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ABSTRACT:

The geodynamic cells model to the Western Seismotectonic Unit of Cuba explains the occurrence of an intraplate earthquake
(21.01.2015 / mb= 4.1 / h= 16 km / 22.216 N 81.422 W) in the Zapata Swamp — Cochinos Bay. The main seismic event is
associated to the knot K8, Cochinos Bay, where two active faults (Cochinos and Surcubana) exist.

KEYWORDS: Active fault, Cochinos Bay, Cuba, earthquake, intraplate seismicity.

RESUMEN:

El modelo de celdas geodindmicas para la Unidad Sismotecténica Occidental de Cuba explica la ocurrencia de un terremoto de
interior de placa (21.01.2015 / mb= 4.1 / h= 16 km / 22.216 N 81.422 W) en la Ciénaga de Zapata — Bahia de Cochinos. El

evento sismico principal estd asociado al nudo K8, Bahia de Cochinos, donde dos fallas (Cochinos y Surcubana) existen.

PALABRAS CLAVE: Bahia de Cochinos, Cuba, falla activa, terremoto, sismicidad de interior de placa.

INTRODUCTION

On 21.01.2015 (04:07:13 hours) an earthquake (mb= 4.1 / h= 16 km / 22.216 N 81.422 W, USGS data)
shaked mainly the southern of the Matanzas province, Cuba (Figure 1). The epicenter is located in the
surrounding of the Zapata Swamp [ZS] and Cochinos Bay [CHB]. It was perceptible (~103 km2) in some
localities of 3 neighboring administrative provinces: 1] Cienfuegos: (1.1) Aguada de Pasajeros (100 km),
(1.2) Cienfuegos City (75 km)); 2] Las Villas: (2.1) Corralillo (110 km), (2.2) Santa Clara City (130 km));
3] Matanzas: (3.1) Calimete (65 km), (3.2) Central Australia (50 km), (3.3) Jagiiey Grande [JG] (55 km),
(3.4) Pedro Betancourt (70 km), (3.5) Torriente (60 km), (3.6) Unién de Reyes (90 km)).
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FIGURE 1A.

Epicenter of Zapata Swamp and Localities
1A) A) Administrative provinces (CH-P= Ciudad de La Habana, C-P= Cienfuegos, LH-P= La Habana, LV-P= Las Villas, M-
P= Matanzas, PR-P= Pinar del Rio); B) Associated images (number inside a square: 5= Section of the North coast line between
Corralillo and C4rdenas. The black arrow indicates the direction to Matanzas Bay (MB); 7= Segment of the coast Larga Beach,
Cochinos Bay; 8= Predominant type of landscape in Zapata Swamp. The arrow indicates the direction to Jagiiey Grande (JG)). (See
Tables 1, 3 and 5); C) Black circle= epicenter of 21.01.2015; D) Geographic areas (BP= Bahamas Platform, GM= Gulf of México,
SDB= Santo Domingo Basin, YB= Yucatan Basin); E) Localities (1= La Habana Bay (earthquake 1693), 2= Matanzas Bay (founded
1693), 3= Hicacos Penynsula, 4= Cdrdenas, 5= Corralillo (founded 1879), 6= Cienfuegos Bay (founded 1745), 7= Cochinos Bay,
8= Zapata Swamp, 9= Jagiiey Grande (founded 1850), 10= Giiines (earthquake 1777), 11= San José de las Lajas, 12= Remedios,
13= Trinidad, 14= Sancti Spiritus, 15= Santa Clara (founded 1689), 16= Sagua la Grande, 17= Agramonte (founded 1859).

FIGURE 1B.

Cuban Seismic Intensity Map (original scale 1:1,000,000)
1B) A) Black discontinue square= the study region; B) Intensity value= 5 (MSK Mais{); C) Localities= CC (Cabo
Cruz), CSA (Cabo de San Antonio), PM (Punta de Mais{); D) Two first earthquakes (1528-Baracoa, 1551-Cabo Cruz).

ZS is the largest swamp (~4.4x103 km?2) in the Caribbean. It has only 10 small villages with low population
(~9,000 inhabitants). The area had very extremly economic difficulties to the people since the colonial time,
and it was isolated by several years. Until 1961 there were not electricity and stable roads. CHB is an historic
place with a limited touristic profile (Girén Beach and Larga Beach).
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TABLE 1.
Main Earthquakes of the Western and Center Seismotectonic Units
Date Intensity | Magnitude Locality, Province
(MSK) | /h (ki)

23.01.1880 8 (6.2) / 20 | San Cristébal, Pinar del Rio
28.02.1914 7 (6.2) /20 | Gibara, Holguin
15.08.1939 7 5.6/15 |Remedios-Caibarién, Las Villas
11.06.1981 5 3.7/- Alonso de Rojas-La Coloma, P. del Rio
16.12.1982 6 5.0/20 | Torriente-Jagiiey Grande, Matanzas
09.03.1995 5 2.5/10 |San José de las Lajas, La Habana
09.01.2014 6 5.1/10 | Corralillo, Las Villas
21.01.2015 5 4.1/16 |Ciénaga de Zapata-Bahia de Cochinos,

Matanzas

Note: The numbers in parenthesis indicate macroseismic determinations (see Figures 1 and 2).

The earthquake above mentioned was registered in an intraplate zone, concretely in the Western
Seismotectonic Unit (Wsu) (Figure 2). The first earthquakes reported there occurred in 1693 (Ciudad de
La Habana) and 1777 (Giiines) (Figure 1), but it had several perceptible earthquakes (Table 1). The most
relevant happened (16.12.1982) in the vecinity of Torriente and JG, localities (Table 2) (Chuy et al., 1983).
It represented the beginning for an alternative research to explain the seismicity in the Wsu (Alvarez et al,,
1985; 1990).

