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??? introduction. This paper describes the geology of the northern part of the Provinceof Santa Clara in middle Cuba. The boundary towards the South is drawnover Central Caracas, Guayos, San Juan de los Yeras, Central Pastora,Provincial, Baez, and at the crossing of the Rio Calabazar with the CarreteraCentral. The fieldwork was done, and the material collected, during an expeditionfrom the University of Utrecht, Holland, under the leadership of my father,Prof. L. M. R. Rutten, with six members, Mr. H. J. Mac Gillavry,.A'fr. A, A. Thiadens, Mr. L. W. J. Vermunt, and the author, all studentsof geology at the Utrecht University; Mrs. C. J. Rutten-Pekelharing andMiss A. R??ntgen. We worked in Santa Clara province during the second half of February,the whole of March, and the first half of April of the year 1933, duringwhich time we surveyed both the northern and the southern part of theprovince. All material, notes and samples, bearing on the northern half ofthe province were turned over to me, to compile a geologic descriptionof this district. Air. A. A. Thiadens will describe the southern part ofthe province. Maps : We had at our disposition the mihtary Cuban maps on thescale of one inch to a mile, whilst at home we could make use of the mapsof the Carretera Central a new highway over the axis of the island, andthe nautical charts of the American Navy. The Cuban military maps were very bad, and not to be relied upon.Instead of these we surveyed our own courses by taking directions withan ordinary hand-compass and measuring distances by

counting our paces.The rough maps got in this way were more reliable than the official Cubanmaps. At home, the differentquot; courses were plotted, and put into position.As can be seen from the map I had the disposition of numerous triangles,and with the help of these I could correct major differences between variouscourses. The maps of the Carretera Central, at the scale of one to twentythousand, proved reliable enough as to distances and directions, althoughsometimes the North-indication was wrong. The nftip thus obtained, couldbe controlled with the U. S. Navy chart, as both La Isabella and Caibairienwere indicated on the chart. The distance between La Isabella and Caibairienon my map was 3 % the smaller, which could be corrected by a shghtchange in direction of the long, straight road from Sagua la Grande to LaIsabella. For publication with this paper two different maps were prepared,one to show the geology, the other to indicate the localities and find-spots



??? mentioned in the description of the district. For the sal^e of an easy compa-rison of both maps, the geologic boundaries are drawn on the second mapalso. For the geologic map we had to choose between two ways of indicatingour observations. The area surveyed is by no means covered by obser-vations, but we surveyed a number of sections only, these form togethera maze with openings of varying width. I could have indicated only thegeology along the courses surveyed, e. g., the results of direct observation.This was not done, as, during our field-work and the latter period of labo-ratory work, we got a definite conception of the geologic structure of thedistrict, and by this interpretation could, with a certain measure of security,combine the boundaries and other data found at the individual courses andso make a geologic map, covering the larger part of the area surveyed.The geologic map published with this paper thus is the combined resultof direct observations and their interpretation. To show the amount ofdirect observation, and to show the widths of the openings the maze ofobservations leave, all courses surveyed are indicated on both maps, so thateveryone can see at a glance if certain features are only interpretation, oralso supported by direct observations. As this was the first detailed geologicdescription of the northern part of Santa Clara Province, it was thoughtnecessary to give also a find-spot map, together with a detailed descriptionof several of the major courses, thus

producing definite controllable evidencefor the statements made in the general part of the paper. A difficulty arose, with the recording of the different strikes and dipson the geologic map. In the heavier and more irregularly folded regionsit was impossible to draw all strikes and dips observed, and only a certainnumber could be selected, the selection of course being wholly subjective.Possibly the abnormal strikes, occuring in the field only in a small number,are reproduced in a relatively larger number on the map. This is not, however,of vital interest, as, with the scarce and widely apart courses surveyed, wedid not succeed in finding a definite structure in these heavily folded regions,so that no statements about the structural build are deduced from therelative importance of the regular or abnormal strikes. Acknowledgments: I am indebted for help and advice of variouskinds to a.large number of people. The 'Molengraaff-fonds' and the 'Bataafsche Petroleum Maat-scHAPPij' gave financial support to our field work. I have been largely helped by the fact that all observations and fieldwork done in the district by the other members of the expedition wereplaced at my disposition, whilst, during the working out of the Rudistcollections made, I had much help from Mr. H. J. Mac Gillavry's extensiveknowledge of this subject. At Cuba the Government and the Sociedad Geografica de Cuba havefurthered our interests in every possible way, and we shall long rememberthe agreeable help of Cuban private

residents, especially the ever-activeinterest and aid of Tngenior F?Šlix Malberti. Mr. Poliakoff, of the



??? Compania Shell Mex, has also been of great assistance to us, whilst thelong discussions on Cuban geology we had with Dr. Tschopp, geologistof the Shell Mex., in the field, were of vital interest for our studies. ToDr. Tschopp I am furthermore indebted for the fossil locahty H. 550,between La Esperanza and Santa Clara, where many beautiful Rudistswere found. To Prof. Trauth of Vienna and Prof. Jaworski of Bonn, I amindebted for their assistance, they having taken over the separate studyof our collections of Aptychi and Ammonites. Mr. van Dijk of the Utrecht laboratory executed .ill drawings andmicro-photographs necessary for the publication of the paper with pain-staking accuracy and neatness. My cousin Mrs. Breuning-Williamson kindly revised with me theEnglish text of the manuscript. To Prof. J. L J. M. Schmutzer I am indebted for his careful revision^of the microscopic thin-sections, and to Mr. W. van Tongeren for themaking of the chemical analyses and advice in petrochemical matters. Prof. H. Gerth, of Amsterdam determined the corals found, andkindly permited me to publish the results in this paper.



??? Chapter i: summary and geologic history. The district described, the northern part of the Province of Santa Clara,middle Cuba, is formed by a structural high, and bounded at the westernand eastern side by large synclinoria, with the younger sediments chieflyexposed. Geologic history begins in Lower Cretaceous times, with.the sedimen-tation of the Aptychi Limestones and the lower parts of the Tuff Series.These two elements are of the same age, and only form different facies. Butwhereas the Aptychi Limestones only contain fossils of I.ower Cretaceousage, the Tuff Series are found to range higher up in the geologic column,and locally contain fossils of lowest Upper Cretaceous (Turonian-Emscherian)age. Generally speaking, we find the Aptychi Limestones in the northernand eastern part, and the Tuff Series in the southern part of the district.The difference is, however, gradual, and a close alternation of layers of thedifferent facies has been observed. The Tuff Series comprises volcanicsâ€” spilites, diabases and porphyrites, with glass-tuffs, crystal-tuffs and tuff-breccias of the same composition â€” and cherts, sometimes with Radiolaria.Limestone-beds are sometimes intercalated, and rarely macro-fossils â€” Am-monites or Caprinids â€” are found. The Aptychi Formation is formed bygreyish, monotonous, well bedded limestones, and intercalated cherts.Locally they carry abundant Radiolaria- or Smaller Foraminifera. Scarcemacrofossils found comprise remains of Ammonites

and their Opercula.Specific determination of these Opercula places the Aptychi Limestonesinto the Lowest Cretaceous. Following the sedimentation of these formations came orogeneticactivity, with the intrusion of large masses of peridotites, and slightlyyounger dikes of gabbroid composition, followed by the intrusion of dikesfrom a dioritic magma. The peridotites nowadays are found as large andsmaller massifs of Serpentine. Within the Serpentines we find many foreigninclusions that may be divided into two groups. The first group showsonly slight metamorphism, and comprises diabases and spilites, closely alliedto and derived from the Tuff Series. To the second group belong schists,amphibolites and garnet-rocks, with a meso-zonatic metamorphism, that areparallelised with older, jurassic, schists, known from other parts of the island. In the Uppermost Cretaceous, parallelised with the Maastrichtian ofEurope, there followed the sedimentation of the Habana Formation. In thesouthwestern part we find limestones, tuffaceous limestones and tuffs,indicating a continuous volcanic activity, with a characteristic fauna ofOrbitoids and Rudists. In the northern and eastern part we find mostly



??? summary and geologic historynbsp;5 Geologic History of northern Santa Clara Province, Cuba. southern facies: Time: northern facies: Vertical uplift of Guines Limestone. Guines Limestone. Guines Limestone. Oligo-Miocene Strong folding, perhapsfaulting. Gentle folding. Orogenesis Orbitoidal hmestones. M 4-1 V.1 Oligocene Orbitoidal hmest., marls,tuffaceous limest., basalconglomerate. Upper Eocene Limestones and marlsSmaller Foraminijera. Strong folding, perhapsfaulting and overthrus- ting. Gentle folding. Orogenesis Habana FormationLimest. with Orbitoidsand Rudists, tuffaceouslimest., glass-tuffs, in-trusions of porphyrites,basal conglomerate. Maastrichtian Habana FormationBreccia-limestones,scarce Orbitoids andRudists. Gentle folding. Gentle folding. Orogenesis Intrusion of diorites, diorite-porphyrites, aplites andmalchites. Intrusion of gabbroid dikes. Intrusion of peridotites with inclusions from theTuff series and from older formations, at presentunknown in the district. 00do (U o lt;73 U Tuff Series. Spilites, diabases, porphy-rites, glass-tuffs, crystal-tuffs, tuff-breccias, cherts,Radiolaria, Ammonites. Lower and Middle Cretaceous Aptychi Limestones.Limestones, cherts, Ra-diolaria. Smaller Forams.,scarce Ammonites andAptychi.



??? 6nbsp;summary and geologic history brcccia-limcstones, sometimes with characteristic Orbitoids or Rudists, anda much smaller amount of volcanics. Between the Maastrichtian and the Upper Eocene a second orogenesistook place, followed by the sedimentation of the Upper Eocene and Oligo-cene beds. In the southwestern part we find marls and limestones, occa-sionally conglomeratical or with tuffaceous elements, that are transgressivewith a basal conglomerate over the older formations. The fauna compriseslocally abundant Larger Foraminifera, Radiolaria and several corals. In thenorthern fades marls and fine-grained oolithical limestones are found,the fauna mainly comprising Smaller and Arenaceous Foraminifera, locallywith Radiolaria. Following the sedimentation of the concordant Upper Eocene andOligocene beds, came a third orogenetic phase. In the southwestern partit resulted in the formation of gentle, undulating, structures, in thenorthern and eastern part the Upper Eocene beds were heavily folded,and synclines with monoclinal build were formed. The horizontal Guines Limestone of Oligo-Miocene age marks the endof the orogenetic activity in the district. It must be noted that the difference in facies found in the Lower Cre-taceous Tuff Series and Aptychi Limestones, roughly characterised by adecrease of volcanic matter towards the North and East, is also found withthe younger formations. Parallel to this difference in facies is a difference in tectonic style. Inthe

southwestern part we find simple, large structures, that are replacedtowards the North and East by an imbricate structure, formed by narrowwedges bounded by overthrusts. These are found mainly at the contactsof the Serpentines with the Tuff Series or Aptychi limestones.



??? Chapter II: STRATIGRAPHY. Tuff Series. General: From the map we may see, that this formation is found,for its larger part, to the South of the Serpentine-belts. In an uninterruptedzone, it runs along the southern boundary of the district, from San Juaneastward. We find it here in its typical facies, being built up by volcanicsand cherts. More to the North, we find it again, closely associated withthe limestones from the Aptychi Formation. South from Camajuani forinstance, we find the rocks from the Tuiff Series with occasional intercalated' beds of limestone, not to be distinguished from those of the Aptychi Forma-tion, and South of San Andres we find Aptychi Limestones closely alternatingwith layers of tuffs and porphyrites, in the neighbourhood of M. 479.Moreover at L. 535, between Bernia and Santa Clara, and at M. 604, Westof Placetas, well bedded Ammonite-bearing limestones are intercalatedbetween rocks from the Tuff Series. The Tuff Series consists largely of green or greenish rocks and therebyis easily distinguished in the field. We find spilites, diabases and porphyrites,with tuffs â€” occasionally brecciaceous â€” and cherts. Spilites and diabasesare mostly without any trace of bedding, the porphyrites may occur inrather thin sills or lava-sheets ; the tuffs and cherts are well bedded. Age: Although the only fossils commonly found in this formation arethe Radiolaria from the cherts, we may safely assume a Lower Cretaceous agefor its lower parts, from the interbedding at various localities of Tuff Seriesand Aptychi Limestones. But, in contrast

with the Aptychi Limestones,where the fossils found all indicate a Lower Cretaceous age, the Tuff Seriesranges higher up in the geologic column. This is proved by the Ammonitesfound at M. 604 and L. 535^ which, according to Prof. Jaworski can notbe parallelized with those from the Aptychi Limestones, but are of lowestUpper Cretaceous (Turonian-Emscherian) age; and also by abundant rests ofCaprinids, found just South of the district on the road from Santa Clarato Manicaragua, in limestones intercalated in the Tuff Series. The Ammoniteswill be described separately by Jaworski, together with other Ammonites,collected on the island by us, and the Caprinids will be described by Mr. A.Thiadens, in his description of the southern part of Santa Clara Province. Spilites: The spilites are mostly very weathered and difficult to sample.Less weathered specimens are green to dark green, fine grained rocks. Micro-scopically they consist of acid felspars and augite, with their decompositionproducts ; together with magnetite in fine grains or small crystals. Thefelspars form short laths, not exeeding 0,3 mm. They are strongly clouded



??? by very small inclusions; too small to determine their nature, and varyin composition from albite-oligoclase to oligoclase-andesine. Most lathsare twinned, without, however, forming lamellar twins. They are grouped irregularly, lying in all directions. In the placesbetween the felspar-laths lie small and large grains of augite with an occasio-nal larger crystal, thus making the texture of the rocks truly ophitic. Mostlythe amount of felspar is much larger than that of augite but in some casesthey are almost equal. The felspars decompose into zeoHtes (mainly prehnite)and zoisite or chlorite, whilst also sericitisation occurs. The augites aretransformed to green, fibrous amphiboles, thereby forming uralite-spilites.The amphibolc is altered into chlorite, which mineral also originates directlyfrom the augites, and sometimes the aggregates of chlorite are altered intosecondary quartz. Between Guaracabulla and Placetas we found spilitesthat differed in texture from the common type, and were formed by smallfelspar-laths placed in beautiful spherolites with many very small grainsof augite, irregularly strewn between the felspar-spherolithes. Several rocksshow transitions toward the porphyrites. The texture becomes coarser,with phenocrysts of plagioclase. The felspar, however, is cloudy, with analbite-oligoclase composition, contrasting with the more calcic felsparsfrom the diabases and porphyrites (see pi. I, fig. 1). Diabases and Porphyrites: The diabases and porphyrites mainlyare harder, less

weathered, rocks. When in the neighbourhood of beddedtuffs or cherts, they are seen to occur in concordant beds. Pillow-structureis met with sometimes, but not predominant. The rocks are mostly green,fine-grained, crystalline, with small white spots from the felspar-pheno-crysts. Sometimes their colour varies to brown or grey. Microscopically,they consist of felspar and augite, with magnetite in small crystals alwayspresent in a small quantity, and sometimes apatite. The porphyrites gradeinto coarse diabases and normal diabases, by a gradual diminishing in sizeof the phenocrysts, whilst the intersertal texture of the groundmass becomescoarser. Diabases and most porphyrites are holocrystalline, but porphyriteswith vitreous groundmass also occur. Phenocrysts are formed by clear,twinned felspars; of a composition that varies from labradorite to bytownite;and colourless augites. Both components are also found in the crystallinegroundmasses. Occasionally we find crystals of a light-brown to greenish-brown pleochroitic amphibole. The felspars decompose into zeolites, chlorite or zoisite, and the augitesare often altered to green fibrous amphiboles, thereby forming uralite-diabases and uralite-porphyrites; or to green, irregular, aggregates ofchlorites. Spilite Problem: The relation of the diabases and porphyrites witha true gabbroid composition to the more acid spilitic rocks is not clear.As the spilites are always more weathered than the porphyrites, with alarger amount of secondary

minerals, we might consider them as normaldecalcified diabases. In favour of this view is the fact, that we find some



??? cases, where the clear calcic felspars of the porphyrites show more cloudypatches that also have a more acid composition, thus indicating a decompo-sition from the clear calcic felspars of the porphyrites toward the cloudyacid felspars of the spilites. On the other hand the felspar-laths of the spilitesare almost invariably twinned, which seems unreasonable in a secondarymineral, and we also may ask why the spilites should have their plagioclasedecomposed, whilst the porphyrites and diabases with which they alternatehave unaltered felspars. The literature on the problem is rather large, and views as to the originand even as to the definition and limits of the term 'spilite' differ widely i).I cannot say anything definite as to the causes which led to the formationof the Cuban spilitic rocks. I have used the term to denominate rocks witha diabase-like habit, differing from the true diabases by their acid felspars.If used in this sense, the term comprises rocks, that for the greater parthave the same geological habit and environment, and are widely met with' in the Cretaceous of the Antillean region. Tuffs and Cherts: The tuffs range from coarse, somewhat brec-ciaceous, elements; with fragments of porphyrites and phenocrysts; overfiner grained crystal-tuffs to glass-tuffs. These often carry Radiolaria, thatsometimes become abundant, or get silicified, thus grading towards Radio-/(?m-bearing and Radiolaria-he.e. cherts. The bedding, that is bad in the coarser porphyrite-tuffs, improves asthe sediments become finer grained, and is good with the finely-

beddedcherts. The coarser tuffs are built up almost entirely by fragments of crystalsand rock, carrying very little cement which gives them a brecciaceousappearance. Glass as cement increases with the decrease of the dimensionsof the constituents, whilst it predominates in the glass-tuffs proper, thatcarry only a small amount of crystal-fragments, of diminutive dimensions. The coarse crystal- and porphyrite-tuffs are generally heavily weathered,greenish in colour, weathering to brownish-green. Sometimes we findfresher rocks, with lighter (grey or brown) colours. Microscopically, theyare seen to vary over a wide range and to carry constituents, we can paral-lelize with both the spilites-, and the diabases and porphyrites. Principalamong the fragments of phenocrysts are felspars. Some rocks carry cloudyspecimens, which have an acid composition of albite-oligoclase; whilst inother rocks clear calcic plagioclases are found ; showing beautiful lamellartwinning or zonal structure, and with a composition that varies from labra-dorite to bytownite. As a rule we find the acid cloudy felspars with theweathered soft rocks, and the basic types with fresher and harder rocks,but exceptions of this rule occur. We find other crystal-fragments of colour-less augite, of magnetite and sometimes of a light-brown to greenish-brownpleochroitic amphibole. The fragments of porphyrites found in the coarsest 1) A discussion of the literature of this subject can be found in 'Keratophyres of easternOregon and the spilite problem'. By Gilluly, J., in the American Journal of Science,

FifthScries, XXIX, 171, 1935.



