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FIGURE 2. Fe-Mn crust with the presence of an 1O. megalodon tooth. A) Lateral view. B) Top view. C) Detail of

the tooth (Lingual view).

FIGURE 3. A) General aspect of the sample containing the tooth. B) +O. megalodon tooth from a ferromanganese
crust of the RGR (lllustration by Mariana Carvalho), in lingual view.
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FIGURE 4. Fossil occurrences of 1O. megalodon, as cited in the literature.Modified from Pollerspock et al. 2023.

4.2 Chemical analysis of the Fe-Mn crust

The chemical analysis performed on Fe-Mn crust collected
at the same station and exhibiting macroscopic characteristics
similar to the studied sample (Table 2) shows contents of
FesOs (10.67%), MnO (13.79%), P20s (11.32%), and CaO
(27.47%). According to Cavalcanti and Santos (2022), the
microstratigraphic succession of the RGR includes an older
phosphatized Fe-Mn crust at the base and a younger non-
phosphatized Fe-Mn crust at the top. The aforementioned
results are consistent with the group of older phosphate-rich
Fe-Mn crusts, which display higher cobalt concentrations when
compared to younger crusts. The authors attribute the origin
of this type of crust to diagenetic processes. Figure 5 shows a
schematic profile highlighting the lithologies associated with the
context of the 1O. megalodon tooth occurrence.

Samples of Fe-Mn crusts with characteristics similar to those
described above, and collected during the same project and
cruise, were subjected to strontium isotopic analyses (47Sr/2¢Sr)
for age estimation (Cavalcanti and Santos 2022). The results
obtained by the authors showed ratios of 87Sr/#¢Sr = 0.70833 +
2 and 0.70880 + 2. Comparison of these values with the global
curve of the oceanic Sr isotopic composition for the Cenozoic
indicates ages between 21.7 and 14.5 Ma, corresponding to the
Early—Middle Miocene (Figure 1).

Silva et al. (2024) studied the carbonate rocks of the RGR
and identified eight microfacies. Based on the microfacies
descriptions and the ages of index microfossils, they proposed a
paleoenvironmental reconstruction indicating the development
of an isolated carbonate platform during a period of tectonic
quiescence in the Oligocene—Miocene. These results are
consistent with those presented by Cavalcanti and Santos
(2022), indicating that the Fe-Mn crusts formed between the
Oligocene and Miocene.

The aforementioned results provide strong evidence that
the tooth and associated materials correspond to the Early—
Middle Miocene interval. Notably, this period coincides with the
phase of greatest diversity and widest geographic distribution
of 1O. megalodon (Pimiento et al. 2016). The occurrence of

this specimen on the RGR reinforces the hypothesis that this
oceanic region functioned as a route or feeding area for large
pelagic predators, possibly related to local productivity and
Miocene ocean circulation (Burke et al. 1982) (Figure 6).

The recovery of the tooth in a deep-sea environment
associated with phosphate-rich Fe-Mn crusts is unusual,
since most records of the species come from coastal or shelf
deposits. Thus, this finding contributes significantly to the
understanding of 1O. megalodon paleoecology and highlights
the paleontological potential of the RGR.

Final Considerations

The identification of an 1Otodus megalodon tooth on the
Rio Grande Rise (RGR) represents a milestone for marine
paleontology in the South Atlantic Ocean. Among other
aspects, the finding constitutes direct evidence of the species
presence in the region, indicating that it was part of migratory
routes and feeding areas during the Early—Middle Miocene.
The discovery suggests that the region hosted biologically
productive ecosystems, which is consistent with records
of shallow carbonate deposits and geological evidence of
warm, nutrient-rich paleoenvironmental conditions.

The implications for future research include the need
to reassess the paleoceanography of the South Atlantic
Ocean, develop models of ecological connectivity between
continental margins and oceanic rises, and expand
paleontological sampling efforts in deep waters. Additionally,
this finding reinforces the scientific and strategic relevance
of the region, supporting its consideration in conservation
policies and in the international management of mineral
resources on the ocean floor. Finally, this discovery broadens
the paleontological knowledge of the RGR and highlights the
importance of expanding studies on this topic using other
collected samples. The geochemical and geochronological
data presented were included as a way to contribute to the
contextualization of the sample’s collection, but it is expected
that future studies will further deepen understanding and
provide more precise results.
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TABLE 2. Geochemical data from a phosphate-rich Fe-Mn sample collected at station 4340-1V-150-HAS

% ppm ppm ppm

ALO, 3.83 Ba 342 La 117.4 Ag <0.1
Ca0 27.47 Be 4 Ce 197.4 As 215.9
cr,0, 0.016 Co 1230.2 Pr 21.77 Bi 4.1
Fe,0, 10.67 Cs 0.3 Nd 104.6 Cd 5.0
K,0 0.22 Ga 19.8 Sm 20.11 Cu 416.2
Lol 23.2 Hf 2.8 Eu 4.56 Hg <0.01
MgO 5.34 Nb 24.7 Gd 25.32 Mo 305.6
MnO 13.79 Ni 7055 Tb 3.54 Pb 297.7
Na,0 0.73 Rb 5.0 Dy 22.61 Sh 19.0
P,0, 11.32 Sc 7 Ho 5.04 Se <0.5
Sio, 1.29 Sn 7 Er 15.61 Tl 43.0
Sum 99.11 Sr 1250.2 Tm 2.00 Zn 426
Tio2 0.31 Ta 0.5 Yb 1213

Th 6.7 Lu 1.79

10.1

Vv 653

w 193.6

Y 222.5

Zr 112.6

Method 4A—4B was used. For the elements from Ag to Zn (last column), method 1DX was applied.
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FIGURE 5. Schematic cross section (not to scale) showing the relationships between the main
lithologies and the Fe-Mn crusts on the RGR.
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FIGURE 6. . Reconstruction of 1O. megalodon in the vicinity of the RGR (lllustration by Mariana Carvalho)
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