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FIGURE 8. - Evolution of the number of geological maps published in the period of 1970-2022, with highlights of programs/actions over the time.

From 2012, the year following the launch of PNM 2030, until 
2022, excluding the overlaps, that is, areas already worked in 
previous cycles, it was mapped around 405,000 km² of new 
areas in Amazon at the 1:250,000 scale, which represents 
an advance of 16% of achievement of the goal of PNM 2030, 
which forecast the mapping of 50% (approximately 2.5 million 
km²) of such territory between 2012 and 2030.

At 1:100,000 scale, a newly mapped area of around 10% 
of the Brazilian territory was advanced. If the PNM 2030 goal 
of mapping 60% of the non-Amazonian area (around 2 million 
km²) at this scale is considered, it can be said that 31% of the 
goal has been achieved by 2021.

The best performance of the evolution of the mapping at 
the 1:100,000 scale, in terms of the number of cartographic 
sheets, is due to the fact that the non-Amazonian territory 
was prioritized in the mapping campaigns, in virtue of better 
logistic conditions, if compared to the Amazon areas. Even 
in the Amazon, the areas mapped in such scale are located, 
in their majority, where there is better logistic infrastructure. 
Another important factor was the contribution of PRONAGEO 
in the performance of mapping at the 1:100,000 scale, 
prioritizing the Northeast and Center-South geoeconomic 
regions. Finally, Figure 8 shows the drop of the number of 
maps published in recent years, mainly due to the significant 
reduction of investments in geological cartography.

6. Considerations on the geological mapping in 
other Geological Surveys in the world  

Most of the geological services of reference in the world 
emerged in the 19th Century, especially in Europe (e.g., 
Great Britain 1832, Portugal 1848, Spain 1851, France 1868, 
Russia 1882, among others), in addition to the USA (1879) 

and Canada (1842). Such movement continued in the early 
20th Century, with the creation of other geological services, 
or equivalent institutions, such as in Argentina (1904), Brazil 
(Serviço Geológico Mineralógico do Brasil, 1907), Australia 
(1910) and China (1911).

In general, such institutions were conceived under the 
premise that it was the governmental assignment to develop 
the geological sciences and carry out thematic mapping 
(geological, mineral occurrences, soils, topographic, 
hydrological, etc.), required for the development of the 
industry, mining, agriculture, and for the planning of regional 
development.

Until today, geological mapping is considered a 
governmental assignment worldwide, the responsibility of 
the national and/or state/provincial geological services. 
However, the role of geological services as generators and 
providers of geoscientific information is changeable. The 
focus of geological cartography is also dynamic over time, 
due to demands or specific needs of the society and strategic 
aspects (economic, environmental, geopolitical), also being 
influenced by technological advances, and the geological 
knowledge itself, which may demand the revision and update 
of historical maps, when prepared under geological and 
technical concepts considered outdated. 

The general context of the geological mapping in some 
countries is briefly presented, taking for example nations 
with large territorial extension and/or mining tradition, or 
smaller countries that already have an advanced stage of 
coverage of systematic geological cartography. Part of the 
information presented was obtained by visiting the respective 
institutional websites, and it is not always possible to discuss 
the percentage of coverage of geological mapping of the 
countries because such information is not accessible. 
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6.1. United States of America (USGS – United States 
Geological Survey)  

The United States Geological Survey - USGS was created 
in 1879, with the purpose of “classifying public lands and 
examining the geological structure and mineral resources, 
inside and outside the national domains”. Geological mapping 
has always represented a paramount activity, but it was in 
1992, with the perception of the reduction of the geological 
surveys in previous decades, and with the awareness of 
its fundamental role in all basic and applied geoscientific 
investigations, which the US Congress enacted the National 
Geological Mapping Act (Public Law 102-285). Through this 
act, the National Cooperative Geologic Mapping Program 
(NCGMP) established the cooperation between USGS, State 
geological services, and American universities, aiming at the 
sum of efforts and responsibilities to promote the advancement 
of the basic geological knowledge of the country.

The National Geological Mapping Act was re-enacted in 
1997, 1999, and 2009, with the last act effective in 2018.  In the 
decennial plan 2018-2027, the NCGMP provides the creation 
of an integrated three-dimension digital geological map of 
the USA, to meet the needs of the country until 2030. Figure 
9 shows the coverage of geological mapping of the USA at 
1:250,000 and 1:100,000 scales, being possible to observe 
that the country also presents extensive domains without 
mapping coverage.

