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??? INTRODUCTION. An expedition of the Utrecht University made a geological survey ofdifferent parts of the isle of Cuba during the spdng and the summerof 1933. The members of this expedition were, the leader Prof. L. M. R.Rutten, Mrs. C. J. Rutten-Pekelharing, Miss A. R??ntgen and thefollowing students of geology at the Utrecht University, Dr. M. G.Rutten, Mr. H. J. Mac Gillavry, Dr. A. A. Thiadens, and the author. From the 18 th of May undl the 9 th of July, we worked in the Westernpart of Cuba, the province of Pinar del Rio. From the central camps, pitchedin the tov/ns of Pinar del Rio, San Diego de los Banos, San Cnstobal, themembers worked in different directions, whereas small pardes consistingof two members surveyed the neighbourhood of Alatahambre LaEsperanza, Bahia Honda, Cacarajicara (South West of Bahia Honda),Cabanas, Matiel. The busy traffic along the Carretera Central, Cuba'shighway running along the axis of the island, enabled us to work even atlarge distances from the central camps. All notes made and all matenalcollected by the members of the expedition in Pinar del Rio province wereturned over to the author, who worked out the data in this paper. For general onentation in the field we used military maps, kindly putat our disposal by the Cuban government. These maps, (scale 1 : 100000),proved to be insufficiently accurate in detail, so we had to survey our ownroads. This was done by taking direction with a hand-compass andmeasuring the distances by

counting our paces. The map constructed inthis way proved to be more reliable than the military maps and sufficientlycorrect to sketch in our rough geological survey. A detailed geologicalsurvey would be impossible without reliable topographical maps. In the laboratory at Utrecht wc used as a basis for the construction ofour map the nautical charts of the United States Navy. As fixed points weretaken the towns of La Coloma on the Southern coast and Santa Lucia,Puerto Esperanza, Verracos, Puerto Blanco, Bahia Honda, Cabai??as andMatiel on the Northern coast. As the reader will see, La Coloma is not tobe found on our map. Wc knew, however, by pacc-compass survey, therelative position of the town of Pinar del Rio with regard to La Coloma. Wc further had at our disposal a special map of the Carretera Central.The direction of the road on this special map greatly differed from thedirection of this same road on the military map, e.g. the town of SantaCruz dc los Pifios is situated about 12 km to the North on the latter. Wecould chcck the directions of the Carretera Central at various places andas our observations tallied more or less with the military map, we ignoredthe special map of the highway.



??? Between the fixed points copied from the U.S. navy chart we mappeddown our own surveys. The correction necessary between La Colomaand Puerto Esperanza, was an enlargement of our survey by 6 %. Othercorrections were made with the help of the triangles formed by the roads.Several roads were surveyed on horseback. Direction was taken by hand-compass as usual, but the distances were judged at an estimate. This judgingof distances proved to require a large experience, especially on the windingmountain roads, and grave errors were made. The survey on horseback,however, was necessary in those parts of the Organos mountains, whichwere practically uninhabited and large distances had to be covered in oneday. On account of the unreliability of the distances of our horsebacksurveys, we attached only a secondary importance to them when drawingour map. We prepared two maps, a geological coloured one and another onwhich the findspots of fossils and rocks are marked. The geological boun-daries are also indicated on the latter, in order to facilitate the comparisonwith the former. On all the roads sketched in on the map geological observations weremade, with the exception of the Carretera Central, which was only partlysurveyed. The closeness of the network of our observations and the placeswhere the geological interpretation is unsupported by observations aretherefore clearly visible on the map. Several regions in Pinar del Rio province could not be visited by uson account of lack of time. One of these regions, the reconnaissance ofwhich is essential in order to understand the

geology of Pinar del RioIS between the towns of San Diego de los Bafios and La Mulata. BetweenQuiebra-Hacha and Cayajabos we left a space blank on the map as two tablemountains were seen in this area from some distance. The notable differenceof morphologic aspect between the low hills of the Upper-Cretaceous-Lower-Tertmry regions and the table mountains, indicates the possibilitythat other formations are exposed there. The region of the blank spaceon the map West of Cayajabos, seems to be built up predominantly oflimestone hills of the same kind as those which are found to the WestThe region between Viiiales, iMatahambre and Sumidero may be expectedto consist of hmestone quot;Mogotesquot; and phyllite/quartzite rocks The region between Matahambre, Santa Lucia and La Esperanzahas been marked upon the map as San Andres formation. Two membersof our expedition passed through this region, noting in general the 'pP-nity K Inbsp;to many, both in Cuba and in Holland for tlieir icjcmentt'hequot;:.quot;''nbsp;quot;quot;quot;quot;nbsp;-^now- expcdUionnbsp;'nbsp;^mitudc to the members of the



??? To Prof. Dr. L. M. R. Rutten, the leader of our expedition, whoselarge experience in field-work and whose support when treating the variousgeological problems in this paper, have been of inestimable help to me. To Mrs. Dr. C. J. Rutten-Pekelharing, whose powers of enduranceand cheerfulness on the frequently long and arduous trips, served us allas an example. To Miss A. R??ntgen, whom I wish to thank for her good comradeship. To my colleagues H. J. Mac Gillavry, M. G. Rutten, and A. A.Thiadens. The excellent mutual understanding contributed largely to thesuccess of our trip. Further I wish to express my thanks to : The quot;Molengraaff-Fondsquot; and the quot;Bataafsche Petroleum Maatschappijquot;for their pecuniary aid to our expedition. The Cuban Government and the Sociedad Geografica de Cuba whichrendered us every possible assistance. Ingenior Felix Malberti, whose tireless energy was always at ourdisposal. Mr. poliakoff of the Compania Shell Mex., whose valuable helpvery much has been appreciated. Dr. Tschopp, geologist of the Shell Mex., whose kindness in discussingthe geological problems of Cuba cannot be too highly esteemed. Prof. Dr. J. I. J. M. Schmutzer for his assistance on revising themicroscopic thin-sections. Prof. Dr. F. Trauth of Vienna and Prof. Dr. E. Jaworski of Bonn,who were so kind as to undertake respectively the study of the Aptychiand Ammonites, collected by us in Cuba. Mr. J. van Soest, who determined the Echinids. Mr. \V. J. Howard for the revision of the English text of themanuscript. Mr. J. van Dijk, of the

Utrecht Laboratory, who executed with greataccuracy the drawings and micro-photographs reproduced in this paper. Further I should like to say, that during our stay in Cuba, wc met withnothing but the greatest hospitality and kindness from the side of the Cubanpeople, and I wish to express my gratitude to them.
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??? Chapter I: SUMMARY OF THE GEOLOGY OFTHE PINAR DEL RIO PROVINCE. The oldest rocks exposed in the province of Pinar del Rio are sandstones,quartzitic sandstones, quartzites, slates, phyllites, cherts and limestones.We name this series of rocks the San Andres formation, thus combiningthe Cayetano formation and the Vinales limestones, both names introducedby de Golyer (28). The limestones are partly of Upper Jurassic, partlyof Lower Cretaceous age; moreover, we take them to be intercalated inthe quartzite-phyllite formation. We cannot differentiate the greater partof the limestones in Upper Jurassic and Lower Cretaceous strata as paleon-tological evidence is often wanting. Also for this reason we suggest a newname, including the Cayetano formation, until a minute survey will produceevidence justifying a more detailed division. The formation has been namedafter the village of San Andres, situated in the centre of the wide-spreadmountain area, where this formation is exposed. The San Andres formation can be divided into two parts, respectivelyfound East and West of the town of San Diego de los Banos. In the Westernpart quartzitic and phyllitic rocks (rocks of Cayetano facies) are predominant.Cherts and limestones of Upper Jurassic and Lower Cretaceous age areintercalated. The Eastern part consists chiefly of limestones with minorintercalation of rocks of Cayetano facies. The age of part of the limestonesis Lower Cretaceous on account of Aptychi found at various places. Thesebeds are the equivalent of the ./l/^-rZÂ?/limestones of the

Santa Clara provincedescribed by M. G. Rutten (64). Brown and O'Connell (12) mention theoccurrence of Jurrassic Ammonites in the Eastern region, consequentlyolder beds, e.g. Upper Jurrassic, may be developed. Following the sedimentation of the strata of the San Andres formationbegins volcanic activity, resulting in the deposition of the Tuff Scries.These strata consist of porphyrites, diabases, vitric-tuffs, tuflites, tuff-brcccias,Radiolaria bearing cherts and grayish-blue well bedded limestones. Thelatter are especially developed in the lower parts of the Tuff Series. Theage of the Tuff Scries is uncertain, as no fossils were found in the bedsexposed in the province of Pinar del Rio. They are post-Lower Cretaceous,as they rest conformably upon the younger parts of the San Andres for-mation and pre-Upper Cretaccous (Macstrichtian of Europe) as they areunconformably covcrcd by the beds of the Habana formation. The orogenctic phase, which followed the sedimentation of the TuffSeries, folded the San Andres formation and the Tuff Scries to a largeanticline. During this orogenesis, harzburgites, gabbroid dikes and dioriticrocks intruded. The harzburgites, at present for the greater part serpentinized.



??? bnbsp;summary of the geology of the pinar del rio province carry inclusions of rocks partly derived from the Tuff Series (porphyritesand diabases) and rocks of unknown origin (amphibohtes, actinolite-schistsand hornblende-plagioclase rocks). After a period of denudation, the Habana formation was deposeddisconformably upon the older formations. These strata of Upper Creta-ceous age (Maestrichtian of Europe) are characterized by the occurrence ofRudists and Orbitoids. The Habana formation is developed in two differentfacies ; the quot;Mountain faciesquot; and the quot;Eastern faciesquot;. The former isexposed in the mountain regions, the latter to the North, East and South ofthem. The rocks of the Mountain facies are dark-blue limestone brecciasand conglomeratic sandstones. The rocks of the Eastern facies consist ofconglomerates, white to brown calcareous sandstones, marls, chalks andwhite limestones. These beds cannot be distinguished from the UpperEocene and Ohgocene strata, when paleontological evidence is lacking. A regression and possibly an orogenesis followed the sedimentationof the Habana formation, as the Lower Eocene is not developed in Pinardel Rio. The Upper Eocene is only found in the belt of younger sedimentsaround the mountain regions ; so we assume that after the deposition ofthe Upper Cretaceous, the central regions rose, thus preventing the pene-tration of the Upper Eocene transgression. The Upper Eocene and Oligocene layers consist of white limestones,conglomerates, calcareous sandstones, white marls and chalks. A renewed orogenetic activity took

place after the deposition of theOhgocene beds. These orogenetic phases wedged the Habana formationof Mountain facies into the older formations, whereas the Habana formationof Eastern facies and the Upper Eocene and also the Oligocenc beds werestrongly folded. Then follows the sedimentation of the Oligomiocene beds consistingof white or brown limestones (equivalent of the Guinness limestones)carrying an abundant and constant fauna o?Ž Foraminijera, red sands andpurple days The Ohgomiocene beds are found in horizontal position orwith slight dips. The last post-Oligomiocenc orogenetic phase must havebeen of small importance and even locally absent as large areas arc coveredwith horizontal Oligomiocene beds.



??? Chapter II: STRATIGRAPHY AND PETROGRAPHY. San Andres formation. The San Andres formation forms the greater part of the mountainregions in the province of Pinar del Rio. It consists of phylhtes, slates,quartzites, sandstones and marbles, which were called the Cayetanoformation by de Golyer (28), and of massive grayish-blue limestonesformerly called the Vinales limestones often cut by thin calcite veinlets. Moreover, grayish-blue, thin-bedded limestones are found. In thequartzitic and phylhtic beds, which we shall call rocks of quot;Cayetano faciesquot;and in the limestones, we find intercalations of cherts. The limestones are a typical feature in the landscape, especially in theWestern part of the Organos mountains. They form steep, often isolatedhills, called quot;Mogotesquot; in Cuba, between which we find a red soil or rocksof Cayetano facies. We can divide the region, in which the San Andres formation isfound, into two distinctly different parts; the boundary between these partsrunning from near the town of San Diego de los Bafios to the North. Westof this boundary we find the rocks of Cayetano facies dominating, theoutcrops of limestones are in the minority. The Eastern part consistschiefly of limestones, often well bedded, with occasional intercalations ofquartzitic rocks of Cayetano facies. This contrast between the Eastern and Western region is difficult toexplain. Brown and O'Connell (12) advancc the opinion, that the olderstrata are stronger developed in the Western part, which in our opinionmay be the case, as Upper Jurassic fossils, often

found in the Western part,were not met with by us in the Eastern part. Apart from the possibility thatstrata of different ages are found in the two regions, change of facies is alsoin all probability of great importance. It may accentuate the differencebetween the two regions. In the transsitional area we have to our greatregret insufficient observations to offer a definite solution of the interestingproblem. We introduce the new name San Andres formation, thus combiningthe Cayetano formation and the Viiiales formation. De Golyer (28) considers the Cayetano formation to overlie theVinales limestones. Me mentions limestone-intercalations at the base ofthe Cayetano formation. The limestone hills near Sumidero quot;may be partof the Vinales limestones brought up by faulting rather than a part of theCayetano formation.quot;



??? Brown and O'Connell (12) take the Cayetano formation to lieunconformably under the Vinales hmestones, to which they ascribe anUpper Jurassic age. Dickerson and Butt (30) in a recent pubhcation accept the unconfor-mity between the Cayetano formation and the Vinales limestones, but takethe Ammonites on which the Upper Jurassic age of the Vinales hmestonesis based by Brown and O'Connell (12), to be derived from the Cayetanoformation, which consequently is of Upper Jurassic age in their opinion.The Vinales limestones and the Eastern part of the Organos mountainsare reckoned to be of Lower Cretaceous age on account of Ammonites andAptjchi found at La Catahna and on the trail between San Cristobal andEl Rosario. In our opinion the limestones are partly of Upper Jurassic, partly ofLower Cretaceous age; moreover we take them to be intercalated in thequartzite-phylhte formation (Cayetano formation). As we cannot differen-tiate the greater part of the limestones in Upper Jurassic or Lower Cretaceousstrata, we suggest a new name for a formation which then includes theCayetano formation, until a minute survey will produce evidence, justifyinga more detailed division. San Andres formation Western part. A large area of quartzitic and phyhitic rocks runs South of the limestonehills from the town of Guanc in the West to San Diego de los Banos inthe East. Though these strata are strongly folded, the structure of a largeantichne is clear. The Northern and Southern flanks of this anticline areespecially evident South East of Luis Lazo, North West of San Juan yMartinez, on the road from the

town of Pinar del Rio to Sumidero andSouth of San Andres. In this zone of rocks of Cayetano facies we findintercalations of marbles and of grayish-blue limestones. North West ofthe town of Pinar del Rio and North of Consolacion del Sur. At the Northernboundary of this large district of rocks of Cayetano facies. we find thelimestone quot;mogotesquot; separated from each other in some cases by broadstrips of rocks of Cayetano facies and limited in the North also by rocksof Cayetano facies.nbsp;^ Age of the Limestone Hills: The quot;mogotesquot; consist of acompact grayish-blue limestone, often cut by small calcite veinlets anddark shales. They rise steeply out of level plains, which are for the trrcitcrpart covered by a red soil This quot;mogotequot; landscape is typically deve-loped in the neighbourhood of Vinales.nbsp;^^ ^ In some places, at the foot of these hills we find the Ammonite bearinglimestone concretions, which are called quot;quesosquot; by the peasants on acrnn Jof their form. The best known findspot of these 'gt;eso? squot; uated Sof the town of Viilales at the Puerto Ancon, was dis^covered quot;carl^



