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The wide va ri ety of soft-sed i ment de for ma tion struc tures (SSDS) de vel oped within de pos its of the same age may hin der the
in ter pre ta tion of their or i gin. Some types of SSDS may ap pear sim i lar though have dif fer ent trig ger mech a nisms, while oth ers 
may re sult from a spe cific mech a nism. Fur ther more, the de vel op ment of par tic u lar SSDS may be in flu enced by sev eral syn -
chro nous or semi-syn chro nous fac tors. This study deals with the rec og ni tion of SSDS trig ger mech a nisms with re spect to
lithological and deformational fea tures of the deposits con cerned. Turbidite de pos its of late Neo gene age in the Hadjret El
Gat area (Tafna Ba sin) con tain dif fer ent types of SSDS as so ci ated with (1) slope pro cesses (e.g., slump folds) and in duced
over bur den pres sure, cou pled with bro ken beds and over load ing struc tures, and (2) liq ue fac tion and fluidisation phe nom -
ena, lead ing to the de vel op ment of load struc tures, ball-and-pil low struc tures, wa ter-es cape struc tures and syndepositional
faults. These two mech a nisms of SSDS for ma tion in the study area are thought to re sult from seis mi cally-in duced trig gers.
Rec og ni tion of a ver ti cally-re peated, sand wich-like ar range ment of de formed and undeformed lay ers along with the SSDS
fea tures ("trapped" within beds) sug gests that these in ter nally-de formed beds are seismites, the first re cog nized in the Tafna
Ba sin of NW Al ge ria. Large earth quakes may trig ger seis mic waves en er getic enough to de form strata and in duce the de vel -
op ment of SSDS. This hy poth e sis is sup ported here by tec tonic ev i dence, given de po si tion of the Tafna Ba sin strata in the
con ver gence zone be tween Af rica and Eur asia, ac tive since the late Neo gene. 

Key words: soft-sed i ment de for ma tion struc tures, liq ue fac tion, seismites, mass flows, turbidite; tec tonic ac tiv ity, Tafna Ba -
sin, Neo gene, Mio cene.

INTRODUCTION

Soft-sed i ment de for ma tion struc tures (SSDS) are found in
all depositional en vi ron ments, in clud ing lac us trine/glacio lacu -
stri ne, ma rine, flu vial/glaciofluvial, la goonal, periglacial one etc.
(Seilacher, 1969; Allen, 1977; Owen, 1987, 1996; Jones and
Omoto, 2000; Moretti, 2000; Moretti et al., 2001; Mazumder et
al., 2006; Montenat et al., 2007; Owen and Moretti, 2011; Owen 
et al., 2011; Pisarska-Jamro¿y and Zieliñski, 2012; Pisarska-
 Jamro¿y, 2013; Pisarska-Jamro¿y and Weckwerth, 2013; Bhat
et al., 2016; Umair and Syed Ahmad, 2018; Koç-TaêgÏn and 

Altun, 2019). Such de for ma tion struc tures are thought to be
formed dur ing or shortly af ter de po si tion (Rossetti, 1999) lead -
ing to re ar range ment of the orig i nal sed i men tary struc tures
(Malt man, 1984). 

SSDS are a widely re ported phe nom e non in a va ri ety of tec -
tonic set tings, in clud ing pas sive con ti nen tal mar gins, sub du -
ction zones, and strike-slip en vi ron ments (Waldron and Gag -
non, 2011). They may also be in duced by exo gen ic forc ing e.g.,
glacio-iso static re bound (Brandes et al., 2015; Van Loon et al.,
2016; WoŸniak and Pisarska-Jamro¿y, 2018; Pisarska- Jamro -
¿y et al., 2018, 2019a, b; Pisarska-Jamro¿y and WoŸniak,
2019). More over, SSDS may pre serve the re cords of changes
that sed i ments have un der gone due to 1) grav ity- driven pro -
cesses op er at ing on a palaeoslope; these in clude the folds and
flex ures com monly de vel op ing within slumps (e.g., Farrell and
Eaton, 1987; Bradley and Hanson, 1997; Alsop et al., 2007;
Pisarska -Jamro¿y, 2006, 2008); 2) liq ue fac tion and/or fluidi -
sation in duced by earth quakes; these in clude load casts,
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pseudo no dules, ball-and-pil low struc tures, wa ter-es cape struc -
tures (Allen, 1982; Owen, 1987; Moretti and Ronchi, 2011).

