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RESUMO - Motoki, A. Silva, S., Sichel, S.E., Motoki, K.F. Análises geomorfológicas pelos mapas de seppômen e sekkokumen 

baseado no GDEM de ASTER para o maciço intrusivo de rochas alcalinas félsicas de Morro de São João, RJ. Este trabalho 

apresenta as análises morfológicas para o maciço de rochas alcalinas félsicas do Morro de São João, RJ, com o auxílio das técnicas 

de seppômen e sekkokumen e o modelo digital de elevação de satélite ASTER (GDEM). Os mapas de seppômen mostram a escarpa 

marginal íngreme de cerca de 30º, o platô virtual de 480 m a 500 m de altitude e a saliência de topo com altura relativa de 150 m. A 

escarpa marginal tem alta declividade não somente nos mapas de seppômen como também de sekkokumen. Os mapas para a 

diferença entre o seppômen e sekkokumen, denominados mapas de kifukuryô, demonstram a zona de alta declividade ao longo da 

borda do corpo e relevos suaves no planalto central. Essas observações indicam alta resistência erosiva das rochas constituintes deste 

maciço. As drenagens apresentam um sistema radial. Essas são rasas, curtas e íngremes, em média, 20 m de profundidade, 1.1 km de 

comprimento e 22° de declividade. A maioria das drenagens tem perfil longitudinal quase linear, e não, côncavo. O índice de macro 

concavidade (MCI) é -1.2, indicando que a forma tridimensional geral deste maciço é altamente convexa, que é muito diferente 

daquele de edifícios vulcânicos. A morfologia cônica deste maciço não é originada de um vulcão extinto, mas erosão diferencial da 

intrusão de nefelina sienito, que tem forte resistência à erosão devido à firmeza mecânica e passividade intempérica.  

Palavras-chave: seppômen, sekkokumen, GDEM, ASTER, Morro de São João, passividade intempérica. 

 

ABSTRACT - This paper presents morphological analyses for Morro de São João felsic alkaline intrusive massif, State or Rio de 

Janeiro, Brazil, with the help of summit level and base level map techniques and the satellite digital elevation model of ASTER 

(GDEM). The summit level maps shows the steep marginal scarp of about 30º, the virtual plateau of 480 m to 500 m of altitude, and 

the top swell with relative height of 150 m. The marginal scarp is steep, not only on the summit level maps but also on the base level 

ones. The maps for the difference between summit and base levels, called relief amount map, demonstrate the presence of high 

declivity zone along the border of the intrusive body and gentle relief area on the central highland. These observations indicate high 

erosive resistance of the constituent rocks of this massif. The drainages form a radial system. They are shallow, short, and steep, in 

average 20 m deep, 1.1 km long, and of 22° in declivity. Most of the longitudinal profiles are straight and not concave. The macro 

concavity index (MCI) is -1.2, showing that the general 3D form of this massif is highly convex, which is widely different from that 

of volcanic edifices. Therefore, the conical form of this massif is not originated form an extinct volcano, but differential erosion of 

the nepheline syenite intrusion, which has strong erosive resistance due to mechanical firmness and weathering passivity. 

Keyword: summit level map, base level map, GDEM, ASTER, Morro de São João, weathering passivity. 

 

 

INTRODUCTION 

 

 The Morro de São João massif is 

situated at S22º32.4’, W42º01.7’, between 

Casimiro de Abreu, Rio das Ostras, and Barra 

de São João, in the central part of the State of 

Rio de Janeiro, at about 128 km to east-

northeast of the city of Rio de Janeiro, Brazil 

mailto:susannasichel@id.uff.br
mailto:samueltec@gmail.com
mailto:kenji_dl@hotmail.com


São Paulo, UNESP, Geociências, v. 33, n. 1, p.11-25 , 2014                                                        12 

(Figure 1). This massif is about 650 m of 

relative height standing up on the near sea-level 

alluvial plane. 

 

 
 

Figure 1. Locality of of Morro de São João felsic alkaline intrusive massif in Poços de Caldas - 

Cabo Frio magmatic alignment, modified from Motoki et al. (2011). ITT - Itatiaia; MRD - Morro 

Redondo; TNG - Tinguá; ITN - Itaúna; TNG - Tanguá; SRN - Soarinho; RBN - Rio Bonito; GTO - 

Morro dos Gatos; MSJ - Morro de São João; CBF - Cabo Frio Island. 