??? san andres formation western partnbsp;9 de la Torre (76), who ascribed a Jurassic age to the Ammonites found inthem. Later pubhcations of Sanchez Roig (67) and Brown and O'Connell(12) corroborated this determination; the limestones and shales, fromwhich the Ammonite bearing concretions were considered to be derived,were placed by them in the Oxford. Brown and O'Connell (12) mention two new findspots of Ammonites,namely, San Vicente and Mina Constancia. In both localities the stratafrom which the fossils are derived, are considered to be of Jurassic age. We collected Ammonites, South East of Guane at loc. V. 585 and at ornear the Puerta Ancon. The preliminary examination of this material byJaworski (not yet published) also points to an Upper Oxford or Lower Kimmeridge age of the strata. Dickerson and Butt (30) mention further localities where JurassicAmmonites are found, e.g. at the East foot of the Sierra San Carlos, abouttwo km North of the setdement of Punta la Sierra (between Guane andSumidero) at the South foot of the Sierra La Abra (South of San Cayetano),and in the neighbourhood of La Jagua Vieja (South East of La Esperanza).As already mentioned, they take the concretions to originate from thequartzitic and phyllitic rocks. We think it highly improbable that theAmmonites should occur in the rocks of Cayetano facies only in thoseplaces, where, in Dickerson and Butt's opinion the limestones covereven unconformably, those rocks. A second and conclusive argumentagainst Dickerson and Butt's opinion is the fact that, e.g. at

the classicalfindspot Puerto Ancon, the concretions with Ammonites are found on thedebris slope of the limestone hills and moreover North of a zone of rocksof Habana formation, found somewhat to the West, which marks theanomalous contact between the limestones and the rocks of Cayetanofacies. Lastly, the beds of Cayetano facies do not outcrop, at the findspot of the Ammonites at Puerta Ancon. At loc. L. 894 situated North West of San Diego de los Bafios andnear La Catalina, we collected Ammonites in distincly northward dippinglimestones, intercalated in rocks of Cayetano facies to which Jaworskiascribes an Upper Tithonian or more probably Valanginian age. Dickersonand Butt mention the occurrence of Lower Cretaceous Ammonites and Aptychi from probably the same locality. â–  Resuming we find that the limestones found in the Western part of theSan Andres formation are partly of O.xfordian-Kimmeridgian partly of Valanginian, Lower Cretaceous age. Owing to the complicated tectonical structure and die scarceness offossils in the limestones, we did not try to separate the hmestones of dif-ferent ages on the map. Moreover they are sketched-in roughly. Position of the limestone beds (Western Part)y\s alreadymentioned Brown and O'Connell (12) and Dickerson and Butt 30)consider the limestones to cover unconformably the quartzitic and phylhtic



??? rocks We do not agree with this opinion. We have evidence of intercalated.mestones in the rocks of Cayetano facies West of San Diego de los Bafiosat Iocs. V 675 and V. 680. These limestones are compact, blueish gray of from^hel 'nbsp;be distin^fshed from the hmestones occurrmg at Vinales. East of La Palma at loc. M. 977 we find quartzmc sandstones with a strike of N 110 E, dipping 40 degrees s riL o? N Uo'fquot;^ 'nbsp;gray'imfstonl^Jh arfcoverL all? hnbsp;40 degrees to the South. The limestones fin/r ÂŽ ^ quartz,tic sandstones. At the nearby ioc. M. 981 we East of llT,- quot;quot;T P'oquot;'nbsp;intercalated, are SouTl A^ nterr!. . f 'nbsp;Sumidero at ioc. L. 808. An intercalation of quartzitic rock in the limestone hills was found Nortl^ of Sunudero at loc. V.56I. The occurrence of a quartzite bed of about one metre thickness in the large limestone mogote pLes, that tL contras between the quot;unmetamorphosed Jurassic li^stoL and shales and the the diffefenceTl'ri iTrhictThT S^nl' di;rfquot;nbsp;quot; Te r-rof^ hillsTnVStrjlatLVof'larnbsp;limestone Phyllitic beds inT^ogoTc^egiâ„? ÂŽA thirdTtW .quot;quot;P!,nbsp;Â?'l rocks occurs North of the 1 ^stie hillf Tn ^ Cayetano is situated, after wS de Golyer Â?8nbsp;^quot;'Â?^e of rocks. De Golyer considers the quamkicquot;ocks to\,eT ceous coverinc of Iuri,lt;i!c U,^.,, f â€?nbsp;younger Creta- anticline. The Vortil^^'and t^ rtLfroTrl?^ to be respectively the Northern and striking anticline. Our suâ€žerdoes Tot port problem in this direction. In gene J we'find Not,: â€ž'1,1' r and quartzmc strata from the core of the anticline in q limestones district to the quartzitic

rocks exposed ne r the 1m, The numerous Southern dips found in Vhr rnbsp;of Cuba. village of Sumidero are a baCg caption ' ' Hitherto unknown in this Western part of Pinar de, Rio are numerous



??? san andres formation eastern partnbsp;1 1 outcrops of a transgressive formation of Upper Cretaceous age; they areoften associated with small strips of serpentines and occur near the largelimestone hills. These Habana beds of quot;Mountain faciesquot; are describedon p. 25. These transgressive beds lie in anomalous contact with the olderformations. The serpentine seems to have acted as a quot;shde-expedientquot; onwhich overthrusting took place. Strike and dip are not to be measured inthe breccious or conglomeratic Upper Cretaceous beds, but their positionat the foot of the large limestone hills in the generally North dippingbeds of the San Andres formation points to overthrusts. The anomalouscontacts were not indicated as such upon the map, because the smalloccurrences of the Upper Cretaceous layers, already exaggerated on themap, would become wholly invisible. Resuming we take the phyllitic quartzitic rocks and the limestonesto belong to a continued sedimentation cycle in Jurrassic to LowerCretaceous time. After a period of orogenetic activity, followed by denu-dation, the Upper Cretaceous transgression covered these regions. Duringa post-Maestrichtian orogenesis overthrusting took place. Chert Zone: Intercalations of chert are found in the quartziticphyllitic zone and in the limestone strata. A large area of cherts, however,was found between San Cayetano and La Esperanza. The trail which runsEast from La Esperanza and then to the South, also crosses this chert zonebetween the Iocs. L. 1018 and L. 1020. It is also found South of

Verracos.The thin bedded cherts, varying from yellow-gray to black in colour oftencarry Radiolaria. The strata arc strongly folded in detail. They are reckonedby us to belong to the San Andres formation. San Andres formation Eastern part. In contradistinction to the Western part limestones dominate in themountain regions East of San Diego de los Banos. Rocks of Cayetanofacies are so in the minonty, and the outcrops of such small dimensions,that we did not put them down on the map. When found, however, thequartzites or quartzitic sandstones are in general appearance and in thinsections practically identical with the rocks found in the Western parts.The strata further consist of black or violet shales, cherts often carryingRadiolaria, and caicarcous sandstones. The limestones arc from light todark blueish-gray in colour, and mostly thin-bedded. They are more of lesscrystalline. The strike of the beds runs in general in East Western direction,dipping to the North; at the Southern part of the area where the San Andres formation is exposed, we find Southern dips. The strata of the San Andres formation are covcrcd in the North bythe beds of the Tuff Series. The Southern boundary is a large fault whichis based chiefly on morphologic arguments (the abrupt ending of the



??? mountain region). Outcrops of the belt of younger sediments are scarceBetween the Ohgomiocene beds and the rocks of the San Andres formationthe area which is left white on the map, is either without any outcrops orcovered by alluvial deposits of which the large boulders are partly derivedfrom the San Andres formation. North of Guanajay occurs another area of rocks, which are similarto the rocks of the Organos mountains. Contrary to the latter it is a flatcountry, with only low hills. The strata consists of blueish-gray and greenish-gray, weH bedded hmestones, often cut by small calcite veinlets, of chertsand of violet shales. Age of the San Andres formation Eastern part: In severalocahties (V. 868, A. 653, V. 826) Aptychi were collected by us in thelimestone beds. They were studied by Prof. Trauth (79), who ascribed aLower Cretaceous age to them. At loc. V. 868, South of Bahia HondaAmmonites were coUected with the Aptychi. They are, however in allprobabdity in too bad a state of preservation for determination. Brownand OConnell (12) mention the occurrence of Ammonites, which thevconsider to be of Upper Jurrassic age at localities North of Candelaria and. unbsp;this last locahty they collected, however, also Aptychi, the resemblance of which with Lower Cretaceous species has beenalready pointed out by them. Dickerson and Butt (30) also collected Aptychiand Ammonites on the trail between San Cristobal and EI Rosario, w4hare considered to be of Lower Cretaceous age. On the whole we may consider the greater part of the San Andres formation in the Eastern regions to be of Lower

Cretaceous age, though the occurrence of Upper Jurassic beds is not excluded. The same Lower Cretaceous beds are therefore found in Eastern and in Western parts of the San Andres formation. They are also the equivalent of the Aptychi limestones Ru^en (64) described from Northern sLta Clara, and will be deSby Mac Gillavry (in litt.) from Camagueynbsp;described With regard to the age of rocks of Cayetano facies we mention theoccurrence of a quartzitic sandstone, noted but not sampled, Tnte caquot;aS As in the Western part, numerous overthrusts, indicated bv (he 'occurrence of Maestnchtian beds (Habana formation of Mou^ fLiS n?nbsp;implicate the insight into the relation of the hmestones and quartzitic layers.nbsp;relation Description of rocks of the San Andres formation. sections the rocks appear to consist



??? DESCRIPTION OF ROCKS OF^THE SAN ANDRES FORMATIONnbsp;13 or angular of shape and either polluted or clear. Occasionally twinnedplagioclase of acid composition (albite) occurs. The mica is a colourlessmuscovite developed as small or larger plates. The plates are either irre-gularly arranged or show a linear structure. The matrix is a greenish-brownlimonitic substance. In rocks grading into quartzitic sandstones the amountof matrix is small. Quartzitic sandstones: The rocks consist of the same constituentsas the sandstones. The quartz is clear, rounded or angular and in placesshows a sutured texture. The limonitic matrix is often replaced by thinsericite layers, accentuating the foliated structure. The twinned albitecrystals and the muscovite plates are occasionally bent, due to tectonicalstresses. In some rocks the plagioclases are sericitized. As accessory niineralswe find zircon and tourmaline. The quartzitic sandstones form with thequartzites a prominent part of the San Andres formation. Quartzites: Quartzidc rocks are medium to coarse-grained and white-gray to grayish-brown or red-brown in colour. Under the microscope therocks consist of clear quartz crystals, strongly intergrown with each otherand of sericite. The sericite occurs in thin layers or patches. It is oftenmixed with a limonitic substance and with fine ore grains. Muscovite isdeveloped as small or large plates. The plagioclase crystals, which arenearly always found in small quantities, arc of acid composition (albite).Accessory minerals are zircon and tourmaline. The texture of the rocks

varies. Part of the quarzites show a lineararrangement of the muscovite plates or the sencite layers; the quartzes ofthese rocks, though often showing strain-shadows, are irregularly arranged.Other rocks, however, show apart from the linear arrangement of themicaceous elements, a distinct parallelism of the quartz crystals. Part ofthe rocks, we called quartzites, thus grade into the higher metamorphicsericite-quartz schists. Taking into consideration, that non-metamorphicsandstones occur besides quartzites and sericite-quartz schists, it is probablethat tectonical stresses had an influence upon the rocks apart from theregional metamorphism. Slates: Slaty rocks often occur in the San Andres formation. They arcfine grained and of light grayish or purple colours. Foliated structure ispronounced. Fresh rocks are diflicult to obtain, because of the easy weathe-ring. In thin-sections the rocks consist of fine quartz dust in a matrix otchlontic limonitic substance. Small twinned plagioclasc laths are found.Sencite occurs in changing quantities. In cases, the matrix is a dark red-brown mass, consisting probably of hematite. Small cubi of pyritic oreare often found. Phyllites: True phyllitic rocks arc found considerably less than theslates. The lustrous rocks arc rcddish-purple or grcenish-gray. Under the



??? microscope the rocks consist of strongly intergrown quartz patches, shapedas lenticles or small bands, conforming with the parallel arrangement. Thesericite layers between the quartz patches are often mixed with a limoniticsubstance. Limestones: Several authors e.g. Lewis (44) and Dickerson (inprivate correspondence with Prof. Rutten), pointed to the difference ofthe highly crystalline marbles intercalated in the quartzite-phylhte bedsand the less crystalline quot;Mogotequot; limestones. We already discussed thefact that quartzitic rocks occur in the limestone hills. As regards theirmetamorphism these rocks do not differ from the rocks found in the largequartzite-phylhte areas. With regard to the limestones, which are macros-copically often difficult to separate, we made several thin-secdons in orderto examine the state of crystallization of the different rocks. We can dis-criminate fine-grained crystalline rocks and coarse crystalhne limestones.The latter show different stages of crystallizadon. Some rocks consist ofidiomorphic calcite rhomboeders, which in other rocks pass into allotrio-morphic calcite crystals. Transitional phases are found. In cases the oldcontours of the rhomboeders are visible in the coarse calcite crystals (locV.710, North of San Diego de los Banos). The limestones occasionallyshow a hnear structure, accentuated in the fine grained rocks by thepolluted parts and in the coarse crystalline limestones by the parallelarrangement of the calcite crystals. With regard to the occurrence of the fine-grained and coarse crystallinelimestones, we find the coarse crystalline rocks also in the

quot;xMocotesquot;and in the Eastern part of the Organos mountains, and the fine-grainedhmestone intercalated in the quartzite phyllite strata. Outcrops of crystalline nTl^vnbsp;rnbsp;'' ^' West of Sumidero and loc. xM. 915 North East of La Sierra; in the Eastern Part of the Organos ^TTiZ't u 'nbsp;San Cnstobal and at loc. V.756 North of San Diego de los Banos. Near Sumidero, we find L. 770 Both locahties seem to belong to the same level. The extremecrystalhne marb es found at loc. L. 780, North of the town of PinarTelRio, are generally taken as the prototype of the intercalated limestones inhe quartzite phylhte formation. They are indeed the strongest cry^^al inelimestones, we found in the Province of Pinar del Rio. The lime ^esfound at loc. A. 619 West of loc. L. 780, in all probability can be ~with the marWes ; tl^y are considerably less cUnine.'ln the nekS Â?00, L. Â?58 and V. 703. Coarse crvsta ine 1 meston^c orÂ? f jL. 853 and V. 7,0. We have no reasonl diffe entTateXquot;u^ quot; â€?above on account of a different position.nbsp;mentioned The examination of the material we have at our disposal nmv.. .1 ,there .s no contrast between fine-grained quot;Mogotequot; limSa';;d Itronjequot;



??? metamorphic hmestones intercalated in the quartzite phyllite beds. Bothkinds occur in either of them. Suboohtic hmestones are found at loc. H. 812, North of Consolaciondel Sur and loc. V. 547, North East of Consolacion del Sur. The fragmentsof suboohtic limestones found in the breccia-limestones of the Habana-formation of Mountain facies resemble these limestones. Fine-grained dense limestones, carrying Radiolaria are found at loc.H. 834, North East of San Andres and at loc. L. 916, North of Candelaria. Tuff Series. The characteristic elements of this series are porphyrites, diabases,glass tuffs, tuff breccias and tuffites, alternating with blueish gray wellbedded limestones, cherts and shales. We find these beds exposed at theNorthern side of the younger part of the San Andres formation East ofSan Diego de los Bahos. The Tuff Series beds cover these younger parts ofthe San Andres formation (equivalent of the Lower Cretaceous Aptychilimestones described by M. G. Rutten (64) from Northern Santa Clara)conformably, which is clearly shown on the trail South of Bahia Honda,where the boundary between the Tuff Series and San Andres formationruns about 3 km North of an Aptychi findspot (loc. V. 686) in the latter.The strikes of the beds of the Tuff Series and of the beds of the San Andresformation run Wâ€”E the dip is constantly to the North. The associationof volcanic beds and limestones is typical for the Northern facies of theTuff Series in Santa Clara province. AL G. Rutten reckons the Aptychilimestones and the lower parts of the Tuff Series to be of

the same age andonly differing in facies. From our observations in Pinar del Rio wc concludethat the Tuff Series is younger than the equivalent of the Aptychi limestones,the younger parts of the San Andres formation. In the lower part of theTuff Scries, limestones are more frequently intercalated than in the higherparts, where they even may be absent. The limestones found in the lowerpart of the Tuff Series, in places contain fragments of volcanic material(loc. L. 968, South of Cabafias). All strata containing evidence of volcanicactivity are reckoned to the Tuff Scries. In these strata we never find thesandstones and quartzitcs typical for tlie San Andres formation. Outcrops of Habana beds of mountain facies occur in the Tuff Scriesin the same way as in the San Andres formation, marking the overthrusts. At the Northern side the Tuff Scries area is limited by the beds ofHabana formation of Eastern facies, described elsewhere, and by LowerTertiary strata. North West of Bahia Honda the Tuff Series is found again, however,in this region entirely without intercalations of limestones, same as on theroad from Bahia Honda to Cabafias (see map). The Tuff scries strata in thisregion consist of glass tuffs, Radiolaria bearing glass tulhtcs (Iocs. V. 845,V.849, M. 1061), porphyrites and diabase-porphyrites. In the tuffites



