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Abstract. The history of geological cartography of the present territory of Lithuania starts with a map pub-
lished by Jean Etienne Guettard in 1764 and followed by maps by Stanistaw Staszic in 1806, [gnacy Domeyko
in 1837, and Frederic Dubois de Montpereaux in 1830. A new period of investigations and compilation of
geological maps starts about 1840 and is closely related with the development of stratigraphic knowledge;
therefore, this period marks the beginning of mapping using the stratigraphic concept (Helmersen 1841). The
Geological Committee in St. Petersburg, founded in 1882, at the very beginning of its activities started the
compilation of a geological map including the present territory of Lithuania. The works of Antony Karol
Giedroyc (Antanas Karolis Giedraitis) were published in 1895 (Giedroyc 1895), and the volume included a
map which displays the occurrences of Quaternary and Pre-Quaternary (Tertiary, Cretaceous, and Jurassic)
sediments and rocks. The map is constructed on the basis of direct observations and descriptions of outcrops
and exposures of Quaternary sediments and Pre-Quaternary rocks carried out by the author, also based on
evidence by local people. The main occurrences (provinces) of Pre-Quaternary rocks mapped by Giedroyc are
confirmed by the modern geological mapping of the 20th century; therefore, the map of Giedroyc (1895) is
regarded as a pioneering work of modern geological mapping using international stratigraphic standards.
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INTRODUCTION cuss the map of Antony Karol Giedroyc (Antanas

Karolis Giedraitis) published in 1895, its contents and

The progress of geological mapping and the con-
tents of geological maps represent the level of geo-
sciences at any given time rather exactly (Brezsn-
yansky, Turczi 1998). If the first maps showed the
distribution of the occurrence of rocks and mineral
deposits only, more modern ones incorporated strati-
graphic concepts and with the help of colours and
other signs depicted the order of sediments according
to their geological age. The geological mapping of
the present territory of Lithuania has a long history,
which is discussed in a number of papers (Grigelis
et al. 1981; Satkiinas et al. 2006; Zaladiené 2006;
Satkiinas, Zaladien¢ 2007). This paper aims to dis-
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methodology of compilation, possible relationship
with former maps, and its value in the context of geo-
logical cartography of the 19th century. It is assumed
that the mapping endeavour carried out by Giedroyc
significantly contributed to the development of mod-
ern concepts of understanding of Pre-Quaternary and
Quaternary geology of Lithuania and adjacent terri-
tories.

MATERIALS AND METHODS

The object of this study is the map of Giedroyc of
1895, which originally comprises a vast territory of
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the present Belarus, Poland and Lithuania, whereas
the Lithuanian part covers about the fourth (north-
western) part of the map. The map is at a scale of
1: 420,000 (Baltrinas, Pukelyté 2021). This map
is included in an extensive study (Giedroyc 1895),
the contents of which as well as the mentioned map
are discussed in a number of papers (Dalinkevicius
et al. 1969; Grigelis et al. 1981; Paskevicius 2010;
Zaladiené 2018; Baltrnas, Pukelyté¢ 2021). In this
paper, we analyze in particular the methodology and
concept of the compilation of the map by Giedroyc
1895 from the point of view of: a) cartography of the
19th century and b) present-day geological cartogra-
phy.

It has to be noted that the geological cartography
of the 18—19th centuries is considered in this paper
only to the extent of the works which cover the part
of Lithuania mapped by Giedroyc (1895). Other map-
ping products covering Latvia and northern or west-
ern part of Lithuania are not analyzed in this paper.

DISCUSSION

Beginning of the history of geological
cartography

The first fact of the geognostic cartography of
Lithuania is a map with geological information which
was compiled and published by Jean Etienne Guetta-
rd (1715-1786) in 1764. This map is regarded as the
oldest map of the geological contents of the present
Polish and Lithuanian territories, which made an out-
standing contribution to the geological cartography
of Europe, France in particular (Fleszarowa 1962;
Tarkowski 2005). The map was printed in the volume
of the Histoire de |’ Académie Royale des Sciences a
Paris and was entitled Carte minéralogique de la Po-
logne. Rélative a un mémoire de M. Guettard (Fles-
zarowa 1962). The map is black and white and shows
four mineralogical (geological) zones. Evidently,
this map was not very informative. For example, the
whole territory of Lithuania was simply depicted in
the “sandy zone”, which comprised two thirds of
the map. There is no evidence what data were used
by Guettard to make such cartographic image of the
“sandy zone”. Nevertheless, this was the first exam-
ple of geoscientific cartography of the territory under
discussion.

