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Disclaimer
The contents of this document are the copyright of the FRAME consortium and shall not
be copied in whole, in part, or otherwise reproduced (whether by photographic,
reprographic or any other method), and the contents thereof shall not be divulged to
any other person or organization without prior written permission. Such consent is
hereby automatically given to all members who have entered into the FRAME
Consortium Agreement, dated 01.07.2018, and to the European Commission to use and
disseminate this information.
This information and content of this report is the sole responsibility of the FRAME
consortium members and does not necessarily represent the views expressed by the
European Commission or its services. Whilst the information contained in the
documents and webpages of the project is believed to be accurate, the author(s) or any
other participant in the FRAME consortium makes no warranty of any kind with regard
to this material.
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1. Introduction
This deliverable is devoted to the transfer of the data acquired and developed within the
project WP4 “Critical Raw Materials in phosphate deposits and associated black shales“ to end
users. The aim of this transfer is to make all these data available and integrated into the
following databases: Minerals4EU, the European Union Raw Materials Knowledge Base
(EURMKB), SRT RM1, and the GeoERA Information Platform, in both web-viewer and atlas
formats.

2. Methodology
The Work package 4 of the FRAME project resulted in the production three main databases
which include a variety of data.
A first step in this work of data transfer – and data harmonization – was to gather, validate and
produce the data the most internally consistent possible and INSPIREINSPIRE-compliant.
An important specificity of WP4 is the acquisition of numerous new mineralogical and
geochemical data. Hence, it was needed to adapt the structure of the database(s) to integrate
them.
Finally, maps based on these data were prepared. These different aspects of the work are
detailed here below.

2.1. Data collection and harmonization
A major concern was to produce a consistent set of data that are as harmonized as possible
and can be transferred in the right format and with the right vocabulary (INSPIRE-compliant) to
end users.
A first database (Deliverable WP4-D4.1) contains information about phosphate deposits and
occurrences throughout Europe. It is an integrated database, based on the literature and older
data sources. As much as possible, the data included came from “reliable” database (i.e., with
validated data).
Concerning data issued from the literature, efforts were made to validate them and “translate”
the information available into data that fits into the INSPIRE framework (using an adequate
vocabulary).
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Beside the work done for WP4 itself, the FRAME-WP4 partners took part to the “Mineral
resources vocabulary” exercise (led by the FRAME-WP8, under the framework of GIP-P WP4),
which aims at improving a common vocabulary when considering mineral resources.
The WP4 partners also contributed to the M4EU update/harvesting in close collaboration with
MINTELL4EU. Discrepancies (i.e., no spatial join within a 1000-meter distance) were found
between the database provided by FRAME-WP4 and data exported from M4EU. WP4 partners
got in touch with the colleagues in the different Surveys to solve these issues of missing
points/discrepancies.

2.2. Structure of the mineralogical and geochemical database
A significant part of the work done for WP4 consisted in the acquisition of new mineralogical
and geochemical data. These were obtained (i) on a collection of apatite-rich samples that
were as diverse as possible – i.e., being of different types and different ages – and widely
distributed in Europe (Deliverable WP4-D4.2) or (ii) on a selection of samples studied in the
frame of the metallogenic studies (Deliverable WP4-D4.3).
The methods used to carry out these investigations were as different as: SEM-EDS microscopy,
XRD, Raman spectroscopy, whole rock analyses, electron microprobe analyses or LA-ICPMS
analyses. To integrate these new data, a database with a dedicated structure was prepared in
close collaboration with FRAME-WP8. The database was conceived and designed according to
the FRAME data specifications to include mineralogy/geochemistry data, each column having a
correspondent column in the M4EU database.
It is worth mentioning that the GIP-WP3 lead used the geochemical data issued from FRAMEWP4 to do a harmonization exercise. The final goal would be to integrate this kind of data into
MIN4EU.

2.3. Preparation of the maps
The data issued from WP4, gathered and integrated in the EGDI database, were used to
prepare five different maps on which are represented the phosphate mineralizations
encountered in Europe: Phosphor metallogenic map of Europe, Critical raw materials
occurrences, Phosphate CBA favourability map of Europe, European phosphate metallogenic
area, European phosphate mineralization on land and sea.
To upload the maps to EGDI, metadata need to be created. Partners of WP4 were involved in
this task, more particularly in the creation of metadata for the metallogenic maps.
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3. Outcome
3.1. Databases transferred to end users
Three databases have been transferred to FRAME-WP8, FRAME-WP3 and MINTELL4EU for
further processing.
The first database is an integrated database, based on the literature and older data sources.
The verified data sources used to fill out this new database are ProMine, FODD (Fennoscandian
Mineral Deposit Database), SIORMINP (Sistema de Informação de Ocorrências e Recursos
Minerais Portugueses), and Mine records database (Ireland). In addition, information extracted
from about 56 references, among which very recent ones, are mentioned in the database and
have been validated and “translated” – as much as possible - into an INSPIRE compliant
vocabulary.
This database compiled presents 429 phosphate deposits and occurrences throughout Europe.
It is meant to give information as: (i) the different commodities/CRMs associated with
phosphate deposits (REE, F, V, U and Y); (ii) the size of the deposits according to their known
tonnages; (iii) the type and origin of the phosphorus-phosphate mineralization and deposits;
(iv) the age of the deposits/occurrences and the host rock. An extract from the table provided
to FRAME-WP8 and FRAME-WP3 (with the purpose of prospectivity mapping) is presented
here below (Tables 1-3). The full table is part of the Annex provided in WP4-Deliverable D4.1
“Overview of the phosphate deposits and occurrences in Europe under the form of a database
and map(s)”.