 

 The previous geologic studies 

demonstrated that it is constituted mainly by 

early Cenozoic nepheline syenite (Brotzu et al., 

2007; Mota et al., 2009), which is incompatible 

with the popular idea of extinct volcano. Up to 

the present no detailed geomorphological 

studies have been performed in order to 

examine the peculiar landform origin. 

 The authors have accomplished 

morphologic analyses of this massif using 

summit level and base level techniques based 

on the satellite-derived DEM of ASTER, called 

ASTER GDEM. The present article shows the 

results and considers its landform origin. 

 

HIGHLIGHTED RESEARCH METHODS 

 

 Summit level map (seppômen) is a 

virtual topographic map that reconstitutes 

virtually the palaeo-geomorphology before 

vertical erosion by drainages. Base level map 

(sekkokumen) is a virtual topographic map that 

predicts the future morphology that will be 

formed by development of lateral erosion of the 

present drainages. The relief amount (kifukuryo) 

is the difference between summit level and base 

level surface. These virtual maps are useful for 

geomorphological studies of volcanic edifices 

(e.g. Vilardo et al., 1996; Malengreau et al., 

1999; Rust et al., 2005; Okuma et al., 2009), 

vertical tectonic movements (e.g. Deffontaines 

et al., 1994; Riis, 1996; Martin, 1966; Huzita & 

Kasama, 1977; Ferhat et al., 1998; Kühni & 

Pfiffener, 2001; Sato & Raim, 2004; Motoki et 

al., 2009a), and erosive resistance of massifs 

(e.g. Motoki et al., 2008a; Silva 2010).  

 Summit level map is constructed by the 

following steps (Figure 2): 1) Divide the 

original topographical map in small squares by 

a grid of defined interval; 2) Mark the highest 

point of each square area; 3) Make a new 

topographical map only by the marked points. 

Base level map is constructed by similar 

procedures but based on the lowest point of 

each square. 
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Figure 2. Confection procedures of summit level map (A, B) and of grid interval effects for summit 

level and base level maps (C), modified from Motoki et al. (2008a). 

 

 The authors adopt satellite-derived 

digital elevation model for the base topographic 

data. ASTER (Advanced Spaceborne Thermal 

Emission and Reflection) is thermal remote 

sensing component installed on satellite 

TERRA. From 2009, ERSDAC (Earth Remote 

Sensing Analyses Center) released the satellite 

DEM elaborated by radar altimetry, called 

GDEM (Global Digital Elevation Map). GDEM 

covers all of the areas of the world between 

60°N and 60°S. Its horizontal resolution is 1 

second, which corresponds to 30 m in 

equatorial region, which is three times better 

than SRTM (Shuttle Rader Topographic 

Model). In spite of few small problems, GDEM 

is evaluated as of high reliability (Hirt et al., 

2010; Chrysoulakis et al., 2011). The data can 

be downloaded from the homepage of 

ERSDAC: 

http://www.gdem.aster.ersdac.or.jp/index.jsp.  

 The original data of GDEM, of GeoTiff 

format, are converted to ASCII format by GIS 

software, such as ArcGis™, Spring™, and 

GMT™. The summit level and base level maps 

are generated by the original software BAZ ver. 

1.0 built 71, which elaborates simultaneously 

summit level, base level, and relief amount 

maps of the grid intervals of 1920 m, 960 m, 

480 m, 120 m, and 60 m (Figure 3). 

 

http://www.gdem.aster.ersdac.or.jp/index.jsp
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Figure 3. Working flowchart of BAZ system, ver. 1.0, built 71. 

 

 The grid interval is an important factor. 

The summit level map of a narrow grid interval 

presents palaeo-geomorphology of a near past 

with detailed features, and the virtual map 

based on a wide interval shows palaeo-

geomorphology of a remote past in ambiguous 

way (Figure 2C). Similar tendencies are present 

in base level and relief amount maps. 

