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PREFACE! 

OF the papers published i.n ~his "olume, th~8e com[lOs.ing the First 
Part appeared aR a senes III the" GeologICal Magazllle" of 1915 

and 1916, from which they are extracted with the kind permission 
of the Editor and the PublisllerR. The papers of both the First and 
Second Part ate the coilective outcome of prolonged observation and 
study in the Piemontese ~lps, the Ligurian A pennines, the A puan 
Alps or Carrara Mountains, the Tuscan Subapennines, and the Island 
of Elba, with all of which regions I became familiar in the cours,e 
of my scientific work in Italy extending over ten years. 

In my numerous visits to the variollR regions, the maps and 
publications of the Italian Geological Survey (R. Comitato Geologico 
d'Italia) were, of course, of great assistance to me. I gratefully 
acknowledge that it is to them I owe the first incentive to study in 
situ the rocks and geological structure of the absorbingly interesting 
districts which, in their infinite \ariety, present an inexhaustible 
field of fruitful investigation. 

1'he synthetic descriptions admitted of micro-petrographic details 
oniy as far as space allowed j in addition, I have quoted the more 
important and most recent contributions by other, notably Italian 
authors. A comprehensive micro-petrographic description of the 
Cl-ystalline rocks of all the districts would in itself constitute a work 
of considerable magnitude, and must be left to the future. 

"The present volume is offered not only in the hope that it may 
help to more widely diffuse the geological knowledge of, and interest 
in, the various regions richly endowed, moreover, with natural 
beauty, but as a tribute of my great affection for Italy. 'In the 
words of Dante: IJ'antico amor sento la gran potenta. 

C. S. Du RICHE l'RELLER. 

61 MELVILLE STREET, EDINBURGH. 

July, 1917. 

1 This Preface relates to the complete volume (1917, Parts I and II), from 
which the present publication (1918, Part I) is extracted.-D. R. P. 

EDINBURGH, January, 1918. 
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1. 

THE MORaINE WULS AND LAKE BA.SINS OF NORTHERN ITALY. 

THE present paper is the outcome of a number of visits which, 
during a prolonged professional residence in Italy, I paid to 

Pie mont, Lombardy, and the Italian lakes, and in the course of which 
I repeatedly examined the glacial phenomena and the lake basins 
along the southern base of the Alps. 

It is forty years-1874 to 1876-since the" Moraine Amphi
theatre", or series of moraine walls at the foot of the Italian Alps, 
suddenly came into prominence through the discovery, chiefly by 
Stoppani, of several glacial clay, sand, and gravel deposits in the 
vicinity of Como, which contained marine shells, and therefore 
demonstrated the presence of the sea in contact with the Alpine 
glaciers. Stoppani's conclusions, expounded in two brilliant memoirs, I 
were endorsed not only by his Italian confreres, Spreafico 2 and 
Sordelli,3 but also by distinguished geologists north of the Alps, 
notably by Desor of N euchatel, 4 Renevier of Lausanne, 6 and Rutimeyer 
of Bale,6 the revealing memoirs more especially of the two last-named 
being models of classical and closely reasoned exposition. Since then 
the subject has been enlarged upon chiefly by discoveries of interglacial 
deposits in various sub-Alpine valleys debouching into the Lombardy 
plain, and more recently Penck and Bruckner have dealt with it from 
their point of view in their latest monumental work,7 whose salient 
features have been summarized by G. ·W. Wright.a But this inter-

. glacial evidence adduced by the various Italian and other writers 

1 Stoppani," II mare glaciale ai piedi delle Alpi " : Rivista Italiana, Agosto, 
1874. "Sui Rapporti del terreno glaciale col Pliocenico nei dintorni di 
Como": Atti Soc. Ital. di Scienze naturali, Aprile, 1875. 

2 Spreafico, "Conchiglie marine nel terreno erratico di Cassina Rhizzardi 
(Fino, Provo di Como) " : Atti Soc. Ital., 1874. 

3 Sordelli, "La Fauna marina di Cassina Rhizzardi, Fino": Atti Soc. Ital., 
1875. 

4 Desor, Le Paysage morainique et son origine giaciaire, Neuch~tel, 1875. 
5 Renevier, "Relations du Pliocene et du Glaciaire aux environs de Come": 

Bull. Soc. Geol. France, ser. III, tome iv, 1876. 
6 Rutimeyer, Ueber Plioctin und Eisperiode auf beiden Seiten der A lpen , 

BAle, 1876. 
7 Penck and Bruckner, Die Alpen im Eiszeitalter, 1909. Penck's well

known four glacial periods in relation to the Alps en bloc (the Gunz, Mindel, 
Riss, and Wurm, the last followed by minor stages and oscillations) correspond 
to the more acceptable because more general Swiss denominations of Pliocene 
and Pleistocene glacial and fluvio-glacial products, i.e. Upper and Lower 
Deckenschotter, and Upper and Lower Ten'ace Gravels respectively. Penck's 
divisions have been in the main adopted by Italian glaciologists, notably by-

T. Taramelli, "L'Epoca glaciale in Italia": Atti soc. ital. progr. delle 
scienze, Roma, 1910, p. 253. 

V. Novarese, "II Quaternario in Val d'Aosta": Boll. R. Com. Geol., 
pts. i-iii, 1911, p. 251; 1913-14, p. 203; 1915, p. 137. 

F.'Sacco, "I Ghiacciai antiohr ed attuali delle Alpi Marittime centrali n: 
Atti soo. ital. BC. nat. Pavia, 1912, p. 99. 

B G. W. Wright, The Q1taternary Ice Age, 1914. 
1 



2 The Moraine Walls and Lake Basins of Northern Italy. 

is as yet incomplete, and often so conflicting that it is almost 
refreshing to turn to the earlier and more conclusive views of 
Stoppani and his contemporaries as a point of departure for 
cOllsidering the subject mutatis mutandi8, in order to arrive at some 
independent conclusions from personal observation. 

1. THE MORAINE \VALLS. 

As will be seen from the sketch-map, Sheet No.1, Fig. I, the belt or 
double, in many places triple concentric moraine walls which fringes 
the southern base of the Alps, forms roughly a semicircle extending 
from Cuneo in the south of Piemont to Lake Garda in Lombardy, 
a distance of about 400 kilometres, and from the last-named point to 
the Frioul, another 200 kilometres. The most striking feature of this 
belt consists not only in its remarkable extent, but in the enormous 
accumulations of glacial material, compared with which the morainic 
deposits north of the Alps, notably in Switzerland, almost sink into 
insignificance. The moraine walls were all formed, like so many 
bars, in front of the exits of the principal valleys. Thus, near Cuneo 
we find the terminal moraine of the Stura glacier; west of Savigliano, 
that of the Po (Monte Viso); at Rivoli, near Turin, that of the Dora 
Riparia (Mt. Cenis); at Ivrea that of the Dora Baltea (Mt. Blanc 
and· Mte. Rosa); at the lower end of Lakes Maggiore and Varese, 
that of the Ticino and Toce (St. Gothard and Simplon); near Como 
and Lecco that of the Adda; at the lower end of Lake I8co that of 
the Oglia; and at Lake Garda the terminal moraine of the Mincio 
glacier. 

The most formidable of these moraine walls are those of Rivoli, 
Ivrea, and at the lower ends of Lakes Uaggiore, Como, and Garda. 
'fhe Mt. Cenis glacier, which filled the Dora Riparia Valley, deposited 
enormous banks of morainic material, more especially at its terminal 
fan in the great horseshoe or amphitheatre of A vigliana, where the 
deposits on the semicircular heights reach up to 900 metres altitude, 
or 500 above the valley floor, and thence expand to Rivoli and down 
to the Po plain near Turin, in a distance of over 20 kilometres, 
with a frontal circumference of at least 40 kilometres. l Again, in 
the great glacial ampl1itheatre of Ivrea-50' kilometres north of 
'fUl'in-the combined Mt. Blanc and lIte. Rosa, in part also the 
Gran Paradiso glaciers descending through the lower Dora Baltea 
Valley, have . left two stupendous marginal moraine walls, the 
" Serre" of Andrate and Brosso, which reach a height of 450 metres 
above the present river-level and, with the frontal moraine broken 
up into hillocks and interspersed with morainic lakelets, form 
a circumference of at least 50 kilometres. Again, south of Lakes 
Maggiore and Varese, the concentric moraine belts of the Ticino and 
Toce glaciers extend to 10 kilometres from the lake-end, with 
a circumference of 50 kilometres and a height of 150 metres above 
Lake Maggiore. South of Como the moraine deposits form, in 
a distance of barely 10 kilometres, three separate concentric ridges 

1 These glacial deposits were described in detail by Professor F. Sacco in 
"L' Anfiteatro Morenico di Rivoli " : Boll. R. Com. Geol., 1887, p. 141. 
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4 The .Momine Walls and Lal"e Basins of Northern Italy. 

about 20 kilometres in length, rising to 152, 157, and 165 metres 
above the level of Lake Como. Similarly, at the lower end of Lake 
Garda, the moraine walls extend in concentric semicircles and an 
extraordinary agglomeration of morainic hills 12 kilometres into the 
Lombardy plain, with a circumference of at least 30 kilometres, and 
rising to 23, 62, and 141 metres above the lake-level. 

The points where marine shells were found embedded in glacial 
deposits are situated about 6 kilometres south and north-west of Como; 
the former near Fino, on the second of the three concentric moraine 
ridges, about 160 metres above the present lake-level, and the latter 
between Chiasso and Mendrisio in the Breggia Valley, by which the 
former Lugano fiord communicated with that of Como.] The most 
northerly of the latter deposits is that of Pontegana, near Balema, 
about 90 metres above the present lake-level, which, being glacial 
clay, corresponds to similar deposits neal' Varese and to others in the 
I Hea district. In Lombardy the shell-bearing deposits rest directly 
Oil Pliocene marl and are overlain by morainic material of sand, 
gravel, and conglomerate, known as ceppo and ferretto, while in 
Western and Southcrn Piemont many of the glacial deposits exhibit 
intermediate flu do-glacial allnvia, whose origin was at the time 
a Stl bj ect of keen COil troversy between Stoppani and Gastaldi. These 
allu via are, in fact, the southern equi valent of the "alluvion ancienne" 
and Deckenschotter north of the Alps, and, as such, the product of 
a pre-maximum glaciation which in Upper Piemont, but not in 
Lombardy, reached to the foot of the Alps. As regards the stupendous 
Moraine Amphitheatre of Piemont and Lombardy as a whole, it can 
only be the product of the maximum glaciation, while any pre
maximum, as also the post-maximum or last glaciation, probably did 
not desceIld much beyond the heads of the present lakes, or, roughly, 
beyond a limit 30 to 40 kilometres distant from the Lombardy 
plain.2 The extreme limit of the maximum glaciation, as indicated 
by the outermost moraine walls 10 to 12 kilometres south of the 
lower ends of the Lakes Orta, Maggiore, Como, and Garda, is shown 
in Sheet No.2, Figs. II, III, and IV. 

II. THE GLACIERS AND THE SEA IN THE Po VALLEY. 

The maximum glaciation south of the Alps presents a striking 
contrast to that on the north in that it was marked by a uniform 
general ad vance of more or less self-contained glaciers of the fan or 
Pielllont type, which invaded the Po Valley to a distance of 10 to 12, 
in the case of the Dora Baltea (Ivrea) glacier even 20 kilometres, 
while llorth of the Alps the glaciers spread all o,er the Swiss 
lowlands and deposited their terminal moraines even beyond. Thus 

J Most of these deposits are now obliterated, but ample specimens of the 
marine shells are preserved in the Geological Museum of Milan. 

2 The principal localities of interglacial deposits between Lakes Maggiore, 
Lug-ana, and Garda, anrl beyond are the following: at Re, in the Vigezzo 
Valley, east of Domo d'Ossola; at Calprino, near Lugano; at Leffe and 
Gandino in the Seriana Valley, north of Bergamo; at Pianico in the Oglio 
(Lake Isco) Valley; at Valmarino in the Pi ave Valley, north of Treviso; in 
the 'l'agliamento Valley, north of Ddine; and in the Isonzo Valley, north of 
Gorizia. 
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6 The Moraine Walls and Lake Basins of Northern Italy. 

the maximum length of the southern glaciers, measured from the 
crest-line of the Alps to their terminal moraine walls, does not exceed 
100 kilometres, while on the north the Bhone and the Rhine glaciers, 
extending beyond the Jura and Lake Constance respectively, reached 
a length of 300 kilometres, or three times as much. Inversely, the 
quantity of material carried and deposited by the southern glaciers 
having an average fall of 1 in 100, was immensely greater than that 
of the northern glaciers, the average fall of which was only about 
half the above. Hence the enormous accumulations of glacial 
material in Piemont and Lombardy, where, moreover, the glaciers on 
emerging from the ,alleys were arrested by tIle sea as an effectual 
barrier to their further advance into the Po Valley. This Upper 
Pliocene sea, an arm of the Adriatic, must have lasted well into the 
Pleistocene period, and the glaciers washed by it must have been 
stationary for a very long lapse of time, as is shown by the double 
and triple concentric frontal moraine walls, each of which marks 
a long halt in the slow retreat of the ice. l No less certain is it that 
the sea must have been at a level much higher than the present 
Po Valley, and higher even than the present levels of the lakes, for 
the Pontegana marine shell-bearing deposit in the Breggia Valley 
north of Como is at 300 metres altitude, which is 87 metres above 
Lake Como, 197 metres above Milan, and 240 metres above the Po at 
Piacenza, while the Fino deposits south of Como are at an altitude of' 
even 370 metres. It is therefore obvious that at the advent of the 
maximum glaciation, arms of the sea reached as far as the fjords 
which constitute the present lake basins-a phenomenon wllich haB 
an important bearing on the age and origin of the lakes themselves.' 

III. THE LAKE BUINs. 

The following table gives the altitudes and dimensions of the 
principal six Italian lake basins, which, it will be observed, lie in 
a zone similar to that of' the five Swiss lake basins north of the Alps. 

Mean Greatest Exit 
Lake. Altitude. Length. Width. Area. Depth. River. 

m. km. km. oq. km. m. 
Orta . 290 12 2 20 300 Strona' 
Maggiore . 194 60 4 212 372 Ticino 

Varese . 239 9 2 14 380 Bardello b 

Lugano. . 274 22 2 83 300 Tresa. C 

Como and Lecco 213 48 3 144 409 Adda d 

Isco . 201 25 2 62 600 Oglio 
Garda .. 65 55 6 490 346 Mincio 

• Drains into Toce, affluent of Lake Maggiore; b drains into Lake Ma.ggiore ; 
C ditto; d exit through Lecco arm. 

I It is a striking feature that, of the moraine walls, those of the Como 
district are continuous, because the Adda eroded its bed marginally from the 
Lecco arm of the lake, whereas the rivers of Ivrea, Lake Maggiore, and Lake 
Garda (Dora Baltea, Tici-no, and Mincio) found their exit more through the 
centre of the frontal moraines, which are therefore broken up into agglomerations 
of hillocks. 

2 V. Novarese, op. cit., assigns the bulk of the great morainic amphitheatre 
of Ivrea, and therefore the maximum extension of the Dora Baltea glaciers, to 
the Wurm period or fourth glaciation; but, in my view, the maximum 
glaciation not only north but also south of the Alps was the Upper Terrace, 
formerly regarded as the second, now as the th,ird (Riss) glaciation. 
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It will be seen that not one of these lakes reaches the altitude of 
300 metres, which, as previously shown, is that of the marine she11-
bearing deposit a few kilometres north of Como, nor the altitude of 
the Fino lleposits (370 metres) on the second moraine wall south of 
Como. The sea in the Po Valley must therefore have communicated 
with the fjords at a level much higher than that of the present 
lakes. 

1'he question of how and when the present lakes were formed is 
obviously and closely allied with the retreat of the sea from the Po 
Valley. Desor l held that from the time of the glaciers coming into 
contact with the sea the littoral of the Lombardy and Piemont plain 
was gradually raised; but this would only account for the high level 
of the Fino and the other marine shell-bearing deposits. It appears 
much more likely that a simultaneous lowering took place on the 
one haud in the floor of the Po Valley,2 while the sea gradually 
receded, and on the other along the base of the Alps, which converted 
the fjords into lakes in addition to the fjords being choked by the 
moraine bars of the retreating glaciers. The formation of the lakes 
would, tllerefore, be due to the same two concurrent causes which 
operated in the formation of the lake basins north of the Alps
a zonal flexure and a moraine barrier behind which the river valleys 
or fjords became lakes during the recession of the glaciers. 

The cross-section of the triple moraine walls south of Como shown 
in Sheet No.2, Fig. II, exhibits a striking reverse dip from the 
outermost wall to Lake Como of no less than 165 metres. The third 
moraine wall, which rests upon considerably bent strata of Molasse, 
thus constitutes, in my view, the anticline of the flexure whose 
syncline to the north follows the deepest points of the lakes, while 
the syncline to the south lies along the lowered floor of the Po 
Valley. The conditions in respect of Lake Maggiore and of Lake 
Garda are precisely similar, the reverse dip to the former being 150 
and to the latter 140 metres. The two last-named lakes afford, 
moreover, at their lower ends, typical examples of the formation of 
lake basins behind the terminal moraines of retreating glaciers, for in 
both cases the widened basins at the lower ends are appendages of the 
original fjords, and their contours conform strikingly to those of the 
concentric moraine walls behind which they were formed. 

The zonal flexure also accounts for the extraordinary depth of the 
present lake basins as the result of overdeepening by the lowering of 
their floorR, as against the theory of overdeepening by the direct 
action of glacial erosion. The latter is the more improbable as, on 
obvious mechanical grounds, such steep, long, and narrow basins 
cannot be formed by the vertical scooping of a glacier in the same 
way as a gradually widening cirque or corrie. The indirect action of 
the glaciers was more probably confined to the widening of the fjords 

1 Paysage morainique, p. 72. 
2 The deposition of the rich alluvia which cover the floor of the Po Valley, 

and to which it owes its wonderful fertility, began with the retreat of the 
glaciers when the rivers resumed their erosive energy, and continued throughout 
the long interglacia.l period after the maximum glaciation. 
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and of the tributary valleys of the Dora Baltea, Ticino, Adda, and 
others.l 

The simultaneous operation of the zonal bending and the retreat of 
the glaciers on the one hand, and the recession of the sea from the 
Po Valley on the other, must have been of very long duration, 
probably till the end of the Ice Age, including the period of the last 
glaciation, which did not reach, and therefore did not directly affect, 
the contact zone of the sea and the moraine walls in the Po Valley. 

The deposition of enormous quantities of morainic material by the 
glaciers, followed by erosion and retransport during and after their 
retreat, produced extraordinary physiographic changes, more especially 
in the basins of the present Lakes Como, I~ugano, Maggiore, and 
Orta. Among these changes are notably the following: the natural 
exit of the Como fjord to the south was choked and its drainage 
reversed, so that the present lake has its only exit through the 
Lecco arm; the former conn ex ions between the Como and Lugano 
fjords at Menaggio and Porlezza, and throngh the Breggia Valley at 
Chiasso, were severed by the lowering of the fjord levels, while the 
Lugano fjord found a new exit through the Tresa into Lake 
Maggiore; Lake Varese, too, had its drainage reversed into Lake 
Maggiore; and, similarly, Lake Orta had its southern outlet barred 
and its drainage reversed to the north into the Toce, an afflnent of the 
Lake Maggiore basin. All these phenomena, showing a general 
drainage reversal from south to north, as well as the labyrinth of 
erratic and tortuous watercourses throughout the morainic littoral and 
the whole lake district, are only some of the direct and indirect 
effects of that great maximum g~laciation which has left its impress 
along the base of the Italian Alps both in Piemont and Lombardy by 
a morainic landscape in magnitude, grandeur, and variety unequalled 
in any other part of the Alps or of Europe. 

1 This view has recently been confirmed also by Professor Taramelli in 
relation to the Lake Maggiore or Verbano basin, which, forming a trough 
along the contact line of Upper Palrnozoic and crystalline schist formations, 
was widened in part by fluviatile, in part by glacial erosion, neither it nor the 
other Italian lake-basins being due exclusively to glacial erosion. T. Taramelli, 
" Sulla tectonica del Verbano" : Rend. 1st. lomb. Milano, 1912, p. 1020. 



II. 

THE PERMIAN FORMATION IN THE ALPS OF Pd;l\lONT, DAUPHINE, 

AND SAVOY. 

I. INTRODUCTORY. 

IN a paper on the Marble District of the Apuan Alps or Carrara 
Mountains 1 I showed that the gneissose schists which form the 

nucleus of that range, and upon which rests the Ttiassic marmiferous 
formation, are, not of Archrean, but, upon irrefutable palreontological 
evidence, of Palreozoic age, and that, upon equally conclusive 
lithological and stratigraphical evidence, they must be assigned to 
the later part of that period, that is, to the Lower Permian. The 
former conclusion was first arrived at in the course of the geological 
survey of the range by Lotti and Zaccagna and upon the 
palreontological authority of the late Professor Meneghini; the latter 
conclusion was chiefly the result of tIle striking analogy, first 
pointed out by Zaccagna, between the stratigraphical sequence and 
lithological cllaracteristics of the Apuan Alps and the Montgioie 
range of the Maritime Alps which forms the divide between Southern 
Piemont and the Western Italian Riviera. 

'l'he geological survey of the Montgioie range, carried out in the 
'eighties, was subsequently extended to a revisionary survey of the 
Italian side of the Cottian, Grajan, and Pennine Alps for the com
pletion of the new geological map of Italy then in course of prepara
tion and published in 1896; but the latter survey, by Zaccagna and 
Mattirolo, revealed such fundamental differences between the Italian 
interpretations and the existing maps of the French side of the Alps 
that it had, in its turn, to be extended to the French border districts. 2 

In the result Zaccagna's conclusions, fortified by his experience in the 
Apuan and Maritime Alps, were fully confirmed as regards the 
continuity of the Permian formation from the Maritime Alps to 
the Western Alps on the French side, a great part of which was 
until then regarded. by French geologists as of much more recent, 
that is, of later Mesozoic age. 

Having visited the Piemontese, Dauphine, and Savoy Alps on several 
occasions, both then and more recently, I propose to succinctly 

1 No. X of this volume. 
2 These surveys, accomplished in four consecutive short summer seasons, 

and embracing the Maritime and the whole of the Western Alps, including the 
Mont Blanc massif on both sides, constituted on Zaccagna's part a veritable 
tour de force, enhanced by his exhaustive reports in the Bollettino R. Com. 
Geol. d'Italia of 1887, pp. 346-417, and 1892, pp. 173-244 and 311-404, with 
maps and sections. He also compiled, with Issei and Mazzuoli, an excellent 
geological map 1 : 200,000 of the Ligurian and Maritime Alps for the Italian 
Alpine Club in 1887. The circular examination of the Mont Blanc massif was 
carried out by Zaccagna himself, while a section from the Arve (Chamounix) 
Valley across Mont Blanc by the Col du Geant to the Dom, Baltea (Aosta) Valley 
was taken by Mattirolo. 
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review the main features of the Permian formation in the principal 
localities, and also to refer briefly to some of the other important 
points elucidated by the Italian revisionary survey on the French side 
of the Alps. (See sketch-map, p. 10, and plan and sections, p. 11.) 

II. THE PERMIAN IN THE MARITIME ALPS. 

As shown in the sketch-plan (Fig. 1, p. 11), the Italian Maritime 
Alps, embracing the Ligurian and the Montgioie ranges, extend from 
Savona west to the River Tanaro, and thence to the Col di Tenda, 
beyond which lie the Mercantour or Argentera gneiss and granite 
massif and the Cottian Alps. The Montgioie range, in which the 
Permian formation reaches its maximum development, comprises in 
a length of about 50 kilometres between the Tanaro-an affluent of 
the Po-and the Col di Tenda road a remarkable series of rugged and 
peaked mountains of an average elevation of 8,000 feet, separated 
by passes up to 3,000 feet above sea-level. The highest mountain is 
Montgioie, 2,630 metres altitude, situated practically in the centre, 
but both on the north and the south the crest-range is flanked by 
a parallel range of somewhat lower elevation. 

The Permian formation occupies, in a width of about 40 kilometres, 
the greater part of the central and also of the northern subsidiary 
range, the dedivities of both being deeply eroded by the Tanaro and 
its tributary torrents. On the east the formation thins out towards 
the hills above Savona, and on the west crosses the Stura Valley, 
whence it passes into Dauphine. The southern subsidiary range 
comprises Monte Abisso, Monte Rocchetta (2,4 i3 metres altitude), 
and some deposits south of Col di Tenda, as part of the Permian 
formation, but is chiefly composed of Triassic and Liassic strata 
bordering on a large area of Eocene albarese limestone and macigno 
sandstone which reaches to the Riviera seaboard of San Remo. 
Besides Rocchetta and Mon tgioie, the most remarkable Permian 
mountain is Monte Besimauda, 2,404 metres altitude, which is entirely 
composed of that formation and with its double-peaked summit is 
a conspicuous object as part of the northern subsidiary range, being 
situated about 20 kilometres south of Cuneo and 10 kilometres east 
of the Col di Tenda road. The Permian formation, overlying the 
Carboniferous, may be con veniently studied in the outcrops of those 
and other mountains, more especially in the deep and narrow valleys of 
tllfl upper Tanaro and its ailluents, one of the most interesting and 
accessible of which is that of the N egrone torrent on the southern flanks 
of Montgioie, where the sequence of strata can be distinctly traced on 
both sides. Another instructive locality is that of the ravines of the 
Bormida torrents east of the 'fanaro a~d south of Monte Settepani, 
where the contact of the Carboniferous and the Permian is well 
exposed at several points. 

Up to the 'eighties the principal authority on the Maritime and 
Western Italian Alps was Gastaldi, who, besides his well-known 
studies on the crystalline and pietre verdi rocks and an unpublished 
map of the latter Alps, left a memoir on the former.' He was at first 

1 "Fossili Paleozoici Alpi Marittime ": Atti R. Acad. Lincei, 1877. 
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disposed to class the gneissose schists of the Montgioie range with the 
Archrean gneiss of the Western Alps; but the Montgioie schists, 
owing alike to their "deficient crystallinity" and to their strati
graphical location, presented so puzzling a phenomenon that, pending 
further definition, he designated them as of indeterminate age under 
the name of 'apenninite " as being akin to the Apennines rather than 
to the Alps. As this formation" does not extend east beyond the 
Savona hills and the Voltri group in Western Liguria, and is in no 
sense characteristic of the Apennines generally, the name was 
obyiously a misnomer, and hence Zaccagna, who was the first to 
recognize its true stratigraphical position, chose the name of 
besimaudite, from Monte Besimauda already referred to, as typically 
representative of the gneissiform schist, which has its equivalent 
facies both iu the Apuan and the Western Alps, and also in the 
so-called Suretta gneiss of the Spliigen Pass. 