The recent earthquake of ZS-CHB confirm principally: 1) the great differences in the reports by the
international seismic networks and the Cuban seismic stations (Table 3). The first group get epicentral
parameter values very near between them, and the second one (Cuban network) situated the epicenter more
far to the E; 2) the seismic activity [SA] in the surrounding of CHB-JG (Cotilla, 1999A; Cotilla, 2014B); 3)
the low energetic level of this area (Cotilla and Alvarez, 2001) (Figure 2); 4) the validity of the geodynamic
cells model to explain the earthquakes occurrence (Cotilla et al., 1996A) (Figure 3A).

Our aim is to show the main information and fundamental elements, which can explain the earthquakes
occurrence in the Wsu and in particular on the ZS-CHB area.
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FIGURE 2.

Seismotectonic Map of Cuba (Original Scale 1:1,000,000)

A) Black circle= epicenter (year= 1880) (see Table 11); B) Heavy line= Active fault (CNF). (See Table 9); C) Heavy
short black arrow= Stress (E1, E2); D) Seismotectonic Units (Wsu= Western, Csu= Center, Esu= Eastern, Ssu=
Southeastern); E) Type of seismicity (IPS= Intraplate, ITPS= Interplate); F) Grey circles= Knots (KNMGI, K1) (see
Table 14); G) Localities (NB= Nipe Bay, G= Guane, GI= Gibara, P= Pil6n, R= Remedios, SC= Santiago de Cuba).
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TABLE 2.
Data of the 16.12.1982 Torriente-Jagiiey Grande Earthquake
Parameters Values
Affected area (102 km?) 34
Coordinates 22°37° N 81°14°'W
Depth (km) 20
Imax (MSK) 6
Largest distance of perceptibility (km) ~140
Ms 5.0
Time of occurrence (UT) 20:20
[ = L___________________*§

24° NORTH AMERICAN PLATE
22°
20°

FIGURE 3A.
Geodynamic Cells’ Model of the West and Center Regions
3A) Appear: A) Black line= Active faults (HF) (see Table 9); B) Curve black arrow= Sense of blocks rotation;
C) Heavy short black arrow= Stress (E1); D) Heavy large black arrow= Sense of plate movement; E) Geographic
areas (BP= Bahamas Platform, GM= Gulf of México, YB= Yucatan Basin); F) Geodymanic cells (CI= East
Matanzas, CII= Center Matanzas, CIII= Habana-Matanzas, CIV= La Habana, CV= West Habana, CVI=
South Habana, CVII= Zapata-Cochinos (8 earthquakes), CVIII= Cienfuegos (15 earthquakes)); G) Grey circle=
Knot (K5) (see Table 14); H) IPS= Intraplate seismicity; I) Theoretical focal mechanism solution (beach ball).
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FIGURE 3B.

Scheme of the Main Seismoactive Segments
3B) Appear: Ellipses (1= Southeastern, 2= (2.1= Guane; 2.2= Remedios; 2.3=
Gibara), 3= (3.1= Cochinos-Corralillo; 3.2= Nipe-Maist), 4= Surcubana).

Toe GEODYNAMIC MODEL

The basic fundaments by the seismotectonic model using geodynamic cells are in: 1) the maps and schemes
of: 1.1) Lineaments and knots (Cotilla et al., 1991B); 1.2) Neotectonics (Cotilla et al., 1991C; 1996B); 1.3)
Neotectogenic (Cotilla et al., 1996B); 1.4) Morphostructural (Gonzélez et al., 2003); 1.5) Seismotectonic
(Cotilla, 1993; 2014A; B; Cotillaand Alvarez, 1991; 1999; Cotilla and Franzke, 1999; Cotilla et al., 1991A;
1996B); 1.6) Seismic potentials (Cotilla et al., 1997B); 2) the compilation and evaluations of: 2.1) the
carthquake catalogs (historic and instrumental); 2.2) the isoseismals data; 3) the analysis and improvements
of the seismogenic zones in the schemes and models (Alvarez et al., 1985; 1990; Cotilla, 1999A; B; 2007;
2014A; Cotilla and Alvarez, 1991; 1998; Cotilla and Cérdoba, 2011A; 2015; Cotilla and Udias, 1999A; B;
Cotilla et al., 1988; 1996A; 1997A).

TABLE 3.
Seismic Data of the Zapata Swamp-Cochinos Bay Earthquake
Agency Date / Tilme Coordinates h(lkan) Magnitude
Cuban 20.01.2015/11:07 2234 N81.22W 20 M(Richter)=4.0
EMSC 21.01.2015/04:07:13.9 | 2225N81.39W 10 mb=4.2
GEOFON | 21.01.2015/04:07:14 2237TN814A1W 10 mb=4.6
USGS 21.01.2015/04:07:10 | 22.216 N81.422 W 16 mb=4.0/Mw=4.1
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FIGURE 4.
Tectonic Scheme of the Northern Caribbean

Appear: A) Black line= Active fault (CNF= Cauto-Nipe, NCF= Nortecubana, OF= Oriente, SCF= Surcubana, SWF=
Swan-Walton); B) Black triangle= Seismic station (1= Soroa, Pinar del Rio; 2= Manicaragua, Cienfuegos); C) Geographic
areas (GC=, GM= Gulf of Mexico, YB= Yucatan Basin, PBZ= Plate Boundary Zone); D) Heavy black arrows= Sense of

plate movements; E) Localities (MB= Matanzas Bay, NB= Nipe Bay, C= Cienfuegos, CC= Cabo Cruz, CSA= Cabo de
San Antonio, ZS= Zapata Swamp, GI= Gibara, R= Remedios); F) Type of seismicity (IPS= Intraplate, ITPS= Interplate).

