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ABSTRACT - The fossil association and rhe stratigraphical and geological setting o(the lebanesr Konservac-Lagcrscam: of en Nammofim
( = Ain-eL-Garhofir) are described. Fossils in the site are re&tively rare, bur we/L-preserved and sometimes show traces oj soft tissues. The fossil ,wo­
ciation is somewhat different from that of the famous Cenomanian sites of 1-/jofila and 1-/liqel where fish and crustacean remains are domina111. 
Terrestrial planer are common at en Nammoum and ,·eptiles, although rare, are present. The site also yields isolated fathers and important skfle­
ral remains of birds. The age of the en Nammolira Lagers carte is considered latest middle Cmomaman ba.sed on foramini{eran b,ostratigraphy
and Local stratigraphic relationships. The deposirional setting was in a small, non-tectonic and restricted 11111rine basin bordered 10 the ENE by a
c/inofann and was not deeper than 50 m. Botrom conditions possibly including hypersaliniry and anoxia 11/Lowed exceptional preservarion o_( biota
from a variety of different habitat. 

RJASSUNTO - [JI Konserv11t-lagerstiitte crecacico di en NammoCtra (Provincia di Kcsrouanc, Libano settcntrionale) J - Vengo110
desmtte l'associazione fassile e le conaiZJoni geologiche e stratigrafiche de/ giar1111emo pa conser11aziont' (Konscrvac-Lagcrscacrc) di m
Nammoflra ( = Aii1-el-Gdrbo1?.r) in Libano. I fassili in questo sito SOIIO relativnmemr mri, ma so110 ben ro11ser11ati e tal11olta presemano tracce di
msuti molli. l'associazione fassile e in pane diversn dn quella dei fomosi giacimemi Cenomaninni di Hjofila e 1-/aqel. caratterizzati da m1a
prevalmza di peui e crostacer. A en N11mmo1im sono comuni i resti di pi ante terrestri e, ubbrne rari, sono presenti pure i rettili. II sito ha .for­
niro anche pe1111e isolate e imporrami mti scheletrici di uccelli. l'etn de/ Lagerscane di en Nammofim viene cowiderata rardo Ce11omani11no
medio sulla ba.se de/la biostratigrafia a famminiftri e della stratigmfia locale. l'nmhieme deposizionale era 1111 piccolo bacmo ristrerto di origme 
non tettonica, bordato a m-nordest da 1m rlinomorfo e non pii, profando di 50 111. le particolari condizioni al fando, farse dovute a ipersalini­
tll de/le 11cque e anossia, hanno permesso l'eccezionale conserv11zionr di orga11ismi morti provenimti da habitat diversi. 

INTRODUCTION 

The Cretaceous of Lebanon is famous for the fos­
sil Lagerstiitten of Hjoula (= Hadjoula), Haqel (= 
Hakel) and che less well-known Dahr el Keib and 
Ma"ifouq (Mont-Liban, Jba"il Province) deposits. All 
are of Cenomanian age, and situated about 35-40 km 
NNE of Beiruc. They have/ielded a rich fauna dom­
inated mainly by fishes an crustaceans. A list of the 
fossils found ar the HjoC1la and Haqel sites is report­
ed by H uckel (1970), bur it is out of dace as a con­
siderable number of new fossils have been excavated 
over the lase years. In face the sites of Hjo(ila and 
Haqel are intensely excavated for fossils co be sold to 
tourists and collectors. Another famous Lagerstatte
rich in fossil fish, crustaceans and coleoid 
cephalopods is known further south, at Sahel Aalma 
(20 kilometres NNE of Beirut) and its age is repon­
ed as lace Santonian (Ejel & Dubercrec, 1966). 

Recently another site, named in the literature as 
"Nammoura" (see Pinna & Dai Sasso, 1997; 
Bannikov & Bacchia, 2000; Krassilov & Bacchia, 
2000), has also yielded a fossil association typical of 
rhe fossil Konservat-Lagerstatten and was briefly 
described by Dalla Vecchia & Venturini (1999). 

Specimens from "Nammoura" can easily be dis­
tinguished from chose of Hjo(ila by their characceris-

tic greenish or pale blue-grey colour of the rock (pale 
yellow to beige only if very weathered), the rarity of 
fossil remains and the presence of small lenses of 
chert, absent in Hjoula (F. M. Dalla Vecchia, pers. 
obs.). There is some resemblance with cherry levels in 
Haqel where, however, the lithology is made of grey 
limestone with grainy bedding surfaces, which are 
highly fossiliferous (containing abundant, scattered 
fragmentary fish remains, crustaceans and coprolires) 
(FMDV, pers. obs.). 

The geology of the "Nammoura" sice is unde­
scribed and its age remains to be estabilished. 

One of us (F. M. Dalla Vecchia, FMDV) had the 
chance of visiting the site for four days in September 
1998. A primary goal of the fieldwork was to under­
take a preliminary geological report and a palaeonto­
logical survey, with emphasis on sampling for micro­
facies analysis in order co dace rhe succession which 
has yielded important bird remains. The spectacular 
exposition of the geometry of the sedimentary bod­
ies enabled aspects of the genesis of the fossiliferous 
levels co be investigated. 

The general palaeonrological description of the 
site, its dating and a preliminary description of ics 
stratigraphic and sedimentological context are the 
object of rhis paper. 

Thin sections are deposited ar the Museo 
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Palaeoncologico Cittadino of Monfakone, and the 
following abbreviations are used: FLST = Aoarstone; 
GRST = grainstone; MOST = mudstone; PKST =
packscone; WKST = wackescone. 

Abbreviations of institutional names: MCSNM = 
Museo Civico di Storia Naturale di Milano; MPC = 
Museo Paleonrologico Cittadino, Monfalcone 
(Gorizia); PTM = Palaeontological Institute, Moscow. 

LOCATION AND TOPOGRAPHY REMARKS 

An introduction co the problem of local names of 
rhe sires is appropriate. The original names are writ­
ten in Arabian characters and are translated inro Larin 
characters when they need ro be reported in the 
Western literature. The translation is nor codified 
and, as a consequence, there is a plethora of differenc 
translations for the name of each locality. This creates 
problems in the scientific literature, as we show 
below. 

We use here the names of Lebanese rowns and vil­
lages as reported in rhe Map of Lebanon at scale 
1 :200.000 in rhe Stephan Guide "Liban" (without 
dace, bur recently published). 

The site known as "Nammoura" is represented by 
rwo quarries opened near tl,e bed of rhe Ouadi 
(Valley) "al Gabour", near the en Nammoura village, 
Kesrouaune Caza (Caza corresponds to our 
Province), Mohafazar (corresponding to our Region) 
of Monc-Liban. The name "al Gabour" is nor report­
ed on rhe map and has been spelled for us by 
Lebanese people from the original Arabian name (this 
name creates a little misunderstanding, see below). 
The sire is ren kilometres SSE of Hjoula and 25 kilo­
metres NNE from Beirut (Text-fig. 1). The narrow 
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Texr-fig. I · The region NE of Beirut with the location or the 
Ccnomanian Lagerstiitren. 

and deep valley is ESE-WNW trending and curs a 
succession of gently dippiJ1g and recronically undis­
turbed Cretaceous limestones (Text-fig. 2). The same 
succession is present on both flanks of rhe valley, bur 
corresponding levels are topographically higher on 
the lefr flank (at rhe top of which is en NammoC1ra 
village) because of rhe dip. 

