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A. GENERAL DATA ON THE SEGMENT 

l. THE SEGMENT STUDIED 

Cuba, the largest island of the Greater Antilles, is a Cretaceous
Eocene orogen now greatly dissected so that ultramafic complexes, 
granitic plutons and metamorphic rocks are widely exposed. The is
land lies between the Bahamas Platform on the north and the Yucatan 
Basin to the south. The latter is crossed by the Cayman Ridge and 
Trench, along which modern orogenic activity (seismicity) is con
centrated. 

Segment: this description relates to the whole of the island of Cuba, plus 
the Isla de Pinos. This segment is 1200 km long and within it the 
exposed part of the orogen averages 120 km in width. 

.Zones: four zones are recognized. From north to south they are : ( I) the 
Miogeosyncline-thin, Jurassic to U. Cretaceous carbonate sequence, 
thick U. Cretaceous to Palaeocene carbonate-clastic sequence, and thin 
Tertiary carbonate-clastic sequence. (2) Las Villas zone-a positive 
region with a relatively thin L. Cretaceous to Eocene carbonate
clastic sequence resting on metamorphics. (3) Zaza zone and ( 4) C:tuto 
zone-a eugeosynclinal belt with major U. Cretaceous and Eocene, 
submarine volcanic rocks, U . Cretaceous ultramafics and Cretaceous
Tertiary granitic plutonics. Jurassic strata and thick Eocene-Miocene 
carbonate-clastic sequences occur in zone 3, and thick Eocene coarse
grained volcanic sequences are confined to zone 4. 

History: the oldest dated rocks in the segment are lower Jurassic to 
Neocornian clastic and carbonate sediments, in part metamorphosed to 
phyllite in western Cuba. In zones 2-4 crystalline schists of unknown 
age and relation to the Jurassic rocks are cut by an early Cretaceous 
pegmatite. From early Cretaceous (Albian) to Eocene Cuba was 
divided into a southern elongate eugeosynclinal trough receiving 
volcanic and clastic sediments and a northern miogeosynclinal basin 
containing carbonate, clastic and evaporite deposits, separated by a 
narrow linear ridge or median welt (zone 2). 

Deformation was episodic from the Jurassic to the present, with three 
major phases of deformation in the middle to late Jurassic, Turonian to 
Campanian, and early to late Eocene. Ultramafic rocks are a part of 
the early orogenic deposits, either as basement or as tectonically 

· emplaced cold intrusions in rocks of many ages. Granitic rocks formed 
in the middle late Cretaceous and during M . Eocene; an earlier gran-
itic phase may have taken place before latest Jurassic time. . 

Volcanism and deformation ceased in central and western Cuba in 
the late Cretaceous but continued into M. Eocene time in eastern Cuba, 
the latter in an episode perhaps related to the formation of the Cay
man Trough. Mobility and clastic/carbonate sedimentation have con· 
tinued to the present day. 
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2. SHAPE OF THE OROGEN IN PLAN 
23 General trend: the island of Cuba is arcuate and over its 1200 km 
length has a radius of curvature of approximately 900 km. 

3. SURFACE SHAPE OF THE SEGMENT IN ELEVATION 

ao Highest 5% of the ground: 500 m. 31- 2 The northern and southern 
margins of the segment are taken conventionally at sea leveL 
33 Summit height surfaces: in north-east Oriente Province summit level 
surfaces of Pliocene or younger age occur at 1000-900 m, 800- 700 m, 
700-500 m, 500-300 m and 200-100 m (Furrazo1a-Bermudcz et at. 
1964). Other surfaces occur as follows: 520 m, Pliocene or L. Pleisto
cene age (Weaver 1971 ); 450- 410 m and 400-300 m, both ofP1iocene 
or L. Pleistocene age (Furrazola-Bermudez et al. 1964) ; 381 m and 
327 m, unknown age (Ducloz 1963) ; 280- 260 m, Pliocene or Miocene 
age (Furrazo1a-Bermudcz et al. 1964; Ducloz 1963). 

as Geomorphological surfaces at lower levels: Ducloz (1963) identified the 
following surfaces-200-1 80 m, 180- 50 m (mainly 150-100 m) and 
70-50 m, of subaerial origin and ?Pliocene age; 40- 30 m, 20 m, 9- 5 m, 
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all subaerial in origin; 51-25 m, 33- 15 m, 16- 15 m, 8m, all marine 
terraces. Ducloz (1963) also recognized submarine surfaces at - 1 m, 
-2 m, -6 m, - 10 m, -17 m, -20 m and -55 m. 

4. GEOPHYSICAL DATA 
38- 9 Gravity data exist for the segment and adjacent areas. See Solo
viev, Skidan, Skidan & Pankratov (1964), Eardley (1962), Hospers 
(1958) and Bowin (1968). 41 The segment is not in approximate iso
static equilibrium. 42- 3 T he general gravity field is parallel to the main 
tectonic and topographic trend. 

5. PRESENT-DAY ACTIVITY 
68- 71 Seismic activity: modern activity lies along the Cayman Trench to 
the south of Cuba. See Gutenburg & Richter (1954) and Sykes & 
Ewing (1965) . 
72 Heat flow : see Epp, Grim & Langseth ( 1970) . 

...-....------__..-- CAYMAN TRENCH 

Figure ]. Structural zones, major faults and igneous rocks in Cuba. Modified after fig. 87 of Furrazola-Bermudez et ai. (1964). 



CUBA 627 

75 Movements in historical time: Taber ( 1931) has suggested that recent 
fault scarps in easternmost Cuba (Sierra Maestra) might have been 
due to earthquakes recorded in 1678, 1679, 1766 or 1852 which 
had no accompanying sea wave and thus might have occurred on 
land. 

6. TIME RELATIONS 

85 The oldest undeformed rocks belong to the Lorna Candela Fm of 
mid-Eocene age in west and central Cuba and to the San Luis Fm of 
late Eocene age in eastern Cuba. See Bermudez (1 961). 

