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HIGHLIGHTS:
The Brazilian Amazon Basin captures 25% of the Silicate C Sink but had the smallest number of saprolite papers.
A total of 57.22% of the papers were published in the last decade.

SIS

The main groups of saprolite research were “pedology”, “geochemistry” and “landscape”.

ABSTRACT: The consumption of atmospheric carbon dioxide by weathering bufters the greenhouse effect on Earth on a
eological timescale. This mechanism is called the silicate carbon sink (SCS). Saprolite represents part of the weatherin
ront of the Earth’s mantle, but historically, it has not received much attention from geoscientists. On a global scale, Brazi

is the largest contributor to the SCS and the fourth largest contributor to the number of saprolite publications. In this study,

Brazilian scientific production on the subject from 1990 to 2022 was assessed, considering publications indexed in the Web

of Science, SCiELO and Scopus databases. One hundred-eighty scientific articles were retrieved. In the last decade, seven

articles were published per year. Over the 32 years under consideration, the number of articles on saprolite has increased.

Most of the studies were concentrated in the southeastern region of Brazil, where the state of Minas Gerais led in terms of

the number of publications (28.49%). The main areas in which the articles were published were related to ecology, Earth, and

marine; however, they were cited by several others, including the areas of healt}il and politics. A comparison of the number
of publications per basin and the size of the SCS showed that there were fewer studies from the Amazon Basin than from
the Parand Basin. In conclusion, the geographical frontier for the study of saprolite in the Brazilian territory is the Amazon

River Basin, and the methodological frontier is related to fluid/gas dynamics and the role of microbes in weathering at depth.

Key words: isalterite, isoalterite, CiteSpace, science mapping, visual analytics

RESUMO: O consumo de didxido de carbono atmosférico pelo intemperismo tampona o efeito estufa na Terra em escala de
tempo geoldgica. Esse mecanismo é chamado de sumidouro de carbono de silicato (SCS). Saprolito representa parte da frente
de intemperismo do manto terrestre, mas historicamente nio recebeu muita atencio dos geocientistas. Em escala global, o
Brasil é o maior contribuinte para o SCS e o quarto maior contribuinte em ntimero de publicacdes sobre saprolito. Neste estudo,
a produgdo cientifica brasileira sobre o assunto de 1990 a 2022 foi avaliada, considerando publicagdes indexadas nas bases de
dados Web of Science, SciELO e Scopus. Foram recuperados cento e oitenta artigos cientificos. Na ultima década, sete artigos
foram publicados por ano. Ao longo dos 32 anos considerados, o nimero de artigos sobre saprolito aumentou. A maioria dos
estudos foi concentrada na regido sudeste do Brasil, onde o estado de Minas Gerais%iderou em termos de nimero de publicagoes
(28,49%). As principais areas em que os artigos foram publicados estavam relacionadas a ecologia, Terra e marinha; no entanto,
foram citados por vérias outras, incluindo as dreas de satide e politica. Uma comparagio do numero de publica¢des por bacia
e o tamanho do SCS mostrou que havia menos estudos da Bacia Amazonica do que da Bacia do Parana. Em conclusio, a
fronteira geografica para o estudo do saprolito no territério brasileiro é a Bacia do Rio Amazonas, e a fronteira metodologica
estd relacionada a dindmica de fluidos/gases e ao papel dos micrébios no intemperismo em profundidade.

Palavras-chave: isalterita, isoalterita, CiteSpace, mapeamento cientifico, anélises visuais
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INTRODUCTION

Using scientometric analyses, it is possible to comprehend
the progress of science in several fields (Souza et al., 2022;
Tao et al., 2022). These analyses measure the contribution of
publications in certain areas to evaluate the performance and
influence of researchers, regions and research institutions (He
et al., 2019; Akbari et al., 2020), in addition to evaluating the
development of research areas (Lee et al., 2016).

Scientometrics has already been applied in the areas of soil
health (Liu et al., 2020) and soil quality (Martini et al., 2020)
and in the general context of soil science (Mokhnacheva et
al., 2020). However, as the saprolitic zone is most likely the
least known part of the critical zone, a scientometric study
can identify consolidated areas and, by contrast, areas that
need more research.

Saprolite is the material resulting from in situ isovolumetric
weathering of the bedrock surface (Phillips et al., 2019; Silva
etal., 2022), which develops between the solum (horizon A+B
of the soil) and undisturbed rock. Saprolite performs several
fundamental functions in the environment (Santos et al.,
2022a), including carbon sequestration, by mechanisms such as
the formation of pedogenic carbonates (Manning et al., 2013).

Brazil is the main country that consumes CO, via the
silicate carbon sink (SCS), accounting for 24.41% of the global
total (Zhang et al., 2021; Xiong et al., 2022). This is because the
distribution area of silicate rocks in the Amazon and Parana
River Basins is among the largest in the world and among
the five largest basins in terms of the SCS (4.46 and 2.58 Tg/
year, respectively) (Zhang et al., 2021). This paper describes
the scientific literature based on the number and content of
published papers from 1990 to 2022, indexed in the Web of
Science, SciELO and Scopus.

MATERIAL AND METHODS

The data used were obtained from three platforms: Web of
Science Main Collection Clarivate Analytics (WOS) <https://
www.webofscience.com/wos/alldb/basic-search>, Elsevier
SciVerse Scopus <https://www.scopus.com/search/form.
uri?display=basic#basic> and Scientific Electronic Library
Online (SciELO) <https://analytics.scielo.org/?journal=clean>.
The three abovementioned platforms were chosen to expand
the scope since some Brazilian journals are not indexed on
the Web of Science. In addition, these platforms contain all
bibliographic data on citations, journals, keywords and other
resources that can be used in scientometric analyses.

The data were collected using a set of keywords
(“SAPROLIT*” OR “ISALTERIT*” OR “ISOALTERIT*”)
through the CAPES/MEC portal <http://www-periodicos-
capes90gov-br.ez11.periodicos,capes.gov.br>. Using the
asterisk (*) for truncation, it was possible to retrieve articles
with keywords in Portuguese, such as “saprolito”, “saprolitico’,
and “saprélito”, and in English, such as saprolite and/or
saprolithology. The search field was limited to “Topics”,
including the fields referring to the title, abstract and keywords.
Subsequently, the search was restricted only to research carried
out in Brazil through the “Countries/Regions” tab. The search
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covered the period from January 1st, 1990, to June 30th, 2022,
limited to scientific articles written in English and Portuguese.
Publications in conferences, editorials, letters, meetings, books
and book chapters, for example, were not considered.

A total of 406 articles were obtained from the three
platforms mentioned above. The sequences were downloaded
in “txt” format. After this process, the articles were manually
reviewed to identify duplicate entries, resulting in 180 records
for the study sample in this paper. Since the databases do not
provide data regarding research institutions, the 180 articles
were manually verified to identify the place of research and the
Brazilian state in which the first author holds a professional
position. Some studies used samples collected in several states,
which were counted and added to the research location data,
totaling a final sample of 193 locations. The software used in
the current study was CiteSpace, Version 6.1.R3, available for
free at <https://citespace.podia.com/download>. CiteSpace
is Java-based software developed by Dr. Chaomei Chen at
the School of Information Science and Technology at Drexel
University, USA. It allows researchers to explore and visualize
emerging trends and fundamental changes in a certain focused
field over time (Chen & Song, 2019; Chen, 2020).

For this study, the following variables were considered:
i) number of publications over time, ii) number of articles
published by state and iii) main research institution. These data
were processed using RStudio software (R Core Team, 2016).
CiteSpace (Chen, 2006) was used to create scientometric maps
related to institutions, authors, country collaboration networks,
journals, and double map overlays for journals and keywords.
Through CiteSpace, it was possible to visually analyze trends
and patterns in the scientific literature (Chen, 2014) based on
mathematical and statistical methods (He et al., 2019).

The scientometric maps generated by CiteSpace are formed
by links that connect to form nodes. Nodes can represent an
author, a journal, a country, an institution, or keywords, among
other choices of elements. Links describe the cocitation or co-
occurrence between these nodes (Xie, 2015). The nodes are
represented by a collection of rings in various colors, in which
each color denotes the year a relationship was established.
The closer to the node’s center a relationship is, the older it is
(Ouyang et al., 2018).

These nodes can be grouped together to form clusters. The
homogeneity of these clusters can be evaluated through the
silhouette coefficient (Egs. 1 and 2) (Rousseeuw, 1987). This
indicator is defined by the following equation:

a(i)
b(i),if a(i) <b(i)

S(i)=10, 1-

) =b() U ()

(i)-Lif a(i)>b(i)

where:

a(i) - the average distance of i from all other data within
the same cluster;

b(i) is the smallest average distance of i from any other
cluster for which i is not a member; and

S(i) is the silhouette coeflicient ranging between [-1,1], as
per Eq. 2.

-1<s(i)<1 (2)
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The value of a cluster silhouette (S) measures its configuration
quality. It varies between [-1,1]. When the value is high, the
cluster can be considered internally consistent and distinct
from other clusters (Chen, 2014). Finally, the modularity index
(Q) of the analysis was extracted, which indicates the extent
to which the network is divisible into modules (Aryadoust
et al., 2019). The value of Q ranges between [-1,1]. High
values indicate that the clusters within the network are easily
separable.

RESULTS AND D1SCUSSION

Brazil has the fourth-highest number of publications on
saprolite, after the United States, France and Australia (Silva
et al., 2022). There was significant variation in the number of
publications on saprolite in the considered time window, with
the greatest number of publications occurring in 2021 (with
20 articles) and the lowest number occurring in 1990, 1993,
and 1994, in which no articles were found in 1994 (Figure 1).

Although the search covered 32 years spanning from
1990 to 2022, the first two articles were published in 1991.
Both studies examined the changes in saprolite to clarify the
origin of Belterra clay in northern Brazil (Truckenbrodt et al.,
1991) and the formation of iron duricrust with gold in central
Brazil (Oliveira & Campos, 1991). During the 1990s, 13 out
of 180 articles (7.22%) were published. The small number
of publications in this decade followed the worldwide trend
found by Silva et al. (2022) in the same period. During this
time, solum was the focus of most research, whereas saprolite
was generally neglected (Brevik & Miller, 2015). In Brazil, the
community of researchers who studied saprolite was very small.

Between 2000 and 2010, 58 of 180 articles were published
(32.22%), and between 2011 and 2020, 74 of 180 articles
(41.11%) were published. On average, 5 articles were published
per year from 2000 to 2010, and 7 articles were published per
year from 2011 to 2022 (Figure 1). This increase is known to be
associated with the significance of saprolite in ecological and
hydrological studies (Drahota et al., 2018; Nan et al., 2020).

By June 30th, 2022, 15 of 180 articles (8.33%) had been
published. Considering the number of articles that had been
published thus far, it was expected that by December 31,
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2022, the number of articles should have exceeded 2021 (20
of 180 articles; 11.11%) (Figure 1). The significant increase
in publications can be justified by the growing interest in the
subject, aiming at understanding the genesis, evolution and
dynamics of this underground zone (Santos et al., 2022b).
Connections were analyzed between the host state of the
institution to which the researcher belonged (articles-author-
state) and the state where the research was conducted (articles-
research-state, Figure 2). The ratio between these two indices
(articles-research-state and articles-author-state) indicated
that for the states with ratios higher than 1.00 (Amazonas,
index of 2.60; Rio Grande do Sul, 1.73; Minas Gerais, 1.45;
Mato Grosso, 6.00; Pernambuco, 1.43; Parana, 1.33; Espirito
Santo, 1.33; Santa Catarina, 1.00; Ceard, 1.00; and Maranhio,
1.00), there was a predominance of researchers who carried
out their studies on saprolite located in their own state. The
states that had indices lower than 1.00 (Pard, 0.83; Rio de
Janeiro, 0.81; Distrito Federal, 0.71; Sdo Paulo, 0.58 and Goias,

Figure 2. Comparison between the number of articles
published by corresponding authors belonging to institutes
located in a state (articles-author-state) (gray bar) and the
number of articles published in the state where the research was
conducted (articles-research-state) (blue bar). In cases where
the blue bar is greater than the gray bar, researchers studied
saprolite located in the same state where the institute was
located. Otherwise (gray bars greater than blue), the institute
where the research was performed was not the same as where
the saprolite was located

Figure 1. Visualization of scientific productions, distributed annually from 1990 to 2022
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0.00) indicated that the published research was performed
by resident researchers working on saprolite from another
Brazilian state.