??? 10nbsp;stratigraphy tuffs, the porphyrite-tuffs, are lumps of groundmass from true porphyrites,with small laths of clear, basic, felspars, with much glass in some cases,or with grains of augite, placed intersertally, in other cases. As in the extrusive rocks, the clastic tuffs often have their componentsstrongly altered. The felspars then undergo chloritization, zoisitization andsericitization, whilst the pyroxenes are altered into uralite or chlorite.Moreover in several cases calcitisation is apparent. The glass-tuffs are dark-green rocks, weathering to a brownish-greencolour. Their structure is dense, dyscrystalline, and in the field they arefriable, soft, mostly rather strongly weathered. Microscopically they consistof dusty glass, mostly clouded by minute, or slightly larger, inclusions ofchlorite and limonite. Its refractive index is always lower than 1,54. Smallangular fragments of felspars, of varying composition, are included in varyingamounts and sometimes, if the amount of felspar-fragments is high, wefind occasional fragments of augite. They often contain remains of Radio-laria; even globular forms with diameters varying from 75 to 200 ja. They grade into the well bedded, dense, hard, green or bluish blackcherts, that often carry Radiolaria and sometimes are almost built up bythese fossils. Aptychi Limestones. General: This formation is mainly found in the northern and easternpart of the district, where it usually forms the ridges of low hills that crossthe country with a general

Southeastâ€”Northwest strike. It is called AptychiFormation or Aptychi Limestones, as it is for the larger part built up bygreyish limestones and marly limestones, that in several localities containammonite Opercula, and sometimes remains of Ammonites. The collections of Opercula made by us in this and other parts of theisland were sent to Prof. F. Trauth, of Vienna, who was so kind as todetermine them specifically for us (Bibl. 13). The collections of remainsof Ammonites were sent to Prof. E. Jaworski at Bonn, the results of hisdeterminations will be published in due course. Age: According to Trauth, the ammonite Opercula found all indicatea Lower Cretaceous age for the Aptychi Limestones, which view is alsoheld by Jaworski, after a preliminary examination of the ammonite re-mains (Jaworski, in litt.). Petrography: The Aptychi Formation is built up largely by limesto-nes and, to a much smaller extent, by cherts, whereas locally marls andsandstones, or intercalated layers of tuffs occur. The limestones are mono-tonous, dull, grey or greyish-blue, sometimes reddish, dense, and well-to finely-bedded. Intercalated are layers and lenses of dark dense chertsIn some localities occur grey-brown, fine-grained, sandstones, built up byfragments of crystals of clear quartz, basic plagioclase felspars and muscovitem small tabular crystals, with rarely some fragments of micropegmatitic



??? stratigraphy quartz-felspawntergrowths. The components of these sandstones resemblethose of the Diorite-intmsions. We might surmise that they were formedby detrition of these Diorites, but abundant evidence proves the Dioritesto be younger than the Tuff Series and the Serpentines. So the componentsof these sandstones are derived from older sources, perhaps from the equi-valents of the Pinar schists, from Pinar del Rio, or the schists from the Sierra de Trinidad, in southern Santa Clara, which carry a considerableamount of quartz. Fauna: The only macro-fossils found are Ammonites and theirOperada. The Aptychi are scarce and the Ammonites are rare the state ofpreservation of the Ammonites is bad. The fossils are usually found atplaces, where the limestones are very finely-bedded, and not in the coarserbanks. Besides these we locally find abundant micro-fossils. In some rocksSmaller Forammfera, mostly related to the genus Globigerina are found in. abundance, but usually the Radiolaria are the commonest, and also foundm more locahties. We found radiolarian cherts and limestones. In the last-mentioned rocks the silica of the radiolarian-tests has been completelyreplaced by calcite. Remains of plants occur sometimes, but arc no-where predominant. Facies: The facies of the formation, characterised by the fine-grainedor dense, well-bedded, monotonous layers, and the occurrence of 7\mmo-nites and ammonite Opemda as the only macro-fossils suggest a deep-seasedimentation.nbsp;^ Palmer (8) reaches the same conclusion, but

states that the sedimen-tation must have taken place well within the continental shelf bccausc ofthe occurrence of plant remains in the formation. These might be transportedover larger distances by former sea currents, but the sandstones foundintercalated at different localities in the Aptychi Limestones also indicate asedimentation close to adjacent landmasses. The Radiolaria and Glohigerinafound do not give a definite indication, so the evidence available pointsto a sedimentation of the rocks in a deeper sea, well within reach offormer landmasses. The monotony of the stratigraphy, coupled with the scarcity of macro-fossils makes it impossible to distinguish index horizonts. The beds of thisformation are usually strongly and irregularly folded and faulted and theabsence of index horizonts made it impossible to find anything definite asto the internal structure of the lime-stone ridges. Diff?Šr?Š nces with the Tuff Series: As has been stated beforethe Aptychi Limestones are a facies-cquivalent of part of the Tuff Series!The Tuffs arc mainly built up by volcanics and cherts, and the AptychiFormation by limestones and cherts. The difference is, however, a gradualone, as we find intercalated layers of tuffs in the Aptychi Formation andalso limestone beds in the Tuff Series. Moreover, we often find a smallamount of volcanic matter within the limestones of the Aptychi Formation,consisting of small angular fragments of plagioclase felspars, so that we II



??? find evidences of volcanic activity in the northern facies also. The Caprinidsfound intercalated in the Tuff Series, South of Santa Clara, indicate a littoralsedimentation of the Tuff Series. The facies of the Aptychi Limestones thusdiffers from that of the Tuff Series by a very considerable â€” in many layerseven a total â€” reduction of the volcanic matter, together with the sedimen-tation taking place in deeper water. This feature explains the monotonyof the beds of the Aptychi Formation, contrasting with the irregular andvaried sediments of the Tuff Series. Serpentines. General: Serpentines and associated rocks form one of the commonfeatures of the district and are mainly found in its central part. Althoughsometimes occurring in large, unbroken territories e. g. in the Sierra Altade Agabama southeast of Santa Clara ; and in the country between SantaClara and Encrucijada, we find them also in narrow strips, outcroppingbetween other elements and following their general structural trend. TheSerpentines are dark-greenish rocks, with many veins of lighter-green rocks,with veins of carbonates, with abundant foreign inclusions, comprising moreor less altered igneous rocks and strongly metamorphic schists, and withdikes of younger intrusives. The country where Serpentines are exposed,is readily recognised by its vegetation, which varies from almost nil toso-called sabanas, badlands, with typical palms and a thorny undergrowth.The rocks usually are well exposed and not weathered.

Owing to the low elevation of most of the country under discussion,no natural sections, offering views of the contacts of Serpentines with theother formations, were found. In several places, however, we see how theboundaries between the Serpentines and the other formations, cut acrossthe bedding in these formations, indicating a tectonical contact. This isthe case to the North and South of the Sierra Alta de Agabama, at L. 619,and East of Provincial. In other placec, traces of asfalt or oil at the contactbetween the Serpentines and other formations, also indicate a tectonicalcontact. For instance near Santa Clarita and at the asfalt mine Anna Maria,Southwest of Placetas. Finally we find direct evidence of a tectonic contactbetween Aptychi Limestones and Serpentines at H. 423 and H. 535, East ofSanta Clara, where a limestone-serpentine-breccia is formed at the contactbetween the two formations (See p. 13, fig. I; pi. I, fig. 2); and in the Ser-pentine-zone South from Camajuani, which is here so. heavily sheared, as tosimulate a stratified structure parallel to the contacts between the Serpen-tines and the other formations. With these evidences of a tectonic contactbetween Serpentines and older formations at many places, I assume thateverywhere, where we find in this district a sharp boundary-line betweenthese formations, without any indication of contact-metamorphism thecontact IS a tectonical one, formed by overthrusting. The only localitywhere this seems not to be the case is North

from Santa Clarita Here



??? until we reach M. 374 ; where no Serpentines are found any longer andonly porphyrites and diabases from the Tuff Series are exposed. Age: In the geologic column, the Serpentine rocks are placed abovethe Tuff Series and their equivalent the Aptychi Limestones, and underthe Diorites and Habana Formation. Evidence of this age runs as follows.As seen above, near Santa Clarita, the Serpentines are in contact with therocks from the Tuff Series and carry inclusions from this series. Theseinclusions arc slightly metamorphosed, we find here uralite-diabases, con-trastmg with the diabases with unaltered pyroxenes, found at M. 374,within the Tuff Series proper. Although this is the only place, where wefind metamorphosed rocks from the Tuff Series close to the contact betweenSerpentines and Tuff Series, more or less metamorphosed rocks from theTuff Series are found within the Serpentines at many other localities.In these cases the geographical relationship to the Tuff Series is not so â€?clear, but the pctrographical relationship is apparent. These rocks comprisemore or less uralitized spilites and diabases that can not be distinguishedpetrographically from the uralitized rocks, found within the Tuff Seriesitself, whereas spilites and diabases, showing stronger uralitization, are alsofound as inclusions within the Serpentines, together with true uralite-rocks,where uralite and some chlorite have replaced all other mineral consituents! The Serpentines are older than the Diorites, as we find, along theCarretera Central between Placetas and Falcon, several

dikes of dioriticrocks in the Serpentines, here clearly exposed in cuts made for the newhighway, the Carretera Central. ^^^ Serpentines, with inclusions of diabases fromthe Tuff Series at M. 371 ; which inclusions increase in number and volume



??? In numerous other places in the country we find Dioritic rocks withinthe Serpentines. The largest patches are those along the Carretera Centralbetween La Esperanza and Santa Clara and in the hills direct Southwestof the town of Santa Clara. Here we do not actually see that these rocksare intrusive in the Serpentines, but may assume so, when we take intoconsideration their dike-like form of occurrence, in small patches, togetherwith the fact, that the dioritic rocks do not show any signs of metamorphismother than shearing, due to tectonical stresses. The Serpentines thus areolder than the Diorites which most probably intruded in Upper Creta-ceous times, just before the sedimentation of the Habana Formation duringthe Maastrichtian. No pebbles of Serpentine were found in either the HabanaFormation or the Upper Eocene, but this may be due to the small amountof resistance given by Serpentine to the forces of erosion, as we findpebbles from the harder, and more resistant foreign inclusions, both inthe Habana Formation near Santa Clarita and Falcon, and in the basalconglomerate of the Upper Eocene, East of Santa Clara and West ofConyedo. Serpentines s.s. : The serpentine-rocks proper are practically all of'Schillerfels'-habit, dark-green, with greasy glance, showing large patchesof bastite. Under the microscope they appear to consist of antigorite, whichhas its short fibres arranged in small quadrangular, or rectangular, patches.These patches may be rather regularly arranged. Between the

antigoritewe find large even fields of bastite. Magnetite is always present, often in aconsiderable amount, in very small grains arranged along the contoursof the antigorite-quadrangles, accentuating their structure by thin blacklines formed by many small grains of this mineral. The serpentines haveclearly originated from harzburgites, the olivines being decomposed toantigorite with a residue of magnetite accumulating along the cracks ofthe olivine-crystals, whilst the rhombic pyroxenes are altered into thepatches of bastite. We did not succeed in determining exactly when the serpentinisation took place. Other rocks: With the Serpentines, we always find foreign rocks :older inclusions and younger dikes. The inclusions from the Tuff Seriesand the dikes of Dioritic rocks have been mentioned already, and the diffi-culty of determining, if a rock is really intrusive, has been stated with thediscussion of the Dioritic dikes. One only finds sections through the Ser-pentines along some of the railroads and along the Carretera Central.Otherwise, the country is not very accentuated and slopes are smooth.Although no weathering residue of any importance covers tlie rocks in aSerpentine area, and we find the bare rock exposed almost everywhere,we never see deeper than the surface rock. In most cases the safest wayto determine if a given rock is an inclusion or a dike, is by way of microsco-pical examination. As a rule the inclusions have either undergone conside-rable metamorphism, or can be compared with known

rocks from otherformations of this region, whilst the dikes are not metamorphosed; and



??? have only, in various cases, been sheared to a certain extent throughtectonic stresses. We find dikes of two kinds. Firstly those, belonging to a dioritic magma,that are also found as dikes in the Tuff Series, and will be reviewed separately,and secondly dikes from a basic gabbroid magma that are only found withinthe Serpentines. These last vary from gabbro, through olivine-gabbro, toperidotitic rocks, as harzburgite, Iherzolite and diallage-peridotite. Gabbroid dikes: The gabbros are white and green medium-grainedcrystalline rocks, that contain clear lamellar-twinned felspars, of a composi-tion varying from labradorite-bytownite to bytownite, and large and smallcrystals of beautifully cleaved diallage. Locally either of the two constituentsshow their own crystallographic forms, but mostly both have a granularappearance, whilst the dimensions of the individual crystals of both consti-tuents vary widely. Occasionally we find poicilitic brown amphibole in'large crystals without any crystallographic limits, and in the oJivine-gabbroslarge and small crystals of olivine are added. Afagnetite is always quot;presentin a large number of small crystals, apatite is rare. Alost rocks are fresh,with unaltered constituents, but sometimes alteration is commencing. Thisis indicated by a serpentinisation of the olivines, a uralitisation of the diallageand a zeolitisation or sericitisation of the plagioclases. Quartz and chloritesmay also be formed. The more basic dikes, occurring in a much smaller number, are greenand black, fine to medium-grained rocks, mainly differing from the

serpen-tines by the lack of the greasy glance. They are peridotites, with severalkinds of pyroxene-minerals, thus harzburgites, Iherzolites and diallage-peridotites are found. On microscopical examination, all show a beginningof serpentinisation of the olivines, along the irregular cracks throughthese crystals. The age of these dikes must be younger than that of the serpentinisationof the largerquot; areas of peridotites, as the olivine-crystals from the dikes showonly the beginning of serpentinisation. On the other hand, the fact thatwe only find these dikes, within the present geographic distribution of theSerpentines, indicates that their intrusion occurred before, or with, thebeginning of the stronger tectonic disturbances. We saw before how theboundaries between the Serpentines and the older formations, are largelyof a tectonical nature and formed by overthrusts. These thrusts alter thegeographic place of the formation-boundaries, and if the intrusion of thegabbroid-peridotitic dikes had followed the overthrusting, we should expectthem to intrude sometimes on the wrong side of the boundary also. Anotherargument for the pre-orogenic age of these dikes is the fact, that wefound within the Serpentines several amphibolites, differing from the morecommon amphibolite-inclusions carrying albite and epidote-zo??site. Thefirst mentioned amphibolites are formed by basic plagioclases, with diallageand occasional brown amphibole in allotriomorphic granular structure,showing, however, strong linear foliation with occasional sutured texture



