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Ryszard MYCZYNSKI' and Andrzej PSZCZOLKOWSKI!

TITHONIAN STRATIGRAPHY AND MICROFACIES
IN THE SIERRA DEL ROSARIO, WESTERN CUBA’

(Figs 1-10; Pls [ - 1V)

Abstract.  The Parakeratinites sp. horizon and three ammonite zones — Pseudolis-
soceras spp., Lytohoplites carribeanus and Himalayites (Micracanthoceras) - Coron-
goceras are distinguished in the Tithonian sections of Sierra del Rosario, Western
Cuba. These ammonite zones correlate with three microfossil zones: Saccocoma, Chiti-
noidella and Crassicollaria. The Saccocoma-Didemnidae microfacies is common in the
Lower Tithonian deposits of Sierra del Rosario. During the Late Tithonian, radiola-
rian microfacies developed in all stratigraphic sequences of the Cordillera de Guani-
guanico. The succession of microfacies indicates deepening of the northern (Cuban)
part of the Proto-Caribbean basin from the lowermost Tithonian through the Berrvia-
sian. Endemic and Indo-Pacific taxa became the dominant components of the Late
Tithonian ammonite fauna. Evidently, the connection of the Proto-Caribbean basin
with the Pacific Ocean improved during this time.
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INTRODUCTION

The authors present results of the study concerning stratigraphy
and microfacies of the Tithonian limestones in the Sierra del Rosario,
Western Cuba (Fig. 1). The study is a continuation of earlier work
carried out in the Sierra de los Organos (Myczymski & Pszczétkowski,
1990). The ammonite biostratigraphy has been elaborated by the first
author (R. Myczyniski), and the microfacies have been studied by the
second one (A. Pszczotkowski).

1 Institute of Geological Sciences, Polish Academy of Sciences,
Al. Zwitki i Wigury 93, 02-089 Warszawa (Poland).
2 Typescript accepted for publication 5§ June, 1994.
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Fig. 1 A. Position of the investigated area in Cuba; B. Simplified map of the Pinar
del Rio Province and location of the studied sections in the central part of Sierra del
Rosario

L.V.-LR. - La Villa - La Revuelta section (north of San Cristébal), rectangle — see
C; C. Studied sections located along and near the road from San Cristébal to Bahia
Honda: 1 — El Toro section; 2 — Cinco Pesos section; 3 — La Piedra de Genaro scc-
tion; 4 — Rancho Manete section

PREVIOUS WORK

Lithostratigraphy and facies of the Upper Jurassic rocks in the
Sierra del Rosario have been studied by Pszczétkowski (1971, 1978,
1988). Imlay (1942), Judoley & Furrazola-Bermudez (1968), Housa
(1974) and Myczynski (1989, 1990) elaborated Tithonian ammonites
from the Sierra del Rosario. Myczynski (1989) introduced a new bio-
stratigraphical scheme for the Tithonian deposits of the Cordillera de
Guaniguanico, based on ammonites. This scheme, with some modifica-
tion, is applied in the present paper.

Furrazola-Bermudez (1965) was the first to study the Tithonian
microfossils in the Sierra del Rosario. In the Cinco Pesos section, he
has described three new species of microfossils, originally included in
the genera Tintinnopsella and Calpionella (Furrazola-Bermudez,
1965), later attributed to the genus Chitinoidella (Kreisel & Furrazo-
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Fig. 2 Subdivision and age of the Artemisa Formation in the Sierra del Rosario
(Western Cuba)

la-Bermudez, - 1971). The age of strata containing Chitinoidella spp.
has been defined as the Middle Tithonian (Kreisel & Furrazola-Ber-
mudegz, 1971). Furrazola-Bermtidez & Kreisel (1973) described a new

species of the genus Chitinoidella from the Sierra del Rosario area.

LITHOSTRATIGRAPHY

In the Sierra del Rosario, Upper Jurassic limestones occur in the
southern and northern stratigraphic sequences (Pszczétkowski, 1978,
1988). These limestones belong to a lower part of the Artemisa Forma-
tion (Lewis, 1932; Herrera, 1961; Judoley & Furrazola-Bermiidez,
1968). This formation, of Late Oxfordian to Valanginian age (Iig. 2), is
subdivided into the La Zarza, the San Vicente and the Sumidero
members (Pszczotkowski, 1978). The San Vicente Member (Upper Ox-
fordian - Kimmeridgian) occurs in some sections of the southern se-
quence only and will not be described in the present paper.

In the southern sequence of Sierra del Rosario, a lower part of the
La Zarza Member consists of black to dark-grey bedded limestones,
sometimes with thin interbeds of shales, siltstones and sandstones.
Black ammonite-bearing limestones of Tithonian age are present in an
upper portion of the Member. Locally, the ammonite shells form coqui-
nas. There are also a few shelly beds composed of aptychi. The total
thickness of the Tithonian deposits in the studied sections is about 40
m. The limestones of the upper part of the La Zarza Member pass into
lighter-coloured limestones interbedded with chert of the Sumidero
Member (Berriasian - Valanginian).



10 R. MYCZYNSKI & A. PSZCZOLKOWSKI

In the northern sequence of Sierra del Rosario, there are massive,
laminated dolostones and dolomitic limestones in the lower part of the
Artemisa Formation. In the vicinity of Soroa, these carbonates have
the status of an informal lithostratigraphic unit. In some sections,
they laterally grade into bedded limestones of the lower part of the La
Zarza Member. Dark-grey and black ammonite-bearing limestones of
the upper part of the La Zarza Member gradually pass into ammonite-
free black limestones interbedded with radiolarian chert of the Su-
midero Member.

DESCRIPTION OF STUDIED SECTIONS

Cinco Pesos section

The section is located north of Cinco Pesos, near the road running from San
Cristébal to Bahia Honda (Fig. 1). Black, sometimes laminated, thin to medium
bedded limestones (0.05 - 0.4 m) are present in the lowermaost part of the section (Fig.
3). Higher up the limestones contain thin intercalations of calcareous shale. The first
ammonites were found in the middle part of the section, 11 to 14 m above its base:
Protancyloceras hondense (Imlay), “Parodontoceras” butti Imlay and “P”. antilleanum
Imlay (Fig. 3). Frequent specimens of Chitinoidella spp. are also present.

After a 3-m break in the outerop, dark-grey bedded limestones 5 m thick appear
in the upper part of the section. They yielded one specimen of Corongoceras sp. and
several taxa of calpionellids: Calpionella alpina Lovenz, Crassicollaria intermedia
Durand Delga and Tintinnopsella carpathica Murgeanu et Filipescu.

The strata exposed in the Cinco Pesos section belong to the Lower
Tithonian: upper part of the Saccocoma Zone and Chitinoidella Zone,
as well as to the Upper Tithonian (lower part of the Crassicollaria
Zone). Furrazola-Bermidez (1965) recorded from this section a cooc-
currence of Chitinoidella spp. with the following ammonite taxa (iden-
tified by C. M. Judoley): Virgatosphinctes cristobalensis Imlay, Coron-
goceras filicostatum Imlay and Micracanthoceras sp. The uppermost
part of the Chitinoidella Zone thus may correspond there to the
earliest Late Tithonian. This could not be confirmed by the present
authors; it is possible that in 1965 some other strata were exposed,
now being covered (between 14 and 17 m above base of the section
shown in Fig. 3).