Many at tempts have been made to in fer the gen e sis of the
SSDS on the ba sis of lithological fea tures (e.g., WoŸniak and
Pisarska-Jamro¿y, 2016; Belzyt et al., 2021; WoŸniak et al.,
2021). How ever, the dis crim i na tion of sev eral trig ger mech a -
nisms that were op er at ing si mul ta neously (or semi-syn chro -
nously) re mains a chal lenge. No ob jec tive cri te ria to dis tin guish
them have yet been es tab lished (cf. Mulder et al., 2011;
Shanmugam, 2016).

This study (1) re con structs the de vel op ment of SSDS re -
corded in the Hadjret El Gat turbidite suc ces sion in the Mio cene 
Tafna Ba sin (north west ern Al ge ria) (2) de fines di ag nos tic fea -
tures for SSDS of seis mic or i gin, and (3) de ter mines fea tures of
SSDS that de velop syn chro nously or semi-syn chro nously as a
con se quence of both seis mic and mass flow pro cesses.

GEOLOGICAL SETTING

The Tafna Ba sin is an intramontane Neo gene ba sin lo -
cated on the north ern coast of Al ge ria (Fig. 1A). It is bor dered
by the Med i ter ra nean Sea to the north and by the Tlemcen
Moun tains, Traras Moun tains and Tessala Moun tains to the
south, west and east, re spec tively (Fig. 1B). The Mio cene of
the Tafna Ba sin in cludes de pos its of both ma rine and con ti -
nen tal or i gin (Mahboubi et al., 2015; Benzina et al., 2023).
There are few biostratigraphic stud ies of these de pos its.
Guardia (1975) interpreted their Serra vallian age from the
pres ence of Globoratalia mayeri and Globo rotalia menardii
that cor re spond to N14, N15 and N17 of the Blow biozonation.
Fur ther more, Mazouzi (2004) as signed a Serra vallian age to
the turbidite de pos its due to the pres ence of the cal car e ous
nannofossil spe cies Discoaster kugleri, D. bellus and D.
calcaris. This in ter val cor re sponds to the red dish clayey marls
of the Lower Chelif Ba sin (Benzina et al., 2019), with Boucif
(2006) and Benzina (2014) re con struct ing the geody namic
and sedimentological evo lu tion of the ba sin. 

Some au thors in ferred re cur ring seis mic ac tiv ity dur ing the
sed i men ta tion of the turbidite de pos its in the Hadjret El Gat
area. Ac cord ing to Glangeaud (1951), Dubourdieu (1962) and
Andrieux (1971), the Tafna Ba sin was tec toni cally ac tive dur ing
the late Neo gene (Mio cene), be ing dom i nated by extensional
tec ton ics dur ing the Serravallian-Lower Tortonian and com -
pressional tec ton ics dur ing the up per Tortonian-Messinian.
This in ter val of seis mic ac tiv ity was fol lowed by vol ca nic
(rhyolitic) ac tiv ity from the late Mio cene at ~14 Ma (Megartsi,
1985). Boukhedimi et al. (2017) and Guessoum et al. (2018), in
their stud ies of the coastal Qua ter nary de pos its from NW Al ge -
ria, in di cated seis mic ac tiv ity dur ing this pe riod.

