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Abstract: This work combines geomorphological and historical research to decode the landscape in the world's 

most famous painting: the Gioconda. The background of the painting was analysed in detail, and numerous 

morphological correspondences with the Montefeltro area in central Italy were found. The upper valley of the 

Senatello Stream features the Fumaiolo Massif, renowned for its springs that feed the Tiber River. The region is 

composed of the limestones and sandstones of the San Marino and Monte Fumaiolo Formations, alongside clay 

formations from the "Valmarecchia Nappe". This lithological variety, the intense fracturing of the limestone 

rocks, and climatic and tectonic events during the Middle to Upper Pleistocene produced a complex and varied 

geomorphology. The landscape is marked by large landslides and significant debris deposits reflecting its recent 

evolution. The painting, as well as historical documents and Leonardo’s drawings from his time in the Romagna 

Region, provide evidence of a large lake beneath Mount Aquilone. The area was affected by a significant change 

in the morphology of the slopes, probably caused by a landslide that occurred in the period 1500-1700, a period 

characterised by climatic and tectonic upheavals, which may have led to the disappearance of the lake. 

Keywords: cultural geomorphology; the Gioconda background; geoheritage; Italian physical 

landscape; central Italy 

 

1. Introduction 

Many Italian masterpieces contain carefully painted landscapes that might go unnoticed behind 

the main subjects in the foreground. Art historians have often considered these landscapes imaginary, 

although many appear to be views of central Italy, where the Renaissance flourished. In the 

northernmost part of Montefeltro, on the border with Tuscany, among the spectacular limestone 

crags of the Valmarecchia, Leonardo da Vinci immortalised the background of his masterpiece: the 

Gioconda [1]. 

Leonardo knew this area well, having been there several times, as testified by many documents. 

When Leonardo came to Montefeltro following the Borgia army, his job of supervising the 

fortifications and military structures led him to visit the entire territory. For almost ten months, he 

surveyed the hills of the central Apennines, between Montefeltro and Romagna Region, up to the 

highest peaks where numerous watchtowers were placed. From these peaks, Leonardo probably 

began to appreciate the unique and extraordinary landscape of the Marecchia Valley. It is no 

coincidence that many of Leonardo's drawings faithfully refer to these areas [2]. While accompanying 

Cesare Borgia, Leonardo recorded his movements between 1498 and 1502 in Manuscript L, which is 

preserved in Paris. His itinerary also included Urbino, where he measured the walls and made 

sketches of the Ducal Palace. During his stay, which lasted about forty days, he stayed in a tower 

house managed by the monks of San Francesco [3]. Previous research, documented by recent articles 

and essays, has identified the landscape depicted in this painting as well as other Renaissance works 
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[1–4], based mainly on geological and geomorphological data but supported by numerous historical 

and archival sources. 

The present work offers a further contribution to the resolution of the enigmatic and articulated 

landscape that forms the backdrop to the Gioconda, focusing on that part, perhaps the most complex 

of the background, represented by the lake located to the upper right, at the foot of what has been 

recognised as the Fumaiolo Massif. 

2. Geomorphological Setting of the Area 

The landscape of the Apennines straddling the regions of Umbria, Marche, Tuscany, and Emilia-

Romagna, i.e. the ancient territory of Montefeltro and the Duchy of Urbino (Figure 1), is made up of 

a great variety of forms resulting from different physical environments [5]. These environments 

sometimes gradually merge, while at other times, they abruptly diverge, creating strong 

morphological contrasts. This diversity of forms is undoubtedly fascinating for its intrinsic beauty 

and the history and culture developed around it. Therefore, it is unsurprising that such landscapes 

have inspired the sensitivity of the artists who, especially during the Renaissance, traveled through 

these lands. The study of the territory - shaped and transformed by geological, climate, and anthropic 

events - constitutes the basis for understanding its artistic representation in a given historical period. 

The geological and tectonic context of this particular sector of the Apennines has left an unmistakable 

imprint on the landscape. This territory’s uniqueness derives from the variety of lithologies present 

and their reciprocal structural relationships. The nature and evolution of the submarine 

environments that have succeeded one another during the long geological history of this area can be 

read in the Umbria-Marchean Succession, a continuous series of strata that "records" an almost 

uninterrupted period from the Jurassic period (about 201 million years ago) to the Pleistocene (about 

2.5 to 0.01 million years ago). The Umbro-Marchean Succession is one of the most studied 

stratigraphic series worldwide due to its completeness and continuity. Several authors demonstrate 

the complexity of the evolution of the Northern Apennines, with adjacent zones showing abrupt 

variations in their history and style of deformation [6–8]. The Marche region began to acquire its 

current geomorphological structure from the second half of the Miocene, approximately between 13 

and 5 million years ago, with the formation of the Apennine chain and the beginning of the emersion 

of the area [9]. 

