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Abstract
Being able to create digital geological maps has become a basic requirement for the skillset of today’s geologists. QGIS 

is a geographical information system that receives increasing popularity due to its user-friendliness and the fact that it is 
an open access software. This contribution provides an update and extension to a previously published software guide-
line that gives a stepwise explanation on how to create a geological map with QGIS. The article serves as a brief overview 
of the guideline through an illustrated example. The guideline itself is published as a supplement to this paper.  Within six 
sections, the guideline explains how to create a geological map with QGIS: 1. Introduction, 2. Download and installation, 
3. Basemaps, 4. Map drawing, 5. Plugins, 6. Layouts. The aim is to instruct geologists who are completely inexperienced 
with digital map creation as well as provide specific information for more advanced users. In general, providing software 
guidelines for the geological community is an important step towards increasing geologists’ digital proficiency and to 
keep up with today’s fast paced developments in digitalization.

1. Introduction
In recent decades, the application of digital technolo-

gy in geosciences has experienced a remarkable surge, 
both in practical and academic contexts. Digital mapping 
has historically been linked to advances in computing 
power, software and widespread availability and afford-
ability of both. For example, the first considerations on 
mapping automatization (albeit in a broader, geographi-
cal context) stem from the 1950s (Tobler, 1959). However, 
truly digital (i.e. “paper-less”) mapping in the field only 
became a practical approach in the 1990s to early 2000s 
with the advent of adequate portable devices (e.g. Briner 
et al., 1999). Regardless of whether the starting point is a 
hand-drawn map and field notes or digital field record-
ings, digital mapping requires a structured workflow. 
This imposes additional skill requirements on the mod-
ern geologist, but greatly increases the overall quality of 
the final product.

Finished geological maps for use in the academic and 
the applied world must be supplied in a digital format, 

preferably generated with a geographical information 
system (GIS). Most universities that provide geology 
studies today also offer courses on GIS based mapping, 
either as part of a wider geoinformatics education (e.g., 
the University of Innsbruck, Austria) or as dedicated field 
courses (e.g. UC Riverside, USA). However, there is still a 
need for additional and openly available guidelines on 
how to produce a digital geological map. Many universi-
ties’ GIS courses are not compulsory in the relevant cur-
ricula and thus do not reach the entirety of students (e.g. 
the University of Vienna, Austria). Furthermore, university 
GIS courses are often aimed at a broader student body 
(including geography and meteorology students) and do 
not necessarily cover the specifics of geological mapping, 
especially on the undergraduate level. In addition, these 
courses seem to mostly use proprietary software (e.g. Arc-
GIS). Geologists whose university education dates back 
some time may not have had the chance to take a course 
in digital mapping altogether as these classes were not 
yet part of the curriculum. Lastly, the authors experience 
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from the field of applied geology shows that many com-
panies still produce maps with inadequate programs (e.g. 
computer aided design (CAD) programs). This highlights 
both an insufficient knowledge of today’s open-source 
GIS possibilities as well as the economic threshold that is 
associated with some proprietary GIS programs.

QGIS is an open source, freely available GIS software 
that is licensed under the GNU General Public License. 
It provides an ever-increasing number of tools to create, 
edit and visualize geospatial data that is supported by a 
community of volunteers and different institutions (QGIS 
Development Team, 2023). Due to that, the popularity of 
QGIS has rapidly risen over the past years and is also in-
creasingly popular for geoscientific applications from be-
ginner to professional levels (Bartolini et al., 2013; Muen-
chow et al., 2017; Fang et al., 2020; Lemenkova, 2020; 
Penasa et al., 2020; Titti et al., 2022)

With this background, we introduce a guideline on 
the creation of geological maps with the open-source 
program QGIS. We build on the experience gained from 
an earlier guideline  “Geological Maps with QGIS 3.X” by 
Erharter (2018) (see also Erharter and Palzer-Khomenko, 
2018), which provides likewise provides a step by step ex-
planation on how a digital geological map can be creat-
ed with the freely available software QGIS. By the time of 
this writing, this earlier guideline has reached more than 
11000 “reads” on the platform “Researchgate” within ap-
proximately four years. While “Researchgate reads” are 
not a commonly used metric to measure the impact of 
publications, we still see it as a valid parameter for the en-
gagement rate of the community with a publication and 
it therefore shows that software guidelines such as the 
one presented here answer to a demand of the world-
wide geological community and contribute to geolo-
gists digital proficiency. Even though the “Researchgate 
reads” demonstrate the impact of such a work, the reader 
is encouraged to cite this work if the provided guideline 
is used for their own scientific studies.