The quarries are mined for chin slabs of building 
scone and fossils are occasionally found by quarry 
workers. 

Fossils from this sire are present in the Roland 
Anhouri collection, which was donated co rhe 
MCSNM in rhe early 80's (Giorgio Teruzzi, pers. 
comm.) and in a recently acquired collection at che 
PIM (Krassilov & Bacchia, 2000). The first quocacion 
of rhis sire is probably char of Gayer ( 1988) on a "new 
fossiliferous sire of Lebanon". In face Gayer ( 1988, p. 
199) described "four specimens of a small fish, com­
ing from a Lebanese locality named Ain-el-Garbour,
sicuaced south of Zairoun in the Mounr Liban". The
specimens were collected in l 97 4 by Prof. I. A.
Kafescioglu who stared tl,ar "che fossiliferous outcrop
does not present the same richness of fossils of the
classic outcrops of Hakel and Hadjoula, of which has
che same lace Cenomanian age" (our translation from
French).

Bannikov & Bacchia (2000) consider as different 
sires char of Ain-el-Garbour reported b

Y. 
Gayer 

(l988) and "Nammoura". They write (p. 4) 'one Fur­
ther Lebanese localiry, Ain-el-Garbour, .... , is known 
for the only fish discovered there, che "salmoniform" 
Gharbouria libanica (Gayer 1988) ...... A new locality 
with marine fishes was discovered recenrly by private 
collectors in rhe Nammoura quarries ..... rhe 
Nammoura locality is represented by rwo limestone 
quarries opened in the bed of the Ouadi (Valley) AJ 
Gabour". However, the similarity between rhe names 
"Ai·n-el-Garbour" and "Ouadi (= Wadi) Al Gabour" 
suggests the localities are the same (in Arabic Ai"n 
means "spring'' and "wadi" is an ephemeral stream). 
On che map of Lebanon Zaitoun is the village in 
front of en Nammoura, on the opposite side of the 
valley. Thus the new site of Gayer (1988) is char 
described here and is che same as the new site of 
Bannikov & Bacchia (2000). As an aside, Dilcher & 
Sasson (1990) who described fossil leaves from en 
Nammoura, though they had discovered "a new fos­
sil locality in Lebanon". 

Gayer (1988, p. 199) reported the age of Haqel 
and Hjoula as lace Cenomanian, buc in succeding 
pages, as in her preceedin� works (e.g. Gayer, 1980a, 
b), she quoted the age as early Cenomanian". 

THE MACROFOSSILS OF THE LAGERSTJ
f

TTE 

A fossil assemblage comprising articulated verre­
brare skeletons with preserved sofr-rissues, non-min­
eralised invertebrates, and planes, characteristic of the 
fossil Konservat-Lagerstii.tten, was found in the quar-
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ries. The unit containing che fossil assemblage is 
exploited by quarry workers because rock splits easily 
into chin slabs. 

Mose of che fossils discovered in the site are kept 
in private collections in Lebanon and elsewhere 
around the world, since the fossils are sold by the 
quarry owners and workers co Lebanese and foreign 
fossil dealers. 

Visits co the site, and co view private collections in 
Lebanon along with discussion with a quarry owner 
allows us to confirm chat fossils are rather rare (as pre­
viously noted by J. A. Kafescioglu in 1974), buc are 
extraordinarily well-preserved. Levels, pockets or 
"hoe-spots" wirh high concentrations of fossils were 
not found. 

The most common fossils are small celeosc fishes 
cwo co four centimetres long, usually complete (Texc­
fig. 3A), but ic is also possible co find isolated heads 
or the anterior part of the body only. 

The second most frequent group are terrestrial 
planes (Text-figs 4-5) which are represented by single 
leaves or small branches. The characteristic composite 
leaves of the dicotyledon angiosperm Sapindopsis
(Text-fig. 4) are by far the most common. According 
to Krassilov & Bacchia (2000) cwo species, S. anhouri
Dilcher & Basson (Text-fig. 4d-d') and S. lebanensis
Krassilov & Maslova (Texr-fig. 4e), are present . The 
first species has been reported from this sice since 
1990 (Dilcher & Basson, 1990). According co a 
recent descripcion of a Aorule from en Nammoura 
(Krassilov & Bacchia, 2000) the angiosperms domi­
nate the floral association. Ocher dicotyledons 
include Nuphranthus cretacea Krassilov (represented 
by a flower, Texc-fig. Sa), Nammourophyllum altin­
gioides Maslova & Krassilov (Texc-fig. Sb), Aryskumia

Texc-fig. 2 - Panoramic view of the 
al el-Garbour valley 
from WSW (coward 
rhe Mediterranean sea) 
co ENE. The rwo quar­
ries opened inco the 
Lagerstiitte are in the 
background (arrow). 

Tcxc-fig. 3 • Fishes from en Nammo(1ra: A) A small releost fish, 
chc mosc common fossils in the site; B) 
Clupeomorph fo.h (MCSNM V 1997). The scale 
bar equals l O mm. 
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fexr-fig. l - Plant remains from en Nammoura. The angiosperm dicotyledon Sapmdopm: a-a') Sap111dopm sp .. the specimen MCS M 
B 129 and the particular of che shearing stipule at the leaf base, with the head of a small fish nearby; b) Snp111dopm sp .• spec­
imen wirh 5 leaflm, MCSNM B 128; c) Particular of 1hc scipulc of another specimen of Snpindopsis sp .• MCSNM B 132; 
d-d') S. an!J01m, MCSNM B 20 I, d) the whole specimen, d') particular of a leaflcc, with rhe very distinct venarion; e) S.

lebanms1s, PIM4799/7. The scale bar 1s JO millimetres.

cf. A. zelkovifolia Shilin (Text-fig. Sc), Parvik$'m1i­
no_phyllum sp. (Text-fig. Sd) and Platicaryeae indec. 
(1ext-fig. Se). T he monococyledon "Phragmites" 
(Text-fig. Sg) is also reported. Gymnosperms are rep­
resented by the conifer needle Pseudolarix sp. (Tcxt­
ftg. Sh) and the ginkgophyre leaf Pseudotorellia sp. 
(Texr-fig. Si-j). The Pteridophytes Nammouria l:11-
cilis Krassilov (Texr-fig. Sk) and Pteris sp. (Texr-fig. 
51) also occur.