There were some papers that inspired to search scientific explanations about the Cuban seismicity as
(Makarov and Schukin, 1976; ) Sibson, 1985; Spiridonov and Grigorova, 1980). The results of (Assinovskaya
and Soloviev, 1994; Backmanov and Rasskazov, 2000; Guelfand et al., 1976; Gvshiani et al., 1987; Mackey
et al., 1977; Sherman and San'kov, 2010; Stein and Yeats, 1989; Zhidkov, 1985; Zhidkov et al., 1975)
contributed to develop the methodology of the active structures. In order to obtain the comprehension of
the earthquakes localization on intraplate zones were used (Campbell, 1978; Jonston, 1989; Johnston and
Kanter, 1990; Leonov, 1995; LeRoy and Mauffret, 1996; Liu and Zoback, 1977; Sbar and Sykes, 1973; Stein,
1999; Sykes, 1978; Zoback, 1992). Our main published results about this field are in the table 4.

The three strongest earthquakes in the Wsu and Csu are in table 6 and figure 2. Other 30 earthquakes
(Table 7) enabling to sustain the hypothesis of geodynamic cells model because have occurred close to
ZS-CHB-JG region. The significant uncertainty of epicentral locations by international networks in other
carthquakes appear in table 8.

In table 9 appears some earthquakes associated with the main faults and knots of the Wsu. Also, events
in the Gulf of Mexico and the Bahamas regions (Table 10) are related to some of these structures (Cotilla,
1993; 2012; 2016; Cotilla and Franzke, 1999).
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TABLE 4.
Location of the Geodynamic Model and Seismotectonic Map
Year Auther (5) Figures Published
1991 | Cotilla and Alvarez 1- SM Revista Geofisica, 35
1993 | Cotilla 15- GM and 17-SM | Phd Thesis
1996 | Cotilla et al. 2- SM Revista Geofisica, 45
1998 | Cotilla 6- SM Revista Fisica de la Tierra, 10
1998 | Cotilla 1- GM and SM Estudios Geologicos, 54(3-4)
1998 | Cotilla 4- GM Journal of Seismology, 2(4)
1998 | Cotilla 2- Initial GM and | Estudios Geologicos, 55(1-2)
8- Improved GM
1998 | Cotilla and Alvarez 3- SM Geologia Colombiana, 23
1998 | Cotilla and Alvarez 2- SM and 9- SM | Revista Geofisica, 49
1999 | Cotilla and Franzke 1- SM and 4- GM | Boletin Geolégico y Minero,
110(5)
2001 | Cotilla and Alvarez 4- SM and 5- GM | Revista Geologica de Chile, 28(1)
2007 | Cotilla ef al. 11- GM Russian Geology and Geophysics,
48(6)
2011 | Cotilla and Cérdoba 5- GM [zvestiva, Physics of the Solid
Earth, 47(6)
2014 | Cotilla 4-SM Revista Geofisica, 54

Note: GM= Geodynamic model (see Figure 3A); SM= Seismotectonic map (see Figure 2).

The Northern Caribbean (Figure 4) is a good example of the seismotectonic diversity that mainly
corresponds to a regional dynamics in a frame of plates’ interaction of different categories. The great majority
of the Caribbean earthquakes are associated with the Plate Boundary Zone [PBZ] (Mann and Burke,
1984). The most intense seismicity is located around restraining bends as southeastern Cuba (Table 11) and
northern Hispaniola. The largest SA is determined from Hispaniola to Puerto Rico (Cotilla, 2012; Cotilla
and Cérdoba, 2009; 2011B; Cotilla et al., 1997B; 2007A).
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TABLE 5.
Selection of Western and Center Cuban Villages
Initial Denomination (Actually) Region | Foundation/ | Distance (km)
First Report to Cochinos
Bay
La Santisima Trinidad {Trinidad) Center 1514 /1824 125
Sancti Spiritus (Sancti Spiritus) 1514 /1970 165
Gloriosa Santa Clara (Santa Clara) 1689 /1852 130
Matanzas (Matanzas) 1693 /1791 140
Cienfuegos (Cienfuegos) 1745 /1849 75
Gibara (Villa Blanca de Gibara) 1751/1914 530
Sagua la Grande (Sagua la Grande) 1812 /1857 135
Agramonte (Agramonte) 1859 /1903 70
Perico (Perico) 1879 /1927 85
Comalillo (Corralillo) 1879 /1932 110
Marti (Marti) 1879 /- 95
Varadero (Varadero) 1883 /2000 130
La Habana (Bataband) Westemn 1514 /1693 135
San Juan de los Remedios (Remedios) 1515/ 1858 170
San Cristobal de La Habana (Ciudad de 1519 /1693 175
La Habana)
Guane (Guane) 1600/ 1788 300
San Diego de los Barfios (San Diego de 1632 /- 240
los Barfios)
Torriente (Torriente) 1687 /1932 60
Giiines (Giiines) 173571777 120
San Cristobal (San Cristébal de los 1743 /1880 235
Pinos)
San José de las Lajas (San José de las 1780/1995 140
Lajas)
Jagiiev Grande (Jagiiey Grande) 1850 /1982 55

Note: Cuba was discovered in 1492.

The level of ancient seismicity in the Caribbean is up to now highest than of the instrumental period.
Cotilla (1998A; B; C; D; 1999A; 2007; 2012; 2014B; C) and Cotilla and Udias (1999B) interpreted it as
over estimations and mistakes, where Cuba is not at all an exception. The Caribbean islands have interplate
(or plate edge) seismicity but Cuba has also the intraplate type [IPS] (Alvarez et al., 1985; 1990; Cortilla,
1993; 1998A; B; 2014B; Cotilla et al., 1996A; 1997A; B; 1998).