The Hadjret El Gat sec tion un der study (Fig. 1B) oc cu pies
the cen tral part of the Tafna Ba sin. The N–S ori ented sec tion is
lo cated ~30 km south of the coast line and 30 km north of the
city of Tlemcen (Fig. 1A). The Hadjret El Gat sec tion (300 m
thick) com prises al ter na tions of thick-bed ded slumped sand -
stones (with turbidite fea tures, see Fig. 2E) with blu ish marls
(Fig. 2). It was di vided into seven mem bers (see M1–M7 in Fig.
2A) rang ing from 12 to 45 m in thick ness (Fig. 2B–F), the ma -
rine de pos its of Hadjret El Gat be ing un con form ably over lain by
Qua ter nary flu vial ter race de pos its that con sist mainly of poly -
gen etic con glom er ates, grav els and silts with a red dish mud
ma trix (Fig. 2F).

METHODS 

The 300 m thick sed i men tary suc ces sion at Hadjret El Gat
was di vided into seven mem bers (Fig. 2A) by Benzina (2014).
De for ma tion struc tures re corded in the sand stone-marls beds
(Fig. 2) were in ves ti gated and de scribed. Ob served SSDS were 
stud ied in re la tion to lat eral sed i men tary vari a tions, changes in
the style and in ten sity of de for ma tion, and the di men sions,
shapes and po si tion of de for ma tion struc tures within the beds. 

In ter pre ta tion of lithological fea tures of the SSDS aimed at
de ter min ing the pro cesses gen er at ing them. Two groups of de -
for ma tion struc tures were iden ti fied and as so ci ated: (1) liq ue -
fac tion phe nom ena, i.e. un sta ble den sity con trasts when sed i -
ment be comes li quid ised (load struc tures, pseudonodules,
ball- and-pil low struc tures, wa ter-es cape struc tures); and (2)
mass move ments (e.g., folds, bro ken beds, over load ing struc -
tures). Cri te ria adopted from Owen and Moretti (2011) were
used di ag nos ti cally, to iden tify the trig ger(s) of the de for ma tion
struc tures. 

RESULTS AND INTERPRETATION

The SSDS com monly oc cur ring within the Hadjret El Gat
suc ces sion were di vided into two ge net i cally-re lated groups as -
so ci ated with: (1) mass move ments, and (2) liq ue fac tion and
fluidisation phe nom ena. The SSDS-hosted beds are tilted and
over turned to wards the NNE. This di rec tion cor re sponds to an
asym met ri cal anticline on the south ern side of Mt. Djedir
(Benzina, 2014). 

SOFT-SEDIMENT DEFORMATION STRUCTURES LINKED 
WITH MASS MOVEMENTS 

De scrip tion. The ver ti cal suc ces sion of sand stones inter -
bedded with marls at Hadjret El Gat in cludes  nu mer ous me -
dium- to large-scale folds (rang ing from 0.50 m up to >20 m;
Fig. 3B–D) with an over all vergence to wards the south. These
folded beds bear nu mer ous bro ken (Fig. 4A–C) and over load -
ing struc tures (Fig. 4D, E). The lat ter form mas sive, south-in -
clined bod ies, the low er most parts of which are thick ened and
the up per most parts bev elled (Fig. 4B, C). Fur ther more, their
low er most parts are en riched in shal low ma rine fos sils, such as
bi valves and gas tro pods (Fig. 4F). 

INTERPRETATION

The gen er ally uni di rec tional in cli na tion of folds re corded at
Hadjret El Gat, to wards the south, in di cates their slump-in duced
or i gin. They are usu ally ac com pa nied by bro ken beds. Both
struc tures de velop due to the stretch ing of beds as these move
downslope. In clined over load ing struc tures orig i nate from the
sud den and rapid slid ing of un con sol i dated sed i ments on a slope 
(Fig. 4A, E) as pre vi ously re ported by Doe and Dott (1980) and
Jones and Rust (1983). Downslope move ment of sed i ments re -
corded in the Hadjret El Gat sec tion is in di cated by (1) the shape
of over load ing struc tures, which fol lows the di rec tion of slid ing
(Fig. 4A–C), and (2) an in crease in the con tent of shal low ma rine
fos sils in the low er most parts of over load ing struc tures, re sult ing
from redeposition pro cesses on the slope (Fig. 4F). 
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Slump folds com monly re corded in un con sol i dated sed i -
ments are in ter preted as di rect ev i dence of downslope move -
ment re sult ing from the par tial loss of sed i ment strength and ap -
plied shear due to grav ity (cf. Col li sion, 1994). This down wards
move ment of sed i ments de pends on their an gle of re pose, the