83 The youngest deformed rocks belong to the U niversidad Fm of 
early Eocene age in west and central Cuba and to the Cobre Fm 
of mid Eocene age in eastern Cuba. See Furrazola-Bermudez et al. 
(1964). 
91 - 5 Phases of mobility: 1. Nevadian movements in the mid to late 
Jurassic interval, shown by tight folding and low-grade metamorphism 
of clastic rocks in western Cuba, overlain by less deformed and meta
morphosed late Jurassic and Cretaceous rocks. 2. Sub-hercynian move
ments in the Turonian to Campanian interval, shown by strong folding 
and faulting of the early eugeosynclinal sequence, most intense in 
central Cuba. Late Cretaceous and early T ertiary clastic rocks cover 
these structures with angular unconformity. 3. Cuban movements in 
the early to late Eocene interval are represented by folding and faulting 
in central and eastern Cuba, with the upper age limit determined by 
overlying less deformed middle and late Eocene clastic deposits. Local 
unconformities occur between these three major phases and indicate a 
more continuous mobility. See Khudoley (1967). 
87- 9 Initiation of Mesozoic- Tertiary mobility: this occurred with the 
Nevadian movements in mid to late Jurassic times and is evidenced by 
the less deformed Vinales Limestone (late Jurassic) resting on the more 
deformed San Cayetano Fm (early and/or mid-Jurassic). 
81 The oldest rocks deformed for the first time during the Mesozoic
T ertiary orogeny belong to the San Cayetano Fm of early to mid 
Jurassic age (Judoley & Furrazola-Bermudez 1968) . 
7 8 Basement rocks : the metamorphic rocks of zones 2-4 can be dated as 
early Cretaceous or older in zone 4 where they are cut by a pegmatite 
which has given a radiometric age of 119 ± lO m.y. (K/Ar; Adamovich 
& Chejovich 1964, described in Meyerhoff, Khudoley & Hatten 1969) . 
Meyerhoff et al. (1969) also report a 180 ± 18 m.y. date on a grano
diorite but doubt its validity. 

7. SEDIMENTARY RELATIONS 

Table 1 

SUMMARY OF STRATAL DATA 

Syn- and Post-orogenic 
sedimentation within 
50 km outside the margins 
of the orogenic part of the 

In the orogenic belt in the segment segment 

Outside Outside 
north south 

Pre-orogenic Syn-orogenic Post-orogenic margin margin 

07 Agcspan 
from Early Jur Early Crct Mid Eoc Neocomian Macstr 
to LateJur Mid Eoc Recent ?Mioc Recent 

98 Maximum 6500m 12,000 m 2250 m 5700 m 3000 m 
thickness 

90 Estimated 1·3 x 10• 2•4 X 10' 0·45 X JO< 2·8x 10• 1·5x 10• 
volume per km3 km3 km• kmS km3 

100 km length 
of segment 
And probable 100% 100 % 100% 100% 100% 
error in this 
estimate 

10o Dominant Clastic Volcanic Carbonate Carbonate- Carbonate 
facies evaporite 

Percentage of the total 
volume occuj)ied by-
and the error 

101 Dominant facies 85±20% 53 ±25% 67±25% 100±50% 90± 10% 

102 Volcanic rocks 2% 53 ±25 % 2% 

103 Sedimentary 15 ±20 % 11 ± 10% 67±25% 
rocks with over 
90% carbonate 

1 o• Sedimentary 0% 0 % 0% 
rocks with over 
95% quartz 

106 The effects of deformation have not been taken into account in 
assessing the stratal thicknesses given in 98• 

107 Sedimentation was not con tinuous during the pre- and syn
orogenic periods. 108 Erosion surfaces developed during the following 
intervals: post-upper M. J ur, pre-Oxf; post-Neocom?, pre-Alb; post
Turon, pre-Cam pan (perhaps multiple); post-Maestr, pre-Palaeoc; 
during M. Eoc times in zones 1- 3 and during the late Eoc in zone 4; 
late Eoc; during late Olig times; post-late Olig, pre-early Mioc. 
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8. STRUCTURAL RELATIONS 

lll-17 Major faults: the Las Villas fault occurs at the zone 2/3 contact, 
was active in the early Cretaceous to mid-Eocene interval, dips ver
tically or steeply southwards, has a maximum displacement of 1 km 
and an associated mylonite belt <18m thick; H atten (1967) suggested 
thrust movements were predominant but Khudoley (1967) thought 
vertical movements were dominant. The La Trocha fault was probably 
active in Eocene times; vertical movements (up to east) exceed 1 km 
and left-lateral movements of 10-20 km may have occurred (but are not 
necessary if one postulates an S-shaped bend in structures at this point) . 
The Sierra de Jatibonico fault was probably active in the early Creta
ceous to mid-Eocene interval; it ranges from vertical to 55° south dip, 

has a vertical displacement > 1 km and occupies a fault zone 1-2 km 
wide. Hatten ( 1967) and others have suggested other maj or faults 
between zones 3 and 4 (Cauto depression) and south of zone 4 (Cay
man trough) . 

9. REVIEW OF OROGENIC DEVELOPMENT 
126 REGIONAL CHRONOLOGY AND C oRRELATION 

Early geologists in Cuba used lithological or structural correlations 
which were in m any places difficult because of alluvial cover between 
the major exposure areas, and because of rapid changes of facies along 

Figure 2. Map of the Caribbean region, with bathymetry from the Tectonic map of North America (King 1969). Submarine contours at 1000, 3000 and 5000 metres. 
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and normal to strike. Correlation by use of fossils and subsurface data 
improved the situation, but certain problems still remain in the oldest 
rocks (see 135<1)). For example, in assessing the palaeontological age of 
element f, ammonites suggest an older age (U. Jurassic: Tithonian) than 
do microfossils (Neocomian to Aptian) (compareJudoley & Furrazola
Bermudez 1968, with Bronnimann & Rigassi 1963, and Herrera 1961, 
p. 32; also Arkelll956, pp. 569-73). This paper mentions both alterna
tives where pertinent. 

132 GEOPHYSICAL EviDENCE oF OROGENIC STRUCTURE 

Soloviev et al. (1964) published a gravity map of Cuba based on 
pendulum and gravity meter data for 1932- 61. It shows three gravita
tional belts in Cuba west of the Cauto-Nipe depression, essentially 
parallel to zones 1- 3 but with different limits. A northern belt of 
negative anomalies (to -30 mgal) more or less coincides with zone 2, 
a central belt contains positive anomalies (to 100 mgal) and a southern 
belt is negative relative to the adjacent regions but in absolute values is 
about 0 to + 10 mgal. Most of the Oriente Province (approximately 
zone 4) has extremely high positive anomalies (to + 160 mgal) and 
there is a very steep gradient westwards towards the rest of Cuba. The 
central maxima can be approximately correlated with the line of 
granitic intrusions in central Cuba. 

OvERALL EvoLUTION OF THE BELT 

The first stage recorded in unmetamorphosed rocks is shelf sedimenta
tion in the .Jurassic, beginning with clastic deposits in the west and 
carbonates and evaporites in the east and north, and gradually, by the 
late .Jurassic, carbonates in the west and evaporites in the east and 
north. This type of sedimentation may have continued into the early 
Cretaceous (Ncocomian). Metamorphosed clastic and carbonate rocks 
in central and west Cuba may represent altered Jurassic or earlier, 
perhaps even pre-Devonian, strata. Metamorphic rocks in easternmost 
Cuba may represent a more volcanic episode of Jurassic or older age. 