??? of the constituents. These amphibolites clearly have originated from thegabbroid dikes through shearing under orogenetic forces. Foreign inclusions: The foreign inclusions can be divided intotwo groups, those that have undergone slight metamorphism, the productsformed reaching not deeper than the epi-zone, and those that are morestrongly metamorphosed, with products belonging to the meso-zone. In the field, the rocks from the second group are the most apparentand consist for a large part of schists, that occur locally in large masses,extremely plicated and foliated, and without any connection with the sur-rounding Serpentines. The other components of the second group, chieflythe non-schistose amphibolites and pyroxene-rocks, although of commonoccurrence, are not so often met with, nor do they give the Serpentine-country such a striking appearance as do the schists. The dimensions ofthese inclusions vary widely, from little fragments of several cm. to largepackets of several tenths of meters, whilst in the Sierra Alta de Agabama,Southeast of Santa Clara, small hill-tops may be entirely formed by themore resistant foreign inclusions. The division made in epi-zonatic rocks and meso-zonatic rocks alsoholds true in relation to the origin of the inclusions. In the first group wefind the more or less uralitized volcanics, parallelized with rocks from theTuff Series, whereas the rocks from the second group have no obviousconnection with other rocks from the district, and must have originatedfrom a

deeper underground, at present unknown in the district. Slightly metamorphosed group: In this group are reckoneduralitized spilites, diabases and porphyrites, with occasional uralite-tuffs,ranging into uralite-rocks, where green fibrous amphibole with chloriteshave almost completely replaced the primary mineral constituents. Thespilites are greenish, either fine-grained or dense rocks, which on micros-copical examination appear to consist of acid plagioclase felspars and secon-dary minerals, of which uralite is always present. The felspars, in short laths that lie irregularly in all directions, are verycloudy and have an acid composition, of albite or albite-oligoclase. Thegreen, fibrous uralite is here no longer confined to the spaces between thefelspar-crystals, but its broom-like bundles often grow across the oldercrystal-limits. Other secondary minerals commonly found are prehnite orzoisite and epidote, formed out of the felspars, chlorites and quartz. Theuralite-diabases and uralite-porphyrites, distinguished by texture only, oftenhave much clearer and more basic plagioclases. These are however subject todecalcification also, as we find crystals with a clear basic core and a cloudy,acid outer layer. Here also we find th^ pyroxenes completely altered intogreen fibrous uralite, whilst prehnite and sometimes secondary quartz arecommon minerals also, and chlorite, epidote, and zoisite have been found.On three occasions we found green, uralitized, chloritized and silicifiedinclusions which under the microscope show a

clastic structure and areconsidered as altered tuffs. The rocks from the first group, with low



??? metamorphism can thus be parallelized with rocks from the Tuff Series; Infact the more uralitized members we find with the Tuff Series can not bedistinguished petrographically from the uralite-spilites and diabases foundas inclusions in the Serpentines. We may attribute this uralitisation to aregional metamorphism, which attacked both Serpentines and Tuff Series.In some cases this was accentuated by low contact-metamorphism and thisled to the forming of heavier uralitized rocks. This contact-metamorphismhas always been very gentle, otherwise we should find inclusions from theTuff Series with a stronger metamorphism, and the outer layers of theinclusions would show a metamorphic aureole. This feature was nowhereobserved. Meso-zonatic metamorphosed group: The inclusions which showstronger metamorphism â€” which metamorphism is found throughout eachinclusion, without any indication of a metamorphic aureole even in thelargest inclusions found â€” must have been metamorphosed already to ameso-zonatic grade before they were included by the peridotites. For themetamorphism brought about by the peridotites is low, and cannot reacha meso-zonatic grade as is demonstrated by. the Tuff Series inclusions. Ifwe therefore want to compare them with autochthone rocks from theneighbourhood, only formations, with regional, meso-zonatic metamorphismare to be considered. We find such rocks in the schists from the Isla dePinos, described in detail by L. Rutten, (10) and in the Sierra de Trinidadin the southern part of the Province

of Santa Clara. It is probable that therocks from the second group have originated from a formation in thedeeper underground of the province, which is the equivalent of the schist-formations mentioned. In this group the most common rocks are various schists and amphi-bolites, mostly carrying albite, epidote or zoisite, whilst also eclogites andpyroxene-rocks are found. The schists fall into two groups, the coarse linear foliated actinolite-schists, and the fine-grained, banded closely foliated glaucophane- andmuscovite-schists. The actinolite-schists are green, coarse-grained rocks wholly built upby large, fibrous crystals of green actinolite. The parallel arrangement ofthe crystals, which occasionally attain a length of several cm., brings aboutthe linear structure of the rocks. Sometimes a varying amount of greenchlorites is found to replace the amphibole, ranging to almost pure massivechlorite-schists. Glaucophane- and muscovite-schists are not quite so common. Theyare fine-grained and closely foliated and occur in irregular packets, whichalways show evidence of strong tectonic disturbance in the close and irre-gular folding of the different layers. The glaucophane-schists carry quartzor quartz-clear albite in small irregular, sutured grains, and small needles ofglaucophane, with rigorous linear arrangement. The rocks are built up byclosely alternating darker and lighter zones, according to the abundance of



??? the amphibole-needles, which are completely lacking in some and pre-dominant in other parts of the rocks. The muscovite-schists carry medium-grained to fine-grained muscovite-leaves, together with chlorites and epidote,or titanite as accessories. The amphibolites, when fresh, are medium- to fine-grained white andgreen rocks. Under the microscope they sometimes show linear, or parallel,structure but this is never very distinct, so that it usually is not seen macros-copically. Many of the rocks do not show any parallel arrangement of theirconstituents whatever. They are built up by amphibole, with albite, zoisite,epidote and muscovite in varying amounts. The amphiboles are light- todark-green, pleochroitic needles and prisms, with good cleavage, andwithout a trace of the fibrous texture of the amphiboles in the urahtizedrocks. In some rocks we find a small amount of glaucophane together withthe green amphibole. The epidote and zoisite occur in small grains or largercrystals, which then mostly take the form of short prisms. The albite isformed in those places, where the texture of the rocks becomes coarserand forms very large, allotriomorphic, untwinned absolutely clear poiciliticcrystals. The muscovite, which never plays an important part, is found insmall plates. The amounts of the diflFerent constituents vary widely. Wefind rocks almost wholly built up by amphiboles and only accessory zoisiteor epidote ; rocks with amphibole and a considerable quantity of one ofthese two, or of both of these minerals ; together with rocks where

thealbite plays a very important part. These last may locally vary into rocks,that are almost exclusively built up by clear, untwinned, albite with hereand there some needles of green amphibole. We found several rocks carrying garnet, some massive and some withschistous structure. Their mineral constituents place them with the eclo-gites. Apart from the idiomorphic crystals of garnet decomposing intochlorite and quartz, small always allotriomorphic crystals of a green pyroxene,larger more or less idiomorphic prisms of green or blue amphibole, andmuscovite in small tables or leafs are found. Titanite and ore form acces-sories, but in one rock the titanite was found in large quantities, occurringin large idiomorphic crystals, attaining 4 X 1,5 mm. Diorites. General; Age: Rocks of dioritic parentage are found outcroppingin the TufF Series and in the Serpentines. In cuts along the Carretera Centralbetween Placetas and Falcon we can easily observe the true intrusive natureof these rocks, which occur in small dikes. Elsewhere the exposures arenot good enough to yield direct results as to the age of the dioritic rocksand the surrounding Tuffs or Serpentines. We may, however, consider thesilicification of dia?ŽDases and spilites from the Tuff Series, which nearlyalways accompanies the dioritic rocks when found within the TufF Series,as a contact metamorphism, due to the intrusion of the Dioritic rocks.



??? These thus are younger than the Tuffs and the Serpentines, and, ongt; theother hand, older than the transgressive Habana Formation of Maastrichtianage, which contains pebbles of dioritic rocks. The dioritic intrusions tookplace between the intrusion of the peridotites and the sedimentation of theHabana Formation, and are of Upper Cretaceous age. We find diorites, quartz diorites, diorite-porphyrites and porphyrites,also plagiaplites, albitites and malchites. The diorites are found within thelarger intrusions, along the Carretera Central between La Esperanza andSanta Clara, Southwest of Santa Clara (A. 391â€”399), between Guaracabullaand Falcon and Guaracabulla and Placetas, to the South of the Serpentine-ridge, at M. 407 and V. 212, and in the neighbourhood of San Andres.The diorite-porphyrites and the leucocratic and melanocratic rocks fromthe many small dikes, are found throughout the area covered by the TuffSeries and the Serpentines, whereas they also occur within the larger in-. trusions mentioned. Most rocks have a cataclastic structure, which varies in intensity andis sometimes predominating. We find broken phenocrysts of felspar andquartz with bent or twisted columns and leaves of amphibole and biotite,or even whole shearing-zones, where all larger crystals have been groundto small pieces. Just as the Serpentines, the dioritic rocks must have under-gone considerable tectonic stresses. Diorites s. s. The diorites and quartz-diorites are medium- to coarse-grained, white-green rocks that are chiefly built up by plagioclases,

withquartz and amphibole and sometimes biotite or pyroxene. The amphiboleis idiomorphic, in prisms, light-green to greenish-brown pleochroitic. Itsometimes decomposes locally into green fibrous uralite. The plagioclase,in more or less idiomorphic crystals, often with lamellar twinning or zonalstructure, when fresh, has the composition of labradorite, and is clear.Sometimes we find cloudy crystals, with a composition ranging fromalbite-oligoclase to oligoclase, and in several cases within these acid cloudycrystals, a clear calcic core is found, denouncing the cloudy crystals to bedecalcified clear ones. The. quartz is found in large clear allotriomorphiccrystals. Sometimes we find a close intergrowth of quartz and plagioclase,and the rock becomes a diorite-pegmatite. By their outstanding character,the diorite-pegmatites, when found as pebbles in the younger formations,are the easiest indicators that these formations are transgressive over theDiorites. Brown biotite sometimes is found in small leaves, and colourless augitein short prisms. Apatite, titanite and magnetite are accessories. Diorite-porphyrites. The diorite-porphyrites have the same mineralconstituents as the diorites, and differ only by their holocrystalline porphy-ritic texture. Quartz may or may not occur as phenocrysts, distinguishingbetween quartz-diorite-porphyrites and diorite-porphyrites. Leucocratic dike-rocks: The leucocratic dikes, formed by albititesand plagiaplites, are small-grained to dense white or light-green rocks,



??? with a hypidiomorphic or indistinct porphyritic texture. They are formedby heavily clouded acid plagioclases, short, sometimes twinned, laths andtables, with a composition varying from albite to oligoclase-andesine, andby allotriomorphic clear quartz. Sometimes we find several green needlesof amphibole, whilst apatite, titanitc and sometimes a very small amountof magnetite are accessories. Melanocratic dike-rocks: The melanocratic dikes are formed bymalchites, very fine-grained white-and-green or dark-green rocks. They areformed by plagioclase and amphibole in about equal quantities, with pan-allotriomorphic granular texture, and with a small amount of quartz. Theplagioclase is clear, twinned labradorite or labradorite-bytownite. .Theamphibole is coloured green or brown, with small pleochroism. Magnetitein small crystals is always present. Moreover, one dike of spessartite hasbeen found. Contact metamorphism: With the larger Diorite intrusions throughthe Tuff Series we often find traces of contact metamorphism. We probablyshould have found more direct evidence, had it not been that the Dioritesand the rocks from the Tuff Series usually were rather weathered, and thecontact between the two formations not exposed. The spilites and diabasesfrom the Tuff Series near the contact are silicified to a certain extent. Betweenthe laths of the felspars, where in fresh rocks we find the grains of augitethat often are seen to urahtize or chloritize, are found irregular clear grainsof secondary quartz, that are grown together with

other secondary minerals,e. g. chlorite, epidote and uralite, thereby proving their secondary nature.In several of the normal spilites and diabases with a strong decompositionof the pyroxenes and a consequent large amount of secondary mineralswe also find some quartz and it looks as if this process â€” the decom-position mainly of the chlorite to quartz â€” has been accelerated by thenearby intrusions of the Diorites. This phenomenon was typically observed in rocks of the Tuff Seriesclose to the Diorite intrusions between Guaracabulla and Falcon (M. 402â€”M. 407 and M. 416), between Guaracabulla and Placeras (Near V. 215)and South of General Carillo (A. 501), in the eastern part of the district. The Habana Formation. General: Palmer (9) was the first writer on the geology of Cuba,who gave a good account of this formation, as it outcrops in the vicinityof the town of Habana. Although the p?Štrographie characters in the districtunder discussion are distinct from those found near Habana â€” in fact thereis strong variation within the district itself â€”, its age and fossil contentis the same. I.ayers of this age, but varying locally in p?Štrographie andlithologie character, are found at many places in Cuba and it is thoughtbest to give them all the same formational name, whilst the different, some-times intergrading characters are described separately for each locality.



??? This is thought better than giving a new name to the many local variations. Age: The age of the Habana Formation is Uppermost Cretaceous, asit can be parallelized with the Maastrichtian of Europe by the occurrenceof Larger Foraminifera of the genera Lepidorbifoides and Omphalocyclus. It is transgressive over the Diorites and Tuff Series and their equivalent,the Aptychi Limestones. Pebbles of diorite-porphyrite and quartz-diorite-pegmatite are found, together with Vaughanina cubensis and fragments ofRudists, at H. 482 and at L. 617, East and West of Falcon ; whilst pebblesfrom the Tuff Series and the Aptychi Limestones are found at differentlocalities. In the southwestern part the structural discordance is clearlyindicated on the map, where we see the layers of the Habana Formationtransgressive over various older formations. For instance near Falcon overTuff Series, Aptychi Limestones and Serpentines ; and along the northernlimit of the Bernia-syncline over Tuff Series and Serpentines. Just as with the Tuff Series and the Aptychi Limestones, we find astrong difference of facies in the Habana Formation, between the northernand the southern part of the district; the line of larger Serpentine-bodiesroughly indicating the boundary-line. Together with this change in facieswe find an intensified tectonic structure, when passing from South to North. Southern facies: Typical for the Habana Formation in the southernpart of the district is the great syncline of Bernia to the South and Southwestof the town of Santa Clara, and the exposures to the

Northeast of this townalong the road to Remedios in the neighbourhood of Capiro. We find herelight-green glass-tuffs, crystal-tuffs, tuffaceous limestones, Rudist- andOrbitoidal-limestones. The different layers vary strongly parallel to thestrike and are only found over short distances, when they taper out, to bereplaced by others, in an irregular way. The whole lithology, the rapidthinning out of layers, the angular crystal-fragments in the tuffs and thetuffaceous limestones, together with the local abundance of Rudists andOrbitoids, is evidence of a littoral sedimentation. Although we find abundantevidence of volcanic activity during the sedimentation of the formation inthis part of the country, we only found igneous rocks at two localities,A. 127 and H. 213, both between San Juan and Pastora, where porphyritesoutcrop. Differences with the Tuff Series: In the field the formation iseasily recognised when it carries Rudists or Orbitoids, but those sectionswhere glass-tuffs, tuffs and tuffaceous limestones are found, resemble to acertain extent the layers of the older Tuff Series. The glass-tuffs from theHabana differ, however, from those of the Tuff Series by their light-greenor whitish colour, which is much lighter than the usual colour of the olderglass-tuffs and tuffs. Moreover as a rule they have a much smaller specificweight and a fresher appearance. Moreover in most cases smaller and largerintercalations of limestones occur not unfrequently. These limestones con-trast by their white or yellowish-brown colour with the grey or blue-greylimestones, sometimes

found intercalated within the Tuff Series, and can



??? also be distinguished by their coarser texture, which usually is granularand may be finely conglomeratic or brecciaceous. Under the microscope we find dense light-green glass-tuffs, whichonly consist of clouded glass, and that are di fficult to distinguish from thoseof the Tuff Series. But the coarser glass-tuffs and the tuffaceous limestones,that vary from limestones with volcanic material towards tuffites withcalcareous cement, can be recognised by a number of features. They carryfragments of porphyrites whose texture varies from hyalopilitic to holo-crystalline, fragments of phenocrysts of plagioclase, quartz, sometimes ofaugite, and crystals of magnetite. The plagioclases are always clear, withlammellar twinning or zonal structure and are rather basic, with a compo-sition of labradorite. They contrast with the plagioclase-fragments of the



