








Figure 1: Two examples of degraded pages.

In particular, historical accounts of the eruption
of the Vesuvius frequently mention micro-toponyms
and fine-grained spatial markers that are crucial for
reconstructing the spatial dynamics of the event,
patterns of destruction, and settlement structures.
Standard NER taxonomies do not usually distin-
guish such detailed categories, nor do they explic-
itly model the diversity of built, infrastructural, and
geomorphological entities described in early mod-
ern sources.

A previous study in the volcanological domain
(Paolillo et al., 2016) identified a set of entity cat-
egories that are especially relevant for this type
of historical-spatial analysis. These include ar-
chitectural structures (e.g., palace, villa, convent,
church, basilica, chapel, fortress/tower, hospital,
clinic, university, café, restaurant, thermal baths),
infrastructural elements (e.g., aqueduct, bridge,
road, mills), settlement and administrative units
(e.g., district, neighborhood, rione), archaeological
or historical sites (e.g., ruins, epitaph), as well as
fine-grained geomorphological features (e.g., canal,
ravine, ridge (cognoli), ditch, plain, sinkhole, rock
formations). Additional categories include entities
such as masseria, atrium, rocks (scogli), and other
locally specific denominations frequently attested

in the corpus.
As a consequence, the extraction step cannot be

framed as a generic “extract all named entities” task.
Instead, the Large Language Model is prompted
with a structured and domain-aware instruction that
explicitly enumerates the entity types of interest.
The full prompt specification, including the detailed
list of categories and formatting constraints, will
be reported in the Appendix of the camera-ready.
This design ensures that the model’s output aligns
with the analytical requirements of historical vol-
canological research, capturing both conventional
toponyms and domain-specific spatial entities that
would otherwise be overlooked by standard NER
pipelines.

6.1. Toponym Extraction with Large
Language Models

The first stage of the process focuses on the au-
tomatic extraction of geographic named entities,
aiming at identifying place names occurring in the
OCR-transcribed text. In this work, preliminary
toponym recognition is performed using a large
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Figure 2: The annotation interface.

language model (LLM), specifically Mistral Large,5
leveraging its ability to handle noisy textual input
and to generalize over variant historical forms.

Unlike traditional Named Entity Recognition ap-
proaches, which often require substantial anno-
tated corpora and struggle with OCR-induced er-
rors, the LLM-based method provides a flexible
alternative for bootstrapping entity candidates in
low-resource and domain-specific contexts. The
extracted toponyms are then collected as struc-
tured mentions, serving as input for the subsequent
human-in-the-loop validation and georeferencing
stage.

To illustrate the potential of extracted toponyms
for volcanological interpretation, we consider a
case study based on historical accounts of the
1631 Vesuvius eruption, focusing on the site of the
Madonna del Soccorso in Portici. The automatic
extraction of place names enables the alignment
of textual evidence with known eruptive dynamics.
In this case, multiple sources consistently asso-
ciate the location with the passage of pyroclastic
density currents (PDCs), described as fast-moving,
high-temperature flows causing widespread de-
struction but locally diverted by morphology. Fur-
thermore, the spatial clustering of place mentions
supports the reconstruction of flow paths and de-
positional patterns, which can be compared with
geological evidence. This example demonstrates
how toponym extraction from historical narratives
provides complementary data for volcanological
analysis, contributing to the reconstruction of erup-

5https://mistral.ai/it/news/
mistral-large

tive sequences, hazard mapping, and interpretation
of past events beyond what can be inferred from
deposits alone.

7. Human-in-the-loop Geospatial
Annotation

Given the ambiguity and variability of historical to-
ponyms, automatic extraction alone is insufficient
to produce reliable geospatial references. Place
names may refer to the same location under differ-
ent spellings, may correspond to obsolete admin-
istrative divisions, or may be used metonymically.
For this reason, the CorVo corpus integrates a ded-
icated annotation interface (see Figure 2) designed
to support expert validation, entity consolidation,
and geolocation.

The annotation tool provides two core functional-
ities:

• Toponym merging, allowing annotators to
unify multiple extracted mentions that refer
to the same geographic entity (e.g., alternate
spellings or synonymous references).