Volcanism began in the late early Cretaceous (Albian) with spilitic, 
basaltic and diabasic marine volcanic rocks, and was most intense in 
central Cuba . Volcanism continued into theM. Eocene, but after the 
Cretaceous it was restricted to easternmost Cuba except for widespread 
Eocene ash deposits. There seems to have been a ridge in northern 
Cuba which received less sedimentation than the areas to the north or 
south; this ridge is zone 2 (Las Villas) and more or less separates the 
southern volcanic, eugeosynclinal region (zone 3) from the northern 
miogeosynclinal area of carbonate, clastic and evaporite deposition 
(zone 1). The ridge persisted as a structural and topographic feature 
from early Cretaceous to Eocene time, but was not so important after 
the late Cretaceous. 

Granitic intrusions formed in mid-late Cretaceous times and were 
exposed and eroded during the Maestrichtian. An earlier intrusive 
event may have taken place before latest Jurassic times and a later 
series of granitic plutons cut M. Eocene volcanic rocks in easternmost 
Cuba. 

Ultramafic rocks formed the basement in parts of central and eastern 
Cuba, beneath Campanian to Maestrichtian deposits. Small bodies of 
serpentinite occur along faults which cut rocks of L.~M . .Jurassic to 
Eocene and perhaps younger age; these are probably tectonically 
intruded along the faults. There are also areas in which sedimentary or 
extruded serpentinite of Eocene age may crop out. Difficulties of 
separating the various types of serpentinite emplacement in the field 
have not permitted any consensus of views on the age or ages of 
emplacement. 

Following the cessation of volcanism in M . Eocene time, Cuba 
gradually became emergent. Carbonate and clastic sedimentation pre~ 
vailed, and the island assumed its present form. Raised beaches and 
terraces show that uplift has continued into the Plio-Pleistocene at 
least, especially along the Cayman Trench east of Cuba. 

Deformation was apparently episodic, punctua ted by periods of 
erosion in Turonian(?), Campanian, late M aestrichtian or Palaeocene, 
early, middle, and late Eocene, late Oligocene, early Miocene (?),and 
Pliocene (?) times. Overturning, reverse faulting and perhaps thrust 
faulting or/and gravity sliding were directed northwards except in the 
Sierra de Trinidad, Isla de Pinos and westernmost Cuba where the 
older rocks show southward movement (see 135W). Lateral (wrench) 
faulting seems to have been important only near the Cayman Trench 
in modern (post-Mesozoic) times, although several fault-bounded sedi
mentary basins are transverse to the structural grain of the island and 
could have an element of lateral movement. 

Attempts have been made to fit Cuban geology and tectonics into the 
framework of the modern theories of plate tectonics and sea-floor 
spreading. Kozary ( 1968) suggested that a tensional trench formed 
between Cuba and the Bahamas, and uplifted oceanic crust and over
lying deposits slid northward into the trench . Meyerhoff & Hatten 
( 1968) described a complex paired geosyncline in which the eugeosyn
clinal part is deformed and thrust northward over the miogeosyn
clinal part during the Laramide orogeny (Campanian-M. Eocene). 
D engo (1969) postulated that Cuba was continuous with northern 
Central America until mid-Cretaceous (Albian?) time, when it began 
to move north along faults parallel to the east edge of the Yucatan 
Peninsula. MacGillavry ( 1970) believed that the Caribbean is an 
ancient stable oceanic plate which has had volcanic belts and tensional 
geosynclines around its margins, and which rotated in a clockwise 
sense during the Laramide orogeny to cause the compression and 
thrusting of Cuba against the Bahamas Platform. Freeland & Dietz 
(I 971) follow Dengo's ( 1969) suggestions in their dynamic reconstruc
tion of Middle America and the Caribbean. They propose that North 
and South America were continuous until about 180 m.y. ago (late 
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Triassic) with the pre-Triassic basement areas of Central America 
(Yucatan and Nicaragua) fitted within the Gulf of Mexico. Rifting and 
rotation from 180- 150 m.y. (late Triassic to mid-Jurassic) created space 
for the Gulf of M exico and Caribbean, and a comple..-x combination of 
drift, spreading and subduction formed the Greater and Lesser 
Antilles since about 100 m.y. ago. 

The position of the subduction or Benioff zone is of interest. Dengo 
(1969) and Freeland & Dietz (1971 ) suggest that the Cuban Plate 
moved northward. The position of the Cuban volcanic pile, south of 
the median welt (zone 2), indicates that a Benioff zone for the Albian 
to M aestrichtian volcanism of zone 3 must have dipped southward 
from a trench in northern Cuba. Oceanic crust moved southward down 
the Benioff zone until the junction of oceanic crust and the Bahamas 
Platform continental crust was reached. The less dense con tinental 
crust would not descend into the subduction zone, so northward move
ment ceased, and the Cuba-Yucatan Plate was coupled onto the North 
America Plate. Continued movement between the North America 
Plate and the Caribbean Plate, now reduced in size, probably took 
place along the Cayman Trench and was predominantly lateral. Early 
Tertiary volcanism in easternmost Cuba, J amaica and Puerto Rico was 
in en echelon tensiona l grabens probably related to this lateral move
men t, although lateral movement has continued to the present after 
cessation of the volcanism in the M. Eocene. 

135 (i) M ETAMOR PHIC BAs EMENT IN C u BA 

There are three major areas of metamorphic basement exposed in 
Cuba: Isla de Pinos and Sierra de Trinidad in zone 3, and eastern 
Oriente in zone 4. They are stra tigraphically pre-Albian but of un
known age and correlation. The zone 3 metamorphic rocks have been 

correlated with the Jurassic Cayetano-Vinales succession by many 
authors. See Furrazola-Bermudez et al. (1964) . Rigassi-Studer (1961) 
believed that the correlation is invalid because oflithologic differences 
between the metamorphosed and unmetamorphosed rocks, and 
because he did not think tha t Jumssic metamorphic rocks would be 
exposed by Albian time. M eyerhoff & H atten (1968) suggested that 
only part of the zone 3 metamorphics had that correlation and tha t 
par t might be older, but no such division has yet been found. 

Outside Cuba, correlation of the metamorphic rocks might be 
possible to the west with metamorphic rocks of Carboniferous or late 
Devonian age in northern Guatemala (Dengo & Bohnen berger 1969 ; 
M cBirney & Bass 1969) , Silurian rocks metamorphosed in Devonian 
times found in a well in Yucatan (M. N . Bass quoted in Dengo 1969), 
and undated metamorphic rocks in British H onduras (Dixon 1956). To 
the east in the Greater Antilles, metamorphosed volcanic rocks, 
phyllite and ultramafic rocks are older than Albian (Bowin 1966; 
M attson 1966). Dengo (1969) suggested that a southern eugeosynclinal 
basement in Guatemala was separated by the Motagua Fault zone 
from a northern less volcanic, perhaps partly miogcosynclinal, base
ment. Kozary ( 1968) suggested that the Cauto-Nipc depression in 
Cuba, approximately the border between zones 3 and 4, was a funda
mental bounda ry between less and more mobile regions. It may thus 
be possible to separate a more mobile, more volcanic region in the 
Caribbean from a less mobile, less volcanic region, wi th the boundary 
being the line connecting the Motagua Fault zone and the Cauto-Nipe 
depression. 

