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Moroz-Caccia Gouveia, I. C., & Rodrigues, C. (2025). The importance of retrospective geomorphological cartography for the definition of complex morphological units – The Tamanduateí River Basin, Metropolitan Region of São Paulo. Derbyana, 46, Article e888 (Appendix). DOI: 10.69469/derb.v46.888

APPENDIX - MAP 1: Pre-urban Geomorphology of the BHRT

Flood Plains
MORPHOMETRY: Altitudes vary from 720 to 800 m; Predominant slopes < 5%.
PLAIN HYDRODYNAMICS: Floods with a recurrence period of approximately 1.5 years, with filling and drying 
phases. Shallow hydrostatic level. CHANNEL HYDRODYNAMICS: Continuous flow, with a tendency to lateral 
migration with a deposition margin and an undermining margin.

              River Terraces
MORPHOMETRY: Altitudes vary from 725 to 750 m; Predominant slopes < 5%.
DESCRIPTION: Alluvial platforms that appear discontinuously from 3 to 7 m above the floodplains, in the river 
plains of higher order watercourses. These are deposits basically made up of sandy or sandy clay alluvial materials, 
which have horizons of quartz and quartzite pebbles, small and medium-sized, rolled or fragmented. River terraces 
may have edges ending in gentle ramps or small steps.
HYDROMORPHODYNAMICS: The presence of Holocene peat deposits, observed by Ab’Saber (1957), covering 
terraces (and also stretches of the floodplain and foothills), highlights the problems of poor drainage organization 
and soil saturation. 

  Convex and plan-convex elements of the Upper hillslope
MORPHOMETRY: Altitudes vary from 750 to 830 m; Predominant slopes < 20%. 
HYDROMORPHODYNAMICS: Tendency to infiltration and subsurface flow. Pedogenic surface layer associated 
with the sediments of the São Paulo Formation (porous red clay). It is 3 to 8 m thick, with signs of laterization, 
which presupposes good drainage conditions.

Concave and plan-concave elements + rectilinear segments of the High and Low hillslope
MORPHOMETRY: Altitudes vary from 730 to 830 m; Predominant slopes between 5 and 25%, and may have 
sections with slopes of up to 40%. HYDROMORPHODYNAMICS: Concave and plano-concave elements tend to 
converge water flows on the surface and subsurface, which can generate concentrated surface runoff, especially in 
the lower parts of the slope. In straight segments, diffuse flow prevails on the high and medium slopes. However, on 
low slopes, the flows can become concentrated. Occurrence of a thin sandy-clayed surface pedogenetic layer. 
Tendency towards linear erosion.

 Convex and plan-convex elements of the Upper hillslope
MORPHOMETRY: Altitudes vary from 850 to 980 m; Predominant slopes < 20%. 
HYDROMORPHODYNAMICS: Greater tendency for infiltration and subsurface flow.
Weathering of rocks and consequent thickening of the alteration mantle. Tendency to reptation.

Saddles
MORPHOMETRY: Altitudes vary from 850 to 950 m; Predominant slopes <10%.
HYDROMORPHODYNAMICS: Tendency towards the concentration of water and fine sediments by diffuse surface 
and subsurface flow. C horizon quite thick. Areas subject to intensification of regressive headwater erosion.

Concave and plan-concave elements + rectilinear segments of the High and Low hillslope

MORPHOMETRY: Altitudes vary from 800 to 980 m.; Predominant slopes between 20% and 30%, and may have 
sections with slopes > 60%.
HYDROMORPHODYNAMICS: Concave and plano-concave elements tend to converge water flows on the surface 
and subsurface, which can generate concentrated surface runoff, especially in the lower parts of the slope. Shallow 
soils. In straight segments, diffuse flow prevails on the high and medium slopes. However, on low slopes flows can 
become concentrated. Shallow soils on the high slopes and thicker on the lower portions. Tendency to linear erosion.

