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The researches whose first results are going to be revealed below were accomplished from May to October 1954.  Enterprises at the request and under the initiative of Mr. Professor MILLOT, Professor at the Muséum, Director of the Institut de Recherche Scientifique de Madagascar, approved and encouraged by the Minister of National Education, who agreed to put me in a position of the expedition to allow me to carry them out, received the moral and material support of the Centre National de la Recherche Scientifique, who assumed the cost of the voyage between Paris and Madagascar, of the Muséum National d’Histoire Naturelle and the Institut de Recherche Scientifique de Madagascar, who granted to me important work subsidies, of the General Government of Madagascar who, on the request of Mr. BESAIRIE, Head of the Service Géologique de Madagascar, asked and obtained my nomination as Collaborator with the Service Géologique and assured me the good will of all the advantages of aid in personnel and material attached to this title, after having assured me from the very start an already considerable and very precious aid.  Moreover I found in nearly all the representatives of the Public Services, and all the notables of the traversed regions, a complete support that was also most precious to me.  Thanks to all these meetings and supports, I was able to realize the projects that Mr. Professor C. ARAMBOURG cherished for a long time and that he rejoiced to see realized by one of his collaborators.  I wish that all the organizations and personalities whose contribution to this realization I recall briefly, that all those who in some manner aided me, will well find here the expression of my deep gratitude.

EXPOSURE OF RESEARCHES AND RESULTS
REGION OF RESEARCH. – The traversed region is situated entirely east of the Betsiboka.  It is constituted firstly by the region situated between the Betsiboka and the West Road [“the road from the west”], and north of a parallel passing by Ambalabongo and the Kamoro.  The work was especially pursued on the left bank of the Kamoro, north of a line from Amdranomamy to Lake Andromahabo.


East of this West Road, some very brief researches were accomplished in the vicinity of the preceding sector:

1 – around Ambondromamy

2 – between the road to Tsaratanana, the Kamoro, and the village of Morarano.

3 – On the tanety situated immediately north of the Kamoro, east of the road, and along the piste near Tsinjorano II, north of the Kamoro.


The second traversed region is constituted by the continental Cretaceous that is found north of Ankarafantsika up to the south of Majunga.  Some researches were made around Marovoay, in the Miadano-Maevarano region, and above all in the region around Berivotro and along the road to Ambalabe, west of the Amboaboka River.


The first collection of researches just evoked is entirely situated in the Isalo or its marine Jurassic border.  Several north-south itineraries traversed Isalo 3 and 2 up to Lake Amparihibe, and others have passed into Isalo I.  From these itineraries it resulted that reptiles, without being absent in the lower beds of Isalo 3 or 2, seem to be very rare there.  I will return to this point later.  The itineraries in the north part permitted specifying at certain points the relationships between Isalo 3 and the marine Jurassic, with the corresponding contours.  They equally permitted discovering numerous places with dinosaurian bones.


The second collection of researches, in the Cretaceous, was facilitated by airplane reconnaissance, effected thanks to the kind invitation of Mr. Director de la CAIM in Marovoay.  The older researches south of Marovoay had furnished various remains of dinosaurs to PERRIER de la BATHIE, near Madirokely.  These discoveries were made on the occasion of drainage work undertaken by a colonist of the period.  A certain number of bones visible to the children of this colonist would come from this place.  Some development works needing to be made in this same perimeter, it is possible that today they will produce other bones.


Other researches in the region of Miadano-Maevarano have furnished varied remains of vertebrates studied either by THEVENIN, DEPÉRET, or J. PIVETEAU.  The map made by THEVENIN is of such large scale and so simplified that it is difficult to find a usable identification on the terrain.  In contrast, thanks to the topographic descriptions given, the indications provided by DEPÉRET permit finding the provenance zones again well enough, which are situated in the terminal beds that I name for now the Berivotro beds, from the name of the agglomeration that is found partly on this level, on the West Road.  In fact, except for a point situated “southwest of Maevarano” according to DEPÉRET, most of the noted fossils seem to have been from this Berivotro bed or a bed a little lower and less rich besides, situated around the evident butte, marked 244, coordinates 414 x 1128, 7.


For my part, apart from some poor bones recovered on the ravine plateaus encircling this butte, and some very interesting pieces recovered at a fairly low level at km 523-524 near the road, it is around Berivotro, where H. BESAIRIE had found some bones on the same road talus, at km 531, that I have worked the most and made the best discoveries.  However I have also traversed the region of the road from Miadano to Maevarano, and that from Maevarano to the West Road by the north, but without notable results.  According to the aerial observation, it further seems that the slopes close to the Betsiboka are too steeply inclined for there to be great hope of finding localities of truly interesting vertebrates there.  The slopes less directly drawn together, or heading toward the east, and arranged seemingly on frequently projecting ledges at the level of the fossiliferous horizons, seem much more favored, notably the basin near the Manarenja and its tributaries.  Supporting me on these observations based on the study of aerial photos, I made a brief but rather fruitful tour in this sector, along the Ambalakidy-Ambalabe road as indicated above.

