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INTRODUCTION In December 1938 an expedition of the Utrecht University went to Cuba to explore the geology of this island. The leader of the expedition wasnbsp;Prof. Dr. L. M. R. Rutten, accompanied by six of his students: Mr. J. J.nbsp;Hermes,Mr. F. G. Keyzer, Mr. Th. J. Kingma, Mr. B. van Raadshooven,nbsp;Mr. D. R. DE Vletter and the author of this paper. The purpose of this expedition was first of all to study the geology of the region between the province of Santa Clara, the northern and southernnbsp;part of which had been described, respectively by Dr. M. G. Rutten (121)nbsp;and Dr. A. A. Thiadens (123), and the eastern part of the province ofnbsp;Camaguey, described by Dr. H. J. Mac Gillavry(120). In the second placenbsp;we would visit the province of Oriente in order to give a geological accountnbsp;of parts of that region too. From the 8th of January 1939 until the 5th of February we worked in the eastern part of the province of Santa Clara and in the western part ofnbsp;Camaguey Province. This large area was divided into two pieces by a linenbsp;about 5 km West of Ciego de

Avila, running due North. Mr. B. vannbsp;Raadshooven will describe the western part of this area. The samples, whichnbsp;Were taken in the eastern part, were handed over to me, together with thenbsp;notes and maps; they have provided the material for this paper. Most of the work was done from our camp at Majagua, where we camped about 2^ week on the beautiful estate of Mr. Mario Arteaga. Later onnbsp;several trips were made from our second base at Moron. In the field we had the military maps of Cuba at our disposal. These tnaps, on the scale of one inch to a mile, appeared to be insufficiently accuratenbsp;in detail, so we had to survey the country and draw our own maps. Azimutsnbsp;of the roads were taken with a geological hand-compass, while the distancesnbsp;Were measured by counting our paces or by noting down the distances givennbsp;by the hodometer of our motor-car. A slight correction was made in thenbsp;distances as given by the hodometer, the error of this instrument provingnbsp;to be systematical. The errors, which were made in compass-reading asnbsp;well

as in measuring by the paces of the several members, are certainly notnbsp;systematical, but they are likely to neutralize each other in the end. The topographical map, which forms the base of our geological map, was constructed in the following way: the map of Dr. Thiadens gives usnbsp;the position of Sancti Spiritus and Jatibonico, the map of Dr. Mac Gillavrynbsp;the position of La Florida. The distance between Sancti Spiritus and Lanbsp;Florida is exactly known from the kilometerstones of the Carretera Central,nbsp;while the several azimuts were measured with great accuracy. So this stretchnbsp;of the Carretera could be plotted and put into position. The other courses









SUMMARY OF THE GEOLOGY OF CENTRAL CAMAGUEY nbsp;nbsp;nbsp;5 points to a Maestrichtian age, the Molluscs, however, possibly indicating a somewhat older age of the formation. Besides Orbitoidal and Rudistnbsp;limestones, we find calcareous sandstones, conglomerates, tuffs, tuffites,nbsp;porphyrites and tuff-porphyrite breccias. While in Santa Clara volcanicnbsp;products form only a minor part of the formation, they are of far greaternbsp;importance in Central Camaguey, whereas in Eastern Camaguey they formnbsp;the major part of the Habana Formation. In our district the rocks of thenbsp;Habana Formation are considered to have been deposited in a shallow sea,nbsp;although deposits of somewhat deeper water are also encountered. After the deposition of the Upper Cretaceous rocks of the Habana Formation a second orogenesis took place between the Maestrichtian andnbsp;the Eocene. There follows again a period of denudation and after this thenbsp;beds of the Eocene were deposited, which are unconformably overlyingnbsp;the tuffs of the Habana Formation. Judging

from the tectonical style of the rocks of the Habana Formation, this second orogenesis was more intensive in the eastern part of the districtnbsp;than in its western part; the observations are, however, rather poor. The Eocene in our district is divided over two separate areas. In the first place we find limestones of eocene age in the Sierra de Cubitas andnbsp;secondly eocene marls, limestones and conglomerates are found in thenbsp;southern part of the described area. A different facies between the twonbsp;regions is apparent; some difference of age may exist as well. The Cubitas Limestones are dense, white rocks, occasionally rich in fossils, especially in Miliolidae, but we find also DiscocjcUna, Dlctjoconus andnbsp;Alveolinidae. In the limestones we find, though rarely, detritic material ofnbsp;Serpentines, Diorites and porphyrites. The opinion of Mac Gillavry, thatnbsp;the Cubitas Limestones would be somewhat older than Upper Eocene,nbsp;cannot be affirmed nor contested by our observations. The deposits in thenbsp;southern area are of an uppereocene age as they contain several genera

ofnbsp;Larger Foraminijera, which, in combination, are typical for upper eocenenbsp;deposits e.g. DiscocjcUna, Lepidocjclina, Camerina, Pellatispirella and Dictjoco-nus. In the conglomeratic members of the Eocene in this area pebbles ofnbsp;dioritic material and Habana-porphyrites are found. After the sedimentation of these upper eocene strata there followed third orogenetic phase, which caused gentle structures in the eocene beds.nbsp;The age of this orogenesis must be pre-Guines, as these oligo-miocene^ stratanbsp;are found in an almost horizontal position everywhere. The oligo-miocenenbsp;formation is built up by limestones and marls, which contain several typicalnbsp;Foraminifera e.g. Archaias, Peneroplis, Manginopora, Aniphisorus and Miogypsina.nbsp;It is possible that a fourth, post-Guines orogenesis occurred, as we find,nbsp;although very small, dips in the limestones at some places. This orogenesis,nbsp;however, was of little importance. On Isla Turiguanao very coarse breccias were found at some places. They contain fragments of Aptychi Limestones and fragments of

gypsum.nbsp;They are considered to be of quaternary age.

















DIORITES 13 can also be regarded as secondary products, coming into existence when the olivine-crystals were weathering. Once, in a rather fresh rock, largenbsp;grains of chromite were found. Near K 59 we found a dark-green coloured rock. Under the microscope we see a rock without any texture, very rich in small idiomorphic grains ofnbsp;garnet. Besides garnet, we find small, always allotriomorphic grains ofnbsp;colourless to light-green pyroxenes; these pyroxenes have often beennbsp;replaced by chlorite. Further we find large, more or less idiomorphicnbsp;amphiboles, which in part have been weathered to epidote or clinozoisite.nbsp;Magnetite occurs in small quantities. Surveying the composing minerals,nbsp;we must rank this rock with the Eclogites, and regard it as an inclusion innbsp;the Serpentine (see M. G. Rutten (121) and H. 1. Mac Gillavry (120)). Diorites. Considerable masses of dioritic rocks and other rocks belonging to the quartz-diorite intrusion are found outcropping near Ciego de Avila and innbsp;the south-eastern corner of the described area. The age of the dioritic rocks is Upper Cretaceous. At km 459, East of Ciego de Avila, we find the above mentioned contact-metamorphicallynbsp;altered limestones of the Tuff Formation where these are in contact with thenbsp;Diorite; in consequence the intrusion must be younger than the Tuff Formation. On the other hand it

