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EXECUTIVE SUMMARY

The VECTOR project aims to enhance the assessment and accessibility of Critical Raw
Materials (CRMs) in Europe by integrating spatially referenced geological and social data. A
key component of this effort is the development of an advanced 3D visualization and
collaboration interface, supporting evidence-based decision-making for governments,
industries, researchers, and the public. This deliverable focuses on the role of LiquidEarth,
a cloud-based 3D geodata visualization platform developed by Terranigma Solutions (TER),
and its advancements within the VECTOR project.

LiquidEarth enables real-time collaboration and interactive 3D geodata exploration across
desktop, mobile, and mixed-reality (XR) devices. Through its cross-platform support, users
can visualize and analyze geological models, share interpretations, and collaborate
remotely, improving workflows related to CRM exploration and mining. As part of VECTOR,
key developments in LiquidEarth have included support for additional data formats and
platforms, enhanced live collaboration, public sharing and presentation tools, as well as
intuitive onboarding features.

To demonstrate these capabilities, four case studies - Spremberg, Stonepark, Collinstown,
and Jadar (VECTOR sites and datasets) — have been implemented in LiquidEarth,
showcasing how the platform can support CRM-related geological research, public
outreach, and decision-making. These models will continue to be updated dynamically as
new project data becomes available.

As the VECTOR project concludes, LiquidEarth has evolved into a powerful tool for 3D
geological data visualization, remote collaboration, and public engagement. The latest
version, LiquidEarth 2025.1, is scheduled for release in February 2025 and will continue to
be maintained and expanded by TER, ensuring its long-term relevance for geoscientific
applications in CRM exploration and beyond.
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Introduction

One of the objectives of the VECTOR project is to develop a platform that integrates
spatially referenced geological and social vectors critical for assessing the accessibility of
Critical Raw Materials (CRMs) in Europe. This platform is designed to support evidence-
based decision-making for CRMs, providing tools for governments, industries, researchers,
NGOs, and the public to evaluate and optimize the supply chain for CRMs essential to the
EU Green Deal.

A key component of this goal involves creating an interface to visualize, edit, and
communicate the resulting models in intuitive 3D, with real-time collaboration across
various devices. This interface supports Virtual Reality (VR; e.g., Meta Quest platform),
Augmented Reality (AR; e.g., tablets and smartphones), and common desktop operating
systems.

The 3D visualization aspects of this objective are built upon LiquidEarth, a cloud platform
developed by TER (Terranigma Solutions). This report outlines the status of LiquidEarth,
its advancements within the VECTOR project, and its contributions toward achieving these
goals.

A major aim is to make all datasets and models related to VECTOR sites and worked on
during VECTOR publicly accessible through LiquidEarth links, ensuring broad availability
for research, decision-making, and stakeholder engagement. However, some datasets and
models, such as Jadar, are awaiting permission from data owners before they can be
published. Additionally, model updates are being released incrementally as new features
enable the display of further datasets, and as partners provide further data. These models
will be continuously updated in the coming months to reflect the latest research and
developments within the VECTOR project.

LiquidEarth as a 3D Visualization Engine for CRMs

LiquidEarth — General Description

LiquidEarth is a cloud-based software solution empowering experts to visualize, edit and
communicate geological data and models in intuitive 3D while facilitating real-time
collaboration across multiple devices, independent of location.

It has been developed as the flagship product of TER since 2020 in collaboration with
scientific institutions and the mineral exploration and mining sector. Initially available as
an alpha version, LiquidEarth has been extensively developed under the VECTOR project to
meet its objectives and is now in its Early Access phase (since January 2023).

LiquidEarth is tailored to the mineral exploration and mining sector, aiming to enhance
efficiency, sustainability, and decision-making in workflows related to Critical Raw
Materials (CRMs). Key features include multi-device compatibility across desktop, tablet,



VAN

"‘“ Vector Deliverable 4.5

smartphone, and mixed-reality (XR) platforms, enabling users to select the device best
suited for their needs. Real-time collaboration enables remote teams to meet online in 3D
spaces to discuss observations and to easily share data, annotations, and interpretations
across any distance. These capabilities enhance not only technical operations but also
communication and outreach efforts related to large-scale and complex subsurface
projects.

