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ABSTRACT 

At least seven Tectonostratigraphic Units have been recognized in Central Cuba. Each of 
these units is represented by an association of rocks generally of different ages· and facies which 
have normal stratigraphic relations or a metamorphic or tectonic overprint With the exception of 
the Escambray Unit, the units are long linear belts oriented in a WNW - ESE direction separated 
by large over thrust faults. New data, especially various radioactive isotopic dating, permit us to 
specify more exactly the age of igneous intrusions and metamorphism and to refine structural 
relations between different units. K- Ar, Rb- Sr and U- Pb analyses have been conducted on 
several igneous and metamorphic rock samples from the Escambray and Manicaragua Units. 

The various lithologies of t he Escambray Unit gave -~~r dates reflecting regional, high 
pressure metamorphic events at about 92_-7 5-JO..d .. ~s Ma. However, ...s£r::!_C::Oaianl~f.!t_dg._tes of 
1.~ suggests that high pressure metamorphism began substantially earlier. K_-:-:;\r._ cf~-QL2-l.? ± 
7 Ma on possibly pre-eclogite facies aro.P..bibQie from metabasite included in serpentinite melange 
~...:._-··· - - -· . ... --·· -.--·~ -· 

suggests that some very subordinate Escambray Unit rocks might have a history which reaches as 
far back as Permian time. 

The geologic history of the Manicaragua Unit includes metamorphism of basic and partly 
andesitic igneous rocks to amphibolite facies assemblages, followed and partly contemporaneous 
with the intrusion of the Sancti Spiritus batho lith and related granitoids. Some of the granitoids 
and amphibolite are deformed and appear to represent an early synkinemat ic phase. K-Ar dating 
appears to reflect coo ling from a t ectonothermal event defined by a cluster of apparent ages of 
about 75-85 Ma. Concordant U-Pb dates of 89 Ma on two size fractions of zircon from a banded 
quartz diorite probably represent an intrusive age. Initial Sr isotopic ratios are primitive, being 
below 0. 7040 on all Manicaragua granitoids analyzed indicating an ensimatic, island arc origin for 
the Manicaragua Unit. 

Much additional isotopic dating, g~ochemical analyses and paleomagnet ic determinat ions are 
needed to help resolve the complex geological history of Cuba, a very significant part of exposed 
area of the northern Caribbean region. 
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INTRODUCTiON 

The presence of distinctive structural/strati· 
graph ic units hereafter referred to _as ~ectono
strat igraph ic Units, have been recogn1zed tn Cuba 
since the early 1950's. A Tectonostratigraphic 
Unit is defined as a fault-bounded package of rocks 
of reg ional extent characterized by a geo logic 
history which differs from that of neighboring 
units. Our Tectonost rat igraphic Units are analogous 
to Howell et al's (1985) Tectonostrat igraphic 
Terranes. Howell et al further state that - " terranes 
may be characterized internall y by a distinctive 
stratigraphy, but in some cases a metamorphic or 
tectonic overprint is the most d istinctive 
characteristic". This definit ion generally co incides 
with our use of t he term unit. 

Bronnimann (1953 and 1955) estab lished 
the f ramework for a deta iled stratigraphic sub
division of the Upper Jurassic and Cretaceous 
sediments by his systemat ic use of nannoplankton 
and pelagic foraminifera. This important work 
enabled the recognition of coeval structural units 
and provided an important basis for the present 
understanding of Cuban geology. Individual 
geo logists working in Cuba have used various 
terms for these Tectonostrat igraphic Units, re
ferr ing to t hem as belts, tecto-units, zones, facies
structural zones, etc. Furrazola Bermudez et al 
(1964) . The genera l concept o f Tectonostrat igraph ic 
Units has been uti lized by a number of workers 
namely Ducloz and Vaugnat (1962), Solsona and 
Khudoley (1 964) , Meyerhoff and Hatten (1968), 
Knipper and Cabrera (1974) , Pardo (1975), Somin 
and Millan (1981}, and Cob iella Regura (1984) , 
Khu do ley and Meyerhoff ( 1971 ) gave a good his
torica l summary of the "Facies - Structural Zone" 
concept in Cuba. Di lla and Garcia (1985) have 
reviewed and presented new informat ion on the 
strat igraphy of these " st ructura l facies zones" in 
Cent ral Cuba. 

The Tectonostratigraphic Units of Cent ral 
Cuba with the exception of the Escambray Unit 
are long linear belts (see Figure 1), with a WNW
ESE orientation separated by large scale/ faults. 
The stratigraphy and stru ctu re of each unit has its 
own particular characteristics, easily recognizab le 
in the fie1d. 

Escambray Unit 

The Escambray Unit . is named for the 
Escambray Massif which consists of a large tectonic 
w indow containing two domal antiform upli fts, 
the Sierra de Sancti Sp iritus on the east and the 
Sierra de San Juan on the west. These two up
lifts are separated by the Rio Agabama which 
fo llows a structural low conta ining overlapping 
Paleocene and Lower Eocene sediments. Thiadens 
( 1937) was one of the f irst workers to recognize 

the large scale structural features of a cupo la 
form for the Escambray Massif. Pardo (1975) 
includes a belt o f amphibolite and intrusive horn
blende dior ite in his Trinidad Belt, but we place 
these rocks in the Manicaragua Unit because there 
is a major fau lt separating the Escambray and the 
Manicaragua Units. Further, the two units are 
petrologica lly dissimilar and have different geo
logical histories. 

