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Article 76, paragraph 1, of the United Nations Convention for the Law of the Sea (UNCLOS) 
establishes the entitlement of a coastal State to determine the outer limits of its continental 
shelf, and defines two different criteria to delimitate these outer limits based on either distance 
or nature of the submerged landmass. By default, the Convention states that the outer edge of 
the continental margin corresponds to a line delineated at a distance of 200 nautical miles 
from the baselines from which the breadth of the territorial sea is measured (the “reference 
distance” from here on). But this provision can be overcome in the case that the coastal State 

is able to demonstrate that the submerged land territory beyond this distance is a “natural 
prolongation” of the emerged landmass. This entitlement is evaluated by the Commission in 

reference to a “test of appurtenance” that consists on the factual demonstration of the natural 
prolongation  of  its  land  territory  to  the  outer  edge  of  the  continental  margin  beyond the 

reference distance. This means that in the case that a State is able to demonstrate that the 
natural  prolongation of its  submerged land territory to the outer edge extends beyond the 
reference distance, its outer limit can be delineated by combination of two provisions in the 
form of the following complementary rules: (i) the thickness of the sedimentary rocks is at 
least 1% of the shortest distance from the “foot of continental slope” (FCS), or (ii) not more 

than 60 nautical miles from the FCS, and (iii) no further than a line delineated at a distance of 
350 nautical miles from baselines, or (iv) no further than a line delineated at a distance of 100 
nautical miles from the 2,500 m isobath. Submarine ridges constitute a special case where rule 

(iv) does not apply.

Therefore, the first  and main actions to  be taken by a coastal  State in order to justify its 
entitlement to extend the outer limits of its continental margin beyond the reference distance 
are  (1)  to  demonstrate  that  the  submerged  land  territory  beyond  this  line  is  “natural 
prolongation” of the emerged landmass, and (2) to define the FCS that will be subsequently 
used to determine the outer limits of the continental margin by combination of rules (i) to (iv). 



The general rule locates the FCS at the point of maximum variation of the slope gradient 
along the margin,  although it  can be avoided in the case that  evidence to  the contrary is 
encountered.  It  is  worth  noting,  however,  that  the  UNCLOS  does  not  provide  explicit 
geological,  morphological,  geophysical or geochemical arguments to  prove the concept of 
“natural  prolongation”,  and  it  neither  prescribes  the  application  of  any  specific  scientific 
methodology to define an alternative location for the FCS when evidence to the contrary is 
encountered. This lack of restrictions is interpreted by the Commission as an opportunity for 
coastal States to use their best available geoscientific evidence to define the FCS and thus the 
outer  limits  of  the  margin  when the  geo-morphological  evidence given  by  the  maximum 
change in the slope gradient does not or can not locate reliably the FCS.

In  this  work,  we  present  a  scientific  rationale  based  on  geo-morphological  (swath 
bathymetry),  geophysical (seismic and gravity data)  and geochemical data  to prove that a 
given  crustal  segment  is  “natural  prolongation”  of  the  emerged  continent  in  the  case  of 
hotspot islands. The characteristics of a continental margin in the case of hotspot islands (e.g. 

Iceland,  Ascension,  Galapagos,  and  others)  imply  endorsement  of  a  geological  neutrality 
sense to prolongation or continuity. Our goal is therefore demonstrating that (1) the emerged 
islands and the claimed section beyond the reference distance share a common origin and 
evolution,  and  (2)  the  seafloor  morphology,  the  crustal  thickness,  structure  and  physical 
properties,  as  well  as  the  geochemical  composition  of  crustal  rocks,  show  the  same 
characteristics in the emerged islands as in the claimed section and, at the same time, they 
differ from those of the adjacent oceanic basins. 

We present this rationale with a practical example corresponding to the Carnegie Ridge, an 
aseismic volcanic ridge extending East from the Galapagos Islands towards South America. 
Based on the UNCLOS provisions outlined above, the  Ecuadorian Republic has identified 
several zones of possible entitlement to extended territorial sea limits, and one of them is the 
area comprised between ~84-86ºW and ~0-2º S (i.e., the “Carnegie Saddle” from here on), 
which lies between the 200-nautical-miles and 350-nautical-miles lines from the Galápagos 
Archipelago and covers a surface of over 45.000 km2 (Figure 1). Based on the UNCLOS 
provisions, we show here that (1) the Carnegie Saddle area is natural prolongation of the 
emerged land territory, and (2) the FCS can be reliably defined by means of geophysical and 
geochemical observations supporting the lateral continuity of the Carnegie Ridge including 
the Carnegie Saddle. 

Figure  1.-  Bathymetric  map  of  the  Carnegie  Ridge  from  the  Galápagos  Archipiélago  to  the  Ecuadorian 
continental margin. The black square shows the approximate area subject of this study (~84-86ºW / 0-2º S). This 

area is called the “Carnegie Saddle” from here on. Dotted lines and arrows indicate the approximate breadth of 
the 200-nautical-miles and 350-nautical-miles lines from the Galápagos Archipiélago baselines as well as 200-

nautical-miles-line from the continent (see text).