• Geospatial grounding, enabling the associa-
tion of each entity with explicit geographic co-
ordinates.

7.1. Coordinate Selection and
Georeferencing

The interface supports several mechanisms for se-
lecting the geographic position of an entity. Anno-
tators may:

https://mistral.ai/it/news/mistral-large
https://mistral.ai/it/news/mistral-large
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• directly select a point on the interactive map,

• query the Google Maps geocoding service for
automated suggestions,

• manually enter latitude and longitude coordi-
nates,

• or navigate freely across the map until the cor-
rect location is found.

This flexibility allows efficient handling of both
well-known locations and obscure or historically
shifted place references.

7.2. Multi-geometry Spatial Annotation
Modes

In addition to selecting coordinates, the platform
allows annotators to represent geographic entities
according to different spatial configurations. In par-
ticular, the interface supports multiple annotation
geometries:

• Single-point annotation, suitable for discrete
landmarks such as buildings or archaeological
sites.

• Circular area annotation, defined by a center
point and radius, typically used for cities or
settlements with an approximate spatial extent.

• Polygonal area annotation, where users man-
ually define the vertices of a polygon, appro-
priate for larger regions or administrative terri-
tories.

• Polyline annotation, representing linear geo-
graphic structures such as valleys, ravines, or
volcanic flows.

By supporting different spatial representations,
the system accommodates the diverse nature of
geographic references in historical volcanological
narratives.

The extraction process yielded 812 distinct geo-
graphical toponyms, corresponding to 437 unique
locations (such as cities, regions, mountains,
rivers).

The second extraction phase, targeting fine-
grained spatial entities, resulted in 2,964 annotated
locations, categorized as listed in Table 2.

7.3. From Annotated Toponyms to
Diachronic Geovisualization.

Building upon the annotated dataset described
above, we construct a diachronic geovisualization
that represents how different eruptions of the Vesu-
vius are reflected in historical sources through the

Type Count Type Count

palace 85 thermae 6

villa 88 ruins 62

epitaph 9 canyon 96

convent 95 trench 202

church 291 plain 380

basilica 2 floor 222

aqueduct 7 masseria 41

fortress/tower 87 mill 3

district 390 bridge 39

hospital 9 reef/rock 29

tavern 8 road/railway 311

university 53 chasm 449

Table 2: Number of specific entities found in the
dataset.

places they mention (see Figure 3). For each anno-
tated entity, all textual occurrences across the cor-
pus are aggregated and grouped according to pre-
defined temporal intervals (e.g., centuries). How-
ever, a direct comparison of raw mention counts
across periods would be misleading, as the num-
ber of available texts varies substantially from one
century to another. A period with a larger num-
ber of documents would naturally produce higher
absolute frequencies, independently of the actual
prominence of specific locations.

To address this imbalance, we apply a temporal
normalization procedure. For each time interval,
the total number of geographic mentions in the cor-
pus is computed. The frequency of each individual
location within that period is then divided by the
total number of mentions for the same period, pro-
ducing a relative measure. Formally, if fi,t denotes
the number of mentions of location i in period t,
and Tt the total number of geographic mentions in
that period, the normalized value is computed as:

ni,t =
fi,t
Tt

(1)

This normalization yields comparable propor-
tions rather than absolute counts, enabling a mean-
ingful diachronic comparison across periods with
heterogeneous textual coverage. The normalized
values are subsequently used to generate an inter-
active cartographic representation in which each
annotated location is positioned according to its
validated coordinates and visually encoded with its
temporal distribution. In the implemented visual-
ization, each location is represented by a georef-
erenced marker enriched with temporal informa-
tion, allowing users to perceive at a glance how
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Figure 3: The diachronic visualization.

the relative prominence of that place varies across
historical periods.

Through this pipeline, the manual geospatial an-
notations serve not only as a corrective layer for
entity extraction, but as the enabling infrastructure
for higher-level interpretative representations. The
resulting system does not attempt to reconstruct
the physical evolution of eruptions directly; rather,
it reconstructs their textual-spatial footprint across
time, offering an intuitive way to explore how differ-
ent areas around the Vesuvius emerge, recede, or
persist in historical narratives.

