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ABSTRACT 

Natural endocranial casts of six fish species, a pterosaur and 

an unidentified reptile (?) were collected in the Upper Campanian 

upper member (Phosphate Mbr.) of the Mishash Formation in southern 

Israel. They mainly occur in limestone concretions or in well 

lithified phosphatic limestone beds in the upper part of the 

Phosphatic Carbonate Unit in Nahal Qazra, and in the Phosphorite 

Unit in Nahal Ashosh, Nahal Zin and Oron (Giv'at Mador) regions. 

Most of these endocrania are associated with casts and imprints of 

adjacent anatomical and skeletal parts, which help to identify 

these unique fossils. They add significant information on the 

anatomy of these organisms, and improve the definition of several 

fish species. The initial ,palaeoecology and early diagenetic 

settings that resulted this rare mode of preservation of these 

vertebrate remains are discussed. 
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INTRODUCTION 

Two fragmentary, natural, endocranial casts were discovered in 

1985 while collecting ammonites in the Upper Campanian Phosphorite 

Unit of the upper part of the Mishash Formation in the Or on region 

(southern Israel; Figs. 1 and 2). Further survey in the area 

yielded more loose casts of endocrania and other unidentified 

vertebrate parts. Upon tracing these vertebrate remains along the 

slopes, the imprints of the crania in the lithified calcareous 

beds and concretions within the phosphate sequence were 

discovered. Some of these imprints included adjacent jaws with 

teeth, characteristic to Upper Cretaceous fish. Intensive 

collecting in the Or on region yielded endocranial casts of five 

kinds of fish and of a pterosaur. Some of the fish endocrania 

comprised attached casts of the gill system, and imprints of fins, 

vertebrae and other skeletal remains. such unique fossils were 

also discovered in limestone beds and concretions in the 

Phosphorite unit in Nahal Zin and Nahal Ashosh (Fig. 1). Based on 

ammonite biostratigraphy the Nahal Ashosh endocrania collected in 

the upper part of the Phosphorite unit are one biozone younger 

than the endocrania from the Oron and Nahal Zin regions. 

Collecting of these unique fossils was confined to the 

Phosphorite unit in the upper part of the Mishash Formation till 

November 1990, when they were discovered in a lower stratigraphic 

position of the formation in Nahal Qazra (Fig. 1). They occur in 

the upper part of the Phosphatic Carbonate Unit, which is the 

lower unit of the Phosphate Member of the Mishash Formation (Fig. 

2). The outcrops in Nahal Qazra yielded three kinds of fish 
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endocrania already known from the Phosphorite Unit in other sites, 

as well as an unidentified small (reptilian?) endocranial cast. In 

addition sea-turtle, pterosaur and mosasaur remains were found. 

Altogether over thirty, nearly complete endocranial casts were 

hitherto collected. These belong to at least six fish species, a 

pterosaur and a yet unidentified (reptilian?) creature. 

The evaluation of these outstanding fossils was made with the 

cooperation of Dr. Colin Patterson and Dr. Angela Milner of the 

British Natural History Museum (London), experts in vertebrate 

palaeontology of Cretaceous fish and reptiles respectively. In the 

course of four trips, beginning in 1986, these precious fossils 

were brought to London by the author. A 3-month sabbatical of the 

author at the museum (in 1993) considerably promoted this joint 

study. Because of the "negative" mode of fossilization of these 

fragmentary vertebrates as moulds and imprints of the bones, and 

as natural casts of the space occupied by the soft tissues, latex 

replicas were made to obtain the positive shape of the elements. 

These replicas were compared to bony relicts of some of these fish 

that were collected in the lower part of the Ghareb Formation, 

overlying the Mishash Phosphorite Unit. Bony material of the same 

fish genera of nearly the same age that were collected in Niger, 

as well as skeletons of extant fish (all in the Museum 

collections), contributed to the reconstruction and identification 

of the Israeli fish remains. The present progress report follows 

the initial report of the discovery of these unique fossils (Lewy 

et al., 1992). 



