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Geosynclinal sequences of the Cordillera-
de Guaniguanico in western Cuba: their
lithostratigraphy, facies development,
and paleogeography

ABSTRACT: Jurassic to Paleogene lithostratigraphic units of the Cordillera de
Guaniguanico, western Cuba, are formally described. The lithostratigraphic pattern
includes Vifiales Group subdivided into 5 formations; 9 other formations have not
been clu.s:tered into any groups. Some fox_‘mations are £m'~t_he'r subdi_vided. The new

Then, carbonate pelagic facies spread throughout the Cordillera de Guaniguanico.
During the Early Cretaceous, the facies development in particular stratigraphic
sequences became again variable, Deep-water sedimentation started in the Sierra
del Rosario; in the northern sequence, it persisted up to the end of the Cretaceous.
Pelggic, flysch, and rudaceous sediments were deposited in various facies belts

tectonic activity. Relation of the stratigraphic sequences of Cordillera de Guani-
guanico o tectonic processes is also considered.

INTRODUCTION

The Cordillera de Guaniguanico occurs in Pinar del Rio Province,
western Cuba (Fig. 1). It was called either “Pinar del Rio intrageanticlinal
belt” (Furrazola-Bermtdez & al. 1964, Judoley & Furrazola-Bermiidez
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1971), “Pinar del Rio facies-structural zone” (Khudoley 1967), “meganti-
clinorium of Pinar del Rio” (Pushcharovski & al. 1967), or “northern
Pinar del Rio” (Khudoley & Meyerhoff 1971). The name “Guaniguanico
facies-structural zone” has recently been proposed (Pszezbtkowski & al.
1975) because the structure covers but partly Pinar del Rio Province. In
this paper, the name “Cordillera de Guaniguanico” is used as synonymous
with the latter term.

F1§ 1. Geographic setting of the Cordxllera de Guaniguanico in Pinar del Rio
Province (marked black within the inset)

The present author participated since 1970 through 1975 in the geo-
logical mapping (scale 1 :250,000) of Pinar del Rio Province, realized by
the Polish Academy of Sciences along with the Cuban Academy of Sci-
ences.

The present paper deals with lithostratigraphy and facies develop-
ment of the geosynclinal sequences (Jurassic to Paleogene) of Cordillera
de Guaniguanico, and also with some paleogeographic problems. The
author could consider these problems all over the Cordillera owing to
the modern studies on biostratigraphy of the Jurassic (Hou¥a & Nuez
1972; Hou¥a 1974b; Myczynski & Pszczéltkowski 1975, 1976; Kutek & al.
19'76; Myczyriski 1976; Wierzbowski 1976) and Lower Cretaceous deposits
(Myczyfiski 1977). Modern-style stratigraphy and facies studies of the
Mesozoic and Paleogene of the Cordillera de Guaniguanico (mostly in the
Sierra de los Organos) have started with Hatten (1957). However, the
results of this study have not insofar been published. The work of Hatten
(1957, 1967), was commonly taken into account by the other students of
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Pinar del Ric Province (Gutiérrez-Domech 1968, Judoley & Furrazola-
~-Bermidez 1968) or the whole Cuba geology (Furrazola-Bermtidez & gl.
1964, Khudoley & Meyerhoff 1971), even although some authors did not
refer to it (Herrera 1961).

The nappe structure of Sierra de los Organos has been demonstrated
by Hatten (1957, 1967), Rigassi-Studer- (1963), Piotrowska (1972, 1975),
and Danilewski (1972). In the case of the tectonic units of Sierra del
Rosario, their nappe nature has been recognized by Pszczétkowski (1971a,
1972, 1976b). Some authors regarded the Sierra del Rosario as autoch-
thonous relative to the allochthonous Sierra de los Organos (Rigassi-
-Studer 1963). It was also considered as a block structure (Pardo 1975).
Nevertheless, the nappe structure of Sierra del Rosario (Fig. 24) must be
always kept in mind when studying stratigraphy or reconstructing paleo-
geography of this area. : :

The Cordillera de Guaniguanico appears very important in the geo-
logical structure of Cuba. In the early ‘70, the problems of Cordillera de
Guaniguanico were among the unsolved or controversial points in geology
of the Greater Antilles (Khudoley & Meyerhoff 1971). Several paleo-
geographic, structural, and geodynamic interpretations of the Greater
Antilles and even the whole Caribbean referred to the data on Pinar del
Rio Province, especially on the Sierra de los Organos. Up to a few years
ago, the Sierra del Rosario remained almost unknown. '
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Dr. B. Wierzcholowski, and Dr. A. Skupifiski for information on petrography of
some clastic and volcanic rocks. Thanks are due to Dr. J. Kafmierczak for identifica-
tion of forams occurring in Pan de Azticar Member, Docent H. Pugaczewska for
identification of bivalves of the San Cayetano and Jagua Formations, and Docent
A. Radwanski for determination of decapod crab fragment. Dr. R. Myezyfiski,
Dr. K. Piotrowska, Dr. G. Haczewski, and Dr. A. Wierzbowski assisted with informa-

tion and helpful remarks.

STRATIGRAPHIC SEQUENCES OF THE CORDILLERA DE GUANIGUANICO

At present, 4 facies-structural zones are distinguished in Pinar del
Rio Province (Fig. 2A). These are: San Diego de los Bafios, Bahia Honda
(RKhudoley 1987, Judoley & Furrazola-Bermidez 1971), La Esperanza,
and Guaniguanico zones (Pszcz6lkowski & al. 1975, Piotrowska 1976a).
Originally, the Cordillera de Guaniguanico was not subdivided into areas
different in stratigraphy or facies development. Hatten (1957) noticed
some differences in the Jurassic and Cretaceous deposits between eastern
and western parts of the Cordillera. Nevertheless, he did not present
distinet stratigraphic columns for these two areas. Herrera (1961) re-
cognized distinct lithostratigraphic units in the environs of Soroa, Sierra
del Rosario, and in the Sierra de los Organos. Nevertheless, he did not
introduce any subdivision of the Cordillera into some regions or strati-
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A —Tectonic sketch of the northeastern Cordillera de Guaniguanico, based on
the data gathered by the present author and other members  of the Polish
expedition to Cuba, viz. D. Danilewski, Dr. J. Piotrowski, Dr. K. Piotrowska,
' and Dr. A. Skupinfski
Tectonic units of the Sierra de los Organos: VP — Valle de Pons, I — Infierno, V' — Vinales,
A — Anc6n; SG — Sierra de la Giiira, APN — Alturas de Pizarras del Norte, APS — Alturas
de Plzarras del Sur, PM — metamorphosed units of Pino Solo and Mestanza zone; tectonic
units of the Sierra del Rosario: AR — tectonic units of the northeastern Alturas de Pizarras
del Norte, LP — La Paloma, PU — Loma del Puerto, LB — Los Bermejales, MA — El Mameyal,
C — Caimito, T -~ Taco Taco, Z — La Zarza, CP — Cinco Pesos, NP — Niceto Perez, LT —
Los Tumbos, B — Belén Vigoa, N — Naranjo, CE — Cangre, D — Dolores, LS — La Serafina,
' CH — Sierra Chiquita, @S — Quinones
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1 facies-structural zone of La Esperanza, 2 sedimentary and voleanic rocks of Bahia Honda
facies-structural zome, 3 serpentinites, gabbroids, and ultrabesic rocks of Bahia Honda zone, 4
facies-struectural zone of San Diego de log Banos, 9 tectonic boundaries (faults or overthrusts)
of the Cordillera de Guaniguanico, 10 overthrusts, 11 faults
The lithologic-microfacles sections of Guasasg and Artemisa Formations c¢f. Text-fig. 59 and
11—13) are marked by strokes and consecutively numbered (1—18)

B — Present-day pattern of the stratigraphic sequences of the Cordillera de
Guaniguanico
& sequence of the Slerra de los Organos (and its metamorphic equivalents), 8 southern sequence
of the Sierra del Rosario, 7 northern sequence of the Sierra del Rosario, 8§ Quinones sequence
of the Sjerra del Rosario :
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graphic sequences. Rigassi-Studer (1963) was the first to make a clear
distinction between the overthrust units of Sierra de los Organos (“lames"
chevauchantes des Sierras”) and “the autochthon of Sierra del Rosario”.
The differential stratigraphy and facies development of the Sierra de los
Organos and Sierra del Rosario have been recognized by the present
author (Pszczétkowski 1971a, b, 1972, 1973). A. A. Meyerhoff (in: Khu-
doley & Meyerhoff 1971), too, conceived as reasonable to treat these two
areas separately. In contrast, Pardo (1975) subdivided Pinar del Rio Pro-
vince into 4 belts, viz. Bahia Honda, Organos, Rosario, and Cacarajicara
belts. His interpretation of these belis implied a comparison among the
geological units of differential rank.

Table 1
Formations of the Cordillera de Guaniguanico within the framework of stratxg.raphm
sequences
- _STRATIGRAPHIC SEQUENCES
= | SERIES STAGE — -
(4 Sierra Southern Northern Quifiones
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The geosynclinal Jurassic, Cretaceous, and Paleogene deposits of Cor-
dillera de Guaniguanico can be considered within a framework of 4 stra-
tigraphic sequences (Fig. 2B, Table 1). In the Sierra del Rosario, three
sequences are recognized; namely the northern, southern, and Quifiones
sequences (Pszczolkowski 1976a). There is but a single stratigraphic se-
quence in the Sierra de los Organos. Rigassi-Studer (1963) suggested
that the autochthon underlying the overthrust units of Sierra de los.
Organos occurs in the environs of Pons among others. However, this claim
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A — lithplogic-microfacies section of Guasasa Formation at the eastgrn margin
of Sierra de Vifiales (cf. section 4 in Texi-fig. 24); EL. AM. — El Americano Member

SYMBOLS: o
1 weli-bedded, micritic limestones, 2 horizontally laminated limestone units, 3 thick-
-bedded and massive limestones indistinctly laminated, 4 micritic, massive and
thick-bedded limestomes, 5 well-bedded, micritic limestones (Ancéon Formation),
6 marly limestones (Amcén Formation), 7 partly dolomitized limesbones. 8 dolomites
and significantly dolomitized limestones, 9 intraclasts, 10 coids, 11 peloids (mostly
pellets), 12 cherts and banded or lense-like cherts, 13 banded cherts (Buenavista
Formation), 14 erosional surfaces {a) and burmrow-bearing surfaces (b), 15 breccias,
16 shales, 17 sandstones, 18 Favreina-form copmolites, 19 other coprolites, 20 onkoids,
21 benthic forams, 22 algae, 23 gastropods, 24 bivalves, 25 ammonites, 26 aptychi,
27 Globochaete glpina Lombard, 28 fish teeth, 29 plamktic forams, 30 Saccocoma,
31 tintinnids, 32 radiolarians, 33 Nannoconus

To the right of the section, samples are situated _
B — Lithologic-microfacies section of Guasasa Formation af Mogote La Mina
{cf. section 6 in Text-fig. 24); AN. — Ancéin Formation; for other explanations
see Text-fig. 5A _ .
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has not been. confirmed, as there are in the tectonic windows formations
resembling the sequence of Sierra de los Organos instead of those typical
of the sequences of Sierra del Rosario (Pszezélkowski in: Pszczétkowski
& al. 1975, Pszczétkowski 1976b). The metamorphic rocks of southern
Sierra de los Organos (cf. Millan 1972, Piotrowski 1976) are to be consider-
ed as equivalent to some formations known from the sequence of Sierra
de los Organos, even although they contain some volcanic intercalations
(cf. Piotrowski in: Pszczétkowski & al. 1975, Piotrowski 1976). A general
description of the sequences of Sierra del Rosario is given by Pszczétkow-
ski (1976a).

The stratigraphic sequences of Cordillera de Guaniguanico represent
various parts of the geosynclinal basin of western Cuba. The Jurassic
to Paleogene lithostratigraphic units involved in the sequences of Cordil-
lera are described below. D. 'Danilewski, Dr. J. Grodzicki, Dr. G. Ha-
czewski, Dr, R. Myczynski, and Dr. K. Piotrowska have also contributed
to the lithostratigraphic pattern of Sierra de los Organos, as presented
hérein. Their data were used to the comment to the geological map (scale
1:250,000) of Pinar del Rio Province (cf. Myczynski in: Pszezélkowski
& al. 1975).

SAN CAYETANO FORMATION

HISTORY

‘The original name Cayetano Formation as given by De Golyer (1918) has bheen subsequently
' replaced by the name San Cayetano Formation (Dickerson & Butt 1835, Schuchert 1935, Imlay
1942, _Bermﬁdez & Hoffstetter 1959, Bermitdez 1861). At the moment, the latter name is com-
monly used.

LITHOLOGY

Lithologieally monotonous San Cayetano Formation is strongly dominated by shales,
sandstones, and siltstones, However, there are also’ some intercalations of conglomerates and
limestones (mostly at the top part). The deposits are dark-gray or black (cf, Khudoley & Meyer-
hoff 1971, Haczewski 1976). They wure rhytmically bedded but their sedimentary structures
vary among distinct tectonic wunits (Meyerhof? & Hatten 1974). With this respect, there ig
a sharp difference between the Slerra de log Organog and Sierra del Rosario (cf. Haczewski
1978). ‘

Up to the recent Investigations, this lithostratigraphie unit was but very poorly known
in the Sierra del Rosario when compared to the Sierra de log Organos. In the former area,
the deposits of San Cayetano Formation represent either sandy-silty-shaly. sediments, or
thick-bedded sandstones (Fig. 3). The sandy-silty-shaly sediments resemble the facles ¢ and
H of Haczewski (1976). At Cinco Pegos, such sediments are 70 meters thick and oceur in the
uppermost part of the formation, They have also been recorded in the tectonic units of La
Paloma, Loma del Puerto, and El Mameyal (cf. Myeczyniski & PszczOlkowski 1976, Figs 1~3), So-
metimes, these sedimemts contain also micritic limestones up to 18 meters thick. In La Baria
section, the limestones occurring 80 meters below the top of the formation include s thin
coquina with ammonites and singular ostreids.

The sandy-silty-shaly sediments ineclude commonly (Dr. B. Egcka, personal information)
clayey-ferruginous quartz sandstones with fairly abundant flaky minerals such as the rausco-
vite, hydromuscovite, hydrobiotite, chlorites, and kaolinite, There are also .8 few Iragmen:s
of siliceous and clayey rocks, and granitold debris. The plagioclases are uncommon, However,
Some sandstone beds comprise abundant detrital grains of kaolinite that might have originated
from a kaolinitisation of feldspars. Sporadically, alkalic lavas debris have been recorded.
Polymictic sandstones occur. commonly in La Paloma tectonic unit; besides quartz and clayey
rocks debris, thege sandstones contfain algo fragments of quartz-sericitic shales.
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The thick-bedded, coarse-grained sandstones, sometimes with pebbles up to 5 cm. long,
have been recorded in the environg of Cinco Pesos, in Los Palacios River valley (at a slope
of Sumidero hill), south to San Cayetano, and in Los Palaclos River bed (et X1 Aguacate, by
Pinar fault). These sandstones resemble the facies I of Haczewskl (1876), At Cinco Pesos, de-
pogits belonging to thig lithofacies occur in the upper part of the formation, some 70 meters
below the contact with Framcisco Formation; whereas in Sumidero section these deposits
attain the very top of Ban Cayetano Formation (Fig. 3).

The petrography of thick-bedded sandstones has been studied in samples derived at cinco
Pegog and in Los Palaclos River valley. These deposits represent clayey-ferruginous quartz
sandstones, clayey polymiciic sandstones, conglomeratic sandstones, and conglomerates (Dr. B.
tgcka and Dr, B. Wierzcholowskl, personal informations). The sandstones consist mostly of
rounded quartz graing; among the minor cdmpmems, there are fragments of clayey rocks,
cherts, quartzites, sparitic carbonates (dolomites among others), cataclasites, granitoids, and
volcanic rocks. The sandetones display usually graded bedding with coarser pebbles occurring
at the base. The detrital material is dominated by quartz, often vein quartz; pebbles of quartz
or  quartzitic sandsiones are also common. There are also some pebbles of cherts, quartzites,
quartz-feldspar rocks, quartz-micaceous shales, and clayey rocks. Anhydrite was also recorded.
The matrix i8 of quartz-sillca-clayey character.

FAUNA AND AGE

Rare fossils reported from San Cayetano Formation include bivalves (Krmmelbein 1956,
Torre 1860, Imlay in: Judoley & Furrazola-Bermudez 1968) and flora remains (Vachrameev 1936).
Recently, the following bivalves were found in the Sierra de los Organos: Eocallista (Hemi-
corbula) spp., Vaugonia (V). spp., Gervillaria sp., and Neocrassina spp. (Pugaczewska in press).
The specimens assigned to the genera Gervillarle and Neocrassina were found by Dr, G. Ha-
czewski in calcareous sandistones of the upper part of the Formation in Anc6én tectonie
unit (near the place called El Abra). The specimens of Vaugonia come from sandstones
occurring a few tens to some hundred meters below the top of San Cayetano Formation; they
are also reported from Ancoén tectonic unit and the area of Alturas de Pizarras del Norte
(ef. Fig. 1), south to Baja (Dr. K. Plotrowska, personal information).

In the Sierrs del Rosario, some ammonites were found in Mogote Simén (Myczyﬁski &
Puzezblkowski 1976) and La Baria sectlomg (Fig. 3). From La Baria, the following species are
reported (Myczyhski in: PszezOlkowski & al. 197): Perisphinctes spathi Sénchez Roig, Glochi-
ceras cf. subclausum (Oppel), and Ochetoceras 8p. In Cinco Pesos sectiom, a decapod crab
fragment was found (ldentified by Docent A. Radwarigki). There are alséo abundant plant
remainy in San Cayetano Formation in the Sierra del Rosario (cf. Haczewskl 1976). The am-
monites collected in the uppermost part of San Cayetano Formation Indicate the Oxfordian
age, probably Middle Oxfordian @Myczyfiski & Pszczélkowski 1976), Geological age of the
lower part of San Cayetano Formation remains unclear.

In the &lerra de los Organos, geological age of S8an Cayetano Formation has not insofar
been directly determined. As judged from its relatlon to Zacaries Member of Jagua Forma-
tion (cf. Wierzbowskl 1976), its uppermost part can be regarded as the Oxfordian deposits. The
older deposite of San Cayetano Formation were assigned to the Lower to Middle Jurassic
(Furrazola-Bermtdez & gl. 1984, Judoley & Furrazola-Bermfidez 1868, Khudoley & Meyerhoff
1971). Some deposits were assigned ¢o the Middle Jurassic on the basgis of their bivalve fauna
(Krdmmelbein 1866, Torre 1860).

The terrigenous sedimentation of San Cayetano Formation persisted somewhat longer in
some sections of the Sierra del Rosario than it did in the Slerra de los Organos, In fact, the
San Cayetano Formation reaches locally limestones of Artemisa Formation thus, replacing the
Francisco Formation (Table 1). Presumably, the time differences were but slight and hence,
the position of the upper boundary of San Cayetano Formation appears appro:dmately con-
stant all over the Cordillera (cf. Kutek & al. 1976, Myczyniskl 1976, Wierzbowsiki 11!76)

LATERAL EXTENT AND THICKNESS

In the Cordillera de Guaniguanlico, the San Cayetano -Formation spreads between the
localities Guane and Soroa, that is over some 150 k. The maximum thickness of San Cayetano
Formation has recently been egtimated to approximate 3,000 m in the sequence of Sierra. de
log Organos (cf. Meyerhoff in: ihudoley & Meyerhoff 1971), However, other estimates are also
cited (over 5,000 m — Khudoley in: Khudoley & Meyerhoff 1971; 1,600 m in the northern Sierra
de los Organos — Haczewski 1976). The deposits attain 1,500 m in thickness in the mine of
Matahambre (Khudoley & Meyerhoff 1971). In the southern sequence of Sierra del Rosario,
the maximun thickness of San Cayetano Formation does not exceed 1,000 m, The thickness
varies among tectonic units, mostly because of iectonic reasons. The San Cayetano Formation.
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ocewrs in the northern sequence of Sierra del Rosario but exceptionally and under the form
of sandy-shaly patches up t0 a dozen meters. thick, at the base of Naranjo tectonic unit oy
Soroa.

JAGUA FORMATION

HISTORY

The Jagua Formation has been recognized by Palmer (1845) in the environg of Jagua
Vieja, Sierra de los Organos. Its type section hag not been described by Palmer (1945) or other
students (Hatten 1967, Herrera 1881). During the recent geological mapping of Pinar del Rio
Province, calcareous and clayey deposits oceurring between the San Cayetano and Guasasa
Formations were assigned to Jagua Formation (Pszczélkowski & ai. 1975, Kutek & al. 1976, My-
czynski 1876, Wierzbowski 1078). This definition of Jagua Formation is also accepted in this

paper,

LITHOLOGY

The Jagua Formation consists of limestones and shales clustered into 4 distinet lithologleal
Sets that have been recognized for distinct members within the Formation. There are micri-
tie, coquinitic, bioclasiic, and marly limestones in Jagua Formation, In the middle part of
the Formation, clayey and silty shales comprise fossiliferous calcareous concretions, More
detalled lithological descriptions of the members are given below.

SUBDIVISION

The Jagua Formation has been subdivided into 4 members, viz. Pan de Azucar, Zacarias,
Jagua Vieja, and Pimienta Members (Herrera 1961, Kutek & al. 1878, Myczyfiski 1976, Wierz-
bowski 1976).

AGE

The Jagua Formation ranges in age since the Middle Oxfordian through the earliest Late
Oxfordian (Myczynski 1978, Wierzbowskl 1976).

LATERAL EXTENT AND THICKNESS

The Jagua Formation occurs exclusively in the sequence of Sierra de los QOrganos, It atbtaing
160 m in thickness in places. In the southern Sierra de los Organos (Mestanza area), the
deposits of Jagua Formation are metamorphosed and intercalated with thin tuffite layers
and alkalic or neutral lavas (Piotrowski 1976).

PAN DE AZUCAR MEMBER

NAME

The name has been derived from Mogote Pan de Azucar, northwestern part of Pinar del
Rio Province. ¥t was proposed by the Institute of Geology and Paleontology 6f the Cubsan
Academy of Sciences (“Criterios sobre las unidades litoestratigraficas”, May 21, 1973) to replace
the previously used names Aztficar Formation (Hatten 1067, 1967) and Pan Formation (Herrera
1961). This reduction of Azicar Formation of Hatten (1857) to the rank of a member in the -
lower part of Jagua Formation has been substantiated by its Mmited lateral extent, difficul-
ties in s field recognition, and its lithological variability, In fact, the ldmestones of Pan
de Aztlicar Member appear sometdmes quite similar bo other deposits of Jagua Formation,
when studied in poorly exposed sectioms. The type section of Pan de AzlGcar Member is at
the southwestern siope of Mogote Pan de Axzicar. The same section repregented stratotype
of Aztzar Formation of Hatten (1957, 1967).
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LITHOLOGY

The Pan de AzGear Member consists - —— -
of well-bedded (0.1 to 1.5 m), compact, B T T L
- LS M * . .
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Limestones of Pan de Azlicar Mem-
ber of Jagua Formation at a locality
between San Vi.ceng:e and Valle del ST VT R ST Ty WS i O
Ancén .

1 bivalve coquinas, 2 silicitied coquinas, = N,
3 bioclastic deposits 1 ?I@ 2 3

FAUNA AND AGE

Some brachiopods (cf. Judoley & Furrazola-Bermudez 1968, Khudoley & Meyerhof? 1971),
ostreids (cf. Herrera 1961), and bivalves ?Postdonomya ep. (c¢f. Khudoley & Meyerhoff 1971) were
reported from the deposits of Pan de AzGcar Member. Specimens assigned by Pugaczewsza
(in press) to the bivalve genus Gryphaea L.amarck occur abundantly in Pan de Aziecar Mem-
ber. The forams Conicospirillina basiliensis Mohler represent the only identified microorganiems
(cf. Selglie 1961) of this lithostratigraphic unit. -

As Judged from its relation to the adjacent units of Jagua Formation, the Pan de AzGear
Member is probably to be assigned to the Middle Oxfordian (cf. Kutek & al. 1978; Wierzbow-
ski 1976),

LATERAL EXTENT AND THICKNESS

The Pan de Azicar Member occurs but in the Sierra de log Organos, namely in the tectonic
units of Ancdn, Vinales, and some units of Alituras de Pizarras del Sur and del Norte, In its
type sectlon, the Member attains some 40 meters in thickness (36 m according to Hatten 1857);
whereas in other places its thickness ranges from 0 t0 78 meters (cf. Wierzbowski 1976).

CORRELATION

The Pan de Azficar Member I8 time equivalent to the Zacarias Member of Jagua Formation
(Wierzbowski 1976). Its stratigraphic correlation. with the Oxfordlan sediments of Sierra del Ro-
saric appears less unequivocal. It may be equivalent to the lower part of Francisco Forma-
tion (Kutek & al. 1876, Myczyhiski 1976, ‘Wierzbowski 1976) and sometimes also to the uppermosi
part of San Cayetano Formation, just as it is in the Slerra de los Organos (Fig. 3).

Outside the Sierra de los Organos, any time equivalentis resembling the Pan de Az(car
Member in thelr lithology have not been recorded, In fact, the Smackover Formation, southea-
stern United States, was .claimed by Meyerhoff & Hatten (1974) to be equivalent to Hatten’s
(1957) Azivcar Formation. However, its lithological and microfacies characteristics appear dlf-
ferent from those typlcal of Pan de Azficar Member (cf. Murray 1961, Bishop 1969, J. L.
wilson 1975).
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ZACARIAS MEMBER
HISTORY

This Hthostiratigraphic unit has been distinguished and formally described by Wierzhow-
gki (1978) who recognized it for the lowest member of Jagua Formation.

LITHOLOGY AND THICKNESS

The Zacarias Member consists of clayey shales with thin intercalations of mudstones and
bivalve coquinas. It attalns 40 m in thickmess, The Zacarias Member overlies directly the San
Cayetano Formation and occurs in the Sierra de los Organos in the tectonic units of Ancon
and Vinales,

FAUNA AND AGE

The deposits of Zacarias Member contain fairly asbundant but poorly preserved ammo-
nite imprints (Pszczblkqwskl 197Ta; Nuez 1972, 1974; Wierzbowski 1976). Bivalves of the genera
Liostrea, Ostrea, Exogyra, and Plicatule occur less commonly (Pugaczewska in: Wierzbowski
1976), There are also some imprints of small pieces of wood, and organic burrows (Wierzbowski
1976). The ammonites indicate that the Zacarias Member represents the Middle Oxfordian
Wierzbowskl 1976).

JAGUA VIEJA MEMBER

HISTORY

Jagua Vieja Member has been formally distinguished by Herrera (1861) who recognized
- it for the middle part of Jagua Formation.

LITHOLOGY

This member comprises shales and marly limestones. They are usually horizontally lami-
nated. This lamination ig especially apparen{ in some calcareoug concretions typical of this
lthostratigraphic unit. The deposiis are black,

FAUNA AND AGE

The - caleareous conecretions contain well preserved ammonites, fish' (cf. Gregory 1923),
bivalves, and wood fragments, The Hst of ammonites is given by Wierzbowski (1876). The Jagua
Vieja Member has recently been assigned to the Middle Oxfordian (Wierzbowskl 18976).

LATERAL EXTENT, THICKNESS, AND CORRELATION

The Jagua Vieja Member occurg in the Slerra de los Organos. The maximum thickness
iz 66 m, In the sequences of Slerra del Rosario, its facies and partly time eguivalent ig the
Franciseo Formation (cf. Kutek & qal. 1978, Myceyniski 1976, Wierzbowski 1976).

PIMIENTA MEMBER

HISTORY

The Pimienta Member has been distinguished by Herrera (1961) in the upper part of
Jagua Formation. The type section has been determined in the environs of Pimienta, southea-
stern margin of the Sierra de Cabezas (Herrera 1961; Fig, 2). -

LITHOLOGY

According to Herrera (1961), the Pimlenta Member consists of well-bedded, dark-gray to
black lmestones intercalated with calcareous siltstones, The present author has mot recorded
siltstones but thin shale intercalations do, indeed, occur in the lower part of the Member.
The limestones are micritic, sometimes marly, Their layers range in thickness from a dozen
to 60 cm., There are no calcareous concretions. At the top part, horizontally laminated lime-
stones occur commonly; they are 3 to 4 meters thick.
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FAUNA AND AGE

Myczynfiski (1976) described from Pimienta Member several ammonite species and assigned
this unit to the upper part of Middle Oxfordian and perhaps also to the lower part of Upper
Oxfordian, The limestones contain also poorly preserved planktic forams (Torre 1972-1975) and
Globochaete alpina Lombard (cf. Seiglie 1961).

LATERAL EXTENT, THICKNESS, AND CORRELATION

The Pimienta Member occurs in all tectonically undisturbed sections of Jagua Formation
in the Sierra de log Orgamos. It is absent from all the other stratigraphic sequences of Cordil-
lera de Guaniguanico, The Member attalns sometimes up to 60 m in thickness (cf. Myczynski
1876, Figs 5—7). In the Sjerra del Rosario, the upper part of Francisco Formation and the
lowermost part of Artemisa Formation are time equivalent to.the Pimienta Member (Kutek
& al. 1876, Myczynski 1976, Wierzbowski 1976). '

FRANCISCO FORMATION

HISTORY

This formation has been distinguished In the Sierra del Rosario (Pszczélkowski in: Kutek
& al. 1876), The deposits assigned to the Francisco Formation were described previously as
transitional between San Cayetano and Artemisa Formations (Pszezélkowski 187b). The type
area has been determined by Cinco Pesos (Pszczblkowski in: Kutek & ql, 1976, Figs, 2—3).

LITHOLOGY

The Francisco Formatlon consists of clayey and silty shales, micritic limestones, and
thin sandstone intercalatlons, Sometimes there are calcareous concretions in the shales.. In. the
ty¥pe area, a volcanic rock half a meter thick ococurs within laminated Mmestones intercalated
with sandstones (Pszczblkowski in Kutek & al. 1978, Fig. 2, outcrop 3). According to Dr. A, No-
wakowskl (personal information), this rock is close to basalt with alkalic feldspars replaced by
albite.