??? tuffs from the Tuff Series by their clearness, twinning, zonal structure andbasic composition. These features are also sometimes found with oldertuffs, but always with the tuffs from the Habana Formation. Moreover thealmost constant occurrence of fragments of clear quartz-crystals is a dis-tinguishing feature, as we almost always find quartz in the tuffs of theHabana Formation, and never in tuffs from the older formations. In thetuffaceous limestones, moreover, we often find fragments of Orbitoids, orof Vaughanina cubensis, which at once determine the age of the rocks underquestion, and lastly in this part of the island Radiolaria are rarely metwith in the Habana Formation. This characteristic does not hold good,however, for the whole island, as Palmer (8) describes abundant radio-larian deposits from this formation in other parts of the island, and there-fore it should only be used in combination with the other characteristicsmentioned. Intrusions of Porphyrites: The porphyrites found are dark-brownand black, dense rocks. They carry phenocrysts of plagioclase and augite.The plagioclase occurs in large tabular crystals with lammellar twinningor zonal structure, mostly clear, sometimes slightly cloudy, that vary incomposition from andesine-labradorite to labradorite-bytownite. The augiteis colourless, and the crystals have the form of short prisms. Magnetite,in smaller and larger crystals, is present. The fine-grained, partly vitre-ous groundmass contains basic plagioclases, with some pyroxene andmagnetite. Petrography: As we have seen, one of the

differences between thevolcanic elements of the tuffs from the Flabana Formation and those of theTuff Series, is the occurrence in the Habana, of a considerable amount ofprimary quartz. The parentage of the effusives thus is more dioritic thangabbroid. In agreement with this fact, the chemical composition of a glasstufffrom the Habana Formation is that of a granite. (Analysis 17). The intrusiveaugite-porphyrites seem to have a more gabbroid parentage by their mineralconstituents, but the chemical analysis of one of them also reveals a closeresemblance to a granitic magma (Analysis 16). When we take into consi-deration the intrusions of Diorites and dioritic rocks into the older forma-tions, it is highly probable that the volcanic activity that furnished thematerial for the tuffs of the Habana Formation, and for the porphyrite-intrusions in the Habana Formation, was allied to the igneous activity whichled to the intrusions of the dioritic rocks. We may consider the volcanicactivity, during the sedimentation of the Habana Formation, as the waningof the igneous activity that formed the earlier Diorite intrusions. Northern Facies: The difference in facies in the Habana Formationbetween the northern and southern part of the district, is parallel to thatfound between the Tuff Series and Aptychi Limestones. We see a conside-rable decrease in volcanic matter, which in the northern facies of the HabanaFormation is almost non-existent. There are also indications that part ofthe formation was sedimentated in a somewhat deeper sea. Whereas in the



??? South and Southwest, we found a perfect littoral lithology, in tlie northernfacies we find only scarce layers with Rudists or Orbitoids, These, togetherwith the coarsely brecciaceous elements indicate littoral sedimentation too.Over large distances, however, dense, non-brecciated limestones, sometimeswith many Smaller Foraminifera, are evidence of uniform conditions ofsedimentation, and it is probable that this sedimentation took place in asomewhat deeper sea. The northern facies of the Habana Formation is characterised by whiteand yellow brecciaceous limestones, white and yellow dense limestones,and white or greyish finely conglomeraticaJ limestones. Sometimes wefind breccias of Rudists, or fragments of Orbitoids, by which the lime-stones can be determined, but mostly they are sterile or the SmallerForaminifera can not be prepared out of the rocks for determination. Thecoarse limestone-breccias and the dense yellowish limestones can be sepa-rated, without fossils, from the older Aptychi Limestones, on their p?Štro-graphie characters, but with the finely conglomeratic or brecciaceouslimestones, it is difficult to say whether rocks belong to the Habana or tothe Aptychi Formations ; and often only the finding of Orbitoids or Radio-laria can decide the question. It is therefore possible, and even probable,that in the northern ridges of Aptychi Limestones, beds of limestones ofthe Habana Formation are folded and faulted together with the Aptychilimestones. As we can not say anything definite on the structure of

theAptychi Limestone-ridges, more detailed work may show them to containsmaller or larger synclines of Habana Limestones alternating with anticlinesof Aptychi Limestones. In the northern part, owing to the stronger influence of the post-cretaceous orogenesis, the structural discordance between the HabanaFormation and the older beds is not so apparent from the map, as it is inthe South. At several localities we found, however, pebbles of rocks fromthe Tuff Series or the Aptychi Limestones, as evidences of a structuraldiscordance between these two formations and the transgressive HabanaFormation. We found pebbles of Aptychi Limestones at L. 451, betweenPlaceras and Remedios ; pebbles of porphyrites, tuffs and Aptychi Limestonesat A. 369, between Placetas and Camajuani ; and lastly pebbles of radiolariancherts and glass-tuffs at L. 501, West of San Antonio. Upper Eocene. General: We find the Upper Eocene over a large part of the south-western portion of the district, and again in the north- and north-easternpart. As with the older formations, the facies in the two regions is different,as is the tectonic structure, and a separate discussion is desirable. The age of the formatipn is established beyond doubt, by the occurrenceof Larger, and some Arenaceous Foraminifera of the genera Camerina,Lepidocyclina, Helicolepidina, Discocyclina and Dictjoconus.



??? Southwestern facies: In the southwestern region we find for^ thegreater part white marls and limestones, often sterile, sometimes withSmaller Foraminifera, that could not be prepared out. The northern boundaryof this territory is formed by a range of limestone-hills which begins tothe North of La Esperanza, near Coneydo, and passes with an approximatenorthwestern strike South of San Diego del Valle. It is here transgressiveover Serpentines and Tuff Series and locally carries abundant pebbles fromthese formations and from the Aptychi Limestones. Near Santa Isabel andJicotea we also find conglomeratical limestones and marls, with manywell-rounded, small pebbles of the older formations. The structures formedhereabout are gentle, the dipping of the beds is low. Although we havenot found pebbles from the Habana Formation in sediments of the UpperEocene, the stratigraphie unconformity is apparent by the lack of fossilsfrom older divisions of the Eocene. The structural discordance betweenHabana and Upper Eocene is clearly seen between San Juan and La Espe-ranza ; where the gently folded Upper Eocene transgresses across thesynclinal of Bernia. North of La Esperanza a tongue of Upper Eocene stretches eastward,transgressing over various older formations, to well East of Santa Claratown. We are here between the larger massifs of Serpentines, where, inearlier times, strong tectonic disturbances have taken place, contrasting withthe more gentle structures formed in the southwestern region of the district.This difference also holds

true for the post-Eocene orogenesis, as the bedsfrom La Esperanza eastward, have been folded more heavily than thoseto the West of La Esperanza. East of Santa Clara near the end of the trans-gression of the Upper Eocene over Tuff Series and Serpentines, we observea number of alternating synclines and anticlines, locally with very steep dips.Just as to the northwest of Conyedo, the Upper Eocene has here a basalconglomerate with smaller and larger pebbles, mainly from the Tuff Seriesand the Aptychi Limestones. Here we also find several tuffaceous limestones, indicating a low vol-canic activity in Upper Eocene times. This activity was low, compared tothat during the Habana period, as the tuffaceous limestones are much rarerin the Eocene than in the Upper Cretaceous. Moreover the amount ofvolcanic matter in the limestones is smaller in the younger sediments,whereas the crystal-fragments often are somewhat rounded off; and wenever find true crystal-tuffs, practically without calcareous matter, as is thecase in the Habana Formation. The volcanic matter present is, however,of quite the same habit â€” basic clear plagioclases, quartz and occasionalpyroxenes and fragments of porphyrites â€”, so that the tuffaceous limestonesfrom the Upper Eocene can only be distinguished from those of the HabanaFormation by their fossil content. Fragments of Discocyclind commonlyoccur within the Upper Flocene limestones, so usually this presents noserious difficulties.



??? Fauna: The fauna of the Upper Eocene in this region consists for agreat part of Larger Foraminifera, with some corals. Locally we find abun-dant specimens of species of the genera Camerina, LepidocycUna and Discocy-clina. This contrasts with the fauna of the northern facies, where we findabundant Smaller Foraminijera of Rotalid parentage, with specimens of thegenus Dictyoconus. Specimens of the genus Discocyclina are the only LargerForaminifera found here, and they are rare, compared with the numbersfound in the southern facies. Northern facies: The northern facies of the Upper Eocene for thegreater part comprises limestones. We find white and grey dense limestones,but also many well bedded, fine-grained conglomeratical or oolithical^white or greyish-brown limestones, that locally vary into brown calcareoussandstones. These alternate with grey or light-green marly limestones. Thedense and fine-grained limestones often carry abundant Smaller Foraminiferaand also many specimens of Dictyoconus and fragments of Discocyclina.The texture of these rocks distinguishes them in the field from thequot; denseor brecciaceous, non- or badly bedded limestones of the Habana Formation.The marly limestones of Upper Eocene age, in contrast to the beds of theHabana Formation, locally carry abundant Radiolaria. The Upper Eocene Formation in this region has been subject to astrong post-Eocene orogenesis, as can be seen from the strong folding,which has resulted in steep, sometimes vertical dips of the beds,

and. Westof San Antonio de las Vueltas, we even find synclines of monoclinal build. Although â€” probably through these effects of the post-Eocene oro-genesis â€” the structural discordance between Upper Eocene and HabanaFormation is not apparent in the northern region of the district, we findthe same stratigraphical gap between Maastrichtian and Upper Eocene aswe found in the Southwest ; so we may assume that an unconformity betweenthese two formations exists over the whole district. Oligocene. Beds of Oligocene age were only found at two localities in the south-western part of the district, where they overly conformably the beds ofUpper Eocene age and are folded in gentle structures, with low dips. Wefind white sterile marls, or marly limestones and yellowish-brown orbitoidallimestones, sometimes with small pebbles from the older formations. Inp?Štrographie character and tectonical structure these beds thus are not tobe distinguished from the underlying beds of Upper Eocene age. We mayseparate them by their fossil content only. In the two localities mentionedtypical Orbitoids of the subgenera Nephrolepidina and Eulepidina were found.The tectonic concordance of Oligocene and Upper Eocene proves that thepost-Eocene orogenesisâ€” which in the southwestern part of the districtwas rather weak, but grew in intensity towards the North and FLast â€”,took place during younger Oligocene times.



??? Guines Limestone. Palmer (9) gives a full discussion of these limestones of Oligo-Mioceneage, characterised by unfolded horizontal beds of white or brownish lime-stones, with a very singular, cavernous, habit, caused by the weatheringout of abundant Gastropoda and other fossils. Their moulds and casts canbe recognised everywhere, without, however, permitting a specific deter-mination of the fossils after which they were formed. We only found itSouth of Quemado de Guines, whilst perhaps the horizontal limestoneswith jagged surface, found between Sagua la Grande and the coast atLa Isabella, belong to the same formation. Palmer gives the jagged surface,which in extreme cases forms the 'Dientes de Perro', as a distinguishingfeature of the limestones of this formation. We did, however, repeatedlyfind the same 'Dientes de Perro' structure with the massive limestones fromthe Habana Formation, South and West of Remedios.



??? Chapter III: tectonical notes. Orogenetic phases: Tliree different phases of orogenesis can bedistinguished in this part of the island, namely the first one during theUpper Cretaceous, before the sedimentation of the Habana Formation inMaastrichtian time; the second during the Middle or Lower Eocene; andthe third after the sedimentation of the Upper Eocene and Oligocene sedi-ments. These have all caused a folding, and sometimes faulting, of the bedsaffected. Since the last orogenetic phase during the Oligocene no horizontalmovements have taken place, as is evidenced by the horizontal beds of theGuines Limestone, and we find evidence only of a vertical uplifting of theGuines Limestones over large areas. The first, pre-Maastrichtian, orogenesis was comparatively gentle andwe find no great discordances between the Habana Formation and theunderlying Tuff Series or Serpentines. It is proved by the occurrence ofpebbles of rocks from the Diorite intrusions, and from the Tuff Series, inlayers of the Habana Formation and by the overlap of the Habana Formationover the older layers. We see this last feature very clearly Southw^est ofSanta Clara, where Habana overlies Serpentines near La Esperanza andTuff Series more to the Southeast, near Bernia ; and also West of Falcon.During this orogenesis the intrusion took place of the large amounts ofperidotites and the somewhat younger diorites. During the two following phases of orogenesis the structures formedby the first phase were accentuated, and the large

overthrusts, togetherwith the monoclinal build of the interjacent wedges, â€” producing animbricate structure of the whole country northward from the Serpentine-massifs â€” were formed. We can not now distinguish between the shareeach one of the two last phases had in the forming of this structure, assediments of Upper Eocene age are wanting over the larger part of'theheavily folded country. Difference between northern and southern part. The sectionsgiven, clearly indicate the difference in tectonical structure between thesouthern and the northern part of the district. In the syncline of Berniawe find even gently folded layers and a large, comparatively smooth struc-ture. This is even more the case to the West of the syncline of Bernia, wherethe transgressive Upper Eocene sediments form gently undulating structures,with low-dipping beds. Contrasting herewith are the narrow wedges withsteep dips, bounded by overthrusts, and the Upper Eocene synclines ofmonoclinal build, found in the northern and eastern part.



??? This difFerence in tectonic structure can not be explained by the facies-differences between the northern and southern parts only, for these facies-differences are gradual, and we find layers of southern facies intercalatedwithin those of northern facies and vice versa. We can only explain it bya general growth of tectonic, activity towards the North and East. Thefacies-difference between the Tuff Series and the Aptychi Limestones ofLower Cretaceous age, which difference is parallel to that found in youngerlayers, indicates that the difference between northern and southern part,existed already in Lower Cretaceous times, and survived throughout thethree different orogenetic phases. Thickness of formations: As will be noted I have not stated thethickness of the different formations. This is omitted for various reasons.The Tuff Series, along the southern boundary of the district, only showsthe northern end of a large area as it outcrops also to the South of thedistrict so that the thickness of this series can not, at present, be given. The Aptychi Limestones are found only in narrow wedges with pre-vailing monochnal build and bounded by overthrusts. The absence of indexhorizons in these limestones makes it impossible to observe a repetition oflayers, which might well occur together with the imbricate structure found ;whilst on the other hand, the overthrusts at the contacts may conceal largeparts of the formation. By the first feature one would be inclined to givean exaggerated idea of the thickness of the hmestones, the second featureproduces a contrary

result. As we know nothing about the relative impor-tance of these two features, we can only guess as to the thickness of theAptychi Limestones. The sections given illustrate the geographical extentcovered by beds of this formation, and give an idea of the rougher dimen-sions of its vertical extent. The Habana Formation and younger sediments in the southwesternpart are transgressive, with a variable Hthology and thickness. This isillustrated by the section I, through the syncline of Bernia, where theHabana Formation is much thicker in the southern flank of the synchnethan it is in its northern flank. This can be explained by a wedging outof the layers towards the Northeast. The younger formations elsewhere onthe island â€” in the structural basins â€” attain a considerable thickness(Palmer, Bibl. 9), whilst they are found in this district only as a thin cover.Computed values given for their thickness in this part of the island thusare not representative for these formations. In the northeastern part of the district the Habana and Upper EoceneFormations do not exhibit such a variable lithology, but here they arestrongly folded, with overthrusts formed in several places at the contactsbetween Aptychi Limestones and Habana Formation, so that here also acomputation of the formation's thicknesses remains very uncertain.



??? Chaptei IV : PETROLOGICAL NOTES. From a number of Cuban rocks Mr. W. van Tongeren of Utrechtkindly made chemical analyses, so that the chemical properties of the rocksfrom the different formations can be discussed. The analyses are givenbelow, together with seven analyses from other Cuban rocks, given bySchurmann (Bibl. 12), that were also executed by Mr. van Tongeren. The NiGGLi-values were computed, and a differentiation-diagram wasdrawn. Niggli (Bibl. 7) gives yet another method by which the quantitiesof normative minerals in molecular proportions can be easily drawn in atriangular projection. From the three angles of a triangle we put downthe quotient of the normative molecular amount of free silica with thetotal molecular amount of silica, Qs, secondly the quotient of the normativemolecular amount of silica used by the molecular normative leucocraticcomponents and the total amount of silica, Ls, thirdly the quotient of themolecular amount of silica used by the molecular normative melanocraticcomponents with the total molecular amount of silica, Fs. The sum of Qs,Ls and Fs is always the unit, and therefore we may use the triangular pro-jection. Ls and Fs are computed with the supposition that molecules withthe highest grade of silicification are formed. If this is really not the case,we find this expressed by a negative Qs. Together with the projections ofthe Cuban rocks the mean values of several types of rocks, according toNiggli, are put down. From the differentiation-diagram we see that the

Cuban rocks belongto the common alkali-calc series, giving a normal differentiation diagram. From the triangular projection we see that the rocks from the TuffSeries, analyses 10 and 8, lie between the mean values for gabbro and forsyenite, thus chemically confirming the facts we had already noted withthe p?Štrographie description of the spilites and diabases. Number 11, Tuff-Series-diabase found as inclusion in the Serpentinesillustrates the close chemical parentage of these rocks with the volcanicsfrom the Tuff Series, a parentage we have already noted with the p?Štro-graphie description of these inclusions from the Serpentines. Number 9,a spilite from the Tuff Series, silicified by the intrusion of the Diorites,truly has a much more acid character than the un-altered rocks of thisSeries. The chemical parentage of the rocks from the Diorite intrusionsand the glass-tuffs (number 17) and porphyrites (number 16) from theHabana Formation, is equally well illustrated in the triangular projection.It will be seen that these rocks, with the exeption of number 15, a melano-cratic, malchitic dike-rock, have about the chemical composition of a granite.



