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Abstract

The P3M Platform, developed by the Brazilian Geological Survey (SGB), is a strategic tool for planning national mineral research
and production. Its central differentiator is its design based entirely on free software (FOSS4G), which ensures transparency, in-
teroperability, and independence from restrictive proprietary licensing. The architecture uses open-source technologies such as
PostgreSQL/PostGIS for storage, Django and OpenLayers for interfaces, and Apache Airflow for orchestrating data flows. Strictly
following OGC standards, the platform integrates approximately 320 layers of geoscientific, environmental, and socioeconomic
information into a one-stop-shopping hub. This robust infrastructure enhances strategic decision-making and promotes the sus-
tainability and competitiveness of the sector, consolidating P3M as an essential database for attracting investment and sustainable

development.

1. Introduction

The Mineral Research and Production Support Platform (P3M)
was conceived and is being implemented by a team of spe-
cialists from the Geological Survey of Brazil (SGB), with the
support and participation of public and private entities directly
or indirectly related to the Brazilian mineral industry, such
as: Secretariat of Geology, Mining and Mineral Transform-
ation (SGM) of the Ministry of Mines and Energy (MME);
National Mining Agency (ANM); Agency for the Develop-
ment and Innovation of the Brazilian Mineral Sector (ADIMB);
Brazilian Association of Mineral Research and Mining Com-
panies (ABPM); National Association of Aggregate Producers
for Construction (ANEPAC); Brazilian Institute of Geography
and Statistics (IBGE), and Brazilian Mining Institute (IBRAM).

The core development of P3M is being carried out by the UFLA
(Federal University of Lavras) Agency for Innovation in Geo-
technologies and Intelligent Systems (Zetta). Launched in late
2022, the P3M’s main objective is to increase the attractive-
ness of investments and promote the sustainable development of
the mineral industry, through the integration of data on mineral
potential, infrastructure, costs, legislation, protected areas, and
socioeconomic indicators of Brazil. The P3M’s landing page
(Figure 2) is hosted on https://p3m.sgb.gov.br/ and has auto-
translated versions in english and spanish.

It has a crucial role in planning mineral research and produc-
tion, generating qualified knowledge that is essential to support
strategic decisions in both the public and private sectors. For
industries and investors in the mining sector, the data available
on the Platform contribute to supporting development plans and
the exploitation of mineral deposits.

Government entities also benefit primarily from information for
monitoring the competitiveness of mineral research and produc-

What is the
P3M _
platform?

>

Figure 1. Landing page of P3M platform, with information and
access for the web application

tion, thereby promoting greater attractiveness of investments for
national development.

In short, P3M provides information free of charge through two
main environments: (i) a map and data viewer that integrates
geoscientific, economic, environmental and legal information,
mining rights, among others, from various national and govern-
mental entities; and (ii) a dashboard system with statistical data
presentation, with filters by territorial unit (e.g., region, state, or
municipality) and commodity (de Almeida et al., 2025).

One of the main differentiators of the P3M platform, among the
various software products of SGB, is its complete conception
and development using FOSS4G.
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The main objective of this work is to present the solution ar-
chitecture used in the development, focusing primarily on the
use of FOSS4G projects. In early February of this year, version
2.4.4 was released, with several improvements in terms of user
experience and performance.

2. System Architecture

In general terms, the P3M Platform can be subdivided into three
main components: (i) Web Map and Dashboard visualization
system: This provides a responsible user interface with web
maps and integrated dashboards filtered by commodity (copper,
lead, gold or silver for example) or class of commodities (metal-
lic minerals), and Economy Mineral dashboards in a BI system
that can be filtered dynamically by Brazilian territory subdi-
visions or mineral substance, (ii) Data Pipeline orchestration:
this component has the role to feed the P3M databases with
updated information of mining processes and ventures from
Brazilian Mining Agency into a set of scheduled pipelines, and
(iii) spatial data infrastructure, that provides map layers, data
and metadata for the web map application (Figure 2).
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Figure 2. System architecture of P3M, integrated to SGB’s SDI
as map sources

The platform’s deployment is entirely cloud-ready, provisioned
on a on-premise OpenShift Cluster (Red Hat, 2026) with all
implemented security restrictions inside the platform. In other
words, all P3M pods run with a random UUID and limited ca-
pacities, which improves security. The Kubernetes resources
are provisioned with use of Helm Charts (The Helm Authors,
2016). An active CI/CD pipeline is under development at this
moment.

