
74 Silva et al. - JGSB 2018, 1 (2) 69-80

general, from 12 to 16 centimetres in height with varying 
widths, from centimetres, when isolated and within the 
same reef knoll, to bodies of metric dimensions, found 
in lateral growth, forming slabs (Figure 6). It is important 
to remember that these biostructures can present as 
ramified or as isolated columns, hence, the use of the term 
“columnar / branched”. In general, the slabs formed by this 
type of stromatolite are found in life position and are better 
preserved than the other biostructures. 

Figure 5 - Exposure of small domal stromatolites. A) Outcropping biostructure in life position; B) Remobilized stromatolite;  
C) Region where the principal stromatolites of this type outcrops (Adapted from Silva 2018).

Figure 6 - Exposure of columnar branched stromatolites. A) Outcropping biostructure in life position; B) Remobilized stromatolites;  
C) Biostructure arranged in slabs (Adapted from Silva 2018).

b) Small Domal Stromatolite: present as dome shapes, 
rounded heads or mounds (Figure 5), in general, less than 8 
centimetres in height, but may reach a little over 20 centimetres. 
Less than 25 centimetres in width, except for when ramified, 
forming a stromatolite composed of two or more heaps. They 
are generally found buried in life position. Some remobilized 
structures can also be observed.

c) Branched Columnar Stromatolite: shows a shape 
of isolated and/or ramified columns (Figure 6) and are, in 
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Figure 7 - Colloform mat, demonstrating positive relief, observed in the southern portion of Lagoa Salgada. A) Region with colloform mat 
outcrops. B) Detail of image A. C) Colloform mat view from above / of the top (Adapted from Silva 2018).

d) Colloform Mats: display rounded botryoidal shapes (Figure 
7), forming laminated monticules of positive relief and wrinkled 
features in the absence of water (Figure 7). In general, they 
present a size of up to 15 cm thick and 5 to 20 cm wide and long.

e) Polygonal Mat: when submersed, they show polygonal 
shapes with rectilinear edges, limited by crevices (Figure 8-A), 
when exposed they present as wrinkled (Figure 8 and 9). They are 
a few centimetres thick (~3cm) with diameter varying, in general, 
from 10 to 30 cm, although possibly displaying larger shapes.

The best points or areas for the occurrence of the structures 
at the edges and in the interior of the lagoon were selected 
based on the mapping (Figure 10). It is important to remember 
that the mapped locations were those subject to observation.

Given the occurrences of each type of biostructure, a po-
sitioning and formation proposal was developed, considering 

the physical-chemical, hydrodynamic and sedimentary envi-
ronmental modifications and the variation in sea level over time 
(Figure 11).

Figure 11 suggests that the morphology of the bios-
tructures is directly related to their position in the water 
column, whereby the type of growth is conditioned by the  
action of hydrodynamic agents and direct connection to the 
sea (Grotzinger 1989; Serebryakov and Semikhatov 1974; 
Andres and Reid 2006).

Physical-chemical modifications occur as a result of 
closure of the lagoon and the high temperatures related 
to the semi-arid climate of the region. This favoured 
evaporation and salt precipitation (Birgel et al. 2015). Ages 
proposed for the different time intervals were based on 
Castro et al. (2014).

Figure 8 - Polygonal mat observed in the southern section of Lagoa Salgada. A) Polygonal mat still submersed, demonstrating fullness and 
rectilinear edges. B) Recently exposed polygonal mats, close to the outcrop in image A (Adapted from Silva 2018).
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Figure 10 - Map of the location of the microbialites of Lagoa Salgada, separated by microbial mats, types of stromatolite and their regions of 
occurrence (Adapted from Silva 2018).

Figure 9 - Polygonal mat observed in the northern part of Lagoa Salgada. A) Recently exposed polygonal mat, demonstrating wrinkled shapes. 
B) Detail from image A, view from above (Adapted from Silva 2018).
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5.4. Valuation of the geological site

Data from Lagoa Salgada was inserted into the GEOSSIT 
platform of CPRM, which is aimed at the inventory, qualification 
and quantitative assessment of Geosites and Geodiversity 
Sites, using the methodology proposed by Brilha (2016) and 
Garcia-Cortés and Carcavilla Urqui (2009). 

The results indicate Lagoa Salgada as a “Geosite of 
International Relevance”. The maximum number of points per 
criterion is 400. The values attributed to each item on the register 
were 350 points for scientific value; 315 for educative value; and 
260 for touristic value. Regarding the risk of degradation, the 
lagoon presents a medium index of 205 points.

It is important to highlight that some assessment parameters 
of the GEOSSIT platform do not provide the best definition for 
the case of Lagoa Salgada, as a “Local-type” field. In this case 
there is no appropriate attribute to frame this site within the 
parameter. However, Lagoa Salgada is considered a model 
for the formation of stromatolites, including in comparison to 
those of the Proterozoic (Birgel et al. 2015). 