must be older than the Flabana Formationnbsp;as the latter contains pebbles of dioritic rocks. The Diorite intrusion is strongly differentiated. We find quartz-diorites, granodiorites, diorite-porphyrites, quartz-diorite-porphyrites, albiti-sed rocks, malchite, plagiaplites, granodiorite-aplites and aplite. It is a remarkable fact that so many aplitic rocks are found. This may be caused by the fact that the aplitic rocks are singled out by selective erosionnbsp;as they are rather resistent, but it is also possible, that we are in more acidnbsp;parts of the Diorite intrusion. The quartz-diorite-porphyrites, diorite-porphyrites, leucocratic and melanocratic rocks are especially found in thenbsp;neighbourhood of Piedrecitas and Cespedes, where they occur as dikes innbsp;the larger intrusions. The rocks of the dioritic intrusion have been affected only to a slight degree by cataclasis. Only in a single case broken crystals have been found.nbsp;Undulatory extinction of the quartz- and felspar-phenocrysts occurs. Erosionnbsp;and denudation are acting very rapidly on these Diorite masses. All thatnbsp;remains is a brownish loose diorite-sand, which permits only a scarcenbsp;vegetation and one has to look very carefully for a fresh sample. Quartz-Diorites. The quartz-diorites are medium- to coarse-grained rocks, white or pinkish-white with dark spots of the amphibole and biotitenbsp;grains. The texture is holocrystalline and

hypidiomorphic-granulose.nbsp;Depending on the presence or absence of biotite and amphibole, we can



14 STRATIGRAPHY distinguish quartz-amphibole-diorite, quartz-biotite-diorite and quartz-biotite-amphibole-diorite. In some cases, when the quantity of biotite and amphibole becomes very small, the rocks get an aplitic habit. Besides amphi-bole and biotite, the most important minerals are plagioclase and quartz.nbsp;The plagioclase is more or less idiomorphic, tabular or lath-shaped innbsp;section. Simple and polysynthetic twinning is often met with, while zonalnbsp;structure is often found; the peripheric zones consist of albite-oligoclase,nbsp;while the core is formed by oligoclase-andesine or andesine. The non-zonalnbsp;unaltered plagioclases have a composition, ranging from oligoclase-andesinenbsp;to andesine. In nearly all samples, we see a sometimes rather coarse, almostnbsp;graphic, granophyric intergrowth of plagioclase and quartz. Myrmekite isnbsp;also found in one case. Sometimes small amphibole crystals are enclosednbsp;in the plagioclase. Mostly the plagioifelases are very clear; when they arenbsp;weathered, they become dusty, and small sericite plates are found. Zoisitenbsp;has replaced the plagioclase to a large extent in D 24156. Albite is alwaysnbsp;present in allotriomorphic grains. Orthoclase is of little importance. The amphiboles are more idiomorphic than the plagioclases. They are often drifted together in groups, but occur also

regularly distributed in thenbsp;rock. Their form is mostly prismatic, cleavage is often well developed andnbsp;twins can be observed. Pleochroism, colour and extinction point to thenbsp;common green hornblende. Very often the amphiboles are replaced bynbsp;chlorite, epidote and iron-ore. The lavenderblue polarisation-colours of thenbsp;chlorite point to pennin. When biotite occurs, it is found in large, broad, tabular, idiomorphic prisms. Its colour varies from brown to brownish-green and pleochroismnbsp;is strong (D 24174). As its alteration products we find chlorite and ore. Quartz in allotriomorphic crystals fills the spaces between the other minerals. Sometimes we see fine inclusions in it. Its amount varies strongly. As the eldest components of the rock, we find the following accessory minerals: titanite in large idiomorphic or angular grains, apatite needlesnbsp;and magnetite grains. Zircon is rare. Granodiorites. In two cases, V 76 (D 24151) and H71 (D 24118), we have to deal with rocks of a granodioritic composition. Besides plagioclase, these rocks possess a considerable amount of orthoclase. In D 24151,nbsp;we observe that nearly all the orthoclase forms a perthitic intergrowthnbsp;with the plagioclase. For the rest these rocks are of the same type as thenbsp;quartz-diorites. They also contain biotite, amphibole and the same accessories.nbsp;As

already stated above, cataclastic phenomena are rare in these rocks. Quartz-diorite-porphyrites. Most rocks of this type were sampled in the area of Piedrecitas and Estrella. Some of these rocks, e.g. V 43(Z,nbsp;R 44^, H 61 and H 75, might have been called quartz-porphyrites as theynbsp;have an originally glassy matrix with a perlitic texture. Very often thisnbsp;texture was more or less effaced by a secondary silicification. Near H 70nbsp;and somewhat to the North silicified tuffs and quartz-porphyrites are found.nbsp;In these quartz-porphyrites, however, pebbles of granophyric aplite were





16 STRATIGRAPHY and allotriomorphic. The amphibole is hypidiomorphic or allotriomorphic, has a green colour and is rather strongly pleochroitic. Quartz fills the interstices between the other components. Magnetite is an accessory. The rocknbsp;has been silicified to a certain extent. Leucocratic dike rocks. Several samples of these rocks were taken and, after microscopical research, we can divide them into two groups, viz.nbsp;the granodiorite-aplites and the plagiaplites. Owing to weathering conditionsnbsp;and the lack of good exposures, only in one or two cases the rocks werenbsp;found to occur as true dikes, cutting the quartz-diorites. Generally, the rocksnbsp;have a white or pinkish-white colour, which becomes brownish if they arenbsp;weathered. Microscopically we see medium- to coarse-grained, holocrystalline,nbsp;panallotriomorphic rocks, mainly built up of felspars and quartz. The granodiorite-aplites are built up of the following components. Felspars are represented by orthoclase, albite, albite-oligoclase and oligoclase-andesine. The more basic felspars are fresh, show fine polysynthertic twinning,nbsp;and often zonal crystals are seen, the core being of an oligoclase-andesinenbsp;composition. Albite and especially orthoclase are dusty and nearly alwaysnbsp;these two minerals form a granophyric intergrowth with quartz. Thisnbsp;intergrowth is