The data storage relies on PostgreSQL 14 databases with Post-
GIS 3.4 (PostGIS Project Steering Committee, 2026) and NFS
servers for raster layers storage. In last quarter of 2026, a data-
base upgrade is scheduled to superseed PostgreSQL version to
17. PostGIS will remain in the same version, because of re-
quirements of parallel projects running inside the DBMS server.

2.1 Web Map and Dashboards

The map and dashboard applications are deployed into two con-
tainer images: the first, a backend project with Django (Django
Software Foundation, 2025a) + Rest framework (Christie,
2011), brings a system of REST APIs to define the content con-
trols for the maps and dashboards and provides structured data
to feed the cards and charts.

To accelerate the delivery of structured data to the REST API,
a Memcached deployment was provisioned to store indicator’s

cached results. This service is implemented natively within the
Django framework (Django Software Foundation, 2025b) and
is optional, though recommended for improving API perform-
ance.

All these services uses Kubernetes Deployment objects due to
their stateless nature (Figure 3). Additionally, a Horizontal-
PodAutoscaler can optionally be provided via a Helm chart —
alongside the Deployment, Service, and Ingress objects - for
each frontend and backend pods to ensure horizontal scalability
for the services.
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Figure 3. Kubernetes implementation of the P3M’s Web Map
and Dashboard visualization system, generated by
KubeDiagrams PyPI package (Merle and Petrillo, 2025)

This system does not require persistent disk provisioning for
data storage; data files, typically geophysical grids in GeoTIFF
format, are hosted on the SGB’s GeoNode. Only a ephemeral
storage, provided by a NFS server is used to provide static files
generated by Django and expose as a read-only mount to the
frontend pod.

Furthermore, the application has an administrative interface
based on the Django Admin framework (Figure 4), that allows
for modifying various application behaviours, as well as regis-
tering, editing, and deleting WMS and WFS-compatible layers,
describing column attributes and metadata info and links.

Administragdo do Django

Figure 4. P3M Admin interface

It also can manage definitions regarding mineral resources,
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mining clusters, and layer groups organized by mineral sub-
stance or commodity.

The front-end component is a TypeScript application that re-
lies on libraries such as OpenLayers (OpenLayers Contributors,
2026) and Chart.JS (Chart.js Contributors, 2026) to render the
layer tree, delivered by the backend, and the dashboard data into
cards (Figure 5) and charts (Figure 6). This application also of-
feres basic GIS workflow like zoon, pan, feature attributes op-
erations, etc. This application were transpiled to Javascript and
hosted in nginx web server. (Reese, 2008).

Figure 5. Dashboard’s Cards section, with insights for mineral
industry on P3M.

Figure 6. Dashboard’s Charts section, with insights for mineral
industry on P3M.

2.2 Data Pipeline System

The data pipeline orchestration environment was deployed from
a custom Apache Airflow (Apache Software Foundation, 2026)
container image, supplemented with libraries such as GDAL
(Open Source Geospatial Foundation, 2026) and Apache Ar-
row/GeoParquet (Open Geospatial Consortium, 2026).

Apache Airflow, provisioned internally within the SGB data
center, supports all the needs of the SGB Spatial Data Infra-
structure by generating periodic extracts from institutional data-
bases and handling routine tasks such as database index main-
tenance and forced cache updates for GeoNode’s embedded
GeoServer. Routines associated with P3M were incorporated
and maintained via separate Git repository linked to the DAGs
directory.