GEOLOGICAL OBSERVATIONS IN THE SECTOR SOUTH OF THE KAMORO, BETWEEN BEVEZAKA AND TSIANALOKA. – The east-west crest that passes about 1000 to 1500 meters north of Tsianaloka seems to form in this region the upper limit of the continental facies of Isalo III.  This is due to a hard bank, coarse sandstone or fine conglomerate with calcareous cement, where the remains of molluscs are noted, particularly oysters and fish teeth.  A site in the bottom of the Antanipatany River, where sandstone with similar fish teeth is found, is used as a stake towards the north, near Bevezaka.  On the piste connecting Bevezaka to Maizimazava passing by the south, along the Antsakoamilaika River near point 49, above the yellow coquille-bearing sandstone that I think can be attached to the sandstone with fish cited above, one thus observes, after 5 meters of descent, red ocherous formations containing rare molluscs and where I have found the external mold of an ammonite.  These same ocherous formations are found on the small tanety* situated just east of Bevezaka.  West of Tsianaloka, between Lake Bemakamba and Lake Mangarahara-Abo near point 78, not far from the dinosaur beds but at an upper level, a hard limestone bed is again found, which I connect with the fish bed north of Tsianaloka, although without having observed the continuity of these beds.


The collection of these observations led me to think that the oyster and fish beds could be connected to the Middle Bathonian bed with Acrosalenia colcanapi that BESAIRIE noted west of the Ambalajanakomby layer, which disappears near Amkifatry under the alluvium of the Kamoro.  It seems clear in all cases that the region south of the Kamoro, limited by point 78 (near Ampisarahambingy), the line of crest 53, 56 (north of Lake Bemakamba and Tsianaloka) and east of Bevezaka (piste from Bevezaka to Amboanjo), must be connected to the marine Jurassic that outcrops widely on the other side of the Kamoro.  There in effect, the cliff between Amtanaimalandy and Ambivihy cut by the river has furnished remains of Jurassic ammonites and molluscs, generally in nodules (see geological outline map of the region, fig. 1).

DINOSAURS OF ISALO
NUMBER AND DISTRIBUTION OF LOCALITIES, ISALO I AND III. – The regions of Isalo where we have worked are dissected in the southern region into a multitude of tanety or low hills with rather soft relief.  To the north, the neighborhood of the Kamoro provokes the formation of more accentuated erosional reliefs in which the tanety with rather steep slopes can overhang the valleys by forty meters.  The greatest part of vegetative settlement is constituted to the south by a steppe with palms.  In the area near the Kamoro, the valleys are overrun by fairly dense forest vegetation.  In the full fossiliferous zone, on the fairly extended surfaces there exists a forest settlement covering valleys and summits and opposing the researches with additional difficulties.


As has already been noted by previous authors, the dinosaur localities of Isalo are situated essentially in the upper part of Isalo III, in a very constant fossiliferous horizon.  The map published by BESAIRIE noted various fossiliferous points there.  In the studied region, this horizon is found in the vicinity of the Kamoro and the outcrop area, 6 to 7 kilometers wide, and cuts the Kamoro very obliquely.  This position is favorable, because the most intense erosion has certainly favored the daily exposure of a great number of bones, with the counterpoint that the bones thus recovered risk being more rapidly destroyed.


Outward from this area, I must note two places, the first certain, since bones have been discovered there by myself, in what must be Isalo II, between the northeast of Lake Amparihibe and the road to Mangabe.  A femur of rather small size and some other bones with fragments of vertebrae were recovered there.  The second is known only by indirect information for which we do not yet have controls, and was found near Madirotelo in the beds at the more or less conglomeratic base of Isalo I.  If this presence of a large reptile in this place would be confirmed, it would present an immense interest, but not without posing several problems relative to the age of the beds at this point.


A series of fossiliferous points were discovered in the region of the Kamoro.  A certain number had been found previously and exploited by COLLIGNON.  In 1953, a humerus, radius, ulna, femur, tibia, fibula and some vertebrae were extracted from a unique locality.  Thanks to information furnished by the inhabitants of the village, we were able to visit a whole series of others around Tsinjorano.  Several of the more interesting ones had unfortunately been noted in the last moments of our trip, too late to be exploited.  One of them, including the partial remains of an animal of small size, either a young Bothriospondylus or a new species, was noted on the last day and we were only able to recover a femur.  To the north and south of the Kamoro, east of the road, several tanety are literally sown with bones.  Between the West Road and Morarano, north of the road from Tsaratanana, we have equally noted an interesting locality.  Besides it should be taken into account the fact that the inhabitants of the country, sometimes fearing to neglect their work for these localities, often avoid speaking of them or do so only evasively.


In addition to the probably important localities, isolated bones are noticed at numerous points, damaged by the erosion and fires of the countryside.


The locality excavated in 1954 is found with the place called Manary-Abo, not far from the charcoaler piste joining Andranomamy and the Tsinjorano-Bevezaka piste.  We will return further to this locality and the excavation carried out there.