FAUNA AND AGE

The deposits contain some ammonites, rare bivalves, fish and plant remains. Sporadically,
aptychi and spores Globochaete occur, The ammonites indicate the upper part of Middle
Oxfordian (Kutek & 'Wierzbowski in: Kutek & al, 1976) and perhaps alzo the lower part of
Upper Oxfordlan (Myczyriski 1976).

CORRELATION AND THICKNESS

The stratigraphic position of Francisco Formation appears close to that of most deposits
of Jagua Formation (cf. Kutek & al. 1978, Myczyfhskl 1976, Wierzbowski 1976), In places, the
Francisco Formatlon is, however, replaced by sandstones and shales of the uppermost part
of San Cayetano Formation. The Francisco Formation ranges from 0 o 25 m in thickness,

VINALES GROUP

HISTORY

The Vinales Group has been formally recognized by Herrera (1961) who has also distin-
guished two subunits, viz. Guasasa and La Mina Formations. However, De Golyer (1918) had
previously proposed the name Vinales Limestone for the carbonate rocks building up mogotes
of the centiral part of Sierra de los Organos and the Sierra del Rosario range. De Golyer
(1918) did not determine any type section for this widely defined formation, Later on, Hatten
(1957) restricted this definition to carbonate rocks occurring in the Sierra de los Organos,
while Herrera (1961) raised Vinales Formation to the rank of a group.

In this study, the Vinales Group comprises also some formations occurring in the sequen- .
ces of Sierra del Rosario, That 18 the definition appears close to the original definition given
by De Golyer (1918), while it is wider than that given by Herrera (1961).
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LITHOLOGY
The Vinales Group comsists of limestones, someﬁmes with minor amounts of other sedi-

mentary rocks (sandstones, cherts, and shales),

SUBDIVISION

The Vinales Group cmnpriées § formations. These are: Guasasa, ‘Artemisa, Polier, Luecas,
and Pons Formations (Table 2).

.Table 2
Vifiales Group subdivision

GROUP FORMATIONS

M2

POLIER Lucas
N P _ 2
VIRALES /

/ ?
///
In the Sierra de log Organos, the Vinales Group deposits range in age since the Oxfordian

through Early Paleocene. In the sequences of Sierra del Rosario, the accumulation of Vinales
Group deposits lasted since the Late Oxfordian through Albian time.-

GUASASA .
ARTEMISA

AGE

BOUNDARIES

The lower boundary of Vinales Group is equivalent to the lower boundary of Guasasa
Formation in the Slerra de los 'Organos, and to the lower boundary of Ariemisa Formation in
the southern and northern sequences of Sierra del Rosario, The upper boundary of Vinales
Group is marked by the upper boundaries of Guasasa and Pons Formations in the Sierra de
los Organos, Artemisa Formation in ‘the southern sequence of Slerra del Rosario, Polier For-
mation in the northern sequence of Sierra del Rosario, and Lucas Formation in Quinones
sequence of the Sierra del Rosario.

LATERAL EXTENT AND THICKNESS

The Vinales Group deposits are represented all over the Cordillera de Guaniguanico, They
have ingofar not been reported from any other facles-structural zone of Pinar del Rio Pro-
vince, The maximum (measured) thickness of Vinales Group attaing 800 m.

CORRELATION

Limestones close to the deposits of Vinales Group have been recorded in Habana
Province. These are the limestones of Martin Mesa Formation of Herrera (1961), containing
the Tithonian to Lower Cretaceous microfauna (cf. Khudoley & Meyerhoff 1971).

The Tithonian to Lower Cretaceous limestones, mostly pelagic ones (Khudoley & Meyerhoff
1971), of Central Cuba were called Vinales Limestone.or Aptychus beds (cf. Bermodez & Hoff-
stetter 1958, Bermtdez 1961), These deposiis can also be correlated with Vinales Group.
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GUASASA FORMATION
HISTORY

Guasasa Formgtion has been distinguished by Herrera (1861} who determined 1its type
area in the Sierra la Guasasa. Hatien (1957) had previously described and defined the Vinales
Formation; however, the latier lithostratigraphic unit could not be accepted because of the
exigtence of Vinaleg Group.

LITHOLOGY

The Guasass Formatlon cohsists of massive and bedded limestones, The limestones sre
gray to black, sometimes dolomitized. There are chert nodules in the lower part, ‘and chert
intercalations ai the top of the Formation. The limestones are variable in microfacies.

At the base of Guasasa Formation, a limestone breccia occurs In some sections, Some
anthors regarded it as tectonic in origin (Knlpper & Puig-Rifa 1967). However, one may claim
that it originated owing to purely sedimentary processes (cf. Hatten 1857, Meyerhoff in: EKhuc
doley & Meyerhoff 1971). It often includes clasts of laminated Hmestones of Pimienta Member
of Jagua Formation. In Mogote la Mina section (Fig. 5B), a similar breccia occurs within the
uppermost layers of Jagua Formation. ’

SUBDIVISION

The Guasasa Formation has been subdivided into 5 members. These are: San Vicente,
El Americano, Tumbadero, Tumbitas, and Infierno Members (Table 3). Transitional deposits
oceur sometimes between San Vicente and El Americano Members (Fig. 54).

AGE

The Formation can be assigned to the Upper Oxfordian o Cenomanian or ?Turonian, The
biostratigraphic reasons for such an age asslgnment_ are given below.

Table 3~
Guasasa and Artemisa Formations subdivision

GUASASA FORMATION | ARTEMISA FORMATION

infierno ~ Member V// / / / / //,

TumBltus Member

. Sumidero Member
Tumbadero  Member
El Americano \Member
La Zarza
Member

San Vicente Member

LATERAL EXTENT AND THICKNESS

The Guasasa Formation occurs exclusively in the Slerra de los Organos. It ranges in
thickness from 300 meters in Ancén tectonic unijt to 800 meters in Vinales unit.
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Composite section through the Oxfordian deposits in various tectonic units of the Cordillera de Guaniguanioo; Las Puntas to Encinal Alto (Sierra de los Orga-
. nos), La Barfa to Sumidero (Sierra del Rosario)
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SC — San Cayetano Formation (the uppermost part), Jpa — Pan de Azlicar Member of Jagua Formation, Jz — Zacarias Member of Jagua Formation, Jj ~
Jagua Vieja Member of Jagua Formation, F — Francisco Formation, A — Artemisa Formation
1 shales with ocalcareous comcretions and limestone intercalations, 2 coquinas and bioclastic limestones, 3 clayey shales, 4 sandstones and shales, § sandstones,
siltstones, and shales, 6 thin-bedded sandstones, mudstones and shales, 7 thick-bedded sandsbones, frequemtly graded, 8 limestone intercalations within San
- Cayetano Formation in the Sierra del Rosario, 9 ammonites, 10 fish remains, 11 plant remains
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SYNONYMY AND CORRELATION

The CGuasasa Formation is synonymous with Vinales Formation of Hatten (1857, not
1987). Its partlal time equivalents are the Artemisa, Polier, Lucas, Buenavista, and Slerra
Azil Formations in the Sierra del Rosdrio, and Pons Formation in the sequence of Sierra
de los Organos (Tables 1—2). ' '

SAN VICENTE MEMBER

HISTORY

This lithostratigraphic unit has been recognized by Herfera (1961). It occurs in the lower
part of Guasasa Formation, The type section is at the eastern margln of Sierra de Vinales.
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Fig. 6 .
A — Lithologic-microfacies section of Guasasa Formation at Valle del Ancén

(cf. section 3 in Text-fig. 24); EL AMER. — El Americano Member; for other
- explanations see Text-fig. 5A :
B — ILithologic-microfacies section of Guasasa Formation in the western Sierra
de la Giiira (cf. section 8 in Text-fig. 2#); ﬁsci' explanation of the symbols see Text-
= ig,

LITHOLOGY

San Vicente Member consists of magsive or thick-bedded, light-gray to black limestones;
they are usually strongly kxarstified. In places, the limestones are horizontally stratitied.
Often, they are partly or totally dolomitized. There are also gray to black chert nodules and
lenses. Micritic limestones dominate in the lower part of the Member, while calcarenites occur
usually in the top part (Figs 5—7). At the top, there are also well-bedded, horizontally lami-
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nated limestomes up 10 a dozem meters thick (Figs 64, 7A). The San -Vicente Member includes
a sedimentary limestone breccia separating the massive limestones of Guasasa Formatlon from
Jagua Formation, The descniption of the basic microfacies types of San Vicente Member is

given . bhelow,
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Fig. 7
A — Lithologic-microfacies section of Guasasa Formation at San Vicente (cf. section
5 in Text-fig, 24); E.A. — El Americag_(; Nginber, for other explanations see Text-
B — Lithologic-microfacies section of Guasasa Formation at El Abra (cf. section
2 in Text-fig. 24); AN — Ancén Formation; for other explanations see Text-fig. 54

FAUNA AND AGE

The limestones of San Vicente Member comprise bivalves, gastropods (Nerinea sp. among
others — Myczyliski in: Pszezélkowski & al, 1075), algal debrig, echinoid gpines, and Lonthic.
forams (Textulariidae among others). As judged from its relation to the adjacent lthostrati-
graphic units (Jagua Formation and El Americano Member), the San Vicente Member can be
assigned to the Late Oxfordian to earliest Tithonian (cf. Table 4).
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Table 4

Correlation of the Upper Jurassic to Lower Cretaceous lithostratigraphic units of
the Cordillera de Guaniguanicc
Tintinhid zonation follows Remanéd (1971), Allemann & al. (1971), and in part Kreisel & Furra-
zola-Bermudez (1071); the receni studies on ammonite faunas (HouSa 1974b, Myczyniski in:
Pszczblkowski & al. 1975, Kutek & Wierzboweki in: Kutek & al. 1976, Myczyfski 1977) are taken
into account; the Tithonian ‘andd Berriasian boundsry is traced accordingly to the solution 2
of the Collogue sur la kmite Jurassique-Cmndtacé (Lyon-Neuchéitel 1873)

Sequence of Sierra |Southern sequence |Northern seguence Quifiones
= Tintinnid de {os. Organos of S. del Rosario ot S. del Rosario sequence
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= zones 5 g Members £5| Members | g Members E§ Members

: s 22| | L2 £E )
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@ | pign  idie] Chitinoldetia | Americano | % | Lo Zorza | @
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Oxtordian Vicente Vicente

LATERAL EXTENT AND THICKNESS

The San Vicente Member hag been recorded in all complete sections of the sequence of
Sierra de los Organos, and in some sections of the southern sequence of Silerra del Rosario.
The thickness ranges from 300 to 850 m in the S8jerra de los Organos, the upper boundary
of this lithostratigraphic unit being sometimes erosional (¥Figs 5B, 6B, 7B). In the Sierra del
Roeario, the San Vicente Member does not exceed some tens meters in thickness,

SYNONYMY AND CORRELATION

P .

San Vicente Member is synonymous with Vinales Formation as conceived by Judoley &
Furrazola-Bermtdez (1965, 1968), Hatten (1967), Khudoley & Meyerhoff (1971) and Meyerhoff &
Hatten (1974). Its time equivalent is the lower part of La Zarza Member of Artemiga Formation

(Tables 3—4).

EL AMERICANO MEMEBER

HISTORY

This lithostratigraphic unit has been recognized in the upper part of Guasasa Formation
(Hou%a & Nuez 1972). The type section iz at Haclenda El Americano, eastern margin of the

Sierra de los Organos. . .
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LITHOLOGY
The deposits comprise well-bedded, granular,
dark-gray to black limestones, gsometimes with inter-
calatlons of shaly marly lmestones. Dolomitic lime- g Lithology
stones and dolomites do also occur, In the upper part 3 &
of the Member, there are some Sedimentary discon- é microfacies
tinuities indlcating post-lithification erosion (Housa z
1574b). Such discontinuities occur also at the top of
San Vicente Member in the type section of El Ame- g
ricano Member. ) MR- 206
e ) P -013
[ SIS
FAUNA .AND AGE ) €&
Numerous ammonites indicate the Tithonlan o W
age of El Americano Member (Hou3a & Nuez 1972, . E §p-012
HouSa 1974b). ‘The co-occurrence of ammonite geners z
Mazapilites and Pseudolissoceras near the lower limit
of the Member, and the lack of Hybonoticeras may 4 §P- 010
indicate that the El Americano Member does not d
comprise the lowermost part of the Tithonian (Houss : 4 d & | o
1974b), ' w
In the middle part of the Member, there are : v d v 6P-08
tintinnids Chitinoidella spp. (Fig. 8, sample 6P-128; ; -
Table 5). These microfossils were previously recorded < g @
by Kreisel & Furrazola-Bermudez (1971) in Valle del 21 =
Ancén section in the Middle Tithonian deposits (? El o]+
Americano Member), In the upper part of the Member, © Ve v 6P-138
there are tintinnids Crassicollaria and Calpionella, and ) 1) M) sp-137
abundant fragments of Saccocoma sp. The upper : T 6P-136
boundary of El Americano Member (Table 4) ap- o f——
proximates the boundary between Crassicollaria and ] .Ue = 6P-135
Calpionella Zones (cf. Remané 1971). a —— 6P-134
Apart from the ammonites, the deposits of El ; ’
Americano Member contain also some brachiopods, E-3 e S Ve 6P-123
gastropods, reptile bone fragments (Hou$a 1974b), bi- FE=6z=V, 6P-132
valves Buchia sp. (Myczyhski in: Pszcexzblkowski & al. F--T— —U §P-130
1975), tish teeth and vertebrae (Fig. 8). o
- E §P-120
Fig. 8 3 E SP-128
Lithologie-microfacies section of the upper part = §P-126
of Guesasa Formation in the Sierra -del Infierno <
{cf. section 1 in Text-fig. 24); for explanation o
of the symbols see Text-fig. 54 0 “‘

LATERAL EXTENT AND THICKNESS

The El Americano Member oceurs but in the sequence of Sierra de los Organos, namely
in Infierno and Vinales tectonic units, In the type section, the thickness iz 40 m (EHou$a &
Nuez 1972). The thickness ranges elsewhere from 20 to 45 m.

CORRELATION

In part, the El Americano Member is time equivalent to the upper part of La Zarza
Member of Artemiss Formation of the southern and northern sequences of Sierra del Rosario
{Table 3).

TUMBADERC MEMBER

HISTORY

This member has been distinguished for the first time by Herrera (1961) in the upper part
of Guasasa Formation. It was thereafier redefined by Houfa & Nuez (1872) to include the
limestones between El Americano and Tumbitas Members,
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Table 5

" Tintinnids and forams of Guasasa Formation
The table containg data from thin gections studied by Torre (1972—1975): 6P-03, 6P-029, 6P~030,
6P-033, 6P-034, 6P-138, 6P-546, MR-205, MR-211; and by the present author: A4, 245, AP-20—-27,
2An11, 2Ani2, 6P-36, 6P-28a, 6P-27, OP-128, 6P-130, 6P-132-135, 6P-137, MR-20¢ (cf. sample numbers
in Text-figs 5—8)

Membera o Tumbadery Tumbitas mfien:lo
B i wol| aH
elpel elegeate (el = el ue| B8 %k
u|hel s [ a3 8 il >a Do ag ] :!g
Seotions |53 2 Eelndlz|7o|Bal 55| 55| o|aE
Taxa 2|Eal 8 [E5]8a]8 a:m gg- gg. :g-s'
8 Bl&E = - ] mlE] B
L] @ g ] g ﬂ
Pnbinnids: Fample eymbole j2a [ap| 6P| aP|6P| 6P [aP[2an| 6P| 6B | MR | 6P | MR
Obitinoidelia bermideszl /Furrascla-Bermides/ 128 i
Chitinoidells cf. cubensis /Purrazola-Bermidez/ 128
Ohitinoidella c¢f. bonetl Doben 128 .
Calpionella alpina Lorenz 27 |130 [26 |27 135 1" 137
Calpionella cf. alpina Lorens :llgz .
Calpionella.elliptica Cadisch 133 138
Oalpionella sp. IEI- 27 271133 S‘; .
Orassicollaria brevis Remand x| .
Crassicollaria sap. 5127130 132
Pintinnopsella carpathica /Murg. & Rilip./ 27 g‘al 26
20].
Tintinnopsella cf. carpathica /Murg.& Filip./ . 23 :ll; 137
A'.Eintinnnpsel':l.a longa /Colom/ i . 1-26 :ll%
Tintinnopsella sp. ' gga. 134 |23
Remaniella cadischiana. /Colon/ 26 134 [21 646
Reomaniella dadayi Knauer 1
Calplonellopsis simplex /Colom/ . . 136 26
Oalpionellopsis cf. slmplex /Colom/ 23{ 11 1;’5
1
Oalpionellopsis oblonga /Cedilsch/ 26a |. g 12138
08
Oalpionellopsis of. .oblonga /Cadisch/ K cust 137
Calpionellopsis ap. 25 gtol-
Galplonsilives darderi /Colom/ 22| 72 08
Calpionellites cf. darderi /Colom/ 21 ]
Anphorellina sp. 26a 12
Foraminifers: -
Hedbergella delrioensis /Carsey/ ’ ’ ?029
Hedbergella of. delriosnsis /Oarsey/ . 033
Hedhergella ap. X 2034|211
: 206] 030
Planomalina buxbtorfl /Gandolfl/ 206
|Globigerinelloldes "BP. i 206
Tlcinella ep. . 2206
Rotalipora sp. . ’ 7206
205
Heterchelix of. moremani /Oushman/ 2141
Heterohelix sp. ] 241

LITHOLOGY

Thig lithostratigraphic unit consists of well-bedded (0.1 to 0.3 m), often laminated, micritic
limestones and calcilutites with black chert intercalations. Hence, Tumbadero Member appears

quite distinet from the adjacent members.
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FAUNA AND AGE

Ammonites occur bui sporadically. In Sierra del Inflerno section, they indicate the Titho-
nian age of the lowermost part of the Member (Myczyfiski in: Pszezdlkowskl & al, 1975). In the
same section, tinfinnid assemblage is dominated by Calpionella spp., while Calpionellopsis spp.
appear but at the top (some 10 m below the upper boundary of the Member; cf. Fig. 8, Table
5). However, in San Vicente section, Calpionellopsis appears already in the middle of Tumba-
dero Member (Fig. 7A, Table 3). Thus, one may conclude that the Tumbadero Member repre-
sents Calpionella Zone and the lower part of Calpionellopsis Zone, that is the Berriasian.

LATERAL EXTENT AND THICKINESS

The Tumbadero Member occurs in all studied sectlons of Guasasa. Formation, except
of those reduced tectonically or eroded previously to the Late Paleocene time, I'n Haclenda
El Americano section, the thickness of Tumbadero Member approximates 38 m (Housa & Nuez
1972), while it ranges elsewhere from 20 to 50 meters.

TUMBITAS MEMBER

HISTORY

This lithostratigraphic unit has been distinguished in the upper part of Guasasa Forma-
gion, above the deposits of Tumbadero Member (HouSa & Nuez 1872). The type section is at
Haclienda El Americano.

LITHOLOGY
The Tumbitas Member consists of thick-bedded, g
compact, light-grey micritic limestones, with some S | .| Lithology
thin intercalations of darker limestones. The depo- e &
sits dre often mottled due to bioturbation. % E microfacies
[
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Fig. 9 §F-a
Lithologic-microfacies section of the upper
part of Guasasa Formation at Hacienda El
Americano (cf. section 7 in Text-fig. 24); for
explanation wf the symbols see Text-fig. 54

TUMBADERO

FAUNA AND AGE

Ammonites are poorly preserved and occur very rarely. However, tintinnids are abundant
(Figs 74, 8, 9); they have been identified by Torre (1572—1976) and the present author. In the
lower part of the Member, there are: Caipionellopsis oblonga (Cadisch), C. simplex (Colomy),
Calpionella aipine Lorenz, Remaniella dadayi Knauer, Tintinnopsella carpethica (Murgeanu &
Filipescu), and T. lonpa (Colom). In the upper part, there are: Calpionellites darderi (Colom),
Calpionellopsis oblonga (Cadisch), Tintinnopselld carpathica (Murgeanu & Filipescu), Remaniella
cadischiana (Colom), and Amphorellina sp. Furthermore, Stomiosphaerg cf. moluccana Wanner,
Globochaete alpina Lombard, and Nannoconus sp. do also occur.

Caipionellites darderi (Colom) appears commonly in the middle of Tumbitas Member, and
abundantly at the top part. Calpioneliiies coronata Trejo and C, caravacaensiz Allemann (cf.
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Allemann & Trejo 1975) may occur among the poorly preserved specimens but the investigated
material could not be identified more precisely than as Calplonellites sp. As Judged from
the modern studies, C. darderi (Colom) appears in the Lower Valanginian well above the
Berriasian boundary (Allemann in: Allemanm & al. 1975) or even in the Middle Valanginien
(Trejo 1975).

As judged form the tintinnid assemblage, the Tumbitas Member ranges in age Since the
latest Berriaglan through Eerly Hauterivian (cf. Remané 1071). The boundary between Calpio-~
nellopsis and Calpionelites darderi Zones is situated in the middle part{ of Tumbitas Member
(Table 4).

LATERAL EXTENT AND THICKNESS

The deposits of Tumbitas Member have been recorded in Vinales and Infierno tectonic
units. In the type section, the thickness is 30 m (according to HouSa & Nuez 1972) or 40 m
(according to the present author), while it attains elsewhere up to 80 m.

INFIERNO MEMBER

NAME

Thig is a new member propoSed by Myczyfiski & Pszezblkowski (in: Pszezélkowski & al.
1975) for Mmestones and cherts occurring at the top of Guasasa Formation; lits description
has insofar not been published. The name has been derived from the limestone range Sierra
del Inflerno, west to Vinales (Fig. 104).

At Hacienda E! Americano, Houfa (1974b) distinguished above the deposiis of Tumbltas
Member his Mina Member, as equivalent to Herrera's (1961) Mina Formatlon of Pons area.
However, the Mina Member cannot be accepted since the Hthology differs from that ascribed -
to Mina Formation; moreover, the laiter unit cannot be accepted either (see below).

Sumidero [J .

Linares

Seboxco
Ju—
500m

Fig. 10
A — Location map of the type section .of Infierno Member of Guasasa Formation;
Gi — type section of Infiermo Member
B — Location map of the type section of Sumidero Member of Artemisa Formation;
1 type section beginning, 2 type section end
Az — La Zarza Member of Artemisa Formation, As — Sumidero Member of Ariemisa For-
mation, §C — San Cayetano Fombation, BV -- Buenavista Formation, § — serpentinites

TYPE SECTION

The type section of Infierno Member is in the Sierra del Infierno, north to the
road between Vifiales and Pons localities (Fig. 104). The section starts on some
50 meters above the valley bottom, and its topographic coordinates are.212.750
and 310.550,
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Limestones of Tumbitas Member are overlaid by weli-bedded (0.01 fo 0.4 m)
gray to dark-gray, micritic limestones intercalated with light-gray, micritic lime-
stones and black cherts. These deposits represent the lower part of Infierno Member.
In the lower part, the chert intercalations are not common. The upper part of the
Member consists of dark-gray to black, micritic limestones with numerous inter-
calations of black cherts. The bed thickness remains approximately constant
throughout the section. Some limestones appear mottled. The total thickness of
Infierno Member is 50 m. Ammonites occur but sporadically and are poorly pre-
served. Thin sections contain mostly radiolarians (Pl. 5, Fig. 5) and a few forams.

In the type section, the deposits -of Infierno Member are undisturbed tectonically.

BOUNDARIES

The type of the lower boundary of Infierno Member is at the base of the first
chert intemcalation in the type section, above the limesiones of Tumbitas Member.
The transition of the latier Member into the former one is gradational.

The type of the upper boundary of Infierno Member is in the same section,
at the base of nearly black mieritic limestones with numerous cherts often inflected
and disturbed. These limestones pass laterally into a breccia typical of La Giiira
Member of Ancén Formation and hence, cannot be attributed to Infierno Member
of Guasasa Formation, East and west to the type section, the deposits of Infierno
Member are overlaid directly by limestome and chert-bearing breccias (La Giiira

. Member of Ancém Formation; Paleocene). The upper boundary of Infiermo Mem-
ber is erosional, )

AGE

The planktic forams recorded at the top of Inflerno Member (Torre 1872—1975) indicate
the Albian to ?Lower Turonian. The lower part of the Member contains a few forams (Hed-
bergella sp.) but any tintinnlds have not been found therein, These biostratigraphic reasouns
and the lithostratigraphlc position of Infierno Member permit to assign this unit to the
Hautenivian to ?Lower ‘Turonian Myczyliski & Pszczblkowski in: Pgzczdélkowski & al. 1975).

LATERAL EXTENT AND THICKNESS

The Infierno Member occurs in the Slerra de los Organos, namely in the sections of Vina-
les and Infierno tectonic units. In places, the upper part of the Member contains less cherts
than it does in the type section. The bed thickness may vary. Some intercalations of shaly
limestones may appear. The total thickness ranges from 0 to 50 m.

CORRELATION

The Infierno Member is facies equivalent amd in part time egquivalent to the Pons For-
mation of Valle de Pons tectonic unit, the sequence of Slerra de los Organos.

PONS FORMATION

HISTORY

The Pons Formation has been distinguished by Hatten (1957) in the Valle de Pons, Sierra
de los Organos. The deposits attributed to this formatiom are overlaid by very similar lime-
stones of Penas Formation of Hatten (1957). Later on, Herrera (1961) described from the same
aréa his Ming Formation, ‘with lithologlcal -characteristics very close -fo that of Hatten’s (1957)
Pons Formation. L . . . .

Actually, the Pons (or Mina) Formation does not include significant amount of terrigenous
rocks, as claimed by Hatten (1957) and Herrera (1961); moreover, Pons and Penas Formations
differ in lithology but insignificantly (Piotrowska in: Pszczblkowski & al. 1975). Hence, Fons
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Formation is here considered as including all the limestones with chertis, assigned by Hatten
(1957) to either Pons, or Penss Formations. The name Mina Formation has not been accepted,
as it was introduced later and the original description by Hecrera (1961) appears insufficient,

TYPE SECTION

The type section of redefined Pons Formation is in the bed of Las Piedras
River, 1.5 km south to Pons (Piotrowska in: Psaczélkowski & al. 1975). There are
exposed in the river bed well-bedded, light-gray to nearly black, micritic lime-
stones interbedded with cherts. In the lower part, thick-bedded, light-gray or mottled
limestones are dominant; however, darik-gray varieties do also occur. In the upper
part (= Peiias Formation of Hatten 1957), the beds are thinner and the rocks become
dark-gray to black, although light-gray layers do also occur. Chert intercalations
are more common in this part of the Formation. The total thickness of Pons For-
mation is 200 meters in its type section. '

BOUNDARIES

There is no type of the lower boundary of Pons Formation, as its base is not
exposed in the Valle de Pons. The type of the upper boundary is in the type section,
at the top of the light-gray limestones with chert intercalations, bordering sharply
upon marly limestones of Ancén Formation.

AGE

On the basis of planktic forams, Hatten (1957) assigned his Pons and Penas Formatlons
to the Albian to Upper Campanian, New micropaleontological data (Torre 1972—1975) indicate
that vedefined Pons Formation ranges in age since the ?Hauterivian through Danian. The
limestones and cherts of Pons Formation contain- also abundant radiolarians; at the base,
poorly preserved tintinnids and Nenrnoconus occur (Torre 1972—1975).

LATERAL EXTENT

The Pons Formation has been reported from the Pons and Pica Pica Valleys, central part
of the Sierra de los Organos (Plotrowska in: PszczOikowski & al. 1876). The limestones of
Pons Formation may also occur in the environs of La Legua, southwestern part of the Sierra
de los Organos. The uppermost part of the Formation resembles deposits of Infierno Member
of Guasasa Formation,

CORRELATION

The lower part of Pons Formation is time equivalent to the Infiermo Member of the
Sierra de los Organos. In the southern and northern sequences of Sierra del Rosario, the
Poller and Buenavista Formations are time equivalent to Pons Formation (cf. Table 1). In
Quinones stratigraphic sequence, the Lucas, Sierra Aztl, and Guajaibén Formations represent
jointly almogt the same age interval as Pons Formation does.

ARTEMISA FORMATION

HISTORY

The Artemisa Formation (Lewis 1932) occurs in the lower part of Vinales Group (Table 2),
Herrera (1961) raised this formation to a group rank and subdivided it into Aptychus and
Yaya Formations. However, the name Aptychus Formation i not allowed by the rules of
lithostratigraphic nomenclature (cf. Hedberg & al, 1972, Hedberg 1976); moreover, no type sec-
tion has been designated by Herrera (1961) for this unit., The criteria proposed to recognize
Aptychus and Yaya Formations in the field appear insufficient, Therefore, these units cannot
be accepted. . B .. . .

The type area of Artemisa Formation has been designated by Cinco Pesos (Judoley & Fur-. .

razola-Bermtidez 1888), This was also the type section of Rosario Limestone of Hatten (1957)
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LITHOLOGY

The Artemisa Formation comprises well-bedded micritic limestones, calcilutites, calcareni-
tes, and some calcirudites. In places, there are also thin intercalatlons of radlolarlan cherts,
and clayey and marly shales. At the base of the Formation, siltstones and fine-grained sand-
stones occur sporadically. . .

SUBDIVISION

The Formation s partly subdivided into 3 members (Table 3), viz. San Vicente, La Zarza,
and Sumidero Members (cf. Pszczolkowski 1976a), The San Vicente Member can be recognized
but in a few sections (e.g, Fig. 114). The La Zarza Member is also absent from some sections

of Artemisa Formation.
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A — Lithologic-microfacies section of Artemisa Formation at IL.os Bermejales
(cf. section 9 in Text-fig. 24); BV — Buenavista Formation; for other explanations
see Text-fig. 5A
B — Lithologic-microfacies section of Artemisa Formation at Mil Cumbres de Ca-
talina (cf. section 10 in Text-fig. 24); BV — Buenavista Formation; for other expla-
nations see Text-fig. 54
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AGE

As judged from ammonites (Imlay 1942, Judoley & Furrazola-Bermudez 1968, HouSa 197¢b, -
Myczyhskl in: Pszczblkowski & al. 1975, Kutek & Wierzbowski in: Kutek & al. 1976) and tintin-
nids (Torre 1972—1976), the Artemisa Formation can be assigiffed to the upper Middle Oxfordian
or lower Upper Oxfordian to Hauterivian. ’ :

BOUNDARIES

The lower, boundary of the Formation is in the type section, at the base of thin-
-bedded micritic limestones overlying the shales of Francisco Formation. This boundary is
exposed by the road towards Bahia Honda, at a slope of the Altos de San Francisco, Despite
a slight décollement at the contact, it can be recognized for the type of the lower boundary
of ‘Artemisa Formation. : .