The figure of Cuba island is concave (from SW-NE to NW-SE) as a consequence of the ancient
convergence process (Cotilla and Franzke, 1999; Cotilla et al., 1991C; 1996B). Then, the structures located
in each of these 2 branches have these strikes. About these ideas will discuss later. Piotowska (1993) found
two different tectonic segments in Cuba (Sierra de los Organos and Escambary) but both are genetically
related. They are located in the western and center regions, respectively and represent about 10% of the
Cuban area (110,911 km2).
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TABLE 6.
Largest Earthquakes in Western and Center Seismotectonic Units
N°® Date Isoseismal / Area Coordinates Aftershocks
Epicenter (103 ki?)
1 [23.01.1880 | Yes/ Ground 40 2270 N 83.00 W 65
2 |28.02.1914 Yes / Sea 25 21.30 N 76.20 W 9
3 |15.08.1939 Yes / Sea 19 22.50 N 79.25 W 24
N®| M/ h (kin) Fault Length (km)| Rupture (km) Locality
1 6.2720 Guane ~280 58 San Cristobal
2 6.2/20 Nortecubana ~1.100 15 Gibara
3 56115 Nortecubana ~1.100 53 Remedios

SEISMOTECTONIC CHARACTERISTICS OF CUBA

The dynamic interaction between the Caribbean and North American plates is very well reflected in the
SA of the Cuban territory (Cotilla, 1993; 1998A; 2014C). This was one of the arguments used for the
differentiation of the Cuban Seismotectonic Province into 4 Units (Southeastern [Ssu], Eastern [Esu],
Center [Csu] and [Wsu] and to identify 4 main active knots (KNPRO, KNMGO0, KNMG1 and KNMN1)
(Figure 2) (Cotilla, 2014C; Cotilla et al., 1998). The knots KNMGO and KNMGT are in the contact zone
[Ssu] of the plates mentioned before through the Oriente fault [OF], where the strongest and most frequent
carthquakes take place (Table 12). It is in the PBZ. The other 3 units (Csu, Wsu and Esu) much farther

away from the plate contact area, and at an acute hangle caused by the differential influence, demonstrate

IPS values (weak and moderate), with periods of occurrence greater than 100 years.
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TABLE 7.
Earthquakes Near Jagiiey Grande

N® Locality Earthquakes Fault /EKnot
1 | Agramonte 1903 CHF / -

2 | Caibarién 15.08.2012 NCF / -

3 | Cienfuegos 30.08.1846:1914;22.10.2005 HCF /K1

4 | Corralillo 1932:09.01.2014 NCF / -

5 | Cumanayagua 08.08.1996 -/ K1

6 | Giron 27.03.1964 CHF-SCF /K8
7 | Giiines 07.07.1777 HF-HCF / K3
8 | Jaruco 12.10.1905 NCF / -

9 | Manacas 15.01.1906 - /-

10 | Manicaragua 30.07.1943:24.10.1976 -/ -

11 | Matanzas 1812:1854;10.09.1854;1978 HF-NCF / K6
12 | Perico 01.1927:05.06.1928 CHF / -

13 | Quemado de | 03.02.1952 Las Villas / -

Giiines
14 | Rancho Veloz 05.06.1906 Las Villas / -
15 | Sagua la Grande | 07.07.1857:27.05.1861:27.06.1861; Las Villas / -
1886:11.04.1889;14.05.1937;
24.04.1941:04.06.1942;25.05.1960
16 | San José de las | 09.03.1995 GF-HCF /K4
Lajas

17 | Torriente 1982 HCF-CHF /K2
18 | Varadero 2000 HF-NCF / K7

Note: Faults (CHF= Cochinos, GF= Guane, HCF= Habana-Cienfuegos, HF= Hicacos, NCF =

Nortecubana, SCF= Surcubana); Knots (K1= Cienfuegos Bay, K2= Torriente-Jagiicy Grande, K3=
Giiines, K4= San de las Lajas, K6 = Matanzas Bay, K7= Hicacos, K8= Cochinos Bay) (see Figure 2).

TABLE 8.
Seismic Data of Corralillo (in 2014)
Agency | Date Time M h Coordinates
(ki)

GEOFON | 09.01 | 20:57:44| 5.1 10 2323 N 80.76 W
USGS 20:57:43 | 5.1 10 23.189 N 80.677T W
EMSC | 05.02 | 03:19:31| 44 14 2325 N 80.69 W

GEOFON 03:19:38 | 44 12 2321 N80.70 W
USGS 03:19:32 | 43 12 23.168 N 80.821 W
EMSC | 09.03 [ 11:26:18| 4.8 10 23.17N80.77TW

GEOFON 11:26:18 | 4.7 10 2327 N 80.69 W
USGS 11:26:18 | 4.7 09 23.183 N 80.751 W

The neotectonic boundary between Csu and Esu is a 2nd order fault (Cauto-Nipe [CNF]). It has 2
seismoactive knots (KNMGO and KNMN1) at its ends. They connect: 1) OF with CNF in the SW, near
to the locality of Cabo Cruz; 2) Nortecubana fault [NCF] with CNF in the NE to the north of Nipe Bay,
respectively (Figure 2). The largest level of SA is associated with OF (of Ist order).
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TABLE 9.
Faults and Earthquakes of Western Cuba
Fault Mma | Category/ x Some Events / (£ Earthquakes)
/Acronyms X Segments | Knots
Cochinos 5.0 3/2 2 1903:01.1927:05.06.1928;27.03.1964;1974;1
/CHF 6.12.1982 / (~20)
Guane /GF 5.0 2/3 2 23.01.1880;31.08.1886;23.09.1921;

09.03.1936:20.12.1937;15.02.1939;
24.09.1939;09.03.1955;11.09.1957;1958;
1964:1974:10.03.1976;15.03.1976:1978;
1982:09.1988 / (>30)