In the case of Goids, all studies on saprolite were carried
out by researchers from institutes in other states. The number
of articles published by authors from institutes in Sdo Paulo
ranked first, along with Minas Gerais. However, Sdo Paulo
had the lowest ratio of articles-research-state/articles-author-
state because these researchers carried out many studies on
saprolites located in other states, emphasizing the importance
of partnerships between researchers. The territory of the
Amazonas, Pard and Mato Grosso states comprises 43.74%
(IBGE, 2022) of the Brazilian surface area. However, those
states had a small number of studies, indicating that the
number of studies on saprolite was not linearly linked to
territorial areas (Oliveira & Campos, 1991; Truckenbrodt et
al,, 1991; Horbe & Costa, 1997; Costa & Moraes, 1998; Horbe
& Costa, 1999; Galarza & Macambira, 2002; Apoitia et al.,
2004; Costa et al., 2004; Horbe et al., 2004; Nascimento et
al., 2004; Oliveira & Larizzatti, 2005; Cornelius et al., 2007;
Horbe et al.,, 2007; Larizzatti et al., 2008; Horbe & Anand,
2011; Novaes Filho, 2012; Agnoletto & Leite, 2015; Zenero et
al., 2016; Prosdocimi et al., 2019; Mathian et al., 2020; Silva &
Costa, 2020; Merdy et al., 2021; Negrao & Costa, 2021; Peixoto
et al,, 2021).

Figure 3 shows the geographic distribution of the research
sites. Seven of the 180 identified articles used saprolite
samples from different states of Brazil (Melo et al., 2001, 2002;
Vasconcelos & Carmo, 2018; Santos et al., 2019a; Peixoto et al.,
2021; Conceigao et al., 2022; Santana & Botelho, 2022). The
main hydrographic basins of Brazil are also presented in Figure

The different colors in the legend represent the hydrographic basins of Brazil
Figure 3. Number of articles published by Brazilian state
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3 (Resolution ne 32 of the National Council of Water Resources,
of October 15, 2003, CNRH, 2003). The limits of these river
basins are delimited by differences in the country’s ecosystems,
as well as economic, social and cultural characteristics (Porto
& Porto, 2008).

In the last 32 years (1990-2022), no studies on saprolite
have been carried out in the states of Acre, Alagoas, Amapa,
Rio Grande do Norte and Sergipe. Most of the studies were
concentrated in the southeastern region (98 of 193 locations;
50.77%), with the largest number in the state of Minas Gerais
(55 of 193 locations; 28.49%). The significant number of papers
may be associated with the fact that the state of Minas Gerais is
internationally recognized for the abundance of its geological
resources, mainly iron ore and gold reserves (Silva, 2007).

Although Figure 3 shows the studies that were carried
out in Brazilian states, it is not possible to know for sure
which river basin each study was conducted. However, some
states are located in a single basin, such as Rio de Janeiro,
Tocantins, Rio Grande do Norte, Paraiba, Roraima, Acre,
Amazonas, Rondénia and Amapa (the Southeast Atlantic,
Tocantins-Araguaia, Eastern Northeast Atlantic and Amazon,
respectively). Among these, Rio de Janeiro had the highest
number of studies (17 of 193 locations; 8.81%).

The area occupied by silicate rocks in the Amazon and
Parana River Basins is among the 10 largest in the world
(220.75 and 132.0 x 10*km?, respectively) (Zhang et al., 2021).
The Amazon Basin constitutes nearly a quarter of the planet’s
silicate carbon sink (SCS) (21.80 Tg/year). On the other hand,
the Parana Basin sequesters on average 2.58 Tg/year, second
only to the Amazon Basin and the Zaire Basin in Africa. This
result highlights the great lack of publications in the most
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important river basins and, by extension, the greater number
of SCSs on the planet. According to Figure 3, there were
fewer studies on the Amazon River Basin than on the Parand
Basin. In this sense, advancing the characterization of the
saprolite zone in these areas is essential since Brazil provides
an advantageous environment for the weathering of silicate
rocks (Xiong et al., 2022).

The seven main saprolite research institutions are listed
in Figure 4. They were classified by the number of studies
(center of the circles) on saprolite between 1990 and 2022,
with emphasis on the authors (the circle rings) of the
respective published articles. Among these, 43.67% of the
articles were from two institutions in the state of Sdo Paulo,
followed by Minas Gerais (25.28%, two institutions), Rio de
Janeiro (14.94%, one institution), and Distrito Federal and
Pernambuco, both with only one institution (8.04%). All the
institutions are public, and among them, three are maintained
by state universities (USP and UNESP) and four are Federal
Universities (UFOP, UFR], UFV, UNB and UFRPE).

The institutions generally correspond to field research
locations. According to the data presented in Figure 2, Minas
Gerais was the main state with the highest number of published
articles (considering the institute of the corresponding author),
along with the state of Sao Paulo. Figure 4 shows that the largest
number of articles published came from institutions in the
state of Sao Paulo (USP and UNESP; 38 articles). In this case,
Minas Gerais changed its position when ranking the published
articles with the scientific production of institutions. Several
components can contribute to this phenomenon. Among
them are each state investment in research (through research

Number of studies (center of circle) and authors (ring of circle) related to saprolite
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foundations or FAPs). For example, some FAPs allow funds
to be applied to research projects conducted in other states,
provided that the main researcher of the project belongs to
an institution of the same state as that foundation. Other
components are coauthorships, guidelines, and co-orientations.

The largest number of articles were published in Rio de
Janeiro, and most of the articles were published by researchers
from the UFR]J (13 out of 21 articles [61.90%]). According
to the corresponding author, seven articles were published
in the state of Pernambuco and the Federal District (Figure
2), which corresponds to the number of articles published by
UFRPE and UNB.

Figure 5 further explores the partnerships between
researchers, showing the network among institutions between
1990 and 2022 and highlighting the top 10 institutions. Each
institution is represented by a node, and these nodes are
represented by a series of rings in different colors. Each color
represents the year of collaboration, and the thickness of
the node is proportional to the number of partnerships. The
colors of the links connecting the nodes represent the year of
collaboration established between institutions.

All featured institutions began their saprolite research/
partnerships in the 1990s, since the center of the nodes has a
light grayish color (see color scale at the bottom of the graph).
The same reasoning applies to the external part of the node
for all institutions that have conducted research on saprolite
in recent years, except for the UFV, UFSM and UFMG (these
institutions lack a red outer ring). Partnerships between
institutions are represented by links, in which each color
represents the year in which the partnership was established.

Figure 4. Top 7 institutions with the greatest number of saprolite publications: UFV: Federal University of Vigcosa; UFRPE:
Rural Federal University of Pernambuco; USP: University of Sio Paulo; UFOP: Federal University of Ouro Preto; UFR]J: Federal
University of Rio de Janeiro; UNESP: Sdo Paulo State University “Julio de Mesquita Filho”; and UNB: University of Brasilia

Rev. Bras. Eng. Agric. Ambiental, v.29, n.1, €280446, 2025.
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(Color figure online). Source: CiteSpace - Own elaboration

Figure 5. Scientometric map of institution co-occurrence

The scientometric map displays links of varying colors, showing
that Brazilian researchers have maintained partnerships over
the 32-year span covered by the present study.

In the coauthorship map (Figure 6), each circle represents
an author, and the links between two circles represent the
collaboration between the authors, complementing the
partnership between institutions presented in Figure 2.

The size of the network between authors depends on
the number of articles published and the line of action on
saprolite-related topics. Authors with many articles have a large
number of coauthorship relationships. The two main groups of
coauthors consisted of 15 researchers—Azevedo AC, Correa
MM, Silva AHN, Silva LFV, Silva RC, Dalmolin RSD, Oliveira
CS, Santos JCB, Fink JR, Le Pera E, Menezes FP, Pedron FA,
Santos JA, Souza Junior VS and Sturmer SLK—and another of
8 authors—Curmi P, Barbiero L, Chaplot V, Cooper M, Furian
S, Grimaldi C, Grimaldi M, and Walter C (Figure 6).

Source: CiteSpace - Own elaboration

Figure 6. Scientometric map of coauthoring
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The group formed in the center of the network exhibited
intricate connections, with Melfi AJ and Oliveira FS having
the greatest collaboration. Only one group was formed by
two authors (Coelho & Vidal-Torrado, 2003), which may be
associated with a more specific line of study on saprolites. Most
of the authors who are presented in this network are affiliated
with the institutions presented in Figure 4.

Figure 7 shows the top 20 authors who had citation bursts in
their documents during the 1990-2022 time span. In Figure 7,
itis possible to identify the manuscripts that received attention
from the scientific community, which occurred in the interval
identified by the red line overlaid on the blue line (Shi & Yin,
2021; Ahmad et al., 2021).

The burst value was between 1.33 and 2.78, and the duration
times were relatively short, except for three authors, Horbe
AMC, Melfi A and Schaefer CEGR, who remained for a long
period (10, 8 and 8 years, respectively). It is also noted that
groups of authors had citation bursts in specific periods, mainly
after 2011; for example, Boulange B, Oliveira FS, Varajao AFDC
and Varajao CAC from 2011 to 2014. Among the 20 authors,
17 were Brazilian researchers. This group was composed
mostly of agronomists (Azevedo AC, Correa MM, Dalmolin
RSD, Santos JCB, Melo VE Pedron FA, Schaefer CEGR and
Vidal-Torrado P; 47.05%), followed by geologists (Costa ML,
Oliveira SMB, Horbe AMC, Melfi AJ, Porto CG, Varajao AFDC
and Varajao CAC; 41.17%) and geographers (Bueno GT and
Oliveira FS; 5.88%).

Table 1 shows the 10 most cited articles and corresponding
authors during the 1990-2022 time window. The saprolite
topic is quite broad and has been used in several areas, with
several different concepts (Ehlen, 2005). Thus, while the
titles of the most referenced publications suggest a variety of
methodologies and applications, the pedological approach
dominates. For example, among the 5 most cited articles, 3 were
published in journals that have the word “soil” in the title. It is
also clear that all the articles were published in non-Brazilian
journals. However, it is inferred that the “service life” of the
articles was approximately 20 years, as was the effect of time
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(Color figure online). Source: CiteSpace - own elaboration

Figure 7. Top 20 authors and their citation bursts

Table 1. Main articles ordered by number of citations, according to ResearchGate

Rev. Bras. Eng. Agric. Ambiental, v.29, n.1, €280446, 2025.
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on the accumulation of citations, because of the 10 most cited
articles, only 2 were published after 2010.

Brazilian researchers collaborated in studies on saprolite
with researchers from institutions in 22 countries. Figure 8

(Color figure online). Source: CiteSpace - Own elaboration
Figure 8. Scientometric map of network collaboration with
other countries

(Color figure online). Source: CiteSpace - Own elaboration

Luis F. V. da Silva et al.

shows these collaborations, with an emphasis on the main
countries.

Within the period considered in this survey (1990-2022),
the oldest international partnerships began in the 1990s
with France, followed by Australia, the Netherlands, Spain
and the USA. This can be attested through the link coming
from the center of the node of each country. Figure 8 shows
that researchers from Brazil are currently collaborating with
Australia, England, Italy and the Netherlands (the outer ring
in red indicates collaborative publications in 2022).

Figure 9A shows the most representative journals of the
cocitation network, especially in the last three years. Here, each
journal is represented by a node. These nodes are represented
by a series of rings in different colors that represent the year of
citation. Finally, their thickness is proportional to the number
of citations in a given period. The color of the links connecting
the nodes represents the year in which it was cited. Among
the 8 journals highlighted below, 4 (Geoderma, Chem Geol,
Geo Cosm AC and Soil Sci Soc AM J) were among the top 10
with the greatest number of citations between 1990 and 2022
(Table 1).