sometimes developed over large distances and in some casesnbsp;it may be very coarse. In V 72 spherulites of this granophyric intergrowthnbsp;are well developed throughout the whole rock. Sericite, epidote and chloritenbsp;are found as weathering products of the felspars. Quartz occurs in large amounts in clear, xenomorphic crystals. Biotite occurs accessorily in small, pleochroitic flakes with inclusions of zircon-grains.nbsp;Other accessories are magnetite, apatite, titanite and zircon. The plagiaplites differ from the granodiorite-aplites in having no kalifelspars. They have the same plagioclases with the exception of a singlenbsp;rock, the felspars of which are of a more basic composition. Biotite maynbsp;occur. It has been altered into chlorite, epidote and magnetite. In K 24nbsp;amphibole was observed. This amphibole was replaced by chlorite to a largenbsp;extent. Moreover we find the same accessories and the same weatheringnbsp;products as in the granodiorite-aplites. The aplites are affected by cataclasis,nbsp;but only to a slight degree. Undulatory extinction occurs, sometimes crystalsnbsp;are broken, but nowhere has mortar structure or even recrystallization beennbsp;observed. Contactmetamorphism. As was stated already at the beginning of this chapter, the Diorite-intrusions have altered limestones of the Tuffnbsp;Series. Garnetisation took

place in these limestones and at other placesnbsp;porphyrites and tuffs from the Tuff Formation were silicified and epidotised. Habana Formation. In Central Camaguey we find outcrops of this formation in several places. The extension of the formation now is rather small, but as we may







HABANA FORMATION 19 impression is further strengthened by the fact that the components of this conglomerate are found in enormous loose blocks, the diameter of whichnbsp;may reach a yard or more. Moreover the cementing material of the conglomerate was not found. Under the microscope, however, the variegationnbsp;of this assembly of rocks is clear. The following rocks were found in thenbsp;conglomerate: porphyrite-breccias, amphibole-porphyrites, quartz-amphi-bole-diorites, granodiorite-aplites, tuff-porphyrite-breccias, tuffs, quartz-diorite-porphyrites and diabases. A stratigraphical gap between the Habana Formation on the one side and the Diorite and the Tuff Series on the other is thus clear. On the Carretera Central at km 513 we see that there is a structural discordance between the Habana Formation and the Eocene. Here thenbsp;strikes of the Tertiary and Upper Cretaceous strata are diverging. Whilenbsp;the structures of the Habana Formation in the western part of Centralnbsp;Camaguey are simple, the folding in the eastern part has been more intensenbsp;and rather steep dips are found here. Just North of Cespedes, the layersnbsp;are nearly vertical. The Habana Formation includes porphyrites, porphyrite-breccias, quartz-porphyrites, tuffs, tuffites, limestones (conglomeratic or not), calcareous sandstones and marls. As already was pointed out by Mac

Gillavry,nbsp;it is often very difficult to distinguish the tuffs and porphyrites from thosenbsp;of the Tuff Series. M. G. Rutten attaches great importance to the occurrencenbsp;of primary quartz in the tuffs of the Habana Formation and this characteristicnbsp;was also found in our district. At any rate, not a single rock, clearly belongingnbsp;to the Tuff Series, was found to possess a primary quartz-grain, whereasnbsp;several tuffs and porphyrites, the Habana age of which for several othernbsp;reasons could not be doubted, proved to contain primary quartz. The occurrence of detritic material of dioritic rocks in tuffs and porphyrites, belonging to the Habana Formation, is one of the most valuable indications. Porphyrites. Most porphyrites we find in the Habana Formation are dense, green or brownish-gray rocks. Their porphyritic texture is evident;nbsp;white felspar-phenocrysts and sometimes dark green ones, likely of augite,nbsp;ate clearly visible. Rocks with amygdules were found several times. Microscopically we see a holocrystalline porphyritic texture. Plagioclase, augite and biotite are seen to occur as phenocrysts in a fine-grained ground-mass. The plagioclase is found in large, tabular, idiomorphic to hypidio-morphic crystals. Lamellar twinning is frequent. The composition of thenbsp;unaltered plagioclases ranges from andesine-labradorite to labradorite-bytownite. The phenocrysts often

show magnificent zonal structure, thenbsp;core being distinctly of a more basic composition than the periphery. Thenbsp;tooth of time, however, has gnawed tremendously on the plagioclases.nbsp;Albitisation is often encountered just as sericitisation. With these processesnbsp;quartz and calcite have come into existence. Saussurite, epidote and chloritenbsp;are also often met with as their weathering products. Sometimes we find



20 STRATIGRAPHY inclusions of augite and magnetite in the plagioclases and in D 23981 we find numerous small needles, also hexagonal sections of apatite in thenbsp;plagioclase. The augite occurs in colourless to light-green crystals. In mostnbsp;cases they are nicely idiomorphic. Twins are often seen. As their alterationnbsp;products we find chlorite, sometimes in large quantities, zoisite and ore.nbsp;Biotite was found only in two cases. Here it occurs in idiomorphic, largenbsp;flakes. Some crystals still have their original brown colour and in consequencenbsp;they are strongly pleothroitic. In many cases, however, strong chloritisationnbsp;of the biotite took place and here the brownish-green polarisation-coloursnbsp;of the chlorite betray its origin. Besides chlorite, oxydic ore has originatednbsp;from the biotite. The groundmass is holocrystalline, fine-grained and mainly built up of tiny laths of plagioclase and augite. The alteration products of thesenbsp;two minerals are also found, sometimes in large quantities. We see chlorite,nbsp;epidote, sericite and also limonite, apatite, leucoxene and magnetite. Especially magnetite may occur in large quantities. The groundmass has oftennbsp;undergone strong alterations. Silicification is very common, but sericitisa-tion, epidotisation and calcitisation are also encountered. Calcite andnbsp;quartz are sometimes

seen to occur is small veinlets throughout thenbsp;whole rock. The amygdules, which occasionally are found in the rocks, are filled up of quartz, calcite or epidote. In one case secondary quartz in the ground-mass occurs in beautiful spherulites. Cataclastic phenomena are rarelynbsp;found. Only in D 23980 we find traces of stress. Here the plagioclase-phenocrysts are broken for the greater part. The quartz-porphyrites differ from the porphyrites by the occurrence of primary quartz. It is found as more or less idiomorphic phenocrysts. One of these quartz-porphyrites (D 24117) contains a large xenolith of annbsp;aplite with the characteristic granophyric intergrowth of quartz and orthoclase.nbsp;Sometimes we observe very minute gas-inclusions in the quartz-phenocrysts.nbsp;For the rest the rocks have the same phenocrysts and the groundmass isnbsp;built up of the same components, together with quartz. Silicification is alsonbsp;common in these rocks. Tuff-porphyrite-breccias. These rocks are mainly built up by large fragments of porphyrites and phenocrysts or fragments of them. Amongnbsp;the latter, plagioclase takes a predominant place, but quartz-grains are alsonbsp;encountered. The plagioclases are represented by albite-oligoclase, oligoclasenbsp;as well as by more basic ones, such as andesine-labradorite. Only in a fewnbsp;cases the

plagioclases are fresh. Mostly they are strongly weathered, dusty,nbsp;and for a great part replaced by their weathering products as e.g. chlorite,nbsp;epidote, zoisite, sericite, etc. Rock-fragments take an important place.nbsp;Large porphyrite-fragments, silicified or not, occur. In these porphyrite-fragments plagioclase-phenocrysts of an intermediate composition arenbsp;readily observed. The porphyrite-fragments are often marked by theirnbsp;richness in magnetite. In D 23965 CK 44) we see a fragment of a tuffite with





