone couplets are deposits of surge-like concen-
trated flows and turbidity flows.

Keywords Morocco · Middle Devonian · Toe-of-slope
deposits · Carbonate apron · Density flows · Turbidity
flows · Provenance

Introduction

Silurian to Middle Devonian strata of the Rabat-Tiflet-
Zone in Morocco (Fig. 1) exhibit striking similarities in
their lithofacies and biofacies development, as well as
their stratigraphic history, to those of the classical Prague

Basin within the Tepla-Barrandian of Central Europe
(Czech Republic). This is true in particular for the western
parts of the Rabat-Tiflet-Zone and was mentioned early
by Hollard (1967), Alberti (1969, 1970), Destombes et
al. (1985) and Walliser et al. (1995b). Sedimentological
and stratigraphical investigations serve as a basis for a
detailed comparison between these basins and an evalu-
ation of late Variscan strike-slip movements. This paper
focuses on Givetian carbonates which are exposed south
of Tiflet at the northern margin of the Moroccan Cen-
tral Massif. These are subaqueous density-flow deposits
which document continuing marine sedimentation, in-
cluding reef growth, at least up to the middle Givetian,
within the Moroccan basin. This contrasts with the suc-
cession of the Prague Basin, where the onset of silici-
clastic sedimentation near the Eifelian-Givetian boundary
is interpreted as a reflection of early Variscan orogenic
processes (Chaloupsk� et al. 1995). Black shales reflect-
ing the Kač�k event and overlying coarser siliciclastics of
the Rob�n member represent the youngest sediments
within the Tepla-Barrandian which are affected by the
Variscan deformation.

The documented succession is well exposed about
900 m east of the river Tiflet, to the north of the quarry
road (mapsheet 1:50000, no. NI-29-XII-4c Tiflet; r 418
100, h 363 500).

Geological Setting

The metamorphic northern part of the Rabat-Tiflet-Zone
(Sehoul-Zone) was consolidated during the Caledo-
nian Orogeny (Fig. 2). Dating of cleavage and meta-
morphism by K/Ar isotopes indicate a late Ordovician age
(~ 450 Ma) for the folding phase (El Hassani 1991). The
deformed Cambrian clastic sediments, several hundred
metres thick, are interpreted as a deltaic succession.

The west-east trending central part of the Rabat-Tiflet-
Zone (Bou-Regreg-Zone) exhibits Early Ordovician and
Late Silurian to Middle Devonian strata which, in turn,
are overlain disconformably by Late Devonian to Early
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Carboniferous sediments of the Satour-Basin. The whole
succession was deformed during the Variscan orogeny.

Early Ordovician siliciclastic strata include oolitic
ferromagnesian silicates and calc-alkaline volcanic rocks.
The absence of Late Ordovician and Early Silurian strata
is attributed to the Caledonian deformation in the Sehoul-
Zone forcing subsequent uplift of the whole area (El
Hassani 1991). Late Silurian to Middle Devonian pelites
and carbonate sediments reflect marine accumulation un-
der conditions of lithospheric extension, which increased
from Early Devonian times. Latest Devonian to Early
Carboniferous sediments rest in part unconformably on
older strata. These are conglomerates and mostly marine
siliciclastic sediments which fill a small east-west trending
trough (Satour-Basin). Coeval clastic sediments are also
widespread in the southern part of the Rabat-Tiflet-Zone
(Sidi-Bettache-Basin). As a result of the Variscan defor-
mation the Palaeozoic sediments of the Bou Regreg Zone
and the Sidi Bettache Basin were folded and were thrust

over from the north by the Sehoul block. Therefore, a
mylonitic shear zone separates the metamorphic Caledo-
nian deformed zone in the north from the Variscan de-
formed zones in the central and southern parts of the
Rabat-Tiflet-Zone (El Hassani 1991). Furthermore, tec-
tonic deformation resulted in east-west trending faults
which now bound the various blocks of Palaeozoic rocks.
The locality is situated at the southern flank of the
southern syncline at Tiflet (see El Hassani 1991).

The Mesozoic and Cenozoic was a time of stable
platform conditions. Triassic pelites and basalts are re-
stricted to the southeast of the area, whereas Cenozoic
rocks unconformably rest on the Mesozoic peneplain.

Stratigraphy

The Tiflet section represents an early Givetian limestone
succession spanning the hemiansatus and timorensis

Fig. 1 Schematic tectonic map
of northwest Africa (Morocco)
showing the main Variscan
massifs (modified from El
Hassani (1991)
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Zones. In terms of the conodont standard zonation (Zieg-
ler et al. 1976, Weddige 1977, Walliser et al. 1995a) the
documented accumulation of density-flow deposits began
during the late hemiansatus Zone at the latest and reached
up through the Lower varcus Zone (Table 1). In addition,
biostratigraphic dating is based on information given
with the alternative Polygnathus and Icriodus zonations
proposed by Bultynck (1987). A total of 10 conodont
samples, each 10 kg, was collected, but only 5 samples
yielded an identifiable fauna.

Conodont faunas from the base of the succession (sam-
ples T1 and T2) contain Icriodus obliquimarginatus which
clearly indicates an early Givetian age. The species de-
fines the base of the obliquimarginatus Zone in neritic

areas (Bultynck 1987). However, neritic faunas are prob-
ably stratigraphic admixtures that commonly occur within
sediment density-flow deposits (Krebs 1964; Junge 1997).
More distinctive, Tortodus variabilis and Polygnathus
kluepfeli (sample T1) point to an age covering a short
period across the boundary between the hemiansatus
Zone and the Lower varcus Zone (see Bultynck 1987;
Weddige 1977). The occurrence of Icriodus regulari-
crescens in slightly younger beds (samples T3 and T4) is
in accordance with this age interpretation for the lower
part of the succession.

The occurrence of Polygnathus timorensis within sam-
ple T18 indicates the varcus Zone. Whereas a single
Polygnathus varcus has been recovered, P. rhenanus, P.