Habana- 5.0 3/4 5 | 1693;1810;1835;21.02.1843;08.03.1943;
Cienfuegos 1844:30.08.1846;30.08.1849;1852;1854;
/HCF 04.10.1859:12.1862;25.03.1868:1880;

15.04.1907;1913:1914:1941:18.12.1942;
11.09.1947:1954:10.02.1970:11.12.1982;
16.12.1982:09.03.1995 / (~30)
Hicacos /HF 3.0 3/3 3 1812:05.03.1843;1852;1854:10.09.1854;
1880:27.05.1914;1970;27.04.1974;1978;
2000/ (14)
Nortecubana 6.2 12.08.1873:03.02.1880;28.02.1914;
/NCF 15.08.1939:25.05.1960;24.07.1970;
13.05.1978;18.12.1986:05.01.19809;
05.01.1990:20.03.1992:24.09.1992;
28.12.1998:2000;09.01.2014 / (=380)
Surcubana 55 3/3 4 1871:1873:1925;1932:1936;23.07.1943;
/SCF 28.07.1943:27.10.1945:26.07.1971;
15.05.1974;27.06.1974:28.08.1974;12.01.198
5/ (~50)

b2
h
h

Cuba has 13 active faults (Baconao, Camagiey, Cubitas, La Trocha, Las Villas, Surcubana [SCF], CNF,
CHF, GF, HF, HCF, NCF and OF) (Figure 2 and Table 9) (Cotilla, 1993; 2014C). Except OF the others
are directly linked with the IPS. The NCF is an active structure that limits by the N to the Cuban megablock.
It has a coefficient of sinuosity (ks) value of: 1) 0.74 in the Cabo de San Antonio - Hicacos Penynsula
(Varadero) segment (NE strike); 2) 0.94 between Hicacos and Punta de Maisi segment (NW strike) (Cotilla
and Udias, 1999A) (Figure 2). These values and strikes indicate the concave figure of this fault that we
determined in other structures as the Yucatdn Basin (Figure 4). Moreover, the inflections spatially coincide
with the geographic meridian of the Mid-Cayman rise spreading center and the deformed SCF near the ZS-
CHB (Cotilla and Udias, 1999A).

Table 13 shows the occurrence of earthquakes in 5 time intervals for Wsu. It is significant the quantity of
events for the period 1900-1999 and it can be explained as a consequence of the instrumental determinations.
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TABLE 10.
Selection of Earthquakes in Bahamas and Gulf of México

N° Region Date M
1 Bahamas 22.02.1992 3.2
2 Gulf of México 07.07.1852 1.5
3 06.05.1905 -

4 14.12.2004 -

5 20.12.2004 6.6
6 10.02.2006 5.2
) 10.09.2006 6.0
3 29.10.2009 5.5
9 26.04.2011 5.6
10 08.10.2012 5.7

TABLE 11.
Strongest Earthquakes of the Southeastern Seismotectonic Unit

N° Date M/IMSK)/h (kin) | Rupture Estimated
(k)
1 18.10.1551 6.6/8/15 50
2 11.02.1678 6.75/8/30 55
3 11.06.1766 6.8/9/25 85
4 | 07.07.1842 6.8/8/30 77
5 | 20.08.1852 6.4/8/30 75
6 | 03.02.1932 6.75 /8 /35-40 65
7 | 07.08.1947 6.7/7/30 49
8 19.02.1976 57/8/15 55
9 | 26.08.1990 59/8/10 60
10 | 25.05.1992 6.9/15/23 65
11 | 04.02.2007 62/15/ 10 50

Alvarez et al. (1985; 1990) and Cortilla (1993) studied epicenter and hypocenter determinations made
by the international agencies and the Cuban local seismic stations. From the beginning and until the 1980s
the determinations were inaccurate and very vague. This was mainly exemplified with two earthquakes:
1) 19.02.1976 (Ms= 5.7) in Pil6n, Ssu; 2) 16.12.1982 (Ms= 5.0) in Torriente-JG, Wsu (Figure 2). It is
well known that the seismic devices and the development of software’s have improvement of the accurracy
determinations. But it is still insufficient for the events of low energy that occur in the Wsu (Tables 3 and
8). An alternative used in Cuba for the study of such type of seismicity has been developing geodynamic cells
models. Then, for the Western and Eastern macroregions were related some active faults (Table 9) and their
intersections or knots (Table 14) with the stress concentration, mainly, from the interaction of Caribbean-
North American plates.

We consider that in the Cuban seismotectonic province the NCF has a 2nd order category, with 2 levels:
1) Category 2A (Cabo de San Antonio-La Habana; W of Hicacos Penynsula (Varadero)-La Trocha; and
Nipe-Punta de Maisi); 2) Category 2B (La Habana-Hicacos Penynsula; and La Trocha-Nipe) (Figure 2).
But, according to the strike and setup of the NCF three segments are determined: 1) West= NCIF (Cabo
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de San Antonio-Hicacos Penynsula); 2) Center= NC2F (Hicacos Penynsula-Nipe Bay); 3) East= NC3F
(Nipe Bay-Punta de Maisi). The length of each segment is different, being the shortest, the third structure
that is the closest to the PBZ (NC3F), and very near to Bahamas Platform and the Atlantic Ocean. Here is
joint in the knot KNMG1 with the OF and the Septentrional fault (N of Hispaniola) (Figure 2). The other
two segments have some differences. The NCIF is adjacent to the Gulf of México where the knot KNPRO
appear, while the NC2F adjoins the narrowest part of the Bahamas Platform. Each segment is associated
with earthquakes in the historical and instrumental periods (i.c.: 1) Western region: earthquakes’ series of
1981;2) Center region: 28.02.1914 and 15.08.1939; 3) Eastern region: 05.01.1990,20.03.1992,24.09.1992
and 28.12.1998). The NCF has the SA: 1) strongest in the NC2F Remedios-Caibarién and Gibara segment;
2) lowest in the westernmost segment, NCI1F.