CRETACEOUS VERTEBRATES. ​– The continental Cretaceous extends from the environs of Marovoay up to the region near Majunga, to the south in the form of a stepped plain with very weak reliefs.  The approach of the limestone-covered plateau approached by the Berivotro slope is traversed by reliefs and vigorous erosion forms that dissect this Cretaceous into multiple buttes and hills, giving the classic American “bad lands” appearance to this region.  The soft continental beds indeed assemble very high on the cliff, whose summit is formed by the oyster marls covered by limestone beds.  According to the remark made earlier (p. 2), most of the Cretaceous vertebrates cited in scientific works come from either the Marovoay region, or the middle or upper layer of the continental beds in the immediate vicinity of the cliff (map fig. 2).


We have traversed the entire region of the Miadano-Maevarano road without finding a single specimen.  In contrast, near kilometer 523-524 in the buttes situated along the West Road, before the principal rise toward Berivotro, several places are shown to be fossiliferous: numerous fragments of turtle carapaces, Lepidotes scales, a megalosaurid tooth.  But the most fossiliferous bed is that which is reached above the altimetric dimension corresponding to the small autochthonous hotel of Berivotro.  Kilometer 531, noted by BESAIRIE, is entirely within this level.  Between this level and that of the marine covering of oyster marls, abundant fragments of turtle shell, carnivorous dinosaur teeth, and sometimes notable bony remains are easily recovered in numerous places.  To the south and southwest of the road, at the level of the Lazaret, a series of buttes is found in the fossiliferous layer, and the fossils can be recovered either on the surface of the flat summits or on the flank of the hill, in the sand spills or at their foot.  The recoveries at the summit have furnished me a great number of carnivore teeth.


The technique for recovery of all the small pieces consists of especially observing the subhorizontal alluvial surfaces at the foot of the small erosions in the sand.  Water washed the sand but the heavier bones often remained at the foot of the talus.  The rich debris of these beds is great enough such that one is thus assured to recover quickly at least several fragments in the fossiliferous layer.  My aides and I have thus prospected a surface of several square kilometers on each side of the road, in the immediate environs of Berivotro, a region that presents much more favorably than numerous other places where the upper spills of the vegetation do not permit finding outcrops.


In addition to a great number of turtle remains, isolated teeth of carnivorous dinosaurs and crocodilians, we have been rather fortunate to recover several nearly complete and other more or less fragmentary vertebrae belonging to boids.  We have also recovered the majority of the mandibular ramus of a carnivorous dinosaur.  We also recovered a complete pelvis of a medium-sized dinosaur (1 m diameter), a piece unique to Madagascar and of a great interest.  Several places showed fragments of dinosaur long bones or vertebrae on the surface.  I remark that the carnivorous dinosaurs seem to have been rather small in general, leading me to think that this is the very recent Cretaceous, near the end.


We met the same level much more to the north or rather to the northeast, near the road going from the West Road to Ambalakida and beyond, near Ambalabe.  We have explored the buttes situated north of the road, slightly after the bridge crossing of the Manarenja, between this bridge to the west and the Amboaboaka River to the east, and which form a line of moderate heights at the foot of the rather continued crest, probably formed by the Cretaceous marine limestone, which seems to culminate near Ambohimira (signal) (map fig. 3).


These buttes are constituted by sandy beds with cross-bedded stratification, very white, with rare beds of red marls.  The majority are depleted of fossils.  We have recognized as fossiliferous some tanety surrounding two other more elevated ones, very recognizable from afar due to their tabular summit and the vertical slope of their escarpment, created due to the presence of a hard sandstone bed forming the terminal table.  Vertebrate remains can be recovered either on the slopes of these culminating tanety or on those that neighbor them near the south and southeast.  At a slight distance from the summit culminating the tanety, a very thin sandstone bed is full of very poorly preserved shells, in the form of molds.  I observed this bed only in this region.


A second fossiliferous sector is constituted by a group of elevated tanety, situated on the right bank of the Amboaboaka not far from its source.  These tanety, the most elevated of their group, are only separated from the principal cliff by the ravine of the Amboaboaka, near which two large groups of trees, one of them including a tamarind of great size, are found downhill and are very visible at the summits.


In these two sectors, we recovered a rather large number of carnivorous dinosaur teeth and remains of boid vertebrae.


If, returning to this region near Ambalakida, one follows the road from Befandrama to this village, one can observe to the west a rather continuous projecting ledge, at the foot of the escarpments whose summit is formed by Cretaceous marine limestone.  The road passes on this bed for around 8 kilometers (5 miles) before reaching Ambalakida, at the moment where it passes to the south of a small lake, still containing water at least in August.  The small escarpments situated just to the south of the road form the extreme continental bed, just under the oyster marls.  They contain vertebrate remains (fragments of dinosaur long bones).  In these conditions, it must be considered extremely probable that the escarpment forming the projecting ledge at the foot of the principal cliff, of which I spoke above, very visible from the present point of the crest, must be rather rich in vertebrates.  The forms of the terrain are moreover eminently favorable for the preservation and research of fossils: this is therefore an important region to study, but unfortunately the time in which to do it is lacking.

RESEARCHES ON THE ISLE OF MAKAMBA. – Thanks to meetings with the Director of Public Works of Majunga, who had the extreme kindness to put his patrol car at our disposition, we were able to perform researches on the Isle of Makamba, studied formerly by PERRIER de la BATHIE, who published the section and noted the remains of sirenians in the Miocene there.