Leaves with grey prismatic-elongated crystals up
co 20 mm long and rufrs of whitish, needle-ljke crys-

tals have been observed. Some composite leaves of 
Sapingopsis were completely covered by rhe tufts. 
Unfortunately, it was not possible co cake a sample of 
these crystals for mineralogical studies. le is unlikely 
chat the leaves were rransporred into the marine envi­
ronmenr by rivers as suggested by Krassilov & 
Bacchia (2000, p. 798), as evidence of Auvial inAu­
ence (e.g. terrigenous sediments) is lacking in the 
enrire el-Garbour section (see below) and rhe conti­
nenral palaeoshoreline was hundreds of kilometres 
away (see below). 
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Text-fig. S - Planr remains from en Narnrnoura. Angi osperm dicoryled ons: a) N11phr1111rh11s cret11w1 {flower). PIM4799/9; b) 
Nnmmourophyllum 11/tingioides. PlM4799/l 1; c) Arysk11mi11 cf. A. ulkovifolin, PIM4799/12; d) P11r1 1ileg11111i11'!/..l,yll11m sp., 
PlM4799/2; e) Pla1icaryeae indet., PIM4799/8; [) Dicoryledon indct., MCSNM B 577. Monocoryledons: g) Phmgmites", 
PIM4799113. Gymn osperms: h) Pseudolnrix sp., PIM4799/4; i-j) Pse11dcrorelli11 sp .. MCSNM B 574 and PIM4799/I. 
Pteridophyrcs: k) N11mmo11ri11 gmcilis. PIM4799/1 Oa: I) Pteris sp .• MCSNM B 133. The scale bar is 10 rnillimccrcs . 

Medium co large actinopcerygian and elasmo­
branchian fishes appear co be che most diverse animal 
group of the assemblage. A quarry owner and other 
local and international collectors have shown to one 
of us (FMDV) ray-fishes, ichthyodecriform-like fish-

es, Rhynchodercetis or Belenostomus-like fishes (e.g. 
MCSNM V-3837), pycnodonrs, eel-like fishes, and 
ochers chat were indeterminate. A roach of a large 
shark was also found (Krassilov & Bacchia, 2000). 
Clupeomorphs (Texc-ftg. 3B) and other underer-
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mined fishes, including large specimens, are deposit­
ed in the collection ot che MCSNM. Unforrunacely, 
this ichchyofauna has never been 1he object of sys­
tematic srudy. Only che "Salmoniforme" Gharbouria
libanica Gayer (Gayet, 1988) and rhe clupeomorph 
Sorbinichthys elusivo Bannikov & Bacchia (Bannikov 
& Bacchia, 2000) [recte Sorbinichthys elusivus] have 
been described. pecimens are usually complete and 
very well pre erved, with a characrerisric black spot in 
che orbit representing che pigmenc of rhe eye (Text­
fig. 3). 

Crustaceans appear co be rare. One of us (FM DV) 
had an opportunity co examine a relatively large 
ascacid-like discovered by a man cutting the slabs; a 
small shrimp and a palinurid are in che collecrion of 
the MCSNM (Alessandro Garassino, pers. comm.). 

The only shelled invertebrates are some Pteria-like
pscudoplankconic bivalves preserved on a single small 
slab (MPC, without number) and an isolated, small 
radiolitid rudist seen in longitudinal cross-section on 
a slab (FMDV, pers. obs.). A pteropod is deposited at 
che MCSNM (1-25146; FMDV, per . obs.). 

mall coprolires and gastric ejecca (millimetric 
pellets comprised mainly of chin bones) are present, 
and the gastric ejecta are relatively common. 

Tctrapods are represented mainly by aniculaced 
skeletons of aquatic reptiles. Chelonians are the most 
common (we have notice of at least six specimens, 
and FMDV saw one just discovered by the workers in 
the quarry). A complete small marine chelonian is 
deposited in che MCSNM (V-3933). 

The holorype of the dolichosaur Aphanizocnemus
libanensis Dai Sasso & Pinna mosc probably comes 
from this site (Dai Sasso & Renesro, 1999). Other 
1wo varanoid lizards, a new dolichosaur very close to 
Pontosaurl/S from the Cenomanian of Lesina/Hvar 
(Dalmacia), and a Pachyrachis-Iike ophiomorph were 
abo found (Dai Sasso & Renesco, 1999) and are at 
presenc ac che MCSNM. The new dolichosaur pre­
serves skin remains with small, still connected scales 
(Dai Sasso & Renesto, 1999). 

Arciculared phalanges, with a very elongate penul­
timate phalanx and a relacively shorr ungual, on 
exhibit in an antiquities shop in che town of Jba'il, 
possibly belonp, ro the manus of a large cheropod
dinosaur. The' forearm of a large theropod dinosaur" 
has been reported by Krassilov & Bacchia (2000, p. 
785), and is probably the same specimen. 

ome small feathers were found ar en Nammot1ra 
quarries, bur are deposited in private collecrions 
(Flavio Bacchia, pers. comm.) and have never been 
figured. Two small feathers are deposited al che 
MCSNM (V-3932, V-3883; Text-fig. 6). The pres­
ence of feathers is of note because they are rather rare 
in the Mesozoic. Schlee (I 973) reported che presence 
of feathers in the Neocomian-early Apcian amber 
from Jezzini ( ouchern Lebanon). The skelccal 
remains of an Enanchiornice bird (Text-fig. 7) have 
been found in che unit 3b of che upper quarry (Dalla 
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lcxt-fig. 6 - A �mall feacher (MCSNM V 3883) from chc en 
Namrnoura sice. The scale bar is in cencimct rcs. 

Vecchia & Chiappe, in press). The en Nammoura 
Enanchiornice bird appears to be a predaccd bird 
about the size of a pigeon, with fearher remains and 
small drops of plane resin (amber) inside the skeleton. 
The scrucrure of che foot and the amber inclusions 
suggesc it was an arboreal bird (Dalla Vecchia & 
Cniappe, in press). The skeletal remains with feathers 
of a second bird are present in a privare collection in 
Lebanon (FMDV, pers. obs.). Thus, rhe en 
Nammoura sire reveals to be relatively rich in bird 
remains. These remains, together wirh rhe fearhers in 
amber from Jezzini and small rridacryl foocprincs 
from che Maasrrichcian of Morocco (see Chiappe, 
1995) are chc only evidence for birds from the 
Cretaceous African-Arabian concinenc. 

According co the quarry workers and owners the 
reptiles and birds are all discovered in che subunit 3b 
(see below) in the upper quarry. 

TI IF. �TRATIGRAPHICAL s1::.cnoN 

AND ITS PALAF.OENVTRONMENTAL INTERPRETATION 

DESCRIPTION 

Here we describe che stratigraphic succession from 
che bottom of the valley where che bridge crosses the 
el-Garbour creek to the cop of ics flanks (Text-figs 8-
11 ). Our geological survey was undertaken rapidly, 
given che limited rime available in sire. An absence of 
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Texr-fig. 7 • An enanthiornire bird with remains of feachers 
(MCSNM V 3882a) from the en NammoOra sire. 
T he scale bar is in cencimerres. 

roads and tracks, a covering of thorny vegetation, and 
the inaccessibility of vertical cliffs and, last but not 
least, a vegetation fire which was burning in the 
upper valley, made this survey difficult. Therefore, 
rhe description of the stratigraphic section is some­
what schematic. 