As shown in Figure 9, there are a wide variety of cocited
journals involved in saprolite research. Those highlighted in
the present diverse scopes, journals with an interdisciplinary
nature (Catena, Soil Sci Soc AM J and Clay Miner), were cited
with high frequency in the last three years, except for Clay
Miner in 2022 (Figure 9B). The journals focused on publishing

Figure 9. (A) Scientific journals with the most-cited publications on saprolite (1990-2022); highlighting the years 2022 (B);

2021 (C) and 2020 (D)

Rev. Bras. Eng. Agric. Ambiental, v.29, n.1, €280446, 2025.
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research on soil science (Geoderma and Rev Bras Cienc Solo)
showed a reduction in the number of citations in the last three
years (Figure 9B and C - Geoderma; Figure 9D - Rev Bras Cienc
Solo), despite the high citation numbers that Geoderma has
accumulated in the last thirty-two years. The journals with a
geochemical scope (Chem Geol, ] Geochem Explor and Geo
Cosm AC) had citations with varying frequencies.

Figure 10 is an overlay of maps of research articles on
saprolite, isalterite, and isoalterite between 1990 and 2022.
The overlay of maps detects the most productive disciplines
that conduct focused research and the fundamental principles
of this domain (Hu et al., 2022; Song et al., 2022). The nodes
on the left represent the citing journals (knowledge carriers),
and those on the right represent the cited ones (knowledge
bases). The curve between two nodes indicates the relationship
between the citations, and the strength of the curves (after
the weight of the z score) is based on the number of citations
(the thicker the line is, the greater the number of citations).
In addition, the software builds ovals into the maps, which
indicate clusters of highly active and cited journals. The size of
these ovals is proportional to the number of publications that
cite the cited journals (Chen & Leydesdorff, 2014).

(Color figure online). Source: CiteSpace - Own elaboration
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The map overlay revealed that the papers with the key words
“saprolite”, “Isalterite” and “isoalterite” were mainly published
in journals in the “Ecology, Earth, Marine” area (Figure 10). The
connection curve (blue line) represents the papers that were
cited in papers published in journals in the “Earth, Geology,
Mathematical” and “Chemistry, Materials, Physics” areas. This
can be interpreted as the “Ecology, Earth, Marine” area being
the intellectual base for the other areas, with Z = 5,14. The Z
index normalizes the citation frequency among different areas
(Han et al., 2023). The Z value of this curve expresses a robust
knowledge flow among these areas (Zhang et al., 2023).

The ovals highlighted on the right side of Figure 10 show
the same sequence as the scientific journals shown in Figure
9. Based on these findings, the research area for this topic is
interdisciplinary in character, owing to the varied scopes of
the journals in which the path is inserted. In addition, despite
knowledge areas such as “Economics, Political”, “Psychology,
Education”, “Dermatology, Dentistry” and “Molecular, Biology”
cited in journals from “Ecology, Earth, Marine”, they did not
have a score in the Z index.

The present study also identified the most cited keywords
in articles about saprolite (Figure 11). Keywords carry the

Figure 10. Overlay of double maps on saprolite, isalterite and isoalterite
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Figure 11. Keywords most commonly used in publications related to studying saprolite
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most important and central information in the literature and
are crucial to understanding the development trends of a
given research field (Ma et al., 2022). CiteSpace was used to
analyze such keywords and to identify trends and perspectives
of present and future research (Chen, 2004). The size of the
octahedron is proportional to the number of occurrences,
and the connection between the octahedrons reflects the co-
occurrence force between the keywords.

The 20 keywords used in this study are highlighted. The
word ‘Brazil, which symbolizes the advancement of saprolite
studies in the Brazilian territory, appears in the center of the
figure. A comparison of the words “Soil and Saprolite” revealed
a greater occurrence of the first term and a lower occurrence
of the second term. This same survey was carried out by Silva
et al. (2022) on a global scale, where the same terminologies
appeared with the same frequency number. The higher
frequency of the word “soil” can be associated with the authors’
concept of whether saprolite is part of the soil. In Brazil, several
researchers prefer to use the term “soil”, which encompasses
the saprolite zone. Although the definition of saprolite is fairly
narrow (rock altered in situ with little or no volume variation),
its pedological nature depends on the soil definition adopted.

Another word that comes up frequently is “Classification.”
In Brazil, there is still no specific classification system for
saprolite (Santos et al., 2018). This highlights the growing
interest of Brazilian researchers in the development of a
system for classifying the saprolite zone. The word “Rock” also
appears in the list of words most frequently cited. This term is
linked to the study of the source material, as shown in Figure
8, and may indicate the significant participation of geologists
in studies involving saprolite. “Geochemistry”, “Evolution”,
“Hematite”, “Goethite”, “Genesis” and “Profile” also appear
more frequently, suggesting that the relationships between the
sections at different depths in the regolith are of great interest to
Brazilian researchers, especially in terms of their mineralogical
aspects. This may suggest that publications on saprolite are
more related to geological issues and weathering/pedogenic
evolution of the regolith and less related to its geotechnical
properties, for example.

To better understand saprolite studies, we combined
keyword analysis with clustering (Figure 12A). A silhouette of S
=0.9063 was obtained, indicating that it is highly homogeneous
since the closer to one the association of the keywords of
each cluster is, the stronger the association. The modularity
(Q = 0.7244) indicates good clustering quality throughout
the network. The term “weathering profile” also appears in
the cluster analysis and can be associated with studies on
“lateriticsaprolite” (Negrdo & Costa, 2021), which in turn is
associated with “rare earth element” that are used as indicators
of weathering processes (Faria Junior et al., 2018; Ferreira et
al., 2021), in addition to contributing to the search for the
economically important minerals “gold-paleoproterozoic”
(Varajao et al., 2020). The following terms were also found:
“fractured aquifer”, which is linked to the boundary of the
saprolitic zone (NRC, 2001), and “cerrado”, which is the biome
with the largest number of studies on saprolite, based on the
mapping performed by the state (Figure 3).
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Luis F. V. da Silva et al.

Research groups according to the authors. (Color figure online). Source: CiteSpace -
Own elaboration

Figure 12. (A) Grouping of keywords for saprolite studies
(differentiated by color) provided by CiteSpace. (B)
Interpretation by the authors of the research groups

Other terms that appeared were “alluvial deposit”
and “landscape”, which are related to the transport of
“allochthonous” material, which may imply the configuration
of “landscape evolution”. The term “residual soil”, on the other
hand, is associated with the material that remained in the
place of origin. “Formation condition”, “soil-forming factor”,
“polygenesis” and “pedology” are also subjects associated with
studies on saprolithology (Santos et al., 2022a).

Based on the terms that were presented in the cluster
analysis, the main saprolite research was centered on three
groups “Pedology”, “Geochemistry” and “Landscape” (Figure
12B). The symbols highlighted in red are topics related to the
group. The topics in blue are closely linked between groups,
and the topics in green present an intricate link between
“Pedology and Landscape”. Through this analysis, it was
possible to visualize the main topics studied in the context of
saprolithology and which topics have not yet been addressed.

Therefore, keywords involving the physical parameters
of soil, microbiological and climate change did not appear
to be the most cited. This may be due to the absence of
well-established methods, the difficulty of accessing these
materials or the time window considered for this paper since
older studies generally focused on the geochemical and
mineralogical aspects of saprolite. As a result, studies involving
these subjects continue to merit consideration, as this approach
is currently underutilized.

CONCLUSIONS

1. The number of articles published on saprolit*/isalterit*/
isoalterit* shows an increasing trend during the period of
1992-2022.
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2. Brazil has the largest silicate carbon sink (SCS) area in
the world. In particular, the Amazon River and Parana River
Basins (24.41% of the global silicate carbon sink) have received
little attention in saprolite research, especially the Amazon
River Basin.

3. Most studies on saprolite have been developed by
researchers from federal and state institutes. These researchers
play an important role in networking with foreign researchers.

4. Research on saprolite has interdisciplinary characteristics,
covering areas such as pedology, geology and geography.

5. Considering the number of articles published by study
location, more articles were published on saprolite in the
southeastern region than in the other regions of Brazil (98
of 193 locations; 50.77%). The ratio of articles-research-state
to articles-author-state confirms the strong partnership that
exists between researchers from several institutions in Brazil.

6. Brazilian saprolite papers were published mainly in the
“Ecology, Earth, Marine” area and were cited by various other
knowledge areas.

7. Keyword co-occurrence, cluster analysis, and group
analysis indicated that the search hot key words in this field
are “Soil,” “Classification,” “Profile,” “Geochemistry,” and
“Goethite” and “Hematite”. There is a lack of studies involving
issues related to water dynamics, carbon dynamics, and
microbial life in regolith/saprolite.

8. The saprolite geographical research frontier is the
Amazon River Basin, and the methodological frontier is the
study of water, carbon and microbial life.

Contribution of authors: L. F. Vieira da Silva worked
conceptualization, data curation, methodology, writing
- original draft, writing - review & editing, software,
visualization. F. A. Pedron worked conceptualization,
methodology, validation, writing - review & editing. J. C.
Barros dos Santos worked conceptualization, formal analysis,
methodology, writing - review & editing. A. A. Pinto
worked conceptualization, visualization, formal analysis,
methodology, writing - review & editing. A. C. Azevedo worked
conceptualization, project administration, supervision, writing
- original draft, writing - review & editing, methodology, data
curation.

Supplementary documents: There are no supplementary
sources.

Conlflict of interest: The authors declare no conflict of
interest.

Financing statement: There was no funding for this
research.

Acknowledgments: LFVS to Coordenagdo de
Aperfeicoamento de Pessoal de Nivel Superior (CAPES),
Brazil, Grant code 001), ACA to Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico (CNPq), Research
Grant (306636/2019/0).

LITERATURE CITED

Agnoletto, E.; Leite, E. P. Identification of exploration gold targets in
the Alta Floresta gold Province, Mato Grosso State, Brazil, based
on an integrated interpretation of magnetic and geoelectrical data.
Revista Brasileira de Geofisica, v.33, p.305-318, 2015.

11/17

Ahmad, S.; Rehman, S. U,; Igbal, A.; Farooq, R. K.; Shahid, A;
Ullah, M. I. Breast cancer research in Pakistan: A bibliometric
Analysis. SAGE Open, v.1, p.1-17, 2021. https://doi.
org/10.1177%2F21582440211046934

Akbari, M.; Khodayar, M.; Khaleghi, A.; Danesh, M.; Padash, H.
Technological innovation research in the last six decades:
a bibliometric analysis. European Journal of Innovation
Management, v.24, p.1806-1831, 2020. https://doi.org/10.1108/
EJIM-05-2020-0166

Apoitia, L. E M.; Rosa Filho, E. F; Bitttencourt, A. V. L.; Hindy,
E. Preliminary groundwater quality characterization in the
municipality of Cuiabd, Mato Grosso State. Boletim Paranaense
de Geociéncias, v.1, p.7-17, 2004.

