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JAN SENES®

RECENT FACIES OF GUANABO SHELF (CUBA)!

(Textligs, 1—10)

Abstract: Investigntions of recent coral environment [acies were carried
throngh with respeet to their application in geology. The investigation method
consisted of qualitative und quantitative estimations of fossilizable organisms,
first of all of the molluses. Thus the common base for comparison of the recent
with the Tossil was [ound. The object of investigations was lagoonal and reel belt
near Rincon de Guanabo in the shell area of the Flovida steait. In the profile
from the eoast to the shell margin the characteristic assemblages were deter-
mined, viz. in the lagoon the assemblage Turbo castaneus — Codalia orbiculata.
inner lagoonal subassemblage with Chione cancellata, outer lagoonal subassem-
blage with Lucina pennsylvanica, thalassic subassemblage with Batillaria minima;
reel assemblage with Arca zebra — Cyphoma gibbosumn and in the outer shelf —
the assemblage with Glyeymeris undata.

Preface

by Dr. Dario Guitart Manday, the director of the Oceanologic Institute of the
Cuban Academy ol Seiences in Havana.

The great importance that for Cuba have the researches being made in its platform.
have talien our Academy of Sciences into patronising several expeditions of both.
national and international character, headed 1o that aim.

As a result of this patronage. during the Summer of 1965, a mutual worli between
Cuba and Czechoslovaliia was developed in the ..Rincon de Guanabo®™, situated
approximately 20 Km to the East of Havana. The actuopaleontological. ichtiological.
litological and submarine profiles investigationes. already performed have greally con-
tributed to raising the knowledges on those subjects in our country. This fact. in
addition to the logical development of our groups. has made us increase even more
those researches, organizing new expeditions which complete the studies already made.

The science ts nourished continuously of new methods and proceedings that try to
solve the obscure points that still remain, due to the application of elassical methods.
The modern notion of paleontology. looked upon through the light of recent data, is
another step alead in the conquest of knowledge. Its use in Cuba will give us, undoub-
tedly, new conceptions about the complexr geological problems that developed in our
platform.

The task fulfilled by Dr. J. Sene§ and his Csechoslovakian and Cubans colabora-
tiors has been remarkable. Working on condition not at all ideals, they overcomed all
the difficultics and obtained a rich collection of data that will certainly throw a new
light over the problems established by the proper Expedition.

Introduction

The investigalions represent a parl of the task ol the Geological Institute of the
Slovak Academy of Sciences, .Study ol the relation of facies to environment on the

Doe. Dre. J. Sened CSe, Geological Institute of the Slovak Academy of Sciences,
Bratislava, Obrancov micru 41,

UThe investizations were carried through in 1965 by the ,,Cuban-Szechoslovak Expedition
for Submarine Researeh®, organized by the Oceanologic Tnstitute of the Cuban Academy of
Sciences and by the Group for the Underwater Research at the Zoologieal Society of the
Slovak Aeademy of Seiences.
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ground of biofacial analyses™ that is to follow the knowledge of Tossil facies, their
reconstruction by means of biolacial research of recent biotopes. Alter investigalions in
intracontinental brackish European seas (J. Sened 1964) and alter stavling of sueh
investigalions on our part in the Mediterrancan area (J. Sencd 19661, in the shelf
arca of Rincon de Guanabo the typical biotopes in tropical coral environment have
been determined. The biotopes have been characterized Tirst of all by such benthonie
species components thal have been theoretically fossilizable, This method is o gunrerantee
of their application in the reconstruction of fossil marine [acies,

As the object of the research the shell bell on the Cuban side of the Flovida strait
near Rincon de Guanabo has been chosen. In the straightlforward  profile ol 355°
direction between the coast (the supralittoral) and the shell margin 20 submarine
observation stalions were established on the distancee of 15300 m. Sampling  and
measurements necessary were done by means ol aqualungs divectly on the sea [loor,
Samples and dates [rom the station Nr. 1490 were gained by the equipments of the
rescarching ship Niphias. Sampling of the fossilizable benthonie species was done in
each station on the surface of 1T m?: from the soft Tloor from the average depth of
0.5 m. The estimation concerned also the percent ratio of the living excemplars of
benthonie species 1o the extinel representatives of the same species. Chemieal analyses
necessary were carried through by the labs of the Oceanologic Institute of the Cuban
Academy of Sciences in Havana, while the working-up of the material and estimation
ol the results were done in the Geological Institate of the Slovak Neademy of Sciences
in Bratislava.

Morphology and Structure of Studied Areq

In the Rincon de Guanabo area the whole shell is Tormed essentiallyv by Tossil and
sublossil coral reels. This rock with well-preserved organic remains Torms also the
proper coast where it occurs in the form ol several abrasive terraces. In the area of
rescarches lies the shelf margin in the 1500 m distance [rom the presentday coasl, in
the depth of 42 m. The enclosed sonar record proves that the shell margin is terminated
by steep slope to the sea [loor. that in the 1.6 km distance from the coast lies in depth
below G500 m. The steep shell margin is evidently of tectonic origin and represents
the continuation of the fanll svstem Sierra de Jatibonico. or the border of the tectonie
unil Habana—Matanzas in the North, At the vise of such a steep shell margin muast have
been evidently active also the inereasing prediluvial marginal reels leaning in the
North on older Caban roeks in the tectonie unit Habana—Malanzas as o consequence
of intense subsidenee ol the tereitory al the end of the Pliocene and a1 the heginning
ol the Pleistocene, After the extinetion of coral hareiers in the Antill arvea in the Pieisto-
cene (N, Do Newell 1955, (0N Yonge 19630, in the consequence ol Tater diffe-
renciated movements the extinet bareier was several times uplifted. overflown by new
transgressions and abraded, To the present the old bareier hias been overllown up to
1.5 ke oin the area ol rescarches, Inoaddition there is o distinet Tormimg ol o new coral
reel in 200 m distance Trom the coast as well as sedimentation ol predominantly
organogenous forminiferal <ad in oo lagoon formed bhetween the const and the recent
reel. and in some places of the outer shell. Now it seems that Trom the teelonie stand-
point the shell shows immobility, stagnation. manifested by gradual Tilling of the
lagoon with sediments resedimented in consequence ol the inerease and destruction
ol the recent barreier. in direction from the reel 1o the coast Jig, |