The upper boundary of the Formation is of tectonic nature in the type section. However,
it can be observed at El Derrumbsdero In La Zarza tectonic unit. The limestones with chert
jntercalations of Artemisa Formation border upon cherts of Buenavista Formation. In other
sections of the southern sequemnce of Sierma del Rosario, the upper boundary of Artemisa
Formation resembles that at El Derrumbadero, except of some places where the deposits of
Artemiga Formation border upon red shales (Seboruco-u.nare's section) or a breccia of Buena-
vista Formation (cf. Pszezblkowskli 1978a, Fig. 8). In the northern sequence of Sierra del
Rosario, the upper boundary of Artemisa Formation is at the base of the first sandstone
layer; the transition to deposits of Polier Formation is gradational therein,

LATERAL EXTENT AND THICKNESS

The Artemisa Formation occurs in the southern and northern sequences of Sierra del
Rosario (Pszczblkowskl 1978a), In the northern sequence, this formation occurs complete but
in a few sections. The thickness is 300 m In the type section, while in some other sectlions it

attaing up to 700—800 m.

C€ORRELATION

The Artemisa Formation is thme equivalent to the most of Guasasa Formation (except
of Inflerno Member; Tables 3—4) and the uppermost part of Jagua Formation (cf. Kuiek & al.
1976, Table 1). The synonymy has been given by Judoley & Furrazola-Bermudez (1%8)_.

LA ZARZA MEMBER

NAME

The La Zarza Member has been distinguished in the lower part of Artemisa Formation
(Pszczbikowseki 1976a) but its formal description has insotgr not been published. The name is
after La Zarza hill, by the road between San Cristobal and Bahia Honda.

TYPE SECTION

The type section i by the road between La Zarza hill and Altos de San Fran-
cisco. Thus, it represents the lower part of Artemisa Formation type (cf. Judoley
& Furrazola-Bermtidez 1968). At the base of the section, there are thin-bedded,
gray, micritic limestones with some thin shale intercalations. The limestones contain
rare aptychi. Higher in the section, there are similar rocks disturbed tectomically
over a dozen or so meters. Then, the lower part of the Member is ended with
somewhat thicker beds (0.2 to 0.5 m) of gray, micritic limestones. In the upper part
of the Member, there are micritic limestones and calcilutites interbedded with
dark-gray to black, bioclastic limestones and coquinas composed of ammonite shells
and aptychi. At the top, the layers are up to 0.3 m thick. The total thickmess of
La Zarza Member attains 150 m in its type section.

BOUNDARIES

The type of the lower boundary of La Zarza Member is in the type section, at
the base of micritic limestones overlying shales of Francisco Formation. The latter
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deposits comprise some thin intercalations of micritic limestones and hence, the
transition appears gradational even despite a slight décollement.

The type of the upper boundary is at a turn of the road between La Zarza and
Cinco Pesos (cf. Kutek & al. 1976, Fig. 2), at the top of the last layer of bioclastic
limestones wunderlying light-gray, micritic limestones with chert intercalations
assigned to the Sumidéro Member. The tramsition is gradational.

FAUNA AND AGE

The oldest ammonite assemblage of La Zarza
Member has been reported Irom Cinco PPegos section
(Kutek & Wierzbowski in: Kutek & al, 1976). The am-
monite genera Cubasphinctes and Mirosphinctes deTiv-
ed from the lowest layers of La Zarza Member, in-
dicate the upper Middle Oxfordian or lower Upper
Oxfordian. A younger ammonite asemblage occurs in
the bioclastic and coquinitic limestones of the top part
of the Member. It has been recorded in many sec-
tione in the southern part of Slerra del Rosario, he-
tween La Palma and Caya)abos localities. In some sec-
tions, the ammonite-bearing limestones up to 60 m
thick occur some 50 {0 70 m above the base of La Za-
rza Member (e.g. at Cinco Pegog); while in others,
they occur some 70 to 120 m above the Member base,
The most typical are the following ammonite genera:
Pseudolissoceras, Butiiceras (this genus has been erect- 9] gp-386
ed for the Cuban species assigned previously to Pa- —\ 6P-385b
rodontoceras; cf. HouSa & Nuez 1973, 1875), Corongoce- J— 6 P=385a
.ras, Protancyloceras, Dickersonia, and Vinalesites. This —
assemblage indicates the Tithonian (Imlay 1642, Judoley
& Furrazola-Bermudez 1988, Housa 1974b, Myczyiski in:
PszezOlkowskl & qgl. 1875).

The tintinnids reported from the upper part of La
Zarza Member at Cinco Pesos (Furrazola-Bermudez 1985)
are attributed to the genus Chitinoidella, typical of the
Middle Tithonlan (Kreisel & Furrazola-Bermudez 1971),
As indicated by the presence of Calpionellas sp. (Fig.
12, sample 6P-385b; Table 6), the top part of the
Member represents the Upper Tithonian or Berriasian
in some sections. The limestones of the upper part of
La Zarza Member may contaln radiolarians and Sac-
cocoma fragments (Furrazola-Bermudez 1985), some mi-
nute fragments of fish and a few reptile bones,

In Seboruco-Linares section (Fig. 13A), the lime-
stones of the top part of La Zarza Member contain
Protancyloceras and Vinalesites, and may already re-
present the Berriasian, as they are overlaid by Sumi-
dero Member limestones with tintinnids (cf. Torre 1572 0% 0% » 1,
—1975, sample 6P-289) typical of the Upper Berriasian
to Valanginian (Pszczbélkowski in: Pszczolkowski & al. :
1975, Myczyhiski 1977). "o . 7. %0

Fig. 12
Lithologic-microfacies section of Artemisa For-
mation by the locality Sabanilla (cf. section 2,
. in Text-fig. 24)
BV — Buenavista Formation, Sb. — Sabanilla Member
of Buenavista Formation; for. other explanations see
Text-fig., 54 0

The limestones of the lower part of La Zarza Member have insofar not been bio-
stratigraphically dated. They are 50 to 120 m thick and are situated between deposits con-~
taining the Oxfordian and Tithonian ammonites, B

In general, the La Zarza Member can be atiributed to the upper Middle Oxiordxan or
lower Upper Oxfqrdian to ?Lower Berriasian; however, the upper boundary is probably hetero-
chronous,
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LATERAL EXTENT AND THICKNESS

The La Zarza Member oceurs commonly in the northern and southern sequences of
Sjerra del Hosario. Its best sections are in La Zarza and Cinco Pesos tectonic units (¢f. Fig.
2A). The litology is variable; in some sections, there are calearenites and limesione brecclas
(Fig. 12). The thickness ranges from 80 to 200 m. In the northern sequence, ihe sections are
often incomplete because of tectonic reasons.

CORRELATION

The La Zarza Member is time equlvalent to the upper part of Pimienta Member of
Jagua Formation, and to the 8an vicente, El Americano, and lower Tumbadero Members of
Guasasa Formation (Table 4).

SUMIDERO MEMBER

NAME

The Sumidero Member has been distinguished (Pszczblkowski 1976a) in the upper part
of Ariemisa Formation (Table 3). Its formal description has insofar not been published. The
name is after Sumidero hills, west to Los Palacios River, central part of the Sierra del Rosario

(Fig. 10B).
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Fig. 13
A — Lithologic-microfacies section of Artemisa Formation at Seboruco-Linares
(cf. section 11 in Text-fig. 24); BV — Buenavista Formation; for other explanations
: see Text-fig. 54
B — Lithologic-microfacies section of Artemisa Formation by the locality - Niceto
Perez (cf. section 13 in Text-fig. 24); for explahation of the symbols see Text-fig. 5A.
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TYPE SECTION

The type section is in the valley of Los Palacios River, south $o Sumidero
“‘hills, and north to the localities Seboruco and Linares (Fig. 10B). The section
(Fig. 13A) starts on at the western slope of the valley, some meters above the
terrace; its topographic coordinates are 260.100 and 323.640. The limestones of La
Zarza Member are overlaid by light-brown and rose, micritic limestones with smaill
unidentifiable ammonites. There are also radiolarians and tintinnids (Torre 1972
1975, samples 6P-289 and 6P-290). Some meters above the base of these limestones,
light-gray limestone intercalations and thin cheris appear. Higher in the section,
there are gray to blue-gray, micritic limestones with thick intercalations of radio-
larian cherts. The latter set is fairly thick and at the top, there are some layers
of gray-violet, mottled limestones with a few poorly preserved ammonite imprints.
There are also some horizontally laminated limestones in this part of the section.
The type section of Sumidero Member ends with thin-bedded, dark-gray, micritic
limestones intercalated with cherts. These limestones contain abundant aptychi and
a few poorly preserved ammonite imprints. There are also abundant calcified radio-
larians. The whole section attains some 190 m in thickness. '
BOUNDARIES :

The type of the lower boundary of Sumidero Member is in the type section, at
the base of the light-brown and pink, micritic limestones. The boundary is sharp
but without any suggestion of sedimentary discontinuity. ’

The type of the upper boundary is in the same section, at the top of the thin-
-bedded, micritic limestones with chert intercalations, bordering upon red shales
of Buenavista Formation.

FAUNA AND AGE

The deposits of Sumidero Member contain some tintinnids (Torre 1972—1975) and & few
ammonites (Myczyriski 1977). At the base of the type sectlon (Fig. 134), there are tintinnids
(samples 6P-289 and 6P-200; Table 5) indicating the Upper Berriasian to Valanginian (cf. Remané
1571, Trejo 1975). In Mil Cumbr'és de la Catalina section (Fig. 11B), there sre at the base
tintinnids (sample 6P-267a¢, c; Table 6) indicating Calpionellopsis Zome, that iz the Upper
Berriasian {0 Lower Valanginian. In Los Bermejales section (Fig. 114, Table 6), there are no
tintinnids at the base of the Member, except of Calplonella alpinag Lombard which may indicate
the Lower Berrlagian. Tintinnids occurring at the top of Sumidero Member (Figs 1B, 12,
13 B; Table 6) indicate the Upper Berriasian t0 Lower Hauterivian.

Table 6
Tintinnids of Artemisa and Polier Formations

J FORRATIONS ARTEMISA IER
N Menbers La Zarsa Bupiderc
N 2 .I ] o &
g | S|SB 2Bl o Efg| "
Sections = W B Q | S I3 E
B £ o § o o ] > & g
& g 5B 3 B gl gl &
= & o [ E = g o =
TMntinnia g | &) B8] F g 1 - L AL
ntinnlds E |y E H &
® B é :
o
Calpionella alpina Lorens 6P487
Calpionella elliptica Cadisch P787
Calpionella ap, . 6P385h |6PuB7 76F2844 26F590
Crassicollaris brevis Remane - 56
Tintinnopeella ¢f. caxpathica /Murg,& Fillp./ 6P289
Tiatinnopsella lonza /Colom/ 6P289 P6R346
Tintinnopsells sp. 76290
iRemaniella cudiechiuna /Golom/ 57
Calpionellopsia simplex /Colow/ 76P267a [76P290 3688
Calpionellopsis of. simplex /Colom/ 6F267¢ )
Calpionellopsis oblonga /Gadlisch/ 6F289 |?6F351 73;88 a
Caluionellopels of, oblonga /Cadisch/ 61’13(2)
Calpionellopels sp. - X 6P26%a .
Calnionellites darderi /Colom/ .. 76F289 76F390
Calplonellites cf., darderi /Colom/ 56
Culnionellites of., darderi (guloy SP26! 6P368a

Except of samples numl_)ered 56 and 57 identified by Lupu (1873), all the taxa have been identi-
fied by Torre (1672—1975); cf. sample numbers in Text-figs 11—i13
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The present author hasg found in the environs of Soroa a few ammbonites attributed to
Thurmanniceras cf. novihispanicus (Imlay) suggesting the Valanginian age for the upper part
of Sumidero Member (cf. Myczyhski 1977). A single specimen assigned to ? Karsteniceras cf.
subtilis (Uhlig) has been found near San Miguel; it might dndicate the ? Lower Barremian
{cf. Myczyriski 1977) but so high the stratigraphic range of Sumidero Member has insofar not

been confirmed in other sections.
In general, the Sumidero Member ranges in age gince the Berriaslan to Farly Hauteri-

vian.

LATERAL EXTENT AND THICKNESS

The deposits of Sumidero Member are present in all the sections of the upper part
of Artemisa Formation in the northern and southern sequences of Sierra del Rosario. The
lithology is relatively comstant. However, the amount of cherts may vary, while at the base
of the Member gingular calcarenite intercalations may occur. The total thickness ranges froin

50 to 200 m.

CORRELATION

Time equivalents of Sumidero Member are given in Table 3.

POLIER FORMATION

NAME

This is a new lithostratigraphic unit (cf. Pszczdlkowski 1976a) recognized in the upper
part of Vinales Group (Table 2). The name is after the hills Lomas de Polier, south to the
locality Los Hoyos (Fig. 14A). : )

TYPE SECTION

The type section of the Formation is exposed in the western escarpment of the
road between Soroa and San Diego de Nufiez; its topographic coordinates are 288.200
and 337.680. The section starts on at the tectonic contact with the Upper Cretaceous
marly limestones. In the lower part of Polier Farmation, there are thin-bedded,
gray, micritic limestones intercalated with sandstones and shales, The sandstones
are thin-bedded, gray-brown or gray, haxd, fine-grained, and with calcareous
cement. They display organic or inorganic casis on the soles (flute casts and groove
casts among others). They may also display graded bedding and horizontal and cross
lamination. Some sandstone layers are up to some iens centimeters thick. The
sandstones consist mostly of sharp-edged quartz, with plagioclases and muscovite
in minor amounts. The limestones of this part of Polier Formation contain some
ammonite imprints.

The upper part of Polier Formation starts with light-gray, hard, micritic lime-
stones interbedded with marly limestones and calcareous shales. The limestone set
is up to 30 m thick. It is overlaid by flysch deposits 10 m thick, recognized for the
Roble Member (see below). This lithostratigraphic unit consists of quartz sandstones
with calcareous cement. The rocks display graded bedding; however, sometimes it
may be rather indistinct. Flute casts (¢f. Pl. 3, Fig. 2) occur commonly; there are
both prod and groove casts. The sandstone layers are up to 0.3 m thick and separated
by thin clayey shale intercalations. Higher in the section, these deposits border
upon cherts of Buenavista Formation, the transition being gradational.

The total thickness of Polier Formation is almost 300 m in its type section.
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A — Location map of the type section of Polier Formation; I type section beginning,
2 type section end .
B — Location map of the type section of Roble Member of Polier Formation;
PLr — the type section

BOUNDARIES

The type of the lower boundary of the formation has been designated in Naranjo
tectonic unit {(cf. Fig. 24), between Rancho Manete and Naranjo elevations, by the
road between San Cristobal and Bahfa Honda. At that place, micritic limestones
and cherts of Artemisa Formation pass into limestones with sandstone, shale, and
sometimes chert intercalations of Polier Formation. The lower boundary of the
latter formation is at the base of the first sandstone layer.

The type of the upper boundary of Polier Formation is in the type section, at
the base of the first chert layer within the beds transitional between Polier and
Buenavista Formations.

FAUNA AND AGE

There are tintinnids at the base of Polier Formation (cf. Table 6). Ammonite
imprints are common in the middle part and rare at the top of the Formation. The list of
ammonite species recorded in the Poller Formation s given by Myczyrhskl (1977). These fossils
indicate the Valanginian to ? Albian, although most deposits are atiributed to the Hauterivian
and Barremian (Mycezyriski 1877). The upper boundary of Poller Formation is probably "hetero-
chronous.

The fossll assemblage contains also radiolarians, while Nannoconus and planktic forams
(Hedbergella sp.) occur less commonly. Aptychi are abundant all over the Formation.

SUBDIVISION

The Roble Member has been recognized by the present author (Pszczblkowski 1976a)
for the uppermost part of Polier Formation.

LATERAL EXTENT AND THICKNESS

The Poller Formation occurs in the northern sequence of Sierra del Rosario (Fig. 2B;
Table 1). The sandstones occur more sbundantly in the tectonic units of Cangre and Sierra
Chiquita. -

The total thickness decreases southwards. It is about 300 m in Cangre unit (e.g. in
Lomas de Poler section), while it attains but some tens meters in Belén Vigoa unit,
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CORRELATION

In part, the Poller Formation is time equivalent to the Sabanilla Member of Buenavista
Formation and to the top part of Sumidero Member of Artemisa Formation in the southern
sequence of Slerra del Rosario, In the sequence of Quinones, its time equivalent is the Lucas
Formation (Table 4). In part, the Polier Formation is algo time equivalent to the Tumbitas
and Infierno Members of Guasasa Formation and to the Pons Formation in the Siefra de los
Organos.

ROBLE MEMBER

NAME

The Roble Member has been distinguished in the uppermost part of Polier Formation
(Pszcz6lksowski 1976a). The name is after Bracilano Roble hill, central part of the Sierra del
Rosario.

'TYPE SECTION

. The type section is designated in the western escarpment of the road between
San. Cristobal and Bahia Honda (Fig. 14B; Pl. 3, Fig. 1). Its topographic coordinates
are 280.500 and 331.880, Micritic limestones with shale and sandstone intercalations
of Polier Formation are overlaid by thick-bedded, medium-grained, quartz sand-
stones. Most sandstone layers display graded bedding -and abundant casfs on the
soles. Thin intercalations of clayey shales occur between the sandstone layers. There
are a few layers of micritic limestones in the middle of the Member while at the
top, there is a single defritic limestone layer up to 1 m thick. The total thickness
approximates 20 m. At the top, the deposits of this Member border upon -cherts
and shales of Sabanilla Member of Buenavista Formation (Pl 3, Fig. 1).

BOUNDARIES

The type of the lower boundary of the Member is in the type section, at the
base of the first layer of thick-bedded sandstone. The type of the upper boundary
is. in the same section, at the base of the first chert layer. Both boundaries are
transitional, although the lower ome is sharply medrked.

FAUNA AND AGE

Apart from a few unidentifiable ammonite imprints, the sandstones of Roble Member
contain but a few poorly preserved benthic and- planktic forams. No microfauna has been
reported from the shales. Then, the Roble Member can be but tentatively assigned to the
Aptlan to Albian on the basis of its lithostratigraphic position.

LATERAL EXTENT AND THICKNESS

The Roble Member occurs in the northern sequence of Sierra del Rosario; however,
there are some sections of Polier Formation where this member cannot be recognized, The
thickness of Roble Member deposits does never exceed 30 m but often it ranges from quite
a few to.20 meters. Very similar Cretaceous sandstones occur also in the facies-structural
zone of La Esperanza (PszezOlkowski & al. 1975).

LUCAS FORMATION
NAME

This 18 a new lithostratigraphic unit (Pszcz6tkowski 1976a) making part of Vinales Group
(Table .2). The name is after Rancho Lucas, northern part of the Sierra del Rosario Fig. 15).
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TYPE SECTION

Fig. 15 Asiento de f

Location map of the type sections Cacarajicara
of Lucas (L) and Sierra Azdl (SA)
Formaftions, and Pinalilla Member
(SAp) of Sierra AzdGl Formation;
2 Lucas Formation exposures

The type section is in the en-
virons of Rancho Lucas, south to
the Sierra Azil, by the road between
Las Pozas and Pinalilla (Fig. 15).
The best exposures are in the road
escarpment. At the locality 1 (topo-
graphic coordinates 267.450 and
332.400), there are thin-bedded, gray . L 1km
io black, micritic limestones. They
contain abundant aptychi and a few
poorly preserved ammonibe imprints. The rocks are strongly disturbed tectonically.
The limestone thickness is 50 m at this Iocality.

The uppermost part of the Lucas Formation is exposed at the locality 2, in the
northern escarpment, 350 m NE 4o the former locality (Fig. 15). The deposits are
represented by thin-bedded, gray, micritic limestones intercalated with hard, calca-
reous shales and marly shales (Pl. 2, Fig. 1). The limesbones: contain abundant aptychi
and a few ammonite imprints. In thin sections, radiolarians ccour commonily; they
are usually calcified. The thickness of these deposits is 6 m. Higher in the section,
the deposits of Lucas Formation pass grada'honaﬂy into shales and cheris of Sierra
Azl Formation.

The type section of Lucas Formation stan'ts on and ends just with the strata
described from these localities. The total thickness of the Formation attains 200 m.
Lithologically, the other depos1ts of the type section do not differ from those
described above.

BOUNDARIES ) ]

The lower boundary of the Formation is unknown, as this unit borders upon
other deposits along an overthrust surface. The type of the upper boundary of
Lucas Formation is in the type section, at the top of the last limestone layer within
the beds transitional to the Sierra Azil Formation.

Pinalilla

AGE

The ammonites made possible the assignment of Lucas Formation to the Upper RHauteri-
vian to Lower Barremian (Myczyfiski 1977).

LATERAL EXTENT AND THICKNESS

The Lucas Formation occurs exclusively in Quinones tectonic unit, northern part of
the Sierra del Rosario (cf. Fig. 24); it extends over some 20 km between the locality Pinalilla
and Loma del Cable. There is a slight lithological variability in the amounts of thin chert or
calcareous sandstone intercalations. However,. these intercalations are never of any significance.
The thickness of Lucas Formation attaing its maximum (300 m) by Los Cayos.

CORRELATION

The Lucas Formation is time equivalent to the middle part of Polier Formaiion and
to the Sabanilla Member of Buenavista Formation in the Sierra del Rosario; in the Sierra de
iog Organos, its tlme equivalents are the lower part of Pons Formation and the .Infierno
Member of Guasasa Formation (Table 4).
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SIERRA AZUL FORMATION

NAMF

The Slerra Azl Formation is a new litho-
ptratigraphic unit (cf. Pszczbilkowskl 1878a), The
name is after the limestone range Sierra Az,
northern margin of the Sierra del Rosario.

TYPE SECTION

The type section of the Formation is at
the southemn slope of Sierra Azal, between
Pinalilla and Las Pozas (Fig. 15). The topo-
graphic coondinates are 267.675 and 332.800.
The deposits of Lucas Formation are overlaid
by shales and cherts therein (Fig. 16). At the
base, there are hard, marly shales replaced
by green cherts intercalated with thin layers
of clayey shales, higher in the section. These
cherts are overlaid by variegated clayey
shales. At the top of these shales, there are
green cherts with thin intercalations of fine-
-grained deposits including tuffite matter.
The above described strata represent the
lower part of Sierra Azl Formation, and
their thickness is 150 m, _

The middle part of the Formation com-
prises massive or thick-bedded, gray-green,
micritic limestone 170 m thick. This is the
Pinalilla Member.

The deposits of the upper part of Sierra
AzGl Formation vary in .lithology (Fig. 16).
They include marly limestones and shales
(6 m), clayey shales with thin intercalations
of siltstones and fine-grained sandstones
(70 m), gray, marly limestones with shale
intercalations (10 m), gray to brown, marly
limestones (15 m), sandstones and shales (30
m), miicritic limestones (4 m), interbedded
calcareous shales, micritic limestones, and
limestone breccias (approximately 100 m),
and quartz sandstones (40 m). Thus, the upper
part of the Formation attains 280 m in thick-
ness. The total thickness of the Sierra Azl
Formation is 600 m in its type section.

Fig, 16

Type section of Sierra Aztl Formation (for
its geographic setiing see Text-fig. 15)

1 well-bedded, micritic limestones, 2 marly lime-

stones and marls, 3 massive and thick-bedded li-

mestones of Pinalllla Member, 4 masgive limesto- -

nes of Guajaib6n Formation, 5 hard, calcareous sha-

les, 6 brecclas, 7 clayey and marly shales, 8 sand-

stones, #§ fine-grained, tuffite-bearing rocks, 0
cherts -
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BOUNDARIES

The type of the lower boundary of the Formation is at the locality 2 (Fig. 15),
at the top of the last limesbone layer within the deposits transitional between
Lucas and Sierra Azl Formations. '

The type of the uppér boundary is in the type sectiom, at the tap of quartz
sandstones underlying massive limestomes of Guajaibén Formation. In other sections,
the upper boundary of Sierra Azil Formation is at the top of clayey shales or
sandy-clayey deposits,

SUBDIVISION

The Pinalilla Member hag been recognized for the middle part of the Formation (Fig.
18).

FAUNA AND AGE

The limestones of the middle part of Sierra AzdGl Formation contain planktic forams
indicating the Turonian age (Tm're.m—-lmﬁ)'. At the top, the following foraminifer genera
have been recorded: Vaughanina, Orbitoldes, Pseudorbitoides, Sulcorbitoldes, and Sulcoper-
culina, indicating the Campanian to Msasirichtian age (Torre 1972—1975). There are no forams
typlecal of the Upper Maastrichtian., Thus, the Sierra Azdl Formation can be assigned to the
Barremian to ? Lower Masastrichtian, This inference is also confirmed by the lithostratigraphie
position of the formation.

LATERAL EXTENT AND THICKNESS

The Sierra Azil Formatlon i present in the stratigraphic sequence of Qui.nmes,
northern part of the Slerra del Rosario. The terrigenous deposite In the upper part of the
Formation may be thicker in some sections than they are in the type ares. In the environs
of El Pan de Guajaib6n, there is a volcanic rock up to a dozen meters thick at the top of
the Formation. The total thickness of Slerra Azil Formation does not exceed 800 m.

CORRELATION

In part, the Slerra AzGl Formation 1s time equivalent to the upper part of Polier
Formation and to the Buenavista Formation in the Sierra del Rogarlo; and to the Pons
Formation (except of its lowermost and uppermost parts) and the Infierno Member of Guasasa
Formation in the Sierra de los Organos, In the facies-structural zone of Bahia Honda, the Sierra
Azl Formation is partly time equivalent to the Felicidades Formation (Pszczilkowski & al.
1975). .

PINALILLA MEMBER
NAME ’

The Pinalilla Member (Pszczélkowski 1976a) has been distinguished in the middle part
of Sierra AzGl Formation. The name i8 after the locality called Pinalilla, north to the road
towards Asiento de Cacatajiea,ta (Fig. 16).

- TYPE SECTION
The type section of the Member is in the neighborhood of Rancho Lucas
(Fig. 15). It makes part of the type section of Sierra Azul Formation. The Member
consists of thick-bedded, sometimes massive, gray-green, micritic hmestones w1thout
any intercalations.

BOUNDARIES
The type of the lower boundary of Pinalilla Member is in the type section, at
the ‘base of thick-bedded limestones ove.rlymg cherls of the lower part of Sierra

Azl Formation.
The type of the upper boundary is in the same section, at the top of a limestone
layer underlying the first marly shale interealation.

FAUNA AND AGE

Some samples derived from the limestones of Pinalilla Member contain planktic forams
(TorTe 1973—1975, Pszczblkowski in: Pszezblkowski & al. 1975). Moreover, there are also radlo-
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larians, Stomiosphaera, and Pitonella, The microorganisms indicate the Turonlan age for the
Member (cf. Pazczélkowskl 1976a).

LATERAL EXTENT AND THICKNESS

P The Pinalilla Member occurs excluslvely in the sequence of Quinones. The total
thickness is 170 m in the type secilon, while it ranges from 100 to 140 m in other sections.

BUENAVISTA FORMATION

NAME

Buenavista Formation has been recognized in the southern and northern sequences
of Slerra del Rosarlo (Pszezdlkowskl 1976a). Its detalled description (Pezczélkowskl in: Pszezbl-
kowskl & gl. 175) has insofar not been published. The name is after a locality by the rosd
between El Cuzeo and Valdés, northeastern part of the Sierra del Rosario. The deposits’
assigned at present to the Buenavigta Formation had previously not been regarded ag a formal
lithostratigraphic unit.
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"Fig. 17. Location map of the type area of Buenavista Formation
1 type sectlon of the lower and middle paris of the Formation, 2 type section of the upper
part of the Formation; hachured type area

TYPE AREA .

Poor exposures, high lithological variability, and tectonic complexity do not
allow for the moment to designate a single type section for the whole Buenavista
Formation. The type area is in the northeastern part of Sierra del Rosario Fig 17.
The hypostratotype for the southern sequence of Sierra del Rosario is at the locality
called Buena Vista, east o La Palma (Fig. 23). _

The type section of the lower and middle parts of Buenavista Formation are
by the road between Soroa and San Diego de Nuiiez, crossing the hills Lomas de
Polier (Fig. 17). Deposits of Roble Member wof Polier Formatjon are overlaid by
cherts and green shales, with some layers of silicified turbidite sandstones at
the base (Fig. 184). At the top of this chert set, there are some intercalations of
red and green, micritic limestones; they are usually silicified.” These deposits are
38 m thick and have been assigned f{o the Sabanilla Member. They are overlaid
by a set of detritic and micritic limestones and cherts. The detritic limestones
include calcirudites (limestone breccias), calcarenites, and calcilutites. They often
display graded bedding and are sharply separated from: the mieritic limestones and
cherts at the base. These deposits include also some clayey shales, sometimes silicified;
however, the latter rocks oocur but in minor amounts although they become more
common in the uppermost part. These limestone- and chert-bearing deposits are
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23 m thick. Higher in the section, they pass gradationally into sandstomes and shales’
intercalated with limestones. The latter deposits are but poorly exposed in Lomas,
de Polier section.