Fig. 2 General structural sub-
division of the Rabat-Tiflet-
Zone at the northern margin of
the Moroccan Central Massif
(according to El Hassani 1991)

Table 1 Distribution and num-
ber of conodont species from
the section at Tiflet (early
Givetian). Sample points are
shown in Fig. 3 (T1 at 0.55 m,
T2 at 2.20 m, T3 at 5.55 m,
T4 at 5.65 m and T 18 at 27.35
m)

Conodont sample (T) - 1 2 3 4 18

Weight dissolved (kg) 6.1 4.1 2.7 3.8 6.3

Polygnathus ensensis Ziegler & Klapper 1976 1
Polygnathus timorensis Klapper, Philip & Jackson
1970

>10

Polygnathus varcus Stauffer 1940 1
Polygnathus kluepfeli Wittekindt 1966 1
Polygnathus linguiformis linguiformis Hinde 1879 6 4 1 >10
Polygnathus linguiformis klapperi Clausen,
Leuteritz & Ziegler 1979

1 1 5

Tortodus variabilis (Bischoff & Ziegler 1957) 1
Icriodus regularicrescens Bultynck 1970 2 1
Icriodus obliquimarginatus Bischoff & Ziegler 1957 3 1
Belodella resima (Philip 1965) 3
Coelocerodontus sp. Etmington 1959 1
Conodont standard zonation hemiansatus Zone Lower varcus Zone
Polygnathus zonation (Bultynck 1987) hemiansatus Zone timorensis Zone
Icriodus zonation (Bultynck 1987) obliquimarginatus Zone
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ansatus nor other younger species have been found. Con-
sequently, the upper part of the succession must have
been deposited during early parts of the Lower varcus
Zone (see Ziegler et al. 1976; Bultynck 1987). This in-
terval corresponds to the timorensis Zone of the alterna-
tive Polygnathus zonation proposed by Bultynck (1987).

Facies of sediment-flow deposits

Principally, the facies description below uses the hierar-
chical classification of Pickering et al. (1986, 1989). Cri-
teria are the texture of the gravelly, sandy or silty divisions
of the beds, relative thickness of mud interbeds or caps,
and the internal organisation of individual beds. For a
detailed subfacies description, the letter code of Ghibaudo
(1992) is applied (Fig. 3). The interpretation follows the
nomenclature of subaqueous sedimentary density flows by
Mulder and Alexander (2001), which is based on physical
flow properties and grain-support mechanisms.

In order to describe the grain-size of the carbonate
components, the modified Udden-Wentworth scale of
Blair and McPherson (1999) is used in addition to the
classification scheme of Dunham (1962) expanded by
Embry and Klovan (1972). Siliciclastic components only
occur in grain-sizes of fine silt and clay. Therefore, for the
sake of brevity, the description of gravel- and sand-sized
components always refers to carbonate components. For
the description of smaller components a differentiation is
made between siliciclastic and carbonate grains.

Cobble rudstones, disorganized-stratified
(A2.6 ! A1.1 ! A2.5)

Description. This facies comprises beds that consist of
clast-supported lime gravel throughout most of the bed
(m), plus a thin, discontinuous cap of pebbly lime sand
(s). Locally, the main gravel body is underlain by a thin
basal interval of inversely graded lime sand (ig). Indi-
vidual beds may reach a thickness of nearly two metres.
These beds are more or less flat-based, but the outcrop
dimension does not allow a thorough examination of the
large-scale bed architecture. Upper surface geometry is
generally irregular and undulating, with individual boul-
ders projecting out of the bed.

(ig) Inversely graded lime sands reach a maximum
thickness of 0.20 m. Packstones, grainstones and granule
rudstones display a well-developed size gradation.

(m) The main gravel body typically consists of disor-
ganized lime clasts that range from pebble to boulder
grade (max. 0.6 m Ø), but cobbles are most typical. Com-
ponents comprise lithoclasts and biodetritus such as bio-
clastic grainstones and fragments of huge coral colonies
(see the section on Provenance.). The gravels are clast-
supported throughout and poorly to moderately well sort-
ed. Most of the gravel is subangular to rounded, but clast
roundness is less significant, since packing fabrics vary
from clast-supported to interpenetrating as a result of

pressure dissolution. Generally, clasts lack a well-or-
dered fabric, although concentrated, elongate clasts ex-
hibit a poorly-defined parallel alignment with bedding, or
a slight imbrication. Furthermore, a crude stratification is
indicated by lime sand which is the groundmass at various
levels. In contrast, levels without a sandy matrix com-
monly show sutured clasts and diagenetically enhanced
packing.

(s) The uppermost unit of stratified pebbly lime sand
exhibits an alternation of pebble- and sand-rich layers.
Individual layers have gradational contacts with both
normal and inverse grading. Pebble-rich layers may pinch
and swell and may consist of thin to very thin stringers of
gravel as little as one pebble thick. Stratification may also
occur on a finer scale with alternation of granule rud-
stones and grainstone-packstones.

Interpretation. The facies of clast-supported gravels with-
in the main interval (m) is generally comparable to the
Facies A1.1 (disorganized gravel) of Pickering et al.
(1989). Examination of clast-size distribution did not re-
sult in the detection of any kind of grading. However, this
is probably the result of the variable bulk density of
bioclastic and/or lithoclastic lime gravels. In particular,
the differential degree of cementation of the clasts at the
time of redeposition may have allowed large, uncemented
coral boulders to settle “out of place” at the top of the bed
(see Fig. 3, metre 30.2). This feature feigns a crudely
defined inverse grading that may be a coarse-tail grading
or a disorganized state. A well defined inverse distribu-
tion grading is only found below the disorganized gravel
interval (ig; see Fig. 3, metre 27.0) showing some rela-
tionship to Facies A2.6 (inversely graded pebbly sand) of
Pickering et al. (1989). The uppermost unit of stratified
pebbly lime sand (s) corresponds to Facies A2.5 (stratified
pebbly sand) of Pickering et al. (1989).

Transport process. The transport mechanism of mud-poor,
sandy coarse gravel of thick to very thick beds is rather
poorly understood (see Ghibaudo 1992; Shanmugam
1996, 1997, 2000; Mulder and Alexander 2001). The well-
developed grain-supported fabric, the low sand-content
within clast interstitials and the absence of cohesive mud
of the disorganized gravel division (m) suggests transport
of clasts by hyperconcentrated density flows. The char-
acter of these frictional flows depends not only on the
proportion of cohesive and non-cohesive particles, water
content and flow velocity but also on the relative density
of the fluid and particles and the particle size (Julien and
Lan 1991). Coarse-grained sediment is restricted to the
basal granular flow in which the particles are mainly
supported by matrix and grain-to-grain interaction. The
flow is primarily driven by inertia forces under conditions
of high excess pore pressure (Norem et al. 1990; Inverson
1997; Marr et al. 1997; Gee et al. 1999) and hydroplaning
may occur (Mohrig et al. 1998).