Millan and Somin (1981) estab lished a 
sequence of strat igraphic units, for t he Escambray 
Unit, recognized the inverted metamorphic zonation 
and shed much light on the internal structural 
features. M illan and Som in (1985) describe 
additional new strat igraphic units, different 
pr incipal nappes and structure of the Massif of 
Escambray. There is a more detailed paper (Millan 
and Somin in press} which will describe additional 
principal nappes, at least seven in number (personal 
communication f rom G. Millan). Further more, 
(Millan and Somin in press} present evidence that 
there is a nappe unit ly ing to the north of both 
the San Juan and Sanct i Spiritus cupolas which is 
of lower metamorphic grade than the nappe wh ich 
underlies it. Mi llan and Somin (1985) recognize 
t hree overthrust complexes (napped) essentially 
equivalent in age but contain ing rocks formed in 
different environments. These three nappes have 
determined the present day distr ibut ion of the 

· inverted metamorphic zonality ranging from green 
to blue sch ists facies. The chronology of the three 
sequences has been estab lished by faunal dat ing, 
radiometr ic age determinations and by regional 
correlations. At least three episodes of deformation 
have been recognized in the sequences of Escarbray 
Unit rocks. These sequences from lowest to H'ighest 
structural ly are: 

1. Mature quartz metapsammites and 
metapelit es, usually graphit ic, with an insignificant 
volume of mafic rocks, and loca l stringers of 
marbles and cherty shell beds. By analogy with 
litholog ically similar deposits in western Cuba, th is 
sequence is dated pre-Midd le Oxford ian (Jurassic). 
Also present are dark-colored, commonly bitu
minous marbles w ith stringers of metacherts. They 
contain Middle Ox fordian and T ithonian ammonites 
Millan and Myczynski (1978). The metapelites, 
mica-carbonate and cherty schist s, and light
corored marb les of conglomerate breccias presumable 
are Cretaceous. 

2. Mica-carbonate, usual ly graphitic schists 
and strongly sheared marb les in a rapid, locally 
f lyscho id alteration; also stringers of meta· 
terrigenous sha les. The sequence tentatively is 
dated Upper Jurassic. The metaterr igenous shales, 
lithologically and evidently age-wise correlative 
with t hose from Complex 1. Also present are loca l 
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lenses of maf ic rocks and str ingers of carbonate 
rocks. 

3. Metamorphosed mafic rocks with 
metasil icite stringers (Yayabo su ite). evidently 
Jurassic. 

In addition t o t hese maf ic rocks, the 
Escambray also contains an essent ially meta
volcanic Yagunabo suite with marble stringers. 
Its structural posit ion has not been determined, 
as yet. A lso, d ifferent segments of the Escambray 
section, mainly in limbs of the antiform, i.e., in 

TABLE 1 
,. 

ISOTOPIC AGE DATA 

TECTONOSTRATIGRAPHIC UNITS OF CENTRAL CUBA 

Sample No. Material Technique A ge (Ma) Rock Type 

ESCAMBRAY UNIT 

F-89-1 Hornblende K-AR 255 ± 7 Eclogite 

Zircon U-Pb* 102 ± 2 

Paragonite K-Ar 75 ± 4 " 
F-94 Phengite K-Ar 66 ± 1 Blueschist 

Glaucophane K-Ar 56 ± 3 " 
F-94-1 Glaucophane K- AR 21 0 ± 13** Blueschist 

Phengite K-Ar 68 ± 1 

F-50- 7 Paragonite K-Ar 73 ± 4 Eclogite 

F-25- 10 Paragonite K-Ar 68 ± 2 Metabasite 

MANICARAGUA UNIT 
j 

J-68- 3 Muscovite K- Ar 84 ± 1 Undeformed Pegmatite 
cutting amphibolite 

AMPHI BO LITE$ 

PG-1 Hornblende K-Ar 77 ± 8 Amphibolite 

PMC--4 Whole-rock K-Ar 52± 1 Hornblende-Kaspar gneiss 

META-GRANITOIDS 

C-57 Hornblende K-Ar 85 ± 1 Banded Quartz Diorite 

C-60 Zircon U-Pb* 89 ± 2 II 

F-60- 2 Hornblende K-Ar 73 ± 2 Orthogneiss 

" Biotite K-Ar 73 ± 2 " 
J- 66-1 Hornblende K- Ar 95±2 Orthogneiss 

Biotite K- Ar 70 ± 1 

J-66--4 Hornblende K-Ar 78 ± 3 Orthogneiss 

Biotite K-Ar 69 ± 2 " 
J-77 Hornblende K-Ar 84 ± 3 Orthogneiss 

" Biot ite K- Ar 73 ± 1 " 

*238U/206Pb and 235U/207Pb dates concordant; 2 size rractions eacn. 

**~~~~~r~ste_cj by .?~~~h.~I~~~:·, 
Sample locations shown in Figure 1. 
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a structurally upper position, contain serpentinites 
locally associated with metadiabases, metabasalts 
and ecologites. K-Ar dates on many different 
lithologies from higher grade portions of the 
Escambray Unit reflect a regional, high pressure 
metamorphic event at about 65-75 and 85 Ma. 
However, concordant U-Pb dates of 102 Ma 
suggest t hat high pressure metamorphism began 
substantially earlier. 

As discussed above, the proto I iths of 
metased imentary rocks in this unit are at least as 
old as Upper Jurassic. A K-Ar date of 255 ± 7 Ma 
on (F-89-1) possibly preeclogite facies amphioble 
from a metabasite included in serpentinite melange 
separating some nappes suggests that some very 
subordinate Escambray rocks might have a history 
which reaches as far back as Permian time This 
po ssibility is strengthened by a K-Ar date of 
247 ± 20 Ma for amphibole from a similar eclogite 
inclusion sampled in Pinar del Rio Province of 
western Cuba Somin and Millan, (1977). Somin 
and Millan consider t he Permian age given by t he 
hornblende in F- 89-1 does not reflect the age of 
the eclogite. They consider this Permian age not 
geological feasib le and believe it to ref lect the 
presence of excess argon in the hornblende. Con
cordant U- Pb dates of 102 Ma on (apparently 
metamorphic) zircon from Sample F 89-1 suggests 
t hat high pressure metamorphism in the Escambry 
Unit began substantially earlier than the 65 - 75 
Ma age indicated by K-Ar dates from this unit. 
Much more detailed radioisotopic dating of t hese 
rocks remains to be done before the compl icated 
history of this unit can be understood. Additional 
U-Pb, Rb-Sr and Ar-Ar mineral analyses of 
Escambray blueschists and eclogites are presently 
underway, and will help cla rify t his history. 