Saddles
MORPHOMETRY: Altitudes vary from 750 to 830 m; Predominant slopes < 10%. HYDROMORPHODYNAMICS: 
Tendency to strong concentration of water and fine sediments by diffuse surface and subsurface flow. Thin 
superficial pedogenetic layer, sandy-clayey with varying degrees of laterization. Areas subject to intensification of 
regressive headwater erosion. 

MORPHOMETRY: Altitudes vary from 730 to 800 m; Predominant slopes between 5 and 25%.
HYDROMORPHODYNAMICS: Tendency to disperse water by diffuse surface flow. Thin superficial pedogenetic 
layer, sandy-clayey with varying degrees of laterization. Tendency to laminar erosion.

Convex and plan-convex elements of the Lower hillslope

Convex and plan-convex elements of the Lower hillslope
MORPHOMETRY: Altitudes vary from 800 to 900 m; Predominant slopes between 20% and 30%, and may have 
sections with slopes > 60%.
HYDROMORPHODYNAMICS: Tendency to disperse water by diffuse surface flow. Thicker alteration mantle. 
Tendency to laminar erosion.
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- Parks and g re e n are a s 
- Unoccupied are a s 
- Farms (le isure or horticultural activitie s)  
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Moroz-Caccia Gouveia, I. C., & Rodrigues, C. (2025). The importance of retrospective geomorphological cartography for the definition of complex morphological units – The Tamanduateí River Basin, Metropolitan Region of São Paulo. Derbyana, 46, Article e888 (Appendix). DOI: 10.69469/derb.v46.888

APPENDIX - MAP 2: Anthropogenic Morphologies of the BHRT

Up to 70% urbanized areas in varying stages of development: consolidated urban zones, bare soil, 
and housing units with incomplete urban infrastructure. Adapted from  EMPLASA (2005).

Areas with up to 10% consolidated urban occupation, which may be located within the urbanized 
zone, on its periphery, or in isolated locations. These areas are characterized by a network of streets, 
which may follow geometric or irregular patterns, and may include earthworks such as cuts and fills.

Approximately 100% of urban areas effectively occupied by buildings, potentially featuring varying 
degrees of vertical development, industrialization, and underground works, with urban 
infrastructure in place (EMPLASA, 2005).

- Landfills: Areas of “final disposal of urban solid waste on the ground, through confinement in 
layers covered with inert material, generally soil” (ABNT, 1989 in EMPLASA, 2005). 
- Dumps: Areas of open solid waste deposits, without any treatment (EMPLASA, 2005). 

- Exposed Soil: Soil without vegetation cover, prepared for cultivation or other uses, and exposed 
to the action of erosive processes.
- Soil Movement: Areas that have undergone earthworks, showing exposed soil due to the 
removal of vegetation cover (EMPLASA, 2005).
Areas of mineral extraction and their surroundings (earth movement, pits, buildings), which were affected by 
this activity. At São Paulo Metropolitan Region, it is carried out in the open pit for practically all ores. They 
are characterized by the removal of vegetation cover and relief cutting. Deactivated mining areas that still 
have mining characteristics were included in the mapping (EMPLASA, 2005). 

Flood control reservoir with non-adjustable outlets (ANEEL & OMM, 1999 in EMPLASA, 2005).
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COMPLEX UNITS AREA 

(km²) ORIGINAL MORPHOLOGY ANTHROPOGENIC 
MORPHOLOGY HYDROMORPHODYNAMIC BEHAVIOR 
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MO 1 7,684 Convex and  p lan-convex 
e le m e nts of the Up p er hillsid e Ve getation cover (forests, 

shrub land , fie ld s, flood p lain 
vegetation or eve n reforestation). 
- Parks and  gre e n areas 
- Unoccup ie d  areas 
- Farm s (le isure or horticultural 
activities)  
Although they m ay have b e e n the 
target of anthrop oge nic 
interventions, they d o not prese nt 
anthrop oge nic m orp hologies 
resulting from  urb anization. 

