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A developmental scheme of fold-thrusts against a palaegeographic background is presented, basing upon a spatial analysis of the Sierra de 
los Organ os structures in the Gauniguanico Cordillera (western Cuba). Thrusting which took place within the Sierra de los Organ os terrane 
(Ch. W. Hatten et aI., 1988; K. Piotrowska, 1993) resulted from deep-seated processes of a regional extent. The thrusting process was initiated 
during the early Middle Eocene (K. Piotrowska, 1978; A. Pszcz6lkowski, 1978). Initial detachment of the whole Jurassic-Tertiary sequence 
from its basement occurred in the basal part of the sandstone-shale San Cayetano Formation. Within this huge mass detached from its 
basement, another detachment took place. This occurred at top parts of the San Cayetano Formation which is overlain by a considerably 
thick carbonate sequence. An essential role in the process of nappes formation was played by a difference in competency (strength) of rock 
formations. Two nappes were formed: the Mogote and Alturas de Pizarras del Sur nappes. Due to compressive conditions existing all the 
time and related to a migration of the Sierra de los Organos terrane towards the north, both these nappes were subjected to a process of 
imbrication and duplexing. A stack of imbrications of the Mogote nappe was formed, over which duplex structures of the San Cayetano 
Formation composing the Alturas de Pizarras del Sur nappe were thrusted. As a result a structural inversion was taking place. The highest 
position is occupied by tectonic units of the metamorphosed nappe (J. Piotrowski, 1976). They come from the southern part of the terrane 
which underwent metamorphic processes (greenschist facies). 
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INTRODUCTION 

The Sierra de los Organos mountain massif is located 
within the Gauniguanico Cordillera (Fig. 1) in western Cuba 
(Pinar del Rio Province). This is a terrane (Ch. W. Hatten et 
at., 1988; K. Piotrowska, 1993) which migrated from the 
south towards north together with an oceanic plate penetrating 
into the Carribean area from the Pacific (M. I. Ross, C. R. 
Scotese, 1988). Three groups of structural units can be distin­
guished within the Sierra de los Organos Massif (Figs. 1-6): 

- Mogote zone (Mogote nappe) occupying the lowest 
structural position, and composed of largely carbonate de­
posits (Oxfordian-Eocene); 

- imbricated Alturas de Pizarras del Sur nappe composed 
of the San Cayetano sandstones and shales (Lower?-Middle 
Jurassic) thrusted over the Mogote nappe; 

- metamorphosed nappe, occupying the highest structu­
ral position (K. Piotrowska, 1976, 1978, 1993). 

STRUCTURAL MODELS 

This work is based on classical experimental modelling 
and theoretical works considering an origin and development 
of fold-thrust structures. In modern models an essential prob­
lem is three-dimentional - spatial orientation of displaced 
and deformed rock complexes (c. D. A. Dahlstrom, 1970; J. 
F. Dewey, J. M. Bird, 1971; S. E. Boyer, D. Elliott, 1982; R. 
W. H. Butler, 1985; K. R. McClay, M. W. Insley, 1986; C. K. 
Morley, 1987; Y. Gaudemer, P. Tapponnier, 1987; W. R. 
Jamison, 1987; P. B. Jones, 1987, 1995; K. M. Cruikhank et 
at., 1991; J. M. Dixon, R. Tirrul, 1991; M . A. Evans, W. M . 
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Fig. 1. Locality sketch with major tectonic units: stack of imbrications of the Mogote nappe (Mogote zone), duplex structures ofthe Alturas de Pizarras del 
Sur nappe, metamorphosed nappe (metamorphosed zone), Alturas de Pizarras del Norte nappe 

Dunne, 1991; W. von Gosen, 1992; K. R. McClay, 1992; P. 
W. G. Tanner, 1992; K. Kimura, R. Hori, 1993). Applications 
of the above-mentioned models for individual regions and 
thrust structures in various parts of the world have been 
analysed (S. E. Boyer, 1976; S. E. Boyer, D. Elliott, 1982; R. 
W. H. Butler, 1985; C. K. Morley, 1987; A. Yin, T. K. Kelty, 
1991; P. H. G. M. Dirks etat., 1992; A. E. Gates, 1992; P. W. 
G. Tanner, 1992; P. B. Jones, 1995). For the reinterpretation 
of thrusting processes (detachment, fold-thrust interaction) 
presented in this paper, mechanism of formation of duplexes 
(C. D. A. Dahlstrom, 1970; S. E. Boyer, D. Elliott, 1982; P. 
B. Jones 1987, 1995; M. P. Gallagher et at., 1988; N. B. 
Woodward, E. Jr. Rutherford, 1989) and imbricate fans in 
thrust systems formed in terranes accreted over subduction 
zones (C. K. Morley, 1987; W. von Gosen, 1992; K. Kimura, 
R. Hori, 1993) were taken into account. 