I the profile Tine, the supralittoral is Tormed by mild slope of beach sands covering
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the fossil coral limestones, They outerop in the Wesl. in the turn of the bay in the
divection 1o Natanzas and form a steep lerrace coasl. In the continuation of the profile
line there is still 300 m wide lake overgrown with mangroves. in direction to the
continenl. Now it is a dessicating superhaline environmen! proving the greater extension
of the lagoon in the past. The original coast of the lagoon was behind the mangrove
environment on the Toothill of the Tossil coral terraces, The presentday dessication of

Fig. I, Situations in separate observation stations placed i the Guanabo shell,

the mangrove cuviconment has been partially  caused  actilieindly. (The existence of
the superhaline eonvivonment behind the coastal line of the lagoon offers a theme [or
a diseussion about the regressive tendeney of the sea in this place. However, researches
in the area of the rocky supralittoral in the East of our profile have not proved anv
special emergencey ol this area.) Folitoral with the average height of 0.60 m is an
independent hiologically provable zone in the West ol owr profile in the environment
ol limestone coast.

The whole shell in the wide region of the Guanabo area belongs 1o the sublittoral,
The nevitic zone is practically indeterminable. sinee it Talls already into the region of
the steep continental slope. The shell area may be divided with respeet 1o the morpho-
logy of the orviginal solid Toor (Tossil desteucted reel zone) into: ol depression covering
the coastal aren practically Trom the lowermost coastal abrasion terrace up 1o the
average distance 800 m from the coast, There is running the videe of the Tossil el
zome upon which the presentday Holocene coral reel has been Tormed: Bothe ridee
ol the Tossil reel: ¢ the Tore-reel slope extending to 1O m from the coastal Tioe
forming undoubtedly a higher sublossil tereace. Iving now in average G—10 m helow
the sea-level: ) tereace scarp falling into the depth about 20 m: e the lower. most
likely sublossil terrace terminated in 1500 m distance [vom the coast, in the depth
42 m. passing by relatively sharp fault into continental slope,

The o™ zone represents the presentday lagoon. & e the inner shell. the b+
zone — the presentday coral veell Zones Lo 1o Lo represent in our proflile
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the outer shelf. In the space of the inner shell i. e. of the lagoon, the [fossil
underlier of coral limestones except some poinls (in the area of station Nr. 50 and
between stations Nr. 555 and 683) is covered with 0.5 to 6 m thick sediments of
foraminiferal-skeletal sand. In the reel zone the recent sedimentation in the form of the
increase ol hexacorals may be observed, while in its inner side there is a contemporary
process of covering the recent corals with sand. In the area of outer shell the old reefl
is covered with foraminiferal-skeletal sands ol thickness over 0.5 m, only on the lower
terrace between stations Nr. 1170 and Nr. 1370. The shell margin shows again the
absence of recent sediments. In the space of the higher terrace and ils boltom wall
there is again just mild sedimentation of organogenous type in the form ol products
of some corals and calcarcous algae.

Chemical and Physical Properties of Environment

Since the shell morphology in the area of the prolile shows rather shallow character
with the maximum depth of 42 m and the area is not influenced by any larger
alfluents of fresh water, and since the lagoon itsell is not isolated but connected with
the open sea, chemical properties of the environment are almost unaltering. Salinily.
pH and 03 volume show just small [luctuations, Opposite to that there are remarkable
differences in physical properties in various poinls of the studied profile manifested
and changes in the lithological composition of the sea floor. Therefore the biologic
characteristics of the sea floor in the given environment is affected first of all by three
factors: lithological nature of the sea [loor, waler movements and depth of environment.

Salinity., The average salinity of environment is 35.5 %p. measured near the
floor in May 1965. The maximum salinity was measured at the station Nr. 255. viz.
36.09 %p. the minimum salinity — at the station Nr. 1170 (the top margin of the lower
shelf terrace), viz. 34.7 %y. Expressive leap in the decrease of salinily roughly from
36 to 35 Y% may be observed along the slope between two terraces of the outer shell.
In the lagoon the salinity is higher as well as on the top shelf terrace, while on the
lower terrace there is lower salinity. Reasons for higher concentration in the lagoon
are to be seen in the possibility of higher evaporation. The leap in the outer part of
the shelf is in that part of the floor where depth is changed from 11 to 21 m. Change
in salinity in this segment may be evoked cither by temperature alteration (see lower)
or by the fact that in depth below 15—20 m there is weak influence of turbuleney caused
by water undulation and by mixing of the surface layers of water. It is necessary to
consider the facl that measurements were carried through in the Spring time, in the
time of still strong northern wind, that could cause certain anomalies and inversions
in chemism of the sea water of the shallow shell. by bringing surface waters from the
open sea (fig. 2,

Aeration. The 0y volume measured in samples from the separate slations shows
in average rather high wvalues, which corresponds with the littoral character of the
environment. The average volume is that of 4.8 ml/l. The maximum volume, viz
6.04 was found in the inner margin of the lagoon near the station Nr. 50, the mini-
mum — at the stations 1310 and 1490, viz. 4.1 ml/l. General decrease of 0 content
is on the outer shell in the depth below 25 m. In the major part of the lagoon the
average is 4.8 ml/l. High volume of 0y is shown by the fore-reef segment in depths
from 1 to 11 m, viz. 6,6—5,8 ml/l, evidently in consequence of the surf and remarkable
mixing of waters.
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Values of pH are constant all over the profile, exceeding 8, Decrease lo 7,6 may

be observed just at the proper shell margin in depth below 30 m.

Temperature, Water temperalure near the bottom was measured in May at the
average temperalure ol the surface waler level of 26.8 °C. The average waler lemperature
at the lagoon floor was that of 26,5 °C, in the forercel area near the upper terrace —
25,2 °C. Temperature in the lower shell terrace was higher again, reaching 26,4 °C,
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IFig. 2, Chemical and physical profiles of the Guanabo shelf measured near the floor.

while in the shelf margin, in the depth of 42 m it was 25,7 °C. Higher temperature in
depths below 20 m may be explained by intactness of waler levels there, while lower
temperature of shallow waters on the upper terrace — by the flow of waters [rom
the open sea in consequence of northern winds. The mean temperature of the lagoonal
waler levels is conditioned by the possibility of normal warming of the extensive and
shallow environment which is only slightly touched by streams from the outer side of
the reef.