We found several fragments of sirenian ribs and a small crocodilian vertebra, but our hope of recovering other mammalian fossils was disappointed.


In the rather rich invertebrate beds, whose numerous species were described by COLLIGNON and COTTEREAU, we have made collections oriented especially towards the microfauna, and notably towards bryozoans.  A certain number were recovered on the shells, and we hope that the selection of sands recovered will permit recovering other specimens.  This has real importance, because these animals, which assume a real stratigraphic value if they are well known, are still very little studied in these regions.  Thus I believe that it should attract the attention of geologists on this point, to incite them to research systematically the bryozoans from diverse marine beds.

THE DINOSAUR LOCALITY OF MANARY-ABO

(ISALO III, REGION OF TSINJORANO I)
I. EXPLOITATION AND CONDITIONS OF THE LOCALITY. – As said above, this locality is situated near the charcoaler piste that connects Andranomamy to the piste from Tsinjorano to Bevezaka, a few hundred meters west of this charcoaler piste.  In addition, it is in the vicinity of the rather wooded region called Analambiby-Be.


The same locality is situated at the foot of a small butte, on the passage of a cattle piste, and was noted to me by Mr. AUBARIC, a farmer in Tsinjorano, according to the indications of one of his metayers.  Several hundred bones or bony fragments were scattered on a surface of around 200 square meters.  In the middle of this surface, the following were visible on a small hillock of several square meters: the left scapula and coracoid, a fragment of sacrum, a half-femur, and various other important fragments, notably several caudal vertebrae, all very concentrated.  A series of caudal vertebrae were still aligned, marking the position of this structure and the general orientation of the remains.


After execution of a general schematic rough sketch of the position of the pieces, all these having first been numbered with India ink, each of the pieces (around 350), small or large bearing a number, these reported on the rough sketch, all the visible bones on the surface were removed and laid out in a stone-yard prepared in the vicinity.  Only after this work did the excavation start, beginning with the central hillock.  For this excavation, the aides I had were furnished with picks and angades (a type of cutting spade of local use), as well as shovels, but the use of these instruments on the central site had to remain very limited, given the proximity and delicacy of the bones.  In fact, a great part of the work near the bones had to be done by myself, using a strong knife with large, robust blade.  This tool, in association with a strong flat paintbrush, permits working even with contact of the bones without danger to them, which were rather soft in the locality, where they were full of the humidity of the quarry and sometimes difficult to distinguish from the matrix because of this.


It could very rapidly be noted that the bones were accumulated on several depositional thicknesses of this hillock; this evidently had been—or at least its deposition—the center of a whirlpool that concentrated part of the animal.  The left forelimb complete and articulated together, from scapula to phalanges, was curved in a semicircle.  Under the scapula, the two ischia, moreover correctly oriented, were superimposed on one another, and these superimposed on a pubis.  The femur was situated with its distal part near the end of the left manus.  A few meters away, forming a crown around the center of the whirlpool, were situated a right humerus and radius and near them, scattered in the clayey sand of the butte, several metapodials and phalanges with the ungual phalanx of the right pollex.  Still farther, from the same side, was the right scapule.  The isolated other femur was found at the other end of the same diameter from the hillock.  The caudal vertebrae closest to the sacrum were still slightly in place.  A series of other vertebrae, dorsals or cervicals, were dispersed a little everywhere.  The right forelimb, of which I spoke, was found still in the uneroded part of the butte, and at a height a little above that of the central butte.  All these bones are certainly from a single individual, and their not-negligible vertical disposition, besides the oblique position of certain of them, speaks in favor of a torrential scouring that brought a very considerable supply of solid materials, sands and clays, and immediately carried away the limbs into varied positions.


The matrix is rather generally sandy, but the zone of contact with the bones was almost constantly marked by a more clayey bed.  The presence of this clayey enclosure led me to ask whether this phenomenon was not correlated with the presence of flesh on the bones at the moment of deposition.  It is nearly certain that the limbs, as they were found articulated, must have still had at least a part of their musculature.  The destruction of these sanded-up muscles tended to create a void.  Could it not be thought that putrefaction created a favorable setting for the deposition of colloidal substances that thus created this “clay jacket” around the bones?  This is not the first time that I note a clay bed is intimately settled around the bones in a very sandy setting.  I have also noted this in the south of Morocco.  There could be purely mechanical causes to this phenomenon, but the hypothesis of the influence of a putrefying cadaver seems to merit being studied more closely by sedimentologists.


All the bones, deposited on the stone-yard prepared in advance, were photographed vertically using a large tree (adab) dominating the stone-yard, in order to have thus a less-deformed aspect of the bones.  These were generally broken into separately recovered sections that were readjusted in the stone-yard as much as possible.