The Permian formation reaches a thickness of at least 1,000 metres, 
and rests directly and conformably upen the fossiliferous Carboniferous 
strata, which attain about half that visible depth and constitute 
the lowest zone of the Montgioie range. The latter strata are, as 
usual in the Alps, composed in the main of blackish carbonaceous 
and grey micaceous schists, graduating into talcose greenish calc
schists, which become felspathic and then pass into quartzose schist, 
which forms the base of the Permian formation. The Carboniferous 
age of the strata underlying the Permian, and consequently the 
Permian age of the besimaudite zone itself, was definitely established 
by fossils found in the N egrone Valley near Viozene, on the southern 
flank of Montgioie, by Zaccagna, and determined by Professor Portis 
of Pisa. Soon afterwards this discovery was confirmed independently 
by Squinabol and by Mazzuoli, both of whom found indubitably 
Upper Carboniferous fossils in the Bormida valleys already mentioned, 
where the Carboniferous strata are, moreover, anthracitic. I 

The distinguishing feature of the besimaudite zone, like that of the 
equivalent schists of the Apuan Alps, is its gneissiform character, 
but it also comprises, in upward progression, a yariety of associated 
rocks. Thus, from a granular quartzose schist it passes into greenish
grey compact rock of porphyritic texture with large elongated 
felspar crystals up to 2 centimetres in length. Again it passes into 
nodulous gneissiform schist without felspar, or agam into sericitic 
schist, and in places also assumes a granitoid structure, notably above 
Savona. There are also hornblende-bearing intercalations, simulating 
the aspect of pietre verdi. In Monte Rocchetta occurs a large mass 
of reddish porphyritic quartzose rock with white mica crystals, 
which Zaccagna regards as intrusive porphyry, and which also occurs 
in Monte Abisso, close to the Col di Tenda Pass; but I am disposed 
to l'egard both these masses, which, moreover, lie in a zone, rather as 

1 A. Portis, Boll. R. Com. Geo!., vol. xviii, p. 417,1887; L. Mazzuoli, ibid., 
p. 6; S. Squinabol, Giornale Scient. Genova, Fascic. Giugno, 1887. The 
survey of the Ligurian Alps eastward from the Montgioie range, surveyed by 
Zaccagna, was carried out concordantly by Mazzuoli and Issei, Boll. R. Com. 
Geol., 1884 et seq. 
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THE PERMIAN FORMATION IN THE MARITIME ALPS. 

FIG. l.-Sketch-plan. Scale 1 : 1 ,000,000. 
M= Miocene. P = Permian . 

Eo = Eocene. C = Carboniferous. 
L = Lias . CS = Calc-schist \. A h 
T=Trias. G = Gneiss j rc rean. 

FIG. 2.-Section of lIIontgioie (2,631 m.), S. to N. Scale 1 : 1,000,000. 
T, I, m, u=Lower, Middle, and Upper Trias. 

T 

FIG. 3.-Section of Cime de Rochettee (2,476 m.), S. to N. 
x = porphyritic mflSs. 

D. R.P. del. 
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Upper Permian, very similar to the red verrucano or sernifite of the 
Glarus Alps, a clastic rock which often has all tlle appearance of 
porphyry. 

The besimaudite zone is directly and conformably overlain by, and 
graduates into, a coarse conglomerate with white and reddish pebbles 
in a greenish, talcose matrix. This conglomerate or " anagenite " is 
of considerable depth in the Montgioie range, and also occurs sparsely 
in the same position in the Apuan Alps. It represents the Upper 
Permian or Verrucano formation, and marks a transition from the 
latter to the Lower Trias. In my opinion the porphyritic masses of 
Monte Rocchetta and Abisso already mentioned form part of it. It 
graduates, in its turn, into the conformably overlying Triassic series 
of quartzite, grey subcrystalline limestone, and calcareous schists, 
and these are onrlain by banks of blackish, brecciform, marmiferous 
limestone with white calcite crystals, which is quarried near 
Villanova, at the northern base of the range, and is conspicuous in 
the columns and ornamental architecture of the churches and palaces 
of Turin. The Triassic series, about 400 metres in thickness, crowns 
Montgioie and most of the other principal mountains of Ule range, 
on the southern base of which occur also some Liassic and Cretaceous 
outcrops, followed by a large area of Eocene lime- and sandstone, 
while on the north it is bordered by an equally extensive area of 
Miocene marl and molasse. 

Thus the stratigraphical sequence of the range, illustrated in 
the two typical parallel cross-sections of Montgioie and Rocchetta 
(p. 11, Figs. 2 and 3), exhibits a close analogy to that of the A puan 
Alps from the Permian formation upwards. In the M ontgioie 
range the flexures are inclined to the west, where the strata abut 
unconformably against the gneiss and granite massif of Mercantour; 
in both the Montgioie and the A puan range there is considerable 
folding, but no faulting or unconformity, and their uniformity of 
age, sequence, and general lithological character is abundantly 
demonstrated. 

III. THE PERMIAN IN THE WESTERN ALPS. 

From the Montgioie range the Permian formation extends in 
a westerly direction to the Cottian Alps, and thence continues N. and 
N.N.E. to the Grajan Alps and the base of Mont Blanc. As the 
limits of this paper do not admit of a detailed description of the 
different localities, suffice it to indicate briefly the alignment of this 
extension of the Permian zone. 

1. In Daup!t£ne. From near Boves at the north-western extremity 
of the Montgioie range, the Permian, skirting the Monte Viso massif 
on the right, and that of Mercantour on the left, crosses the Stura 
Valley, and from here forms an uninterrupted zone about 60 kilometres 
in length and 2 to 5 kilometres wide to the Ubbaye Valley and Mont 
Chambeyron (3,388 metres altitude) on the Italo-French frontier. 
Thence it reappears further north on the south-eastern side of 
Brianc;on, near Mont Genevre, and, skirting the frontier, continues 
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for about 15 kilometres to Mont Chaberton (3,135 metres), this zone 
being about 2 kilometres in width. l 

2. In Savoy. The next outcrop occurs about 20 kilometres north 
of the last point, near Modane, below the northern end of the Mont 
Cenis tunnel, in the Arc Valley, at an altitude of about 1,000 metres, 
whence it extends in a belt 5 kilometres in average width to St. Bon, 
Bozel, and Champagny in the Doron Valley east of Moutiers. 2 

It then reappears-
3. In Northern Piemont above Courmayeur, at the foot of Mont 

Blanc, in the two well-known mountains Chetif and La Saxe (2,343 
and 2,358 metres), separated by the Dora Baltea, and again, some 
5 kilometres lower down the Dora Valley, in the Pian d' Arp, an 
eminence near Pre St. Didier. 

Throughout this more or less continuous belt from the Maritime 
Alps to Mont Blanc the Permian exhibits the besimaudite and 
verrucano characteristics already described, and runs parallel with, 
and in normal sequence between, the Carboniferous and the Triassic 
series, so much so that the three zones, with the addition of a narrow 
Jurassic zone, all bifurcating at Col de Bonhomme, the south-western 
spur of ~lont Blanc, form a belt, more or less interrupted by 
denudation, round that massif. 

Of the Permian outcrops, those of Modane and Courmayeur are of 
special interest: (1) that of Modane, because Lory and other French 
geologists incillded it in their great zone of crystalline metamorphosed 
Triassic schists, whereas its interposition between Carboniferous and 
Triassic-both fossiliferous-strata clearly proves its Permi3.n age; 
and (2) that of Courmayeur, because Chetif and La Saxe were 
regarded as granitic spurs of the .Mont Blanc massif,3 whereas 
Zaccagna recognized them as the northern extremity of a Permian 
synclinal fold, which is conformably overlain by the Triassic series, 

1 The Mont Genevre group and Mont Chaberton have been dealt with at 
length in the interesting papers respectively by Cole and Gregory, Q.J.G.S., 
1890, p. 305 et seq., and by Davies & Gregory, ibid., 1894, p. 307 et seq. 

2 Near Moutiers are the two geologically famous localities of Petit Cceur and 
Mont Jovet in the Tarantaise district of the Isere Valley. Near Petit Cceur, 
about 6 kilometres north of Moutiers, the long-debated phenomenon of a 
Carboniferous fossiliferous stratum being wedged between two strata of 
Jurassic fossiliferous limestone was interpreted, among others by Lory, as due 
to a fault, whereas Zaccagna explained the Carboniferous strip more rationally 
as the remnant or denuded extremity of a synclinal fold, the other end of 
which appears in a somewhat larger outcrop at Hautecour, some 6 kilometres 
east of Moutiers. In Mont Jovet (2,303 metres), on the other hand, the puzzling 
feature was its being capped by a considerable mass of calc·schist with pietre 
verdi or vm-t des Alpes intercalations, surrounded by a Triassic belt. The 
former outcrop was regarded by Bertrand as Liassic, while Professor Lory 
included it in his Triassic metamorphosed schistes lustres, and lastly, Zaccagna 
recognized it as schistes lustres but of Archrean age, the pietre verdi intercala· 
tions being conclusive evidence by analogy with Mont Genevre, Susa, etc. 
Professor Gregory (Q.J.G.S., 1896, pp. 1-16) concludes in favour of the pre
Carboniferous age of the Mont Jovet schists, but the French Geological Survey 
definitely adopted Bertrand's view. 

3 The Val Veni depression between these two mountains and the granite 
massif of Mont Blanc is filled with Liassic limestone resting conformably 
against the Permian of the former but unconformably against the latter. 
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and whose southern extremity is the outcrop of Pian d' Arp near 
St. Didier, already mentioned. It appears again in Mont Mary near 
Aosta, some 20 kilometres down the Dora Valley. 

In Savoy the Permian zone from the Arc Valley at Modane to the 
Doron Valley south-ea~t of Moutiers has more recently been considerably 
enlarged by Termier, more especially in the Vanoise region and in 
the Doron Valley itself. 1 In Dauphine the crystalline schists of 
Mont Genevre near Brian<;on have also been assigned to the Permian, 
whereas this formation only skirts the western base of that group, 
and is overlain by dark, indubitably Triassic limestone corresponding 
to the grezzoni of the Apuan Alps, while the crystalline schists with 
diabasic and serpentinous intercalations are classed as Triassic-Liassic 
schistes lustres. 

IV. THE PERMIAN IN REL..tTION TO ARCH2E..tN ..tND MESOZOIC SCHISTS. 

Intimately connected with the stratigraphical position of the 
Permian is the demarcation of the Archrean and Mesozoic schists. 
As is well known, both Elie de Beaumont in the French map (1860) 
and Sismonda in the Italian map (1~62) of the Western Alps divided 
the crystalline rocks into two great zones-a lower one, comprising 
indiscriminately the Archrean gneiss, and the Palreozoic and Mesozoic 
series, as the "metamorphosed Jurassic area"; and an upper one, 
embracing the Archrean granite and all the pietre verdi rocks, as 
intrusive and post-Jurassic. The later maps of Lory and Favre of 
the French, and of Gastaldi of the Italian side, to some extent 
disentangled that strange confusion: Lory and Favre by assigning 
the gneiss, granite, and the "vert des Alpes" to the Archrean and all 
the mica- and calc-schists indiscriminately to the Trias as " schistes 
lustres", while Gastaldi separated all the pietre verdi rocks into 
a zone per se as overlying the primitive gneiss and granite zone, and 
labelled it and the mica- and calc-schists as crystalline rocks, more 
recent, but pre-Palreozoic. The Permian did not figure in any of 
those maps. 

Such was the position in the 'eighties when Zaccagna's reyisionary 
Rurvey showed those more or less arbitrary classifications to be obsolete 
and untenable. Accordingly he defined the Archrean as composed of 
two zones-a lower, comprising exclusively the primitive gneiss and 
granite rocks, and an upper, em bracing the mica-schists and the 
small-grained tabular gneiss; the calc-schists and crystalline limestone; 
and the great masses of pietre verdi as a contemporaneous part.2 
From the Carboniferous formation, till then held to be the only 
representative of the Palreozoic in the Maritime and Western Alps, 
he separated the Permian besimaudite and verrucano zone directly 
overlain bv the indubitably Triassic series in which he included 
Lory's" Lias compacte" 01' JBrian<;onnais limestone. 'l'his definition 
of the Lower and Upper Archrean, the Upper Palreozoic, and the 

1 "Etude sur la constitution geologique du massif de la Vanoise" : Bull. 
CA.rte geol. France, vol. ii, No. 20, 1891. 

2 The small-grained tA.bular gneiss (gneiss 'lninuto tabulare) is extensively 
quarried in the Susa, Chisone, and Pellice Valleys for building purposes in 
Turin. 
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Lower Mesozoic formations harmonized the two sides of the Western 
Alps, and was embodied in the new geological map of Italy of 1896, 
a preliminary sketch of the earlier results in the Maritime and 
Cottian Alps having been already exhibited at the Berlin Geological 
Congress of 1 !l85. These were, with variations, adopted by the 
French Geological Suney and also figured in Vasseur and Carez' 
geological map of France of the same year. This classification was, 
however, only two years later superseded by that of Bertrand, 
Termier, and others on the French side, and by Franchi on the 
Italian side, the calc· schists or 8chiste8 lU8tres formation with pietre 
verdi being assigned to the Mesozoic, as explained in paper No. III 
of this volume. 

In so far as the degree of crystallinity, being the effect of 
metamorphism nnder pressure and high temperature, is a test of age, 
the calc-schists differ from the Permian mica- and gneissiform 
schists as much as do the latter from the Triassic schists of the 
Apuan Alps. The presence of eruptive rocks, whether primary or 
altered, both in the Piemontese calc-schists and in the underlying 
mica-schists is, of course, no absolute criterion of age, but the 
enormous pietre verdi masses of Monte Viso, of the Dora Riparia and 
Lanzo Valleys, alld of Val d' Aosta are, by alternation, graduation, 
and lenticular intercalations, or again, as eruptive dykes, so intimately 
associated with the two sedimentary horizons that they constitute 
integral and contemporaneous parts of these formations respectively 
and point to two separate and corresponding periods of submarine 
eruption. 1 

V. CONCLUSION. 

In the necessarily small sketch-plan (p. 11, Fig. 1) I have traced 
the Permian zone from the Ligurian Alps near Savona through 
Southern Piemollt, Dauphine, and Savoy to Mont Blanc, a distance 
of 2.50 kilometres. It is seen that the curved alignment of that zone, 
which would equally apply to the concomitant Carboniferous and 
Triassic zones, runs, in the main, between and parallel to the two 
great primitive gneiss and granite belts indicated by dotted lines, the 
outer belt comprising the Mont Blanc massif and the Pel voux group 
in Dauphine, while the inner, more continuous one extends from 
J\£onte Rosa to Gran Paradiso and Mercantour in Southern Piemont.2 

I In Piemont alone the crystalline schists, lying between the Mercantour 
massif in the south and Monte Rosa in the north, cover an area of 200 by 
30 kilometres, or roughly 2,400 square miles, of which the three principal 
pietre verdi masses represent about one-fifth. These masses are all composed 
of basic rocks, more especially of diorite, diabase, gabbro, serpentinous and 
hornblendic rocks. The white marble of Susa belongs to the calc-schist 
horizon, and, like the marble of the Apuan Alps, attests the process of the 
deposition of coarse calcareous material being followed by that of gradually 
fin~r t.o v~ry fine material purified by solution and precipitation. The 
maJestlC trIUmphal arch at Susa shows that the marble of that locality, as 
that of Carrara, was quarried already by the Romans. Similar saccharoidal 
limestone intercalations are also worked in the Pellice, Upper Po, and Varaita 
Valleys. 

2 C. Diener outlines a similar series of belts in his Gebirgsbau der Westalpen, 
1891, but embraces in his generalizations the entire chain of the A,lps. 

2 
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A third, smaller, but continuous inner belt may be said to lie between 
the Dora Riparia and the Maira Valleys, with the Monte Viso group 
on its western flank. 

The surface·level of the Permian zone varies between 2,000 and 
1,000 metres altitude, the highest being at Montgioie and Chiitif 
(Courmayeur) and the lowest neal' Modane and in the Doron Valley, 
while the parallel primitive gneiss zones vary in altitude between 
4,000 and 3,000 metres. It is therefore obvious that the Permian 
and concomitant zones must have been deposited in a longitudinal 
trough at a time when the older gneiss groups had already experienced 
a first partial raising, followed by a long period of erosion. The 
marked unconformity at the points of contact between these formations 
warrants the same inference of a long intervening period of erosion. 
A further uprise, IV hich also affected the secondary formations, 
appears, on similar grounds of unconformable superposition, to have 
taken place in post-Liassic times, I and a third occurred in Miocene 
times, which last-named movement, proceeding, like the preceding 
ones, mainly in a radial sense from the south.east, viz. from the 
Mediterranean, probably imparted to the Maritime and the Western 
Alps, as also to the Lignrian and A puan ranges, their present general 
alignment and configuration. 

The initial emergence of the Montgioie and A puan ranges as 
ellipsoidal groups probably occnrred before that of the A pennines; 
but it is during the third and last great movement that the final uprise 
of the Permian schists, already more or less subjected to metamorphism 
and o,erlain by the younger formations, must have taken place in the 
Apuan Alps as thc nucleus of that range, and as its average surface
level of about 1,500 metres above the sea is the same as that of the 
analogous zone in the Maritime and Western Alps, it follows that 
the Permian formation in all the three ranges must have been raised 
to its present level simultaneously in Miocene times. 

1 Of this post-Liassic uprise, followed by a period of erosion, evidence is 
afforded by a general and marked discordance between the strata of the Upper 
Lias and the Tithonian, and, again, between the Neocomian and the Senonian 
both in the Western and in the Apuan Alps. 



III. 

TlII~ "PIJ.:TRE VERDI" OF TUg PIEMONTESE ALPS. 

IN the preceding paper on the Permian :Formation in the Alps of 
Piemollt, Dauphine, and ::Javoy,! I referred incidentally to the 

large masses of pietre verdi or greenstones which constitute perllaps 
the most striking geological feature of the extensil·e areas covered by 
the crystalline rocks of the Piemontese Alps in a crescent-shaped 
curve about 200 miles in length from the Maritime range to Monte 
Viso, Grand Paradiso, and Monte Rosa. In the present paper I 
propose to deal more fully, although necessarily within nnITOW limits, 
with these pietre verdi which, owing alike to their extraordinary 
development, variety, and complexit:v-, to their intimate Ilssociation 
with each other and with the crystalline sedimentary rocks, Ilnd to 
their intricate composition and origin, haye for the last fifty yt'ars 
presented most interesting problems and passed through many 
remarkable phases of interpretation. As a necessary preliminary to 
a description of the different areas, it will be conyenient to briefly 
consider the most recent classification of the cHstalline formations of 
the Piemontese Alps generally, and of the pietre yerdi rocks III 

particular. 

1. CLASSIFICATION OF THE CRYSTALLINE FORMATIONS. 

In a short paragraph of the previous paper already quoted 
I outlined the sequence of the crystalline rocks or the Piemontese 
Alps as evolved by Zaccagna in his memoirs of 1887 and 1892.' In 
this classification he retained Gastaldi's two principal pre-Pal!£ozoic 
zones or horizons, 3 but with this essential difference, that for Gastaldi's 
upper or so-called pietre verdi zone he substituted the mica-and-calc 
schist zone with pietl'e verdi as associated rocks, the latter being, in 
point of superfieial area, a subordinate, the former the predominant 
part of the whole formation. Zaccagna's two Arch::ean zones thus 
comprised: (1) a lower zone, restricted exclusi"ely to primitive 
gneiss and grani~e without pietre verdi; and (:l) an upper zone, 
graduating, in ascending order, from minute and tabular gneiss to 
mica-schists and calc· schists, each group with crystalline limestone 
and pietre verdi. This classification received the imprimatur of the 
Italian Geological Survey under its eminent Director, the late Comm. 
F. Giordano,4 and was also accepted by the French Survey, by 
Bertrand, Termier, and other French geologists. It seemed to derive 

1 Geol. Mag., January, 1916, p. 7; ibid., p. 15. 
2 D. Zaccagna, "Studi geol. sulle Alpi Occid.": Boll. R. Com. geol. d'It., 

1887, p. 346 et seq. "Riassunto di Osserv. sui Versante Occid. Alpi Graje ": 
ibid., 1892, p. 175 et seq. 

3 B. Gastaldi, "Studi geol. Bulle Alpi Occid.": Mem. R. Com. geol. d'It., 
1871, vol. i, p. 3 et seq. "Spaccato geol. lungo Ie valli sup. Po e Varaita " : 
Boll. R. Com. geol., 1876, p. 104 et seq. 

4 Boll. R. Com. geol., 1887, pp. 342-5. 
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addition~l force from the more intense metamorphism and crystallinity, 
progressmg from west to east, of the rocks on tIle Piemontese as 
compared with those on the French side of the Western Alps; and 
this, together with the fact that until then, about 1890, no deter
minable fossils had been found even in the uppermost calc-schist 
horizon, seemed to warrant the entire crystalline series of Piemont 
being at that time classed as of pre-Carboniferous, and, in the absence 
of the Lower Palmozoic, of Archman age. 

But in 1894 Bertrand returned to his former view of the Mesozoic 
age of the schistes lush'es which, in opposition to the late Professor 
Lory's Triassic. and to Zaccagna's Archmau views, he and Termier had 
already pronounced Liassic in the wyll-known case of Mont J ovet in 
Tarantaise (Isere Valley).l In his Etudes dans les Alpcs Franr;aises 2 

Bertrand maintained the Liassic age of the calc-schists not only on 
the French but also on the Italian side, on the ground that Triassic 
masses frequently underlie the calc-schists. Even before the 
publication of that work, Professor Parona, of Turin, had discovered 
Radiolaria in the silicocalcareous mass associated with the calc
schists and pietre verdi (serpentine) of Mont Cruzeau, near Cesana,3 
a discovery followed a few years later by other evidence of 
characteristic, Liassic, Rhmtian, and Triassic fossils in the dolomitic 
and calcareous masses which, in the lower as well as in the upper 
valleys of both Southern and Northern Piemont, occur at varying 
levels of the calc-schist horizon, either resting on, or intercalated 
between, or in some cases at the base of, the crystalline calc-schist 
strata. These discoveries were due chiefly to the untiring industry 
and perseverance of Frauehi, who, in two important memoirs of 1898 
and 1904,4 claimed to have established the Mesozoic, and more 
especially the predominantly Liassic, age of the calc-schist formation, 
including in the same the pietre verdi as associated rocks. He thus 

1 P. Termier, " Sur Ie Pennien du massif de la Vanoise": Bul!. Soc. geo!. 
France, vol. xxi, p. 124 et seq., 1893. 

2 1\I. Bertrand, Bull. Soc. geo!. France, vol. xxii, p. 69 et seq., 1894. 
3 C. F. Parona, "Sugli Seisti silieei a radiolarie di Cesana presso il 

l\Ionginevra": Atti R. Acc. Sc. Torino, vol. xxvii, 17. Gennajo, 1892; also 
noticed in Davies & Gregory's paper on "The Geology of Mont Chaberton ", 
Q.J.G.S., 1894, p. 303 et seq. 

4 S. Franchi, "Sull'eta mesozoiea della zona delle pietre verdi nelle Alp 
Occidentali": Boll. R. Com. geol., 1898, pp. 173, 325 et seq. "Aneora sull'eta 
mesozoica, etc.": ibid., 1904, p. 125 et seq. Franchi, Novarese, and Stella 
were in charge of the detailed survey of the Piemontese Alps for the new 
1 : 100,000 map in conjunction with Mattirolo, who supported Zaccagna's 
interpretation. Franchi published in Boll. R. Com. geo!., 1909, p. 252, 
a forty-page reference of the literature on the crystalline schists from Gastaldi 
(1871) downwards. 

The principal localities which yielded Triassic and Liassic fossils in the 
calcareous and dolomitic masses of the calc-schist horizon are the Grana, Ver
menagna, Narbone, Maira, Elva, and Varaita Valleys in S. Piemont; Chianoc and 
Forrest in the lower, and Rocca d' Ambin, Gad d'Oulx. and Bardonecchia in 
the upper Susa Valley; Villeneuve in the upper Aosta Valley, and the Col du 
Petit St. Bernard, all in Northern Piemont. The fossils, most of which were 
determined by Professor di Stefano and Professor Canavari, include, among 
others Radiolaria, Belemnites, Arietites, Crinoids, Encrinus, Pleurotoma1'ia, 
Avicuia, Corallm'i, GY1'opellce, Pentacrinus, Phylloceras, etc. 
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assimilated the age of that formation and that of the schistes lustres 
in accordance with Bertrand's views, with which he is thoroughly 
imbued and which, since Bertrand's death, have been upheld and 
even carried considerably further by Termier. 

Franchi's memoirs and his evolution from the Archrean to the 
Mesozoic led to a controversy as interesting as it was vigorous and 
protracted, between Zaccagna and himself, not as to the facts, which 
were not in dispute, but as to the interpretation of the same. To 
Franchi's contention Zaccagna I opposed, on stratigraphical grounds, 
his own explanation that the fossiliferous calcareous and dolomitic 
deposits occur in eroded gaps and as squeezed wedges (pz'zzicature) 
in the crystalline calc-schists, in which they were infolded by 
dynamic action, in certain cases by displacements due to local 
overthrusts, and that as such they are quite distinct from the true 
calc-schists, whose pre-Palreozoic age he therefore strenously 
reaffirmed. 2 In the result Professor Taramelli, of Pavia, and 
Professor Parona, of Turin, as referees appointed by the Geological 
Survey, recommended, in their reasoned report of 1911,3 that in the 
new large-scale map 1 : 100,000 of the Piemontese Alps, Franchi's 
interpretation, as being more convincing and up-to-date, should be 
adopted, their conclusion being, therefore, in favour of the Mesozoic 
age of the upper crystalline or calc-schist formation. 

Thus, in the most recent Italian Geological Survey map 1 : 100,000, 
as also in the one of 1 : 400,000 of 1904, the Piemontese calc-schist 
formation has been rejuvenated as eqnivalent to, and contemporaneolls 
with, the schistes lustres of the French, the Biindnerschiefer of the 
Swiss, and the Schieferhiille of the Austrian Alps, all of uniformly 
recognized Mesozoic age. It figures, therefore, as the Liassic-Triassic 
crystalline "Piemontese" facies, with two subordinate facies-the 
"mixed" and the" ordinary" Trias. This rejuvenation, which is 
practically a reversion, mutatis mutandis, to Sismonda's "meta
morphosed Jurassic schists" of the early 'sixties, entailed a similar 
stratigraphical process as regards the mica-schists and the minute, 
tabular, and graphitic gneisses which, accordingly, are now assigned 
to the Permo-Carboniferous, corresponding to Bertrand's and Termier's 

I D. Zaccagna, "Osservazioni sugli ultimi lavori intorno aile Alpi 
Occidentali": Boll. Com. geol., 1901, pp. 4, 129; 1902, p. 149; 1903, 
p.297. 

2 Zaccagna's contention tallies in the main with Professor Bonney's as to 
the occurrence of Jurassic and Triassic wedges in the crystalline schists of the 
Alps. "Mesozoic Rocks and Crystalline Schists in the Lepontine Alps": 
Q.J.G.S., 1894, p. 285; also ibid., p. 277. Baretti (Studi Gran Pamdiso, 
etc., 1876-7), following Gastaldi's views, also considered the French calc
schists the upper and the Piemontese calc-schists as the lower crystalline 
formation. 