At present day there is broad scientific agreement in that the Galápagos Volcanic Province 
(GVP) is a large igneous province that shares a common origin and geodynamic history. It 
includes the submarine ridges of Carnegie (Figure 1), Cocos, Malpelo, Colón and Coiba, as 
well as a number of smaller-sized seamounts spotted along and at both sides of the present-
day axis of the Cocos-Nazca Spreading Center (CNSC). The prevailing, most solidly-based, 
widely-accepted theory, asserts that the currently preserved submarine ridges and seamounts 
that  form the GVP are all  the product of a single,  well-defined process:  the long-lasting, 
uninterrupted  interaction  between  the  Galápagos  hotspot  (GHS)  and  the  CNSC,  which 
followed the break-up of the Farallon plate and the opening of the CNSC at ~23 Ma. In this 
framework, the Carnegie Ridge, which includes the Galápagos Archipelago at its westernmost 
edge,  represents  the  footprint  of the  GHS-related magmatic  activity  over the  Nazca  plate 
during the last ~20 m.y. Its E-W orientation directly reflects the relative motion of the plate 
and the hotspot during this period of time.

Swath bathymetry-derived bathymetric profiles show that the general rule  that locates the 

FCS at the point of maximum gradient variation along the margin does not apply to the case 
of the Carnegie Ridge/Saddle, because the irregular seafloor topography reveals a number of 
local maxima, making difficult  to  assign a certain point to the FCS based on bathymetry 
alone. This means that alternative data should be used to define the FCS along the ridge (E-W 
direction). Conversely, the FCS can be more easily defined across the ridge (N-S direction) 
using the standard rule. A relevant geological observation is the evidence for the presence of 
paleo-islands in the proximity of the Carnegie Saddle, which suggests a continuous presence 
of “paleo-Galapagos Archipelagos”, most of them now submerged by subsidence, along the 
whole ridge axis. This is a major evidence for a common origin and nature of the islands and 
the submarine ridge, specially relevant considering  the following “UNCLOS Scientific and 
Technical Guidelines” statement: “Some ridges may have islands on them. In such cases it 
would be difficult to consider that those parts of the ridge belong to the deep ocean floor”.

Complementary seismic and gravity data show also compelling evidence for a common nature 
and origin  of  the  whole  Carnegie  Ridge  including the  Galapagos Archipelago.  Thus,  the 
Carnegie Ridge show conspicuous bathymetry and gravity anomalies that strongly contrast 
with the bathymetric and gravimetric signatures of the adjacent oceanic basins (i.e., that of 
“normal”  CNSC-generated  oceanic  crust,  “NOC”  from  here  on).  In  addition,  seismic 

refraction data show that the Carnegie Ridge crust is significantly thicker than that of NOC. 
The thinnest ridge crust is found in the saddle area (85º-87º W), where it is two-fold thicker 

than NOC. The systematic anti-correlation between crustal thickness and  physical properties 
(i.e.,  seismic  velocity  and density)  found in  the  Carnegie  Ridge  clearly  indicate  that  the 

mantle source that created in the past the ridge and is now creating the Galápagos platform 
should be compositionally distinct than that creating the adjacent basins. The crustal thickness 
variations  found along the  ridge  agree  with  expected  based  on  the  well-known temporal 
variations of the relative GHS-CNSC location from the beginning of the Miocene.

Available  regional  geochemical  data  including  major  and  trace  elements  and  the  most 
common isotopic ratios indicate that the Galapagos Islands show an intermediate geochemical 

composition between typical Ocean Island Basalts (OIB) and those generated at Mid-Ocean 
Ridges (MORB), whereas those of the adjacent oceanic basins of the Nazca Plate display 
geochemical  compositions  that  correspond  to  “normal-”  N-MORB,  and  Carnegie  Ridge 

samples  correspond  mainly  to  “enriched-”  E-MORB,  intermediate  between  OIB  and  N-
MORB.  Elemental  ratios  diagrams clearly  show the  link existing between the  Galapagos 
Islands  and  the  Carnegie  Ridge,  both  units  share  the  same  origin  and  follow  identical 
evolution  trends.  On  the  contrary,  Nazca  Plate  samples  lie  out  of  the  previous  trend, 
suggesting a different origin. Isotopically, the Carnegie Ridge data cover the fields drawn by 



the islands and the oceanic plate,  reflecting the compositional variations associated to the 
changes in position of the CNSC with respect to the GHS. 

In  summary,  the  existing geodynamical,  geo-morphological,  geophysical  and geochemical 
data  unequivocally  demonstrate  that  the  Carnegie Saddle  is  “natural  prolongation” of the 

Galápagos Archipelago, and it is fundamentally different of the surrounding oceanic basins of 
the Nazca plate.
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