The manual annotation process was conducted
by a single expert annotator with extensive domain
knowledge in volcanology and long-standing field-
work experience. One of the authors is a specialist
in Vesuvian volcanology and has contributed to
multiple scientific studies on the area, including
the production of geological maps (Principe et al.,
2013), providing further domain validation of the
annotation process.

8. Release

The CorVo corpus and the software components
developed within the project are released on

Github6 under open and permissive licenses to en-
sure transparency, reproducibility, and reuse by the
research community.

8.1. Data

The released dataset includes:

• the OCR-cleaned textual transcriptions of the
digitized historical documents contained in the
corpus, with the exception of a limited number
of recent documents whose copyright has not
yet expired;

• the extracted geographic entities, includ-
ing both toponyms and fine-grained domain-
specific spatial entities;

• the associated categorical labels (e.g., archi-
tectural, infrastructural, geomorphological, ad-
ministrative categories);

• the validated geographic information result-
ing from the human-in-the-loop annotation
process, including coordinates and geometry
types (point, circular area, polygon, polyline).

6https://github.com/ziorufus/
corvo-project

https://github.com/ziorufus/corvo-project
https://github.com/ziorufus/corvo-project
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In total the raw dataset contains around 16,000
pages and 4,160,000 words, in which 2,964 to-
ponyms are annotated with spatial information (437
unique locations).

All data will be distributed under the Creative
Commons Attribution 4.0 International license (CC
BY 4.0),7 allowing reuse, redistribution, and adap-
tation for both research and educational purposes,
provided appropriate credit is given to the project.

8.2. Software
In addition to the dataset, the source code of the
software tools developed for the project is publicly
released in the same Github project. These include,
both implemented with a Vue/JavaScript frontend
and a Python/SQLite backend:

• the geographic annotation interface, designed
to support entity consolidation and geospatial
grounding;

• the diachronic geovisualization interface, en-
abling temporally normalized spatial explo-
ration of the corpus.

The source code is distributed under the Apache
License 2.0,8 to allow modification, redistribution,
and integration into other systems, including com-
mercial applications, while preserving attribution
and license notices.

9. Conclusion and Future Work

This project aimed to evaluate the financial, tech-
nical, and methodological feasibility of using docu-
ments describing past volcanic activity to address
pressing issues in modern volcanology, such as the
assessment and mitigation of volcanic risk in Italy.
For this purpose, Vesuvius was selected, due to the
abundance and diachronic nature of the descrip-
tions of its activity; the three most representative
eruptions of the three possible reactivation scenar-
ios were selected, and 180 related digitized doc-
uments were collected, from which geographical
entities were extracted, and a graphical interface
was developed to represent them.

The use of historical linguistics with the most
up-to-date technologies has been shown to be an
effective tool for preserving precious linguistic data
that survived from old periods. The greatest diffi-
culties have thus far been encountered in building
the corpus of documents. This difficulty could be
largely overcome in the future through the ongo-
ing digitization of their documentary collections, a

7https://creativecommons.org/licenses/
by/4.0/

8https://www.apache.org/licenses/
LICENSE-2.0

process now underway at many libraries. This will
enable the specialist to work on select texts to form
targeted corpora, such as the one we have built in
this project, without the burden of researching and
digitizing the original texts.

Beyond the specific case study on Vesuvius, an
important outcome of this work lies in the gen-
erality of the proposed framework. The combi-
nation of OCR preprocessing, LLM-based post-
correction, domain-aware entity extraction, and
human-in-the-loop geospatial annotation defines
a modular pipeline that can be readily adapted
to other domains and datasets. In particular, the
tools and methodologies described here enable re-
searchers to initiate similar studies from scratch
on different volcanic systems (or, more broadly,
on other types of geographically grounded his-
torical phenomena) without requiring pre-existing
structured resources. By reconfiguring the entity
schema and adapting the annotation guidelines to
a new domain, the same infrastructure can support
the systematic extraction and diachronic spatial
analysis of knowledge from heterogeneous histori-
cal corpora, thus opening the way to comparative
and cross-regional studies.