Depth of the shelf in the profile area — as it may be seen — is conditioned by
morphology of fossil and subfossil coral reels. The depth is reduced only by sediments
in the lagoon and in the outer shell terrace. The average lagoon depth is 2,5 m, its
maximum depth is 4,2 m; the recent reel runs 1o 0,5—0,8 m below the sea-level: the
forercel slope. i. e. the upper subfossil shelfterrace gradually subsides to 2—11 m
depth, The slope between the upper and the lower tlerraces falls into the depth of
about 23 m on the distance about 60 m. The lower lerrace terminated by the shelf
margin, lalls to 25—42 m depth (tab. 1).

Water streaming The studied area does not fall directly to the sphere of the
Gulf Stream (because of ils closeness 1o the coast as well as the shore morphology).
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Table L. Depth. temperature and chemieal dates of separate stations
S Tempe- i Salinity
2 Substrate blg{lion Depth rature al | at floor 2 pll
= Nr. | m floor ©C o p. . ml/l
| = | 1€ 100
| — -
| Skelet. sand 50 1,5 26,8 35,68 6,04 8.0
| Skelet. sand 167 1,8 26.8 35.93 5.93 8,2
7 Skelet. sand 255 2,5 26.6 36,00 4,70 8,1
© | Skelet. sand 329 | 30 26,6 35,93 5.26 8,2
< | Skelet. sand 432 | 33 26,4 35.85 4,59 8.2
= | Skelet. sand 490 | 3,5 26,4 35,88 4,70 3,2
| Skelel. sand 555 3,0 26.4 35.00 4.60 82
| Skelet. sand 633 2.6 26,4 35,92 4,92 8,2
| Skelet. sand 708 3,0 26.4 35,093 4,48 8.1
i S SEESTL CSNERES e B
0= |neuf limestone 800 2,0 25,0 35.80 5.16 2.1
=
= . . I S B —
= | Reef limest. 900 4,0 25,1 35,80 5.26 8.1
== — | Reel limest. 950 6,0 25,2 35,62 5.56 s.1
= | Reel limest. 1040 7,0 25,2 35,69 5.61 8.1
:E Reel limest, 1080 8.0 252 35.61 5.79 8.1
'—’u Beel limest. 1120 11,0 25,2 35.83 5,08 8.1
= | Skelet. sand 1170 21.0 26,4 34.72 4.62 8.1
:I = R S . -
e E:.2| Skelet. sand 1240 24,0 26,3 34.86 436 7.9
| = | Skelet. sand 1310 28.0 26,0 34,93 4.17 7.7
| = 7 Skelet. sand 1370 S0 34.93 A.43 7.6
S35 Reel limest 1490 42,0 34.91 412 —

The Gull Stream is felt only about 300 m in the North ol the shell margin in the
continuation of the profile line. Nevertheless. the stream eanses minor local and slight
return currents and currents of evelonal charvacter. in the forercel zone. There is re-
markable movement of the surface waler levels in consequence of predominaling
northern wind divections. In the forereel zone it is manifested as undulation effects
perceivable in average 1o 10 m depth. at stronger winds — o 1S=21 m depth. To
this corresponds also strength of the surl on the reel. In the time of stronger wind
turbuleney reaches always the floor,

Intensity of light measured by pholoexposure in various depths gives only
relative values for the seasons of the year lin dependance upon the given stale of
undulation. angle of sun ravs and density of plankton. At the Light intensity 1o the
5 modepth where the targel number is 100, the Tightness decreases 1o 80 in the depth

of 12 m at sandy loor. while at the floor overgrown by gorgonins — lightness decreases
to GO, In 20 m depth. at sandy [loor, the target number iz about 15=20. in the depth
of 30 m it falls to minus 20 — minus 50 which. however. stll corresponds with hori-

zontal visibility at noon in the lenght of over 15 m ol dim environment.

Charvacter of sediments, In the prolile there oceurs a tvpe ol solidified
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sediments in the form of the limestones of coral reel. and unsolidificd sediments in
the form of finegrained organogenous sand.

a) Coral limestones oceur in the lagoon near the station Nr. 50 in the form of banks
and form a compacl rock. In the space between stations Nr. 555 and 683 they arve
overgrown by recenl corals as well as between stations Nre. 708 and 800, where the
presentday reef is being formed on them. The solid underlier is Turther denuded on
the whole forereel. the so-called upper, terrace and on the next terrace wall belween
stations Nr. 800 and 1120, Recenl organogenous limeslone arises on this segment by
arowlh of isolated coral tufts and by incrustation of calearcous algae. In the sinkholes
of the [loor on this segment also slight sedimentation may be observed of organogenous
sand. In the vieinity of the station Nr. 1490 the solid floor is denuded again,

b) Finegrained sandstone consists in average of 60—70 % of calcarcous skelels of
organisms. Foraminilers represent aboul 20 0. the rest of 40—50%, are fragments of
other organisms wilh calcareous and aragonitic skelets. Anorganic component consists
of Tine earbonatic grains. Generally, sand covers the lagoon [loor (the space between
stations Nr. 50 and 708) as well as the lower shell terrace between stations N, 1170
and 1490,

Sedimentation aned Transport

In the profile area and in the narrower Rincon de Guanabo bay. sedimentation of
the terrigenous material is just the minimum. [t is distinetive only Tarther in the west.
in the vicinity of the Guanabo river estuary. From hereo in the rainy weather. the
tervigenous material Just slightly reaches the lagoon area. and sull lesser extent —
the lower terrace of the shell margin, Origin of the material is 1o be sought in the
lossil and subfossil reel limestones as well as in Tertinry marls, and in limestones ol
the coastal arca. Sand — except the component ol primary organic nalure (skelets and
shells of recent Torms) arises in the lagoon by desintegration of the fossil and recent
reefs in the shell region, The question is in the destruction by organisms (Lo remar-
kable extent also by coral fish — J. I Bardaceh 1961) as well as in destruction
in consequence of the surl. NMost Trequently, the material is transported in direction
from the recent veel into the lagoon. In the proper recent reel and in ils ouler foreland.
there is no sand sedimentation, in consequence ol the undulation direction and of

the surl activities. The lagoon arca is gradually covered with sand. as well as the
inner side of the veeent reel. in many places. Sedimentation of sand on the lower
shell terrace. as Tar as it is not concerned with the primary organic component, origi-
nates most likely Trom the destruction of the recent reel. oo, and is carried down by
return currents ol the surl in the channels of the upper tereace. up 1o the shell margin.
However, the channels are rather undistinetive in the area under study, No typieal
“]:“'[i\' [III -\'”}l'llf“'i”l' F]ill[‘.\' wWere lil!,“l‘r\‘l‘{l 1!“"'('.

