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Abstract 

The deepest part of the world ocean is called the Challenger Deep located on 
the Marianas Trench in the Pacific Ocean. It is at least 10.984 km deep from 
the sea level. However, due to the oblate spheroidal shape of the Earth, it is 
not the closest point of the lithosphere to the center of the Earth. In this study, 
we show that the deepest part of the Arctic Ocean, called the Molloy Hole, at 
the depth of 5.550 km from the sea level, is actually 14.369 km closer to the 
center of the Earth than the Challenger Deep. That makes the Molloy Hole 
location the closest point of the solid lithosphere to the center of the Earth. 

 

1. INTRODUCTION 

The depth of the ocean floor, like the height of a mountain peak, is measured from the 
sea level. By this measure, the Challenger Deep, located on the Marianas Trench in 
the Pacific Ocean, is considered the deepest part of the world ocean. Its confirmed 
depth is 10.984 km from the sea level [1]. However, due to the oblate spherical shape 
of the Earth, the sea level at the North Pole is over 21 km closer to the center of the 
Earth than the sea level at the equator. Consequently, the sea floor of the Arctic Ocean 
may well be closer to the center of the Earth than the Challenger Deep. The deepest 
part of the Arctic Ocean, called the Molloy Hole, is 5.550 km deep from the sea level 
[2]. It has the best chance of being closer to the center of the Earth than the 
Challenger Deep is. In this paper, we calculate the distances of the Challenger Deep 
and the Molloy Hole to find their comparative distances from the center of the Earth.  

 

2. METHOD 

The shape of the rotating Earth is mainly determined by (1) gravitational force; and 
(2) centrifugal force of rotation. Due to the dominant gravitational force alone, the 
Earth would be a sphere. The addition of the centrifugal force modifies this shape into 
an oblate sphere or an ellipsoid of revolution about the minor axis which is the axis 

of rotation. This is called the reference ellipsoid of the Earth. The actual 
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equipotential surface of the Earth, called the geoid, deviates slightly from the 
reference ellipsoid due to many factors such as land-water distribution, local 
inhomogeneities, etc. (cf. [3]). The geoid of the Earth has been calculated, mapped 
and refined from satellite orbits [3]. 

The sea level at any location on the ocean defines the local horizontal plane. 
Perpendicular to this plane is the vertical direction along which the resultant of the 
gravitational and centrifugal forces act, which also is, the local plumb line direction. 
With the exception of the equatorial and polar locations, this direction does not pass 
through the center of the Earth.  

In the rectangular coordinate system (x, y, z), the equation of the reference ellipsoid 
of the Earth with its center-of-mass at the origin, its rotational axis in the y-direction 
and equator on the z-x plane is: 
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where a is the equatorial radius of the Earth (6,378.137 km) and b is the polar radius 
(6,356.752 km). Setting z = 0, the meridional section of the Earth is is an  
ellipse (Fig. 1): 
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where a is the semi-major axis and b is the semi-minor axis of the elliptical section. 
The eccentricity of the ellipse e is given by [4]: 
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According to the World Geodetic System WGS84 [5], we have a = 6,378.137 km and 
b = 6,356.752 km, whence e = .081819. 

 
Fig. 1 
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The geographic or geodetic latitude φ of a place on the Earth’s surface is the angle 
between the vertical line perpendicular to the surface and the equatorial plane [6, 7] 
(Fig. 1). This is the angle used on maps. The geocentric latitude φ0, on the other hand, 
is the angle between the radius vector of that place from the center of the Earth and 
the equatorial plane [4] (Fig. 1). By simply latitude is meant the geographic latitude. 
The geocentric latitude, generally smaller than the geographic latitude, can be 
calculated from the latter by the following equation [4]: 

    tan1tan 21
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In order to calculate the distance of a location from the center of the Earth, one needs 
to employ the geocentric latitude rather than the geographic. We have from Eq. (2) 
(vide Fig. 1): 
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and 

     0tanxy                      (6) 

whence, the radius of the Earth at that location is: 

                22 yxr                    (7) 

If δ is the geoid height from the reference ellipsoid and d is the depth of the ocean at 
that location, then the distance of the ocean depth from the center of the Earth is: 

           drD                              (8) 

 

3. RESULTS 

We can now determine the distances of the Challenger Deep and the Molloy Hole 
from the center of the Earth by employing Eqs. (4) – (8). The Challenger Deep 
(latitude 11o21’N, longitude 142o12’E), at the end of the crescent-shaped Marianas 
Trench in the western Pacific Ocean, is the deepest part of the world ocean [1]. Its 
confirmed depth is 10.984 km measured from the sea level [1]. The Molloy Hole 
(79o8’12”N, 2o49’E) is the deepest part of the Arctic Ocean [2]. At 5.55 km deep 
from the sea level, it is only about half as deep as the Challenger Deep [2]. However, 
because of its location close to the North Pole, it has the best chance of being closer to 
the center of the Earth than the Challenger Deep. In order to find a quantitative 
answer to our query, we calculate for the two locations: (A) the geocentric latitude φ0 
from Eq. (4); (B) the abscissa x from Eq. (5); (C) the ordinate y from Eq. (6); (D) the 
Earth’s radius r from Eq. (7); (E) the geoid height δ of each location from the NGA 
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WG84 GEOID CALCULATOR website by inputting the latitude and the longitude 
[8]; and finally (F) the required distance D from Eq. (8).  

The final results are as follows. For the Challenger Deep, we get: (A) φ0 = 11.27597o; 
(B) x = 6,254.21246 km; (C) y = 1,246.98764 km; (D) r = 6,377.315396 km; (E) δ = 
40.69 m; and (F) DC = 6,366.372086 km. For the Molloy Hole, we have similarly: (A) 
φ0 = 79.065212o; (B) x = 1,205.967791 km; (C) y = 6,242.0888901 km; (D) r = 
6,357.517767 km; (E) δ = 34.82 m; and (F) DM = 6,352.002587 km. The difference 
DC – DM = 14.369 km. The Challenger Deep is 14.369 km farther away from the 
center of the Earth than the Molloy Hole. In other words, Molloy Hole is 14.369 km 

nearer to the center of the Earth than is Challenger Deep. This, almost certainly 
makes the Molloy Hole the nearest point of the lithospheric crust to the center of 

the Earth. 

 

4. DISCUSSION 

This topic is the mirror image of one which states that the highest mountain is not the 
farthest point of the Earth’s crust from its center. Whereas the latter topic has elicited 
much discussion and debate in the literature [9, 10], the current topic has seldom if 
ever attracted such discussion. It is hoped that this paper will help arouse some 
attention to that effect.  
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