 For the morphologic analysis of felsic 

alkaline massifs of the State of Rio de Janeiro, 

such as Morro de São João, the grid interval of 

0.5 km to 1 km is convenient. For an elevated 

peneplane, that of 2 km to 4 km is 

recommended (Aires et al., 2012). Comparative 

observation of the virtual maps of different grid 

intervals enables the reconstitution of water 

system evolution history. 

 

REGIONAL GEOLOGY 

 

 The region is underlain mainly by 

leucocratic granitic orthogneiss of the Regiões 

de Lagos Unit and partially by mafic gneiss of 

the São Mateus (Schmitt et al., 2004). They 

constitute Cabo Frio Terrane, which is South 

American extension of the Congo Craton 

(Heilbron et al., 2000; Heilbron & Machado, 

2003). The intrusion age of the granite is about 

1950 Ma, corresponding to the Trans-

Hudsonian or the Trans-Amazonian orogeny. 

The metamorphic age is about 530 Ma, which 

is of the Pan-African or the Ribeira continental 

collision event (Schmitt et al., 2004; Motoki & 

Orihashi, unpublished data). They were cut by 

silicified tectonic breccia of the late stage of 

Pan-African orogeny (Motoki et al., 2011; 

2012a). This basement was cut by early 

Cretaceous mafic dykes that correspond to a 

part of feeders of the continental flood basalt of 

Paraná Province (Stewart et al., 1996; Guedes 

et al., 2005; Motoki et al., 2009b). 

 All of them were intruded by late 

Cretaceous to Early Cenozoic felsic alkaline 

bodies (Sichel et al., 2012; Figure 4), such as: 

Itatiaia (Brotzu et al., 1997), Morro Redondo 

(Brotzu et al., 1989), Tinguá (Derby, 1897), 

Mendanha (Motoki et al., 2007a; Petrakis et al., 

2009), Itaúna (Motoki et al., 2008b), Tanguá, 

Rio Bonito, Soarinho (Motoki et al., 2010), 

Morro dos Gatos (Motoki et al., 2012b), and 

Cabo Frio Island (Sichel et al., 2008; Motoki & 

Sichel, 2008; Motoki et al., 2008c). They form 
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the Poços de Caldas - Cabo Frio alkaline 

magmatic alignment (Thomáz Filho & 

Rodrigues, 1999). The Morro de São João 

intrusive body (Brotzu et al., 2007; Mota et al., 

2009) is the east-most member of this 

magmatic alignment. 

 

 
 

Figure 4. Intrusive relation between the rock bodies of the Morro de São João felsic alkaline 

intrusion area. 

 

MORRO DE SÃO JOÃO INTRUSIVE BODY 

 

 The Morro de São João is a semi-

circular massif of 4 km x 4.7 km with relative 

height of about 650 m, which stands up on the 

sea level alluvial plane. Almost all of the parts 

of the massif are composed of the alkaline 

rocks. According to the pixel counting method 

by Wilbur ver. 1.0 (Motoki et al., 2006; 2007b), 

the measured distribution area is 14.4 km
2
. 

 The ASTER GDEM topographic data 

indicate that the highest point of the Morro de 

São João is 673 m above sea level. However, 

there are some different previous versions, such 

as: 816 m after a newspaper article of o Globo; 

729 m after a sightseeing promotion agency. 

 The country rock of the felsic alkaline 

intrusion is orthogneiss, which is exposed at the 

foot of the massif. The half-orange hills of 

about 100 m of altitude (Aires et al., 2012), 

made up of the basement gneiss, are observed 

also in this area. The alluvial lowland is 

covered by Quaternary beach sand deposits, 

which is about 5 m thick. This material is 

extracted as high-quality construction material 

(Petrakis et al., 2009). 