La Piedra de Genaro section

The section (Fig. 4) is situated along a new road from Cince Pesos to Rancho
Mundito (now Niceto Pérez), north of the E] Ferretero hill. The section is composed of
three, closely located outcrops shown as one section in Fig. 1. The Tithonian lime-
stones dip 25° - 40° to the north. Black, laminated, bedded limestones with Protancy-
loceras hondense (Imlay) and Phylloceras pinarense Imlay occur in the lower part of
the section (Fig. 4). In the middle part, black limestones with thin intercalations of
ammonite coquinas are present. These beds yielded some specimens of “Parodontocer-
as” antilleanum Imlay, Phylloceras pinarense Imlay, Glochiceras (?Lingulaticeras) sp.



TITHONIAN STRATIGRAPHY & MICROFACIES - SIERRA DEL ROSARIO 11

{ ] ! ‘ \ g !
25 8_8 | £ T 2
w |w | Q=& S5¢€ sg 3 = E §
¢ N|-jw 288, E82 o B S8oB.
O |2 7 lm 4935 888 § §45536
< 5 8S|s| LITHOLOGY 'g?g‘g% 20885 HoowSg
- g.EEu.l 0S8 EC8EES TSl 82
0 n L= 5558|368 225888828¢8
go §E8Eg8EEEScRBesty
TR O d5|gOCTBREreSweE S
s20e8 308888266580
SRR B I I n| =
A
2&0< N llI
— |-
A
sza:
o N
r| W
T W
2 g3
- ggm
<
|
1

+ 7 [ ;] | 9

Fig. 3 Lithostratigraphic column of the Tithonian déposits exposed in the Cinco Pe-
sos section (for location see Fig. 1)

1 — limestones; 2 — thin intercalations of shale; 3 - radiolarian cherts; 4 — dolo-
mitic limestones; 5 — partly dolomitized, ammonite-bearing limestones; 6 — break
in the outcrop; 7 — location of ammonites and bivalves (Buchia); 8 — occurrence of
frequent microfossils in thin sections; 9 — occurrence of infrequent microfossils in
thin sections; Ch. — Chitinoidella Zone; Cr. — Crassicollaria Zone

(PL. 11, 2, 4, 8b, 10), Lytohoplites carribeanus Imlay (Pl. 1, 4), Vinalesites rosariensis
(Imlay), Protancyloceras sp. (Pl. 1, 5b) and Pseudolissoceras zitteli (Burckhardt) (Pl. II,
5). Specimens of “Parodontoceras”, as well as small ammonites identified as Glochice-
ras sp., prevail in this assemblage.

Higher up in the section, the following ammonites have been collected: Taramel-
liceras (Parastreblites) sp. (PL. 11, 1, 8, 9), Lytohoplites carribeanus Imlay, Virgatos-
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Fig. 4 Generalized lithostratigraphic column of the Tithonian deposits in the La Piedra de Genaro section (for lacation see Fig. 1).

Explanations as in Fig. 8; Ch. ~ Chitinoidella Zone; Cr. — Crassicollaria Zone
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phinctes cf. cristobalensis Imlay, Vinalesites rosariensis Imlay, Protancyloceras hon-
dense (Imlay) and Haploceras sp. The bivalves Buchia sp. and microfossils identified
as Chitinoidella cristobalensis (Furrazola-Bermitdez) and Ch. cf. boneti Doben occur
together with Taramelliceras (Parastreblites) sp. In the slightly younger beds, Hima-
layites (Micracanthoceras) cf. alamense Imlay (Pl. 11, 11) and “Parodontoceras™ butti
Imlay have been found. The ammaonites are infrequent in the uppermost Tithogian
strata; the few specimens recorded in this part of the section belong to “Parodontocer-
as” butti Imlay, “P”. antilleanum Imlay (Pl. I, 5a) and Haploceras sp. (Pl. II, 8a).

The presence of Lytohoplites carribeanus Imlay indicates the Early
Tithonian age of the limestones occurring in the middle part of the
section (Myczynski, 1989). The strata which yielded Himalayites (Mi-
cracanthoceras) cf. alamense Imlay belong to the Upper Tithonian, as
is also indicated by calpionellids (Crassicollaria brevis Remane,
Crassicollaria sp. and Calpionella alpina Lorenz). In the discussed
section, the Upper Tithonian limestones of the La Zarza Member are
7 m thick.

El Toro section

The section is located on the east side of the road from San Cristébal to Bahia
Honda, on the northern slope of the El Toro hill (Fig. 1). The limestones exposed
belong to the upper part of the La Zarza Member. This is the upper part of the
stratotype of the Artemisa Formation (Judoley & Furrazola-Bermidez, 1968) and also
of the La Zarza Member (Pszczétkowski, 1978). The studied part of the section does
not include limestones cropping out in the road-cutting between the La Zarza and E}
Toro hills (Myczynski, 1989, fig. 11; “Cinco Pesos section” or MR-28). In that part of
the section, a few specimens of Parakeratinites sp. have been collected (previously
identified as “Virgatosphinctes” sp.: Myczynski, 1989, Pl. 12: 4), and Schaireria sp.

Bedded limestones 32 m thick (Fig. 5) are exposed east of the road. Dark-grey and
black biomicrites and biocalcisiltites, often fine-banded and with thin intercalations of
ammonite coguinas, occur in the lower part of the section. They yielded: Pseudolis-
soceras cf. zitteli (Burckhardt), “Parodontoceras” butii Imlay (Pl. 1, 1a), “R” antillea-
num Imlay, Vinalesites rosariensis (Imlay) (Pl. 1, 1b), Protancyloceras hondense
(Imlay) (PL. 1, 3), Virgatosphinctes sp., Lytohoplites sp. and Glochiceras (?Lingulatice-
ras) sp. About 11 m above the base of the section, the limestones yielded Neochetocer-
as sp. and Buchia aff. okensis (Pavlow).

Still higher up in the section (18 - 23 m above its base), dark-grey biocalcisitites
and biomicrites contain Protancyloceras hondense (Imlay) and “Parodontoceras” spp.
From the succeeding limestone beds (27 to 28 m above the base) specimens of
“Parodontoceras” antilleanum Imlay and Vinalesites rosariensis (Imlay) have been
collected. Grey and grey-brown radiolarian limestones, containing unidentifiable
molds of small ammonites, terminate the El Toro section.

Dark-grey and black ammonite-bearing limestones belong to the
Lower Tithonilan, while the age of the succeeding radiolarian lime-
stones is uncertain (Late Tithonian?).