Depositional process. The disorganized gravel division
(m) represents frictional freezing on a decreasing bottom
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Fig. 3 Log of a representative and well exposed section of the Givetian succession south of Tiflet. Polygnathus hemiansatus and
timorensis zones are recognized. The lower and upper boundaries of the lithostratigraphic unit were not exposed
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Fig. 3 (continued)
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slope due to grain-to-grain interaction. Deposition pro-
ceeded by the vertical accretion of successive small-scale
flow surges to the top of previous deposited layers (Major
1997). But the clasts underwent little or no traction trans-
port after reaching the bed, probably because of relatively
rapid deposition and water escape. Normal grading is not
developed because suspension fall-out is unimportant
(Mulder and Alexander 2001). The inversely-graded di-
vision (ig) points to rapid deposition from a traction
carpet at the base of the flow (Hiscott 1994, 1995; Sohn
1997). The inverse grading is a consequence of both an

upward velocity gradient within the flow and a laminar
regime. The stratified pebbly sand division (s) documents
deposition and reworking by the overlying associated
lower concentration flow (relatively enriched in pebbles
and sand) which produced a thin cap of tractional deposit.
Traction and reworking may start only when water escape
from the main gravel body comes to an end.

Cobble rudstones, normally graded (A2.3)

Description. Beds of this facies are couplets of clast-
supported lime gravel overlain by lime sand displaying
well defined grain-size grading. The facies consists of
laterally continuous, parallel-sided medium to thick beds.
Sole marks are not preserved.

The most obvious internal sedimentary feature is a
well-defined normal grading that is commonly a distri-
bution grading (Fig. 5C). Clast size ranges from cobble-
grade at the base to sand-grade at the top with more than
50% gravel-grade material as a whole. The gravels are
characterized by a high percentage of elongate clasts
that show a well-defined parallel alignment with bedding.
Imbrication is not typical. Frequently, the clast-support-
ed packing texture was transformed into interpenetrating
clast contacts by pressure dissolution preventing an esti-
mation of roundness (Fig. 6D). Components comprise
lithoclasts and biodetritus such as bioclastic grainstones
and fragments of coral colonies (see the section below —
Provenance).

Interpretation. This facies is comparable with the strati-
fied, normally graded breccia beds illustrated by Krause
and Oldershaw (1979) to exemplify intermediate-distal
positions within a submarine sediment density-flow mod-
el for resedimented carbonates. The facies corresponds
well to Facies A2.3 (normally graded gravel) of Pickering
et al. (1989).

Transport process
True turbidity flows do not have the capability of
transporting large clasts such as cobble-grade lime
gravel. The presence of a distinct vertical trend in
sediment size and sorting indicate transport by con-
centrated density flows (Mulder and Alexander 2001).
A particular important particle-support mechanism is
grain-to-grain interaction and less fluid turbulence.
The energy exchanged by grain collisions helps to
maintain them in suspension.
Mutti et al. (1999) interpret turbidite facies associa-
tions containing a substantial proportion of conglom-
erates and pebbly sandstones as the deposits of sub-
marine granular flows which rapidly become bipartite
flows as soon as they are accelerated and funnelled
into submarines conduits. These bipartite flows in-
clude a basal, faster-moving and denser flow where
turbulence is damped by high sediment concentration
and a more turbulent flow above (Piper and Normark
1983; Ravenne and Beghin 1983; Norem et al. 1990;

Fig. 3 (continued)
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Masson 1994). Although grain-to-grain interaction re-
mains the main particle-support mechanism through-
out the run-out of the flow, fluid turbulence acts as the
dominant support mechanism near the top of the flow
and at the flow head. During the downslope motion,
coarser grains outdistance finer grains within the basal
granular part of the flow. When the frontal part of the
flow freezes, finer grains which were being transport-
ed behind overtake and step over the newly formed
deposits and keep moving downcurrent.

Depositional process
By definition, the dilution of the concentrated density
flow is sufficient to allow particle fall-out within the
flow so that there is a significant sorting during the
flow duration (Mulder and Alexander 2001). Normally
graded gravels result from grain-by-grain deposition
directly from the flow (Lowe 1982). Since the beds
exhibit a high degree of normal distribution grading,
the flows have achieved a high degree of vertical and
lateral size segregation. The clasts undergo little or no
traction transport after reaching the bed, because of
relatively rapid deposition.

Pebbly grainstone/packstones, graded-stratified (A2.8)

Description. This facies comprises beds and successions
of beds which consist of stratified, pebbly lime gravel,
grading upwards into lime sand. The medium to thick
beds are laterally continuous and parallel-sided. Most
beds have a sharp planar base, but basal erosion and
trough-shaped scour-and-fill stratification are rare. Bed
contacts are diffuse where amalgamation occurs.

Successions of this facies typically show an overall
coarse-tail grading from the lowest to the uppermost bed,
although layers of coarser clasts are repeated upward
throughout the succession, displaying well-defined strati-
fication. In other cases, beds show coarse-tail grading in
their lower parts and distribution grading in the upper
parts. Clast-size ranges from pebble-grade (in some cases
cobble-grade) to medium sand-grade with less than 40%
gravel-grade material as a whole. However, clasts coarser
than fine pebbles appear to be confined to the lower
portion of the bed succession (Fig. 4B). There, an alter-
nation of pebble- and sand-rich layers is typical, showing
graded to plane-stratified and locally cross-stratified in-
tervals. Individual strata have gradational contacts with
both normal and inverse grading. Locally, pebble-rich
layers may pinch and swell and split into irregular lenses
and stringers. Higher up, lamination comprises faint ob-
lique and mostly parallel multiple sets. Furthermore, dis-
tinct jumps in sediment composition and repeated inverse-
to normal-graded layers are common within the vertical
internal succession. As with the previous cobble rudstones
facies, the beds of this facies usually lack mud caps.

Interpretation. This facies is tentatively assigned to Fa-
cies A2.8 (graded-stratified pebbly sand) of Pickering et

al. (1989). Inversely graded intervals, which do not occur
in clastic counterparts, probably result from a variable
bulk density of the limestone clasts. Whether a general-
ized Lowe-like sequence is applicable (S1 to S3) remains
unclear.

Transport process. The presence of a pronounced (but
crude) normal grading, rare erosional features, bedforms
and resulting sedimentary structures point to transport by
concentrated density flows (Mulder and Alexander 2001).
Rapid sedimentation of cobbles/pebbles (see the section
above on cobble rudstones, normally graded) leaves a
flow relatively enriched in fine pebbles, sand and mud
(Mutti et al. 1999). Upper parts of the flows probably
became more dilute and turbulent with time.

Depositional process
Normally graded gravel and coarse sand result from
grain-by-grain deposition directly from the flow
(Lowe 1982). At sites where the basal flow layer has a
lower particle concentration, traction features can de-
velop (Lowe 1982). Bedforms arose if flow conditions
were maintained for long enough such as those de-
scribed from Savoye et al. (1993) and Morris et al.
(1998). Grains were transported as bedload to form
horizontal, oblique and cross-stratification with com-
mon amalgamation before being buried.

Grainstone/packstones, disorganized (B1.1)

Description. This facies comprises coarse to medium lime
sand beds which are more or less structureless. These
beds form successions of laterally continuous, parallel-
sided medium to thick beds. Sole marks were not found.
Beds are locally amalgamated and mud caps are usually
absent.