??? Yet petrogfaphically they have a true dioritic or quartz-dioritic parentageas they never carry orthodase felspars but always plagioclase felspars'with phenocrysts usually even of a rather basic composition. This is ageneral feature of the Cuban rocks in so far as we find it also with the rocksfrom the Tuff Series. These last mentioned rocks with their beautiful ophiticstructure, their considerable amount of pyroxene, and absence of biotiteor amphiboles, should have a gabbroid composition. Instead they are moreacid, and intermediate in composition between gabbros and syenites. Justso with the rocks from the Diorite-intrusions, which petrographically areto be classed with the diorites, and chemically with the granites. It is hopedthat examination of equivalent rocks from other parts of the island mayshow, if this difference is accidental, or due to a regional Cuban or An-tillean feature. The composition of the numbers 12 and 13, foreign inclusions fromthe Serpentines of the meso-metamorphic group, do not give any evidenceas to their origin. The analyses No. 1â€”7 are those, given by Schurmann (12), Numbers1â€”4 are of Dioritic rocks, numbers 5â€”7 are of rocks from the Serpentines. Nr. 8 is a spihte, taken at V. 211, between Guaracabulla and Falcon.Nr. 9 is a sihcified spihte, taken at M. 416, South of Falcon.Nr. 10 is a diabase from the Tuff Series, taken at M. 374, near Santa Clarita.Nr. 11 is a diabase, a foreign inclusion in the Serpentines, taken at M. 371,near the former locality. Nr. 12 is a zoisite-amphibolite, a foreign inclusion in the Serpentines,

South from Encrucijada, at H. 502.Nr. 13 is a glaucophane-eclogite, a foreign inclusion from the Serpentines, taken along the Carretera Central, 11 km. East of Santa Clara.Nr. 14 is a diorite, from the Diorite-intrusion Southwest of Santa Claraat A. 395. Nr. 15 is a malchite, connected with the Diorite-intrusions, from a dike in the Serpentines, at M. 434, just South of Falcon.Nr. 16 is an augite-porphyrite from the base of the Habana Formation at H. 213, East of San Juan.Nr. 17 is a glass-tuff from the Habana Formation, West of Santa Claraat L. 359.



??? Nr.: 2. 3. 4. 5. 6. 7. 8. 9. Analyst: W. van Tongeren SiOa 74,48 67,37 63,90 60,11 50,71 48,54 39,75 55,50 56,00 AloOÂ? 12,47 15,95 14,56 16,55 16,72 12,02 0,57 15,25 19,09 FcsOs 2,30 1,09 3,01 2,81 0,99 2,57 7,40 2,45 1,15 FeO 0,42 1,61 2,56 5,46 7,01 7,91 0,95 3,79 6,14 AlnO tr. 0,02 0,05 0,02 0,06 0,18 0,08 0,07 0,18 MgO 0,22 1,26 2,57 2,41 6,91 12,35 37,79 7,73 4,63 CaO 1,41 2,65 3,34 6,09 6,62 14,14 0,03 4,70 4,25 Na^O 2,88 5,40 4,23 4,08 4,72 0,68 0,14 5,60 4,27 KgO 4,51 1,90 2,85 0,84 0,28 0,20 tr. 0,68 1,32 H2O 0,39 1,25 1,63 0,52 4,67 0,86 12,10 2,54 1,45 H2O- 0,48 0,54 0,43 0,20 0,96 0,13 0,78 0,86 0,77 TiO, 0,33 0,38 0,50 0,72 0,39 0,31 0,03 0,74 0,72 CO2 tr. 0,04 â€” 0,05 tr. â€” tr. â€” 0,03 P2O, 0,12 0,33 0,42 0,24 0,15 0,17 0,07 0,14 0,08 Ct'A â€” â€” â€” â€”â–  tr. â€” 0,32 â€” Total 100,01 99,79 100,05 100,10 100,19 100,06 100,151) 100,05 100,08 Niggli- values: si 440 297 243 194 131 97 63 152 165 al 43,3 40,3 32,5 31,6 25,4 14,1 0,7 24,6 33,3 fm 14,2 17,8 31,4 33,1 44,0 54,1 99,0 45,5 38,6 c 9,0 12,5 13,6 21,0 18,3 30,2 0,05 13,8 13,4 alk 33,5 28,4 22,5 14,3 12,3 1,6 0,25 16,1 O No. 7 has NiO for 0,14 %.



??? Nr.: 10. 11. 12. 13. 14. 15. 16. 17. Analyst: W. van Tongeren SiOa 53,19 47,58 46,20 46,91 68,77 51,41 69,25 62,15 AI2O3 15,14 14,07 14,74 17,69 15,68 15,60 14,27 13,13 Fe,03 3,84 1,33 3,56 2,65 0,67 2,18 1,83 3,06 FeO 8,25 10,05 6,28 9,43 1,42 6,46 1,76 0,49 MnO 0,07 0,12 0,09 0,06 â€” 0,08 0,02 0,03 MgO 2,62 3,84 8,18 4,02 1,97 7,66 0,50 1,35 CaO 6,80 13,12 12,42 9,61 2,54 11,28 3,01 3,44 Na^O 4,57 3,47 4,81 5,36 6,80 2,60 3,78 1,63 Ko 1,28 1,01 0,23 1,28 1,47 0,28 4,08 2,88 H2O 1,80 3,29 0,83 1,26 0,60 1,07 0,28 8,03 HaO- 0,81 0,41 0,24 0,33 0,13 0,34 0,49 3,34 TiO^ 1,28 1,35 2,09 1,66 0,26 0,66 0,52 0,40 CO. tr. tr. tr. tr. 0,02 0,13 0,17 tr. P2O, 0,06 0,02 0,09 tr. tr. 0,18 0,16 0,06 SrO 0,08 0,12 0,11 0,06 â€” â€” â€” 0,04 Total 99,79 99,78 99,87 100,32 100,15 99,93 100,12 100,03 NiGGLi-values: si 151 114 98 110 288 121 322 317 al 25,3 19,9 18,5 24,2 38,7 21,7 39,1 39,4 fm 39,1 36,6 43,0 37,4 18,4 43,5 16,8 24,2 c 20,7 33,8 28,3 24,1 11,4 28,4 15,0 19,0 alk 14,9 9,7 10,2 14,1 31,5 6,4 29,1 17,4



??? x.........................o/ ,-fm a------alk O-------C ^ o\ â–? 63 97 mm 131 /5i /ee m2oonbsp;sh 3/73)2 Fig. 3. Differentiation-diagram of Cuban rocks. '/oo yvi? 500 Nepheh'ne



??? Chapter V : PALEONTOLOGICAL NOTES. Most of the results of the work on the fossil remains, found in thenorthern part of the province of Santa Clara, has been, or will be, publishedelsewhere, to make it more accessible to purely paleontological workers.These pubhcations will not be repeated here, and only faunal lists, withfind-spots of the different fossils, will be given. The ammonite Aptychi of the formation bearing this name have beenspecifically determined by Prof. F. Trauth, of Vienna (Bibl. 13). The remains of Ammonites will be determined by Prof. E. Jawgrskiof Bonn. The results will be published later on, but Prof. Jawgrski kindlypermitted me to pubhsh here the provisional results, that are of geologicalinterest also. The Larger Foraminijera of Maastrichtian, Upper Eocene and Oligoceneage have been specifically determined by me (Bibl. 11). The Rudists and Rudistids from the Habana Formation have beendescribed by me in a paper, submitted for pubhcation to the Journal ofPaleontology. Faunal Lists : Radiolaria were found at the following localities : L.362, L.363, L. 373, L.407, L.461, L. 467, L.471, L. 479, L. 525,L.527, H. 198, H. 394, H.40I, H.406, H.410, H.545, H.548, V. 178,y. JS2, V. 184, V. 186, V. 187, V. 193, V. 198, V, 203, F. 262, V. 313,V.399,nbsp;A.U3, A. 363, A. 388, A. 422, M.327, M.381, M.382, M.4I7, M.420, M.42I. With the exception of L. 373, L.461, H.406, H. 410 and A. 143 ahthese localities are situated in the Tuff Series or the Aptychi Limestones. The age of L. 373 Is not certain, the other four localities are of

UpperEocene age. Ammonites or Ammonite Aptychi were found at the followinglocalities: L.362, L. 535, L. 619, H. 487â€”489, M. 520, M. 604. L. 362, H. 487â€”489 and M. 520 are situated in the northern rangesof Aptychi Limestones and the determination of the Opercula by Prof. Trauthindicates a Lowermost Cretaceous age for these limestones. L. 535, L. 619 and M. 604 are limestones, intercalated in the TufFSeries in the southern half of the district. The provisional determinationof the Ammonites by Jawgrski yielded the following species :



??? Austiniceras dihleji Spath 1922 Pachjdiscus sp. indet. cf. coUigatus Binckhorst Peroniceras coccbii Meneghini Peroniceras ex. afF. tricarinatus (Fric.) Burckhardt 1919Peroniceras indet. cf. c-:(??rnigi RedtenbacherPeroniceras sp. indet. L. 535, L. 619.L. 535.M. 604. L. 535, M. 604.L. 535.L. 535.L. 619.M. 604. Barroisiceras sp. indet. Nr. 7 Burckhardt 1919Crioceras sp. indet. Burckhardt 1919 The Pachjdiscus ex. aff. tricarinatus (Fric.) Burckhardt 1919, togetherwith the Crioceras sp, indet. Burckhardt 1919 and the Barroisiceras sp. indet.Nr. 7 Burckhardt 1919 are ah described from the Peroniceras-Barroisicerasbeds of Zumpango del Rio in Mexico. These beds lie at the boundarybetween the Turonian and the Emscherian, or belong to the Lower Em-scherian. The Austiniceras dihleyi Spath is known from the Turonian ofEngland and Algiers and the Peroniceras cocchi Meneghini from the LowerSenonian of Toscana. These determinations thus indicate an Turonian-Emscherian age for the limestone-intercalations in the Tuff Series. Theoldest sediments of the TufF Series must be of Lowermost Cretaceous age,by their interbedding in the northern half of the district with the AptychiLimestones, but the younger elements of the Tuff Series range up to theboundary between the Middle and Upper Cretaceous. List of fossils from the Habana Formation. Fossils :Vaughanina cubensis Palmer Orbitoids Orbitoides hroivni (Ellis) Orhitoides sp.Omphalocyclus sp.Torreina torrei PalmerLepidorhitoides minima H. DouvilleLepidorbitoides planasi

M. RuttenLepidorhitoides cubensis (Palmer)Lepidorbitoides rooki Vaughan and ColeLepidorhitoides aguayot PalmerLepidorbitoides sp.Lepidorbitoides (Lepidorbitoides) sp.Pseudorbitoides trechmanni H. Douville Locahties ; L. 373, L. 483, L. 505, H. 143, PL 482, H. 550, H. 640, V. 151, V. 188, V. 229, A. 330, A. 331, A.373, M. 573, M. 793. L. 451, H.640, V. 151, A. 374. L. 396, L.485, L.501, H. 153, H. 157, H. 160, V. 159, V. 252. L. 505, H. 482. H. 153. L.415, V. 188. L.485. L. 485. L. 485, H.153. L. 485, H. 153. H. 153. H. 143, H. 157, V. 157. V.227. L. 414, L.415, L.417.



??? Localities : Pseudorbitoides Israelski Vaughan and Cole L. 414, I,. 415, L, 417 L. 485 H. 153. Fossils : Pseudorbitoides sp.Astrararea cf. media SowerbyFragments of Rudists Torreites sanche-:(i (H. Douville)Barrettia monilifera WoodwardBarrettia multilirata WhitfieldPar as trom a sp. Biradiolites cf. lameracensis ToucasBiradiolites cubensis H. Douvill?ŠBournonia sp. Parabournonia hispida H. Douvill?ŠChiapasella cubensis M. RuttenPlagioptjchus antillarum (H. Douvill?Š)Nerinea cf. bicincta Bronn V.188.L. 543. L.465, L.510, H. 482, FL 509,A.333. L. 543, H.550. L.483, L.543, LI. 196, H.550.H. 196. H. 156, H. 550.L. 540. L.540, H. 196, FL 550.L. 543.H. 550.H. 550. L.540, H. 196.FL 550. Fossils :Valvulinids Dictyoconus fontabellensis (Vaughan)Camerina macgillavryi M. RuttenCa??ierina malbertii M. RuttenCamerina petri M. Rutten Camerina sp. Camerina sp. [= Amphistegina cubensis Palmer, pars]Operculina sp. Pleterostegina panamensis GravellGypsina globulus (Reuss)Gypsina sp. LepidocycUna r-douvillei LissonLepidocycUna georgiana CushmanLepidocycUna meim^eri VaughanLepidocycUna supera (Conrad)LepidocycUna piedrasensis VaughanLepidocycUna semmesi Vaughan and ColeLepidocycUna sp.Helicolepidina spiralis Tobler L.394, L.458, L. 459, L. 507,H.566, V. 165. L.390, H. 636, V. 255, A. 427.H.636. L. 158, FL 63, H. 66.L. 158, H. 61, H. 63, H. 66,H. 374, H.-381.L.390, L. 393, V.328. H. 374, H. 381, FL 384.L.390, H. 61, H. 63, FL 66.H. 374, H. 392.L.393.L.507. L. 158, H.66.H. 66, H. 374.H. 66, H. 374, H. 392.H. 66, H.374,

H.392.L.158, L.388, H.61.H. 66, H. 374. L.390, H. 386, A. 361, M. 556.L. 158, H. 374. List of fossils from the Upper Eocene. Localities :



??? Fossils:nbsp;Localities: Discocyclina hlumenthali Gorter and van der Vlerknbsp;H. 63, H. 636. Discocyclina cloptoni Vaughannbsp;L. 393, H. 636. Discocyclina cubensis (Cushman)nbsp;H. 63, H, 66, H. 381. Discocyclina perkinsi Vaughannbsp;L. 393, H. 374, V. 384. Discocyclina {Discocyclina) sp.nbsp;L. 390, L. 459, H. 386, V. 328, A.125, A.361. Discocyclina kugleri Gravellnbsp;H. 374, H. 381. Discocyclina vermmti M. Ruttennbsp;FL 61, H. 66, H. 374, H. 392. Discocyclina {Asterocyclina) sp.nbsp;L. 390, L. 393, L. 458, L. 463, L. 504, L.507, L. 558, H. 374,H. 636, A. 125. Discocyclina sp.nbsp;L. 460, V. 376, V. 408, A. 126. Monticulastrea regularis K??hnnbsp;H. 121. Diplochaetetes longittihus Weissermelnbsp;H. 121, H. 385. List of fossils from the Oligocene. Fossils :nbsp;Localities: Lepidocyclina fragilis Cushmannbsp;L. 157. Lepidocyclina marginata (Michelotti)nbsp;L. 156, L. 157, H. 71. Lepidocyclina piedrasensis Vaughannbsp;L, 156, I.. 157, H. 80.Lepidocyclina tournoueri Lemoine and R! Douvillenbsp;L. 156, H. 71, H. 80, A. 360. Lepidocyclina semmesi Vaughan andnbsp;Cole L. 156. Lepidocyclina favosa Cushmannbsp;L. 156, FL 71, H. 80. Systematic descriptions : Genus Dictyoconus Blanckenhorn, 1900. Dictyoconus fontabellensis (Vaughan).(See figs 5, 7, p. 40). Cushmania fontabellensis, Vaughan, 1928, Jour, of Pal., Vol. 1, no. 4, p. 282, pi. 44, fig. 3.Dictyoconus fontabellensis, Vaughan, 1932, Jour, of Pal., Vol. 6, no. 1, pp. 97, 98, pi. 14, fig. 6, 7. Small forms, with outer characters varying. In most cases the

diameterof the basis is larger than the height, but sometimes they are equal. Theyare characterised by a rather coarse structure, the platforms are set wideapart; near the centre of the basis the distance between two platformsvaries from 0,10 mm. to 0,15 mm.