10. Limitations

The corpus is restricted to printed documents of
sufficient physical quality, excluding handwritten
materials and severely degraded sources, which
limits coverage of the historical record. OCR er-
rors, although mitigated through preprocessing and
LLM-based correction, may still propagate to down-
stream extraction tasks. The toponym extraction
pipeline relies on large language models without
gold-standard annotated training data, and there-
fore may introduce inconsistencies or omissions,
particularly for rare or highly ambiguous entities.
Furthermore, georeferencing depends on expert
validation, which, while improving reliability, con-
strains scalability. Finally, the diachronic visualiza-
tion reflects the textual footprint of eruptions rather
than their physical evolution, and is therefore influ-
enced by historiographical bias and uneven docu-
ment distribution across centuries.

An additional limitation concerns the absence
of a systematic quantitative evaluation of the NLP
components in the current phase of the project.
While the pipeline integrates OCR preprocessing,
LLM-based post-correction, and domain-aware to-
ponym extraction followed by expert validation, no
gold-standard annotated subset has yet been con-
structed to compute standard metrics such as pre-
cision, recall, F1-score, or character error rate re-
duction. As a result, the performance of the au-
tomatic extraction stages has not been formally
benchmarked against existing NER systems or al-

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.apache.org/licenses/LICENSE-2.0
https://www.apache.org/licenses/LICENSE-2.0
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ternative approaches. Future work will address this
gap by developing a manually annotated evaluation
dataset, enabling rigorous assessment of extrac-
tion accuracy, error propagation across pipeline
stages, and the overall reliability of the system.

11. Bibliographical References

Pietro Bembo. 1525. Prose di M. Pietro Bembo
nelle quali si ragiona della volgar lingua. Giovanni
Tacuino, Venezia. Editio princeps.

Margherita Berardi, Luigi Santamaria Amato,
Francesca Cigna, Deodato Tapete, and Mario
Siciliani de Cumis. 2022. Text Mining from Free
Unstructured Text: An Experiment of Time Se-
ries Retrieval for Volcano Monitoring. Applied
Sciences, 12(7).

A. Bertagnini, R. Cioni, E. Guidoboni, M. Rosi,
A. Neri, and E. Boschi. 2006. Eruption early
warning at Vesuvius: The A.D. 1631 lesson. Geo-
physical Research Letters.

E. Boschi, G. Ferrari, P. Gasperini, E. Guidoboni,
G. Smriglio, and G. Valensise. 1995. Catalogo
dei forti terremoti in Italia dal 461 a.C. al 1980.
ING-SGA.

S. Branca, E. De Beni, and C. Proietti. 2013. The
large and destructive 1669 AD eruption at Etna
volcano: reconstruction of the lava flow field evo-
lution and effusion rate trend. Bulletin of Vol-
canology, page 1–16.

S. Chen, W. Hua, X. Liu, X. Deng, X. Zeng, and
J. Duan. 2022. Chinese Fine-Grained Geological
Named Entity Recognition With Rules and FLAT.
Earth and Space Science, 9(12).

P.D. Cole and C. Scarpati. 2010. The 1944 erup-
tion of Vesuvius, Italy: combining contempo-
rary accounts and field studies for a new vol-
canological reconstruction. Geological Maga-
zine, 147(3):391–415.

Runyu Fan, Lizhe Wang, Jining Yan, Weijing Song,
Yingqian Zhu, and Xiaodao Chen. 2020. Deep
Learning-Based Named Entity Recognition and
Knowledge Graph Construction for Geological
Hazards. ISPRS International Journal of Geo-
Information, 9(1).

Mara Finkelstein, Isaac Caswell, Tobias Domhan,
Jan-Thorsten Peter, Juraj Juraska, Parker Ri-
ley, Daniel Deutsch, Geza Kovacs, Cole Di-
lanni, Colin Cherry, Eleftheria Briakou, Eliza-
beth Nielsen, Jiaming Luo, Kat Black, Ryan
Mullins, Sweta Agrawal, Wenda Xu, Erin Kats,

Stephane Jaskiewicz, Markus Freitag, and David
Vilar. 2026. TranslateGemma Technical Report.