Grain-size grading is generally absent, or poorly de-
veloped as a coarse-tail grading with some small pebbles
or granules dispersed in a thin basal layer. Beds where the
grading is limited to the bed-tops only (top grading) also
occur. However, these features are difficult to discrimi-
nate since bed boundaries are affected by carbonate re-
distribution during diagenetic overprint. Probably, com-
positional grading occurs as a result of the variable bulk
density of the bioclastic carbonate grains. Also, stratifi-
cation and lamination are essentially absent, although a
faint parallel lamination is indicated in some rare cases.
Generally, beds appear massive and structureless.

Interpretation. The facies represents exclusively Ta divi-
sions of the Bouma sequence or S3 divisions of the Lowe
sequence and corresponds to facies B1.1 of Pickering et
al. (1989).

Transport process
Although clear vertical trends are missing, sediment
grade and thickness point to transport by hypercon-
centrated or concentrated density flows (Mulder and
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Alexander 2001). Such flows were previously called
sandy debris flows by Shanmugam (1996, 1997,
2000).

Depositional process
Thick/medium-bedded, disorganized sands arise from
rapid mass deposition due to intergranular friction in a
concentrated dispersion near the bed (Lowe 1982;
Pickering et al. 1989). The resultant open-grain pack-
ing may have collapsed during or after deposition of
the entire bed.

Grainstone/packstones, organized (C2.1/C2.2)

Description. This facies comprises mostly coarse to me-
dium lime sand beds that typically show a relatively well-
developed normal grading, lamination and locally cross-
lamination. The facies consists of medium to thick beds
that usually lack mud caps. Scours and amalgamation
rarely occur (Fig. 4A).

Grading and/or lamination are the characteristic in-
ternal sedimentary structures displaying base-dominated
Bouma sequences, although the Bouma sequences are
never complete. Distribution grading predominates, but
many beds show coarse-tail grading in their lower parts
and distribution grading in their upper parts. The bed
grain-size ranges from medium/coarse to granule lime
sand at the base, locally with small pebbles along the
basal surface, to fine/medium lime sand at the top. This
general trend is modified by multilayering and outsized
clasts resulting from the calcareous clast composition. In
particular, inverse grading as a consequence both of dif-
ferent effective density and different hydraulic behaviour
between lithoclasts and various biodetritus (see Eberli
1991; Einsele 1991) is common, above all at the base of
some beds but also higher up within individual laminae.
In addition, poor sorting results from polymodal compo-
sition (including cortoids, peloids and diverse biodetrital
grains). A typical normally graded bed displays the fol-
lowing trend of depositional textures:

Top:

– Cortoid/peloid grainstones-packstones (Ø =0.05–
0.2 mm, mostly 0.1 mm) well sorted

– Cortoid grainstones (Ø =0.05–0.2 mm, mostly 0.1 mm)
well sorted

– Bioclastic grainstones (Ø =0.05–0.5 mm) poorly sorted
– Crinoid grainstones (Ø =0.5–1.5 mm)
– Cortoid grainstones (Ø =0.1–0.4 mm, mostly 0.2 mm)

well sorted

Base:

– Lithoclastic packstones to rudstones (Ø =0.5–4 mm,
granule lithoclasts)

In some cases diagenetic underbeds mimic a basal mi-
critic layer. Roundness and sphericity of carbonate par-

ticles are highly variable, changing rapidly from laminae
to laminae and from grain-type to grain-type. Within
packstones the morphometric criteria are commonly
obliterated by pressure dissolution. A high percentage of
plate-like bioclasts and lithoclasts are oriented parallel to
lamination.

Interpretation. Most beds representing this facies can be
principally described using the Bouma (1962) sequence
for classic turbidites. Structural and textural differences
mainly result from the calcareous composition (see
Meischner 1964; Eberli 1991; Einsele 1991). The facies
corresponds to facies C2.1 and C2.2 of Pickering et al.
(1989), although mud caps are usually missing. Carbonate
mud does not develop surface electrostatic charges which
would lead to flocculation, as with siliciclastic clay
minerals. Hence, the muddy part of calcareous turbidites
could be easily redispersed into the water column with the
subsequent following turbidity current (Eberli 1991). A
second possible process could be flow splitting (Heath
and Mullins 1984; Masson 1994)

Transport process. The progressive changes in grain-size
and sedimentary structures indicate transport by concen-
trated density flows which were transformed into turbidity
flows by fluid entrainment and dilution as the flow trav-
elled (Mulder and Alexander 2001). The proportion of the
flows in which grain-to-grain interaction dominated de-
creased, whereas the proportion of the flows in which
fluid turbulence was the more important particle-support
mechanism increased.

Depositional process. According to the model of Stow
and Bowen (1980) the predominant depositional process
was grain-by-grain deposition from suspension, followed
either by burial (Ta) or by traction transport as bed load
(Tb,c). Progressive transformation from concentrated den-
sity flows into turbidity flows tends to improve grading
and decreases the thickness of the Ta division.

Grainstone–wackestone couplets,
graded-laminated (C2.2/C2.3)

Description. This facies is generally made of bipartite
beds that comprise a lower sandy division (grainstone/
packstone) and an upper muddy division. The latter com-
prise lime mud below (wackestone) and commonly sili-
ciclastic mud above (shale). Overall grading and parallel
lamination are common internal structures. The medium
to thin beds have a sand/mud thickness ratio >1. Tool
marks are common sole markings. The base of beds rarely
show deep scour structures, but usually are smooth and
planar. The tops of beds are generally smooth to planar
since the upper part of the bed contains substantial
amounts of mud. Bioturbation commonly occurs within
thin beds and is restricted to the tops of the beds.

Beds tend to show overall normal grading and/or par-
allel lamination, and the Bouma sequence is never com-

335



plete and not readily applicable. Top-cut-out sequences
are most typical (Ta,b Ta,b,c), but base-cut-out sequences
occur as well (Tb,c,d,e Tc,d,e Td,e). Further possible internal
sedimentary structures are basal layers of granule-sized
grains, graded lamination, inverse to normal overall grad-
ing, faint parallel lamination, rare faint cross lamination
and outsized clasts. The bed grain-size ranges from me-
dium/coarse to granule lime sand at the base to lime
mud (bimodal sorted bioclastic wackestone) at the top. An
ideal inverse to normal graded sequence displays the
following depositional textures:

Top:

– Bioclastic wackestone (bimodal sorted)
– Cortoid/peloid packstone (Ø =0.05–0.2 mm, mostly

0.1 mm)
– Cortoid grainstones (Ø =0.05–0.2 mm, mostly 0.1 mm)

well sorted
– Bioclastic grainstones (Ø =0.05–0.5 mm) poorly sorted
– Crinoid grainstones (Ø =0.5–1.5 mm)

Base:

– Cortoid grainstones (Ø =0.05–0.2 mm, mostly 0.1 mm)
well sorted

Interpretation. Many beds representing this facies can be
principally described using the Bouma (1962) sequence
for classic turbidites or the Meischner (1964) sequence for
allodapic limestones (see the section above on grainstone/
packstones, organized). The facies corresponds to facies
C2.2 and C2.3 of Pickering et al. (1989). Mud caps are
commonly preserved since siliciclastic mud, which re-
present the hemipelagic background sedimentation, pro-
tects the carbonate mud from redispersion.