- 5 -

STRATIGRAPHY 

The Mishash Formation is divided into the Chert Member and the 

overlying Phosphate Member (Fig. 2). The latter is subdivided into 

the Phosphatic Carbonate unit, followed by the Porcelanite unit, 

that is overlain by the Phosphorite unit (Soudry et al., 1985). 

The natural endocranial casts and the associated vertebrate 

fossils occur in the upper part of the Phosphatic Carbonate Unit 

and throughout most of the Phosphorite Unit. Enchodontid fish bone 

imprints were found in a sample (M-8059) of fossiliferous 

phosphatic carbonates near the top of the Porcelanite Unit (Fig. 

2). All these vertebrate fossils are associated with ammonites 

that define local biozones (Fig. 3). Some of these ammonites are 

identical or correlative to North American ammonites, hence the 

isotopic datings of the North American ammonite zones (Obradovich, 

1993; McArthur et al., 1994) .were adopted (Fig. 3). 

MODE OF FOSSILIZATION 

The endocranial casts and the associated moulds and imprints 

occur in limestone beds or concretions. Both the bedded and 

concretional limestone are well-cemented bodies within a rather 

unconsolidated phosphorite, marly phosphate, or phosphatic-marly 

porcelanite. These calcareous bodies indicate episodal 

cementation, probably of the initially carbonate-rich layers 

within a generally carbonate-depleted sedimentary sequence. 

1) Limestone beds. The limestone beds contain various amounts of 

macrofossils, especially molluscs. The highly fossiliferous beds 

are dominated by bivalves, many of which are of articulated 
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burrowers (e.g. Nuculana, Lucina, venerids); hence they represent 

the initial normal marine bottom settings. water energy 

(winnowing) probably accounts for some variations in the amount of 

shells and their coarse detritus, relative to the finer matrix 

that forms the cement. The calcareous matrix in the Phosphate 

Member of the Mishash Formation is rich in buliminid foraminifera. 

Among these endobenthic microorganisms, Praebulimina prolixa 

(Cushman and Parker) and Neobulimina (minuta group) dominate the 

assemblage, especially in the Phosphorite Unit, thus reflecting 

the dysaerobic to anoxic bottom conditions which they tolerate 

(Almogi-Labin et al., 1993; Reiss, 1988). The endocranial casts 

and the imprints and casts of other anatomical parts were formed 

by the micritic carbonate fraction that infiltrated through narrow 

openings into the skeletal complex, as well as enveloping it. The 

best and most complete casts;and imprints were found in limestone 

nearly devoid of macrofossils. These macrofossil-poor beds may 

reflect unfavourable living conditions for normal marine 

macrobenthos and for most of the nekton (no ammonites). Imprints 

and casts of complete, large fish skulls together with attached 

bones and soft tissue suggest that the partly consumed dead fish 

fell to the bottom within restricted ecological settings where 

scavengers could not operate. There they were protected from 

further rupture and disintegration, and were gradually buried 

within the muddy sediment. The Paebulimina-Neobulimina-dominated 

foraminifera assemblage in the surrounding carbonate suggests 

dysaerobic to anoxic bottom water paleoenvironments (Almogi-Labin 

et al., 1993) as the restricting ecological factor. 
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2) Concretions. Calcareous layers within the Phosphorite unit tend 

to separate laterally into lenses and concretions, especially in 

macrofossil-poor carbonates. In this concretional limestone well

preserved samples were found in the Oron and Nahal Zin regions. 

Hard limestone concretions occur in an unconsolidated 

phosphatic-marly porcelanite in the upper part of the Phosphatic 

Carbonate unit in Nahal Qazra (Fig. 1). Several split-apart, or 

unbroken concretions contain a large macrofossil, such as an 

ammonite, the large bivalve Inoceramus, or vertebrate remains (Pl. 

1). Some concretions contain small bivalves (e.g. shallow burrower 

Nuculana) in the center alongside a large ammonite (Pl. 1, 

Figs.1a-c). The overall small number of concretions with visible 

macrofossils suggests that living conditions in general were not 

good, and even organisms that seemed to tolerate them did not 

thrive in the empty ecological niche. Partial silicification of 

the enclosed macrofossils or the concretions themselves, as well 

as the surrounding porcelanitic sediment suggests an initially 

high abundance of siliceous organisms in this paleoenvironment, 

probably diatoms (Moshkovitz et al., 1983). The biogenic origi~ of 

part of the carbonate, which formed the concretions, and the few 

fossils in them may represent short episodes of improved 

ecological conditions that enabled some biogenic activity. 