The type section of the upper part of ithe Formation is by the road from Re-
compensa and Valdés towards. El Cuzeo (Fig. 17). The topographic coordinates are
294,000 and 839.650. Detritic and micritic limesbones and cherts are overlaid by
a coarse ‘breccia 10 m thick (Fig. 18B), consisting of limestone and chert debris
up to 1 m in size. This breccia underlies green, banded cherts. Higher in the section,
there is another breccia 8 m thick constisting of limestone and chert debris up to
0.8 m in size. It is overlaid by cherts with rare intercalations of clayey-tuffite
deposits, At the top, these cherts border upon detrific limestones of Cascarajicara
Formatmn. ‘The total thlclmess of the upper part of Buenavista Formation is about
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Fig. 18
Type sections of Buenavista Formation (for their geographic setting see Text-fig. 17)
A — type section of the lower and middle parts of the Formation at Lomas de
- Polier (simplified lithology)
B — type section of the upper part of the Formation south to Valdés (simplified
lithology)
1 turbidite sandstones, 2 shales, 3 clayey-tuffite mtercalat!ons 4 cherts, 5 mieritie, someﬂmes
gilicified limestones, 6 -graded detritle limestones, 7 breccias



SEQUENCES OF THE CORDILLERA DE GUANIGUANICO

HYPOSTRATOTYPE

The hypostratotype of the Formation
(Fig. 19) is at the locality called Buena Vista,
4 km east to La Palma (cf. Fig. 23). It is
exposed along a dirt road going northwards.
Limestones of Artemisa Formation are over-
laid by cherts exposed in some. small out-
crops; they represént the Sabamilla Member.
Higher in the section, there is a breccia 15 m
" thick consisting of limestone and chert de-
bris. It underlies micritic and marly limesto-
nes (10 m) passing at the top into a set of
marly and clayey shales and wacky sandsto-
nes intercalated with thin layers of marly
limestones -(totally, 70 m). Higher in the sec-
tion, there are thick-bedded, wacky sandsto-

nes including large amounts of volcanic de--

bris (25 m). They are overlaid by wvolcanic
rocks (100 m) of basalt or andesite composi-
tion (Skupifiski in: Pszezolkowski & al. 1975),
including volcanic breccias and agglomerates,
These volcanics underlie micritic limestones
(4 m) containing some microorganisms (Torre
1972—1975). Higher in the section, there are
cherts: (40 m), breccias (6 m) and at the ‘tap,
yellow shales and cherts (20 m). The upper
boundary of Buenavista Formation is of tec-
tonic nature in this section.

Fig, 19
Hypostratotype of - Buenavista Formation at
Buena Vista, east to La Palma (for its geo-
graphic setting see Text-fig. 23)
1 micritic limestones, 2 marly limestones, 3 cherts,
4 shales, 5 wacky sandstones, 6§ brecclas, 7 voleanic
rocks
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BOUNDARIES

The type of the lower boundary of the Formation is in the type section, at the
base of the first chert layer within the beds fransitional between Polier and Buena-
vista Formations. ' '

The type of the upper boundary is in the type.section of the upper part of
Buenavista Formation, at the fop of the chert set and at the base of detritic limesto-
nes of Cascarajicara.Formation. The upper boundary of Buenavista Formation is
poorly exposed; nevertheless, one may claim that it is of erosional nature (submarine
erosion).

SUBDIVISION

Three members have been distinguished within Buenavista Formation, viz, Sabanilla,
Moreno, and Los Cayos Members. Furthermore, three informal lithostratigraphic -units haye
also been recognized, viz, limestone- and chert-bearing, limestone breccia, and upper chert
members (Table 7). '

Table 7

Bue.naviéta Formation subdivision in the southern and northermn sequences of Sierra
del Rosario

SIERRA DEL ROSARIO SEQUENCES
FORMATION SOUTHERN NORTHERN

M e m b e r s

(Cascarajicara §
Formation)

/——/ upper cherts

- member
breccia member Los Cayos
Member

limestone
&

BUENAVISTA (lack of sediments)

limestone &
{chert~bea-
ring member

chert- .
bearing member

—

Sabanilla Member

FAUNA AND AGE

Chronostratigraphic attribution of the deposits of Buenavista Formation iz based on
some forams identified in thin sections, mostly by Torre (1972—1975) and in a few cases by
the present author (Pszczdliowski in: Pszczdlkowskl & al 1975).

‘The base déposits of Buenavista Formation overlie the Valanginlan to Lower Hauterivian
limestones of Artemisa Formation in the southern sequence -of Sierra del Rosario (cf. Table
4). However, in the northern sequence of Sierra del Rosario, the cherts of aabanill.g Member
overlie the Barremian to Alblan depoeits of Poller Formation, Thus, the lower boundary of
Buenavista Formation mppears heterochronous. . e

In the. norihern seguence of Sierra del Rosario, the strata of lower and middle paris
of Buenevista Formation are assigned to the ? Albian to Campanian, with the Cenomanian,



SEQUENCES OF THE CORDILLERA DE:GUANIGUANICO 30

Turonian, and Campanian documented micropaleontologically. There are no Santonlan foasily
in those deposits, while forams that may indicate the Coniaclan have heen recorded but In
a single sample (Torre 1972—197), The upper part of Buenavista ' Formation represents the
Campanian t0 Maastrichtian in Sierra Chiquita and Cangre tectonle uniis; whereas in some
southern sections of the northern sequence of Sierra del Rosarlo, the Upper Paleocene 'deposus
have also been recorded (Torre 167—1975). Moreover, Lower Eocene strata may also be -present
in the sections (Pszczbikowski in: Pszczblkowski & al, 1975). . . :

There are usually no Turonian to Campamnian deposits in the southern sequence of
‘Sierra del Rogario, due to a pre-Maastirichtian erosion (cf. Peaczblkowski 1971b, 1976s). The
Muaastrichtlan to Paleogene deposits of the upper part of Buenavists Formation are but in
a few sections underlaid by the Turomian to ? Coniacian rocks.. Some Late Paleocene micro-
organisms have been reported from this siratigraphic sequence (Torre 1972—1975; for sample
localization see Pszcz6lkowski in: Pezczélkowski & al, 1975). Lower Eocene deposits may also
be present in this sequence.

In general, the Buenavista Formatlon ranges in age since the Hanrterivian through
? Early Eocene. The upper boundary of the Formation is heterochronous.

LATERAL EXTENT, LITHOLOGIC V:ARIABH..ITY, AND THICKNESS

The Buenavisia Formation occurs in the southern end northern sequences of Sierra
del Rogario (Table 1). The lithology varies in the amount of terrigenous and volcanic deposits, |
and in the proportions of detritic deposits, cherts, and pelagic limestones. The high facies
variability and the occurrence .of etratigraphic hiatus in some sections may substantiate an
eventuat advancement of Buenavista Formation to the rank of a group; such an advancement
requires, however, more detalled stratigraphic and mapping research.

The maximum thickness is almost 400 m. Nevertheless, it ranges usually from 80 to
300 m, mostly because of tectonlc reagons.

CORRELATION

The Buenavista Formation is time equivalent to the upperinost part of Gussssa For-
mation and most of Pons Formation, and in part to the Ancoén and Pica Plea Formations in
the sequence of Sierra de los Organos (Table 1). In the Sierra del Rosario, time equivalents
of diverse paris of Buenavista Formation are: Lucas, Sierra AzGl, and Guajaib6n Formations
in the sequence of Quinones, and most of Polier Formation and the Cascarajicara Formation
in the northern sequence. Lithologically, the Buenavista Formation resembles most closely
some strata of Sierra Azul and Pica Pica Formations.

SABANILLA MEMBER

NAME

This is a new HMthostratigraphic unit recoéxi.ized in the lower part of Buenavista
Formation (Pszczélkowski 1976a). The name 13 after the locality Sabanilla, central part of
the Sierra del Rosario. '

TYPE SECTION .

The type section of Sabanilla Member is by the road between Niceto Perez
and Mil Cumbres, 2 km away from Sabanilla (Fig. 204). The topographic coordinates
are 265175 and 326.440. Micritic limestones intercalated with cherts of Artemisa
Formation are overlaid by cherts with thin intercalations of green, silicified, clayey
shales at the base. In the lower part of the section, these cherts are green, some-
times horizontally laminated. They represent ‘radiolarian cherts' and radiolarites.
At the top of the Member, the cherts become red or red-brown {in weathering zone),
and shale intercalations disappear. The deposits of this member are 20 m #hick in
this section. ' - '
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BOUNDARIES

The type of .the lower boundary of Sabanilla Member is in the type section, at
the base of a chert layer overlying the last limestone layer within the beds transi-
tional between Artemisa and Buenavista Formations.

The type of the upper boundary is in the same section, at the top of the last
chert layer underlying a breccia composed of limestone and chert debris. In the
type section this boundary is of erosional mature, However, in some other sections
the cherts pass gradationally into lxmestomes intercalated with cherts (imestone-
and chert-bearing member)..

FAUNA AND AGE

The Albian to Cenomanian planktic forams have been recorded in some exposures of
the southern sequence of Sierra del Rosario (Torre 1972—1975, Pszczélkowski in: Pspcmbikow-
ski & al. 1975). A sample denived at Logs Tumbos, NE fo Cinco Pesos, containg abundant
specimens of the foraminifer genera Rotalipora, Praeglobotruncana, Clavihedbergella, Schackoina,
and Hedbergella, the whole asgemblage indicating the Cenomanian to lowermost 7 Turonian.
The forams come from .the top part of Sabanilla Member; on the other hand, this member
overlles the Artemisa Formation. Hence, one may conclude that the Sabanilia Member tanges
in age since the Hauterivian through earliest ? Turonlan in the southern sequence of -Sierra
del Rosarlo. '

In the northern sequence of Sierra del Rosario, the only insofar recorded foraminifer
genus i8 Ticinella indicating the Alblan to Lower Cenomanian (cf. Bandy 1967). As judged
from its position relative to Polier Formation, the Sabanilla Member is of younger than the
Barremian age in this sequence. In gsome sectlons, it overlies even deposits of the Aptlan and
?Early Albian age. On the other hand, the Sabanilly Member is overlaid by the Cenomanian
to Turonian limestone- and chert-bearing member (see below). Hence, one may conclude that
the Sabanilla Member ranges in age since the Aptian through Cenomanian in the northern
sequence of Slerra del Rosario, although the stratigraphic range is usually sharter in each
particular section.

Both the boundaries of the Member are heterochronous.
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A — Location map of the type section of Sabanilla Member of Buenavista Forma-
tion; BVs — &type section
B — Location map of the type section of Moreno Member of Buenavista Formation;
1 type section of the lower part -of the Member, 2 type section of the upper part
. of the Member
C — Location map of the type section of Los Cayos Member of Buenavista Forma-
tion; BVe — type section
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LATERAL EXTENT AND THICKNESS
The Sabanilla Member occurs in most sections of Buenavista Formation in the southern

CORRELATION

: The Sabanilla Member is time equivalent to shales and cherts of the lower part of
Slerra Azl Formation in the sequence of Quinomes, The bage part of the Member in the
southern sequence is time equivalent to the Polier Formation in the northern sequence. In
the sequence of Sierra de los Organos, time equivalents of Sabanilla Member are: the lower
part of Pons Formation and most of Infierno Member of Guagaga Formation.

In the facieg-structural zone of La Esperanza, cherts and shales of Panchita Formation
(Danilewsici in: Pszezblikowski & gl, 1975) are equivalent in facies and partly in age to the
Sabanilla Member. .

LIMESTONE- AND CHERT-BEARING MEMBER

This informal lithostratigraphie unit tecognlzed in the middle part of Buenavista
Formation comprises mic_:nﬁc lln_:ue.utones, calcarenites, calcirudites (imesatone breccias), cherts,

including. There are also falrly common bioclasts, »iz. echinoderm and thick-shelled bivalve
debris (Pl 4, Fig. 6), algal detritus, and a few benthic and planktic forams, In thin sections,
one may algo see some oolds, shallow-water limestone, and pelagie, radiolarian-bearing
limestone debris. The thickness of this member ranges from a few to 70 meters,

The limestone- and . chert-bearing member appears typical of the northern sequence
of Sierra del Rosario. It is egpecially well-developed in the tectonic units of Sierra Chiquita,
Cangre, and La Serafina. In the southern sequence of Sierra del Rosarjo, it occurs but in
a few seéctlons and lacks usually both detritic limestones and shales.

The planktic forams (Torre 1‘9’7-2—197‘5) have allowed to assign the limestone- and chert-
-bearing member to the Cenomanian to Turonien but the. member may range up into the
Campanian at least in a single section (Pszczblkowski in: Pezczblkowski & al. 1975),

MORENO MEMBER
NAME
This is a new Hihostratigraphic unit (cf. Pszczblkowski 1978a) recognized for the middie
bart of Buenagvista Formation, The name is after Moreno locality, south to Valdés (Fig. 208).

TYPE AREA

The type area of Moreno Member is in the northeastern part of Sierra del
Rosario (Fig. 20B).

The type section of the lower part of the Member is by the road near Santiago
River, in the environs of another Moreno locality (Fig. 20B); the topographic co-
ordinates are 190.400 and 339.650. Deposits of Moreno Member overlie the limestone-
and chert-bearing member. They comprise shales, polymictic sandstones, marly and
detritic limestones. At the base, the section is dominated by clayey shales inter-
calated with limestones, while the limestones become lacking at the top. The detritic
limestones may display graded bedding. In this section, the Moreno Member attains
30 m in thickness. The upper boundary of this part of the Member is of tectonic
nature.



49 ANDRZEJ PSZCZOLKOWSKI

The type section of the upper part of Moreno Member is at Moreno, south to
Vvaldés (Fig. 20B); the topographic coordinates are 293,700 and 339.250. The exposure
is in a road escarpment. There are sandstones and conglomerates bearing a volcanic
material, intercalated with clayey shales. There are also some intercalations of
green, dacitic tuffites (Skupinski in: Pszezétkowski & al. 1975). These deposits attain
15 m in thidkness. At the top, they border upon cherts of the upper part of Buena-
vista Formation.

BOUNDARIES

The type of the lower boundary of Moreno Member is in the type section of
the lower part of the Member. It is designated at the base of the first layer of clayey
shales, within the beds transitional between the limestone- and chert-bearing
member and Moreno Member. '

The type of the upper boundary of Moreno Member is in the type section of
the upper part of the Member. It appears sharp and occurs at the base of the first
chert layer overlying the terrigenous deposits of Moreno Member.

AGE

The marly limestones comntain some planictic forams indicating the Cenomanian 1o
Turonian (Torre 1672—1975, Pazczoikowski in: Przezélkowski & al. 1975).

LATERAL EXTENT, LITHOLOGICAL VARIABILITY, AND THICKNESS

The Moreno Member occurs in the northern sequence of sierra del Rosario (Table 7),
viz. in the tectonic units of Sierra Chiquita, Cangre, and La Serafina, The deposits are litho-
logically variable. In some sections, detritic Umeltones are lacking, while volcanic deposits
{mostly tuffites) up to 13 m thick appear. The polymictic and wacky sandstones may be rare
or even absent from some Sections. The total thickness of Moreno Member ranges from 0 to
80 m.

CORRELATION

The Moreno Member is time equivalent to the upper part of limestone- and chert-
-bearing member (Table 7). In fact, these units may ;lntel.‘gr_ade lateraily.

LIMESTONE BRECCIA MEMBER

A breccia composed of limestone and subordinately chert fragments is here regarded
as an informal lithostratigraphic unit called limestone breceia member, It occurs commonly
in sections of the middle part of Buenavista Formation, overlying deposits of the limestone-
and chert-bearing member or Sabanilla Member, It has been recorded in the southern sequence
of Sierra del Rosario and in some southern tectonic units of the northern sequence. of Sierra
del Rosario. It was previously described under the name of Limestone Breccia from the
environs of Cinco Pesogs and Soroa @szezdlkowskl 1871b), and under the name of limestone-
_cherti breccia from the southern sequence of Slerra del Rosario (Pezezdlikowskl 1976a). .

The Upper Campanian to Masstrichtian forams have been reported from clasts making
part of the breccia (Torre 1972—1975, Pezezblkowskl in: Pszezblkowski & al. 1975). One may claim
that the breccla is of Maastrichtian age (Pszezblkowskl in: Pszczblkowskl & al. 1978), however
it may be younger locally,~The thickness ranges from 2 to 30 m.

LOS CAYOS MEMBER

NAME

This is a new lithostratigraphic unit recognized in the upper part of Buenavista
Formation (cf. PszezGlkowski 1976a). The name is after Los Cayos locality, northern part of
the Sierra del Rosario (Fig. 20C). :

TYPE .SECfi‘ngN
The type section of Lios Cayos Member. is in the -bed of San Miguel River and
at the base of a slope of the adjacent hill (Fig. 20C); the topographic coordinates



SEQUENCES OF THE CORDILLERA DE GUANIGUANICO 43

are 273.700 and 334.000. The Member consists exclusively of a coarse breccia (Pl 2,
Fig. 2) composed of chert and limestone debris. The largest blocks are up to 1.3 m
in size. The debris is usually densely packed and the matrix is usually invisible,
Among the components of the breccia, there are detritic, micritic, and marly lime-
stones among others. The clasts of biodetritic limestones oontain rudist debris and
benthic forams. The thickness of Los Cayos Member is 180 m in the type section.

BOUNDARIES

Types of the boundaries of Los Cayos Member cannot be designated, as they are
poorly exposed. In the type section, the breccia of Lis Cayos Member overlies gray,
marly limestones. The contact appears to be erosional. The upper boundary is
inapcessible but there are cherts interbedded with thin layers of clayey shales,
higher in the section. The latter deposits make part of the upper .chert member
of the Buenavista Formation.

AGE

No organic remains have been found in the breccia to allow a precise stratigraphic
asgignment. However, in a Section east to the type ares, detritic limestoneés underlying Los
Cayos Member contain the Campanian to Lower Maastrichtian microfauna (Torre 1972—i1975).
On the other hand, Los Cayos Member is overlaid by the Campanian to Magstrichtian cherts
and shales of the upper chert member, Hence, one may assign the deposits of Log Cayos
Member to the Campanian to Maastrichtian, )

LATERAL EXTENT AND THICKNESS

The Member occurg but is some sections of the northern sequence of Slerra del Rosarlo
(Table 7), »iz. in the tectonic units of Sierra Chiquita and Cangre (7). In Sierra Chiquita unit,
the breccia of Los Cayos Member occurs under the form of three clonggte lenges (Fig. 21y
but these lenses may join themselves somewhere, in' a section inaccessible for the moment.
The total thickness of the Member ranges from 0 to 180 m. The largest clasts have ‘been found
in the bed of Santlago River (radiolarian chert blocks up 1o 5§ m in length).

Luis Carrasco
(Quifiones)

1 Rfo Santiago

== =55
= Ei

o

Fig. 21, Section of Buenavista Formation in Sierma Chiquita {ectonic unit
1 marly lmestones, 2 upper chert member, 3 breccia of Los Cayos Member of Buenavisia
Formation, .4 clastic limestones of Cascarajicara Formation,. wr limestone- and chert-bearing
member of Buenavista Formation, M Moreno Member of Buenavista Formation
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UPPER CHERT MEMBER

In the- northern sequence of Sierra del Rosario, the upper part of Buenavista Formation
is dominated by radiolarian cherts. These deposits are here regarded as an informal litho-
stratigraphic unit called upper chert member (Table 7). Apart from the cherts, these strata
comprise algo breccias, clayey shales, fine-grained deposits with tuffogenic matter, and
calcarenites. The brecclag resemble closely in composition that one typical of XLos Cayos
Member., In some sections (e.g. L.oma del Mulo), there are at least 10 breccia beds, each
attaining quite a few meters in thickness, within the upper chert member. Some brececias
and calcarenites display graded bedding. The total thickness of the upper chert member
ranges from 70 to 100 m.

The upper chert member is overlaid by deposits of Cascara)icara Formatlon. As judged
from some planktic forams recorded In thin sections of the cherts (Globotruncanella sp.,
?Globotruncand sp., Hedbergella sp.), these sirata are to be assigned to the Campahian to
Maastrichtlan, The breccia clasis contaln ‘some benthic forams attributed to the Tollowing
genera: Orbitoides, Sulcoperculina, and Lepidorbitoides (accordingly to Van Gorsel (1972, 1875),
the American representatives of the genus Lepidorbitoldes should rather be assignad to
Orbitocycling Vaughan). These genera have insofar been-veported only from the Campanian
and Masastrichtian strata (cf. Brénnimann & Rigassi 1963, Seiglie & Ayala-Castanares 1263),

GUAJAIBON FORMATION
HISTORY
The name of the Formation iy after the highest mountain of Pinar del Rio Province, °
namely El Pan de Guajaibén, northern part of Sierra del Rosario. At present, the limestones
of Guajalbén Formation are regarded as a formal lithostratigraphic unit (¢f. Pszczbikowski
1976a). They were previously fecorded by Herrera (1961) who mentloned ,,Guajaibén platform
limestones” with abundant miliolid fauna but did not describe the strata or designate the iype
gection. Pardo (197) noticed ,,masslve, shallow-water, Aptlan to Conlacian limestones” of
Cacarajicara belt, ’

TYPE SECTION

The type section of the Formation starts on by a road along the western margin
of El Pan de Guajaibén (Fig. 22). The topographic coordinates are 254.500 and 330.200.
Deposits of Sierra AzGl Formation are overlaid by light-gray, massive limestones
comprising - calcarenites and biomicrites, sometimes horizontally laminated. There
are also some calcirudites and micritic limestones. In places, the limestones are
dolomitized.  Higher in the section, the gray, massive limestones may contain
fragmented bivalve shells, algae, and corals.
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Pig. 22 Location map o.'E the type sectmns of Guaaambbn (G) and Cascarajicara (CA)
Formations
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BOUNDARIES
The lower boundary of the Formation has mnot been designated, as it is most

probably of tectonic nature. The Guajaibén Formation ‘borders upon the Sierra Azal
Formation along a sharp contact. - :

. The upper boundary of the Guajaibdn Formation ds unknowmn, as this formation
borders northward upon rocks of the facies-structural zone of Bahfa Honda, the
contact with which is tectonic (Pszczétkowski 19763, b). In the type section there is
a carbonate conglomerate at the top -of the Formation. :

HYPOSTRATOTYPE

The hypostratotype of Guajaibén Formation is exposed along the road between
Cacarajicara and El Pan de Guajaibbn, eastern margin of the Sierra Azil, Clayéy
shales of Sierra Azl Formation are overlaid by massive, micritie, partly dolomitized
limestones. Higher in the section, there are calcarenites and biomicrites with algal
debris among other components. The upper part .of the Formation is represented in
isolated “mogotes”, NE to the range Sierra A=il; it is dominated by calcarenites
(Pl 6, Fig. 1) and calcirudites consisting of intraclasts, oolds, ‘onkoids, coral and
algal bioclasts. Miliolid-bearing biomierites are less commeon,

AGE

At the base of the Formation, there are but benthie forams (Milolidae and Textulariidae)
and fragmented algae, bivalves and gastropods. Some tens meters above fthe base, several
planktic forams have been recorded (Pszczblkowski & al; 1975), and these indicate the
Maastrichtian, The shallow-water limestones of the lower and the top paris of the Guajaibén -
Formation have not been dated micropaleontologically. Herrera (1981) suggested Aptian to
Maastrichtian age of the ,,Guajalbén limestone”, whereas Pardo (1975) noticed ,Aptian to
Coniacian limestones” in hig Cacarajicara belt.

LATERAL EXTENT AND THICKNESS

The Guajaibén Formation occurs exclusively in the northernmost part of the Slerra
del Rosario, east to the Slerra de Cajélbana. Tt i placed in the Quinones sequence (cf. Pszczol-
kowski 1976s), but most probably thig formation ig geparated by the tectonic contact from
the Sierra Amal Formation, and it may be considered 88 a distinet tectonic umit, The thickness
of the Guajalb6n Formation is 380 m in the type section, and 350 m in the hypoatratotype.
The maximum thickness (500 m) is recognizeable in the ceniral part of El Pan de Guajaibon,

CORRELATION

The Guajalbém Formation is probably time equivalent to some strata of the upper
part of Buenavista Formation in the Sierra del Rosario, and Pons Formation in the Sierra
de los Organos, : :

CASCARAJICARA FORMATION

NAME

This formation has been distinguished by Hatten (1957) who designated the type section
by the road between La Mulata and Mil Cumbfes (Fig. 2), -western margin of the Sierra
Chiquita (called previously Sierra de Cacarajicara).

LITHOLOGY

The Formation has been described In detalls by the present author (Pszczblkowski in:
Pszczélkowski & al. 1975), It starts usually with a brecela up to 10 m thick, composed of chert
and Mmestone clasts. In Places, thiz breccla is very thin or lacks at all. Higher in the section,
the breccia passes into coarse-grained calcarenites. They comsist mostly of shallow-water
limestone fragments {miliolid-bearing biomicrites,’ ooid-bearing calcarenites, and biocaleirudites
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with large forams, among others) and deep-water blomicrites with Globotruncana spp., Rote-
lipora Spp., and Calcisphaerulidae. There are also clasts of radiolarian cherts, dolomites, shales,
quartzitic sandsiones and quartzites; volcanic rock fragments (Pl. 8, Fig. 3) assigned to trachites
(Skupiniskl in: Pszezélkowski & al. 1975) do also occur. Among the minor components, there
are fragments of alkalic rocks, tuffites, metamorphic rocks, and plagioclases. Detritic quartz
appears fairly abundant. Biloclasts comprise forams, rudist (Pl. 6, Figs 2-38), algal, and
echinoderm fragments., Poorly developed matrix consists of microsparite and fine detritic
material,

The upper part of Cascarajicara Formation comprises tine-gralned calcarenites and
caleilutites including sbundant planktic forams. At the top, the deposits may be horizontally
bedded. The limestomes of Cascarajicara Formation appear to be well indurated. The change
in sverage grain size from the bagse to top of the Formation, appears usually gradational.
However, there are also gome exceptions (e.g. Sierra Chiquita section).

FAUNA AND AGE

The Hst of forams recorded by Torre (1972—1875) and the present author in the deposits
of Cascarajicara Formation, is given by Pezczblkowski (in: Pezczbikowski & al. 1975). The
species Omphalocycius cf. macroporus (La;marck) has been recorded at both the base and top
of the Formation, This epecies is generally regarded as typical of the Upper Maastrichtian
(Brénnimann & Rigassi 1063, Seiglle & Ayala-Castanares 1988). At the top of the Formatlon,
there are Globotruncana stuartt (Lapparemt), Rugoglobigerina scotti (Bronnimann), and Globo~
truncanella - havanensis (Vdorw-idk) among others. R. scottf (Brdnnimann) oceurs in the Upper
Maastrichtian (Bandy 1967, Postuma 1971), Most of the foraminifer fauna are redeposited (cf.
Hatten 1957, Khudoley & Meyerhoff 1971).

No Paleogene microfauna has been recorded recently in the deposits of Cascarajicara
Formation, Hatten (1957) mentioned, however, Asterocyclinag sp. and some gpinose globigerinids.
On this basis, Bryant & al. (1969) and Khudoley & Meyerhoif (1971) assigned the Cascarajicara
Formation to the Middle or Upper Eocene. Nevertheless, Asterocycling has also been reporied
from the Lower Eocene strata of Capdevila Formation, Habana Province (Brinnimann ‘& Rigassi
1063). The available data may indicate the Late Maastrichtian age for Cascarajicara Formation
but the reported presence of Paleogene microfauna (Hatten 1957) may prompt to attribute
this formation tentatively to the Upper Maastrichtian to ? Lower Eocene. B

The Cagearajicara Formation resembles deposits of Penalver Formation, Habana Province,
deseribed by Brénnimann & Rigassi (1963). The latter Formation has been attributed to the
Upper Maastrichtlan (Bronnimann & Rigassl 1063) although some other authors (Seiglie & Ayala-
-Castanares 1863) assigned it to the Paleocene.

BOUNDARIES

There is no good exposure of the lower boundary of the Formation. Nevertheless, it
geems obvious that the Cascarajicara Formation overlies the upper chert member of Buenavista
Formation (cf. Fig. 21). There is probably no disconformity between these lthostratigraphic
units although the contact may be of erosional nature. The upper boundary of Cascarajicara
Formation is tectonic.

LATERAL EXTENT AND THICKNESS

" The Cascarajicara Formation occurs exclusively in the northern sequence of Sierra
del Rosario, in the tectonie units of Sierra Chiquita and Cangre. In the former unit, this
,formation forms a continuous range some 50 km long. :

The Formation attains its maximum thickness (450 m) in the type section and In the
northeastern part of Cangre unit. In Sierra Chiquita unit, the thickness decreases northeastwards

down to 100 m.

CORRELATION

The most close facles equivalent to the Cascarajicara Formation is Penalver Formation,
Habana Province (cf. Pszczolkowski 1878a).

ANCON FORMATION

HISTORY

This formation has been recognized for the first time by Hatten (1657) and described
formaily by Herrera (1961). The type section is in the Valle dei Ancén. -
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LITHOLOGY

This formation includes well-bedded, often horizontally laminated, red, pink, green,
and brown-yellow, marly and micritic limestones., The limestones may be intercalated with
breccias. The breccias oceurring at both the base and top of the marly and micritie Emestones
(Pszcz6lkowski & al. 1975) have also been attiributed to Ancén Formation,

SUBDIVISION

Two members have been recognized within Ancén Formation, viz. La GiHra and La
Legua Members (Table 8). Moreover, one may also distinguish an informal lithostratigraphic
unit called marly and micritic limestone member; the laiter unit was previously recognized
under another name eMyqyﬁam in: Pezczblkowski & al. 1975).

Table 8
Ancén Formation subdivision

FORMATION Members

La Legua
Mb.

micritic &

ANCON marly limestones
La Giiira

Member

member

AGE

Planktic forams occur abundantly in the marly and micritic limestone member (Fl.
8, Flg. 4). On this basis, these sirata were attributed to either the Upper Cretaceous to Lower
Eocene (Herrera 1961), Upper Paleocene to Lower Eocene (Khudoley & Meyerhoff 1971), or
Lower Eocene-(Hatten 1987, Judoley & Furrazola-Bermtidez 1868). The present author ig of the
opinion that the new micropaleontological data (Torre 1972-1975) indlcate the Late Paleocene
age for the marly and micritic limestone member. In fact, the most abundant are Globorotalia
velascoensis (Cushman), Globorotalia ex gr. aequa Cushman & Renz, and Gilobigerina ¢f. pseudo-
bulloides (Plummer); less commonly occur Globerotalia wilcoxensis Cushman & Ponton, G.
brodermanni Cushman & Bermftidez, G. cf, acuie Toulmin, G. elongata Glaessner, G. occlusa
Loeblich & Tappan, Planorotalia pseudomenardii (Bolll), Acarinina cf. soldadoensis (Brép-
nimann), and Globigering velascoensis (Cushman). The abundance of Globorotalia velascoensis
(Cushman) indicates the Upper Paleocene Globorotalla velascoensls Zone (Boll 1957, Caro
& al. 197, Salaj & al. 1976). The presence of Planoroialia pseudomenardii (Bolli) may indicate
that the lower part of this member can also be assigned to Planorotalia pseudomenardii Zone
(Postuma 1971, Caro & al, 1975).