??? Diameters in mm. of specimens of D. jontabellensis : Height............ 1,0 1,1 1,2 1,6 1,8 2,3 2,4 Diameter at basis ... 1,8 2,1 1,8 1,6 2,4 3,7 3,0 Upper Eocene, Santa Clara Province, Cuba. Genus Vaughanina Palmer, 1935. Vaughanina cubensis. Palmer.(See %. 2, p. 22). Vaughanina cubensis, Palmer, D. K., Soc. Cubana de Hist. Nat., Mem., Vol. 8, no. 4, pp. 240_243 figs. 2, 3, pi. 12, fig. 5, pi. 13, figs. 2, 4. x\s may be seen from the number of find-spots of this fossil, whichis larger than that of any other fossil from the Habana formation, thisspecies is widely distributed in Upper Cretaceous Cuban layers, where itserves as an excellent index fossil. Genus Lepidocyclina Giimbel, 1868. Lepidocyclina (Lepidocyclina) supera (Conrad). OrbitolHes (Orbiloides) supera, Conrad, 1865, Acad. Nat. Sci., Philadelphia, Proc., no. 2, p. 74.Lepidocyclina [Lepidocyclina) supera, Douvill?Š, H., 1924, M?Šm. Soc. Geol. France, n. S., T. i., M?Šm. 2, p. 40, figs. 23â€”26, pi. 1, figs. 9, 10.Lepidocyclina [Lepidocyclina) mortoni, Rutten, M., 1935, Journ. o. Pal., Vol. 9, no. 6, pp. 538, 539. When I studied the Larger Foraminifera of the district I concludedfrom illustrations of Cushmans species Lepidocyclina mortoni (Bibl. 1, pi. 27,figs. 1â€”4, pi. 28, figs. 1, 2.) that this species had hexagonal equatorialchambers, arranged on concentric circles, and identified specimens fromCuban material with this species, at the same time drawing attention tothe resemblance of L. mortoni and L. supera. The same view was held byvan de Geyn amp; van der Vlerk, (3), who placed L.

mortoni under thesynonymy of L. supera. However, the extensive redescription of L. ?}jortonifrom the type-locality by Gravell amp; Hanna (4.), shows this species tobe characterised by rhomboid equatorial chambers, arranged on intersecting,outwardly convex curves. The Cuban specimens, flat discoidal forms, withhexagonal equatorial chambers, arranged on concentric circles, with only



??? Fig. 6. Diplochaetetes longitubus, horizontal section, X 30. Partly sectionedfloors at a, irregular cavities at b. Fig. 7. Dictyoconus fonlabellensis, vertical section, X 30. Fig. 8. Diplochaetetes longitubus, vertical section, Illustrating the irregular position of the floors, x 30.



??? a few layers of low lateral chambers, must now be identified with Lepido-cyclina supera (Conrad), which thus also occurs in Upper Eocene layers, andis specifically distinct from Lepidocyclina mortoni Cushman. Upper Eocene, Santa Clara Province, Cuba. Hypotypes, Min.-Geol.Inst., Utrecht, D. 14035â€”14044. Genus Monticulastrea Duncan, 1880. Monticulastrea regularis K??hn.(See PI. I, fig. 11). Monliculaslrea regularis. K??hn, 1933, Palaeontographica, bd. LXXIX, A, 1. 3â€”6, p. 195, taf. XVIIl,fig. 12, taf. XIX, fig. 1. The small, rounded hills between the rows of calices are flat. Thevalleys with the columella have sharp edges and form rather regular hexagons.The diameter of these varies from 5 mm. to 8 mm., with a mean valueof 7 mm. As in the type-specimen there are 7 to 10 septa for every 5 mm.length of columella. Upper Eocene, Santa Clara Province, Cuba. Hypotypes, Min.-Geol.Inst., Utrecht, Coll., Pa. 1935, 302 ; D. 14431, 14432. Genus Diplochaetetes Weissermel, 1913. Diplochaetetes longitubus Weissermel. (See figs. 6, 8, p. 40; pi. I, fig. 10). Diplochaetetes longitubus, Weissermel, 1913, Geol. Erforsch. Deutsch. Schutzg. Beilr., heft5, pp.84â€”108, textfig. 1, 2, pi. 13, figs. 1â€”3.---, Weissermel, 1926, in Kaiser, Diamantenwuste Siid- westafrikas, Berlin, bd. ii, pp. 88, 89, pi. figs. 1, 2, textpl. c, figs. 1â€”3. The Structure of these striking corals is absolutely identical with thatgiven by Weissermel, so that there is no doubt that the forms are specifi-cally identical. Walls double, septa wanting, horizontal diameter of calices

varyingbetween 1 mm. and 2 mm. with a mean value of 1,5 mm., floors scarceand irregularly placed. The corals grow by the division of tubes; whenthe space available augments. They are much smaller than those from thetype-locality. One well preserved specimen has a height of 2 cm. It isflat-oval in outline, the largest horizontal diameters being 4 cm. x 5,5 cm.and it is attached to the lower tip of the colony. Upper Eocene, Santa Clara Province, Cuba. Hypotypes, Min.-Geol.Inst., Coll., Pa. 1935, 301 ; Cb. 1933, 116; D. 14428â€”14430.



??? Genus Nerinea Defrance, 1825. Nerinea cf. bicincta Bronn.(See figs. 9, 10, p. 42). ^mnea hicincla, Bronn, 1836, Ncues Jahrb. f. Min. etc., p. 562, t. 6, fig. 14,---, Goldfuss, 1844, Petrcf. Germ., 3, p. 46, t. 177, fig. 5a, b. Broken specimens embedded in hard limestone rock and only to bestudied in sections. Horizontal diameter at the upper side varies fromabout 3 cm. to 6 cm. The sections through the coils reveal the simpleinfoldings, typical of the genus. There are three central folds, one of whichis placed at the upper side of the spiral; and one lateral fold. Maastrichtian, Santa Clara Province Cuba. Hypotypes, Min.-Geol. Inst.,Utrecht. Coll. Cb. 1933, 51â€”53. I'igs. 9, 10. Nerinea cf. bicincta. Locality H. 550, between La Esperanza and Santa Clara.9. Oblique section through young specimen. X Vi-10. Vertical section through three consecutive windings of a large specimen, x Vi-



??? Chapter VI: ECONOMIC GEOLOGY. The importance of northern Santa Clara from an economic viewpointis very small. With the Serpentines occur small bodies of iron- or chromium-ore which sometimes have been mined for a short time. Locally the Diorites brought a small amount of^old. One abandonedgold-mine, the Mina Isel, is situated on the path from Guaracabulla toFalcon. After the conquest of the island by the Spaniards placer-gold wasfound in the beds of the Rio Arimao and Rio Caonao, and this led toprospecting work being done higher up in the basins of these rivers, andalso in the neighbourhood of Guaracabulla, without, however, yieldingmuch result. In several localities seeps of asfalt are found, which is being minednow at the mine Anna Maria, Southwest of Placetas. These findspots arenumerous near Santa Clarita, and here they are situated along the contactbetween the Serpentines and the Aptychi Limestones. The Aptychi Lime-stones are to a certain extent oil-bearing. We often find traces of oil alongthe limestone-bedding-planes or the limestones give a definite odour, whenbroken. We may explain the asfalt-seeps near Santa Clarita by the tectonicalcontact between the Serpentines and the Aptychi Limestones. If the planeof overthrusting between the two formations has a southern dip, imperforaterocks from the Serpentines overlie steeply folded, pervious limestones. Oilmay accumulate against the overthrust-plane, and escape along the contactof the two formations. The economic importance of these indications

is,however, practically nil, as the Aptychi Limestones are too heavily foldedto present useful structures and the contacts of Serpentines and AptychiLimestones in all probability do not offer enough space for the accumulationof larger oil-masses.



??? Chapter VII: DESCRIPTION OF SOME ROADS SURVEYED. Santa Clara â€” Camajuani â€” Remedies Caibairien. (See Section VII). The road leaves Santa Clara in the northeastern part of the town andit is here still in the Serpentine district. Soon it passes into the HabanaFormation, where white brecciated or fine-grained limestones predominateover light-green glasstuffs. At Capiro, the limestones are well exposed inquarries to the North and South of the road (V. 157, 158). They are steeplyfolded and small faults occur. Near the Granja Agricola the Habana For-mation is overlaid by Upper Eocene, characterised by white marly limestonesand tuffaceous limestones, that form gently undulating structures. In theRio Ochoa we find a silicified spilitic rock (V. 162a), that is likely to belongto the Tuff Formation, and over the river we pass into the Serpentines,with veins of gabbro that show a strong uralitisation and a cataclasticstructure. The road then passes through the southern flank of a small hill,the Bonachea, that is formed by steeply and irregularly folded grey and redlimestones and marls from the Aptychi Formation (V. 168), and againcomes into the Serpentines, until after the crossing of the Rio Sagua laChica and the railroad at Santa Fe. Before us we see here a ridge of hillswith a Northwestâ€”Southeastern trend, the Loma Santa Fe. (See fig. 11,p. 45). It is formed by limestones of the Aptychi Formation, that are steeplyfolded and sometimes faulted, with strikes running roughly parallel to thetrend of the ridge (V.

178â€”186). Although the contact with the Serpentinesis sharply defined, no trace of metamorphism in the limestones is found.We find here grey and bluishgrey limestones and marly limestones, withlayers and lenses of dark chert. Radiolaria are very abundant. Several layersof tuffaceous limestone are encountered and in one place we find a brown,fine-grained sandstone, built up by fragments of quartz and plagioclasefelspars, with some muscovite and calcite (V. 186). Owing to the strongfolding nothing definite of the tectonic structure of the ridge can be said.In connection with the facts found at the path from Falcon to Camajuani,we may assume that the Serpentines are brought into tectonical contactwith the Aptychi limestones by an overthrust. On the eastern flank of the Loma Santa Fe are exposed greyish marlsand finely brecciaceous limestones, which, on microscopical examination,are found to contain Orbitoids and belong to the Habana Formation (V. 188).We then pass into a small zone of Serpentine that is very weathered, andrecognised by the more resistent foreign inclusions. Over the railroad we



??? Fig. 12. Detailed geologic map of part of the roadbetween Camajuani and Falcon. Scale 1 : 25.000. 3 sÂ? O ag



??? pass into the Tuff Series, represented by glass-tuffs and prophyrite-tuffswithout stratification (V. 190â€”192). From V. 193 till we reach the villageof Camajuani, we once more cross a zone of grey limestones with inter-calated dark cherts from the Aptychi Formation. Between Camajuani andRemedios, we find white and grey brecciated limestones, that containOrbitoids of the Habana Formation near Camajuani, and fragments ofRudists of the sub-family of the Radiolitinae at V. 244. Near Camajuani thelimestones are folded with a general strike of N. 120 E. and they dip towardsthe Southwest. They must lie in tectonical contact with the older AptychiLimestones. Nearing Remedios nothing can be said about strike and dipof the limestones, that are very cavernous and form 'Dientes de Perro'. Between Remedios and Cailjairien the Upper Eocene crosses the roadin a low ridge with a strike of N. 115 E. It is represented by greyish brown,solid or fine-grained limestones with many micro-fossils, mainly SmallerForammfera ; whilst also Dictyoconus and fragments of Discocyclina are found(L. 458-460). In one place we find a marly limestone with abundantRadiolaria. The limestones strike from N. 95 E. to N. 130 E. with a northerlydip of 25-40 degrees. Santa Clara â€” Falcon â€” Placetas â€” Zulueta â€” Remedios. From Santa Clara to Placetas we follow the new highroad, the CarreteraCentral. It runs close to the northern boundary of the large Serpentinedistrict, which forms the hills of the Sierra Alta de Agabama to the Southof the

Carretera. Near V. 399 the boundary between the Serpentines andthe transgressive younger formations crosses the road for a very smallstretch and white marls of the Upper Eocene are found. The Serpentinescontain many foreign inclusions, and also veins of normal and urahtisedgabbro. At A. 341 we are still in the Serpentine but A. 340 brings a medium-grained cristallyne albitite, that is followed by weathered porphyrites of theTuff Formation (A. 338). Near L. 619 they pass with a small fault into grey,well stratified limestones that carry remains of Ammonites. The determinationof the Ammonites places these sediments at the boundary between theTuronian and the Emscherian, so they are much younger than the AptychiLimestones further to the North. They are strongly folded with a generalstrike of N. 115 E.â€”N. 140 E. These strikes cut obliquely over the contactof Tuffs and Limestones with the Serpentines, thus indicating that thecontact between the Serpentines and the older rocks is a tectonical one. The railroad here crosses under the Carretera, and we pass into theHabana Formation, which is exposed until we reach the valley of the RioSagua la Chica near Falcon. It is characterised by white limestones and marls,locally carrying abundant organisms, chiefly smaller Foraminifera of theGlohigerina group. Vaughanina cubensis and fragments of Rudists occur. The steeply folded limestones alternate with tuffaceous limestones andbreccias with fragments of porphyrites of the Tuff Series and also some



??? pebbles of dioritic rocks. On the eastern side of Falcon we find a largequarry with white to light-green marly limestones, over a basal conglomeratewith many boulders from the older formations. We found here augite-porphyrite, diabase and uralite-diabase from the Tuff Series, a uralite-rockwWch most probably comes from the Serpentines, and a brecciated quartz-dioriteporphyrite from the Diorites. The rocks gently dip towards theNortheast and the patch of limestones is surrounded at all sides by thealluvial plains of the Rio Sagua and its affluents. During our fieldwork weparallehsed these rocks with those of the Habana Formation found to theEast and West. On microscopical examination however, some of the lime-stone-boulders were found to contain Vaughanina cubensis, whilst the greenishlimestones contain abundantnbsp;If the rocks are of Maastrichtian age, the limestone-boulders must have been formed during or immediately beforesedinientation. Moreover Radiolaria are very scarce in the Habana Formationas it is exposed in Santa Clara. There remains the possibility that we havehere rocks of Eocene or Oligocene age, but without index fossils the questioncan not be answered. As this patch of limestones is flanked by limestonesof the Habana Formation I have provisorily dated them as Habana alsoEastward of the limestone quarry we find alluvial plains and thenporphyrites of the Tuff Formation, which are replaced by steeply foldedtuffaceous limestones of the Habana Formation at L. 371. To the North ofthe Carretera Central it is

exposed as white limestones, with boulders ofporphyrite and quartzdiorite-pegmatite respectively of the Tuff Formationand of the Diorites. Here it contains fragments of Rudists of the sub-familyof the Radiolitinae and characteristic Foraminifera, e. g. Orbitoides andVaughanina (H. 480, 482). At L. 369 we pass once more into the Serpentinescontaining many dikes of diorite-porphyrite and gabbro. To the North'the Habana formation runs parallel to the Carretera in a series of low hills'It is found at M. 500 and at L. 364 it crosses the road for a short space'to be replaced by greenish brown or white, well bedded glass-tuffs, radio-larian tufTites and radiolarian cherts of the Tuff Formation (L. 362, 363) ;with a small vein of a augite-spessartite near L. 362. They pass again intothe Serpentines at the next bend of the road. Strikes and dips of these bedsare in no connection whatever with the boundaries between the Serpentinesand the Tuff Formation, so these boundaries are formed by faults or over-thrusts. From Placetas northward we find Serpentines, until we reach the hillsthat are the direct continuation of the Loma Santa F?Š, and are formed bysteeply folded and faulted well bedded limestones with intercalated layersand lenses of chert (L. 441â€”443). At the railroad crossing of San Jos?Šbegins the Tuff Formation, with some veins of Dioritic rocks, e. g. a malchiteand a diorite. South of Zulueta we once more cross a zone of steeply folded limestonesand cherts from the Aptychi Formation. At L. 447 the limestones are stronglybrecciated and in places have

the same habit as breccia-limestones from the



??? Habana Formation. The components, however, are all derived from theAptychi Formation and comprise limestones, radiolarian limestones, andcherts, and we may consider the breccia as a mylonitic one, formed on anoverthrust. This is in agreement with the fact that to the Southeast, in thedirection of the strike, we find a zone of Serpentine intercalated betweenthe Aptychi Limestones on the courses from Remate, General Carillo andJarahueca Southward. The Aptychi Limestones are found up to L. 451,north of Zulueta, where they are replaced by white, oolithical or breccia-ceous limestones from the Habana Formation with fragments of Radiolitinaeand Orbitoids. They have a Northwestâ€”Southeast strike and a southerndip and are thus brought into tectonical contact with the Aptychi Limestonesby an overthrust. Nearing Remedios the limestones have much the sameappearance as between Camajuani and Remedios. Nothing can be saidabout their structure and no index fossils w^ere found. The country between these two roads. East of Santa Clara the boundary between the trangressive UpperEocene and the Tuff Formation is rather well exposed. The Eocene formsthree synclines and the Tuffs are exposed in the corresponding anticlines.(See Section IV). At V. 382 the Eocene rests on the Tuffs with a basal conglo-merate with boulders of porphyrite, dioriteporphyrite, aptychi-limestonesand cherts. The Eocene comprises white marls and limestones, alternatingwith tuffaceous limestones and calcareous sandstones, that

grade into thebasal conglomerate. The tuffaceous limestones are very similar to those fromthe Habana Formation, but under the microscope the foreign fragmentsappear much more rounded, thus forming intermediate stages betweentuffites and sandstones. Discocyclina s.s. and Asterocyclina are found. From La Movida to the Bonachea (H. 397â€”429) (See Section V)we start at the Carretera Central with Serpentine, with dikes of Diorite,followed almost directly by glass-tuffs and occasional radiolarian limestonesof the Tuff Formation. Here also we find a dike of plagiaplite at H. 403.At H. 409 we pass a small zone of amphiboliteschists, typical inclusions ofthe Serpentines and then find gently folded white and grey limestoneswith Radiolaria, that can be connected with one of the Upper Eocenesynclines further to the West. At H. 411 begins a band of Serpentines,with many foreign inclusions, e. g. chloriteschists, zoisite-amphibolites,glaucophane-amphibolites. At H. 411 we find a practically unalteredharzburgite. The Serpentines last till H. 424 where we cross the AptychiLimestones in the prolongation of the Bonachea. The contact betweenthe red and grey limestones and the Serpentines is very sharp, and wefind evidence that it is of a tectonical nature. Along the southern limitthe limestones are brecciated and contain sharp-edged broken fragmentsof Serpentine (See fig. 1, p. 13), and on the northern flank the Serpentinesclose to the contact, have a foliated structure with the strike of the foliation