Sedimentation on the lower shell terrace in the depth helow 25 m was generally
uninterrupted. Thus it offers anc intael system ol fossilizable henthonic species, -

cularly. the vise of loeal thanatocenoses in this deeper area is a consequence of the
activity of organisms (v, oo the floor grooved by cerlain species of rayvs Bhinoptera in
depth below 25 .

Sedimentation in the lagoon is destrueted in the whole area by the unduolation effects.
Movements ol sand along the lagoon [loor as well as movements of all solid organie
remnants Torming just thanatocenoses in all places. is Lo remarkable degree retarded
by the presence of dense thalassia Tields Thalassia testudinum). Observalions show
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that transport of sediments evoked by the turbulence of the floor. as well as transport
of larger organic remnants does not proceed along the whole lagoonal space. Thana-
tocenoses are in spile of the continuous resedimentation present roughly within the
area of the original occurrences ol organisms. It mav be clearly scen on the analysis
of benthonie species from the separale slations. or on the ratio of the living forms
quantity to the quantity of extinet forms (tab. 2). Mass occurrences of the species
Antigona listeri in the form of extinet valves arve only there where there are living
forms covered with sand, i. e. they are most abundant on stations 167, 255, 432, 490
and 683, while on the rest of stations where no living forms were found, there are just
poor occurrences ol extinet exemplars, too. The phenomeon is yel more expressive with
the species Tellina interrupta, Lucina pennsylvanica or Chione cancellata, Such localiza-
tions of thanatocenoses offer the possibility to determine zonality of benthonice species
associalions even in the proper lagoon, in this case alfected by mild turbulence — by
means of observation of qualitative and quantilative occurrences of the respective living
forms.

Character of Fossilizable Benthonie Species and Zonation

The above described chemical and physical properties of the profile environment
predetermine its biological content, especially as far as benthonic species are concerned.
Basing on the general characler of assemblages. three distinet biolopes may be deter-
mined, the existence of which is predetermined first of all by the solidity of the
substratum and by depth. Other agenis being present just in the minimum in this
profile environment, do not effect decisively the changes of benthonic biocenoses.
Dependence upon the distance from the shore is important, too. Its influence is visible
in the benthonic fauna of the lagoon. The agent, however, is not dependent upon the
depth, vet rather upon possibilities of changes in salinity fluctuation in respective
seasons of a year, upon the influence of the floor turbulency on the possibility of
settlement of certain benthonic species, or upon certain biologic factors that are
specific for coastal or outer parts of the lagoon (Similar phenomenon of the lagoonal
foraminiferic fauna has been found in the Mississippi river delta — Upper and Lower
Lagoon Fauna, F. B. Phleger 1964.) (Tab. 3.)

A. The Lagoon Area

Micro- and macrobenthonic faunas are particularly abundant here. The proper se-
dimenl is formed by 70 % of organic material. 20 %, of sand originates in foraminiferal
shells with predominance of Discorbis mirus Cush. and Archais angulatus (Ficht.
et M oll). From among lurther fossilizable representatives of benthonic species there are
mas occurrences of the worms [rom the lfamily Sabellidae (Sabellaria vulgaris Verill.?)
in some parts of the lagoon. I'rom among echinoides there are representalives of irre-
cular forms (especially Clypeaster subdepressus G ay 1, Echinanthus rosaceus (L.),
Mellita sexiesperforata (L eske) and Mellita testudinata K1e in]. In the outer segment
of the lagoon there are some coral representatives from among which rather abundant
occurrence shows Manicina aureolata (L..), Porites sp., too. The most numerous fossili-
zable benthonic species representatives are molluses wilth predominance of pseudo-
sessil lamellibranchiates, also wilth present gastropods, in the areas ol thalassial and
algal fields (Thalassia testudinum. Udotea sp., Penicillus sp.. Halimeda sp.). From the
standpoint of the possibilities of application in geology, the work in evaluation of



291

IECENT FACILES OF GUANABO SHELF

mhu—&EwZO PUnXa jo Jaquint OG_NUM—.:.J sioyourq ul mw..:._.m_rr—.

= = | L0 1] Lo | 29 [Soow] Lo | 2o | 2@ s TR
s [wls 5w ]| ] ——
- =au]tmo| 29 | =@ W 2o | 20 |-Gl 2 | 2 W TP IR
- | 20| Lo |Zar] 2w | 1o | Lo |=osf=tne| ~ RUEUD SUH
- "mmq...m."m."voﬂ "mm"uwwﬂ. m.namu "w%w”m_m "mwamwmﬂ Mﬁ"@ lwm“ﬂuwlhﬂ .ﬂm Mmﬁ"um hmu o u.:__.zw.u._,w
ST =we Sty 29 | Lo | £0 | 2 | =0 | =0 | ~ FHRI IR
_ - ”mﬂu.mhu. 8 _ "wmuwwﬁ ”wmw..mﬂ “w.ﬂv M.mu __ ”mm G ﬁmlw,_“ "mu - i e c:wu.uw_
- 1 # = | Jgel=or | =@e| =@ | =@ |=tan] "rwembapanag
Zons| Loo |~ _ i - - - | &= | Zae iy