The uplift leading to the emergence progressed from southwest to northeast, toward the Adriatic 

Sea, through an intense folding of the earth's crust, characterised by the formation of large folds 

variously associated with significant faults. The westernmost portion of the present chain rose first 

under the action of tectonic forces (the Umbria-Marchean ridge, comprising the Catria, Petrano, and 

Nerone Mountains), followed by the easternmost sectors (the Marchean ridge, including the Furlo 

Mountains) and smaller ridges (the Cesana Mountains) [10]. 

Tectonic deformation was more intense in the inland areas, resulting in a more significant uplift, 

consequent deeper valley incisions, and the shaping of rugged landscapes with strong morphological 

contrasts. The increasingly gentle uplift toward the valleys and coastal areas, combined with less 

resistant rock formations, led to a hilly morphology extending down to the sea, only locally 

interrupted by small ridges. A large part of the western territory (the upper valleys of the Metauro, 

Foglia, and Marecchia Rivers) is instead characterised by the monotonous sequence of strata 

belonging to the Marnoso-Arenacea Formation of the Miocene age (about 20 million years ago). The 

marine basin facing the emerging Apennine chain began to fill with terrigenous sediments, 

remobilised by submarine landslides, sometimes triggered by seismic events or powerful waves or 

currents. 

The lithostratigraphic and structural arrangement has conditioned the layout of the river 

network; it has an overall sub-parallel pattern, mainly oriented southwest-northeast, from the interior 

towards the Adriatic coast, and crosses the prominent calcareous anticlinal ridges before reaching the 

Adriatic coast [10]. This trend is also responsible for such a great variety of landscapes in a relatively 

small area [3–5]. The formed landscapes are profoundly influenced by alternating different 
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lithological types, thicknesses, and structural arrangements. A distinctive morphology characterises 

the northwestern portion of the territory, the so-called Montefeltro area: steep isolated reliefs and 

large limestone blocks chaotically emerge from a soft clay substrate (Figure 2). Here, the formation 

of the Apennine chain caused geological formations originating in Tyrrhenian areas (Liguria and 

Tuscany) to overlap in extensive thrust sheets on top of the local Umbrian-Marchean succession [11–

13]. The strong lithological contrast between the Ligurian substratum, predominantly clayey and 

plastic, and the more rigid Epiligurian "rafts" (limestone, gypsum, conglomerates, and sandstones) 

has contributed to shaping a highly distinctive landscape, unique in the Apennine region (Figure 3). 

 

Figure 1. Location map of the ancient Duchy of Urbino. The black dashed line indicates the extension of the 

duchy, while the white dashed line refers to the current regional boundaries. 

The result of this singular evolution, which lasted about 12 million years, is the current 

Montefeltro landscape. The reliefs, subjected to intense tectonic and climatic stress, were fractured 

and reduced in size due to repeated landslide events. Often, only remnants of the primary 

morphology remain in the form of scattered blocks, spires, or towers on the clayey slopes. The highest 

peaks are Mount Aquilone (Fumaiolo Massif) and Mount Carpegna, respectively, at 1,354 and 1,415 

meters a.s.l.. The shape of the numerous isolated reliefs depends on the orientation of stratification, 

as seen in the Sassi Simone and Simoncello, as well as the Maioletto, Penna, and Billi cliffs [14]. 
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Figure 2. Aerial view of Sassi Simone and Simoncello (limestones and sandstone from San Marino and Fumaiolo 

Formations; Valmarecchia Nappe, Central Italy). 

Figure 3. Typical landscape of the Valmarecchia Nappe. 

The current configuration of the territory, with the arrangement of river valleys descending sub-

parallel from the Apennine watershed toward the Adriatic Sea, emerged in relatively recent times, 

around 700,000 years ago, during the Middle Pleistocene [10]. During this period, the area underwent 

significant climatic changes: the landscape was shaped by erosion and sedimentation processes 

alternating between glacial and subtropical climates. In particular, erosive activity on the reliefs and 

sediment accumulation in the valley floors peaked during cold phases, when physical weathering 

processes were more intense due to reduced or even absent vegetation cover. During these periods, 

extensive floodplains formed, appearing today as remnants along river corridors. These are the 

alluvial terraces, evidence of the extent and power of fluvial sedimentation [15]. 

Warm and cold periods also alternated during the Holocene, although they did not reach the 

duration and intensity of the previous Pleistocene events. Nevertheless, they also left an imprint on 

the landscape, slopes, and river plains, leading to significant geomorphological changes, such as 

erosional scarps, fluvial sediment deposits, large landslides, and the formation of badlands [16]. 

The period corresponding to Leonardo's life, between 1452 and 1519, falls within the so-called 

Little Ice Age (LIA, 1300-1850). During this period, the Alpine ice caps expanded significantly in 

Europe and Italy, with significant advancement phases occurring between 1360-1390, 1600-1670, and 

1820-1860 (Figure 4). However, in the years when Leonardo lived, there was a brief warming phase. 