Infiltration, d iffuse surface runoff and  sub surface runoff. W eathering of rocks and  consequent thicke ning of 
the alteration m antle 

MO 2 0,168 Sad d les Conce ntrate d  surface and  sub surface runoff. Strong conce ntration of water and  fine se d im e nts. Areas sub je ct 
to inte nsification of regressive head water erosion 

MO 3 1,147 Convex and  p lan-convex 
e le m e nts of the Lower hillsid e Diffuse surface runoff. Te nd e ncy to lam inar erosion. Alteration m antle not very thick. 

MO 4 25,306 
Concave and  p lan-concave 

e le m e nts/re ctilinear segm e nts of 
the High and  Low hillsid e 

Conce ntrate d  surface and  sub surface flow in the concave and  p lano-concave e le m e nts and  d iffuse flow in the 
high and  m e d ium  slop es of the straight segm e nts and  conc e ntrate d  surface flow in the low slop es. Tend e ncy to 
linear erosion 

MO 5 0,680 River Terraces Prob le m s of p oor d rainage organization and  soil saturation 

MO 6 3,808 Flood  Plains Shallow hyd rostatic leve l. Flood s with a re currence p eriod  of ap p roxim ately 1.5 years 
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MA  1.1 0,118 Convex and  p lan-convex 
e le m e nts of the Up p er hillsid e Unoccup ie d  lots or in the process 

of b e ing occup ie d . Ruine d  areas 
with up to 10% occup ancy, which 
m ay b e locate d  within the 
urb anize d  area, on the outskirts or 
isolate d . They are ne c essarily 
characterize d  b y a set of stre ets, 
which can b e ge om etric or 
irregular, on soil with or without 
vegetation cover. EMPLASA 
(2002). 

Diffuse surface runoff, with conce ntration of flows in stre ets. Lam inar and  linear erosion processes, with large 
se d im e nt m ob ilization. 

MA  1.2 0,004 Sad d les Conce ntrate d  surface runoff and  inte nsification of regressive head water erosion 

MA  1.3 0,041 Convex and  p lan-convex 
e le m e nts of the Lower hillsid e 

Diffuse surface runoff. Te nd e ncy to lam inar erosion. In stre ets, tend e ncy to conce ntrate d  surface runoff, with 
linear erosion processes. 

MA  1.4 0,457 
Concave and  p lan-concave 

e le m e nts/re ctilinear segm e nts of 
the High and  Low hillsid e 

Conce ntrate d  surface and  sub surface runoff. Te nd e ncy to linear erosion. 

MA  1.5 0,023 Flood  Plains Internal d rainage p rob le m s, ne e d  for com p action and  installation of a d rainage system . Occurrence of flood s 
and  d e p osition of se d im e nts and  garb age  
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MA  2.1 2,244 
Convex and  p lan-convex 

e le m e nts of the Up p er hillsid e and  
Sad d les Highly urb an áreas waterproofe d , 

ge nerally without infrastructure. 
Set of housing units (shacks, 
wood e n or m asonry houses) 
arrange d , in ge neral, in a 
d isord erly and  d e nse m anner. The 
road  system  is m ad e up of narrow 
circulation road s with irregular 
alignm e nt (EMPLASA, 2002), 
with or without paving, b ut, in 
ge neral, without rainwater 
d rainage system s, sanitary sewage 
and  system atic garb age 
colle ction. 

Conce ntrate d  surface runoff.  Prob le m s relate d  to surface and  sub surface flows d ue to d e ficie ncy or ab se nce of 
sanitation and  urb an m icro d rainage system s. 

MA  2.2 0,608 
Convex and  p lan-convex 

e le m e nts of the Lower hillsid e 
Diffuse surface runoff. Te nd e ncy to lam inar erosion. In stre ets, tend e ncy to conce ntrate d  surface runoff, with 
linear erosion processes. 