??? running N. 155 E., that is to say, parallel to tlic contact of Serpentines andAptychi limestones (See pi. fig. 2). The Serpentines continue from heretill we reach the road from Santa Clara to Camajuani. From La Movida to Santa Fe we first follow the railroad of theFerrocarril de Cuba, which passes the boundary between the Tuff Formationand the Serpentines, and then we take a path to the North. At H. 535 wefind a sharp contact between the Aptychi Limestones and the Serpentines,characterised, here also, by a breccia of limestone with fragments ofserpentine. North of the zone of Aptychi Limestones we find Serpentines,till we reach Santa Fe, on the road from Santa Clara to Camajuani. From Santa Fe to the Carretera Central, we pass through Ser-pentines, till we cross the Rio Sagua la Chica at V. 262, where heavilyfolded marls, limestones and radiolarian cherts of the Aptychi Formationare exposed. These can be connected with a small ridge of Aptychi Lime-stones, that leave the Loma Santa Fe to the East at M. 361, but do notmake a direct, fault-less connection with the Aptychi Limestones that comefrom the Bonachea. South of this small band of hmestones we find whiteand green glass-tuffs and tuffoid porphyrites. The glass-tuffs contain largeangular fragments of quartz which, together with their light colour, makesit probable that they belong to the Habana Formation. I have connectedthese rocks with true exposures of Habana along the Carretera Central(A. 331â€”^336) and near Santa Clarita (M. 385 and 381). So we get a largepatch of

transgressive Cretaceous, which more or less corresponds withthe plains of the Rio Sagua la Chica. To draw the real extent of this patch,the scanty data available are insufficient. Before crossing the railroad wecome again into true tuffs and porphyrites of the Tuff Formation, with adike of cataclastic diorite-porphyrite at V. 269. From Camajuani to Falcon (See Section VIII) we begin withAptychi I.imestones that are steeply folded, with a general strike of N. 100 E.At L. 407 we pass a bed of sandstone comparable tÂŠ that of V. 186. At L. 408we pass into the Tuff Series, spilitic rocks and porphyrites with intercalatedbeds of Hmestone. At L. 414 these are covered by tuff-breccias and tuffaceouslimestones, with abundant Orbitoids of the genera Pseudorhitoides andTorreina (See fig. 12, p. 45). These beds belong to the Habana Formation,and pass with a sharp boundary into a small zone of Serpentines, that clearlyhas been under considerable stress, as the rocks are well bedded with astrike of N. 135 E. and a steep southern dip. Just before crossing the sugar-railroad at L. 420 we reach the Aptychi Limestones of the Loma Santa Fe,and we remain in steeply folded well bedded limestones with lenses andlayers of chert and many veins of calcite, until we reach the southernside of the hills near Santa Clarita, where once more the Serpentines beginabruptly. Along the contact of Serpentines and Aptychi Limestones arelocated various 'Chapopotes', small findspots of asphalt. These we canexplain by surmising that the Aptychi Limestones are an oil-

motherfor-mation. These limestones locally carry abundant Radiolaria and Smaller



??? Foraminifera and in some places even show traces of oil. During orogenesisthe limestones were folded and the Serpentines were brought into contactwith the limestones by an overthrust fault, which runs along the LomaSanta F?Š with a southwestern dip. Oil accumulated from the folded lime-stones against the overlying less pervious Serpentines, and could escapeonly along the plane of the overthrust. Santa Clarita lies in the Serpentines that are found till near the CarreteraCentral, where we pass into the Tuff Series. From Camajuani to Placetas, we follow the railroad over SanAndres and begin with the Aptychi Limestones, but soon pass into brecciatedlimestones of the Habana Formation, with, at A. 369, a conglomerate withboulders of porphyrite, tuffs of the Tuff Series and Aptychi-limestones.At A. 372 we have once more crossed the boundary and find porphyrite-tuffswithout stratification. To the left is a small hill, with brecciaceous whiteand yellow limestones of the Habana Formation, carrying Orbitoids andVaughanina cubensis (A. 373, 374), The Tuff Formation is interrupted at SanAndres by a large patch of Dioritic rocks (See Section IX). We find herediorites, diorite-porphyrites, amphibole-porphyrites and malchites, withoccasional serpentines. All dioritic rocks have undergone considerable stress,and show strong cataclastic structure with broken phenocrysts and myloniti-sation of the matrixes. Passing the Diorites we again get Tuffs until wereach the Aptychi Limestones of the Loma Santa F?Š at M. 456. On a

morewestern trac?Š we find the limestone-tuff boundary located a little moreto the North. This may be due to small tranverse faults or to the thinningout of limestone beds. At the southern side of the Loma Santa F?Š we oncemore find the Serpentines till we reach Placetas. Santa Clara â€” Encrucijada and San Antonio de las Vueltas. From Santa Clara we pass white marls and oolithical limestones, wherewe did not find any index fossils, till reaching the Serpentines. Hereafterwe pass a zone of Aptychi Limestones, that are strongly folded, and againcome into the Serpentines, that are replaced by Aptychi Limestones andcherts near H. 500. Here again comes a small zone of Serpentines nearH. 502, whereupon we soon reach the Aptychi Limestones again. Just beforeEncrucijada we find calcareous sandstones and, at the northern side of thevillage, white brecciated limestones from the Habana Formation, withfragments of Rudists. From here northward we find white, cristalline orbrecciated limestones, without fossils. We have found on this section several alternating zones of Serpentinesand Aptychi Limestones, without seeing anything definite of the structureof the limestone ranges and the serpentine fields. Although the Serpentinesare the younger, there is never any sign in the limestones of a metamorphismcaused by the Serpentines, which points to the fact that their contacts arepurely tectonical. We might yet think that the country was built up by



??? alternating synclines and anticlines with Serpentines in the synclines andAptychi Limestones in the anticlines and with small overthrusts at theircontacts, but then we should expect that the lateral endings of the limestoneranges were caused by axial dippings of the anticlines. If then a range oflimestones ends, as it does for instance near Hatillo, the Serpentines shouldmore or less surround the end of the limestones, as the syncline becomeswider with the dipping of the anticline. This is not the case. For instanceboth northeast of Hatillo, and at M. 510 Northwest of the section fromSanta Clara to Encrucijada, we find the limestones ending abruptly againstthe Serpentines. So we must surmise that the country is built up by a seriesof wedges, where the older Aptychi Limestones are thrown up over theSerpentines, whilst the lateral ends of the limestone ranges are formed bytranverse faults. In most cases the direction of the dip of the overthrustsis not seen. Only sometimes, for instance near Santa Clarita, whereasfalt deposits have formed at the contact between Limestones and Ser-pentines, we are sure that the plane of the overthrust dips towards theSerpentines. To reach San Antonio de las Vueltas (See section VI), we leave theroad for Encrucijada just before H. 513 and cross a broad zone of Serpen-tines, with many dikes of gabbros and with foreign inclusions, such asamphibolites. Just before crossing the Rio Sagua la Chica at L. 499, wereach the well bedded steeply folded limestones and cherts of the AptychiFormation, that form the Loma

Purial. This ridge of hills lies just in theprolongation of the Loma Santa Fe. On the eastern side of the Loma Purial,after crossing the Rio Camajuani, we pass at L. 501 directly into the breccia-ted steeply folded limestones of the Habana-formation, with characteristicOrbitoids and Vattghanina cubensis. Just before San Antonio many fragmentsof Rudists are found. Two small synclines, with grey marls and white orgrey, finely conglomeratical Upper Eocene limestones, carrying Discocyclinaand Dictyoconus, are found at L. 504 and L. 507. If we compare the structure on this section with that found at theroad from Santa Clara to Camajuani, we find the latter much morecomplicated. On the section through the Loma Purial we find neither azone of Serpentine, nor a layer of Flabana limestones intercalated betweenthe Aptychi Limestones. As Loma Purial and Loma Santa Fe lie in aline with each other and parallel to the general strike predominating inthe Aptychi Limestones, I have connected both zones of limestones onthe map, whereas the zones of Tuffs, Serpentines and Habana Formationfound to the West of Camajuani, are thought to wedge out towards theNorth. The possibility remains that the two limestone ridges are separatedby a band of Serpentines that should run through the topographical gapbetween the hills and connect the large field of Serpentines to the Westof the hills with the band of Serpentines found at V. 189 and L. 419.The two synclines with Upper Eocene West of San Antonio de las Vueltascannot be traced laterally.



??? Santa Clara to La Esperanza. The railroad first runs through Serpentines, that are replaced betweenkm. 285 and km. 286 by glass-tuffs and tuff-breccias of the Habana For-mation and by radiolarian-tuffites with intercalated radiolarian limestonesof the TufF Formation between km. 282 and km. 281. Just before km. 280tertiary oolithical white limestones containing Lepidocyclina with a Northâ€”South strike and eastern dip cross the railroad (M. 556), to be followed inthe neighbourhood of km. 280 by limestones with abundant Rudists andother fossils typical of the Habana Formation (H. 550). Limestones andlightgreen fine-grained glass-tuffs follow, till we find a patch of dioritic rocksbetween km. 278 and km. 277, where diorites and diorite-pegmatites arefound. About two kms. futher West we cross toward the Carretera Centralthat runs close to the rail and find at H. 636 large rocks of greyish, somewhatconglomeratical limestone with Asterocjclina and abundant specimens ofCamerina maggillavrji. The microspheric specimens of this form attain thelarge diameter of 5 cm. The Carretera Central from Santa Clara to La Esperanza runs entirelythrough Serpentines, with a dike of albitite at L. 351 and many dikes ofolivine-gabbros between L. 353 and L. 356. Here are found Dioritic rocks,augite-diorite and albitite that probably are connected with those foundalong the railroad. South of the Carretera Central are some limestone hills, where lime-stones, tuffaceous limestones and light-green glasstuffs of the Habana For-mation outcrop. These glass-

tuffs and tuffaceous limestones can be dis-tinguished from those of the TufF Formation by the intercalated marls andtheir lighter green colour, whilst under the microscope angular fragmentsof quartz and specimens of Vaughanina cubensis are found to occur. Theseare lacking in the tuffs and limestones of the Tuff Series, whilst radiolariandeposits, that are frequently met with in the older sediments, are not foundhere in the Habana Formation. Locally the limestones contain abundantOrbitoids of the genera Orbitoides and Lepidorbitoides (L. 485, H. 153). La Esperanza â€” San Diego del Valle â€” Cifuentes â€” Saguala Grande â€” Quemado de Guines. The railroad from la Esperanza northward crosses low country, wherewhite marls are exposed. At Conyedo we see to the West a hill, which isthe end of a long cuesta, that forms the northern boundary of the UpperEocene against the older formations. Here at Conyedo the age of the lime-stones is ascertained by corals {Monticulastrea regularis md Diplochaeteteslongitubus at H. 121) and by Foraminijera {Camerina sp., Discocyclina sp. atV. 328). The limestones contain many boulders from the older formations,for the greater part amphibohtes, actinolite-schists and other resistent inclu-sions from the Serpentines. From Conyedo the railway turns Northwest and



??? follows the foot of the hill. Although no exposures were found, we mayassume it runs through Serpentine, which is found in good exposures moreto the East (V. 319â€”327). Before reaching San Diego del Valle, we passinto the porphyrites of the Tuff Series at A. 410, that are replaced by aband of Serpentines, chiefly recognised by its more resistent foreign in-clusions, such as amphibolites and schists. We then pass into steeply andirregularly folded, well bedded grey limestones, with occasional beds andlenses of chert, of the Aptychi Formation. These are found till near Cifuentes,where several beds of calcareous sandstones â€” with fragments of quartz,plagioclase felspars, muscovite, grains of quartzite and mica-schist â€” areintercalated in the greyish and blue, Radiolaria bearing Aptychi Limestones. Cifuentes lies in broad alluvial plains of the affluents of the Rio Saguala Grande. North of Cifuentes, till beyond Citio Grande, we cross a lowridge of hills, formed by steeply folded, well bedded limestones and occa-sional cherts from the Aptychi Formation. From the railroad crossing atCorazon de Jesus onward, till we reach the Rio Sagua la Grande, we followthe northern slope of the hills just crossed. The hills are formed by AptychiLimestones with Ammonites at H. 487â€”489, whereas along the road wefind very weathered Serpentines and green weathered tuffaceous rocks, thaton microscopical examination are seen to be uralitized diabases, inclusionsfrom the Serpentines. On the northern bank of the Rio Sagua la Grandewe find

brecciaceous, white or grey limestones from the Flabana Formation,with Orbitoides bronmi at V. 252 and white limestones with many organismsfrom the Upper Eocene, containing Dictyoconus fontabellensis, at V. 255.The limestones are placed vertically, with a general strike of N. 100â€”110 E,,which strike is the same as that of a ridge of hills beginning at these twolocalities and extending South from the road from Sagua la Grande toQuemado de Guines. From the northern side of this ridge over Sagua la Grande, till wereach the sea at La Isabella, we pass low lying land with horizontal, cavernouslimestones, probably of Oligo-Miocene age (Guines Limestone), probablyyounger. In following the road from Sagua la Grande to Quemado de Guines,we pass again the Upper Eocene, Habana and Aptychi Formations, whilstat A. 428 to the northern side of the road lie several small, isolated hills.We did not find fossils here, but through the courtesy of the 'BataafschePetroleum My' at the Flague I received samples of limestones with fragmentsof Rudists of the Genus Sauvagesia collected on the same spot. These provethat here again Cretaceous â€” and most probably Habana â€” Formationsoutcrop. Before reaching Quemado de Guines, we pass from the Aptychi lime-stones and cherts into white and yellow, coarsely brecciated limestones,without fossils, that most probably belong to the Habana Formation. Southfrom Quemado de Guines we find at L. 530 and L. 531 horizontal, whiteand red cavernous limestones, with a very characteristic habit,

caused by



??? moulds and casts of abundant Gastropods, whose shells have been totallyweathered out. We did not find any complete fossils in this Guines Lime-stone, but we may place it with Palmer (9) as Oligo-Miocene. Jicotea â€” San Diego del Valle. South of Jicotea, near the cemetery, we find in an outcrop of conglo-meratical marly limestones with a small northern dip, abundant largerForaminifera of the genera Camerina, Heterostegina, Lepidocyclina, Helicolepidinaand Discocjclina, indicating an Upper Eocene age of these beds. In leaving Jicotea to the Northeast, we find marls and limestones,with occasional Orbitoids and corals. At H. 392 we are at the northernlimit of the Eocene. It forms here a low hill, gendy sloping to the South,but forming a cuesta toward the plains at the northern side. To the leftand right, we see how this limestone-hill continues along the northern limitof the Upper Eocene, and that it is connected with the cuesta we foundbetween La Esperanza and San Diego. In the basal parts the Eocene isconglomeratical here also, but, whereas near Conyedo most pebbles werederived from the Serpentines, we find pebbles of radiolarian limestones andcherts from the Aptychi Formation predominating here. From FL 392onward, till we reach San Diego, we pass low lying country, with brownishgreen glass-tuffs and radiolarian tuffites from the Tuff Series cropping out. The country South from the Carretera Central, betweenSanto Domingo and La Esperanza. At A. 360 and in the neighbourhood of Santa Isabel (L. 156, 157, andH. 71,

80) we find specimens of Lepidocyclina, typical of the Olicogene ;whereas at A. 361 and at L. 158, H. 61, H. 63 and H. 66 faunas of LargerForaminifera, typical of the Upper Eocene, are found. Near Santa Isabelthe beds are feebly folded with a general northwestern dip. Oligocene andUpper Eocene seem to be perfectly concordant, and are not to be dis-tinguished lithologically. They consist of white marls and marly limestones,alternating with finer and coarser soft greyish conglomeratical limestones,with well-rounded small pebbles of limestones and weathered tuffoid rocks. East from Santa Isabel, till we reach the eastern boundary of the Ter-tiary against the Habana Formation and Tuff Series near San Juan (de losYeras), we find white marls and marly limestones, with low dips and varyingstrikes in gently undulating structures. Sometimes these rocks are sterile,sometimes they are seen to contain abundant Smaller Foraminifera thatcould not, however, be determined specifically. At A. 126 we again findspecimens of Discocjclina, which mark the eastern limit of the Upper Eocene,as we find tuffites and glass-tuffites of the Habana Formation directly east-ward (A. 138), with limestones containing abundant Rudists at H. 196.