Other tutorials on the use of QGIS for geological map 
creation such as Lorscheid (2013) or Mohsen Alshaghdari 
(2017) exist, as well as comprehensive compilations of 
tutorials for QGIS without specific reference to geologi-
cal topics (e.g. Gandhi, 2023). With around three bigger 
updates per year, QGIS is further developed rapidly and 
thus guidelines may become outdated after some years. 
The present work presents an up-to-date tutorial on cre-
ating geological maps with QGIS and is the first of such 
tutorials to include new features such as 3D map layouts.

2. Basic steps of digital geological map creation
The basic steps of creating a digital geological map 

are: i) data acquisition in the field, taking into account 
the overall investigation goal and desired map content; 
ii) transferring field data into a coherent data structure 
for mapping; iii) preparing basemaps on which the new 
map can be built; iv) adding own content to the map, i.e., 
map drawing; v) optional: creating additional map con-

tent such as cross sections and stereonets; vi) compiling 
the whole content in a publishable layout. The guideline 
published as supplementary material to this paper fol-
lows that overall structure. Nevertheless, the individual 
steps shall be briefly elaborated in the following section:

i) While the field data acquisition is not directly part 
of the map creation, it is generally advisable to follow 
an overall approach of systematic and digital data acqui-
sition (e.g. by using digital outcrop protocols (Brodaric, 
2004; Clegg et al., 2006; Dey and Ghosh, 2008; Horner 
et al., 2016; Allmendinger et al., 2017; Muir and Vaughan, 
2017)). This ensures that data is acquired consistently, no 
information is overlooked and vastly eases the transfer 
from field data to the computer by sparing one from 
hours of digitizing handwritten protocols. Despite the 
digital data acquisition, making a plan for the map before 
one goes into the field and to continuously update this 
plan with incoming observations is highly recommend-
ed.

ii) Before the digital map creation can begin, it is rec-
ommended that the field observations are stored in a 
consistent file and folder structure if this is not already 
provided by the digital outcrop protocol. The geologi-
cal map will follow a hierarchical structure (Bichler et al., 
2018), where layers of information overlap each other and 
this structure should correspond to the overall data man-
agement of the project.

iii) Basemaps are usually added to a map before the 
own content is added to provide a proper “mapping 
background” and eventually enhance the map with third 
party content. These base maps can comprise orthopho-
tos, digital elevation models and their derivatives (e.g. 
hillshades or slope maps) or other thematic maps. Base-
maps can have different datatypes such as content from 
the internet (e.g., web map services) or raster data.

iv) Map drawing is the act of adding one’s own content 
to the map and can follow different strategies. Adding 
geometrical elements (points, lines, polygons) directly to 
the map is a straightforward approach that might work 
well in many simple cases but poses the risk of creat-
ing topological inconsistencies in the map. The method 
“map drawing with contacts” is an alternative approach 
where one only draws the contacts as lines on the map 
and then intersects them with each other to automati-
cally create polygons. This has the advantage of creating 
topologically flawless maps and is also more robust to-
wards potentially necessary updates of the map, e.g., if a 
lithological contact needs to be changed.

v) Many geological maps are enhanced with additional 
information such as cross sections or stereonets of ori-
entation data. Highly use case specific content like this is 
usually created with software outside of the GIS environ-
ment or with plugins and modules.

vi) The last step of map creation is usually to compile 
everything in a publishable, informative, and visually ap-
pealing layout. Just as the digital map creation should be 
considered while field data is acquired, the final layout 
should be considered during the digital map creation. 
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Producing a publishable map can come with consider-
able efforts and even require changes to the map itself, if, 
for example, problems with the maps legend are discov-
ered at a late stage.

The guideline presented in the supplementary ma-
terial guides the reader through the basic steps listed 
above (except the first step, as detailed instructions on 
geological field work are outside the scope of this work). 
We present solutions to frequently encountered prob-
lems and caveats; however, is essential to clarify that the 
outlined procedure for creating a geological map using 
QGIS is not the exclusive or definitive method. While we 
consider it to be an efficient and reliable approach, alter-
native techniques may also be suitable. Moreover, it is 
crucial to note that the guideline does not pursue specif-
ic geological research objectives, and the authors do not 
assert the absolute accuracy of the presented geological 
data.

Additionally, it is pertinent to acknowledge that the 
instructions provided in this guideline go beyond QGIS 
alone. The principles and methodologies discussed here-
in can be extrapolated to other software platforms, in-
cluding but not limited to ArcGIS and similar tools. By 
adopting this broader perspective, we strive to offer a 

comprehensive understanding of the geological map 
creation process, applicable across various software en-
vironments. 