MA  2.3 7,961 
Concave and  p lan-concave 

e le m e nts/re ctilinear segm e nts of 
the High and  Low hillsid e 

Conce ntrate d  surface runoff, with the occurrence of flash flood s. Linear erosion processes and  m ob ilization of 
m aterials (se d im e nts and  garb age) 

MA  2.4 0,003 River Terraces W ater conce ntration (form ation of water she ets d uring rainy eve nts) and  flood ing, d ue to land fills b uilt in 
ad jace nt flood p lains. 

MA  2.5 0,413 Flood  Plains 
Internal d rainage p rob le m s, ne e d  for com p action and  installation of a d rainage system . Occurrence of flood s 
and  d e p osition of se d im e nts and  garb age . 
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MA  3.1 66,202 
Convex and  p lan-convex 

e le m e nts of the Up p er hillsid e and  
Sad d les 

Consolid ate d  urb an areas, highly 
waterproofe d , ge nerally equip p e d  
with infrastructure. - Ruine d  areas 
effe ctive ly occup ie d  b y b uild ings 
inte nd e d  for resid e ntial, 
com m ercial, service, or ind ustrial 
use.  
Áreas of urb an equip m e nt 
(estab lishm e nts, spaces or 
installations intend e d  for 
e d ucation, health, le isure, culture, 
social assistance, religious 
worship or pub lic ad m inistration, 
which have d ire ct, functional or 
spatial links with resid e ntial use) 
EMPLASA (2002) 
- They prese nt verticalization and  
use of the und erground  

Conce ntrate d  surface runoff. Areas equip p e d  with und erground  system s (sup p ly, sanitation, com m unication 
and  transp ort) m ay prese nt instab ility prob le m s relate d  to the rupture of p ip e lines, lowering of the water tab le 
or d ue to conce ntrate d  und erground  d rainage. 

MA  3.2 14,666 
Convex and  p lan-convex 

e le m e nts of the Lower hillsid e 
Diffuse surface runoff. Te nd e ncy to lam inar erosion. In stre ets, tend e ncy to conce ntrate d  surface runoff, with 
linear erosion processes. 

MA  3.3 135,756 
Concave and  p lan-concave 

e le m e nts/re ctilinear segm e nts of 
the High and  Low hillsid e 

Conce ntrate d  surface runoff, with the occurrence of flash flood s if urb an m icro d rainage  system s are 
ine fficie nt or ob structe d . 

MA  3.4 11,670 River Terraces W ater conce ntration (form ation of water she ets d uring rainy eve nts) and  flood ing, d ue to land fills b uilt in 
ad jace nt flood p lains. 

MA  3.5 35,420 Flood  Plains Internal d rainage p rob le m s, ne e d  for com p action and  installation of a d rainage system . Occurrence of flood s 
and  d e p osition of se d im e nts and  garb age. 
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MA  4.1 
 

0,266 
 

Convex and  p lan-convex 
e le m e nts of the Up p er hillsid e 

Land fills: Areas of “final d isp osal 
of urb an solid  waste on the 
ground , through confine m e nt in 
layers covere d  with inert m aterial, 
ge nerally soil” (ABN T, 1989 in 
EMPLASA, 2002). 

Contam ination of soil and  surface and  ground water. De com p osing organic m atter prod uces gases that can 
cause fires and  exp losions. Due to the heteroge ne ity of m aterials and  d iscontinuities, these surfaces d o not 
prese nt com p action, and  m aterial m ob ilization and  transp ort m ay occur. 
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MA  5.1 0,620 Convex and  p lan-convex 
e le m e nts of the Up p er hillsid e 

Areas of m ineral extraction and  
the ir surround ings (earth 
m ove m e nt, p its, b uild ings), which 
were affe cte d  b y this activity. At 
RMSP, it is carrie d  out in the 
op e n p it for practically all ores. 
They are characterize d  b y the 
rem oval of vegetation cover and  
relie f cutting. Deactivate d  m ining 
areas that still have m ining 
characteristics were includ e d  in 
the m ap p ing. (EMPLASA, 2002). 