TABLE 12.
Characteristics of the Cuban Seismogenic Zones

Type of Segimicity
Characteristics Interplate Intraplate
Area of perceptibility (103 110 40
km?)
Associated fault (s) OF BF, CF, CHF, CNF, CUF, GF,
HCF, HF, LTF, LVF, NCF, SCF
Depth (km) 30 15
Distance between strong 100 825
earthquakes (km)
Distance of perceptibility ~800 ~300
(km)
Earthquakes (%) ~75 <25
Epicenter (in) Sea Land and Sea
Fatalities =100 ~20
First report Cabo Cruz-1551 Baracoa-1528
Imax (MSK) 9 8
Isoseismals Middle Complete and middle
Mmax / hmax (km) 6.8 /60 6:2 /20
M (interval / earthquakes) |6.8-6.0/6: 5.9-5.0/ 6.2-6.0/2;5.9-5.0/3
18
Repetition period (vears) ~80 =100
Rupture estimatated (km) 85 58

Note: Faults (BF= Baconao, CF= Camagiicy, CHF = Cochinos, CNF= Cauto-Nipe, CUF=
Cubitas, GF= Guane, HCF= Habana-Cienfuegos, HF= Hicacos, LTF= La Trocha, LVF=
Las Villas, NCF= Nortecubana, OF= Oriente, SCF= Surcubana) (see Figures 2 and 4).

Figure 3B shows four areas with the main seismoactivity in Cuba. There are represented by 4 ellipses in
color graduation, from greatest to lowest (1= Southeastern, 2.1= Guane, 2.2= Remedios, 2.3= Gibara, 3.1=
Cochinos-Corralillo, 3.2= Nipe-Maisi, and 4= Surcubana). It can be considered as a roof seismotectonic
regionalization (Cotilla and Cérdoba, 2007).
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TABLE 13.
Some Data of the Western Cuban Earthquake Catalog
Time Period | Events Mmax / hmax / With Full
Mmin hmin (k) Date
1492-1699 3 50/2.6 30/- -
1700-1799 4 3.7/3.1 10/ - A
1800-1899 35 6.2/2.5 20/ 10 24
1900-1999 862 6.2/1.0 88/12 758
2000-2013 11 4.4/1.9 33/10 6
=921 =790

SEISMOTECTONIC MODELS

Cotilla and Franzke (1994) calculated, for first time, a stress tensor for Esu. Cotilla et al. (1998; 2007B)
subsequently identified a regional stress tensor for Cuba with NE-SW striking. These led us to consider
the existence of normal and left-lateral strike-slip faults, with small pull-apart basins, fault ridges, and push-
up and flower structures. We also identified different segments in the Cuban faults that could explain the
existing low earthquake magnitudes in the Csu and Wsu (Tables 12 and 13).

The Wsu has a structure of faulting and uneven blocks, with different degrees of mobility and a tendency
to vertical displacement. However, they are interrelated (due to processes not yet understood) in a regional
context where left-lateral strike-slip is predominant. Blocks show a mix of vertical movement, rotation
and tilting. The Wsu has 8 blocks or cells (CI= East Matanzas, CII= Center Matanzas, CIII= Habana-
Matanzas, CIV= La Habana, CV= West Habana, CVI= South Habana, CVII= Zapata-Cochinos and
CVIII= Cienfuegos) (Cotilla, 2014B) (Figure 3A). These cells are made up of the following active faults:
CHF, GF, HF, HCF, NCF and SCF. The majority of faults was linked to earthquakes (Figure 2 and Table 9).
We also found 8 knots where the fault intersections are located or associated with some earthquakes (Table
14). The model of the Wsu includes 4 administrative provinces (Pinar del Rio, Ciudad de La Habana, La
Habana, and Matanzas) (Figure 5 of Cotilla and 4lvarez, 2001).

The HCF is a large lineal SE-N'W structure (~230 km long) of the Wsu. In both extremes (NW and SE)
are the La Habana Bay (K5) and Cienfuegos Bay (K1), respectively. The mentioned before 1982 earthquake
that hit Torriente-JG localities (Figures 2 and 3, Tables 2 and 9) is associated at the intersection of HCF
with CHF (knot K2). In 1995 another earthquake was registered (Ms= 2.5) and it was felt at Pedro Pi (PP),
in the region of San José de Lajas, La Habana (Figure 3A, Tables 1 and 9). This event also took place on
the HCF, but farther to the NW, where it is another intersection of the HCF with GF (knot K4). The
isoseismal map by Gonzdlez et al. (1995) showed that the main perceptibility was toward the NW. Thus, the
earthquakes in Torriente-JG and PP localities may support the idea that earthquakes in Wnu take place at
the intersections of different active structures (Cotilla, 1995) (Figure 3A). Similar proposals in other places
were previously published by various authors such as (Guelfand et al., 1976; Gvshiani et al., 1987; Zhidkov,
1985). We believe that this favors block composition, block rotation, and the stress transmission, with the
resulting seismic energy release.