Certain bones had formed a sort of calcareous sand at their contact with the matrix, at times making the exact determination of the true limits of the bone difficult.  It seems that there was a diffusion of calcium carbonate from the bone and, in the extreme cases, a sort of digestion of the bone itself in the vicinity of the sand.  The production of a calcareous sand was shown notably in the region of the end of the radius and its articulation with the carpus, forming a grouping that was at first sight difficult to distinguish from a simple block of stone, and that we were close to attacking with the hammer, until fortunately a very attentive examination revealed the true nature of this block.  I believe that this danger must be signaled to future prospectors.  Ultimately, by collecting this block intact, with its sandy component that would be removed later, we precisely guarantee the relations of the radius and carpus as they existed in the locality.


A small number of bones were very fragile and slender, notably among the vertebrae, and it was necessary to consolidate them by first impregnating them with a very clear solution of strong boiled glue, passed through several repetitions after drying each time, and following them the wrapping of gauze bandages or cloth soaked with rather concentrated strong glue.


This animal is by far the most complete recovered up to now in Madagascar.  The bones described by THEVENIN came from distinct individuals and were in a poorer condition.  A great number were not known to him at all.  The collection recovered by COLLIGNON in 1953, more complete than those of THEVENIN, is however much less complete than that from Manary-Abo.  A. F. de LAPPARENT described a specimen of the same genus from Damparis, in the Jura.  This specimen was more complete than those previously known from Madagascar.  It was yet definitively less complete than that from Manary-Abo.  This last has a greater superiority over all the others: at Manary-Abo, there is a complete forelimb in articulation.  This makes known certain bones for the first time and gives more information of primary importance on the relationships between the carpal bones and the structure of the manus.  This quality of preservation is extremely rare, as in America, where however there are very good localities.  The carpus is nearly never found in place, in a position permitting understanding and studying it with certainty.  It is equally very rare to have all the metacarpals in place with the phalanges.

II.  SUMMARY STUDY OF THE COLLECTED BONES. ​– 1st, approximate list. – I give here an established list according to my notes on the terrain, the bones having left their packing only gradually for reasons of convenience of preparation.  This list could thus be slightly modified subsequently, the conditions of work on the terrain not always permitting attributing an official status to the sometimes incomplete bones, without a possibility of comparison with other pieces already known.

A. VERTEBRAE.  Around fifty were collected, most reduced to the vertebral centrum.

B. FORELIMB.  Scapulae (L and R), coracoid (L), humeri (L and R), radii (L and R), the right a little incomplete, carpus (L), complete left manus, various phalanges of the right manus, two sternal bones (?).

C. HIND LIMB.  Pubis (L), ischia (L and R) (?), portion of the ilium (?), femur (R and 1/2 L), tibiae (dist. L and R), fibula.

2nd, anatomical notes. – All these bones seem not to have suffered much deformation, and are for the most part in an excellent state of preservation.

VERTEBRAE.  The majority, I have said, are reduced nearly to their centrum.  However several caudals have retained their processes, and an entire series of chevrons of large size, up to about 30 centimeters, have been preserved.  They are robust and the unpaired part is long.  Some rare cervical vertebrae are partly preserved.  The centra of the sacral vertebrae, fused together, are preserved.

FORELIMB.  As I have said, the left forelimb is complete, with perhaps the exception of the ulna, whose presence among the scattered bones is not certain.


SCAPULAE.  Both are present.  The left is in a very good state, having lost only its entire posterior end, which explains why it is shorter than that from Damparis (133 cm).  Length: 100 cm; height in the anterior region: 70 cm.


CORACOID.  It is in a perfect state, not fused to the scapula, and measures 40 cm long and 50 high.  It does not show characters worthy of note in the present study.


STERNAL PLATES.  Perhaps two elongate, straight plates, with more or less oval contours, should be thus interpreted.


HUMERUS.  Both are very well preserved.  The proportions seem very close to those from Damparis, with the straight shaft and very salient deltoid process.  The measures that I give are entirely similar to those from Damparis.  Length: 127 cm; proximal width: 42 cm; shaft width: 16 cm.


RADIUS.  I did not note on the ground characteristics worthy of noting here.  Length: around 99 cm.


CARPUS and MANUS.  This part was found resting on the soil on its dorsal face, the metacarpals grouped into a circular arc, and metacarpal V going back to be placed a little near the vertical of metacarpal I, which rested on the soil.  The ungual phalanx of the pollex, articulated on the first phalanx which itself articulated on the metacarpal, was elongated from the manus perpendicular to its axis.  The first and second phalanges of digit II were contracted, the second phalanx formed by a nodule.  There was not the least trace of another ungual phalanx aside from that of the pollex.  The manus as a group was very slightly pulled out from its articulation with the carpus, but there cannot be any doubt that metacarpals I to III articulated on the large bone of the carpus, whose corresponding articular facets are visible with the rest.