The age of the Cuban basement is not definitely known. With present 
data, it is impossible to choose between the following alternatives : 
(1) that the basement is the metamorphosed equivalen t, differing in 
facies, of the Jurassic of western Cuba (Furrazola-Bermudez et al. 
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1964) ; (2) that the basement is Devonian or older and equivalent to 
the basement exposed in Central America (Tijomirov 1967; Dengo 
1969); or (3) that the basement is best dated by its overlying non
metamorphic rocks and is progressively younger from pre-Devonian 
Central America eastward to pre-Jurassic in western Cuba, pre-Albian 
in eastern Cuba and the eastern Greater Antilles, and pre-Eocene in 
the L esser Antilles. 

135 (ii) ULTRAMAFIC R ocKs IN C unA 

Ultramafic rocks occur in large domal exposures, in linear o r lenticular 
bodies forming cores of anticlines, as tectonic fragments or lenses along 
faults (Thayer & Guild 1947), and perhaps as monolithological clastic 
deposits (Kozary 1968; Lockwood 1971). Interpretations of these 
deposits are varied. Earlier workers did not recognize the tectonic 
nature of many exposures and suggested several episodes of intrusion 
(Mitchell 1955) . Keijzer (1945) and others have recognized trans
gressions upon serpentinite areas in Campanian and younger times, 
and Ru tten (1940) showed that ultramafic rocks were intruded by post
Turonian, pre-Maestrichtian granitic rocks. Xenoli ths of Albian to 
Turonian volcanic rocks within the ultramafic rocks have been 
suggested (de Golyer 1918) but not universally accepted. Ducloz & 
Vuagnat (1962) reviewed the litera ture and visited critical localities; 
they found the following: ( 1) the degree of serpentinization is not 
rela ted to the size of the body exposed, suggesting serpentinization 
before emplacement. (2) There is no evidence of contact metamorphism 
caused by the ultramafic rocks, with one possible exception in eastern 
Cuba in Jurassic rocks (element g) and another described by Hill 
( 1959) in marbles in Sierra de Trinidad. (3) There is evidence of 
shearing and faulting at most contacts. ( 4) There are no xenoliths of 
datable country rocks. (5) No transgressive or erosional contacts were 
seen, but easternmost Cuba was not studied nor were serpentinite 
clasts found in younger rocks. (6) Local 'pseudoconglomerates' were 
seen and interpreted as tectonic (compare Lockwood 1971 ). (7) Dykes 
in the ultramafic rocks were similar to early Cretaceous volcanic rocks. 
They concluded that the ultramafic rocks were either fragments of the 
mantle or large magmatic intrusions emplaced at one time. If there 
were intrusions they were emplaced before the early Cretaceous, after 
the metamorphic rocks of unknown age and perhaps after Cayetano 
(clement g) time (L. and M . Jurassic). They a lso stated that diapiric 
intrusions along faults occurred during many of the episodes of de
formation. 

Wassail (1956) suggested the ultramafic bodies were part of huge 
nappes thrust north over the miogeosyncline; oil deposits in the ultra
mafic rocks suggest an underlying sed imentary source rock. Pardo 
(1966) believed that the ultramafic rocks are autochthonous basement 
in the larger exposures. K ozary (1968; see also Knipper & Puig 1967) 
studied the H olguien area at the east end of zone 3. He suggested the 
following origins: ( 1) ultramafic pillow lavas in pre-Campanian vol
canic facies; (2) diapiric cold intrusions along faul ts, some of which 
may have extruded on to the surface; (3) almost monoli thologic ser
pentinite conglomerates. Kozary considered the possibility of an 
exposed ultramafic rock basement and rejected it for the area he 
studied, but postula ted an underlying uitramafic layer as the mobile 
agent of the Cretaceous orogenic cycle in Cuba. 

Furrazola-Bermudez et al. (1964) review the data on ultramafic rock 
occurrences and point out that they form a band at the contact of the 
eugeosynclina l zone (zone 3) and the marginal elevation (zone 2) . 
They consider mainly the narrow geanticlinal and fault-controlled 
bodies and consider them as intrusions. Meyerhoff & Hatten ( 1968) 
review Cuban ultramafic rock occurrences and conclude thal some 
exposures in the eugeosynclinal zone (zones 3 and 4) may represent 
oceanic crust or upper mantle, but that many of the smaller ultramafic 
bodies arc tectonically emplaced . Thus we can consider the la rge 
domal ultt·amafic bodies as exposures of basement, perhaps upper 
mantle, and the fault-controlled bodies as diapiric, tectonically im
placed. Local intrusions into the older rocks may occur, but the 
majority of non-tectonically implaced ultramafic rocks could be as old 
as the age of the oceanic crust in this part of the world. 

135 (iii) N APPE STRUCTURES IN CunA 

Nappe structures and low-angle thrusting have not been generally 
recognized in the Caribbean orogenic belt, until very recently in 
Puerto Rico (Mattson, in preparation), except in Cuba where opinion 
is divided. The best evidence for nappe thrusting is given by Rigassi
Studer (1963) and Hatten (1967) in zone 3 in western Cuba, by Wassail 
( 1956) , Flint el al. ( 1948) and Thayer & Guild ( 1948) in zone 2 in 
central Cuba, and by Kozary ( 1968) in zone 3 in eastern Cuba. All of 
these structures show northward overthrusting. However, Krommcl
bein (1962) and Furrazola-Bermudez et al. ( 1964) suggest that tht'.se 
structures are formed by various other mechanisms including reverse 
faul ting; 
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B. SUBDIVISION OF THE SEGMENT 

Table 2 

~ 01 ZONES AND ELEMENTS IN THE SEGMENT 

Elements 

a 
Miocene---Recent sediments 

b 
M. Eocene---early Miocene sediments 

c 
Early and M. Eocene sediments & vol
canics 

d 
Santonian~Palacocene sediments & 
volcanics 

e 

Zones 

2 
Miogeosyncline Las Villas 

X 

X X 

X X 

X X 

Aptian~Coniacian sediments & volcanics X 

f 
Late Jurassic-Neocomian sediments 

g 
Early or middle Jurassic sedimentary and 
low-grade metamorphic rocks 

h 
Mid Jurassic or older metamorphic rocks 

X X 

X 

X 

3 4 
Zaza Cauto 

X X 

X X 

X X 

X X 

X X 

X 

X 

X X 

202 Basis for the correlation of elements between zones: elements a, b and d~ 
lithology and fossils; elements c and g-fossils; elements e and [
lithology; element h-lithology and metamorphic grade. 