Figure 1: Footage of a user viewing a 3D geological model via LiquidEarth on a Meta Quest XR headset.

In its Early Access version, referred to as "LiquidEarth One", the solution and its features
focus on providing benefits for three main use cases:

1. Visualization: By offering advanced 3D visualization tools, compatible with VR/XR
environments, LiquidEarth makes geological data more accessible to experts and
stakeholders.

2. Collaboration: The app’s real-time and asynchronous collaboration features,
including 3D avatars, voice chat, and annotation tools, foster remote and digital
teamwork.

3. Presentation: Feature a broad set of annotations tools, as well as intuitive sharing
via links and QR codes, LiquidEarth enables interactive and engaging 3D
storytelling, making technical data comprehensible to non-experts.

VECTOR - Deliverable 4-5 -3D visualization engine for desktop, mobile and mixed reality platforms
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These features collectively support informed decision-making, effective communication,
and broader engagement with geoscience-related projects.

Features Developed and Refined as Part of VECTOR

Numerous key features and capabilities were added to LiquidEarth or significantly
enhanced as part of the VECTOR project. These updates align with the project's objectives
to support CRM exploration, decision-making, and public outreach and are presented in the
following.

Support of Additional Data Types & Formats

To meet the requirements of projects and data used in VECTOR, and considering CRM
applications in general, it was necessary to introduce the support of various data types and
formats. The following is a list of types and formats that were introduced new to
LiquidEarth as part of VECTOR:

Surface Meshes:

- OMF (Open Mining Format): Enabled the import of geological models created in
industry-standard software like Leapfrog Geo and Micromine.

{
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Figure 2: View of the Spremberg model showcasing key features developed during the VECTOR project, including an
OMF-based 3D geological model, raster data, boreholes, and annotations.

Boreholes:

- CSV: For subsurface borehole data representation.

VECTOR - Deliverable 4-5 -3D visualization engine for desktop, mobile and mixed reality platforms
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Voxel Grid Data (Volumes):

- CSV, VTK: For voxel-grid representation of different types of attributes, such as
lithology types, mineralogy, ore concentrations, etc.

Raster Data:

- PNG: For high-resolution spatial data, for example for geophysical surveys or satellite
data.

Sharing & Live Collaboration Features

Improved Real-Time Collaboration: Enhancements to stability and reliability, alongside
the integration of voice chat, provide seamless and effective live online interaction and
communication in LiquidEarth 3D environments, crucial for collaborative interpretations
of CRM-related data.

Public Sharing Links: Users can generate links to project spaces or specific viewpoints,
enabling external stakeholders to join as guest viewers without requiring an account. This
functionality is critical for fostering collaboration and extending project accessibility,
particularly in the context of geoscience communication and CRM-related public outreach.

® ou

Guest Viewer You*

Simon123

Figure 3: Screenshot of the LiquidEarth app showing the perspective of a desktop user in a live collaborative session
with three other users on different devices (represented by 3D avatars). The camera object on the right side
highlights the location of a captured view.
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Interpretation & Information Tools

Enhanced Annotation Features: Improvements include markdown and hyperlink
support for text notes, allowing users to create detailed and interactive annotations. This
facilitates richer contextual information, thereby supporting collaborative interpretations
as well as the effective presentation of complex datasets.

Improved "Views" System: Streamlined saving and sharing of viewpoints within a 3D
space and project to aid collaboration and presentation.
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Figure 4: Different types of LiquidEarth annotations applied to the Spremberg geological model. Callouts mark points
of interest, text notes give additional information and context, while sketches can be flexibly used, for example to
highlight tectonic features or the location of cities in relation to the data. The inspector panel on the right side also
features a captured view of a Graben structure which can be used to directly visit that location in the project, as well
as to invite other users to view it.

Platforms & Devices

Smartphone Support: LiquidEarth now supports iOS and Android smartphones, lowering
barriers for public outreach and engagement. With a fast installation process and QR-code-
based sharing, CRM-related project results can be instantly shared at public events and
conferences. This allows for seamless distribution via posters, flyers, presentation slides,
and other materials, ensuring broad accessibility and engagement.
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VR/XR Enhancements: Improvements in reliability and usability on VR/XR devices,
particularly the Meta Quest platform, offer immersive environments to better understand
3D complexities in subsurface scenarios.