Emanuela Guidoboni and John E Ebel. 2009. Earth-
quakes and tsunamis in the past: A guide to
techniques in historical seismology. Cambridge
University Press.

Takashi Kudo and Hideo Hoshizumi. 2006. Con-
struction of a new catalog of eruptive events dur-
ing the last 10,000 years in Japan (V101-P029)
(poster session) (abstract). In Abstracts, Japan
Geoscience Union Meeting (CD-ROM), volume
2006, pages V101–P029, Japan. Japan Geo-
science Union. Poster abstract.

Christopher J.M. Lawley, Stefania Raimondo,
Tianyi Chen, Lindsay Brin, Anton Zakharov,
Daniel Kur, Jenny Hui, Glen Newton, Sari L.
Burgoyne, and Geneviève Marquis. 2022. Geo-
science language models and their intrinsic eval-
uation. Applied Computing and Geosciences,
14:100084.

Kai Ma, Miao Tian, Yongjian Tan, Qinjun Qiu, Zhong
Xie, and Rong Huang. 2023. Ontology-Based
BERT Model for Automated Information Extrac-
tion from Geological Hazard Reports. Journal of
Earth Science, 34:1390–1405.

Rafael O. Nunes, Andre S. Spritzer, Dennis G. Bal-
reira, Carla M. D. S. Freitas, and Joel L. Car-
bonera. 2024. An Evaluation of Large Language
Models for Geological Named Entity Recognition.
In 2024 IEEE 36th International Conference on
Tools with Artificial Intelligence (ICTAI), pages
494–501.

J. Padarian and I. Fuentes. 2019. Word embed-
dings for application in geosciences: develop-
ment, evaluation, and examples of soil-related
concepts. SOIL, 5(2):177–187.

Annarita Paolillo, Claudia Principe, Marina Bisson,
Roberto Gianardi, Daniele Giordano, and Sonia
La Felice. 2016. Volcanology of the Southwest-
ern sector of Vesuvius volcano, Italy. Journal of
Maps, 12(sup1):425–440.

Claudia Principe. 1990. ADSVI – Archivio Doc-
umenti Storici sui Vulcani Italiani (IGG internal
technical report).

Claudia Principe, Daniele Giordano, Marina Bisson,
Annarita Paolillo, and Roberto Gianardi. 2013.
Volcanological map of the South-Western sector
of Vesuvius between Torre del Greco and Ercu-
laneum.

Qinjun Qiu, Zhong Xie, Liang Wu, and Liufeng
Tao. 2020. Automatic spatiotemporal and se-
mantic information extraction from unstructured

https://doi.org/10.3390/app12073503
https://doi.org/10.3390/app12073503
https://doi.org/10.3390/app12073503
https://doi.org/https://doi.org/10.1029/2006GL027297
https://doi.org/https://doi.org/10.1029/2006GL027297
https://doi.org/https://doi.org/10.1007/s00445-013-0694-5
https://doi.org/https://doi.org/10.1007/s00445-013-0694-5
https://doi.org/https://doi.org/10.1007/s00445-013-0694-5
https://doi.org/https://doi.org/10.1007/s00445-013-0694-5
https://doi.org/https://doi.org/10.1029/2022EA002617
https://doi.org/https://doi.org/10.1029/2022EA002617
https://doi.org/10.1017/S0016756809990495
https://doi.org/10.1017/S0016756809990495
https://doi.org/10.1017/S0016756809990495
https://doi.org/10.1017/S0016756809990495
https://doi.org/10.3390/ijgi9010015
https://doi.org/10.3390/ijgi9010015
https://doi.org/10.3390/ijgi9010015
https://doi.org/10.3390/ijgi9010015
http://arxiv.org/abs/2601.09012
https://gbank.gsj.jp/ld/resource/geolis/200610132
https://gbank.gsj.jp/ld/resource/geolis/200610132
https://gbank.gsj.jp/ld/resource/geolis/200610132
https://gbank.gsj.jp/ld/resource/geolis/200610132
https://doi.org/https://doi.org/10.1016/j.acags.2022.100084
https://doi.org/https://doi.org/10.1016/j.acags.2022.100084
https://doi.org/https://doi.org/10.1016/j.acags.2022.100084
https://doi.org/10.1007/s12583-022-1724-z
https://doi.org/10.1007/s12583-022-1724-z
https://doi.org/10.1007/s12583-022-1724-z
https://doi.org/10.1109/ICTAI62512.2024.00076
https://doi.org/10.1109/ICTAI62512.2024.00076
https://doi.org/10.5194/soil-5-177-2019
https://doi.org/10.5194/soil-5-177-2019
https://doi.org/10.5194/soil-5-177-2019
https://doi.org/10.5194/soil-5-177-2019
https://hdl.handle.net/2318/151445
https://hdl.handle.net/2318/151445
https://hdl.handle.net/2318/151445
https://doi.org/10.1007/s12145-020-00527-9
https://doi.org/10.1007/s12145-020-00527-9