 Morro de São João massif is constituted 

mainly by nepheline syenite with local 

occurrences of pseudoleucite nepheline syenite, 

phonolite (Photo 1). The rocks are remarkably 

undersaturated in silica (Brotzu et al., 2007) 

with high modal content of feldspathoids. The 

main constituent minerals are alkaline feldspar 

and nepheline. They are vulnerable to chemical 

weathering under the tropical climate. The 

intrusive body has a flattened coffee filter-like 

general three-dimensional form and the present 

exposure corresponds to the horizontal section 

of middle to upper level of the body (Figure 5). 
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Photo 1. Constituent rocks of the Morro de São João intrusive body, State of Rio de Janeiro, Brazil: 

A) Nepheline syenite of contact zone; B) Pseudoleucite nepheline syenite cut by small phonolite 

dyke; C) Mafic alkaline rock captured by nepheline syenite magma; D) Nepheline syenite with 

well-developed fluting fabric on the surface. 

 

 

 
 

Figure 5. Three-dimensional form of the Cretaceous to early Cenozoic felsic alkaline intrusive 

bodies of the State of Rio de Janeiro, Brazil, which show horizontal sections of different relative 

levels, modified from Motoki et al. (2008a): A) Middle to upper part with semi-circular body in the 

geologic map, such as Morro de São João and Tanguá; B) Lower section cropping out an elliptic 

body, Mendanha and Rio Bonito; C) Feeder fissure, Cabo Frio Island; D) Pluton root, Itaúna, 

Soarinho, Morro dos Gatos. 
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SUMMIT LEVEL MAPS 

 

 The Figure 6 shows the summit level 

maps of Morro de São João massif based on 

grid intervals of 1920 m, 960 m, 480 m, 240 m, 

120 m, and 60 m, which have been constructed 

with the help of the BAZ system based on 

GDEM. 

 The map of 1920 m grid interval (Figure 

6A) presents conical virtual form the massif. 

The map of 960 m mesh interval (Figure 6B) 

similar form but shows high-angle scarps and 

relatively flat narrow top. The mountain slope 

is smooth, indicating that there are no 

morphologic characteristics larger than 1 km.  

 

 
 

Figure 6. Summit level maps for Morro de São João, State of Rio de Janeiro, Brazil, based on the 

grid intervals of: A) 960 m; B) 480 m; C) 240 m; D) 120 m; E) 60 m. The map F shows original 

GDEM map with the resolution of 30 m. MS - marginal scarp; VP - virtual plateau; TS - top swell; 

D1 - The largest drainage in the massif. 

 

 The summit level map of 480 m grid 

interval (Figure 6C) shows the marginal scarp 

(MS), the virtual plateau (VP), and the top 

swell (TS). The virtual plateau is 480 m to 500 

m above sea level and constituted by high crests 

and a deep valley. Therefore, it dose not 

correspond to a remnant elevated peneplane. 

The marginal scarp is of high-angle, about 25º, 

and surrounds the vertical plateau. 

 The map of 240 m mesh interval (Figure 

6D) demonstrates that some parts of the 

marginal scarp are of very high-angle, with 

maximum declivity of 28º on north and north-

west slope. The northwest slope, in which 

mafic alkaline rock xenoliths occur, shows 

local occurrence of slightly concave form, 

however no morphology suggestive of landslide 

deposit is found. 

 The summit level map of 120 m grid 

interval (Figure 6D) presents the same 

characteristics of the massif slope. On this map, 

the virtual plateau is not relevant because of the 

erosion of the drainage D1. 
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 In this scale, the summit level maps of 

narrower mesh intervals (Figure 6E, F) are very 

similar to the original topographic map of 

GDEM. Around the border of this massif, no 

relevant landslide deposit morphology is found 

with the exception of west-northwest slope 

(Figure 6F, black arrow). 

 These summit level maps confirm the 

existence of the high-angle marginal scarp, the 

central virtual plateau, and the top swell in the 

Morro de São João felsic alkaline intrusive 

massif. They are characteristic of the massifs 

originated from differential erosion of the felsic 

alkaline intrusive bodies of this region (Silva, 

2010). The Figure 7 shows horizontal silhouette 

of the summit level surface of 240 m grid 

interval and field photo of the same angle. The 

mountain silhouette represents highest points of 

the massif, and therefore, the sights of certain 

angles are similar to those of summit level. 

 

 
 

Figure 7. The marginal scarp (MS), the virtual plateau (VP), and the top swell (TS) expressed on 

the silhouette of summit level surface of the 240 m grid interval (A) and field photograph (B). The 

photograph is the credit of geologist Wilson Oliveira, presented by Oscar Braun. MS - marginal 

scarp; VP - virtual plateau; TS - top swell; Gn - half-orange hill of the basement gneiss. 