Unit l · A section 7-8 metres-chick is exposed, but 
the full thickness is nor seen. It comprises laminated 
but non-srratified, fine-grained, intraclastic WKST­
PKST with chert concretions and is very similar to 
the base of unir 5 (see below). 

Unit 2 - Ac the base there are abouc l O metres of 
grey, non-stratified and non-laminated fine-grained 
bioclascic PKST wirh Calcisphaerulidae, fragments of 
pelagic crinoids, bivalves and small planktonic 
foraminifers. Above there are abour 20 m of whitish, 
fine intraclasric PKST-WKST with remains of pelag­
ic crinoids. The upper part comprises of 2-3 m of 
whitish-grey, fine incradastic-bioclastic PKST/WKST 
with remains of pelagic crinoids, CaJcisphaerulidae, 
rare Acaxophragmiidae and small plankconic 
foraminifers (Hedbergefla sp.) (Pl. l, fig. 1 ). 

Moving to NNE-ENE, along the right flank of the 
valley a clinoform (i.e. a wedge-like licnosome) against 
which the overlying units 3-4 onlap, is clearly visible 
(Text-figs 10-11 ). Unfortunately, during our rime there, 

a fire was burning in the upper pan of the valley, nor 
reached by cracks, and thus direct sa_n!pling was impos­
sible. The wedge closes distally (WSW) on unit 2. 

Unit 3 - This is rhe unit containing che Lagerstatte 
and has been subdivided verricaJly into four subunits 
(3a-d). Two main quarries have been opened in the 
subunits 3a-b, one copographycally higher on the left 
side of the valley and the second at the borrom close 
to the level of the stream in rhe right side of che valley 
(Text-figs 2, 10). The thickness of subunits 3a-b is 10-
12 metres in the lower quarry (Text-fig. 9) whereas it 
is ac lease rwice as chick in the upper quarry. Thus, rhe 
lichosome doses rapidly to west or northwesc. 

The subunits 3a-b are pale blue-grey co greenish 
(pale yellow to beige when strongly weathered) "litho­
graphic" limestones with tabular bedding and plane­
parallel lamination (Text-fig. 12). They are very ftne­
grained, "varved", incraclascic MOST-WKST-PKST, 
without microfossils (Pl. 1, figs 2-3). 

The lamination/fissiliry is similar co chat of the well­
known Solnhofen lithographic Limestone, with fissile 
beds splitting into wide, millimetres-chick slabs ("lami-

8 

Text-fig. 8 - Panoramic view of the stracigraphic sequence in the 
el-GirboOr valley jus1 above the lower quarry. A) 
Phoco; B) lncerprccarive drawing. For scale note rhc 
buildings in che upper side of rhe phoro. Legend: 3-
8 -= units 3-8. 
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3a-b 

-�i
Text-fig. 9 - Derail of the lower quarry and the overlying strati­

graphic section. For scale note the man in the lower 
right corner of the phoro (arrow). Legend: 3-5 = 
unirs 3-5. 

nae"). The rhickness of single splitting "laminae" are 
generally 3-10 mm in 3a and 10-40 mm in 3b. Thin­
sections reveal a sub-millimerric lamination within each 
split "lamina" (Pl. 1, figs 2-3). Bedding and lamination 
are indisrurbed, with no evidence for bioturbation, sofr­
sediment deformacion (slumps, load cases etc.) or traces 
of synsedirnentary tecconics. The whitish, grey to light 
brown chert forms mainly millimerric-cenrimecric lens­
es. Sometimes they include fossils; a leaf has been 
observed partly preserved enclosed in chert. 

The subunit 3a is characterized by higher fissilicy 
and a lesser amount of chert with respect co 3b. 
Subunit 3b produces thicker slabs and for this reason 
it is preferred for quarrying. Chere lenses and thin 
layers are sometimes very densely packed. The direc­
tion (azimuth) of bedding is 12° with a westward dip 
of 14° in rhe lower quarry, 8° with a westward dip of 
15° in rhe upper quarry. 

The subunit 3c is made of beige co cream­
coloured , massive limestone (faint bedding is identi­
fiable in a few places) with very frequent rounded 

chert concretions. Like subunits 3a-b, it is a fine­
grained intraclascic WKST-PKST. The concretions 
are, on average, decidedly larger than those in 3b, 
with che main axis of elongation over 150 mm. 
Because of the absence of fissilicy and abundance of 
large concretions this subunit is not quarried. 
Generally speaking in subunits 3a-c there is an 
upward increase in chert concent and a decrease in fis­
silicy. On che right flank of the valley (lower quarry) 
subunits 3a-b and 3c have a similar thickness. 

The subunit 3d is composed of beige-coloured, 
massive limescone without cherc. It is a very fine­
grained intraclascic WKST-PKST with thin-she!Jed 
bivalves, Calciseherulidae and fragments of pelagic 
crinoids (Pl. 1, bg. 4). Being "softer" than the under­
lying 3c and the overlying unit 4, this subunit forms 
an evident niche below the base of the latter (Text-figs 
8-9) which marks irs position along the flank of the
valley.This subunit appears to close just ENE of the
lower quarry, where unit 4 is direccely above 3c.

Unit 4 - This is an Lmit of whicish, poorly-bedded 
limestone with local accumulations of radiolitid rudists 
(Texr-fig. 13). 1r is composed mainly of fossiliferous 
WKST (Pl. l, figs 5-7). This unit diminishes in thick­
ness co NNE or ENE and therefore appears co close 
against the large wedge which borders the basin to 
NNE. The thickness just above the lower quarry is abour 
6-7 m (see Text-fig. 9). Scattered remains of radiolirids,
among which Praeradiolites, are present in the lower pare
of the unit, whereas in the upper part small (maximum
lengrh 50 mm) entire valves of radiolirids can be found
(Fl.ST with rudists; Pl. I, fig. 5). The cop of unit 4 is
composed of a 0.8 m chick layer of RDST-GRST with
rounded fragments of mollusc shells (Pl. l, fig. 8).

A relacively rich foraminifer fauna is found in the 
samples from this unit (Pl. 1, figs 6b, 7): Pseudedomia 
drorimensis Reiss, Hamaoui & Ecker (Texr-fig. 14B), 
Prealveolina gr. cretacea (D'Archiac), Orbitolinidae 
(Conicorbitolina cf. conica (D'Archiac), found in just a 
sample, Text-fig. l 4A), Pseu.dorhapydionina dubia (De 
Castro), Pseudorhapydionina laurinensis (De Cascro) 
(relatively infrequent), Biconcava sp., Cuneolina sp .• 
Nezzazata sp .• Ophthalmidiidae and Miliolidae. Also 
monoaxon sponge spicules are present. 