val ues of which vary when the sed i ments’ mass in creases
(Alves and Lourenço, 2010; Alves, 2015). How ever, the com -
mon oc cur rence of slump folds in the Hadjret El Gat sec tion
may also in di cate sed i men tary in sta bil ity due to re cur ring earth -
quakes (cf. Ross et al., 2013; Valente et al., 2014).
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Fig. 1. Geo log i cal map of the study area 

A – lo ca tion of the Neo gene bas ins of NW Al ge ria; 
B – lo ca tion of the Hadjret El Gat sec tion in the Tafna Ba sin (Naimi et al., 2021, mod i fied)
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Fig. 2. Sed i men tary suc ces sion of the Hadjret El Gat with de tails (af ter Benzina, 2014)

A – strati graphic log of the Hadjret El Gat sec tion di vided into seven sed i men tary mem bers (M1–M7); B – sand stone beds over lain un con -
form ably by con glom er ates; C – marl beds over lain un con form ably by con glom er ates; D – linguoid rip ples (red ar rows in di cate palaeocurrent
di rec tion); E – part of a Bouma se quence ob served in the Hadjret El Gat sec tion with iden ti fied T(c), T(b) and T(e) units; F – poly gen etic con -
glom er ates



SOFT-SEDIMENT DEFORMATION STRUCTURES LINKED 
WITH LIQUEFACTION AND FLUIDISATION PHENOMENA

LOAD STRUCTURES 
(LOAD CASTS AND PSEUDONODULES) 

De scrip tion. Load casts are abun dant at the bound ary be -
tween the me dium- and coarse-grained sand stones and the
over ly ing mudstones. They are char ac ter is ti cally semi-cir cu lar,
a few cen ti me ters across (Fig. 5A). Well-de vel oped load casts
of centi metre-scale with in ter nal co-shaped lam i na tion are also
ob served in cross-sec tion (Fig. 5B). More over, the sand stones
con tain small and me dium-scale pseudonodules (from 0.5 to
1 m wide), which are equidimensional and sphe roi dal in shape
(Fig. 5C–E). They com monly ap pear in at tached forms, mainly
in thin lay ers of the fine- and me dium-grained sand stones. 

In ter pre ta tion. Load casts formed at the bound ary be -
tween sand and over ly ing mud are com monly found in dif fer ent
en vi ron ments in di cat ing un equal load ing or re versed den sity
gra di ents due to seis mic shak ing (Mohindra and Thakur, 1998;
Owen, 2003; McCalpin, 2009; Topal and Özkul, 2014; Roy and
Banerjee, 2016; Mazumder et al., 2016; Rana et al., 2016;
WoŸniak et al., 2016; He et al., 2018; Belzyt et al., 2021). In the
Hadjret El Gat sec tion, the me dium or coarse-grained un con -
sol i dated sands sank into the un der ly ing mud (Fig. 5A). The
mor phol ogy of load struc tures is con trolled by sev eral fac tors,
such as the du ra tion of the li quid ised state, the mag ni tude of the 
den sity gra di ent, and ki ne matic vis cos ity (cf. Chiarella et al.,
2016). The most ad vanced stage of their for ma tion, when load
casts cut into wa ter-sat u rated fine-grained sed i ments, is rep re -
sented by pseudonodules (cf. Kuenen, 1958), formed by the
sag ging of sandy load casts into un der ly ing silty/sandy liq ue fied
sed i ments (cf. Olivera et al., 2011; Yang et al., 2016). 
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Fig. 3. Strati graphic po si tion of sand stones with soft-sed i ment 
de for ma tion struc tures