These sequences of rocks, excluding possibly 
the Yayabo Format ion, are considered to have 
been deposited on thin continental crust all of 
which was subducted during the Late Cretaceous. 

The Escambray Unit has been overr idden by 
the Minicaragua and Aaza Units which surround 
the Escambray Massif. The fault separating these 
two units is now very steeply dipping and in 
many places along its northern extent dips south. 

Manicaragua Unit 

A distinct ive high grade metamorphic and 
intrusive granitoid complex lying on all four sides 
of the Escambray Massif has been recognised by 
Thiadens (1937) I Hatten et al {1958), Meyerhoff 
and Hatten (1968) I Khudoley and Meyerhoff 
(1971). and Somin and Millan (1976 and 1981). 
Th is almost concentr ic band of amphibo lite and 
granitoid rock was termed the Manicaragua tecto
unit by Hatten et al (1958) and will be referred 
to as the Manicaragua Unit in this paper. 

The amphibolite (Mabuj ina amph[.boiite or 
Mabujina complex by Somin and Millan) of the 
Manicaragua Unit has been stud ied ext ensively by 
Somin and Millan (1976, 1977 and 1981 ). Several 
analyses by various analysts using the K-Ar 
method ha,ve yielded ages ranging from 89 ± 3 
Ma to 77 ± 10 Ma. Recent K-Ar, Rb-Sr, and 
U-Pb age dating has added crit ical information on 
the history of the Manicaragua Unit. 

.,. 

The Mabuj ina amphibolite consists of green 
hornblende, ranging from a millimeter to several 
centimeters in length; plagioclase, ranging from 
andesine to labradorite; rel ic pyroxene, usually 
diopside or diopsidic augite; sphene and Zircon. 

Most · of the amphibolite consists of metabasalts 
with relic porphyritic texture, other is basaltic 
metatuff cha racterized by thin banding. Sub
ordinate lenticular bodies of biotite hornblende 
fine-grain gneisses (meta-andesite flows) are also 
present. The strike of the banding and limits 
between different lithologies sometimes are clearly 
discordant, however sometimes it is subparallel to 
the fault separating the Escambray and Manicaragua 
Units while the d ips are generally vertical or steep 
!awards the Escambray Unit. 

The granitoid body which intrudes the 
Mabujina amphibolite has been referred to as the 
Sancti Spir itus batholith of Khudoley and 
Meyerhoff (1 971). It ranges in composition f rom a 
diorite to a granodiorite, and plag iogranite, is 
holocrystalline, medium to coarse grained fre- .i' 
quently with granitic texture. -

The minerals in the nongneissic granitoid are 
plagioclase ranging from andesine to labradorite; 
orthoclase which sometimes has fairly welt 
developed graphic intergrowths of quartz in 
anhedral patches; highly pleochroic amphiboles, 
genera lly the composition of hornblende; and 
pleochroic biotite. Accessory minerals are apatite, 
zircon, sphene and iron ore. Occasionally relic 
pyroxenes are enclosed by and altered into 
hornblende. 

Near the contact with the Mabujina 
amphibolite many enclaves of amphibolitic rock 
are scattered throughout the Sancti Spiritus 
granit oid. Loeally , migmatites are well developed 
in which half of the rock is made up of angular to 
perfectly rounded enclaves of amphibolite. 

The geologic history of t he Manicaragua 
Unit includes regional metamorphism of basic and 
partly andesitic igneous rocks to amphibolite facies 
assemblages, followed and partly contemporaneous 
with the intrusion of the Sancti Spiritus batholith 
and related granitoids. Part of the granitoids are 
clearly deformed together with the amphibo lite, 
possessing fabrics which are locally gneissic, 
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mylonitic or banded. These appear to represent an 
earlier intrusive phase (early synkinematic phase). 
Both the amphibolites and granitoids are intruded 
by pegmatitic dikes which are undeformed. K-Ar 
dat ing on all of these lithologies appears to reflect 
coo ling from a single tectonothermal event defined 
by a cluster of apparent ages at about _75-85 Ma. 
This event appears to coincide with fabrtc develop
ment in the gran itoids, gneisses and amphibo!ites, 
as both hornblende and biotite from these rocks · 
fall broadly within this age range. The 75-85 Ma 
t hermal overprint appears distinct from t he slightly 
younger (70-75 Ma) event defined by the cluster 
of K-Ar dates from the Escambray Unit, but this 
may be an artifact of insufficient data. Addition
ally, some 85 Ma data were recently obtained for 
eclog itic rocks of t he Escambray Unit. More 

.. detailed dating is needed to resolve this question. 

A lso unresolved (at least part ly ) are: ( 1) the 
age(s) of the protoliths of the Mabujina 
amphibolites and (2) the intrusive age(s) of some 
of the Manicaragua granito ids. Concordant U-Pb 
dates of 89 Ma on two size f ractions of zircon 

.·~ from a banded quartz diorite (Sample C-60) 
probably represent an intrusive age. The pattern of 
discordance between K-Ar dates on biotite
hornblende pairs from Manicaragua granitoids may 
be significant. Biotite ages cluster around 69-73 
Ma, wh ile co-existing hornblende range between 
69-95 Ma. This is consistent w ith intrusive ages 
ranging from 85-95 Ma (ahd possibly older), with 
biot ite thermal ly reset at 69-73 Ma. Hornblende 
appears to have been incompletely reset by this 
event. Add it ional U-Pb, Rb- Sr, and Ar-A r dating 
of these rocks is presently underway and will 
certa inly bear on these questions. Preliminary 
Rb-Sr isotopic data from several Manicaragua 
granitoids reflect the same Late Cretaceous over
print shown by K- Ar data. A biotite-hornblende 

. .,.. isochron from one sample (J-66-4) yields an age 
of 74 Ma, intermediate between the biotite (69 
Ma) and hornblende (78 Ma) K-Ar ages. Init ial Sr 
isotopic ratios (Sr- Sr) are primitive, being below 
.7040 for all samples : for example, Sr correspond
ing to the isochron (J-66-4) is .7032. The very 

pr1m1t1ve Sr values for Manicaragua granitoids are 
consistent with an ensimat ic, island arc origin of 
t he Manicaragua Unit. 