??? effusive quartz occurs at loc. M. 1066, East of Bahia Honda; the quartzgrains show corrosion rims and inclusions of groundmass. In analogywith Santa Clara province, the occurrence of effusive quartz may point toan Upper Cretaceous age (Habana formation) of this tuffaceous rock. Onaccount of the extreme scarceness of the quartz material, we hesitate toreckon this rock to the Habana formation, however, the possibility ofthe occurrence of tuffaceous Habana formation in this region must bereckoned with. Strike or dip were not measured by us in this part of theTuff Series. On the map we connected both areas, but a survey of theEastern side of the bay of Bahia Honda will be necessary to allege this withevidence. West of the bay of Cabaiias the possibility of the occurrence oftuffaceous rocks was noted. Outcrops in this regions, however, are tooscarce and the rocks too strongly weathered for determination. In the town of Cayajabos strongly folded, Radiolaria carrying cherts,are exposed, whereas North of the town at loc. L. 930, a coarse diabaserock is found. Both rocks are reckoned to belong to the Tuff Series, butthe cherts might easily belong to the San Andres formation. A small outcrop of diabase rock is found at loc. M. 1013, North ofSan Cristobal. We take this to be an isolated intrusion of the tuffaceousmagma through the older San Andres formation. Another isolated outcropof coarse diabase is found at loc. L. 870, North of La Palma. A rock, which may be allied to those found in the Tuff Series, occursat loc. A. 618, West of the town of Pinar del Rio, in the quartzitic phylliticarea. The cataclastic

rock consists of crushed augites and quartzitic andcalcareous elements. A sparse amphibole crystal is found. This rock mightbe connected, however, with the dioritic magma. Age of the Tuff Series: No fossils indicating the age of the TuffSeries have been found. On account of its stratigraphic position, the TuffSeries is younger than the Lower Cretaceous beds of the San Andres for-mation and older than the transgressive Habana beds of Upper Cretaceousage (Maestrichtian in Europe). Description of the rocks of the Tuff Series. Diabases and porphyrites: The rocks are greenish blue to grayishgreen. The white felspar phenocrists found in the porphyritic rocks arcmacroscopically clearly visible as tiny white spots. In thin-sections the tmeophitic texture of the diabase grades into the porphyritic texture of theporphyrite. The latter have a crystalline matrix of small plagioclasc lat sand small augite grains or a vitric groundmass. The com^^sitiorof t efelspars forming the matrix and the phenocrists is basic (1 bradorite)In some rocks well devdoped augite phenocrists occur besides the pSclase. Amygdaloidal diabases are also found ; the texture irnn^iplagioclase laths are polluted and of an acidnbsp;^aft



??? amygdales are filled up with calcite or with quartz and calcite. Magnetiteis found in smaller or larger quantities in the diabases and in the porphyrites. Tuffs and tuffites: The tuffs and tuffites are principally found inthe region North and East of the town of Bahia Honda. They occur togetherwith diabases and porphyrites. Macroscopically, the rocks are fine-grained,soft and easily weathered. The colour is light green or light gray. Under themicroscope we can discriminate glass tuffs consisting of glass, polluted bya green-brown chloritic limonitic substance, with rare angular fragmentsof clear plagioclase. When these fragments appear in larger quantity, theglass tuffs grade into crystal tuffs. The tuffites often carry numerousRadiolaria and larger crystals of clear, well lamellated basic plagioclase.Quartz is rarely found, as already mendoned. The Radiolaria beanng tuffitesare sometimes cut by veinlets of quartz and sometimes partly silicified.They grade into cherts. Cherts: The cherts are green to black rocks, strongly cut by veinlets,which in thin-sections prove to be quartz and, in exceptional cases, calciteand quartz. The rocks are often strongly polluted by a limonidc substance,which causes a red-brown weathering. Radiolaria occur, e.g. at loc. H. 949,South West of Bahia Honda. Serpentines. Outcrops of Serpendne or of partly serpentinized rock occur in theregions, where San Andres formation and the Tuff Series are exposed. Theyappear as small bands, following the general trend of the strata. Often, butnot always, the Serpentines are accompanied by rocks of the

Habanaformadon, in which case the Serpendne seems to have acted as a quot;slideexpedientquot;, when ovcrthrusdng took place. Only one large area of Serpentine is found between La Palma and LaMulata. The rocks form a large flat hill, a vcry distinct feature in the land-scape, recognizable at a large distance. Many inclusions arc found in the Serpentines; part of these arc cleadyderived from the Tuff Series, whereas more metamorphic inclusions are ofunknown odgin. The latter arc Amphibolites, Actinolite schists and Hornblcndc-Plagioclasc rocks. Dikes of a gabbroid nature occur especially in the Serpentmc outcrops found in the Eastern part of the Tuff Scries. According to M. G. Rutten (64), the contacts of the Serpentine withthe older formations in Santa Clara province arc tectonical, formed byoverthrusting. The greater part of the contacts of the Serpentine zones inthe province of Pinar del Rio, support his opinion. Several Serpentineoutcrops, found near or in the limestone hills of the San Andres formation,are covered by or cover Upper Cretaceous limestone-breccias, the occurrence
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??? INTRODUCTION. An expedition of the Utrecht University made a geological survey ofdifferent parts of the isle of Cuba during the spring and the summerof 1933. The members of this expedition were, the leader Prof. L. M. R.Rutten, Mrs. C. J. Rutten-Pekelharing, Miss A. R??ntgen and thefollowing students of geology at the Utrecht University, Dr. M. G.Rutten, Mr. H. J. Mac Gillavry, Dr. A. A. Thiadens, and the author. From the 18th of May until the 9 th of July, we worked in the Westernpart of Cuba, the province of Pinar del Rio. From the central camps, pitchedin the tovgt;-ns of Pinar del Rio, San Diego de los Bafios, San Cristobal, themembers worked in different directions, whereas small parties consistingof two members surveyed the neighbourhood of Matahambre, LaEsperanza, Bahia Honda, Cacarajicara (South West of Bahia Honda),Cabanas, Mariel. The busy traffic along the Carretera Central, Cuba'shighway running along the axis of the island, enabled us to work even atlarge distances from the central camps. All notes made and all materialcollected by the members of the expedition in Pinar del Rio province wereturned over to the author, who worked out the data in this paper. For general orientation in the field we used military maps, kindly putat our disposal by the Cuban government. These maps, (scale 1 : 100000),proved to be insufficiently accurate in detail, so we had to survey our ownroads. This was done by taking direction with a hand-compass andmeasuring the distances by counting

our paces. The map constructed inthis way proved to be more reliable than the military maps and sufficientlycorrect to sketch in our rough geological survey. A detailed geologicalsurvey would be impossible without reliable topographical maps. In the laboratory at Utrecht we used as a basis for the construction ofour map the nautical charts of the United States Navy. As fixed points weretaken the towns of La Coloma on the Southern coast and Santa Lucia,Puerto Esperanza, Verracos, Puerto Blanco, Bahia Honda, Cabanas andMariel on the Northern coast. As the reader will see. La Coloma is not tobe found on our map. We knew, however, by pace-compass survey, therelative position of the town of Pinar del Rio with regard to La Coloma. We further had at our disposal a special map of the Carretera Central.The direction of the road on this special map greatly differed from thedirection of this same road on the military map, e.g. the town of SantaCruz de los Pinos is situated about 12 km to the North on the latter. Wecould check the directions of the Carretera Central at various places andas our observations tallied more or less with the military map, we ignoredthe special map of the highway.



??? the larger crystals are blueish pleochroitic (glaucophane). Albite is constantlyfound in large and smaller quantities. It is developed as very clear allotrio-morphic poikihtic crystals. Also zoisite is always found, often in largequantities and in well developed crystals. Garnet is common in most ofthe amphibolitic rocks. Large, idiomorphic crystals are found in the glau-cophane bearing rocks, e.g. loc. A. 773, North of San Cristobal. Muscovitecrystals are accessory in most rocks. At loc. V. 726, North East of La Palma,however, large muscovite scales are numerous. Chlorite, titanite and oreare found as accessory minerals. The texture of the rocks is predominantlyirregular and without linear arrangement of the minerals, with the excep-tion of a rock found at loc. L. 877, South of La Palma, which showslinear structure. Other localities, where strongly metamorphic amphiboliticrocks were found, are: loc. A. 698, North East of San Cristobal, on thetrail to Rosario, loc. M. 1053, South of Bahia Honda and loc. V. 818, nearSaroa, which is situated North East of Candelaria. The greater part of the amphibole plagioclase rocks occur inthe Serpentine strip, which can be continued in East West direction Southof Bahia Honda. Locs. in this vicinity, where these rocks were sampled,are Loc. M. 1041, M. 1068, M. 1069 and M. 1080. Another findspot of thiskind of rock is loc. L. 905, North West of the town of Santa Cruz de losPinos. The rocks always occur in the Serpentine regions, and we considerthem to be inclusions, though geological evidence supporting this suppo-sition is wanting. It is for

instance also possible that dikes in the Serpentinehave been altered under the influence of tcctonical stresses into these horn-blende plagioclase rocks. Thin-sections of these rocks consist of allotriomorphic green andbrownish-green, pleochroitic hornblende and an equal quantity of allo-triomorphic, polluted plagioclase of andcsine-labradorite composition. Incases, the plagioclase crystals are twinned and often they are sericitized.Linear structure occurs, e.g. at loc. M. 1068. Gabbroid dikes: M. G. Rutten (64) mentions the occurrence ofgabbroid dikes in the Serpentine areas in the Northern Santa Clara province.He draws the conclusion that the intrusion must have taken place beforeor during the orogenetic phase following the sedimentation of the Maes-trichtian Habana beds, as the intrusions are only found in the Serpentinedisplaced by this orogcnctic activity and not in the nearby situated otherformations. In four placcs gabbroid rocks were sampled in the province of Pinar delRio. At Iocs. A. 731 and A. 733, South West of Cabanas, medium grainedgreen and white specklcd rocks consisting under the microscope of largetwinned plagioclasc of basic composition (labradorite), partly sericitized,and of diallage and rhombic pyroxene. Olivine is found in large quantities'and is partly serpentinized. Magnetite occurs as small crystals A rocksampled at loc. V. 890, North East of La Palma is more altered. The diallage



??? is partly uralitized, the plagioclase is andesine. Olivine and ore are lacking.A rock, found at loc. L. 946, North of Guanajay, agrees with those foundat loc. A. 733. It contains numerous olivine crystals. All the above mentioned findspots occur in the Serpentine or at itsboundary, thus supporting Rutten's statement. An exception is loc. M. 1034,South of Bahia Honda, where a gabbroid dike occurs in the Tuff Series.Near to this loc. about 150 m to the South, however. Serpentine is foundat loc. M. 1036. In the area between those two findspots tuffaceous porphy-rites were noted but not sampled. Exact evidence is consequently wanting,and we may not draw any conclusions. A rock, collected at the boundary of a Serpentine outcrop (loc. M. 1039,South of Bahia Honda) is a gabbro-diabase. A thin-section shows clear,well twinned lath shaped plagioclasc. The composition is basic, varyingfrom labradorite to bytownite. The texture is coarsely ophitic. Themonocline pyroxene crystals are allotriomorphic and partly uralitized. Dioritic rocks. At two localities in the province of Pinar del Rio we found rocks alliedto a dioritical magma. We shall procccd to describe the localities and therocks separately. Locality H. 985 is situated between Guane and La Sierra at theEastern side of the road connecting both places. We drew a small sketchmap on which the situation of the outcrops of the adjacent rocks arcindicated (fig. 1). The dioritic rock (don the map) is light grayishwhite of colour and coarscgrained. Under the micro-scope the rock consists ofstrongly

allotriomorphicquartz with cloudy extinc-tion and of plagioclasc,found in smaller quantitiesthan the quartz, of anacid composition (albite)and dearly twinned. Thelamcls are bent, owing to the influence of tectonicalnbsp;^ . i 11nbsp;i stresses. Thin and irregular bands or patches of mica and chlorite and plates of muscovitc occur.nbsp;.nbsp;, ,, , ^ To the West of this outcrop, limcstonc-brccc.as were noted (L bi^O.but not sampled. This limcstonc-brcccia might be an outcrop or^ i-iaranaformation of Mountain facies. To the Hast of the outcrop Â°fnbsp;^^ we sampled a dark eruptive rock (a on the map), winch m th.n-sece.on 1%. I.



??? .mestones (L on the map), which are also found Lu h Â? h'SetÂ?TnThnbsp;rt resemble the limestones found ntercalated to occur as a large boulder in this formation m^fnto tonsid^rShe large size of the outcrop, which is several metres, 4 prefer to con^der.t as a leucocratic vein of the diorite magma, breaking tLougM^ ll The other findspot of dioritic rock is situated North West of BahiaHonda at loc. V. 85 i. Nearby, to the North of this outcrop we find SeSettine exposed whereas to the South tuffaceous rocks were noteZndsampled. The dioritic rock is a strongly crushed diorite-pegmatite consisting of quartz and felspar, showing for the greater part gran^ydc meÂ?^^^^^^^^ Fragments strongly resembling this rock are found frequLly in the I^ranaformation At the same locality we sampled a malchitic rock, of pandtotriomorphic texture, consisting of basic plagioclase and partirchStedamphibole and quartz. Zoisite and sphene L also found We takequot; othrocks found at tins locality to be directly connected with the dioritic magma The age of the rocks at both localities is difficult to establish As theâ€”dings of loc. H. 985 are badly exposed and, moreover of a otplicated nature, we will only consider loc. V, 851. The dioritic vein at Zocahty cuts through the Tuff Series and may be considered younger thanÂ?ese strata. However, signs of contact-metamorphism were no? fo^ndOn account of the numerous fragments of dioritic rock found in the Habana before the sedi- mentation of these beds, i e. before Upper Cretaceous (Maestrichtian)times. The age of the intrusion of dioritic rock in

Pinar del Rio province^rees well with the age of the diorites found in Northern Santa Clara byM. G. Rutten (64) and in Southern Santa Clara by A. Thiadens. (74) Habana formation. The name Habana formation was used by Palmer (59) for UonerCretaceous beds in the vicinity of the town of Habana, M. G. Rutten Â?4)applies the name Habana formation for beds of the same age exposed inNorthern S^ta Clara carrying a fauna idemical with the fossils foundm the neighbourhood of Habana, but differing petrographically andhthologically. On account of the existence of practically the same faunam the strata exposed in Planar del Rio province, we also use the nameHabana formation for these beds.