GENERAL OUTLINE OF PALAEOTECTONIC 
SITUATION 

The Sierra de los Organos nappes belong to a terrane 
named the Sierra de los Organos terrane (K. Piotrowska, 
1993) or Guaniguanico terrane (M. A. Itturalde-Vinent, 1994, 
1997) traceable to the areas located in southern Yucatan. M. 
A. Itturalde-Vinent (1997) uses a term "terrane of the Yucatan 
block" which includes the following terranes: Guaniguanico 
(= Sierra de los Organos terrane, K. Piotrowska, 1993), Es­
cambray (K. Piotrowska, 1993) and Isla de la Juventud = Isla 
de Pinos (K. Piotrowska, 1993). According to K. Piotrowska 
(1993) the Sierra de los Organos terrane (= Guaniguanico 
terrane, after M. A. Itturalde-Vinent, 1997) is thrusted over 
the Zaza facies-tectonic zone (which is also a terrane) repre­
senting an ophiolitic and Cretaceous volcanosedimentary se­
quence of the Carribean oceanic plate. 

The youngest deposits occuring in a lithologic column of 
the Sierra de los Organos nappes represent the Eocene. The 
oldest postorogenic deposits are of Middle Eocene age, thus 
the age of the major event- fold-thrust displacements, would 
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Fig. 2. Interpretation of the structural inversion in the Sierra de los Organ os 
Massif (K. Piotrowska, 1978) 

1 - San Cayetano Formation, 2 - Jagua, Guasasa, Pons, Anc6n and Manacas 
Formations 
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Fig. 3. Simplified stratigraphic section of the Sierra de los Organos 

San Cayetano Formation (unmetamorphosed and metamorphosed sequence): 1 - sandstones, 2 - shales; 3 -limestone formations; 4 - effusive rocks 
(within metamorphosed nappe only); 5 - melange sequence with olistostromes (ophiolites among others) 
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Fig. 4. Diagrams of duplex structures of the Alturas de Pizarras del Sur nappe: a- spatial orientation of beds, b -lineation (equiareal grid, upper hemisphere 
projection) 
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Fig. 5. Map of tectonic units with structural trends marked: units within stack of imbrications of the Mogote nappe 

SG - Sierra de la Giiirra; VP - Valle de Pons; 1- Infierno; V - Vifiales; AN - Anc6n; A-F - duplex structures within the Alturas de Pizarras del Sur 
nappe (APS); M - imbricated metamorphosed nappe; APN - Alturas de Pizarras del Norte nappe; A-A', B-B' - cross-section lines (Fig. 8) 

fall within an earlier part of the Middle Eocene (A. Pszcz61-
kowski, 1978, 1987). 

The Sierra de los Organos terrane was transported together 
with the Farallon oceanic plate and subducted under the North 
American plate (K. Burke, 1988; M. 1. Ross, C. R. Scotese, 
1988). During the Early and Middle Eocene, the Sierra de los 
Organos terrane, transported as a rigid block, reached the 
tectonised Zaza zone composed of overthrust sheets of the 
Proto-Carribean ophiolitic association and Cretaceous volca­
nosedimentary sequence of the Proto-Greater Antilles arc. 
This zone was considered to represent a terrane (Ch. W. 
Hatten et at., 1988) or superterrane (J. E. Case et at., 1984) 
accreted at the fringe of the North American plate. The 
above-mentioned authors suggest that the Zaza terrane was 
thrusted over the Sierra de los Organos. The present authors 
assume the opposite situation - the Sierra de los Organos 
terrane was thrusted over the Zaza zone. 

The accretion of the Zaza terrane commenced in the Late 
Cretaceous during a collision of the Proto-Greater Antilles arc 
(of the Farallon plate) with the ophiolitic association of the 

Proto-Carribean oceanic plate (K. Piotrowska, 1991, 1993). 
From uplifted parts of this area, material was supplied to 
chaotic sequences occurring in the uppermost part of the 
Sierra de los Organos stratigraphic section, where sedimenta­
tion persisted until the Early Eocene, inclusive. Parts of the 
Zaza terrane may have played a role of a first ramp during 
initial thrustings. 