Onboarding

In-App Tutorials: Designed to assist new users, including project partners and external
stakeholders, in quickly learning the app's key functionalities.

VECTOR Case Studies Presented in LiquidEarth

Four case studies involving geoscience datasets developed during the VECTOR project have
been prepared and implemented in the LiquidEarth app by TER. These projects
demonstrate LiquidEarth's capabilities for advanced visualization, interactive presentation,
and effective communication of project results. Each model is accessible via a link and QR
code, allowing guest access to the project in LiquidEarth, and will remain available beyond
the conclusion of the VECTOR project. Furthermore, the models will continue to be updated
as new results from project partners become available, ensuring their relevance and utility
for ongoing research and applications. All models are available to the VECTOR consortium
and models with datasets that have received approval from data owners are also publicly
accessible via links.
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Spremberg - liquidearth.app.link/Vector-Spremberg

The Spremberg site, located in the Lausitz region of Germany, showcases data compiled
from VECTOR project partner Kupferschiefer Lausitz (KSL) and archival resources from the
Geological Survey Brandenburg (LBGR) and the Saxon Geological Survey (LfULG). The
structural model, developed by Philip Rieger as part of Deliverable 2.1: Legacy Data and Its
Management, forms the foundation of this demonstration. Additionally, the dataset includes
borehole data with hyperspectral measurements provided by HZDR, as well as seismic and
magnetic data, complemented by a suite of geological maps. Together, these elements
highlight the integration of diverse datasets within LiquidEarth for comprehensive
geological analysis.

(Spremberg City) :
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Figure 5: The Spremberg geological model with annotations as displayed in 3D in the LiquidEarth app (desktop).


https://liquidearth.app.link/Vector-Spremberg
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Stonepark - liquidearth.app.link/Vector-Stonepark

The Stonepark site, situated in County Limerick, Ireland, features data contributed by
VECTOR project partner Group Eleven Mining & Exploration Limited (G11) and publicly
available resources from the Geological Survey Ireland (GSI). The dataset includes
information generated by both G11 and Teck Ireland Limited (TIL), the previous holder of
the exploration license. The structural model, also provided by Philip Rieger, serves as the
basis for this demonstration (Figure 6).

Figure 6: Stonepark geological model displayed in 3D in the LiquidEarth app (desktop).

VECTOR - Deliverable 4-5 -3D visualization engine for desktop, mobile and mixed reality platforms


https://liquidearth.app.link/Vector-Stonepark
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Collinstown - liquidearth.app.link/Vector-Collinstown

The Collinstown site, located in County Westmeath, Ireland, highlights data compiled from
VECTOR project partner Teck Ireland Limited (TIL) and publicly available resources from
the Geological Survey Ireland (GSI). The structural model, provided by Philip Rieger, forms
the core of this demonstration (Figure 7).

Figure 7: Collinstown geological model displayed in 3D in the LiquidEarth app (desktop). The model features various
stragraphic units displaced by a major fault.

VECTOR - Deliverable 4-5 -3D visualization engine for desktop, mobile and mixed reality platforms


https://liquidearth.app.link/Vector-Collinstown
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Jadar

The Jadar site, located in western Serbia, features geological data compiled by the project
partner Natural History Museum of London. The original dataset, owned by Rio Tinto,
serves as the foundation for this demonstration. The structural model currently available in
LiquidEarth was provided by Francesco Putzolu. As the project is currently under embargo,
access to this dataset is restricted and can only be granted upon request.

Figure 8: Jadar geological model displayed in 3D in the LiquidEarth app (desktop).

Conclusion and Outlook

While an early version of LiquidEarth was already present at the beginning of the VECTOR
project, numerous key features and functionalities were developed as part of the project to
align with its requirements and goals. These advancements have culminated in the 2025.1
version of LiquidEarth One, a cloud-based platform that excels in advanced 3D
visualization, real-time remote collaboration, and the presentation of data crucial to CRM
exploration and production. This latest version, 2025.1, is scheduled for release in
February 2025.

