
A T T I
D E L L A

S O C I E T À  T O S C A N A
D I

S C I E N Z E  N A T U R A L I
M E M O R I E  •  S E R I E  A   •  V O L U M E  C X X V I  •  A N N O  2 0 1 9

E d i z i o n i  E T S

Serie_A_BN.indb   1 11/03/20   09:17



 

e della Fondazione Cassa di Risparmio di Lucca

Serie_A_BN.indb   2 11/03/20   09:17



  

INDICE - CONTENTS

P. Fulignati, P. Marianelli, a. Sbrana – Quanti-
tative SEM-EDS analysis of reference silicate mineral 
and glass samples.
Analisi quantitative SEM-EDS di campioni di riferi-
mento di vetri e minerali silicatici. 

g. gallello, J. bernabeu, a. Diez-CaStillo, 
P. eSCriba, a. PaStor, M. lezzerini, S. Chenery, 
M.e. hoDSon, D. StuMP – Developing REE param-
eters for soil and sediment profile analysis to identify 
Neolithic anthropogenic signatures at Serpis Valley 
(Spain).
Sviluppo di parametri REE per l’analisi del profilo del 
suolo e dei sedimenti per identificare le firme antropoge-
niche neolitiche nella valle del Serpis (Spagna).

D. Mauro, C. biagioni, M. PaSero, h. Skogby –  
Crystal-chemistry of sulfates from the Apuan Alps 
(Tuscany, Italy). III. Mg-rich sulfate assemblages from 
the Fornovolasco mining complex.
Cristallochimica dei solfati delle Alpi Apuane (Toscana, 
Italia). III. Associazioni a solfati ricchi in Mg dal com-
plesso minerario di Fornovolasco.

P. orlanDi, M. D’orazio – Cinnabar and other hi-
gh-density minerals from stream sediments of Monti 
Pisani (Pisa and Lucca provinces, Tuscany).
Cinabro ed altri minerali ad elevata densità negli “stre-
am sediments” dei Monti Pisani (Province di Lucca e 
Pisa, Toscana). 

pag.     5

  »     13

  »     33

»     45

M. baCCi, S. CorSi, l. loMbarDi, M. giunti – Gli 
interventi di ripristino morfologico ed ecologico del 
sistema dunale del Golfo di Follonica (Toscana, Ita-
lia): tecniche utilizzate e risultati del monitoraggio. 
Morphological and ecological activities to restore the 
dune system at the Follonica Gulf (Tuscany, Italy): tech-
niques used and monitoring results. 

D. MagalDi – Interglacial Pleistocene paleosols sup-
porting old roads in central Tuscany. 
Paleosuoli del Pleistocene interglaciale a supporto di 
antiche strade nella Toscana centrale. 

V. SPaDini – Pliocene scleractinians from Estepona 
(Malaga, Spain). 
Sclerattiniari pliocenici di Estepona (Malaga, Spagna).

r. gianneCChini, M. aMbroSio, a. Del SorDo, 
M-t. Fagioli, a. Sartelli, y. galanti – Hydroge-
ological numerical modeling of the southeastern por-
tion of the Lucca Plain (Tuscany, Italy), stressed by 
groundwater exploitation. 
Modello idrogeologico numerico del settore sud-orien-
tale della Piana di Lucca (Toscana, Italia) caratterizzato 
da sfruttamento intensivo delle risorse idriche. 

W. lanDini – In memoria di Marco Tongiorgi 
(1934-2019). 
In memory of Marco Tongiorgi (1934-2019). 

Processi Verbali della Società Toscana di Scienza Na-
turali residente in Pisa. Anno 2019 - http://www.stsn.it.