Transport process
The Bouma sequences were produced by subcritical
and depletive, surge-like turbidity flows (see Mulder
and Alexander 2001). Beyond a hydraulic jump as
proposed by Morris et al. (1998), the flow has a lower
velocity and its sediment load is mostly fine grained
(fine sand and finer) and fully transported in suspen-
sion.

Depositional process
The pebbly layers at the base (Ta) probably formed
during passage of the erosive flow head, whereas the
upper part of the deposits (Tb-d) was deposited by the
tail of the flow with subsequent traction transport. The
depletive flows tend to produce progressive changes in
sedimentary structures and grain-size: Parallel lami-
nation Tb corresponding to the upper flow regime,
cross-lamination Tc and parallel-lamination Td corre-
sponding to the lower flow regime, draped by fine
sediments Te. Non-uniform distribution of grain-size
can explain the lack of individual divisions of the
Bouma sequences.

Packstone-wackestone couplets,
graded-laminated (C2.3/D2.1)

Description. This facies generally consists of thin to very
thin limestone beds that are interbedded with shale. Soles
are mostly sharp whereas bed tops tend to be gradational.
The limestone beds are mostly composed of packstones
grading upward into calcisiltites that do not have bimodal
composition. Normal overall distribution grading prevails.
In other cases the beds are homogeneous or thoroughly
laminated. The Bouma sequence is usually not applicable.
The morphometric criteria are commonly obliterated by
pressure dissolution. A high percentage of elongate bio-
clasts are oriented parallel to lamination.

Interpretation. This facies is roughly comparable with
facies C2.3 and D2.1 of Pickering et al. (1989). Internal
sedimentary structures, such as overall grading, faint
parallel lamination and poor sorting, are typical features
that result from the calcareous composition (see Eberli
1991).

Transport process
Thickness, sediment grade and progressive change in
grain-size indicate transport by depletive turbidity
flows at the lower end of the concentration range (see
Mulder and Alexander 2001).

Depositional process
According to Stow and Bowen (1980) the principal
depositional process is grain-by-grain deposition from
suspension, sometimes followed by traction transport
along the bottom producing lamination.

Provenance

The composition of limestone clasts clearly reflects a
reef source for a great number of the subaqueous density-
flow deposits studied in the Tiflet section (see Table 2).
The primary source area is best interpreted as a reef-
rimmed carbonate platform. The photozoan benthic par-
ticle association indicates warm tropical conditions during
the Givetian within associated shallow-water environ-
ments.

Redeposition from reef, reef talus, or peri-reefal de-
posits is indicated by gravel-sized lithoclasts of already
lithified bioclastic sands, and by colonial organisms as
well as smaller bioclasts. Archetypal organisms of Middle
Devonian reefs and reef mounds are stromatoporoids,
colonial tabulate and rugosan corals and solenoporacean
calcareous algae (e.g. Birenheide 1985; Gosselin et al.
1989; Meyer 1989; Kreutzer 1990; Weller 1991; Machel
and Hunter 1994; Whalen et al. 2000a; Copper 2002)
whose fragments all occur in the form of redeposited
material (Fig. 6D). Resedimented individual blocks of
heliolitid coral colonies reach medium boulder size
(0.6 m). Lithoclastic and bioclastic gravels vary from
angular to rounded depending on the degree of early
lithification, original shape and pre-transport history. The

336



primary origin of this material is interpreted as a fore-reef
talus deposit of a shallow-water reef actively growing
within the upper photic zone.

A substantial proportion of the gravitationally resedi-
mented material obviously comes from sand bars or from
the interior of a peritidal carbonate platform. Above all,
density-flow deposits showing a grain-size of coarse sand
to fine pebble are rich in crinoids, thick-shelled bra-
chiopods and bryozoans which, in many cases, show mi-
critized rims (Fig. 5A,B). Such micritized bioclasts are
typically found in flanking beds of Devonian reefs and
reef mounds (e.g. Meyer 1989; Kreutzer 1990) and within
associated settings of peritidal carbonate platforms. Small-
er bio- and lithoclasts with relatively thick destructive
micrite envelopes, in which the nature of the primary grain
is no longer discernable with certainty, are classified as
cortoids (Bathurst 1971; Fl�gel 1982). These particles
contribute over 50% of grains in many of the sand-sized
beds (Fig. 5A,B). The boring activity of micro-endolithic
organisms such as cyanobacteria, chlorophytes, rhodo-
phytes and fungi (Golubic et al. 1975) represents an im-
portant process responsible for the formation of destruc-
tive micrite envelopes (Bathurst 1966). Micro-borers
attack skeletal carbonate by a process of biochemical
dissolution creating intricate networks of fine borings

(Hutchings 1986; Ehrlich 1990). Warm sea-water super-
saturated with respect to calcium carbonate favours a
filling of the borings by micritic cement (Swinchatt 1969;
Gunatilaka 1976). Although bioclasts with micrite rims
were also described from deeper-water depositional envi-
ronments (Zeff and Perkins 1979; Hook et al. 1984),
cortoids are mostly produced in the photic zone and reach
only rock-forming quantities in shallow-water environ-
ments (G�nther 1990; Perry 1998). The high proportion of
cortoids within the density-flow deposits argues for sedi-
ment originating from moderate energy locations along the
platform margin or shallow lagoons of a more articulated
margin. Open, leeward margins are prone to such a situ-
ation (Hine 1983). A well-documented modern example is
the western slope of the Great Bahama Bank (Eberli et al.
1997; Westphal 1998; Bernet et al. 2000).