The carpus itself allows distinguishing three bones, and perhaps a fourth, although it cannot be entirely removed (the manus and carpus together cannot be completely studied before a complete cast is taken, permitting fixing the position of all the elements in the locality irrefutably, and because of this the bandages that consolidate and hide various details cannot be removed at will).  The largest of these bones, whose greatest dimension, in the transverse direction, is 22 cm, is that from which we say that it obviously articulated directly with the carpus.  The proximodistal thickness of this carpal element is least in the axis of metacarpal (I), greater in the axis of metacarpal II, and still more in that of metacarpal III.  On the proximal face of this principal bone is applied another much smaller bone, in the shape of a torus, which was found slightly displaced but whose border seemed to have directly followed the anteroexternal border of the principal bone.  It could initially be asked whether it was not simply a fragment detached from the distal articulation of the radius, but this hypothesis hardly seems compatible with the precise conditions in which the bone collection and matrix are presented, as much because of the relative positions of the various bones as because of the position of the matrix between them.  A third bone that seems subspherical, at least in the identifiable portion (it is very covered in matrix), is found in a posterointernal position on the proximal face of the principal bone.  It seems that another element of small size also existed, applied laterally to the internal face of these bones, more or less in the shape of a small boat, which could have constituted one of the elements of the ulnar series.  As I have noted recently, it seems that it should be admited that, at least in the present case, the principal bone of the carpus does not represent the radiale, a bone of the proximal range, but the coalesced distal series.  It seems to me that the presence of articular facets for the metacarpals suffices to furnish the proof, as OSBORN implied for a similar case, although his opinion does not seem to have been much echoed.  If in addition, my interpretation of the bones situated on the proximal face is exact, then it confirms the irrefutable fact that the principal bone is not the radiale, which must be articulated directly with the radius.  In this preliminary study, it suffices to note the presence of these proximal bones, without seeking to determine with certainty their precise homology and decide between the proximal and central bone ranges.

In addition, as I have also indicated recently, the fact that a single ungual phalanx was present, that of the pollex specifically, when the conditions of preservation are very remarkable, strongly supports the idea brought forth by GILMORE that only digit I carried an ossified ungual phalanx, at least in certain sauropods.  The fact that the second phalanx of digit II was only a nodule, as in American sauropods and the African Gigantosaurus, still supports this opinion, as GILMORE indicated.


As to the metacarpals, they are rather difficult to study at present, being grouped.  The length of the longest is around 37 to 39 cm.  The phalanges are short and wide.  The ungual phalanx is of a fairly particular form.  Instead of being transversely flattened, as in Diplodocus, it has a rounded cross-section at the base, with the form of a slightly recurved cone.  It measures 16.5 cm.  Its exact match from the right side was recovered in the vicinity of the right radius. 

HIND LIMB.  PUBIS.  The left pubis is preserved and seems intact or nearly so.  The detailed description will be made later.


ISCHIA.  Both are preserved.  The posterior part of the right ischium is broken, or more exactly separated from the bone to which it belonged by remaining attached to the left shaft, as was the condition in life.  This permits noting that the relative position attributed to these two paired bones by THEVENIN is erroneous.  He admits in effect that the distal ends are attached in such a way that their upper faces went between them at an angle of 180°, whereas in reality the angle is 90° to 100°, as in Diplodocus.  In addition, it can be noted that the distal end is very widened on these complete specimens, contrary to the opinion of A. F. de LAPPARENT, based on an incomplete specimen from Damparis.


ILIUM.  The ilium is surely not preserved whole.  Without doubt, we are in possession of the part circumscribing the articular cavity, but the bone thus interpreted, broken and very incomplete, remains subject to difficulties that can only be alleviated through detailed comparisons.


FEMUR.  We did not note in the terrain any particular details to be taken up in a study such as this one.  Length: 143 cm.


TIBIA.  The distal ends of both tibiae are preserved, with their characteristic astragalar articulations.


FIBULA.  It is probably present, but incomplete.


PES.  We noted nothing belonging to the pes.


Ultimately, we are in possession of very important elements whose interest is augmented in part by the fact that it is a single individual, in addition that the bones are in general not absolutely deformed and are in a very good state of preservation.  This skeleton can advantageously support the comparison with many of those found in North America, where complete skeletons are rarer than is usually thought, and the exceptional preservation of certain parts permits resolving the anatomical problems left somewhat outstanding by other known specimens.


I must note that a megalosaurid tooth of small size was found in the same locality, similar to those of Cretaceous sites.  As it seems, this is the first time in Madagascar that such teeth are noted in the Jurassic (Isalo III).

OTHER LOCALITIES OF ISALO III. – In a locality situated north of the road to Tsaratanana, noted by Mr. MITSAKIS, a landowner in Morarano, there was on the surface a rather large number of vertebrae and various phalanges, including an ungual phalanx of a very different type from those found with the manus from Manary-Abo, laterally flattened and strongly recurved.


East of Tsinjorano, south of the road from Tsinjorano to the West Road, several localities are arranged, in one a series of long, moderately sized bones, in another a series of fifteen articulated caudal vertebrae, rather eroded, and in a third a series of small long bones (femur: around 50 cm long), certainly presenting great interest.  These localities, which were shown to me only the day before my departure, could not be exploited.

CRETACEOUS
SAURISCHIAN PELVIS FROM THE UPPER CRETACEOUS OF BERIVOTRO. – This element was situated in a difficult position, on the flank of a very abrupt tanety separated from the road by a steep ravine, thirty meters deep.  A heavy box had to be prepared especially and transported by human arms, and once loaded, it had to be transported by human arms up to the road.  This pelvis, a remarkable specimen, a true piece for museum display, was arranged in place articulated together with sacral vertebrae and girdle bones.  The distal regions of the ischia and pubes were destroyed by erosion.  The group, one meter in diameter at the level of the ilia, form a heavy, fragile piece.  In spite of notable consolidation with bands of cloth, it suffered somewhat due to a maneuvering error by the men charged with placing it in the box.  Nevertheless it can be hoped that the consequences will not be very grave for the essentials.  The animal was of moderate dimensions.  It is not possible for me to specify now whether it was a theropod or sauropod.