The La Glira and La Legua uembers are probably to be a!so attributed to the Upper
Paleocene.

BOUNDARIES

. There 18 a disconformity between the deposits of Ane6n Formation and the underlying
strata of Guasasa and Pons Formations (see below). The lower boundary of Ancén Formation
is at the base of the marly and micritic limestone member or the breccia of La Gflira Member,

“The upper boundary of the Formation is at the top of the marly and micritic limestone
member or thé brecela of La Legua Mémbei. The contact may be sharply marked (PL 1,
Fig. 3) or it may oceur within the beds: transitional to Pica Pica Formation.
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LATERAL EXTENT AND THICKNESS

The Ancén Formation occurs in all the tectonic units of the sequence of Sierra de
los Organos. The total thickness ranges from 0 to 50 m.

CORRELATION

iIn part, the Ancon Formation is time equivalent to the strata of Buenavigta Formation
above the limestone breccia member (mostly in the southern sequence of Silerra del Rosario).
Outside the Cordillera de Guaniguanico, the Ancén Formation may be {ime (but not facies)
equivalent to the lowermost part of Capdevila Formation (cf. Pszczélkowski & al. 1979).

. LA GUIRA MEMBER.-

HIS'I’ORY

The La Glira Member has been recognized by Pszczblkowski (in: Pszczoélkowski & al.
1975) in the Jower part of Ancon Formation but iits description has insofar not been published, -
‘The Member consists of a breccia related closely to the other deposits of Ancén Formation.

TYPE SECTION

The type section of the Member is by a road towards Caiguanabo, 550 m north
to the road between La Palma and Entronque de Herradura; the topographic co-
ordinates are 242.500 and 318.450. In this section, massive limestones of San Vicente
Member of Guasasa Formation are ovenlaid by a breccia. The breccia consists
mostly of limestone clasts (Pl, 1, Fig. 1) derived from diverse members of Guasasa
Formation. Limestones of San Vicente Member and ammaonite- and tintinnid-bearing
limestones occur commonly among the clasts. There are also some chert fragments.
The debris is poorly sorted. The clasts do not exceed 0.4 m in size. The matrix is
poorly developed or invisible at all. The thickness of the breocia is 50 m.".

Fig. 23, Location map of the type section and hypostratotypes of La Giiira Member
of Anc6n Formation, and the hypostratotype of Buemavista Formation
1 type section of La Gilira Member, 2, 3 hypostratotypes of La Gliira Member, BV hylpostrato-
type of Buenavista Formation

HYPOSTRATOTYPE I

This section is by the locality Los Bermejales, at the northem slope of the
Saer;ra de la Giiira (Fig. 23). There is exposed the upper part of La Giiira Member
represented by a limestone bu'ecc-ua the clasts of which do mnot exceed a few cen-
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timeters in size. The clasts decrease in size upward and the breocia passes ultima-
tely into micritic limestones of Ancén Formation (the marly and micritic lime-
‘stone memiber). The thickness of the aoccessible section of the breccia is 15 m.

HYPOSTRATOTYPE II

This section is at Pina Sola, morth to the road towards Jagua Vieja (Fig. 23).
The breccia of La Giiira Member is up to 16 m thick in this section and overlies
directly massive limestones of San Vicente Member of Guasasa Forination, filling
up fissures a dozen centimeters long. Lithologically, the breccia resembles closely
that one exposed in the type section (cf. Pl 1, Fig. 2); however in the upper part,
a red micritic matrix appears, identical to red-limestones of the marly and micritic
limestone member of Ancén Formation.

BOUNDARIES

The type of the lower boundary of the Member is in the type section. An
irregular surface of massive limestones of Guasasa Formation is overlaid by a
coarse breccia of La Giiira Member filling up erosional depressions. This boundary
displays also the same characteristics in the hypostratotype II.

The typz of the upper boundary of the Member has been designated in Pma
Sola section (hypostratotype II), where La Giiira Member is overlaid by red, micritic
limestones «of Ancén Formation. The contact is sharp.

AGE

Clastg of the breccia of La Gliira Member contaln the Tithonlan, Berriasian to Valangi-
nian, and Albian to Turonian microorganisms (Torre 1972—1075). There are also some Tithonian
ammonites, As judged from the lithostratigraphic position, the breccla cannot be older than
of the Maastrichtian to earliest Paleocene age, nor younger than of the Late Paleoccene age,
The occurrence of red matrix in Pina Sola section may indicate the Late Paleocene age of
the clastic deposits.
. The La Glira Member replaces laterally the marly and micritic limestone member
of Ancoén Formation (Table 8); nevertheless, it may locally be somewhat older than the latter
deposits are,

LATERAL EXTENT AND THICKNESS

La Gllira Member occurs in the sequence of Slerra de 1os Organos in the following
tectonic unite: Sierra de la Gliirs, Ancén, Vinales, Infierno, Valle de Pons, and La Legua
(= ? Valle de Pons). Its thickness ranges from 0 to 50 m.

LA LEGUA MEMBER

This member has been distinguished in the upper part of Ancén Formation (Myczyri-
ski in: Pszczblkowski & al. 1975) after the data of Haczewski (1973). The following description
of La Legua Member is but a brief account of the basic features,

The type section is by the locality La Legua, west to the Slerra de Mesa. There is

a coarse breccia consisting mostly of limestone blocks up to 5 m in size. Chert clasts are less
abundant. The matrix is usually invigible, The breccia atfains 25 m in thickness.
. The La Legua Member overlies the marly and micritic limestone member of Ancéon
Formation. In its turn, it underlies either marly limestones 0.5 m thick of Ancén Formation
or yellow shales of Pica Pica Formation. The Member is of the Late Paleocene age, In other
sections, the La Legua Member is less thick o. lacking at all (cf. Table 8).

PICA PICA FORMATION

HISTORY

This lithostratigraphic unit has been proposed recently (Piotrowska, Pszczéikowski &
Myczyfiski in: Pszczélkowskl & al. 1975) to replace the Manacas and Canalete Cherts Formations
of Hatten (1967) and the Pinos Formation of Herrera (1961). The name is .after Valle de Plca
Pica, southwesgtern part of the Sierra de los Organos.

4
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The Manpcas Formation.of Hatten (1857) represents but a part of a variable lithologie
succession comprising not only terrigenous deposits but also cherts and limestones. Moreover,
the position of so-called ,Viela Wildflysch” appears in many sections quite different from
that assumed by Hatten (1957). In fact, these deposits do not separate strata attributed by
this author to the Manacas and Canalete Cherts Formations, The latter Formation cannot be
accepted, ag cherts occur commonly within diverse deposits in variable stratigraphic positions
above the Ancén Formation. The Pinos Formation of Herrera (1961) is represented in the type
gectlon by chaotic rocks called previously ,,Viela Wildflysch” (Hatten 1857) and described
subsequently as a mélange (¢f. Plotrowska (1978a, b). Thus, this formation does not include the
strata assigned to the Manacag and Canalete Cherts Formations, Therefore, the Pica Pica
Formation has been erected io replace the lithostratigraphic units created by Hatten (1957)
and Herrera (1961). However, Manacas unit can be regarded as a member of Pica Pica For-
mation.

TYPE SECTION

The type section of Pica Pica Formation has been designated in Valle de Pica
Pica, by the road between Sumidero and Gramales. It extends northwards to the
place with topographic coordinates 294.300 and 197.700. The {ype section has been

- described in detail by Piotrowska (in: Pszczélkowski & al. 1975). Limestones of
Ancén Formation are overlaid by sandstones and calcareous shales (10 m), poly-
mictic sandstones intercalated with gray, micritic limestanes (2.5 m), light-gray and
red, micritic limestones (2.5 m), calcarenites with a tuffite material (3.0 m), yel-
low, tuffite shales (8.0 m), polymictic' sandstones intercalated with shales and
cherts (15.0 m), red, thin-bedded cherts (5.0 m), and at the top, polymictic sandstones
with shale and breccia intercalations (20.0 m). Higher in the section, there are
chaotic rocks, The total thickness of Pica Pica Formation is 85 m in its type section.

. HYPOSTRATOTYPE

The hypostratotype of the Formation is by La Legua, west to the Sierra de
Mesa. The topographic coordinates are 189.600 and 290.300. The La Legua Member
of Ancén Formation is overlaid by yellow shales (5 m), gray, marly limestones
intercalated ‘with breccias (6 m), yellow shales and wacky sandstones (6 m), a breccia
with limestone and chert clasts (2.5 m), shales and wacky sendstones (up to 30 m)
and at the top, voleanics (diabases and andesites, according to Haczewski 1974) and
tuffogenic rocks (30 m). The total thickmess of Pica Pica Formation is almost 80 m
in this section. These deposits are overlaid by chaotic rocks.

BOUNDARIES

The type of the lower boundary of the Formation, is in the type section, at
the base of the first layer of polymictic sandstone overlying limestones of Ancén
Formation. The tramsition is gradational. )

The upper boundary of Pica Pica Formation is at the top of the last undisturbed
layer, below chaotic rocks. In the hypostratotype, this boundary is at the top of
volcanic rocks.

AGE

Deposits of Plca Pica Formation contain a lot of redeposited Upper Cretaceous forams,
while the Paleogene microfauns is rather scarce, Haiten (1957) assigned his Manacas Formation
to the Lower Eocene, Some planktic forams, Gioborotalia ex gr. velascoensis (Cushman) among
others, have been found in micritic limestones of the lower part of Pica Pica Formation (Torre
1972—1075, PszczOlkowskl & al. 1875). As judged from these fosgils, the lower part of the
Formation can be assigned t0 the uppermost Paleocene and ? Lower Eocene., The overlying
strata of Plca Pica Formatlon rmay represent the Lower and, in part, Middle Eocene.
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SUBDIVISION

The deposits described by Hatten (1957) as Manacas Formatlon can be recognized for
a member (Manacas Member) in the lower part of Pica Pica Formation. In the upper part of the
Formation, two Hthologic units occur most commonly, viz. the chert and gedimentary-volcanic
ones (Myczyfiski in: Pszcrélkowski & al. 1975); however, they are not ireated as formal litho-
stratigraphic units.

LATERAL EXTENT AND THICKNESS

The Pica Pica Formation occurs in most tectonic units of the sequence of Sierra de
los Orgamnos. The lithology is highly variable among the unmits which makes the correlation
of diverse stratigraphic sections very difficult. The maximum . thickness may approximate
200 m but it is commonly tectonically reduced or repeated.

CORRELATION

The Pica Pica Formation may be time equivalent to the upper part of Buenavista
Formation in the Sierra del Rosario. ‘Outside the Cordillera de Guaniguanico, it i equivalent
to most of Capdevila Formation, Pinar del Rio Province.

REMARKS ON CHAOTIC ROCKS

Chaotic rocks occur in both the Sierra de los Organos {(“Vieja Wildflysch” of
Hatten 1957) and Sierra del Rosario (“Big Boulder Bed” of Pszczélkowski 1871b),
Their nature has insofar not been umequivocally explained and hence, these rocks
should for the moment not be regarded as a lithostratigraphic umt

The considered rocks comprise considerable amounts of ‘exotic material (cf.
Hatten 1957, 1967; Pszczblkowski 1971b). They are usually tectomically disturbed
which makes the interpretation difficult but may suggest that tectonic processes
significantly contributed to their genesis or ultimate formation. A detailed
description of the chaotic rocks of Sierra del Rosario is given by Pszczbétkowski
(in: Pszczblkowski & al. 1975). Some interpretive remarks are given further on, in
this paper.

FACIES DEVELOPMENT AND PALEOGEOGRAPHY OF THE JURASSIC

BAN CAYETANO FORMATION

The sedimentary conditions of San Cayetano Formation have been
recently recognized by Haczewski -(1976) who distinguished 9 facies
interpreted within a framework of deltaic and flysch sedimentation
model. Some sections in both the Sierra de los Organos and Sierra del
Rosario may provide further evidence of the sedimentary environment
and facies variability of the upper part of San Cayetano Formation. '

In the Sierra de los Organos, the San Cayetano Formation of Ancén
tectonic unit (Fig. 24) comprises but sporadically thick-bedded sandstones;
while shales and siltstones occur commonly, intercalated with sandstones,
often cross-bedded (Fig. 24). In both the cross-bedded sandstones and
shales and siltstones, there are also some limestone intercalations ranging
in thickness from a few centimeters up to 2 meters. These limestone beds
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contain a marine fauna, mostly trigoniid bivalves; the bivalves occur also
in the sandstones. Such limestone intercalations appear already some
400 m below the top of San Cayetano Formation in Ancén tectonic unit

Fig. 24

The upper part of San Cayetano
Formation in Ancém tecbomic wunit
(Sierra de los Organos)

A — Composite section through the
strata exposed south to El Abra
B — Section through the strata
uvxpesed south t- tie Sierra Ancén,
some 400 m below the top of the
Formation
1 sandstones, cross-bedded in places, 2
shales and silistones, 3 bivalve coquina

limestones, 5 sandy limestones, 6 onko~

-5 5 < %4 Qs litic, sllicified limestones, 7 trigoniids, 8

ostreids

(Fig. 24B). There are some distinct microfacies among these limestones
(throughout this paper, the terminology of Folk (1959) is generally used
when describing carbonate microfacies).

Bivalve. coquinas. Bivalve coquinas énd bioclastic limestones composed
mostly of fragmented bivalve shells appear as the most common miero-
facies. Sometimes, the shells are autochthonous; however, biocalcirudites

and biocalcarenites occur more commonly. Ostreids may dominate among -

the fauna. There is usually sparitic to sandy-sparitic matrix. These
bivalve shell accumulations might have originated owing to short
sedimentary episodes, e.g. during storm periods. This interpretation may
be especially plausible in the case of coquinas intercalating the cross-
~-bedded sandstones (Fig. 25).

Biomicrites. These limestones represent usually thin intercalations.
Apart from a micritic, somewhat marly matrix, they consist also of
ostreid and other bivalve, gastropod, and sporadically echinoderm debris.

intercalations, 4 micritic and bioclastic -
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Oobiosparites and onkolitic limestones. Limestones with a conside-
rable proportion of ooids are rather uncommon in San Cayetano Forma-
tion. They comprise fairly large amounts of bioclastic material. In Ancén

Fig. 25
Ostreid coquinas within cross-bedded sandstones of the
uppermost part of San Cayetano Formation in Ancén
tectonic umit, south to El Abra

tectonic unit, there are 2 layers of a silicified limestone composed mostly
of onkoids (Pl. 4, Fig. 1; Fig. 24B) and ooids, some 400 m below the top
of the Formation. The matrix was originally sparitic.

Sandy limestones. Detrital quartz may also significantly contrlbute
to the limestones of San Cayetano Formation. It appears especially
abundant in some micritic limestones.

The characteristics of terrigenous deposits intercalated with limesto-
nes, recorded in the upper part of San Cayetano Formation, ‘Ancén
tectonic unit, indicates a shallow-marine depositional environment. In fact,
this area could be inundated by a shallow sea somewhat earlier than the
rest of Sierra de los Organos delta. The investigated sediments were
deposited in a shallow shelf environment influenced probably by a
deltaic sedimentation. In the sequence of Sierra de los Organos, carbonate
sedimentation started while the terrigenous deposits were still accumulat-
ing. Its extent could be dependent more upon terrigenous influx than
upon other factors in the western Cuban sea at the beginning of the Late
Jurassic.

SEDIMENTARY CONDITIONS OF THE OXFORDIAN CALCAREOUR
AND ARGILLACEQUS DEPOSITS

The Oxfordian could not be delimited precisely in the Cordillera de
Guaniguanico. Nevertheless, it seems reasonable to trace its lower boun-
dary within the deposits of the upper part of San Cayetano Formation
(Myczyfiski & Pszczétkowski 1976), and the upper boundary within the

lower part of Artemisa Formation in the Sierra del Rosario and in the

lowermost part of Guasasa Formation in the Sierra de los Organos (Ku-
tek & al. 1976). :
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The depositional environment of Jagua Formation has been generally
described by Hatten (1957) and Wierzbowski (1976), mostly after the
fauna.

PAN DE AZUCAR MEMBER

The Pan de Aziicar Member of Jagua Formation consists mostly of bioclastic
limestones (Pl. 4, Fig. 3) and bivalve coquinas. They are usually dark-gray to black.
The coquinas form layers 0.2 to 1.5 m thick and may occur in beds up io some
meters thick; often, they represent but thin intercalations within the bioclastic
deposits. The bivalve shells appear usually parallel to stratification. Cross-bedding
occurs but occasionally and exclusively in sandy limesbtones. The mode of shell
fragmentation and poorly developed stratification may suggést a significant bio-
turbation at least in some limestone layers. Coguina bases may be sharp and
irregular thus, indicating the erosional nature (Fig. 4). The preservation state of
bivalves is variable; disarticulated and somewhat rounded valves occur most
commonly but some coquinas consist mostly of articulated shells. In some sections,
a sandy calcirudite up to some tens centimeters thick occurs at the contact with
San Cayetano Formation. This deposit comprises bioclastic, oosparitic, and pel-
sparitic limestone intraclasts and algal mat fragments (Pl. 4, Fig. 2). Thus, the onset
of Pan de AzGecar Member accumulation was related to a temporary increase in
hydrodynamic energy in the shallow-water zone of Sierra de los Organos basin.

Among the investigated deposits, some distinct microfacies can be recognized.

Bivalve-echinoderm microfacies. Apart from the bivalve coquinas, this is the
most common deposit. Bechinoderm debris are usually rather fine-grained. They are
represented mostly by echinoid fragments, while crinoids occur but sporadically.
Echinoderm debris may be more abundant than bivalve fragments.

Bivalve-gastropod microfacies. It is represemted by some biocalcirudites com-
prising also ooids, aggregated lumps, peloids, intraclasts, detrntal quartz, and some
echinoderm debris.

Bivalve-algal microfacies. It occurs very rarely. The bioclastic ma:tter is do-

" minated by fragmented bivalve shells and algae (Dasycladaceae). Echinoderm
debris oceur in minor amounts.

Bivalve-pellet microfacies. It occurs but exceptionally, e.g. by the locality
Mantua. The biopelmicrosparitic deposit contains abundant bivalve prodissoconchs
and pellets less than 0.1 mm in size.

Bioclastic-oolitic microfacies. It appears fairly common in the deposits of Pan
de Azlcar Member. Ooids occur usually in subordinate amounts. They are poorly
developed and fairly small (less than 0.3 mm). There are also some lumps composed
of agglutinated ooids. Onkoids. may also occur, forming locally onlkolitic or bio-
clastic-onkolitic limestones. Organic remains consist mostly of bivalve fragments.

The dark color of the limestones of Pan de Azticar Member has resulted from
the abundance of organic matter. Nevertheless, it is clearly indicated by the facies '
characteristics of the deposits that the basin was not stagnant. Anaerobic conditions
could occur locally beneath the sediment-water interface but they did not influence
the epifauna represented mostly by the bivalves Gryphaeinae, The latter animals
lived on a soft bottom stabilized locally by shell accumulations. The bivalve shells
are commonly encrusted by agglutinated forams resembling the gemera Tolypam-
mina or Glomospira; such forams occur usually in environments of .slow sedimenta-
tion and a terrigenous influx (Dr. J. KaZmierczak, personal information). Organic
remains may also be encrusted with blue-green algae although such ooatmgs oceur
less commonly.

The bioclastic sediments were probably deposited owing to short sedimentary
episodes following destruction of autochthomous bivalve accumulations. The com-
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monness of ooids indicates that there were also some areas with an oolitic sedi-
mentation, nearby. In fact, ooids are commonly transported out to adjacent deposi-
tional emvironments in areas of present-day cambonate sedimentation (cf. Purdy
1963, Loreau & Purser 1973). .

One may conclude that the bioclastic limestones and coquinas of Pan de-Azficar
Member were deposited at a depth ranging from a few up to some tens meters,
among some areas of sandy and clayey-silty sednnentammn (cf. Fig. 3), in proximity
of some oolitic shoals.

ZACARIAS AND JAGUA VIEJA MEMBERS

The lithological characteristics of clayey-silty deposits of Zacarias Member of
Jagua Formation indicates a relatively low-energy, offshore sedimentary environ-
ment, outside the area of a coarse terrigenous sedimentation. These deposits appear
to have been but slightly bioturbated (cf. Wierzbowski 1976), which may suggest
a fairly high sedimentation rate. The occurrence of wood imprints indicates that
the environment was influenced by a deltaic sedimentation. Then, one may conclude
that the deposits of Zacarfas Member were probably accumulated in an outer shelf
environment adjacent to a delta (¢f. Walker 1971).

Deposits of Jagua Vieja Member have been recently studied by Wierzbowsii
(1976) who claimed that they had originated under reducing conditions and in
proximity of shoreline. As judged from a change in the ammonite assemblage, the
depositional environment was somewhat deeper than that of Zacarias Member
sediments, although the water depth did not exceed 100 m.

One can see a horizontal lamination in limestones and shales of Jagua Vieja
Member, especially in large calcareous concretions. The Mmestone set comprises
micrites and biomicrites. The caleareous concretions often include ammonite accu-
mulations (another macrofauna and wood fragments occur less commonly), the
shells being undamaged and unabraded. The concretions are of early diagenetic
origin (Wierzbowski 1976). They do not display any borings. There are also no
indications of the concretions being excavated by hydrodynamic agents, Then, one
may claim that the concrretmns originated within the deposit and their genesis was
related to an organic matter decompositmn {cf. Weeks 1953, Berner 1968, KaZmier-
czak 1974). The calcium carbonate migrated toward places with high contents of
organic matter (ammonite accumulations, fish, large wood fragments, bones). The
fish remains are usually flattened which shows that concretions originated under
-a deposit cover; however, this burden was insufficient to damage the ammonite
shells. In fact, the shells are filled with either a homogenous, dark calcareous
sediment, or a coarse sparitic calcite with minor amounts of bituminous matter.
Thus, some shells were void during the cementation, while others comprised still
soft tissues (cf. Zangerl & al. 1969).

The sedimentation rate of Jagua Vieja Member could not be very high, as
indicated by considerable accumulations of ammonite shells in the deposits.
Moreover, the occurrence -of wood appears as the only reflection of a relation to
deltaic sedimentation; one should, however, keep in mind that wood pieces may
float pretty far away. In summary, the deposils of Jagua Vieja Member were
probably accumulated in a deep shelf environment., This facies occurs commonly
in the Sierra de los Organos, while its equivalents occur also in some tectonic
units of the Sierra del Rosario {Francisco Formation).

PIMIENTA MEMBER AND THE LOWERMOST ARTEMISA FORMATION
Terrigenous matter is almost lacking in limestones of Pimienta Member of

Jagua Formation. There are a few ammonites (Myczyhski 1976) and planktic micro-

organisms (forams and Globochaete) in these strata. Thus, one. may claim that
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these deposits were accumulated in a deep shelf environment. This conclusion is
also supported by the lack of perisphinctid ammonites and the -preponderance of
aspidoceratids (cf. Ziegler 1967, 1971).

The upper part .of Pimienta Member is time equivalent to limestones of the
lowermost Arfemisa Formation in the Sierra del Rosario (Kutek & al. 1976). The
latter depodits may be intercalated with thin shale layers and sporadically with
sandstones and breccias comprising shallow-water limestone debris, quartz, and
quartz sandstone pebbles. These intercalations indicate that the depositional enwi-
ronment was influenced (even although slightly) by a terrigenous influx. At the
base of the Formation, there are some possible polychaete borings and accumula-
tions of phosphate coprolites (Pszczétkowski in: Kutek & al. 1976).

OUTLINE OF THE OXFORDIAN PALEOGBOGRAPHY

There are both terrigenous and calcareous deposits in the Jurassic
of the Cordillera de Guaniguanico. Terrigenous deposits occur mostly
in San Cayetano Formation in the Sierra de los Organos; they originated
under the conditions of a deltaic sedimentation that persisted over a fairly
long span of time (Khudoley in: Khudoley & Meyerhoff 1971, Pszczél-
kowski 1971b, Haczewski 1976). The lower part of the Formation com-
prises fluvial deposits (cf. Haczewski 1976). In the upper part, terrigenous- -
~calcareous sediments occur commonly with an abundant marine fauna.
Thus, there is a transgressive facies succession in the sequence of Sierra
de los Organos.

The petrography of clastic deposits of the upper part of San Cayetano
Formation in the Sierra del Rosario may indicate that the terrigenous
material came from a land built up by terrigenous, calcareous, meta-
morphic, and igneous rocks. The debris of vitreous voleanics and alkalic
lavas might be derived from the Jurassic volcanic rocks reported from
the southern part of Sierra de los Organos (Piotrowski 1976). There are
no indications of terrigenous influx from any source areas occurring just
within the depositional basin of San Cayetano Formation, as it was sug-
gested by some authors (Meyerhoff in: Khudoley & Meyerhoff 1971, Me-
yerhoff & Hatten 1974).

In general, the present author approves the paleogeography as proposed by
Haczewski (1976, Fig. 14) for San Cayetano Formation. Haczewski (1976) based his
conclusions on the assumption of terrigenous influx mostly from the south or SSW,
whereas all paleocurrent observations indicating a transport from the northeast
have been regarded as insignificant. Post-sedimentary, tectonic bias in the present
facies distribution has not been considered by that author. Moreover, some deposits
of the southern sequence of the Sierra del Rosario resembling the facies G of Ha-
czewski (1976) do not represent flysch. Proximal turbidites occur in some tectonic
units in the, Sierra del Rosario, up o 70 km one place away from another.

The uppermost San Cayetano Formation in the Sierra del Rosario
comprises a scarce ammonite fauna attributed to the Perisphinctidae and
Oppeliidae. There are also some decapods, ostreids, and fish remains. This
fauna may indicate that the water depth did not exceed 300 m in the
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sedimentary environment of these deposits (cf. Ziegler 1967, 1971). This
was also the case for the lowermost part of Francisco Formation. At the
Oxfordian time, the basin of Sierra del Rosario did not receive: any
considerable amounts of bioclastic material. Coquinitic and bioclastic
deposits of the sequence of Sierra de los Organos were not affected by
those processes transporting deltaic and shallow-water sediments towards
deeper parts of the basin, that is toward the sequence of Sierra del Ro-
sario (cf. Haczewski 1976). As judged from the present-day, post-tectonic
facies distribution, the paleoslope declined towards the north or NE.
Flysch and flysch-like deposits of the sequence of Sierra del Rosario are
bordering along a tectonic contact upon shallow-water sediments of the
sequence of Sierra de los Organos. Transitional deposits may be partly
covered by the overthrust units of the Sierra del Rosario (Pszczbétkow-
ski 1976b). :

During the later Middle Oxfordian, a calcareous and argillaceous
sedimentation spread over the whole area of Sierra de los Organos (Fig.
26). At that time, sediments of Jagua Vieja and lowermost Pimienta
Members were deposited in the Sierra de los Organos. The same sedi-
mentation type prevailed also in the southern sequence of Sierra del
Rosario (Francisco Formation) although psammitic influx continued in
some places. Here and there in the Sierra del Rosario, the terrigenous
deposition of San Cayetano Formation still persisted (Fig. 26).

1. 2

Fig. 26. Lithofacies pattern of the upper Middle Oxfordian of the Cordillera de
Guaniguanico
1 calcareous and clayey deposits, 2 terrigenous, mostly sandy deposits
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At the Middle and Late Oxfordian boundary, limestones of Pimienta
Member accumulated in the sequence of Sierra de los Organos, while the
deposition of Artemisa Formation started in the southern sequerce of
Sierra del Rosario (cf. Kutek & al. 1976, Myczynski 1976). Terrigenous
intercalations in Artemisa Formation limestones originated owing tc
either a redeposition of older deltaic and/or shallow-water sediments, or
an influx from an active delta outside the area covered by the sequences
of Sierra .de los Organos and Sierra del Ros_arlo.

MICROFACIES OF BAN VICENTE MEMBER LIMESTONES

Limestones of San Vicente Member of Guasasa Formation are de-
scribed after a thin-section analysis. The samples have been derived from
6 lithostratigraphic sections (Figs 5—7) in the tectonic units of Vifiales,
Sierra de la Giiira, and Ancén, eastern part of the Sierra de los Organos
(cf. Fig. 24). ’

COPROLITE-BEARING MICRITES

Micrites and pelmicorites of San Vicente Member comprise commonly coprolites
of decapod crustacean origin (Fig. 5A, samples 1V5 and 1VY; Fig. 5B, sample 6P-
-118; Fig. 64, sample 2And; Fig. 1B, sample 6P-70, 6P-77 and 6P-81). These coprolites
are elongate (up fo 1.5 ram) and their cross-sections are ovate. Seiglie (1961) atiributed
them to Favreina. However, at least some of these coprolites may be assigned to
Farafavreina Brénnimann, Caron & Zaninetti, as the channels are usually obscured
by a recrystallization of their calcium carbonate fill (c¢f. Brénnimann 1972). Some
specimens resemble also those ‘described by Brinnimann (1955) as Favreina joukov-
skyi Brénnimann, and attributed later on (Bronmimann 1976) to F. salevensis (Paré-
jas). Throughout this paper, all these crusiacean coprolites (cf. Paréjas 1948, Brénni-
mann & Norton 1960) will be termed favreines.or Fovreina-form coprolites, because
of their similarity in both the form and occumrence. Apart from the favreines, the
micrites oomprise also sparitic or microsparitic structures regular in form and up
to 1.5 mm in size. These are either some other coprolites or entirely recrystallized
favreines, the former possibility being more plausible.

The coprolite-bearing micrites occur mostly at the base of the Mem.ber, some-
times in limestone units up t0 some tens meters thick.

PELSPARITES

These deposits consist of peloids cemented by a sparite or microsparite. Most
peloids appear to be fecal pellets. Apart from the peloids, this micnofacies comprises
also some Favreina-form coprolites, and ooids or onkoids. Some wf these pelsparites
were originally pelmicrites. The pelsparitic deposits have been recorded in the
sections of Sierra de Vifiales (Fxg 54, sample 2VI) and El Abra (Fig. 7B, sample
6P—87), among others

OOLEICRITES AND OOSPARITES

Sediments dominated by ooids (Pl 5, Fig. 2) are rather uncommon in San
Vicente Member., In Sierra de la Giiira section, there are oomicrites at the base
of the Member (Fig. 6B, sample 6P-187), with small ooids of a radial structure,
dispersed in a micritic matrix, The ooid nuclei are also micritic. This sédiment
accumulated probably in less agitated environment. In the Sierra de Vifales sec-
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tion there are oosparites at the top of the Member, consisting of ooids 0.5 to 1.0 mm
in diameter and concentric in structure. Actually, some of these ooids may be small
onkoids (“pisonkolites” sensu Kutek & Radwariski 1965). There are also some aggre-
gated Jumps (Pl 5, Figs 3—4) and bioclasts in these sediments. The bioclasts are
represented mostly by gastropod and echinoderm fragmenfs and small benthic
forams (Textulariidae among others). The matmix is coarse sparitic.