In fact, during this period, the Alpine glaciers temporarily retreated to more backward positions, 

signaling a warmer interval [17]. The last cold phase (1820-1860) led to the maximum glacial 
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expansion of the Holocene, which caused some of the most recent changes in the landscape, still 

clearly visible today. In particular, it is believed that the massive alluvial deposition in riverbeds, still 

recognisable in aerial photographs from the 1950s-1960s, resulted from that cold peak, which 

triggered intense deforestation on mountain slopes, increasing debris production and landslide 

formation. It is difficult to establish the extent to which man has been responsible for landscape 

changes about climatic episodes. Since Roman times, riverbed changes have been found, diverted, 

and interrupted to create reservoirs and crossings or to reclaim land for agriculture. Deforestation 

could also have an anthropogenic cause, as intensive and continuous logging for warming purposes 

was particularly prevalent during colder periods [18]. Over the past sixty years, the morphogenetic 

impact of human activity on the landscape has become devastating. With the advent of 

industrialisation, the indiscriminate use of land through urban sprawl, concrete development, and 

gravel extraction has severely compromised an immense landscape and cultural heritage. 

 

Figure 4. Climatic variations of the last 3500 years inferred from the modifications of the Aletsch glacier front 

(modified and redrawn after [17]). 

3. The Identity of La Gioconda 

Contrary to what many believe, some authors have argued that the Gioconda does not depict 

Lisa Gherardini, wife of the Florentine merchant Francesco del Giocondo, but Pacifica Brandani of 

Urbino, mistress of Giuliano de' Medici and mother of his only son [19,20]. 

Zapperi demonstrates with detail and numerous documentation [20], that the child, after being 

secretly entrusted to a family during his early years, was brought to Rome in 1513 by order of Leo X, 

Giuliano’s brother and the newly elected pope, who received him with affection. Leo X commissioned 

the famous Raphael to paint the child next to him in a famous painting (Figure 5). The young Ippolito 

missed his mother, and in response, Giuliano asked Leonardo, who was in his employ, to create a 

portrait of a woman to comfort him, making Ippolito believe it was his mother. After Giuliano's 

sudden death, Leonardo took the portrait to France. Convincing evidence supporting Pacifica 

Brandani as the subject of La Gioconda is provided by Don Antonio De Beatis, secretary to Cardinal 

Luigi d’Aragona, who traveled across Europe in 1517-1518 [21]. During their stay in France, they 

visited Leonardo, who was a guest of King Francis I, at his residence in Amboise. De Beatis 

meticulously recorded what Leonardo revealed, namely that the Gioconda had been commissioned 

by his patron, Giuliano de' Medici. In 1957, Leonardo expert Carlo Pedretti suggested that the 

Gioconda might instead be Pacifica Brandani, with whom Giuliano de' Medici had a relationship in 

Urbino and bore him a son, Ippolito, in 1511. Leonardo is believed to have painted her while working 
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for Giuliano between 1514 and 1516, shortly before his departure for France. Over time, Pacifica's 

identity faded into obscurity, and in the 17th century, she was associated with the name ‘Mona Lisa’ 

through Vasari's legend.  

 

Figure 5. Raphael, Coronation of Charlemagne, 1517, Rome, Vatican. In the representation, the young Ippolito 

holds the imperial crown that his uncle Pope Leo X placed on Charlemagne's head. 

Perrig argues that in Renaissance paintings, the landscape in the background of a portrait always 

has a relationship with the subject portrayed in the foreground [22]. The identification of La Gioconda 

as Pacifica Brandani supports this hypothesis. If we consider that the lady was indeed Pacifica 

Brandani of Urbino, that the patron of the work was Giuliano de' Medici, and that Ippolito was their 

son, we can deduce that the chosen landscape could only represent a land significant to all three: the 

Duchies of Urbino and Tuscany. The bridge over the Marecchia River is precisely on the border 

between the Duchies of Urbino and Tuscany. It is possible that Ippolito, the son, symbolizes the union 

between Pacifica and Giuliano and, thus, between the two states. 

4. The Gioconda Landscape 

Leonardo dedicated much of his life to the study of nature. The geological and paleontological 

studies carried out near his place of birth, Vinci (Italy), are notable, as well as the detailed geological 

and sedimentological structures represented in his paintings [23]. He often made maps of the places 

he visited for study purposes and his patrons. We remember the geographical maps of Tuscany and 

the map of the city of Imola (northern Italy), a work of art for its precision and detail [24]. Many 

drawings are also cataloged as "unknown landscapes" that have never been precisely identified 

because they lack toponyms. However, these drawings have unmistakable geomorphological 

features that allow for their exact location, considering changes related to climatic, tectonic, and 

anthropogenic changes. 