»     57

»     67

»     75

»     95

»     111

»     121

Serie_A_BN.indb   3 11/03/20   09:17



Serie_A_BN.indb   4 11/03/20   09:17



Donatello MagalDi (1)

INTERGLACIAL PLEISTOCENE PALEOSOLS  
SUPPORTING OLD ROADS IN CENTRAL TUSCANY

(1) Retired Full Professor of Engineering Geology at the Universities of L’Aquila and Firenze; Firenze, Via Cairoli 7

Atti Soc. Tosc. Sci. Nat., Mem., Serie A, 126 (2019)
pagg. 67-74, figg. 9; tab. 1; doi: 10.2424/ASTSN.M.2019.13

Abstract - D. MagalDi, Interglacial Pleistocene paleosols supporting old 
roads in central Tuscany. 
A survey conducted a few years ago highlights the relationships be-
tween the interglacial paleosols of thePleistocene and the old roads 
system from the Etruscan period to the end of the Middle Age in 
North- Central Tuscany. This note discusses geo-pedological data 
collected along the ancient roads and verifies, in light of recent paleo- 
pedological acquisitions in Europe and in the United States, the 
existence of correlation between the soil color classes and their re-
sistance to penetration, highlighting the succession in time of at least 
three interglacial pedogenetic phases starting from the Middle Pleis-
tocene until the beginning of the Holocene.

Key words - old roads, Pleistocene, soil redness, soil penetration re-
sistance, Tuscany

Riassunto - D. MagalDi, Paleosuoli del Pleistocene interglaciale a sup-
porto di antiche strade nella Toscana centrale. 

Una indagine di alcuni anni fa (Magaldi et al., 2017) mise in evidenza 
i rapporti intercorrenti tra gli antichi suoli del Pleistocene “caldo” e 
la viabilità antica dal periodo Etrusco alla fine del Medioevo, nella 
Toscana Centrosettentrionale. La presente nota elabora dati geo-pedo-
logici raccolti lungo le antiche strade e alla luce di recenti acquisizioni 
di paleo-pedologia in Europa e negli Stati Uniti, verifica l’esistenza di 
un’ottima correlazione tra il colore del suolo e la sua resistenza alla pe-
netrazione, che mette in evidenza la successione nel tempo di almeno 
tre fasi pedogenetiche “caldo-umide” a partire dal Pleistocene Medio 
fino all’inizio dell’Olocene. 

Parole chiave - antiche strade, Pleistocene, colore del suolo, resistenza 
alla penetrazione, Toscana

introDuction

A previous 2017 survey on the relationships between 
the Pleistocene paleosols of North- Central Tuscany 
and the ancient road system (Magaldi et al., 2017) re-
vealed that in this part of Tuscany, most of the ancient 
roads (Etruscan, Roman and Medieval) were plotted 
on surfaces characterised by the presence of Pleistoce-
ne paleosols classified by previous literature as Alfisols 
and Ultisols. As an example, the Medieval Ghibelline 
Florence to Poppi Castle road, is here shown (Fig. 1).
These soils, of which traces still exist and of which in 
some cases it is still possible to excavate profiles, have 
argillic B-horizons which are red/orange in colour and 
range from 7.5 YR to 5 YR and more rarely, 2.5 YR 
(according to the Munsell Soil Color Charts) and are 

primarily located in the Geological Formation No. 3 
of Rusciniano-Villafranchiano age, according to the 
Geological Map of Carmignani et al. of 2012 (Fig. 2). 
Using the soil data collected along the ancient roads, 
the Munsell Soil Color and the Resistance of the soil 
to Penetration Resistance in Kg/cm2 (using a pocket 
penetrometer, after the Field Book by Schoeneberger 
et al., 2002) were reciprocally measured. The Color 
was expressed as Redness, according to the formula 
proposed by Torrent & Barron (1993): Redness = (10-
H) x C/V, where H is the number preceding YR in the 
Munsell Hue, C is the Chroma and V the Value. The 
results presented and discussed here were therefore 
obtained (Tab. 1).