Slope-derived material includes a variety of bio-
clasts and lithoclasts which display a biotic assemblage
of styliolinids, tentaculinids, ostracods, fenestellid bry-
ozoans, trilobites, muellerisphaerids, parathuramminid
foraminifers, calcispheres and mollusc filaments (Fig.
5C). Such bioclasts usually lack micritized rims. They
are typical of lithoclasts with matrix-supported textures
and represent a subordinate bioclastic proportion (max.
20%) within the uppermost divisions of sand-sized tur-

Table 2 Gravel- and sand-sized
carbonate particles of Givetian
density-flow deposits from
Tiflet

Particles Types Features

bioclasts corals Numerous genera of colonial tabulate corals predominate,
above all heliolitid and thamnoporid corals; colonial and
solitary rugosans are subordinate; larger fragments include
common examples of geopetal fabrics due to reoriented
internal sediments

stromatoporoids mainly actinostromids ?
solenoporaceans rarely preserved
echinoderms/crinoids showing large borings and/or micritized rims
bryozoans occur rarely, commonly coated by micrite envelopes due to

micritization by boring micro-organisms
brachiopods usually punctate forms with thick shells; larger bioclasts

commonly coated by micrite envelopes due to micritization
by boring micro-organisms

styliolinids, tentaculitids
ostracods
muellerisphaerids
parathuramminid
foraminifers
trilobites
calcispheres
mollusk filaments

cortoids
peloids
lithoclasts cortoid grainstones consist of cortoids, peloids and more rarely crinoids

bioclastic rudstones consist of corals, stromatoporoids, echinoderms, bryozoans,
brachiopods, muellerisphaerids and mollusk filaments

bioclastic grainstones consist of echinoderms, bryozoans, brachiopods, corals,
stromatoporoids, muellerisphaerids and mollusk filaments

bioclastic grainstones includes rare superficial ooids
bioclastic wackestones,
densely packed

crinoids, bryozoans, styliolinids, mollusk filaments

bryozoan wackestones fragments of bryozoans, sponge spicules, parathuramminid
foraminifers, styliolinids

bioclastic wackestones,
sparse packed

styliolinids, mollusk filaments

peloid grainstones occur rarely
mudstones
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bidite beds (Tc-e). The lower divisions (Ta-c), which are
usually rich in shallow-water material, include minor
amounts of these assemblages too (<5%). They are evi-
dence for a second source of material. Within Devonian
depositional environments, they are typical of autoch-
thonous carbonate accumulations in shelf lagoons with
open circulation, along slopes of peritidal platforms, on
pelagic platforms (swells) and within adjacent basins.
The depositional settings that delivered biodetritus to the
studied density-flow deposits were periplatform settings
rather than isolated swells, as indicated by the general co-
occurrence of reef-derived faunal elements within indi-
vidual turbidite beds (Fig. 6A). An equivalent pelagic
fauna is, of course, also part of the perennial background
sedimentation.

Consequently, the majority of lithoclasts consisting
of bioclastic wackestones, bryozoan wackestones and
mudstones are interpreted as extraclasts reworked from
periplatform carbonates at upper slope settings (Fig. 6C).
By way of contrast, the depositional texture and compo-
sition of cortoid grainstone, bioclastic rudstone and most
of the bioclastic grainstone lithoclasts indicate an intra-
basinal origin. These intraclasts arose from reworking and
down-flow redeposition by density flows at the base of
slope. Lithoclasts made of bioclastic grainstones with
corals, stromatoporoids or rare superficial ooids indicate
platform-margin sources (extraclasts).

In general, the component assemblage comprising
shallow-water as well as slope elements indicate a deeper
platform margin to slope setting for the generation of the
density-flow deposits.

Discussion

Calcareous clast composition

Sedimentary structures produced by density flows with
high sediment concentration (>50%) and a coarse-grained
load (facies class A of Pickering et al. 1989) are more or
less the same for both calcareous and siliciclastic de-
posits, suggesting that in concentrated and hyperconcen-
trated density flows the influence of compositional dif-
ference decreases (Eberli 1991). Water-escape structures,
which are common in siliciclastic counterparts (Lowe
1982), have rarely been described in calcareous deposits.
Instead, deposits of turbidity flows loaded with calcareous
sand and silt commonly (but not always) display sedi-
mentary structures such as inverse grading, faint cross
lamination, outsized clasts and other characteristics that
differ from the Bouma sequence as a point of reference.
Therefore the facies assignment to facies classes B and C
of Pickering et al. (1989), which are defined for clastic
density-flow deposits, is much more difficult and in many
cases ambiguous. Various reasons and details have been
discussed by Colacicchi and Baldanza (1986), Eberli
(1991) and Einsele (1991).

Transporting density flows

The calcareous detritus of the studied Givetian sequence
was mainly transported by concentrated density flows and
more rarely by hyperconcentrated density flows into the
basin. A key feature is the facies association of cobble
rudstones, organized pebbly grainstones/packstones, amal-
gamated disorganized grainstones/packstones and orga-
nized grainstones/packstones (see the various subsections
in the Section - Facies of sediment-flow deposits). Boulder
rudstones, such as the major beds exposed at profile-me-
tres 26.90–30.50, reach 1.7 m in thickness and include a
maximum clast size of 0.6 m. This association records
rare erosional events associated with concentrated density
flows which may attain high velocities. Surges were prob-
ably common during the early stages of flow and gave rise
to repetitions of grading, amalgamated beds and internal
erosion surfaces. The absence of mudstone caps and the
low amount of autochthonous background sediment within
the lower part of the sequence points to a high rate of
recurrence of sediment density-flow events.

Organized grainstone to wackestone couplets (see
above) interbedded with hemipelagic siliciclastics are ex-
posed preferentially in the upper part of the succession.
Overall grading and parallel lamination are common fea-
tures. A faint cross lamination rarely occurs. Bed thickness
ranges from less than 1 cm up to 25 cm. This association
was deposited from turbidity flows loaded with fine-
grained calcareous sand and silt at times of reduced lime
gravel and sand supply to the basin.

Carbonate apron setting

Slope sediments accumulate in extensive, basinwards-
thinning wedges which appear to be generated mostly
during relative sea-level highstands (Glaser and Droxler
1991; Schlager et al. 1994). The detritus of peritidal
carbonate platforms may be carried into the basin by
submarine canyons, but commonly there are a series of
small gullies cutting the slope, fed from various sources
along the margin rather than a single point source. These