The ability to effectively import and visualize the most important subsurface data types
across platforms, from desktop to mobile and XR headsets, significantly improves the
representation and insights viewers can attain regarding complex 3D geoscience scenarios.
Coupled with robust real-time collaboration features, LiquidEarth facilitates expert
discussions and data-driven decision-making processes, particularly in CRM contexts.

Furthermore, LiquidEarth’s lightweight app design and flexible sharing system lower
barriers to access, enabling broader communication and public outreach. Projects can be
shared with individual stakeholders or wide audiences simply by sending a link or showing
a QR code, making it an ideal tool for engaging diverse groups. Companies, scientists, and



/l
g |
"“ Vector Deliverable 4.5

experts can use LiquidEarth to present results and plans interactively, fostering
understanding and acceptance among stakeholders and the public.

Four case study projects—Spremberg, Stonepark, Collinstown, and Jadar—were prepared
within LiquidEarth as part of VECTOR. Data and models provided by project partners were
optimized and set up with annotations by TER, and these spaces are now accessible via
sharing links. Notably, VECTOR partner KSL plans to use the Spremberg project in
LiquidEarth for future public outreach.

Beyond its contributions to VECTOR, these developments have strengthened LiquidEarth
as a tool for CRM-related workflows, scientific research, and industry collaboration,
thereby enhancing TER’s capabilities as a European SME and reinforcing its position in the
geoscience software sector. By improving data visualization, accessibility, and remote
interaction, LiquidEarth enhances efficiency in mineral exploration and extraction while
facilitating informed decision-making. Its interactive 3D storytelling capabilities further
support transparent engagement between industry, policymakers, and the public, fostering
constructive dialogue around CRM projects. These advancements align with the EU’s goals
of securing raw material supply while promoting sustainable and responsible resource
management.

In conclusion, the features added to LiquidEarth through VECTOR have greatly enhanced
its value for CRM-related projects, supporting both the analysis of 3D geoscience data and
effective communication with diverse audiences. At the conclusion of the VECTOR project,
LiquidEarth is ready to address critical use cases in CRM exploration, decision-making, and
public engagement. TER will continue to maintain and expand the platform to meet
emerging needs, ensuring its long-term utility and relevance to geoscientific workflows.

Access to VECTOR Case Studies, the App, and Further
Information

The models developed as part of VECTOR are publicly accessible through LiquidEarth. The
Spremberg, Stonepark, and Collinstown models can be explored using the following links:

e Spremberg - liquidearth.app.link/Vector-Spremberg
e Stonepark - liquidearth.app.link/Vector-Stonepark
e Collinstown - liquidearth.app.link/Vector-Collinstown

Note: Activating these links will prompt the installation of LiquidEarth. This process is
quick, and after installation, reactivating the link may be necessary. No user account is
required to view these projects in LiquidEarth. Visitors without an account will enter as
“Guest Viewers”. If multiple users open the project at the same time, an online live session
will be activated, allowing them to see, interact, and communicate with one another via
voice chat. These functionalities can be managed through the Live Session Panel, accessible
from the top bar of the app’s user interface.


https://liquidearth.app.link/Vector-Spremberg
https://liquidearth.app.link/Vector-Stonepark
https://liquidearth.app.link/Vector-Collinstown
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More information about LiquidEarth can be found on the official website: LiquidEarth One |
Terranigma Solutions (https://www.terranigma-solutions.com/liquid-earth-one). This site
also provides access to the web portal, where users can register for an account, acquire a
license, and download the app for their preferred device.

For a short video trailer of LiquidEarth One, visit:
https://youtu.be/0AtAnt1vjxE?si=0ZfulVUfd6 M8-LrW

For a more detailed introduction to LiquidEarth One (2024.1) in the context of 3D
geoscience communication, using the VECTOR Spremberg model as an example, watch:
https://www.youtube.com/watch?v=VRtABnSN5Ik

VECTOR - Deliverable 4-5 -3D visualization engine for desktop, mobile and mixed reality platforms
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