Unit 5 - About 30 m of grey-blue co pale brown 
limestone with chert (Texr-figs 8-10). At the base it is 
well-bedded, with centimetric, thinly-laminated lay­
ers and chin layers of cherr. Rare small slumps have 
been observed. They are very finely grained inrraclas­
tic MDST-WKST(PKST), sometimes graded and 
with erosive bases; millimerric levels of bioclastic 
PKST with remains of pelagic crinoids and rolled 
fragments of bivalve shell, are present (Pl. 1, figs 9a­
b). Stratification is less evident in the upper part of 
the unit, where chert-bearing horizons become more 
frequent and chert nodules also appear. 

The upper part of the el-Garbour valley section is 
better exposed along the road which leads from the 
main road of en Nammoura co che quarries. 
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Unit 6 - WeU-bedded pale brown and grey lime­
srone, with cenrimetric-decimetric, tabular layers of 
WKST and MOT-WKST often wim abundanr 
microfauna, mainly foraminifera (Pl. 2, figs 1-2). The 
unic is about 60 m chick. Approximately in the mid­
dle of the unit there are layers rich in alveolinids 
(Ovafveolina cf. ovum; Pl. 2, fig. 2, Texc-fig. 14C). 
The macrofossils observed in this unir include frag­
ments of bivalves and gastropods. Foraminifers in the 
samples are represenred by Ovalveolina cf. ovum, 
Pseudorhapydionina !aurinensis, Pseuduolituonella 
reicheli, Biplanata sp., Biconcava sp., Cuneolina sp., 
Nezzazata sp., very rare Vidalina sp .. Nubecolariidae, 
Miliolidae (often very frequent) and Ophthalmi­
diidae. Other microfossils are represented by sponge 
spicules and ostracods. 

Text-fig. 10 - Panoramic view of 
the el-Garbour valley 
from en Nammoura 
village, with the rwo 
quarries (the two 
whice spots in A. 
lower quarry co 1he 
left), the ''wedge" and 
the scratigrapliic sec­
I ion described in the 
text. A) Photograph; 
8) inrerprecacive dra­
wing. Dotted lines 
indicaces the bottom 
of rhe valley. The 
shadowed area in B 
represents che out­
crop of the lagmtiitre 
subunits. Legend: 1-8 
= units l-8. 

Unit 7 - This unit is approximately 50 m thick. Ar 
the base there are about 25-30 metres of grey to 
whirish, poorly stratified limestone (fossiliferous, bio­
clastic WKST and PKST; Pl. 2, figs 3-4), wirh levels 
rich in oysters (Text-fig. 15) and less common levels 
with rudists. Gastropods are occasionally present. A 
level with chert nodules has also been observed. 
Foraminifers are represenced by often abundant 
Nubecolariidae, Ophthalmidiidae, Miliolidae, Tro­

chospira sp., Nummoloculina sp., Cuneolina sp., 
Biplanata peneropliformis Hamaoui & Saine-Marc, 
Pseuduolituonella sp., Pseuduolituonella reicheli, 
Pseudorhapydionina dubia, Biconcava sp., Pseudorha­
pydionina lau.rinensis, Peneroplis ?parvus, Dicyclina sp., 
Neuazata sp., N. picardii, Chrysalidina gradata and 
very rare Vidalina sp. (Pl. 2, figs 4a-b). Pseudorhapy-
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d1011i11a /1111rinensis (Texc-fig. 14 D) becomes very fre­
quent. 

About five mecres of thick beds of bioclascic PKST 
with gastropods, Miliolidae and Araxophragmiidae 
are found above, and are incercalared with thinner 
beds with chert nodules. 

Five metres of chinly-bcdded limcsrones with 
chert nodules follow. These beds are sometimes thin­
ly laminated, and sometimes more massive PKST­
FLST with frequent non-rudisc bivalves. mall plank-
1onic foraminifera are present (?Rotafiporn �p., 
Hedbergelin sp.). 

Finally, there are about 15 metres of stratified, 
incraclastic and bioclasric PKST-WKST (Pl. 2, figs 
5a-b), with levels of FLST rich in small bivalves (hori­
zons with small oysters are seen). The microfauna 
consists of Miliolidae, Acaxophragmiidae, Ophrhal­
midiidae, Nummofallotia sp., Pseudorhapydionina uw-

Text-fig. 11 - The wed�c (clino­
form) aga1mt which 
chc unics 3 and 4 
onlap (see also Texc­
fig. I 0). Legend: 3-8

uni1� 3-8. 

rinensis, Chrysalidina gr11data, Cuneo/inn sp., 
Merlingma sp., Pseud11olit11011ella sp., Dicyclina sp., 
NeU,11Zlltfl sp. and ostracods (Pl. 2, figs 5a-b). 

Unit 8 - Well-bedded yellowish to grey marly 
limestone, with prevailing cencimecric-decimetric 
tabular beds, and at lease six thicker limestone beds. 
lcs coral thickness is over one hundred metres and it 
forms che upper slopes of the valley. Ac the base of the 
unit there are incercalacions of thinly-bedded, �ome­
cimes nodular, fine-grained intraclastic MDST­
WKST with chert. lncraclastic MDST-WKST.� and 
WKSTs rich in foraminifers and oscracods (Pl. 2, fig. 
6) prevail in che chick beds above. Foraminifera in a
sample from che rop of che valley section include
Nezzazata sp., Pseudorhafydioninfl laurinensis, 
Biconcavn sp. and Nubecolanidae. 

EXPLANATION OF PLATF I 

Fig�. 1-9 - Microfacies of the el -G.irboi1r Valley secnon. 
I) Upper parr of unit 2. Thin secrion NAM-3: Fine-grained mrraclastic WKST-PKST wid, Calci�phaeruli<lJc and fragments

of pelagic cnno1ds (x 12.5).
2) Subuni1 3a. Thin sccuon NAM la: a) inner lamination of a single splic Mlamina" (x 4); b) panicular of the inner laminauon

(x I 2.5).
3) Subunir .3b. Thin sernon NAM J b: indisrurbcd lamination of the fine-grained imraclascic MDST-WKS f (x 2).
4) Subunit 3d. Thin section NAM:!: imracla.mc WKST-PKST wirh chin-shelled bivalves, fragmcnrs of pcl,igic crinoids and

possible Calci�pherulid,1c (x 12.5).
5) Unu 4. Thm secrion "IAM3 representing rhe mfillmg of a small ru<list (x 2). 
6) Unit 4. Thin section NAM3+: a) fo�iliterou, WKST wuh several specimens of Orb,ro/111,1 m rhe upper pare (x 2). b) par-

ticular of the upper pare of the chm section wirh Orbitoli1111 (x 12.5).
7) Unit 4. Thin section NAM3+++: fossiliferous WKST (x I 2.5).
8) Uppermosr unic 4. Thin ,ection NA.\14: bioclamc ROSTGRST made of rounded fragments of mollusc shell (x 2)
9) Lower part of unit 5. a) Thm secuon NAM5a: MOST- thin-grained WKST w11h a bioclasuc horizon (x 1.33). b) parucu­

lar of the bioclastic honlOn (x 10).
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Text-fig. 12 - The laminated cherty limestone of subunits 3a-b, che lngmtiitte level. Hammer for scale. 

