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Introduction

Multi-dimensional geological models

are widely used to provide decision

support for multi-disciplinary geo-

science investigations. The way that

people are searching for geoscience

information is changing rapidly, in

large part due to advances in the com-

putational power of IT hardware, the

increased functionality of software,

and the increased storage capacity

and functionality of mobile devices.

The majority of geological survey or-

ganizations (GSOs) that contributed

to this synopsis indicated that improv-

ing and increasing the accessibility

and communication of their 3D

science to stakeholders is a near-term

objective.

The Swiss Federal Office of Topogra-

phy has indicated that approximately

80% of political decisions are related

to spatial data (Baumberger, 2015).

Therefore, it is incredibly important

that the geoscience organizations re-

sponsible for analyzing and produc-

ing products and making predictions

using geospatial data to support deci-

sion making are in a format that

stakeholders can easily interpret and

understand (Government Office for

Science, 2018). Many GSOs referred

to the value and effectiveness of us-

ing 3D geological models for commu-

nicating complex geological informa-

tion to stakeholders with varying

levels of background knowledge (Al-

berta, UK, Illinois). Current models

are both consuming and producing

more data than ever before, and en-

suring that this information is

effectively communicated (including

model uncertainty) to stakeholders

has become increasingly more impor-

tant. Recent technological develop-

ments have significantly increased the

options available to communicate 3D

geoscience information to stake-

holders. This includes 3D web view-

ers, 3D printers, virtual reality (VR),

augmented reality (AR), and the

ability to modify gaming platforms to

incorporate and represent real

geological information (e.g.,

Minecraft, Unity).

3D Web Viewers and
Data Accessibility

Many GSOs that contributed to this

synopsis indicated that they are using

3D web-viewers to allow stakeholders

to visualize their 3D models and data,

and the majority of those mentioned

that they are currently working to in-

crease the functionality of their web-

viewers. Currently, the web-viewers

offered by most GSOs are able to al-

low users to rotate, zoom in and out,

and turn layers on and off. However,

the more advanced viewers allow us-

ers to slice through the models, create

virtual boreholes, and import external

data to be visualized within the 3D

model (Alberta, Netherland, Poland,

Switzerland, UK).

Some surveys allow stakeholders to

not only visualize the models online,

but also allow the users to download

the models, grids, and data online,

which allows the web-viewer to also

serve as an online data catalogue and

dissemination platform.

Many GSOs indicated that the major-

ity of their users are using the models

to support learning and/or decision-

making, and are not looking to down-

load the models or grids. However, a

number of them indicated that their

models are built specifically for tech-

nical clients (for commercial use;

Denmark, Netherlands, UK), and/or

their models are used by technical

stakeholders to support scientific in-

vestigations (Germany, Illinois, Po-

land, Saskatchewan). Thus, many

GSOs are looking for open-access on-

line tools that will allow users to

query the models and download

model data. This has also increased

the need for the development and

adoption of 3D model standards to

ensure consistency and common un-

derstanding with regard to the infor-

mation and models that are being

shared. This especially is the case

considering that many countries are

working collaboratively to build

seamless cross-border models

(Bavaria, Germany, Netherlands,

Poland, UK).

The British Geological Survey has

been leveraging the use of 3D PDFs

to allow users to download and inter-

act with a number of their 3D geolog-

ical models (British Geological Sur-

vey, 2019a). Although the

functionality of 3D PDFs is limited to
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zooming in and out of the model, ro-

tating, and turning layers on and off,

this is often sufficient to help non-

technical users conceptualize the 3D

form and geometry of the subsurface

geological units within a free and

easily accessible format.

3D Printing

GSOs have begun using 3D printers

to produce physical reproductions of

their 3D models (Alberta, Austria,

Sweden) to allow stakeholders of all

ages to interact and explore the mod-

els, and learn about the physical rela-

tionship of the geological units or

geoentities. The 3D prints can be con-

structed such that geological units can

be printed individually, which allows

stakeholders to take the model apart

and rebuild to learn about the geolog-

ical relationships and geometry of the

subsurface (Figure 1A). A dual-ex-

truder printer can be used to print

with multiple filaments at one time,

which can be helpful in representing

integrated and intertwined relation-

ships within the subsurface (Figure

1B).

Creating 3D prints is quite an easy

and cost-effective method for engag-

ing with stakeholders and sharing in-

formation about the subsurface. 3D

printers are now widely accessible

and can be purchased with a rela-

tively large print-bed (12 inches) for

as little as Can$1000 (US$700). The

filament (plastic composite) that is

used to create the prints is very inex-

pensive especially if purchased in

bulk. For example the 3D print shown

in Figure 1A requires approximately

US$22 worth of filament.

Other examples of physical 3D mod-

els that have been created by GSOs

include models engraved by lasers

into glass blocks (Austria), and cross-

sections built using Lego blocks

(UK).

Serious Gaming

Providing extended communication

and educational outreach is an objec-

tive of many GSOs. A continual chal-

lenge is to engage the public beyond

the technical client. Conversion of 3D

geological models into gaming plat-

form formats with tangible geological

scenarios provides an enormous op-

portunity to engage with a large audi-

ence. Minecraft is a software game

distributed by Microsoft, that allows

users to explore and interact with a

surface and subsurface environment

constructed entirely of cubes. The

game has been incredibly popular

with over 91 million users globally

every month (Business Insider, 2018).