008 80L £89 | oY 06% _ ey 60E 1514 L9T 0g NN monmg

| |

sasomasoleuRy] Ul soaneiuasaidar

J1a] 0] sosnjjour mﬁ_..f.: Jooney 'F 21q9® L




.)”.}

SENES

1 = v FEROEEE == SRR
w5 T = T T T T Y < Y T I O O O
e : = s e
o
= v
n = I - T T Y A < Y I O I O
= Y - % W B % v ey
o S T =3 =1 1&E =11
e % oo oa g oo M v v g
IR FT11Igl =l lessl=l 1@ =S=]=111111
| eSSt _l - ekt — - —— e — = ST el
| =]
.
8 L T O T - I O A I I
12 . T awm o o .
E=Z T . O A A A A A AR O
& |7 T o o . - . S e o s
-] = |
&E%él_'—'I—‘|||[‘='|||1||I1|||1|||II|I||[1
1 Qs | ¥ e . et
E;:gg.;' AT I T - < T T T O I
o .o v s Y o e E g AT E
,_5;103 Cac i N R I T T A O O
..:".‘_JD LT B V.Vf-- P T o
| ez salsl =& rerrrrrerrrrrrnl
& : === et = e
o o) “ L ] o
'f.“"gﬁ el |l logegy |ea | | o |=Z8e<]| || |]]
2 ,g_. N R w_-;?_n " g R
= ] —=: =
= |7
= | s |
e
i o
g | weEg
) =
AL
= gl
?Iwﬁzc\i
f tn L.?; |.,..||I._.|![pfﬁo1é-“ﬁﬂél|§ﬁ1_5£|§_;rl =11
5 e 1B m:‘”cl'IIilm-—emégsmmm]mgw§2|mm]||||I
E s ; e L o
Zom2g Zimidd=tm == e =1L
: :
# 3

Aenaca pustulata



RECENT FACIES OF GUANABO SHELF

R R R R R R R R AR
SRR R R R R
UL =20 L &= ]
IR R R RN R R R RN
SRR R R R R R R R
R R R R R R R
LT = T s =T

r|||1|1!|t1||55 T T O T O O O A O

Pt et E et et
CTE I LT =& = i ittt
SIS el LI D=l P =t dee 1]
b 1 oo | LI 1L 1G0T 1 0 D= 1111
wBI=EE LA 141114 Ivme ] | Jand | |4 |4
mél—ﬂ;||ﬁl||~rimwﬁ~l|||m|~[||]ﬂmw
%£Im|w|H|~1III1III§II[1—T7;77;:771
wéltégléiﬁlﬂﬂt1@||m||i|||$£Tré%|é
m§||hg|h|f|~|i|l||»1|||——|m1|ﬁm||

l 1
1

Sl 1t L=
et L i

1

-

lonilispira albonaculata

algae; e = living coral; x = presence of living Torms

sy L= reel imestone; 1= Thalassinm; a

5



204

SENES

benthonic species was in the separate stations aimed first of all to the study of Molluscs.
The foraminiferal occurrences followed by O. Jendrejakova will he estimated

in a separate paper (fig. 3).

Fig. 3. Character and distribution of subassemblages of the Tossilizable benthonie species in
the lagoonal area of the Guanabo shelf Assemblage of Codakia orbiculata — Turbo castancus.
I.Fossil reel (reefl limestone); 2, Sandly floor, partly overgrown with algae (Udotea, Penicillus.
Halimeda sp.): 3. Sandy floor with growth of (halassia testudinum: 4. Chione cancellata
subassemblage: 5. Lucina pennsylvanica subassemblage; 6. Batillaria minima subassemblage,

Station Nr. 50

Skeletal sand. isolated islands of fossil reel limestone, proximity of searee thalassial srowth,

Typical forms:
Divaricella quadrisuleata O b,
Turbo castaneus G mel.

Station Nr. 167

Area zebra Swa
Neritina virginea

ins

&

Sand almost in permanent movement in consequence of turbulence.

Codaliia orbiculata N on L.
Divaricella quadrisulecata O rb.
Antigona listeri Gravy.

Station Nr. 255

Tellina radiata 1..
Tegula fasciata B
Turbo castaneus

arn.
Gmel,

Sand almost in permanent movement in consequence of turbulence. Rare algae Udotea sp.

and Penicillus sp.

Lucina pennsylvaniea 1.
Codalia orbiculata Mon t.
Papyridea soleniformis Brug.
Antigona listeri Gray.
Chione cancellata 1.

Station Nr. 320

Sand 1o a greal extent bhound with very

Luctna pennsylvanica L.

Tellina radiata 1.

Turbo castaneus G mel.

Battllaria minima
Clypeaster sp.

dense growth of Thalassia testudinum.

Turbo castancus

Gmel

Gmel,
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(Cenclaliia m‘h.“r'r:hiru \1 ont. Melanella _f.:rm'”is A ll ams.
Divaricella quadrisuleata Mo n L Batillariac mintma G mel.
Antigona listeri Gorav. Coerithivan variabile X\ d o mos.
Tellina interrapta W oo d. Cevinnopsis greeni A dam s,
Semele bellastriata Con v, Paolinices lactens Guild.
Natica pusifla Sav,
Sabellaria sp. Nitidella oeellata G om el

Nitidella nitidula S o w.
Nassarius ambiguus Pultn.
Muonilispira albomaculata A d am s,
Station N, 432
Sand partly bound, relatively dense algal growth ol the species Udotea sp.. Penieillus sp.,
Halimeda sp.

Andara ovalis Brug, Tellina radiata L.

Lucina pennsylvanica 1., Turbo castaneus Gmel,
Codaliia orbiculata Mot Natica pusilla Sav.
Divaricella quadrisuleata O v b, Sabellaria sp.

Antigona listeri Gray. Manicina areaolata 1.,

Station Nr. 490
Sand partly bound by dense algal growth, Udotea sp., Penicillus sp., Halimeda sp. The
station is placed in the elose nearness of Thalassial fields.

Anadara ovalis Brug. Turbo castancus Gmel.
Codaliia orbiculata Mon L. Batillaric minima Gm el
Divaricella quadrisuleata O v b. Mellita sp.

Antigona listeri Goray. Sabellaria sp.

Tellina radiata 1. Manicina areolata 1.

Station Nr.
Sand to greater extent bound with very dense growth of Thalassia testudinum. In adjacent
part there is an outerop of coral limestone with recent hexacoral Tauna.

Modiolus americanus Lieach. Turbo castaneus G mel.
Lucina pennsylvanica L. Melanella gracilis A dams.
Codakia orbicularis 1. Batillaria minima G mel.
Codakio orbicalata Mon L, Cerithium variabile A da ms.
Trachyeradivm muricatum 1., Nitidella nitidula S o w.
(Chione cancellata L. Mivella jaspidea G me L
Tellina radiata 1., Sabellaria sp.