Limestone concretions of various sizes occur in several parts 

within the Mishash Formation. On the basis of sedimentary 

structures, and petrographic and geochemical analyses Sass and 

Kolodny (1972) postulated that "the concretions were formed by 

addition of caC03 to sites of anaerobic decomposition of organic 
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matter, while caco3 was mobilized in the surrounding sediments 

in which aerobic decomposition of organic matter prevailed" (ibid. 

p. 261). These aerobic settings must have changed in advanced 

diagenetic stages to reducing conditions, whereby the country rock 

became enriched in 12C as compared to normal marine carbonates 

(ibid. p. 275). The perfect casts and imprints of aragonitic 

ammonite conchs and of undeformed fish skeletons suggest that the 

concretions started to form soon after the burial of these 

skeletons, and proceeded rather rapidly before aragonite dissolved 

or compaction could distort the fish remains. The good vertebrate 

casts and imprints suggest that not only were scavengers 

ineffective, but also boring endolithic algae or bacteria had a 

limited destructive effect, perhaps because of the postulated 

anaerobic conditions at the nucleation site of the calcareous 

concretions. 

COMPOSITION AND PALAEOECOLOGY OF THE VERTEBRATE ASSEMBLAGES 

The natural endocranial casts exhibit a rare mode of 

fossilization; therefore, finding over 30 nearly complete casts 

and several fragmentary ones is remarkable. However'~ this 

abundance is very low relative to the presumed number of fish that 

lived in the region for nearly 4 million years, during which the 

endocranial casts formed. These casts probably belong to the most 

abundant fish species, or to forms with the most rigid cranial 

structure. Nevertheless, they represent to a certain extent the 

Mishash ichthyofauna. The majority of these casts in the 

Phosphatic Carbonate and the Phosphorite units belong to five 
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species of relatively large predators. A fish feeding on "shelly" 

invertebrates is represented by three casts found in the 

Phosphorite unit in the Oron region. 

The predators are dominated (about 70%) by two species of 

Enchodus. Most of their endocranial casts are nearly of the same 

dimensions and seem to represent maturity. The reconstructed 

length of the skull of the largest specimen is estimated to have 

reached 17 cm. A small number of very small, identically shaped 

endocrania are regarded as the young ontogenetic stages of the two 

Enchodus species rather than another, small species. The 

enchodontid genus Prionolepis is represented by a single 

endocranial cast and skull imprint that were found in the upper 

part of the Phosphorite unit in Nahal Ashosh. The endocranium 

resembles those of Enchodus, to which Prionolepis is related. 

However, in contrast to the smooth bones (and smooth imprint) in 

Enchodus, Prionolepis has an ornamented skull roof which forms a 

reticulated imprint. Enchodontid endocrania that were found 

detached from their skull imprint were attributed to Enchodus; as 

a result, the possible occurrence of Prionolepis may have been 

overlooked. 

The largest predator was previously identified as the North 

American Stratodus apicalis Cope (Arambourg, 1952; Signeux,1959). 

The breadth of the largest preserved brain-case is 18 cm. When 

compared to an identical bony skull from Niger that preserves the 

snaut, this large Israeli fish-head should have exceeded a length 

of 60 cm. Smaller specimens of this large predator are more common 

than the large ones (in contrast to dimension frequency in 
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Enchodus). Both the large (adult) and the small (young) endocrania 

are detached from most of the other parts of the body, suggesting 

that these fish were killed by another predator which ate most of 

the flesh and dropped the non-edible skull. 