Aryadoust, V;; Tan, H. A. H;; Ng, L. Y. A scientometric review of
rasch measurement: The rise and progress of a specialty. Frontiers
in Psychology, v.10, p.1-16, 2019. https://doi.org/10.3389/
fpsyg.2019.02197

Avelar, A. S.; Coelho Neto, A. L.; Lacerda, W. A.; Becker, L. B;
Mendonga, M. B. Mechanisms of the recent catastrophic landslides
in the mountainous range of Rio de Janeiro, Brazil. Proceedings
of the Second World Landslide Forum, v.1, p.1-5, 2013. http://
dx.doi.org/10.1007/978-3-642-31337-0-34

Azzone, R. G.; Ruberti, E. The compositional evolution of the
phylosillicates in the lateritic profile of the Catalao I: Ultramafic
alkaline-carbonatitic complex (GO). Geologia USP - Série
Cientifica, v.10, p.23-43, 2010. https://doi.org/10.5327/Z1519-
874X2010000200003

Bacellar, L. A. P,; Coelho Neto, A. L.; Lacerda, W. A. Controlling factors
of gullying in the maracuja catchment, southeastern Brazil. Earth
Surface Processes and Landforms, v.30, p.1369-1385, 2005. https://
doi.org/10.1002/esp.1193

Bonini, C. D. S. B.; Dias, R. D. S.; Alves, M. C.; Abreu, C. A.; Vazques,
E. V;; Paz-Gonzalez, A. Micronutrient content of a revegetated
Saprolite exposed by excavation of an oxisol. Communications
in Soil Science and Plant Analysis, v.46, p.283-295, 2015. https://
doi.org/10.1080/00103624.2014.989045

Brevik, E. C.; Miller, B. A. The use of soil surveys to aid in geologic
mapping with an emphasis on the Eastern and Midwestern United
States. Soil Horizons, v.56, p.1-9, 2015. https://doi.org/10.2136/
sh15-01-0001

Carmo, I. O.; Vasconcelos, P. M. 40Ar/39Ar geochronology constraints
on late Miocene weathering rates in Minas Gerais, Brazil. Earth
and Planetary Science Letters, v.241, p.80-94, 2006. https://doi.
0rg/10.1016/j.epsl.2005.09.056

Cerri, R. I.; Rosolen, V; Reis, F. A. G. V; Pereira Filho, A. J.; Vemado, E;
Giordano, L. C.; Gabelini, B. M. The assessment of soil Chemical,
physical, and structural properties as landslide predisposing
factors in the Serra do Mar Mountain range (Caraguatatuba,
Brazil). Bulletin of Engineering Geology and the Environment,
v.79, p.3307-3320, 2020. https://doi.org/10.1007/s10064-020-
01791-1

Chen, C. A glimpse of the first eight months of the COVID-19
literature on Microsoft Academic Graph: themes, citation contexts,
and uncertainties. Frontiers in Research Metrics and Analytics,
v.5, p.1-15, 2020. https://doi.org/10.3389/frma.2020.607286

Chen, C. CiteSpace II: Detecting and visualizing emerging trends and
transient patterns in scientific literature. Journal of the American
Society for Information Science and Technology, v.57, p.359-377,
2006. https://doi.org/10.1002/asi.20317

Rev. Bras. Eng. Agric. Ambiental, v.29, n.1, €280446, 2025.


https://doi.org/10.1177%2F21582440211046934
https://doi.org/10.1177%2F21582440211046934
https://doi.org/10.1108/EJIM-05-2020-0166
https://doi.org/10.1108/EJIM-05-2020-0166
https://doi.org/10.3389/fpsyg.2019.02197
https://doi.org/10.3389/fpsyg.2019.02197
http://dx.doi.org/10.1007/978-3-642-31337-0-34
https://doi.org/10.5327/Z1519-874X2010000200003
https://doi.org/10.5327/Z1519-874X2010000200003
https://doi.org/10.1002/esp.1193
https://doi.org/10.1002/esp.1193
https://doi.org/10.1080/00103624.2014.989045
https://doi.org/10.2136/sh15-01-0001
https://doi.org/10.2136/sh15-01-0001
https://doi.org/10.1016/j.epsl.2005.09.056
https://doi.org/10.1016/j.epsl.2005.09.056
https://doi.org/10.1007/s10064-020-01791-1
https://doi.org/10.1007/s10064-020-01791-1
https://doi.org/10.3389/frma.2020.607286
https://doi.org/10.1002/asi.20317

12/17

Chen, C. Searching for intellectual turning points: Progressive
knowledge domain visualization. Proceedings of the National
Academy of Science, v.101, p.5303-5310, 2004. https://doi.
0rg/10.1073/pnas.0307513100

Chen, C. The CiteSpace Manual, college of computing and informatics.
Drexel University, Philadelphia, PA, USA, 2014. Available
on: <http://cluster.isochool.drexel.edu/~cchen/citespace/
download/>. Accessed on: Jun. 2022.

Chen, C.; Leydesdorft, L. Patterns of connections and movements
in dual-map overlays: A new method of publication portfolio
analysis. Journal of the Association for Information Science
and Technology, v.65, p.334-351, 2014. https://doi.org/10.1002/
asi.22968

Chen, C.; Song, M. Visualizing a field of research: A methodology of
systematic scientometric reviews. Plos One, v.10, p.1-25, 2019.
https://doi.org/10.1371/journal.pone.0223994

Clemente, C. A.; Azevedo, A. C. Mineral Weathering in acid saprolites
from subtropical, southern Brazil. Scientia Agricola, v.64, p.601-
607, 2007. https://doi.org/10.1590/50103-90162007000600007

Clemente, C. A.; Dematté, J. A. M.; Mafra, A. L.; Bentivenha, S. R. P.
Spectral reflectance and Mineralogy of soil materials developed
from diabase. Scientia Agricola, v.57, p.1-10, 2000. https://doi.
0rg/10.1590/50103-90162000000100026

CNRH - Conselho Nacional de Recursos Hidricos. Brasilia: Ministério
do Meio Ambiente, 2003. Available on: <https://www.gov.br/
mma/pt-br/composicao/orgaos-colegiados/conselho-nacional-
de-recursos-hidricos>. Accessed on: Mar. 2022.

Coelho, C. V. S.; Rosolen, V. Morphological, mineralogical and
chemical characterization of the alteration levels of Marilia
formation (Serra da galga member) from the Neo Cretaceous
of Bauru basin, in the Tridngulo Mineiro (MG). Pesquisas em
Geociéncias, v.43, p.139-151, 2016.

Coelho, M. R.; Vidal-Torrado, P. Characterization and genesis
of plinthic profiles developed on sandstone (Bauru Group).
I - Chemical properties. Revista Brasileira de Ciéncia do
Solo, v.27, p.483-494, 2003. https://doi.org/10.1590/S0100-
06832003000300010

Coelho, M. R.; Vidal-Torrado, P. Characterization and genesis of
plinthic profiles developed on sandstone (Bauru Group). II -
Mineralogical Properties, v.27, p.495-507, 2003. https://doi.
org/10.1590/50100-06832003000300011

Conceigao, F. T;; Vasconcelos, P. M.; Godoy, L. H.; Navarro, G. R.
B.; Montibeller, C. C.; Sardinha, D. S. Water/rock interactions,
Chemical Weathering and erosion, and supergene enrichment in
the Tapira and Cataldo I alkaline-carbonatite complexes, Brazil.
Journal of Geochemical Exploration, v.237, 106999, 2022. https://
doi.org/10.1016/j.gexplo.2022.106999

Cooper, M.; Vidal-Torrado, P. Ferriargillan genesis in argillic B
horizons of a soil sequence over diabase in Piracicaba. Scientia
Agricola, v.57, p.745-750, 2000. https://doi.org/10.1590/S0103-
90162000000400024

Cornelius, M.; Porto, C. G.; Dunn, C. E; Butt, C. R. M.; Oates, C,;
Coelho, R. Soil and biogeochemical signatures of the Aripuana
base metal deposit, Mato Grosso, Brazil. Geochemistry:
Exploration, Environment, Analysis, v.7, p.179-192, 2007. https://
doi.org/10.1144/1467-7873/07-130

Rev. Bras. Eng. Agric. Ambiental, v.29, n.1, €280446, 2025.

Luis F. V. da Silva et al.

Costa, E. U. C; Santos, J. C. B.; Azevedo, A. C.; Aratjo Filho, J. C.;
Neves, L. V. M. W,; Vidal-Torrado, P.; Souza Junior, V. S. Mineral
alteration and genesis of Al-rich soils derived from conglomerate
deposits in Cabo Basin, NE Brazil. Catena, v.16, p.198-211, 2018.
https://doi.org/10.1016/j.catena.2018.04.039

Costa, J. R.; Pedron, F. A.; Dalmolin, R. S. D.; Schenato, R. B. Field
description and identification of diagnostic qualifiers for urban
soils in Brazil. Revista Brasileira de Ciéncia do Solo, v.43,
p.0180121, 2019. https://doi.org/10.1590/18069657rbcs20180121

Costa, M. L.; Kern, D. C,; Pinto, A. H. E.; Souza, J. R. T. The ceramic
artifacts in archaeological black earth (terra preta) from lower
Amazon region, Brazil: Mineralogy. Acta Amazonica, v.34,
p.165-178, 2004.

Costa, M.L.; Moraes, E.L. Mineralogy, Geochemistry and genesis of
kaolins from the Amazon region. Mineralium Deposita, v.33,
p.-283-297, 1998.

Costa, N. O.; Botelho, N. F; Garnier, J. Concentration of rare earth
elements in the faixa placha tin deposit, Pedra Branca A-Type
granitic Massif, central Brazil, and its potential for ion-adsorption-
type REE-Y mineralization. Ore Geology Reviews, v.123,
p-103606, 2020. https://doi.org/10.1016/j.oregeorev.2020.103606

De Assis, 1. R; Dias, L. E.; Abrahdo, W. A. P; Ribeiro Junior, E. S.;
Mello, J. W. V. Cover layers to the growth of trees and shrobs over
a sulfide spoil from gold mining. Revista Arvore, v.35, p.941-947,
2011. https://doi.org/10.1590/S0100-67622011000500019

Drahota, P.; Kulakowski, O.; Culka, A.; Knappova, M.; Rohovec, J.;
Veselovsky, F; Racek, M. Arsenic Mineralogy of near-neutral soils
and mining waste at the Smolotely-Lisnice historical gold district,
Czech Republic. Applied Geochemistry, v.89, p.243-254, 2018.
https://doi.org/10.1016/j.apgeochem.2017.12.018

Ehlen, J. Above the weathering front: contrasting approaches to the
study and classification of weathered mantle. Geomorphology, v.67,
p.7-21, 2005. https://doi.org/10.1016/j.geomorph.2004.09.026

Einloft, R.; Ruiz, H. A.; Costa, L. M.; Schaefer, C. E. G. R.; Griffith,
J. J.; Silva Junior, W. M.; Passos, R. R. Long-term monitoring of
vegetative stabilization of a road slope of gnaisse saprolite in
Minas Gerais. Revista Brasileira de Ciéncia do Solo, v.37, p.260-
270, 2013. https://doi.org/10.1590/S0100-06832013000100027

Faria Junior, I. R.; Luvizotto, G. L.; Rosolen, V. S. Trace elements,
rare Earth elements and scandium concentration in a weathering
profile of metaultramafic rock (Bom Jesus da Penha, Minas Gerais,
Brazil). Revista do Instituto de Geociéncias - USP, v.18, p.3-17,
2018. https://doi.org/10.11606/issn.2316-9095.v18-136845

Ferreira, E. P; Guerra, A. R.;; Azevedo, A. C. Rare Earth elements
in gneiss regoliths in southern Minas Gerais, Brazil. Scientia
Agricola, v.78, €20190190, 2021. https://doi.org/10.1590/1678-
992X-2019-0190

Ferreira, Q. C. G.; Bacellar, L. A. P. Analysis of chemical mobility of
leachate contaminants in gneiss saprolite of Belo Horizonte solid
waste landfill (CTRS BR040), South-Eastern Brazil. Soils and
Rocks, v.37, p.50-59, 2014. https://doi.org/10.28927/SR.371051