DEVELOPMENT OF FOLD-THRUST INTERACTION 

INITIAL DETACHMENT 

An initial detachment occurred within the lower sedimen­
tary sequence (Figs. 2, 6, 7), represented by the sandstone­
shaly San Cayetano Formation (Lower?-Middle Jurassic). 
Basement fragments have nowhere been found yet. Decolle­
ment formation in the lower parts of the sedimentary se-
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quence, probably close to a boundary of the San Cayetano 
Formation with unknown basement (K. Piotrowska, 1976, 
1978, 1993) was favoured by mechanical properties of alter­
nating sandstones and shales. 

Modelling researches on initial detachments (M. A. 
Cooper, P. M. Trayner, 1986; W. R. Jamison, 1987; J. M. 
Dixon, R. Tirrul, 1991) have demonstrated how important role 
in thrust development is played by preference surfaces at 
boundaries of media showing different mechanical properties. 
The obtained results confirm different behaviour of compe­
tent and incompetent units. In case of higher position of a 
competent unit W. R. Jamison (1987) and M. A. Cooper, P. 
M. Trayner (1986) published a geometrical explanation and 
conditions under which the first ramp is formed. Modelling 
researches also confirm that ductile beds of a small thickness 
relax stresses between cover and basement (J. M. Dixon, R. 
Tirrul, 1991). On the other hand, difference in competency 
influences a controlled deformation style in a thrust sheet (C. 
K. Morley, 1987; W. von Gosen, 1992). After initial detach­
ment in a transported rock formation had been formed, it was 
differentiated into smaller component nappes. 

FORMATION OF COMPONENT NAPPES DUE TO 
THE SECOND DETACHMENT 

After the complete sequence had been detached from its 
basement (Figs. 6, 7), it was transported farther north. A 
distinct differentiation in competency of beds at the boundary 
between the San Cayetano Formation and overlying J agua and 
Guasasa Formations occurs in the Sierra de los Organos 
sequence. The San Cayetano Formation represents an incom­
petent assemblage, whereas the Jagua and Guasasa Forma­
tions, composed of platy and massive limestones, are a 
competent assemblage. At the boundary of these assem­
blages/units there were ideal conditions for a decollement and 
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Fig. 6. Models of initial detachment 

1-basement, 2 - sandstone-shale San Cayetano Formation, 3 -limestone 
formations, 4 - thrusts 
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Fig. 7. Displacements: a- of fan imbrications, b - of duplex structures 

further differentiation of the transported nappe. Difference in 
competency favoured the existence of conditions for different 
reaction of the lower - incompetent, and the upper - com­
petent rock assemblage (embracing the whole sequence above 
the initial detachment). The second detachment took place 
and the primary nappe was differentiated into two nappes: the 
higher - Mogote one, and lower - Alturas de Pizarras del 
Sur nappe (Figs. 8, 9). 

IMERICA TE FAN OF THE MOGOTE NAPPE AND 
OVERTHRUST STACK OF IMERICA TIONS 

The Mogote nappe, composed of the upper part of the 
lithostratigraphic sequence and occupying a higher structural 
position, was divided into smaller thrust sheets due to a 
permanent stress. They are climbing on the ramp forming a 
thrust sheet volumen. Concentration of a few sheets of imbri­
cation, overthrusted or lying each over the other, is termed 
stack of imbrications. This stack reaches its maximum (largest 
thickness) within the Mogote belt occurring in the central part 
of the Sierra de los Organos (Figs. 1,5,8,9). The formation 
of stack of imbrications resulted in a considerable shortening 
of transported complexes. The stack (imbricated Mogote 
nappe) is composed (according to the recent data) of the 
following units (from lowermost to uppermost ones): Sierra 
de la Gtiirra (SG), Valle de Pons (VP), Infierno (I), Vifiales 
(V), and Ancon (AN). 

These units are independent imbricated sheets, thrusted 
each over the other and stacked to form an antiformal stack 
of imbrications of the Mogote nappe. This stack reaches its 
culmination within the Mogote zone exposing at the surface 
in the central part of the Sierra de los Organos. A total number 
of sheets forming the stack of imbrications is unknown. At the 
surface there occur only the above-described sheets (5). It can 
be supposed, however, comparing them with other stacks of 
imbricate (S. E. Boyer, D. Elliott, 1982; R. W. H. Butler, 1985; 
C. K. Morley, 1987;P.B.Jones, 1987, 1995;P.H.G.M.Dirks 
eta!., 1992; W. von Gosen, 1992; K. Kimura, R. Hori, 1993) 
that a total thickness of the stack of imbrications may even 
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Fig. 8. Geological cross-sections: A-A' , B-B' 

1 - thrust and overthrust; 2 - boundary of structural units; 3 - stratification; FP - Pinar Fault; MOG - Mogote zone; for other explanations see Fig. 5 

reach a few kilometres. Basing upon data from a borehole 
drilled in the vicinity of Mantua, it is supposed that the Sierra 
de los Organ os sequence occurs down to a depth of 5000 m. 