It is a tremendous opportunity to le-

verage the popular platform to allow

users to explore digital representa-

tions of the actual geology, environ-

mental conditions, and resources of

specific areas. Minecraft models can

provide geoscientific information

within a gaming platform. It allows

people to explore and learn about a

region’s geology and natural re-

sources in a fun and interactive way.

The typical Minecraft worlds that us-

ers explore are created using random

geology and environmental condi-

tions. Although it would appear that

the majority of Minecraft users are

children, the average age of people

playing Minecraft is 24 years old

(Xbox, 2018).

The British Geological Survey has

created a number of Minecraft worlds

that users can explore to learn about

local geology, and has a high resolu-

tion model that incorporates buildings

and roads on top of their model (Brit-

ish Geological Survey, 2019b). The

German Federal Institute for

Geosciences and Natural Resources is

in the process of collaborating with

the British Geological Survey to

transfer some of their 3D models into

Minecraft for stakeholders to explore

(Germany). The Alberta Geological

Survey has created Minecraft models

that are available on their website and

showcased as exhibits in science cen-

ters throughout the province (Alberta

Geological Survey, 2019). The

Minecraft models have been designed

to allow users to explore the

subsurface geology and resources,

and is also using the models as educa-

tional tools to teach people about geo-

logical concepts such as erosion,

unconformities, and the nature and

distribution of select resources

(Alberta).
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Figure 1. A) 3D model representing complex faulted terrain, B) 3D model printed using a dual extruder printer which allows
two colours of filament to be used at the same time.



Virtual Reality,
Augmented Reality, and
360-Videos

Many GSOs are experimenting with

the application of emerging technolo-

gies to help engage stakeholders and

facilitate communication and transfer

of geoscience information. This sec-

tion will discuss the use of 360-vid-

eos, virtual reality (VR), and aug-

mented reality (AR) applications at

GSOs.

360-videos: The difference between a

360-video and a regular video is that

the users are able to control what they

look at with a 360-degree range of

motion. These videos have been used

by GSOs to take users on a tour of a

model (Alberta, Canada). 360-videos

can be created from real environments

with a 360-degree camera, or can be

created for digital environments (i.e.,

through a model) using a variety of

available software. When ready, the

360-videos can be posted on YouTube

(via a link from the GSOs website)

for easy access to users, which pro-

vides the necessary program to view

360-videos free of charge.

Virtual reality: Virtual reality (VR)

is a fully immersive 3D experience

projected within a headset. The use of

VR applications can be done using a)

a phone and an inexpensive headset

(i.e., google cardboard - US$2/pair),

or b) using a computer or laptop with

a powerful graphics card, and a VR

headset (Figure 2). The Alberta Geo-

logical Survey has created VR

applications that allow users to inter-

actively explore and take tours

through their Minecraft models,

which are used to engage a diverse

range of stakeholders (Alberta Geo-

logical Survey, 2019).

Augmented reality: Augmented real-

ity (AR) supports 3D projection, com-

monly using a headset; however, in

contrast to virtual reality, AR allows

the user to continue to see the local

setting that is surrounding them. The

AR and mixed-reality applications are

steadily gaining in popularity as they

allow users to interact and explore

geoscience information within their

current environment. AR applications

can be accessed using a) an AR head-

set (i.e., Hololens), which can be

quite pricey, or b) using an AR appli-

cation that is easily downloaded on

any mobile device or computer with a

camera (Figure 3). GSOs that are de-

veloping AR applications to commu-

nicate their information are typically

building applications that can be used

on a mobile device to ensure that the

applications are accessible to the

greatest number of users. Augmented

reality applications can be used to

share information with stakeholders

by georeferencing 3D geological

models so users can visualize and in-

teract with the geological units from

the model wherever they are, and by

visualizing spatially-defined, geo-

referenced objects (i.e., pipelines,

aquifers, etc.) within the immediate

area. An AR app provides the effect

of allowing users to have x-ray vision

into the subsurface.

Uncertainty

With an increasing number of deci-

sions being made using 3D geological

models, decision makers and stake-

holders are now more accepting that

these models are simply versions of

reality that contain a certain amount

of error and uncertainty (Government

Office for Science, 2018). More im-

portant has been the recognition that

error and uncertainty are not bad, and

should be quantified and understood

rather than ignored (Canada, Ger-

many). Many GSOs mentioned that

they are currently sharing information

with stakeholders on model uncer-

tainty (Alberta, Denmark, Nether-

lands, New Zealand), although most

of these groups mentioned that they

are still working on methods to

improve communication of model

uncertainty.

Summary

Communication of 3D geological

models used to be limited to a techni-

cal audience capable of using either

modelling or 3D visualization soft-

ware. In the last ten years, four im-

portant communication opportunities

have emerged: 1) web delivery using

browser plug-ins, 2) 3D printing of

models, 3) model conversion to gam-
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Figure 2. A) Image of 3D geological model within a virtual reality environment, B) user wearing a virtual reality headset and
interacting with the 3D model using the hand controls.



ing platforms, and 4) virtual and aug-

mented reality. Each approach pro-

vides opportunities to expand and

broaden the communication opportu-

nities and experience of users. The

opportunities to greatly increase the

communication of geological con-

cepts and knowledge to the public

will increase the broader geoscience

knowledge from children to adults.

This GSO activity will hopefully

increase the level of public awareness

of geoscience and engagement by the

public.

A well-built geomodel may cost a

million dollars, but producing a

model that stakeholders actually un-

derstand and can use, is priceless!
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Figure 3. Person using an augmented reality application on a mobile device that is designed to produce a 3D representation
of Alberta’s bedrock geology when it recognizes the 2D bedrock geology map.