Tellina interrupta Wo o d. Muanicing areolata 1.
Heterodonar bimaculatus 1., Porites sp.

Station Nr. 633

Sand partly bound with denser algal growth, mainly Penicillus sp. and Halimeda sp. More
varely Thalassium  testudinum. In the composition of Thanalocenoses the nearness of coral
reel is noticeable,

Barbatia cancellaria 1.a m k. Semele bellastriata Con .
Luecina pennsylvanica 1. Fissurella barbadensis G mel.
Codalkia orbicularis 1., NAemaca pustulata var.
Codalia orbiculata Mont. Modulus modulus 1.

Antigona listeri Goray. Batillaria minima G mel.
Tellina radiata 1. Sabellaria sp.

Tellina interrupta W o o, Manicing areolata 1.

Aevopagia fausta 1 ultn,

Station Nr. 708
Sand almost unbound, scaree algal growth and islands of thalassial fields. Close nearness of
recl limestones and ol recent coral reel. In Thanatocenosse the species of coral reel pre-

dominante.
Area zebra Swains. Turbo castanieas Gmel.
Anadara ovalis Brug, Modulus nrodilus L.

Barbatia canecellaria 1oam k. Cerithitun variahile N d am s,
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Lucinag pennsylvanica .. Manicuna arcolata 1.
Codaliia orbicularis L. Porites sp.

Codaliia orbiculata M on i

Tellina radiata 1.

Tellina laevigata 1.

Tellina interrupta W oo d.

B.Area of Recent Reel

IFrom among lossilizable benthonie species there is noticeable quantitative predomi-
nance of hexacorals, Tirst of all of Aeropora prolifera (L m k.). Acropora palmata
(Lm k.. Meandrina sp.. Diploria sp. and Siderastrea sp.. Montastrea annularis (E111s
el Solander). Agaricia agaricites (L.) and Millepora complanata L. mk. To the
second-rale existences ol Tossilizable organisms belong echinoides, represented by several
regular forms. then vagile and sessile forms of molluses. As 1o the plant component
there is remarkable extension of Lithotamnium sp. inerustaling the extinet coral growth.
especially in the space of the outer reef slope (the upper terrace of the outer shell).

Station Nre. 800

IFossil and subfossil veel limestone. Inerustation with Lithotamnium sp. Rave Halimeda sp.
The station is placed on the outer margin of the vecent reef, From among hexacorals there
are not very dense amounts of garicia agaricites, Montastrea annularis and Millepora com-

planata. and [rom among octocorals — Gorgonias. No [ree sediments, turbulence strong.
Area zebra Swains, Cerithium variabile Adams.
Anadara ovalis Brug, (Cyphoma gibbosum 1.

Buarbatia cancellaria Lo m k.
Brachidontes recurvus Ralin.
Lima seabra tenera S o w.

Station Nr. 900

Inerustated  veel Hmestone with sporadie oceurrence of hexa-and octocorals. Turbulence
slrong,

Area zebra Swains, Lima seabra tenera S o w.
Barbatia canecellaria 1o m k. Cerithium variabile A\ dams.
Prerea eolymbus B6 o, Cyplioma gibbsum L.

Station Neo 950 and Neo 1040
Tnerustated veel Timestone with sporadic occurrence of hexa-ond octocorals. Strong turbulence,

Aeea zebra Swain s Cerithivm variabile A dam s,
Anadara ovalis Dhrug, Neosimnia acicularis  Loam k.
Brachidontes recurvas Wa [ i, Cypitoma gibbsum L.

Previa colymbus Vi,
Lima seabra tenera S o ow,

Station Neo 1030 and Neo 1120

Incrastated reel mestone with sporadie oceurrence of hexacorals, especially of Montastrea
annularis and  Siderastrea sp. Numerous ocenrrence of octocorals in the form of various
species of  gorgonias. Relatively dense algal growth. especially Halimeda sp., Turbulence
stll noticenble,
NAivadara ovalis 1heu g, Cyplionma gibbosum 1.
Previa eolymbus R ad.
Lima scalwa tenera 5o w.
Neosinria acienlaris oo k.

Co Avrea of Outer Shell

Stations Nre. 1170, 1240, 1510, 1370
Free sand. without turbulence effeets. Searvee algal growth with predominating Udotea sp.
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forming islands, Rarer occurrences of Penicillus sp. and Lithotamnium sp. The latter in places
where from under the sand the solid substratum of fossil reel limestone emerges. There are
only scarce hexacorals Porites porites. Monastrea annularis and Millepora complanata. rare
gorgonins, Comparatively numerous representalives of echinoides. As to foraminifers, Rotalia
rosea (O rb) predominate.

Glyeymeris undata 1. Strombus costatus Gmel.
Codaliia orbicularis 1. Natica pusilla S av.
(odaliia orbiculata Mont. Cyprea cervus ..

Antigona listeri Gray. Busycon spiratum  1,m k.

Tellina radiata 1.
Abra lioica Dall,

On the ground of what has been said above as to the evaluation of the molluse
fauna in the separate stations (detail enumeration of the species and of their quantity
see on the plate enclosed), the following biofacial types (biotopes) might have been
differenciated in the profile under study:

A, The Lagoon Biofacies

Organogenous sand with chemical and physical characteristics of the stations Nr. 167,
255. 329, 432, 490, 555 and 683.

Fossilizable assemblage: Turbo castaneus — Codakia orbiculata.

Leading species: Codakia orbiculata

Turbo castaneus

Characteristic species:
Lueina pennsylvanica Tellina interrupta
Antigona listeri Betillaria minima
Tellina radiata

Accompanying species:

Anadara ovalis Chione cancellata
Phacoides pectinatus Arcopagia [austa
Codakia orbicularis Semele bellastriata
Divaricella quadrisuleata Tegula [asciata
Trachycardium muricatum Cerithium <ariabile
Trachycardium egmontianum Natica pusilla

Ai. Inner Lagoon Biolacies

Organogenous sand with chemical and physical characteristics of the stations Nr, 167
and 255.

Fossilizable subassemblage: Chione cancellata.

