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Intemperismo  

Modifica a crosta Terrestre em resposta as condições 
atmosféricas, hidrológicas e bióticas

• Formação dos solos

• Qualidade das águas

• Condicionamento de ecosistemas

• Regulador climático e ambiental

• Formador de recursos minerais



O intemperismo é um processo 
que progride essencialmente de 

cima para baixo

Evolução no tempo



Modelo conceitual do desenvolvimento de solos

Keny (1941) –
Definição de solos

“Sistemas que trocam
massa e energia com 
o entorno”



Solos/ecosistemas = f (estado inicial do sistema, ambiente local, tempo)

= f (clima, organismos, topografia, material parental, tempo…)
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Keny (1941) – Definição de solos

“Sistemas que trocam massa e 
energia com o entorno”

Solos/ecosistemas
= f (estado inicial do sistema, ambiente local, tempo) 
= f (clima, organismos, topografia, material parental, tempo…)



























Solos brasileiros

• Composição mineralógica ~quartzo, caulinita, oxi-
hidróxidos de Fe e Al

• Grandes espessuras

• Horizontes amarelo/laranja/vermelho/castanho

• Solos tropicais são mais empobrecidos em relação aos 
climas temperados (ricos em argilominerais capazes de 
reter nutrientes)

• Latossolos, vertosolos e outros



• Keny (1941) – Definição de solos

• “Sistemas que trocam massa e 
energia com o entorno”



A Zona Crítica

Da rocha à vida 



NSF Southern Sierra Critical Zone Observatory/Jenny Park

Ambiente onde
a vida evoluiu

Nosso habitat Nossa fonte de
água e comida

Nosso depósito 
de resíduos



“I called it the critical zone because it’s 
critical for life…Also, it’s critical to know 

more about it because of the potential for 
damaging it” (Gail Ashley, 1998)



“We should be looking at the Earth’s surface as 
one thing and bringing all those subdisciplines 

together” (Susan Brantley, 2000)







Processos locais 
e globais, na 
ampla escala do 
tempo



O papel da água nos processos biogeoquímicos nos solos



Quais são as forças que 
formam e modificam a ZC?



Quão rápido e como
responde a forças

antropogênicas, climáticas
ou tectônicas, e como as 

escalas de tempo se 
ajustam?

Brantley and Lebedeva, 2011. Annual Review Earth Planetary Science 

Somos inclusive uma “força 
geológica” 



O clima afeta os processos 
biogeoquímicos do solo, que por 
sua vez afetam a composição da 
atmosfera, águas superficiais e 
subterrâneas 

Mudanças na atmosfera afetam o 
clima



Questões fundamentais

Como a ZC se forma?

Como a ZC opera?

Como a ZC evolui?

Como será que a ZC responderá as mudanças
climáticas e outros impactos?





Será possível usar todas 
essas observações para 
desenvolver modelos e 
explorar como a ZC vai 
responder as forças 
antropogênicas, 
climáticas e tectônicas?

Desafio: os diferentes 
processos ocorrem em 
diferentes escalas 
espaciais e temporais
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Modificado de Brantley et al., 2007. Crossing 
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Discussão em grupos 2



The challenge to cross disciplines and scales in understanding the
CZ is a growing focus for scientists from geology, soil science,
hydrology, environmental engineering, chemistry, and ecology.

By way of introduction to the CZ, we discuss in this paper the
geochemical story written in the regolith, defined here as the
weathered rock material overlying pristine bedrock, as
documented by chemical gradients at the pedon scale.

We then describe the flux of materials through the CZ, and we
conclude with a discussion of issues that transect disciplines and
scales of time and space, as we think about CZ sustainability.



In this paper, we emphasize the importance of soil biogeochemical 
interfaces to internal CZ function and focus on their effect on 
environmental pollutants. 

Reactions that occur at the boundary between multicomponent 
solid, liquid, and gas phases in  weathering systems are indeed 
critical to the capacity of the Earth’s surface to sustain water and 
soil quality. 

Removal of pollutants, sustainable provision of clean water, and 
support of productive ecosystems are all inextricably linked to 
the diversity and reactivity of natural interfaces formed by 
interaction of biota and water with lithogenic materials in the 
CZ.



Soil is central to food production, the regulation of greenhouse gases, 
recreational areas such as parks and sports fields and the creation of 
an environment pleasing to the eye. But soil is fragile and easily 
damaged by uninformed management or accidents. 

One type of damage is contamination by chemicals that provide the 
lifestyles to which the developed world has become accustomed. 

Traditional soil “clean-up” has entailed either simple disposal or 
isolation of contaminated soil. Clearly this is not sustainable. 

Modern remedial techniques apply mineralogical and geochemical 
knowledge to clean up contaminated soil and make it good for reuse, 
rather than simply discarding this precious and finite resource.



Using organic wastes as a sustainable remediation option not only helps 
divert another waste stream from landfill but also provides a simple 
remediation technology that has the potential for widespread 
adoption. 

We review the main types of organic waste currently available, the 
range of contaminants they can treat and their practicality. 

As the long-term success of any remediation strategy depends on more 
than just technical factors, we also assess the environmental,

economic, social and cultural sustainability of organic wastes in land 
restoration. 

Last, we look to the future and speculate on what lies ahead, in 
particular, the translation of research into industry practice.