For P3M, these data pipelines represented as Directed Acyclic
Graphs (DAGs), were developed to collect data of mining pro-
cesses and financial compensation — available from the National
Mining Agency (ANM) website.

Currently, these DAGs run on Mondays, Wednesdays, and Fri-
days and are crucial for maintaining the dashboards and P3M’s
authorial layers, like active mines, commodity associations, and
mining process statuses. These DAGs has the same logic pro-
cess, as briefly described in Figure 7.
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Figure 7. Summarized outline of the tasks required for Brazilian
mining data ETL process, implemented as Apache Airflow
DAGs

The SGB’s Apache Airflow instance is deployed in a separ-
ated 5-node Docker Swarm, separated from the Kubernetes
cluster where P3M is installed, and utilizes three containers
acting as workers for DAG runs. These containers feature
a custom configuration that includes GDAL 3.12.2 compiled
with specific drivers for SGB operations, such as Apache Ar-
row (The Apache Software Foundation, 2026), enabling the
reading and writing of Arrow and (Geo)Parquet files. The
source code for building the container images is available at
https://github.com/nds-cprm/airflow-spatial.

These DAGs were designed using the Medallion architecture
(Microsoft, 2026), with creation of Bronze, Silver, and Gold
data stores: data is extracted and saved in its original format
— typically Excel spreadsheets, CSV files, and ESRI® File
Geodatabases. For each saved dataset, an SHA256 hash file is
generated to verify content integrity and identify changes in the
downloaded databases between the current and previous execu-
tions.
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If SHA256 hash of the downloaded content changes, a data
cleaning process is initiated using GeoPandas (Jordahl et al.,
2020) routines to select, organize, and verify the content’s in-
tegrity. This cleaned data is saved in Apache GeoParquet format
and made available on an NFS file server for loading into the
”Gold” database via ‘ogr2ogr‘ executions.

Following the recording process, certain table maintenance
routines are triggered; additionally, if the content has changed,
the embedded GeoServer cache tiles are reseeded to lower
levels and the remaining higher levels are excluded. Whenever
a pipeline execution fails, the result from the previous pipeline
is retained, and an email is sent to the P3M and SGB SDI ad-
ministrators to notify them of the incident.

2.3 Underlying Spatial Data Infrastructure

The provision of maps and metadata on P3M strictly follows
the use of OGC Open Web Services standards, such as WMS,
WMTS, WFS and CSW, and the platform consumes maps and
metadata from a GeoNode (Geosolutions Inc, 2026) installation
owned by the SGB (Mota et al., 2024), in order to fulfil the role
of Spatial Data Infrastructure Figure 8.
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Figure 8. GeoNode-based Spatial Data Infrastructure of the
Geological Service of Brazil

The SGB’s GeoNode was deployed to a production environ-
ment in late 2025 in the same OpenShift Cluster, initially to
support this platform. Before this GeoNode, P3M had a ded-
icated GeoServer instance in its own workspace to serve the
maps. After going into production, all layers and configurations
were moved to this GeoNode.

Until the released version, about 320 vector and raster layers are
catalogued and registered from various Brazilian government
data sources. Initially, this data was organized and cleaned to
create a database that was placed as a data store in GeoNode’s
GeoServer.

The option of hosting duplicate data instead of consuming OGC
services from other institutions was chosen due to the need to
have these data available on the platform, even if the source pro-
vider is unavailable, in addition to the geological service having
arobust IT infrastructure. All of these data are static which im-
plicates to make it available as a simple copy process, with no
need to write dags for it.

The P3M authorial layers are also hosted on GeoNode, but dir-
ectly from the exposure of the spatial tables to the GeoNode’s
embedded Geoserver. Some of these tables, such as mineral
resource data and systematic geological mapping, are also fed
from airflow DAGs.