Table 1. Structure of the first database (D4.1) - part 1. Data for Belgian phosphate deposits and occurrences
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Table 2. Structure of the first database (D4.1) - part 2. Data for Belgian phosphate deposits and occurences

Table 3. Structure of the first database (D4.1) - part 3. Data for phosphate deposits and occurrences in Belgium

Table 4. Structure of the first database (D4.1) - part 4. Data for phosphate deposits and occurrences in Belgium
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The second database contains and presents new mineralogical and geochemical data obtained
on about 90 samples representative of ~75 phosphate occurrences and deposits throughout
Europe. It provides key information about the samples investigated, with a short petrographic
description and identification of the minerals constituting the rock (XRD, SEM). Further
information about the determination of Raman peaks is provided. Chemistry may include
(depending on the samples) whole rock analysis, electron microprobe analyses and LA-ICPMS
analyses (including analyses of the most crucial CRMs in apatite). The database was compiled
using the template provided by WP8, as described in section 2.2. An extract from the table
provided to FRAME-WP8 is presented here below (Tables 5-7). The full table is part of the
Annex provided in WP4-Deliverable D4.2 “New mineralogical and geochemical data on
samples from phosphate deposits/occurrences”.
Table 5. Structure of the second database (D4.2) - part 1 (mineralogy). Data for Belgian phosphate deposits and
occurrences
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Table 6. Structure of the second database (D4.2) - part 2 (whole rock chemistry). Data for Belgian phosphate
deposits and occurrence

Table 7. Structure of the second database (D4.2) - part 3 (electron microprobe analyses). Data for Belgian phosphate
deposits and occurrence
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The third database was prepared for the deliverable WP4-D4.3 “Detailed metallogenic studies
of key phosphate deposits in Europe”. Its general structure is the same as the second
database. Hundreds of mineralogical data and chemical analyses (whole rock, electron
microprobe and LA-ICPMS) were acquired or gathered from the literature in order to carry out
metallogenic studies on a selection of representative phosphate deposits in Europe. These
deposits comprise the igneous phosphate deposits encountered in Norway, the carbonatite
related Siilinjarvi deposit (Finland), the phosphatic chalk of the Mons basin (Belgium), the
phosphate deposits of the Salento Peninsula (Italy), the phosphorites of the Bohemian
Cretaceous Basin (Czech Republic), and the Moncorvo deposit (Portugal).
The database was compiled using the template provided by WP8, as described in section 2.2.
An extract from the table provided to FRAME-WP8 is presented here below (Tables 8-11). The
full table is part of the Annex provided in WP4-Deliverable D4.2.
Table 8. Structure of the third database (D4.3) - part 1 (mineralogy). Data for the Siilinjarvi deposit (Finland)

Table 9. Structure of the third database (D4.3) - part 2 (whole rock analyses). Data for the Siilinjarvi deposit (Finland)
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Table 10. Structure of the third database (D4.3) - part 3 (electron microprobe analyses). Data for the Siilinjarvi
deposit (Finland)

Table 11. Structure of the third database (D4.3) - part 4 (LA-ICPMS analyses). Data for the Siilinjarvi deposit (Finland)
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3.2. Maps produced using the databases provided by WP4
The maps presented here were produced using the databases described in section 3.1. The
Phosphor metallogenic map of Europe (Fig. 1) aims at illustrating the diversity and potential
regarding phosphate mineralization in Europe. It further helps at identifying new areas of
interest for CRMs in Europe. A metadata file was prepared to upload this map to EGDI (Table
12). This task involved the FRAME-WP4 partners.

Figure 1. Phosphor metallogenic map of Europe (FRAME project)
Table 12. Metadata provided for the Phosphor metallogenic map of Europe
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The aim of the Phosphate CBA favourability map of Europe (Fig. 2) is to highlight the areas the
most favourable to find phosphate deposits.

Figure 2. Phosphate CBA favourability map of Europe (FRAME project)

The pan-European map presenting the European phosphate metallogenic area (Fig. 3) was
drawn gathering the data from FRAME and MINDeSEA. It shows polygons highlighting the
potential regarding onshore and offshore phosphate mineralization in Europe.

Figure 3. European phosphate metallogenic area (FRAME and MINDeSEA project)
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A last map shows the European phosphate mineralization on land and sea (Fig. 4). This map
emphasizes the diversity of the phosphate deposits off- and onshore.
To upload to EGDI these two maps combining data from FRAME and MINDeSEA, a new
metadata file was created thanks to the contribution of the WP4 partners, among others.

Figure 4. European phosphate mineralization on land and sea (FRAME and MINDeSEA project)
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4. Conclusions
Many data were delivered to FRAME-WP8, FRAME-WP3 and MINTELL4EU through three
databases, that comprise:
-

429 entries relating to phosphate deposits and occurrences throughout Europe in the
database (overview of the phosphate mineralization in Europe; Deliverable D4.1),

-

new mineralogical and geochemical data obtained on about 90 samples representative
of ~75 phosphate occurrences and deposits throughout Europe (Deliverable D4.2),

-

hundreds of new mineralogical and geochemical (whole rock, electron microprobe, LAICPMS) data compiled in the framework of the metallogenic studies (Deliverable D4.3).

Owing to the goals aimed by WP4 and the diversity of data collected, the major challenge
regarding the data transfer was to design databases with a structure that can accommodate a
variety of mineralogical data and geochemical analyses.
The excellent collaboration between FRAME-WP4, FRAME-WP8 (and FRAME-WP3 for the work
about prospectivity mapping) and MINTELL4EU made possible the integration of these new
data, both in the EGDI, MIN4EU databases and under the form of maps.
These data – considered into larger and well-designed databases and maps – contribute to
highlight promising areas regarding phosphate deposits (and related CRMs) in Europe.
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