For the most part, the Manicaragua 
granitoids are clearly of Cretaceous age because 
they intrude the Middle Cretaceous sediments of 
the Zaza Unit. Recent preliminary work of Dr. 
Bibikova of t he Geochemical Institute (Moscow) 
reports a 100 Ma,.. U-Pb date for a deformed 
gneissic granitoid. By t his analysis and our 

..:.. analysis on Sample C- 60 as 89 Ma, the conclusion c 

by Nekrasov et al (1 1th Caribbean Geolog ical 
Conference Abstract, 1986) for a Lower Paleozoic 
age for these granitoids is clearly disproved. 

Somin and Millan (1981) demonst ated that 
Mabujina metabasalts are similar t o metabasalts 
of so ca lled Sierra de Rompe metamorphic belt 
in Las Tunas Province where rudist remnants are 
observed· .in highly deformed and metamorphosed 
marble interbedded in these metabasalts. Taking 
into account all avai lable data we prefer to 
consider that t he protoliths of the Mabujina 
amphibolites and associated gneisses are of Upper 
Jurassic (?) - Lower Cretacous age and t hat 
granitoid intrusions and regional metamorphism 
took place in the Middle-Upper Cret aceous. 

The Manicaragua Unit is separated f rom the 
Zaza Unit to the north by the Tunicu fau lt which 
is well exposed from Zaza del Media on the east 
westward to the south of Fomento, a distance of 
45 ki lometers. From Fomento westward the fau lt 
is not continuously we ll exposed. Vertical move
ment on the order of 12,000 feet has t aken place 
on the Tunicu fault since Maestrichtian time and 
may be on t he order of 20,000 feet with the 
southern block upthrown relative to the northern 
block. Right latera l d isplacement .. I s evidenced 
along tt-ie Tun.icu .. t_aUfl" by-driig ._f~l-~~:}nd~siJ:c~e_n 
~~d~~ -- --··-· · ····- .. . -- ... -. - . 

Zaza Unit 

The Zaza Unit is interpreted to be an 
accretionary wedge of island arc volcanic material 

TABLE 2 

TECTONOSTRATIGRAPHIC UNITS OF CENTRAL CUBA 

Rb-Sr ISOTOPIC DATA FOR MANICARAGUA GRANITOIDS 

SAMPLE MATERIAL Rb(ppm) Sr (ppm) Rb/Sr 87Rb/Sr 87Sr/86Sr 

J- 66·-4 Whole rock 25.6 268.0 0.096 0.278 0.70325 
J- 66-4 Hornblende 13.8 79.1 0.174 0.505 0.70375 
J- 66-4 Biotite 159.1 43.5 3.660 10.590 0.71440 
J-77 Whole rock 12.7 385.0 0.033 0.095 0.70301 
J- 77 Plagioclase 2.0 263.0 0.008 0.022 0.70282 
C- 57 Whole rock 59.0 658.0 0.090 0.259 0.70370 
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and associated oceanic crust and an ophiolite suite 
all of which has been displaced at least 100 miles, 
probably in a northward direction along a major 
dislocation, the Las V illas ·thrust· fault. Case et 
<Jl (1984) considers the Zaza Unit a "superterrane" 
consisting mainly of allochthonous ultramafic, 
gabbroic, and Cretaceous tholeiitic volcanic rocks, 
and associated . pelagic sedimentary and volcano
genic rocks. The Zaza Unit is possib ly the most 
allochthonous body of rocks recognised in Cuba. 
The Zaza Unit is essentially the same body of 
rocks, however, with some exceptions as Ducloz 
and Vaugnat's (1962) Santa Clara Zone, Judoley's 
(1967) Zaza Zone, Meyerhoff and Hatten's (1968) 
Santa Clara Zone, Kn ipper and Cabrera's (1974) 
Seibabo and Santa Clara Zones and Pardo's (1975) 
Cabaiguan and Domingo Belts. 

The lowest petrologic unit in the Zaza Unit 
is a serpentinite melange exposed to the north 
along t he leading edge of the Las V illas t hrust. 
Many outliers or klippe of serpentinite have been 
recognised throughoutnorth central Cuba. 

Wassail (1 956) recognized the strat ifo rm 
sequence of the lower ultrabasic rocks of the Zaza 
Unit. At the base th is sequence commences with 
highly sheared serpentinite melange containing 
many la rge bodies of high pressure-low 
temperature schists and eclogites. Some of the 
metamorphic bodies are 5000 feet in diameter. 
Th is melange unit exceeds 2 500 feet in thickness. 

Lying above the serpentinite melange is a 
body of serpent inized peridotite which ranges up 
to 6000 feet in th ickness. This is generall y 
'followed by inter layered gabbro and serpentine 
reaching a thickness of 1000 feet . Gabbro, 
troctol ite and diabase are the upper members of 
the u ltrabasic to basic rock layered squence. 
K-Ar dating gave 160 Ma determinat ion fo r 
anorth ite f rom layered gabbro Somin and Millan 
(1981). Approximately 3800 feet of these rocks 
are estimated to be present. Above this layered 
sequence is a pi le of pi llow basalts, volcanic 
derived sediments, tuffaceous sediments with 
interbedded pelagic limesto nes, and rudistid reefs. 
The upper members of this sequence were termed 
t he Tuff Series and Provincial limestone by Rutten 
(1936) and·Thiadens (1937). 

Lilavatt i Diaz de Vi llalvi lla (1985) has 
subd ivided the volcan ics and volcanic derived 
sediments and limestones of the Zaza Unit into 
petro logic units wh ich help greatly to resolve many 
structural complexit ies and understanding the 
lateral relat ionships of each unit. Th icknesses 
of t hese units are quite variable. The maximum 
composite thickness of entire wedge of 
Pre-Tertiary rocks ly ing above the layered ultra
basic complex is on t he order of 20,000- 22,000 

- --- ---·· 

feet. The age of t hese rocks based on faunal 
evidence ranges f ro m Cenomanian to Turonian 
(or Santonian?). This later volcanic series does not 
include the t hick pile of pillow basalts and basalt 
flow units of the lower part of the 
requence which are assumed to be Lower 
Cretaceous in age. 