INTERPRETATlON 

ORIGIN OF THE lAGERSTA7T£ 

The absence of aurnchronous benthos and of bio­
turbation suggests an environmenc hostile co macro­
fauna. Usually this condition is artribured to water 

Text-fig. 13 - Radiolirid rudisrs in the unit 4. 

scagnation and consequent oxygen depletion (disoxic 
co anoxic conditions) and high salinity (Seilacher et

al., 1985; Barthel et ai., 1990). The absence of preda­
tors and scavengers contribute to the preservation of 
the organisms usually found in Konservat-Lagerstiitten 
(articulated vertebrate skeletons sometimes with sofr 
tissue remains, arthropods, soft-bodied invertebrates, 
planes (see for examples Sorbini, 1980; Grande, 
1984; Seilacher et al., 1985; Conway Morris & Whic­
tingcon, 1988; Pinna, 1988a, b; Gall, 1988; Barthel 
et al., 1990), which under normal condirions are 
completely destroyed. A rapid burial by fine sediment 
is also considered important for the fossilisation, 
because it avoids scavenging by the epifauna 
(Seilacher et al., 1985) and disaggregation of decom­
posing carcass by currents (Allison, 1988b). In che 
case of en Nammoura the "varved" parcern of lami­
nation suggests char the bottom waters were still and 
the input of sediment was punctuated and scarce, 
thus a rapid burial cannot be the cause for the preser­
vation of the organisms. The sealing by prokaryotic 
scums is considered the chief factor of preservation in 
some Lagerstiitten (Hernleben & Freels, 1977; 
Seilacher et al., 1985). Cyanobacceria form a mar on 
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EXPLANATION OF PLATE 2 

Fig�. 1-6 - Microfucies or rhe el-Girbour Valley secrion. 
I) Unit 6. Thin section NAM6sin-l: fossiliferous WKST (x 12.5).
2) Unit 6. Thin section NAM6sin medio: fossiliferous WKST with Alveolinidae (x 6).
3) Lower part of unit 7. Thin section NAM7sin B: fossiliferous WKST (x 6).
4a-b) Lower parr of unit 7. Thin section NAM7sin B-1: fossiliferous WKST- PKST (x 12.5).
'5a-b) Upper part of llnir 7. Thin section NAM7sinx: fossiliferous WKST(x 12.5).
6) Uppermost part of unic 8. Thin section NAM8K: fossiliferous WKST (x 12.5).
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the \urface of the sedimenr, which encapsulates the 
carcasses lying on the surface, proceccing chem and 
rhe sediment from bioturbation. Today cyanobacceri­
al macs are restricred mainly co hypersaline environ­
menrs. According co Seilacher et t1!. ( 198 5), che pres­
ence of a fossil prokaryotic scum is testified macro­
scopically by the preservation of a variery of marks 
(roll, drag and landing marks, reticulare ridges) on 
che bed surface. No traces of such marks have been 
observed at en 1 ammoura sire. 

T he bacterial decomposition of vertebrate carcass­
es is slowed bur nor halred by rhe scarcity of oxygen 
because purrefaccion is caused mainly by anaerobic 
bacteria (Allison, I 988a; Weigelt, 1989; Briggs, 
1993) which are less efficient biodegraders than aero­
bic bacteria (Allison, I 988b). Allison ( I 988a) has 
shown chat the anaerobic decay of soft-bodied and 
lightly skeleriz.ed organisms is relatively rapid in a 
geological sense and cannot/romote soft-pan preser­
vation. Low water pH an high salinity are more 
important chan oxygen deplerion in slowing pucre­
facrion and permicring the preservation of the dead 
organisms. because all pucrefacrivc bacrcria are sensi­
tive co acid and salry soluriom (KJinkhammer & 
Lamberc. 1989; Weigelt , 1989; Briggs. 1993). 
According to Allison ( I 988b) the early diagenecic 
mineralisation promoted by anoxia and controlled by 
race of burial, amount of organic matter, and saliniry, 
is the most important faccor for sofr-tis,ue preserva­
tion in the KomervtU-lagerstatten. 

The needle-like crystal� covering some fossil leaves 
are reminiscent of minerals which forms under hyper­
saline conditions, like barite, celcstine and gypsum, 
and could be related to a high �aliniry of the basinal 
waters. Further study is needed on cho,e crystals co 
confirm this hypothesis. 

'lcxr-lig. 14 - Foramin1fcr\ from 
the cl-G:irht,ur Valley 
sccuon. Al Conicorbi 
10/11111 cf. l'Ontca, unu 
4 (thin secrion NAM t; 
x 20}: B} J>m,dedomlfl 
dror1111emu, un11 •l 
{chm =ion NAM+++: 
x 20}; C} 0/lfdvcolinn 
cf 01•11111, unu 6 (rhin 
secuon NAM6sin mc­
dio; x 15): D) Pse11do­
rl111p_ydio11111n lauri
nmsis. unit 7 (thin 
�cct1on NAM7sin B­
I; x 20). 

ENVIRONMFNTAI [VOI UTION 

Ac the base of the sequence, cherry limestones and 
limestones with plankconic foraminifers and pelagic 
crinoids occur, indicating basinal conditions (units 1-
2). A wedge, probably of bioclastic material, prograd­
ed from NE to W onco the basinal deposits (Text­
figs I 0-1 I). This wedge appears co be significant in 
the platform evolution a the wedge generated rhc 
remicted basin where che Lagematte was deposited. 
The lagemiitte subunits (3a-b) onlaps onto the 
wedge. This lens-like, small basin was starved of 
coarser scdimem, had restricted circulation and po�­
sibly became hypersaline during che depo�ition of 
subunits 3a-b. The exrreme rarity of planktonic and 
nectonic organisms (foraminifcrs, pelagic crinoids. 
pelagic bivalves, ammonites) suggests the presence of 
a barrier separacing the basin from the open sea. 

Tcx1-lig. 15 - Oyster level Ill the lower pare ol u111r 7. 
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The episodic inpuc of carbonace mud originaced 
from the platform, where it was suspended by storms 
or cidal currents and redeposited by fall-our in rhe 
basin bottom. Open pelagic sedimentation returned 
for subunits 3c-d. 

The overlying unit 4 shows a rapid shallowing­
upward t0 platform conditions, indicated by an 
abundant benthic fauna and by an increase of envi­
ronmental energy (waves, currents and water rurbu­
lence in general). The uppermost biodastic level 
shows modiftcacion by waves and currents. Subunits 
3c-d and unit 4 also onlap rhe wedge. The geometry 
of the section shows char che infilling of che small 
basin is less than 50 m chick (see Text-figs 9-11) and 
roughly corresponds t0 the depth at which the 
lagerstii.tte began co form. 