From instrumental data, the Mmax in Torriente-JG is 5; while in the immediate zones is bounded by
values of 5.1 (Corralillo, associated with the NC2F), 5.0 (Varadero; with NC2F and HF) and 4.1 (CZ-
BCH with SCF and CHF). All these values shows the validity of the seismic intensity maps of Alvarez et
al. (1985; 1990) (Figure 1). Also, they indicate: 1) the low intensity values in the region; 2) the magnitude
values estimated on the seismotectonic map are suitable (Cotilla et al., 1991A); 3) the seimogenetic layer is

less than 20 km (Cotilla, 1993; Cotilla et al., 1996B).
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Cotilla and Alvarez (2001) (see their Figure 7) suggested to the Wsu that 4 pairs of faults (1) GF and
HCEF; 2) HF and HCF; 3) HF and NCF; 5) HCF and CHF) are interconnected active structures. Also,
the strike, geometry and activity of these faults can be explained by the presence of 2 large depressed oceanic
structures, the Gulf of México and the Yucatdn Basin (Figure 2), which are opposed in the contemporary
tectonic stress field, mainly caused by the Caribbean, Cocos and North American plates interactions. There
is a similar explanation to the SA in the Eastern Gulf of México. In it 2 earthquakes occurred (10.02.2006
and 10.09.2006). The second one has a mixed type focal mechanism with a fault plane of ~300° (N'W-SE).
This strike coincides with the NCF and the epicenters are ~600 km from Ciudad de La Habana. Cotilla
(2014B) reached the same conclusion based on seismicity and tectonic data of the Gulf of México (Froehlich,
1982; LeRoy, 1998).

TABLE 14.
Some Data of the Main Knots of Western Cuba
Enots

N? | Characteristics K1 K2 K3 K4 KS Ko K7 K8
1 | Events / Imax S50 | TS | EES | 35 I8 {55 4.5 1/6 5/4
2 Category:

A | Disruptive 1 2 2 2 1 1 2 1
B | Fault 1 2 2 2 1 2 2 1
C | Morphostructural 1 6 6 6 1 5 6 5
D | Neotectonic 1 5 4 3 1 2 2 2
E | Seismogenetic 1 2 3 3 1 3 3 3

Note: K1= Cienfuegos Bay, K2= Torriente-Jagiicy Grande, K3= Giiines, K4= San José¢ de
las Lajas, K5= Ciudad de La Habana, K6= Matanzas Bay, K7= Hicacos, K8= Cochinos Bay.

We can assume that the occurrence of strong earthquakes in 3 localities of the Wsu and Csu regions (1)
San Cristébal (135 years), 2) Gibara (101 years), and 3) Remedios (76 years)) is a consequence of a same
seismotectonic process of IPS type. Nevertheless, they are not associated with the seismotectonic of the JG-

ZS- Cochinos Bay region. The SA of knots has a decreasing order: K5, K2, K8, K6, K1, K4, K3 and K7.

DiscussioN AND CONCLUSIONS

The CHB-JG-Cérdenas area is very well defined from: 1) morphostructural scheme (Gonzalez et al., 2003),
2) neotectonic scheme and map (Cotilla et al., 1991C; Gonzélez et al., 1989). This area differs from others
located along the E and W sides, where the trends of uplifting values are higher, also the SA is also greater
(Cotilla et al., 1996B).

The northern Cuban (Cardenas-Corralillo-Sagua la Grande) limit with the CHB-JG area. It has a very
well defined spatial relationship with the seismogenic zone of Las Villas fault (3rd order) (Figure 2). This
structure is parallel to the NC2F and it shows SA in Cardenas, Corralillo, Sagua La Grande and Remedios.

The territory located to the E of the Matanzas Bay up to Corralillo (north coast), and between the
Cienfuegos Bay and ZS (south coast), is defined into two S-N profiles: 1) CHB-Cardenas (L1); 2)
Cienfuegos Bay-Sierra Morena and Corralillo (L2) (Figure 5). This area is composed by a broad ordered set
of 5 low flat karstic plains (Cotilla and Cérdoba, 2010; Gonzélez et al., 2003). It is defined as a mesoblock
with null or very weak trend of uplifting (Cotilla et al., 1991C; Gonzélez et al., 1989). From a tectonic point
of view, the Santo Domingo basin, is mainly defined here from Cardenas to Mordn localities. That means,
the region was influenced by two type of extensional tensors to the: 1) SE (T1, E of the Cienfuegos Bay); 2)
SW-W (T2, W of the Matanzas Bay) (Figure 5).
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The mentioned before region has a pull-apart basin which we call JG. Here we found a clear spatial contrast
of blocks with different figures and trends (null, weak and moderate) of vertical movements. The blocks with
weak uplifting tendency are located at the N and S borders. From the northern side there are four uplifting
blocks (CII, CIII, CIV and Las Villas), while there are two in the southern one (CVIII and Guaniguanico).
The CVIII cell is distinguished by three knots (K1, K2 and K8) with 3, 7 and 5 earthquakes, respectively.
The donwtrow blocks are CI, CVI and CVIL

Following the proposals by Cotilla and Franzke (1999), Cotilla and Udfas (1999A) and Cotilla et
al. (1996B; 1997B; 1998) the stress transmission is easier northward in the Remedios-Caibarién-Gibara
(NC2F) segment than in the Cabo de San Antonio-Hicacos Penynsula (NC1F) (Figure 2). These two
segments also belong to the Wsu and they are related to strong earthquakes. The energy released by strong
and weak earthquakes also occurs at the northern edge of the megablock, in the NCF, but in its Center and
Eastern parts. Weak earthquakes occur inside the island, where the following faults are located: Baconao,
Camagiiey, Cubitas, Las Villas, La Trocha, Santa Clara, Tuinict, and HC (Cotilla, 1993). Strong and weak
earthquakes only occur in the GF and weak earthquakes take place in the NC1F. We consider that the
stress transmission comes from the two mentioned parts of the plate boundary (Swan [SWF] and OF)
(Figure 4). The energy transmission takes place through two different structures: 1) the South Platform of
Cuba; 2) the Yucatdn Basin, respectively. The Yucatan Basin has records from the Late Cretaceous to the
Paleogene affected by the Neogene strike-slip in the Caribbean-North American region. Also, the distances
are different: 1) SWE-NC1F= ~430 km; 2) OF-NC3F= ~300 km.