C. DATA ON INDIVIDUAL 
STRUCTURAL ZONES 

ZONE 1. MIOGEOSYNCLINE 

302- 1 :{_one margins: the north margin against the Bahamas Platform is 
broadly gradational ( > 3 km). The south margin is sharply defined 
( <! km). 310 Sedimentary rocks outcrop over the whole zone. 
312- 14 Elements: Miocene sediments (element a) are tilted, gently folded 
and slightly faulted, except near to salt domes where deformation is 
intense. Oligocene to mid-Eocene sediments (b) are gently folded and 
slightly faulted. Mid to early Eocene sediments (c) are strongly folded 
and much faulted. Palaeocene to Cenomanian strata (d) are strongly 
folded, sometimes overturned and are much faulted. Turonian to 

Aptian sediments (e) are strongly folded. Neocomian to Tithonian 
sediments (f) are intensely folded, sometimes overturned, and are 
much faulted; deformation is gentler to the north. Mid-Jurassic sedi
ments (g) are diapirically deformed. Contact relations of the elements 
are as follows-a jb, bjc, c(d, d(e, all unconformities; e(f, ?conformable 
and unconformable; fjg, unexposed. 
315~16 Outcrop areas of the elements: the maximum dimensions in km of the 
outcrop areas are-a, 340 x 20; b, 330 x 5; c, 420 x 15; d, 420 x 15; 
e, 3 70 x 1 0; f, very small areas; g, 40 x 5 (subsurface only). 

319 Unit 

Table 3 

STRATIGRAPHY IN ZONE 

322 Thickness m 323 Element 
320 Age and in which 

evidence for Maxi- Mini- Aver- the rocks 
age 301 Lithology mum mum age occur 

----·- ·--·--···~-· 

Guincs Mioc, fossils Limestone, dolomite, 560 68 a 
clay, anhydrite 

Tinguaro/ Olig, fossils Marl, sandstone, b 
Jaruco conglomerate 

Jabaco Mid-late Marl, calcareous b 
Eoc, fossils sandstone, limestone 
Early-mid Limestone, conglom- 700 325 
Eoc, fossils erate, calcarenite, 

wildflysch 

Universidad Early Eoc, Radiolarian marl, c 
fossils marl, conglomerate, 

sandstone 

Remedios Maestr- Reef limestone, dolo- 3100 d 
Palacoc mite, conglomerate, 

chalk, marl 

Habana Cam pan- Gravel, sandstone, 2000 1200 d 
Maestr chalk, marl, 

conglomerate 

Provincial Cenom- Limestone, conglom- 900 400 d 
Santon crate, breccia 
Alb-Turon Limestone, radio- 600 500 e 

larite, conglomerate, 
shale, rare dolomite 

Apt-Alb Limestone, dolomite, 400 300 e 
calcareous 
conglomerate 

Artemisa Tith-Neocom Limestone, dolomite, 500 200 f 
anhydrite 

Middle Evaporites, chert, 100 4800 g 
Jurassic, carbonates by geo-
microfossils physical 

data 
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au-s D~formation: Phase 4- folding affected elements e- g in the Albian 
to M aestrichtian interval, probably in Turonian times. Phases 6 and 7 
-elements d-g were a ffected by movements which produced uncon~ 
formities in the Maestrichtian to Palaeocene and Palaeocene to early 
Eocene intervals. Phase 8---elements c- g were affected by movements 
which produced an unconformity in mid-Eocene times. Phase 11-
gentle folding and erosion affected element b in the late Oligocene to 
early Miocene interval. Phase 12-gentle folding and local erosion 
affected element a in the mid-Miocene to Pliocene interval, probably 
in mid to late Miocene times. Phases 4, 6, 7 and 8 are quoted from 
Furrazola~Bermudez et al. ( 1964). (Note that a single series of phase 
numbers is used for all zones.) 
35 0-5 Fold structures: phase 6 or 7 produced folds in element d with 
amplitudes of 1000- 100 m (?)and apical angles of < 60°-140°; some 
of these folds are overturned. Phase 8? produced folds in element c with 
apical angles of 40°-60°. Phase 12? produced ' large' and 'small' folds 
with apical angles of > 140° and > 160° respectively. 
306- 73 Faulting: post~Eocene normal faults trend NW and NE and cut 
elements c- g. Six thrusts and some reverse faults, all of which cut 
element c and arc post-mid Eocene in age, trend NW to WNW. 
There is controversy regarding the existence of thrusting. Furrazola
Bermudez et al. ( 1964) suggest it is rare, whilst most other authors 
admit its presence but disagree on the direction of displacement: 
south to north-Kozary (1968), Giedt & Schooler (quoted in 
Furrazola-Bermudez 1964, fig. 114); north to south- Thayer & Guild 
(1947). 
374 Maps of faults: see Furrazola-Bermudez et al. (1964), Judoley et al. 
(1963) and Flint et al. (1948) . 

2. LAS VILLAS ZONE 
302 - 6 ,(one margins: these are in part sharply defined ( < l km) and in 
part indefinite because of lack of exposure. 309- 10 Approximate areas of the 
zone occupied by the outcrops of rock types : plutonic 3%; sedimentary 
97%. 
312- 14 Elements : Oligocene to mid-Eocene sediments (element b) occur 
in the zone. Mid to early Eocene sediments (c) arc intensely folded, 
more so than elements d and f. Palaeocene to late Cretaceous sediments 
(d) are intensely folded. Neocomian to Tithonian sediments (f ) are 
intensely folded and faulted. Element h consists of metamorphic rocks. 
The contact relations of the elements are as follows-bfc, cfd, d jf, all 
unconformities; f jh , unconformable or faulted . 
315- 16 Outcrop areas of the elements: the maximum dimensions in km of 
the outcrop areas are- b, very small areas; c, 200 x 20; d, 190 x 20; 
f, 175 X 12; h, 200 X }Q. 