22 STRATIGRAPHY ^nr/^aMs-likc fossils and another new genus, belonging to the Peneroplidae. The marls are white, contain also detritic material and most of them provednbsp;to be rich in Smaller Foraminifera as well as in Larger Foraminijera. Macrofossils such as Echinidae, Pectinidae, Inoceramus and Actaeomlla were oftennbsp;sampled in these marls. The fossils which could be determined will benbsp;described in Chapter IV. Eocene. In Central Camaguey this formation crops out in two separate areas; firstly in the north-eastern corner of the district, in the so-called Sierra denbsp;Cubitas and secondly in the South. As there is a distinct difference in faciesnbsp;between these two regions, we will discuss them separately. The Cubitas Limestones are white or yellowish-white, mostly finegrained rocks, which at some places become marly. Occasionally anbsp;coarse-crystalline rock is met with. Some rocks proved to have a well-developed oolitic structure. It is striking that these limestones are so extraordinarily rich in MilioUdae, several samples are crowded with them and donbsp;not contain any other fossil. There are, however, rocks where they are foundnbsp;together with Discocjclina, Dictyocoms, Camerina-Yike fossils, Alveolinidae,nbsp;Gastropoda and several genera of Smaller Foraminijera, such as Globigerina andnbsp;Globorotalia. In T 1461

(D 24255) we find several species of Radiclarianbsp;together with sponge needles and Smaller Foraminifera. Calcareous sandstones, although scarce, also occur in the Sierra de Cubitas. Near K 58 (D 24226 and D 24227) we find rocks, which on microscopical examination prove to consist of detritic material, originating fromnbsp;Serpentines, Diorites and porphyrites. The fragments are cemented bynbsp;calcite. In D 24226 we find, together with these fragments, some specimensnbsp;of Discocjclina. The Cubitas Limestones have been disturbed only to a slight degree. Frequently we found the rocks in an almost horizontal position and wenbsp;never found dips exceeding 35 degrees. As was already mentioned in describing the Serpentines, these dips show all a southern or south-westernnbsp;direction, where the Cubitas Limestones are bordered by the Serpentines.nbsp;H. J. Mac Gillavry explained this fact in that way, that the Cubitas Limestones have been brought into tectonical contact with the Serpentines.nbsp;Although there are only a few measurements in the Cubitas limestones ofnbsp;our district, as may be seen from the map, we do not hesitate to extend thenbsp;fault from Eastern into Central Camaguey. Although we have only twonbsp;samples from the stretch Donato-Woodin, one of which contained a doubtfulnbsp;Discocjclina, and a

limestone, sampled just South of Woodin, not containingnbsp;any fossil, we reckon this whole area to belong to the Cubitas Limestones.nbsp;As the evidence of a fault South and South-East of Woodin is weak, thenbsp;fault in this region has been indicated as hypothetical. The age of the Cubitas Limestones is without doubt Eocene, on the











QUATERNARY DEPOSITS 27 be given in Chapter IV. On Isla Turiguanao a Guines-marl was sampled which proved to be very rich in gypsum. Quaternary Deposits. At only two places we found deposits which were reckoned to be of Quaternary age. In the eastern tip of the I.oma Cunagua, North of K 64,nbsp;we found a coarse breccia, consisting of large limestone-fragments, cementednbsp;by calcite. In these breccias we observed almost recent Gastropoda. A determination of them was not possible, as we had only fragmentary specimensnbsp;at our disposal. The breccias are certainly of Quaternary age. On Isla Turiguanao we find again limestone-breccias, e.g. at V 112 and V 117. They contain several large, angular fragments of Aptychi Limestones and also fragments of gypsum. A Quaternary age of these brecciasnbsp;is highly probable.





























DESCRIPTIONS OF THE SMALLER FORAMINIFERA 41 Upper Cretaceous, Camaguey, Cuba. Min.-Geol. Inst. Univ. Utrecht, D 22343. Rfibulus sp. Plate 1, figures 14, 15. Test strongly compressed, closely coiled; the last chambers, however, are uncoiling. Periphery bluntly keeled. Fourteen to sixteen chambers innbsp;the last whorl, gradually increasing in size and somewhat inflated. Suturesnbsp;broad, somewhat raised and slightly curved. On both sides a rather largenbsp;flat umbonal knob. Aperture terminal with a median slit. Length 1,8 mm, breadth 1,4 mm, thickness 0,45 mm. Upper Cretaceous, Loc. V 36, Camaguey, Cuba. Min.-Geol. Inst. Univ. Utrecht, D 22493. Lenticulina nuda (Reuss). Plate 1, figures 16, 17. Cristellaria nuda Reuss, 1862, Sitz. K. Akad. Wiss. Wien, vol. 46, (I), 1862 (1863), p. 72, pi. 8, figs. 2a-b. Lenticulina nuda (Reuss), Cushman and Jarvis, 1932, Proc. U.S.N.M. vol. 80, art. 14, p. 24, pi. 7, figs.6a-b. This species differs only in one respect from Robulus discrepans (Rss.) The latter reaches its maximum thickness in the last chamber, whereas Lenticulina nuda reaches its maximum thickness in the umbilical region. Length 0,9 mm, breadth 0,6 mm, thickness 0,35 mm. Upper Cretaceous, Camaguey, Cuba. Min.-Geol. Inst. Univ. Utrecht, D 22434. Marginulina sp. Plate 1, figure 23. The initial chamber globular, the following two or three chambers very slightly

inflated, the last chamber on the contrary again rather stronglynbsp;inflated. Sutures in the early stages slightly, in the later stages, however,nbsp;very strongly depressed. Sutures rather broad and limbate. Last chambernbsp;somewhat oblique. Aperture terminal, eccentric, spout-like. This speciesnbsp;represents obviously a macrospheric form. Length up to 1,5 mm. Upper Cretaceous, Loc. V 19a, Camaguey, Cuba. Min.-Geol. Inst. Univ. Utrecht, D 22422. Nodosaria concinna Reuss. Plate 1, figure 26. Nodosaria concinna Reuss, 1860, Sitz. Ak. Wiss. Wien, vol. 40, p. 178, pi. 1, fig. 3. Nodosaria concinna Reuss, Cushman and Jarvis, 1928, Contr. Cushm. Lab. For, Res., vol. 4, p. 97, pi. 14, figs. 5, 11. In most respects there is a striking resemblance with the original description and figures of Reuss. The American specimens, however, havenbsp;a rather strongly inflated initial chamber, which, in most cases, lacks anbsp;distinct spine.





















