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NRC RAI Letter No. PTN-RAI-LTR-041 

SRP Section: 02.05.01 - Basic Geologic and Seismic Information 

QUESTIONS from Geosciences and Geotechnical Engineering Branch 2 (RGS2) 

NRC RAI Number: 02.05.01-24 (eRAI 6024) 

FSAR Section 2.5.1.1.1.3.2.4, discusses Structures of Cuba; however, the staff needs 
more information regarding the various fault systems within the Cuba areal source. 
 
In order for the staff to assess the tectonic and structural features within the site region and 
in accordance with 10 CFR 100.23, please address the following: 
 

a)  Identify the Nortecubana fault or faults on seismic reflection sections and provide a 
map showing the surface trace or projection of the Nortecubana fault or faults with 
respect to topography and bathymetry. 

b)  Clarify the relationship between the Nortecubana fault system and the Cuban Fold 
and Thrust Belt. 

c)  The FSAR states “Cotilla-Rodríguez et al. (Reference 494) indicate that the 
Nortecubana Fault Trench is expressed in the bathymetry north of Cuba, but this 
does not constitute direct evidence for activity." Please clarify what processes give 
rise to a bathymetric expression of an inactive fault in a sedimentary basin. 

d)  Discuss the February 1914 (Mw 6.2) earthquake offshore northeastern Cuba near 
the Nortecubana fault in light of the FSAR Section 2.5.1.1.1.3.2.4 that states that 
“there is no direct evidence that these earthquakes occurred on the Pinar and 
Nortecubana Faults.” Please clarify what direct evidence is required to establish a 
connection between the earthquake and the faults. 

e)  Discuss the location of the Nortecubana fault as depicted in the reflection profiles 
(i.e. dip, depth). 

FPL RESPONSE: 

a) Identify the Nortecubana fault or faults on seismic reflection sections and provide 
a map showing the surface trace or projection of the Nortecubana fault or faults with 
respect to topography and bathymetry. 

Figures 1A, 1B, and 1C show the surface projection of the Nortecubana fault as mapped by 
French and Schenk (2008) (FSAR Subsection 2.5.1, Reference 492) on a shaded-relief 
map. Additionally, FSAR Figures 2.5.1-202 and 2.5.1-229 plot the approximate location of 
the Nortecubana fault on shaded-relief maps. 

The surface projection of the Nortecubana fault system is located roughly at the continental 
slope off northern Cuba. Here, the Nortecubana fault system splays updip into a broad 
zone of thrust faults collectively referred to as the Cuban thrust belt or Cuban fold-and-
thrust belt, as mapped on FSAR Figure 2.5.1-251 and shown on seismic reflection sections 
in FSAR Figures 2.5.1-279, -280, -287 and -288. In addition, the Nortecubana fault system 
is schematically represented in FSAR Figure 2.5.1-282. 
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b) Clarify the relationship between the Nortecubana fault system and the Cuban Fold 
and Thrust Belt. 

The Nortecubana fault is the main structure within the Cuban fold-and-thrust belt offshore 
of, and nearshore to, northern Cuba. The role of the Nortecubana thrust in the evolution of 
the Caribbean-North America plate boundary has been interpreted in different ways. As 
described in FSAR Subsection 2.5.1.1.1.3.2.4, it has been suggested that the Nortecubana 
thrust represents the ancestral subduction zone that was abandoned as the plate boundary 
shifted southward toward its current location south of Cuba (FSAR Subsection 2.5.1, 
Reference 318). Alternatively, the Nortecubana thrust fault has been interpreted to 
represent the frontal decollement of an accretionary wedge associated with the collision of 
the Greater Antilles arc and North America south of Cuba (Iturralde-Vinent et al. 2008, 
Pardo 2009) (FSAR Subsection 2.5.1, References 786 and 439). Regardless of its 
ancestral origins, the Nortecubana fault system underlies the preponderance of folding and 
deformation within and offshore of northern Cuba, which is collectively referred to as the 
Cuban fold-and-thrust belt.  

c) The FSAR states “Cotilla-Rodríguez et al. (Reference 494) indicate that the 
Nortecubana Fault Trench is expressed in the bathymetry north of Cuba, but this 
does not constitute direct evidence for activity." Please clarify what processes give 
rise to a bathymetric expression of an inactive fault in a sedimentary basin. 