310 Unit 

Universidad 

H abana 

Ar tcmisa 

Table 4 

STRATI GRAPHY IN ZONE 2 

3,. Thickness m 
3 2 0 Age and 

evidence for Maxi- M ini- Aver-
age 321 Lithology mum mum age 

Late Eoc, fossils 
M. Eoc, fossils Wildflysch, lime- 220 120 

stone, sandstone, 
conglomerate, 
calcarenite 

Early & M. Eoc, Conglomerate, 890 750 
fossils some dolomite 

Early Eoc, fossils Chert, marl, 
limestone 

Campan-Maestr, Carbonates, 1250 0 750 
fossils clastics 
Late Cret 

Neocom by micro- Limestone, radio- 620 200 
fossils, Tith by larian limestone, 
ammonites conglomerate, 

sandstone 
Pre-Neocom or Schist, meta-grey-
pre-Tith, stratal wacke, hornfels, 
position quartz monzonite, 

dior ite, gneissic 
diorite 

33$ Elemmt 
in which 
the rocks 
occur 

b 
b 

c 

c 

d 

d 

h 

326- 32 Igneous activity : Episode !- ultramafic bodies have faulted con
tacts against clement c and older rocks and in places are unconform
able beneath Maestrichtian and younger strata. They are probably 
tectonic slices a long faults (see 135m>) and occur on the south margin of 
the zone as an extension of the zone 3 activity. Total volume-c. 50 km3 

(assuming depth > shortest horizontal dimension). Episode 2- wide
spread ash-rich horizons of acid composition occur interstratified in M. 
Eocene strata. 
335- 42 Metamorphism : low-grade regional metamorphism, and contact 
metamorphism due to the intrusive monzonites and diorites, affected 
the rocks of element h in the pre-Tithonian or pre-Neocomian interval 
(see 320). 

344- 8 Diformation: Phase }-folding, metamorphism and erosion a ffected 
the rocks of elem ent h in pre-N eocomian or pre-Tithonian times (see 
320) . Phase 3- folding affected element fin the Tithonian to Nco
carnian intervaL Phases 8 and 9-uplifts, with erosion of the elevated 
areas, affected element c and older rocks in the M. Eocene and mid to 
late Eocene intervals. Phase 11- gentle folding and erosion affected 
element b and older rocks in the late Oligocene to early Miocene 
interval. 
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350- 5 Fold structures: Phase 3 produced folds in clement fwith amplitudes 
of 10 mm-1 00 m and apical angles of 10°-80°, averaging 40°-60° ; axial 
surfaces trend E, dip north or south and, in some cases, are overturned 
northward. Phase 9 in element c produced foids with amplitudes of 
10 mm-100 m which trend NW and, in some cases, are overturned. 
3G6- 73 Faulting: normal faults of post-Eocene age cut elements c, d and f 
and trend ENE, NE, NNE and NNW. Reverse faults (12 
examples) and thrust faults (one example) of post-mid Eocene age 
trend E and are inclined south at 60°-90° and 20°, respectively; they 
cut elements c and older rocks in the Quemado de Guines anticline 
(Furrazola-Bermudez et al. 1964, fig. 113) and have produced cumula
tive northward displacement of 100-1000 m. 
374 Map of faults: see Judoley et al. (1963). 

3. ZAZA ZONE 
302- 6 :(one margins: the north margin is sharply defined ( < l km). The 
south margin is indefinite due to lack of exposure. ~us-n Approximate 
areas of the zone occupied by the outcrop of rock types: volcanic 60%; plutonic 
5%; sedimentary 30% ; metamorphic 5%. 
312 - 14 Elements: Miocene to Pliocene sediments (element a) and mid 
Eocene-Oligocene sediments (b) are gently folded and slightly faulted. 
Early and mid-Eocene strata (c) are moderately to intensely folded. 
Campanian to Palaeocene strata (d) are moderately to intensely folded 
and much faulted. Albian to Turonian strata (e) are strongly folded 
and faulted. Tithonian to Albian sediments (f) are weakly folded in 
the west and intensely folded and faulted with some overturning in 

s 
ZONE 3 

0 

ROCKS 

s ZONE 4 

,--
; 

3 

central and east Cuba. L. and M. Jurassic rocks (g) are strongly folded, 
with isoclinal, overturned folds, and are strongly faulted. Element h 
consists of metamorphic rocks. The contact relations of the elements 
are as follows: a /b, b/c, cfd, d/e, f /g-unconformities; ejf, conformable; 
the bases of elements g and h are unexposed. 
315- 16 Outcrop area of the elements: the maximum dimensions in km of the 
outcrop areas are~a, 900 x 130; b, 850 x 80; c, 850 x 80; d, 900 x 80; 
e, 780 X 60; f, 700 X 30; g, 145 X 50; h, 350 X 40. 
326- 32 Igneous activity: Episode !-small plutons of diorite and quartz 
monzonite, often gneissic, intrude element h and are unconformably 
overlain by late Jurassic rocks. Volume~35 km3• Episode 2-amphi
bolitized gabbro, cutting ultramafic rocks, occurs in element h in 
Sierra de Trinidad and is pre-early Cretaceous and probably pre-late 
Jurassic in age. Volume-small. Episode 3-ultramafic bodies occur 
along faults cutting element g, possibly as tectonic slices, and are of 
post-lower or M. Jurassic age. Volume-15 km3• Episode 4-marine 
volcanic rocks, including dykes, sills and effusives of spilite, diabase, 
basalt, minor andesite and dacite, were extruded in Albian to Turonian 
times. Volume-> 106 kma. Episode 5-ultramafi.c masses which are 
overlain unconformably by Campanian strata occur in element e as 
tabular, lensoid and sill-like bodies occurring along faults and in anti
clinal cores. Volume--4 x 104 km3• Episode 6-batholiths, stocks and 
dykes of granite, trondjhemite and diorite cut element e but are uncon
formably overlain by Maestrichtian strata. Volume-105 km3

• Episode 
7-volcanic rocks, mostly of marine origin, were extruded in Turonian 
to Maestrichtian times and include dykes, sills and effusives of andesite
dacite-rhyolite earlier than basalt-rhyolite. Volume-? lQL 105 km3. Epi
sode 8-tuffs and tuffaceous marls of acid composition formed in early 

+ N 
2 

0 

5km 

~I 2 I· N 

5km 

CRETACEOUS GRANITIC ROCKS 

Figure 4. Diagrammatic geologic profiles across Cuba, modified from figures 83 and B4 of Furrazola-Bermudez el al. (1964). 
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T able 5 

STRATIGRAPHY IN ZONE 3 
to mid- Eocene times. Volume-large. Episode 9- ultramafic bodies 
occur as fault slices cutting element a and are of Oligo-Miocene and 
older age. Volume- moderate. 