A – turbidite de pos its ob served in the low er most part of the Hadjret El Gat sec tion; B – small- to me -
dium-scale slump folds in (M4) show ing sed i ment over load ing par al lel to the undeformed beds and 
the di rec tion of slid ing; C – over turned set of beds in (M6) show ing undeformed bed di rected par al -
lel to the slump folds; D – large-scale slump folds in (M3) in di cat ing the di rec tion of slid ing
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BALL-AND-PILLOW STRUCTURES

De scrip tion. Ball-and-pil low struc tures are not as abun -
dant in the sec tion stud ied as the load struc tures de scribed
above. They are ob served mainly in 2–3 m thick sand stones
that oc cupy the low est part of the sec tion. These struc tures are
infilled with mas sive coarse-grained sand and sur rounded by
fine-grained sands (Fig. 5F–I). The ball-and-pil low struc tures
are usu ally 0.5 m in di am e ter and subspherical or cir cu lar in
shape (Fig. 5H). These struc tures are slightly curved or in clined 

to wards the SE, which cor re sponds to the in cli na tion of lay ers in 
which they are hosted.

In ter pre ta tion. Ball-and-pil low struc tures are formed due to 
the pen e tra tion of less dense sed i ments into over ly ing sed i -
ments of higher den sity (cf. Collison, 1994). The mo bi li sa tion of
these less dense sed i ments oc curs due to liq ue fac tion in duced
most com monly by earth quake shak ing (cf. Oliveira et al., 2011; 
Bhat et al., 2016; Roy and Banerjee, 2016). The in cli na tion of
ball-and-pil low struc tures and their host ing lay ers in the same
di rec tion sug gests their semi-syn chro nous or i gin. Af ter the
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Fig. 4. Mass-move ment fea tures in the Hadjret El Gat sec tion

A – al ter na tion of marls and slump-fold beds; B, C – de tached struc ture of mas sive sed i ment over load ing in (M4)
as so ci ated with slump folds and bro ken beds; D – at tached struc ture of mas sive sed i ment over load ing in (M3) as -
so ci ated with slumps folds and bro ken beds; E – in (M3) shows an over load ing struc ture; F – bot tom most sur face
of de pos its en riched in shal low ma rine fos sils from (M4): Gs – gas tro pods, Bv – bi valves
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main phase of for ma tion, ball-and-pil low struc tures un der went
de for ma tion (in a sat u rated, plas tic state) due to mass flow pro -
cesses.

WATER-ESCAPE STRUCTURES

De scrip tion. Wa ter-es cape struc tures are ob served only
within some of the beds stud ied beds in the lower and mid dle
parts of the Hadjret El Gat sec tion (Fig. 6A–C). These cm-

 sized, con vex struc tures dis turb the hor i zon tally-lam i nated
sand stones.

In ter pre ta tion. Wa ter-es cape struc tures are formed when
the pore-fluid pres sure in the sed i ment ex ceeds its thresh old
value due to the sed i men tary over load (cf. Lowe, 1975; Allen,
1982) or to pro gres sive seis mic pro cesses (cf. Dasgupta and
Chatterjee, 2019). As a con se quence of these, large amounts
of fluid be come re leased due to com pac tion of sed i ments and
con trib ute to wa ter-es cape struc ture de vel op ment (Odonne et
al., 2011). The pri mary lam i na tion of the de pos its stud ied was
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Fig. 5. De for ma tion struc tures as so ci ated with liq ue fac tion phe nom ena re corded
in the Hadjret El Gat sec tion

A, B – load casts in sand stones in (M6, M2) re spec tively; C–E – from (M3, M7)  pseudonodules of dif fer ent
shapes and sizes; F–I – ball-and-pil low struc tures in (M1, M3 and M5)
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de stroyed due to fluidization ac com pa nied by up ward in jec tion
of sed i ments (Lowe, 1975; Hurst and Cart wright, 2007; Hurst et
al., 2011). The curved ori en ta tion of the wa ter-es cape struc -
tures re sulted from path tra jec to ries along fault and other
heterogeneities in the sed i ment (cf. Chiarella et al., 2016). 