An accurate analysis of the painting and profound knowledge of the territory has allowed the 

identification of the many details that compose the landscape of the Gioconda, which embraces the 

entire Duchy of Urbino, seen from the heights of the Marecchia Valley [1]. Leonardo’s technique for 

representing the territory relies on aerial vision to depict vast areas through the compression and 

distortion of spaces and distances, creating a representation that straddles the line between the image 

of a landscape and a topographic map [25]. 

The background of the Gioconda embraces a wide area, starting from the Tuscany Region in the 

upper valley of the Marecchia River with its tributary, the Senatello Stream. It is a broad view and is 

seen from high above to enable a view of almost 270° in an uninterrupted landscape. There are two 

viewpoints: from the top of Mount Benedetto on the left of the Gioconda and Mount Carpegna on 

the right (Figure 6). Leonardo solves his need for a broad view by placing together objects that should 

be placed at different optical distances. In fact, being high enough to see mountain massifs makes it 

challenging to see a bridge or valley road. Leonardo had already adopted different scales in some of 

his drawings, as was common practice in the topographic descriptions of that period [24]. 
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Figure 6. Digital models of the area represented behind the Gioconda. 

The central image of the Gioconda interrupts but does not hide parts of the landscape. The 

shapes depicted have a precise spatial position and can be easily compared with the actual forms, 

even if some have been modified by tectonic or climatic events since 1500. Many physical and 

anthropic elements such as towns, castles, towers, and mills have been recognised (Figure 7) [1]; the 

only elements that no longer exist are the bridge across the Marecchia River (Figure 8), and the lake 

under Mount Aquilone (Figure 9), on the right side of the painting. In the following sections, several 

sectors of the Gioconda painting are presented and compared to the mid-Marecchia Valley and 

Senatello basin: the bridge near Pennabilli village and the midway Senatello Valley (sector A); the left 

side of the painting (sector B); the upper right sector, perhaps the most complex, represented by the 

lake at the foot of the Fumaiolo Massif (sector C). The main objective of this work is to clarify certain 

aspects, providing key elements to understand their morphological evolution, using historical data, 

maps, seismic data, and field data, to reconstruct a landscape that in almost 600 years may have 

changed in its geomorphological aspects, due to tectonic and climatic factors. 
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Figure 7. Location of the main places recognized in the present-day landscape: 1. Fumaiolo Massif; 2. Faggiola 

Mountains; 3. Mount Rotondo and Mount Tesoro; 4. Poggio Calanco; 5. Santa Maria in Sasseto; 6. Pescaia; 7. 

Casteldelci; 8. Fragheto; 9. Montevecchio; 10. Mount Zucchetta; 11. Mount Loggio; 12. Santa Sofia; 13. Gattara; 

14. Mount Faggiola, 15. Pozzale; 16. Pennabilli; 17. Boncino Plains; 18. Marecchia River; 19. Senatello Stream; 20. 

Badia Tedalda; 21. Palazzaccio; 22. Bascio; 23. Osteriaccia; 24. Ca’ Raffaello; 25. Alpe della Luna; 26. Apennine 

ridge Catria-Nerone; 27. Sassi Simone and Simoncello. 

 

Figure 8. Above, the Gioconda bridge. Below are the large boulders in the Marecchia River, rooted in the alluvial 

plain. Right, a solarized aerial photo of the Marecchia riverbed from 1974 shows a buried line (red arrow) visible 

right where the ancient bridge stood. 
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Figure 9. In the current landscape (above), at the base of Mount Aquilone, a lake has been replaced in the large 

sunken area (A). Note the drainage channel B, which is still visible. 

4.1. Sector A: The Bridge near Pennabilli Village and the Midway Senatello Valley 

The large water course in sector A is the Marecchia River (Figure 10). Its source is located at Alpe 

della Luna, in the Tuscan-Romagna Apennines, and after 70 km, it flows into the Adriatic Sea near 

the town of Rimini. The floodplain, which today flows with densely braided channels on a wide and 

flat alluvial valley floor, has changed shape over time according to the climatic and tectonic 

conditions that have affected the area and due to massive anthropic interventions. The four-arch 

bridge rests on large boulders and is located slightly downstream from the confluence of the Senatello 

and Marecchia Rivers. In the painting, the bridge appears to be severely damaged (see Figure 8). The 

large limestone boulders emerging from the alluvial deposits, completely unrelated to the 

surrounding formations, are the so-called “migrating boulders” formed during the last glaciation 

from the slopes of Mount Canale and reached the plane where they were permanently rooted [26]. 

They were finally used as the supporting structure of the bridge. 

A study on the ancient road system carried out by the Department of Archeology of the 

University of Urbino showed that a road crossed the river at that point (Figure 11) [27]. It is an ancient, 

destroyed road that, in Roman times, connected the Vicus Ad Missam to the Vicus in the San Martino 

di Casteldelci area. In Medieval times, the road continued and connected the castle of Pennabilli and 

its church of San Pietro in Messa to the castle of Casteldelci and its church of San Martino, both located 

beyond the Marecchia River in the Casteldelci area. Remains of brick artifacts have been found in the 

area, presumably belonging to a bridge. There is documentation of bridges destroyed by floods, and 

even today, aerial photographs show a crossing at that location. 