??? Santa Clara â€” Bernia. (See section I). We begin with Serpentines and pass to the northern side of a largepatch of intrusive dioritic rocks, that form a white hill, standing out clearlyin the brownish-red serpentine country. It consists (A. 391â€”399) of diorites,diorite-porphyrites and albitites, that show evidences of having been underconsiderable stress. Several rocks have a strongly cataclastic structure,whilst in those where this is not the case the quartzes show anomalous,undulous extinction. At L. 535 we pass into a small zone of limestones, carrying remains ofAmmonites. The limestones are intercalated in rocks from the Tuff Series.These comprise green tuffs and tuffites, with a southern dip. The deter-mination of the Ammonites by Prof. Jaworski has yielded species occurringelsewhere in the Turonian or the Emscherian, so we may date the sedimentsat the boundary between these two formations ; that is to say, betweenthe Middle and Upper Cretaceous. In the field the p?Štrographie characterof the well-bedded, fine-grained limestones is identical with that of theAptychi Limestones. The latter are, however, of Lower Cretaceous age,and alternate with rocks from the Tuff Series of much deeper zones. The highest beds of the Tuff Series are exposed between L. 538 andL. 540. They are formed by grey, thick-bedded radiolarian limestones,which are directly overlain by coarse green Habana tufBtes, characterisedby large fragments of clear basic plagioclase felspars and quartz, togetherwith fragments of light-green augite and grains of

magnetite, with a glassymatrix. Till South of Bernia we find outcrops of green tuffs and tuffaceouslimestones, alternating with pure limestone-beds, that frequently containRudists. In the neighbourhood of Bernia the beds have a northern dip andconsequently more to the south at H. 198 we find the porphyrites and tuffsof the Tuff Series again, that are overlaid at H. 196 by Habana Limestoneswith Rudists and a sill of augite-porphyrite at H. 213. We thus find theHabana limestone in a large syncline, that can also be traced further East,between Santa Clara and Seibabo (See section II) and between Santa Claraand Provincial. Here it has become much smaller, and we could not traceit further eastward. If, in the syncline at the section over Bernia, we tryto connect different layers of the northern and southern flanks, we fail todo so, as the single series of observations taken is not enough. The southernflank is much thicker and we can explain this in two ways. First there mightbe an overthrust, in the northern flank, by which part of the Habana For-mation could be concealed. This is not very probable taking into accountthe general appearance of the structure, which, with its gentle dips, doesnot suggest anything so violent as overthrusting. Secondly, we may explainthe difference, by the thinning out of the beds towards the North, whichis very probable in a series of beds, whose lithology (Rudists, large angulartuff fragments) suggest a littoral sedimentation, and becomes even more so



??? in connection with the fact, that the Habana Formation is transgressiveover the older TufF Series. Baez â€” Guaracabulla â€” Falcon. (See section III). From Baez to Guaracabulla, we pass through the TufF Series and findporphyrites and, locahy, well bedded tufFs, with a dike of augite-diorite-porphyrite at L. 519. In this neighbourhood the tuffs have a general strikeof N. 95 E. and a northern dip. North from Guaracabulla we find green tuffs and glass-tufFs withconcordant layers of porphyrite. General strike is about N. 110 E. with asouthern dip. Guaracabulla thus lies in a synclinc, which most probably isthe same structure as the Habana-synciinc further West, although its axishere has become so high that no more Habana Formation rocks are found.From M. 402 onward we find weathered green rocks, which on micro-scopical examination are found to be silicified spilites. They have the sametexture as the true spilites, with small, twinned cloudy laths of acid plagio-clase felspar, irregularly lying in all directions. But most of the pyroxenesare altered into chlorites, whilst on many places secondary patches of quartzare seen, intergrown with chlorite, calcite and epidote or zoisite ; therebyproving their secondary nature. We may regard these rocks as normalspilites from the TufF Series, that have become silicified by the dikes ofdiorite, that are found at M. 407. This locality is an abandoned gold mine,the Mina Isel. We find here Dioritic rocks, such as diorite and diorite-porphyritc,close to the same sihcified spihtic rocks. The works being

abandoned,nothing can be said about the underground structure, but all the wastelying around consisted of Dioritic rocks, so we may safely assume thediorites were the bearer of the ore. Immediately North from the Mina Isel begins a bare hill, formed bySerpentines, that is to be seen running through the country, with a generalEastâ€”West strike. More to the West, we find the same contact, betweenTuffs and Serpentines, along the southern side of the Serpentine-formedSierra Alta de Agabama. Here we find tuffoid rocks with strikes, that arecut off by the contact between Serpentines and TufFs, which proves thiscontact to be tectonical. We may safely assume the same between Guaraca-bulla and Falcon, although in the spilitic rocks South of the contact nostratification is found. So the intrusion of the Diorites has followed theplane of faulting, by which the older TufF Series and Serpentines werebrought into contact. The Serpentines are replaced by spilites from the TufF Series beforeM. 412, At M. 416 these rocks are again sihcified, and between M. 416 andM. 419 we find Dioritic rocks, consisting of dikes of albitites and amphibolc-albitites, that account for the sihcification in the spilites. Well bedded



??? brownish or green very fine grained radiolarian tuffites, with occasionalinterbedded diabases or spilites follow in a synclinal structure, till we reachSerpentines, with a dike of malchite at M. 434, just before the railwaystation of Falcon. More eastward, the second zone of Tuffs is also found Southwest ofthe Carretera Central (See section IX). Flere it contains limestones withAmmonites at M. 604. The well bedded limestones are identical in p?Štro-graphie character with those from the Aptychi Limestones, but the Ammo-nites found indicate a much younger age, e. g. the boundary between Middleand Upper Cretaceous (Jaworski in litt.). In this neighbourhood we also find at M. 613 the asfalt mine AnnaMaria. The asfalt is found in two main bodies, at the contact of Tuff Seriesand Serpentines, which stikes N. 130 E., with a steep western dip, and musthave accumulated along an overthrust-pJane between the two formations.The rocks of the Tuff Series, that outcrop here, are unstratified tuffs, withmany sills and dikes of porphyrites, and as such cannot be considered asproducers of the asfalt. This has probably come from limestones, inter-calated in the Tuff Series lower down, whilst the only means of escape wasthrough fissures along the contact between the more or less impermeablerocks from the Serpentines and from the Tuff Series. In general the rocksof the latter formation ; being well stratified and folded, will be reasonablypermeable. In this particular case however, with the local abundance anddiversity of porphyrites, there might not be a great

difference, as to permea-bihty, between the Tuff Series and the Serpentines.



??? Chapter VIII : PREVIOUS LITERATURE. The existing literature on the geology and paleontology of Cuba israther large and scattered, but mostly of a very summary character. It willnot be reviewed here in full. There are several general reports on Cuban geology (Hayes, Spenceramp; Vaughan, bibl. 5 ; de Golyer, bibl. 2, and Whitney Lewis, bibl. 6),containing descriptions of the stratigraphy and tectonics of the island.Their more detailed descriptions, however, mostly are of other provinces,mainly Habana, Matanzas, Pinar del Rio and Oriente, whereas for SantaClara only general statements are made. Moreover their stratigraphie divi-sions are largely based on local sections, with stress laid on local p?Štrographiecharacters, without stating definitely the pal?Šontologie evidence for thedivisions made. For these reasons it would have been doubtful if, by applyingold names to the divisions I made in Santa Clara, the statigraphic elementsnamed would be the same as with the older authors. For these reasons,I have not taken into account these older geologic descriptions, and havegiven an account of the geology of the district only, as it appeared fromour own observations. Palmer (bibl. 9.) recently gave a detailed description of the geologyin the vicinity of Habana City. Although the geographic distance betweenHabana City and Santa Clara is rather large, it was clear from the detaileddescription of the formations, coupled with the fauna Palmer mentions,that his formational divisions are parallel to those I made in NorthernSanta Clara. For

these reasons I have used the names of Habana Formationfor the transgressive sediments of Maastrichtian age, and of Guines Lime-stone for the Oligo-Miocene, horizontal, cavernous limestones, found Southof Quemado ; as Palmer's description of these formations are taken fromlocalities where they are of typical habit and common occurrence. The other formational names used by Palmer I intentionally omit-ted, as the outcrops of these formations, found in the vicinity of Flabanaare of local extent, whilst it is not certain that their habit is representativeof Cuban deposits. Until more is known of Cuban geology, I preferred touse stratigraphical names instead of formational names. ScHURMANN (Bibl. 12), vcry recently published descriptions and analysesof Cuban rocks, with some general statements on Cuban geology. His viewsdiffer in several respects from mine, but he does not give geologic evidencefor his statements, whilst his find-spot-map is on too small a scale foraccurate use. Serpentines are given as syn-orogenetic, and in Habana Pro-vince he assumes a second younger sequence of Serpentines. But in the



??? p?Štrographie descriptions a serpentine from the Tuff Series is described also.Stress is laid on two points, which I wish to contend. The Diorites aregiven as mainly post-orogenetic, in contrast with the syn-orogenetic Ser-pentines. From the description of the Diorites in this paper it may be seenthat these rocks mostly show signs of a cataclastic structure, which in manyrocks is very apparent and sometimes becomes predominant. Good, unshea-red, dioritic rocks are rare in the district, so we may place them with thesyn-tectonic Serpentines. Sch??rmann parallelizes the intrusion of the Serpentines and the laterDiorites with the strongest orogenetical phase, before the sedimentation ofthe Upper Cretaceous. From our observations, it is clear, that this phasewas not very strong, compared with the post-Cretaceous phases, which fora large part were responsible for the forming of the imbricate structureof the island.
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??? ERRATUM: On the geologic map a small area of Turonian-Emscherian Limestones, South of the CarreteraCentral between Placetas and Falcon is indi-cated with a green instead of a blue colour.



??? Explanation of plate I. In the figures of the microscopic thin-sections, arrows indicate the position of various minerals. If a crystal lies close to the boundary of the figure, one arrow is used, otherwise it can be found at the point of intersection of two arrows with the same letter. Figures 1, 2, 3, 7, 8 and 9 are made with ni?§ois crossed, figures 4â€”6 were taken in ordinary polarized light. fig. 1. Spilite from the Tuff Series, with small phenocrysts of cloudy, acid plagioclase felspar, x 15.Locality L. 411, South from Camajuani. fig. 2. Schistose Serpentine, built up by antigorite and small patches of bastite, for instance at a. X 9. Locality H. 425, Southwest from Santa F?Š, at the contact of Serpentines with AptychiLimestones. fig. 3. Schistose Eclogitc, a foreign inclusion from the Serpentines. Schistose groundma.ss of omphacite,with idiomorphic crystals of garnet and prisms of green amphibole, for instance at aâ€”d. X 15.Locality H. 531, Southwest from Santa F?Š. fig. 4. Albite-chloritc-cpidotc-muscovite-schist, a foreign inclusion from the Serpentines, with clear,poikilitic albite, epidote in small grains (dark), aggregates of greenish chlorite (a), prismsof zoisite (c), and tables of muscovite (/gt;). X 13. Locality H. 115, foreign inclusion from theSerpentines, found as boulder in the Upper Eocene basal conglomerate near Conyedo. fig. 5. Epidotc-Amphibolite, a foreign inclusion from the Serpentines, being built up by greenamphibole and epidote in irregular crystals, with some titanite (at a) and a small amountof clear albite. X 16. Locality H. 502, South

from Encrucijada. fig. 6. Zoisite-Amphibolitc, a foreign inclusion from the Serpentines, with green amphibole [a)and prisms of zoisite {h) and a rather large amount of poikilitic, quartz-clear albite, withrare leaves of muscovite (c). X 15. Locality H. 412, East ''rom Santa Clara. fig. 7. Gabbro, a dike in the Serpentines, with coarsely granular structure, built up by basic plagio-clase felspars and rhombic pyroxenes, for instance at a and b. X 15. Locality V. 164a, Eastof Santa Clara, on the road to Remedios. fig. 8. Olivine-Gabbro, a dike in the Serpentines, differing from the Gabbros by the presence ofolivine {b and t). Rhombic pyroxene at a. The felspars show lamellar twinning. X 15. LocalityL. 355, on the Carretera Central, West of Santa Clara. fig. 9. Sheared Quartz-Diorite, with cloudy, acid plagioclase felspars at a and b, amphibole at c,quartz at d and a shearing-zone indicated at e. X 15. Locality M. 465, near SanAndres. fig. 10. Colony of Diplochaetetes longitubus Weissermel. Polished surface at the left side of the coral.a. : Point of attachment. Locality H. 121, near Conyedo. X 1,4. fig.l 1. Monticulasirea regularis K??hn. Polished surface showing at the right side of the photo. LocalityH. 121, near Conyedo. X 2.
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??? STELLINGEN L. Radiolaricten zijn geen bewijs voor diepzeesedimcntatte. D. K. Palmer: The occurrence of fossil Radiolaria in Cuba.Mem. Soc. Cubana de Hist. Nat. VIH, 1934. II. Thalmann's voorbeelden van een invoering der trinairenomenklatuur bij fossiele Foraminiferen zijn onvolledig enten deele onjuist. Thalmann : ?œber geographische Rassenkreise bei fossilenForaminiferen. Paleont. Z. 16, 1934. III. De opstelling van het genus Orhitoina van de Geyn envan der Vlerk geschiedde op onjuiste en onvolledigegronden. Van de Geyn en van der Vlerk: A monograph of theOrbiloididae, occurring in the Tertiary of America. LeidscheGeol. Med. VII, 1935. IV. De meeste diabazen van Bonaire kunnen beter tot despilieten gerekend worden. P. Pijpers: Geology and Paleontology of Bonaire (D.W.nUtrecht 1932.nbsp;^nbsp;V V. Berek's bezwaren tegen toepassing der methode vanFedorow bij mineralen met hooge dubbelbreking zijn on-gegrond. Berek :

Universaldrchlischmcthoden.
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??? Het bestaan van een ,NormaIzugrichtung' (Geyr vonSchweppenburg) wordt door het verloop van de vogeltrekover Nederland niet aangetoond. VII. Symmetrische rangschikking der mineralen in metamorphegesteenten is geen bewijs voor het ontstaan dezer regehngdoor inwendig glijden van het gesteente (Durchbewegung). B. Sander : Gef??gekundc der Gesteine. VIII. Met behulp van de vloeidruk verklaart men op de aan-nemelijkste wijze de mogelijkheid van het schaatsenrijden. IX. Het zwaartekrachtsveld in de Maleische Archipel wordtdoor van Bemmelen op aannemelijker wijze verklaard dandoor Vening Meinesz. R. W. van Bemmelen: ?œber die Deutung der Schwerkrafts-anomalien in Niederlandisch-Indien. Geol. Rundschau,XXVI, 193.').
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??? â€? â€? â€? â€? â€? N^sE.Plaza, 3a77^a C^ara ' Piaza '^ania Ciara * â€? â€? Â? â€? GuaracaSana A A/^W. Rio J) Car-reiero o g # ^e Ca m a/ua n 4' ySec/iai7snbsp;gh //le ?7 or/hern par/ 0/ jSan/a C/ara_pro//?7ce, Cada Sar? flnionio L Upper focene. -Lâ€”J Ha dan a rorr??a/iof7.Dior/he Inirus/ons.SerpeniirJes.^piychi Limesiones. Sarr/a Clariia A WSk Tuff Ser/es. Tu?-or?/ar2-FmscherianLi777esfo?7es. Pail roact. Cor-re/eraCentral San /indrest TT TT â€? â€? â€? â€? â€? A/u7?7ders clt;prrespofid'nbsp;sec/ion - /tnes on //je ^eo/oyica/ y7?ap. JSzsW.Jicjuima N36E.Jarahueca J Am. These /a/eaZ sec/ZorfS are sc/?e^?7a//c lt;2rF(/or?/j/ seri/e /o^/ye /lt;/ea a/Zhe /a/yep- s/rac/ures.
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