Figueiredo, M. A.; Varajao, A. F. D. C.; Fabris, J. D; Loutfi, I. S.;
Carvalho, A. P. Superficial alteration and pedogeomorphology in
the south of the Bacao Complex - Quadrilatero Ferrifero - MG,
Brazil. Revista Brasileira de Ciéncia do Solo, v.28, p.713-729, 2004.
https://doi.org/10.1590/S0100-06832004000400012


https://doi.org/10.1073/pnas.0307513100
http://cluster.isochool.drexel.edu/~cchen/citespace/download/
http://cluster.isochool.drexel.edu/~cchen/citespace/download/
https://doi.org/10.1002/asi.22968
https://doi.org/10.1002/asi.22968
https://doi.org/10.1371/journal.pone.0223994
https://doi.org/10.1590/S0103-90162007000600007
https://doi.org/10.1590/S0103-90162000000100026
https://doi.org/10.1590/S0103-90162000000100026
https://www.gov.br/mma/pt-br/composicao/orgaos-colegiados/conselho-nacional-de-recursos-hidricos
https://www.gov.br/mma/pt-br/composicao/orgaos-colegiados/conselho-nacional-de-recursos-hidricos
https://www.gov.br/mma/pt-br/composicao/orgaos-colegiados/conselho-nacional-de-recursos-hidricos
https://doi.org/10.1590/S0100-06832003000300010
https://doi.org/10.1590/S0100-06832003000300010
https://doi.org/10.1590/S0100-06832003000300011
https://doi.org/10.1016/j.gexplo.2022.106999
https://doi.org/10.1016/j.gexplo.2022.106999
https://doi.org/10.1590/S0103-90162000000400024
https://doi.org/10.1590/S0103-90162000000400024
https://doi.org/10.1144/1467-7873/07-130
https://doi.org/10.1144/1467-7873/07-130
https://doi.org/10.1016/j.catena.2018.04.039
https://doi.org/10.1590/18069657rbcs20180121
https://doi.org/10.1016/j.oregeorev.2020.103606
https://doi.org/10.1590/S0100-67622011000500019
https://doi.org/10.1016/j.apgeochem.2017.12.018
https://doi.org/10.1016/j.geomorph.2004.09.026
https://doi.org/10.1590/S0100-06832013000100027
https://doi.org/10.11606/issn.2316-9095.v18-136845
https://doi.org/10.1590/1678-992X-2019-0190
https://doi.org/10.1590/1678-992X-2019-0190
https://doi.org/10.28927/SR.371051
https://doi.org/10.1590/S0100-06832004000400012

A scientometric review of research on saprolite in Brazil from 1990 to 2022

Flaminio Filho, L. C. E.; Hartwig, M. E.; Moreira, C. A. EPB excavation
in transitional mixed face: Line 5 - Lilac (Sao Paulo Metro, Brazil).
Bulletin of Engineering Geology and the Environment, v.81, p.
1-11, 2022. https://doi.org/10.1007/s10064-022-02694-z

Furian, S.; Barbiéro, L.; Boulet, R.; Curmi, P;; Grimaldi, M.; Grimaldi,
C. Distribution and dynamics of gibbsite and kaolinite in an oxisol
of Serra do Mar, southeastern Brazil. Geoderma, v.106, p.83-100,
2002. https://doi.org/10.1016/S0016-7061(01)00117-3

Furquim, S. A. C.; Almeida, I. S. Urban soils in Brazil: A review. Revista
Brasileira de Ciéncia do Solo, v.46, p.0210124, 2022. https://doi.
0rg/10.36783/18069657rbcs20210124

Futai, M. M.; Almeida, M. S. S. An experimental investigation of
the mechanical behaviour of an unsaturated gneiss residual soil.
Géotechnique, v.55, p.201-2013, 2005. https://doi.org/10.1680/
geot.2005.55.3.201

Futai, M. M.; Almeida, M.; Lacerda, W. A. Yield, strength, and critical
State behavior of a tropical saturated soil. Journal of Geotechnical
and Geoenvironmental Engineering, v.130, p.1169-1179, 2004.
https://doi.org/10.1061/(ASCE)1090-0241(2004)130:11(1169)

Futai, M. M.; Lacerda, W. A.; Martins, A. P. S. Influence of
physicochemical interactions on the mechanical behavior of
tropical residual gneiss soils. Soils and Rocks, v.38, p.9-25, 2015.
https://doi.org/10.28927/SR.381009

Galarza, M.A.; Macambira, M.].B. Geocronologia e evolu¢do crustal
da drea do deposito de Cu-Au Gameleira, Provincia Mineral de
Carajas (Pard), Brasil. Geologia USP, v.2, p.1-12, 2002. https://doi.
org/10.5327/S1519-874X2002000100012

Galvao, C. B.; Elsharief, A.; Simoes, G. F. Effects of lime on
permeability and compressibility of two tropical residual soils.
Journal of Environmental Engineering, v.130, p.1-9, 2004. https://
doi.org/10.1061/(ASCE)0733-9372(2004)130:8(881)

Gerscovick, D. M. S.; Vargas, E. A.; Campos, T. M. P. On the
evaluation of unsaturated flow in a natural slope in Rio de Janeiro,
Brazil. Engineering Geology, v.88, p.23-40, 2006. https://doi.
org/10.1016/j.enggeo.2006.07.008

Guimaraes, C. C. B.; Dematté, J. A. M.; Azevedo, A. C.; Silva, R.
C. Interpreting Regolith data to infer groundwater potential
contamination in Piracicaba, Brazil. Journal of South American
Earth Sciences, v.109, p.103298, 2021. https://doi.org/10.1016/j.
jsames.2021.103298

Han, Q.; Li, Z.; Fu, Y.; Liu, H.; Guo, H.; Guan, X.; Niu, M.; Zhang, C.
Analyzing the research landscape: Mapping frontiers and hot spots
in anticancer research using bibliometric analysis and research
network pharmacology. Frontiers in Pharmacology, v.14, p.1-17,
2023. https://doi.org/10.3389/fphar.2023.1256188

He, K.; Zhang, J.; Zeng, Y. Knowledge domain and emerging trends
of agricultural waste management in the field of social science:
A scientometric review. Science of the total environment, v.670,
p-236-244, 2019. https://doi.org/10.1016/j.scitotenv.2019.03.184

Horbe, A. M. C,; Anand, R. R. Bauxite on igneous rocks from
Amazonia and Southwestern of Australia: Implication for
weathering process. Journal of Geochemical Exploration, v.111,
p-1-12, 2011. https://doi.org/10.1016/j.gexplo.2011.06.003

Horbe, A. M. C.; Costa, M. L. Geochemical evolution of a lateritic
Sn-Zr-Th-Nb-Y-REE-bearing ore body derived from apogranite:
the case of Pitinga, Amazonas - Brazil. Journal of Geochemical
Exploration, v.66, p.339-351, 1999. https://doi.org/10.1016/S0375-
6742(99)00002-3

13/17

Horbe, A. M. C.; Costa, M. L. Perfil lateritico mineralizado a Sn, Zr,
Th, Nb, Y e ERT (Serra do Madeira - Pitinga - AM): Evolugao
mineraldgica e geoquimica. Anais da Academia Brasileira de
Ciéncias, v.68, p.193-210, 1997.

Horbe, A. M. C.; Horbe, M. A.; Suguio, K. Tropical spodosols in
northeastern Amazonas State, Brazil. Geoderma, v.119, p.55-68,
2004. https://doi.org/10.1016/S0016-7061(03)00233-7

Horbe, A.M.C.; Paiva, M.R.P;; Motta, M.B.; Horbe, M.A. Mineralogy
and geochemistry of Neogene and Quaternary sediment profiles
from the Solimdes Basin in the region of Coari, Amazonas. Acta
Amazonica, v.37, p.81-90, 2007.

Hu, S.; Zhou, W,; Wang, S; Xiao, Z; Li, Q; Zhou, H.; Liu, M.; Deng,
H.; Wei, J.; Zhu, W;; Yang, H.; Ly, X. Global Research trends and
hotspots on mitochondria in acute lung injury from 2012-2021:
A bibliometric analysis. International Journal of Environmental
Research and Public Health, v.20, €585, 2022. https://doi.
org/10.3390/ijerph20010585

IBGE - Instituto Brasileiro de Geografia e Estatistica. Area Territorial.
Available on: <https://www.ibge.gov.br/geociencias/organizacao-
do-territorio/>. Accessed on: Out. 2022.

Lacerda, W. A. Landslide initiation in saprolite and colluvium in southern
Brazil: Field and laboratory observations. Geomorphology, v.87,
p.104-119, 2007. https://doi.org/10.1016/j.geomorph.2006.03.037

Larizzatti, J.H.; Oliveira, S.M.B.; Butt, C.R.M. Morphology and
composition of gold in a lateritic profile, fazenda Pison “Garimpo’,
Amazon, Brazil. Journal of South American Earth Sciences, v.25,
p.359-376, 2008. https://doi.org/10.1016/j.jsames.2007.06.002

Lee, Y. C,; Chen, C; Tsai, X. T. Visualizing the knowledge domain of
nanoparticle drug delivery technologies: A scientometric review.
Applied Sciences, v.6, p.1-14, 2016. https://doi.org/10.3390/
app6010011

Liu, Y.; Wu, K;; Zhao, R. Bibliometric analysis of research on soil health
from 1999 to 2018. Journal of Soils and Sediments, v.20, p.1513-
1525, 2020. https://doi.org/10.1007/s11368-019-02519-9

Ma, X;; Luo, H.; Liao, J.; Zhao, J. The knowledge domain and emerging
trends in apple detection based on NIRS: A scientometric analysis
with CiteSpace (1989-2021). Food Science & Nutrition, v.10, p.1-12,
2022. https://doi.org/10.1002/fsn3.3010

Machado, H. A; Oliveira, E S.; Oliveira, C. V. Genesis and landscape
insertion of the ferruginous duricrust (Canga) at Pedra Rachada
Massif Quadrilatero Ferrifero, MG. Revista Brasileira de
Geomorfologia, v.22, p.1-24, 2021. http://dx.doi.org/10.20502/
rbg.v22i1.1933

Machado, M. L.; Porto, C. G.; Santoro, L.; Putzolu, E; Neumann,
R; Bastos Neto, A.; Polivanov, H.; Herrington, R. The origin of
supergene nickeliferous chlorite in the Santa Fé Ni-laterite deposit,
GO, Brazil. Brazilian Journal of Geology, v.51, €20200119, 2021.
https://doi.org/10.1590/2317-4889202120200119

Manning, D. A. C.; Renforth, P.; Lopez-Capel, E.; Robertson, S.;
Ghazireh, N. Carbonate precipitation in artificial soils produced
from basaltic quarry fines and composts: An opportunity for
passive carbon sequestration. International Journal of Greenhouse
Gas Control, v.17, p.309-317, 2013. https://doi.org/10.1016/].
ijggc.2013.05.012

Marques, F. A.; Ribeiro, M. R; Bittar, S. M. B.; Tavares Filho, N. A,;
Lima, J. E W. E. Characterization and classification of neosols on
the Fernando de Noronha Island, Pernambuco, Brazil. Revista
Brasileira de Ciéncia do Solo, v.31, p.1553-1562, 2007. https://doi.
0rg/10.1590/50100-06832007000600032

Rev. Bras. Eng. Agric. Ambiental, v.29, n.1, €280446, 2025.


https://doi.org/10.1007/s10064-022-02694-z
https://doi.org/10.1016/S0016-7061(01)00117-3
https://doi.org/10.36783/18069657rbcs20210124
https://doi.org/10.36783/18069657rbcs20210124
https://doi.org/10.1680/geot.2005.55.3.201
https://doi.org/10.1680/geot.2005.55.3.201
https://doi.org/10.1061/(ASCE)1090-0241(2004)130:11(1169)
https://doi.org/10.28927/SR.381009
https://doi.org/10.5327/S1519-874X2002000100012
https://doi.org/10.5327/S1519-874X2002000100012
https://doi.org/10.1061/(ASCE)0733-9372(2004)130:8(881)
https://doi.org/10.1061/(ASCE)0733-9372(2004)130:8(881)
https://doi.org/10.1016/j.enggeo.2006.07.008
https://doi.org/10.1016/j.jsames.2021.103298
https://doi.org/10.1016/j.jsames.2021.103298
https://doi.org/10.3389/fphar.2023.1256188
https://doi.org/10.1016/j.scitotenv.2019.03.184
https://doi.org/10.1016/j.gexplo.2011.06.003
https://doi.org/10.1016/S0375-6742(99)00002-3
https://doi.org/10.1016/S0375-6742(99)00002-3
https://doi.org/10.1016/S0016-7061(03)00233-7
https://doi.org/10.3390/ijerph20010585
https://doi.org/10.3390/ijerph20010585
https://www.ibge.gov.br/geociencias/organizacao-do-territorio/
https://www.ibge.gov.br/geociencias/organizacao-do-territorio/
https://doi.org/10.1016/j.geomorph.2006.03.037
https://doi.org/10.1016/j.jsames.2007.06.002
https://doi.org/10.3390/app6010011
https://doi.org/10.3390/app6010011
https://doi.org/10.1007/s11368-019-02519-9
https://doi.org/10.1002/fsn3.3010
http://dx.doi.org/10.20502/rbg.v22i1.1933
http://dx.doi.org/10.20502/rbg.v22i1.1933
https://doi.org/10.1590/2317-4889202120200119
https://doi.org/10.1016/j.ijggc.2013.05.012
https://doi.org/10.1016/j.ijggc.2013.05.012
https://doi.org/10.1590/S0100-06832007000600032
https://doi.org/10.1590/S0100-06832007000600032