As a result of selective erosion, the Penna and Billi hills rise above 

the surrounding countryside between the Marecchia River (Figure 12). 

The digital elevation model also highlights the exact position of the 

rocks seen from the easternmost foothills of Mount Carpegna.  
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Figure 10. The landscape of the Gioconda, divided into three sectors: A. The bridge near Pennabilli village and 

the midway Senatello Valley; B. The left side of the painting; C. Mount Fumaiolo and the lake. 

 

Figure 11. Map of the master roads between Pennabilli and Casteldelci; on the left is the position of the bridge [27]. 

. 

Figure 12. A detail of the painting (left) compared with a Digital Elevation Model (DEM) of the mid-Marecchia 

Valley (right). A. Pozzale; B. Penna and Billi crags. 
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Near the village of Casteldelci, in the midway Senatello Valley, the Marnoso-Arenacea 

Formation is exposed, revealing a regular alternation of layers that imparts an orderly aspect to the 

region, complemented by rectilinear parallel profiles and deep asymmetrical valleys. The dip-slope 

layers contribute to the characteristic flatiron morphology, which is vividly illustrated in Leonardo 

da Vinci’s drawings (Figure 13). Midway along its course, the Senatello Torrent accumulates a 

significant volume of debris, creating a large alluvial plain that features distinctly intertwined 

channels up to its confluence with the Marecchia River. A comprehensive overview of the entire area 

elucidates the spatial relationships between the elements of the artwork and the contemporary 

landscape (Figure 14). 

 

Figure 13. View of Mount Aquilone and the Faggiola Mounts, compared with a drawing (below) by Leonardo 

(1510-1511, Windsor, Royal Borough Museum Collection), and the same detail in the Gioconda painting (above). 

Inside the white square, geomorphological structures called Flatiron are visible. At the bottom, a particular of 

the drawing (left) is compared with a recent photo of Mount Aquilone (right). The black arrows indicate the 

main scarp of the landslide, which is incipient in the drawing and more developed at present. 
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Figure 14. Comparison of the Senatello Valley, from the slopes of Monte Faggiola to the confluence with the 

Marecchia River, in the present landscape (left) and the painting (right). A. Faggiola Mounts; B. esplanade of 

Poggio Calanco under the Faggiola Mounts; C, D, E. valley profiles, including Mount Tesoro and Monterotondo; 

F. Pozzale; G. Montevecchio; H. Mount Zucchetta. 

4.2. Sector B: The Left Side of the Painting 

The landscape depicted on the left side of the painting is one of the most complex to interpret 

because Leonardo experiments in this area with an advanced and revolutionary representation of 

relief, separating the perspectival planes not only by colour but also by compressing and distorting 

them in the form of anamorphosis, to enhance the sense of relief and depth. This representation serves 

as an intermediary between a landscape drawing from life and a topographic map, synthesising the 

perception of perspectival space and measuring distances [24]. Starting from the horizon, the Umbro-

Marchean Apennine chain is depicted, extending from the Alpe della Luna to Mount Catria (Figure 

1) [28]. The broad plain visible further down in the painting corresponds to the Marecchia River, 

whose slopes are characterised by narrow asymmetric valleys due to monoclinal stratifications and 

landslide phenomena. Further downstream, the extreme spur of Mount Canale is visible, with its 

distinctive round shape. The relief is dotted with limestone boulders that presumably originated from 

the summit, where extensive plates existed during the Pleistocene era, now wholly dismantled. In 

the foreground on the left side of the painting, Leonardo positions two cliffs named Sassi Simone and 

Simoncello (Figure 15), representing one of the most visited geosites in the Montefeltro area [29]. 

Numerous maps and drawings exist of this area because Cosimo de’ Medici founded a new town on 

the flat top of Sasso Simone, which he called “Città del Sole”. This town survived for only a century 

and was abandoned because of harsh conditions during the LIA [30]. 

4.3. Sector C: Mount Fumaiolo and the Lake—New Geomorphological and Historical Data 

The mountainous complex of the Fumaiolo Massif is part of the system of Apennine reliefs that 

constitute the line of watersheds between the Adriatic and Tyrrhenian slopes. On the latter is the 

summit of Mount Fumaiolo where, as is well-known, the source of the Tiber River is located. The 

other reliefs (the Aquilone and Passino Mountains) are part of the Adriatic side, and from them 

originate the Senatello Stream, a tributary of the Marecchia River (Figure 7). The geology of this 

region is notably complex, characterised by the emergence of the Valmarecchia Nappe, which 
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explains the chaotic appearance of the landscape, dominated by deep-seated gravitational slope 

deformations and superficial landslides. The severe climate changes during the Quaternary period, 

acting upon an already deformed and fractured landscape, have further exacerbated the instability 

of this territory. 