A single species of the Polymixiidae, 

complete and a fragmentary endocranial 

represented by three 

cast, occurs in the 

Phosphorite unit in the Oron region only. All have nearly the same 

dimensions, probably of the mature ontogenetic stage. Three 

pycnodontid fish endocrania of medium to large specimens, possibly 

of Micropycnodon, were found in the lower part of the Phosphorite 

unit in the Oron region. This fish had flattened teeth with which 

it cracked hard exoskeletons of molluscs and crustaceans. In the 

Oron region these fossil fish are associated with rich assemblages 

of molluscs. However, these pycnodontids were not found in the 

upper part of the Phosphatic Carbonate unit in Nahal Qazra or in 

the Phosphorite unit in Nahal Ashosh, where similar molluscan 

assemblages occur, probably due to taphonomic or collecting bias. 

Pycnodontid teeth or bones are missing in the lower part of the 

Ghareb Formation in the Oron and Nahal Zin regions where many 

vertebrate remains occur (e.g,. Chalifa and Lewy, 1992). No 

molluscs were found there, apart from a very few bivalves of the 

oyster pycnodonte vesiculare (Lam.) and the small pectinid 

Aeguipecten acuteplicatus (Alth). Keeled planktic foraminifera 

occur from the base of the formation upwards (Almogi-Labin et al., 

1993; Reiss et al., 1985), and indicate palaeobathymetries over 

100 m. Hence, the absence of pycnodontid fish in the Ghareb chalk 

seems to be the result of a decrease in abundance of the shelly 
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organisms with increasing depth. 

The high diversity and large number of endocranial casts 

collected in the Oron region are probably a function of intensive 

collecting over a large terrain in easily accessible beds. The 

Nahal Qazra outcrops are in a topographically rough terrain, 

comprising some very hard limestone beds and concretions that may 

have reduced the weathering-out of the vertebrate remains, and 

their exposure on the rather steep slopes. The outcrops of the 

upper part of the Phosphorite unit in Nahal Ashosh, which yielded 

a great number of enchodontid endocrania, are well exposed as in 

the Oron region. However, only a fifth of the time spent in the 

Oron region was devoted to the Nahal Ashosh site because of its 

remote location. Each of the collecting sites is dominated by the 

enchodontid species (also containing the "Stratodus" remains), as 

well as 1-2 endocrania of other organisms. These latter creatures 

are exclusive to each region, and the pterosaur remains, found in 

the Oron and Nahal Qazra regions only, may not necessarily reflect 

profound differences in the initial palaeoecological settings 

between each of these sites. 

SCIENTIFIC SIGNIFICANCE OF THE ISRAELI MATERIAL 

The natural endocranial casts of the fish are the first perfect 

replicas found of the brain, the semicircular canals, and the 

beginning of the main cephalic nerves and spinal chord. The two 

types of Enchodus brain casts indicate the existence of only two 

morphospecies, despite the greater number that were previously 

identifed in North Africa and the Middle East countries on the 
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basis of teeth. A cast of a complete gill system of Enchodus, as 

well as imprints of fleshy somites, were found in excellent 

preservation. This co-occurrence of anatomical and skeletal 

elements upgrades the definition of the Enchodus species. The 

great similarity between the Enchodus and Prionolepis brain casts 

supports their close phylogenetic relationship, both placed within 

the Enchodontidae on the basis of other criteria. The present 

Upper campanian Prionolepis extends the hitherto known generic 

range. 

On the basis of the morphology of the bony scutes the previously 

named Stratodus apicalis Cope will be distinguished as a new genus 

and species, whereby the palaeobiogeographic relationship to North 

America will be abandoned. 

The natural pterosaur cast is one of three reported finds, and 

the only one of Titanopteryx. Casts of pterosaur bones in the same 

beds are attributed to this Titanopteryx species, which may be 

related or identical to the nearly coeval ~. philadelphiae 

Arambourg (1953, 1959), established on the basis of a few bones 

from the phosphates of Ruseifa (Jordan). 

PROBLEMS UNDER STUDY AND PLANNED RESEARCH 

1) Several Enchodus species were established on the basis of teeth 

morphology, especially of the palatine tooth. The resulting high 

number of contemporaneous species that was recognized hitherto 

could not be sUbstantiated on the basis of coeval bone material. 