3. Revised guideline for geological maps with QGIS
The development of QGIS is driven by a vibrant com-

munity resulting in frequent updates and changes. Since 
the writing of the previous guideline by Erharter (2018), 
several new capabilities have been added. This paper 
accounts for this evolution by presenting a revised and 
extended version of the guideline in the supplementary 
material: it covers newer QGIS versions but also contains 
more topics such as state of the art strategies of geolog-
ical map drawing, the geoprocessing toolbox of QGIS, 
geopackages vs. shapefiles, plugins or 3D map layouts. 
Additionally, the guideline is now built around a “real 
world“ example of a geological map (part of the official 
Geological Map 1 : 50.000 Holzgau of the Geological Sur-
vey of Austria (Gruber et al., 2022) ). The entire map sheet 
is located in the North-Western part of Tyrol (Austria), 
most entirely in the Northern Calcareous Alps and also 
covers a part of neighboring Bavaria (Germany). Figure 1 
shows the final geological map that is produced through-

Figure 1: The final geological map that is produced throughout the QGIS guideline that is in the online supplement to this paper with the data pro-
vided in the link.
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out the guideline in the online supplement to this paper 
for geological maps with QGIS. The supplementary data 
to reproduce the map that is created within the guideline 
is available under the following link:

https://repository.tugraz.at/records/57kxm-w5t95?to-
ken=eyJhbGciOiJIUzUxMiJ9.eyJpZCI6Ijk0MDQ2N-
j R i LT M 2 O G Q t N G V l M C 1i N W Z m LTA 5 N 2 M 5 Y W -
FkNzNlZSIsImRhdGEiOnt9LC JyY W5k b20iOiI1Y T-
JhNzJiM2Q5MjRhOTc3ZTliODA1NjhlMTNjOTI5YSJ9.
AUAmv39oYNv-v6hO3A5538p234Q3J3fgvp0X1kg6BX-
oE5a_8P2K6rYfzlH-EY67RBibkjPYkc6K_Zr6GS9WGBA

Acknowledgments
The GeoSphere Austria, Department of Geological 

Mapping is thanked for providing the data for the case 
study based on the official Geological Map 1:50.000 
Holzgau. We thank the editor Kurt Stüwe and the review-
ers Thomas Wagner, Florian Dremel, and Jörg Robl for 
their valuable comments and suggestions.

References
Allmendinger, R.W., Siron, C.R., Scott, C.P., 2017. Structural data collec-

tion with mobile devices: Accuracy, redundancy, and best practices. 
Journal of Structural Geology 102, 98–112.

Bartolini, S., Cappello, A., Martí, J., Del Negro, C., 2013. QVAST: a new 
Quantum GIS plugin for estimating volcanic susceptibility. In: Nat. 
Hazards Earth Syst. Sci., pp. 3031–3042.

Bichler, M., Reitner, J.M., Lotter, M., Schiber, A., Palzer-Khomenko, M., 
2018. Eine gleiche Terminologie im Quartär und bei Massenbewe-
gungen, in:  Arbeitstagung „Angewandte Geowissenschaften an 
der GBA“,. Angewandte Geowissenschaften an der GBA, Bad Ischl, 
Hallstatt, Gmunden.

Briner, A.P., Kronenberg, H., Mazurek, M., Horn, H., Engi, M., Peters, T., 
1999. FieldBook and GeoDatabase: tools for field data acquisition 
and analysis. Computers & Geosciences 25, 1101–1111.

Brodaric, B., 2004. The design of GSC FieldLog: Ontology-based soft-
ware for computer aided geological field mapping. Computers & 
Geosciences 30, 5–20.

Clegg, P., Bruciatelli, L., Domingos, F., Jones, R.R., Donatis, M. de, Wil-
son, R.W., 2006. Digital geological mapping with tablet PC and PDA: 
A comparison. Computers & Geosciences 32, 1682–1698.

Compton, R.R. (Ed.), 1962. Manual of field geology. J. Wiley & Sons, New 
York, Toronto, 378 pp.

Dey, S., Ghosh, P., 2008. GRDM—A digital field-mapping tool for man-
agement and analysis of field geological data. Computers & Geosci-
ences 34, 464–478.

Erharter, G., 2018. Geological Maps with QGIS 3.X. https://www.re-
searchgate.net/publication/325812357_Geological_Maps_with_
QGIS_3X. Accessed 13 December 2022.