 

Figure 15. 1 and 4. Ideographic drawings of Sasso Simoncello (16th century, Carpegna municipal archives); 2 

and 5. Details of the drawings showing Sasso Simoncello; 3 and 6. The same details in the painting. Erosion 

towers (inside the black squares) are evident in the drawings and the painting. The black arrow indicates a 

landslide accumulation; the red arrow indicates a vertical fracture. 

If, up to this point, the correspondences between the landscape of the Gioconda and the actual 

landscape are many and evident, an area with elements to be clarified is that of Mount Aquilone and 

the lake. The painted landscape, in fact, while showing strong similarities in the morphology of relief 

compared to the present one, also presents some morphological differences that deserve further 

investigation, such as the lake basin that cannot be found in the present landscape. This area is known 

for the presence of large quantities of water, including the source of the Tiber River. Due to the 

permeability of the limestones and sandstones of the San Marino and Fumaiolo Formations, resting 

on the predominantly clayey and marly substratum, a rich water aquifer is generated and flows 

through numerous springs around the relief [31]. This lithological difference, the fracturing of the 

rocks, and climatic events that alternated in the middle-upper Pleistocene (700,000 years ago) explain 

the geomorphology of this area, which is characterised by large landslides and thick stratified debris. 

The latter (Figure 16) are thick talus deposits that can be recognised at the foot slopes. Sometimes, 

they appear stratified and cemented, suggesting periglacial origin, and are linked with Quaternary 

cold climatic phases [32]. 

Although short-lived, the alternation between cold and warm events has altered the landscape 

considerably. Despite this, geomorphological analysis has made it possible to identify many elements 

that have remained intact, such as the crests of Mount Aquilone (Figure 17), but also elements that 

have been modified, such as slopes affected by landslides and lake basins. Regarding the lake in the 

painting reproduced in sector C (Figure 10) to the right of the Gioconda at the base of the mountains 

on the horizon, new geomorphological data show that at the base of Mount Aquilone, a depression 

is found, where the runoff water from numerous springs could collect by virtue of the clay substrate. 

Subsequent landslides may have caused the lake to disappear, leaving only small, shallow lake 

depressions. The presence of small lakes and ponds has been known since historical times. Place 
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names everywhere indicate the presence of water (“I Laghi”, “Il Lagaccio”, “Poggio del Passino”, 

“Costa della Doccia”, “Pescaia”, “Ca’ Bonci”; “Campo di Boncino” - note that “Bonci” is an ancient 

name of lake fishes – Mount Aquilone – note that the ancient toponym is Acquilone [33], where 

“acqua” is “water”).  

 

Figure 16. Mount Aquilone: stratified and rotated slope deposits. Alternating horizons of coarse sands with 

gravels and pebbles and horizons of coarser materials [31]. The clasts mainly belong to the limestones of the San 

Marino Formation and, subordinately, to the sandstones of the Mount Fumaiolo Formation. 

 

Figure 17. The Fumaiolo Massif. Comparison between the painting, the actual landscape, and the drawing by 

Leonardo (1510-1511, Royal Collection, Windsor Castle). Letters A. B. C. and D. correspond to similar 

morphologies between Mount Aquilone (A) and Mount Passino (C) peaks. On the right-hand side of the 

painting, the shape of the hills is covered by clouds. 

The area’s morphology, however, does not rule out the presence of a more extensive natural 

reservoir in earlier times. At the mountain's base, there is a vast depression (Figure 18) produced by 

significant gravitational deformations that gave rise to counter slopes on which runoff water and 
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water from numerous springs could collect. These processes may have formed the lake that Leonardo 

reproduced at the base of Mount Aquilone. The subsequent occurrence of landslides may have 

drained the lake, leaving only a few shallow marshy areas.  

A wide depression separates the slope from a lowered block on the right of Figure 18 (Poggio 

l'Abetaia), partially rotated along the fault plane. Many trenches affect the top of the reliefs and the 

upper part of the slopes. They are parallel to the external escarpments and are generally aligned with 

the main tectonic directions. Many are filled with debris from the Monte Fumaiolo Formation and 

sometimes have sinkholes. However, these depressions cannot be attributed to karst genesis as these 

sandstones do not have enough carbonate content to allow extensive karst phenomena. Instead, these 

depressions are related to the opening of fractures, forming ‘parallel’ and ‘transverse’ trenches. The 

rock escarpments bordering the massif are affected by extensive landslide phenomena, such as block 

collapses, overthrusts, and, subordinately, planar and wedge slides [31]. 

 

Figure 18. Above: perspective view of the eastern slope of the Fumaiolo Massif with a drawing of the lake. A. 