La Villa - La Revuelta section

The section (Fig. 6) is situated in the eastern part of the Sierra del Rosario, west
of Soroa (Fig. 1). It comprises Tithonian limestones 24 m thick, dipping to the NW.
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Fig. 5 Lithostratigraphic column of the Tithonian deposits in the El Toro section (for location see Fig. 1). Explahations asin Fig. 3
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Fig. 6 Lithostatigraphic column of the Tithonian deposits exposed in the La Villa -
La Revuelta section (far location see Fig. 1). Explanations as in Fig. 3

The black limestones with Protancyloceras hondense Imlay occur in the lower part of
the section. They underlie similar bedded limestones containing Vinalesites rosarien-
sis (Imlay) and “Parodontoceras” sp. Pinkish limestones with “Parodontoceras” spp.
and Chitinoidella spp. are present in the topmost part of the studied section.

The limestones exposed in the La Villa - La Revuelta section are of
Early Tithonian age. The ammonites Protancyloceras hondense
(Imlay) and “Parodontoceras” sp. have been recorded already about 20
m below the beds containing Chitinoidella spp.

Rancho Manete section

The Upper Jurassic deposits cropping out in the Rancho Manete section (Fig. 7),
belong to the northern sequence of the Sierra del Rosario. The oldest strata are
exposed on the southeastern slope of the Rancho Manete hill (Fig. 1). These are black,
laminated, frequently dolomitized limestones about 40 m thick devoid of ammonites
(only the uppermost part of these limestones is shown in Fig. 7). In thin section,
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Fig. 7 Lithostratigraphic column of the Tithonian deposits exposed on the south-
eastern slope of the Rancho Manete hill, west of the road from San Cristébal to Bahia
Honda (for location see Fig. 1). Explanations as in Fig. 3

alternation of light and dark microsparitic laminae is observed; the latter contain
pyrite and dolomite rhombohedra. Microfossils (Globochaete alpina Lombard and
Calcisphaerulidae) occur infrequently in some laminae. The age of the dolomitic
limestones is probably Kimmeridgian - Early Tithonian, as inferred from their strati-
graphic position.

There follow black, laminated biomicrites about 12 m thick with scarce am-
monites (Schaireria sp.). They are succeeded by black, dolomitic limestones containing
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ammonites Parakeratinites sp. (Pl. 11, 7). Still higher up, there appear black lami-
nated limestones with Protancyloceras hondense (Imlay) and Buchia sp. in the lower
part, and Virgatosphinctes cf. cristobalensis Imlay, Vinalesites rosariensis (Imlay) and
Buchia sp. in the upper part (Fig. 7).

The ammonite-bearing limestones of the lower part of the studied
section are of Early Tithonian age. The limestones of the upper part of
the section (from 27 to 42 m above its base), may belong to the Upper
Tithonian, however, ammonites and calpionellids have not been found
there. The Upper Tithonian limestones pass into dark-grey to black
laminated limestones of Berriasian age.

La Catalina section

The La Catalina section belongs to the southern sequence of the Sierra del
Rosario and is located in the western part of this mountain range (Fig. 1). The authors
collected ammonites from this section in 1971-1973, and the cross-section showing the
succession of the ammonite assemblages was published by Myczyniski (1989, fig. 9).
The limestones 18 m thick of the upper part of the La Zarza Member are exposed in
the section. They contain ammonites of the late Early Tithonian and also of the Late
Tithonian. The lower part of the section yielded Lytohoplites carribeanus Imlay,
Protancyloceras hondense (Imlay) and Vinalesites rosariensis (Imlay). There are three
ammonite assemblages in the upper part of the section: the lower containing Dicker-
sonia sp., P. hondense (Imlay) and V. rosariensis (Imlay), the middle containing
Hildoglochiceras (Salinites) sp., V. rosariensis (Imlay) and “Parodontoceras” butti
Imlay and the upper one consisting of specimens of “Parodontoceras” spp. only.

CHARACTERISTICS OF AMMONITE ZONES

Parakeratinites sp. horizon

This is the lowermost faunal horizon recognized in the Lower
Tithonian limestones of Sierra del Rosario. The ammonites Paraker-
atinites sp. and Schaireria sp. are characteristic fossils. The horizon
with Parakeratinites sp. occurs in the Rancho Manete section only.
Specimens of the genus Parakeratinites Zeiss, 1968, have not been
found in other sections dealt with in the present paper. However, a
specimen described as “Virgatosphinctes” sp. (Myczynski, 1989, p. 100,
pl. 12, fig. 4) belongs to Parakeratinites sp. Another specimen of
Parakeratinites has been collected in the outcrop El Mameyal (“Virga-
tosphinctes” sp. = Parakeratinites sp. — Myczynski, 1989, p. 100, out-
crop MR-24, pl. 12, fig. 2). The ammonites in this horizon occur in a
few limestone beds less than 3 m thick.

In Europe, the ammonites included to the genus Parakeratinites
Zeiss, 1968, are known from the Early Tithonian Albertinum Zone, or,
more exactly, from the upper part of the Hybonotum Zone possibly to
the lowermost part of the Verruciferum Zone (Olériz, 1978). The Alber-
tinum Zone corresponds to the Darwini Zone in the subdivision of the
Tithonian stage as proposed by Enay & Geyssant (1975). The genus

2 Studit Goologies Pol - ol 103
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Stratigraphic range of ammonite taxa collected in the Tithonian deposits of Sierra del Rosario during this study and previous

Fig. 8

is uncertain; the

¢V}

Kimmeridgian-Tithonian boundary is indicated tentatively because of lack of index fauna below the Parakeratinites sp. horizon

works (Imlay, 1942; Myczynski, 1989, 1990). The range of taxa reported by Imlay (1942) and marked here with
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Parakeratinites Zeiss, 1968, was derived by Olériz (1978) from the
genus Franconites Zeiss (Zeiss, 1968). According to the scheme elabor-
ated by Zeiss (1984) for the Lower Tithonian of Franconia, the genus
Franconites Zeiss, 1968 occurs below the Pseudolissoceras bavaricum
Zone. On the basis of the aforementioned data, the age of the horizon
containing Parakeratinites sp. is Early Tithonian. This horizon may
correspond to the Albertinum Zone or to the Darwini Zone according
to the earlier subdivision of the Tithonian (Enay & Geyssant, 1975).
The horizon containing Parakeratinites sp. may correspond to the
lowermost part of the Verruciferum Zone in the scheme of Olériz
(1978).

Pseudolissoceras spp. Zone

The Pseudolissoceras spp. Zone is the oldest ammonite zone occur-
ring in the Sierra del Rosario (Fig. 8). This zone is established here as
an equivalent of the earlier distinguished Virgatosphicntes, Pseudolis-
soceras and Simocosmoceras Zone (Myczynski, 1989, fig. 15). The
name change of this zone was found useful because of the scarcity of
the ammonites Simocosmoceras and Virgatosphinctes in the Sierra del
Rosario. The stratigraphic range of these genera is not well known in
this area. On the contrary, the ammonites belonging to the genus
Pseudolissoceras are relatively frequent in the Lower Tithonian lime-
stones of the southern sequence of the Sierra del Rosario. The lower
boundary of the Pseudolissoceras spp. Zone is accepted at the first
occurrence of the index genus. The upper boundary is defined by the
first appearance of Lytohoplites carribeanus Imlay. The thickness of
the deposits of the Pseudolissoceras spp. Zone is about 10 m.