3 T. Taramelli and C. F. Parona, "Relazione sull'etit de assegnarsi alla 
zona delle pietre verdi nella Carta geol. delle Alpi Occidentali": Boll. R. Com. 
geol., 1911, pp. x-xxiv. The controversy between Franchi and Zaccagna 
turned more especially on the great calc-schist area extending from the 
Gesso Valley in Southern Piemont parallel to the Franco-Italian frontier to 
the Susa and Aosta Valleys towards Monte Rosa. The smaller, isolated 
area of Courmayeur, running parallel to Mont Blanc, WflS recognized as 
Liassic and Triassic, find was, therefore, not in dispute. 
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"serie cristallophyllienne permo· carbonifere ". The only formation 
left to the Pre-Carboniferous is therefore that of the primitive gneiss 
belt of the Mercantour, Maira-Dora, and Gran Paradiso massifs, 
which formation constitutes the practically undisturbed substratum 
of all the later series. l 

This primitive gneiss, often of granitoid and porphyroid structure 
with large felspar crystals up to 8 centimetres in length, differs 
lithologically from the more recent minute and tabular gneiss, chiefly 
in that the small-grained elements of the latter are conspicuously 
rich in quartz and predominantly white mica. As regards the calc
schists, they are composed prevalently of calcite, aggregations of 
quartz in minute granule8, and with white or greenish mica, the 
rock being generally of grey and often blackish colour due to 
a carbonaceous pigment, with numerous minute crystals of pyrite 
and other metallic minerals. When this typical calc-schist is 
deficient in calcite or loses it altogether, it assumes an essentially 
phylladic character; when, on the other hand, calcite predominates 
over the other minerals, the calc-schist becomes micaceous crystalline 
limestone or "calcefiro"; and when the crystalline limestone is, 
by contact, impregnated with serpentinous matter, it becomes 
"ophicalce ", as e.g. the green marble of Susa. 

The new classification, besides harmonizing with all the most 
recent and authoritative interpretations west and north of the Alps, 
has the further signal advantage of having eliminated Gastaldi's 
"pietTe verdi zone", which, in his separate and far too com
prehensive sense, had become a fruitful source of misconception. As 
experience has shown, pietre verdi with primitive or secondary 
elements are not peculiar to any particular horizon, and throughout 
Italy, as elsewhere, occur in all the formations from the Eocene 
down to the Palreozoic; in the Piemontese Alps, though in a special 
form, even in the primitive gneiss. 

Apart from these considerations, the new classification of -the 
Piemontese crystalline calc·schists as Mesozoic and the underlying 
mica-schists as Permo-Carboniferous, correspondin g to the analogous 
crystalline formations of tlle French Alps, is, in my opinion, fully 
warranted by the evidence adduced by Franchi and his coadjutors, to 
which I can bear witness from personal observation, notably in the 

1 The official geological map of France, 1 : 1,000,000, published in 1904, 
which extends to the Italian side as far as the Po Valley, includes in the 
Permo-Carboniferous not only the minute and tabular gneiss and mica-schists, 
but also the primitive gneiss belt, for which there is no warrant. Similarly. 
Termier (" Les schistes cristallins des Alpes occidentales." Comptes Rendus du 
Congres geo!. Vienne, 1913) embraces in his serie cristallo-phyllienne triassique 
comprehensive all the younger formations down to the Eocene inclusive. Both 
cases are ultra-synthetic, and are not accepted by the Italian Survey. 

Professor Gregory's view that the gneisses which he terms Waldensian 
(Q.J.G.S., 1894, p. 232 et seq.) are Pliocene and intrusive runs counter to 
the accepted interpretation of the coarse-grained gneiss being the primitive, 
viz. " fundamental", substratum of the Cottian and Grajan Alps. Professor 
Gregory's conclusions are traversed also by Novarese, "Rilevamento geo!. Valle 
Germanesca (Alpi Cozie), 1894," Boll. R. Com. geo!., 1895, p. 277 et seq., and 
Franchi, ibid_, 1897, p_ 13 et seq. 
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Dora Riparia (Susa) and the Dora Baltea (Aosta) Valleys, as also in 
Southern Piemont in the test-cases on which the referees Profs. 
Parona and Taramelli founded their conclusions. The greater part 
of that evidence only came to light in the course of the detailed and 
large-scale survey of the different regions, i.e. after Zaccagna's more 
general survey, and thus rendered the latter's Archooan interpretation 
untenable. An additional important reason in favour of the more 
recent age of the calc-schist. formation is, in my view, that much of 
its area in Southern Piemont west of the Monte Viso group between the 
Stura di Cuneo and Chisone Valleys, is probably an overthrust from 
the Dauphine side of the Alps, whereas the older mica-schist horizon 
both of Southern and Northern Piemont, as also the calc-schists of the 
latter region, are essentially formations in situ. As regards the 
pietre verdi masses associated with the successive sedimentary 
formations respectively, their submarine eruptions probably took 
place during and as the effect of great earth mo,ements, each series 
of these eruptive rocks thus marking a great period of folding due to 
the contraction of the earth's crust. 

II. CLASSIFICATION OF THE PIETRE VERDI. 

In order to avoid tedious repetition, it will be convenient to 
specify briefly the leading varieties of the pietre verdi, some of 
which have characteristics peculiar to the Piemontese Alps. Gastaldi, 
with his wonderful intuition and perspicacity, laid down certain 
broad lithological distinctions which, in the main, are still correct. 
They were used by his immediate contemporary followers Struver and 
Baretti, and after them bv Bucca, I in their excellent and diffuse 
macroscopic and microscopi~ investigations, and until recently also by 
Zaccagna and Mattirolo; but the results of the detailed survey and 
the consequent extension of microscopic work, notably by Franchi, 
N ovarese, and Stella, have led to revised and more precise definitions, 
more especially in reference to the amphibolic and prasinitic series 
which Gastaldi included indiscriminately in his "amphibolic" or 
" magnesian schist zone"_ 

On the rational ground that not amphibole, i.e. hornblende, but 
triclinic felspar is the most prevalent constituent of pietre verdi, the 
revised nomenclature divides all the basic rocks of the Piemontese 
Alps into three groups on a felspathic basis, viz. rocks in w hieh 
felspar, as a constituent element, is essential, subordinate, or absellt. 
In the following table I have enumerated only the principal, most 
diffused rocks, without their schists, their infinite graduations, and 
their often overlapping varieties and com binations.2 

1 G. Struver, "Cenni sui graniti massicci delle Alpi Piemontesi e sui minerali 
delle valli di Lanzo": Mem. descr. Carta geol. d'Italia, 1871, p. 37 et seq. 
M. Baretti, "Studi geol. suI gruppo del Gran Paradiso": Mem. Acc. Lincei 
Torino, vol. i, p. 197 et seq., 1876-7. L. Bucca, " Appunti petrogr. suI gruppo 
del Gran Paradiso" : Boll. R. Com. geol., 1886, p. 449 et seq. 

2 The table is founded on the nomenclature worked out by Novarese and 
Franchi, Boll. R. Com. geol., 1895, p. 164 et seq. and p. 181 et seq.; but 
I have arranged it somewhat differently so as to group the rocks with primitive 
and those with secondary elemeuts separately and more prominently. 
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PIETRE VERDI ROCKS. 
I. Rocks with primitive elements. 

( (1) Essential. Diorite, diabase, porphyrite, gabbro, and their 
FELSPAR" ( ) . varieties. l 2 Sl.bordtnafe. Felspathic lherzolite, felspathic hornblendite. 

FELSPAR 

(3) Absent. Lherzolite and peridotite, hornblendite. 

II. 
(1) Essential. 

Rocks with seconda1'Y elements. 
(a) Prasinite group: with a dominant non

felspathic element, viz. chloritic, amphi
bolic (actinolite and glaucophane), or epidotic 
prasinite, and varieties. 

(b) Euphodite and its varieties. 
(2) Su/JoTdinate. (a) Amphibolite group: felspathic and epidotic 

amphibolite with frequent glaucophane. 
(b) Epidotites and zoisitites, felspathic. 

(3) Absent. (a) Amphibolite group: epidotic and garnetiferous 
amphibolite with dominant glaucophane, 
eclogite. 

(b) Epidotite, zoisitite. 
(c) Serpentine, serpentinous, chloritic, and talcose 

schist. 
It will be seen that the old generic group of amphibolites or 

hornblendic rocks is separated into amphibolites proper and prasinites, 
the last-named designation having been adopted from Kalkowskyand 
Zirkel as basic rocks or "Griineschiefer" of a felspathic basis with 
chlorite, hornblende (the bright-green actinolite or the bluish-green 
01' violet fibrous glaucophane) and epidote, one of these being dominant 
as a non-felspathic element. The amphibolites, largely derived from 
diorite and composed of albite, epidote, and dominant amphibole, 
are mostly compact, passing to schistose, although the hardest, 
massive amphibolite, viz. "hornblendite" or "Hornblendefels", is, 
in large masses, comparatively rare in the Piemontese Alps. The 
prasinites, on the other hand, are on the whole less compact and 
more often schistose, and in the main, like the amphibolites, altered, 
transformed, or metamorphosed from massive eruptive rocks. They 
often contain, as an accessory mineral, white mica, but rarely 
biotite, and include, as a largely diffused variety, the chloritic rock 
" ovardite ", first recog'nized and so named by Striiver I from Torre 
d'Ovarda, a ridge in one of the three Stura di Lanzo valleys. It is 
composed of epidote, microscopic amphibole, and predominant chlorite 
in a plagioclase groundmass. Amphibolic schist, the equivalent of 
" Hornblendescbiefer", is intermediate between amphibolites proper 
and prasinites.2 

A further distinction made is that between gabbro and euphodite 3 

I Struver, Una Salita alle TOrJ'e d'Oval'da, Torino, 1873, and Bucca, loco 
cit., 1886, p. 453. 

2 The felspar-actinolitic rock noticed by Professor Bonney near FenestreJle in 
the Chisone Valley (" Two Traverses of the Crystalline Rocks of the Alps" : 
Q.J.G.S., 1889, p. 80 et seq.) is an amphibolic prasinite, viz. ovardite, while 
the schist with glaucophane, the epidiorite, and the dark-green porphyrite 
mentioned by Professor Gregory in his "Waldensian Gneisses", loco cit., 
come under the category of prasinites (ovardites) and ampbibolites. 

3 The terms euphodite or euphotide are optional. Throughout this volume 
the former is used, the suffix dite being, in my opinion, more appropriate than 
tide proposed by D,Hesse. 
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"in the sense that gabbro is restricted to the primary eruptive rock 
with its elements unaltered, while in euphodite the triclinic felspar 
is already altered to saussurite and the diallage to smaragdite-the 
latter being, like epidote and the amphibole varieties, a largely 
diffused mineral in the Piemontese Alps. 

Again, massive serpentine, as the direct product of altered lherzolite 
and peridotite, is distinct from serpentine schist, which is a further 
stage of alteration, and still more from serpentinous schist, which, 
occurring frequently as intermediate between crystalline schists or, 
again, between crystalline limestone and pietre verdi, is the product 
of chloritic decomposition of the latter. As such it may, by the 
abstraction of magnesia, be derived from any of the basic rocks with 
altered elements, notably from euphodite, amphibolite, and prasinite, 
or their schists, although the prototypes of these rocks-gabbro, 
diorite, and diabase-have, "apparently, no identity of origin 01' affinity 
with serpentine proper. So-called serpentinous schist is therefore 
pseudo-serpentine, and represents, together with chloritic and talcose 
schist, probably the last stage of alteration and metamorphism, not 
only of serpentine but of some of the other pietre verdi series. 

The rocks with altered elements often assume a laminated, gneissi
form structure, and exhibit a marked affinity with gneiss or, again, 
with mica-schists and even with calc-schists. 1'hus minute gneiss 
becomes amphibolic, prasinitic, or epidotic; mica-schist becomes 
epidotic and even more frequently glaucophanic when in association 
with the blue glaucophane or gastaldite variety, I while ovardite, 
when very rich in chlorite and taking up mica, quartz, and calcite, 
passes into prasinitic calc-schist and phyllite. 

The massive eruptive rocks with primitive elements-diorite, 
diabase, gabbro, pyroxenic-biotitic porphyrite (Gastaldi's melaphyre), 
and the enormous pcridotitic masses-occur more especially in the 
gneiss and mica-schist area of Northern Piemont, that is, in the 
so-called dioritic belt or " I nea zone ,. which extends from the eastern 
spurs of the valleys converging near Avigliana, west of Turin, to the 
Lanzo spurs, and thence north-east to Ivrea, Biella, and the Sesia 
valley, and beyond the latter to the Strona valley neal' Lake Orta. 
The same" Ivrea zone" also extends into the Aosta valley and the 
valleys descending from Monte Rosa. The amphibolic, prasinitic, 
euphoditic, and serpentinous series with secondary elements, on the 
other hand, predominate in the calc-schist and mica-schist area from 
the upper Lanzo valleys south to Monte Viso and the Maritime Alps, 
and extend into the Permian and Triassic formations of the latter. 
'1'he considerable euphoditic and diabasic masses of the Grana and 
Maira valleys south of Monte Viso are all more or less profoundly 
metamorphosed to epidotic (zoisitic), amphibolic, and prasinitic rocks,2 
an~ t.h~refore do not belong to the category of eruptive rocks with 
pnmltive elements. 

1 Gastaldite is the name given by Struver to a special blue variety of 
glaucophane. much richer in alumina than the ordinary violet or greenish-blue 
glaucophane or secondary hornblende. 

2 S. Franchi, " Alcune metamorfosi di eufotidi e diabasi Alpi Occid." : Boll. 
R. Com. geol., 1895, p. 181 et seq. 
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. '1'he constant and intimate association of the pietre verdi not only. 
wIth each other but with the stratified mica- and calc-schists led 
Gastaldi, as previously stated, to regard all those rocks, with the 
only exception of the primary eruptive rocks of the Ivrea belt, 
indiscriminately but erroneously as metamorphosed sedimentary.' 
'rhe pietre verdi both in their primary and secondary forms are now 
recognized to be in the main of eruptive origin. At the same time 
the constant alternations, amounting to interstratifi cation , of the 
pietre verdi with each other; their stratiform, if not actually stratified, 
character in relation to the sedimentary rocks, and tlJeir frequent 
wedges and lenticular intercalations in the latter-all these phenomena 
on a large scale still present an intricate problem to which I shall 
refer in the descriptive sequel of the present paper.2 The problem 
of the age of the pietre yerdi in relation to the older rocks is, of 
course, rendered more difficult by the obliterati.on in the latter of 
organic remains through the ceaseless action of metamorphism past 
and present, or, in the words of Gastaldi: "while Nature gives us on 
this Earth myriads of living species, she with relentless band destroys 
all trace of former life below." 

1 Hence his well-known dictum: •• In the Piemontese Alps plutonism is 
a myth." It was not, however, adopted even by his immediate followers, 
Struver, Baretti, Bucca, and others. 

2 Professor Bonney has described an instructive case of the conversion of 
greenstone into crystalline schist on a small scale in the Bernina region, 
Q.J.G.S., 1894, p. 279 et seq. 



IV. 

THE CRYSTALLINE ROCK A REAS OF TIlE r UiMONTESE ALPS. 

SOUTIlERN, WESTEltN, AND NORTHERN PIEMONT. 

INTRODUCTORY. 

I N continuation of the preceding paper (No. III), which, as 
a preliminary to the present one, outlined the new classification 

of the crystalline rock formations and tIle nomenclature of the pietre 
verdi of the Piemontese Alps, I now propose to briefly describe the 
principal pietre verdi areas with which I became familiar during 
a long stay on repeated occasions in Turin. This city, apart from 
its rich collections of the rocks and minerals of the Piemontese Alps, 
is a most cenbal and convenient starting-point for examining the 
different valleys debouching into the plain of the Po from the 
magnificent crescent formed by the Maritime, Cottian, Grajan, and 
Pennine Alps, which, as seen from Turin, afford by far the most 
extensive and fascinating Alpine panorama in Italy. 

The principal pietI'e verdi areas lie more especially along or neal" 
the inner belt or concave eastern edge of the Alpine crescent, and 
include, among others, the following mountains and valleys which 
will be referred to in this and a subsequent paper, and all of which 
form part of the watershed of the Po :-

Range. Mountain. Altitude. 
I 

Valleys. 
._-

m. 
Maritime Montgioie 2,836 Bormida, Tanaro, Corsaglia, Ellero, 

Vermenagna. 

" 
Argentera 3,397 Gesso, Stura di Cuneo. 

Cottian Monte Viso 3,843 Grana, Maira, Varaita, Po, Pellice, 
Germanasca. 

" 
Rocciavre 2,778 Chisone, Sangone. 

Grajan Rocciamelone 3,537 Dora Riparia (Susa Valley). 

" 
Ciamarella 3,876 Stura di Lanzo: Usseglio, Balme, and 

Grande Valleys. 

" 
Gran Paradiso 4,081 Orco, Soana. 

" 
Grivola 3,961 Dora Baltea (Aosta Valley), Cogne, 

V alsa varanche. 

" Mte. Emilius 3,559 Dora Baltea, Buthier, Valpelline. 
Pennine Mte. Rosa 4,636 (Ivrea Belt) Chiusella, Dora Baltea, 

Toul'manche, Gressonay, Cervo, 
Sesia. 

Of the mountains enumerated, the A rgentera and Gran Paradiso 
massifs, with a gneiss nucleus in each case, are the only ones wbich 
have preserved their original ellipsoidal, dome-shaped outlines, while 
most of the others, lying in the calc-schist and pietre verdi areas, are 
conspicuous pyramids whose precipitous flanks, pre-eminently those 
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of Crystalline Rock Areas in Piedmontese Alps 

(Southern and Western Pie<;!mont.) 

tT"tL~'lQ.~ 
111.5 • 

S 

PV "= pietre-verdi ; gn = gneiss; gr = granite; 
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of Monte Viso and Griyola, were chiselled probably quite as much by 
atmospheric as by fluviatile or glacially abrasive !tction. The eight 
principal crystalline groups will be dealt with in the present and 
two subsequent papers as follows:-

1. Southern Pibnont. 1. The Maritime Alps group (Montgioie 
and Argentera). 2. The·Monte Viso group. 

If. Western PIAmont. The Doria ltiparia gronps: 1. Rocciavre. 
2. Rocciamelone. 3. Rocciacorba and Ayigliana. 

III. .NoI·them Pibnont. 1. The Lanzo Valleys and Gran Paradiso 
groups. 2. The Dora Bttltea (Val d' A'osta) groups. 3. The 
Lanzo, Ivrea, and Val Sesia groups. 

1. SOUTHERN PIEMONT. 

1. The JJlaritime .Alps Group. (Fig. 1.) 

1. 111onlgioie Range.-The pietre verdi area between the Ellero, 
Corsaglia, Tanaro, and Bormida Valleys on the north side of the 
Montgioie range derives special intt'rest from the fact that the 
deposits occur in the Permian and Triassic crystalline formations, 
already described in a previous paper, 1 while further east, towards 
Savona and near Voltri in Liguria, similar masses are intercalated 
in Triassic schists, and further west, along the French frontier, they 
appear in the calc-schist formation. Proof is thus afforded that the 
pietre verdi are not confined to any particular horizon, but are 
associated with both Mesozoic and Pala::ozoic formations. Some of 
the pietre verdi masses on the northern slopes of the Montgioie 
range were already mentioned by Zaccagna 2; but nleir nUTIl bel' and 
extent has more recently been considerably increased by Franchi,3 
who regards all the pietre verdi of the Ligurian, Maritime, and 
Cottian Alps as links in the same :\Iesozoic horizon. 

The pietre verdi masses between the Ellero, Tanaro, and Bormida 
Valleys, extending for about 30 kilometres along the lower hills from 
Villanova to hlillesimo, are composed chiefly of lenticular masses of 
serpentinous, diabasic, and euphoditic rocks, the latter two largely 
altered to amphibolites and prasinites, all associated with Triassic 
crystalline and dolomitic limestone, in the Bormida valleys also with 
Permian schist, as already mentioned. In these, as also ill the Lower 
Trias, occur frequent outcrops of laminated porphyritic rock and masses 
of amphibolic schist often epidotic and gal'netiferolls, with abundant 
glaucophane. ' 

West of the Montgioie range, in the border zone of the Maritime 
and Cottian Alps, and notably in the upper Grana and 1faira Valleys, 

1 "The Permian Formation in Piemont, Dauphine, and Savoy": No. II 
of this volume. 

2 D. Zaccagna, "Alpi Marittime": Boll. R. Com. geol., 1889, p. 395 
et seq. 

3 S. Franchi, "Zona Pietre Verdi fra l'Ellero e la Bormida, Alpi Marittime": 
ibid., 1906, p. 89 et seq. 

• The nomenclature use<l throughout this paper is that given in the 
preceding one, No. III. 
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similar euphoditic and diabasic masses occur in the calc-schist forma
tion, but intensely metamorphosed, the former to epidotic and chloritic 
prasinites with or without gastaldite (blue secondary hornblende), 
the latter to felspathic prasinites and amphibolites.1 These pietre 
verdi masses bear close analogy to the euphoditic and diabasic, also 
variolitic masses with overlying. serpentine in the calc-schists of 
Maurin and of the Chabriere Valley, near Pointe de Mary, about 
30 kilometres further north-west, as also to those of the Mont Genevre 
group another 30 kilometres further north, and to those between the 
Ripa and Troncea Valleys about 20 kilometres east of Genevre. From 
the occurrence of all these crystalline masses both of eruptive 2 and 
sedimentary origin on the northern and eastern flank of the Permian 
horizon, Franchi has rightly concluded that that formation separates 
the Trias into two distinct zones: an external one on the left, composed 
of the ordinary, fossiliferous limestone, gypsum and cargneules or 
Briant;onnais facies, and an internal zone, thc crystalline and semi
crystalline facies composed of the calc-schists and crystalline and 
dolomitic limestone with pietre verdi. 2 

2. Tile Argentera Mass!f (Fig. 1 ).-This massif, also called Mel" 
cantonr, is an oval-shaped ellipsoidal group of 60 by 25 kilometres in 
approximate length and width, extending west of Col di Tenda along 
the French frontier, and bordered on the north by the Stura di Cuneo 
Valley, which separates the Maritime from the Cottian Alps. The 
massif includes, besides Monte Argentera (3,397 m.) and Monte 
Matto (3.057 m.) in the centre, some of the highest mountains of 
the Maritime Alps, e.g. Mercantour (2,775 m.) and Monte Clapier' 
(3,046 m.) at the south-eastern, and Monte Tinibras (3,032 m.) at the 
north-western end. The access to the central part is by the Gesso 
Valley from Valdieri. whose well-known hot sulphur springs rise 
in the upper valley, at 1,346 metres altitude, almost in the centre of 
the massif. The latter is, like the Dora-Maira and Gran Paradiso 
gneiss massifs, entirely free from pietre verdi on its surface; even the 
fringe of pietre verdi which surrounds those massifs is absent on its 
periphery. Zaccagna attributes this isolation of the Argentera 
massif to a great fault along the Stura Valley, which latter is, some 
20 kilometres north-east of Valdieri, crossed by a succession of pietre 
verdi outcrops descending from the Maira and Grana Valleys towards 
Cuneo and S. Dalmazzo, and thence running along the base of the 
Montgioie range to Villanova and Millesimo. 

The Argentera massif consists, in the main, of three crystalline 

1 S. Franchi, " Alcuni Metamorfisi di eufotidi e diabasi Alpi Occid.": Boll. 
R. Com. geol., 1895, p. 181 et seq. The transformation described in this 
important memoir applies equally to similar phenomena in all the other pietre 
verdi areas of the Piemontese Alps. In the massive and schistose amphibolites 
of tlB Grana and Maira Valleys, as also in Val Chisone, at Pegli, Liguria, and 
in the Tuscan archipelago, Franchi found the equivalent of the Californian 
minetallawsonite, a secondary pseudomorphic plagioclase corresponding to the 
formula of hydro·anorthite felspar (Boll. R. Com. geol., 1898, p. 308). 

2 The term" eruptive " is used in this paper in preference to " igneous" as 
better corresponding to the character of the Piemontese rocks as submarine 
expansions. 
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formations: a nucleus of primitive, glandular,large-grained, granitoid, 
and eye-gneiss; 1 a large area, about 12 by 10 kilometres, of granite 
intrusi ve in the gneiss nucleus; and a surrounding belt of great 
masses of small-grained gneiss and mica-schist. '1'he primitive gneiss, 
and to a much lesser extent also the intrusive granite, is traversed in 
all directions by countless thin veins of acid rocks, chiefly microgranite, 
aplite, quartziferous and hornblendic porphyrite, while the outer 
gneiss contains intercalated masses of both augitic and hornblendic 
diorite and of compact serpentine. These rocks, being here intimately 
associated with gneiss, are not pietre verdi with secondary elements; 
but they show that the prototypes of the latter are not wanting even 
in the more ancient crystalline series. 

Professor Sacco regards the position of the gneiss and granite of the 
Argentera massif as reversed, viz. the granite not as intrusi ve, but as 
constitu ting the nucleus of the massif, enveloped by an enormous mass 
of gneiss intenRely metamorphosed and of Permo-Carboniferous age'; 
but Franchi's interpretation 3 is no doubt correct, the more so as there 
is no passage from gneiss to granite, alld the intrusive character of the 
latter is beyond question. Moreover, the Triassic beds on the eastern 
as well as the Permian on the southern periphery of the massif 
overlie the gneiss with marked unconformity, thus pointing to a long 
interval of deposition and therefore to a considerable difference of age 
between the gneiss and the overlying younger formations. 

2. The Monte Visa Group. (Figs. 1 and 2.) 

'l'his area forms an elongated lenticular ellipsoid from south to north, 
about 40 kilometres in length and 2 to 6 kilometres in width, between 
the Maira Valley at its southern and the Pellice Valley at its northern 
end, while nearer the centre on its southern side it is cut by the 
Varaita Valley. In the centre itself, on the eastern side, rises the Po, 
which, although in its lower course it collects the drainage of all the 
rivers of the Piemontese Alps, is, in its upper torrential and cascade 
course, the shortest of all. 

The majestic appearance of Monte Viso-Pliny's Mont Ve8ulu8-is 

1 The term "primitive" gneiss is used throughout this paper in its strictly 
stratigraphical sense as the" fundamental" substratum of all the more recent 
formations. 

2 F. Sacco, "L'Age du massif de l'Argentere": Bull. Soc. gilol. France, 
1907, vi, p. 484 et seq. Also" Gruppo dell' Argentera": Mem. R. Ace. 
Scienze, Torino, 1911, lxi, p. 457 et seq. 

a S. Franchi, " Osservazioni lavori geol. Alpi Marittime": Boll. R. Com. 
geol., 1907, p. 145 etseq. Among the excellent reports in the Boll. R. Com. 
geol., besides those already quoted in this and the preceding paper, are the 
following relating to the Cottian Alps :-

S. Franchi, " Tettonica della zona pietre verdi del Piemonte," 1906, p. 118 
et seq.; "Appunti geol. e petrogr. Monti di Bussoleno," 1895, p. 3 
et seq. 

S. Franchi and V. Novarese, " Appunti geol. e petrogr. dintorni di Pinerolo," 
1895, p. 385 et seq. 

V. Novarese, "Rilevamento geol. Valle Germanasca," 1895, p. 253 et seq. ; 
"Rilevamentogeol. Valle Pellice," 1896, p. 231 et seq. 