Landslide of Mount Aquilone, also reproduced by Leonardo (see Figure 17); B. and C. Stratified slope deposits 

mobilized by landslides that led to the lake's extinction; D. The limestone block of Poggio Abetaia, produced by 

a lateral displacement responsible for the formation of one depression. Google Earth Pro (ver. 7.3.6), 

43°47'33.08"N; 12° 6'35.97"E, Mount Fumaiolo Massif; Image Landsat/Copernicus; Airbus 2025. Below: schematic 

section of the Fumaiolo Massif (modified after [31]). 1. Debris; 2. Monte Fumaiolo Formation; 3. San Marino 

Formation; 4. Clay substrate from the “Valmarecchia Nappe”; 5. Autochthonous substrate; 6. Overthrust. 

The search for cartographic documentation attesting to the presence of a lake basin below the 

Fumaiolo Massif led to the identification, in the Map of Italy dating back to 1154, of a large lake at 

the source of the Marecchia River, reported by the Arab geographer Edrisi [34]. In the text in Arabic, 

annexed to the great Map of Italy and translated in a volume of the Accademia dei Lincei [34], we 

read that ‘the river màr.k.lah’ (Marecchia) ‘originates from a pond copious with water, at the foot of 

a mountain’ (Figure 19). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 31 March 2025 doi:10.20944/preprints202503.2372.v1

https://doi.org/10.20944/preprints202503.2372.v1


 16 of 21 

 

 

Figure 19. Edrisi Map (1154) or Tabula Rogeriana of the Italian peninsula (above). At the top is the South (as was 

the custom at the time). Below are details of the lake at the Marecchia River source. 

The probability that a landslide caused the disappearance of the lake beneath Mount Aquilone 

is supported by the documentation of an earthquake that occurred in 1584 with an epicentre about 

13 km northwest of the lake area (Figure 20).  

The earthquake produced deep ground breakages, fractures, and a large landslide [35], which 

caused the devastation of some towns [36]. The main seismic shock with an MCS degree XI (Mercalli-

Càncani-Sieberg 1932 scale), 5.8 equivalent magnitude (Me) [37,38], occurred on September 10, 1584, 

at about 8:30 p.m. in the inner Savio River Valley, on the south-eastern slope of the Tuscany-Emilian 

Apennines (Figure 20). The town nearest to the earthquake epicentre was San Piero in Bagno (FC), 

which suffered massive damages. Further, a significant landslide movement was triggered by the 

earthquake about 5 km from the epicentre on the north-western side of Mount Comero, where the 

detachment area was recognised (Figure 20) [36]. This landslide has been reported in the historical 

archives because it reached two villages located about 4 km and 5.5 km North of the landslide main 

scarp, respectively, and increased the damages to buildings. The hypothesised Mount Aquilone 

landslide may not have been reported because the area of interest was uninhabited then and later. 

Another strong earthquake occurred in the Northern Marchean Apennine on June 3, 1781, with 

an epicentre at about 43 km distance Southeast of the hypothesised lake area (Fig. 21). The epicentre 

is more distant from Mount Aquilone than the earthquake above. Still, the epicentral intensity (MCS 

scale) has been estimated at degree X, 6.3 equivalent magnitude (Me), and at degree VII at the nearest 

area of interest location, Pennabilli [37,38]. The earthquake was characterised by two violent seismic 

shakes about ten minutes from each other. The affected area was huge, until south Marche, in all of 

Romagna Region and to a maximum distance of more than 200 km towards the North (Figure 21). 

The earthquake had various effects on the natural environment, including landslides [39], although 

quite far from the area of interest. Therefore, it is likely that the first of the two earthquakes may have 

triggered a landslide in our area of interest. 
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Figure 20. The 1584 Earthquake epicentre, the landslide main scarp position, and the hypothesized lake position 

(blue polygon) (modified from [36,37]). Google Earth Pro (ver. 7.3.6), 43°47'33.08"N; 12° 6'35.97"E, Mount Fumaiolo 

Massif; Image Landsat/Copernicus; Airbus 2025. 

 

Figure 21. The 1781 Earthquake epicentre and the hypothesized lake position (blue polygon NorthWest of the 

epicentre, evidenced by the red arrow) (modified from [36,37]). Google Earth Pro (ver. 7.3.6), 43°47'33.08"N; 12° 

6'35.97"E, Mount Fumaiolo Massif; Image Landsat/Copernicus; Airbus 2025. 

5. Discussion and Conclusions 

The mission of a geomorphologist approaching the study of a landscape is to understand the 

processes that generated it and analyse its evolution with its variations in time and space. Studying 
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landscape variations over a long time span, such as the Quaternary period, can be relatively simple, 

as a large amount of stratigraphic, chronological, and morphological data is available. However, 

those seeking to decipher the landscape depicted in Renaissance paintings must focus on a much 

more limited period (500-600 years), in which erosional and depositional processes have certainly 

taken place. Still, the landforms may be underdeveloped and barely visible. In addition to these 

variations, there are also events that suddenly and profoundly alter the landscape, such as landslides 

or catastrophic floods caused by particularly intense meteorological and climatic events. 