The next historical fact in geological cartography
is a geological map compiled by Polish geologist
and geographer as well as social and political activ-
ist Stanistaw Staszic (1755-1826) in 1806 (Zaludiené
2006). This map was at that time very informative
not only from the geological but also from the hy-
drographical point of view. The map was originally
printed on 44 folio sheets, the size of individual sheets

of the map is 66 x 47.5 cm, with a scale of approxi-
mately 1:1 250 000. It covers Poland, Moldova, Tran-
silvania, part of Hungary and Valachia. Six geologi-
cal formations are depicted using different colours
(Staszic 1806). These formations have structural and
stratigraphical meanings: Montagne Primitive (Pre-
cambrian), Montagne secondaireou premiére stra-
tiforme (Lower Palaeozoic), Montagne Antemarine
(Palaeozoic, Mesozoic), Montagne Marine (Terti-
ary), and Ferresd‘alluviam (Quaternary). This sub-
division is characteristic of the Wernerian neptunist
theory, prevailing in geology at the beginning of the
19th century. Additionally, types of rock — granites,
gneisses, porphyries, gypsum, etc. — are indicated by
figures according to the legend. The map was later
published by S. Staszic in his book “On the earth-
formation of the Karpaty Mountains and other moun-
tains and plains of Poland” (Staszic 1815) (in Polish).
A copy of this map is available at the Department
of Geology and Mineralogy of Vilnius University
(Zaludiené 2006).

One more cartographic work reflecting some fea-
tures of geological structure of the Baltic region was
published in 1822. It was a geognostic sketch elabo-
rated by William Thomas Horner Fox-Strangways
(1795-1865) for “An Outline of the Geology of Rus-
sia”. This sketch covers the present territory of Cu-
ronia, Estonia, northern Latvia and European part of
Russia (Russian plate).

The first research — geognostic expeditions — in
the territory of Lithuania were organised only in the
third decade of the 19th century (Satkiinas, Zaladiené
2007). In 1825, researchers Vasiliy M. Severgin
(1765—-1826) and Jan von Ulman provided a geognos-
tic overview of Vilnius, Minsk, and Grodno governo-
rates. The report described the outcrops of limestone
and iron ore in Papilé and gypsum layers in the vicini-
ties of Pasvalys and Birzai (Ulman 1827); however,
no geological discoveries of outcrops were reported
from the eastern Lithuania. In 1826, a team led by
Leopold von Buch (1774-1853) published the Geog-
nostische Karte von Deutchland.... It was perhaps the
first series of geological maps in the world. These are
42 separate sheets; the scale is close to 1:1,000,000.
The maps represent the part of Europe from Paris and
Clermont-Ferrand in the west to Klaipéda (Mem-
el) in the east and Turin in the south (Wotkovicz,
Wotkovicz 2014). This is probably the first modern
geological map that included the territory of Lithua-
nia (Buch 1826). Geognostic expeditions were organ-
ised in the territory of Lithuania and adjacent areas in
several later years by Vansovich and Leman (1826)
(Vansovich 1927), Karl Eduard von Eichwald (1830);
however, these investigations were not included in re-
gional cartographic works (Eichwald 1830; Grigelis
etal. 1981).
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In 1830, naturalist and researcher of geology Fre-
deric Dubois de Montpereaux (1798—1850) published
a geognostic map of Lithuania and southern Latvia
(scale 1: 1,800,000) (Dubois 1830). The map was
supplemented by an explanatory article describing
mineral resources of the area depicted on the map.
The map was coloured and displayed occurrences of
limestone, tufa, clay, and gypsum. In eastern Lithua-
nia, only a few spots of clays were depicted, and it is
assumed that theses clays are Quaternary glacial or
glaciolacustrine deposits.