Fig. 4 Component assemblage from toe-of-slope deposits at a reef-
rimmed platform: Givetian of the Rabat-Tiflet-Zone in Morocco.
Photomicrographs of thin sections oriented perpendicular to bed-
ding in plane polarized light. A A rare example of scour and fill at
the base of an arenitic turbidity flow deposit (facies C2.2). The
erosive contact is locally modified by pressure dissolution. The
granule-sized fill is made of crinoid, brachiopod, stromatoporoid,
coral and bryozoan debris. Sample T-03, Tiflet at 5.55 m. Scale bar
is 1 cm. B Rudstone forming the base of a concentrated density-
flow deposit (facies A2.8). A well defined normal distribution-
grading is evident along the left hand margin of the figure. The very
coarse lithoclastic pebble exhibit a stromatoporoid overgrown by a
heliolitid coral. Medium to fine pebbles comprise stromatoporoids,
thamnoporid corals, crinoids, bryozoans and lithoclasts (nearly al-
ways bioclastic grainstones). The packstone above mainly consists
of peloids and cortoids (>70%). Thamnoporid coral settled out of
place from the flow. Sample T-10, Tiflet at 16.90 m. Scale bar is
1 cm
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gullies channel the detritus into a series of ephemeral,
overlapping, and coalescing lobes rather than single large
submarine fans. Carbonate sediment density flows typi-
cally contain less mud than siliciclastic flows and there-
fore do not pass through so far out onto the basin plain,
but tend to terminate rather abruptly at the foot of the
slope. Based on these and other differences with silici-
clastic slopes, Mullins and Cook (1986) and Colacicchi
and Baldanza (1986) developed carbonate-apron models
for carbonate-slope deposits which have been extensively
reviewed (e.g. Tucker 1990; Coniglio and Dix 1992). A
genetic approach to classify carbonate margins was pre-
sented by Pomar (2001). Facies distribution and toe-of-
slope geometries along carbonate platform margins were
described by Bosellini (1984), Kenter and Champbell
(1991), Stafleu and Schlager (1995), Blomeier and Rei-
jmer (2002) and recently by Whalen et al. (2002a) for a
Devonian system.

Based on field studies, sediment gravity-flow models
for carbonate breccias and conglomerates have been pro-
posed early by Krause and Oldershaw (1979) and Eberli
(1987). Equivalent deposits have been also described
from modern basinal sediments in the surrounding of the
Bahama platforms, for which the palaeotopographic sit-
uation is well known (Crevello and Schlager 1980; Mul-
lins 1983). Indeed, the modern deposits clearly display a
higher proportion of mud and in parts mud-supported
textures. The rubble is arranged spatially such that dis-
organized beds are commonly most proximal and graded
to graded-stratified beds are most distal. But, one of the
main differences between these models is the suggested
spatial position of the inversely graded breccias and
conglomerates. Generally, these deposits exemplify bi-
partition of subaqueous sedimentary density flows that
show a flow behaviour transitional between cohesive and
non-cohesive (frictional flows) as suggested by Ravenne
and Beghin (1983) and Norem et al. (1990). The com-
ponent layers have different dominant sediment-support
mechanisms and may finally decouple (Piper and Nor-
mark 1983; Masson 1994).

An interpretation of the specific depositional setting is
intricate since the spatial distribution of facies types in
facies tracts also records a different degree of flow effi-
ciency (Mutti 1992; Richards et al. 1998). The concept of
flow efficiency depicts the ability of a flow to carry its
sediment load basinwards and to segregate its grain pop-
ulations into distinct facies types with distance (Mutti et
al. 1999). Very highly efficient flows can fully segregate
the grain populations contained within the parental flow
with distance, thus producing relatively well-sorted facies
types and well-separated facies tracts. Conversely, very
poorly efficient flows will only partly segregate their
different grain populations, thus producing a more limited
number of facies types characterized by poor textural
sorting. Calcareous density flows are usually surge-like
flows and therefore poorly efficient since they are gen-
erated by failure of limited volumes of sediment at a
platform slope or short-lived storms surges. Typically, the
distal and finer-grained deposits of these flows are poorly

developed and traction-plus-fallout structures are rare
because of high rates of flow deceleration.

With modern carbonate platforms, the downslope
transition from mud- to grain-supported textures of den-
sity-flow deposits is similar to that described from ancient
examples (Mullins et al. 1984; Grammer et al. 1993). The
distinction of cohesive and non-cohesive density flows as
well as the recognition of their deposits in modern and
ancient environments is a much debated subject. Here the
classification of Mulder and Alexander (2001) is used.
The presence of connected voids between grains enables
hyperconcentrated density flows to ingest water, expand
and so transform into concentrated density flows or even
turbidity flows or both (Hampton 1972; Fisher 1983;
Kneller and Buckee 2000; Mulder and Alexander 2001).
At the top of the flows, entrainment and the development
of a mixing cloud leads to a region with low sediment
concentration and to the formation of overriding turbidity
flows. As a consequence, proximal density-flow deposits
are typically thick with mud-supported fabric, whereas
distal deposits are thinner and grain-supported, commonly
topped by an organized turbidite bed (e.g. Ineson and
Surlyk 1995; Mutti et al. 1999; Blomeier and Reijmer
2002; Scheibner et al. 2003). However hyperconcentrated
density flows may also be triggered by liquefaction and
other processes without cohesive precursor flows (Mulder
and Alexander 2001) and in that case occupy proximal
parts of a slope apron. Moreover, the grade of internal bed
organisation dues not shows a simple relationship with
proximality in every case (Surlyk 1984, 1995; Pickering
et al. 1989; Shanmugam 2000).

Gravel-rich density-flow deposits are usually dis-
tributed in proximal parts of a carbonate apron (Cook
1983; Harris 1994; Melim and Scholle 1995; Whalen et al.
2000b; Drzewiecki and Sim� 2002). Exceptions are thin
gravely density-flow deposits which can be commonly
traced far into the basin plain (e.g. Crevello and Schlager
1980; Cook and Mullins 1983). Arenitic density-flow de-
posits that include granules to medium pebbles occur from
proximal slope to distal basin settings (>100 km). Topo-
graphic irregularities on the slope also play an important

Fig. 5 Component assemblage from toe-of-slope deposits at a reef-
rimmed platform: Givetian of the Rabat-Tiflet-Zone in Morocco.
Photomicrographs of thin sections oriented perpendicular to bed-
ding in plane polarized light. A Bioclastic grainstone from a tur-
bidity flow deposit (facies C2.2). Lime sand comprise cortoids,
peloids, brachiopods and crinoids. The two larger grains are a
crinoid ossicle (left) and a bryozoan fragment (right) with thick
micritized rims. Sample T-03, Tiflet at 5.55 m. Scale bar is 500 �m.
B Cortoid grainstone from a turbidity flow deposit (facies C2.2).
Thick micritized rims occur on more than 50% of the bioclasts.
Sample T-04, Tiflet at 5.63 m. Scale bar is 500 �m. C Pebble
rudstone from middle part of a concentrated density-flow deposit
(facies A2.3) showing normal grading. Lithoclastic debris include
grain-supported textures (cortoid grainstones, bioclastic grain-
stones) as well as mud-supported textures such as styliolinid
wackestones (below centre left). Bioclastic debris is dominated by
crinoids, brachiopods, thamnoporid corals (centre), bryozoans and
stromatoporoids. Sample T-09, Tiflet at 15.95 m. Scale bar is 1 cm
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role in controlling the lateral distance that density flows
can travel in a basin (Prather et al. 1999).