The study of geomorphological features within Renaissance landscape drawings also reveals a 

complex interaction between art and natural processes. The drawings found in the Arundel and 

Windsor Codices, attributed to Leonardo da Vinci, are particularly fascinating as they encapsulate 

the distinctive features of the Montefeltro region. This area, known for its rolling hills, steep ridges, 

and deeply incised river valleys, provides a rich backdrop that reflects the interplay of climatic, 

tectonic, and human factors over time. Leonardo’s visits to Montefeltro in 1502 allowed him to 

directly observe these morphologies, integrating his understanding of landforms into his paintings. 

His ability to capture specific landscape details—significant from a scientific perspective—is evidence 

of his keen observation and profound comprehension. Therefore, the geomorphological analysis of 

these drawings opens a debate on how landscape modifications due to climate change, tectonic shifts, 

and human interventions can be interpreted. The connection between scientific understanding and 

artistic representation enriches our knowledge of Leonardo's work. It enhances our awareness of the 

dynamic nature of landscapes, highlighting how they evolve and are perceived in different temporal 

and cultural contexts. This research, therefore, emphasises the importance of interdisciplinary 

approaches in understanding the historical landscape. 

The background of the Gioconda encapsulates a vast range of landforms within a small space, 

some of which are easily recognisable in today's landscape because they have undergone only 

marginal modifications. Others are difficult to identify, perhaps because they have undergone more 

profound changes. It is the geomorphologist's task to verify the consistency of these variations by 

finding evidence of specific processes. In the background of the Gioconda, numerous morphological 

elements (sectors A and B) are perfectly comparable with the current landscape. However, in sector 

B, Leonardo adopts a technique of spatial compression to depict a large portion of the Duchy of 

Urbino, captured from a specific viewpoint. In sector A, the morphological elements are recognizable, 

but anthropic differences can be observed, such as the bridge over the Senatello Torrent. Sector C, 

finally, is the one that presents the most significant differences compared to the current landscape. 

In this area, detailed field surveys, research on historical cartographic documents, and data on 

seismic events have made it possible to reconstruct the original landscape, which at this point 

perfectly matches the one depicted: 

• Thanks to the permeability of the limestones resting on a predominantly clayey substrate, a rich 

aquifer is present in this area, with numerous springs around the relief. The lithological differences, 

the high fracturing of the limestone rocks, and the recent climatic events are responsible for 

significant landslide phenomena involving large thicknesses of stratified debris. Subsequent 

landslides may have caused the lake to disappear, leaving only small shallow lake depressions. 

• Cartographic documentation attesting to the presence of a lake basin in this area has made it 

possible to identify the lake located at the source of the Marecchia River [34]. The text annexed 

to the map clearly stated that the Marecchia River originates from a water-rich pond at the foot 

of a mountain (Figure 19). 

• The likelihood that a landslide caused the lake’s disappearance under Mount Aquilone is 

supported by documentation of an earthquake in 1584 (magnitude 5.8), with an epicentre located 

about 13 km from the lake area. A landslide triggered by this earthquake was reported in 

historical archives because it reached two villages located 4 km and 5.5 km north of the area of 

interest. The landslide at Mount Aquilone may not have been reported because the area was 

utterly uninhabited at that time. Another strong earthquake occurred in 1781 (magnitude 6.3), 
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with an epicentre about 43 km away. Two strong seismic shocks characterised the earthquake, 

and the affected area was enormous. 

This research thus highlights the importance of interdisciplinary approaches in understanding 

the historical landscape. Identifying the landscape has opened new perspectives for the interpretation 

of the artwork. In fact, the language of the landscape allows us to access the most hidden and intimate 

aspects of paintings, shedding light on previously overlooked elements. It is fascinating how the 

recent history of our land can also be better understood through the backgrounds of Renaissance 

artworks. The area of the Duchy of Urbino, renowned worldwide for its landscapes of extraordinary 

beauty and charm and for its unique geological evolution, not only becomes a new horizon of 

knowledge as “landscape art” but also represents an unexpected cultural resource to be shared, 

transmitted, and promoted [29,40,41]. 

One of the main results of this research has been the creation of an open-air museum with 

viewpoints that guide visitors into the extraordinary experience of feeling part of a work of art. 

In conclusion, this work, supported by the historical interpretations of an important art historian 

and scholar of Leonardo da Vinci, Carlo Pedretti [19], and by a wealthy historian internationally 

known as Roberto Zapperi [20], provides the solution to an enigma that has plagued the entire 

scientific and cultural community for the past 500 years: who is the woman depicted in this famous 

painting, in which geographical area is she located, and what mystery lies behind this image? 
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