Therefore, it was classified as follows: “The place of 
interest is recognized as  holostratotype or a lithodemic unit 
in the stratigraphic lexis of Brazil and Amazônia Legal or 
similar documents, or is a source of holotype, neotype or 
lectotype registered in scientific publications, according to the 
code (ICZN, ICBN or ICN) in force at the time of description 
and registered on the Paleo Database of CPRM or similar 
databases, or is an IMA site of reference”, this being the best 
option among those offered on the platform. In this case, 
the adoption of characterization of the scientific value of 
Geosites was suggested to CPRM, as per that indicated by 
Brilha (2016): (A) Representativeness: capacity of a Geosite 
to illustrate geological elements or processes (related to 
geological structures, when applicable); and (B) Key location: 
importance of the Geosite as a reference or model for 
stratigraphy, palaeontology, minerology, etc. 

Lagoa Salgada is, therefore, characterized as an extremely 
rare world model, but is not considered section-type, as used 
in formal stratigraphy. It is a key location capable of illustrating 
geological processes (Brilha 2016).

Figure 11 - Evolutionary model for stromatolites of Lagoa Salgada, demonstrating growth of the biostructures and environmental and chemical 
modifications over time (Adapted from Silva 2018).
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5.5. Threats

Regarding the recommendation supplied by the GEOSSIT 
platform that the lagoon is threatened in the “medium term”, it 
is necessary to indicate the various problems observed in the 
area, where all the types of stromatolite characterized present 
remobilized specimens. The biostructures with the highest 
level of damage are the greater domal stromatolites, with no 
outcropping elements still in life position. The ramified columnar 
stromatolite has few specimens in life position, which, in general, 
are those arranged in slabs. This problem is due to the use of 
the lagoon as a space for pasture, whereby the microbialites 
are trampled by the animals and torn from their original position. 
Also, in the absence of other materials for the construction of 
fences, the stromatolites have been used to this end.

Moreover, plantations and cultivations of leguminous plants 
and vegetables, with extensive use of agro-toxins, can be found 
nearby Lagoa Salgada. The hydrogeological study of the Açu 
Port (LLX Açu Operações Portuárias S/A 2011) identifies values 

higher than the acceptable standard for human consumption, 
according to CONAMA Resolution N° 396/2008 for surface 
and sub terrain water, for Al, As, B, Cu, Fe, Mn and Pb. These 
anomalous values require further investigation.  

Another important negative impact is the anthropic action 
interfering in the exchange of water with Lagoa do Açu, the 
physical-chemical characteristics of which are different to those 
of Lagoa Salgada. Alteration of the natural conditions enables 
an exchange of nutrients and organisms, besides alterations in 
pH, salinity and height of the water column, among others.

However, only part of Lagoa Salgada is located inside the 
Lagoa do Açu State Park. No scientific reason was indicated by 
the government organizations to explain the decision to protect 
only the southern part of the lagoon. The proximity of the Porto 
do Açu Complex, which is a priority for the authorities for 
economic reasons, is the only possible motive for its northern 
section being without legal protection (Figure 12). 

It should be mentioned that all the occurrences of columnar 
/ ramified stromatolites occur outside the Conservation Unit.

Figure 12 - Map demonstrating the location of microbialites of Lagoa Salgada and the area of the Lagoa do Açu State Park  
(Adapted from Silva 2018).
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6. Conclusions

Lagoa Salgada is a site of significant national and international 
importance for the occurrence of biostructures. All five ecosystem 
services cited by Gray (2013) were reported, these being regulation, 
provision, support, culture and knowledge. It is a Geosite considered 
part of the Rio de Janeiro Coasts and Lagoons Geopark project 
(Geoparque Costões e Lagunas do Rio de Janeiro).

In the calculation of scientific value, it can be highlighted 
that a total of 32 publications on Lagoa Salgada were identified 
among publications in national and international periodicals, 
theses, dissertations, monographs and book chapters. 

Mapping of the occurrences of microbialites enabled 
identification and characterization of three outcropping 
stromatolite morphologies and two types of microbial mat.

These attributes were important for the valuation of the 
geological site, leading to classification of the stromatolites 
of Lagoa Salgada as a “Geosite of International Relevance”. 
It was also possible to classify the threats to which it is 
subject. The recommendation of the GEOSSIT platform is 
that the threats are of “medium term”. There is a necessity 
for remediation / mitigation of the various impacts observed 
in the area, especially the anthropic remobilization of the 
biostructures, use of the area for pasture and the non-
inclusion of the northern section of the lagoon in the area of 
the Lagoa do Açu State Park, which makes preservation and 
legal conservation of these biostructures difficult.

Considering that promotion / popularization of science is 
essential in the process of Geoconservation, it is indicated that 
there is a necessity to produce promotional material in the form 
of lectures, books, booklets, field classes and maintenance of 
the Geological Pathways Panel, among others, aimed at the 
local population with particular focus on local schools, tourists 
and other visitors. 
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