A. Stella, "Rilevamento geol. Valle Varaita," 1895, p. 283 et seq.; 
" Rilevamento geol. Valle Po," 1896, p. 268 et seq. 
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largely owing to the surrounEling area of calc-schists having been 
considerably lowered by erosion which scooped out a socket-like 
depression round the base of the more resistant pietre verdi mass, and 
thus made the pyramid-the highest point of the Cottian Alps-all the 
more imposing. Close to it rise two similarly shaped but lower 
spurs: Visomut on its eastern side, and Visolotto grafted on its 
western flank, all three being in their upper or pyramidal parts 
composed entirely of pietre verdi. The same applies to Colle delle 
Traversette (3,287 m.) at the western, to Monte Granero (3,170 m.) at 
the northeru, and to Lobbie di Viso (2,990 m.) at the southern end of 
the group, which thus forms an enormous lenticular mass in the calc
schist formation, parallel to the Dora~lIaira gneiss massif which 
separates it from the Po plain. 

1. The Pietre Verdi Area of Monte Vi80.-The least difficult access 
to the central part of the group for examining the pietre verdi series 
is from Barge (500 Ttl.) to Paesana and tllence up the Po ravine to 
Crissolo (1.335 Ill.) and to the summit of Monte Viso (3,843 m.), the 
four stages being (1) the eastern mica-schist zone to Paesana; (2) the 
Dora-Maira gneiss massif, in the ravine or chiu8a of which the Po 
is joined by the torrent Lenta; (3) the western mica-schist, and then 
the predominant calc-schist formation with the quarried crystalline 
limestone beds of Crissolo; and (4) the pietre verdi up to the 
summit. 

The base of the Visomut spur discloses a great bank of serpentine 
passing to schist, at least 500 metres in thickness, followed to the top 
by alternating banks of gneissiform euphodite and euphoditic and 
amphibolic schist, the former conspicuous by smaragdite, the latter by 
its epi<1otic yeins, both of which minerals are largely prominent 
throughout the whole ],fonte Viso group. The depression between 
Visomut and Monte Viso, in which are embedded Lago Grande and 
other tarns, is composed of calc-schist, chloritic and serpentinous 
schist. From this point the succession of pietre verdi banks can be 
traced uninterruptedly to the summit of Monte Viso along the path 
leading trom the Quintino Sella refuge (about 3,000 m.) up the 
sOllthern flank. From the refuge, which is built on a felspathic 
enphodite bank, to the summit, the flank presents a series of alternating 
banks-as shown in the section, Fig. 2 I-of euphodite, epidotic, 
amphibolic, actinolitic, and prasinitic schists from 200 to 300 metres 
ill thickness, with. smaller intervening banks of serpentinous schist. 
The euphodite, varying from compact to schistose, is largely of 
porphyritic texture with greyish violet £elspar and diallage altered to 
smaragdite. The amphibolic and prasinitic schists and their varieties 
predominate largely, and, together with euphodite, constitute the 
summit of Monte Viso, as they also do that of the almost perpendicular 
peak of Visolotto. In all the alternating banks the gradual passage 

1 This section, p. 37, is founded on Zaccagna's great transverse section west 
to east of 70 km. from St. Paul in Dauphine through the calc-schist formation, 
Monte Viso, and the Dora-:Maira massif to Rocca Cavour in the Po Valley 
(Boll. R. Com. geol., 1887, p. 416, ta,v. ix). Franchi gives a similar section of 
the Monte Viso group at a lower level further BOuth (ibid., 1898, p. 482, 
tav. ix; also Stella, ibid., 1896, p. 288). 
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into and compcnetration with each other is very marked, and so is 
!llor~ especially the tendency to chloritic decomposition form~ng 
serpelltinous schist, which in contact with narrow bands of crystallllle 
limestone imparts to the latter its greenish colour. 

The descent from Monte Viso may, on the southern side, be 
conveniently effected by the Forciolline gorge, and thence through 
the Vallante ravine and the Varaita Valley by Sampeyre and Vernasca 
to Salllzzo in the Po Valley. In those deeply eroded. ravines the 
calc-schist formation reappears in contact with amphibolic, prasinitic, 
and serpentinous schist. At the j unction of the Vallante and Varaita 
Valleys the last-named schist predominates, and lower down the 
latter valley is replace(l by alternating banks of calc-schist, serpentine, 
and chloritic amphibolite. 

2. The Gne£s8, iJIica-8ckist, and Graphitic Area.-Parallel to and 
east of the pietre verdi area of Monte Vi so runs, as already mentioned, 
the Dora-Maim primiti ,-e gneiss massif, about 60 kilometres in 
length and 5 to 10 kilometres in width, at an altitude of 1,500 to 
2,000 metres, the visible thicknesR being about 700 to 1,000 metres. 
Its superficial continuity is, howe,er, frequently interrupted by great 
intervening, overlying, or intercalated masses of minute, granular, 
and tabular gneiss, with which are associated masses of crystalline 
limestone, quartzite, steatite, and dioritic, amphibolic, and prasinitic 
rocks. The primiti,e gneiss is the typical rock with large elements, 
glandular, often granitoid, and tourmaliniferous; the mica
schists, often gal'lletiferous, and the minute, tabular gneiss flank tIle 
primiti ve gneiss both on the eastern and western side. Of the 
gneissoid dioritic rocks associated with the minute and tabular gneiss, 
which latter reaches, e.g. in the Pellice Valley, a thickness of 
1,500 metros, an intercalated mass 700 metres in thickness occurs 
near Barge; another, 1,0nO metres, near Angrogna (Pellice); and 
again, in the Chisone Valley, another 1,500 metres in thickness, 
where the dioritic rock is associated with and altend to amphibolites 
and prasinites, including the ovardite of Fenestrelle. Both the tabular 
gneiss and the crystalline limestone, often associated with steatite, are 
extensively quarried on the eastern side of the Dora-Maira massif, at 
Vernasca in the Varaita, near Luserna in the Pellice, and near 
Malanaggio etc., in the Chisone Valley, as are also the fissile, teglllar, 
quartzite masses (bargiolina) of Monte Bracco (1,305 m.) near 
Barge. 

In the same mica-schist and minute gneiss horizon occur masses of 
graphitic rock with intercalations of graphite, which, flanking Monte 
Bracco on its western side, extend about 20 kilometres south, and 
about the same distance north of Barge. It is here, in the Pellice 
and Chisone Valleys, that the graphitic zone is associated with the 
gneissoid dioritic rocks already mentioned. The whole mica-schist, 
minute gneiss, ~raphitic and dioritic zone is now assigned to the 
Permo·Carboniferous. 

3. Summary.-The Monte Viso and ,Dora-Maira areas may be 
/rrouped, in ascending order from east to west, viz. from Barge in the 
Po Valley to Crissolo and the summit of Monte Viso, in a distance 
of 20 kilometres, in four horizons as follows; _ 

3 
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Visible 
AI titude. depth. 

m. m. 
I. Primitive gneiss of Dora-Maira massif, glandUlarl 

to granitoid 
II. Mica-schists, minute, tabular, and graphitic gneiss 500-2,000 1,500 

with quartzite, crystalline limestone, steatite, 
graphite, and dioritic rocks 

III. Calc-schists with crystalline limestone, serpentine, 
and amphibolic schists. . . . . 1,300·-2,000 700 

IV. Pietre verdi to summit of Monte Vi so ; serpentine" 
and serpentinous schist; epidotic amphibolites; I 
glaucophanic prasinites; actinolitic, chloritic, 2,000-3,800 1,800 
and talcose schists; euphodites, gneissiform, 
porphyritic, and schistose 

3,300 

The total visible thickness between the extreme points-exclusive 
of the fall of level in the depression between the gneiss massif and 
the calc-schist borizon on the western flank of the former-is thus 
3,300 metres. 

The fact that the mica-sc11ist horizon flanks the gneiss massif on 
both sides, but on the eastern side along the base, viz. at a lower 
level, led Gastaldi to regard this reversal of the normal sequence as 
evidence of a zonal subsidence (wprofondamento), the more so as both 
formations dip below the valley floor and reappear about 6 kilometres 
east in the isolated outcrop of Rocca Cavour (460 m.). Zaccagna, on 
the other hand, explained the phenomenon as an anticlinal retroflex 
fold of the gneiss massif from west to east. A s a zonal fracture 
or subsidence, it bears close analogy to similar zonal phenomena in 
Northern Piemont, to which I shall refer in the sequel. 



V. 
THE CRYSTALLINE ROCK AREAS OF THE Pd:MONTESE ALPS. 

II. WESTERN PrEMONT. 

THE DORA RIPARIA GROUPS. (Figs. 3 and 4.) 

IN these groups shown in the sketch-plan Fig. 4, may be included 
the interesting pietre verdi areas (1) of the Rocciavre ridge on the 

right, (2) of Monte Rocciamelone on the left side of the Dora Riparia 
Valley, and (3) of the Itocciacorba ridge and the Avigliana belt of 
spurs where the Dora and the Sangone Ri.vers emerge from the Alps 
alld enter the Po Valley about 20 kilometres west of Tnrin. 

1. THE ROCCIAVRE GROUP. 

This ridge, about 12 by 4 kilometres in length and width, forms 
the divide between the Dora Ri paria and Chisone Valleys, north and 
south respectively, while its eastern end lies at the head of the short 
valley of the Sangone torrent which discharges into the Po at 
Moncalieri south of Turin. Although the ridge deri ves its name from 
Monte Rocciavre, the latter (2,778 m.) is only one and not the highest 
of a remarkable cluster of pietre verdi peaks ranging from 2,600 to 
2,900 metres in altitude. Of these the most notable are Hocciavre, 
Cristalliera(2,801m.), Pian Real(2,617 m.), and RoccaRossa (2,391 m.) 
at the eastern, Gavia (2,841 m.), Rocca N era (2,852 m.), and Mezzodi 
(2,777 m.) at the northern, and the highest peak Orsiera (2,878 m.) 
at the western end, the elevation thus decreasing from west to east. 
The whole ridge obviously represents a former extensive pietre verdi 
sheet or cupola cut up by erosion and atmospheric denudation into 
resistant peaks which are separated by high colli or saddles of 
about 2,500 metres altitude. 

The high-level piehe verdi area is accessible either from Perosa in 
the Chisone Valley (700 m.) or from Bussoleno (500 m.) in the Dora 
Valley, on which latter side the flanks of the ridge are deeply cut by 
several torrents in cascade gullies or on·idi. l On the Chisone or 
southern flanks one of the most remarkable exposures, pointed out bv 
Gastaldi as early as 1876,2 is that near Colle della Haussa, abou·t 
2,400 mrtres altitude, where the substratum of minute and tabular 
gneiss with intercalated crystalline limestone, steatite, and graphitic 
rock is overlain horizontally and conformably by a great bank of 
lherzolite more or less altered to serpentine, both compact and 
schistose, upon which rests an equally hig'h bank of euphodite largely 
metamorphosed to amphibolic and epidotic rock with smaragdite, and 
to glaucophanic prasinites. The total thickness of this pietre verdi 
exposure is at least 200 metr('~. 

1 These cascade gullies, varying from 100 to 300 metres in height, are 
characteristic of the mountain-sides of the Dora Riparia Valley, and are locally 
called orridi both from their weird, forbidding appearance and the enormous 
quantities of detritus and debris brought down through them by the torrents 
when in flood. 

2 Boll. R. Com. geol., 1876, p. 108. 
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Unlike the southern or Chisone flanks, which form part of the 
gneissic-graphitic zone, the northern or Dora Riparia flanks of 
the ridge exhibit from Bussoleno (500 m.) upwards the normal 
crystalline sequence of mica-schist with gneiss intercalations at the 
lower, and calc-schists with pietre verdi at the higher levels. The 
Bussoleno gneisses, quarricd on the right of the Dora down to Villar 
Focchiardo, differ greatly from the primiti,e, large-grained, glandular, 
eye-gneiss of the Dora-Maira mussif which crops out on both sides 
of the valley from Villar Focchiardo to S. Michele. Those younger, 
intercalated gneisses are of the minute and tabular type, in part with 
porphyroid and eye-structure, more or less tourmaliniferous, often 
rich in albite and pOOl' in mica, or vice versa, while the mica-scl1ist 
is frequently garnetiferous.1 Such gneiss intercalations also occur 
higl1er up the ridge, where they are associated with omphacitic 
eclogite and prasinite. 

The pietre verdi area of the ridge as a whole may be described as 
composed of peridotitic, serpentinous, and euphoditic masses extending 
in the shape of a triangular trough from the Orsiera peak at the 
western to Colle della Rossa at the southern, and to Hocciavl'l3, Pian 
Heal, and Rocca Hossa at the eastern end, while euphodites and 
prasinites predominate more especially in the Rocca Nera and 
Mezzodi peaks in the centre of the northern part. The serpentinolls 
masses reach their maximum thickness of about 300 metres in the 
Orsiera, and of 500 metres in the Pian Real peak. The contact 
between serpentine, euphodite, and prusinite is generally marked 
by serpentinous, chloritic, and actinolitic schist, and in places 
by eclogite with large uralitized omphacite crystals, while the 
chloritic schist, e.g. between Pian Real and Rocca Rossa, contains 
diallagic, viz. smaragdite, crystals of unusually large size.2 The 
euphodites present a great many varieties and are, as usual, largely 
altered to their prasinitic and zoisitic deri,atives. 

In the total rise of 2,300 metres from the valley floor near Bussoleno 
to the crest-line of the ridge, the gal'lletiferous mica-schists, with 
tourmaliniferous gneiss illtercalations and quartzite, occupy about 
1,200 metres, followed by about 600 metres of calc-schist with 
intercalated prasinitic and serpentinous schist, and lastly by about 
500 metres of pietre verJi forming the cupola of the ridge. 

The ravine of the Sangone east of the ridge to Giaveno, where the 
torrent enters the Po Valley, is deeply and entirely eroded in the 
gneiss and mica-schist of the Dora-Maira massif without pietre verdi, 
but in other directions the Rocciavre group is linked with large pieb'e 
verdi areas both past and present. Thus, on the north the pietre verdi 
extend across the Dora Valley to Rocciamelone and the Lanzo valleys, 

I The gneisses of Bussoleno are among those regarded by Professor Gregory 
as intrusive and Pliocene (" Walclensian Gneisses": Q.J.G.S., 1894, p. 232 
et seq.). His views were traversed in detail by Franchi, " Appunti Monti di 
Bussoleno": Boll. R. Com. geol., 1895, p. 177 et seq., and by Novarese, 
"Rilevamento Valle Germanasca": ibid., 189,5, p. 277 et seq.; also by 
Stella, "Valli Orco e Soana ": ibid., 1894, p. 349, footnote. 

2 Franchi mentions such crystals up to 20 centimetres in length. Op. cit., 
1895, p. 3 et seq. 
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while west, south-west, and south a large number of small intermittent 
outcrops afford evidence of a former extensive area which lay in the 
great syncline of the calc-schist formation 20 to 25 kilometres in 
width,1 and connected the Rocciavre group with the similar groups 
of Ouix, Chaberton, Genevre, Maurin, Chabriere, and Monte Viso. 

2. THE ROCCIAMELONE GROUP. 

This imposing mountain, the ancient Mons R011luleu8, with its 
peaked summit, rises straight from the Dora Riparia on the left of the 
valley at Susa (503 m.) to an altitude of 3,537 metres in a horizontal 
distance of only 7 kilometres. The most accessible ascent is from 
Susa or, further down the valley, from Bussoleno. The massiflies in 
the calc-schist horizon, which also includes the series of similar high 
peaks immediately north of it, as far as the Levanna and Gran Paradiso 
gneiss massif. From the summit and the sanctuary of Madonna della 
Neve down the southern flank the calc-schist alternates at first with 
micaceous schist, lenticular masses of bluish and white crystalline 
limestone, serpentine with ophicalce or green marble, and amphibolites 
and prasinites, as far as the spur of Tre Cresti. From this point in 
an oblique direction towards Bussoleno and Chianoc, the alternations 
of calc- and micaceous schist with pietre verdi become more frequent, 
and nearer the valley floor are replaced by minute and tabular gneiss, 
intercalated masses of crystalline limestones, and the fossiliferous 
calcareous beds of Chianoc and Foresto. 

On this southern flank, shown in the section Fig. 3, the pietre verdi 
exhibit remarkable aggregations of amphibolic and prasinitic rocks 
with both massive and schistose serpentine, which latter becomes so 
predominant as to eclipse the calc-schist altogether. Especially is 
this the case in and abo,-e the Rio Muletta gorge, which descends 
to Bussoleno from the Croce di Ferro ridge, and exhibits an almost 
perpendicular cliff of 6erpentine no less than 500 metres in height, 
overlain by another 500 metres of amphibolites and prasinites. The 
serpentine cliff rests on crystalline limestone which then alternates 
with calc- and serpentine-schist down to the minute and tabular 
gneiss near Chianoc, the latter belonging to the same horizon as the 
Bussoleno gneisses on the opposite side of the valley. Lower down 
the valley, as already mentioned, the typical primitive, glandular 
gneiss with large elements aud greyish-green mica appears on both 
sides, extending on the left to St. Didero, BOl'gone, and Condo,e, and 
on the right to St. Antonino, Vayes, and the chima or defile of 
S. Michele. In this section of about 12 kilometres the bed of the 
Dora Riparia is therefore eroded entirely in primitive gneiss, which 
here forms the northern extremity of the Dora-ll aira gneiss massif. 

1 The calc-schist formation extends north-west, and entirely encircles the 
mica-schist and minute gneiss massif of Rocca d'Ambin (3,377 m.), about 
20 by 10 kilometres in length and width, which lies between the upper Dora 
Riparia Valley on the Italian and the Are Valley on the French side, and at 
its northern extremity is crossed by the Mont Cenis road from Lanslebourg to 
Susa. As already mentioned in No. III, p. 23, of this volume, the calc-schist 
area with pietre verdi of Southern Piemont west of Monte Viso is probably an 
overthrust from the Dauphine side of the Alps. 
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The crest of the great ridge of peaks and crags which runs on the 
left of the Dora from ltocciamelone eastward for about 36 kilometres 
to the spur of Monte Musine, north-east of Avigliana, is almost 
entirely composed of pietre verdi with only a few narrow outcrops of 
calc-schist in the intervening eroded saddles or colli. As this ridge 
forms more properly part of the area of the Lanzo valleys, I shall 
refer to it again in connexion with that region. 

3. THE ROCCIACORBA AND A VIGLIA.NA GROUP. (Fig. 4.) 

This group is of special interest, owing alike to its complex nature 
and its singular configuration, and also because of its vicinity to Turin, 
whence it is easily reached by Rivoli, Giaveno, or Avigliana. As 
already mentioned, the eastern spurs of the Dora Riparia and Sangone 
Valleys converge to a horseshoe or amphitheatre-about 25 kilo
metres in circumference and 10 kilometres in width-in the centre of 
which lies Avigliana. The southern end of the horseshoe, on the 
right of the Sangone, is formed by the Pietraborga spur (926 m.) of 
the Rocciacorba ridge, the middle or western part by the Ciabergia 
(1,178 m.) and Sacra S. Michele (962 m.) spurs between the Sangone 
and Dora Riparia Valleys, and the northern bend, on the left of the 
Dora, by the promontory of 'l'orre del Colle (600 m.), and the 
mountain-side comprising, among others, Rocca della Sella (1,508 m.), 
Monte Curto (1,325 m.), and, at the eastern extremity, Monte M usille 
(1,150 m.). Across the centre of the horseshoe, as a connectillg 
link between the Pietraborga and Torre del Colle spurs, stretches the 
low Moncumi (642 m.) and Avigliana ridge, and between this and the 
Ciabergia or western spur lie, in an old 'morainic depression, the two 
small lakes of A vigliana (452 m.). From the Moncumi ridge 
eastward spread the enormous glacial and alluvial deposits of the 
Dora Riparia, sloping down towards Ri voli and Turin, referred to in 
a previous paper. l On the rugged and precipitous flanks of the 
horseshoe, patches of glacial deposits reach up to 900 metres altitude 
or 500 metres above the valley floor, but tIle continuity of the rock 
formations can be traced all round the crags and in the nllmerous 
gullies or orrt"di of the different spurs. 

The piett·e verdi of this area lie in the horizon of minute gneiss and 
mica-schists, which are, however, in evidence only in outcrops on the 
western margin, at the base of the primiti ,'e gneiss, and therefore in 
reversed sequence, as the continuation of the corresponding 1'e,'e1'8a1 
further south, already referred to. The minute gneiss and mica
schists with crystalline limestone form banks of considerable thickness 
on the Ciabergia and S. Michele ridge where they are quarried. 
Together with the pieb'e verdi on their eastern margin, they are the 
continuation of the gneissic, dioritic,and peridotitic belt of the Roccia
corba ridge, wllich, about 8 by 3 kilometres in length and width and 
about 900 metres in altitude, extends from Monte S. Giorgio, near 
Piossasco, on the south, to the Pietraborga spur above Trana at its 
northern end. The crest-line of this ridge exhibits in succession 
the masses of garnetiferous and graphitic mica-schist and minute 

; "The Momine Walls and Lake Basins of Northern Italy," No. I. 
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gneiss, lherzolite, serpentine, and dioritic rocks with associated 
eclogite, and amphibolic and prasinitic schists which constitute the 
series and reach their greatest thickness in Monte Montagnazza 
(892 m.). 

:From the Pietraborga spur the pietre verdi radiate N.W., N., and 
N.E. in several more or less defined zones, of which the western 
follows the Ciabergia ridge, crosses the Dora Riparia at S. Michele, 
and reappears on the left bank at Chiauie, while the middle zone, 
starting from the same point, forms the Moncumi and A vigliana ridge 
between the Sangone and the Dora, and reappears on the left of the 
latter at Torre del Colle; and a third zone, bifurcating from the second 
at the Moncumi ridge, crosses the Dora, and, running north-east, forms 
the Musine spur. Within the Avigliana horseshoe, the pietre verdi 
thus attain a visible thickness of 500 metres in Monte Pietraborga, of 
700 metres in the Ciabergia ridge, and of 1,200 metres and more on 
the mountain·side left of the Dora, whence the series continues north 
for about 25 kilometres along the eastern spurs to Lanzo. It is in 
this belt that the pel'idotitic masses, lherzolite and serpentine, with 
associated euphodite, are more especialJy predominant. In places, 
e.g. in the Musine spur, the lherzolite is so decomposed that it is 
quarried for the extraction of magnesite. l All the pietre verdi masses 
of the Rocciacorba and Avigliana area dip at more or less steep angles, 
in some places are almost vertical, and throughout are much contorted. 

The three groups of the Dora Riparia area, viz. of Rocciavre. 
Rocciamelone (in the triangle Susa, Chianoc, and snmmit) and 
Rocciacorba and Avigliana, cover each abont 50, in the aggregate 150 
square kilometres, or about 60 square miles, equal to the superficial 
area of the Monte Viso group. '1'he conclusions as to the age and 
origin of the pietre ",erdi groups of Southern and W estel'll Piemont 
considered in the present paper, will be stated in connexion with the 
areas of Northern Pie mont to be dealt with in the sequel. 

1 The quarried exposure of lherzolite with euphodite and magnesite is on the 
south-east slope of Monte Musine, above Casellette (505m.). About 8 km. 
east of this point, midway between it and Turin, lies, at Pianezza, in the 
morainic area, Roc Gastaldi, an erratic monster· block of euphodite measuring 
30 by 12 by 14 metres in length, width, and height = 5,000 cubic metres or 
ov~r 10,000 tons. It is surmounted by a small chapel. 



VI. 
THE CUYSTALLINE ROCK A UEAS OF Tm, PIEMONTESE ALPS. 

III. NORTHERN Prf;1\I0NT. 

IN the preceding papers ~ I described the crystalline r?ck area~ of 
the Maritime and Cottlan Alps: I now proceed to bl'lefiy reVIew 

those of Northern Piemont forming part of the Grajan and Pennine 
Alps, under three heads-

1. '1'he Lanzo Valleys and Gran Paradiso Groups. 
2. The Dora Baltea (Val d'Aosta) Groups. 
3. The Lanzo, Ivrea, and Val Sesia Groups. 

They are shown in the sketch-map, Fig. 1. The conclusions in 
reference to the combined areas of the Pielllontese Alps will be stated 
at the end of the present paper. 

1. THE LANZO V ALLEYS AND GRAN PARADISO GROUPS. 

1. The Lanzo Valleys (Figs. 1 and 3).-The Stura di IJanzo 
emerges from the Alps and enters the Po Plain close to the town of 
Lanzo (540 Ill.) about 30 kilometres north-west of Turin, and 
discharges into the Po a short distance below that city. The point 
of exit lies immediately west of Lanzo, where the Stura cuts through 
a lherzolite wall 400 metres in height. This defile, or cltiusa, of 
St. Ignazio, 3 kilometres in length, thus forms the gateway and 
drainage exit of what is indisputably the largest, most concentrated, 
and most diversified pietre verdi area in the Alps, covering, as it 
docs, no less than 600 square kilometrcs 01' about 240 square miles. 
Immediately west of the St. Ignazio defile the Stura divides into 
two branches-the southern 01' Stura d'Usseglio, and the northern or 
Stura Val Grande-from which latter branches off, a few kilometres 
higher up, at Ceres, the western arm or Stura di Balme. 1'he more 
or less parallel courses of the three torrents from their sources to 
their confluence npar St. Ignazio arc from 20 to 30 kilometres in 
length. The Usseglio Stunt rises in Rocciamelone (3,557 m.), the 
middle or Balme Stura descends from Uja Bessanese (3,622 m.) and 
Uja Ciamarella (3,6;0 ill.), and the Val Grande Stura has its source 
in La Levanna (3,555 m.). Of these four mountains, forming 
a crest-line of barely 15 kilometres south to north along the Franco
Italian frontier, the first three constitute a formidable calc-schist 
massif, while the treble-peaked Leyanna forms part of the Gran 
Paradiso gneiss massif. 1'l1e U sseglio and Balme Sturas have eroded 
their beds chiefly in pietl'e verdi, while the Val Grande brunch lies, 
in its upper part, exclusively in the gneiss formation, and traverses 
pietre verdi masses only in its lower course. The fioors of the three 
valleys are from 1,000 to 2,000 metres below the crest-lines of the 
di viding ridges with steep, often almost vertical mountain sides.2 

1 Nos. IV and V of this volume. 
• The three Stura valleys, as also the Orco Valley (Gran Paradiso), are 

easily accessible by roads leading to U sseglio, BaIme, Forno, and Ceresole at 
the upper ends, 1,265, 1,458, 1,226, and 1,613 m. altitude respectively. '1'11e 
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As is seen from the sketch-plan, Fig. 3, the drainage area of 
the Lanzo valleys forms approximately a rectangle about 30 by 
20 kilometres in length and width, enclosed by fonr ridges whose 
extreme points are ltocciamelone and Levanna on the west and 
Monte Arpone, Lanzo, and Cima Angiolino on the east. l Within 
these ridges, the Lanzo valleys with their three parallel divides form 
a trough or syncline of pietre verdi in two unequal parts: the larger, 
western part, about two-thirds of the whole, which lies in the cale
schist, and the smaller, eastern part, about one-third of the whole, 
which lies in the mica· schist formation. These two juxtaposed 
divisions or old centres of eruption of different age are separated by 
a narrow strip of calc-schist running south to north from Monte 
Arpone to Ceres and Moute Bellavarda, as shown in Fig. 3. On the 
north, the western division is bounded by the Gran Paradiso gneiss, 
and the eastern division by mica-schist and minute gneiss. The 
Paradiso gneiss, being the fundamental substratum, probably extends 
SOllth below the calc-schists and pietre verdi to the Dora-Maira 
gneiss massif; the mica-schist formation with pietre verdi is the 
continuation of the ltocciacorba and A vigliana belt south of the 
Lanzo valleys and extends north-east from Lanzo to I nea and 
Val Sesia. The calc-schists are in evidence chiefly at the lower 
levels of the valleys where they alternate with pietre verdi; at the 
higher levels and on the crest-lines they are very snbordinate, and, 
except on the western ridge from Rocciamelone to Cimarella, and in 
the dividing strip already mentioned, appear oIlly in the eroded gaps 
or saddles of the more resistant pietre verdi masses. 