14/17

Martini, A. E; Valani, G. P; Boschi, R. S.; Bovi, R. C.; Da Silva, L. E.
S.; Cooper, M. Is soil quality a concern in sugarcane cultivation?
A bibliometric review. Soil and Tillage Research, v.204, e104751,
2020. https://doi.org/10.1016/j.still.2020.104751

Mathian, M.; Bueno, G. T,; Balan, E,; Fritsch, E.; Nascimento, N. R;;
Selo, M.; Allard, T. Kaolinite dating from Acrisol and Ferralsol:
A new key to underastanding the landscape evolution in NW
Amazonia (Brazil). Geoderma, v.370, 114354, 2020. https://doi.
org/101016/j.geoderma.2020.114354

Melo, L. G. E S. Some case histories with lessons to learn in dam
engineering. Soils and Rocks, v.41, p.267-307, 2018. https://doi.
org/10.28927/SR.413267

Melo, V. E; Schaefer, C. E. G. R.; Novais, R. E; Fontes, M. P. F. Chemical
and mineralogical properties of kaolinite-rich Brazilian soils.
Soil Science Society of America Journal, v.65, p.1324-1333, 2001.
https://doi.org/10.2136/ss52j2001.6541324x

Melo, V. E; Schaefer, C. E. G. R.; Novais, R. E; Singh, B.; Fontes,
M. P. E Potassium and magnesium in clay minerals of some
Brazilian soils as indicated by A sequential extraction procedure.
Communications in soil science and plant analysis, v.33, p.2203-
2225, 2002. https://doi.org/10.1081/CSS-120005757

Merdy, P; Lucas, Y.; Coulomb, B.; Melfi, A. J.; Montes, C. R. Soil organic
carbon mobility in equatorial podzols: soil column experiments.
Article, v.7, p.585-594, 2021. https://doi.org/10.5194/s0il-7-585-
2021

Milagres, A. R; Oliveira, E S.; Varajdo, A. E. D. C,; Varajao, C. A. C.
Ferruginous duricrusts associated with Diamond occurrences in
the Diamantina Plateau, south Espinhago Range, Brazil. Journal
of South American Earth Sciences, v.111, €103503, 2021. https://
doi.org/10.1016/j.jsames.2021.103503

Mokhnacheva, Y. V,; Tsvetkova, V. A. Bibliometric analysis of soil
Science as a scientific area. Eurasian Soil Science, v.53, p.838-844,
2020. https://doi.org/10.1134/51064229320060095

Monteiro, H. S.; Vasconcelos, P. M.; Farley, K. A.; Spier, C. A.; Mello,
C. L. (U-Th)/He geochronology of goethite and the origin and
evolution of cangas. Geochimica et Cosmochimica Acta, v.131,
p-267-289, 2014. https://doi.org/10.1016/j.gca.2014.01.036

Montes, C. R.; Melfi, A. J.; Carvalho, A.; Coelho, A. C. V. Polygenetic
processes in the genesis of clay deposits of Pogos de Caldas
alkaline massif in southeastern Brazil. Applied Clay Science,
v.119, p.424-430, 2016. https://doi.org/10.1016/j.clay.2015.04.026

Montiel, D. C. G.; Coe, M. T;; Cruz, M. P; Ferreira, J. N.; Da Silva, E.
M.; Davidson, E. A. Estimating seasonal changes in volumetric
soil water content at landscape scales in a savanna ecosystem
using two-dimensional resistivity profiling. Earth Interactions,
v.12, p.1-25, 2008. https://doi.org/10.1175/2007E1238.1

Morais, E; Bacellar, L. A. P; Sobreira, E G. Erodibility analysis of gneiss
saprolite. Revista Brasileira de Ciéncia do Solo, v.28, p.1055-1062,
2004. https://doi.org/10.1590/S0100-06832004000600014

Moreira, C. A.; Leandro, C.; Lopes, C. T.; Ilha, L. M. Dc resistivity
investigation in a fractured aquifer system contaminated by leachate
from an old dump. Geofisica Internacional, v.56, p.345-358, 2017.
https://doi.org/10.22201/igeof.00167169p.2017.56.4.1827

Moreira, R. F; Polivanov, H. Determination of the erodibility
parameters of a cutting slope in Sana River sub-basin (Macaé,
RJ, Brazil). Anudrio do Instituto de Geociéncias, v.42, p.682-694,
2019. https://doi.org/10.11137/2019_1_682_694

Rev. Bras. Eng. Agric. Ambiental, v.29, n.1, €280446, 2025.

Luis F. V. da Silva et al.

Moreira, R. E; Polivanov, H. Erosive potential of a cut slope soil profile
through inderbitzen tests. Geo UER], v.32, p.32158, 2018. http://
dx.doi.org/10.12957/geouerj.2018.32158

Muggler, C. C.; Buurman, P,; Van Doesburg, J. D. J. Weathering trends
and parent material characteristics of polygenetic oxisols from
Minas Gerais, Brazil: I. Mineralogy. Geoderma, v.138, p.39-48,
2007. https://doi.org/10.1016/j.geoderma.2006.10.008

Muggler, C. C.; Van Griethuysen, C.; Buurman, P.; Pape, T.
Aggregation, organic matter, and iron oxide morphology in oxisols
from Minas Gerais, Brazil. Soil Science, v.164, p.759-770, 1999.
https://doi.org/10.1097/00010694-199910000-00007

Nan, W;; Li, S.; Dong, Z.; Yao, P. CH, fluxes and diffusion within soil
profiles subjected to different fertilizer regimes on China’s Loess
Plateau. Agriculture, Ecosystems & Environment, v.287, p.1-14,
2020. https://doi.org/10.1016/j.agee.2019.106679

Nascimento, N. R.; Bueno, G. T.; Fritsch, E.; Herbillon, A. J.; Allard,
T.; Melfi, A. J.; Astolfo, R.; Boucher, H.; Li, Y. Podzolization as a
deferralitization process: a study of an acrisol-podzol sequence
derived from palaeozoic sandstones in the northern upper
Amazon Basin. European Journal of Soil Science, v.55, p.523-538,
2004. https://doi.org/10.1111/j.1365-2389.2004.00616.x

Negrao, L. B. A;; Costa, M. L. Mineralogy and Geochemistry of a
bauxite-bearing lateritic profile supporting the identification of
its parent rocks in the domain of the huge Carajés iron deposits,
Brazil. Journal of South American Earth Sciences, v.108, e103164,
2021. https://doi.org/10.1016/j.jsames.2021.103164

Novaes Filho, J. P; Couto, E. G.; Rodrigues, L. C. M.; Chig, L. A;
Johnson, M. S. Indicativos de descontinuidade litoldgica de
regolitos derivados de granitos em uma microbacia sob floresta
Amazodnica, em Juruena - MT. Revista Brasileira de Ciéncias do
Solo, v.36, p.317-324, 2012.

NRC - National Research Council of the National Academies: Basic
Research Opportunities in Earth Science. Available on: <https://
tethys.pnnl.gov/organization/national-research-council-national-
academies-nrc>. Accessed on: Jun. 2001.

Oliveira, F. S.; Varajao, A. E D. C; Varajao, C. A. C,; Boulangé, B;
Costa, J. L. G.; Vessani, L. A. Supergenic alteration and tropical
morphogenesis in the Barro Alto stratiform mafic-ultramafic
complex, GO. Geociéncias, v.28, p.255-272, 2009.

Oliveira, E S.; Varajao, A. F. D. C; Varajao, C. A. C,; Boulangé, B. A
comparison of properties of clay minerals in isalteritic and in
degraded facies. Clay Minerals, v.48, p.697-711, 2013. https://doi.
org/10.1180/claymin.2013.048.5.03

Oliveira, F. S.; Varajao, A. F. D. C.; Varajdo, C. A. C.; Gomes,
N. S. Bauxitisation of anorthosites from central Brazil.
Geoderma, v.167-168, p.319-327,2011. https://doi.org/10.1016/j.
geoderma.2011.09.006

Oliveira, E. S.; Varajao, A. F. D. C.; Varajao, C. A. C.; Soares, C. C. V.
Mineralogical, micromorphological and geochemical evolution
of the facies from the bauxite deposit of Barro alto, central
Brazil. Catena, v.105, p.29-39, 2013. https://doi.org/10.1016/j.
catena.2013.01.004

Oliveira, G. N. R.; Campos, J. E. G.; Gomes, A. W.; Moura, E G.
Hydrodynamic characterization of the Batalha aquifer in
the northwest region of Minas Gerais, State, Brazil. Anudrio
do Instituto de Geociéncias, v.44, p.1-11, 2021. https://doi.
org/10.11137/1982-3908_2021_44_36700


https://doi.org/10.1016/j.still.2020.104751
https://doi.org/101016/j.geoderma.2020.114354
https://doi.org/101016/j.geoderma.2020.114354
https://doi.org/10.28927/SR.413267
https://doi.org/10.2136/sssaj2001.6541324x
https://doi.org/10.1081/CSS-120005757
https://doi.org/10.5194/soil-7-585-2021
https://doi.org/10.5194/soil-7-585-2021
https://doi.org/10.1016/j.jsames.2021.103503
https://doi.org/10.1016/j.jsames.2021.103503
https://doi.org/10.1134/S1064229320060095
https://doi.org/10.1016/j.gca.2014.01.036
https://doi.org/10.1016/j.clay.2015.04.026
https://doi.org/10.1175/2007EI238.1
https://doi.org/10.1590/S0100-06832004000600014
https://doi.org/10.22201/igeof.00167169p.2017.56.4.1827
https://doi.org/10.11137/2019_1_682_694
http://dx.doi.org/10.12957/geouerj.2018.32158
http://dx.doi.org/10.12957/geouerj.2018.32158
https://doi.org/10.1016/j.geoderma.2006.10.008
https://doi.org/10.1097/00010694-199910000-00007
https://doi.org/10.1016/j.agee.2019.106679
https://doi.org/10.1111/j.1365-2389.2004.00616.x
https://doi.org/10.1016/j.jsames.2021.103164
https://tethys.pnnl.gov/organization/national-research-council-national-academies-nrc
https://tethys.pnnl.gov/organization/national-research-council-national-academies-nrc
https://tethys.pnnl.gov/organization/national-research-council-national-academies-nrc
https://doi.org/10.1180/claymin.2013.048.5.03
https://doi.org/10.1180/claymin.2013.048.5.03
https://doi.org/10.1016/j.geoderma.2011.09.006
https://doi.org/10.1016/j.geoderma.2011.09.006
https://doi.org/10.1016/j.catena.2013.01.004
https://doi.org/10.1016/j.catena.2013.01.004
https://doi.org/10.11137/1982-3908_2021_44_36700
https://doi.org/10.11137/1982-3908_2021_44_36700

A scientometric review of research on saprolite in Brazil from 1990 to 2022

Oliveira, S. M. B.; Campos, E. G. Gold-bearing iron duricrust in
Central Brazil. Journal of Geochemical Exploration, v.41, p.309-
323, 1991. https://doi.org/10.1016/0375-6742(91)90005-F

Oliveira, S. M. B.; Imbernon, R. A. L. Weathering alteration and
related REE concentration in the Cataldo I carbonatite complex,
centra Brazil. Journal of South American Earth Sciences, v.11,
P-379-388, 1998. https://doi.org/10.1016/5S0895-9811(98)00024-8

Oliveira, S. M. B.; Larizzatti, J. H. Some observations on gold in the
weathering profile at Garimpo Porquinho, an artisanal mine
in the Tapajos region, Brazilian Amazon. Geologia - USP série
cientifica, v.5, p.1-11, 2005. https://doi.org/10.5327/S1519-
874X2006000100001

Oliveira, S. M. B.; Trescases, J. J.; Melfi, A. J. Lateritic nickel deposits
of Brazil. Mineralium Deposita, v.27, p.137-146, 1992.