Some oolitic deposits represent actually oobiosparites or favreine-bearing
oosparites (Fig. 64, sample 2An2). ’

BIOSPARITES

Deposits consisting exclusively or mostly of organic remains are rather un-
_common in San Vicente Member. This microfacies (Fig. 5B, samples 6P-109 and
6P-110; Fig. 7A, samples AP-30 and AP-32) is dominated by algal biosparites con-
sisting mostly of fragmented blue-green and codiacean algae (up to 60%) with minor
amounts of coralline, solenoporacean and dasycladacean debris. There are also
some echinoderm fragments and benthic forams. Sporadically, bivalve eoquinitic
limestones do also occur. (Fig. 6B, middle part of the section and sample 6P-192),

BICMICRITES

Some micritic limestones contain fragmented bivalve shells (Fig. 7A, sample
AP-35b). There are also some darker, micritic grains of umclear origin. These
deposits represent low-energy sedimentary environment. They could be consider-
ably reworked by burrowing orgamisms.

ONKOLITIC LIMESTONES

In the upper part of San Vicente Member, there are calcarenites and calciru-
dites. They include also onkolitic limestones. The onkoids attain some 4 mm in
size and their concentric structures are usually poorly developed. In some cases,
the omk)ol'itic envelops are developed around worganic remains. Limestones with
larger onkoids are quite easily distinguishable in the field. They occur in beds up
to some tens centimeters thick or in limestone units up to a dozen meters thick
(Fig. 74).

INTRAOOSPARITES AND INTRABIOSPARITES

Calcarenites composed of intraclasts, ooids, and bioclasts occur fairly commonly
~ at the top of San Vicente Member (Fig. 54, samples 2V2 and 1V14; Fig. 6A, sample
2AnI; Fig. 7A, sample AP-35a). The ooids represent but a subordinate constituent
of the deposit. The intraclasts are usually micritic, often rounded. There are some
aggregated lumps composed of intraclasts and/or ooids. The intrabiosparites contain
fragmented echinoderms and bivalves, some benthic forams, and algal debris
(Clypeing sp. among others). The matrix is sparitic or microsparitic. The deposits
are poorly sorted. In places (e.g. at the top of the Member in San Vicente section),
these intrabiosparites and intraoosparites indicate high-energy depositional environ-
mendt,

SEDIMENTARY CONDITIONS AND PALEOGEOGRAPHY OF THE KIMMERIDGIAN
AND LOWERMOST TITHONIAN

At the Oxfordian decline, a shallow-water carbonate sedimentation
started in the Sierra de los Organos. In some sections, these deposits’
. attain 500 to 650 m in thickness. Their sedimentary structures and
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microfacies characteristics indicate moderately agitated depositional

- environment. This is evidenced by the occurrence of crustacean-coprolite
bearing micrites, pelmicrites, and calcarenites with abundant lumps and
onkoids, and on the other side by the scarcity of pure oolitic limestones
and the lack of large-scale cross bedding. The present-day micritic
sediments with abundant fecal pellets are usually formed- in fairly
deep and/or sheltered areas (Purdy 1963).

The lower part of San Vicente Member is often dominated by these low-
-turbulence deposits, whereas the calcarenites and -calcirudites prevail at the top.
Both these sediment types may occur in the middle of the Member but that part
of the section is often obscured by a considerable dolomitization. Such a sedimentary
sequence reflects a change in hydrodynamic regime during the deposition of San
Vicente Member. This change could have resulted from some changes in bottom
configuration rather than from a gradual decrease in water depth. At the top of
San Vicente Member and within the strata transitional to E1 Americang Member,
there are some umits of thin-bedded miorites and ecalcilutites (Figs 64 and 74),
which may indicate a lateral interfingering of the shallow-water and basin facies.

The San Vicente Member does not comprise any biolithites (sensu Folk 1859).
There are also no detritic deposits comparable to the coralgal facies of Great
Bahama Bank (Purdy 1963) or the coralgal sands of Persian Gulf (Wagner & Todt
'1973). In fact, there are some algal biosparites in San Vicente Member which might
be regarded as facies equivalent to these modern coralgal sediments; however,
they occur rather uncommonly. Then, one may conclude that the shallow-water
Upper Jurassic carbonates of the Sierra de los Organos were not related to any
active coral or coralgal reefs.

There are horizons with abundant onganic burrows in some sections of San
Vicente Member (Fig. 5B). They separate the micritic and pelmicritic deposits from
the overlying calcarenites and calcirudites. The contacts appear to be erosional and
the detritic sediments display sometimes graded bedding. One may claim that these
sediments resulted from singular sedimentary events related to sudden resuspension
and subsequent deposition of the sediments in adjacent portions of the basin. Such
effects may be caused by storms, cyclones, or tsunami (Kelling & Mullin 1975).

Rocks assigned to San Vicente Member do also occur in some sections of the
southern sequence of Sierra del Rosario. However, these strata do not exceed some
tens meters in thickness which contrasts to their facies eguivalents in the Sierra
de los Organos. The lower part of Artemisa Formation may comprise some caleca-
renite and calcirudite intercalations (Figs 11B and 12) with echinoderm, bivalve and
algal bioclasts, and ooids, onkoids, pellets, and lithoclasts typical of shallow-water

Fig. 27. Development of the carbonate bank of Sierra de los Organos
A — Late Oxfordian: uplift (or tilt) at the end of the deposition of Jagua Forma-
tion (¢f. Hatten 1957) . ) :

B — Oxfordian decline to earliest Tithonian: shallow-water carbonate sedimenta-
tion; the arrow indicates transport direction of the shallow-water deposits to the
Sierra del Rosario basin (Artemisa Formation)

'C — Tithonian: submergence of most of the carbonate bank; the shallow~-water -
- sediments were still redeposited in the Sierra del Rosario basin
D — Berriasian: end of the shallow—vglrter sedimentation all over the Sierra de los

. ] Zanos
1 well-bedded, micritic limestones intercalated with calcarenites and caleirudites comprising
shallow-water material, 2 shallow-water carbonate deposits comprising algal detritus, gastro-
pods, bivalves, oolds, and onkoids, 3 pelaglec limestones, 4 brecelas at the base of shallow-
-water limeetones, 5 hypothetic synsedimentary faults
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carbonate deposits. Some of these layers display graded bedding and border sharply
uponn the underlying micrites or shales. The latter deposits contain a few poorly
preserved planktic microorganisms (Globochaeie alpina Lombard, radiolarians, and
7stomiosphaerids). Thus, one may conclude that the detiritic limestones are
allochthonous, their clasts being derived mostly from some shallow-water areas;
while most micritic limesbones and shales are autochthonous. The latter deposits
prevail by far in the lower portions of La Zarza Member, in Cinco Pesos and La
Zarza tectonic units. Their small thickness relative to their time equivalentis in the
sequence of Sierra de los Organos (San Vicente Member) indicates that the
sedimentation rate was lower in the southern sequence of Sierra del Rosario than
in the Sierra de los Organos.

The pre-Tithonian depos1ts of Artemisa Formatmm in the Sieara del Rosario
do not exhibit any features typical of true pelagic sediments (cf. Garrison & Fischer
1969). They could be accumulated in a zone iransitional to deeper basin or within
a partly isolated environment. In fact, this is suggested by the lack of autochtho-
nous benthic or nektic fauna, except of two base beds of the Fommation.

All the preceding paragraphs show that a shallow-water carbonate sedimen-
‘tation developed since the Late Oxfordian to Early Tithonian time all over the
Sierra de los Organos (Fig. 27), under the conditions of a subsidence allowing the
accumulation of deposits 500 to 650 meters thick. As judged from the present-day
extension of these deposits in the Sierra de los Organos (with tectonic bias taken
into account), this sedimentation type spread over an area of 125 km in length
and 70 to 120 km in width. Furthermore, the boundaries of the region of Sierra
de los Organos are of tectonic nature and hence, one may claim that actually
the carbonate bank was much larger; in fact, facies and time(?) equivalents of
considered sediments may also be present at Isla de Pinos (¢f. Somin & Millén 1972).

This shallow-water carbonate bank of the Sierra de los Organos was somewhat
different from the Mediterranean Mesozoic carbonate “platforms” (c¢f. Aubouin 1965,
Jenkyns 1970, Catalano & al. 1974) and the modern Bahama Banks (cf. Purdy 1963,
Hine & Neumann 1977). The lack of terrigenous material in the considered deposits
of the Sierra de los Organos shows that the carbonate bank was separated from
eroded land masses (cf. Meyerhoff in: Khudoley & Meyerhoff 1971),

The calcareous and argillaceous deposits of Sierra del Rosario were accumulated
in somewhat deeper and less agitated environment at the margins of Sierra de los.
Organos carbonate bank (Fig. 27). This marginal zone was at least 30 to 50 km wide.

SEDIMENTARY CONDITIONS OF THE TITHONIAN

At the Early Tithonian time, the shallow-water carbonate sedimen-
tation stopped in the Sierra de los Organos. The calcarenites are com-
monly . overlaid by deposits of El Americano Member comprising the
Tithonian ammonites and microorganisms, and a scarce benthic fauna.

Shallow-water limestones of Guasasa Formation are wusually overlaid by
Saccocoma- and/or tintinnid-bearing biomicrites and biocalcilutites (Figs 54, 74, 8).
- The latter sediments may be replaced laterally with intrasparites and intramicro-
sparites with tintinnids, planktic crinoids, and cephalopod and fish remains. Sedi-
mentary discontinuities, traces of submarine erosion, and considerable accumulations
of ammonites and other organic remains appear typical of slow sedimentation
conditions. The uppermost Tithonian strata are dominated by tintinnid- and radio-
larian-bearing biomicrites and biocalecilutites.

The above-described Tithonian deposits are equivalent to micrites intercalated
with shales and calcaTenites, and ammonite-bearing bioclastic limestones of the
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upper part of La Zarza Member in the Sjerra del Rosario. The micrites contain
poorly preserved planktic microorganisms such as Cadosina sp., radiolarians,
stomiosphaerids, and Saccocoma sp. The ammonite-bearing limestones are bio-
micrites and biosparites often literally filled up with ammonite shells and aptychi.
Some Tithonian biosparites of the Sierra del Rosario are composed mostly of
fragmented fish remains and/or bivalve shells. In some sections of the southemn
sequence of Sierra del Rosario, micritic and pelagic deposits comprise intercalations
of polymictic calcarenites (Fig. 13B) with ooids, Favreina-form coprolites (usually
under the form of bioclasts), and other shallow-water constituents. These calca-
renites attain up to 10 m in thickness and. are distinctly allochthonous. They could
originate due to a redeposition of shallow-water sediments to a deeper basin;
turbidite currents contributed probably to this process. In fact, this inference is
also confirmed by the occurrence of submarine-slump breccias (Fig. 28 in the
Tithonian strata (c¢f. also Fig. 12). The breccias are composed of shallow-water
matter intermixed with limestone clasts containing ammonites and aptychi. These
redeposited shallow-water sediments occur most commonly in Taco Taco tectonic
unit (Fig. 13B), while they are less common or lacking at all in other units. This

Fig. 28

Slump breccia in the Tithonian
fimestones of the southern se-
guence of Sierra del Rosario by
the locality Sabanilla (cf. Text-
-fig. 12); at the top, there are
both ammonite-bearing and shal-
low-water fauna-bearing clasts

may be the cause of a distinct variability in thickness of the Tithonian "deposits
in the Sierra del Rosario. In most sections, these deposits range in thickness from
40 to 60 m, whereas they attain 100 to 120 m in Taco Taco fectonic unit, The
Tithonian sediments do usually not exceed 60 m in thickness in the Sierra de los
Organos; moreover, they are quite similar to those exposed in the Sierra del Rosario,
- Hence, one may claim that the carbonate bank of Sierra de los Organos had drown-
ed at the Middle Tithonian time which resulted in a considerable uniformity of
facies all over the Cordillera de Guaniguamico (Fig. 27). The end of the shallow-
-water sedimentation was not followed by an accumulation of typical condensed
deposits reported commonly from the Mediterranean (cf. Jenkyns & Torrens 1971).
At the Tithonian time, the sedimentation rate of the pelagic and related deposits
(8 to 10 m/my) was some ien times lower than that of the older shallow-water
carbonates (80 to 100 m/my). :

The shallow-water sedimentation ended at differential moments all over the
carbonate bank, as evidenced by the occurrence of allochthonous shallow-water
deposits throughout the whole Tithorian in the southern sequence of Sierra del
Rosario. The palecslope remained probably declined toward the Sierra del Rosario
at the Tithonian time, just as it had been previously. :
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FACIES DEVELOPMENT AND PALEOGEOGRAPHY OF THE
LOWER CRETACEOUS

PELAGIC SEDIMENTS OF THE BERRIASTAN AND VALANGINIAN

At the Jurassic and Cretaceous boundary, a pelagic sedimentation
spread all over the Cordillera de Guaniguanico, except of the sequence
of Quifiones. At the Berriasian time, tintinnid- and radiolarian-bearing
limestones were deposited in the Sierra de los Organos (Tumbadero and
Tumbitas Members of Guasasa Formation); similar sediments were also
accumulated in the Sierra del Rosario (Sumidero Member). In the sequence
of Sierra de los Organos, the Berriasian to lowermost Valanginian deposits .
are dominated by tintinnid and tintinm'd—globochae?;e microfacies; while
other microfacies are less common (e.g. the radiolarian-tintinnid one;
Pl 4, Fig. 4). The Valanginian limestones are dominated by tintinnid
and tintinnid-nennoconus microfacies. At the same time, radiolarian and
radiolarian-tintinnid microfacies have been prevalent in the Sierra del
Rosario. The radiolarians are usually calcified in the Berriasian to Valan-
ginian limestones and hence, their structures appear usually obscure. The
radiolarian biocalcilutites may be horizontally laminated. The pelagic
deposits of the Berriasian to Valanginian age resemble in microfacies
the Late Jurassic to Early Cretaceous limestones of the Austrian Alps
(cf. Garrison 1967).

In general, these pelagic limestones do not contain any {errigenous material.
However, in some sections of the southemn sequence of Sierra del Rosaric (Fig. 13B),
there are in the Berriasian some singular beds of allochthonous, ooid-bearing
calcarenites. Aptychi may occur abundantly in some strata. The maximum extension
of calcareous pelagic sedimentation was but at the Berriasian and earliest Valan-
ginian time. At the Late Valanginian time, a terrigenous influx (turbidite sand-
stones) did already occur in the northern sequence of Sierra del Rosario. ’

Such pelagic Za~ies have usually been interpreted as deep-water sediments, de-
posited approximately at the CCD (cf. Colom 1967, Garrison 1967); however, accor-
ding to some authors, this interpretation might be wrong (Hallam 1971, Kuhry
& al. 1976). In the case of the pelagic sediments of Sierra de los Organos, the Upper
Jurassic to Lower Cretaceous facies succession and a decrease in sedimentation rate
(5 to 7 m/my) relative to the Tithonian, may suggest a gradual sinking of the basin
during the Berriasian and Valanginian (Fig. 27).

FACIES PATTERN AND PALEOGEOGRAPHY OF THE HAUTERIVIAN TO BARREMIAN

At the Valanginian and Hauterivian boundary, calcareous and siliceous pelagic
deposits of the southem sequence of Sierra del Rosario were successively passing
into radiolarian cherts and shales of Sabanilla Member of Buenavista Formation.
At that time, the pelagic limestone sedimentation persisted still in the sequence of
Sierra de los Organos. Thin intercalations of turbidite sandstones appear within
pelagic limestones of the morthern sequence of Sierra del Rosario; they are
uncommon at the beginning but become more numerous during the Hauterivian.
Radiolarian or radiolarian-spicule microfacies are typical of the Hauterivian to
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Barremian pelagic limesbones. There are a few planktic forams in these microfacies
in Polier Formation. In the latter deposits, ammonites are usually preserved but
" under the form of imprints, which indicates that the shells have been dissolved.
These pelagic sediments contain also some rhyncholites and abundant aptychi
(Hou3a 1069, 1974a). All these characteristics may suggest that one deals here with
deep-water sediments deposited above the CCD.

Radiolarian cherts, radiolarites, and silicified shales of the southern sequence
of Sierra del Rosario could be deposited in the deepest part of the Early Cretaceous
basin of the Cordillera de Guaniguanico. Their origin does mot appear to have been
directly related to a submarine volcanism, as there are no volcanic rocks in Saba-
nilla Member itself or its time equivalents, These siliceous-clayey deposits are
rather thin due to a very low sedimentation rate. They could be accumulated near
the CCD that ramged at the Cretaceous time probably from 3500 to 4500 m in the
Atlantic and Pacific Oceans (cf. Hesse & Buit 1976).

The Hauterivian to Barremian terrigenous sediments of the northern sequence
of Sierra del Rosario display the features typical of a distal flysech (cf. Walker 1967).
However, in some sections, they may rather resemble a normal flysch. The {ramsport
directions are very difficult to determine because of intense tectonic deformations
and poor exposures. They have been reliably measured but in a dozen or so
exposures, mostly after flute casts and cross-lamination; viz. at Lomas de Polier
(120°—180°), El Aguacatillo {100°—130°), Loma Caldoso (135°—180°), Loma del Mulo
(1359, south to Mango Bomito (120°), by the locality Plan Rosario (along the N—S
axis), at Moreno by Santiago River (along the WNW—ESE axis), and at Braciliano
Roble (WNW—ESE). These data suggest that the terrigenous influx was mostly
from NW and partly from the north. However, this inference cannot be regarded
as conclusive, since it is based on but a few measurements. ’

The flysch sandstones occur most commonly in the tectonic units of Sierra
Chiquita and Cangre (cf. Fig. 24), while their amounts decrease markedly south-
wards. There are no sandstones at all in the Hauterivian to Barremian deposits of:
the southern sequence of Siexra del Rosario. In the sequence of Quifiones, turbidite
sandstones :occur but sporadically. Then, the terrigenous influx could not be from
the areas of Sierra de los Organocs, Quifiones sequence, or southern Sierra del Rosario.
The terrigenous material might be transported along the NE—SW (cf. Pszczbikow-
ski 1971b) or NW—SE axes. As the matter of fact, the determined transport direc-
tions may rather indicate that the influx was from the morthwest (¢f Fig. 204).
However, a subsequent tectomic rotation might also occur in the Sierra del Rosario,
changing the original transport directions of clastic material.

Thus, one may conclude that there was a distinet variability in sedimentation
type among the stratigraphic sequences of Cordillera de Guaniguanico at the
Hauterivian bo Barremian time. The Early Cretaceous basin was split into some
facies zones (Fig. 20A). The sequences of Sierra de los Organos and Quifiones
represented an area wof calcareous pelagic sedimentation; a subordinate terrigenous
influx did also occur in the latter sequence, This area was somewhat shallower than
the zone of siliceous-clayey sediments of the southern sequence of Sierra del Ro-
sario. The latter zone must have been separated at that time from a turbidite basin
of the northern sequence of Sierra del Rosario. Such a barrier might be the narrow
zome of calcareous pelagic deposition.

PALEOGEOGRAPHY AT THE EARLY CRETACEOUS DECLINE

The Aptian to Albian deposits occur in the sequence of Sierra de los
Organos (Hatten 1957, 1967; Khudoley & Meyerhoff 1971; Torre 1972—
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1975) within a continuous succession of pelagic-limestones of Pons and
Guasasa Formations. In the southern sequente of ‘Sierra del Rosario, the
contemporaneous’ strata include cherts and shales of Sabanilla Member;
whereas, both flysch and pelagic (mostly siliceous) sediments of that age
occur in the northern sequence of Sierra del Rosario. In the sequence of
Quifiones, the Late Barremian to Albian strata are represented by shales
and radiolarian cherts of the lowermost part of Sierra Azl Formation.

Flysch  deposits of the northern sequence of. Sierra del Rosario resemble
a normal flysch and in places a proximsdl one. There are tool casts indicating the
currents along the WNW-—ESE axis. The Early Cretaceous basin of the Sierra del
Rosario received terrigenous clastic material from a land emerged over at least
25 my, and built up by ferrigenous sedimentary rocks and/or metamorphic and acid
igneous rocks. A few measurements of the transport directions suggest that the land
occurred northwest to the depositional basin of Polier Formation.
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Fig. 29. Facies zones of the Cordillera de Guaniguanico at the Cretaceous time
) A — Hauterivian to Barremian
B — Early Cretaceous decline
. € — Turonian-

D — Campanian to Maastrichtian
SO — sequence of the Slerra de los Organos, SRs — southern sequence of the Sierra del
Rosario, SRn — mnorthern sequence of the Sierra del Rosario, SR — both the sequences of

Sierra del Rosario, @ — Quinones sequence of the Sierra del Rosario
1 pelagic calcareous facies, 2 clayey-siliceous facles, 3 pelagic-flysch facies (limestones, sand-
stones, and shales), ¢ pelagle, mosily eiliceous facies (rediolarian cherts), 5 pelagic siliceous
andfor flysch facles, 6 pelagle calecareous facies of Quinones sequence, 7 mixed calcareous-
-terrigenous-voloanic facles, 8 carbonate shallow-water facies of ?Quinones sequence

The arrows indicate the inferred direction of terrigenous influx

8
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In general, the Hauterivian to Banremian paleogeographic pattern had persisted
up to.the end of the Early Cretaceous when the facies became uniform all over
the sequences of Sierra del Rosario (Fig. 29B). There were two distinct areas of
pelagic sedimentation at the Early Cretaceous decline; viz. calcareous pelagic zone
in the .Sierra de loz Organos, and siliceous-clayey one in the Sierra .del Rosario.
At that time, the sedimentary basin of Sierra del Rosario could reach its. deepest
point (Pszczélkowski 1971b),

There is mo-unequivocal e'mdenee fozr the bathymetry of Mesozoic radiolarian
muds and related deposits (cf. Garrison 1974). The Lower Cretacecvus siliceous-clayey
sediments of the Sierra del Rosario were deposited in a basin ‘widening successively
since the Hauterivian through Albian time (cf. Fig. 28). At the Early Cretaceous
decline, this area was at least 50 km wide (when measured perpendicularly to the
tectonic structures) but it was probably still wider, as some tectonic units are
covered by other units. The area of slow radiolarian-mud sedimentation was a bot-
tom depression delimited by the calcareous pelagic zone of Sierra de Jos Organos,
and on the other side by the clayey-siliceous basin of Quifiones sequence. The radio-
larian deposits of the northern and southern sequences of Sierra del Rosario may
have originated in proximity of (or temporarily below ?) the CCD, in relation, at
least in part, to calcium carbonate dissolution (cf. Garrison & Fischer 1969). In fact,
this interpretation may be confirmed by the symmetrical occurrence of calcareous-
—chert deposits with respect to the radiolarian sediments in some sections ‘of the
southern sequences of Sierra del Rosario (Pszezétikowski 1976a); there are also such
cases although under a les% typical form in the northern and Quifiones sequences.

SEDIMENTATION RATE OF THE LOWER CRETACEOUS DEPOSITS

The sedimentation rate of radiolarian cherts and shales of the southern sequence
of Sierra’ del Rosario can be estimated $o approximaté 0.8 to 1.0 m/my, when their
subsequent compaction (¢f Garrison 1967) and deposition span (the Haute.mvm.n or
Barremian to Albian, ie., 25 to 19 my; cf. Hinte 1976) are taken mto account. This
rate is almost identical to that determmed for the Jurassic radiolarites of Eastern
Alps (Garrison & Fischer 1969); while it is considerably lower than that detemnmed
for the Jurassic radiolarites of.Polish Tatra Mountains (Lefeld 1974).

The sedimentation rate of the Aptian to Cenomamian clayey-siliceous deposits
of Quifiones sequence appears to have been 7 to 10 time higher than that determined
for radiolarian cherts and shales of the Sierra del Rosario. Th1s results probably
from the significant amounts of clayey matter. '

The Lower Cretaceous pelagic and flysch sediments of the northern sequence
of Sierra del Rosario were deposited at an average rate of 8-to 12 m/my.

In its turn, the sedimentation rate of calcareous pelagic deposits of the Sierra
de los Organos was approximately twice as high as that of radiolarian cheris and
shales of the Sierra del Rosario.

FACIES DEVELOPMENT AND PALEOGEOGRAPHY OF THE UPPER
CRETACEOUS AND LOWER PALEOGENE

CENOMANIAN TO TURONIAN

F.AC.IES DIVERSITY

The Cenomanian- strata of the Cordillera de Guaniguanicoe are but indistinctly
separated from the Lower Cretaceous ones, as the facies are identical or closely
related oné to the other. At the Cenomanian to Turonian time, a pelagic, mostly
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“calcarecus sedimentation’ persisted in the sequence of Sierra de los Organos (Pons
Formation and Infierno Member of Guasasa Formation). This area remained also
isolated from both land masses and active volcanic belts. Pelagic sediments were
deposited all over the Sierra de los Organos, as indicated by the occurvence of their
clasts within the Paleocene breccias present in sections where the Cenomanian to
Turonian strata are lacking.

There is a considerable variability in the Cenomanian to Turonian facies among
the sequences of Sierra del Rosario. Thus, deep-water, clayey-siliceous sediments
were still deposited in the southem sequence at the Early Cenomanian time; later
on {sometimes but at the Turonian time), these sediments became replaced with
Iimestones intercalated with. radiolarian cherts. These limestones attributed tc the
limestone- and chert-bearing member of Buenavista Formation (cf. Table 7 are
preserved but in a few sections (cf. Pszczbllvowski 1976a). In Quifiones sequence, the
Cenomanian has not been evidenced paleontologically; nevertheless, such an age
attribution is highly probable in the case of the upper part of shales and cherts of
Sierra Azdl Formation. Presumably, a significant change in facies occurred in this
sequence at the Cenomanian and Turonian boundary. The Turonian is represented
by micritic limestones with planktic forams, assigned to Pinalilla Member Fig. 290).
The Cenomanian to Turonian facies variation appears to have been the highest in
the northern sequence of Sierra del Rosario. In fact, there are micritic and detritic
limestones intercalated with radiolarian cherts. Turbidite currents derived the
detritic material from some shallow-water areas and deposited it in a pelagic basin.
Some radiolarian-bearing chert clasts do also occur in the detritic limestones due to
an erosion of bottom highs by the currents., These calecareous-siliceous deposits
appear to be best developed in the tectonic umit of Sierra Chiquita, while their
amounts in sections of Buenavista Formation decrease southwards. This indicates
that t¢he clastic influx was meither from the southern sequence of Sierra del Rosario,
nor from the Sierra de los Organos. The Cenomanian t0 Turonian deposits of the
northern sequence of Siema del Rosario include also shales, marly limestones,
sandstones, and detritic limestones of Moremo Membelr, intercalated occasionally
with rocks of volcanic origin (mostly tuffites). Turbidite currents contributed also
to the accumulation of the clastic sediments of this facies. This facies is best
developed in the eastern part of Siemra del Rosario (Fig. 29C).

PALEOGEOGRAPHIC CONNECTIONS

At the ? Late Cenomanian and Turonian time, the northern sequence
of Sierra del Rosario was in part influenced by a volcanic activity. This
is the case of a narrow area comprising Cangre tectonic unit and some
related slices with dacitic and ryodacitic tuffites. Volcanogenic clastics
make also part of sandstones and conglomerates of Moreno Member.

. A voleanic activity may also have influenced a part of the southern
sequence of Sierra del Rosario, as indicated by a-trachyandesite exposed
in an inlier west to Soroa (Pszczélkowski 1976a).

An intense volcamic activity took place at the Cemomanian to Turonian time
mostly in the southern Cuba; in fact, there are andesites, dacites, and ryolites
within sedimentary rocks of that area (Khudoley & Meyerhoff 1971). In Pinar del
Rio Province, volcanic rocks of andesite composition occur in the Bahia Homnda
zone (Skupinski in: Pszczétkowski & al. 1875); these rocks were previously termed
porphyrites (Furrazola-Bermfidez 1969). These rocks ocour within the Felicidades
Formation (Pszczélloowski & Skupifiski in: Pszczbikowski & al. 1975) of the Ceno-
manian to ?Campanian age. .
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The Bahia Honda zone makes part of the eugeosynclinal Zaza facies-
~structural zone (Furrazola-Bermtidez & al. 1964). As judged from the
voleanic contribution to the Cenomanian to Turonian strata of Zaza zone
and the northern sequence of Sierra del Rosario, some paleogeographic
connections between the two areas appear quite possible at that time.

Clastic material present in the Cenomanian to Turonian deposits of
‘the northern sequence of Sierra del Rosario could be derived from two
source areas. One area occurred in a zone of intense volcanic activity, the
other was related to a shallow-water carbonate sedimentation. Carbonate
material of sandy calcarenites of Moreno Member came partly from the
same source areas. In fact, some rudist banks occurred locally in Zaza
zone at the Turonian time (Khudoley & Meyerhoff 1971). They could
encircle little voleanic islands; metamorphic rocks could also contribute
to these islands. Then, the Cenomanian to Turonian paleogeography might
resemble the present-day geography of Greater Antilles, north to Hispa-
niola. Today, mixed calcareous-terrigenous deposits are being transported
off Hispaniola (and probably Cuba, too) to the deep-water basin of Hispa-
niola-Caicos (Bennetts & Pilkey 1976). However, these Late Cretaceous
islands could rather be compatible in size with some of the Lesser Antilles
displaying volcanic activity.

There are, however, no mdlcatlons in the Sierra del Rosario (and so
‘more in the Sierra de los Organos) of a large emerged area south to Pinar
del Rio Province at the Cenomanian to Turonian time (cf. Khudoley in:
Khudoley & Meyerhoff 1971; J. L. Wilson 1975, Fig. XI-5).