The facies association and element geometry described
here probably represent an outer base-of-slope apron. In
modern carbonate aprons of the Bahama platform, the
association of coarse-grained (<1 m thick) and finer-
grained density-flow deposits (0.2–0.3 m), grain-supported
debris-flow deposits and two-layer deposits is found in a
distal zone of the lower-slope apron facies (Mullins et al.
1984). Schlager and Chermak (1979) and Crevello and
Schlager (1980) consider such sediment wedges of rede-
posited carbonates at the toe-of-slope as deposits of the
basin-margin rise rather than the lower slope. Regardless
of this terminological question, the distal apron facies is
comparable with the studied facies association of density-
flow deposits from Tiflet.

Features indicative of proximal lower slope or upper
slope are not evident: Synsedimentary folds formed by
slump or creep, low-angle truncation surfaces (slump
scars), erosional channels filled with discontinuous layers
of sand and rubble, and mud-supported debris-flow de-
posits. Geopetal internal sediments in primary voids,
which would show that enclosing bedding was deposited
at an angle to horizontal, are not found. Consequently, the
studied sediments represent fore-reef toe-of-slope de-
posits which were accumulated seaward of the limit of
appreciable slope.

The subordinate amount of peri-platform ooze with-
in the succession of Tiflet may have various reasons. It
could be also indicative of outer apron sediments (e.g.
Mullins et al. 1984), but is likely a result of high input
rates of sediment density flows (e.g. Schlager and Cher-
mak 1979), or may reflect the small size of the source
platform (e.g. Harris 1994). In addition, the high amount
of biologically induced micrites by benthic and planktic
biota in modern carbonate environments is not charac-
teristic for Palaeozoic systems.

The carbonate density-flow deposits at Tiflet contain
both margin- and slope-derived reworked sediment. Such
a mixed composition is indicative for bypass slopes which
typically have either a steep slope angle or an erosional
scarp (Haas 1999; Drzewiecki and Sim� 2002). The oc-
currence of hyperconcentrated and concentrated density
flows loaded with lime gravel and coarse sand also point
to a steep escarpment or slope. Fast growing reefs at the
platform margin (not mounds) or an active fault may have
caused such a steep slope. The driving force of hyper-
concentrated density flows is mostly related to gravity.
Although run-out distance depends on many factors, such
flows cannot be maintained on very-low-angle slopes for
as long as more dilute flows (Mulder and Alexander
2001). In concentrated density flows, sediment erosion
may be able to maintain the flow even at lower slope
gradients and may generate long run-out distances. Ac-
cording to Colacicchi and Baldanza (1986) carbonate
turbidity flows are always heavily loaded (due to the low
primary amounts of mud), have a very high internal
friction (caused by the calcareous mud composition), and
are thus subjected to a loss of kinetic energy more rapid

than that lost by the well-lubricated clayey turbidity cur-
rents. Consequently, carbonate turbidity flows need steep
slopes in order to balance the rapid loss of kinetic energy.

Conclusions

The marine record preserved within the Rabat-Tiflet-Zone
of Morocco, which is thought to be an equivalent of the
Prague Basin of Central Europe, includes a Givetian suc-
cession of subaqueous density-flow deposits interbedded
with hemipelagic and pelagic muds. They carry a wide
range of information about the bathymetry and ecology of
the source area as well as the basin-margin setting:

1. The conodont fauna indicates reworking and redepo-
sition of contemporaneous shallow-marine carbonates
during the hemiansatus and timorensis Zones.

2. Calcareous debris was mostly transported by surge-
like concentrated density flows and turbidity flows,
though hyperconcentrated density flows contributed
thick lime gravel beds.

3. Although the uppermost part of the succession displays
a thinning and fining upward sequence, sequential
organisation of the succession seems to be low.

4. The component assemblage exhibits a photozoan
benthic particle association in the neritic source envi-
ronment.

5. The density-flow deposits are dominated by material
sourced from photic environments as well as high-en-
ergy shoals of a peritidal carbonate platform. Lime
conglomerate beds are particularly rich in coral and
stromatoporoid gravel shed from reef, reef talus, or
peri-reefal deposits. Arenitic beds mainly comprise cor-
toids and less intensive micritized bioclasts such as bry-
ozoans, crinoids and thick-shelled brachiopods which
are interpreted as constituents initially derived from
platform-margin sand shoals or from low-energy la-
goons.

Fig. 6 Component assemblage from toe-of-slope deposits at a reef-
rimmed platform: Givetian of the Rabat-Tiflet-Zone in Morocco.
Photomicrographs of thin sections oriented perpendicular to bed-
ding in plane polarized light. A Bioclastic grainstone from the base
a turbidity flow deposit (facies C2.3). Crinoid ossicles, ostracod
shells and styliolinids are common. Cortoids and peloids predom-
inate within the upper part of the bed. Sample T-05, Tiflet at
8.12 m. Scale bar is 500 �m. B Bioclastic grainstone form upper
part of a turbidity flow deposit (facies C2.2). Crinoids and bra-
chiopods occur among distinctly smaller peloids and cortoids.
Sample T-04, Tiflet at 5.63 m. Scale bar is 500 �m. C Lithoclast of
a concentrated density-flow deposit (facies A2.3). The bioclastic
wackestones include material of shallow-water origin (heavily
bored crinoid ossicle) as well as remains of nektic and planktic
biogens (styliolinids). Sample T-09, Tiflet at 15.95 m. Scale bar is
500 �m. D Rudstone from the lower part of a concentrated density-
flow deposit (facies A2.3). Clasts show a dissolution enhanced
fitted fabric. Lithoclastic gravel include cortoid grainstones (lower
left and right) and bioclastic wackestones (centre and upper part).
Bioclastic gravel is dominated by different genera of thamnoporid
corals and stromatoporoids. Sample T-08, Tiflet at 15.82 m. Scale
bar is 1 cm
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6. Periplatform carbonates from upper slope settings
were a second source of material which is mainly
documented by lithoclasts of mud-supported textures.
Typical for periplatform deposits, the shallow-water
derived constituents occur together with shells of
planktonic organisms such as the Devonian tentac-
ulitids, styliolinids and parathuramminid foraminifers.

7. Density-flow deposits were shed from deeper platform
margin to upper slope settings, since most of the beds
comprise both constituents of platform-margin gravel
and sand as well as of periplatform suspension de-
posits.

8. The presence of actual reef debris is critical for iden-
tifying a fore-reef toe-of-slope setting.

9. The occurrence of hyperconcentrated and concentrated
density flows loaded with lime gravel and sand point to
a steep slope or escarpment. Fast growing reefs at
platform margin or an active basin-bounding fault may
have been caused such a steep slope. But so far, there
is no indication for erosion at an escarpment by strati-
graphic admixtures of older conodont faunas.

Component assemblages are shown in Figs. 4, 5 and 6.
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