Leading species: Chione cancellata

Characleristic species:

Divaricella quadrisuleata Tellina radiata

Codaliia orbieulata Turbo castaneus

Antigona listeri Batillaria minima
Accompanying species:

Anadara ovalis Argopagia [austa

Lucina pennsylvanica Tegila [asciala

Trachycardivm muricatum Cerithium wvariabile

Trachycardium egmontianum

As. Outer Lagoon Biolacies

Organogenous sand with chemical and physical characteristics of the stations Nr. 432,
490 and 683.
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Fossilizable subassemblage: Lucina pennsylvanica
Leading species: Lucina pennsylvanica
Characleristic species:

Codakia orbicularis Tellina interrupta
Codalia orbiculata NAreopagia fausta
Antigona listeri Turbo castaneus
Tellina radiata Modulus modulus
Accompanying species:
Anadara ovalis Chione eencellata
I'hacoides pectinatus Semvele bellastrinta
Divaricella quadrisuleata Cerithium svariabile
Trachycardium egmontianum Natica pusilla

As. Thallasial and algal Biofacies

Organogenous sand with dense plant growth with chemical and physical characteristies
of stations Nr. 329 and 555.
[ossilizable subassemblage: Batillaria minima
Leading species: Batillaria minima
Characteristie species:
Turbo castaneus Nitidella nitidula
Melanella gracilis Monilispira albomaculata
Cerithium variabile
Accompanying species:

Lucina pennsylvanica Semele bellatistriata
Codaliia orbiculata Abrax lioica

Codaliia orbicularis Heterodonar bimaculatus
Trachycardium muricatum Cerithium greeni .
Antizona listeri Polinices lacteus

Cliione cancellata Natica pusilla

Tellina radiata Nitidelle ocellata

Tellina interrupta Olivella jaspidea

B. Reel Biofacies

Hard substratum formed by fossil incrustated coral limestone, with growth of recent
hexa- and octocorals. with chemical and physical characleristics of the stations Nr. 800.
900. 1040. 1080. 1120.

Fossilizable assemblage: Area zebra — Cyphema gibbosum.

Leading species: Arca zebra

Cyphoma gibbosum

Characteristic species:

Anadara ovalis Pieria colymbus

Barbatia cancellaria Lima scabra tenera
Accompanying species:

Brachidontes recurvus Neosimnia acicularis

Cerithium variabile
C. Outer Shell Biofacies

Organogenous sand with chemical and physical characteristics of the stations Nr.
1170, 1240. 1310. 1370.

Fossilizable assemblage: Glycymeris undata

Leading species: Glycymeris undata
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Characlerislic species:
Codaliia orbiculata
Tellina radiata
Abra lioica
Accompanying species:
Lima seabra tenera
Codalia orbicularis
Antigona listeri

Strombus costatus
Busycon spiratum

Tellina radiata
Strombus raninus
Cypraca cervus

At the estimation of distribution of other animal groups there is a quanlilative
difference in representation of some tvpical species with loraminifers in the separate
assemblages. In the lagoon area Discorbis mirus and Archaias angulatus, while in the
area of ouler shell of this profile rather Rotalia rosea are predominating. As [or corals
hexacoralia the lagoon area is unambiguously characlerized by occurrences of solilary
Manicina areolata, the arvea of recent reel in its inner side — by mass oceurrence of
Aeropora prolifera. and on ils summits — by Aeropora palmata. For the whole structure
of the recent reel the species Millepora complanata. Meandrina sp. and Agaricia
agaricites. are characteristic. The latter however. together with Motastrea annularis and
Diploria sp.. and with Siderasirea sp. reach even grealer depths in the foreland of the
recenl reel. Typiecal is the gorgonian assemblage. localized in our profile in depth from
8 to 16 m in the front of the coral reel. approximately on the slope belween two
fossil terraces of the outer shell (fig. 4, 5. 6. 7).

Notes to Eeology of Some Mollusc Species

Mass populations and remarkable changes in sedimenlation environment of the
profile under study offer possibility to determine cerlain optimum for the quantitative
occurrence of some molluse species. Essentially the question is in the judgement of
the connection between the number of occurrences and the settlement of Thalassia or
algae on the [loor, and its dependence upon the distance of the shore (population in the
inner or outer part of the lagoon) and upon depth. No conclusions as to salinity, Os
volume and pH could have been done because of relalive constaniness of these laclors.

s e
- —_—-— —_
P L —
- T
40m T, —
febs L e ke i as - -
—_— g W = P
_— 5 —_— -
-30m ———— Glyeymer Joe 27 ==
Cae s o e
.gom_____—::____ﬁﬂ_.. e
_ —— " hrca 2ebra oy
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Mig. 4. Distribution of main benthonic bioassemblages zones ot the Guanabo shell.



300 SENES

. e . et 3
Lrna.-?-e ¢ 3§ 3z d 3z § g2 §§§§ Lk 3
1 L ¢ 11
o - S T | | AT R I T 1 e 1 1
Ve NERGY —_— l LOW [0 ~ADOERATE MG MO DE RATE
(zra reel r-:vu*n!r F
SE21 0 | tamest sketetal rand reef limestone |skeletal sond ?
1 B | A i
| ¢ |RFEF |TANGROVE I i . RECENT GG TES NP LT
(20 Wbktecs | sy penru.ng t e il REEF [higr r'-fiia;’]_ L0w TERRACE BEEP SEA
| 22ar ety ! H LEVE ' P '
3
L 1
2 o
= ™ 15
k3 20
v a v %
w o & e 25
= a boy i fulr‘.!\u‘ a0
o2 2 lsanig_o_(_J_‘w 5 Qm!"ﬁumﬂusm: a3
3 Chiane corceldala |fwna Acrpgoem| Manfa st
o293 THA W SUAD . i % 40 AETER
~ o ™ SUBTONE|SUBLZONE |SUBIONE “
wm £y \
- ; Y
5 9 : 3
@ Glycymerss undhb| \

Fig. 5. General characteristics of the Guanabo shelf,

Ph;é:éf':'m zone E Prolifera xm', Palmata zone | | Montastrea nnnu.fnrns zone}Gorgorv 2. 100m SHELF MARGIN
TTLASOON | RECENT  REEF ‘OUTER SEAWARD REEF SLOPE : OUTER SHELF —™ st
E 'I 5 = 2-8m B -tom 16 - 40m

i
1
1
i
1
1}
|
1
@ Diploria «» Siderastrea div.sp. )
!
1

1 fossil reef = Montastrea annularis

2 Sand o Agaricia agaricites

'f" Gorganiidae M Millepora complanata

9 Manicina areolata < Acropora prolifera

™ Meandrina sp 3 Acropora palmata
=

Fig. 6. Coral assemblages of the Guanabo shelf.