320 Age and 
evidence for 

319 Unit age 321 Lithology 

Matanzas Plioc, micro- Marly limestone 
fossils & stratal 
position 

Guines/ Mioc, fossi ls & Carbonates, marl, 
Paso Real stratal position clay, clastics 

evaporites 

Jarucof M. Eoc-U . Olig, Carbonates, 
Consuela/ microfossils clastics, laterite, 
Jabaco lignite, conglom-

crate 

Universidad/ Early & mid Eoc, Carbonates, 
'R io microfossils clastics, tuffaceous 
Tuinicu' marl, breccia, 

conglomerate 

Madruga Palaeoc, micro- Carbonates, 
fossils clastics, radiolarite, 

gravel 

Habana Campan-Maestr, Conglomerate, 
fossils chalk, marl, lava, 

tuff, lignite, 
carbonates 

Via Blanca Turon-Campan, Volcanics, clastics, 
fossils conglomerate, 

carbonates 

Tuff Alb-Turon, Volcanic & epi-
fossils clastic rocks, 

clastics, carbonates, 
radiolarite 

Artemisa Neocom-Aib by Limestone, minor 
microfossils; Tith shale & sandstone 
by large fossils 

Vinales Oxf-Tith Limestone, minor 
conglomerate, 
sandstone 

San Early &/or mid Phyllite, sandstone, 
Cayetano Jur slate, limestone 

Sierra de I Pre-early Cret on rscl>l.u Trinidad stratigraphic Marble 
area grounds; prob-

San Andres ably pre-M. J ur l SdUo<, mubl< 
(Isla de on grounds of 

Pinos area) metamorphic 
grade 

32• Thickness m 323 Element 
in which 

Maxi- M ini- Aver- the rocks 
mum mum age occur 

60 a 

1200 340 800 a 

1930 120 b 

5060 < 100 >1 150 c 

100 d 

2000 1200 d 

4000 2000 d 

3500 500 e 

300 200 f 

1000 500 f 

5500 g 

4800 4200 h 
4000 3000 h 

h 

·-----------~-·-

Note tha t ophiolites generally occur in the north of the zone and 
large acidic plutons in the centre. Volcanics are present everywhere, 
but are at a maximum in central Cuba. Volumes are calculated on the 
assumption that the vertical dimensions > smallest horizontal dimen
sion. 
335- 42 M etamorphism: Phase 1-the rocks of element h were metamor
phosed to blueschist, and perhaps greenschist and lower amphibolite 
facies in U. Jurassic or earlier times. They are unconformably overlain 
by Cretaceous strata and adjacent M. Jurassic rocks arc unmetamor
phosed. Basic rocks contain zois-antig-chl-gt-calc-olig actin, alb-laws
chi and magn-chl-ep assemblages; pelit ic rocks contain qtz-mu-alb
gt ± glauc, qtz-graph-gt, ep-qt~-musc-chl and sill-bi-gt-musc-plag 
assemblages. See Hill ( 1959) and Kuman & Gavilan (1965) . Phase 2-
element g was slightly metamorphosed, with the production of phyl
lites, in the mid-Jurassic to Oxfordian interval. Phase 3-greenschist 
burial metamorphism affected elements d and e in the Albian to 
Maestrichtian interval. Pelitic rocks contain ep-qtz and chl-alb
leucox-ural assemblages. Phase 4--contact metamorphism of horn
blende hornfels facies affected element d and older rocks in the 
Cenomanian to M aestrichtian interval. Basic rocks contain and
hbl-magn-ilm assemblages. The contact metamorphic zones have a 
maximum width of 6 km (Judoley et al. 1963). Phase 5- dynamic 
metamorphism to medium greenschist facies affected the rocks meta
morphosed by phase 4, also during the Cenomanian to M aestrichtian 
interval. Basic rocks contain ep-act-gt-qtz-sph-rut. 
344- s Deformation: Phase !-isoclinal folding and metamorphism 
affected element h in pre-M. J urassic or pre-Neocomian times (see 320) . 

Phase 2- folding and erosion affected element gin the mid-Jurassic to 
Oxfordian interval. Phase 3-folding and erosion, or non-deposition, 
affected element fin the Tithonian to Neocomian interval. Phase 4-
folding affected element e and older rocks in the Cenomanian to 
Turonian interval. Phase 5- the Turonian to Campanian interval was 
a time of non-deposition, with no folding or faulting. Phase 6- tight 
folding and gravity slumping affected element d and older rocks in the 
la te M aestrichtian to Palaeocene interval. Phase 7-tight folding and 
faulting affected element c and older rocks in early Eocene times. 
Phase 8--gentle folding or tilting and faulting affected element c and 
older rocks in the mid to la te Eocene interval. Phases 9 and 10·-gentle 
folding or tilting and faulting affected element band older rocks in the 
late Eocene to early Oligocene and late Oligocene intervals, respec
tively. Phase ll-gentle folding and erosion affectt:d element b and 
older rocks in the la te Oligocene to early Miocene interval. 
350- 5 Fold structures: for each deformation phase in a particular element, 
the dimensions of the fold structures, apical angles and orientation of 
the axial surfaces are, where known, as follows-phase 1, element h in 
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Sierra de Trinidad: > 1000 m, 60°-80°, E-W, plunging west at 40-
450 and 1000-100 m, isoclinal, E-W, dipping south at 60°; phase 1, 
element h in Isla de Pinos: > 1000 m, 100°-140°, NW-SE, plunge 
north-west and 1000-100 m, 0-140°, dome structure; phase 2, element 
?g: > 1000 m and 100 m-10 mm, 50°-120°; phase 3, element f: 
> 1000 m, 145° and 100 m-10 mm, 40°-60°, E-W; phase 4, elemente 
> 1000 m, 10°-130°; phase 6, element ?d: > 1000 m and 100 m-10 mm, 
80°-120°; phase 8, elements f and c: 20°-100°; phase 8, element ?c: 
> 1000 m, 40°-70°, E-W, NE-SW and N-S and small, 16°-lOOo, 
E-W; phases 9-11, element b: 80°-160°. 
356 Fold styles: Phase 2 folds in element g have styles of 2D, 3D and 3F. 
Phase 3 folds in element fhave styles of 3C, 3E and 3F. Phase 6 folds in 
element d have styles of 2D and 3D. 
369

-
62 Planar and linear structures: deformation phase 1 produced joints, 

crystal lineation, foliation and flow cleavage structures in the Sierra de 
Trinidad (Furrazola-Bermudez et al. 1964, pp. 182-3; Hill 1959, p. 
1462) and flow and fracture cleavage in Camagucy (Flint et al. 1948). 
366

-
73 Faulting: normal faults of post-Turonian age are common in 

elements e-h and trend E, NE, N and NW. Reverse faults of post
Palaeocene or older age cut element d and older rocks, trend E, 
ENE and NE and have produced displacement towards the south. 
Thrust faults of Maestrichtian and Eocene age cut element c and older 
rocks, trend W to WNW, dip south and have produced displacement 
towards the north. Wrench faults of post-Miocene age cut element d 
and younger rocks, trend NNE and have produced left-lateral dis
placement of perhaps 3·5 km (Bronnimann & Rigassi 1963). Normal 
faults of post-Miocene age cut all the elements in the zone and trend 
NW and NE. 