The uniL 5 shows the return co basinal conditions 
and thus marks a transgression. However, the pres­
ence of a nearby platform is suggested by sporadic 
chin bioclastic inrercalations. Above, unirs 6 co 8 pre­
senc prevailing platform facies, wirh shore-duration 
pelagic incercalacions in unit 7, possibly becoming 
more freq_uenc in unit 8. 

Therefore the en Nammoura lagerstiitte probably 
formed at rhe borcom of a shallow, rescricced basin relac­
ed co che development of a clinoform probably caused 
by euscatism (the lace middle Cenomanian transgres­
sion noted by Sainr Marc, 1974, p. 202), since there is 
no evidences of a rectonically-conrrolJed margin. 

AGE 

Unir 4. approximately 15 metres above the cop of 
the en Nammoura Lagerstii.tte in the lower quarry 
(Texc-fig. 9) contains Pseudorhapydionina ltwrinensis,
Pseudorhapydionina dubia, Prealveolintt gr. cretacea,
Pseudedomia drorimensis, and Conicorbitolina gr. coni­
ca. The presence of orbitolinids shows char rhe unit is 
within the middle Cenomanian (e.g. Schroeder & 
Neumann, 1985). Following Saine-Marc () 974, p. 
284) che range of Pseudorhapydionina laurinensis in
Lebanon covers exclusively the base of che late
Cenomanian (Pseudorhapydionina Laurinensis Bio­
zone); Pseu.dorhapydionina dubia appears ac che base
of che lace Cenomanian and Pseudedomia drorimensis
is present throughout the middle-upper Ceno­
manian. On the other hand, Orbitolina conica and
Prettlveolina cretacea cretacea are considered ro extend
only co the cop of che middle Cenomanian.

The presence of Biplanata peneropliformis,
Pseudorhapydionina dubia, Pseudorhapydionina lauri­
nensis, Vidalina sp. in unit 6, and the absence of 
orbicolinids in chis unit are in agreement with a lace 
Cenomanian age (cf. Saine-Marc, 1974, pl. 3). 
Ovalveolina cf. ovum, very common in this unit, is 
nor reported by Saine-Marc (1974, pl. 3). According 
co many authors (e.g. Schroeder & Neumann, 1985) 
che stratigraphic distribution of Ovalveolina ovum is 
limited ro the middle-lace Cenomanian. 

The microfossil associations of unit 7 include very 
frequent Pseudorhapydionina laurinensis, Pseudorhapy­
dionina dubia, Bipfanata peneropliformis and rare 
Vidalina spp. The abundance of Pseudorhapydionintt
laurinemis, the presence of Pseudorhapydionintt dubia,
Biplanattt peneropliformis and Vidalina spp. and rhe 
aosence of orbicolinids indicate a definitive lace 
Cenomanian age. Furthermore, according to Sainc­
Marc ( 1974, p. 202) rhe base of che upper Ceno­
manian in the region of ]bail presents "littoral facies" 
and a rich benchic microfauna with Miliolidae, 
Soricidae and Alveolinidac and a macrofauna with 
rudists, oysters and gastropods characteristic of shal­
low waters, which were absent during the middle 
Cenomanian. 

Those data suggest char unit 4 corresponds co the 
middle Cenomanian I upper Cenomanian boundary 
and the lagerstiitte is situated in the upper pare of the 
middle Cenomanian (according to Huckel, 1970, fig. 
3, che Cenomanian section in the nearby Hjoula 
region is at least 550 m thick). 

The upper part of rhe el-Garbour section (unit 8) 
is still within rhe lower pare of rhe upper 
Cenomanian as indicated by the presence of 
Pseudorhapydionina laurinensis. 

COMPARISON WITH THE OTHER CENOMANIAN 

LAGERSTA'ITEN OF LEBANON 

The sire en Nammoura differs from other 
Cenomanian Lagerstiitten of Lebanon in several 
respects and are discussed below. 

AGE 

According co H i.ickel ( 1970, fig. 3) che Hjoula sire 
is placed within Cenomanian fVd subdivision. (The 
Cenomanian is locally divided inco seven subdivi­
sions, 1-VH). The HjoCila site is scracigraphically 
abour 20 metres below the nearby Haqel Lagerstii.tte
sire, bur this age difference cannor be resolved bios­
cracigraphically. According to Hi.ickel (1970) the 
stratigraphic subdivision containing the Haqel 
Lagerstlitte site (Cenomanian Va) presents Orbitolina
concava concava and the ammonice "Acanthoceras
mantelli': The presence of this ammonice is reported 
by ZumofTen (1926) bur Hiickcl (1970) just men­
tions it. Orbitolina concava conmvtt has been also 
found in rhc secrion ar Hjoula (Huckel, 1970). 

Dalla Vecchia & Venturini ( 1999) and Dalla 
Vecchia et al. (200 l) considered these sires as early 
Cenomanian on the basis of Saine-Marc's (1974) and 
Hi.ickel's (1970) studies. In fact, according ro these 
papers, both sires are latest early Cenomanian. The 
lace early Cenomanian age (or boundary berween 
early Cenomanian and middle Cenomanian) was 
accepted by Gayer (1980a,b; 1988), Garassino 
(1994) and Dal Sasso & Pinna (l 997). However, 
Hemleben (1977, p. 244) reponed bioscracigraphic 
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daca suggesting a different daring for Haqel and 
Hjo(ila sires. According co Hemleben, 11 i.ickel ( 1970) 
based his srracigraphy and dates of the Lebanese 
Cenomanian on Zummofen (1926) and che 
ammonice idencificacions by the laner were noc 
revised. However Hemleben confirms thac ammonite 
nuclei found by Hiickel do belong ro the group of 
Acanrhoceras (Acanthoceras-Formenkreis; Hemleben, 
l977, p. 244). Accually, we do nor find any mention 
of "AcnnthocertlJ mante!Li" in Basse ( 1952), Thomel 
( I 980) and Wrighret al. (1996). The caxon idenrified 
by Zummofen ( 1926) is probably the Acanchoceracid 
Mantelliceras mantelli (Sowerby). According ro 
Wright et al. ( 1996) M. mantelli has a lower 
Cenomanian range and has been found in Europe, 
northern and eastern Africa, Madagascar, southern 
India, Texas and Brazil. The mamellilcant ianum Zone 
is che lower of che rwo biochronozone� of the lower 
Cenomanian (Gradscein et al., 1995. fig. 8). 

Hemleben ( I 977, p. 244) reports the presence of 
the plankconic foraminifers Praeglobotnmcana Stephani 
(Gandolfi). Rotalipora cushmani (Morrow) and 
Rotalipora greenhornemis (Morrow) in Lhe marly incer­
calacion� of the Cenomanian IYd and V. Prae­
globommcana Stephani ranges from rhc lace Albian 
(Rotalipora nppennimca Zone) co middle Turonian 
(Helvetoglobotrrmcana helvetica Zone). According co 
Caron (1985) and Bralower et al. (1995) Rotalipom 
cushmani marks the lase planktonic foraminifer biozone 
of the Cenomanian, which begins in che middle of rhe 
mid Cenomanian and ends in the upper Cenomanian 
(the uppermost Cenomanian-lower Turonian is repre­
senced by the Whiteine/La archaeocretacea Zone); 
Rotalipora greenhornensis has a similar range. disappear­
ing just before rhe cop of rhe upper Cenomanian. 
According co Bralower et al ( 1995) the R. greenhomen­
sis Subzone represents che lower half of the R. c11slm·1ani 
Zone. According co Saint Marc ( 1974, pl. 3) Rotnlipora 
cushmani and Rotalipora greenhomensis are found in rhe 
enrirc upper pare of the upper Cenomanian and in the 
lowermost Turonian of Lebanon but do not occur in 
the lower part of the upper Cenomanian. 