??? The Habana formation exposed in Pinar del Rio can be divided intwo different groups of rocks, representing two sharply contrasting facies.One facies, which we called quot;Mountain faciesquot;, occurs in the mountainregions; its rocks have been wedged into the older rocks of the Tuff Seriesand of the San Andres formation. The other facies, called '^Eastern faciesoccurs in the sediment belt around the mountain region. These beds canonly be separated from the Upper Eocene and Ohgocene strata by paleonto-logical evidence. The position of the beds of Eastern facies seems to point to a youngerage than that of the beds of Mountain facies found at the overthrusts inthe San Andres formation and Tuff Series. The Upper Cretaceous-LowerTerdary complex seems to be sedimentated against or upon the mountaincomplex. Difference of tectonic style in the two regions, together with thepost-miocene faulting which fixed the recent shape of the mountains causethis impression. Both strata. Mountain facies and Eastern facies, however,carry the same Forammfera, e.g. Vaughanina, Orhtoides bromi, Lepid-orbitoides, Omphalocyclus, Torreina and Camerina sp., indicating the same age. g s n?Žifi^yz?Ži?Š?ŽZ _ Salooyolus . TorrelAinpTZZâ€” Numerous well preserved Rudists were found in the Habana formationof Eastern facies, whereas in the beds of Mountain facies only fragmentsof Rudists are found. The possibility that these fragments are secondarydeposits in younger strata is rejected by us on account of the presenceof the same Foraminifera in

both deposits (fig. 2). Age of the Habana formation: On account of the occurtingForaminifera, especially the genera Orbitoides, Omphalocyclus and Lepidorbi-toides, we reckon the Habana formation to be of Upper Cretaceous age,corresponding with the Maesttichtian of Europe. At two Rudist-findspots,loc. L. 818, North-West of the town of Pinar del Rio and loc. M. 940,North-West of Tranca, Orbitoids, e.g. Orbitoides bronmi were found, conse-quendy we assume the Rudists beds to be of Macstrichtian age.



??? paÂ?nbsp;Has.Â? oveyhe Tuff Series ^d tire San Andrts fotatSr 1 ebbles and small rounded fragments of tfip Tnffnbsp;j , ^ Andres formation are found regulrfyTn the conrfl.rÂ? ^aof the Habana formation. Apar? from pebblesnbsp;v coarse conglomerates of Upper CreTaTeous or III. Pdioritic material in rocks SF und^b dly 'VbTa aSquot; Thlf'rocks of both facies, e.g. at iocs. M. loJs aTl^.OÂŽÂ? ' South o?BlhkHonda loc A. 754, South East of Mariel, ioc. V. 843 North WeÂ? nfBahia Honda and at loc. H. 923, South fiit of Las PozaT PartkH felspa^ cSe^lS- from which the detritical material in the Habana formation has beeTder'ed Tertiary strata^For this reason, the formaLfZl^tenTe s r^e cZT.on the .nap. Only those places, where paleontologifal ev dence^ndicaÂ°ethe exact age, were coloured red in case of the occurrencT nfTwCretaceous beds, whereas a special signature indicates LdsTuLr Eoceneor Oligocene age. A detailed survey will brintr out wWW fi! uquot;chalks and marls and calcareous sandLnes oc^^n^^nlt gt m^stbe reckoned to belong to the Upper Cretaceous or Lower TeXy stmfWe realise that the combim;ng of Upper Cretaceous and Lower TertTaryon the map is far from satisfactory, the more so as a stratigraphical unco7formity exists and a tectonical disconformity between the Upper Cretaceousand the Upper Eocene may be expected in analogy with ^tegeSogy Sthe Santa Clara province (64). Evidence of this angular unconformitÂŽ/hanot been found by us in the Pinar del Rio province The localities, where rocks of the Habana formation of Eastern faciesare

found, are given ,n table on page 23, together with the oXwFâ€žra,Â?,Â?,fira, Rudists and Rudists fragments, thich established the aleThe Forammijera, however, occur for the greater part in thin-sections nfrocks; thus reliable and typical sections were not'^always obtSed Themutual association ol Poramimfera or the association of them with Rudistsor Rudist fragments ascertain sufficiently, in our opinion, the age of theinH . ; head quot;Orbitoidsquot; were put downnbsp;howing indistinct affinities to Upper Cretaceous genera. Their state of priservationIS often very bad on account of recrystallization. This recrystallization isnot found in specimens of Upper Eocene age. The small C^Â?â„? showattimties to Camerma dtcktrscm described by Mrs. D. Palmer (57) from theUpper Cretaceous beds in the Habana province.



??? For those, interested in well preserved R^^ists, we draw the attent^^^to the Iocs. A. 645, A. 647, H. 774, H. 787, H. 802, H. H;961 L. 818M. 938, M. 940, M. 966, V. 614, V. 843a. The material collected by us atthese localities has already been described by the author in a paper, acceptedfor publication by the Journal of Paleontology. Description of rocks of Habana formation Eastern facies:The rocks are for the greater part fine conglomerates or conglÂ°^calcareous sandstones. They are white to gray in colour, in contradistinct^nwith the rocks of Mountain facies, which are dark grayish-blue. Theycarry a large amount of calcareous matrix. The constituents of the rocksare clear rounded or angular quartz, well-lamellated and non-lamellatedpagioc^^^^^^^^ of a basic composition (labradorite). The size of the quartz andfelfpars varies in differen? rocks from small to large Rounded porphyritefragments are always present, in cases even form the mam constituentTh! porphyrites consist of smaller or larger basic plagioclase phenocrystsin a vitric groundmass, often coloured red by iron infiltration. In cases,when the matrix is more crystalline, it consists of small plagioclase lathsand small magnetite ore grains. We mentioned already the occurrence ofdetritical diorite fragments. Occasionally we find roundednbsp;f phyllitic and quartzitic rock, cleariy derived from the San Andres formationrLe constituents dominate in a rock found at loc. L 930 Nor^ of hetown of Cayajabos. Chert fragments, amphibole crystals and zoisite grains ApTr^from the conglomerates and

the calcareous sandstones we findwhite to gray limestones or sandy limestones, from which the Rudistsmay originate ; they have been principally collected out of loose soil, more or less nearby the thin (^ m) limestone beds. Also mLly, lightcoloured limestone breccias and pure limestone conglomerates are found. Mountain facies of the Habana formation: Rocks of UpperCretaceous age (Maestrichtian of Europe) are found wedged into the banAndres formation and the Tuff Series. Exposures of these rocks are foundat the foot of many typical quot;Mogotesquot; in the Western part of the Organosmountains throwing a new light on the tectonics of this region. Eachoutcrop, often accompanied by Serpentine, points to an anomalouscontact with the older formarions. We found them numerously in theEastern part of the Organos mountains and also in the small area Northof Guanajay, were the beds occur partly as steep infoldings. The rocks of Mountain facies of the Habana formation are, in thefield in many cases difficult to disringuish from the limestones of SanAndres formation or Tuff Series. Only the coarser conglomerates orbreccias were recognized in the field as Upper Cretaceous strata, becauseof the Rudists fragments often macroscopically visible. Thm-sections of



??? breccious limestones, sampled bv us asnbsp;r Upper Cretaceous Habana roclfs We menSt th ^a part of the outcrops of rocks of Mo f rnbsp;'hat or less by chance. With tL knowledJ^a survey Vould yield r^^t saTsS'rquot;eZs With respect to the fauna found in the rock of ^^ . â–  r â– same considerations we made with resard to r. fnbsp;facies, the facies, hold true: consequently, we rrfer to them Th'respective faunas are given in'the tabk on paTe 23 intonbsp;can be divided conglomerate. Its main elementLre drr? ^u^ bituminous breccia or derived from the limestonâ„? of the Sa^AndTffquot;quot;quot;' Porphyritic pebbles, often consi^LgYbatfc ^ 'quot;t a vitric matrix, occur often. Slaty.^yll- ranWrtStic ^^bW quot; numerous in certain parts, for instance aroâ€žnd r^ - â„?ne. South West of Lhi; Honda C S 904 H A coarse limestone-breccia collected at loc h'qm Â?L i u- carries fragments of pink limestone, the bedrtrof wUc^is to us in the Pinar del Rio province Thin-sertionV.nbsp;ÂŽ unknown tic limestone, mentioned Lm th: ^r oT^irrtT^s common constituents of the limestone-brerri.. o./.inbsp;^^^ther basic plagioclase and chert ftagrtt'Xf c'^W' occurrence of dioritic material has been already mentioned U^ch 1 ot the dark grayish-blue limestones in the coarS brecciJ iL . T' H^r- â€”- quot; ^ ofthquot; acid to basic plagioclase as -in col^tue^quot; C^^uL^ p^'rp^^^^^^^^^^^^^fragments are in the minority. The difference with fh^Voinbsp;diorite of the Eastern facies are ^lie Â?la^Lrge amount of quart, and the impure matrix ;?he difference Sthe^ocrofthe Tuff Series is the occurrence of quartz and

of dioritir ^^terminably smallnbsp;occur!t Ifrquot;gr eter-quot; minatlon on paleontologlcal data was impossible. On account of theoccurrence of dioritic material we favour an Upper Cretaceous age of Lbeds. The other possibility, that the strata are younger and paft of tLUpper Eocene, does not seem probable, as we never found evidence ofWne beds wedged in with the Upper Cretaceous layers in the mountahi The beds are found, e.g. North of La Palma at loc. L. 874 The sreenisbsandy rock consists chieffy of twinned plagioclase felspar, of albiteoligo-



??? PEBBLES IN CONGLOMERATES OF UPPER CRETACEOUS OR EOCENE AGE 27 clase composition, rounded and splintered quartz crystals, roundedporphyrite fragments, dioritic material, chert fragments, greemsh brownpleochroitic biotite and muscovite plates. The matrix is a mixture ofchlorite-limonite and calcite. Rocks which principally resemble the abovedescribed rock are found at loc. M. 949, North East of Vinales, loc. M. 919,North East of Sumidero, loc. M.914, South West of Sumidero, togetherwith a limestone breccia, carrying small Camerinas showing a ffimties withCamerina dickersoni (Upper Cretaceous), loc. L. 1053, East of San Vicente,together with a limestone breccia in which Orbitoides WÂ?. was foundloc. M.958, North of San Diego de l??s Banos and at loc. V. 950, Eastof Guane. All locahties mentioned above are situated m the Western partof the Organos mountains (quot;Mogotequot; regions). Pebbles in conglomerates of Upper Cretaceous or Eocene age. Coarse conglomerates are a typical feature in the Upper Cretaceous-Lower Tertiary strata running from San Juan y Martinez to San Diego delos Banos. We shall discuss the constituents of the conglomerates more ^quot;quot;^^^bne of the richest findspots of pebbles of different nature is loc. A. 608,West of the town of Pinar del Rio, where several samples were coHected.Numerous are porphyritic or diabase rocks, the greater part of themstrongly weathered and altered. Some of the porphyrites are silicified, andonly the two generations of plagioclase felspars can be

recogmzed. Thediabases show an ophitic texture, the augites are for the greater parturalitized, the plagioclase felspars are of an acid composition (oligoclase)ore in the form of ilmenite is common, accessory minerals are apatite andsphene. Quartz is often found as a rest-crystallization. The above describedrocks are clearly allied to the rocks of the Tuff Series. Rocks deriving froma dioritic magma are also found at loc. A. 608, e.g. an albitite, constistingof polluted plagioclase felspars often granophyriccally intergrown withquartz. Accessory minerals are sphene and epidote and ore. A pebble ofmalchitic rock consists of twinned plagioclase felspars of a basic com-position (andesine-labradorite), clear, strongly allotriomorphic quartz andamphibole. The amphibole crystals are blueish-green pleochroitic andidiomorphic. Accessory minerals are sphene, apatite and magnetite. Blueand violet limestone pebbles occur, probably derived from the San Andresformation; also a white limestone, carrying corals and Lithothamnium.One pebble contains a badly preserved Orbitoid, pointing to a post-UpperCretaceous age of the conglomerate at least. At loc. L. 849, North East of San Diego de los Banos, porphyriticand dioritic pebbles are found. One rock is a diorite-aplite, consisting orallotriomorphic quartz and plagioclase crystals. The plagioclases aresometimes twinned and of an acid composition; they are partly sericitizedand contain quartz globules. Some muscovite plates occur, and a few large



??? apatite crystals. Another pebble, which is probably connected with th. the latter in large quantities and as well develnned nlot.cnbsp;â€? slightly bent. Apatite is found as an ae^es ory m nl fnbsp;o??'the natuÂ? was found at loc. H. 803, West of Sa/l5 go deto BanÂ? South West of San Diego de los Bafios at lol H 79 a Zrite ne.matite pebble was collected. The structure is coarse cÂ?,?, 11constituents are large, idiomorphic, polluted, twinneTalbTe c^granophyâ€žca% intergrown plagioclase and quart.. Ace sor^ mte^lsare sphene, chlorite and ilmenite. The findspot of this pebble i^ n theEocene area on the map. Paleontological evidence establishing the ?ˆ^L Upper Eocene. The Upper Eocene strata, which are found in the band of transgressive NZ ETst^oFThnbsp;SoutrESt anl North East of the Organos mountains, consist of white limestonesconglomerates, cakareous sandstones, marls and chalks. We alreadv f'nbsp;formation (S Cretaceous) from the Upper Eocene and Oligocene beds. Where paleon th T W^nbsp;Poraminifera was foZ, the Upper Eocene layers were given a special signature 4 the map The Upper Eocene age of the beds was established by the occurrencefvinbsp;of the genera Dictjoconus, Camerina, Lepidocjclina Hehcoleptdtna ^nA DiscocjcUna. The Foraminifera occur in different kindsof rock. At loc. L. 829 they are found in calcareous sandstones, tog thSwith fragments of Rudists, which dearly are a secondary deposit A^s oneis indined to attribute a Macstrichtian age to those strata were Rudistfragments are found, this occurrence in the Upper Eocene

beds proveshat careful cxammation for other paleontological data is required. Atloc. L. 831 Foramimfera of the genera Dictjoconus, Camerina, LepidocycUnaand Disc^jcUna -^^t^ioun^ in a coarse conglomerate, containing porphyritesand pebbles of grayish blue limestones and cherts, derived from the SanAndres formation. Rounded fragments of Rudists also occur. Around thetown of Guanajay the Upper Eocene Foraminifera are found in white marlsand white limestones (Locs. M. 1029 and H.971). At loc. V. 804 NorthEast of Cayajabos, some rocks were sampled, which were derived froman unknown depth out of an asphalt mine. The conglomeratic rock carriesOmphalocjclus (Macstrichtian) and badly preserved DiscocycUnae. Eitherthe Omphalocjcks is a secondary deposit or the DiscocJcUnae\^^^^z2.t alreadyin the Macstrichtian. Nearby, at loc. V. 802, we find rocks carrying Rudist