DESCRIPTIONS OF THE SMALLER FORAMINIFERA 51 c) Oligo-Miocene species. VernemUna nov. sp. Plate 2, figures 24, 25. Test triserial, forming an isosceles triangle in transverse section, pointed in the early stages, greatest transverse section reached towards the aperturalnbsp;end. Sides of the test slightly concave, the angles between them are sharp.nbsp;Chambers not inflated, gradually enlarging. Sutures flat, nearly horizontal.nbsp;Test rather coarsely arenaceous. Aperture textularian, a low opening at thenbsp;base of the inner margin of the last-formed chamber. Length 0,8 mm, breadth 0,65 mm. Type locality, Oligo-Miocene, Loc. H 67, Camaguey, Cuba. Holotype, Min.-Geol. Inst. Univ. Utrecht, D 23089. Nonion cnbense van Wessem nov. sp. Plate 2, figures 26, 27. Test involute, strongly compressed, periphery rounded. Ten to twelve chambers in the last whorl, gradually increasing in size and somewhatnbsp;swollen. Sides of the test nearly parallel, last chamber high and rather broad.nbsp;Sutures depressed, slightly curved. In consequence the periphery is somewhat lobulate. Umbilicus depressed, sometimes filled up with clear shellnbsp;material. Aperture a slit at the base of the last-formed chamber. Length 0,5 mm, breadth 0,4 mm, maximum thickness 0,3 mm. Type locality, Oligo-Miocene, Loc. H 67, Camaguey, Cuba. Syntypes, Min.-Geol. Inst. Univ. Utrecht, D

23082. Elphidium nitteni Hermes. This new species will be fully described by my colleague Mr. J. J. Hermes in the description of the Geology and Paleontology of the westernnbsp;part of the Province of Oriente, Cuba. Oligo-Miocene, Camaguey, Cuba. Min.-Geol. Inst. Univ. Utrecht, D 23076. Elphidium sp. I. Plate 2, figures 28, 29. Test completely involute, somewhat compressed, periphery rounded. Chambers numerous, fourteen or fifteen in the last whorl, perforate, narrownbsp;and slightly curved; the last one is low and broad. Sutures radial, verynbsp;slightly curved to almost straight, very distinctly raised. Aperture a rownbsp;of fine openings at the base of the apertural face. Diameter 0,6 mm, thickness 0,35 mm. Oligo-Miocene, Loc. H 67, Camaguey, Cuba. Min.-Geol. Inst. Univ. Utrecht, D 23077.























62 SURVEYED COURSES Under the microscope we can distinguish the quartz-diorite-porphyrites from the quartz-porphyrites of the Habana Formation by their much coarsernbsp;groundmass. In the field, however, it is often very difficult to establishnbsp;whether a porphyrite occurs in a dike or not. The distinction between thenbsp;quartz-porphyrites and quartz-diorite-porphyrites is thus based upon thenbsp;difference in the coarseness of the groundmass and sometimes upon theirnbsp;geological occurrence in the field. Mineralogically the differences betweennbsp;the two types of rocks are minimal. Just East of R 44 we are again in tuffs, tuff-porphyrite-breccias and porphyrites of the Habana Formation, the eastern limit of which is reachednbsp;at R43. At this point we find an outcrop of limestone-breccias, which arenbsp;fossiliferous in part. The occurrence of DiscocycUna removes any doubt as tonbsp;the age of the limestones. They are certainly eocene. The next kilometers we find gray to black soil, clayish and without any outcrop. This continues until km 519; here we find yellow limestones,nbsp;which on account of their habit are considered to belong to the Habananbsp;Formation and two kilometers further on we find the same brownish-yellownbsp;limestones, this time with typical Upper Cretaceous fossils e.g. Orhitoidesnbsp;hrowni. Sulcoperculina dickersoni

and Rudist-fragments. Somewhat further wenbsp;again find rocks of the Diorite Series exposed. At V 44i? there is an outcropnbsp;of aplitic quartz-amphibole-diorites and at V 44c, in a small dike, a grano-phyric granodiorite-aplite was sampled. Immediately after this point we arenbsp;again in the grayish-black soil, which we also saw between km 517 andnbsp;km 519 and which proved to be a weathering soil on eocene deposits and,nbsp;indeed, at V 44^7 we find white limestones, strike N 15 E, crowded withnbsp;Discocjlinae and Camerinae. At km 526, where the highroad turns to the South, we encounter the same limestones, this time again full of organisms: Discocyclinae, Camerinaenbsp;and Pellatispirella antillea. A limestone sampled by Dr. Tschopp at T 943nbsp;contains the same faunal assemblage, accompanied here by some doubtfulnbsp;Lepidocyclinae. The eocene limestones in this region possess rather muchnbsp;detritic material of Diorites. The last kilometers, as far back as V 44d, werenbsp;already surveyed in 1933 by Mac Gillavry and his observations exactlynbsp;fit in with ours, as may be concluded from a comparison of the two maps. The environment of Ciego de Avila. As for the findspot-numbers in this area we refer to the special map of this region on page 63. I. We leave the Carretera Central a few hundred meters East of the boundary of the

Diorites and we go in the direction of the railway, whichnbsp;runs roughly parallel with the Carretera Central to Florida. A hundrednbsp;meters South of the Carretera we meet with conglomeratic calcareousnbsp;sandstones with rounded pebbles of porphyrites and rocks of dioritic



?



64 SURVEYED COURSES origin e.g. porphyrites and amphibole-porphyrites. This basal Habana conglomerate is followed to the South by marls and limestones. In the fieldnbsp;we sampled several loose Larger Foraminifera e.g. South of F 49 and Eastnbsp;of F 50. They belong to Orhitoides hrowni and Lepidorhitoides pahneri. Thesenbsp;fossils, characteristic for Upper Cretaceous deposits, are also found in thenbsp;limestones, together with the rarely wanting Sulcoperculina dickersoni andnbsp;Rudist-fragments. In F51 we find A.rchaiasFPamp;amp; fossils. Probably these arenbsp;the same as described by Thiadens from the Upper Cretaceous of Southernnbsp;Santa Clara. They are found together with Lepidorhitoides and a new genus,nbsp;belonging to the Peneroplidae. Still going eastwards we reach a small hill at F 52, which is wholly built up of boulders and pebbles of the older formations, in a very coarse conglomerate. The assemblage of pebbles comprises rocks from the Tuff Seriesnbsp;as well as from the Diorites. We sampled albitised porphyrite-breccias,nbsp;amphibole-porphyrites, quartz-amphibole-diorites, granophyric granodiorite-aplites, uralitised porphyrites, strongly silicified porphyrites, tuff-porphyrite-breccias, aplitic quartz-diorite-porphyrites, quartz-containing diabases, silicified tuffs and porphyrites with a glassy matrix. At all sides this hill is