From Mattirolo's beautiful "geo-lithological" contour·map of the 
Lanzo ,alleys 1: 100,000 (1904),2 the distribution of the crystalline 
rocks of the entire area works out approximately as follows:- 3 

per 
sq. km. cent 

Lias-Trias r Calc·schist with crystalline limestone 48 8 
(western division) lPietre verdi 

Permo· Carboniferous {Mica. schist and minute gneiss 
(eastern division) Pietre verdi. . . . 

Pre·Carboniferous. Gran Paradiso gneiss 

240 40 
96 Hi 

120 20 
96 16 

600 100 

The pietre venli of thetwo divisions thus represeut collectively no 
less than two-thirds of the aggregate area. The lithological disb'i
but ion of those masses, intercalated in, and resting on the crystalline 

Usseglio and Bahne Valleys are also known as the Viu and Ala Valleys 
respectively. 

I The short valley of the Tesso, immediately north of Lanzo, lies, strictly 
speaking, outside the drainage area of the St. Ignazio defile, but the torrent, 
rising in Cima Angiolino, belongs to the Stura watershed and forms part of, 
the Lanzo valleys. 

" Bol!. R. Com. geo!., 1905, p. 191. At the time of the compilation of this 
map all the crystalline rocks of the Lanzo valleys were ~till co?sidered of 
Al'chooan a"e without distinction between the age of the mICa· schist and the 
calc.schist formation, the new classification dating from 1911. 

3 The earlier works dealin0' with the L1.uZO valleys, etc., by Gastaldi, 
Struver, Baretti, and Bucca from 1871 to 1886 were already quoted in the 
preceding papers. 



Fig. t. Sketch Map of Crystalline Rock Areas, 
Northern Pillmont. 

Fig. 2. Section of Grivola Ridge, Grajan Alps. 

ps= Permo-Carboniferous schist ; MS = mica-schi st; 
D - diorite; CL c crystalline limestone; CS;Clilc-&chist; 

Pr == prasinites. 
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s.chists, is extl'en:ely comp1e::". for, except the transverse dividing 
hne alre~dy mentlOned, there l~ l~ th~ir kaleidoscopic association no 
demarcatIon, sequence, or dlstlllctlOn of level. Yet, on closer 
examination, the broad limits of certain groups can be defined along 
the four parallel ridges which, flanking and separating the three 
valleys, run west to east and con verge at the Lanzo defile. The 
principal groups, generally circumscribed by morainic, alluvial, and 
detritus belts round their bases, are shown in the plan, Fig. 3, and 
specified in the following table, in which the names and altitudes 
refer only to the culminating points. In almost every case the 
groups, varying in area £rom 5 to 20 square kilometres, comprise 
a cluster of minor peaks and spurs, and alike by their formidable 
bulk and their often pinnacled crests attest the great resistance of 
pietre verdi to denudation, to which the once overlying crystalline 
sedimentary schists more readily and long since succumbed. I 

DISTRIBUTION OF PIEl'ltE VERDI IN THE LANZO VALLEYS. 

Ridge I, from Rocciamelone to Lanzo, on n'gld of Usseglio Valley; 
36 kill. 

Serpentine: Gran Uja (2,686 m.); Civrari (2,302 m.). 
Peridotite, lherzolite, and serpentine: Arpone (1,600 m.); Roc Neil' (1,516 m.). 

Ridge II, from Groce R08sa to Lanzo, between [Jss~glio and Baltne 
T"alle!J8; 30 kill. 

Amphibolites, prasinites, and euphodites: Torre d'Ovarda (3,075 m.); Monte 
Ciaron (1,863 m.). 

Serpentine: Becca Nona (2,765 m.) ; Morosa (2,135 m.); Caleante (1,644 m.). 

Ridge III, from Giamarella to Lanzo, between Balme and Grande 
~ralle!/8; 30 km. 

Serpentine: Uia l'lfondrone (2,964 m.); Rosso (1,774 m.). 
Amphibolites, prasinites, and euphodites: Doubia (2,464 m.); Plu (2,201 m.). 

R/(lge IV, from Lecanna to Lanzo, on left of Val Grande; 36 kill. 
Amphibolites, prasinites, and euphodites: Bellavarda (2,345 m.). 

On the whole, serpentines predominate in the first, amphibolites, 
prasinites, and euphodites in the second ridge, while in the third the 
two series are about equal, and in the fourth they are only repre
sented by the Bellavarda eomplex wedged between the gneiss 
formation on the left and the mica-schists on the right. The two 
series of the calc-schist horizon share their aggregate area of about 
240 square kilometres in fairly equal proportions; that of the eastern 
or mica-schist horizon, occupying 120 square kilometres, is about 
equally divided between the nucleus of peridotite and lherzolite, and 
the surrounding belt of serpentine with associated euphodite. 

The pietre verdi of the Lanzo valleys appear in all their varieties 
anel at all levels from 500 m. altitude at Lanzo, which town is built 
on serpentine, up to 3,500 metres on the highest points of the celltral 
and enclosing ridges. At the lower levels, more especially in the 

I 'fhe local designl,tions Uja, Ciama, Punta, Becca, Brie, True, Torre, 
Rocme, etc., all denote point, peak, summit, crest, crag, etc. 
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central part of the syn~linal. trough, t?ey alter~ate conf~rmably wi~h 
calc-schist and crystalhne hm~stone mtercalabons, l.laYlng shnr~d III 
the acute foldino- and contortions of the latter; whIle at the hIgher 
levels they fon; enormous. banks, cliffs, and basti.ons ~ike ~eparate 
massifs such as the serpentme complexes of Gran Up, CnTan, Becca 
di Non;, and Uja di Mondrone, and, again, the amphibolic, prasinitic, 
and euphoditic groups of Torre d'Ovarda, Ciaron, Doubia, and 
Bellavarda mentioned in the table. 

The chloritic prasinite known as ovardite alld mentioned in 
paper III, p. 24, takes its name from the Torre d·Ovarda group in 
the Balme Valley, which latter is, moreover, famed for its splendi(l 
specimens of garnet, epidote, and other crystals. All the pietI·e verdi 
of more or less secondary composition and their schists present their 
usual actinolitic. glaucophanic, zoisitic, chloritic, and talcose varieties, 
and are often garnetiferous and eclogitic. They all exhibit the usual 
marked tendency to chloritic decomposition, i.e. to pseudo-serpentine 
or scrpentinous schist, a phenomellon which applies equally to the 
peridotites, lherzolites and associated euphodites of the eastern or 
mica-schist horizon. In neither horizon do the euphoditcs appear as 
deep-seated rocks; they are, on the contrary, associated and inter
stratified with the othcr pietre verdi at all lenIs, overlying and 
ullderlying, and interealated in them and the crystalline sedimentary 
schists quite as often as vice versa. As in the areas of the Maritime 
and Cottian Alps previously described, so also in the Lanzo valleys 
the pietre verdi constitute two distinct, juxtaposed, and eminently 
magnesian series of erupti"e and submarine origin, contemporaneous 
respectively with the Mesozoic calc· schist and the Permo-Carboni
ferous mica·schist formations' with which they are intimately 
associated, and jointly with which they have for long periods been 
subjected to repeated earth-movements,· folding, and intense pressure-, 
heat-, and hydro-metamorphism. l 

2. l'he Gran Paradiso Massif (Fig. l).-This oval-shaped complex, 
about 30 by 20 kilometres in length and width, is boullded on the 
south by the Lanzo valleys and on the north by the Dora Baltea 
watershed. At its southern extremity it is traversed by the Val 
Stura Grande already referred to, while its central part is intersected 
west to east by the Orco, which rises in Pnnta Galisia (3,345 m.) and 
with its affluent the Soana discharges into the Po. In the northern 
p'1rt rise the Cogne and Savaranche torrents, both of which drain into 
the Dora Baltea near Villeneuve, above Aosta. The Orco Valley has 
cut the original dome-shaped massif into two more or less parallel 
ridges, the southern from the treble-peaked Levanna to Monte Toyo 
(2,575 m.), and the nortllern which, starting from Punta Galisia, 
culminates in the classic ellipsoid or flat cupola of Gran Paradiso 
proper (4,061 m.), the highest point of the Grajan Alps. 

1 In a valuable memoir, "Contribuzione allo studio delle roccie a glaucofane, 
etc., Liguria e Alpi Occid.," Boll R. Com. geol., 1903, p. 255 et seq., 
S. Franchi has shown that the crystalline sedimentary rocks of the Piemontese 
~lps, such a~ silico-calcareous schists (diaspri), quartzites, calc·schists and 
lll~estone: mICa-schists, phyllites, and minute gneiss, contain glaucophane, 
epidote, slsmondina, zoisite, chlorite, albite, and other secondary minerals as 
the result of metamorphism of associated and intercalated eruptive material. 
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'l'he massif is composed of three more or less concentric masses, 
viz., a ~ucl~us of primiti,e, granitoid, porphyroid, glandular, and 
eye-gne;ss wIth large felspar crystals up to 10 centimetres, surrounded 
by an mner belt of smaller-grained, schistose, biotitic gneiss with 
green nodules, and an outer belt of mica-schist and minute gneiss, 
often with white mica. Of the biotitic gneiss a large lenticular mass 
in the primitive gneiss crops out at Ceresole (1,613 m.) in the upper 
Orco Valley, between La Levanna and Gran Paradiso. In this, the 
central part of the massif, the gneiss is bedded horizontally as the 
practically undisturbed fundamental substratum; only the outer belt, 
more especially at the southern extremity, has shared in the folding 
and dipping of the Lanzo Valley region! In juxtaposition to the 
outer belt, a more or less continuons fringe of calc-schist and pietre 
verdi extends all round the periphery of the massif, stretching from 
Monte Bellavarda in the Stura Grande Valley, north to the Orco and 
Cogne Valleys and thence north-east to the Champorcher and Clavalit~ 
Valleys, where it forms a separate, considerable area. 'l'hroughout 
this belt, the pietre verdi present all the varieties of those of the 
Lanzo valleys, including more especially glaucophanic amphibolites 
and omphacitic eclogite. Along its eastern margin this calc-schist 
and pietre verdi belt is contiguous to the mica-schist horizon with 
large intercalations of minute and tabular gneiss conspicuous by its 
green mica; in the Lanzo valleys this gneiss is quarried near 
Pessinetto, between I,anzo and Ceres. The eastern spurs of the 
mica· schist area form part of the Lanzo-Ivrea belt to be described 
later. 

2. THE DORA B.\LTEA GROUPS. 

The Val d' Aosta comprises in its middle course important pietre 
verdi groups, both on the right and left of the Dora Baltea. On the 
right the most remarkable areas are those of Punta Grivola, Monte 
Emilius, and Monte Rafre, and on the left the Mont Nlary group.2 

1. The Grirola Area (Figs. 1 and 2).-About 10 kilometres north 
of Gran Paradiso, but outside the gneiss massif, and in the surrounding 
calc-schist formation, rises the Grivola peak (3,969 m.), which in its 
pyramidal grandeur vies with Matterhorn and Monte Viso. Its 
position is rendered the more commanding by the scooped out valleys 
of the Cogne on its eastem and northern, and of the Savaranche on 
its west~rn flank, both of which torrents, as already mentioned, rise 
in the Paradiso massif and discharge into the Dora Baltea near 

1 Novarese found a granite vein in a large erratic gneiss block near the Sea 
Glacier (2,500 m.) in the south-west corner of the Paradiso massif, which may 
therefore contain intrusive granite, like the Argentem massif in the Maritime 
Alps. V. Novarese, "Rilevamento Valli Orco e Soana, Alpi Occid.": Boll. R. 
Com. geol., 1894, p. 215 et seq. A. Stella, "Rilevamento Valle Orco, Alpi 
Occid.": ibid, p. 343 et seq. 

2 The whole region between the Aosta and Orco Valleys, including the 
Paradiso massif, is, perhaps more than any other part of the Piemontese Alps, 
rendered conveniently accessible by the numerous mule paths of the Royal 
shooting preserves. An excellent topographical map of the Val d' Aosta, 
Lanzo, and Ivrea region, 1 : 250,000, is that by V. Novarese in Boll. R. Com. 
geol., 1913-14, p. 244, "II Quarternario Valle d'Aosta e Valli Canavesi." 



The Crystalline Rocks of NOTthe1'n Pibnont. 47 

Villeneuve (670 m.). 'l'he ri(lge which rise~ from Ville.neuve I 

between the two valleys to the crest of Gnvola and Gnvoletta 
(3,526 m.) in a horizontal distance of 12 kilometres presents, i~ an 
iuteresting natural section, a complete sequence of rock formatlOns 
which, in ascending order, may be summarized as follows :-

Superficial 
width. Altitude. 

Villeneuve. Lias and Trias: Fossiliferous limestone, ordinarY}km. m. 
facies. . . . . 4 700 

Calc-schist and crystalline lime-
stone . . . . . 2,000 

Becca Piana. Pe1'1no-Carbonifej·ous: Sericitic, graphitic, gneissi
form, and psammitic schist 

Gran Nomenon. Sphenic diorite . . . 
Sericitic, graphitic, gneissiform, and psammitic 

schist. . . . 
Grivola. Lias and Tl-ias: Crystalline limestone, calc-schist, and 

1 
4 

1 

2,800 
3,500 

3,500 

prasinites . . 2 3,900 

12 3,200 

The upper part of, this section is shown in Fig. 4.1 Its c1Jaracteristic 
feature is the Permo-Carboniferous zone which crosses the ridge 
about midway between and at right angles to the calc-schist 
formation. The zone or belt is composed of an enormous mass of 
sphenic diorite which constitutes the Valletta, Ruie, and Gran 
Nomenon peaks and the intervening Mesoncles and Belleface cols or 
saddles, and is flanked on either side by considerable banks of sericitic, 
gneissiform schist and psammitic, carbonaceous sandstone of the 
greywacke type. The diorite zone, about 4 kilometres in superficial 
width, extends east into the Cogne Valley and west across the 
Savaranche Valley to Mont Bioule on the divide between the latter 
valley and Val Hhemes. In the Cogne Valley it was first recognized 
by Baretti 3 in 1876 and described as sphenic syenite, similar to the 
syenite of BieHa; but N ovarese showed it to be essentially dioritic, 
with 63 per cent of Si 02.' 

The Savaranche and Cogne dark-green diorite varies in structure 
from compact to granitoid, gneissoid, and schistose, and is normally 
composed of plagioclase, hornblende, quartz, black mica, aggregations 
of minute muscovite, and abundant titanite (sphene) crystals up to 
1 centimetre in length. N ear Colle Mesoncles it exhibits secondary 
elements, e.g. albite, epidote; actinolite, with unaltered titanite, 
while on the Val Rhemes ridge it is essentially fine-grained and 
massi ve. The mass thus presents an interesting example of this rock 
both in its primitive and in its metamorphosed, re-composed, 
granitoid, and gneissoid form. In upward succession the diorite and 

1 Villeneuve is one of the localities where S. Franchi found fossils in 
Triassic limestone intercalated in calc-schists. "Terreni secondarie facies 
Piemontese" : BolL R. Com. geol., 1909, p. 526 et seq. 

2 This section is founded on the complete one given by Novarese in " Profilo 
della Grivola", ibid., p. 497 et seq. 

8 M. Baretti, "Studi Gruppo Gmn Paradiso" : Mem. Ace. Linceo Torino, 
1876, p. 195 et seq. 

• V. Novarese, "Diorite granitoide e gneissiche Val Savaranche"; Boll. R. 
Com. geol., 1894, p. 275 et seq. 
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gneissiform schist zone is .followed. by a bank of crystalline limestone, 
and thence to the summit of Gnvola and beyond to Punta Galisia 1 

by a constant conformable alternation of calc-schist and pietre verdi 
ban~s, the latter up.to 500 .metres i!l depth, as part of the belt which 
encll'cle.s the Para~ls.o gne~ss m~sslf. Here again the pietre verdi, 
predommantly pl'aSlmtes with stl'lpS of serpentinous schist appear in 
all their varieties, more especially in the upper Savaradche Valley 
near Degioz (1,541 m.) immediately west of and below the Grivol~ 
peak, where the pietre verdi rocks contain fine specimens of gastaldite 
(blue glaucophane) and garnet crystals. The Permo-Carboniferous 
diorite and gneissiform schist zone of the Savaranche and Cogne 
Valleys is obviously connected with the similar diorite of Locana in 
the Orco Valley and of the I vrea and Val Sesia belt to be dealt with 
later. 

2. Monte Emilius (Fig. 1 ).-A~ striking contrast to the normal 
sequence of the crystalline sedimentary and pietre rocks of the 
Grivola group is presented by Monte Emilius (3,559 m.) and the 
neighbouring Becca di Nona (3,182 m.), which lie about 12 kilometres 
south-east of GriYola, and are separated from the latter by the Cogne 
Valley. Both mountains, with their extremely rugged and craggy 
flanks, rise straight from the Dora Baltea Valley between Aosta 
(580 m.) and St. Marcel to a height of 3,000 and 2,600 metres 
respectively in a horizontal distance of barely six kilometres. The 
upper parts and summits of both are composed of minute gneiss aud 
eclogitic, garnetiferous mica~schist, while the lower flanks facing the 
Aosta Valley consist of huge masses of coarse-grained, gneissiform 
euphodite more or less parallel to the o\'erlying gneiss and mica
schist. On the Monte Emilius flank the encircling- calc-schist 
formation is not in dircct evidence, bnt on Becca di Nona it crops 
out above Charvenod close to Aosta and again higher up at the 
Sismonda signal (2,347 m.), where it rests on minute gneiss. In 
both places the calc-schist dips at a steep angle in opposite directions, 
while the gneiss and mica-schist of the upper flanks and summits of 
both mountains are greatly contorted j near St. Marcel, at the lower 
end of the valley of that name, they descend to the 700 metres 
contour and then apparently dip below the calc-schist. 

The phenomenon of reversed sequence in the Uonte Emilius group 
is the result of an inverted fold in connexion with the great fracture 

I The calc-schists of Grivola and Galisia were assigned to the Mesozoic 
(Lias-Trias) as the equivalents and continuation of the schistes lustres by 
M. Bertrand in his .. Etudes dans les Alpes franQaises", Bull. Soc. geo!. 
France, vol. xxii, p. 69 et seq., 1894, which marked his return from his 
temporarily Archrean to his earlier Mesozoic views on that formation. The 
latter were confirmed by P. Termier in " Les schistes lustres de la Grivola ", 
Bull. Service Carte geo!. France, vol. vii, p. 150 et seq., 1895. The Piemontese 
calc·schists are, on the whole, more micaceous than the French schistes 
lustres, which are more aluminous than the former and to which the designa
tion "serie cristallo·phyllienne" is thereEore more appropriate. The super· 
position of calc·schists on Triassic limestone as verified by Franchi and 
Termier in various localities also occurs in the Roches d' Ambili massif (Petit 
M. Cenis, upper Susa Valley), where the minute gneiss and mica·schist are 
overlain by Triassic limestone upon which rests calc-schist. 
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fault which runs along the Aosta Valley to Chatillon and St. Vincent. 
From here, instead of following the sharp southward bend of the 
Dora Baltea towards Ivrea, it extends east across the Brusson Valley 
to Arcezas, where the calc-schist mass at the base of a great gneiss 
bank affords striking proof of a similar dislocation near the contact 
with the mica-schist formation of the Ivrea belt. 

3. Monte Rafn] (Fig. 1 ).-About 12 kilometres east of l\Ionte 
Emilius, in the calc-schist and pietre verdi area of the Clavalite and 
Champorcher Valleys previously mentioned, occurs the remarkable 
sequence of the Monte Rafre (3,146 m.) and Monte Glacier (3,186 m.) 
group which forms the divide between those two valleys. In this 
case, a mass of brecciated prasinitic gneiss which crops out on the 
crest of the divide, overlies a mass of euphodite metamorphosed to 
prasinites, in apparently reversed sequence. In reality the prasinites, 
as Stella has shown,l are an isolated lenticular wedge intercalated in 
the brecciated gneiss which lies in the calc-schist formation. '1'he 
latter, with pietre verdi, extends from the Champorcher Valley to 
Chatillon and VerrE~s in the Dora Baltea Va1ley and thence up the 
Tournanche and Brusson Valleys, whence it skirts the base of 
Matterhorn and Monte Rosa. 

4. Mont Mary.-On the left of the Dora Baltea north of Aosta, 
and exactly opposite Monte Emilius, rises the Mont Mary (2,875 m.) 
group, which is the counterpart of the former and exhibits a similar 
reversed sequence. 'l'he calc-schist appears here at the base, and is 
overlain by Permian schist, upon which rests the cupola of garnet i
ferous mica-schist. The group, which includes Gran Becca 
(2,967 m.) and Gran Col (2,864 m.), lies in the zone of the same 
fracture fault and presents the same phenomenon of an inverted fold 
as Monte Emilius on the opposite side of the valley. From the 
Mont Mary group the mica-schist formation extends up Val Pellina 
and across the crest of the Pennine Alps to Dent Blanche (4,364 m.), 
north-west of MatterllOl'll.2 

The great intrinsic geological interest of the crystalline rock areas 
of the Aosta valleys described in the foregoing has in recent ,ears 
been enhanced by Lugeon and Argand having included them in their 
grand series of overthrust sheets in that and other parts south of the 
crest of the Alps.3 A ccording to their theory, worked out from 
ingenious geometrical designs, the Gran Paradiso, Grivola, Grand 
N omenon, Emilius, Rafre, and Mary groups are not "rooted" or 
"autochthonous" massifs, but cover-sheets (nappes de recoutrement) 
pushed over from different dir(i1ctions and more or less considerable 
distances. Investigations instituted by the Italian Geological Survey 

1 A. Stella, "Gneiss Monte Emilius e M. Rafre" : Bull. Soc. geol. ital., 
1906, p. xlvi. E. Mattirolo, "Rilevamento Val Champorcher, Alpi Graje " : 
Boll. R. Com. geol., 1899, p. 3 et seq. 

2 V. Novarese, "Gneiss Monte Emilius e M. Mary" : Boll. Soc. geol. ital., 
1912, p. 31. Novarese describes an interesting section of granite, mica-schist, 
and diorite in a railway cutting between Aosta and Quart, on the left of Dora, 
below M. Mary. 

3 M. Lugeon & E. Argand, "Grandes Nappes Recouvrement de la zone 
du Piemont. Homologies ditto" : Comptes rendus Acad. Sciences Paris 
Mai 15 et 29, 1905. ' , 

4 
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in 1905,1 and notably by N ovarese in 1909 2 have however 
conclusively shown that the cupolas of those g~oups diffcr strati: 
graphically and lithologically from the "root" areas whence they 
are suppose.d to have b~en derived, and that, with the exception of 
the small, Isolated massIf of Monte Pilonet (2,697 m.) between the 
Tournanche and Brusson Valleys on the left of the Dora Baltea, 
where the gneiss cupola completely covers the calc-schist, there is no 
evidence at all of extensive overthrusts in that part of the Alps. 

3. THE LANZO, IVREA, AND VAL SESIA AREA.. (Figs. J3 and 4.) 

1'his, perhaps the most complex crystalline area of the Piemontese 
Alps, is also eminently sui generis, for it forms a unit of rocks 
outside, and different from the great calc-schist horizon with pietre 
verdi of secondary composition. As previously stated, it is the 
continuation of the mica-schist and minute gneiss belt which skirts 
the Po Valley from the Rocciacorba group to Avigliana, Monte 
Musine, and Lanzo, and, extending from Lanzo to I nea, Biella, and 
Val Sesia, reaches beyond the latter into Lombardy to Lakes Orta 
and Maggiore. Within the Piemontese Alps, viz. from Lanzo to 
Val Sesia, it is bounded on the north by the calc-schist and pie he 
verdi fringe which skirts the Monte Rosa gneiss massif, and on the 
south by the Pliocene and Pleistocene deposits of the Po Valley, its 
superficial area being roughly 90 by 15 kilometres or 1,350 square 
kilometres, equal to over 500 square miles. The lower hills of the 
southern margin vary from 600 to 900 metres in altitude, which in 
the centre of the area increases to 1,000 and at the northern margin 
to 2,500 metres. In its general direction south-west to north-east, 
the area is intersected mOl'e or less at right angles by the following 
affiuents of the Po: Stura di Lanzo, Malone, Orco, Chiusella-Dora 
Baltea, EI vo-Cervo, and Sessera-Sesia. The valley floors vary at 
the lower limit of the crystalline area from 300 to 500, and in their 
upper parts from 600 to 1,000 metres in altitude. 

As distinguished from the crystalline schist and pietre verdi zone 
of the Maritime, CoWan, and Grajan Alps, Gastaldi labelled HIe 
Lanzo-Val Sesia area the" external crystalline zone ".' Gerlach,S 
as early as 1869, designated it as the Ivrea dioritic zone, from the 
conspicuous outcrops of diorite within and outside the great morainic 
amphitheatre of the Dora Baltea Valley around Ivrea, which town 

1 "Relazione" : Boll. R. Com. geol., 1906, p. 27. 
2 V. Novarese, " Profilo Grivola" : Boll. R. Com. geol., 1909, p. 497 et seq. 

A. Stella, op. cit., 1912, p, xlvi. "Problema geo-tettonico Ossola e Sempione": 
Boll. R. Com. geol., 1905, p. 5 et seq. S. Franchi, "Tettonica della Zona 
del Piemonte " : ibid., 1906, p. 123 et seq. 

T. Taramelli, in some recent memoirs contra long-distance overthrusts in 
the Alps and Apennines, has introduced the short and expressive term of coltri 
as corresponding to nappes de reCOUVl'ement. Rend. Ist. Lomb., xiv, p. 1009, 
1913. 

3 For Sketch-map, Fig. 1, vide p. 43. 
• Gastaldi, "Studi geol. Alpi Occid.": Boll. R. Com. geo!., 1871, p. 3 

et seq. 
S Gerlach, Die Pennische1~ Alpen, 1869. 



· Fig. 3. Sketch Plan of Lanzo Valleys, Grajan Alps. 
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is itself built on diorite. I Within recent years it has come to be 
called the dioritic-kinzigitic zone, chiefly in consequence of Franchi's 
and Novarese's surveys,Z and in order to give due prominence to the 
eclogitic gneiss formation in the Sesia Valley and east of the same, 
which has its equivalent in the Kinzig Valley of the Black Forest, 
where it was first recognized and so named by Fischer as early as 
1863. Another equivalent formation is that of the hilly area neal' 
Monteleone, bordering on the Mediterranean in Calabria.3 In all the 
three cases, the rock, greenish brown in colour, gneissic in aspect and 
structure, but more fine-grained, micaceous, and less quartzose than 
primitive gneiss, is often granitoid, and, besides triclinic felapar and 
quartz, contains garnet, omphacite, biotite, sillimanite, and graphite 
as associated minerals. 