Along much of its length, the surface projection of the Nortecubana fault is roughly 
associated with the continental slope off northern Cuba and, as such, is approximately 
spatially associated with this gross feature in the bathymetry. A continental slope is a 
bathymetric feature common to many nearshore areas and is not typically produced by 
faulting. In their Table 2, Cotilla-Rodriguez et al. (2007) (FSAR Subsection 2.5.1, Reference 
494, p. 515) indicate that the Nortecubana fault is “expressed” in the “sea” as opposed to 
the “land.” This terminology, however, does not necessarily indicate bathymetric expression 
of the Nortecubana fault. Instead, this is Cotilla-Rodriguez et al.’s (2007) (FSAR Subsection 
2.5.1, Reference 494) way of expressing whether a Cuban fault is either located onshore or 
offshore, as opposed to its degree of geomorphic expression. For example, the Guane fault 
also is listed in their Table 2 as expressed in the land. However, the Guane fault is a 
subsurface structure that Cotilla-Rodriguez et al. (2007) (FSAR Subsection 2.5.1, 
Reference 494, p. 516) describe as “totally covered by young sediments of the Palacios 
Basin” and therefore not expressed at the surface. Thus, Cotilla-Rodriguez et al.’s (2007) 
(FSAR Subsection 2.5.1, Reference 494) description of the Guane fault as expressed in the 
land indicates that this fault is mapped onshore and does not indicate that it is expressed 
topographically. Similarly, Cotilla-Rodriguez et al.’s (2007) (FSAR Subsection 2.5.1, 
Reference 494) description of the Nortecubana fault as expressed in the sea is their 
indication that this fault is located offshore, as opposed to onshore. To be consistent with 
the text of Cotilla-Rodriguez et al. (2007) (FSAR Subsection 2.5.1, Reference 494), the 
FSAR will be revised to remove the statement about Cotilla-Rodriguez et al.’s (2007) 
(FSAR Subsection 2.5.1, Reference 494) contention that the Nortecubana fault is 
expressed in the bathymetry north of Cuba.  

Other studies suggest the possibility that the Nortecubana fault may be expressed in the 
bathymetry, but these studies do not provide detailed descriptions of the nature of this 
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possible bathymetric expression. Malloy and Hurley’s (1970) depiction of the offshore Las 
Villas fault extends for approximately 120 miles (200 kilometers) roughly from Matanzas 
Bay westward to Havana (Figure 2) and is nearly coincident with more recent depictions of 
the Nortecubana fault in that region (e.g., Cotilla-Rodriguez et al. (2007) [FSAR Subsection 
2.5.1, Reference 494], French and Schenk 2008 [FSAR Subsection 2.5.1, Reference 492]) 
(Figure 1A). Due to this spatial coincidence, it is assumed that Malloy and Hurley’s (1970) 
offshore Las Villas fault is the same structure as that portion of the Nortecubana fault as 
depicted in more recent literature (e.g., Cotilla-Rodriguez et al. [2007] [FSAR Subsection 
2.5.1, Reference 494], French and Schenk 2008 [FSAR Subsection 2.5.1, Reference 492]). 
Malloy and Hurley (1970, p. 1962) provide only a very limited description of the offshore 
Las Villas fault and state that it “appears to be reflected in the bathymetry as a scarp” and 
that this bathymetric expression is “due presumably to faulting.” Malloy and Hurley (1970) 
do not provide any description of scarp dimensions, including length, height, and continuity, 
and therefore, it is not clear whether their use of the term “scarp” refers to gross features in 
the bathymetry like the slope break north of Cuba or more localized features. Moreover, 
they do not explore alternate explanations that include possible submarine slumping along 
the continental slope and submarine erosion associated with currents and low sea level 
stands, as has been proposed for other bathymetric features within the Straits of Florida 
(e.g., Mullins and Newman 1979).  

d) Discuss the February 1914 (Mw 6.2) earthquake offshore northeastern Cuba near 
the Nortecubana fault in light of the FSAR Section 2.5.1.1.1.3.2.4 that states that 
“there is no direct evidence that these earthquakes occurred on the Pinar and 
Nortecubana Faults.” Please clarify what direct evidence is required to establish a 
connection between the earthquake and the faults. 