The ammonites of the genus Pseudolissoceras Spath, 1925, col-
lected from the upper part of the La Zarza Member, resemble the
species Pseudolissoceras zitteli (Burckhardt), as suggested by Imlay
(1942). Simultaneously, the presence of the genus Neochetoceras
Spath, 1925 may indicate that this assemblage corresponds partly to
the Early Tithonian Mazapilites spp. Zone in the Sierra de los Orga-
nos. However, ammonites belonging to the genus Mazapilites have not
been found in the Sierra del Rosario.

The early occurrence of the heteromorph ammonites Protancylocer-
as hondense (Imlay) and Vinalesites rosariensis (Imlay) is very charac-
teristic for the Tithonian ammonite assemblages of the southern
sequence of the Sierra del Rosario. They occur together with repre-
sentatives of the genera Pseudolissoceras, Virgatosphinctes and “Paro-
dontoceras” (Fig. 9). In the Sierra de los Organocs, the heteromorphs
are known only in the Upper Tithonian limestones being the most
abundant in the uppermost part of this substage (Myczynski, 1989).
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Another characteristic feature of the Early Tithonian ammonite
assemblages of Sierra del Rosario is the presence of forms identified as
Glochiceras (?Lingulaticeras) sp. Previously, these ammonites were
not reported in Cuba. They have two shallow lateral grooves, which
normally are not observed in the genus Glochiceras. Moreover, the
shell outline and details of ornamentation of the specimens from the
Sierra del Rosario are very similar to such features of ammonites
belonging to the genus Hildoglochiceras in the Lower Tithonian of
Madagascar (Collignon, 1960). The Cuban specimens differ from those
known from Madagascar by the presence of two lateral grooves and a
more evolute coiling of the shell.

Lytohoplites carribeanus Zone

The Lytohoplites carribeanus Range Zone (Myczynski, 1989) is the
second ammonite zone in the Early Tithonian of the Sierra del Rosario
(Fig. 8). In the sections studied, the L. carribeanus Zone comprises
limestones up to 16 m thick. The ammonites of the genus Lytohoplites
may occur together with “Parodontoceras” antilleanum Imlay, “Paro-
dontoceras” butti Imlay, Virgatosphinctes sp., Protancyloceras hond-
ense (Imlay), Phylloceras pinarense Imlay, Vinalesites rosariensis
(Imlay), Glochiceras (?Lingulaticeras) sp., Taramelliceras (Parastre-
blites) sp., Pseudolissoceras sp. and Neochetoceras sp.

The ammonites of the genus “Parodontoceras™ Spath, 1923 = Butticeras HousZa,
1975 (HouZa & Nuez, 1975) have been recorded in the Sierra del Rosario in the Lower
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and Upper Tithonian limestones (Fig. 8, 9). In the Lower Tithonian, “Parodontoceras’
butti Imlay and “Parodontoceras” antilleanum Imlay occur together with the repre-
sentatives of the genera Pseudolissoceras and Virgatosphinctes. In the present paper,
the species “P”. butti and “P”. antilleanum are included (with reservation) to the
genus “Parodontoceras” sensu Verma & Westermann (1973). The Cuban ammonites do
not belong to the genus Parodontoceras (Housa, 1974).

Another characteristic feature of the Early Tithonian fauna of the
Sierra del Rosario is frequent occurrence of the ammonites belonging
to the genus Phylloceras, represented only by one species — Phyllocer-
as pinarense Imlay, and absence of Lytoceratina.

Himalayites (Micracanthoceras) and Corongoceras Zone

The third ammonite zone, the Himalayites (Micracanthoceras) -
Corongoceras Assemblage Range Zone, represents Late Tithonian (Fig.
8). The limestones included within this zone are 6 m thick in the La
Piedra de Genaro section, and about 4 m thick in the Cinco Pesos
section. The lower boundary of the H. (Micracanthoceras) - Corongo-
ceras Zone 1s determined by the first occurrence of the index taxa. Its
upper boundary is undefined due to the absence of identifiable am-
monites in the youngest limestones of the Upper Tithonian.

In the studied sections, the Late Tithonian ammonites are less
frequent than the Early Tithonian ones. The Late Tithonian am-
monites belong to the following genera: Himalayites (Micracanthocer-
as), Hildoglochiceras, “Parodonfoceras”, Corongoceras, Dickersonia,
Protancyloceras and Vinalesites. The ammonites from the genera Koss-
matia, Proniceras, Durangites, and Phanerostephanus, characteristic
for the Sierra de los Organos (Myczynski, 1989), were not recorded in
the Sierra del Rosario. The Late Tithonian ammonites are infrequent
in the Sierra del Rosario, being sometimes represented only by the
heteromorphs and “Parodontoceras” spp.

The ammonites belonging to the genus “Parodontoceras” occur
throughout the whole Late Tithonian (Fig. 9), while those of the genus
Hildoglochiceras (Salinites) Cantu Chapa, 1968 (Myczynski, 1989) are
infrequent in the Sierra del Rosario sections. In Berriasian deposits,
the ammonites are rare. The calpionellids are less frequent and rather
poorly preserved in the uppermost Tithonian and Lower Berriasian
limestones. This does not allow the authors to establish the Titho-
nian/Berriasian boundary in the Sierra del Rosario. Only in the Sebo-
ruco-Linares section were Berriasian calpionellids recorded in the
pinkish limestones directly overlying the dark-grey limestones con-
taining Protancyloceras hondense (Imlay) and Vinalesites rosariensis
(Imlay) (Myczynski, 1977).
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MICROFOSSIL ZONES

Saccocoma Partial Range Zone

In Cuba, the Saccocoma Partial Range Zone has been established
in the Sierra de los Organos (Myczynski & Pszezétkowski, 1990). In
the present study this zone is distinguished in two sections (Figs 3, 6).
In the remaining sections, the Saccocoma Zone cannot be distin-
guished because of the poorly defined boundary with the Chitinoidella
Zone. The thickness of limestones belonging to the Saccocoma Zone is
over 20 m in the southern sequence of the Sierra del Rosario.

The lower boundary of the Saccocoma Zone occurs in the lime-
stones of the La Zarza Member below the ammonite-bearing strata.
The upper boundary is defined by the first occurrence of the genus
Chitinoidella (Myczyhski & Pszczotkowski, 1990). This boundary does
not correspond to the upper boundary of the Saccocoma Zone as
established in France (Dromart & Atrops, 1988).