 

BASE LEVEL MAPS 

 

 The Figure 8 shows the base level maps 

with the mesh intervals of 960 m, 480 m, and 

240 m. Those of the 120 m and 60 m grid 

intervals are not shown because of the 

similarity to the original topographic map of 

GDEM. 

 The map of 960 m grid interval (Figure 

8A) shows conical virtual form of the massif 

with small flat top area. The map of 480 m 

mesh interval (Figure 8B) demonstrates virtual 

plateau (VP) and top swell (TS). The marginal 

scarp (MS) is clear, steep and high. The elliptic 

form suggests that the erosion on east and west 

slops is more intense than north and south ones. 

 

 
 

Figure 8. Base level maps for Morro de São João felsic alkaline intrusive massif of the grid 

intervals of: A) 960 m; B) 480 m; C) 240 m. D1 - the largest drainage of the massif. 
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 The map of 240 m mesh interval (Figure 

8C) expresses virtual plateau, top swell, and 

marginal scarp more expressively. Although the 

surface is of base level map, the marginal scarp 

is very steep, up to 30°. The fact indicates that 

the drainages on the marginal scarp are shallow, 

and therefore, the constituent rocks have very 

high erosive resistance.  

 The Figure 9 presents the maps of the 

difference height between summit level and 

base level surfaces based on grid intervals of 

960 m, 480 m, and 240 m called relief amount 

maps (kifukuryo). It is notable that on all of 

these maps the high declivity zones (blue and 

white zones) are present along the massif 

border (MS) and relatively flat zones (yellow 

and green areas) are present on the highland 

(VP, TP). The castle wall-like swells on these 

figures are characteristics of the morphology of 

the felsic alkaline rock massifs of this region. 

 

 
 

Figure 9. The maps of the difference between the summit level height and the base level one, calles 

relief amount maps (kifukuryo) with the grid intervals of: A) 960 m; B) 480 m; C) 240 m. 

 

MACRO CONCAVITY INDEX (MCI) 

 

 An intensely eroded massif with highly 

developed drainages is made up of acute peaks 

and deep valleys, and therefore, has high 

declivity. Its general 3D form is concave. On 

the other hand, a massif with little effects of 

erosion is composed of shallow and wide 

drainages and of low declivity, so it has convex 

general form. 

 General three-dimensional form of a 

massif, in relation to convex or concave, can be 

expressed by the diagram between summit level 

(horizontal axis) and the difference between 

summit level and base level height, that is, the 

relief amount (vertical axis). The “a” constant 

of the quadric equation (y=ax
2
+bx+c) of the 

second order polynomial regression for the 

projected points on this diagram is the key 

parameter. 

 A massif of convex general form has 

negative “a” constant. On the other hand, a 

concave massif has “a” constant of positive or 

close to zero (Motoki et al., 2012c). Therefore, 

the tree-dimensional form of the felsic alkaline 

rock massifs originated from differential 

erosion and the young composite volcano 

edifices are widely defferent. These authors 

proposed 1000 times of the “a” constant as the 

“macro concavity index” (MCI). This index 

represents general landform of the whole massif, 

so it is different form the conventional 

concavity index for longitudinal profile of 

drainage (Wells et al., 1988; Kirby & Whipple, 

2001; Rãdoane, et al., 2003). 

 The Figure 10A presents the above-

mentioned diagram, called MCI diagram, based 

on 480 m grid for Morro de São João massif. 

The Figure 10B shows the comparison between 

felsic alkaline massifs with convex form and 

young composite volcanoes with concave form. 

 The MCI parameter of the Morro de São 

João is -1.2, being lower than that of Mendanha 

and Tanguá bodies. That is, its 3D form is 

highly convex. This phenomenon can be 

attributed to the absence of notable vertical 

erosion along fracture system and of 

hydrothermal zone and the nepheline syenite of 
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Morro de São João shows directly its erosive 

resistance. 

 The highly silica-undersaturated 

composition of the nepheline syenite could 

have intensified the weathering passivity effects. 