At the close of the Cretaceous period 
various diverse ,..sedimentation was in progress. 
This included large well rounded boulder 
conglomerates, scattered patch reef limestone with 
varied orbito idal colonies, explosive volcanic 
activity of andesitic composition and pelagic, 
fine grain sediments. 

Tertiary sedimentat ion in the. Zaza Unit 
terminated during t he M iddle Eocene, t he close of 
the Laramide (Cuban) orogeny. The Tunicu fault 
was active throughout this Lower Tertiary period 
shedding coarse angular breccias into a deep 
narrow marine trough at the base of t he fault 
scarp. These breccias grade rapid ly into well 
bedded greywackes and silts w ithin a mi le from 
the fault. The similarity of t his env ironment 
to t he Plio-Pleistocene of the Ridge Basin of 
Southern California is remarkable Crowell, J.C . 
(1974 and 1982). During t imes of quiessence~ 
especially during the Paleocene and Upper Middle 
Eocene, widespread calcarenites were deposited. 
The th ickness of this composite wedge of 
sed iments is maximum immediately north of the 
Tunicu fault where over 12,000 feet of 
sedimentary breccia is exposed. In a large over· 
turned anticlinal fold approximately four miles 

.north of the Tunicu fault 41 60 feet of interbedded 
greywackes, siltstone and minor amounts of 
ca lcarenite have been measured. The maximum 
thickness of this d istinctive flyschoid lithologic 
unit occurs in the subsurface where 5390 feet 
have been encountered (Sanct i Sp irit us No. 1). 

The Las Villas fault which demarks the 
suture zone between the Las V i llas and Zaza 
Units to the north is also believed to be the same 
suture zone between the Escambray and 
Manicaragua Units. Somin and Millan (1981) 
have demonstrated that t he two entire units 
(Manicaragua and Zaza Units) have overridden 
the Escambray Wnit. We, t herefore, suppose the 
Zaza and Manicaragua Units the most allo
chthonous units in the Northern Caribbean. 
Serpentinit e and ophiolites occur along the leading 
edge of the Las Villas thrust whereas amphibolite 
is present at the base of t he fault to t he south in 
the Manicaragua Unit. These two un its must 
represent a sheared of f , rootl ess, outer volcanic 
arc w ith a segment of oceanic crust lying between 
the arc and the continental crust to the north. 
These two units have been displaced northward 
on the order of at least 100 mi les. Shaposhnikova 
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( 197 4). based on gravity interpretation also has 
concluded that the eugeosynclinal (Zaza Unit) is 
allochthonous and overlies the miogesosyncline. 

The Las Villas fault, if the above conclu
sions are correct, has a very irregular fault surface 
with many thousands of feet of structural relief 
caused by collision of plates. Drilling in the 
Jarahueca Oil field area along the southern contact 
between the Zaza and the Las Villas Units indicate 
an essential vertical fault plane for at least 
7000-8000 feet. This is on the south side of the 
Jarahueca fenster which exposes the Las Villas 
Unit from beneath the Zaza Unit. 

Broad folds, usually with a northern 
vergence and large scale near vertical faulting, 
both trending east-west are the predominant 
structural style of the Zaza Unit. A large fold 
involving the volcanic and pyroclastic sediments 
of Lower Cretaceous age between Fomento and 
Cabaiguan has an unusual orientation of 
NNE-SSW. 

~Las Villas Unit 

The Las Villas Unit contains the oldest 
dated rocks known at this time in Cuba and the 
Greater Antilles. Th is unit is essentially the same 
tectonostratigraphic unit as Ducloz and Vaugnat's 
( 1962) Placetas and Camajuani Zones, Furrazola 
et al. (1964) Marginal elevation of geosyncline, 
Meyerhoff and Hatten's ( 1968) Placetas Zone, 
Khudoley and Meyerhoff's ( 1971) Las Villas 
Facies - Structural Zone, Knipper and Cabrera's 
(1974) Placetas and San Fetipe Zones and Pardo's 
( 1975) Place.tas and Cifuentes Belts. 

The Las Villas Unit has been generally 
recognized by most all geologist s as a positiv.e 
structural element during Upper Jurassic and 
possibly Lower Cretaceous times which separated 
predominantly evaporite and carbonate sedimenta
tion to the north from carbonate and typical 
eugeosynclinal deposits to the south. However, 
with the more recent determination that the 
Escambray Unit contains Jurassic and Cretaceous 
sediments probably deposited on continental crust 
and that the eugeosynclinal sequence of the Zaza 
Unit was deposited probably south of the 
Escambray Unit the median welt and geanticlinal 
arch concept has to be revised. 

Somin and Millan (1979) reported on the 
radiometric age determination on the marble 
complex south of the village of Sierra Morena. 
Using the K-Ar method on phlogopite M.M. 
Araqueliants, the analyst, determined this 
secondary mica to be 945 ± 25 Ma and 91 0 ± 25 
Ma thus relating to the "Grenvil le Event". The 
orioinal aoe of the carhonate rock is therefore 

considered pre-Grenville. In t he same general 
locality southeast of the village of Sierra Morena 
a c:ataclastic granite, frequently pegmatitic, has 
yielded ages by two different analysts (M. M. 
Araqueliants and L. V. Firsov) of 150 ± 5 Ma and 
139 ± 5 and 140 ± 2 Ma respectively. Both 
analysts used whole rock samples and t he K-Ar 
method. The relationship between the marbles 
and granitoid'" rocks has not been observed in the 
Sierra Morena area because of poor outcrops. 
Pardo ( 1975) reports t hat in a number of places a 
pink, plutonic rock that grades f rom granite to a 
labradorite-quartz-amphibole rock showing 
cataclastic alteration has been observed. Further, 
he points out that this general granitoid basement 
rock contains a number of inclusions of coarse 
crystalline marble and other metamorphics. 
Extending east-southeast f rom the Sierra Morena 
area for approximately 210 kilometers, the Las 
Villas Unit can be mapped to t he area near the 
village of Tamarindo in the old Province of 
Camaguey where it becomes overlapped by 
Tertiary sediments. T he unit does reappear f rom 
beneath the Tertiary further to the east. Along this 
210 kilometer trend common occurrences of 
metadiabase rock are found and at the eastern 
most extent it crops out over a large area. The 
autt"Jors are in disagreement on the ages of these 
metamorphic and igneous rocks and their general 
structural relationships at this eastern end of the 
unit. Cobiella (l984) has given a summary of tae 
various interpretations for this tectonically 
complex area. 