surrounded by limestones, which, on account of the fossils they yielded, must belong to the Habana Formation. At F 55 wenbsp;still find rocks, which do not contain fossils, it is true, but by their habitnbsp;must be considered to belong to the Upper Cretaceous. When we approachnbsp;the railway, rocks have ceased to outcrop and the only rock, we find here,nbsp;is a granodiorite-aplite, clearly originating from the railway-embankment,nbsp;which is built up by such rocks. At F 56 the railway is reached and till F 57 we walk over red-brown soil with perdigon and numerous single limestone-fragments. They do notnbsp;give the impression of having been supplied from other places. The fossilsnbsp;they contain, Amphisorus matleyi and Archaias, place these rocks in thenbsp;Guines Formation. South of the railroad we found them several times andnbsp;they have always the same cavernous habit, caused by the weatheringnbsp;out of Gastropoda and Lamellibranchiata. Their moulds and casts, with thosenbsp;of Amphisorus and Archaias, are very often met with, without permitting,nbsp;however, a more close determination. Going north-westwards from F 57 we again find white and yellow limestones of the Habana Formation and at K 12 we find large quantitiesnbsp;of Rudists, all belonging to Titanosarcolithes giganteus. Before the Carretera is reached, we pass through

Habana limestones, always with characteristic fossils, such as Orhitoides hrowni. Crossing thenbsp;Carretera Central at km 465, we pursue the road in a northerly direction.nbsp;During the first 500 meters we still are in Habana limestones with an occasional single Rudist, but then we pass into yellowish-grey Diorite sands,nbsp;alternating with loose Diorite blocks. At R33 there is a small lake, surroundednbsp;by aplitic quartz-amphibole-diorites, which are also found to the West.nbsp;Somewhat further we come upon a dike, cutting the Diorites. It consists

















72 SURVEYED COURSES that the whole complex, including the discordant layer of limestones at B 5, belongs to the same formation, namely the Aptychi Formation. Accordingnbsp;to Baggeraar, the formation is not restricted to this small area, but maynbsp;be found far to the South of Punta Alegre.The country South of the Carretera Central in the neighbourhood of Baragua and Vicenta. ITere the country is very flat and only now and then we find outcrops of limestones. These limestones are sometimes rather coarsely crystalline,nbsp;very porous, reddish-weathered and often rich in limonite. They do notnbsp;contain any fossil, except moulds and casts of Lamellihranchiata, a verynbsp;characteristic feature of the limestones, belonging to the Guines Formation.The country North and South of the Carretera Central in the central part of the district. When we leave the highroad, near km 486,5 and go northwards, we start in red soil with an occasional single limestone fragment and coverednbsp;with much perdigon. Judging from the scarce facts we have at our disposal,nbsp;the first km at least leads us through the Guines Formation. Afterwards thenbsp;soil looses its red colour and becomes more grey and sandy. This fact, combined with the occurrence of eocene fossils in a limestone, found at V 45,nbsp;makes it sure, that we have already passed the boundary

between Oligo-Miocene and Eocene. The sandy soil continues to K 46, where we reachnbsp;silicified rocks, which are exposed on small hills. These silicified rocks arenbsp;sometimes rich in magnetite; one sample contains much sericite. Thenbsp;composition of the last mentioned rocks does not allow of a statementnbsp;about their genesis and age, but as we shall see somewhat further on thenbsp;road, it is pretty sure, that they belong to the Tulf Series. At one of these hills the road splits up and we go to the right. For nearly one kilometer we remain in the silicified rocks, which are followednbsp;by a strip of sandy soil, where eocene limestones are exposed. In the limestones we found some specimens of Dictjoconus americams. Beyond the limestones we come again to a hill, on which we find outcrops of quartz-sericite-epidote rocks. In the following depression near a complex of houses at V 49nbsp;we find very much limestone, which contains characteristic eocene fossilsnbsp;e.g. Dictyoconidae and Camerinae. As the limestones are restricted to thenbsp;direct environment of the houses, it is not quite sure whether they occurnbsp;at the place itself or have been transported from elsewhere. As may be seennbsp;from the map, we regard the first supposition as the most probable one. Hereafter we meet with rocks, which, on microscopical examination, prove to be

more or less strongly silicified tuffs and porphyrites. Sometim.es



THE COUNTRY NORTH AND SOUTH OF THE CARRETERA CENTRAL 73 they have also been strongly epidotised and chloritised. They are much like the rocks found at V 46, whose age we could not establish. Here, however,nbsp;it is clear, that we are dealing with altered rocks of the Tuff Series.' Now, we leave the Tuff Series definitely and come to the Tertiary. It becomes evident that the Tuff Series in this region is bordered bynbsp;eocene rocks, as we find limestones everywhere, one of which was samplednbsp;at V 51, containing the following fossils: Dictyoconus, several Camerinae andnbsp;many Miliolids. These limestones, sprinkled in a brown, somewhat sandynbsp;soil, continue a good kilometer, then they become scarce and at last disappear.nbsp;Now we come to sugar cane fields with intensely red soil and a single limestone-fragment. Although it cannot be proved by fossils, we are almostnbsp;sure, that we are again in the oligo-miocene deposits of the Guinesnbsp;Formation. We leave the Carretera Central again, somewhat East of km 488. As we do not find outcrops in the first two kilometers, it is not sure whethernbsp;we are in oligo-miocene or in eocene sediments. At K 35, however,nbsp;this problem is solved, for here there occur white limestones withnbsp;unmistakable eocene fossils: Discocyclinae. The soil has now become morenbsp;sandy and outcrops are

almost wanting. This goes on for some 2500 meters,nbsp;when we reach the Tuff Series: silicified tuffs and porphyrites. Obviouslynbsp;we are in the most easterly tip of the area, which is occupied by the Tuffnbsp;Series, for the tuffs and porphyrites continue only for some six or sevennbsp;hundred meters, where they have to make room for white limestones andnbsp;marls of the Eocene. In accordance with other areas, where eocene depositsnbsp;are encountered, the soil is here also grayish-black and rather sandy. Atnbsp;K 38 we probably are already in the Oligo-Miocene as the soil has a distinctnbsp;red colour. Fossils, supporting this opinion, are not found before K 39 andnbsp;K 39^ where we find At7iphisorus matleji and Archaias in porous, red-weatherednbsp;limestones. A small path in this area starts at km 491,4 on the Carretera Central. The first part of it, about one kilometer, leads over a red-brown soil, withnbsp;much perdigon and not a single outcrop. At W 104 and W 100 we encounternbsp;the same silicified rocks as were found at V 46 and K 36. One of the samplesnbsp;contains very much prehnite and muscovite, others are very rich in magnetitenbsp;and limonite. These rocks apparently represent altered rocks of the Tuffnbsp;Series. Then there is another stretch where outcrops are scarce till wenbsp;reach W 91. Here we find several fragments of limestones and

as we do notnbsp;see any reason why they should have been brought from elsewhere, theynbsp;are considered to belong to the underground. In W 91 as well as in W 89nbsp;and W 86 we found characteristic eocene fossils: Dictyoconus and Discocyclinaenbsp;together with calcareous belonging to the genus Meminella. At W 84nbsp;we already are at the eastern margin of the afore mentioned strip of thenbsp;porphyrites and tuffs and somewhat to the West we cross the road, whichnbsp;leaves the Carretera Central at km 488,2. After the cross-road we still are in the tuffs and porphyrites, but at