About 1837, Ignacy Domeyko (1802—-1889) com-
pleted four maps of Poland and Lithuanian territories,
which depicted water, earth, forest, and the political
situation. These maps were published in 1850 in the
Atlas de [’ancienne Pologne (Dufour, Wrotnowski
1850). The geological map (‘Earth’) was compiled
on a scale of 1:3,500,000 (Chatubinska 1961, 1962).
The hydrographic map was used as a base map. The
legend has nineteen colours, each indicating a dif-
ferent type of geological formation, identified by
lithological properties or characteristics (Graniczny
et al. 2002). Domeyko used Fox-Strangways’ map,
although in the reference to the areas marked in blue
(sandstones, marls and gypsum of recent sediments)
he refers to the descriptions by Georg Gottlieb Pusch
(1790-1846), contained in his two-volume work
“Geognostische Beschreibung von Polen” (1833 and
1836) (Wotkowicz, Wolkovicz 2021).

The geological map made by Domeyko is amongst
the pioneer works not only for Poland and Lithuania
but also for Europe more widely, and it is one of the
most important studies of this type. Domeyko is the
first geologist who did the morphographic and geo-
logical zonation of Lithuania (Gaigalas 2002).

The period of investigations and compilation of
geological maps starting in about 1840 is closely re-
lated with the development of stratigraphic knowl-
edge, and therefore this period marks the beginning
of mapping based on the stratigraphic concept. How-
ever, in this period geological investigations in the
territory of Lithuania still were fragmentary and dis-
continuous, carried out by single researchers mainly
from universities of Warsaw, Kenigsberg, Tartu, St.
Petersburg and elsewhere.

In 1841, Gregor von Helmersen compiled a map
of European Russia, in which on the basis of palae-
ontological data by Eichwald and Leopold von Buch
he indicated the Devonian system in north Lithuania
and Cretaceous and Tertiary rocks in the south, in the
vicinities of Grodno (Helmersen 1841). It was the
best map at that time compiled according to the strati-
graphic principle (Zaladiené 2006).

In 1845, Roderick Murchison, Edouard de Ver-
neuil and Alexander von Keyserling published a
two-volume book entitled “The Geology of Russia in
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Europe and the Ural Mountains”, which reports on
the results of two field seasons in Russia and current
territory of Lithuania (1840 and 1841) (Grigelis et al.
1981; Murchison et al. 1845). In this first coloured ge-
ognostic map of this area, scale of ~ 1: 5,000,000, the
researchers depicted Silurian, Devonian, Carbonifer-
ous, Permian, Jurassic, and Cretaceous sediments.

An outstanding contribution to geological car-
tography was done by Konstantin Grewingk (1819—
1887). The first work of Grewingk was published
in 1857, in which he subdivided the Devonian of
Lithuania and Latvia into three stages. On the basis
of palacontological and structural data, in 1861 he
composed a geological map at a scale of 1:1,200,000,
which quite in detail reflected the main features of
geological structure on the main part of Latvia and
northern Lithuania. In 1879, Grewingk published the
second map at a scale of 1:600,000 with an extensive
explanatory text. In this map, first at all the areas of
Permian and Triassic rocks and Creataceous outcrops
(in the Kaunas vicinities) were indicated (Grigelis et
al. 1981). It has to be noted that in this period some
researchers were already trying to compile maps con-
tain palaeogeographic information and covering the
whole European part of Russia or even the whole
Europe (Zaladien¢ 2006). For example, a very exten-
sive Devonian belt was assumed by Stepan Kutorga
(1805-1861) in his sketch map of 1858.

A valuable input to stratigraphy of the Baltic re-
gion belongs to Jozef Siemiradzki (1858-1933) and
Emil Habdank-Dunikowski (1855-1924) (Siemiradz-
ki, Habdank-Dunikowski 1891). In their geological
overview of Poland and adjacent areas, there is pre-
sented a description of Devonian, Permian, Jurassic,
Cretaceous, Triassic, and Quaternary. It was a mod-
ern work for the time, a cartographic synthesis cover-
ing the area from the Carpathians to the Gulf of Riga
(Graniczny et al. 2008).