Erharter, G.H., Palzer-Khomenko, M., 2018. DiGeo: Introduction and a 
new tutorial to geological maps with QGIS 3.X. Austrian Journal of 
Earth Sciences, 111, 223–224.

Fang, Z., Jiang, G., Xu, C., Wang, S., 2020. A tectonic geodesy mapping 
software based on QGIS. Geodesy and Geodynamics, 11, 31–39.

Gandhi, U., 2023. QGIS Tutorials and Tips. https://www.qgistutorials.
com/en/index.html#. Accessed 24 August 2023.

Gruber, A., Henrich, R., Lotter, M., 2022. GK Blatt 114 Holzgau 1:50.000. 
Geologische Bundesanstalt, Wien.

Horner, J., Naranjo, A., Weil, J., 2016. Digital data acquisition and 3D 
structural modelling for mining and civil engineering - the La Co-
losa gold mining project, Colombia. Geomechanik und Tunnelbau, 
9, 52–57.

Lemenkova, P., 2020. Python libraries matplotlib, seaborn and pandas 
for visualization geospatial datasets generated by QGIS. Scientific 
Annals of “Alexandru Ioan Cuza” University of Iasi - Geography Se-
ries 64.

Li, Z., Zhu, Q., Gold, C., 2005. Digital terrain modeling: Principles and 
methodology. CRC Press, New York, xvi, 323.

Lorscheid, T., 2013. Anleitung zur Erstellung einer geologischen Karte 
mit QGIS 2.0. Steinmann Institut - Universität Bonn. https://www.
steinmann.uni-bonn.de/studium-geowissenschaften/outdoor/na-
chbereitung/protokoll/gesamtanleitung-qgis-2.pdf. Accessed 23 
October 2018.

Miller, C.L., Laflamme, R.A., 1958. The Digital Terrain Model: Theory & 
Application. Photogrammetric Engineering, 433–442.

Mohsen Alshaghdari, 2017. Geological mapping using open source 
QGIS. https://www.researchgate.net/publication/320163676_Geo-
logical_mapping_using_open_source_QGIS. Accessed 23 October 
2018.

Muenchow, J., Schratz, P., Brenning, A., 2017. RQGIS: Integrating R with 
QGIS for Statistical Geocomputing. The R Journal, 9, 409.

Muir, R.J., Vaughan, A.P.M., 2017. Digital Mapping and Three-Dimen-
sional Model Building of the Ben Nevis Igneous Complex, South-
west Highlands, Scotland: New Insights into the Emplacement and 
Preservation of Postorogenic Magmatism. The Journal of Geology, 
125, 607–636.

Penasa, L., Frigeri, A., Pozzobon, R., Brandt, C.H., Toffoli, B. de, Naß, A., 
Rossi, A.P., Massironi, M., 2020. Constructing and deconstructing 
geological maps: a QGIS plugin for creating topologically consis-
tent geological cartography, in: EPSC Abstracts. Europlanet Science 
Congress 2020.

QGIS Development Team, 2023. QGIS Geographic Information System. 
QGIS Association. http://www.qgis.org. Accessed 17 January 2023.

Strasky, S., Baland, P., Michael, C.S., Oesterling, N., 2012. Datenmodell 
Geologie: Beschreibung im UML-Format und Objektkatalog, Ver-
sion 2.1, 151 pp.

Titti, G., Sarretta, A., Lombardo, L., Crema, S., Pasuto, A., Borgatti, L., 
2022. Mapping Susceptibility With Open-Source Tools: A New 
Plugin for QGIS. Front. Earth Sci. 10.

Tobler, W.R., 1959. Automation and Cartography. Geographical Review, 
49, 526.

UC Riverside. Teaching Undergraduate Students. https://geopad.ucr.
edu/teaching/undergraduate-students. Accessed 10 September 
2023.

University of Innsbruck, 2019. Curriculum for the Master’s Pro-
gramme Earth Science at the Faculty of Earth and Atmospheric 
Sciences of the University of Innsbruck. https://www.uibk.ac.at/
fakultaeten-servicestelle/pruefungsreferate/studienplaene/en-
glish-version/ma-erdwissenschaften_01.10.2019_en.pdf. Accessed 
10 September 2023.

University of Vienna, 2020. Curriculum für das Masterstudium Erdwis-
senschaften (Version 2020). https://senat.univie.ac.at/fileadmin/
user_upload/s_senat/konsolidierte_Masterstudien/MA_Erdwis-
senschaften_Version2020.pdf. Accessed 10 September 2023.

Received: 3.2.2023
Accepted: 27.9.2023
Editorial Handling: Kurt Stüwe

A new guideline for geological maps with QGIS