THEROPOD MANDIBLE. – A considerable number of teeth recovered in the Upper Cretaceous of Berivotro and Ambalakidy indicate the presence of a theropod of moderate size to which DEPÉRET gave the name of Megalosaurus.  I possess a portion of mandible from this theropod, in the form of a nearly complete right dentary.  This bone was found complete one month before our trip by an inhabitant of the countryside looking for yams, and unfortunately broken by him.  Questioned by chance on whether he knew if it had teeth such as those that I showed him, he signaled to me at once as having found some “with the bone.”  A visit to the place fortunately permitted collecting most of the pieces and several teeth.


It seems that this is the first dentary of a theropod known from Madagascar.  According to the Europeans in Marovoay, a mandible was found at another time in the vicinity of this village, but until now it had been impossible to find a trace of it.  Without being able yet to give a definitive study of this bone here, I can now note its thin and rather long form (length: around 25 cm) and indicate that the form of the dentary in its posterior region seems to differ markedly from that of Megalosaurus from England, such as it is described by English authors.

SNAKE VERTEBRAE. – One snake vertebra collected in the Cretaceous of the region was described recently by J. PIVETEAU and compared by him to those of boids.  Twelve others, represented either by nearly intact pieces or by fragments, were collected that, according to R. HOFFSTETER, are very boid in appearance and attributable to the same type as that described by J. PIVETEAU.  All were collected in the elevated bed of the Cretaceous that we call the Berivotro Horizon.  Although rather rare, it is certain that a dense and minute prospecting would result in the discovery of other specimens, very important for giving information on the varied characters of diverse regions of the vertebral column.  A special attention to these pieces must be recommended to all those traversing these formations, as the remains of Cretaceous snakes remain rare things, above all in the Southern Hemisphere.  It is possible that this boid could become a characteristic fossil of a determined horizon.

VARIED BONES. – Besides the numerous remains of turtles: carapace, a claw, etc., numerous bony remains of dinosaurs exist in this Cretaceous: vertebrae, long bones, phalanges similar to those attributed in the past by DEPÉRET to titanosaurids and megalosaurids.  We have collected good phalanges from a megalosaurid.  Much remains to be made on this point.  The teeth of megalosaurids are, I have said, very numerous, but the remains of crocodilians are equally recovered.  As I said before, we have also recovered several specimens of Lepidotes at km 523-524, and a megalosaurid tooth of notably larger size than the moderate ones from the Berivotro Horizon.

USEFUL MATERIALS. – In the course of our journeys, we have equally studied the traversed regions, especially to recognize those places able to provide paving materials for the West Road.  Isalo III, composed of sometimes clayey sands, is occasionally arranged into more or less consolidated sand lenses.  Unfortunately, these lenses are generally limited and not easy to access, and the material seems to be rarely of a quality sufficient for paving (tendency to crushing).  The hard layer we noted to the north and northwest of Tsianaloka could without doubt furnish usable materials, but it is situated far from the principal road.  However one must keep account that the road traced to go to the village center from the cattle-breeding area of the Kamoro, west of Lake Bemakamba, comes considerably close to the exploitable zone.


South of Marovoay, in the region of the Ambatomainty, Maroala road, the important beds of quartz pebbles could without doubt be exploited by mechanical means.  Being situated near the road and the Betsiboka, they could be transported and serve as materials for foundations.  They form the summit of the buttes south of the road.  In contrast, Isalo I and II seem particularly depleted of usable materials, the sand which forms them being essentially too fine for cement and without doubt needing to be cleaned.

HYDROLOGY


In the course of journeys made in view of the cattle-breeding area of the Kamoro, I were able to note that one must be able to count on important water reserves in the north part of the course of the river flowing into Lake Bemakamba.  The considerable volume of sand of the bed retains a volume of water that is manifest by the fact that the over-deepenings of this sand contain perennially important ponds.


Concerning the water supply of the village center, it must be able to be from the sources that we have recognized accompanied by persons in charge of the area, to the half-height of the butte, at least in the state of the establishment projects that were indicated to us then.

Concerning the dam projects of Lake Bemakamba, we must direct the attention to the fact that, in times of rising, according to the indications collected on the place, the refilling of the lake is effected essentially by the diversion of the Kamoro into the lake, naturally by the sector which it would be a question of closing by a dam.  This seems to us to pose problems from the technical point of view that one would not have to ignore if one does not want to expose oneself to disappointment as we already announced earlier.

FOSSIL TREES


We have collected in the Jurassic and Cretaceous diverse fossil trees.  Certain of them, submitted to the examination of specialists, are considered as presenting usable microscopic structures.