Besides the index taxon, the limestones belonging to the Saccoco-
ma Zone contain Globochaete alpina Lombard, spicules of Didemni-
dae, calcispheres and Radiolaria. The following microfossils are consi-
dered as spicules of Didemnidae: Didemnoides moreti (Durand Delga,
1957) - PL. 111, 4, Didemnum sp. (Pl. III, 5) and Didemnum carpaticum
Misik et Borza, 1978 (Pl. III, 8). Microfossils incertae sedis: Colomis-
phaera carpathica (Borza) (Pl. 1V, 2), Colomisphaera cieszynica
Nowak, C. minutissima (Colom), C. cf. pulla (Borza), Cadosina parvu-
la Nagy and Cadosina fusca Wanner are included here within calcis-
pheres.

Chitinoidella Zone

In the Sierra del Rosario, the presence of the Chitinoidella Zone
has been established by Kreisel & Furrazola-Bermiidez (1971), but
only in one outcrop of the Artemisa Formation limestones, correspond-
ing to the Cinco Pesos section (Fig. 3). In the present paper, the
Chitinoidella Zone is also distinguished in the La Piedra de Genaro
section (Fig. 4), and in the La Villa - La Revuelta section (Fig. 6). In
this zone, the following microfossils have been identified: Chitinoidel-
la boneti Doben (PL 1V, 4-6), Ch. cristobalensis (Furrazola-Bermudez)
- PL. 1V, 7, Chitinoidella sp. (PL. 1V, 8), Saccocoma sp. (Pl. III, 2),
Didemnoides moreti, Didemnum carpaticum Misik et Borza, Didem-
num sp., Colomisphaera minutissima (Colom), C. carpathica (Borza),
C. cieszynica Nowak, Cadosina parvula Nagy, Cadosina fusca Wanner,
Globochaete alpina Lombard, and Radiolaria.

The thickness of the limestones belonging to the Chitinoidella
Zone does not exceed 8 m. The lower boundary of this zone is indicated
by the first occurrence of the index taxon (Chitinoidella sp.). The
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upper boundary cannot be defined, because of a break in the outcrop
(Fig. 3). No specimens of Chitinoidella spp. were recorded in samples
taken from the El Toro section (Fig. 5).

Crassicollaria Zone

The Late Tithonian Crassicollaria Standard Zone is distinguished
in the Cinco Pesos section (Fig. 3) and the La Piedra de Genaro section
(Fig. 4). It is documented by calpionellids: Crassicollaria intermedia
Durand Delga, Cr. cf. brevis Remane, Crassicollaria sp., Calpionella
alpina Lorenz, C. cf. alpina and Tintinnopsella carpathica (Murgeanu
et Filipescu). The following microfossils are also present in the Crassi-
collaria Zone: Saccocoma sp., Didemnoides moreti Durand Delga, Di-
demnum sp., calcispheres, and abundant Radiolaria.

MICROFACIES

Saccocoma-Didemnidae microfacies

This microfacies consists mainly of calcareous spicules of Tunicata
(Ascidiacea) belonging to the family Didemnidae, and of segments of
planktonic crinoids (Saccocoma sp.). These microfossils occur in biocal-
cisiltites, biomicrites, biomicrosparites and ammonite coquinas. In
fine-grained detrital limestones spicules of Didemnidae prevail, but
locally Saccocoma segments may also be abundant.

Usually, the spicules are circular in cross-section (Pl. III, 3, 4),
sometimes oval (Pl. III, 7). The spicules composed of 12 - 20 radially
arranged calcitic elements have been described as Didemnoides roset-
ta Bonet et Benveniste-Velasquez in the Kimmeridgian(?) - Hauteri-
vian deposits of Mexico (Bonet & Benveniste-Velasquez, 1971). Later,
Misik & Borza (1978) recognized the priority of the name Stomios-
phaera moreti (Durand Delga, 1957), and renamed these spicules
Didemnoides moreti (Durand Delga). In the Lower Tithonian lime-
stones of Sierra del Rosario, spicules of the D. moreti type are very
frequent (Pl. 111, 4, 6).

Borza & Misik (1975) distinguished microfossils gimilar to D. moreti, but consist-
ing only of 6 - 9 calcitic elements, as a new taxon named Gemeridella minuta Borza et
Misik. The spicules similar to the specimens desecribed by Borza & Misik (1975), and
especially to those illustrated by Misik & Borza (1978), are common in the Tithonian
limestones of the Sierra del Rosario. However, the Cuban spicules do not have the
characteristic appendices as observed on the holotype of Gemeridella minuta, and also
on some other Triassic specimens (Borza & Misik, 1975, Taf. I, 1, 2, 5, 6, Mizik &
Borza, 1978, Taf. I, 1-3). On the other hand, the Cuban spicules are very similar to
some Holocene and Recent spicules of Ascidiacea belonging to the species Didemnum
candidum Savigny, 1816, and illustrated by Bonet & Benveniste-Velasquez (1971,
Lam. IV, 1, 6, 7; Lam. V, 3; Lam. VIII, 5, 6). On this basis, some forms occurring in the
Tithonian limestones of Sierra del Rosario may be identified as spicules of fossil
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Ascidiacea from the genus Didemnum Savigny, 1816. Lancet-shaped calcitic elements,
forming the spicules of D. candidium, were infrequently observed in the Sierra del
Rosario spicules (Pl. III, 4). Usually, these delicate elements are broken and are not
preserved in their original form. Other calcareous spicules recorded in the Tithonian
limestones of Sierra del Rosario, belong to Didemnum carpaticum Misik & Borza
(1978, Taf. 111, 8).

The Saccocoma-Didemnidae microfacies is characteristic for the
Lower Tithonian limestones of the southern sequence of Sierra del
Rosario (Fig. 10). It is frequent in biocalcisiltites composed of fine-
grained detritus (Pl HI, 1). This microfacies is also common in the
Lower Tithonian of Sierra de los Organos. Spicules of Didemnidae
occurring there in limestones of the El Americano Member (Guasasa
Formation) have been preliminary named “Globochaete-like microfos-
sils” (Myczynski & Pszczétkowski, 1990). The similarity of these
microfossils to calcareous spicules abundantly represented in the Ti-
thonian of Sierra del Rosario, as well as to those described in the
Jurassic deposits of Mexico (Bonet & Benveniste-Velasquez, 1971)
make it possible to identify them as spicules of Didemnidae.

The Saccocoma-Didemnidae microfacies is far less frequent in the
Upper Tithonian deposits of Cordillera de Guaniguanico. In the north-
ern sequence of Sierra del Rosario this microfacies is rarely observed
in the limestones of the Lower and Upper Tithonian.

Calcisphere-bearing microfacies

The microfacies dominated by calcispheres (Calcisphaerulidae, Sto-
miosphaeridae and Cadosinidae Wanner, 1940 — see and Borza, 1969;
“microproblematics” of Cecca &Rehdnek, 1991) is infrequent in the
Lower Tithonian limestones of Sierra del Rosario. It was observed in
some thin sections from the Lower Tithonian limestones exposed on
the El Toro hill (Fig. 5). Besides calcispheres (Cadosina fusca Wanner
— PL 111, 9; Colomisphaera spp. — Pl. IV, 1-3), spicules of Didemnidae,
fragments of Saccocoma, and sometimes, Radiolaria and Globochaete,
occur in this microfacies. Phosphatized remains of fishes (scales and
vertebrae), and shells of juvenile ammonites are also present.