Furrazola-Bermudez et al. (1964, pp. I 98-9) described the following 
faults (fig. I). The pre-Miocene Cochinas Graben faults have vertical 
displacements of 900-1000 m. The Consolaci6n del Norte fault is a 
post-mid Eocene ?normal fault upthrowing southwards. The Pinar del 
Rio comprises two normal faults, upthrowing c. 3 km on the north and 
of post-Oligocene, pre-Miocene age. The Tuinicu fault is of Eocene age 
and normal or reverse type. Serpentinite slices occur along the last 
three faults. 

s 

EOCENE GRANITIC 
1\0CKS 

4. CAUTO ZONE 
306- 7 ,Zone margins: these are indefinite because of lack of exposure or 
are in dispute. 308- 11 Approximate areas of the zone occupied by the outcrop of 
rock types: volcanic 25%; plutonic < 5%; sedimentary 60-70%; meta
morphic < 5%. 
312- 14 Elements: Miocene sediments (element a) and Oligocene to late 
Eocene sediments (b) are gently folded and slightly faulted. Early and 
mid-Eocene strata (c) are moderately folded and much faulted. Cam
panian to Palaeocene strata (d) are moderately to strongly folded. 
Albian to Turonian strata (e) are moderately folded. Element h con
sists of metamorphic rocks. The contacts of all the elements are uncon
formities. 
315- 16 Outcrop areas o.fthe elements: the maximum dimensions in km of the 
outcrop areas are~a, 450 x 120; b, 400 x 80; c, 400 x 150; d, 450 x 30; 
e, 400 X 150; h, 180 X 60. 
326- 32 Igneous activity: Episodes 1 and 2-metamorphosed basic-inter
mediate volcanics and small, concordant ultramafic bodies occur in 
element h. See 320 for age. Episode 3~marine volcanic rocks of Albian 
to Turonian date occur in element e and comprise spilite, diabase, 
minor andesite and dacite. Volume~l02-l03 km3• Episode 4-large 
sill-like bodies of ultramafic rocks occur associated with faults and anti
clinal cores in element e unconformably below Campanian strata. 
Volume-105 km3• Episode 5-small, tabular basic bodies along faults 
occur in element e; they are probably associated with the episode 4 
ultramafics. Episode 6-in Turonian, Campanian and Maestrichtian 
times marine volcanic rocks formed, including diabase, andesite-dacite
rhyolite, basalt-rhyolite (in late Maestrichtian) and minor quartz 
dacite. Volume-?102-103 km3 . Episodes 7 and 8-marine basalts and 
minor andesite and dacite extrusives formed in Palaeocene times and 
shallow, marine and non-marine andesite plus some basalt and dacite 
were erupted in mid-Eocene times. Total volume-lOCJ05 km3• 

Episode 9-granitic plutons intruded element c and were unconform
ably covered by late Eocene strata (KJAr radiometric age-46-58 
m.y.). Volume-175 km3• 

Ophiolites occur mainly in the north of the zone and acidic plutons 

N 

25km 

Figure 5. Diagrammatic geological profile across the Cauto zone {zone 4), Cuba. Modified after fig. 85 of Furrazola-Bermudez 
et al. {1964). 
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Table 6 

STRATIGRAPHY I N ZONE 4 

322 Thickness m 

819 Unit 

320 Age and 
evidence for 
age 321 Lithology 

Maxi- Mini- Aver
mum mum age 

La Cruz Mioc, macrofossils Carbonates, eva- 1250 60 

Maquey Late Eoc- O lig, 
microfossils 

porites, clays 

Carbonates, 
clastics, clay, 
laterite 

1350 850 

Early and mid 
Eoc, fossils 

Volcanics, marl, 1860 100 
limestone, con-
glomerate, sand-
stone 

Palaeoc, fossils Volcanics, con- 1600 230 
Cobre glomerate, marl, 

limestone, shale 
Cam pan-Maestr, 
fossils 

Volcanics, epi- 2200 500 
clastic rocks, 
clastics, carbonates 

Turon-Campan, ? Volcanics, cpi-
clastic rocks 

Metamorphic Pre-Turon- Quartz-mica 
rocks of Nipe, Campan on strati- schist, chlorite 
Crista! and graphical grounds; schist, micaceous 
Guan tanamo pre-120 m.y. on limestone, slate, 
areas radiometric greenstone, 

Ultramafic 
complex 

grounds (K /Ar amphibolite 
date on pegmatite) 

As for meta
morphic rocks 

Serpentinized 
peridotite, 
peridotite 

500 

1400 

2000 

2000 

323 Element 
in which 
the rocks 
occur 

a 

b 

c 

d 

d 

e 

h 

h 

·····- --·· ·--··- - ---- - ----- ----- --------

mainly in the south. Volcanism is widespread: Eocene volcanic rocks 
define the zone. Volumes are calculated on the assumption that the 
vertical dimension approximately equals the smallest horizontal 
dimension. 

335-42 Metamorphism: Phase 1- the rocks of element h were metamor
phosed to amphibolite fades prior to 120 m. y. (KJAr radiometric age, 
M eyerhoff et al. 1969) ; basic rocks contain plagioclase and amphibole 
and chl-talc; pelitic rocks contain qtz-mu, a lb-mu and alb-mu-amph 
assemblages. Phase 2- lower greenschist and zeolite facies metamor
phism affected elements c-e in the Albian to mid-Eocene interval; 
basic rocks contain ep-qtz, chl-alb-calc-leucox-ep-ural and zeol-chl
cal assemblages. Phases 3 and 4--contact metamorphism affected 
elements d and e in the Maestrichtian to late Eocene interval and 
element c in mid to late Eocene times; these contact aureoles are up to 
3 km wide (Judoley et at. 1963). 

344- 8 Deformation : Phase 1-intense folding and metamorphism affected 
element h before 120 m.y. (see above) . Phase 5-folding affected 
element e and older rocks in the Turonian to Campanian interval. 
Phase 6-folding affected element d and older rocks in the Maestricht
ian to Palaeocene interval. Phase 7-folding and erosion affected 
element d and older rocks in the Palaeocene to early Eocene interval. 
Phase 8--folding affected element c and older rocks in mid to late 
Eocene times. Phase 11-gentle folding and erosion affected element b 
and older rocks in late Oligocene to early Miocene times. Phase 13-
folding of erosion surfaces affected element a and older rocks in Pliocene 
and younger times. 
350- 5 Fold structures : Phase 5 folds in element e have dimensions > 1000 
m?, apical angles of 80°-120° and trend E. Phase 8 folds in element c? 
with dimensions > 1000 m have apical angles of 120°-160°; those with 
dimensions of 1000- 100 m have apical angles 0-130°, trend E or in 
some cases N; and those with dimensions of 100 m-lO mm have 
apical angles of 90°- 120°. Phase 11 folds in element b are 'small' and 
have apical a ngles of 100°- 175°. 
360 - 73 Faulting: normal faults of pre-Maestrich tian and younger date 
mostly trend NE; their age is evidenced by pre-Maestrichtian gabbros, 
some of which follow the faults, whilst other faults of the same sets cut 
the gabbro (Adamovich & Chejovich 1964). Post-Miocene normal 
faults of NE- and NW-trends were also described. 
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