Differences in the shape of Enchodus teeth along a single jaw 

suggest that a certain tooth morphology does not necessarily 
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characterize a certain species. Several Enchodus species were 

recognized in the Upper cretaceous of Israel (Raab, 1963, 1967; 

Chalifa and Lewy, 1992), most of which on the basis of teeth. 

However, the two types of Upper Campanian Enchodus endocrania 

suggest that the species diversity was actually much lower. Teeth 

imprints occur on a few jaws adjacent to the endocrania. These 

casts and imprints were compared to bony material in the 

collection of the British Natural History Museum (London). 

However, because of the fragile nature of the bony skull of ~. 

faujasi, no artificial endocranial cast could be made for 

comparison with the Israeli endocrania. Bone morphology and 

openings in the ventral floor of the brain-case of ~. faujasi for 

the cephalic nerves resembled the shape of one of the Israeli 

Enchodus endocrania. ~. faujasi has never been previously recorded 

from the Middle East countries. Its possible occurrence in Israel 

led to a comprehensive revision of Upper Cretaceous Enchodus 

taxonomy on the basis of combined teeth, skeleton and brain 

morphology. 

2) Imprints and casts of jaw elements and vertebrae from the 

Mishash Formation are similar to the North African material, that 

was compared by Arambourg (1952, 1959) to the North American 

Stratodus apicalis Cope. However, the imprints of the bony scutes 

in the Israeli material completely differ from those of the North 

American fish. Bony specimens of "Stratodus" from Niger in the 

collections of the British Museum comprise arrowhead-like scutes, 

apparently in three rows. A special search for bony scutes in the 

Phosphorite Unit northeast of Oron (Ramat Mazar; "Makhtesh Qatan" 
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phosphate field) yielded this arrowhead type in addition to a 

butterfly-like scute. Imprints of the latter type were found 

associated with the Israeli "Stratodus" relicts. These two scute 

types occur in a large limestone concretion in the Phosphorite 

unit in Nahal Zin, together with an imprint of a broad V-shaped 

scute. This latter form has not yet been discovered in a bony 

state. These scutes completely differ from those of the North 

American Stratodus and of the related English decretiids, the more 

so since these latter forms have only three rows of scutes along 

each flank, whereas the morphological variability of the Israeli 

scutes suggests more scute rows. Because it bears on the 

systematic 

collected 

position of 

to resolve 

this new form, more material must be 

the nature of the scutes and their 

distribution pattern on the fish. 

3) The three polymixiid endocrania found were detached from all 

other parts of the fish. Only in-situ embedded endocrania that 

preserve additional morphological elements will enable its more 

specific identification. 

4) The same lack of non-cranial parts renders the generic 

identification of Micropycnodon uncertain. 

5) The presence of a pterosaur endocranium and bone casts in the 

Phosphorite Unit, pterosaur bone casts in the Phosphatic Carbonate 

Unit, as well as fragmentary pterosaur bones in the lower part of 

the Ghareb Formation (Oron region), indicate their general 

abundance in the region during the Upper Cretaceous, and their 

burial in marine sediments. pterosaur fossils and, even more so, 

natural casts of their brain or other anatomical organs, are rare. 
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The search for more pterosaurs and other vertebrates in this 

unique mode of fossilization is recommended, especially since some 

of the collecting sites are within phosphate fields, which may be 

exploited in the near future. 
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Fig. 3. Upper Campanian-Lower Maastrichtian litho-, bio- and 
chronostratigraphic correlation between Israel and North America 
(Western Interior); (* name suggested for a new genus; Lewy, in prep.). 
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Plate 1. 1-3. Concretions containing Upper Campanian macrofossils, 
upper part of the Phosphatic Carbonates Unit (Phosphate Mbr. 
Mishash Fm.) at Nahal Qazra. 1. Exiteloceras (ammonite) and 
Nuculana (shallow burrowing bivalve) e xposed in the middle of 
the silicified concretion (lb) as a positive (la) and an imprint 
(lc). 2. Jaw elements of a fish in the middle of a partly 
silicified concretion (2b) that split apart (2 a,c). 3. 
Calcareous concretion partly surrounding two ammonites 
(Libycoceras and Exiteloceras). Scale bar 1 cm. 
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