The planktonic microfossils incertae sedis, once included within the genus Colo-
misphaera Nowak, 1968, have been assigned to the family Stomiosphaeridae Wanner,
1940 (Nowak, 1968). To his genus Colomisphaera, Nowak (1968) included fossil micro-
organisms described earlier as Fibrosphaera minutissima Colom, and some repre-
sentatives of Cadosina (sensu Nagy, 1966 and Borza, 1969). Later, Aubry et al. (1988)
concluded that ,the genus Colomisphacra is based on a misconception of its type-
species Stomiosphaera minutissima (Colom)”. According to Aubry et al. (1988) the
taxon Fibrosphaera minutissima Colom, represents, in fact, Jurassic microorganisms
belonging to Schizosphaerella punctulata Deflandre et Dangeard, known from the
Hettangian to the Lower Kimmeridgian. Nevertheless, Aubry et al (1988) do not
regard the genus Colomisphaera as a junior synonym of the Schizosphaerella Deflan-
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dre et Dangeard. They concluded, that the taxonomy of the Tithonian and Early
Cretaceous microfossils assigned to the genus Colonisphaera needs revision.

Until that revision has been done, the discussed microfossils may provisionally
remain in the genus Colomisphaera. Because of the secondary (diagenetic) origin of a
fringe of thin radiating calcitic fibers around the two valves of Schizosphaerella
punctidata Deflandre et Dangeard (Killin, 1980), some (or all) species of the genus
Colomisphaera Nowak, 1968 may be artificial taxa. For example, co-accurrence of
calcispheres referred to as Colomisphaera cieszynica Nowak (PL. IV, 1) and C. carpa-
thica (Borza) (Pl. IV, 2) in the Lower Tithonian limestones of the Sierra del Rosario
suggests that both taxa are, in fact, two forms of the same microorganism, differing in
the thickness of the calcitic fringe of diagenetic origin. Sometimes, a similar secondary
fringe formed also around other microorganisms, such as Chitinoidella (P1. IV, 9). The
microfossils assigned here to Colomisphaera spp. may belong to Schizosphaerellidae
Deflandre, 1959, or to another group of microorganisms, such as Pithonella Lorenz,
1901 (see Bolli, 1974, 1978; Keupp, 1978).

Globochaete-bearing microfacies

The microfacies containing Globochaete alpina Lombard as the
most abundant microfossil is rarely observed in the studied Tithonian
deposits. As usual, other microorganisms (spicules of Didemnidae,
Saccocoma sp., calcispheres) are also present in this microfacies. In
the Upper Tithonian limestones, calpionellids and radiolarians occur
together with Globochaete alpina.

Chitinoidella-bearing microfacies

The microfacies frequently containing Chitinoidella spp. (Pl. III, 3)
occurs in black limestones of late Early Tithonian age. Sometimes, as
the specimens of Chitinoidella are poorly preserved, their presence in
microsparitic matrix may be overlooked. The remains of Saccocoma,
spicules of Didemnidae, calcispheres and radiolarians are also ob-
served in this microfacies.

Radiolarian microfacies

In the Tithonian limestones of Sierra del Rosario, voids left after
dissolved tests of Radiolaria are, as usual, filled with sparitic calcite
(PL. II1, 2), making impossible or difficult identification of taxa in thin
sections. In some cases, better preserved calcitic molds may be found
belonging to the following genera: Acaeniotyle, Alievium, ?Archaeodic-
tyomitra, Mirifusus and Sethocapsa. The radiolarian microfacies oc-
curs in biomicrites and biomicrosparites, which are often laminated.
The darker laminae contain abundant Radiolaria, while the lighter
ones are poorer in these microfossils.

Spicules of Didemnidae, Globochaete alpina Lombard, Saccocoma,
Chitinoidella spp. or Calpionellidae are also present in the radiolarian
microfacies. In addition, detritus of ammonite shells and phosphatic
fish debris occur in the Lower Tithonian limestones.
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CORRELATION OF AMMONITE
AND MICROFOSSIL ZONES

Three ammonite zones and three microfossil zones are distin-
guished in the Tithonian of the southern sequence of Sierra del Rosa-
rio (Fig. 9). In the Early Tithonian, the Pseudolissoceras spp. Zone
corresponds to the upper part of the Saccocoma Zone and probably to
the lowermost part of the Chitinoidella Zone.

The Lytohoplites carribeanus Zone correlates with a major part of
the Chitinoidella spp. Zone (Fig. 9), as in the Sierra de los Organos
(Myczynski & Pszczétkowski, 1990). More precise correlation of the
boundaries of the Chitinoidella Zone with the ammonite assemblages
requires further study.

The Late Tithonian H. (Micracanthoceras) - Corongoceras Zone
corresponds to the Crassicollaria Zone and, probably, to the upper-
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most part of the Chitinoidella Zone (Fig. 9). The index ammonites of
the H. (Micracanthoceras) - Corongoceras Zone are less numerous in
the Sierra del Rosario than in the Sierra de los Organos. In the former
area, the upper boundary of this zone is poorly defined due to the
scarcity of ammonites. In the upper part of the discussed ammonite
zone calpionellids are less frequent and usually poorly preserved;
thus, it is rather difficult to determine the Tithonian/Berriasian
boundary.

COMPARISON OF TITHONIAN AMMONITE ASSEMBLAGES
IN CUBA WITH THOSE FROM OTHER AREAS
OF THE CARIBBEAN PROVINCE

The ammonites found in the Tithonian deposits of the northern
sequence do also occur in the southern sequence of Sierra del Rosario.
Besides the taxa recorded in the Rancho Manete section (Fig. 7), some
specimens of “Parodontoceras” spp. have been collected but not yet
described from other outcrops of the Tithonian limestones belonging to
the northern sequence. Bivalves of the genus Buchia occur in the
Tithonian deposits of both sequences of Sierra del Rosario. These are
dark-grey to black limestones with analogous microfacies. Some minor
differences, namely earlier appearance of the radiolarian microfacies
and scarcity of ammonites in the northern sequence, reflect diversified
paleobathymetry in the northern part of the the northern part of the
Proto-Caribbean basin. The Tithonian deposits of both sequences
were, however, laid down in adjacent areas of this sedimentary basin.

The Tithonian ammonite assemblages of Western Cuba are similar
to those known in central Cuba (Shopov in: Kantchev et al., 1978,
Myczynski, 1989). Most of the taxa, such as Protancyloceras hondense
(Imlay), Vinalesites rosariensis (Imlay), “Parodontoceras” butti Imlay,
“Parodontoceras” antilleanum Imlay, Pseudolissoceras, Hildoglochice-
ras (Salinites), Lytohoplites, Corongoceras (Imlay, 1942; Shopov in:
Kantchev et al., 1978), probably also ammonites of the genus Maza-
ptlites (Shopov in: Kantchev et al., 1978) are common in the compared
parts of Cuba. The Tithonian limestones of the Camajuani sequence
belong to the La Trocha Formation. The Constancia and Veloz forma-
tions of the Placetas sequence, yielded only a few ammonites (Shopov
in: Kantchev et al., 1978; Myczynski & Triff, 1986).