3. Case Study — Copper Research on Southern Brazil

A typical case use of P3M applied to mineral resource prospect-
ing, cited as an example, was first published by (Junior et al.,
2025). This example will simulate an information gathering
activity on copper in the state of Rio Grande do Sul, to evalu-
ate potential areas for new research applications for this mineral
substance.

The approach involves on platform navigation, starting from the
side panel, on "Main Class of Commodities”, select metallic
minerals > Copper (Cu), as described in Figure 9.

Copper (Cu) Mineral Resources PDAC - 2024 - Copper (Cu)

Figure 9. Copper ventures on southern Brazil, according to
P3M. On left panel, some relevant indicators for mineral
industry, specified for the selected commodity

From this selection, specific geospatial layers are activated,
such as active mines, current mining rights, geological, geo-
chemical and geophysical surveys, as well as occurrences and
deposits mapped by the Geological Survey of Brazil. This
shows a regional panorama for area selection.

In the specific case of Rio Grande do Sul, this information al-
lowed for the identification of areas with a higher density of oc-
currences and geological indicators favourable to the presence
of copper.

Based on the preliminary geological analysis, it is possible to
delineate regions of interest for research, evaluating their over-
lap with active mining rights and checking their legal availabil-

ity.

The platform also allows for the activation of layers of legal
and socio-environmental restrictions, such as indigenous lands,
conservation units, settlement areas, and critical infrastructure,
helping to exclude areas that are not suitable for applications
(Figure 10).

Beyond the geological and legal aspects, the platform allows the
user to examine logistical and market elements, such as trans-
port infrastructure, ports, electricity grid, and the presence of
consumer industries, providing input for a preliminary assess-
ment of economic viability.

P3M’s integrated statistics functionality also provides data on
the evolution of copper requirements, the geoeconomic poten-
tial index of the substance, and the distribution of mining titles
by process phase. The application offers some substantial data
exhibited as cards and charts. This cards and charts could be se-
lected and saved in bowser’s SessionStorage, and should show
the regional panorama of economic availability for copper pro-
spection.
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Figure 10. Support layers, consumed from SGB’s SDI
(GeoNode), associated with mining layers.

4. Conclusion

The Mineral Research and Production Planning Support Plat-
form (P3M), since its conception, has always been guided
by the use of free and open-source libraries and frameworks
to ensure transparency and interoperability. Alongside major
FOSS4G projects, P3M stands out among the select group of
data and service providers applied to Geology and Mining sec-
tors by adopting frameworks that are free from restrictive li-
censing and bundled sales practices.

In short, the P3M has established itself as an indispensable stra-
tegic tool for modernizing Brazil’s mineral value chain. By act-
ing as an information hub — a “one-stop shop” — it overcomes
the challenge of data fragmentation, integrating geoscientific,
socioeconomic, environmental, and legal knowledge into a
single, accessible environment.

The project’s key differentiator lies in its architecture, which is
based entirely in FOSS4G; this ensures not only data transpar-
ency and interoperability but also independence from restrict-
ive proprietary licensing and bigger lifetime cycle. This tech-
nological choice, combined with the use of international stand-
ards (OGC), guarantees a robust platform capable of supporting
complex decision-making in both the public and private sectors
(Carli et al., 2024).

The effectiveness of P3M is evidenced by its ability to attract
investment and foster sustainable development, facilitating the
identification of promising areas, as demonstrated in the case
of copper in Rio Grande do Sul, and supporting fundamental
studies for the SGB, such as the State Geoeconomic Studies
(EGESs) (Servico Geoldgico do Brasil, 2026).

Finally, the commitment to continuous development, including
the implementation of metadata catalogs and even more inter-
active dashboards, signals that P3M will continue to evolve as a
pillar of technological innovation. Thus, the platform not only
boosts the competitiveness of the Brazilian mining sector but
also sets a new standard for accessibility and accountability in
the management of the country’s mineral resources.
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