Hemleben (ibidem) also reports rhe presence of 
Pseudolituonelln reicheli, Pseudodedomia vial/ii (= 
Se/Lialveolina via/Iii Colalongo), Nummofa!Lotia apula 
Luperro Sinni and Rhapydionina laurinensis (=Pseudo­
rhapydionina !tmrinensis) in the Cenomanian l llb, 
which according to Hiickel (1970) is placed more 
than 50 metres srrarigraphically below the H joula 
sire. Following Sainr Marc ( 1974) Pseudodedomia 
via/iii does nor reach che upper Cenomanian in 
Lebanon, while Pseudorhapydionina laurinmsrs, as 
already reported above, is found only in the lower 
pare of the upper Cenomanian. 

A sample collected by FMDV from a massive 
lithological body which conracrs the well-bedded fos­
sil-bearing level at Hjoula undoubtedly has the 
foraminifer Orbit0Li1111 sp. in rhe marrix. According co 
H iickcl ( 1970, �ee fig. 7) rhis massive body is a sub-

marine sinsedimencary slide (debris flow) which 
involved the fossil-bearing level. [f this is the case, the 
age of rhe fossil-bearing level cannot be younger than 
middle Cenomanian. However, this cannot be the 
case if the conracr between che massive lithosome and 
fossil-bearing level is of cect011ic (faulr) origin. 

The analysis of rhe nannoplankron unrerraken by 
Eliana Fornaciari on samples from che upper pan of 
unics 2, 3b, 3d, 5 and on samples from HjoCila and 
Haqcl has been unsuccessful: the samples are barren 
or wirh forms nor useful for bioscracigraphy. 

A conclusive dating of 1 ljoula and Haqcl sires 
remains co be achieved. 

Thus rhc en Nammoura site could be coeval with 
Hjoula and Haqel sires or even older, contrary co our 
previous statement (Dalla Vecchia & Venturini, 
1999) which was based on daca &om Hiickel (1970) 
and Saine Marc {1974) only. 

PAu\1-0TOPO<,RAPHI( SETIIN<, 

The fossiliferous levels of Haqel and Hjoula were 
formed in rectonic basins produced by crampressive 
tectonics according to Hiickel (1970), in deep silled 
basins ac che transition outer platform-basin follow­
ing Saine-Marc ( 1974) or developed in a deep trench 
along the shelf margin according co I lemleben ( 1977, 
fig. 7). Jn agreement with all these interpretations, 
graviry flow deposits are common in these basins, 
unlike che en Nammoura basin which had a discincc 
origin, related ro rhe presence of rhe clinoform. 

FOSSIL ASSF\IBLAGF\ 

Fossils, mainly decapod crustacean:, and fishes, are 
extraordinarily common at I ljoula and Haqel and 
this has been related ro frequent mas:, deaths caused 
by algal proliferation due ro deep water upwelling 
(Hemleben, 1977). However, such fossils are very 
rare at en Nammoura, suggesting a normal death race. 
The provenance of dead organisms was from different 
em ironmencs, even relarively far away as che emer­
gent areas (rerrescrial planes and bird�). Hjoula and 
Haqcl sires parcly differ from each other in rhc com­
position of che faunal association. as shown by 
Hiickel ( 1970). For example, ophiurids and pelagic 
crinoids are present only ar I laqel, whiles ammonites 
occur only ac Hjoula. Planes are rare at Haqel and are 
unknown at Hjoula. No terrestrial vertebrates 
(excluding a pcerosaur from I laqel; Dalla Vecchia et 
al., 200 l) have been found so far (Hiickel 1970; 
FMDV, pers. obs.). According co Bannikov & Bac­
chia (2000, p. 4) "che composition of fish fauna ... [of 
en Nammoura] ... clearly differs from chose of 
Cenomanian .... and enonian [Lebanese] localities". 
Preservation of soft tissues (e.g. skin, eye ball) is more 
frequent ac en Nammoura chan ac the orher \ires. 

The di\rincrive fossil assemblages of rhe 
Cenomanian Lebanese Lagerstiitten could be due 
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mainly co the different sedimenrological settings, 
relationships with the carbonate platform and open 
sea, distance from coastline and shorr-cerm eustatic 
oscillations. As a consequence, distinguishing the sire 
of provenance of fossils is necessary at lease for 
palaeoecological analysis. The microfacies seen in 
chin section are all racher similar, but the comparison 
of the gross lithological features of the slabs contain­
ing che fossils can in many cases help co distinguish 
the provenance of the specimens. 

PALAEOENVIRONMENTAL AND PALAEOGEOGRAPHICAL 
REMARKS 

Krassilov & Bacchia (2000) surprisingly recognize 
affinities with the approximately coeval floras of 
North America, Central Europe and Crimea and 
noted a marked difference with Early Cretaceous and 
Turonian floras of che Middle East. The prevailance 
of xeromorphic planes suggests arid climatic condi­
tions similar co chose of the present-day 
Mediterranean (ibidem, p. 797). This would be in 
agreement with ch.e hypothesized hypersalinicy ac the
bottom of the basm where che lagerstiitte formed. 

According to Hi.ickel (1970, p. 120) the Cenoma­
nian coastline was 400 kilometres away in south 
Jordan. According to the palaeogeographical maps of 
Saine-Marc (1978) and Philip et al. (2000) rhe near­
est land, ac lease during the lace Cenomanian marine 
highscand, was hundreds of kilometres co the south 
ease in the Arabian Peninsula. Therefore, the terres­
trial material probably came from emergent pares of 
the carbonate platform, probably on islands. The 
wide carbonate platform present during Cenomanian 
times in Lebanon and nearby regions (see Philip et

al., 2000) had very low relief and eustatic oscillations 
would have had dramatic effects on che environment. 

Middle Cenomanian cerresrrial planes (angio­
sperms) are reported from the Aanjar locality of the 
western flank of the M. Hermon of southern 
Lebanon (Saint-Marc, l 974, p. 20 l) and are relative­
ly common in the upper part of upper Cenomanian 
of the Antilcbanon (ibidem, p. 203). This also sug­
gests repeated emergence of the carbonate platform. 

The absence or extreme rarity of terrestrial planes 
and the absence of rerresrrial vertebrates in Hjoula 
and Haqel suggest a greater distance from rhe coasr­
line wirh respecr co the en Nammoura sire. 
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