According to Olériz ef al. (1990), in the Tithonian and Berriasian
endemic genera of ammonites inhabited the entire southern margin of
the North American plate (Mexico, Cuba and southern part of the
United States). According to them, this could indicate a biogeographic
uniformity of this area. At the end of the Jurassic, a marked regres-
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sive trend has been recorded in the nothernmost areas of the Mexican
platforms (op. cit.).

In the authors’ opinion, in the Caribbean Province (sensu Wester-
mann, 1984, and Myczyhski, 1989), some differences between the
Tithonian ammonite assemblages of Cuba and Mexico may be stated:

1. the Cuban endemic taxa: Vinalesites rosariensis (Imlay) and
Protancyloceras hondense (Imlay) are not known in Mexico;

2. Some taxa characteristic for western Cuba (“Parodontoceras
butti Imlay, “P”. antilleanum lImlay and Lytohoplites carribeanus
Imlay) are absent or infrequently recorded in Mexico;

3. Some endemic Mexican ammonites (genera Suarites, Acevedites)
are absent in western Cuba:

4. The genus Substeueroceras (latest Tithonian?-Early Berriasian)
is not known from Cuba.

Towards the boundary of the Early and Late Tithonian, there was
a marked change in the character of the ammonite assemblages in the
West Cuban part of the Proto-Caribbean basin (Myczynski, 1989).
During the Late Tithonian, endemic and Indo-Pacific taxa became the
dominant components of ammonite fauna, while the Tethyan am-
monites almost disappeared. Apparently, at this time, the Proto-Atlan-
tic seaway was restricted, thus being of limited significance for
migration of the western Tethyan ammonites into the Caribbean Prov-
ince. It seems that migration of ammonites from the Indo-Pacific area
(across the Andean Province) was easier at that time. In Western
Cuba, the succession of microfacies indicate a consequently trans-
gressive trend from the Late Kimmeridgian to the Berriasian.

»

TITHONIAN RADIOLARIA-BEARING DEPOSITS IN CUBA
AS COMPARED WITH OTHER AREAS OF THE CARIBBEAN
REGION

In the Sierra del Rosario, radiolarian microfacies first appears in
the limestones of the lowermost Tithonian belonging to the northern
stratigraphic sequence. In the southern sequence, the first occurrence
of this microfacies is observed in the upper part of the Lower Titho-
nian, while in the Sierra de los Organos it is not known in the deposits
older than the Late Tithonian (Myczyhski & Pszczétkowski, 1990).
During the Late Tithonian, the radiolarian microfacies developed in
all three sequences of Cordillera de Guaniguanico replacing the Sacco-
coma-Didemnidae and the calcisphaere-bearing microfacies. The radi-
olarian microfacies is dominant in the Upper Tithonian deposits also
in the Camajuani sequence of central Cuba (unpublished data of the
second author, A. P.). A similar phenomenon was observed in the
Upper Tithonian of the Camagiiey Province. Therefore, during the
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Late Tithonian, conditions favourable for radiolarian development
were established in the Cuban part of the Proto-Caribbean basin. The
radiolarian microfacies also prevails in the Berriasian of Cordillera de
Guaniguanico (Pszczétkowski, 1978), the ammonites being very infre-
quent in the deposits of this age. During the Berriasian the basin floor
in Western Cuba probably descended below the ACD.

The above data indicate differentiated bathymetry of the northern
(Cuban) part of the Proto-Caribbean basin. At the end of the Jurassic,
changes in bathymetry were caused by subsidence of the Florida-Ba-
hamas and Yucatan platform margins. During the Tithonian, the
Proto-Caribbean basin widened significantly (Ross & Scotese, 1988,
fig. 5; Stephan et al., 1990, pl. 4) allowing for improvement in its
connection with the Pacific Ocean. In the Camagiiey Province of Cuba,
Upper Tithonian ammonite-bearing radiolarian limestones directly
overlie basalts interbedded with sedimentary rocks containing Sacco-
coma and Radiolaria (Iturralde-Vinent & Mari Morales, 1988). How-
ever, true radiolarites are gbsent in the Jurassic of Cuba.

In the Caribbean region the Tithonian radiolarites (or radiolarian
cherts) are only known in Puerto Rico (Mattson, 1984; Donnelly, 1985)
and on the La Désirade in the Lesser Antilles (Montgomery et al.,
1992). The radiolarian cherts from La Désirade may have been de-
posited in the Pacific rather than in the Proto-Caribbean basin (op.
cit.). The connection of that basin with the Pacific during the Titho-
nian was probably also through a strait which separated Yucatan from
Florida (Pszczétkowski, 1987; Fourcade et al., 1991). At the end of the
Jurassic, and during the Early Cretaceous, deep sea sediments were
deposited in the central part of the seaway located between the Yuca-
tan and Florida blocks (Marton & Buffler, 1992).

The radiolarian microfacies, during the Late Tithonian-Berriasian,
developed not only in Cuba but also in the western part of the Proto-
Atlantic (Ogg et al., 1983). However, in the Jurassic of Cuba, neither
brown and red marls of the Atlantic Cat Gap Formation, nor nodular
limestones (Rosso Ammonitico), are known. In the Tithonian of West-
ern Cuba, limestones of Maiolica facies are also unknown contrary to
suggestions of Fourcade et al. (1991). In the Cordillera de Guani-
guanico, the Tithonian limestones are dark-grey to black in colour and
do not contain chert intercalations. The presence of Maiolica-type
limestones is more probable in the Lower Cretaceous of Cuba (Wieczo-
rek, 1988). The Late Jurassic deposits of Cordillera de Guaniguanico
belonged to the Gulf of Mexico-Caribbean domain. This domain dif-
fered from the Mediterranean Tethys and the Central Atlantic (or
Proto-Atlantic) domains in its sedimentary facies, and also because of
its biogeographic connections with the Pacific Ocean during the Late
Tithonian.
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Ryszard Myczyriski i Andrzej Pszezdthowski

STRATYGRAFIA I MIKROFACJE TYTONU W SIERRA DEL
ROSARIO, W ZACHODNIEJ CZESCI KUBY

Streszczenie

W zbadanych profilach osadéw tytonu Sierra del Rosario w zachodniej czesci
Kuby wyrézniono horyzont z Parakeratinites sp. oraz poziomy: Pseudolissoceras spp.,
Lytohoplites carribeanus 1 Himalayites (Micracanthoceras) - Corongoceras. Wymie-
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nione poziomy amonitowe zostalty skorelowane z poziomami Saceocoma, Chitinoidella
i Crassicollaria wydzielonymi na podstawie mikroskamienialosei.