Ouyang, W.; Wang, Y.; Lin, C.; He, Mengchang.; Hao, F,; Liu,
H.; Zhu, W. Heavy metal loss from agricultural watershed
to aquatic system: A scientometrics review. Science of the
Total Environment, v.637-638, p.208-2020, 2018. https://doi.
org/10.1016/j.scitotenv.2018.04.434

Peixoto, S. F; Horbe, A. M. C.; Soares, T. M.; Freitas, C. A.; Sousa,
E. M. D,; Iza, E. R. H. E Boolean and fuzzy logic operators and
multivariate linear regression applied to airborne gamma-ray
spectrometry data for regolith mapping in granite-greenstone
terrain in Midwest Brazil. Journal of South American Earth
Sciences, v.112, €103562, 2021. https://doi.org/10.1016/j.
jsames.2021.103562

Phillips, J. D.; Pawlik, L.; Samonil, P. Weathering fronts. Earth-
Science Reviews, v.198, €102925, 2019. https://doi.org/10.1016/].
earscirev.2019.102925

Porto, C. G. Geochemical exploration challenges in the regolith
dominated Igarapé Bahia gold deposit, Carajis, Brazil. Ore
Geology Reviews, v.73, p.432-450, 2016. https://doi.org/10.1016/].
oregeorev.2015.10.027

Porto, C. G.; Hale, M. Gold redistribution in the stone line lateritic
profile of the Posse deposit, central Brazil. Economic Geology,
v.90, p.308-321, 1995. https://doi.org/10.2113/gsecongeo.90.2.308

Porto, M. E. A; Porto, R. L. L. Gestao de bacias hidrogréficas. Estudos
Avangados, v.63, p.43-60, 2008. https://doi.org/10.1590/S0103-
40142008000200004

Prosdocimi, G. A. S.; Braga, M. A. S.; Barbosa, M. R.; Brandi, I. V.
Geoelectrical signatures and their relationships with the lateritic
horizons: A case study of the N4EN Mine’s iron cave, Carajas
complex, Brazil. Brazilian Journal of Geophysics, v.37, p.343-356,
2019. https://doi.org/10.22564/rbgf.v37i4.2013

R Core Team. R: A language and environment for statistical
computing. Vienna: R Foundation for Statistical Computing,
2016. Available on: <https://www.r-project.org/>. Accessed on:
Feb. 2023.

Ratié, G.; Jouvin, D.; Garnier, J.; Rouxel, O.; Miska, S.; Guimaries, E.;
Vieira, L. C; Sivry, Y.; Zelano, L; Pelletier, E. M.; Thil, E.; Quantin,
C. Nickel isotope fractionation during tropical weathering of
ultramafic rocks. Chemical Geology, v.402, p.68-76, 2015. https://
doi.org/10.1016/j.chemgeo.2015.02.039

Renforth, P; Leake, J. R.; Edmondson, J.; Manning, D. A. C.; Gaston,
K. J. Designing a carbon capture function into urban soils.
Urban Design and Planning, v.164, p.121-128, 2011. https://doi.
org/10.1680/udap.2011.164.2.121

15/17

Ribeiro, L. E. B.; Ribeiro, M. C. S. Palaeosurfaces mapping and associated
supergene copper deposits identification as mineral exploration
tool Itapeva and Ribeirdo branco region - Ribeira Valley, State of
Sao Paulo, Brazil. Geociéncias, v.29, p.519-526, 2010.

Rocha, B. P; Pedrini, R. A. A.; Giacheti, H. L. Go/N ratio in tropical
soils from Brazil. Electronic Journal of Geotechnical Engineering,
v.20, p.1915-1933, 2015.

Rosolen, V.; Bueno, G. T.; Melfi, A. J.; Montes, C. R.; Coelho, C. V.
S.; Ishida, D. A.; Govone, J. S. Evolution of iron crust and clayey
ferralsol in deeply weathered sandstones of Marilia formation
(western Minas Gerais State, Brazil). Journal of South American
Earth Sciences, v.79, p.421-430, 2017. https://doi.org/10.1016/j.
jsames.2017.09.001

Rosolen, V.; Bueno, G.; Bonotto, D. The application of U-isotopes
to assess weathering in contrasted soil-water regime in Brazil.
Applied Radiation and isotopes, v.132, p.157-163, 2018. https://
doi.org/10.1016/j.apradis0.2017.11.034

Rousseeuw, P. J. Silhouettes: A graphical aid to the interpretation
and validation of cluster analysis. Journal of Computational
and Applied Mathematics, v.20, p.53-65, 1987. https://doi.
org/10.1016/0377-0427(87)90125-7

Salgado-Campos, V. M. J.; Bertolino, L. C.; Silva, E J.; Mendes, J.
C. Mineralogical characterization of clay mineral assemblages
from Rio de Janeiro pegmatites to identify kaolinite and/or
halloysite deposits. Ceramica, v.66, p.483-495, 2020. https://doi.
org/10.1590/0366-69132020663802928

Sampaio, L. E; Oliveira, M. P. P,; Cassaro, R.; Rodrigues, V. G. S.;
Pejon, O.]; Sigolo, J. B.; Ferreira, V. M. Gully erosion, land uses,
water and soil dynamics: A case study of Nazareno (Minas Gerais,
Brazil). DYNA, v.83, p.198-206, 2016. http://dx.doi.org/10.15446/
dyna.v83n199.54843

Santana, I. V.; Botelho, N. F. REE residence, behaviour and recovery
from a weathering profile related to the Serra Dourada Granite,
Goids/Tocantins States, Brazil. Ore Geology Reviews, v.143,
e104751, 2022. https://doi.org/10.1016/j.oregeorev.2022.104751

Santos, H. G.; Jacomine, P. K. T.; Anjos, L. H. C,; Oliveira, V. A.;
Lumbreras, J. E; Coelho, M. R.; Almeida, J. A.; Aratjo Filho, J. C;
Oliveira, J. B.; Cunha, T. J. E Sistema Brasileiro de Classificacao
de Solos. 5.ed. Brasilia: Embrapa Solos, 2018. 355p.

Santos, J. C. B.; Le Pera, E.; Oliveira, C. S.; Souza Junior, V. S.; Pedron,
E A,; Corréa, M. M.; Azevedo, A. C. Impact of Weathering on REE
distribution in soil-saprolite profiles developed on orthogneisses
in Borborema Province, NE Brazil. Geoderma, v.347, p.103-117,
2019a. https://doi.org/10.1016/j.geoderma.2019.03.040

Santos, J. C. B.; Le Pera, E.; Souza Junior, V. S.; Corréa, M. M.; Azevedo,
A. C. Gneiss Saprolite Weathering and soil genesis along an east-
west regolith sequence (NE Brazil). Catena, v.150, p.279-290, 2017.
https://doi.org/10.1016/j.catena.2016.11.031

Santos, J. C. B.; Le Pera, E.; Souza Janior, V. S.; Oliveira, C. S;
Corréa, M. M.; Azevedo, A. C. Porosity and genesis of clay
in gneiss saprolites: The relevance of saprolithology to whole
regolith pedology. Geoderma, v.319, p.1-13, 2018. https://doi.
org/10.1016/j.geoderma.2017.12.031

Santos, J. C. B.; Oliveira, C. S.; Le Pera, E.; Sartor, L. R.; Corréa, M.
M.; Silva, A. H. N,; Santos, R. A;; Silva, L. E V,; Miiller, C. R
Azevedo, A. C. Saprolithology Applied to Pedology: Mineral
alteration in soil-saprolite profiles along a climate gradient in
Triunfo Massif (NE Brazil). Catena, v.213, e106214, 2022a. https://
doi.org/10.1016/j.catena.2022.106214

Rev. Bras. Eng. Agric. Ambiental, v.29, n.1, €280446, 2025.


https://doi.org/10.1016/0375-6742(91)90005-F
https://doi.org/10.1016/S0895-9811(98)00024-8
https://doi.org/10.5327/S1519-874X2006000100001
https://doi.org/10.5327/S1519-874X2006000100001
https://doi.org/10.1016/j.scitotenv.2018.04.434
https://doi.org/10.1016/j.scitotenv.2018.04.434
https://doi.org/10.1016/j.jsames.2021.103562
https://doi.org/10.1016/j.jsames.2021.103562
https://doi.org/10.1016/j.earscirev.2019.102925
https://doi.org/10.1016/j.earscirev.2019.102925
https://doi.org/10.1016/j.oregeorev.2015.10.027
https://doi.org/10.1016/j.oregeorev.2015.10.027
https://doi.org/10.2113/gsecongeo.90.2.308
https://doi.org/10.1590/S0103-40142008000200004
https://doi.org/10.1590/S0103-40142008000200004
https://doi.org/10.22564/rbgf.v37i4.2013
https://www.r-project.org/
https://doi.org/10.1016/j.chemgeo.2015.02.039
https://doi.org/10.1016/j.chemgeo.2015.02.039
https://doi.org/10.1680/udap.2011.164.2.121
https://doi.org/10.1680/udap.2011.164.2.121
https://doi.org/10.1016/j.jsames.2017.09.001
https://doi.org/10.1016/j.jsames.2017.09.001
https://doi.org/10.1016/j.apradiso.2017.11.034
https://doi.org/10.1016/j.apradiso.2017.11.034
https://doi.org/10.1016/0377-0427(87)90125-7
https://doi.org/10.1016/0377-0427(87)90125-7
https://doi.org/10.1590/0366-69132020663802928
https://doi.org/10.1590/0366-69132020663802928
http://dx.doi.org/10.15446/dyna.v83n199.54843
http://dx.doi.org/10.15446/dyna.v83n199.54843
https://doi.org/10.1016/j.oregeorev.2022.104751
https://doi.org/10.1016/j.geoderma.2019.03.040
https://doi.org/10.1016/j.catena.2016.11.031
https://doi.org/10.1016/j.geoderma.2017.12.031
https://doi.org/10.1016/j.geoderma.2017.12.031
https://doi.org/10.1016/j.catena.2022.106214
https://doi.org/10.1016/j.catena.2022.106214

16/17

Santos, J. C. B.; Oliveira, C. S.; Le Pera, E.; Sartor, L. R.; Corréa,
M. M.; Silva, A. H. N,; Miiller, C. R.; Santos, R. A.; Azevedo,
A. C. Saprolithology applied to Pedology: Integrated study
of soil and Saprolite derived from crystalline rocks to better
understand properties of whole regoliths along a climate
gradient (NE Brazil). Geoderma, v.409, e115602, 2022b. https://
doi.org/10.1016/j.geoderma.2021.115602

Santos, M. C.; Varajdo, A. F. D. C.; Yvon, J. Genesis of clayey
bodies in Quadrilatero Ferrifero, Minas Gerais, Brazil.
Catena, v.55, p.277-291, 2004. https://doi.org/10.1016/S0341-
8162(03)00106-1

Santos, R. A.; Sermarini, R. A.; Guerra, A. R.; Santos, J. C. B.; Azevedo,
A. C. Field perception of the boundary between soil and saprolite
by pedologists and its differentiation using mathematical
models. Revista Brasileira de Ciéncia do Solo, v.43, 0180104,
2019b. https://doi.org/10.1590/18069657rbcs20180104

Schaefer, C. E. R. Brazilian latosols and their B horizon
microstructure as long-term biotic constructs. Australian
Journal of Soil Research, v.39, p.909-926, 2001. https://doi.
org/10.1071/SR00093

Shi, S.; Yin, J. Global research on carbon footprint: A scientometric.
Environmental Impact Assessment Review, v.89, e106571, 2021.
https://doi.org/10.1016/j.eiar.2021.106571

Silva, A. C.; Resende, L.; Costa, R. C.; Uagoda, R. E. S.; Avelar, A. S.
Geophysical for granitic joint pattern and subsurface hydrology
related to slope instability. Journal of Applied Geophysics, v.199,
€104607, 2022. https://doi.org/10.1016/j.jappgeo.2022.104607

Silva, A. C.; Vidal-Torrado, P. Genesis of humic oxisols and its
relationships with the evolution of the landscape of a cratonic
area in the South of Minas Gerais State, Brazil. Revista
Brasileira de Ciéncia do Solo, v.23, p.329-341, 1999. https://
doi.org/10.1590/50100-06831999000200017

Silva, A.C.S.; Costa, M.L. Genesis of the “soft” iron ore at S11D
deposit, in Carajds, Amazon Region, Brazil. Brazilian Journal of
Geology, v.50, €20180128, 2020. https://doi.org/10.1590/2317-
48892020180128

Silva, J. P. S. Impactos ambientais causados por mineragdo. Revista
Espaco da Sophia, v.8, p.1-10, 2007.