According to the project Phase 2 earthquake catalog, a Mw 6.29 earthquake occurred on 
February 28, 1914, off the northeastern coast of Cuba (Figure 1C). The direct evidence 
required to establish a connection between an earthquake and a given fault would include 
at least one of the following: 

 A well-located hypocenter and focal mechanism for the earthquake consistent with the 
orientation of the causative fault 

 Numerous aftershocks defining a rupture plane 
 Observations of surface rupture or other coseismic surface deformation features 
 Paleoseismic trench evidence, including well-constrained age data 

In this case, the direct evidence for a connection between the February 1914 earthquake 
and the Nortecubana fault is lacking. Due to the absence of a permanent seismic 
monitoring network in Cuba, this epicenter is poorly located (data are insufficient for an 
estimate of the location error) at approximately 4 miles (6 kilometers) north-northeast of the 
south-dipping Nortecubana fault, approximately 400 miles (645 kilometers) from the site as 
the fault is mapped by French and Schenk (2008) (FSAR Subsection 2.5.1, Reference 
492). No focal mechanism or depth determination for this earthquake is available with 
which to help identify the causative fault. An aftershock sequence defining a rupture plane 
has not been identified. No detailed submarine paleoseismic studies are available for the 
region, and the available coarse bathymetric data do not suggest the presence of a 
submarine fault scarp. 
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However, uncertainties in the locations of the 1914 earthquake as well as the fault do not 
preclude the 1914 earthquake from having occurred on the Nortecubana fault. Cotilla-
Rodriguez et al. (2007) (FSAR Subsection 2.5.1, Reference 494) suggest this earthquake 
may have occurred on the Nortecubana fault but state that the positional accuracy of 
epicentral locations is limited by the lack of a permanent seismic network in Cuba. Given its 
magnitude, it is unlikely that significant surface rupture was produced by the 1914 
earthquake. Thus, it is not possible to definitively state whether the 1914 earthquake 
occurred on the Nortecubana fault or another fault.  

e) Discuss the location of the Nortecubana fault as depicted in the reflection profiles 
(i.e., dip, depth). 

As imaged in seismic reflection profiles, the Nortecubana fault underlies the Cuban fold-and 
thrust-belt of offshore and nearshore northern Cuba, dipping to the south. For example, 
Saura et al. (2008) (FSAR Subsection 2.5.1,  Reference 485) present a cross section from 
offshore northern Cuba near Bahia Honda in western Cuba. They convert their seismic 
profile from two-way travel time to kilometers and produce a 1:1 interpreted cross section of 
the Cuban thrust belt (FSAR Figure 2.5.1-279). In this cross section, the Nortecubana fault 
basal thrust is imaged at depths of approximately 3 to 5.5 miles (approximately 5 to 9 
kilometers), with an apparent average dip of approximately 10 degrees to the south. 
However, shallower splays within the Nortecubana fault system have apparent dips of up to 
approximately 35 degrees. As interpreted in this figure, the basal thrust of the Nortecubana 
fault appears to flatten southward. Similar dip angles and depths are also seen in FSAR 
Figure 2.5.1-248. Although not identified, the Nortecubana fault may be part of the North 
Cuban thrust belt faults dipping to the south, seen in FSAR Figures 2.5.1-280, -287, and -
288. The vertical axes on these sections are shown in units of two-way travel time in 
seconds, not depth, so depth and dip determinations for the faults are not straightforward. 

This response is PLANT SPECIFIC. 
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Figure 1A. The Phase 2 Earthquake Catalog and Faults of Western Cuba 
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Figure 1B. The Phase 2 Earthquake Catalog and Faults of Central Cuba 
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Figure 1C. The Phase 2 Earthquake Catalog and Faults of Eastern Cuba 

 

 

DRAFT



Figure 2. Escarpments and Postulated Faults in the Southern Straits of Florida from Malloy and Hurley (1970) 
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ASSOCIATED COLA REVISIONS: 

The COLA will be revised to include information provided in this response pertaining to the 
Nortecubana fault. These COLA revisions are provided as part of the response to RAI 
02.05.01-21. 

FSAR Figure 2.5.1-279 will be replaced with the revised figure shown below in a future 
revision of the FSAR.
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Figure 2.5.1-279 
Offshore Cross Section across the Cuban Fold-and-Thrust Belt, Western Cuba 
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ASSOCIATED ENCLOSURES:  

None 
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