The foundation of the Geological Committee in St.
Petersburg in 1882 must be noted as a very important
fact in relationship to the development of geological
cartography. At the very beginning of its activities, the
Committee undertook a task of compiling a geologi-
cal map at a scale of 1:82,400 for the whole territory
of Russia. Due to the accomplishment of this task in
the present territory of Lithuania, Antony Karol Gie-
droyc (Antanas Karolis Giedraitis), Anna Misuna, and
Czestaw Chmielewski (1867—1921) significantly con-
tributed to the development of geological cartography.

The map of Antony Karol Giedroyc (1895)

The geologist and duke of Lithuanian origin An-
tony Karol Giedroyc (1848-1909) carried out geolog-
ical investigations in eastern Lithuania and western
Belarus in the period 1878-1887 (Dalinkevicius et
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Fig. 1 Original map of Antony Karol Giedroyc (1895), general view
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al. 1969). He performed a great number of geologi-
cal routes with observations, which extended from
Minsk to Vilnius, Kaunas, Grodno and along the
valleys of the main rivers (locations of these routes
are depicted in figures by DalinkevicCius ef al. (1969)
and Paskevicius (2010)). He published his materials
in 1895 (Giedroyc 1895), and the volume included a
map (scale 1:420,000) (Baltrtinas, Pukelyt¢ 2021) of
outcropping rocks and sediments (Fig. 1). This map in
eastern Lithuania (Fig. 2) displays the occurrences of
laminated and non-laminated Quaternary (post Ter-
tiary) sediments, Tertiary, Cretaceous and Jurassic
outcrops, and the findings of phosphorites. The map
is constructed on the basis of direct observations and
descriptions of outcrops and exposures of Quaternary
sediments and Pre-Quaternary rocks carried out by
the author, also based on evidence by local people
(e.g. observations of Cretaceous rocks).

The work (Giedroyc 1895) gives an explanation
of the map. It is stated, “The scale is taken in order to
depict accurately enough the exposures and outcrops
of Pre-Quaternary rocks and formation, and it was not
the aim to give the accurate cartography of Quaternary
deposits” (in Russian, p. 323). The map displays local
and areal exposures of rocks of Jurassic, Cretaceous
and Tertiary ages; boundaries of the areas are given
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Fig. 2 Simplified part of the map of A.K. Giedroyc (1895),
comprising Lithuanian part with adjacent areas only
(modified by Dalinkevicius et al. 1969 and Grigelis et al.
1981). Legend: 1 — laminated Quaternary (post-Tertiary)
sediments; 2 — not-laminated Quaternary (post-Tertiary)
sediments; 3 — Tertiary (Paleogene) rocks; 4 — Upper Cre-
taceous rocks; 5 — inferred locations of Upper Cretaceous
rocks; 6 — inferred locations of Jurassic rocks; 7 — findings
of phosphorites
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according to the actual observations of these rocks,
except the northern boundary of Cretaceous deposits
in the Kaunas governorship, where this boundary is
drawn according to the type of Quaternary deposits
located to the south, which contain a considerable
part of Cretaceous material.

Giedroyc notes, “I did not dare to indicate con-
tinuous areas of distribution of Tertiary sediments
due to the lack of data; however, the occurrence of
such areas is possible in the territory between Grodno
city and Sventoji River, which separates Kaunas and
Vilnius governorships, as well as in Polesje, because
of a considerable compound of Tertiary material in
glacial deposits” (p. 324). Further, he notes that the
presence of Devonian deposits in Polesje could be
inferred according to the quantity and forms of red
sandstones that occur in glacial deposits; however,
there are no any actual data about the findings of Pre-
Quaternary deposits, and this assumption is limited
only to the data he observed personally. On the map,
due to the lack of data on precise data, it was not
possible to locate different types of post-Tertiary de-
posits, and only areas with prevailing non-laminated
post-Tertiary sediments are separated from the areas
with prevailing laminated sediments. Further, the
problems of mapping of post-Tertiary sediments are
to be discussed, and this will be a task for researchers
in the future. It is noted in final remarks that western
and southern parts of the area of his investigations
described in the work of 1895 are not presented in the
map under discussion due to a low density of loca-
tions of observations.