From Lanzo to Val Sesia, the sedimentary crystalline formation 
concomitant with the Sesia gneiss is that of eclogitic mica-schists, 
viz. with garnet, omphacite, and blue glaucophane, corresponding to 
those of the Aosta Valley.4 With the mica-schists and occasional 
minute gneiss intercalations are associated dark-greenish, sericitic, 
calcareous, and quartzi£erous Permian schists. Both are overlain here 
and there by isolated masses or patches of Middle Triassic, more or 
less crystalline and dark dolomitic limestone, the remnants of a much 
more extensive formation removed by denudation. In the mica-schist 
formation are intercalated-

(1) The continuous belt of biotitic and amphibolic diorite which 
conI'S 50 by 5 to 10 kilometres in length and width, and is flanked 
on its sonthern margin by granite, and on its northern margin by 
minor belts of peridotite, serpentine, and biotitic and pyroxenic 
porphyrite. 

(2) Isolated masses of gabbro, peridotite and lherzolite, granite, 
syenite, and porphyry. 

The coarse-grained gabbro and the peridotitic masses together with 
those of granite and syenite, associated with minute gneiss and mica
schist, are prevalent more especially in the hills between Lanzo and 
Ivrea, where a number of interesting, mostly quarried exposures 

1 The lake lets S. Michele, Campagna, Sirio, Pistone, and Nero immediately 
north of Ivrea, near Montalto, within the moraine wall of Serra d' Andrate, all 
lie in the diorite zone. 

2 C. F. Parona, "Valsesia e Lago d'Orta ": Atti 1st. Lomb., vo!' xxix, 
Milano, 1886. V. Novarese, "Trattato \Veinschenk Zona d'Ivrea": Bol!. R. 
Com. geo!., 1905, p. 181 et seq.; "Zona d'Ivrea": Bol!. Soc. geo!. ita!., 
1906, p. 176 et seq. S. Franchi, " Zona dioritica-kinzigitica Ivrea-Verbano": 
Boll. R. Com. geo!., 1906, p. 270 et seq.; "Anfibolo secondario del gruppo 
glauco fane in una diorite di Val Sesia": ibid., 1904, p. 242. 

3 R. Ugolini, "Kinzigite di Monteleone, Calabria": Atti Soc. toscana 
Pisa, 1911, p. 55 et seq. 

• The eclogitic mica-schist formation with pietre verdi has revealed a con
siderable variety of jadeitic and jadeitoid rocks which S. Franchi, V. Novarese, 
aud A. Stella discovered both in nodules and blocks in situ and as pebbles in 
the alluvia of rivers in various parts of the Piemontese Alps. These eclogitic 
and chlorito-melanitic rocks correspond with the Neolithic implements of 
Piemont, thus proving the latter to be, not exotic, but indigenous. " Nuovi 
Giacimenti roccie giadetiche": Boll. R. Comb. geol., 1900, p. 119 j Boll. Soc. 
geo!. ita!., 1903, pp. 130, 135,141. 
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occur at Balangero, Corio, Levon€', Ri vara, Cuorgne, Belmonte, 
Locana, Vidracco, Castellalllonte, Baldiserro, Muriaglio, Lessolo, and 
'I.'raversella, in and between the Malone, Orco, and Chiusella Valleys 
at levels from 400 to 800 metres altitude. Extensive masses of 
granite and syenite also crop out north of Biella in the Cervo Valley, 
while east of Biella to Val Sesia and Lake Orta runs, parallel to the 
diorite belt, a continuous belt of grey and reddish granite 2 to 4 kilo
metres in width, flanked on the south by a large lenticular mass of 
red porphyry which extends to Borgosesia in the lower Sesia Valley 
and thence to Lake Maggiore. 

The great diorite belt begins near Castellamonte (408 m.) in the 
Orco Valley, about midway between Ivrea and Lanzo, crosses the 
Dora Baltea at Ivrea (267 m.), Montalto and Bio, continues north-east 
to DOIlato, Ceresito, Graglia, Pollone, and Biella (410 m.), traverses 
the Cervo Valley at Andorno (600 m.), and thence extends to Val 
Sesia between Varallo (450 m.), Scopa, and Scopello (650 m.). From 
Donato, close to the great eastern moraine wall or Serra d' Andrate, 
the diorite is flanked on the left by serpentine and porphyrite belts, 
each about 1 kilometre in width, which extend for about 20 kilometres 
to the Sessera Valley, midway between the Ceryo and Sesia Valleys. 

In all these isolated or continuous masses of basic and acid 
eruptive rocks the structure is prevalently massiye and granitoid, 
rarely schistose, with essentially primitive elements without 
alteration by metamorphism. Peridotite and lherzolite are much 
more in evidence than the altered prodnct serpentine. The granite 
with white and pink felspar, very little mica, but rich in quartz, is 
made up of smaller elements than ordinary granite. Both it and 
the syenite masses of Traversella and Biella arc closely related to 
the diorite which at Pollone, near Biella, becomes micaceous, then 
quartzose, and then passes into granite. The greenish-grey granitoid 
diorite with hornblende and biotite, often garnetiferous, is essentially 
massive and unaltered; only in contact with peridotite or gabbro is 
there an occasional tendency to prasinitic alteration by decomposition, 
but without contact metamorphism. The diorite and porphyrite 
belts, although running parallel for 20 kilometres, are nowhere in 
direct contact, but always separated by a band of serpentine, mica
schist, or sericitic, quartziferous schist. The porphyrite (Gastaldi's 
melaphyre) contains occasionally, e.g. near the Oropa Sanctuary above 
BieHa, lenticular blocks of mica· schist, the former thus having 
probably consolidated somewhat later than the latter. The sericitic, 
quart~iferous schist is of the same grey wacke type as that flanking 
the dIorite belt of Gran N omenon and of Val Cogne in the Aost:l 
Valley. Between those two diorite belts, linked by the intermediate 
diorite mass of Locana in the Orco Valley, there is, as already 
~entioned, obviously a zonal connexion. The locality of Locana 
IS also. remarkable for its considerable outcrop of greyish-green 
lherzohte-a bank 300 metres in depth-which rock Baretti I found 
to be composed of 75 per cent of olivine, and 25 per cent of greyish
yellow enstatite and green diopside. 

1 M. Baretti, "Studi Gruppo Gran Paradiso" : Mem. Ace. Lincei, Torino, 
1876, p. 195 et seq. 
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As previously mentioned, the Ivrea diorite belt reaches north-east 
to the upper Sesia Valley above Varallo, where it becomes schistose 
and gives place to the so-called Sesia gneiss which, further east, in 
the Strona Valley north-west of Lake Ol'ta, takes the name of Strona 
gneiss. Both gneisses are of the kinzigitic type already described, 
the Sesia variety being rich, the Strona nriety poor in mica. The 
apparently abrupt cut-off of the diorite in Val Sesia was formerly 
regard~d as evidence of a great hiatus due to a fracture fault; in 
reality, however, the diorite has its sequel between the Sermenza 
and Mastellone Valleys north and north-west of Varallo, where the 
kinzigitic gneiss is largely developed in its schistose form, associated 
with gneissiform, schistose diorite, norite, gabbro, and peridotite. 
The gneissic sedimentary rocks, known as stronalites,l are frequently 
intercalated in the eruptive series and vice versa. This high-leyel 
complex, reaching up to 2,500 metres altitude and including the 
schists of Fobello and Rimella, constitutes Gerlach's second, separate, 
upper dioritic zone; but, as Franchi and N ovarese 2 have shown, it 
forms an integral part of the entire Lanzo-lvrea-Verbano (Lake 
Maggiore) dioritic-kinzigitic area. A branch of the kinzigitic 
gneissic schist extends from the upper Sesia Valley west by Val 
Vagno and Croce Rossa into the upper Gressoney Valley, and thence 
connects with the eclogitic mica-schist of Val Pellina. In Val Sesia 
the mica-schist extends from Varallo down the valley, and is 
succeeded by the transverse granite belt, and then by the great 
porphyry mass of Borgosesia already mentioned.3 It is a noteworthy 
feature that the Lanzo-Ivrea-Sesia zone descends to the very edge of 
the Po Plain, whereas along the western ridge of Lake Mag'giore and 
beyond the kindred rocks are only found at high levels, the general 
direction of dip being thus north-east to south-west. 

Stratigraphically the whole Ivrea - Val Sesia area within the 
Piemontese Alps presents the important phenomenon that all the 
eruptive masses are infolded in the mica-schist and gneiss formation 
conformably with the latter without any evidence of angular 
intrusion. This close association and relationship points to the 
entire crystalline, viz. both the sedimentary and the eruptive, series 
being of the same age, that is, Permo-Carboniferous. Lithologically, 
it is noteworthy that while the eruptive series includes every 
conceivable combination of felspar, quartz, and mica as primitive 
elements, the only rock conspicuous by its absence is diabase, 
probably because it associates more readily with the more highly 
magnesian calc-schist than with the mica· schist and gneiss formation. 

It is, of course, quite impossible within the limits of this paper to 
describe in detail the outcrops in the numerous localities between the 

1 The rocks of the Val Sesia and Val Strona region are described in detail 
R. E. Artini and G. Melzi's "Ricerche petrogr. e geol. Val Sesia" : Memorie 
in 1st. Lomb., xviii, p. 219 et seq., Milano, 1900. 

2 Op. cit., 1905, 1906. 
3 There is apparently no passage from the granite to the porphyry or vice 

versa, but Franchi found (op. cit., 1906) a vein of porphyry in the granite 
mass, pointing to a somewhat later stage of eruption of the former within the 
same geological period. 
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terminal points of Lanzo and Val Sesia. Suffice it therefore to state 
that from Lanzo to Ivrea and Biella the general vertical sequence is, 
in ascending order, mica-schists and eruptive rocks overlain by 
subordinate and isolated masses of indubitably Middle Trias crystalline 
limestone, while from Biella to Val Sesia the sequence is essentially 
one of juxta- instead of superposition. Of this superficial sequen~e 
the most typical example is the section, about 12 kilometres III 

length, along the Cervo Valley from Montesinal'o to Andorno above 
Biella, which is shown in Fig. 4, and includes the whole eruptive 
series of old parallel lava streams infolded in the mica-schist 
formation. It was first pointed out by Gastaltli as early as 1871/ 
and cutting, as it does, right across the crystalline area, is still the 
most extensive and instructive, as it is also the most easily accessible 
section of the IV hole region. 

CONCLUSIONS. 

The description gi ven in this and the preceding papers of the six 
principal crystalline rock-areas of the Piemontese Alps, condensed 
and summarized though it necessarily is, will, I think, convey an 
adequate idea of the eminently characteristic geological and petro
logical features of each group. Though unique in their collective 
variety, they reveal a certain uniformity of phenomena which from 
my own observations leads to the following conclusions:-

1. The pieh'e verdi, primitive and secondary, appear at all levels 
from the ,-alley floors of 400 to the highest points 4,000 metres in 
altitude. Except the prevalence of pietre verdi with primitive 
elements in the minute gneiss and mica-schist, and of those with 
secondary elements in the calc-schist formation, there is no order of 
succession, superposition, or distribution. 

2. The basic pietre verdi of all the areas, as well as the acid rocks 
of the Ivrea belt, are of eruptive origin, but not generally intrusive 
in the calc-schist and mica-schist formations. They appear in the 
latter not as irl'upti,"e, or as angular injections with apophyses, but 
as intercalated, lenticular, alternating, and concordantly stratiform 
planes and masses which sometimes produce the effect of pseudo
intrusive phenomena. There are frequent passages between the 
erupti ve rocks, and from them to the sedimentary rocks and vice 
Yersa; but there is no reliable or conclusive eyidence of contact 
metamorphism. 

3. The close association of rocks of different origin is in the first 
instance the result of repeated compenetration of eruptive viscid 
masses and of sedimentary deposits in course of consolidation. After 
the resultaut formation of conformable, alternating, interstratified 
planes as a submarine process of long duration, the rocks thus 
associated passed through the second phase of being raised and folded 
simultaneously during repeated earth-movements. The eruptive 
rocks of the Piemontese Alps are therefore of the same age as the 
infolding calc-schist and mica-schist formations respectively. 

1 Gastaldi, "Studi geol. Alpi Occid.": Boll. R. Com. geol., 1871, p. 3 et 
seq.,p.17. 
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4. The process of pressure-heat- and hydro-metamorphism of both' 
the sedimentary and erupti ,-e rocks, already in progress before their 
emergence, continued not only during the repeated periods of raising 
aud folding, but during the repeated Pliocene and Pleistocene 
glaciations under the long-continued, superincumbent, and shearing 
pressure of the ice, and the hydrating, decomposing action of perco
lating water, together with infiltrations from the Pliocene sea of the 
Po Valley. The dissolving action of the water thus imprisoned and 
circulating was intensified by the high temperature which it took 
from the rocks, in conj unction with thermal, highly magnesian 
springs at various depths. 

5. '1'he formation of different groups and combinations of basic and 
acid rocks out of the submarine, viscid, heterogeneous magma slowly 
welling up from the reservoirs of molten material in tIle centres of 
eruption, took place according to chemical and mineralogical affinities, 
the basic material separating out, grouping, and crystallizing more 
rapidly, the acid more slowly. Hence the basic rocks of the Ivrea 
belt were probably consolidated at a somew hat earlier stage than the 
acid rocks, but within the same geological period. 

6. The transformation of the piehe yerdi with primitive to those 
with secondary elements is the combined result of metamorphism 
and of decomposition by hydration which led to the modification and 
re-formation of the decomposed elements to secondary groups and 
combinations. This process is much less in evidence in the pietre 
verdi of the older or mica-schist than in those of the younger or 
calc-schist formation, the mica-schist being much less permeable and 
magnesian than the calc-schist. The transformation probably took 
place in many cases during the initial stage of consolidation after the 
eruption of a highly magnesian magma in the calc-schist formation, 
e.g. in the areas of Monte Viso and the western part of the Lanzo 
yalleys. 

7. Chemical and mineralogical affinities produced in some cases 
basic rocks which, though frequently associated, presen-ed their 
separate entities, e.g. the associated but separate belts-originally 
parallel lava streams-of diorite and porphyrite (mclaphyre) of the 
I vrea area; or again. peridotite and gabbro and their derivatives 
serpentine and euphodite. The frequent veins and dykes of gabbric 
in peridotitic rocks show that the former compenetrated the latter 
when these, as the more basic, were already in course of submarine 
consolidation or alteration. Secondary amphibolites and prasinites 
are derived not only from diorite and diabase, but very largely, 
by metamorphism, from gabbro and euphodite which, in common 
with the other pietre verdi, also decompose readily to serpentinous 
schist or pseUdo-serpentine. The gneissiform, calciferous, and 
schistose pietro verdi are the result, in some cases, of pressure
metamorphism, e.g. gneissic gabbro, gnei~sic diorite, etc.; in others 
of compenetration and metamorphism of sedimentary and eruptive 
material from tuffs and muds, e.g. diabasic and porpllp'ic schists, 
or in relation to calciferous rocks, amphibolic and pyroxenic 
" calcefiri " and serpentinous "ophicalce". 

8. The principal earth-movements experienced by the Piemontese 
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Alps after their emergence came from the south-east, viz. from the 
Mediterranean and the Po Valley, as is shown by the precipitous 
and greatly folded flanks of the Maritime and Eastern Cottian and 
Grajan Alps which, together with the Lanzo-I vrea-Val Sesia area, 
formed a coastal region contiguous to the Po Valley. Another 
intermediate movement proceeded from the west and corrugated 
the great synclinal calc-schist formation. The principal fracture
faults of the Piemontese Alps are: (a) in the south, the transverse 
faults of the Stura di Cuneo and of the Col di Tenda and 
Vermenagna Valleys, along the north-western and eastern bases of 
the Argentera massif; (b) in the north, the transverse fault along 
the Dora Baltea Valley; and (c) the great longitudinal subsidence 
zone south to north along the eastern margin of the Maira-Dora 
massif contiguous to the Po Valley. This subsidence or flexure zone, 
bordering on the Pliocene sea, probably extended along the base of 
the Lanzo-I vrea-Val Sesia area and thence to the region of the lakes, 
thus constituting the zonal flexure or settling zone consequent upon 
the raising of the Alps in Eocene-Miocene times. l 

Such is, in my view, the consecutive operation of causes and 
effects which produced the phenomenal masses and groups of eruptive 
rocks, their intimate association with the crystalline sedimentary 
formations, and the alignment and configuration of the Piemontese 
Alps of the present day. In their infinite variety they offer both 
geologically and petrologically an inexhaustible field of fruitful and 
fascinating study, and more especially does this apply to the pietre 
verdi, which Gastaldi rightly described as the great "magnesian 
zone ", and whose elusive complexity ever reveals new problems 
without apparent finality.2 

1 Vide paper No. I of this volume, "The Moraine Walls and Lake Basins 
of Northern Italy." 

2 The peculiar lia bili ty of the whole Italian peninsula to geological changes 
by eruptive and seismic phenomena, past and present, was aptly emphasized 
by Professor A. IsseI, of Genoa, the late President of the Geological Survey 
Department. Asked when the geological map of Italy, begun fifty years ago, 
would be finished, he replied: "like Penelope's web, never." 



YII. 

TH~; CONTACT-ZONE OP THE ALPS AND THE APENNINES IN 

\Y };STERN LIGURIA. 

I. INTRODUCTORY. 

IN the paper on the Permian formation in the Maritime Alps, etc. 
(No. II of this volume), I mentioned incidentally that that forma

tion extends from those Alps, viz. from the Montgioie range east into 
Liguria as far as the Savona Hills. As in the former so also in the 
latter region, that formation is composed of essentially gneissic schists 
known as apenninites or besimaudites belonging to the Lower Permian 
or Permo-Carboniferous, and of sericitic schists, quartzites, and 
clastic rocks or " anag'enites" which constitute the Upper Permian or 
Verrucano proper, forming a transition to the Lower Trias. 1 The 
geological limit of the Permian in the Savona Hills coincides more or 
less with the geographical line of rli\'ision of the Alps and Apennines 
at the Colle or saddle-also called Bocchetta-d' Altare; but another 
geological line of division exists still further east, at the junction 
of the Triassic and Eocene formations in the Chiaravagna Valley near 
Sestri Ponente, immediately west of Genoa. In reality the geological 
division is markerl, not. by either of those lines but by a contact-zone 
between them. This contact· zone occupies the whole of Western 
Liguria and comprises two distinct and dissimilar parts: one, the 
Triassic calc-schist and pietre verrli area or Voltri group, which 
extends for about 25 kilome'tre~ along the Riviera littoral west of 
Genoa from Sestri Ponente to Voltri, Varazze, and Celle Ligure, 
and the other or Savona group, which skirts the littoral for about 
15 kilometres from Celle to Savona and Zinola, and is composed for 
the greater part of a crystalline massif of granitic, gneissic, and 
amphibolic rocks. 

Both these self-contained groups present respectively geological 
features entirely different from those of the adjacent areas east and 
west. Having examined them both some years ago, I propose to 
confine the present paper to the crystalline massif of Savona, which, 
owing to its altogether abnormal position and composition, is of 
absorbing interest, and has within recent years been the subject of 
remarkable interpretations as an overthrust complex par excellence. 
The Voltri group I propose to consider in a future paper in connexion 
with the adjoining ophiolithic area of Eastern Liguria. 

II. GENERAL FEA.TURES. (Fig. 1.) 
The Savona Hills form approximately a rectangular area about 

15 and 10 kilometres in length and width or 150 square kilometres, 
its general direction being south-west to north-east. On the south 
u rugged, craggy wall of gneiss runs along the coastline with some 

I This division has its exact equivalents in the Apuan Alps or Carrara 
Mountains as the lowest formlttion underlying the marmiferous 'Trias, and in 
the Verrucano-a name derived from Monte Verruca-of the Pisltn Hills. 
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SKETCH·MAP OF CRYSTALLINE MASSIF OF: SAVONA. 
(COntact.Zane-of Alps and ApenNines in-Western Liguria). 

Gr, G.n, Amph.== granitic, .gneissic and amphibolic rocks; 
. PC.=Permo-Carboniferous; P.=Permian; 

CS. ·x T. = Trias; 0. = Ol igocene ; PL. = Pliocene. 
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intenening Pliocene deposits at Celle, Albi~sola, Savona, Fornacci, 
and Zinola. On the west it skirts, from the coast upwards, the 
Permo-Carboniferous formation to Quiliano, Roviasca, Monte Curio, 
and the village of Altare, a commanding point on the divide between 
Liguria and Piemont, at about 600 metres altitude. 'rhence, on the 
north, it follows the crest-line of the Apennines to Mte. Castlas 
(851 m.), Mte. San Giorgio (840 m.), and ~1te. Greppino (811 m.) 
to the village of Corona in Triassic and Tertiary strata. On the east, 
from Corona down to the coast at Celle, the border coincides with the 
junction line of the calc-schists and pietre verdi of the Voltri group, 
along which lie the villages of Piazza, Vetriera, Gameragna, Sanda, 
and Ferrari. 

Within this rectangular area the hills rise neal' the eoast to 300 
and 400 metres altitude, including Yadonna degli Angeli immediately 
north of Savona, and Madonna del Monte in the south-west cornel' 
near Zinola; thon in the centre to 500 and 600 metres altitude, 
notably Mte. CurIo, Mte. Ciuto, Mte. Cucco, and Mte. Castellazzo; and 
lastly to the crest-line up to 850 metres altitude, including, besides 
the points already mentioned, Mte. Pnl (817 m.) and Mte. Negino 
(703 m.). The hills are intersected by numerous torrents, generally 
in deeply eroded ravines, running towards the coast, the principal 
ones being the Quiliano and Qllazzola at the western end, the 
Letimbro with its affillents the Canova, Gea, and Lavanestra in 
the centre, and the Sansobbia with its tributaries the Riobasco, 
Piantavigna, amI Montegrosso at the eastern end. 

All the localities, points, and rayines mentioned are geologically 
important for the examination of this extremely c'lmplex area, access 
to which is rendered easy not only by the Savona and Turin rail way 
traversing its central and western part in numerous tunnels and 
cuttings, but more especially by the roads which run hom different 
points of the B-i viera road up into the hills. Among these are the 
great highway from Savona to Cadibona and Altare into Piemont, 
the road to Santllario and Cimavalle in the Detimbro Valley north of 
Savona; the Quiliano and the Madonna del .Yonte and Cadibona 
roads in the western, and those from Albissola to Ellera, to Piazza 
and Corona, and from CelIe to Ferrari in the eastern part of the area. 
All these roads offer a great variety of interesting and instructive 
exposures. 

III. 'l'HE CRYSTALLINE MASSIF. (Fig. 1.) 
Within the rectangular border-lines of the Permian, Triassic, and 

Tertiary sedimentary formations, the crystalline massif occupies 
practically the whole area, with two exceptions. One of these is 
an island of uu,lerlying Perillo-Carboniferous gneissic and sericitic 
schist, about 7 by 4 kilometres in length and width, which stretches 
from Savona and Madonna degli Angeli north-west to Santuario 
(98 m.). It has obviously been eroded by the Letimbro and 
Lavanestra torrents which join a few kilometres above Savona and 
discharge into the sea at that town. The other exception is a wedge 
of overlying Permian schist, Triassic limestone, calc-schist with 
pietre verdi, and Oligocene conglomerate which projects from the 
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north neal' l[onte Orme and Palazzo Doria to within a kilometre of 
the Permo-Carboniferous island at its Ilpper or Santuario end. The 
intervening gap thus forms the superficial connecting link between 
the two fairly equal parts of the crystalline massif. The only other 
island in the latter is that of Cadibona in the north- western part of the 
area composed of overlying Oligocene conglomerates and breccia, 
at whose eastern extremity occurs at Cillla di Prato, west of Cilllavalle, 
an extraordinary isolated outcrop of Perillo-Carboniferous schist, 
mica-schist and gneiss, and Perlllian schists, surmounted by a cap of 
'rriassic dolomitic lilllestone. 1 

The anolllalous phenomenon which chiefly goyerns the problem of 
the Savona region is that the Permo-Carboniferous schists in the 
south, and more especially those of the Savona and Santuario island, 
crop out below the crystalline massif, while the Permian and Triassic 
strata in the north oyerlie it. The gneissic rocks which occupy the 
greater part of the southern area are crossed by two bands of 
amphibolic rocks S.W to N.E.. intimately associated with the gneiss. 
The whole northern part of the massif. on the other hand, is composed 
of granitic rocks, which. in the eastern part. are surrounded on the 
north by a band of Permian schist, and on the south are in contact 
with gneiss and amphibolic rocks; in the western part the granitic 
rocks have the same contact as on the south, while on the west the 
adjacent formations are Permo-Carboniferous schists and Oligocene 
conglomerates. Granitic rocks also occllr among the gneisses and 
amphibolites, and form a considerable separate mass near Madonna 
del Monte, in the south-west corner of the area. 

IV. THE CRYSl'A.LLINE·l{OCKS. 

The granite when fresh and unaltered resembles in some respects 
the Alpine type, is often porphyroid and granulitic in structure, of 
pale colour. and exhibits as its principal constituents abundant large 
and medium-sized elements of quartz, plagioclase, considerably or 
wholly kaolinized, with some orthoclase and subordinate black biotite 
and muscovite. In a small isolated mass in the north near Pian di 
Bllrre, about 500 metres altitude, it is more fine-grained and in part 
microgl'anitic. The granitic rochs, both in their fresh, unaltered, 
and in their far more often altered and friable condition, are well 
exposed along the Savona and Turin railway in the Upper Letimbro 
ValIer. in the ravines of the tributary torrents Canova and Porcheria, 
and in Monte Porcheria in the western part of the area. In the 
eastern part interesting outcrops occur on the eastern flank of Monte 
N egino, in the Piantavigna and Montegrosso .ravines, and notably in 
the Sansobbia Valley near Ellera, in Monte Ciri, between the Sunsobbia 
and Rubiaseo Valleys, and ill the latter valley between Piazza and 
Vetriera along the road from Albissola to Stella. 

The gneiss when unaltered is rich in dark brown or black 
biotite with muscovite, and exhibits large orthoclase and plagioclase 

1 This outcrop was pointed out by G. Rovereto in a memoir to be quoted 
later. The small dolomitic cap is obviously a local overthrust from the larger 
deposits further north-east. 
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elements together with granular quartz. It differs from the Permo
Carboniferous gneiss chiefly in that the latter is more fine-grained, 
with more muscovite, and paler in colour; but the differentiation is 
often very difficult.! Interesting outcrops of gneiss with associated 
minute gneiss and mica-schist are those along the coast between 
Albissola and Savona, where the gneiss is perhaps more unaltered 
than in other parts of the area; along the Savona and Altare road, 
iu the La\'anestra Valley, where gneisses, amphibolites, and granite 
alternate; also on the r~ad from CelIe to Ferrari and Sanda, on the 
eastern margin of the area, where the g'neiss is in contact with calc
schist and piett'e verdi, and in the south-west in the Quazzola Valley 
and on Monte Ciuto. 