74 SURVEYED COURSES V 87 the Eocene covers the road over a small distance. The limestones are fossiliferous e.g. Discocjctinae and Camerinae and they also contain rathernbsp;much detritic material of tuffs and porphyrites. Apart from another smallnbsp;strip of ground, where we find almost wholly silicified eocene limestonesnbsp;with Dictyoconus and Discocyclina, we remain in the rocks of the Tuff Seriesnbsp;until the trifurcation near V 49. The north-western branch of the trifurcation. North of V 46, passes first through quartz-limonite-rocks of the Tuff Series. About one kilometernbsp;after F 89 has been passed, we come to dark-red or brown soil with outcropsnbsp;of white limestones, the eocene age of which is proved by the occurrencenbsp;of DiscocycUnae and Dictyoconus. We have the impression that the eocenenbsp;limestones to the North-West are bordered by the Guines Limestones. Thisnbsp;impression is based upon the colour of the soil and the habit of the limestones. The roads, leading to the South from km 488,2 and km 497,6, lead us through a country where we do not find a single outcrop, apart from F 87,nbsp;where there occur limestones, which for their cavernous habit with mouldsnbsp;and casts of Gastropoda are considered to belong to the Guines Formation.nbsp;North of km 497,6 we enter grayish-black sandy soil with some

perdigon.nbsp;At R 47 there occur bentonite-like rocks, probably the result of weatheringnbsp;of tuffs. The same rocks were found near T 926 on the Carretera Central. The country in the neighbourhood of Piedrecitas. For findspot-numbers in this area, see the map on page 75. We begin North of K 16, on the road, which runs due North from km 513,8 on the Carretera Central and go to the South. The soil has a blacknbsp;colour, is clayey and only at some places do we find single plate-like limestone-fragments. One of these limestones contains eocene fossils, namely Discocyclina, but whether the boundary between the Eocene and the Habananbsp;Formation has to be drawn more northward than is indicated on the map,nbsp;or not, cannot be said, as the limestones at K 15 do not contain fossils.nbsp;Anyhow at K 14 and K 13 we find limestones and conglomerates of thenbsp;Habana Formation with intercalated layers of silicified tuffs. On the road,nbsp;which is running to the West from K 13, we first find several Rudists,nbsp;belonging to Titanosarcolithes giganteus. The Rudist limestones are followednbsp;by a zone of tuffs, which in their turn are followed again by Rudists. When we continue our way to the South of K 13, we are passing black soil with loose fragments of Habana limestones. The Carretera Central isnbsp;crossed a little to the West of km 514 and

immediately to the South ofnbsp;it, we come to tuffs and tuff-porphyrite-breccias, also belonging to thenbsp;Habana Formation. More to the South, however, we find silicified quartz-diorite-porphyrites, which can only be distinguished from the quartz-porphyrites of the Habana Formation by the coarseness of the groundmass,nbsp;while, as a rule, the plagioclase-phenocrysts of the quartz-diorite-porphyrites









78 SURVEYED COURSES at some places we indeed find outcrops of plagiaplites and quartz-amphibole-diorites. F 70 lies already in the Eocene; here we find sandy marls with very badly preserved Smaller Foraminifera. The Diorites continue until we crossnbsp;the railroad just S. of Cespedes, where the Flabana Formation crops out.nbsp;The limestones have a strike of N 115 E and a dip of about 90 degrees. Atnbsp;R 40 we find calcareous sandstones with pebbles of the Diorites e.g. fragments of plagiaplites. They also contain fossils, such as Sulcoperculina dkker-soni, Rudists and Inoceramus. The limestones continue to outcrop during somenbsp;700 meters. Then we pass into rocks of the Diorite Series of which we tooknbsp;samples at K 26 and R 39, respectively a quartz-biotite-diorite and a gra-nophyric plagiaplite. Still being in dioritic rocks we cross the Carretera Central at km 521,6 and North of this road we find outcrops of aplitic quartz-amphibole-diorites and strongly silicified diorite-porphyrites. After this area of dioritic rocks we do not find outcrops over a considerable distance. Not until we have reached R 38 do we find limestones with much quartz and some badly preserved Foraminifera. Somewhatnbsp;further to the North there occur marls, which are rich in detritic materialnbsp;of Diorites and still further northward, there are sandy limestones

withnbsp;Lepidorbitoides and Sulcoperculina dickersoni. It is therefore pretty certain,nbsp;that we are in the Habana Formation, as far back as H38. Going southward from km 518 on the Carretera Central, we come immediately to conglomerates of the Eocene; they contain pebbles of Habana porphyrites. The conglomerates are followed by limestones with Discocj-clinae and after the limestones we encounter the conglomerates again. Anbsp;narrow strip of Habana limestones and calcareous sandstones is then metnbsp;with on the road, but very soon they again have to make room for thenbsp;eocene limestones. At K 22 we ascend a small hill, which proves to consistnbsp;of dioritic rocks. Among other rocks we sampled a granodiorite-aplite. Innbsp;the neighbourhood of K 23 we find eocene limestones, which are very richnbsp;in fossils. We only mention the occurrence of Discocyclina, Pellatispirellanbsp;bermude^f Camerinae and Alveolinae. At K 24 we cross the boundary betweennbsp;Eocene and Diorites. Here, the Diorite Series is represented by plagiaplitesnbsp;and quartz-amphibole-diorite, both with granophyric intergrowths. Justnbsp;before we reach the cross-road, near K 25, we touch the boundary betweennbsp;Diorites and Habana Formation. On our right hand we find Habana limestones with Rudists, while to the left occur

quartz-amphibole-biotite-diorites.nbsp;Some distance after the intersection we pass the boundary between Dioritesnbsp;and Habana Formation again, just as near V 76, where we find amphibole-biotite-granodiorites. We walk to the South-East till we reach the boundarynbsp;with the Tertiary, then turn to the West and now follow the railroad tonbsp;find the southeastern boundary between Diorites and Habana Formation.nbsp;This is found near V 78, where we come upon steep dipping limestones andnbsp;marls. The limestones contain Orbitoides browni, Lepidorbitoides cavA Sulcoperculina dickersoni. The marls, which we sampled at V 78 and Y l%a (near thenbsp;northern boundary of the Habana Formation) are exceptionally rich in