??? fragments, Orbitoides browni and Omphalocjclus, a typical Maestrichtian ^^quot;^Apart from the larger Foraminijera, numerous smaller Foraminijerae.g. Miliolidae, Globigerinidae, Carpenterias etc. occur. As they are foundprincipally in thin-sections of hmestones, no specific determination was recent pubhcation Cushman and Bermudez (26) describe severalsmaller Foraminijera of Upper Eocene age, which were coUected about4.5 km. North of Guanajay on the road to Mariel. These Foraminijera belongto the genera Bolivina, Virgulina and the hew genera Rectoeponides, Stichocibi-cides and Neocarpenteria. In a second publication the same authors (27)treat some new species of the genera CjchhcuUna, Siphonina and Crihro-globorotalia. They were collected at Bermudez station 337 A., which is thesame locahty where the material studied in the former pubhcation wasderived from. However, the situation of this findspot is ^ow said tobe found in the last paper 4.5 km West of Guanajay instead of to theNorth. On account of this controversy we did not mark these Eocene beds on our map. Weisbord (84) describes some Eocene, probably Upper bocene Echinids, collected at a locality situated on the road from San Diego delos Banos to the Carretera Central. We do not agree to his statement thatMiddle Eocene might occur along this same road, as we have no paleonto-logical evidence supporting this.nbsp;, â€? r^r The Upper Eocene strata were strongly folded during the inter-Oligo- cene orogenesis. Evidence of a structural unconformity between

the UpperCretaceous and the Upper Eocene was not found m Pinar del Rio. Oligocene. Paleontological data estabhshing the Oligocene age of layers wereonly found by us at a few localities. The marls, white hmestones andsandstones show a great resemblance with the Upper Eocene strata. TheOligocene beds carry larger Foraminijera of the sub-genera Nephrolepidinaand Eulepidina. At loc. M. 1027, West of Guanajay, Ohgocene sandstones,carrying Lepidocjclina javosa lay concordant upon white hmestones andmarls of Upper Eocenc age. In two localities, North of Guanajay at loc.L. 941 and North of Candelaria at locs. V. 782 and V. 783, white hmestonescarry Lepidocjclina of an eulepidine type. On account of the occurence ofthese Foraminijera in limestones, the more or less accidental thm-sectionsthrough them did not show clear characters of the fossils to justify aspecific determination. We did, however, get the impression that Lepido-cjclina javosa occurs, on which fact the Oligocene age of the limestonebeds is based. Hadly (37) describes numerous smaller Foraminijera collectedby Mr. Norman E. Weisbord, 50 m South East of the entrance gateto the Cuban Naval Academy at Mariel. The Foraminijera have been



??? Of) an Oligocene, p.o- knoin, ^^e put ^drn If O^ctr r mlp^^^nbsp;^^ Oligomiocene beds. oictops of this forl'on arefjbetween Pinar del Rio and Guanaiay The/ormat^L of less than , 0 degrees'The dips ar! di^LdTr ou ht th:\tth1Sregions e.g. between Consolacion del Sur and Santa CruJ 1to the North in the Northern parts e.g. Norfh of Ln^l How' ' =observations in the Northern part are Icarse fh.r.f however, ourmainly founded on facts collect in the Sou^X^s quot;quot;quot;quot;quot;quot; quot; The principal element of these Oligomiocene strata is â€žnbsp;. porous, fossiliferous limestone, corresponding wkh tte Glnl and Areiam sp. were collected from red brown sands In large areas, which are reckoned by us to the Oligomiocene outcronsare scarce. The typical cavernous limestones only rafely outcrrfem'ated soil, often covered with quot;perdigonesquot;, the local nLe for hmo^ticiron concretions. Sometimes we find coarse conglomerates cTskti^mainly of quartzite and phyllite pebbles, derived from the San AndSformation. We have no evidence which establishes the age of thesfCshowever, we assume an Oligomiocene age but they may be younlr ' the rid/nbsp;Oligomiocene beds was measured along thiVkntl quot;nbsp;Carretera Central. The minimaÂŽ thickness amounts to about 300 metres. Oligomiocene rocks consists of ForamWeraGastropoda, Lamlhbranchiata, Echinidae and Antho^^oa. Especily ^e tZZc^Z '''nbsp;^T^nbsp;or limestone The most common Forammfera are Amphisorus matleyi and Archaias sp â€? often, but less frequently Miogypsina sp. is found. Apart from

the Miliolidae numerous smaller Foraminifera occur. As they occur in thin-sections of the limestones, no determination of this material was attempted. A few



??? Echinidae were sufficiently preserved for determination. This was done byMr J van SoEST, at the laboratory of the Utrecht University. The speciesClytea^ter lanceolatus was discerned. A full description of this species is givenin the paleontological part of this paper. Moulds and casts oi Gastropodaare abundant in the limestone beds. A determination of the Lamellihranchiataand the Corals was not made as the age of the beds is sufficiently estabhshedby the Foraminifera and the Echinidae. Age of the Oligomiocene beds: The Guinness limestones arereckoned by Palmer (59), who gives a -summary of the former opinionson the age of these beds, to be a quot;transitional phase between the UpperOligocene and the Lower Miocene.quot; He mentions the presence of Lepido-cycUna and Miogypsina in the Guinness limestones. With regard to the latter,we fully agree with Palmer. Miogypsina, together with Amphisorus matleyiand Archaias are typical for the horizontal or slightly dipping Oligomiocenestrata. Amphisorus matleji from the Miocene beds in Jamaica has beendescribed by Vaughan (80). LepidocycUna, however, was not found by usassociated with Miogypsina or Amphisorus matleyi. LepidocycUna occurs,so far as we know, in Pinar del Rio, only in the steeply folded strata,underlying unconformably the Oligomiocene beds. Clypeaster lanceolatushas been described by Cotteau (22) from the Miocene beds of Matanzas,w hereas Lambert (42) reports the occurrence in the Miocene of Antigua.In Jackson's opinion (41), who studied material

from Panama and fromthe vicinity of the town of Plabana, it should be an Oligocene species.At the findspot of Clypeaster lanceolatus in Pinar del Rio, loc. V. 774,North East of San Cristobal, we noted the occurrence of fossils charac-teristic for the slightly folded OHgomiocene beds, e.g. moulds and castsof Gastropoda, Lamellihranchiata and Amphisorus matleyi.



??? Chapter III: TECTONICS. Contrary to former opinions, already mentioned in this oaoer in thenh^rn San Andres formation,Ve consider firsforo^^^^^^^^^phase to have occurred after the sedimentation of the Tuff Series Sfenthe Lower Cretaceous and Upper Cretaceous time. The a4 of \he wantidme, which was the result of this orogenetic activity and of whU LSoi^hern flank is exposed only in the Western part of Pinar dd Rb runs Se WhT't ^Th ' 'r^nbsp;dfpP^ng to the South West. The general strike gradually changes to the East Â? West East direction turning to North North West - East South East in theneighbourhood and North of San Diego de los Banos Hd It iT^'^^u^ the limestone hills in this Western part of Pinardd Rio follows the same directions, accentuating the general strike andsupporting our opinion that the quot;Mogotesquot; are intlcalatfd in the quartSephylli^^e beds. If the limestones covered unconformably an already Ironglyfolded quartzite phyllite complex it would be highly improbable tLt owingto a later orogenesis, the strike of the limestones beds would run iSpractically the same direction as the strike of the quartzite phyllite bedsA few deviations of the Northern dip of the Northern wing of theantidine are found. This is for instance the case North West of Sumiderowhere we found several Southern dips and one well developed, smalllocal antidme at loc. V. 567. The latter was dearly overturned to theSouth East. Horizontal hmestones, only slightly dipping to the East andWest in p aces and in no way differing from the ordinary hmestonesintercalated in the

quartzite phyllite beds of the San Andres formationwere found along the road from Guane to La Sierra at loc. H 980 In the Eastern part of the Organos mountains the strikes of the SanAndr^ formation and the Tuff Series runs rather irregularly, more or lessin a West to East direction. The younger parts of the Northern flank ofthe antichne are exposed in this region (Tuff Series), while a small secon-dary antichne is devdoped North of Bahia Honda, where tuffaceous rocksare again exposed. The Tuff Series runs into the sea between La Mulataand Verracos. At the Southern boundary of the Eastern part of the San Andresformation we found occasionally Southern dips. It is possible, that theantidinal axis found in the Western part, may be continued alone theabove mentioned Southern boundary. East of the Organos mountains the older structures are covered bythe Upper Cretaceous and Lower Tertiary strata. The older structuresrise to the surface again between the towns of Mariel and Guanajay where



??? they appear to be folded in detail with irregular Southern, vertical, andNorthern dips. A second orogenetic phase may have taken place after the sedimen-tation of the Habana formation upon the partially eroded older structuresand before the sedimentation of the Lower Tertiary. After the sedimentation of part of the Ohgocene conformably uponthe Upper Eocene in the regions around the mountain district a newinter-Oligocene orogenesis occurred. The direction of the strikes of theUpper Eocene and Oligocene beds in the Eastern part of Pinar del Rio,runs generally from West to East, but is-also often irregular. On the whole, the dips do not exceed 50 degrees.nbsp;i r i. The Upper Cretaceous and the Lower Tertiary, exposed South ot theboundary of the San Andres formation, show strikes running more orless parallel with the strikes in the San Andres formation. The fact, thatthe general trend of the second and third orogenesis runs parallel to thatof the first, weakens our supposition, made in the beginning of this chapter,that we could expect a different trend in the limestones to that in the quartzitephyllite formation, if an angular disconformity between the two should befound. When, however, hmestone beds with a certain strike are present mthe underground, we may expect an influence, even a dominating influence,of this resistant structures upon the trends of the later orogenesis. Werefer to the neighbourhood of San Diego de los Banos, where the UpperEocene layers exposed along the road to the Carretera Central, show thesame directions of

the strike as the San Andres formation (Loma La Guira).The different Rudists findspots, nearby, which may be expected to occurin one level, show a direction crossing the direction of the strikes of theUpper Eocene and San Andres formation. If the findspots of the Rudists,collected out of loose soil, may be reckoned to mark more or less the strikeof the Rudists beds (Habana formation), we should have at this place anindication . of an angular disconformity between the Habana formation and the Upper Eocene. In the Southern band of transgressive formations we find generallya Southern dip, with one exception: North East of Consolacion del Sur,where in the core of an anticline the Habana formation outcrops. In the mountain regions we find the Habana formation of Mountainfacies wedged into the San Andres formation and into the Tuff Series. Theposition of the limestone breccias (Habana formation) at the foot of thequot;Mogotesquot; and in the valleys cut through the limestone hills, clearly pointsto an anomalous contact with the older formations. In the region of theSan Andres formation the beds of the Habana formation are often foundaccompanied by Serpentine. We suggest, that along the soft and smoothsurface of the Serpentine rock, overthrusting took place. From the regions surrounding the mountains we have evidence ofan inter-oligocene orogenesis. In the Northern Santa Clara province (64)and in the Southern Santa Clara province (74) we have evidence of an



??? orogenetic phase between the Upper Cretaceous and the Upper Eocenemther the latter or the inter-oligocene orogenesis caused the overthrusting(wedging) in Pinar del Rio. With regard to the nature of the overthrustingIt appears to be superficial. The beds of the Tuff Series and the beds of tÂ?San Andres formation were not displaced with regard to each other Atthe anomalous contacts, in the San Andres formation, no rocks of theTuff Series are found. Even near the boundary between the formationsno evidence of an anomalous contact between the San Andres formationand the Tuff Series has been found. The occurrence of rocks of the SanAndres formation in the Tuff Series is, however, difficult to ascertain asthe hmestones and cherts, the principal elements of the San Andresformation in these parts, are not to be distinguished from the same bedsoccurring in the Tuff Series. However, rocks of Cayetano facies, typicalelements of the San Andres formation have never been found near theanomalous contacts in the Tuff Series. In some regions of the San Andres formation we find a gentler typeof orogenesis. Instead of overthrusts we find the beds of Habana formationof Mountain facies exposed in the synclines. This is for instance the caseNorth of the town of La Palma and in the strata exposed North of Guanajaywhich are also reckoned by us to the San Andres formation. The tectonicstyle of the latter parts resembles the tectonic style found in the regionswhere the beds of Habana formation of Eastern facies are exposed. In the greater part of the outcrops of Habana

formation of Mountainfacies, no strike or dip could be measured. Only in a few localities, did wefeel justified to connect some nearby outcrops. However, the outcropsseem to occur in bands running parallel to the limestone hills in the Westernpart and also parallel to the strike of the San Andres formation and TuffSeries in the Eastern part. The former is demonstrated along the Northernboundary of the Sierra Ancon, West of San Vicente, where in all probabilitythree outcrops of Habana formation of Mountain facies may be connectedwith each other. If this holds true, we see that, as in the younger sedimentbelt around the mountains, the trend of the pre-maestrichtian orogenesisruns parallel to that of the post-maestrichtian, orogenetic phase. The fourth and last orogenetic phase occurred after the depositionof the Oligomiocene beds. This orogenetic phase, however, is not to becompared with the former ones, which were much stronger. The maximumdip of the Oligomiocene beds is 10 degrees, while often they are found inhorizontal position. Post-Miocene faulting fixed the Southern boundary and the recentshape of the Organos mountains. We based the presence of this fault chieflyon morphologic arguments. As the larger structures are clearly shown on our geological map, wedid not draw any sections. Of the detailed structures, we have insufficientdata to compose sections, that would approach reality, so we prefer toleave them out.



??? Chapter IV : PALEONTOLOGY. Parts of the fossils collected by us in the province of Pinar del Riohave been or will be descnbed in other papers in order to make the resultsmore accessible to those interested chiefly in paleontological matters. Thefaunal lists with the findspots given in a previous chapter and m a paperalready published, are copied in this chapter, in order to give a complete summary of the occurring fossils.nbsp;. , r The Aptychi collected from the beds of the San Andres formation were studied by Prof. Trauth (79).nbsp;, , ^ â€? -u The Ammonites, also collected from the San Andres formation willbe specifically determined by Prof. Jaworski, who will pubhsh the resultsof his study in due course. His preliminary investigation fixed the age ofthe different parts of the San Andres formadon. Some well preserved Echinids were studied by Mr. J. van Soest. Thedescription of them is published in this paper. The Larger Foraminijera, collected out of the Habana formation. UpperEocene and Oligocene were specifically determined by the author ; the results will be given below.nbsp;â€? i i i The Rudists of the Habana formadon were also studied by the author. The paper, describing several new species and giving a supplementary description of some known species, will be published in the Journal of Paleontology. Faunal lists: We shall first give a list of the fossils, the occurrenceof which is not confined to a special formation. Glohiserinidae at localities: A. 606, A. 711, H. 820, H. 897, H. 898,H.970, H.973, FL 975, L. 924, L. 935, L. 938, L. 940,

L. 994, L. 999,L. 1000, M. 1038, V. 790, V. 804. Radiolaria at localities : H. 820, H. 821, H. 949, L. 916, L. 930, M. 959, M. 1061. Miliolidae at localities : A. 600, A. 604, A. 621, A. 623, A. 626, A. 684,A. 685, A. 721, A. 726, A. 730, A. 737, H.801, H. 832, H. 873, H. 880,H.893, H.895, H. 896, H. 898, H. 923, H.970, L. 757, L.761, L. 832,L.835 L.836, L. 838, L. 840, L.841, L.913, L. 926, L. 997, M. 905,M.927, M. 1009, V. 696, V. 699, V.781, V. 795, V. 804, V. 826, V. 843,V.919. List of fossils from the San Andres formation.Fossils :nbsp;Localides : Ammonitesnbsp;L. 787a, L. 894, V. 585, V. 869. Lamellaptychus rectecostatiis {Pet.) em. Trauthnbsp;V. 826.