The amphibolites are largely derived from pyroxenic rocks with 
uralitized augite and saussuritized felspar, so much so that often 
hardly, if any, trace is left of the original constituents. They are 
closely associated with the gneissic rocks, and differ from the pietre 
verdi of the calc-schist horizon on the northern and eastern border as 
much as the corresponding rocks of the Piemontese Alps. Of the two 
bands which cross the gneissic masses from south-west to north-east 
the larger one may be traced from the Quazzola Valley to a point 
where it traverses the road between Monte Ciuto and Cadibolla, and 
then the Savona and Altare road near Monte Moro in the Lavanestra 
Valley; thence, on the eastern side of the Santuario island to Brie 
dell' Amore, Monte Oucco, and the Albissola and Ellera road in the 
Sansobbia Valley. The lesser, more southern band, in contact with 
the granitic mass of the Madonna del Monte, crosses the road from the 
latter point to Cadibona south of Monte Oiuto. Some of, the best 
exposures of the principal band occur on the ridge from Savona north 
to Crocetta, and towards Monte Negino, where the amphibolic banks, 
notably in Monte Pasasco and north of Monte Oucco, reach a thickness 
of over 400 metres. 

Between the granitic, gneissic, and amphibolic rocks as the principal 
constituents of the massif, there are countless passages; all the 
rocks with rare exceptions exhibit more or less marked evidence of 
alteration, crushing, and lamination, and intense, often vertical folding, 
in striking uncouformity with the subjacent Permo-Carboniferous and 
the o\"erlying younger sedimentary formations. 

The sedimentary formations comprise, in ascending order, the 
Permo - Carboniferous gneisses, mica - schists, and the dark, dull 
sericitic, often green chloritic schists known as phyllades 01' 8cMsti 
plumbei; the paler. Permo-Triassic sericitic schists, quartzites and 
clastic Verrucano, including also the lustrous and varicoloured ~rey, 
green, and violet 8cMsti rasati 2; and the Triassic dolomitic aIid 
fossiliferous, tegular micaceous, and black limestones, the latter 
corresponding to the grezzoni of the A puan Alps and belonging to 

I The Permo-Carboniferous gneiss is largely developed in the Quiliano and 
Roviasca Valleys, in the Bormida Valley west of Altare, and further north-west 
down to Ferrania di Mare in the same valley; also along the Lavanestra Valley 
in the Savona and Santuario island. 

2 Rovereto assigns these varicoloured schisti rasati to the Middle Trias but 
they are, as Termier and Boussac also point out, really Upper.Permian. ' 
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the Middle Trias. These are overlain by the Upper Trias calc-schists 
with pietre verdi. The extensive deposits of Oligocene fossiliferous 
conglomerates and breccia on the crest-line and on the flanks of the 
hills below that line are an important factor as evidence of a manne 
formation on the former, subsequently raised littoral. 

V. THE PROBLEM OF AGE, STRUCTURE, AND ORIGIN. 

This problem has been fruitful of various, often directly opposed 
interpretations ever since 1841. Sismonda and Pareto regarded the 
crystalline rocks as primitive and protogine; Gastaldi classed them, 
including the apenninites, so called by him, as Upper Arcbooan, 
though more recent than his calc-mica schist and pietre verdi zone. 
Zaccagna,i and with him IsseI and Mazzuoli,2 in 1887 included the 
whole crystalline Savona series in the Permo-Carboniferous .and 
Permian horizon of the adjoining Maritime Alps, while De Stefani,3 
in the same year, maintained Gastaldi's view of the Pre-Palooozoic 
uniformity of all the crystalline rocks of -the Western Alps and 
Liguria. 

Since then the most important investigations of the Savona region 
ha\·e been those of Franchi (1893), Rovereto (1895 and 1909). 
and Termier and Boussac (1911-13), followed by the dissentient 
views of De Stefani (1913), who confirms his previous ones already 
mentioned, and considers the Savona massif formed in situ. 

1. Franchi, in a valuable memoir,4 vindicating Pareto's protoginic 
view, recognized the gneissic, amphibolic, and granitic masses as 
constituting a crystalline massif older than the Permo-Carboniferous 
and all the other formations of the district. The gneisses and 
amphibolites he regarded as primitive and the granite as intrusive in, 
and therefore more recent than, the same. The superposition of the 
gneiss on the Permo-Carboniferous near Quiliano in the south-west 
corner of the area is, in his view, due to an inverted fold (rovescia
mento), the normal sequence of gneiss and Verrucano appearing 
further north, near Altare. He regards the Savona crystalline massif 
as forming part of the inner Alpine belt o£ massifs from Monte Rosa 
to the Grajan, Eastern Cottian, and Maritime Alps, and the Savona 
gneisses as akin to those of Gran Paradiso and La Levanna (Grajan 
Alps) rather than to those of Mont Blanc. 

2. Under a novel aspect the problem was presented in an im
portant memoir with maps and sections by Rovereto in 1909.5 His 

i D. Zaccagna, " Costituzione Alpi Marittime": Boll. R. Com. geol., 1884, 
p. 167 et seq.; "Geologia Alpi Occid." : ibid., 1887, p. 346 et seq. 

• A. IsseI, L. Mazzuoli, & D. Zaccagna, Cm·ta geol. Riviere Ligure, 1887 
and 1890. 

3 C. De Stefani, "L' Apennino fra Colle d' Altare e la Polcevera" : Boll. 
R. Com. geol., 1887, fasc. 3; "Zona Serpentinosa della Liguria Occid.": Atti 
R. Accad. Lincei, Roma, 1913, pp. 547, 66l. 

4 S. Franchi, "Nota preliminare formazione gneissica e sulle roccie 
granitiche del Massiccio Ligure" : Boll. R. Com. geol., 1893, p. 43 et seq. In 
this memoir Franchi also describes the principal rocks microscopically and 
gives a list of the literature 1841 to 1893. 

5 G. Rovereto, " Zona dei Ricoprimenti del Savonese ": Boll. Soc. geol. It., 
1909, p. 389 et seq. This memoir was preceded by two preliminary notes on 
the same subject in 1895. 
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painstaking Sliney of both the crystalline and sedimentary formations 
of the area led him to the conclusion that the reversed, anomalous 
sequence of the gneiss and the Permo-Carboniferous series is best 
explained by a local ml(l partial overthrust or displacement of gneissic 
and granitic rocks from the eastern to the western part of the area. 
This conclusion he bases on the following grounds ;-

(1) That the Permo-Carboniferous island between Savona and 
Santuario presents all the characteristic fpatures of a "window" 
which discloses that formation as the substrat Illll , here assullled to 
form an anticline. 

(2) That in the south-western part of the massif the gneiss mass, to 
which the Permo-Carboniferous strata are adjacent on either side, 
l'ests against the latter obliquely in opposite directiom, and is there
fore fan-shaped,! whereas the gneiss mass north-east of the Santuario 
island is essentially isoclinal. 

(3) That in that island the eastern contact line of the Permo
Carboniferous schists ancl the gneiss is comparatively normal and 
undisturbed, whilst the western contact line exhibits marked 
unconformity, contortions, and brecciation. 

Hence the inference that the eastern part of the crystalline massif 
is a "rooted" and the western part a "transported" area, viz. a 
cover-sheet by di~placement.2 The gneisses and amphibolic rocks of 
the massif are, according to Itovereto, Pre-CarboniferoIlF, and the 
granite erupted in the Upper Palreozoic,3 

3. A much bolder and sweeping interpretatioll of Ole SavolHl 
massif is that of Termier and BOllssac in their brilliant memoir of 
1912.' Discarding Itovereto's local and partial oYerthrust as too 
timid, incomplete, and wanting ill precision, they argue with 
characteristic entt'az'n and incisive st)'le and treatment in fayonr of 
a comprehensive overthrust of exotic, long distance origin, and from 
that point of view the subject is worked out so thoroughly that it 
will be interesting to outline its salient points. 

(1) The extensive examination of the area by the authors leads 
them to extol the Savolla crvstalline lDussif as an ideal" cover-sheet" 
region, which, in point of tI~ansport and overthrust pllenomena, they 
consider the most typical, unique, alld classic of its kind ill Europe, 
All along the roads, in the ravines, and on the heights they filld in the 
abundant examples of intense crushing, lamination, brecciation, and 
friability of the crystalline mnsses conclusive evidence that these 

1 This f>ln-structnre, shown in geneml section Fig. 2, rests on the assump
tion th>lt the >ldjoining Permo-C>lrboniferous island on the right is >In >lnticline, 
not >l syncline. 

2 Besides this soILltion Rovereto >lJumbrates three others, which, however, 
he considers less tftngible: the first assumes the whole m>lssif to be a rooted, 
the second 11, tmnsported ftrea, >lnJ the third assumes not only the Savona area 
but the whole of the Apennines to be a series of tmnsported cover-sheets. 

3 Fmnchi (op, cit., p, 64) refers to the granite >lS being on the eastern border 
intrusive >llso in the c>llc-schists and pietre verdi, these bein" Mesozoic the 
granite would be much younger than Upper Palffioz~ic. n , 

4 P. Termier and I. Boussac, "Le Massif Crystallin Ligme " : Bull. Soc. 
geol: ~rance, 1912, p. 272 et seq., with map and 2 sections, preceded by two 
prehmmury notes of 1911, 

5 
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masses were, by subterraneous transport from an exotic source, 
wedged between the two sedimentary-the Permo-Carboniferous and 
the 'l'riassic-formtttions of the Savona Hills, and thus became the 
dividing and contact-zone between the Alps and the A pennines. 

(2) While wholly adopting Royereto's view of the Savona and 
Santnario Permo-Carboni ferOllS " window", the anthors dissent from 
his lithological distribution of the crystalline rocks, and regard the 
massif as ill the main composed of granitic, and only to a very minor 
extent of gneissic and amphibolic rocks, the proportion of the three 
being, according to their estimate, respectively -3-, t, and t.' In this 
estimate they also inclurle a good deal of Permian schist which they 
regard as altered granitic rock. Of the enormously predominant 
granitic masses, as also of the gneisses and amphibolIc rocks, only a 
small part is intact and unaltered; the great bulk is altered, 
structurally and mincralogically, to mylonites, viz. bruised, crushed, 
laminated, mashed, and brecciated by friction of transport and by 
dynamic pressure. 

(3) The granite when fresh contains 68 per cent of silica and in 
chemical composition comes near to that of Mont Blanc, but nearer 
to that of Blba, w here Termier already previonsly claimed extensive 
granite areas as mylonites,2 which he correlates with, and quotes in 
support of the phenomena in the Sayonll region. Of the mylonitic 
granite the authors enumerate se,-el1 varieties or stages between 
fr('~h unaltered granite alld the most advanced mylonitic rock as HIe 
other extreme. The first fonr stages comprise the fissured and 
brecciform, the partially crnshed and laminated, the intensely 
laminated, and tIle incompletely crushed hut not laminated rocks, 
while the last three represent the most advanced types of myloniti
zation, the rocks being reducpd to a trachytic, phollolitic, and, as 
the last stage, to a talcose aspect, completely mashed and laminated, 
no minerals being microscopically recognizable. These rocks occllr 
more especially along the friction surfaces of the massif. The seven 
varieties may be stlldied along the roads Jeading from the COllEt into 
the hills, and notably along the paths leading from Savona. lip to 
"lionte X egino in the central part of the area. 

4. The cataclastic strncture and chaotic condition of the crvstalline 
rocks are, in the authors' view, dominant features in favoll~ of the 
massif being an overthrust en bloc. The striking unconformity, 
often at right angles, between the massif and the underlying and 
overl.ring formations, awl its wedge-lil;e form, thinning out from 
1,000 metres in thickness in the centre to 200 metres at its north
western end, viz. in the direction of thrust, aiford eyidellce not of 
a merely local an(l partial displaeement but of the exotic origin of the 
entire massif. 

, Rovereto's distribution of granite, gneiss, and amphibolites may be 
estimated from his map ttS il,. fir, and ;0 respectively, his granite area being 
less than half that of Termier and Boussac. 

2 P. Termier, "Tectonique de l'Ile d'Elbe": BulL Soc. geo!. France, 1910, 
p. 314 et seq. The conclusions of this memoir were contested by B. Lotti, 
"L'ipotesi del '.rermier sulla tettonica Isola d'Elblt," BolL R. Com. geoJ.. 
1910, p. 284 et seq. ; and by V. Novltrese, " II presunto piano mylonitico del
l'Isola d'Elba," ibid., 1910, p. 292 et seq. 
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5. The upper transport and friction surface of the massif is, in the 
authors' view, evidenced by the extremely disturbed and brecciated 
condition of the o,-erlying younger formations in contact with the 
crystalline rocks. "Vhile the upper surface thus forcer] itself below 
those formationR, the 10\\'er surface glided, like a traineall rcmseur, 
along the gently undulating surface of the" fixed" l'ermo-Carboni
ferons substratum. Thus the SaYOIlit massif was, in the authors' 
view, transported suhterraneously, in afude prodigieu88 (.lie) from the 
east, its rooted origin being, in COlllmon with the granite massifs of 
Eastern Corsica allLI Elba, in the Dinarides. ' 

The two parallel sections south to north, Figs. 2 a]}(1 3, illustrate 
respecti "ely Rovereto's and Termier ami BOllssac's overthrust inter
pretations; Fig. 4 represents au alternative interpretation explaine(l 
at the end of this paper. The sketch-map, Fig. 1, gives, in dotted 
lines, the approximate zonal direction and distribution of the 
crystalline rocks; but the conntless passages of the three principal 
rocks preclude any clear definition of limits. 

V I. CONCLUSION_ 
Without in the least disparaging the overtllrust theory per Sf, wllich 

in specific cases offers tIle ollly tangible explanation of Rtratigruphical 
anomalies, it may, ill my opinion, be safely averred that as regards 
the Sa "ona massif, all the intli ,·idual and collective phenomena so 
ably marshalled by Rovereto and Termier and BOllssac lend themselYes 
with equal, perhaps greater force to a lIlore natural and rational 
interpretation. 

The Savona region, whose crest-lille at ~Ite. Castlas, 1.Ite. S. Giorgio, 
and Mte. Greppino lies at about 825 metres altitude, forms a depression 
between Mte. t5ettepani (1,391 m.) in the Maritime Alps 011 the west 
and Mte. Erilletta (1,267 m.) in the Voltri Apennines oit the east. 
The depression of 500 metres thns constitutes a syncline, in Ue 
centre of which the region is (leeply cut from north to south, and in 
its lower part, between Santllario alld Savona, is eroded to a width 
of 4 kiiometres by the Letimbro and Lavanestra. In striking contrast 
to the regularly stratified and undisturbed slopes on tlte north or 
Po side of the Apennines, the Savona reg'ioll is intensely folded, 
contorted, and faulted, the maximum of disturbance being in the 
centre, viz. in and near the Letimbro Valley immediately west and 
north of Santuario, where all the rock formations converge. 

As previously mentioned, the northern part of tIle region is largelv 
covered, in places to a depth of 400 metres, by Oligo.cene m3rin~ 
conglomerates and breccia which represent a former littoral formation 
raised in later Oligocene or early Miocene times. It was dnring tJlat 
emergence and raising from the sea that the t5avolla region was, 
by enormous pressure from below and from both sides west and east, 
compressed, folded, fractured, brecciated, and, as Termier und Boussac 
term it, reduced to a chaotic condition, a process repeated on a smaller 

J The theory of the Dinarides being the rooted origin of the three granitic 
areas ~s founded on G. Steinmann's often-quoted memoir, "Alpen und 
Apennm," JIilonatsber. Deutsche Geol. Ges., 1907, p. 177 et seq.; his ., dinaric 
cover-sheets", however, are assumed to have been transported, not direct from 
east to west, but circuitonsly along the curve·line of the Alps. 
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scale in Post-Pliocenc times and followed in each case by a settling 
which gradually produced the present depression and contact-zone 
between the Alps and the Apennines.! 

This enormous compression by repeated earth-movements explains 
the crushing, lamination, brecciation, and more or less intense 
alteration of the crystalline rocks, as well as the highly angular 
unconformity between them and the sedimentary formations, and the 
marked disturbance of the latter along the lines of contact. The 
many passages aJ)(l stages of alteration in the crystalline rocks render 
a differentiation between transformed granite, gneiss, and amphibolite 
very difficult; but the granitic rocks being largely predominant and 
of eruptive origin, it is hy no means improbable that the gneissic 
and amphibolic rocks too are deriyed from granite Which thus 
constituted the whole original massif.' Its eruption and spreading 
ant o'-er the Permo-Carboniferous formation probably took place in 
early Miocene ti mes, i.e. contemporaneously with the great granitic 
injections' in Elba, as well as in the Argentera and Gran Paradiso 
massifs of the PiAmontese Alps. This interpretation thus solves 
without an overthrust the cardinal problem of the abnormal 
superposition of the crystalline rocks on the Permo-Carboniferous 
forma tionY 

If, on the other hand, the problem is to be solved by an oyerthrust, 
it appears more probable that the whole crystalline massif was 
transported, not from the east, but from a much nearer root in the 
west, that is, from the Argentera gnei~s and granite massif in 
the Maritime Alps, whence it " glided" oyer the inten-ening Permo
Carboniferous formation of the ~fontgioie range to its present position 
probably in ~Iid-Tertiary times.' The overlying Verrucano, Tria~sic 
lime~tones, and calc-schists with pie he nrdi were, in that case, 
similarly tramported from the Uontgioie range, probably in the 
~ame geolog'ical period, the calc-schists being pushed beyond the 
Sayona massif as a cover-sheet forming the present abnormally 
locate(l Voltri group.5 This alternati \'C o\'Crthrust is indicated in the 
section Fig. 4. 

1 L. ;\Iazzuoli, in an interesting memoir on the "Formazione dei Con
glomerati Miocenici nell' Apennino Ligure", Boll. R. Com. ~eol., 1888, p. 9 et 
seq., mentions the noteworthy fact that soundings carried out by the Italian 
:lIfLrine Department along the Riviera littoral of Genoa and Savona have proved 
the existence of submarine river vaJleys at depths up to 900 metres at 4 nautical 
miles from the shore. The ratio of fall below sea-level is thus about the same 
as that from the Apennine crest-line to the coast. 

2 The gneissic rocks of V,Lldana, in the south-eastern part of Elba, are by 
common consent of granitic origin, though older than the microgranites in the 
west of Elba (B. Lotti, op. cit., p. 285). 

3 By this interpretation Termier and Bonss,w's exotic granite mass, section 
Fig. 3, whose submarine part is of course purely hypothetical, becomes simply 
an ordinary intrusive mass formed in situ. According to G. Steinmann (Geol. 
Congress Francfort o/,}'I., 1913) the Terthuy granitic intrusions constituted the 
last orogenetic phase of the Alps and Apennines. 

" The Permo-Carboniferous" window" would in that case be a syncline, and 
the adjacent crystalline mass west would be, not fan-shaped, but isoclinal. 

" Termier and Boussac themselves assume the younger formations to haye 
moved as cover-sheets from west to e:tst, viz. in the opposite ilirection of the 
crystrtllinc massif. 
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hypothetical. It has been truly remarked that there is no difficulty, 
obstacle, or objection which the overthrust theory cannot overcome 
by geometrical designs. l Rovel'eto himself calls it geopoeti81l1O.2 
'Vhen, therefore, a stratigraphical problem admits of a more tangible 
and legitimate in situ explanation, the presumption and balance 
should logically be ill fayour of the latter, and this may reasonably 
apply to a region geologically so singular and attractiye as that of the 
contact-zone of Sayona." 

1 V. ~ovarese, "II Profilo del}" Grivoht, Alpi Graje" : Bull. R. Com. geol., 
1909, p. 497 et seq. 

2 Op. cit., p. 408. 
3 It is only since this paper was reprinted that Professor '1'. 'raramelli's 

three notes conl1'a the theory of exotic overthrusts or caJ'J'cggiamenti in the 
Apennines and Alps (Rend. 1st. lomb., 1913, p. 128, p. 390, p. 1009) have 
come to my notice. His views fully agree with mine that the Savona 
crystalline massif was formed essentially in situ and is not derived by transport 
from the Dinarides. 



VIII. 
THE OPHIOT.ITHIC GROUPS OF THE LlG URlAN A PENNINES. 

"\VESTEUN LIGUUIA. 

rrHE groups of ophiolithic, that is, crystalline ferro-magnesian 
rocks in the comprehensi,·e sense, to be dealt ,yinl in this and 

the subsequent paper are those west and east of Genoa.' Of these 
the principal western or Voltri group was already referred to in the 
preceding paper 2 as being, on its western margin, contiguolls to the 
IOrystalline massif of Savona, and as constituting with the latter 
the geological contact-zone of the Alps and the Apennines. The 
anomaly of its position and petrological character is enhanced by 
the abrupt, clean-cut di vision of its eastern margin from the adj acent, 
more recent, and smaller ophiolithic group of Sestri and Isoyerde, 
which is coeval with the groups of Eastern Liguria. 

THE Guoups OF \VESTEUN LIGUUIA. (Fig. 1.) 
The border of the large and important area known as the Voltri 

group runs on the south, from its contact with the Savona massif 
near Varazze, along the ltiYiera to Cogoleto, Arenzano, Voltri, Pra, 
Peg-li, and Sestri Ponente; then north llP the Chiarayagna Valley, to 
1 so,-erde in the Iso Valley, to the Docchetta Pass on the crest of the 
A pennines, and thence tOo Voltaggio in the Lemmo Valley. From 
here it extends, as the northcrn marf(in, across the Correntt', Stura, 
Orba, and Erro Valleys to near l'onzollc, south of Acqui, whence it 
turns wuth to the Gioyo Pass and Corona, and along the contact line 
of the Sayona massif down to the coast at Varazze. The divide of 
the Apcnnines runs more or less llarallel to the coast from the Gioyo 
Pass (522 m.), to Mte. EnlH'tta (1,262m.), ~Ite. ReiFa (1,184 m.), tlJe 
Turchino Pass (552 m.), ]\lte. Penello (996 m.), alld the Bocchetta 
Pass (777 m.), w that only the southern part or about one-third of 
the area lies in LigUl'ia proper, while the northern and larger part 
belongs to the Po watershed; in its entirety the complex, co,ering 
no less than 36 by 22 kill. or 800 square kilometres, is by far the 
largest in the Apennines. It exceeds even tlIat of the I,anzo Valleys 
in the Piemontese Alps; like the latter it has, olving to its prevalently 
peridotitic and sel'pentinous rocks, resisted denudation and hence 
preserved its compactness, continuity, and also its often austere 
aspect in a remarkable degree. The tllree principal roads along which, 
besides the coast-road, the ophiolithic and sedimentary rocks of the 
area may be stw1ied, ale those crossing t1le A pennines south to north 
from Varazze by the Gioyo Pass to Sassello alld Acqui on the west, 
from Genoa by the 130cchetta Pass to Voltaggio on the east, and from 
Voltri by the Turchino Pass to Campoligure, Rossiglione, and O,'aaa 
in the centre, to which last-named runs in great part parallel the 
rail way from Genoa to Orada. 

I The term ophiolithic, though in its original and narrow sense it refers only 
to sel'pentines, applies to eruptive bltsic rocks or pietre verdi comprehensively, 
irrespective of age, like, e.g .. the" roches ofitiques" of the Pyrenees. 

• No. VII of this volullle. 



Fig. 1. Sketch Map of Voltri Group, Western Liguria. 

Eo . 

~. I: SOQ ,OOO 't"~'Wl1'fi 
-- '\0",3$ 
-.--- A~&I\A.c-tut 

~1~1. ~,~'~I~'~---4I----~'----~l 
" I> 10 15" ~ 

Contact of Trias and Eocene, Monte Gazo, 
Chiaravagna Valley. 



72 The Ophiolithic Rocks 

The Voltri group is composed almost entirely of Mesozoic, dark
grey, often talcose calc-schists, and infolded, intercalated, and over
lying pietre verdi. As sllch it belongs geologically to the Alps rather 
than to the Apennines, and the anomaly of its position consists in its 
being wedged between the Savona crystalline massif at one end and 
the Eocene formation at the other. Up to 1882 it was yariously 
assigned to the Archrean, Palreozoic, and, more often. to the Tertiary 
formations, and it was not till Issel and Mazzuoli's in,estigations of 
1883 and 1884 I that a clean-cut line of division was shown to exist 
north of Sestri in the Chiaravagna Valley, and thence to Isoverde 
between the older Triassic Voltri group on the western and the 
more recent Eocene ophiolithic and sedimentary series on the eastern 
side of that line. 

The determining factor in this division was IsseI and Mazzuoli's 
discovery of sCYeral isolated. deposits of Triassic dolomitic limestone 
immediateh- west of the lille bet'\'\een Sestri and Isoverde, viz. on 
lIte. Gazo:~Ite. Torbi, ancl .ftIte. S. Carlo, and also north of the crest 
of the Apennines near Voltaggio, wllile more recently Rovereto 2 

elucidatecl those of Cogoleto and A renzano on the co aFt, and Franchi 3 

also adduced valuable evidence of the Mesozoic age of the Voltri 
group. These dark-grey and bluish, cavernous, sparsely fossiliferous 
(gyroporelle) limestones are, like their equimlents in the :Maritime 
Alps and the Savona region, as also like the grezzoni of the Apnan 
Alps, , indubitably Middle Triassic, underlying normally the Upper 
Triassic calc-schist and pieh'e verdi horizon. The three deposits 
between Sestri and Iso\'en1e present the abnormal phenomenon that 
they rest on serpentine and amphibolite of that horizon instead of 
vice versa. S This reversed sequence is, however, purel)' local and is 
due to an imerted fold along the greatly disturbed, faulted, and tilted 
contact of the Triassic and Eocene formations, whose marked uncon
formity is e.g. well exposed in the Chiaravagna Valley on the eastern 
flank of Mte. Gazo, as also in the Rio Recreusi ravine on the 
eastern flank of ~Ite. S. Carlo near Isoverde. Along the coast near 

1 L. :\lazzuoli and A. IsseI, " Sovraposizione nella Riviera di Ponente d'una 
zona 'ofi01itica eocenica ad una zona ofiolitica paleozoica ": Boll. Soc. ita!., 
1883, p. 44 et seq. "Zona di coincidenza delle formazioni ofiolitiche eoceniche 
e triassiche nella Liguria occidentale" : Boll. R. Com. geo!., 1884, p. 2 et seq. 

2 G. Hoyereto. ,. Questioni dei crdceschisti studiata in Liguria" : Bol!. Soc. 
geo!. ita!., 1909, p. 408 et seq. "Schisti e serpentine antichi in Liguria" : 
Atti Soc. Ligure He. nat., vol. ii, 4, 1891. 

3 S. Franchi, ":\fassiccio cristallino ligure": Boll. R. Com. geo!., 1893, 
p. 43 et seq. "Relazionecampagna, 1911 " : ibid., 1912. p. 41. "Posizione 
della 7,ona a Helminthoidea labyrinthicn nell' Eocene superiore": ibid., 1915, 
p. 297. Franchi clllimed the Voltri group as belonging to the Mesozoic calc
schist and pietre yerdi horizon of the l\Iaritime and Cottian Alps in " Zona 
Pietre Verdi, Rllero e Bormida", ibid., 1906, p. 89 et seq. 

• Both the Ligurian and the Apuan dolomitic limestone, independently 
nnalysed, contains 58 per cent carbonate of lime and 38 per cent carbonate of 
magnesia. 