The units distinguished within the Mogote zone and for­
ming an antiformal stack of imbrications have many structural 
features in common. These are: 

- normal sequence in each sheet of imbrications; 
- small width in relation to extent of individual unit; 
- spatial arrangement of sheets showing an antiformal 

stack of imbrications; dips towards N are recorded in the 
northern part of the Mogote zone, while in its southern part 
dips towards S or horizontally lying beds are predominant; 

- shapes of individual sheets of imbrication are clino­
forms thinning towards the lower, initial detachment surface 
(tectonic reduction in sheet thickness towards thrust floor, 
common for the whole fan of imbrications, takes place); 

- in the formation process of fan of imbrications, local 
shears and detachments took place within larger sheets; minor 
fans of imbrications were forming. 

Concentration of sheets of the lower fan of imbrications 
may occur deeper under a fan of imbrications visible at the 
surface. 

DUPLEXES WITHIN THE ALTURAS DE PIZARRAS DEL SUR 
NAPPE 

South of the stack of imbrications, i.e. from the transport 
direction side, there was the lower part of the Sierra de los 
Organos sequence, composed of incompetent sandstone­
shale beds of the San Cayetano Formation belonging to the 
Alturas de Pizarras del Sur nappe. From this sequence, its 
upper part composed of competent beds representing a cal­
careous part of the sequence was detached. It was displaced 
more quickly and formed a stack of imbrications of the 

Mogote zone. Several units can be distinguished within out­
crops of the Alturas de Pizarras del Sur nappe. Each unit is 
characterized by an uniform inner spatial orientation (within 
individual unit), expressed by strike and dip values and by 
trends of linear and planar structures, as well as particular 
relation to neighbouring units . Differentiation of structural 
trends in individual units is the most characteristic feature 
(Figs. 4, 5). Units A-F have been distinguished within the 
Alturas de Pizarras del Sur basing on these features, as well 
as on observations made over contact zones of the units (Figs. 
5, 8, 9). Unit A occupies the lowermost structural position, 
unit F - the highest one. The authors are of the opinion that 
these units were formed owing to mechanical conditions 
characteristic of a process of duplex structures formation (C. 
D. A. Dahlstrom, 1970; S. E. Boyer, D. Elliott, 1982; P. B. 
Jones, 1987, 1995). The analysis of the map (Fig. 5) and 
spatial orientation diagram (Fig. 4a) shows that strikes change 
gradually from 5 up to 115·, and dip values range from 0 up 
to 60·N and from 0 up to 35"S. Normals to the stratification 
surface form a festoon in IV quarter. It confirms a gradual 
change in beds orientation. Concentration of normals in II 
quarter, showing dips towards S, may result from measure­
ments originating from another sheet, with the same continu­
ous change in strike. This case is shown in the cross-section 
A-A' (Fig. 8). 

The process of duplex formation began probably after the 
second detachment when imbrications in the upper part of the 
sequence were forming. The sequence of incompetent beds of 
the San Cayetano Formation lying lower within the section 
was bounded at the bottom by a floor thrust of the initial 
detachment, while at the top - by a discontinuity being a 
detachment surface of the competent sequence - forming the 
Mogote nappe, out of which a fan of imbrications was formed. 
Simultaneously, the above-mentioned discontinuity surface 
was also a floor thrust of the fan imbrications. Thus, all the 
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necessary conditions for duplex structures formation occurred 
there: 

- presence of thrust floor and thrust roof; 
- incompetent character of deformed complex; 
- position in the lower part of sequence, below fan of 

imbrications, thus under strong overburden pressure. 
Field observations show that individual duplexes are in­

ternally strongly deformed and separated from each other with 
discontinuity surfaces of a shear-detachment character (Fig. 
8). There are also zones of minor duplexes thrusted each over 
the other. Thicknesses of individual duplexes are small. In the 
vicinity of San Felipe, south of Sumidero town, and in other 
places, fragments of a sequence belonging to the Mogote 
nappe are exposed in tectonic windows. 