6.2. Canada (GSC – Geological Survey of Canada) 

The Geological Survey of Canadá - GSC was founded 
in 1842 as one of the main governmental organizations 
of the country, and the first geological map of Canada was 
completed in 1864. The geological mapping led to many 
mineral discoveries, making the country one of the world’s 
leading producers. 

In the 2000s, from the perception that geoscientific 
exploration is the key to discovering new potential areas and 
that large extensions of the North of the Canadian territory 
still had insufficient geological knowledge, the Geo-Mapping 
for Energy and Materials (GEM) Program was launched by 
the Canadian government, with investments around US$ 200 

million between 2008 and 2020, and more recently the GEM 
GeoNorth program was created (2020-2027). The projects are 
carried out through collaboration with the academy, research 
institutions, territorial and provincial geological services, and 
with the participation of institutions and indigenous people of 
the North of the country (GSC 2022). 

6.3. Australia (Geoscience Australia) 

The history of Geoscience Australia dates back to 1910 when 
the Australian Survey Office was established. Its current structure 
resulted from the merger, in 2001, of the Australian Geological 
Survey Organization (AGSO) and of the Australian Surveying and 
Land Information Group (AUSLIG) (Geoscience Australia 2022). 
The country also counts on State geological services, sometimes 
even older (e.g.,  Victoria 1852, Western Australia 1888). 

The geological surveys were made in a large part of the 
territory in the first half of the 20th Century, especially produced 
by the State geological services, boosted by the search for 
oil and ore deposits, and by the expansion of the Australian 
mineral industry. The territory has significant coverage at the 
1:250,000 scale, and the mapping at the 1:100,000 scale is 
ongoing, with about 30% performed until 2019. A strength 
of the Australian geological services is that they have the 
custody of the geological mapping products carried out by the 
private sector, which speeds up the coverage of the mapping, 
in addition to optimizing costs.

6.4 Spain (IGME-Instituto Geológico y Minero de España) 

The Instituto Geológico y Minero de España - IGME 
began its history with the creation of Comisión para la Carta 
Geológica de Madrid y General del Reino, in1849. In 1910, 
it was called Instituto Geológico de España, and in 1927 it 
received the current designation (IGME, 2022). 

The country is fully mapped at the 1:50,000 scale, 
including insular territories (Figure 10). Three series of 
mapping in 1:50,000 scales have been carried out, the first 
taking place from 1926 to 1970, the second between 1971 and 
2003, and the third is in progress, as well as the preparation 
of cartographic sheets at the 1:200,000 scale is ongoing in the 
continent, and 1:100,000 in insular areas.

FIGURE 9. Coverage of the geological cartography at the 1:250,000 and 1:100,000 scales of the United States of America. 
Source: USGS, https://ngmdb.usgs.gov/mapview. Reference in March 2022. (USGS 2022)

https://www.nrcan.gc.ca/
https://ngmdb.usgs.gov/mapview
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6.5. Argentina (Servicio Geológico Minero Argentino-
-SEGEMAR) 

The Servicio Geológico Minero Argentino - SEGEMAR 
was constituted in 1996, but its history started in 1904, with 
the creation of the División de Minas, Geologia e Hidrologia, 
with the purpose of making geological, mineralogical, and 
hydrogeological explorations, especially in the research of 
mineral fuels and thermal sources (SEGEMAR 2022). The 
SEGEMAR’s current cartography schedule is based on Law 
24,224 of Mining Replanning, of 1993, which declares that the 
State is responsible for geological and thematic cartography of 
the country (geomorphology, geophysics, metallogeny, gems 
and industrial minerals, geological risks, etc.), and defines 
the development of the Programas Nacionais de Cartas 
Geológicas e Temáticas. Through this program, more than 
50% of the continental territory was mapped at the 1:250,000 
scale, while surveys at the 1:100,000 scale are still in the 
preliminary phase (Figure 11).

6.6. Mexico (SGM - Servicio Geológico del México) 

The Mining Law, enacted in 1992, constituted the Servicio 
Geológico del México - SGM as a decentralized public body, 
bound to the Secretariat of the Economy, and defined the set 
of assignments and responsibilities of the SGM, including 
the provision of geological information and updating of the 
geological mapping of Mexico (SGM, 2022). The geological 
cartography in the SGM is linked to the Infrastructure de 
Información Geológico-Minera Program.  Since 1995, a 
great part of the works focused on the creation of the basic 
geological infrastructure of the national territory, at the 
1:250,000 and 1:50,000 scales. The country is currently in an 
advanced stage of geological cartography, being since 2005 

completely covered by cartography at the 1:250,000 scale, 
and with around 50% of the territory mapped at the 1:50,000 
scale, in the period from 1995 to 2021 (Figure 12).