Hatten et al ( 1958) establ ished three rock 
units in the area which ·he considered 
pre-Tithonian basement. These rock units are in 
relative ages from oldest to youngest; the Perea 
metamorphics, the San Marcos troctolite and the 
Tres Guanos quartz monzonite. The Perea 
metamorphics consists essentially of contact 
metamorphics derived from diabase rocks int ruded 
by the Tres Guanos. Hatten also observed an 
intrusive contact between the San Marcos 
troctolite and the younger Tres Guanos quartz 
monz.onite. Furthermore, Hatten (1 958) mapped 
a formational unit, the Quemadito Formation, 
which consists of pebbly conglomerate, lithic 
arkose and interbedded silts which he observed 
lying depositionally on the Tres Guanos quartz 
monzonite. These terrigenous rocks grade upward 
into limestones which contain Upper Jurass1c 
and/or Lower Cretaceous microfossils. This inter
pretation requi res an older ophio lite and ultrabasic 
complex in Cuba than that sequence described in 
the Zaza Unit. 

Somin and Millan consider that in the 
so-called ophiolite belt of North Centra l Cuba two 
types of ophio lite sequences are mixed 
tectonically. The first b.eing an ophiolite 
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underlying the Zaza island arc volcanics. This 
ophiolite does not have a sedimentary cover. This 
ophiolite is cut by dikes and stocks of granitoids 
of island - arc affinity. One of the dikes (quartz 
diorite porphyry with 1.6 % KzO content) crops 
out north of the Tres Guanos locality and a 
diabase swarm of the ophiolite sequence. K-Ar 
age of the dike is 85 Ma (analyst M. M. 
Arakeliantz, Moscow). The K-Ar age and 
geochemical-petrographical features unites these 
dikes with ·other island arc granitoids widely 
distributed in the Zaza Unit. Additionally, some 
nontholeiitic basalts are found in intimate 
association with ophiolite diabase. These ophiolites 
according to Somin and Millan compose most of 
the ophiolite belt of Central Cuba and the 
so-called Perea Metamorphics are the metamorphic 
equivalent of part of them. Their metamorphism 
is of oceanic type Somin and Millan (1981). 

The second type of ophiolite (?) is 
represented by basalts lying immediately below 
Upper Jurassic limestone of the Las Villas 
{Placetas) Unit. It is unmetamorphosed rock 
nowhere cut by granitoids. It is believed that these 
basalts represent a basaltic layer of crust of a 
marginal sea. Another supposition is that it 
represents some volcanic interbeds in the ensialic 
sequence of Las Vi llas (Piacetas) Unit only. 

lturralde-Vinent and Mari (1984) have 
recognized tholeiitic basalts lying below Upper 
Jurassic-Tithonian l imestones in the Sierra de 
Camajan, Camaguey Province to the east. Further
more, a melange containing ophiolite exotic 
blocks, covered by the Cretaceous vo lcanic -
plutonic assoc1atton has been described by 
lturralde, Hartwich et al (1986). 

Further, Somin and Millan consider that 
Tres Guanos monzonite (type locality) is in 
tectonic contact, marked by sheared serpentinite, 
with the first ophiolite sequence described above. 
Thus, if Hatten's observation at th is locality is 
correct and the Quemadito Formation lies with a 
depositional (transgressive) contact on the Tres 
Guanos monzonite, the latter is basement and 
differs from the rest of the granitoids which 
clearly cut' the other ophiolite sequence. 

To add further confusion, the Tres Guanos 
quartz monzonite has yielded an age of 61 ± 3% 
Ma based on K-Ar method run by Lamont Geo
logical Observatory on biotite Khudoley and 
Meyerhoff (1971). It is generally believed that this 
age ref lects an Early Tertiary thermal event and 
not the true age of the granitoid body. 

The other co-authors, except Somin and 
Millan, have not visited the area nor have they 

conducted radiometric dating on these rocks and 
at this time remain neutral in the controversy. 

The sedimentary sequence in the Las Villas 
Unit consists of a basal conglomerate and arkose, 
interbedded pelagic limestones and shales of 
Neocomian age. Sandy and silty limestones 
interbedded with shales of Aptian age, interbedded 
calcarenites, ar,gi llaceous limestones, cherts and 
shales of Albian through Turonian ages and finally 
upper sequence of fragmental iimestones 
calcarenites and limestones of Campanian through 
Maestrichtian ages. Sediments of Coniacian and 
Santonian ages have not been recogn ized in this 
unit and this diastem is believed to represent a 
regional orogenic episode. The total thickness of 
sediments in the Las Villas Unit is difficult to 
determine because of the intense structural compli
cation but it appears that at least 1800-1200 feet 
are present. 

The structure of the Las Villas Unit is 
extremely complex. Tight isoclinal folds, much 
repetition by steeply dipping thrust faults and the 
development of chaotic melange prevails through
out the unit. 