results

No significant relationship was found between Redness 
and Penetration single values.It was thus deemed appro-
priate to subdivide the Redness values in classes based 
on their frequency distribution. The following classes 
were obtained: from Redness 0 to 2, n = 7; from 2 to 3,  
n = 11; from 3 to 4, n =13; more than 4, n = 9. Therefore, 
the average values of Redness classes were considered 
in relation to corresponding average values of Resistan-
ce (Fig. 3). This graph suggests a correlation between 
Redness and Resistance classes and thus between the 
content of pedogenic haematite, after Schwertmann & 
Taylor, 1989, Schwertmann, 1993, Torrent & Barron, 
1993, and the soil resistance to penetration. The chart 
also reveals the existence of three pedogenetic layers 
characterised by different Redness values and Penetra-
tion Resistance which, based on numerous works in the 
literature in this regard (Arduino et al., 1989; Graham 
et al., 1989; Torrent et al., 1980; Duiker, 2003; Kafo-
or, 2017; Lucke & Sprafke, 2015; Stefanou & Papaza-
feiriou, 2013), may be attributed to the increasing of 
level of the soil structuring by effect of pedogenic oc-
currence of the ironh ydroxides and oxides. Examining 
now the average Redness values: 3-6; 4; 1; in relation 
to colour of the sampled paleosols, it can be assumed 
that the Redness higher values correspond to colors 2.5 
YR - 5 YR; the intermediate value to 7.5 YR; the lower 
value to colors 7.5 YR - 10 YR.
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Figure 1. Map of Medieval Ghibelline road from Florence to Poppi Castle.

Figure 2. Geological Map after Carmignani et al., 2012, showing location of investigated areas. Q1 = Quaternary Surfaces; PS = Pliocene Surfaces; 
Mg = Oligocene terraced surfaces from Macigno sandstones.
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Discussion 

The compiled data were derived from a series of point 
observations performed for various reasons on some 
paleosols found along the traces of the ancient roads 
and are characterised by progressively redder colou-
ration starting from 10 YR. It is well known that va-
rious A.A. in both Europe and the United States have 
highlighted significant relationships between color, 
expressed by a complex rubification index (Rubifica-
tion, by Vadic, 1998), by the indexes of Torrent & Bar-
ron (1993), or more simply by the “Hue” score of the 
Munsell Soil Color Charts, and the age of Paleosols, 
generally formed from siliciclastic deposits, of the Plei-
stocene or more recent ages (Bech et al., 1997; Mar-
kewich et al., I and II, 1987). The results of this sur-
vey revealed that in the examined territory, a series of 
point data (and random data for certain aspects) made 
it possible to identify traces of three pedogenic phases. 
Based on the Author’s experience in soil surveys and 
that of Colleagues at the University of Florence (Bar-
tolini et al., 1980; Cremaschi, 1987; Ferrari & Magaldi, 
1978; Ferrari et al., 1971; Galligani, 1971; Lulli et al., 
1980; Magaldi, 1979; Magaldi et al., 1981; Magaldi et 
al., 1983; Magaldi et al., 1985; Magaldi & Bidini, 1991; 
Magaldi et al., 1988; Magaldi, 1993; Pontenani, 1992), 
the phases are identified as probable Middle Pleistoce-
ne for the first, Upper Pleistocene for the second and 
late Pleistocene-Holocene, for the third. These paleo-
sols have a “moderate” compression resistance as sug-
gested by the Field Book (Schoeneberger et al., 2002) 
in proportion to the content of iron oxides and hydro-
xides of pedogenetic origin and in part to the clays 
neoformation. By comparing these paleosols dated up 
to this point using geomorphological criteria and/or 
based on the remains of prehistoric industry with si-
milar soils in Italy (Magaldi, 1979; Cremaschi, 1987), 
Slovenia (Vidic, 1998) and in the Southern United Sta-
tes (Markewich et al., 1987), an absolute chronological 
attribution may be attempted, although on an indica-
tive basis: the absolute age of the first pedogenic phase 
expressed in years should correspond to less than 104 
years; from 104 to 105 for the second; and more than 
105 years for the third.

concluDing reMarks

The results obtained through averaged values from a 
population of data collected randomly (although pri-
marily on a single Quaternary surface) confirm the 
initial hypotheses on the relationships between soil 
Redness and soil Resistance suggesting also that the 
old roads were constructed favouring the choice of flat 
surfaces with“red” paleosols still well preserved and 
with good mechanical properties. 