FAULTS

De scrip tion. Sev eral, well-ex posed nor mal faults are pres -
ent in the Hadjret El Gat sec tion. Beds with faults are inter -
bedded with undeformed beds, form ing a sand wich-like sed i -
men tary ar range ment (Fig. 6D, E). The fault off sets range from
centi metres up to tens of centi metres. The faults re corded are
ver ti cally- to subvertically-ori ented (Fig. 6D) with straight
planes. They are in clined to wards the SSE. 

In ter pre ta tion. The faults ob served de vel oped within hor i -
zon tally-ar ranged beds and are in ter preted as synsedimentary
(cf. Bhat et al., 2016), their de vel op ment de pend ing on the rhe -
ol ogy of the sed i ments dur ing fault ing (cf. Mazumder et al.,
2016). Miyata (1990) as so ci ated synsedimentary faults with lo -
cal seis mic ac tiv ity. The in stan ta neous ac tion of stress leads to
an in crease in pore pres sure and then to the for ma tion of
semi-brit tle types of SSDS (Vanneste et al., 1999; Singh and
Jain, 2007). 

DISCUSSION

The study area be longs to the Tafna Ba sin, in flu enced by
the Al ge rian ac tive con ti nen tal mar gin. The lat ter is com monly
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Fig. 6. De for ma tion struc tures as so ci ated with liq ue fac tion and fluidisation 
phe nom ena in the Hadjret El Gat sec tion

A–C – wa ter-es cape struc tures in (M4, M2); red ar rows in di cate the di rec tion of fluid/sed i ment move ment; D –
synsedimentary faults and their in ter pre ta tion in (M4) (the lower one sketched); E – par al lel-ori ented syn -
sedimentary faults in (M4)
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re garded as a plate bound ary be tween Af rica and Eur asia, and
cor re sponds to a seis mi cally-ac tive con ver gent zone (Boukhe -
dimi et al., 2017). Fur ther more, late Neo gene (Mio cene) sed i -
men ta tion in the Tafna Ba sin was dom i nated by both exten -
sional (Serravallian-Lower Tortonian) and compressional (up -
per Tortonian-Messinian) tec ton ics (Glangeaud, 1951; Dubour -
dieu, 1962; Andrieux, 1971) fol lowed by vol ca nic ac tiv ity dur ing
the late Mio cene (Megartsi, 1985). The con tin u a tion of seis mic
ac tiv ity in the Tafna Ba sin af ter the turbidite de po si tion is in di -
cated by the pres ence of faults and other mor pho log i cal lin ea -
ments in the Hadjret El Gat area (the south ern part of over -
turned strata on Mt. Djedir) (Benzina, 2014). More over, the
pres ence of seismites in the Qua ter nary ter race de pos its was
pre vi ously noted in the Bieder, Ghazaouat and Terga ar eas
(Boukhedimi et al., 2017). 

The SSDS re corded in the Hadjret El Gat sec tion are in ter -
preted as formed by seis mic pro cesses com bined with pro -
cesses re lated to grav ity and slope-con trol in ter ac tions. The
pres ence of dif fer ent types of SSDS, in clud ing load struc tures,
ball-and-pil low struc tures, wa ter-es cape struc tures, syn sedi -
men tary faults and slump struc tures (slump folds, bro ken beds,
over load ing struc tures) may point to their syn chro nous de vel -
op ment (cf. Kundu et al., 2011). All these SSDS are pre served
in a spa tially-ex ten sive sin gle strati graphic in ter val. In ter nally-
 de formed beds are sandwiched within and par al lel to unde -
formed beds. Their ver ti cal al ter na tion in di cates earth quakes
with as so ci ated after shocks (cf. Owen, 1995) as the main trig -
ger mech a nism. All these ar gu ments points to the in ter pre ta tion 
of SSDS re corded in the Hadjret El Gat sec tion as seismites
formed dur ing earth quakes with a min i mum mag ni tude of 4.5
(cf. Ambraseys, 1988; Marco and Agnon, 1995; Rodríguez -
-Pascua et al., 2000). 