FAN OF IMBRICATIONS OF THE METAMORPHOSED NAPPE 

The metamorphosed nappe occupies the uppermost struc­
tural position in the Sierra de los Organos and immediately 
overlies the imbricated Alturas de Pizarras del Sur nappe 
(Figs. 8,9). Sequences composing the metamorphosed nappe 
belonged to the rock complex which probably originated from 
other parts of the Sierra de los Organos terrane than the 
Mogote and Alturas de Pizarras del Sur nappes did, because 
they are metamorphosed (greenschist facies) and contain tex­
turallineations older than major lineations of the Mogote and 
Alturas de Pizarras del Sur nappes. Fan of imbrications of the 
metamorphosed nappe displays constant structural trends 
contrary to the duplexed Alturas de Pizarras del Sur nappe. It 
may be supposed that the metamorphosed nappe originally 
covered the whole area occupied by the Alturas de Pizarras 
del Sur nappe duplexes. 
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Fig. 9. Composite cross-section across the Sierra de los Organos structure with 
deep geology interpreted 

I - main overthrusts; 2 - boundary of structural units; for other explanations 
see Fig. 5 

CONCLUSIONS 

The Sierra de los Organos structures can be interpreted 
basing upon the scheme of fold-thrust interaction. Three 
structural groups may be distinguished (beginning with that 
occupying the lowermost position): 

- stack of imbrications originating from a fan of imbri­
cations of the Mogote nappe; 

- duplex structures of the Alturas de Pizarras del Sur 
nappe; 

- fan of imbrications of the metamorphosed nappe. 
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GEOMETRYCZNA REKONSTRUKCJA NASUNI~C W MASYWIE SIERRA DE LOS ORGANOS 
(ZACHODNIA KUBA) 

Streszczenie 

Masyw g6rski Sierra de los Organos jest p%zony w zachodniej czt;sci 
Kuby, w prowincji Pinar del Rio (fig. 1). W obr\)bie tego masywu mozna 
wyr6znic trzy grupy jednostek strukturalnych (fig. 1-6): 

- plaszczowin\) mogotow<l, znajduj<lCli sil) w najnizszej pozycji struktu­
ralnej, zbudowan<l gl6wnie ze skal wapiennych (oksford-eocen); 

- plaszczowin\) Alturas de Pizarras del Sur, zbudowan<l z piaskowc6w 
i lupk6w formacji San Cayetano Gura dolna?-srodkowa), nasunic;;t<l na pla­
szczowinc;; mogotow<l; 

- p/aszczowinl) zmetamorfizowanll, zajmujllcll najwy:i:sz<l pozycjc;; stru­
kturalnq. 

W opracowaniu oparto siC;; na klasycznych opracowaniach modelowych 
eksperymentalnych i teoretycznych dotycz<lcych mechanizmu genezy i roz­
woju struktur p/aszczowinowych (S. E. Boyer, D. Elliott, 1982; P. B. Jones, 
1995). 

Proces nasunic;;c rozpoczlli siC;; od inicjalnego odklucia, kt6re nastllpilo w 
najniZszej cz\)sci sekwencji osadowej (fig. 2, 6, 7) reprezentowanej przez 
piaskowcowo-Iupkowq formacj\) San Cayetano. Po powstaniu inicjalnego 

odklucia w transportowanej sekwencji doszlo do dalszego jej r6znicowania 
na mniejsze plaszczowiny cZllStkowe na granicy zespol6w 0 r6znym stopniu 
podatnosci. W wyniku drugiego odklucia powstaly dwie plaszczowiny: wy­
zsza - mogotowa - i plaszczowina Alturas de Pizarras del Sur (fig. 8, 9). 

Plaszczowina mogotowa dzieli sic;: na mniejsze segmenty, kt6re wspinajq 
si\) na ramp\) i tworzq spic;:trzenie lusek w postaci stosu plaszczowinowego. 
Nizsza pierwotnie plaszczowina Alturas de Pizarras del Sur, pozostaj'lca w 
tyle mogotowego stosu plaszczowinowego, dzieli sic;: na mniejsze struktury 
dupleksowe nasunil)te nastl)pnie na mogotowy stos plaszczowinowy. Zacho­
dzi tu zjawisko inwersji strukturalnej. Najwyzszq pozycjl) zajrnuje plaszczo­
wina zmetamorfizowana, interpretowana jako wachlarz lusek. W swietle 
takiej interpretacji w strukturze Sierra de los Organos mozna wyr6znic 
najnizej lezllCY mogotowy stos plaszczowinowy, wywodzqcy sil) z wachlarza 
lusek, struktury dupleksowe plaszczowiny Alturas de Pizarras del Sur oraz 
wachlarz lusek pla~zczowiny zmetamorfizowanej, znajduj<lcy siC;; w najwy­
:i:szej pozycji strukturalnej. 