6.7. General comments

Although it has not been possible to access detailed 
information, it is clear that the beginning of the 1990s 
represents a phase of geological effervescence in the 
American continent, and of perception of the importance of 
the basic geological surveys as a strategy of development, 
not only for the mineral sector, but also with a fundamental 
role to subsidize investigations applied to the environmental 
management and physical space planning. 

In this decade, the National Geological Mapping Act 
(1992) was enacted in the USA, the Mining Replanning Law 
(1992) in Argentina, and the Mining Law (1992) in Mexico. 
Brazil sought to follow this movement, since in such same 
period was enacted the Decree 917 (1993), which approved 
the Basic Geological Surveys Program (PLGB-Programa de 
Levantamentos Geológicos Básicos), and Law 8,970 (1994), 
which transformed CPRM into the Geological Survey of Brazil, 
having among its main assignments to perform the PLGB. 

It should be noted that the continuity of the basic 
geological mapping programs over the last three decades in 
other countries was important to promote significant advances 
in mapping coverage, which resulted, for example, in the 
mapping of 100% of the Mexican territory and of more than 
50% of Argentina at the 1:250,000 scale. 

The general evaluation of the development of the basic 
geological cartography in the mentioned countries allows us 
to say that the coverage and the level of detail of the mapping 
vary according to the historical tradition, territorial dimension, 
stage of economic development, budget for geological 

FIGURE 10. Coverage of the 1:50,000 geological cartography in Spain. Source: Zarza 2021.
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FIGURE 11. Coverage of the 1:250,000 and 1:100,000 geological cartography of Argentina (Gonzálvez 2021).

FIGURE 12. Coverage of the 1:50,000 geological cartography of Mexico (Montiel 2021)
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research, continuity of the initiatives and programs, and of 
the sharing of responsibilities between Federal and State 
governments, and universities. 

7. Final remarks

Brazil fits the profile of a country with a large territorial 
dimension, with an extensive continental margin, rich in non-
renewable natural resources (energy, metallic, industrial, 
aggregated, and others) and (hydrological) renewable 
resources, affected by natural disasters (especially floods and 
landslides), and which also has the largest area of rainforest 
on the planet.

The evaluation of the performance of the geological 
mapping in Brazil over three cycles of mapping occurred 
between 1969 and 2022 shows that, although great efforts 
have been made, the country has still a great deficit of 
geological knowledge, with only 48% of its territory mapped at 
the 1:250,000 scale, and 27% at the 1:100,000 scale. 

In addition to the challenge of mapping a country with more than 
8.5 million km² and presenting very heterogeneous geoeconomic 
contexts, other factors contribute to such a scenario, including 
the discontinuity of initiatives and governmental programs, which 
directly impact the planning, the budget availability, the capacity 
of investment in human resources and infrastructure, and in the 
establishment of partnerships.

This work evidenced that, over 53 years under analysis, 
the periods of greater productivity and faster progress in 
geological mapping in Brazil were a consequence of well-
defined governmental guidelines, proper investments, and 
sharing of responsibilities with State governments and 
through partnerships with the universities. Similar examples 
are seen in countries that have realized the importance of 
basic geological surveys as a development strategy.

It is expected that the information and discussions 
presented in this work support reflections and the definition 
of public policies and strategies aimed at the speed-up of the 
geological mapping in the country, from the perspective that 
knowledge is also a matter of sovereignty.

In this context, the beginning of a new cycle of geological 
mapping is suggested, with the incorporation of new 
technologies and improvement of processes that impact on the 
quality and productivity of the mapping, with sharing of actions 
and responsibilities through strengthened partnerships, 
aiming to maximize efforts and optimize resources, and with 
efficiency in the organization, storage, and accessibility of the 
acquired data and information. 

It is mandatory that the new cycle be developed from 
the perspective that the Brazilian society shall be the main 
beneficiary, since it is not enough to justify investments in 
geological surveys to serve specific economic segments. 
The results of the mapping shall be, in fact, applied in other 
derivative activities that promote social welfare, such as, in 
the research to increase the water availability in Brazilian 
semi-arid regions, in the search for agricultural supplies that 
guarantee food security for the population, in the discovery 
of technological minerals that are essential to the energy 
transition and use of more sustainable sources of energy, 
and in the definition and implementation of public policies that 
promote the sustainable development of Amazon.
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