??? Lamellaptjchus angulocostatus (Pet.) ?’. typenbsp;V. 826, V. 868.Lamellaptjchus angulocostatus (Pet.) var. atlantica (Henn)nbsp;A. 653, V. 826. Lamellaptjchus seranonis (Coqu.)nbsp;V. 826. List of fossils from the Habana formation. Localities : Camerina sp. ( ? dickersoni D. Palmer) Orbitoids Orhitoides apiculata (Schlumb.)Orhitoides hronmi (Ellis) Omphalocjclus ?nacropora BronnOmphalocjclus sp.Torreina sp.Lepidorhitoides sp. Orhignja mullerriedi VermuntOrhignja sp. Vaccinites macgjllavrji PalmerVaccinites sp. Pironea cf. peruviana GerthBarrettia sparcilirata WhitfieldBarrettia monilifera WoodwardBarrettia multilirata WhitfieldParastroma cf. quitarti Palmer A. 730, A. 754, A. 773 ?, H. 822,L.955, L.983, L. 985, L. 1003 ?,M. 1009, M. 1021, M. 1038,M. 1049 ?, M. 1057, M. 1065,V. 699, V. 795, V. 804, V. 826 ^^V.841, V.843 ?, V.875, V.88l!A. 677, A. 678, A. 754, H. 774,H.954, L.817, L.949, L.955,L. 983, L. 985, L. 1003, M.914,M. 938, M. 1021, M. 1038, M. 1065,V. 826. A. 673, A. 677 ?, A 678, A. 684,A.685, A.773, H.822, H. 823,H.832, H.880, H. 893, H. 898,L.887, L. 930, L. 1003, L. 1013,M. 1009, M. 1038, V. 843, V. 875,V. 881.M. 940. A. 761, H.893, L.817, L. 985,L. 1024, L. 1053, V. 802, V. 820V.826.L. 758. L.955, L. 1013, V. 795, V. 804.A.773, L. 930, V. 802.A. 730, A. 754, L.955, L. 985,M. 1021, M. 1057 ?, M. 1062 ?,M. 1065, V. 699, V. 804, V.841,V.875.L. 818.H. 774. H. 787, M. 966.H. 961.L. 818.H. 774. H. 802, H. 870, M. 966.H.802, H.870.H.787. Fossils :Vaughanina sp.



??? Torreites sanche^i (Douvill?Š)Radiolites macroplicatm Whitfield i)Biradiolites cubensis Douvill?ŠBiradiolites cf. aquitanicus ToucasBiradiolites tschoppi VermuntBiradiolites macgillavryi VermuntBiradiolites sp.Biradiolites sp. Bournonia thiadensis VermuntBournonia sp.Durania palmeri VermuntDurania sp. Tampsia rutteni VermuntChiapasella pauciplicata M??llerriedChiapasella cubensis RuttenChiapasella sp. Titanosarcolites giganteus Whitfield Plagioptjchus sp. Sphaerucaprina sp. Caprinula cf. annulata Palmer Caprinidae Rudists fragments H. 870. H. 787, H. 802, M.966.H.787, H. 802.H. 870, M. 938.H. 870.H. 802. H.774, H.802.H. 802. H. 774, M.938.H. 774.V. 843^.V. 843??.H. 870. H.774, V. 614.H. 870.H. 870. A.645, A.647,H. 774.H. 787, H. 870.H. 787, V.614.H.774. H. 774, M. 940. A. 674, A.678, A. 740, H. 788,H. 823, H. 832, H. 893, H. 904,H. 906, H. 923, H. 927, H. 928,H. 954, L. 949, L. 955, L.957,L.973, L.983, L. 985, L. 1003,L. 1013, M. 937, M. 968, M. 1009,M. 1032, M. 1046, M. 1049,M. 1057, M. 1062, M. 1073,M. 1077, V.698, V. 795, V. 802,V.804, V.820, V.826, V.841,V.843, V.875, V.881, V. 894. List of fossils from the Upper Eocene. Localities :H.792, H. 841, L. 829, L.831,V.536, V. 696.L. 829, L.831, M. 1028.M. 1028. A.602, L. 832, V. 536, V. 538,V.696. Operculina floridensis (Fleilprin) Cushman L. 831.Heterostegina antillea Cushmannbsp;L. 831. Lepidocyclina pustulosa H. Douvill?Šnbsp;L.831, M. 1028. 1) Thiadens (73). Fossils :Dictyoconus sp. Camerina petri M. RuttenCamerina malbertii M. RuttenCamerina sp.



??? LepidocycUna mortoni CushmanLepidocycUna mein'^^eri VaughanLepidocycUna marginata MichelottiLepidocycUna piedrasensis VaughanLepidocycUna semmesi Vaughan and ColeLepidocycUna sp. HeUcolepidina spiraUs ToblerDiscocycUna marginata CushmanDiscocycUna cf. clarki CushmanDiscocycUna sp. DiscocycUna {AsterocycUnd) sp. L.831. L.831, M. 1028.M. 1028.M. 1028.M. 1028. H.792, L.827, L.831, L. 832,L.1000, V. 536, V. 538.M. 1028.L.831. L.829, L.831. A. 602, A. 603, H. 896, L.827L.829, L.832, V. 536, V. 538.H.896, V. 536. List of fossils from the Oligocene. Localities: H. 971. A. 720, V. 784.H.971.H. 971. H.971, M. 1027. A. 720, L.941, V.782, V. 783. Archaias sp. Camerina sp.Miogypsina sp. Clypeaster lanceolatus Cotteau from the Oligomiocene. Localities : A. 600, A. 620, A.621, A. 622A. 623, A. 624, A. 626, A.712;H.762, H.968, L. 757, L. 758,L. 761, L.835, L. 836, L. 838,L.840, L.841, L.913, L. 1008,M. 905, M. 927, M. 968, M. 1007,M. 1024, V. 776, V. 777, V. 780,V.781, V.919. A. 624, A. 711, H.762, L. 757,L.761, L.835, L.840, L.841,L. 1008, M. 905, M. 1007, V. 776,V. 777, V. 780, V. 781.V. 776, V. 777. A.621, A. 623, A. 624, A. 626,H.895, L.757, L.761, L. 838,L.840, L.841, L. 1008, M. 905,M. 1007, V.776, V.777, V. 780,V.781.V. 774. Fossils: Camerina petri M. Rutten ?Camerina sp. LepidocycUna piedrasensis VaughanLepidocycUna dilatata MichelottiLepidocycUna favosa CushmanLepidocycUna sp. List of fossils Fossils:Amphisorus matleyi Vaughan



??? Systematic descriptions:Genus Dictyoconus Blanckenhorn, 1900.Dictyoconus sp.Plate, figure 6. The test is conical and the texture coarse. The chamberlets of the mar^hial trough are divided into 2 to 4 cellules. The distance of the plat-format the base is 160 ^ to 250 Diameter of the base, 2.4 mm to 3.6 mmSI mm to 3 mm. The general appearance of the specimens resembleSat of Dictyoconus americams. However, the large distance between thepWorms at'the base is more in agreement with Dutyoco^^^^^^^^ Upper Eocene, Pinar del Rio, Cuba. Mm. Geol. Inst., Univ. Utrecht, D. 1) 14570â€”14577. Genus Camerina Brugiere, 1792.Camerina Petri M. Rutten. M. Ruâ„?. 1935. Jour. Paleontology. Vol. 9. pp. 530. 531. pL 59. figs. 1-5. textfig. 2. On the whole our specimens agree well withSome slight differences occur e.g. one specimen consists of 9 whorls.Lmber of septa in the last whorl 32. Diameter 7.1 mm thickne^ 2.7 mmAnother specimen though agreeing in outer measures ^ C ^ de^^^^^^^^^^from the inner features, the chambers being higher than long ^^^ ^^^^^^^^^^^resembling C malhertii. As only one specimen was found in ^he Oligocenek mTy be^regarded as washed out of the Eocene strata. Diameter 3.8 mm to 7 1 mm, thickness 1.8 mm to 3 mm. UpTr Eocene and POligocene, Pinar del Rio, Cuba. Hypotypes, Mm. Geol. Inst., Univ. Utrecht, D. 14578-14591. Camerina Malbertii M. Rutten.M. Ruâ„?. 1935. Jour. Paleontology. Vol. 9. pp. 531.532. pi. 60. figs. 8-10 ; textfig. 2. Only one specimen was found, which is intermediate betw^n C.

petriand C malbertii by its outer measures. I reckon this form to C vm^ertnfor the shape of its chambers, which are higher than long. Diameter 8.3 mm, thicknes^sj.^^mm^ Pinar del Rio, Cuba. Hypotype, Min. Geol. Inst., Univ.Utrecht, D. 14592. 1) The D.-numbcrs refer to the collcction of slides in the Miner.-Gcol. Institute at Utrecht.



??? Camerina sp. Involute, small, thick forms, found in shdes of Upper Cretaceoushmestones of the Habana formation. Number of whorls is 3â€”4 They arecharacterized by a conspicuous groove. Diameter 0.74 mm to 0 96 mm-thickness 0.44 mm to 0.63 mm. In aU probability the specimens belongto Camerina dickersoni. A recent study of Voorwijk (83) proves that thereexist transitional forms between material, agreeing weh with our specimensand Camerina dickersoni. Upper Cretaceous, Pinar del Rio, Cuba. Min. Geol. Inst., Univ. Utrecht. Genus Operculina d'Orbigny, 1826. Operculina floridensis (Heilprin) Cushman. Operculina floridensij Cushman, 1921, U.S. Geol. Survey, Prof. Paper 128-E., p. 130, pi. XX, fig. 12 Flat forms with a sometimes eccentric low umbo over the first whorlsSurface of this umbo ornamented with granules and costae. Septa stronglycurved backwards, especially in the last whorl. Chambers 5 times as highas long. Number of whorls 2J to 31. No granules on the shghtly raisedsutures of the last whorl as with 0. vaughani. Diameter 3.3 mm to 7.7 mm,thickness 0.90 mm, to 1.20 mm. Number of septa in the last whorl 22â€”3o! Upper Eocene, Pinar del Rio, Cuba. Hypotypes, Min. Geol. Instquot;Univ. Utrecht, D. 14593â€”14598. Genus Heterostegina d'Orbigny, 1826.Heterostegina antillea Cushman. Heterostegina antillea Cushman, 1921, U.S. Geol. Survey, Prof. Paper 128-e., p. 131, pi. xx. figs. 13, 14. Flat forms with an eccentric umbo above the first whorls. Surfacepapillate on the umbo and on the sutures. Diameter 8 mm, thickness 1.2 mmto 1.5 mm.

Number of whorls 2\ to 3. This species is recorded from the Oligocene of the Island of Antiguaby Cushman (25). The occurrence of Heterostegina antillea in Pinar del Riotogether with typical Eocene Foraminifera, e.g. Dictyoconus, proves thatthis species existed already in the Eocene. Upper Eocene, Pinar del Rio, Cuba. Hypotypes, Min. Geol. Inst.Univ. Utrecht, D. 14599â€”14600.



??? Genus Amphisorus Ehrenberg, 1840.Amphisorus matleyi VaughanPlate, figures 1â€”3.Amphisorus rgt;,atkyi Vaughn. 1929, Jour. Paleontology. Vol. 3, No. 4, pp. 380,381.382, pi. 41, figs. 1-4. A common form in the Oligomiocene of Pinar del Rio. It agrees wellwith Vaughan's description. Embryonal apparatus on transverse sectionbicellular, measuring 440 ^ X 180 Horizontal section of eulepidinetype. The big chamber measures 555 the smaller one 260 The pores in the apertural band are alternadng.nbsp;i t Oligomiocene, Pinar del Rio. Cuba. Hypotypes, Mm. Geol. Inst., Univ. Utrecht. D. 14601â€”14609. Genus Orbitoides d'Orbigny, 1847. Orbitoides apiculata Schlumberger. Orbitoides apiculata Schlumbhkghr, 1901, Soc. G?Šol. France, 4quot; s?Šrie, tome premier, pp. 465, 466, pi. VHI.figs. 1, 4, 6, pi. IX, figs. 1, 4. Surface badly preserved. In places, however coarsely reticulateEmbryonic chambers quadrilocular and embraced test asymetrically developed, the flat side strongly fHled up with pillarsThe layer of equatorial chambers is curved to the comcal side. This speciesclosely resembles O. bromh only O. apiculata is evident when comparing the following measures with those of O. bmvm. 1.1 mm1.1 mm0.90 mm0.60 mm0.90 mm 6.8 5.77.2 3.85 mmmmmmmmmm Orbitoides palmeri described by Gravell (34) from Cuba, is smaller(up to 4 mm) while its surface shows vermicular costae radiating from the apex to the periphery.nbsp;i t ^ Upper Cretaceous, Pinar del Rio, Cuba. Hypotypes, Mm. Geol. Inst., Univ. Utrecht.



??? Orbitoides browni (Ellis). Gullowayina browni Ellis, 1932, Am. Mus. Novitates, No. 668, pp. 1-8, 9 figs, in text -Palmer, 1934, Jour. Paleontology, vol. 8, No. 1 pp'eSâ€”70 Orbitoides browni Vaughan, 1934, Jour. Paleontology, vol. 8, No. i,'pp. 70-72.' As this form has already been sufficiently described only some outermeasures will be given :nbsp;^ Diameter. Ratio. 6.9 mm5.3 mm 32.62.32.32.93 2222 mmmmmmmmmmmm 5 4.1 mmmm4.5 mm4.8 mm Upper Cretaceous, Pinar del Rio, Cuba. Hypotypes, Min. Geol InstUniv. Utrecht, D. 14611â€”14627.nbsp;' ' Genus Lepidocyclina G??mbel, 1868.Lepidocyclina (lepidocyclina) mortoni Cushman. LepidocycUna mortoni Cushman, 1920, U.S. Geol. Survey, Prof. Paper 125-D., pp. 70 71 nl 27 figs 1-^pi. 28, figs. I, 2.nbsp;' â€? . ?– â€? . Lepidocyclina mortoni, Gravell and Hanna, 1935, Jour. Paleontology, Vol. 9, No. 4 pp 337 338 339pi. 31, figs. 1-11, pi. 32, figs. 1-4.nbsp;.... Flat forms, sometimes with umbo. Surface papillate. Equatorial cham-bers ogival, exceptionally becoming flat hexagonal and arranged onintersecting curves. Diameter 4.8 mm to 6.8 mm, thickness 0.90 mm to1.20 mm, embryonal apparatus 0.26 x 0.30 mm to 0.44 mm x 0.52 mm. Upper Eocene, Pinar del Rio, Cuba. Hypotypes, Min. Geol. Inst.Univ. Utrecht, D. 14654â€”14668. Lepidocyclina (Eulepidina) dilatata Michelotti.Plate, figures 4, 5. Lepidocyclina dilatata, Lemoine and Douvill?Š, 1904, M?Šm. Soc. G?Šol. France, tome 12â€”2, pp. 12 13 pi Ifig. 2, pi. 2, figs. 8, 21, pi. 3, figs. 10, 15. Large, flat undulate forms, sometimes with umbo. Surface

finelypapillate. Embryonal apparatus of quot;eulepidinequot; type. Equatorial chambers



??? hexagonal and arranged on concentric circles. Pillars small and numerousDiameter 7.5 mm to 11.7 mm, thickness 1.2 mm to 2.1 mm, embryonal apparatus 1.11 mm to 1.59 mm.nbsp;, t .. tt ; Oligocene, Pinar del Rio, Cuba. Hypotypes, Mm. Geol. Inst. Umv. Utrecht, D. 14728â€”14732. Lepidocyclina sp. Thick lenticular forms. Surface papillate to coarse papillate. Pillarsdisdnct. Equatorial chambers rhomboid to ogival and arranged on inter-secting curves. The embryonic apparatus is too badly prese^ed fordetermination. It resembles L. pustulosa, is, however, larger. Diameter 5.7 mm to 7.5 mm, thickness 1.7 mm to 2.4 mm. Upper Eocene, Pinar del Rio, Cuba. Hypotypes, Mm. Geol. Inst.,Univ. Utrecht, D. 14734â€”14743. Genus Helicolepidina Tobler, 1922.Helicolepidina spiralis (Tobler). Lepidocyclina [Helicolepidina) spiralis, Toblek. 1922, Eclogae geol. Hclv.. Vol. 17 No. 3' PP-nbsp;â€ž Helicolepidina spiralis, Bakkek. 1934, Jour. Paleontology, Vol. 8, No. 3. pp. 345,346, textfigs. la. Ic, pi. 47, figs. 1â€”4. Only two specimens were found, both megalosphedcal. Surface ofthe test is coarsely polygonal with small papillae. No flange Internal struc-ture agrees with Tobler's description. Diameter 5 mm and 5 3 mm thickness1.8 mm and 2.4 mm. Diameter of initial embryomc chamber 150 /x. Upper Eocene, Pinar del Rio, Cuba. Hypotypes, Mm. Geol. Inst.,Univ. Utrecht, D. 14752â€”14753. Genus Discocyclina Giimbel, 1868.Discocyclina (Discocyclina) marginata (Cushman).Plate, figures 7, 8.Orthophrag^ina .,argiua,a, Cushman, 1919, Carnegie Inst.