Zulueta Unit 

The Zulueta Unit lies north of the Las 
Villas Unit. It is a long narrow zone containing 
well bedded dolomites, oolitic limc:stones, pelagic 
limestones and shales, cherts, sharpstone conglo
merates of limestone clasts, and calcarenites. At 
the eastern end of the unit, in the Sierra de 

· Jatibonico area, the uppermost lithology is a 
"wildflysch" melange of large blocks of the older 
sediments of the unit enclosed in a marl matrix. 
The·--unit contains the major portion of Rutten's 
(1936) "Aptychi limestone: and Palmer's (1945) 
Aptychus beds". The Zulueta Unit is essentially 
equivalent to Dulcoz and Vuagnat's (1962) 
Camajuani Zone, Furrazola et al's ( 1963) Las 
Villas structural-facies Zone, Meyerhoff and 
Hatten's (1968) Camajuani Zone, Knipper and 
Cabrera's (1974) San Felipe Zone, and Pardo's 
( 1975) Las Vi lias Belt. 

The basement on which the sediments of the 
Zulueta Unit rest is not exposed or has not been 
recognized. The oldest rocks of the unit are best 
exposed in the western area at Lama Sabanilla. 
These consist of well bedded dolomites, oolitic 
limestones and limestones containing ammonites 
and Bronnimann's (1955) "Microfossils incertae 
sedis" of Upper Jurassic age. Thickness of these 
sediments is approximately 2000 feet. Strati
graphically upward, the section becomes more 
deep water marine with thin bedded limestone and 
shales, cherts and occasional intertongues of 
calcarenite and limestone conglomerates. The 
sequence contains abundant pelagic organisms with 
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minor amounts of shallow water organisms in the 
clastic I imestone intertongues. Based on micro
paleontological studies of closely sampled strati
graphic sections the Upper Jurassic-Portlandian 
stage and all stages of the early Cretaceous from 
Neocomian to Lower Turonian indicate continuous 
sedimentation. This sequence reaches a composite 
maximum thickness of 2700 feet. There appears to 
be a stratigraphic hiatus from Upper Lower 
Turonian until Lower Maestrichtian in the Zulueta 
Unit, simi lar to the Las Villas Unit to the south. 

An angular unconformity is present between 
the above stratigraphic units and the overlying 
sharpstone limestone conglomerates. This very 
distinctive lithology is widespread along the extent 
of the Zulueta Unit. Rutten (1936) and Palmer 
(1945) termed the conglomerate a "calcareous 
breccia" and considered it a part of the "northern 
facies of ' the Habana formation", of Upper
Cretaceous age. Ortega ( 1973) designated it the 
"Santa Coloma formation". 

The sharpstone limestone conglomerate 
contains a mixture of limestone clasts from pelagic 
rocks of the Las Villas Unit to the south, and 
from rocks represented in the Zulueta Unit, but an 
estimated 70% of the clasts are derived from 
shallow water, bank type limestone from the 
Remedios Unit immediately to the north of the 
Zulueta Unit. On the south side of Sierra de 
Jatibonico the sequence rests depositionally on the 
Perea metamorphics and contains pebbles of that 
rock. The age of the conglomerate, based on . 
larger foraminifera occurring in the carbonate 
matrix which tightly bounds the clasts, is con
sidered to range from Maestrichtian through 
Middle Eocene. The sequence has considerable 
variation in thickness along its trend. The maxi
mum development recognized to date is in the . 
Sierra de Jatibonico where 2975 feet have been 
measured. 

The structure within the Zulueta Unit is 
very intense. It consists of tight, high amplitude. 
folds, steeply plunging drag folds, thrust faults 
and wrench faults (strike-slip faults). Evidence of 
extensive right lateral movement is pervasive in the 
unit.· One unusual structure which involves most of 
the sediments in the Zufueta Unit occurs in the 
Sierra de Jatibonico where a vertical plunging 
fold with an amplitude of 1500 meters has been 
mapped Hatten et al (1958). Nearly all contacts 
between different lithologies are vertical faults in 
this area and numerous splays are evident which 
further indicate right lateral movement. 

The suture zone separating the· Zueleta and 
the Remedios Units is the Sierra de Jaticonico 
fault zone which always appears on the surface as 
a vertical rupture with a component of right lateral 
displacement. Deep drilling west of the area under 
discussion has found this fault to flatten and dip 
southward indicating large scale oterthrusting to 
have taken place. 

Remedios Unit 

The Remedios Unit consists predominantly 
of a thick, massive bedded, bank-type limestone 
sequence with well developed dolomite beds and 
dolomite patches of diagenetic ong1n. Thin 
elements of the clastic limestones typically found 
in the Zulueta Unit are also present. The base of 
the massive limestones has not been observed. This 
unit has been termed the Remedios Zone by 
Ducloz and Vaugnat (1962) and Knipper and 
Cabrera (1974). Pardo (1975) refers to the terrane 
as the Yaguajay Belt. 

The oldest lithology exposed is made up of 
dolomite and dolomitic limestone, well bedded, 
highly fradured and with vugular porosity. Relic 
oolite and pellet structure are frequently observed. 
The lowe~ portion of the sequence contains 
faecal pellets which in Cuba are restricted 
to the Portlandian Stage of the Upper JurasSic 
Bronnimann (1955) while the upper most beds 
of limestone contain abundant nannoplankton 
considered to be of Neocomian age. The entire 
elongate block containing the above is bounded 
on all sides by faults. A stratigraphic thickness of 
1640 feet has_ been measured for this lithologic 

Also present in the Zulueta Unit are 800 
feet of calcarenites, coquinas containing large 
pelecypods and interbedded microcrystalline lime
stone and claystones which are younger than the 
massive sharpstone limestone conglomerate. These 
upper lithologies are d Middle Eocene age based sequence. 
on the abundant micro and macro fossi ls. .,..., S h 

, q., out of the town of Remedios a thick 
·· Jt: sequence of massive bank-type limestones is well 

. The sedimentary 'cycle in the Zulueta Unit , exposed in a faulted anticlinal structure. Atlantic 
terminates with a ~ocal. "wildflysch". ~elange, 1 Refining Co. of Cuba drilled the Puntilla No. 1 
several hundred feet 1n thickness, contam1ng large 1 •• w.§l} __ on this anticlinal structure and penetrate9 
blocks of the clastic lithologies of Maestrichtian 4034· of limestone containing abundant miliolids, 
through Middle Eocene in age enclosed in a marly dolomites and minor amounts of calcarenite. 
matrix. }he age of this melange is considered to be Progressing stratigraphically upward, the same 
~ate Middle .Eoce!1e· It marks the close of t he lithologies are exposed on the south limb of the 
Intense Laram1de (Cuban) orogeny. anticline where an additional thickness of 4686 
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feet has been measured, This single lithologic 
sequence therefore has a minimum thickness of 
n720 feet. Samples f rom the exposed part of the 
sequence carry abundant diagnostic microfossils of 
Aptian, Albian and Lower Cenomanian ages. 