In general, it could be assumed that the map by
Giedroyc is complex by its contents, as it displays
occurrences of Quaternary and Pre-Quaternary sedi-
ments and rocks. However, it seems that the main
aim of Giedroyc actually was to determine and map
Pre-Quaternary geological formations although he
also mapped laminated Quaternary (post-Tertiary)
and non-laminated Quaternary (post-Tertiary) sedi-
ments. He was particularly interested in finding Terti-
ary, Cretaceous and Jurassic layers and outcrops, as
he had a good knowledge of lithology and stratig-
raphy of these systems (Gedroitz 1880) and of data
published by previous researchers. It has to be noted
that Giedroyc’s map could have been used to map the
European part of Russia (Baltriinas, Pukelyté 2021).

There are no data whether Giedroyc was aware of
or used former cartographic materials by Domeyko
and other geologists of the 19th century, but it seems
that geognostic contents of these maps were not use-
ful nor acceptable for Giedroyc, as he used a mod-
ern stratigraphical approach and international stand-
ards. It should be noted that the Commission for the
Geological Map of the World (CGMW) was already
created in 1881 during the Second International Geo-



logical Congress (IGC) in Bologna, and it undertook
the creation of international stratigraphical standards.
It could be assumed that the members or representa-
tives of the Geological Committee in St. Petersburg
(founded in 1882) also took part in the Second IGC.
Upon comparison of the map of Giedroyc with
the current Pre-Quaternary map of Lithuania (Fig. S1
in the Supporting Online Material; after Cyziené,
Sliaupa, 1999), which is based on materials of num-
bers of boreholes and geophysical and palaecontologi-
cal investigations, it could be noted the following:

1. Giedroyc correctly determined Cretaceous lay-
ers in the south of Lithuania and in the vicini-
ties of Grodno, as well as in the vicinities of
Jurbarkas.

2. The Tertiary layers mapped by Giedroyc in the
outcrops of the Sventoji River were later attrib-
uted to the Upper Devonian (Sventoji Forma-
tion), however there are also Neogene outcrops
known so far (Anyksciai Formation).

3. The Tertiary layers in Vilnius vicinities
mapped by Giedroyc could be Neogene or Pre-
Pleistocene deposits according to the data from
boreholes.

4. The Tertiary layers south of Kaunas could
probably be related to blocks incorporated in
glacial Quaternary deposits.

5. The Tertiary deposits in Suvalkija region
(southern part of the map) recognised by Gie-
droyc are currently attributed to Paleogene.

We admit that the current knowledge is hardly

comparable with that of the Giedroyc’stime, but his
discoveries, based on very few observations available
at that time, actually are correct, and therefore the
map of Giedroyc could be regarded as a prototype of
modern geological maps.

CONCLUSIONS

1. The geological (geognostic) maps being the
comprehensive reflection of the understanding of
geological knowledge are dependent on the concepts
of interpretation and explanation of geological data,
especially on stratigraphy. The geognostic maps by
Jean Etienne Guettard in 1764, Stanistaw Staszic in
1806, Ignacy Domeyko in 1837, and Frederic Dubois
de Montpereaux in 1830 reflect the history of geo-
logical science.

2. A new period of investigations and compila-
tion of geological maps of the territory under consid-
eration, using the stratigraphic concept starts about
1840.

3. The map of A.K. Giedroyc (1895) is a pioneer-
ing work of modern geological mapping using inter-
national stratigraphic standards.

4. The map of A.K. Giedroyc (1895) is complex and
displays the occurrences of Quaternary and Pre-Quater-
nary (Tertiary, Cretaceous, and Jurassic) sediments and
rocks. However, the main aim of Giedroyc actually was
to map Pre-Quaternary geological formations. The map
is constructed on the basis of direct observations and
descriptions of outcrops and exposures of Quaternary
sediments and Pre-Quaternary rocks carried out by the
author, also based on evidence by local people.

5. The main occurrences (provinces) of Pre-Qua-
ternary rocks mapped by Giedroyc are confirmed by
the modern geological mapping of the 20th century.
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