48

geoscience reports using text mining techniques.
Earth Science Informatics, 13.

Lorenzo Renzi and Giampaolo Salvi. 2010. Gram-
matica dell’italiano antico. Il Mulino, Bologna. 2
vols.

H. Sigurdsson, S. Carey, and W. Cornell. 1985.
The Eruption of Vesuvius in A.D. 79. National
Geographic Research, 1(3):332–387.

Alan Thomas, Robert Gaizauskas, and Haiping Lu.
2024. Leveraging LLMs for post-OCR correction
of historical newspapers. In Proceedings of the
Third Workshop on Language Technologies for
Historical and Ancient Languages (LT4HALA) @
LREC-COLING-2024, pages 116–121, Torino,
Italia. ELRA and ICCL.

B. Voight, E.K. Constantine, S. Siswowidjoyo, and
R. Torley. 2000. Historical eruptions of Merapi
Volcano, Central Java, Indonesia, 1768–1998.
Journal of Volcanology and Geothermal Re-
search, 100(1):69–138.

12. Language Resource References

Oksana Dereza, Deirdre Ní Chonghaile, and
Nicholas Wolf. 2024. “To Have the ‘Million’
Readers Yet”: Building a Digitally Enhanced Edi-
tion of the Bilingual Irish-English Newspaper an
Gaodhal (1881-1898). In Proceedings of the
Third Workshop on Language Technologies for
Historical and Ancient Languages (LT4HALA)
@ LREC-COLING-2024, pages 65–78, Torino,
Italia. ELRA and ICCL.

S. Giannini and A. Paolillo. 2018. BIBV V:
“Bibliografia storica dei vulcani attivi italiani”.
Database (IRIS CNR). Accessed via IRIS CNR
Institutional Research Information System.

Lucas Lima de Oliveira, Regis Kruel Romeu, and
Viviane Pereira Moreira. 2021. REGIS: A Test
Collection for Geoscientific Documents in Por-
tuguese. In Proceedings of the 44th International
ACM SIGIR Conference on Research and Devel-
opment in Information Retrieval, SIGIR ’21, page
2363–2368, New York, NY, USA. Association for
Computing Machinery.

https://doi.org/10.1007/s12145-020-00527-9
https://aclanthology.org/2024.lt4hala-1.14/
https://aclanthology.org/2024.lt4hala-1.14/
https://doi.org/https://doi.org/10.1016/S0377-0273(00)00134-7
https://doi.org/https://doi.org/10.1016/S0377-0273(00)00134-7
https://aclanthology.org/2024.lt4hala-1.9/
https://aclanthology.org/2024.lt4hala-1.9/
https://aclanthology.org/2024.lt4hala-1.9/
https://aclanthology.org/2024.lt4hala-1.9/
https://hdl.handle.net/20.500.14243/442650
https://hdl.handle.net/20.500.14243/442650
https://doi.org/10.1145/3404835.3463256
https://doi.org/10.1145/3404835.3463256
https://doi.org/10.1145/3404835.3463256