That is, the regolith is composed of clay 

minerals originated from chemical weathering 

of nepheline and alkaline feldspar. It is 

impermeable and protects form the surface 

water percolation into the rock body (Motoki et 

al., 2008a). 

 

 
 

Figure 10. The diagram expressing the relation between summit level and the the relief amount, 

called MCI diagram, for Morro de São João massif (A). The diagram B shows the comparison 

between felsic alkaline rock massifs and young composite volcanoes. The grid interval is 480 m. 

The data with the exception of Morro de São João are originated form Motoki et al., (2012b) and 

unpublished ones data of the authors. MSJ - Morro de São João massif; MND - Mendanha alkaline 

massif; TNG - Tanguá massif (felsic alkaline intrusion of the State of Rio de Janeiro, Brazil); SKR - 

Sakurajima volcano (Kyushu Island, Japan); DMN - Cerro de Diamante volcano, NVD - Nevado 

volcano; PYN - Payún Liso volcano (Mendoza, Argentina), OSR - Osorno volcano (Chile). 

 

DRAINAGE SYSTEM 

 

 In total, 19 drainages more than 300 m 

long of the Moro de São João massif are 

observed. They constitute a radial system 

(Figure 11A) and have little developed 

branches. The drainages are short, steep, and 

shallow, in average 1.1 km long, 410 m in 

relative height, and 22º of declivity (Figure 

11B). Only the largest drainage (D1) cuts the 

centre of the massif which is 180 m deep. The 

others are in general less than 25 m deep and 

present on the marginal scarp. 

 Their longitudinal declivity is very high, 

with maximum angle of 27º. Most of the 

drainages have almost straight longitudinal 

profile with the concavity index next to zero 

(Figure 11C). The D1 is exceptional and has 

double stage profile. These characteristics are 

common in felsic alkaline intrusive massifs of 

this region (Silva, 2010), such as Mendanha 

(Motoki et al., 2008a). The drainages of the 

Morro de São João are the more expressive. 
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Figure 11. Drainage system of the Morro de São João felsic alkaline intrusive massif, State of Rio 

de Janeiro, Brazil (A), its declivity (B), and longitudinal profiles (C). 

 

LANDFORM ORIGIN 

 

 Morro de São João massif has conical 

form, so some popular sources, such as 

newspaper articles and tourism promotion 

agencies, have diffused an idea of extinct 

volcano. This urban legend is deeply believed 

by the local habitants as if a theory proved by 

scientific studies. 

 Some of the alkaline intrusive bodies of 

the Poços de Caldas - Cabo Frio magmatic 

alignment, such as Itatiaia, Mendanha, Itaúna, 

Tanguá, Morro dos Gatos, and Cabo Frio Island, 

have pyroclastic subvolcanic conduits made up 

mainly of welded tuff breccia (Motoki et al., 

2008d). They were emplaced in a depth of 3 km 

(Motoki & Sichel, 2006; Motoki et al., 2007c) 

and now exposed on the surface because of the 

uplift tectonism and the consequent regional 

denudation (Motoki & Sichel, 2006; Motoki et 

al., 2007d). The uplift continued up to 40 Ma 

(Riccomini et al., 2004). That is, the volcanic 

eruptions were present but the volcanic edifices 

are no more preserved. 

 Geologic researches for the Morro de 

São João massif (e.g. Brotzu et al., 2007; Mota 

et al., 2009) clarified that this massif is made up 

mainly of nepheline syenite, that is, a coarse-

grained plutonic rock (Photo 1). The adjacent 

lowland around this massif exposes orthogneiss 

of the basement and no rocks of eruptive origin 

are found. Different from the above-mentioned 

intrusive bodies, Morro do São João has no 

volcanic eruption evidence either of the early 

Cenozoic or of recent times. The geologic 

studies up to the present confirmed that Morro 

de São João massif is indubitably not an extinct 

volcano. 

 Although it is not a volcano, the 

silhouette, circular form, and radial drainage 

system of the Morro de São João have apparent 

similarities to those of certain volcanoes, such 
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as Sakurajima volcano, Kyushu Island, Japan (Photo 2).  