At the Turonian time, the area of pelagic limestone deposition of
Quifiones sequence (Pinalilla Member) was outside the deep-water basin
of Sierra del Rosario. As the matter of fact, this may reflect a trend to
successively rise the bottom in deep-water basin margins.

CONIACIAN TO SANTONIAN

In the Sierra de los Organos, the Coniacian to Santonian deposits occur
in the uppermost part of Pons Formation (=Pefias Formation of Hatten
1957). Pelagic limestones of this formation contain the Santonian micro-
organisms among others (cf. Khudoley & Meyerhoff 1971). Coniacian to
Santonian strata have insofar not been documented within Guasasa For-
mation but one may claim that the pelagic facies had been spread all
over the Sierra de los Organos prior to the erosion that took place at the
Paleocene time.

The Coniacian to Santonian deposits are poorly evidenced in the Sierra
del Rosario. The possible Coniacian marly limestones with some planktic

_forams occur in Buenavista Formation in the northern sequence of Sierra
del Rosario, viz. in Cangre tectonic unit. Similar limestones and in a
similar lithostratigraphic position have also been recorded in some other
sections of Buenavista Formation. The Coniacian to Santonian strata
occur surely in some sections of the uppermost part of Moreno Member
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and in the upper part of the limestone- and chert-bearing member of
Buenavista Formation. In-Quifiones sequence, the Coniacian to Santonian
is probably represented by marly deposits of the upper part of Sierra
Azl Formation.

The Coniacian to Santonian paleogeography remains unclear because of the
poor biostratigraphic data. One may but claim’ that in the deepest part of the Late
Cretaceous basin (northern sequence of Sierra del Rosario) the sedimentary condi-
tions did generally not change. In the southern sequence, the Coniacian-to Santonian
deposits have been eroded previously to the Maastrichtian to Paleocene time. Never-
theless, they may.be in places preserved at the base of the limestone breccia member
of Buenavista Formation. In fact, Judoley & al. (1963) noticed the Aptian to San-
toniam deposits by the locality Soroa (cf. also Khudoley & Meyerhoff 1971); these
strata may, however, be pre-Coniacian.

- CAMPANIAN TO MAASTRICHTIAN

FACIES ZONES

At the Campanian to Maastrichtian time, the area of pelagic cal-
careous sedimentation persisted in the Sierra de los Organos (Fig. 29D),
separated from terrigenous, volcanic, and shallow-water carbonate ma-
terial sources. At present, deposits of this age occur exclusively in the
environs of Pons (Pons Formation) but one may claim that they were
- spread all over the investigated area previously to the Paleocene time,

In the northern sequence of Sierra del Rosario, the Campanian to
Maastrichtian sediments are best-developed in the tectonic units of Sierra
Chiquita, Cangre and La Serafina (cf. Fig. 24). They include radiolarian
cherts intercalated with brecclas, with marly limestones present in a few
sections. Then, one may conclude that a deep-water sedimentation area
existed at that time in the northern sequence of Sierra del Rosario
(Fig. 29D); receiving temporarily carbonate clastic material.

Pelagic and clastic deposits of the upper part of Buenavista Formation
are 200 to 300 m thick and hence, they could not fill up the deep-water
basin of the northern sequence of Sierra del Rosario. Then, this basin
existed also during the deposition of detritic limestones of Cascarajicara
Formation.

In Dolores tectonic, unit, the Maastrichtian is represented by shales, marls, and
sandstones intercalated with tuffites. In the tfectonic units of Naranjo and Belén
Vigoa and in the southern Sierra del Rosario, the Maastrichtian is usually re-
presented by a breccia ranging in thickness from 2 to 30 meters (the limestone
breccia member ©of Buenavista Formation).

In Quifiones sequence, the Campanian to Maastrichtian strata include
the upper part of Sierra' Azl Formation (200 m in thickness). Terrigenous
deposits of the lowermost part of this set of strata resemble the flysch,
while clayey shales and sandstones higher in the section lack any flysch
analogiés.
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CALCAREQUS CLAS’L‘Ié DEPOSITS OF THE SIERRA DEL ROSARIO

The Campanian to Maastrichtian strata commonly comprise " clastic
deposits, mostly breccias, of the northern sequence of Sierra del Rosario.
Their lithology, 'thickne_s‘s,' and lithostratigraphic position are variable
but, nevertheless, there are also some common characteristics. The
thickest are the clastic limestones of Cascarajicara Formation (up to
450 m), not older thar of Late Maastrichtian age. '

In the northern sequence of Sierra del Rosario, breccias occur within the upper
chert member of Buenavista Formation. They include commonly clasts and blocks
of shallow-water limestones with crudists, corals, and benthic forams, and on the
other hand some radiolarian chert and pelagic limestone fragments. There are also
some clasts of limestones bearing both planktic and benthic microfauna. Apart from
the breccias, there are also some calcarenite intercalations displaying graded bed-
ding and sharp lower boundaries. The shallow-water limestone clasts are obviously
allochthonous. The fragments of pelagic Limestones and cherts can be regarded as
almost indigenous. : )

Los Cayos Member breccia (Pl. 2, Fig. 2) appears unusual in its large thickness
and very coarse detritic material. It occurs in Sierra Chiquita  tectonic unit (cf.
Fig. 21), overlying gray, marly limestones, some blocks of which occur at the base
of the breccia. The mode of occurrence of this particular breccia and related but
less thick deposits may indicate that the coarse clastic material was received only
by some parts of the deep-water basin of Sierra del Rosario. The fragments of
coral-foraminifer and rudist limestones have been derived from some Upper
Cretaceous reef (?) areas. When transported to the basin of Sierra del Rosario,
the shallow-water carbonate debris intermixed with eroded deposits of various
sedimentary zones, deep-water omes including. The breccias originated due to debris
flow-like processes (cf. Moran 1976) of a considerable eroding ability. The coarse
clastic material was deposited probably at the base of a paleoslope (ca.rbonate'

_shelf ), maybe at the mouth of some submarine canyons (¢f. Schlager & Schlager
1973, Carter & Lindqvist 1975, Walker 1975). Further away from the paleoslope,
the clastic material was transported by turbidite currents (breccias and calcarenites
displaying graded bedding) .

The comsidered. paleoslope must. have occurred outside the area of both- the
northern and southern sequences of Sierra del Rosario. When considering the pre-
sent-day structural pattern, the amounts of carbonate clastic’ material significantly
jnerease northwards in the Campanian to Maastrichtian deposits, and the maximum
has been attained in soine sections of Sierra Chiquita tectonic umit. Therefore,
one may conclude that the source area oceurred probably north to this tectonic
unit. ot

The origin of detritic deposits of Casecarajicara Eomnatipn whas considered by
some authors (Hatten 1957, Bryant & al. 1969, Khudoley & Meyerhoff 1971). Hatten
(1957) regarded these detritic limestones as a talus at the base of an active carbonate-

-bank edge, maybe a fault scarp. According %o him, the clasts indicate that the
Cretaceous shallow-water carbonates of the Central Cuba extended also over the
area of. today Pinar del Rio Province, and provided the investigated defritic ma-
terial. Khudoley & Meyerhoff (1871) claim that the shallow-water zone of Remedios
recalled by Hatten (1957) occurs today north to Pinar del Rio Province. These con-
clusions were partly baseéd oh the assumed lack of terrigenous and volcanic material
in Cascarajfcara Formation (cf. also Bryant & ul. 1969). However, thin sections derived
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from diverse parts of the Formatjon indicate clearly (Pszczéikowski in: Pszcz6l-
kowski & al. 1975) that apart from the most abundant limestone clasts and bioclasts,

a terrigemous material and volcanic debris do also occur rather commonly (Pl. 6,

Fig. 2). Then, one may conclude that a shallow-water sedimentation area north
or northeast to the Siexra del Rosarfo could not be the only source area for the
clastic material. There are no Cretaceous pelagic, terrigenous, or volcanic mocks
in the zone of Remedios (cf. Khudoley & Meyerhoff 1971). In fact, KEnipper & Cabrera
(1874) reported the Cenomanian to Campanian pelagic sediments from that area,

but their notion of Remedios zone appears wider tham that accepted in other publica- -
tions. The mvestmgated clastic material includes terrigenous, volcanic (neutral and
alkalic), and metamorphic rocks (quartzites and quartz slates) and pelagic and
shallow-water carbonates. There is no facies-structural zone that might have provid-
ed such & variable detritic material. It seems quite possible that all these diverse
constituents of the detritic limestones of Cascarajicara Formation have somewhere
become mixed previously to their deposition in the deep-water basin of Sierra del
Rosario; subsequently, a single or some turbidite currents transported them to the
latter area. A gradual decrease in grain size from the base to the top of the Forma-
tion may indicate that the deposits originated owing to a single sedimentary event;

however, in such a case a turbidite current should have been loaded with some
40 to 70 km3 of the clastic material.

The Cascarajicara Formation occurs but in two tectonic umits which suggests
that its depositional area represented a rather narrow, elongate depression. The
presence of both shallow-water carbonate debris and volcanic and pelagic limestone
fragments indicates a mutual proximity of some volcanic-sedimentary sequences
and shallow-water carbonate zone, the latter represented probably by the margmal
part of the Florida-Bahama (or Yucatan?) platform.

LATE CRETACEOUS TECTONIC MOVEMENTS

The lack of Campanian and pre-Campanian Cretaceous deposits in the
Sierra del Rosario has resulted from some pre-Maastrichtian tectonic
movements (Pszczétkowski 1971b, 1976a). In the southern sequence of
Sierra del Rosario and in the southernmost tectonic units of the northern
sequence, the Late Cretaceous tectonic movements took place during the
Turonian through Maastrichtian time. Sometimes, one may be unable to
make a clear distinction between the effects of the “Subhercynnian” and
“Early Laramide” tectonic movements in Cuba. The stratigraphic hiatus
including the Turonian through Campanian has insofar been related to
the Subhercynnian events (Furrazola-Bermidez & al. 1964, Khudoley
1967); or the Turonian to Santonian Subhercynnian movements have been
distinguished from the Campanian to Maastrichtian Laramide ones
(Hatten 1967, Khudoley & Meyerhoff 1971). The present author prefers
to treat these movements in more general time terms (i.e., the Late
Cretaceous) or to determine precisely, if possible, their time range. .

In some sections of the Sierra del Rosario, one may be unable to de-
termine precisely the time range of the limestone breccia member of
Buenavista Formation and therefore, a possibility of a local overlap of
the effects of the Late Cretaceous and Paleocene movements cannot be
rejected. Neither the Late Cretaceous tectonic movements in the Sierra



SEQUENCES OF THE CORDILLERA DE GUANIGUANICO 73

del Rosario, nor the Paleocene ones in the Sierra de los Organos (Pszcz6t-
kowski & al. 1975), have resulted in any overthrusts or folds. Further-
more, the Late Cretaceous erosion did not penetrate deeply into the Ju-
rassic strata of Sierra del Rosario, if reached them at all. It took off
deposits 30 to (?) 120 m thick, depending on particular section in the
southern sequence (Pszczétkowski 1976a, Fig. 3). The maximum value
ould even be less than 120 m, be a part of the lacking strata deposited
under the conditions of very low sedimentation rate.

In some tectonic units of the northern sequence of Sierra del Rosario,
the Late Cretaceous tectonic movements did not disturb the deep-water
sedimentation. Nevertheless, they changed significantly the geosynclinal
basin of the Sierra del Rosario as a whole, Vast area of the Cenomanian
to Turonian deep-water deposition was reduced at the Maastrichtian time
to the northern sequence, mostly to the tectonic units of Sierra Chiquita
and Cangre. The basin of Quifiones sequence was taken to a shallow-
-water sedimentation area at the Maastrichtian time, -

Approximately the same intensity was also attained by the Campanian
and Maastrichtian tectonic movemens all over Pinar del Rio Province
(Pszczétkowski in: Pszczdtkowski & al. 1975). As judged from the facies
development and disconformity characteristics, there were no intense
orogenic movements in La Esperanza, San Diego de los Bafios, and Bahia
Honda zones; consequently, no overthrusts or considerable folds were
formed at the Late Cretaceous time. The most remarkable disconformities
occur at the base of Capdevila Formation which represents the Upper
Paleocene to Lower Eocene (Myczynski & Piotrowski in: Pszcz6tkowski
& al. 1975), and at the base of Loma Candela Formation (Middle Eocene).

PALEOCENE OF THE SIERRA DE LOS ORGANOS

At the Early Paleocene time, pelagic limestones and cherts were still
accumulating in the Sierra de los Organos. These deposits are preserved
today but in a single tectonic unit, namely Valle de Pons unit. There is
a hiatus in the sequence of Sierra de los Organos (Hatten 1967) comprising
diverse Upper Jurassic and Cretaceous stages and most of the Paleocene
(cf. Table 1). The Paleocene erosion was rather limited in the base tectonic
units (Valle de Pons and Infierno units) and hence, deposits of Ancén
Formation overlie the Upper Cretaceous or Lower Paleocene limestones.
In the top tectonic units (Vifiales, Ancén, Sierra de la Giiira), the Upper
Paleocene deposits overlie massive limestones of Guasasa Formation
(Kimmeridgian to lowermost Tithonian) or the Tithonian to Valanginian
strata; this indicates that carbonate sediments 80 to 450 m thick were
eroded prior to the Late Paleocene time. There has insofar not been
recorded any section with the Paleocene erosion that had reached the
lowermost part of Guasasa Formation or Jagua Formation. The La Giiira
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Member attains its maximum -thickness in sections displaying a consider-
able Paleocene erosion. Be the Cretaceous or Lower-Paleocene limestones
overlaid directly by micritic and marly limestones of Ancén -Formation,
the latter -deposits comprise fairly abundant chert clasts. The discon-
formity recognized between the Guasasa and Pons Formations and the
Ancén Formation has not been observed in the field. In fact, it is less
than 2° and it can be demonstrated only by means of a comparison among
the sections of successive tectonic units (Pszczbtkowski in: Pszez6tkowski
& al. 1975). Thus, one may conclude that the top surface of the pre-Late
Paleocene strata is of erosional-tectonic nature in the Sierra de los Orga-
nos. : .

-Presumably, the Paleocene erosion of the Jurassic to Cretaceous
limestones took place mostly under the submarine conditions. In fact, the
uppermost Cretaceous to Lower Paleocene deposits of Pons Formation
represent pelagic facies just as micritic and marly limestones of Ancén
Formation do. There is no evidence of any change in facies towards more
shallow-water sedimentary conditions. The La Giiira Member .breccia
does not comprise any shallow-water limestone clasts or bored debris.
Any Paleocene karst structures have not been recorded at the top of
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Pons and Guasasa Formations, even although the top surface may be
somewhat irregular. A calcareous matrix occurs in both ‘the uppermost
part of La Giiira Member breccia in Pina Sola section and breccia inter-
calations within pelagic limestones of Anc6én Formation (Fig. 30), which
indicates that the detritic deposits were commonly (1f not excluswely)
accumulated in‘a pelagic sedimentation area. :

The disconformity at the base of the Upper Paleocene deposits has
resulted from tectonic movements that took place after the Maastrichtian
to Early Paleocene but prior to the Late-Paleocene time.  These move-
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meérits represented’ probably a differential uplift of some blocks built up
by the Jurassic to Cretaceous deposits (Fig. 31). There is, however, no
evidence of any folds or overthrusts of the pre-Late Paleocene age. In
fact, such deformations.should have exposed some.strata older than
Guasasa Formation and caused their clasts to occur in the breccia of La
Giiira Member of Ancén Formation. : _ _
 Along with uplifted blocks, some submarine depressions resulted also
from the Paleocene tectonic movements. These depressions were partly
filled by the sediments of Ancén Formation. This is indicated by the
facies and thickness variability exhibited by Ancén Formation. Limestone
and chert debris were deposited in proximity of hypothetic faults attain-
ing some tens to hundreds meters in displacement. Some especially up-
iifted areas supplied a carbonate debris throughout the deposition period
of Ancén Formation. Olistostrome-like breccia intercalations were de-
posited in bottom depressions due fo submarine slump processes. La Legua
Member breccia appears unusual because of its large thickness (up to
25 m) and block size-(up to 5 m). It originated probably in relation to an
intense uplift in the Late Paleocene of an adjacent block built up by the
Jurassic to Cretaceous limestones.

Some red, marly limestones occur in the uppermost part of Ancén Formation
in Vifiales and Infierno tectonic units. Their silica content approximates 27%, that
is it exceeds considerably that typical of the limestones of the lower part of Ancon
Formation {6 to 7.5%). This difference resulted from an increased clayey influx by
the end of the sedimentation period of the comsidered deposits. At that moment,
the area represented today by Vifiales and Infierno tecbonic units (the -latter one
but in part) was probably localized in a deeper zome of the basin. This was also
the case at the beginning of the Late Paleocene sedimentation (cf. Fig. 31).
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Fig. 31. Sedimentation pattern of the Upper Paleocene Ancéom Formation in the

oo Sierra de los Organos (not to vertical scale) -

Tectonic units: SG — Slerra de Ja Gllira, A — Ancén, V — 'Vinales, I — Infierno, VP — Valle
. de Pons,’L. — La Legua C .. .

1 the Upper Jupassic massive limegtones (Guasasa Formation), 2 the Tithonian to Lower Paleo-

cene pelagic limestones (Guasasa and Pons Formation), 3 breccla of Ancén Formation, 4 pelagic,
' " micritic and marly limestones of Ancon, Formation ' i
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The sedimentation rate of the Upper Paleocene micritic and marly limestones
was much higher than that of the Cretaceous pelagic deposits in the Sierra de los
Organos.

LOWER EOCENE OF THE SIERRA DE LOS ORGANOS

At the Late Paleocene decline, a general change in facies occurred in
the Sierra de los Organos. Pelagic and clastic deposits of Ancén Forma-
tion were replaced successively by terrigenous sedimients of Pica Pica
Formation. Lithological variability in the latter formation resulted from
the clastic influx coming from some- distinct source areas. Most clastic
material is of volcanic origin. The volcanic debris could be derived in part
from reworked diabases and andesites to dacites present within the Pa-
leogene strata of the Sierra de los Organos (cf. Grodzicki 1972, Haczewski
1974). However, most volcanic clasts are allochthonous. This is, indeed,
indicated by the associated bioclasts including abundant fragments of the
Campanian to Maastrichtian rudists, algae and large forams, and the litho-
clasts including biomicrites with planktic microorganisms ¢(Calcisphae-
rulidae among others). Such a detritic material might be derived from
a sedimentary-volcanic sequence resembling the zone of Bahia Honda.
Carbonate fragments were also supplied by the Guasasa and Pons Forma-
tions. In fact, limestone debris of these two formations occur commonly
in breccias, and less abundantly in wacky sandstones and calcarenites
~of Pica Pica Formation. :
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Fig. 32. Hypothetic section showing the Lower Eocene paleogeography of the
western Pinar del Rio Province
BH-SDB — facies-structural zones of Bahia Honda and San Diego de los Banos, SO — sequence
'of the Sierra de los Organos
1 Capdevila Formation, 2 the Campanian to Maastrichtian limegtones with rudists and benthic
forams, and clagtic deposits (Sen Juan Formation), 3 the Cenomanian to Campanian sedimen-
tary and volcaniec rocks, 4 serpentinites, gabbroids, and ultrabasic rocks, 5 clastic deposits of -
Pica Plca Formation and the underlying deposits of Ancén Formation, 6 the Upper Jurassic
to Lower Paleocene lmestones, 7 San Cayetano Formsation, 8 uplift of some areas in Bahia
Honda and San Diego de los Banos zomes, 9 clagtic influx to the Sierra de los Organog basin

Turbidite curvents transported the tferrigenous clastics to the basin of Sierra
de los Organos (Hatten 1957); whereas the detritic carbonate material was transport-
ed mostly by submarine slumping off some local elevations built up mainly by
Guasasa Formation limestones (Fig. 32). The lavas resulted from a volcanic activity
related mostly Yo the upper part of Pica Pica Formation (cf. Myczyhski in: Pszezol-
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kowski & al. 1875). By the locality La Constancia, an andesitic agsglomerate lava
(Malinovsky & Carassou 1974) ocours within the chaotic rocks; however, one may
suppose that it was originally related to the uppermost Pica Pica Formation,

The Lower Eocene thickness and facies variability in the sequence of Sierra
de los Organos resulted from a tectonic instability at the deposition time (Hatten
1857). The flysch sediments range in thickmess from merely 30 m to more than
100 m. Despite the tectonic deformations, one may claim that this variation was
in part determined .by the basin topographiy. The reduced flysch sections occur
commonly over those Jurassic limestones that had already been uplifted at the
Paleocene time. In places, the flysch deposits overlie directly such Jurassic rocks
and then, comprise abundant pebbles and angular clasts talgen off the substrate.

The Lower Eocene flysch and pelagic deposits of the Sierra de los
Organos can be regarded as synorogenic sediments. However, the very
meaning of such an attribution is quite different from that accepted
Previously by Hatten (1967). It is proposed here that most clastic material
came from some degraded sedimentary-volcanic sequences rather than
from the sequence of Sierra de los Organos itself. During the Early Eocene
flysch deposition, sediments of Jagua and San Cayetano Formations
‘remained covered by the overlying strata, which indicates that the tectonic
units of the Sierra de los Organos could not be at that time overthrust
to any significant extent. Presumably, the Lower Eocene rocks were
deposited in front of a rock sequence being uplifted or even overthrust;
the latter sequence can be claimed to have resembled the rocks of Bahia
Honda facies-structural zone. In Pinar del Rio Province, the uplift
and/or overthrusting of that hypothetic rock sequence had started at the
Paleocene time, and increased in intensity at the Early Eocene time.

LOWER PALEOGENE OF THE SIERRA DEIL, ROSARIO

No deposits younger than of the Late Paleocene age have insofar been
documented in the Sierra del Rosario. Nevertheless, the Lower Eocene
sediments may also occur in some sections of Buenavista Formation. The
Paleogene of Sierra del Rosario comprises clayey and tuffite shales,
wacky sandstones, polymictic calcarenites, cherts, micritic and marly
limestones, marls, and breccias. In La Paloma tectonic unit (east to La
Palma), limestones, shales, and sandstones are separated from radiolarian
cherts and breccias by a unit of volcanic rocks some 100 m thick (Fig. 20).

In the southern sequence of Sierra del Rosario, rather thin pelagic limestones
were deposited along with some shales and sandstones at the Paleocene time.
Thereafter, the general facies development became somewhat similar to that typical
of the sequence of Sierra de los Organos. A clastic sedimentation prevailed at first;
sandstones and calcarenites composed mostly of bioclasts and volcanic debris were
deposited at that time. A more intense volcanic activity disturbed or interrupted
the clastic sedimentation, supplying some basalt- ar andesite-type rocks, The volcanic
activity persisted also at the deposition time of radiolarian cherts and tuffite shales
(? Early Eocene time) although its intensity decreased. The latter sediments are also
intercalated with some 'olisbostrome-like, coarse-clastic rocks (up fo 15 m thick) and

. occasional olistolites,
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. In some tectonic units, the Paleogene deposits of Buenavista . Forma-
tion are overlaid by chaotic rocks. There are blocks of diverse sedimentary
rocks (cf. PL 1, Fig. 4) within the chaotic mass, those unknown in the
sequence of Sierra del Rosario including. This indicates that sedimentary
processes contributed to the formation of chaotic rocks; the rocks under-
went also considerable ‘tectonic deformations. (Pszezélkowski 1971b, in:
Pszczotkowski & al. 1975). The autochthonous constituents represent
usually but a minor component of the chaotic rocks of the Sierra del Ro-
sario. Furthermore, there are no blocks derived from Artemisa and San
Cayetano Formations. Then, one may conclude that the chaotic rocks
were formed prior to the oldest formations of the Sierra de Rosario being
widely exposed. In fact, blocks and pebbles derived from those formations
appear in large amounts but in the upper Middle Eocene, viz. in Loma -
Candela Formation. (Pszezétkowski in: Pszezélkowski & al. 1975, Pszcz6l-
kowski 1976b) south to.Pinar fault, that is outside the Cordillera de
Guaniguanico. ' '

The chaotic rocks of Sierra del Rosario comprise serpentinites, dia-
bases, and diverse metamorphic rocks (cf. Pszczbtkowski 1971b). There
are also blocks of shallow-water sedimentary rocks up to some hundred
meters in size (e.g., by the locality Soroa). When assuming that Bahia
Honda facies-structural zone has been overthrust from the south over the
tectonic units of the Sierra del Rosario (cf. Meyerhoff in: Khudoley &
Meyerhoff 1971, Pardo 1975, Pszczétkowski 1976b), the serpentinites and
their associates in chaotic rocks can be treated as precursory olistostromes
of Elter & Trevisan (1973). However, the occirrence of some shallow-
-water limestone and dolomite blocks may require another explanation.
Some other hypotheses have, indeed, been proposed to explain the facies-
-structural relations in Pinar del Rio Province (Piotrowska & Pszczétkow-
ski in: Pszczélkowski & al. 1975, Piotrowska 1976a). The very nature of
the Sierra del Rosario chaotic rocks is complex which is here meant that
their origin resulted from both sedimentary and tectonic processes acting
penecontemporaneously (cf. Hsil 1973) or at differential time.

"GUANIGUANICO SEQUENCES,COI\IPARED TO OTHER
FACIES-STRUCTURAL ZONES OF CUBA

Any unmetamorphosed equivalents of the sequence of Sierra de los
Organos have not beer reported from outside the Cordillera de Guani-
guanico. Metamorphosed terrigenous-carbonate rocks of the Sierra del
Escambray and Isla de Pinos may be equivalent, at least in part, to the
Jurassic strata of the Sierra de los- Organos (Brown & O’Connell 1922;
Lewis 1932; Khudoley 1967, in: Khudoley & Meyerhoff 1971; Somin &
Millan 1972). However, there is no unequivocal interpretation of Isla de
Pinos section (cf. Millan 1974). Metamorphosed deposits of San . Cayetano.



SEQUENCES OF THE CORDILLERA DE GUANIGUANICO 79

Formation (or Arroyo Cangre qumétiox_l ?) may also occur in a submarine
ridge southwest to Guanahacabibes Peninsula (cf. Pyle & al. 1973).

LA mPERANZA AND BAHIA HONDA ZONES

There are some deposits in La Esperanza zone clmse in their facies to the Polier
and Buenavista Formations of the northern sequence of Sierra del Rosario. They
represent probably the Lower and Upper Cretaceous (Pszczélicowski-& al. 1975).
They comprise larger amounts of turbidite sandstones than many sections of the
Sierra del Rosario do, which may support the inference about the terrigenous i.'n:ﬂux
from. the northwest at the Early Cretaceous time.

No formation typical of the sequences of Sierra del Rosario has been ;tecorded
in Bahia Honda zone. Nevertheless, there are some Upper Cretaceous deposits
comparable in both the areas. One may recall the occurrence of volcanic rocks in
Buenavista and Sierra Azl Formation (Sierra del Rosario) and Felicidades Forma-
tion (Bahia Honda); or cherts and breccias in Buenavisia amd Felicidades Forma-
tions. On the other hand, ihere are .also some important differences, especially in
the Maastrichtian to Lower Eocene facies. The Upper Paleocene -to Lower Focene
sediments (Bratu 1973) of Capdevila Formation have been deposited in places
directly onto gabbroid mocks (Pszczblkowski in: ‘Pszczblkowski & al. 1975). Then, the
gabbroids (probably .along with- serpentinites) appeared in Bahia Honda mone prior
to the latest Paleocene or earliest Eocene time, but following the deposition of the
Upper Maastrichtian strata. There are no . transitional facies from the Cordillera
de Guaniguanico to Bahia Honda zone in the northeastern part of Pinar del Rio.
Province, which makes the tectonic nature of the contact (Pszczélkowsln 1976b)
even more pronounced.

PRE-MIDDLE EOCENE SEQUENCE OF LA HABANA SURROUNDINGS

The Cretaceous to Paleogene deposnts of La Habana surroundingst have been
described in detail by Briénnimann & Rigassi (1963). The Cenomanian to Turomian
sediments (“Pre-Via Blanca beds”) of this sequence appear compatible with some
of their time equivalents in the northern sequence of Sierra del Rosario. However,
the Campanian to Lower Maastrichtian deposifs are distinctly differemt. La Habana
sequence comprises terrigenous flysch deposits intercalated with conglomerates,
calcarenites, tuffites, and andesites, attaining up to 500 m in thickness; the con-
glomerates may be dominated by igneous rock debris, volcanic material including
(Bronnimann & Rigassi 1963). In its turn, the time equivalent part of the northern
sequence of Sierra del Rosario comprises radiolarian cherts intercalated with breccias
that lack usually any material of igneous or volcanic origin, The Maastrichtian
deposits of Dolores tectonic unit resemble, however, the facies of Via Blanca Forma-
tion of La Habana sequence, The Cascarajicara and Pefialver Formations have
already been compared in this paper. Their clastic material could be derived from
the same source areas; both these formations were deposited under gimilar paleo-
~ geographic conditions. The Upper Paleocene and Lower Eocene appear to be incom-

patible in both the sequences.

In summary, the northern sequence of Sierra del Rosario may resemble the
Cretaceous strata of La Fabema surroundings rather than the Bahia Honda zone,

CAMAJUAN] AND PLACETAS ZONES

There are seVemal facles-.structm'al zones parallel to the northern coast of the
island in Central Cuba, 300 km east to Pinar del Rio Province. There are the
Jurassie, Cretaceous, and Paleogene strata south to platform zones of Cayo Coco and
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Remedios (Furrazola-Bermfdez & al. 1964). They have been attributed {o either
Camajuani and Placetas zones (Ducloz & Vuagnat 1962, Knipper & Cabrera 1974),
Las Villas, Placetas, and Cifuentes zones (Pardo 1975), or Las Villas zone itself
(Rhudoley 1967, in: Khudoley & Meyerhoff 1971); this is the miogeosyncline and
median welt of A. A. Meyerhoff. Firom the south, these strata border upon serpen-
tinites, gabbroids, and volcanic and sedimentary rocks of Santa Clara zone (Ducloz
& Vuagnat 1962) called also Zaza zone (Furrazola-Bermtdez & al. 1964). The lattier
zone has commonly been conceived as eugeosynclinal part of the Greater Antilles
 orthogeosyncline in Cuba (Hatten 1967, Khudoley & Meyerhoff 1971, Knipper &
Cabrera 1974, Pardo 1975).