Silva, L. F. V.; Santos, J. C. B.; Oliveira, C. S.; Azevedo, A. C.
Saprolite: A bibliometric study from 1990 to 2020. Journal of
South American Earth Sciences, v.115, p.1-10, 2020. https://
doi.org/10.1016/j.jsames.2022.103729

Silva, T. O.; Carvalho, C. A. B.; Lima, D. C.; Calijuri, M. L.; Machado,
C. C.; Oliveira, T. M. Low traffic secondary road subgrade
evaluation by geotechnical tests. Revista Arvore, v.35, p.825-
833,2011. https://doi.org/10.1590/50100-67622011000500008

Silva, V. H. R. M.; Avila, C. A.; Neumann, R.; Faulstich, E R. L,;
Alves, F. E. A;; Almeida, F. B.; Cidade, T. P; Sousa, S. S. C.
G. Oxycalciomicrolite, (Ca, Na),(Ta, Nb, Ti),0 (O, F), a new
member of the microlite group (pyrochlore supergroup) from
the paleoproterozoic Sao Jodo del Rei pegmatite province, Minas
Gerais State, Brazil. Mineralogical Magazine, v.84, p.854-858,
2020. https://doi.org/10.1180/mgm.2020.74

Simas, E N. B.; Schaefer, E. G. R.; Fernandes Filho, E. I.; Chagas, A.
C.; Brandao, P. C. Chemistry, Mineralogy and micropedology
of Highland soils on crystalline rocks of Serra da Mantiqueira,
southeastern Brazil. Geoderma, v.125, p.187-201, 2005. https://
doi.org/10.1016/j.geoderma.2004.07.013

Rev. Bras. Eng. Agric. Ambiental, v.29, n.1, €280446, 2025.

Luis F. V. da Silva et al.

Sobieraj, J. A.; Elsenbeer, H.; Coelho, E. M.; Newton, B. Spatial
variability of soil hydraulic conductivity along a tropical
rainforest. Geoderma, v.108, p.79-90, 2002. https://doi.
org/10.1016/S0016-7061(02)00122-2

Song, N; He, X.; Kuang, Y. Research hotspots and trends analysis of
user experience: Knowledge maps visualization and theoretical
framework construction. Frontiers in Psychology, v.13, p.1-20,
2022. https://doi.org/10.3389/fpsyg.2022.990663

Souza, M. V.; Horbe, A. M. C,; Silva, B. C.; Peixoto, S. E.; Castro,
R. T. Regolith LANDSAT-8/OLI and Hyperion/EO-1limages
classification in Midwest of Brazil. Journal of South American
Earth Sciences, v.111, 103460, 2021. https://doi.org/10.1016/].
jsames.2021.103460

Souza, T. D.; Pinto, A. A.; Silva, L. E V.; Maciel, R. M. A.; Sosa-
Goémez, D. R. Bibliometric analysis of global research on
fungal Metarhizium rileyi based on Web of Science. Agronomy
Journal, v. 115, p.96-107, 2022. https://doi.org/10.1002/
agj2.21203

Tao, S.; Yang, D.; Zhang, L.; Yu, L.; Wang, Z.; Li, L.; Zhang, J.;
Yao, R.; Huang. L.; Shao, M. Knowledge domain and emerging
trends in diabetic cardiomyopathy: A scientometric review
based on CiteSpace analysis. Frontiers in Cardiovascular
Medicine, v.25, 891428, 2022. https://doi.org/10.3389/
fcvm.2022.89142

Truckenbrodt, W.; Kotschoubey, B.; Schellmann, W. Composition
and origin of the clay cover on North Brazilian laterites.
Geologische Rundschau, v.80, p.591-610, 1991.

Varajao, A. FE. D. C,; Costa, G. M.; Varajao, C. A. C.; Meunier, J.
D.; Colin, F. Iron-bearing phases in a peat-derived duricrust
from Brazil. European Journal of Soil Science, v.58, p.1096-
1106, 2007. https://doi.org/10.1111/j.1365-2389.2007.00891.x.

Varajdo, A. E D. C.; Gilkes, R. J.; Hart, R. D. The relationships
between kaolinite crystal properties and the origin of materials
for a Brazilian kaolin deposit. Clays and Clay Minerals, v.49,
p.44-59, 2001.

Varajao, A. F. D. C.; Mateus, A. C. C,; Santos, M. C.; Varajdo, C. A.
C.; Oliveira, F. S.; Yvon, J. The cenozoic deposits of the ancient
landscapes of Quadrilatero Ferrifero highlands, Southeastern
Brazil: Sedimentation, pedogenesis and landscape evolution.
Catena, v.195, p.104813, 2020. https://doi.org/10.1016/j.
catena.2020.104813

Varajao, C. A. C,; Colin, F; Vieillard, P.; Melfi, A. J.; Nahon, D.
Early weathering of palladium gold under lateritic conditions,
Maquiné Mine, Minas Gerais, Brazil. Applied Geochemistry,
v.15, p.245-263, 2000. https://doi.org/10.1016/S0883-
2927(99)00038-4

Vasconcelos, P. M.; Carmo, I. O. Calibrating denudation
chronology through 40Ar/39 Ar weathering geochronology.
Earth-Science Reviews, v.179, p.411-435, 2018. https://doi.
org/10.1016/j.earscirev.2018.01.003

Vieira, C. C.; Botelho, N. F.; Garnier, J. Geochemical and
mineralogical characteristics of REEY occurrences in the
Mocambo granitic Massif tin-bearing A-type granite, central
Brazil, and its potential for ion-adsorption-type REEY
mineralization. Ore Geology Reviews, v.105, p.467-486, 2019.
https://doi.org/10.1016/j.oregeorev.2019.01.007


https://doi.org/10.1016/j.geoderma.2021.115602
https://doi.org/10.1016/j.geoderma.2021.115602
https://doi.org/10.1016/S0341-8162(03)00106-1
https://doi.org/10.1016/S0341-8162(03)00106-1
https://doi.org/10.1590/18069657rbcs20180104
https://doi.org/10.1071/SR00093
https://doi.org/10.1071/SR00093
https://doi.org/10.1016/j.eiar.2021.106571
https://doi.org/10.1016/j.jappgeo.2022.104607
https://doi.org/10.1590/S0100-06831999000200017
https://doi.org/10.1590/S0100-06831999000200017
https://doi.org/10.1590/2317-48892020180128
https://doi.org/10.1590/2317-48892020180128
https://doi.org/10.1016/j.jsames.2022.103729
https://doi.org/10.1016/j.jsames.2022.103729
https://doi.org/10.1590/S0100-67622011000500008
https://doi.org/10.1180/mgm.2020.74
https://doi.org/10.1016/j.geoderma.2004.07.013
https://doi.org/10.1016/j.geoderma.2004.07.013
https://doi.org/10.1016/S0016-7061(02)00122-2
https://doi.org/10.1016/S0016-7061(02)00122-2
https://doi.org/10.3389/fpsyg.2022.990663
https://doi.org/10.1016/j.jsames.2021.103460
https://doi.org/10.1016/j.jsames.2021.103460
https://doi.org/10.1002/agj2.21203
https://doi.org/10.1002/agj2.21203
https://doi.org/10.3389/fcvm.2022.89142
https://doi.org/10.3389/fcvm.2022.89142
https://doi.org/10.1111/j.1365-2389.2007.00891.x
https://doi.org/10.1016/j.catena.2020.104813
https://doi.org/10.1016/j.catena.2020.104813
https://doi.org/10.1016/S0883-2927(99)00038-4
https://doi.org/10.1016/S0883-2927(99)00038-4
https://doi.org/10.1016/j.earscirev.2018.01.003
https://doi.org/10.1016/j.earscirev.2018.01.003
https://doi.org/10.1016/j.oregeorev.2019.01.007

A scientometric review of research on saprolite in Brazil from 1990 to 2022

Xie, P. Study of international anticancer research trends via co-word
and document co-citation visualization analysis. Scientometrics,
v.105, p.611-622, 2015. https://doi.org/10.1007/s11192-015-
1689-0

Xiong, L.; Bai, X.; Zhao, C.; Li, Y;; Tan, Q.; Luo, G.; Wu, L.; Chen,
E; Li, C; Ran, C.; Xi, H.; Luo, X.; Chen, H.; Zhang, S.; Liu, M.;
Gong, S; Xiao, B.; Du, C; Song, F. High-resolution data sets for
global carbonate and silicate rock weathering carbon sinks and
their change trends. Earth’s Future, v.10, p.1-18, 2022. https://doi.
org/10.1029/2022EF002746

Zapata, A. M.; Botelho, N. F. Mineralogical and geochemical
characterization of rare-earth occurrences in the Serra do Mendes
massif, Goids, Brazil. Journal of Geochemical Exploration, v.188,
p-398-412, 2018.

17/17

Zenero, M. D. O,; Silva, L. E S.; Castilho, S. C. P; Vidal, A.; Grimaldi,
M.; Cooper, M. Characterization and classification of soils
under forest and pasture in an agroextractivist project in eastern
Amazonia. Revista Brasileira de Ciéncia do Solo, v.40, e0160165,
2016. https://doi.org/10.1590/18069657rbcs20160165

Zhang, S.; Bai, X.; Zhao, C,; Tan, Q; Luo, G.; Wang, J.; Li, Q; Wu, L.;
Chen, E; Li, C;; Deng, Y; Yang, Y.; Xi, H. Global CO, consumption
by silicate rock chemical weathering: Its past and future. Earth’s
Future, v.9, p.1-20, 2021. https://doi.org/10.1029/2020EF001938

Zhang, Y. M. S.; Chen, M. M. S;; Liu, C. M. S;; He, B. M. S.; Dang,
H. B. S;; Li, J. M. S.; Chen, H,; Liang, Z. B. S. Global trends and
research hotspots of stroke and magnetic resonance imaging: A
bibliometric analysis. Medicine, v.51, 36545, 2023. https://doi.
0rg/10.1097/MD.0000000000036545

Rev. Bras. Eng. Agric. Ambiental, v.29, n.1, €280446, 2025.


https://doi.org/10.1007/s11192-015-1689-0
https://doi.org/10.1007/s11192-015-1689-0
https://doi.org/10.1029/2022EF002746
https://doi.org/10.1029/2022EF002746
https://doi.org/10.1590/18069657rbcs20160165
https://doi.org/10.1029/2020EF001938
https://doi.org/10.1097/MD.0000000000036545
https://doi.org/10.1097/MD.0000000000036545