SSDS ob served within the sandy turbidite de pos its in the
Hadjret El Gat sec tion were formed when the de gree of lithi -
fication of the siliciclastic sed i ments was rel a tively low. Van
Loon (2009) stated that such de for ma tion struc tures may de -
velop within un con sol i dated sed i ments or sed i ments that are
not com pletely lithified. Plas tic de for ma tion of ball-and-pil low
struc tures and their in cli na tion in the same di rec tion as their
host ing lay ers sug gest a semi-syn chro nous or i gin of ball- and-
 pil low struc tures and slid ing of the lat ter. The slid ing pro cess
seems to have been in flu enced by a set of pa ram e ters as so ci -
ated with pore-fluid pres sure re sult ing from com pac tion of
fine- grained sed i ments (cf. Odonne et al., 2011). De vel op -
ment of SSDS due to sub ma rine slid ing ap pears to have been
con trolled by ac tive dis place ment (cf. Odonne et al., 2011).
Grav ity flow of slump sed i ments that move on a steep slope
evolves into tur bid ity cur rents in sub aque ous set tings (cf.
Shanmugam, 2016; Vandekerkhove et al., 2020). Sev eral al -
ter na tions of bro ken sandy beds that bear over load ing struc -

tures are ev i dence of the re peated rapid slid ing of sed i ments
on a slope due to seis mic ac tiv ity; whereas large-scale slump
struc tures may re flect earth quakes of a larger mag ni tude (cf.
Bow man et al., 2004). 

Earth trem ors were re spon si ble for ini ti a tion of slump ing and 
liq ue fac tion at the Hadjret El Gat site. Shear stress and ac cu -
mu la tion of shear strain re sult ing from earth quakes caused a
break down of the grain frame work and an in crease in pore-wa -
ter pres sure, which re sulted in liq ue fac tion and fluidization of
the sed i ments (e.g., Obermeier et al., 2005; Obermeier, 2009).
Mo bi li sa tion of grains in the liq ue fied sed i ments con trib uted to
the for ma tion of SSDS such as load casts, pseudonodules,
ball-and-pil low struc tures, wa ter-es cape struc tures and syn -
sedimentary faults. The wide spec trum of SSDS re corded at the 
study site is thought to have been de vel oped as a re sult of 1)
shear stresses as so ci ated with over bur den pres sure on slopes, 
and 2) liq ue fac tion, both trig gered by seis mic shocks.

CONCLUSIONS

The SSDS re cog nized in the Hadjret El Gat sec tion in the
Tafna Ba sin, ac tive seis mi cally since the late Mio cene, evolved
dur ing earth quakes. A sedimentological in ves ti ga tion led to the
fol low ing con clu sions:

1. Co-oc cur rence of dif fer ent types of SSDS in ver ti cally-al -
ter nat ing, sand wich-like beds in the Hadjret El Gat sec tion in di -
cates their in ter pre ta tion as seismites.

2. Ball-and-pil low struc tures, wa ter-es cape struc tures and
load struc tures ‘trapped’ within the sand stone re sult from liq ue -
fac tion and fluidisation phe nom ena caused by earth quakes and 
after shocks.

3. Ver ti cally-al ter nat ing slump folds ac com pa nied by bro ken 
beds and over load ing struc tures within the sand stone beds are
as so ci ated with in sta bil ity of sed i ments on a slope, which was
prob a bly caused by mul ti ple earth quakes and after shocks. 

4. The in cli na tion of the ball-and-pil low struc tures and the
host ing lay ers in the same di rec tion in di cate synchronicity
(semi- synchronicity) of the de for ma tion pro cesses. The ball-
 and- pil low struc tures un der went plas tic de for ma tion due to
mass flow pro cesses.

5. The seismites in the Hadjret El Gat sec tion may have de -
vel oped in the Late Neo gene or shortly af ter late Neo gene seis -
mic ac tiv ity.
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