Wash. Pub. 291, p. 56, pi. 1, fig. 2, pi. 2, fig. 4. Thick lenticular forms with a broad flange, which is thickened nearthe periphery. Surface is smooth but the distal end of the pillars is distinctpardy by the different colouring, giving a papillate appearance. The radiadiameter of the equatorial chambers is three times larger than the tangentialand measures about 65 f. near the periphery. Lateral chambers very small.Pillars are distinct, especially in the central region ; measunng 75 ^ to 110



??? Embryonal apparatus : one big chamber encircling a smaU one. The biggerone measures 0.41 mm to 0.59 mm. Diameter 5.4 mm to 9.3 mm, thicknessz./ mm to 3.6 mm. TT â€?nbsp;^^^nbsp;Hypotypes, Min. Geol. Inst Umv. Utrecht. D. 14754â€”14762. Discocyclina (Discocyclina) cf. clarki (Cushman). Orthophragmina clarki, Cushman, 1920, U.S. Geol. Survey, Prof. Paper, No. 125-D., pp.41. 42. pi. 7 Flat forms with umbo. Surface papillate. Radial length of the equatorialchambers at 2 mm from the center 74 /x to 130 The largest chambers atthe periphery measuring 185 Embryonal apparatus of the quot;nephrolepidinequot;type, measuring 0.110 mm x 0.150 mm to 0.330 mm x 0.37 mm. Diameter4.1 mm to 10.2 mm, thickness 0.90 mm to 1.80 mm. tt â€?nbsp;Hypotypes, Min. Geol. Inst., Umv. Utrecht. D. 14764â€”14771. Discocyclina (Discocyclina) sp. Lenticular form of the test. Surface weathered. Radial length of theequatorial chambers at 2 mm from the centre 40 /x to 55 /z; at the periphery75 /X. Diameter 5.1 mm, thickness 1.8 mm. Embryonal apparatus consistsof one big chamber encirchng a smaller one. Diameter of the bigger chamber0.26 mm. Upper Eocene, Pinar del Rio, Cuba. Hypotype, Min. Geol. InstUniv. Utrecht. D. 14774. Genus Clypeaster Lamarck 1801.Clypeaster lanceolatus Cotteau.Plate, figure 9. Clypeaster lanceolatus, Cotteau, Cotteau Bol. Com. Mapa Geol. Espafta vol. 22, p. 39, plate 9, figs. This specimen was found at V. 774 N.E. of San Cristobal. The testmeasures 75 mm length, 63 mm in width, about 20 mm in height and israther well

preserved. The apical disk is slightly broken although twogenital pores are distinctly visible. Poriferous areas are narrow, slightlydepressed, terminating in a closed point, each of the plates bearing 4 to 5tubercles. The 5 ambulacral furrows are not visible because they are toomuch covered with limestone.



??? CoTTEAU describes his type as Miocene, Matanzas, Cuba; so doesLambert with his species from Antigua. According to Jackson, whostudied specimens from Panama U.S.A. and Havana, Cuba, they should beaged as Oligocene. Genus Antillaster Lambert 1920. ANTILLASTER ARNOLD! CLARK. Antillasur arnoldi, Clakk, Memoirs of the Museum of Comp. Zoology at Harvard CoUege Vol. L. No. 1, page 15, fig. 3 and plate 16, 17. This specimen measures 70 mm in height, the length and width arerather doubtful as the specimen is squeezed together somewhat on oneside. Apical system defective because the specimen is broken all over thetest, but it corresponds fully with the description of H. L. Clark. It was found sohtary at V. 699 N.E. of Consolacion Del Sur, in anarea where the Upper Cretaceous Havana formation is exposed. However,it might be easily derived from the adjacent lower Tertiary strata.



??? Chapter V: ECONOMIC GEOLOGY. In the Aptychi limestones of Northern Santa Clara, Rutten (64)mentions the occurrence of oil seeps. The equivalent of these beds in Pinardel Rio are the younger parts of the San Andres formation. In the limestonesof this formation we also found traces of oil, while a strong bituminousodour is often stated at fresh breaks. On account of the strong orogeneticactivity, to which these oil bearing limestones were exposed, no accumu-lation of oil is to be found in them. The existing overthrust planes donot seem to fulfil the conditions for economic accumulation. At several places, e.g. at Cacarajicara, South West of Bahia Hondaand at loc. V. 804 (Mina Mariel), North East of Cayajabos, asphalt is mined.The asphalt is found concentrated along faults in the Habana formationand the Lower Tertiary strata. In all probability, the asphalt has beenderived from the oil-bearing limestones of the San Andres formation. Ore deposits are found numerously in the province of Pinar del RioAn important Coppermine is found at Matahambre. We cannot suggesta theory on the origin of this ore. The chalcopyritic ore is worked to adepth of 700 m. Rocks adjacent to the ore bodies, proved to consist of aquartzitic rock not to be distinguished from the quartzites of the San Andresformation, in which the mine is situated. The levels in which the roundedore bodies occur cut the strata obliquely. The main level is directedN 42Â° E., dipping 45 degrees to the West, while a large, transverse faultis found. The management of the Matahambre mine gave a member of

ourexpedition a private report for perusal in which L. C. Graton, of Harvard,makes use of the existence of Cubanite and possibly Pyrrhotite to provethe hypothermal origin of the copper ores. In the older literature we found some communications about theMatahambre mine and some information on nowadays unimportant oredeposits. They will be mentioned in the chapter on Previous Literature.



??? Chapter VI: COURSES SURVEYED. Various courses through the Eastern part of the province of Pinar delRio will be described in detail in this chapter. No courses through theWestern part are described as the rather monotonous San Andres formationdoes not give geological details, which have not already been discussed inchapter II The different findspots of Upper Cretaceous Habana formationin these Western parts have also been for a part mentioned already. 1. Caimito â€” North of Guanajay. About one km West of Caimito on the Carretera Central we turn tothe North. We pass through an area consisting of white to grey porouslimestones At loc. L. 999 the limestones contain Lithothammum, Globi-gerines and other small, indeterminable Foraminifera. North of this spotwe find limestones and marls of Eocene age ; the former contain Lepidocj-clina and Discocyclina. Near loc. L. 1002 we find badly exposed Serpentines,followed by a dark grey breccious limestone of Maestrichtian age ; a thin-section of this breccia carries Rudists fragments and an uncertainVauzhanina (Loc. L. 1003). The road runs through a second area of Serpen-tine and through outcrops of dark blueish limestones resembhng the lime-stones of the San Andres formation. Pal?Šontologie evidence estabhshing the exact age of the hmestones is wanting. Turning to the South we again reach the region of white hmestonesmarls and calcareous sandstones of Upper Cretaceous or Lower Tertiaryage A loose big fragment of a Rudist {Parastroma) has been coUected atloc. L.

1004. The right side of the road is covered with large bouldersof quot;blue limestones, indicating a nearby boundary of the_ San Andresformation. To the West we pass into this formation, consisting here ofstrongly folded shales with intercalated grey-blueish limestones. Framloc. L. 1005 to loc. L. 939 we find the Upper Cretaceous-Lower Tertiarysediments well exposed. The direction of the strikes in these sedimentsvaries strongly. The dips run from horizontal in Oligocene limestones atloc. L. 941, carrying eulepidine Lepidocychnes, to 80 degrees in other limestones.nbsp;.nbsp;. On the Carretera Central halfway between Caimito and Guanajay(loc. H. 971) Foraminifera of Oligocene age were collected {Lepidocjclinafavosa, Lepidocjclina dilatata, Lepidocjclina piedrasensis and Camerina petri). A survey of the Loma Anafe North of this locality did not yield anyForaminifera establishing its age. The hills consist chiefly of white lime-stones, developed as quot;Dientes de perroquot;. At loc. A. 712 a thin-section of



??? a white hmestone contains Amphisorus matleyi, indicating the young Oligo-miocene covering. South of this locality, however, we find dips of 20Â°â€”30Â°in the limestones, which implies a Lower Tertiary age. 2. Martin Mesa â€” Mariel. North of the Carretera Guana] ay-Cabanas on the road from MartinMesa to Mariel we find a large outcrop of Serpentine (harzburgite). Atloc. L. 983 we pass into the blueish limestone and red shales, which arereckoned to the San Andres formation by us on account of the greatresemblance with rocks of this formation. Paleontologic evidence is lacking.The limestones mainly dip 50Â°â€”60Â° to the South. Folded or wedged in thelimestones we find calcareous sandstones of Maestrichtian age containingporphyrite material and Rudists fragments. About 150 m North of thisoutcrop an anticjine occurs in the limestones of the San Andres formation;the northern part of this anticline is covered by a gray-blueish Hmestone-breccia of Upper Cretaceous age (loc. L. 985 carries Rudists fragments,Orbitoides and Vaughanina). The same limestone-breccia was noted in thefield in two other places North of loc. L. 985 wedged into beds of greenish-blue limestones, gray limestones, blueish limestones cut by calcite veinletsand shales of the San Andres formation. An outcrop of Serpentine is foundat loc. L.988. 400 m North of loc. L.989, at the Northern boundary ofthe San Andres formation, a siliceous sandy shale is found ; we then passinto an area covered with gray earth and without any exposures as far asloc. L. 990, where we come into the

Oligomiocene cavernous limestones,which continue till we reach Mariel. 3. Bahia Honda to the South. The village of Bahia Honda is situated in the Tuff Series. On the spot,where the road to El Rosario turns off from the main street, we find anoutcrop of strongly weathered diabase. To the South at loc. M. 1034 smalldikes of gabbroid nature occur. A patch of Serpentine is found at loc.M. 1037. We then pass through a steep syncline of fine conglomeraticcalcareous gray-white sandstones (Habana beds in Eastern facies) carryingat loc. M. 1038 Vaughanina, Orbitoides, small Camerinas and dioriticmaterial. It is bordered by a Serpentine area and gabbroid rocks, whichmay be continued in Eastern and Western direction, forming a large sill,parallel to the general strike in the Tuff Series. The latter consists of partlysiliceous, vitric tuffs, thin bedded cherts, porphyrites, shales and grayish-blue limestones. These strata show a constant dip to the North from 40Â°to vertical. In two localities, M. 1046 and M. 1049, we find outcrops ofbreccious limestones and conglomeratic calcareous sandstones of a darkgray-blue colour (Habana beds of Mountain facies). The rocks carry roundedfragments of porphyrite and porphyrite matrix, dioritic material, rounded



??? fragments of phyllites and quarzites ; the chief component being fragmentsof dark gray-blue limestones. Both localities carry Rudists fragments,Orbitoids and probably Vaughanina, indicating an Upper Cretaceous age.These strata, in which strike and dip are not to be measured we take tohave been wedged into the older Tuff Senes during the post-Maestrichtian orog^ne^ic phas^s.^^^^^ ^^ ^^^^ ^^^ ^^^^ ^^ tuffaceous rocks are found anymore. We then pass into the younger parts of the San Andres formation,coListing of thinly bedded and compact blueish-gray hmestones shalesand cherts, sandstones and quartzitic sandstones; all beds constantly dippingto the North. These decidedly intercalated sandstones or quartzites showa great resemblance with the rocks found West of San Diego de los Banosin the probably older parts of the San Andres formation. At loc. V 868,a small layer'of sandstone is intercalated in blueish-gray hmestonescarrying Ammonites and Aptjchi of Lower Cretaceous age. At loc V. 858and V. 873 small sttips of Serpentine are exposed. Three outcrops of UpperCretaceous rocks are found in these parts of the San Andres formation.The findspot \ km South of loc. M. 1050 consists of dark blue biturmnouslimestone-breccia carrying Rudists fragments, Orbitoids and porphynticmatrix. The existence of HgS gas in this locality points to a tauit or aoverthrust. At loc. V. 863 we find a coarse conglomerate, contammg roundedpebbles of tuffaceous, ? diabasic origine. South of the Serpentine outcropat loc V. 873, we find again the

bituminous limestone-breccia (loc. V. 875)carrying Rudists fragments and Orbitoids, limestone fragments contaimngMiliolids and clear quartz. The outcrops of Habana beds m Mountam faciesin the San Andres formation are infoldings or more probably wedges.The Serpentines often found near the Habana beds acted as a shde-expedientquot;, the contacts in that case being tectonical ones. 4. San Christobal to the North. We pass through the Oligomiocene area. Several outcrops of white,cavernous limestones carry the typical fauna for these beds (Iocs M. 1007H. 895: Miogypsina, Archaias, Amphisorus matleyi). At oc. H. 896 we findwhite compact limestones of Upper Eocene age in which are found in thin-sections Asterocyclina, Discocyclina, Miliolids, and Operculina. At the foot of the Sierra de los Organos we find loose boulders of agrayish limestone-breccia; they contain Rudists fragments recrystallizedOrbitoids, fragments of gray-blueish limestones, rounded fragments of asuboolitic limestone and a phyllite fragment. Assuming that these bouldersare not transported, we have at this spot (loc. M. 1009) the same Mountamfacies of the Habana beds which is found at the overthrusts m the olderformations. They are deposits in shallow water, their mam elements (blueishlimestones) are derived from the adjacent surroundings only partly emerged. At loc M 1010 we run into the San Andres formation, which consists



??? of strongly folded grayish blue calcareous shales and limestones, dipping40Â° to the North to vertical.nbsp;^ A very coarse diabase rock containing enclosures of marble is foundat loc. M.1013. We take this rock to be connected with the Tuff Seriesbreakmg through the older San Andres formation. Aptychi, indicating a Lower Cretaceous age for these parts of the SanAndres formation, were found about 2 km West of loc. M. 1013. Near loc. A. 760 limestones and cherts of the San Andres formationalternate with beds of the Habana formation, consisting here of a bluelimestone-breccia carrying Orbitoides hrowni. At loc. A. 763 we findlimestones alternating with sandstones (Cayetano facies); the stratagenerally dip to the North. North of loc. A. 766 occurs an outcrop of Serpentine rock over adistance of about 600 metres. In this Serpentine area were sampled rocksof a spilitic-diabase nature, which are difficult to account for. The pendotiticmagma probably followed the same course as a former magma, connectedwith the Tuff Series, of which rcHcs are found now as inclusions in theSerpentine. At loc. A. 770 a gabbro-diabase and an amphibolitic rock werecollected in the limestone area, which is strongly folded and dipping to theNorth and to the South. A limestone breccia of uncertain Upper Cretaceous age occurs at loc.A. 771 I. It contains e.g. fragments of a suboolitic limestone. North of thisoutcrop serpentinized rock breaks through sandstones of Cayetano facies,carrying inclusions of porphyritic rock, chloritic rock and amphibolitesof large dimensions (the largest being

about 1 cbm). The chloritic rock andthe amphibolites are not considered to be altered rocks of the Tuff Series,as no sign of metamorphism is found at the contacts of the peridotiticmagma with the Tuff Series. We prefer indicating these rocks as ofquot;unknown originquot;. North of the Serpentine we find again the Habana beds, the limestonebreccia carries Rudists fragments, Orbitoids and Torreina indicating aMaestrichtian age. At loc. A. 775 occur calcareous shales and a chert-breccia, which is reckoned to the San Andres formation. 5. Artemisa â€” Cayajabos â€” Cabanas. From Artemisa the road runs through a level country. Outcrops aresparse, and the ground is covered with a red soil. Past loc. L. 923 thequot;Guinnessquot;-Hmestones of Oligomiocene age are exposed. South of thetown Cayajabos (loc. L. 931) occurs an outcrop of yellow crystallinelimestones, carrying recrystallized Orbitoids, too badly preserved fordetermination. In the main street of the town strongly folded cherts arc well exposed,the beds dip to the South and to the North. 400 m North of the last outcropof chert we find an exposure of a coarse weathered diabase. We reckon the