Glycymeris undata L.

Mass settlements in ouler part of the lagoon. where it used to be covered with sand
with sand, frequently in associations with Tellina radiata. In the area of Cayo largo
in the Caribean Sea it was found also in more shallow parls of the lagoon; in coarser
sand already in depth below 6 m, in finer sand usually only in depths below 10 m. It
is evidently sensible to sediment turbulence (fig. 8).

Lucina pennsylvanica L.
Mass settlements in outer part ol the lagoon, where it use to be covered with sand
on the floor. No regular occurrences in grealer depths than 10—15 m. Living forms
near the shore are just rarely found (fig. 9).

Codakia orbicularis 1.

In the area of the Guanabo and Cayo Largo profiles the mass settlements are found
only on the outer part of the lagoon. It was found to occur in mass amounts in the
wider area of La Mulata on the NW coast of Cuba in close nearness of the Cayo
Paraiso Island. However, position of this island may be localized as an area belonging
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Fig. 7. Quantitative distribution of the main elemenis of fossilizable benthonic species on
Guanabo shell.

to the outer lagoonal space of the La Mulata reels segment. Optimal depth of its
distribution is thal of about 5—10 m. It is rarely found below 20 m depths (fig. 9).

Codaliia orbiculata N on L.
Eurybath species living covered with sand. in large masses even in depth of 20—
30m. R. T. Abbot (1963) presents ils oceurrence even from 110 m depth.

Divaricella quadrisulcala O v b.

Mass occurrences in the inner part of the lagoon, It is likely that it can bear also
slicht desalination of the lagoon. R, W. Miner (1950) quoles its occurrences in the
Atlantic between 15 and 30 m. In the Guanabo area it is distributed just to depth of
5m (fig. 9).

Antigona listeri Gravy.

Mass occurrences o 10 m depth. below 20 m just scarvcely found. Forms from the
lagoon. from the shallower environment are characterized by more massive shells. Tt
used o be covered with sand (Fig, 100,

Chione cancellata 1.
Mass occurrences were found in the inner shallower areas of the lagoons. Rare
oceurrences in deplths below 20 m. Covered with sand.

Tellina radiata L.
A species typical for shallow sandy environment. Optimal occurrences in depths to
10 m, rare in depths below 30 or 40 m (fig. 10).
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environments and dependence of the fre- ricella quadrisulcata upon their occurrences in

queney of Glyeymeris undata and Abra lioica the inner and outer areas of the lagoon.
upon the depth of environment.

Tellina interrupta W o o d.
Mass settlements in sands of shallow lagoons, rare in depths greater than 10 m.

Abra lioica Dall.

Eurybath form of the shelf. with iclination to fine sandy to clayey environment.
R.T. Abbot (1963) presents the depth distribution of the species belween 6 and
200 fathums. In the Guanabo area there were some exemplars found in finer sand
already in depth of 3m (fig. 8).

Turbo castaneus Gmel.

Living predominantly in shallow sandy floor overgrown with angiosperms of the
genus Thalassia, with algae Udotea, Penicillus and Halimeda 1o the depth of 15 m.
R, W. Miner (1950) gives the maximum depth distribution to 40 m. By its mass
occurrences in the northern Cuban areas it is probably representing the biofacies with
Tegula [asciata Born., which is more extensively distributed in the Caribean area

(CCW. Hoskins 1964).
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Iig. 10. Dependence of frequency of Codalia

orbiculata and Antigona listeri occurrences as

well as that of Tellina radiata upon the depth
of environment.

CODAKIA ORBICULATA

L] e @°
5 10 15 20 25 30 35 40 45
Population (Tetal Exempl m?)

ANTIGONA LISTER!

5 10 15 20 25 30 35 40
Population (Total Exemp! m?)

TELLINA RADIATA
L]

5 10 15 20 25 30 35 <0
Population (Total Exempl.m?)

Cerithium wariabile A dams.
Oceurs in the area of sandy and clavstone floor. overgrown with Thalassias or algae.
[t forms the accompanying form of the molluse associalion of coral reefs. Just scarce
occurrences in depths below 15 m.

Batillaria minima G mel.
Dense populations of this species are bound to Thalassial fields. In sandy or rocky
environmenls overgrown with algae the populations are less numerous. It is a typical
shallow-water species occeurring also in eulittoral (fg. 8).

Importance of the Informations [or Reconstruction of Fossil Facies

The above presented results of the research in Guanabo shell are sufficient for their
usage in reconstruction of some typical fossil Tacies. The research fullilled the basie
conditions for the geological aspects: characterization of the recenl environment by
fossilizable organisms (J. Senes 1964) and exclusion of unlocalizable Thanatocenose
from the general evaluation.

1. With respect 1o bioprovineial belonging of the fauna, estimation of fossil sediments
by method of direct comparison is possible only in the narrower arca of the
Caribean region and of the Mexico Bav. It is necessary. however. lo count with the
differences of specilic representation of littoral henthonie species in consequence of
changes that took place in this area during the Pleistocene.
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2. Wider possibilities are offered by the usage of the comparative method
for the proper biotopes. viz. at the evaluation ol sediments that originated in the
geological past. essentially on the reef regions and in the tropic climate.

3. From the standpoint of their usage in the Medilerranean region. the ressults offer
the comparative base for the estimation of resedimentation phenomena. for the morpho-
logical localization and for the study of relations belween dilferent partial environments
of some reef facies in the Mesozoic and in the Focene [ormations.

4. Application of the informations about the biotope of the lagoonal region and its
relation to the barrier in the Mediterranean Miocene first of all in the relation to
bryozoan, oyster and lithotamnian reefs. viz. in connection with occurrences of lucinids.
venerids and herbivorous gastropods.

Translated by E. Jassingerova.
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