FIGURE CAPTIONS

Fig. 1 – Map of the outcrops of marine Jurassic in the Tsianaloka-Bevezaka region.  T, fossils; ¥, invertebrate fossils, \\\\, recognized outcrop area.

Fig. 2. – Map of continental beds with vertebrates in the Berivotro region.  In hatching, traversed zones.  Fossil richness marked by the density of hatching.

Fig. 3. – Map of Cretaceous localities on the road from Ambalakida to Ambalabe.  In hatching, fossiliferous zone.

NOTE ON A FORELIMB OF THE SAUROPOD

DINOSAUR BOTHRIOSPONDYLUS LYDEKKER RECOVERED

IN MADAGASCAR.  NEW OBSERVATIONS AND THEIR

GENERAL CONSEQUENCES*
by René LAVOCAT

Observations on a specimen recently found in Madagascar.  Characters of the manus, furnished with a single ungual phalanx, on the pollex, according to the usual case probably not fortuitous.  In the carpus the presence of a small bone in place resting on the proximal face of the more developed bone, clarifies the homology of this bone with the radiale.

On two important points the knowledge of the forelimb of sauropod dinosaurs remained until now incomplete and fairly uncertain.  The numerous reconstructions showing three ungual phalanges on each manus are in reality purely hypothetical.  GILMORE, in 1935 (1), after other authors, considered as much more probable that there existed only a single ungual phalanx, that of the pollex, and that the others were either not ossified or absent.  In effect, "If one considers," he said, "that now are known a considerable number of sauropod mani found with articulated bones and that never has one been discovered with more than one associated ungual phalanx, the negative evidence thus obtained seems to prove that a single one existed in effect."  The important portion of the skeleton recovered in Madagascar by the author of these lines during an expedition which received the support of the Organismes scientifiques de France métropolitaine et de Madagascar and the Service géologique de Madagascar, considerably reinforces GILMORE’s opinion.  In effect, the complete left forelimb was found in anatomical articulation, with a single ungual phalanx preserved, that of the pollex, as always.  On the other hand, as in Gigantosorus [sic: Gigantosaurus] from East Africa, Apatosaurus from America, and others, the second phalanx of digit II could have been reduced to a strong nodule.  Finally, excavation allowed uncovering the right limb, whose manus was strongly dissociated, also furnished with only a single ungual phalanx, exactly symmetrical with that of the left manus.  Regarding the conditions of the locality, observed in great detail, these facts, undoubtedly without being able to draw definitive certainty from them, would appear to strongly support GILMORE’s opinion.


Another problem is that of the structure of the carpus.  Very rarely are discoveries belonging to this region truly in place.  Most often is attributed a bone found nearby.  One admits either one or two bones of strong enough size, considered generally one as a radiale, the other as an ulnare [cubital].  Such and such a small bone found nearby was also assigned to the carpus, with doubt and without precise identification.  OSBORN observed(1) that the reputed radiale bone, having in fact precise articular facets with the metacarpals, must in reality be the equivalent of small bones from the distal row.  The recently extracted specimen furnished an argument in favor of this opinion that seems decisive.  Not only is the principal bone of the carpus, of comparable shape and dimensions to those habitually known, in effect clearly in direct anatomical articulation with Mtc I, II and probably III, but moreover, two others of reduced size can be observed resting on the proximal part of this bone.  The first, of approximately circular cross-section like a torus, very closely follows the contour of the principal bone, making a quarter turn on its then dorsal external edge.  The other, hardly visible and difficult to uncover, could be subspherically shaped.  It is situated on the external palmar side of the principal bone.  The exact homology of these elements: a radiale and one? or two? centrale bones is difficult to specify.  But it seems well that, whatever this homology, the mere presence of these bones suffices to prove that in the case of Bothriospondylus, and very probably also in other genera, it is not to the radiale which the principal bone must be compared, but to elements of the distal series.


The remarkable preservation of the undeformed specimens, in good anatomical articulation, and easy to uncover, supported by detailed observations of the terrain, thus permits specifying two important points of sauropod anatomy, points that researches made in very rich localities of other countries have not permitted elucidating.  The new excavations that we think of making soon, a series of fossiliferous points already being recognized, can be undertaken with much hope.







* Original citation: Lavocat, R.  1955.  Study of the dinosaur localities in the Majunga region (Madagascar).  Observations nouvelles et leurs consequences générales.  Haut Commissariat de Madagascar et Dépendances, Travaux du Bureau Géologique 69:1-19.


* Malagasy: an open, savannah-like environment, usually containing grasses and low plants but few trees.


* Original citation: Lavocat, R.  1955.  Note sur un membre antérieur du Dinosaurien sauropode Bothriospondylus Lydekker recuelli à Madagascar.  Observations nouvelles et leurs consequences générales.  Haut Commissariat de Madagascar et Dépendances, Travaux du Bureau Géologique 69:18-19.


(1) C. GILMORE, Osteology of Apatosaurus, with special reference to specimens in the Carnegie Museum.  Mem. Carnegie Mus., vol. XI, no. 4, 1936.


(1) H. F. OSBORN, Manus, sacrum and caudals of Sauropoda.  Bull. Am. Mus. Nat. Hist., vol. 20, art. 14, 1904.