??? diabase and the cherts to the Tuff Series. The connection of this Tuff Seriesarea with the Tuff Series beds situated in North-Western direction, is not The road then runs through a large area of limestone-breccia, conglo-merates white and yehow marls and calcareous sandstones. No fossils,indicating the age of these strata were found, but we may safely assumethem, on account of the general appearance, to be of Upper Cretaceous or Lower Tertiary age.nbsp;. i r t. v At loc H 886 we enter the Tuff Series, consisting here of porphyrites and vitric tuffs, followed by steeply folded beds of Upper Cretaceous orEo-Oligocene age. Tuffaceous beds South of San Juan Batista are badlyexposed on the road. About one km to the West, we have clear evidenceof them. At loc. H. 880a conglomeratic sandstones occur, carrying badlypreserved Orbitoids and Miholids, and fragments of dioritic and porphyriticmaterial. They are part of the Upper Cretaceous to Lower Tertiary strata,consisting further of white chalks and calcareous brown sandstones. Thebeds are gently folded ; the strike running in East-West direction. Theycontinue tih we reach Cabanas. 6. Bahia Honda â€” Sabanilla â€” Lima. We leave the town of Bahia Honda in a Western direction. Along theroad we find outcrops of strongly weathered tuffaceous rocks. South-Westof the town the hills consist of white marls of the Upper Cretaceous or I.ower Tertiary strata.nbsp;.nbsp;â€? i â–  At loc. V.836 we run into the Serpentine, carrying a large inclusion of diabase rock at loc. V.837. The low Serpentine

hills continue North of the road in an East-Western direction. These hills are bordered on the Northern side by black clays and conglomeratic sandstones (loc. V.841) carrying Maestrichtian fossils e.g. Vaughatiina cubensis, Asterorhis and Rudists fragments. The sandstones dip to the South under the Serpentine. This is the only occurrence of Serpentine in the quot;Upper Cretaceous or Lower Tertiary strataquot; in the province of Pinar del Rio. On the Southern side we pass through the same transgressive strata, till we reach a Serpentine outcrop South of loc. H.954. We run into the Tuff Series, to which is reckoned a chert area extendingfrom loc. H.951 to loc. H. 948, dipping generally to the North withoccasional intercalations of limestones lenses. Rocks of tuffaceous nature,diabases, porphyrites and glass porphyrites have been collected at variousplaces. (Iocs. H. 933, H. 934, H. 935, H. 936, H. 943). Also shales areoften exposed in this area. An old abandoned copper-mine (Mendietta) is found at loc. H. 942.nbsp;r i c a j South of loc. H. 933 we run into the younger parts of the San Andres formation ; tuffaceous rocks are no longer found. The strata consist of gray-blueish limestones and yellow or violet shales, sandstones and cherts.



??? In the neighbourhood of Cacarajicara numerous outcrops of blueishconglomeratic limestones and calcarous sandstones of Upper Cretaceousage occur (Iocs. H. 904, H. 906, H. 923, H. 932). Strikes and dips are notmeasurable as is always the case in the Habana beds of Mountain facies.A fault in which asphalt is found runs in a North-South direction. TwoOrbitoids bearing limestone-breccias are found to the South, respectivelyat loc. A. 684 and at loc. A. 685.nbsp;^ t y All the Upper Cretaceous limestone-breccia strata are taken to bewedged into the San Andres formation. South of loc. A. 685 red and yellow sands indicate a frequent inter-calation of sandstones (Cayetano facies) in the San Andres formation.North of Sabanilla we find large boulders of Serpentine (loc. A. 686). The strata South of Sabanilla, consisting chiefly of limestones, continueto dip to the North til we reach loc. A. 658, South of which the beds dipto the South. At loc. A. 658 a quartzite is found, intercalated in the lime-stones. This rock is not to be distinguished from the quartzites foundWest of San Diego de los Banos. , ^ ?f fnbsp;ca^tyi^^g badly preserved organisms is found at loc. A. 656 and loc. A. 654. We take these beds to be of Upper Cretaceousage by their general appearance. Aptychi occur at loc. A. 653, establishing a Lower Cretaceous age forthese parts of the San Andres formation (Trauth, 79). A dubious Serpentine outcrop is found at lo'c. A. 651 ; then we leavethe mountain region. The red soil is covered by gray limestone-bouldersand chert fragments derived from the San Andres

formation. Near locL.842 a conglomerate contains porphyrite boulders; it is reckoned to theUpper Cretaceous or Lower Tertiary. At loc. L. 841 and L. 839 Oligomiocene limestones are exposed. Theycarry its typical fauna: Amphisorus matleyi, Archaias, Miogypsina andMiliolids.



??? Chapter VII: PREVIOUS LITERATURE. There are numerous publications in existence, treating the geologicalproblems, ore deposits or paleontological matters, concermng the provmceITv lZ del Rio A great part of these papers were not accessible to us, astherare not found In any library ia Holland However, P-f. Ruttengave us for perusal his bibliographic notes on the geology of Cuba, whichLIbled us to give short summaries of those parts of the pubhcations, whichareofintLstforthestudyofthegeologyofPinardelRio. In 1884 Castro (14) mentions the occurrence of dark Jurassic lime-stones outcropping from Guane to SoutbWest of Guanajay He advances^e opinion, th^at Hmestone conglomerates, found ^e^ -f^^e t^Pinar del R o and in a small zone South of San Diego de los Banos, mightbfof Cretaceous age, on account of the possible occurrence of Rudists. Inthe same year a gedogieal map was pubhshed by Castro and Salterain yLegarT On this map we find Paleozoic, Mesozoic and Tertiary formationsindkatedVn the province of Pinar del Rio. Apart from the quot;Quaternarioquot;also igneous rocks are indicated (Granito, Serpentina, Basalto). Also in 1884 Salterain y Legara (65) records an earthquake on the22nd and 23rd of January 1880 in the towns of San Cristobal and Cande- ^^quot;'in 1909 de la Torre (76) states the occurrence of Ammonites nearVinales, while in 1909 (77) and 1910 (78) the Jurassic age of the fauna is 1908'L'iquot;ETT (15) describes â€žCambricquot; shales and slates situated25 miles West of the town of Pinar del Rio.

The formation is folded andinjected by quartz veins. On the axis of the anticlines iron ore is found.The ore is hematite, in which baryte crystals occur. In 1916 Ortega (55) mentions the occurrence of Jurassic-Cretaceouslimestones, with intrusive and covering basic eruptive rock, covered oncemore by limestones, shales and sandstones. The copper ore of the Mata-hambre mine is said to be connected with the Serpentine. The ore wouldhave been formed by desagration of the Serpentine rock, by the circulation of metal-carrying water. Corrections of the map of de Castro and Salterain y Legara appearin 1917 (Anonymus 4). A large Serpentine area is wrongly sketched-inNorth of Vinales. A large strip of Serpentine rock is sketched-in runningfrom San Diego de los Banos to North of the town of Pinar del Rio. The improvements on the map are negative. Another publication in 1917 (Anonyaius 5) deals with the results otdrilhng for oil. At Morillo, South East of Bahia Honda a well was sunk to



??? a depth of 1841 , praetieaUy passing only through Serpentine roek. Tracesof oil and gas were found. The San Felipe well, 1.5 miles South West of LaEsperanza also runs through the Serpentine to a depth of 1391'. No gasor oi was found At about a distance of one mile from the Mina Markl,a well was dril ed to 1850' Only a little liquid asphalt was found. At LaEsperanza a well was drilled entirely through limestones (Medina Oil Cy.).Gaston (33) reports also in 1917 the occurrence of gas and asphalt in awell m the mine quot;Santa Mariaquot; on the North coast of Pinar del Rio, nearluerto Esperanza. The depth of the well was about 1600' Hayes c s. (38) republish the map of Castro and Salterain y Legara,together with a po ogical survey of Cuba. A large part of the Organosmountams is still taken to be Paleozoic. The Jurassic limestones of Vinalesare known to them. In the North of the province of Pinar del Rio, Eocenemght occur. Upper Oligocene is reported 6 km North of the town ofiinar del Rio and at Consolacion del Sur. The paleontological evidenceon which these statements are based are not mentioned. Miocene or Plioceneare in all probability absent according to them. Mac Cormick (47, 48) and Corral (19) give in 1918 some, partlytechnical details on the Matahambre mine. When treating the mine quot;LaNina and quot;Mina Concepcionquot;, Corral (20) describes Serpentine betweenLa Palma and Las Pozas. The Serpentine is considered to be the marginalfacies of a hypothedcal granite. In two publicadons Brown and O'ConSelltreat the Ammonites and the strata

from which they are collected (11 12)In the last publication sections through the Organos mountains are given.'These sections run to the North from the towns of: Candelana? SanCristobal, San Diego de los Banos, and Vinales. A section from Candelatiaor San Cristobal to the North is said to pass through recent or pleistocenedeposes in the plain, then through Miocene and Oligocene beds followedby thick Cretaceous limestones and Jurassic beds, the latter forming theMountain regions (full discussion in our text). In 1919/20 Burchard (13) mentions the occurrence of manganeseore near Vinales and Mendoza. In 1920 Brown (10) wrote a private report which has been cited inthe literature from time to time. According to a statement of Mr. Brownthis report has never been published. Suarez-Murias (72) reports in 1920 the occurrence of Jurassic for-mations and younger basic eruptive rock in Pinar del Rio. The basic rockconsists of Serpentine, dionte and andesite. These rocks contain sedimentsas xenoliths. He mentions unimportant magmatic copper-ores and lateriticore in the Serpentine districts. In 1923 Allende (2) desctibes 6 zones running parallel to the anticlinalaxis of the mountains, in which minerals are found. Peridotites carryingsulfides of Fe and Cu are reported from Sabalo, in the valley of San Juan yMartinez, Valle y Realengo de Lagunillas, Rio Hondo etc. A formationquot;plumbo-bariticaquot; is found between Bolondron and Isabel Marie. Iron-



??? previous literaturenbsp;55 and manganese ore occur between Mendoza and ConsolacMn del Norte fLaPalma^ Cu Fe and Pb sulfides between Matahambre and Malas aguas etc ^ In 1928 the same author (2a) mentions the localities where traces ofoil or asphalt have been found in the province of Pinar del Rio. This is thecase at: Arroyo de Mantua and between this place and Dimas and nearPuerto Esperanza at Las Playelas. An asphalt mine lt;'E1 Murilloquot; occursin the neighbourhood of La Mulata; Asphalt at Cacarajaicara; Traces ofoil near Asiento de Echevarria (Cretaceous shales), at the Loma de Rangeland in the hills of San Cristobal and Candelaria, and along the nver SanCristobal. Oil is found on the finca Cbvadonga near San Juan y Martinez, an asphalt mine at quot;Marielquot;.nbsp;. In 1929 Allende (3) gives a geological map of the surroundings of Martin Mesa. Serpentine, Jurassic limestones, and Tertiary (Lower Miocene) ^^^ ciADO^in 1923 (16) gives information on the mines quot;Las Mercedasquot;and quot;Maria Christinaquot; both near Guane. In the former, copper ore was mined, in the latter manganese ore.nbsp;. Wright and Sweet (85) discuss in 1924 the asphalt mine quot;Manel .The asphalt must have been reduced from 20-30 mil ion barrels of primaryoil The oil is considered to have been derived from the Jurassic limestones. â–  In 1932 Whitney Lewis (44) discusses the geology of Cuba and pu-blishes a geological map. By comparison the reader will see e^ential diffe-rences with om map. They are too numerous to

discuss here. Regardingthe Vinales limestones Lewis considers them to rest unconformably uponthe quot;Pinar schistsquot;. Cretaceous beds are reported to occur near Mariel,Cabanas and Bahia Honda. Another publication of the same author m thesame year, (46) treats the age of the Aptydi occurring in the hmestones. They are supposed to be of Jurassic age.nbsp;. , â€ž , ^nbsp;i In 1934 Weisbord (84) describes Echinoids collected on the roadbetween SanDiego de los Bahos and Paso Real. He mentions the occurrenceof Upper Eocene in the heart of the Organos mountains (personal com-munication of Mr. W. H. Butt). In 1935, Schuchert (70) publishes a large study on the ' HistoricalGeology of the Antillean-Caribbean regionquot;. Cuba is extensively treated and the map of Lewis (44) is reproduced. Dickerson and Butt (30) in the same year treat the problems of thequot;Cuban Jurassicquot;, which paper has been fully discussed in our text. The publications of L. Rutten (60, 61, 62), of M Rutten (63, 64)and of Thiadens (73, 74) are based upon evidence collected during our expedition in 1933.
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??? EXPLANATION OF PLATE. fig. 1â€”3 - Amphisorusnbsp;Vaughan, 1, Horizontal section, x 27. 2, Vertical section showing the embryonal apparatus,X 15. 3, Tangential section showing the pores in theapertural band, X 19. fig. 4â€”5 - Lepidocyclina {Eulepidind) dilatata Michelotti, 4, External view, X 6. 5, Horizontal section, x 9. fig. 6 - Dictyoconus sp.. Vertical section, x 19. fig. 7â€”8 - Discocyclina {Discocyclina) marginata (Cushman), 7, External view, X 7, 5. 8, Vertical section, x 9. fig. 9 - Clypeaster lanceolatus Cotteau, natural size.
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??? STELLINGEN. I. De meening van Holwerda, dat in den Romeinschen tijdeen eiland?¨nre^s in de â€žHoofdenquot; gelegen zou hebben, moet onjuist geacht worden. t van Veen- Onderzoekingen in de â€žHoofdenquot; iii verbandj. vannbsp;â€?nbsp;i 1 der Nederlandsche kust. Nieuwe ver- halel njen an Lr Bataafsch Genootschap der Proef-Il'dtvindelijke Wijsbegeerte te Rotterdam. 1936. Ih Ten onrechte wordt Tampsia lopcztrigoi door Palmer tothet genus Tampsia gerekend. R. H. Palmer : Nuevos rudistas dc Cuba. Rev. Agric. Habana, vol. 14. 19.33- ITT. De ontstaanswijze van het Bovcn-Engadiner dal door fluvia-tiele ero^is aannemelijker dan door tectomsche oorzaken. G C. V. A. G. Ortii : Dc Dalontwikkcling van het Boven-Engadin. 1935. IV. De kwartsitische gesteenten, welke in de syenitischehoornblenditische (appinidsche) eruptiva te Colonsay voor-komen, moeten als xenoHethen opgevat worden. â€? D.L, Reynolds: Demonstrations in petrogenesis from ^lora^ bay, Colonsay. The Mincr.ilogical Magazine, Vol. XXIV,No. 155, 1936-



??? Men mag het ontstaan van den yogelttek niet in verbandbrengen mft invloeden van de D.luv.ale .)S?œ,den. f Mayfr en W. Meise: Theoretisches zur Geschichte des^ V^ilzuges Der Vogelzug, No. 4, I- Jahrgang, 1930. VI. De â€žVinales kalken^ in West-Cuba zijn ingeschakeld in de â€žCayetano-formatiequot;. VIL De aan.ve.igheid - r'^^MofS.quot;^^^^^^^^^^eTo?„^r^^^ ?•ge?r Boven-Senonen ouderdomvan deze lagen. F K. G. M??llerried: La Edad estratigraphica de la 'iJarrettia y formas cercanasnbsp;g Anales del Inslituto de Biologia, loino Vii, ino. , yj VTTT. De schisten op Jamaica worden ten onrechte door Matleyvoor Paleaozoisch gehouden. C a. Matley: The basal complex of Jamaica etc. Qu. J.G. S. Lond, O5, 1928. IX. Het hagelschot op ree??n en herten moest in Nederlandbij de wet verboden zijn.
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