W osadach dolnego tytonu Sierra del Rosario jest rozpowszechniona mikrofacja
sakkokomowo-didemnidowa, natomiast w wapieniach gérnego tytonu przewaza
mikrofacja radiolariowa. W gérnym tytonie mikrofacja radiolariowa rozwinegta sig we
wszystkich sukcesjach kordyliery Guaniguanico. Nastepstwo mikrofacji wskazuje na
stopniowe zmiany w paleobatymetrii (poglebienie) w polnocnej czesei basenu protoka-
raibskiego miedzy najnizszym tytonem i beriasem. Taksony endemiczne i indo-pacy-
ficzne przewazajg w zespole amonitéw gérnego tytonu w sukcesjach kordyliery
Guaniguanico. Fakt ten autorzy wiaia z poprawa polaczen basenu protokaraibskiego
z Pacyfikiem.

Instytut Nauk Geologicznych
Polskiej Akademii Nauk

Al Zwirki i Wigury 93
02-089 Warszawa

EXPLANATIONS OF PLATES

Plate 1

la — “Parodontoceras” butti Imtay
b — Viralesites rusariensis (Imlay); La Zarza Member, Lower Tithonian, El Toro
section, Sierra del Rosario, x 1
2 — Hildoglochiceras (Salinites) grossicostatum Imlay; La Zarza Member, Lower
Tithonian, La Piedra de Genaro section, Sierra del Rosario, x 1.5
3 — Protancyloceras hondense (Imlay); La Zarza Member, Lower Tithonian, E] Toro
section, x 1.5
4 — Lytohoplites carribeanus Imlay; La Zarza Member, Lower Tithonian, La Piedra
de Genaro section, x 1.5
S5a — Lytohoplites sp.
b — Protancyloceras sp.; La Zarza Member, Lower Tithonian, La Piedra de Genaro
section, x 1.5

Plate II

1 — Taramelliceras (Parastreblites) sp.; La Zarza Member, Lower Tithonian, La
Piedra de Genaro section, x 1.2

2 — Glochiceras (?Lingulaticeras) sp.; La Zarza Member, Lower Tithonian, La Piedra
de Genaro section, x 1.2

3 — Taramelliceras (Parastreblites) sp.; La Zarza Member, Lower Tithonian, La
Piedra de Genaro section, x 1

4 — Glochiceras (?Lingulaticeras) sp.; La Zarza Member, Lower Tithonian, La Piedra
de Genaro section, x 2

5 — Pseudolissoceras zitteli (Burckhardt); La Zarza Member, Lower Tithonian, La
Piedra de Genaro section, x 1.2

6 — Glochiceras (?Lingulaticeras) sp.; La Zarza Member, Lower Tithonian, La Piedra
de Genaro section, x 1.5

7 — Parakeratinites sp.; La Zarza Member, Lower Tithonian, Rancho Manete sec-
tion, x 1.5

8a — Haploceras sp.;

b — Glochiceras (?Lingulaticeras) sp.; La Zarza Member, Lower Tithonian, La Piedra

de Genaro section, x 1.5

9 _
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Taramelliceras (Parastreblites) sp.; La Zarza Member, Lower Tithonian, La
Piedra de Genaro section, x 1.5

10 — Glochiceras (?Lingulaticeras) sp.; La Zarza Member, Lower Tithonian, La Piedra
de Genaro section, x 1.5

11 — Himalayites (Micracanthoceras) cf. alamense (Imlay); La Zarza Member, Upper
Tithonian, La Piedra de Genaro section, x 1.5

Plate 111

1 — Saccocoma-Didemnidae microfacies; limestones of the La Zarza Member, Lower
Tithonian, La Piedra de Genaro section, Sierra del Rosario, x 60

2 — Radiolarian microfacies with Saccocoma skeletal debris; La Zarza Member,
Chitinoidella Zone, Cinco Pesos section, x 40
3 — Chitinoidella-bearing microfacies; La Zarza Member, Chitinoidella Zone, Cinco

Pesos section, x 170

4 — Didemnoides moreti (Durand Delga, 1957); the fragment of lancet-shaped calci-
tic element is visible in the upper (right) part of the spicule; La Villa - La
Revuelta section, Lower Tithonian limestone; thin section, x 420

5 — Didemnum sp.; La Zarza Member, Lower Tithonian, El Toro section, x 385

6 — Didemnoides moreti (Durand Delga); Lower Tithonian limestone of the La Zarza
Member, La Piedra de Genaro section, SEM micrograph, x 1000

7 — Elongated spicule of Didemnidae; La Zarza Member, Lower Tithonian, Cinco
Pesos section, x 320

8 — Didemnum carpaticum MiSik et Borza, 1978; La Zarza Member, Lower Titho-
nian, La Villa - La Revuelta section, x 190

9 — Cadosina fusca Wanner; Artemisa Formation, Tithonian, Rancho Manete sec-
tion, x 300
Plate IV
1 — Colomisphaera cieszynica Nowak; Artemisa Formation, Lower Tithonian, Ran-

cho Manete section, x 300

2 - Colomisphaera carpathica (Borza); La Zarza Member, Lower Tithonian, La
Piedra de Genaro section, x 415

3 — Colomisphaera minutissima (Colom); La Zarza Member, Lower Tithonian, El
Toro section, x 400 -

4 — Chitinoidella boneti Doben; La Zarza Member, Chitinoidella Zone, La Villa - La
Revuelta section, x 330

5 — Chitinoidella boneti Doben; La Zarza Member, Chitinoidella Zone, La Villa - La
Revuelta section, x 400

6 — Chitinoidella boneti Doben; La Zarza Member, Chitinoidella Zone, La Villa - La
Revuelta section, x 415

7 — Chitinoidella cristobalensis (Furrazola-Bermudez); La Zarza Member, Chitinoi-
della Zone, La Villa - La Revuelta section, x 400

8 — Chitinoidella sp.; La Zarza Member, Chitinoidella Zone, Cinco Pesos section,
x 560

9 — Specimen of Chitinoidella boneti Doben with a calcitic fringe of diagenetic origin;
La Zarza Member, Chitinoidella Zone, La Villa-La Revuelta section, x 160



STUDIA GEOLOGICA POLONICA VOL. 105 PLATE (TABLICA) I

R. Myczynski & A. Pszczétkowski — Tithonian stratigraphy ...



STUDIA GEOLOGICA POLONICA VOL. 165 PLATE (TABLICA) II

R. Myczynski & A. Pszczéltkowski — Tithonian stratigraphy ...



STUDIA GEOLOGICA POLONICA VOL. 105 PLATE (TABLICA) IIL

- .-'*l,"“ ‘qu;j.ﬂj\ \“‘df

o ST |
i

R. Myeczynski & A. Pszczotkowski — Tithonian stratigraphy ...



STUDIA GEOLOGICA POLONICA VOL. 105 PLATE (TABLICA) IV

R. Myczynski & A. Pszezétkowski — Tithonian stratigraphy ...