Massive limestones cont inue upward 
stratigraphically but are chalky and a distinctive 
pale pink colour. This sequence has a minimum 
thickness of 1500 feet and it contains fauna of 
Turonian t hrough the Campanian ages. 

Continuing stratigraphically upward is a very 
thick, massive, pale orange to light olive gray 
microcrystalline l imestone with abundant miliolids. 
Coquinas of poorly sorted mega and microfossils 
are · common in the section along with well 
developed oolitic and pellitoidal limestone. This 
sequence has a minimum thickness of 7244 teet 
south of the town of Yaguajay. The abundant 
fauna have been considered Maestrichtian to 
Pa I eocene in age. 

Along the southern side of the Remed ios 
Unit f requent intertongues of the sharpstone 
limestone conglomerates and calcarenites are found 
between massive limestone beds. 

The sedimentary cycle in the Remedios Unit 
terminates with flyschoid greywackes similar to 
those in the Zaza Unit to the south. These are also 
of Lower and Middle Eocene age however, the 
thickness is probably less than 1000 feet. 

Faulting is t he main structural style in the 
Remedios Unit. These are high angle faults which 
are parallel to the regional grain. Thrust faulting 
w ith some right lateral movement appears to be 
the principal movement along faults in the 
Remedios Unit. Minor folding has been recognized, 
namely that south of Remedios referred to above. 
T he dip is predominantly to the south. 

Cayo Coco Unit 

The Cayo Coco Unit is the northermost 
tectonostratigraphic unit recognised in Cuba. Very 
limited exposures of the lithologies occur in the 
Punta Alegre and Turigano diapirs, a small area 
north of the Sierra de Cubitas (east of the area 
under discussion) and an area east of Caibarien. 
The majority of. our knowledge of the unit comes 
fr'Om" several deep wells d~i~~ed_~n oil ~xploration 
programs. 

Structural control consists of seismic, gravity 
and drilling. The Caibarien thrust fault is con
sidered the suture between the Cayo Coco and 
Remedios Units. The northern boundary of the 
unit is also a thrust fault evidenced bv seismic 
surveys. This fault establishes the south side ot the 
Bahama Channel. 

The Cayo Coco Unit has been recognized by 
others; namely Ducloz and Vaugnat (1962) the 
Remedios Zone, Furrazola et al ( 1964) the Cayo 
Coco structural-facies zone, Judoley (1967) the 
Cayo Coco Zone, Ohudoley and Meyerhoff (1971) 
the Old Bahama Channei-Cayo Coco Facies-struc
tural Zones, Pardo (1975) the Cayo Coco Belt. 

The basement- for the unit has not been 
penetrated but is believed to be continental crust 
based on reg ional interpretations. Reflection 
seismic data indicates possib le basement below 
25,000 feet in the shallow water area of northern 
Cuba. 

Meyerhoff and Hatten (1968) gave a detail sum
mary of the stratigraphy of the Cayo Coco Unit, 
especia lly of the Punta A legre formation the oldest 
sedimentary unit. The Punta. Alegre formation is a 
very thick sequence (6,600' - 16,500 feet) of 
evaporites (salt, anhydrite and gvpsum), dolomites, 
red shales and fine grain sandstone. The age ~f thi.s 
sequence is considered to be La-~:e Triassic to Late 
Jurassic. Upward mobility of t he evaporite 
sequence has been recognized in four diapiric 
structures in north Cuba. Three of these are 
located on the regional map accompanying this 
report and are termed Punta Alegre, Tur iguano and 
Lama Cunagua diapirs. The fourth is located east of 
Havana and is known as the San Adrian diapir. 
The evaporites actuat!y are exposed in all of these 
diapirs except Lorna Cunagua where drilling has· 
establ·ished the pre~ence of salt. 

Above the evaporite sequence occurs inter
bedded dolomites, dolomitized oolitic limestones, 
anhydrites, calcarenites and oolitic limestone. 
Based on paleontological determinations th is 
sequence is considered to be of Upper Jurassic 
Portlandian) thro.ugh Lower Cretaceous (Aptian) in 
age. The t hickest section f ully penetrated as 5695 
feet (true thickness) in the Cayo Coco No. 2 well. 

The shallow water sediments are fo llowed by 
more normal marine beds containing abundant 
pelagic foraminifera and ammonites. These rocks 
are well bedded limestones with chalky shale 
interbeds, micro-oolitic limestones, cherts and 
porcellaneous limestones. The age of this sequence 
is well established and ranges from Aptian into t he 
Coniacian. The thickest known section is in the 
Cayo Coco No. 2 well where 3158 feet were 
penetrated. This thickness is believed to be 
exaggerated because of moderate dips of the strata. 

A hiatus occurs between the above described 
sequence and !he beds overlying. Sed iments repre
senting Santonian and Campanian have not been 
recognized. 
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Sedimentation resumes with clastic lime
stones and calcarenites similar to those found in 
the units to the south. These are Upper 
Maestrichtian in age. They are followed by marls, 
chalky limestones and dolomites ranging in age 
from Paleocene to Middle Eocene. Thickness of 
this group of sediments is variable from well to 
well ranging from 2700 to 100 feet. 

Besides the diapiric structures, high angle· 
thrust faults probably with some right lateral 
movement, some broad folding and probably block 
faulting is indicated from seismic, gravity and 
drilling in the Cayo Coco Unit. Levchenko and 
Ryabukhin {1971} recognized thrust faulting and 
block faulting from seismic surveys ··and repeated 
stratigraphic sections found in several deep 
exploratory tests drilled in the Cayo Coco Unit. 
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