The influence of the lithospheric plates interaction produces two seismotectonic deformation zones in La
Habana-Las Villas segment. They have different figures and areas in the south (D-1) and the north (D-2)
(Figure 5). The quantity of earthquakes also differs: D-1 (> 30) and D-2 (> 50). The Mmax (5.1) is in D-2.

According to the spatial distribution of perceptiblity, outlined in the Introduction, we can assume an
energy radiation pattern in a semicircular shape with center in BCH. Also, from the data of the tables 7, 9,
13 and 14 we can say that 32, 100, 921 and 41, respectively, earthquakes have occurred in several towns of
Wsu. Then, the region is active because a lot of earthquakes have occurred on it. Taking into the account the
21.01.2015 carthquake data: 1) the epicenters determinations differences (Table 3); 2) the non-existence of
known faults in the ZS. The knot K8, Cochinos Bay, is the most probably place to the epicenter. It is directly
related with 2 geodynamic cells (CVII (8 earthquakes) and CVIII (15 earthquakes)). Both structures are
included in the southern seismotectonic deformed area (D-1) where CHF and SCF are determined.

210



Marrto Ocravio CoriLLA-RopriGuEz. EVALUATION OF THE RECENT INTRAPLATE SEISMIC ACTIVITY ON
COCHINOS ...

22°)

-§2° -80°

FIGURA 5.
Pull-Apart Basin Model (Jagiiecy Grande)

Appear: A) Black arrows= Stress (T1, T2); B) Black circle= epicenter (year= 1982); C) Black discontinue
line= Meridiam of the Mid-Cayman rise spreading centre; D) Black line with arrows= Main strike of
the coast line (S1= West, S2=Center-East); E) Black line= Fault (SCF= Surcubana); F) Seismotectonic
deformed areas (D-1 and D-2); G) Geographic area (BP= Bahamas Platform, GM= Gulf of México, YB=
Yucatan Basin); H) Heavy black lines= limits of the region (L1, L2); I) Localities (CB= Cienfuegos Bay,
MB= Matanzas Bay, CH= Ciudad de La Habana, ZS= Zapata Swamp, R= Remedios); J) Sense of: uplitf
(+), downtrow (-), nule (+/-); K) Black triangle= seismic station (SO= Soroa, and MA= Manicaragua); L)
Black square= Proposal of seismic station (G= Giiines, and SC= Santa Clara).

Stronger carthquakes of the Wsu and Csu (1914 (6.2) Gibara, 1939 (5.6) Remedios and 2014 (5.1)
Corralillo) have occurred in the S2 branch (Figure 5). They are probably related to seismoactive NC2F,
which interacts directly with the Bahamas Platform. While the higher level of SA occurs in the southern
part of these same units in BCH-Cienfuegos-Trinidad; although their values are lower than in the Northern
segment. This situation is reversed for the Esu and Ssu where the greatest SA is in the south (Cabo
Cruz-Pilén-Santiago de Cuba-Punta de Maist) associated to OF. Cotilla (1993) explained it by the direct
interaction of these 2 units with the Caribbean plate. In the northern part is the NC3F, that relates to the
Atlantic Ocean. While in the westernmost part of the Wsu the greater SA is associated with GF, but never
with NCI1F. The latter one directly interacts with the Gulf of México.

Sykes (1978) observed that IPS areas are located throughout pre-existing tectonic weakness zones. The GF
and HCF are examples of it (Cotilla et al., 2007B). Zoback (1992) showed that horizontal compressional
stresses can be transmitted over great distances through the continental and oceanic lithospheres. Also, Van
der Pluijm et al. (1997) suggested that continental interiors registering plate tectonic activity and intraplate
fault reactivation (and earthquake triggering). It is mainly dependent on the orientation of fault zones
relative to the plate margin. The deformation of continental interiors can be represented by relatively simple
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rheological models. Using these mentioned authors and the results of (Johnston and Kanter, 1990; Liu and
Zoback, 1977; Sbar and Sykes, 1973; Stein, 1999) we can say that: 1) the tectonic forces of the plate margins
can be transmitted inside the plates for up to distances of 2,000 km; 2) the status of the forces in the interior
continental zone seems to be relatively independent of the immediate surroundings, as well as of the previous
tectonic style; 3) there is a predominance of transmission of energy from the borders toward the interior of
the plate; 4) intraplate seismic events occur in areas where the crust has been weakened by previous activity.
Therefore, if we apply these arguments to Wsu we can conclude that earthquakes have and do take place in
this Cuban unit.

We believe that to improve the detection of events in the Wsu and Csu it is necessary to install at least
two stable seismic stations in: 1) Giiines and 2) Santa Clara (Figure 5). With that network (Soroa, Giiines,
Santa Clara and Manicaragua stations) would be cover almost 90% (M> 4.0) of these units. In addition,
there would be a better understanding of the natural and induced SA (by the oil Geophysical Exploration of
the Northern Sea area). These stations would be located in same amount of cells (CV, CIII, CI and CVIII)
or different blocks.

We conclude that in the Wsu: 1) the mentioned faults (CHF, GF, HF, HCF, NCF and SCF) are actives
(Table 9); 2) the tectonic mechanism of intraplate readjustments through faults and block rotations are
responsible for at least 5 earthquakes (1) 1880 in San Cristébal (Pinar del Rio) [23]; 2) 1982 in Torriente-
JG (Matanzas); 3) 1995 PP (San José de las Lajas, La Habana); 4) 2000 in Varadero (Hicacos Penynsula);
5) 21.01.2015 (mb= 4.1 / h= 16 km / 22.216 N 81.422 W) in the surrounding of de ZS-CHB (Matanzas)
where is the knot K8 (made up CHF and SCF)); 3) the carthquakes can be explained by the transpression
process of the Caribbean and North American plates at the SWF and OF zones, and the consequent stress
transfer toward the Cuban Seismotectonic Province.
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