 

 
 

Photo 2. Apparent similarity on the mountain silhouette of the Morro de São João massif (A) and 

Sakurajima volcano (B). The photo B is credit of Junyoh Tanaka of the GNU free documentation 

license: http://pt.wikipedia.org/wiki/Ficheiro:Sakurajima55.jpg. 

 

 
 

Figure 12. Comparative cross sections base on the ASTER GDEM for: A) Morro de São João 

massif. State of Rio de Janeiro, Brazil; B) Sakurajima volcano, Kyushu Island, Japan. 

 

 In spite of the apparent similarities in 

the 2D views, there are remarkable 

morphologic differences in 3D ones: 1) High-

angle slope on the foot; 2) Very shallow 

drainages; 3) Absence of crater; 4) Convex 

general form. 

 The marginal scarp of the Morro de São 

João is steep from the foothill up to the virtual 

plateau (Photo 2A; Figure 12A). However, 

young volcanic edifices have gentle on their 

foot (Photo 2B; Figure 12B). All of the 

drainages of the Morro de São João, with the 

exception of D1, are shallow, 20 m deep or less 

(Figure 11A). The summit level maps interval 

do not present closed circular morphologic 

depression on the top of the massif of any grid 

intervals (Figure 6). The drainage D1 is always 

open to the east suggesting that it is originated 

form conventional erosion and not supposed 

volcanic crater. 

 The most highlighted argument is its 

three-dimensional form of the massif. The MCI 

for the Morro de São João is -1.2 (Figure 10B), 

which is lower than that of the felsic alkaline 

rock bodies of Tanguá (-0.8) and Mendanha (-

0.7). That is, the general 3D landform of Morro 

de São João is the highly convex, being at the 

opposite side of the volcano landform. The 

MCI for Sakurajima volcano is (-0.2) being 

relatively low in the recent volcanic edifices, 

because of the two craters on the top. The MCI 

for the Cerro de Diamante Volcano (-0.03) also 

is relatively low because of a large crater on the 

top. Even them, the concavity difference 

http://pt.wikipedia.org/wiki/Ficheiro:Sakurajima55.jpg
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between the young volcanoes and the felsic 

alkaline intrusive massifs is clear and 

indubitable, especially for case of the Morro de 

São João.  

 The low MCI value of Morro de São 

João massif can be due to the mechanical 

firmness and high erosive resistance of the 

nepheline syenite. Although this rock is 

vulnerable to chemical weathering, the effects 

of weathering passivity protect the massif form 

erosion (Motoki et al., 2008a). 

 Consequently, it concluded that the 

landform of Morro de São João massif is 

originated from differential erosion of 

nepheline syenite intrusive body, and not, the 

supposed extinct volcano. 

 

CONCLUSION 

 

 The geomorphological analyses of the 

Morro de São João felsic alkaline intrusive 

massif by summit and base level maps with the 

help of the BAZ system and ASTER GDEM 

lead to the authors to the following conclusions. 

 

1. The summit level maps show that the Morro 

de São João massif is characterized by steep 

marginal scarp of about 30º, virtual plateau 

of 480 m to 500 m in altitude, and top swell 

with relative height of about 150 m.  

2. The base level maps present, together the 

summit level maps, expresses that the 

marginal scarp is steep, indicating high 

erosive resistance of the constituent 

nepheline syenite. 

3. The maps for the difference between summit 

and base levels, that is, relief amount maps, 

demonstrate the existence of high declivity 

zone along the border of the body and 

gentle swells area on the central highland. 

4. The drainages form a radial system and they 

are shallow, short, and steep, in average, 20 

m deep, 1.1 km long, and of 22° in declivity. 

Most of the longitudinal profiles are almost 

straight. 

5. The macro concavity index (MCI) for the 

Morro de São João is -1.2. The Morro de 

São João massif has highly convex 3D 

general form and it is widely different from 

the concave 3D form of young volcanic 

edifices. 

6. The conical morphology of this massif is not 

attributed to an extinct volcano, but 

originated from differential erosion of the 

nepheline syenite intrusive body. This rock  

has strong erosive resistance because of the 

mechanical strength and the chemical 

durability originated from weathering 

passivity effects. 
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