THE AREA OF MAGARABOMBA 79 THE AREA OF MAGARABOMBA 79 Giimhelina, Globotrmcana, Smaller Foraminifera, especially in the genera Pseudotextularia and PlanoglohuUna.The country South and North of La Florida. The road, which leads from La Florida over San Jeronimo to Banos, was not surveyed by our party. The Diorite mass South of La Florida wasnbsp;drawn after the map of Mac Gillavry. It may be noted, that the southernnbsp;boundary of this Diorite mass is by no means certain, as Mac Gillavrynbsp;did not reach this boundary. At any rate, near T 1140 there occur limestones,nbsp;which on account of their cavernous habit are reckoned to belong to thenbsp;Guines Formation. North of La Florida, we are first in Diorites, but soon pass into upper eocene or lower oligocene limestones with Lepidocjclinae {L. maracaihensis)nbsp;2Mdi Lithothamnia. At H 133, however, we find limestones with Sulcoperculinanbsp;dickersoni and Rudist-fragments, and it becomes evident, that we are in thenbsp;Habana Formation. The Habana limestones occupy only a very narrownbsp;strip of ground; we very soon reach loose Diorite sands. Plagiaplites werenbsp;sampled near H 132. About one kilometer to the South of San Rafael, thenbsp;Diorite ceases to outcrop and we enter grayish-black soil with very scarcenbsp;outcrops of limestones. One of these limestones was

sampled near H 131.nbsp;It contains Discocjclinae and Gamerinae. As far as La Quinta, we find thenbsp;same gray-black, locally sandy, soil.The area of Magarabomba. The road, which leaves Magarabomba to the West, passes over a very considerable distance through tuffs and porphyrites. The monotonynbsp;of these volcanic rocks is interrupted at one place only, viz. near K 254,nbsp;where we find intercalated layers of blue Provincial limestones between thenbsp;tuffs and porphyrites of the Tuff Series. To the West and North-West, thenbsp;Tuff Series is bordered by the Guines Formation. At K 255 we find whitenbsp;marls, containing Miogypsina hawktnsi as well as a number of Smaller Fora-minifera. The eastern boundary of the Tuff Formation lies some kilometersnbsp;East of Magarabomba. Here the formation is also bordered by youngernbsp;sediments. The southern boundary lies somewhat to the North of the point, where the road is crossed by the railway, which links up La Florida with Magarabomba. When we continue our way in a northern direction, we pass a hillynbsp;landscape, where we find numberless outcrops of volcanic rocks. We samplednbsp;deeply weathered, green and brown tuffs as well as porphyrites and porphyrite-breccias. All these rocks are more or less strongly silicified, chloritised andnbsp;epidotised. The tuff-layers show often steep dips. Compared

with the tuffs



80 SURVEYED COURSES and porphyrites of the Habana Formation, they have an old, weathered habit. About 1J kilometer North of Magarabomba we reach a flat landscapenbsp;with black and brown soils and without any outcrop.Woodin-Magarabomba. Just South of the place, where the railway branches off, we find marly limestones, without fossils. Habitually they can not be distinguished fromnbsp;the Cubitas Limestones which are found further to the East. In a quicknbsp;succession we then pass Serpentines, Aptychi Limestones, Serpentines andnbsp;again Aptychi Limestones. The Serpentines in this area have originated fromnbsp;harzburgites as may be inferred from their composition. Besides rathernbsp;fresh Serpentines, we also find residual rocks of the Serpentines, such asnbsp;quartz-magnesite-magnetite and quartz-limonite rocks. The Aptychi Limestones are well-bedded rocks, sometimes with traces of organisms, which,nbsp;however, cannot be determined, owing to their recrystallization. At onenbsp;place we found a strike N 10 E, the dip being about vertical. The strikenbsp;is almost perpendicular to the trend of the Serpentine masses. This phenomenon may point to a tectonical contact between Aptychi Limestones andnbsp;Serpentines. After these older rocks we come to deposits of the Guines Formation. At V 120 and V 121 we find marls with

Smaller Foraminijera, indicatingnbsp;an oligo-miocene age. Some 500 meters further South there occur brownnbsp;and gray limestones, which habitually belong to the Aptychi Formation,nbsp;but after this the soil becomes grayish and outcrops are scarce. Withoutnbsp;any doubt we are again in oligo-miocene deposits.The environment of Donato. The road which runs to the South from Donato first passes through limestones with Miliolids, Discocyclinae, Cajiierinae and Alveolinae, a faunalnbsp;assemblage which is also reported by Mac Gillavryfrom Eastern Camaguey.nbsp;The typical Cubitas Limestones are followed by calcareous sandstones withnbsp;DiscocjcUna and much detritic material of Serpentines, Diorites and porphyrites. The limestones and sandstones dip southward, towards the contactnbsp;with the Serpentines, thus indicating a tectonical contact. The Serpentinesnbsp;are rather fresh rocks. Judging after their composition, they originated fromnbsp;wehrlites. Together with the Serpentines we also find outcrops of ultra-basic rocks, eclogites (K 58). The road, which now has a westerly direction,nbsp;follows the Serpentines until the trifurcation at K 59. At this point we findnbsp;blue, thin-bedded Aptychi Limestones, which have a strike of N 30 E andnbsp;show a steep dip to the West. Here we again find an indication that thenbsp;Serpentines have been

brought into tectonical contact with the Aptychi
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EXPLANATION OF THE PLATES.Plate I. All figures on plate I are of Upper Cretaceous species. Gaudrjina cretacea (Karrer), front view X 35. Gaudrjina cretacea (Karrer), apertural view X 105. Pseudoclavulina camaguejensis van Wessem nov. sp., front view X 35. Pseudoclavulina camaguejensis van Wessem nov. sp., apertural view X 85.nbsp;Textulariella sp. Xnbsp;Dorothia nov. sp., side view X 22. Dorothia nov. sp., front view X 22. Dorothia sp., side view X 22. Dorothia sp., apertural view X 55. Rohulus excisus (Bornemann), side view X 35. Robulus excisus (Bornemann), apertural view X 35. Rohulus stephensoni Cushman, side view X 50. Rohulus stephensoni Cushman, apertural view X 50. Robulus sp., side view X 10. Robulus sp., apertural view X 10. Renticulina nuda (Reuss), side view X 22. Renticulina nuda (Reuss), apertural view X 22. Ringulina arteagai van Wessem nov. sp., front view X 22. Ringulina arteagai van Wessem nov. sp., apertural view X 22. Flahellina interpunctata von der Marck X 22. Frondicularia gracilis Franke, front view X 27. Frondicularia gracilis Franke, side view X 27. Marginulina sp. X 22. Saracenaria proximocostata van Wessem nov. sp., side view X 60. Saracenaria proximocostata van Wessem nov. sp., apertural view X 60.nbsp;Nodosaria concinna Reuss X 22. Sulcoperculina dickersoni (Palmer), front view X 10. Sulcoperculina dickersoni
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