The strip p ing of areas, op e ning of access road s, the exe cution of “b oasters”, d ikes, d am s and  earthm oving 
works trigger erosive processes and , as a consequence, can cause the silting of water courses. The form ation of 
sub -vertical slop es can result in instab ility and  land slid es m ay occur. MA  5.2 0,001 Sad d les 

MA  5.3 0,010 
Convex and  p lan-convex 

e le m e nts of the Lower hillsid e 

Interce p tion of the water tab le, lowering its leve l and  m od ifying the d ynam ics of und erground  re charge. The 
strip p ing of areas, op e ning of access road s, the exe cution of “b oasters”, d ikes, d am s and  earthm oving works 
trigger erosive processes and , as a consequence, can cause the silting of water courses. The form ation of sub -
vertical slop es can result in instab ility and  land slid es m ay occur. 

MA  5.4 0,406 
Concave and  p lan-concave 

e le m e nts/re ctilinear segm e nts of 
the High and  Low hillsid e 

Form ation of lakes in m ining p its and  slop es, which m eans new slop e ruptures ation of lagoons in m ining p its 
and  slop es, which m ean new slop e ruptures. 

MA  5.5 0,003 Flood Plains  Interce p tion of the water tab le, lowering its leve l and  m od ifying the d ynam ics of und erground  re charge.  
Form ation of lakes in m ining p its. 
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MA  6.1 0,550 

Convex and  p lan-convex 
e le m e nts of the Up p er hillsid e 

- Exp ose d  Soil: Soil without 
vegetation cover, pre p are d  for 
cultivation or other uses, and  
exp ose d  to the action of erosive 
processes. 
-Soil Move m e nt: Areas that have 
und ergone earthworks, showing 
exp ose d  soil d ue to the rem oval 
of vegetation cover. EMPLASA 
(2002). 

Diffuse surface runoff and  large se d im e nt m ob ilization b y lam inar erosion  

MA  6.2 0,013 Sad d les 
Te nd e ncy toward s conce ntrate d  surface runoff, inte nsification of regressive head water erosion and  large 
se d im e nt m ob ilization. The exe cution of land fills can result in instab ility prob le m s. Discontinuities b etwe e n 
the layers of land fill and  the original d e b ris d e p osits can trigger earth m ove m e nts. 

MA  6.3 0,159 Convex and  p lan-convex 
e le m e nts of the Lower hillsid e 

Diffuse surface flow, with great m ob ilization of m aterials b y lam inar erosion. 

MA  6.4 2,592 
Concave and  p lan-concave 

e le m e nts/re ctilinear segm e nts of 
the High and  Low hillsid e 

Conce ntrate d  surface and  sub -surface runoff. In straight segm e nts, surface runoff prevails, with a tend e ncy to 
linear erosion. Land fills in concave segm e nts can result in instab ility prob le m s. Discontinuities b etwe e n the 
layers of land fill and  the original d e b ris d e p osits, associate d  with infiltration and  sub -surface circulation of 
water, can trigger earth m ove m e nts. 

MA  6.5 0,111 River Terraces W ater conce ntration (form ation of water she ets d uring rainy eve nts) and  flood ing, d ue to land fills b uilt in 
ad jace nt flood p lains. 

MA  6.6 0,904 Flood  Plains 
Surfaces fille d  with various allochthonous m aterials (anthrop oge nic terrace). Internal d rainage p rob le m s, ne e d  
for com p action and  installation of a d rainage system . Occurrence of flood s and  d e p osition of se d im e nts and  
garb age. 

SIRGAS 2000 UTM Zone 23S

Original Scale 1:25.000
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APPENDIX - MAP 3: Complex Morphologies of the BHRT