Table 1. Geographical Location of Sites- Soil Redness –Soil Resistance 
(Kg/cm2). 

1 Altopascio 43°48’ 10°40’ 5,8 3,5

2 Cecina 43°50’ 10°52’ 6,0 2,2

3 Serravalle 43°54’ 10°50’ 2,5 3,4

4 Lamporecchio 43°49’ 10°53’ 2,5 3,0

5 Castelfiorentino 43°36’ 10°58’ 4,0 4,5

6 San Gimignano 43°28’ 11°02’ 0,0 4,0

7 Reggello 43°41’ 11°32’ 3,5 3,5

8 Casalguidi 43°52’ 11°00’ 3,0 2,3

8 BIS 7,3 2,3

9 Castelvecchio 43°46’ 10°36’ 5,5 4,5

10 Ponte a Elsa 43°41’ 10°53’ 4,0 3,0

11 Veneri 43°23’ 10°40’ 5,8 4,5

11 BIS 3,0 4,5

11 TRIS 4,0 4,5

12 Galliano 44° 11°17’ 5,0 3,3

13 Spedaletto 44° 10°57’ 4,0 4,0

14 Polcanto 43°53’ 11°21’ 4,0 3,1

15 Castiglion Fibocchi 43°31’ 11°45’ 3,5 3,0

16 Badia al Pino 43°24’ 11°46’ 0,0 4,5

17 Figline Valdarno 43°37’ 11°28’ 3,5 2,0

18 Colle Val d’Elsa 43°25’ 11°07’ 0,0 4,0

19 Tavernelle 43°33’ 11°33’ 0,0 2,4

19 BIS 4,0 2,8

19 TRIS 10,0 2,9

20 Pietramarina 43°47’ 10°58’ 2,5 3,0

21 Veneri 43°23’ 10°40’ 5,8 4,4

21 BIS 3,0 4,0

21 TRIS 6,7 2,0

22 Ponte a Rigoli 44° 11°00’ 2,0 3,0

23 Cerreto Guidi 43°05’ 10°52’ 2,5 3,0

24 Pontepetri 44° 10°53’ 3,0 2,9

25 Montaione 43°33’ 10°55’ 4,0 3,9

25 BIS 3,0 3,5

26 San Miniato 43°41’ 10°51’ 3,0 3,3

27 Rignano sull’Arno 43°33’ 11°27’ 3,8 3,3

27 BIS 3,0 2,6

28 Santomoro 43°58’ 11°00 3,3 3,0

29 Cascina di Spedaletto 44° 11°00’ 2,0 3,3

30 Baggio 44° 11°00’ 4,0 3,0

31 Barberino di Mugello 44° 11°14’ 2,0 4,5



70 D. MAGALDI

These short notes can therefore represent a starting 
point for similar research in other Italian regions and 
an introduction to the paleosols absolute dating. It is 
probable that the three phases succeeded each other 
without particular interruption by virtue of that 
complex of pedogenic processes typical of strongly 
Mediterranean or Subtropical environments which, 
from primitive Inceptisols (embryonic soils with few 
diagnostic features), originated Alfisols (high base 
status forest soils) and finally Ultisols (low base status 
forest soils, sometimes with plinthite forms) (Buol et 
al., 1980; Fitzpatrick, 1985; Smeck et al., 1983). Some 
photos of examined paleosols are shown in Appendix.
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aPPenDix

Foto 1. Francigena Road of Sambuca (PT).

Foto 2. Ultisol on a Monte Albano (PT) low terrace. 

Foto 3. The cobbled surface of Baiana Road near Pistoia.



 INTERGLACIAL PLEISTOCENE PALEOSOLS SUPPORTING OLD ROADS IN CENTRAL TUSCANY 73

Foto 4. The cobbled surface of Francigena Road near Galleno (LU). Foto 5.Alfisol on terrace derived from Macigno sandstone (Monte Lon-
go (AR).

Foto 6. Luvisol with clear horizon differentiation near Castelfranco di Sotto (AR).
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