The equivalents of the Upper Jurassic to Cretaceous deposits of the southern
sequence of Siemra del Rosario ooccur in Camajuani zone (Pszezflicowski 1876a).
Marcover, the Upper Jurassic limestones and dodomites of Camajuani zone comprising
a shallow-water fauna and ooids may be facies (amd time ?) equivalent to the San
Vicente Member of Guasasa Formation; nevertheless, it would probably be un-
reasonable to claim that any direct paleogeographic connections did exist. The Ti-
thonian to Berriasian ammonite-bearing limestones of Camajuani zone may also be
roughly correlated with their time equivalent deposits of Artemisa Formation.
Shallow-water conditions were replaced by a pelagic sedimentation at approximately
the same time in Camajuani zone and the Siemra de los Orgamos., The Lower Cre-
taceous limestones of the southern sequemwe ©of Sierra del Rosario resemble very
closely those of Camajuani zome. The Lower Cretaceous to Cenomanien cherts and
radiolarian shales of the southem sequence of Sierra del Rosario resemble the
Albian to (?) Turoniart cherts, radiolarites, and limestones of Placetas zone (cf. Ducloz
& Vuagnat 1962, Pardo 1975). In Camajuani zone, the Maastrichtian is represemied
by cherts intercalated with detritic limestones. Somewhat similar deposits occur
in the Campanian to Maastrichtian in the northern sequence of Sierra del Rosario.
The Paleogene is quite differential in both the comnsidered areas. There is a strati-
graphic hiatus between the Cenomanian fo Tumonian and Maastrichtian, typical
of both Camajuani zone (Kmipper & Cabrera 1974) and the southern sequence of
Sierra del Rosario. In general, the northern sequence of Sierra del Rosario re-
sembles Placetas zone; whereas the sequence of Quifiones appears to have no
counterpart in Ceniral Cuba.

As demonstrated by the above paragraphs, there are some vague
analogies between the sequences of Cordillera de Guaniguanico (except
of Quifiones sequence) and some other facies-structural zones of Central
Cuba. Nevertheless, the latter zones cannot be extended automatically
over the area of Pinar del Rio Province, as there are also some important
differences. One may recall here the abundance of terrigenous Jurassic
deposits in the Cordillera de Guaniguanico, carbonate pelagic Cretaceous
sediments in the Sierra de los Organos, and volcanogenic rocks in the
Sierra del Rosario. '

PRETECTOGENIC PATTERN OF GUANIGUANICO SEQUENCES

The Middle Eocene orogenesis changed significantly the original pat-
tern of the western Cuban geosynclinal zones. The boundaries of Guani-
guanico facies-structural zone are tectonic in nature (Piotrowska 1976a,
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Pszczélkowski 1976b), which makes difficult to unequivocally reconstruct
the original paleogeographic position of this zone. The sequence of Sierra
de los Organos does also border upon the sequences of Sierra del Rosario
along a tectonic contact; nevertheless, there are some transitional links
making possible to find out the original facies and paleogeographic rela-
tionship between both the major parts of the Cordillera de Guaniguanico.
Moreover, there are also some sections transitional between the southern
and northern sequences of Sierra del Rosario. The Hauterivian to Ceno-
manian deposits of Quifiones sequence resemble their time equivalent
strata of the other sequences of Sierra del Rosario; whereas the younger
deposits- are d.1$tmctly different.
_ The stratigraphic sequences of the Cordillera de Guaniguanico have
been partitioned tectonically and overthrust; nevertheless, the original
facies sequence has not been changed to any considerable extent. This
holds true mostly for the most important facies, present in some tectonic
units at least. The present-day distribution of these facies in the nappe-
-slice units of the Cordillera reflects generally their pretectogenic pattern.
This correlation is quite apparent in the case of the Jurassic facies and
to a less degree the Lower Cretaceous ones.

The tectonic units of the Cordillera de Guaniguanico are almost pa-
rallel to the main Mesozoic facies zones. Then, one may claim that the
tectonic transport was more or less perpendicular fo the strike of these
facies zones. A comparison made between the lithologies of metamorphic
rocks of the Sierra de los Organos and Isla de Pinos (Millan 1972) may
suggest that previously to the Middle Eocene time, the sequence of Sierra
de los Organos was the southernmost one in the Cordillera de Gaunigua-
nico (cf. Piotrowska 1976a). This inference is also supported by the paleo-
geographic pattern proposed by Haczewski (1976) for San Cayetano For-
mation. Then, one may claim that the sequences of Sierra del Rosario
occurred originally to the north or northeast of the sequence of Sierra
de los Organos. In fact, Rigassi-Studer (1963) assessed already that the
sedimentation area of the Jurassic to Cretaceous strata of the Sierra del
Rosario occurred to the north or northwest of the Sierra de los.Organos.

It seems improbahble that Guaniguanico sequences were originally more or less
perpendicular to the W—E axis. One might argue that the tecbonic units of the
Sierra del Rosario ocour mostly in the eastern part of the Cordillera de Guani-
guanico, but the counterargument is that nobody knows how far to the east are
there the tectonic units of the Sierra de los Organos under the cover of Sierra del
Rosario units, The problem is also obscured by Pinar fault cutting obliquely the
tectonic units between San Diego de los Bafios and Soroa. The original pattern of
Guaniguanico stratigraphic sequences as suggested by Rigassi-Studer (1963) and
confirmed by the present author, implies also some constraints on possible inter-
pretations of the overthrust direction of the units of Sierra del Rosario (¢f. Pszcz6l-
kowski 1976b).

6
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.GUANIGUANICO SEQUENCES AND THEIR PALEOTECTONICS

The Cordillera de Guaniguanico was regarded as an intrageanticline
making part of an etgeosyncline, mostly because the Cretaceous to Pa-
leogene deposits were claimed to contribute but insignificantly to Guani-
guanico sections (Furrazola-Bermtdez & al. 1964, Khudoley 1967). How-
ever, somewhat more detailed investigations have demonstrated that the
Cretaceous to Paleogene strata are widespread in both the Sierra de los
Organos (Hatten 1957, 1967; Pszczélkowski & al. 1975) and Sierra del
Rosario (Pszczoétkowski 1976a, Myczyniski 1977). In the northern units
of the Sierra del Rosario, many sections comprise exclusively deposits
of that age (Pszczélkowski 1976a, b).

The substrate of San Cayetano Formation is unknown in Pinar del
Rio Province. The source area for the deposits of San Cayetano Forma-
tion must have comprised sedimentary, metamorphic, and igneous rocks.
It could be related to the substrate of the Jurassic delta of the Sierra de
los Organos. One may claim that it was of continental crust type (cf.
MacGillavry 1970). The substrate-of the sequences of Sierra del Rosario
represented either a continental crust, or a modified oceanic crust (sensu
Iturralde-Vinent 1975). Any ultimate solution remains impossible for the
moment. At the Eocene time, Guaniguanico sequences have become
separated from their substrate by a décollement (Piotrowska 1975, 1976b)
or shears (Rigassi-Studer 1963, Pszczétkowski 1976b).

Miogeocline and exogeosyncline stages (cf. Dickinson 1972) can be
recognized within the sequence of Sierra de los Organos. The miogeocline
stage comprises the Jurassic to Cretaceous strata, while the exogeo-
syncline stage comprises the Upper Paleocene to Lower Eocene deposits..
Three main sedimentation phases can be distinguished within the mio-
geocline stage, viz. deltaic, shallow-water, and pelagic phases. The first
two phases are usually conceived as the most typical of these sequence
because of large thickness of their deposits. However, the pelagic sedimen-
tation was the most persistent one (over 80 my) and hence, appears as
the most important one. The exogeosyncline. stage of the sequence of
Sierra de los Organos was significantly influenced by synsedimentary
tectonics and volcanism; the latter under the form of both effusions and
a considerable supply of volcanic debris.

There are no equivalents of the sequence of Sierra de los Organos in
either the northwestern Caribbean, or Central America. Some facies
analogies can be claimed but in the case of the Jurassic terrigenous
deposits of the Sierra de los Organos and Honduras or Guatemala; accord-
ing to Meyerhoff (in: Khudoley & Meyerhoff 1971), sediments of El Plan
Formation of Honduras resemble those of San Cayetano Formation.
However, the El Plan Format:lon is much thinner (300 to 500 m) than
the San Cayetano Formation; moreover, the former has been tentatively
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attributed to the Upper Triassic to Lower Jurassic (Mills & Hugh 1974).
- A large part of San Cayetano Formation may be time equivalent to the
Todos Santos Formation, but the facies characteristics appears to be quite
different (cf. Mills & al. 1967, Mills & Hugh 1974). Nevertheless, one may
claim that previously to the Oxfordian time, the deposition area of the
sequence of Sierra de los Organos was close to the area of present-day
Honduras and maybe Guatemala (cf. Ifurralde-Vinent 1975, Haczewski
1976). The Central America made probably part of a large continent
extending to the south or southeast. The Lower Jurassic continental
deposits have, indeed, been reported from the northwestern margin of
Guiana shield (Geyer 1973). According to some paleogeographic recons-
tructions, the northwestern part of South America could be linked with
the area of Honduras and Nicaragua at the Early to Middle Jurassic time
(Freeland & Dietz 1971, Fig. 5). The differential Upper Jurassic facies
indicate that the sequence of Sierra de los Organos became separated at
that time. The pre-Oxfordian Jurassic volcanism recorded in the Sierra
de los Organos may reflect a rift formation south fo the exposures of San
Cayetano Formation deposits and their metamorphosed equivalents (Pio-
trowski 1976). At the Oxfordian time, this volcanic activity decreased, as
demonstrated by thin volcanic intercalations in Jagua Formation (cf. Pio-
trowski 1976); this inference is also supported by the scarcity of volcanic
material in Francisco Formation, Sierra del Rosario. The Jurassic volcanism
related to disjunctive tension tectonics has also been recorded in deposits
of Todos Santos Formation (Mills & Hugh 1974). Ladd (1976) claimed that
since the Early Jurassic through Valanginiarn time, the South America’
had removed far away to the southeast from the North America. This
relative movement of South America could have resulted at the Jurassic
time in the tension conditions reflected all over the area of present-day
Central America and northwestern Caribbean (cf. Ladd & al. 1973).

The psammitic influx to the sequence of Sierra de los Organos was
inhibited at the Middle Oxfordian time (cf. Wierzbowski 1976) because
of either an inundation of the source area (Haczewski 1976), or a separa- -
tion of the basin from eroded areas. In Central America, a terrigenous
deposition persisted in some places up to the Late Jurrasic and Early
Cretaceous time (Mills & al. 1967, Mills & Hugh 1974, H. H, Wilson '1974).
The Yucatidn Peninsula was probably emerged at the Late Jurassic time
(Lopez Ramos 1975). Then, one has to accept that-the sequence of Sierra
de los Organos and other sequences of the Cordillera de Guaniguanico
have been separated from the Central America at the Oxfordian decline,
that is earlier than it was proposed by some authors (cf. Freeland & Dietz
1971, Iturralde-Vinent 1975).

An intense shallow-water sedimentation developed in the sequence
of Sierra de los Organos at the Kimmeridgian and earliest Tithonian time.
The lack of terrigenous material may indicate that the carbonate hank



84 ANDRZEJ PSZCZOLKOWSKI

of Sierra de los Organos was quite efficiently separated from large land
masses. The shallow-water sedimentation was counterbalanced by a sub-
sidence. The homogeneity in the Tithonian to Berriasian facies all over
the Cordillera de Guaniguanico suggests that disjunctive tectonics con-
tributed to the submergence of the carbonate bank (Fig. 27). In Camajuani
zone, Central Cuba, a shallow-water carbonate sedimentation did also
disappear at the Tithonian time, which suggests that tectonic processes
affected somewhat larger area than the sequence of Sierra de los Organos
itself. A possible hypothesis of widespread Tithonian transgression is less
probable because of the occurrence of the Tithonian to Lower Cretaceous
shallow-water deposits on Bahamas platform {(cf. Khudoley & Meyerhoff
1971).

The Tithonian to Cretaceous pelagic, mostly carbonate deposits of the
sequence of Sierra de los Organos are rather thin. In this respect, the
Sierra de los Organos may be related to the Central Cuban leptogeo-
syncline, as conceived by Knipper & Cabrera (1974) and Iturralde-Vinent
(1975). Nevertheless, recognition of the Sierra de los Organos area for
an oceanic trough (cf. Iturralde-Vinent 1975) appears disputable, especially
in the case of the Jurassic to Cretaceous strata. In fact, oceanic troughs
display thick turbidite deposits underlaid by rocks typical of the oceanic
crust (Mitchell & Reading 1971, Scholl & Marlow 1974, Prince & Kulm
1975, Moore & Karing 1976). The pelagic sediments of the Sierra de los
Organos were probably deposited on a submarine plateau bordering upon
some deeper basins. The siliceous and clayey-siliceous deposits of the
sequences of Sierra del Rosario were accumulated in these basins. These
basins restricted the influx of terrigenous and shallow-water material;
moreover, they separated the pelagic deposition area of the sequence of
Sierra de los Organos from volcanic regions..

The Upper Cretaceous breccias and Cascarajicara Formation can also
be treated in terms of the Late Cretaceous to Paleogene tfectonics (cj.
Pszezétkowski 1976a). At least some of the carbonate clasts making part
of the considered deposits were derived from some shallow-water areas
free of volcanic activity. At the Late Cretaceous time, there was such an
area at the southern margin of Bahamas platform and the platform itself
(Khudoley & Meyerhoff 1971, Pardo 1975). Then, the composition of the
rudaceous deposits indicates that at that time the northern sequence of
Sierra del Rosario was by the southern margin of Florida-Bahamas or
? Yucatin platforms. The Lower Cretaceous sediments of the Sierra del
Rosario do not comprise any significant amount of redeposited shallow-
-water carbonate material. When interpreted within the mobilistic fra-
mework (cf. Freeland & Dietz 1971, Malfait & Dinkelman 1972, Nagy
1972), these data may indicate that the Caribbean (or Caribbean-East
Pacific) plate came close to the Florida-Bahamas (and Yucatén?) platform
at the Late Cretaceous time. It was previously assessed that this could
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have happened but at the Paleocene time (Malfait & Dinkelman 1972),
with the Eocene collision (Iturralde-Vinent 1975). An immobilistic
hypothesis would explain the composition of the -rudaceous deposits of
the Sierra del Rosario by an uplift and consequent erosion of the edge
of Florida-Bahamas platform. _

Presumably, the Paleocene disjunctive tectonics in the Sierra de los
Organos was related to some major tectonic processes. According to
Malfait & Dinkelman (1972), the Cuban segment of Caribbean plate came
close to the Bahamas platform at the Paleocene time; furthermore, it
changed its movement direction from the northeast to ENE. This reo-
rentation could be related to either the Early Tertiary formation (Perfit
1977) of the rift of Cayman trough (Holcombe & al. 1973), or rejuvenation
of the Late Cretaceous fault zones of Cayman trough and Cauto structure
(cf. Khudoley & Meyerhoff 1971). The structure and development of
Yucatin Basin are rather poorly known but one may claim that the faults
delimiting this abyssal plain (Fahlquist & Daives 1971, Uchupi 1973) were
also active at the beginning of the Tertiary. The activity of the major fault
zones of the northwestern Caribbean resulted in partitioning the Jurassic
to Cretaceous strata of the Sierra de los Organos into several blocks. The
relatively sunken blocks received more intense terrigenous influx
at the beginning of the Eocene.

The Paleogene basaltic-andesitic-dacitic volcanism of the Cordillera
de Guaniguanico might be related to an active subduction zone along the
western Cuban part of the Greater Antilles geosyncline. Such a volcanic
activity is usually related to Benioff zones (cf. Dickinson & Hatherton
1967) and oceanic crust subduction (Ringwood 1974). Accordmg to Malfait
& Dinkelman (1972), the volcanic activity decreased succesively and the'
Benioff zone disappeared since the latest Cretaceous to Miocene time,
following cutting off successive segments of the northwestern part of
Caribbean plate. However, such an interpretation cannot be approved
because of tectonic reasons (Meyerhoff & Meyerhoff 1973) as well as the
volcanism development in western Cuba.

This problem has to be analysed once more, with the recent geologic
and petrologic data on the whole Cuba taken into account. Then, one will
be allowed to determine the position of the subduction zone relative to
the major Cuban facies-structural zones at the Late Cretaceous to Early
Paleogene time. In fact, this crucial point was subjected to diversified
interpretations (Malfait & Dinkelman 1972; Mattson 1973, 1974; Tturralde-
~Vinent 1975), most of which have subsequently been criticized (Meyer-
hoff & Meyerhoff 1972, 1974; Khudoley & Meyerhoff 1974 Iturralde-
-Vment 1974).
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SUKCESJE GEOSYNKLINALNE KORDYLIERY GUANIGUANICO NA KUBIE:
ICH LITOSTRATYGRAFIA, ROZWOJ) FACJALNY I PALEOGEOGRAFIA

(Streszczenie)

Przedmiotem. pracy sq zagadnienia litostratygrafii, rozwoju facjalnego i paleo-
geografii jurajsko-paleogefiskich sukcesji Kordyliery Guaniguanico w zachodniej -
czefci Kuby (fig. 1 i 2). Schemat litostratygraficzny tej kordyliery obejmuje grupe
Vifiales z 5 formacjami (tabele 1 i 2) oraz 9 innych formacji. W pracy opisane sg
nowe formacje (Polier, Buenavista, Lucas, Sierra Azdl i Guajaibén — por. fig. 14—17
oraz 19—323) sygnalizvowane we wczefniejszej publikacji (Pszez6Hcowski 1976a). Po-
. nadto opisane s5: nowa formacja Pica Pica wyrézniona (in: Pszcz6Hcowski & al. 1975)
w miejsce dotychczasowej formacji Pinos proponowamej przez Herrere (1961), oraz
nowe ogniwa wydzielone w obrebie miektérych formacji (por. tabele 3—S8, fig. 10,
18 oraz pl. 1—3). Dokonana zostala korelacja poszczegblnych jednostek litostraty-
graficznych Kordyllery Guaniguanico, a jednostki te zostaly om6wione na tle 4 suk-
cesji stratygraficzno-facjalnych (jednej w Sierra de los Organos oraz 3 w Sierra del
Rosario: poludniowej, péinocnej i Quifiones). Wymienione sukcesje kordyliery odpo-
wiadajg réinym strefom facjalnym zachodniej czesci geosynkliny Wieliich Antyli.

W sukcesji Sienra de los Orgamos po utworzemiu wosadéw deltowych (por. Ha-
czewski 1878), rozpoczgla sie w oksfordzie sedymentacja osadéw wapiennych i ilas-
tych (por. fig. 3—4 oraz 24—26) facjalnie réimorodnych (pl. 4). Pod koniec oksfordu
w sukcesji Sierra de los Organos utworzyla sie piycizna, na ktdrej skladane byly
plytkowodne osady weglanowe (fig. 5—9 oraz pl. 5). Réwnowiekowe wapienie gérno-
jurajskie sukcesji poludniowej (fig. 11—13) i pélnocnej Sierra del Rosario zostaly -
osadzone na ogét w spokojniejszych i zapewne glebszych partiach zbiornika. Plycizna
weglanowa zostala pograzona w dolnym tytonie (por. fig. 27), a nastepnie we wszyst-
wich sukcesjach kordyliery rozwinela sie wapienna facja pelagiczna, niekiedy
z wkladkami redeponowanych osadéw plytkowodnych (fig. 28). W kredzie dolnej
w Sierra del Rosario (fig. 29) pojawila si¢ glebokowodna facja krzemionkowo-ilasta
(sukcesja poludniowa), podczas gdy w sukecesji pélnocnej skladane byly osady fli-
szowe i pelagiczhe. W te] ostatniej sukcesjli sedymentacja glebokowodna trwala do
korica kredy. Brekcje i kalkarenity kampamu-mastrychtu zawierajg take materiat -
pltytkowodny, co wekazuje na sgsiedztwo piycizn weglanowych platformy florydzko-
-bahamskiej lub jukatafiskiej. Osadzenie biomikrytéw otwornicowych (fig. 30 oraz
pl. 6) i brekeji z materialem lokalnym formacji Anc6n, w gérnym paleocenie suk-
cesji Sierra de los Organos, poprzedzone bylo w wielu miejscach silng erozig utwo-
réw jurajsko-kredowych (por. fig. 31). W dolnym eocenie do obszaru depozycji. tej
sukcesji dostarczany byl material obcy (por. fig. 32). W starszym paleogenie w nie-
ktérych sukcesjach kordyhery zaznaczyl sie synsedymentacyjny wulkanizm, -

W Swietle dokonanych poréwnas sukcesji Kordylery Guamgua.nieo z niektéry-
mi strefami tektoniczno-facjalnymi srodkowej czeSci Kuby zasadnym jest poglad,
ze te ostatnie nie powinny byé mechanicznie przedhazane ma obszar prowincii Pinar
del Rio. Nastepstwo paleogeograﬁcze sulkcesn Kordyliery Guaniguanico przed telk-
togenezs eocehsks bylo zblizone do’ aktualnie obserwowanego w- zespole jednostek
plaszczowinowo-tuskowych omawianej strefy. Rozwo6j facjalny sukcesji Sierra de los
Organos w jurze gérmej byl czesSciowo uwarunkowany przerwaniem poiaczen z obsza-
rami lgdowymi jui w oksfordzie, co mozna wigzaé z powstawaniem hipotetyeznego
ryftu na potudnie od Kuby. Przejawy wulkanizmu zarejestrowane w osadach star-
szego paleogenu Kordyliery Guaniguanico moga stanowi¢ podstawe do reinterpre-
tacji niektbérych koncepcji geodynamicznych w odniesieniu do péinocno-zachodniej
czesei regionu karaibskiego.
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LAS SECUENCIAS GEOSINCLINALES DE LA CORDILLERA
DE GUANIGUANICO EN CUBA: LITOESTRATIGRAFIA, DESARROLLO
+ DE FACIES Y PALEOGEOGRAFIA

‘ (Resumén)

El trabajo trata los problemas de la litoestratigrafia, desarrollo de facies y pa-
leogeografia de las secuencias del Jurésico-Pale6geno de la Cordillera de Guani-
guanico, en la parte occidental de Cuba (fig. 1 v 2). El esquema litoestratigrafico de
la Cordillera de Guaniguanico contiene al Grupo Vifiales con 5 formaciones (tab. 1
y 2), asi como también otras 9 formaciones. Se describen nuevas formaciones (Polier,
Buenavista, Lmcas, Sierra Amil y Guajaibén — ver. fig. 14—17 y 18—23), sefialadas
en la publicacién anterior (Pszezblkowski 1976a). Ademaés, estan descritos; Formacién
Pica Pica (ver Pszczbtkcowski & al. 1975), establecida en lugar de la Formacién Pinos
propuesta anteriormente por Herrera {1961), ¥y nuevos miembros distinguibles dentro
de algunas formaciones (ver. tab. 3-8, fig. 10, 18 y l4m. 1—3). Las unidades litoestra-
tigraficas de la Condillera estén correlacionadas matuamente. Las unidades litoestra-
tigraficas estén presentadas en los marcos de 4 secuencias estratigraficas. Bn la Sierra
de los Organos hay una sola secuencia estratigrafica, mientras que en la Sierra
del Rosario existen 3 secuencias: meridional, septentrional y Quifiones, Dichas
secuencias de la Cordillera de Guaniguanico corresponden a las variadas zonas
faciales de la parte occidental del geosinclinal de las Antillas Mayores.

En la secuencia de la Sierra de los Organos, en €l Oxfordiano, después de la
acumulacién de los depGsitos de delta (ver Haczewski 1976) se inicié la sedimentaciéon
de los depdsitos calcireos y arcillosos (ver fig, 3—4 y 24—26) facialmente diversos
fl4m. 4). Al final del Oxfordiano en la misma secuencia se formé un banco, .donde
se acumulaban los depésitos carbonatados de mar poco profundo (fig. 5—9 y lam. 5).
Las calizas de edad equivalente (Oxfordiano Tardio-Titoniano Temprano) en las
secuencias meridionsl (fig. 11—13) y septentrional de la Sierra del Rosario han sido
depositadas por lo general en la parte mas trenquila y, al parecer, més profunda de
la cuenca maritima que cubria el rea estudiada. El banco carbonatodo se hundi6
en el Titoniano Inferior (ver fig. 27) y después em casi todas las secuencias de la
Cordillera se extendié la facies de calizas pelégicas, a veces con las intercalaciones
de sedimentos redepositados de ambiente poco profundo (fig. 28). Durante el Cre-
tscico Inferior en la Sierra del Rosario (fig. 29) se desarrolld la facies silfcico-arcil-
losa (en la secuencia meridional), mientras que en la secuencia septentrional se acu-
mulaban los dep6sitos peldgicos carbonatados y de flysch. En la Gliima secuencia
mencionada la sedimentacién de aguas profundas duraba hasta el final del Cre-
thcico. Las brechas y calcarenitas del Campaniano-Maestrichtiano contienen también
el material cléstico proveniente de las zonas de la sedimentacién poco profunda, lo
que sefiala la proximidad de los bancos carbonatados de la plataforma de Florida-
_Bahamas o de Yucatan. Las biomicritas con foraminiferos plancténicos (14m. 6)
y brechas, con material local, de la Formacién Ancén (fig. 30), en la secuencia de la
Bierra de los Organos se acumularén en el Paleoceno Superior, después de la etapa
je ercsién considerable de los depésitos del Jurésico y Cretécico (ver fig. 31). Du-
rante el Eoceno Inferior la cuenca de sedimentacién de esta secuencia obtenfa ante
todo un material clastico ajeno (ver fig. 32). En el Palebgeno, en algunas secuencias
Je la Cordillera de Guaniguanico se manifestd la actividad volcénica (rocas efusivas
de composici6n diabasica y de andesito-dacita).

La comparacién de las secuencias estratigraficas ‘de la Cordillera de Guaniguanico
con algunas zonas estructuro-faciales de la parte central de Cuba revela la existen-
cia de los rasgos generales semejantes de ambas regiones; no obstante — segiin la
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opinién del autor — no se debe prolongar autométicamente las zonas mencionadas
de Cuba Central hasta la Cordillera de Guaniguanico. La sucesién paleogeogrifica
de las secuencias estratigrificas de esta Cordillera antes de la orogénesis eocénica
iue, por lo general, aproximadamente igual al cuadro actual de dichas secuencias
en las unidades tectdnicas de la zona estudiada. El desarrollo de las facies en la
secuencia de la Sierra de los Organos durante el Jurésico Superior fue la consecuen-
cia (en parte por lo menos) de la separaci6n del &rea de sedimentacién desde la
tierra firme, ya en el Oxfordiano, que fue el xesultddo de la formacién del rift
hipotético al sur de-Cuba. La presencia de las manifestaciones de la actividad volca-
nica en el Paleégeno de la Cordillera de Guaniguanico necesita una nueva interpre-
tacibén de algunos esquemas geodinidmicos referidos a la parte norceste de la region
del Caribe.
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1 — Breccia of La Giiira Member (Ancén Formation) in the type section at Caigua-
nabo (cf. Text-fig. 23)

s _ Breccia of La Giiira Member (Ancén Formation) in Pina Sola section, east to
Jagua Vieja (cf. Text-fig. 23)

3 — Tectonically undisturbed contact of limestones of Ancén Formation (at left)
and shales of Pica Pica Formation at Jagua Vieja »

4 — Breccia block (3X3.5X5 m in size) within the chaotic rocks at the western
slope of Mango Bonito, Sierra del Rosario
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1 — Micritic limestones intercalated with shales; the uppermost part of Lucas
Formation in the type section at Rancho Lucas (cf. Text-fig. 15)

2 — Breccia of Los Cayos Member (Buenavista Formation) in the type section at
Rio San Miguel (cf. Text-fig. 20C)

3 — Cherts and shales of Sabanilla Member (Buenavista Formation) at a slope
of Belén Vigoa hill, by the road between San Cristobal and Bahia Honda
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1 — Deposits of Roble Member (Polier Formation) in the type section (cf. Text-
-fig. 14B); R — sandstones and shales of Roble Member, S — cherts and shales of

Sabanilla Member (Buenavista Formation)
2 — Flute casts on the sole of a sandstone in Roble Member of Polier Formation
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1 — Onkolds in silicified limestones of the upper part of San Cayetano Formation by the road
beltween Valle del Ancén and El Abra (X 23)

2 — Sandy calcirudite at the base of Pan de Azucar Member of Jagua Formation at Mogote
Pan de Azucar (X 10)

3 — Blocalcarenite; upper part of Pan de Azucar Member of Jagua Formation in the Sierra
Ancodn (X 3)

4 — Radlolarian-tintinnid microfacies of Tumbitas Member of Guasasa Formation; visible are
Tintinnopsella carpathica (Murgeanu & Filipescu) and Calpionella sp. (X 40)

3 — Radlolarian blomlcrite of Infierno Member of Guasasa Formation in the Sierra del
Infierno; the radiolarians are entirely calcified (X 50)

6 — Sandy calcarenite of turbidite origin of the limestone- and chert-bearing member of
Buenavista Formation (X 15); a echinoderm fragments, b thick-shelled bivalve fragments
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1 — Favreina-form coprolites in an oosparite of the upper part of San Vicente
Member of Guasasa Formation; Valle del Ancén section (X60)

2 — Ooid with a peloid as its nucleus (dolomite rhombs are also visible); oosparite
of the upper part of San Vicente Member of Guasasa Formation; Valle del Anc6n
section (<860)

3—4 — Lumps in calcarenites of the uppermost part of San Vicente Member of
Guasasa Formation; the ooids and onkoids are cemented by microsparitic calcium
carbonate, probably of bluegreen-algal origin (X25)
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1 — Ooid-bearing intrabiosparite of the uppermost part of Guajaibon Formation;
the Sierra Azul (*<10)

2 — Calcirudite of the lower part of Cascarajicara Formation in Lomas de Polier
section (X15); Cm forams Omphalocyclus sp., 7 rudist debris, v volcanic debris

3 — Coarse calcarenite of the lower part of Cascarajicara Formation in Lomas de
Polier section; the rock is composed of rudist debris, benthic forams, and shallow-
water limestone clasts (X10)

4 — Foraminifer-bearing biomicrite (with Globorotalia spp.) of the lower part of
Ancén Formation; Hacienda El Americano section (3X60)
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