5 This superposition Ma7,7,llOli and IsseI regarded at the time as normal. 
They therefore assigned the calc·schists and pietre verdi to the Lower Trias, 
and figured these as such in their map of Liguria of 1887. The formation is 
now, like thnt of the Piemontese Alps, recognized as Upper Triassic. 
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Cogoleto and Arenzano the sequence is normal, the dolomitic lime
stone and quartzite here being, moreover, as ROHreto has sho~n, 
underlain by Lower 'l'iassic quartzite and conglomerate and P~rmlan 
schist as the substratum. Another curious phenomenon lS the 
wedge of calc-schist, quartzite, and mica-schist which projects from 
the belt of these rocks on the coast into the pietre verdi area north of 
Voltri for about 12 kilometres to Mele, the 'l'urchino Pass, and beyond 
to Masone and Campoligure. This wedge, very similar to .the 
:::lantuario island in the :::la,ona region, is up to 4 kilometres wlde, 
aud divides the Voltri group on the Ligurian side into two unequal 
parts. Except all outcrop of serpentine in the Stura Valley 
immediately north of the road-tunnel on the Tnrchino Pass, it is 
practically denuded of pietl'e ,erdi. 

'l'he Eocene formation east of the contact line and thence to the 
Polcevera Valley, north of Genoa, is composed as usual of fos8iliferous 
(Helm£ntlwidta) limestone, argillaceous, often slluly schist, and macigno 
sandstone. It is in the argillaceous schist between COl'nigliano and 
:::lestri, viz. between the Polcevera and Chiaravagna Valleys, that 
occurs the mass of ophiolithic rocks which extendsfrom the headland 
of S. Andrea north to Borzoli and )ladonna della Guardia for about 
8 and 2 kilometres in length and width, while further north scveral 
smaller masses crop out at S. J.lartino, near the Bocchetta Pass, and 
between the latter and Voltaggio, forming a fringe round the eastern 
margin of the Voltri group. As in the Savona region, so also in the 
Voltri area deposits of Oligocelle conglomerate and breccia are frequent 
and extensive, one of the largest being a bank 500 metres in thickness 
in the Morsone Valley near Yoltaggio, which is entirely composed of 
pietre verdi debris_ 

The relation of the Voltri group to the adjacent one of Sestri and 
Isoverde has been the subject of considerable controversy. De Stefani 1 

and Termier and Boussac 2 regard the Voltri group as an integral part, 
not of the Alps, but of the A pennines. In Termier and Boussac's 
,iew there is between the two sedimentary and ophiolitbic formations 
no division or discontinuity, but a gradual passage from Triassic to 
Post-Triassic, the former bein g simply more metamorphosed than 
the latter, and both constituting consecutive series after the pattern 
of the French Alpine series comprehensives. Sacco assigns the 
argillaceous schists and the macigno sandstone, including the ophio
lithic rocks of the Sestri and Isol'erde group, to the Cretaceous, and 
the uppermost fossiliferous (HelmintTwidea) limestone strata to the 
Lower Eocene. 3 'I'he weight of evidence i~, however, largely in 
favour of a distinct difference and division between the two un
conformably juxtaposed sedimentary and ophiolithic formations, the 
Voltri group being Triassic and that of Sestri and Isoverde prevalently 

1 C. D. Stefani, "La zona serpentinosa della Liguria occidentale" : Rendi
conti Atti R. Ace. Lincei, Roma, 1913, pp. 547 and 661 et seq. 

2 P. Termier and J. Boussac, "Passage lateral N .0. de Genes de Ia. serie 
cristaIIophylIienne (schistes lustres) a la serie sedimentaire-ophiolitique de 
l' Appennin ": Comptes Rendus Ace. Sciences, Paris, 1911, p. 1361 et seq. 

3 F. Sacco, "L' Age des formations ophiolitiques recentes": Bull. Soc. 
beIge de Geol., vol. v, 1891. Carta geologica Appennino centmie 1 : 100,000, 
Torino, 1891. 
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Upper and Middle Eocene. The division is sllOwn e.g. in the 
interesting superficial section of ~Ite. Gazo in the Chiaravagna 
Valley (Fig. 2).1 

The principal constituents of the pietre verdi of the Voltri group 
are peridotite, lherzolite, serpentine, and euphoditic, amphibolic, 
eclogitic, and garnetiferous rocks. Although in some cases well 
preserved, they exhibit more generally ,arions stages of alteration, 
schistosity, and decomposition, and are, moreoyer, so interfolded and 
intermixed both with each other and with the enclosing, often talcose 
calc-schists that their delimination and subdivision is as dim·cult as in 
the similar case of the I,anzo Valleys. The perielotitic and serpentinous 
rocks alone are easily distinguished by the dark colour, the rugged 
outlines, and the barrenness of their outcrops, in contrast to the other 
pietre ,ereli anel the calc-schists often coyered with abundant 
vegetation. 

Along the coast-road between Pegli and Pra the headlands exhibit 
outcropi of dark, dull serpentine and ellphodite with glaucophane, in 
part brecciated and decomposed, alternating with shaly, talcose calc
schist which fring'es the coast from Sestri to Voltri! North of Pegli 
in the Varenna and upper Gorzente Valleys appear lherzolite and 
serpentine with euphodite Yeins, and north of Pni, as also north of 
Voltri, in the Acquasanta rayine, occur considerable rugg'ed outcrops 
of dark· green and black peridotitic rock, which from their forbidding 
appearance are known as the Seogli N eri and the Scoglio del Diavolo. 
Beyond Voltri a large mass of serpentine continues to Arenzano and 
Cogoleto, where it alternates with peridotitic rock and calc-schist. 
Between Cogoleto and Varazze a large mass of euphodite stretches 
north, while at Varazze the dark-green serpentine shows euphodite 
,eins. 'l'hus, the continuous mass of peri(10titic and serpentinous 
rocks, with associated enphodite and alternating with calc-schist 
along the littoral, is interrupted only by the calc-schist wedge of 
Voltri and Campoligure previously mentioned. 

Along the eastern margin similar outcrops of enstatitic and diopsidic 
lherzolite, glancopJIanic euphodite, and amphibolite appear on tlle 
western flank of Mte. Gazo, while further north serpentine pre
dominates west of Mte. 'l'orbi; again, west of Mte. S. Carlo in the 
Iso Valley a lherzolitic mass exhibits enphodite veins, and lherzolite 
and serpentine also crop out iu lIte. Pel'succo, and Mte. lloncasci, 
west of Caffarella. From here extends on both sides of the A pennine 
crest the great euphodite mass of Mte. Lecco, probably connected 
with the similar mass north of Varazze in the south-western part of 
the area. In this, as in the other euphodite masses, tIle rock varies 
from the well-preserved diallagic to the altered type with sanssnrite 
and smaragdite, and is often gneissiform, laminated, and schistose. 
In the Olba Valley, north of the A pennine crest, occur considerable 
eclogitic masses, and along the western margin contiguous to the 

1 This section is deduced from Rovereto's more extensive one, op. cit., 
p.414. 

2 Professor Bonney described a few of the coastal rocks between Sestri and 
Pn\ in "Notes on some Ligurian >Lnd TUSC1W Serpentines": Geol. Mag., 
May, 1879, p. 362 et seq. 
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crystalline massif of Savona, the pietre verdi, which overlie the 
latter at Corona, present the usual varieties already mentioned. 

Although the Triassic pietre verdi of the Voltri group and ~~e 
Eocelle ophiolithic series are both of eruptive origin, they exhIbIt 
certain difference~, not of substance, but of facies and degree. Thus, 
the older serpentilles are more uniformly dark and dull in colour, ~he 
YOllnger generally a brig'hter, richer, and more lustrous green, wlth 
varicoloured passages; again, the pietre verdi when schistose often 
pa~s to the infolding calc-schists, whilst the Eocene rocks are more 
dearly defined from the sedimentary strata. The former are more 
often amphibolic, the latter more pyroxenic, viz. diabasic. The 
serpent-ino-calcareous rock" orphicalce" is rare in the Voltri group, 
but not infrequent in the Eocelle series, and the same difference 
applies in an enhanced dt'gree to metalliferous deposits. These 
differences are clearly exhibited in tIle Eocene ophiolithic series of 
Eastern Liguria, as well as in the smaller, essentially sel'pentinous 
and diabasic masses infolded in the Eocene sedimentary strata between 
Sestri and Isoverde Ilnd bordering on the eastern mllrgin of the Voltri 
group. Among these are notably the outcrops of the S. Andrea 
headland on the coast near Sestri; of S. Itoeco, east of Panigara 
in the Chiaravagna Valley; of Borzoli and of Marjonna della Guardia 
at the northern end of that mass; I again, further north, those of 
Caffarella and S. Martino, which latter village is built on Eocene 
serpentine; and lastly, the Eocene serpentine with calcite veins 
known as "verde eli Polcevera" of Pietra I~avarezza, just below the 
Bocchetta Pass, which vies with the similar rock of Levanto in 
Eastern Liguria.' Beyond the Pass, Eocene serpentine and diabasic 
rocks appear in the I,emmo Valley neal' Molino di Voltaggio along 
the Bocchetta road and in the lower part of the Acquastriata ravine, 
whose upper part lies, .however, in calc-schist and l)ieire verdi. 
Some further small masses ncar Yoltaggio complete the Eocene 
fringe. 3 

As regards the anomalous position of the Voltri group east of the 
Savona massif, there is an obvious correlation between it and tlle 

1 Neal' Borzoli occurs the amygdaloidal calcareous diabase called borzolite, 
and west of :.I1urta the cavernous variety called coschinolite by IsseI. Madonna 
della Guardia is almost entirely built on diabase. 

2 The serpentine of Pietra LavarezzfL with fLssociated ophicfLlce is overlfLin by 
diabase which forms the left bank of the upper Hiasse torrent. In the Hecreusi 
glen, where the unconformable contact of the Triassic limestone and the over
lying Eocene fLrgillaceous schist is conspicuopsly exposed, ocenr, along the 
junction of the Eocene ophiolithic rocks, Im'ge masses of Triassic gypsum 
which are qlmrried nefLl' Isove1"{le. 

3 Since ~his pfLper was reprinted fLn interesting petrograpllic study by 
A. I\ffLrtelh Ims come to my notice on "Metamorfismo suI contatto fm 
serpentine antiche e scist,i ,t Campo Ligure ". Boll. Soc. geol. itfLl., 1913, 
p. 285. It shows that the serpentinous schists of the Voltri Gronp fLre derived 
not only from peridotitic but fLlso from augitic and hornblendic rocks which 
have been rendered pseudo-morphous, i.e. altered to serpentinons schists 
tlll'ongh contact with the infolding calc-schists. This agrees with the 
definition I have, in vfLrious papers of this volnme, given of serpentinous schist 
as pseudo-serpentine; it is, however, produced not only by contact but often 
by pressure under high temperature. 
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The interpretation as an oyerthrust is alluring, but of necessity 
underlying dolomitic limestone, the isolated outcrops of which all 
rouud the group can only be remnants of a much more extensiTe and 
continuous formation which reached west to the Savona massif and 
the Maritime Alps. That formation must have been overlain by 
a similarly extensive one of calc· schists and pietre verdi; hence, 
in the intervening gap in the Sayona region the two formations must 
either have been removed bverosion and denudation or they must 
l!rl\'e been pushed over from" the Maritime Alps. The gap "in the 
Savona region between the calc-schists and pietre verdi in the north
eastern part and those of the Rormi.la Valleys 011 the western margin 
is only about 1.') kilometres; it may, therefore, be legitimately 
assumed that the gap was simply eroded, that both the Triassic 
formations-dolomitic limestones and calc-schists with pietre verdi
originally extended from the Maritime Alps continuously to the 
Voltri group, and that the latter, of submarine sedimentary and 
eruptive origin, was formed £n situ rather than by an overthrust 
from the west. In either case it is, by reason of its Mesozoic age, 
):{eologically Alpine in character, and constitutes, together with the 
Savona crystalline massif, the cOlltact-zone of the Alps and the 
Apennines. 



IX. 

TnE OPHIOI.ITHIC GROUPS OF TilE LIGURIAN APENNINES. 

EASTEUN LlGURLI.. 

GENERAL FEATURES. 

(['HE three principal ophiolithic groups of tllis region are those of 
Levanto, Monte Bianco, an.l ;\Ionte Penna, about mid way 

between Spezia and Genoa, Yiz. north of Levanto, Sestri Lenlllte, 
and Chiavari, at average altitudes of 300, 800, and 1,600 metres 
respectively. Like the Eocene ophiolithic group of Sestl'i Ponellte 
and Isoverde, west of Gelloa, they lie in the upper horizon of that 
formation, that is, in the fossiliferous (fucoids) albarese limestones 
and the argillaceous schists which rest on the Middle Eocene macigno 
sanrlstone as the lowest member of the Ligurian Eocene. The 
sedimentary and infolded ophiolithic groups, consecutively aligned 
from the eoast to the crest of the A pennines, form a series of anti
clines north to south, dipping west, with some transverse folds. The 
whole region is greatly contorted and brecciated; it is, moreover. 
profoundly eroded by torrents charged with calcium carbonate which 
has accelemted erosion and at the same time re-cemented breccia. 
Although the three groups are now separated, they are, together 
with the scattered islands north of the crest of the A pennines 
towards Piacenza in the Po Valley, only the remnants of an originally 
continuous formation of no less than 1,500 square kilometres or 
600 square miles. 

The principal ophiolithic rocks of the three groups are serpentine, 
cuphodite, and diabase, with their -varieties. The serpentine is both 
compact and schistose, and often of porphyritic structure. There is no 
passage from serpentine to the other two rocks, but there are frequent 
transitions between the latter; serpentillous schist or pseudo
serpentine, often in transition to argillaceous schist, is also mnch in 
evidence. Associated rocks are the semi-crystalline schists known as 
.flaniti and diaspn', viz. silica-calcareous, reddish and green schists, 
harder than limestone, indurated by taking up silica at the expense 
of lime, and containing radiolaria. Both, and notably the more highly 
indurated diaspri, form bands on the margin of ophiolithic rocks in 
proximity to calcareous masses. l It is a lloteworthy feature that 
metalliferous deposits are found only in euphoditc and diabase, never 
in serpentine, though often Ileal' the contact of the latter; again, 
manganese occurs, Ilot ill the oplliolithic rocks proper, but in the 
diaspri masses, thongh ill the vicinity of the former. 

r. THE LEVANTO GROUP. (Fig-s. 1 amI .5.) 
This extends along the coast from ~Iolltel'osso to Levanto, 

Bonassola, and Framura for about 10 kilometres, and inland about 

1 Indu~ated, silico·argillaceous schists are known as gaZestTi, yellowish, red, 
or green III colour; al'desia are tegular, silico-argillaceous-calcareous schists' 
and resinile is a white or yellowish siliceous, semi·opaline variety. ' 
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20 kilometres to north of La Baracca on the high-road from Sestri 
Levante to Spez~a. The precipitous, craggy ontcrops along the coast 
are composed clnefly of greenish and dark reddish serpentine and of 
euphodite alternating with argillaceolls schist all more or less 
(lecomposed, except the euphodite with felspathic base and smarag
dite of Bonassola, which, though it exhibits secondary minerals, is 
comparatively fresh.l The principal outcrops inland are exposed 
along the road from Levanto to La Hameel! (600 Ill.), where the 
ophiolithic series may be convelliently studied in the numerous 
(luarries of the beautiful and well-known" green marble of Levanto", 
largely used for ornamental purposes. It is essentially compact 
serpentine, greenish and rusty red, with clear white veins which are 
fissures filled with calcite. The rock passes to a more crushed and 
brecciated ,'ariety, re-cemented by calcium carbonate as ophicalce. 
Another variety is the so-called mnocliiaia or frog-coloured, which in 
a greenish yellow gl'ollndmass exhibits fine, black, arborescent tissues 
of opacite. The compact serpentine also passes to schistose, fibrous, 
and steatitic, is often spJleroidal, and, when it contains enstatite, 
diopside, brollzite, and notably dialluge, is porphyritic in structure. 
Along the same road serpentine often alternates with enphodite more 
or less altered, and with intermediate strips of pseudo-serpentine. 
The ophiolithic rocks arc normally intercalated between argillaceous 
schists as the lower, and limestones as the upper strata, with 
occasional intervening claret-coloured diaspri. North of the Sestri 
and Spezia road occurs the cluster of serpentine and ellphodite masses 
of Tavarone between Castig-lione an(l Uaissana, of Velnl, Carro, 
Bal'acchino, and }Iatterana (Bracco), in all of which the euphodite is 
largely gneissiforDl and, notably north of La Baracca. forms a con
siderable area. Another interesting mass is that near Pignone, about 
10 km. east of Levallto and the same distance north of Spezia, 
which constitutes, in the Eocene strata, a band of about 8 bv 1 krn. 
of serpentine and enphollite, like those of the Lel'anto gro~p.2 It 
runs north-1\est to south-east, parallel to the latter and to the coast 
towards the Oretaceous, Liassic, and Ithretian strata of the Porto 
Venere or western arm of Spezia nar, and forlils the link between 
the ophiolithic groups of Eastern Liguria and those 15 km. further 
east of Sal'zana, Lunigiana, and Garfagnana in the Magra and upper 
Serchio Valleys along the northern margin of the A puan Alps. 

II. THE MONTE BIANCO GIWUP. (Figs. 1-4 and 6.) 
This ophiolithic and reillarkably metalliferous area is situated 

north-west of the Levtlnto group; its lower end, touching the Sestri 
and Spezia road near Bracco (-148 Ill.) lies about 6 kilometres north of 
the former town. It CO\'er8 about 10 by 5 kilometres, and is crossed 
north-east to sonth-west by the deeply eroded ravines of the Gnweglia, 
Gromolo, amI Petronia torrents in its northern, middle, and southern 

1 A few of the rocks neal' Levanto were described by Professor Bonney in 
op. cit" Geol. Mag., 1879. p. 362 et seq. 

2 Specimens of the Pignone group were examined microscopically by 
Professor A. Cossa of Turin, who also gives anllJyses of the same in comparison 
with some of the similar Ligurian and 'fuscan rocks (Boll. It. Com. geol., 
1881, p. 246 et seq.). 
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part respccti rely. It is traverseJ north to south bv three more 01' 

less parallel ridges, viz. anticlinal folds dipping w~st, the highest 
or eastern of which includes Ute. Porcile (1,249 n1.), Zenone 
(1,072 m.), Alpe (1,096 m.), and l'u (1,007 m.), while the middle one 
comprises Mte. Bianco (876 nl.), !tocca Grande (968 Ill.), ~Ite. 
Treggin (876 Ill.), and }fte .. Loreto (360 Ill.), and the wcstern 
descends to 400 and 300 Ill. altItude. 

The ophiolithic rocks are infolded ill the usual Eoccne sedimentarv 
strah, notably fine.grained, bluish-white, llodulous, and banded 
limestone, and argillaceous schists, freq llcntly tilted almost vertically. 
flerpentines predominate more espeeially in tIle eastcrn, diabase and 
euphodite in the westel'll and cpntral part; their proportion may be 
roughly estimated as being 2/5, 2/5, and 1/5 respecti,·ely.l The 
northern margin of the group is, between tIle ophiolithic rocks on one 
side and the ealcareous rocks on the other, fring'ed by bands of 
claret-coloured diaspri up to one kilometre in width, which crop out 
011 sOllie of the highest points of the middle and eastern ridges such 
as lIte. Bianco, Rocca Grande, :\Ite. Treg'gin, Porcile, and Alpe. 
The principalrouels leading from the coast up into the hills are those 
from Sestri to Cus:trzu and Castiglione (271 m.) along the Petronia 
Valley in the southerll, and from Lal'agna along the Gra,eglia Valley 
to N ascio (390 lll.) in the northrl'll part of the area, as also the roads 
up the GrOlllolo Valle'y to the Libiola mine (380 m.), awl from Casarza 
to Burg-OliO in tlle centrp of t.he area. The f1r~t of thesp 1I10re 
especially crosses in succession t.he serpentine, <liabase, and eupllodite 
masses in a natlll'lll section west to east of about 4 kilometres, along 
the Petronia Valley between Casarza and Castiglione. This sectioll 
is yen' similar to a larg"r, parallel one across the widest awl central 
part ~£ the group from tl,e Groll1olo Valley to !tocca dell' Aquila, 
J{occa Grande, and :\Ionte Zenone, cutting the three anticlinal folds 
and the synclines between them. These see:tions and anothcr 
interestillg olle along- the Lihiola road, showing nodulous diabasl', 
aud enphodite veins in serpeutine, (Ire represented in Figs. 2, 3, and 
.!,! Throughout these sections the eupllOditic masses 1I10re than the 
other rocks are greatly altered, and often decomposed; the contact 
with serpentille is always distinct, while euphodite and diaba"e 
constantly merge into each other. 

The enphoditic and diabasic masses throughout the area contain 
considerable nodulI'S of copper pyrites which are "'orked in a l1Iimbel 
of mines, ROl1le of whose approach.tullnels afford intereRting exposures. 
One of thesc is notablY the Lihiola mine abo\'e the hamlet of that 
name and in the Grolll~'lo Valle!' 011 the western margin of the area 
at about 350 metres altitude, in a diabnsic islaml of a ;;erpPJltine mass. 
'1'he green alld reddish diabase here is not olily COlli pact hilt forms 
numerous aggreg-atioJls in which nonules of Jl~'rite are ellibeddell aIHl 
separated from the encasillg rock by thill strips of white resinite. 
In another mille on the left of the Gromolo torrellt nodlliolls euphodite 
appears encased in serpentinc, \\'hich is completely altered to steatite. 
~ranganpse i.~ found only in the diaspri bands, while serpentine 

1 These section,; ,t1'e derlllced from L. i\Ia7.zuoli'g in ".Fo1'mazioni ofiolitiche 
delht Hiviem eli Levante, Liguria" : Boll. H. Com. geol., 1892, p. 2 et seq. 
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throughout is devoid of metalliferous deposits, as previously stated, 
though they often appear in close proximity to it. 

It was urge(l at one time as a remarkable phenomenon that in 
Eastern Liguria serpentine always appears superposed on euphodite and 
diabase, whereas in other parts of Italy, e.g. in Tuscany, the reverse 
is the case.! The former phenomenon is, however, apparent rather 
than real, being due !lot only to the effects of erosion which sometimes 
expose the outcrops at abnormal levels, but more especially to faults and 
inverted folds in connexion with the greatly disturbed stratigraphical 
condition of the whole region. Of this condition a striking example 
is afforded in the very centre of the area by Monte Treggin (870 m.), 
a sharply pointed, rugged peak, which is not only surrounded by 
chaotic masses of breccia and rock-debris, but is itself a confused 
agglomeration of the ophiolithic and sedimentary rocks of the area, 
strangely brecciated, crushcd, intermixed, and contorted. This 
phenomenally disturbed condition extends from Mte. Treggin north 
to the serpentine mass of Mte. Bocco (1,027 m.), and south to the 
ophiolithic ma5se~ near Bargone and Mte. Loreto across the Bargonasco 
and Petronia Valleys; it constitutes, in fact, an eminently cataclastic 
zone which runs north to south midwavof the area and also from 
La Baracca along the western margin 0·£ the Levanto group down to 
the coast ncar Bonassola. 

III. THE :llONTE PENNA GROUP. (Fig~. 1 and 7.) 

This extensive ophiolithic area, the most northern of the three 
groups, lies north of Chiavari, whence "Monte Penna, the highest 
point of the Ligurian Apennines (1,735 m.), forms a conspicuous 
object, distant about 25 kilometres. The group comprises a series of 
mountains disposed, on the crest of the Apennines, in a spmicircle 
facing west and a bont 15 kilometres in length. In the centre of this 
semicircle, at 550 metres altitude, or nearly 1,200 metres below the 
crest, lies the village of Prato, one of a eluster of hamlets called 
Sopra la Croce, which possesses a mineral spring. About 900 metres 
above Prato, on Prato Molle, rises the Penna torrent, which, together 
with its numerous affiupnts, collects the drainage of the southern 
watershed of the Monte Penna group and discharge8 into the Stnrla 
torrent at Borzona"ca (160 m.). This v.illage, about 15 kilometres 
from Chia\"ari, is the starting-point for the westpl'll and central part 
of the gronp, while the eastern part and .l\Ite. Penna itself are also 
reached from S. )raria dt'l Taro (700 m.). From west to east the 
group comprises ~fte. Ajona, Cantomoro, Nero, Penna, Scaletta, 
!tocchetta, Pertnsio, and Ghiffi, with the western lower spurs of 
Mte. Agugiaia, Campo !tondio, 1\[te. Hregaceto, and ~fte. delle Lame, 
while Roeca Borzone forms a Spill' at the eastern extremity. 

The ophiolithic rocks, chiefly composed of peridotite, lherzolite, 
serpentine, diabase, and their breccia, are, like those of the Levanto 
and Uonte Bianco gronps, infolded in Eocene argillaceous schists, 
limestone, and sandstone, and follow, with the latter, the same general 

1 Hee an e,l,rlier memoir by L. l\bzzuoli fL11d A. Issei, " Stndi sulle masse 
ofiolitiche della Hiviel'rL di Levaute ": ibid., 1881, p. 313 et seq. 
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direction north to south, dipping west, although the folds and alterna
tions of both series are often so brecciated as to defy delimination. 
Between Borzonasca and Prato the sedimentary strata give place in 
the upper part to brecciated limestone and diabase, whose repeated 
alternations are followed by a mass of diaspri wedged between diabasic 
breccia, and then by large masses of spheroidal dialJas<:' .. }:rom Prato, 
which lies in normal sedimentary strata, to Mte. Agugiaia(1,088 m.) 
the outcrops again disclose brecciated aitcrni,tvnis w~t!i. ~ph~l'.Jiorl . 
and variolitic diabase, then a large mass 01 redlish b[,~~iGi,~ :WH.iu..otit'i 
which forms the cupola of Campo ]{ondio, and 5.s surr(lllP,ded by 
diabase and an outer fringe of argillaceous ~ch(sL:!Ji~b':lS~ i~ftgain 
in evidence on Mte.Bregaceto (1,171 m.) and extencis to lUe. delle 
Lame (1,304 m.), which, though co\'ered with plantation, exhibits 
that rock on its lower flanks. 

From Mte. delle Lame the crest is reached on Mte. Ajona (1,692 m.), 
on whose comparatively broad and flat surface appears a very hard, 
dark-red, and rusty-coloured peridotitic rock in superposed layers like 
flagstones, with reticular ribs and wrinkles evidently due to atmo
spheric denudation. This rock, which is strongly magnetic and extends 
considerably north of the crest, obviously passes to serpentine on the 
southern flank, where serpentinous and limestone breccia appear 
infolded in argillaceous schist. The crest of Mte. Nero towards soutll
east of Mte. Ajona exhibits the same peridotitic rock passing to 
serpentine, and so does the remarkable outcrop of Pl'ia Borgheise, 
a boss Oil Prato Molle (1,496 ill.), below Mte. Nero, which was first 
noticed by Mazzuoli and, thanks to Professor COBS a' s microscopic 
examination, was recognized as the first example of lherzolite in the 
Ligurian Apennines. East of ~Ite. Ajona rise lIte. Cantomoro and 
the peak of :hHe. Penna, both composed of diabase, which also applies 
to Mte. Scaletta south-west of Mte. Penna. These three mountains 
obviously form a central IlIass of diabase between the peridotitic and 
serpentinous masses on the west and those of Mte. Pertusio on the 
east. Mte. Scaletta and Mte. Pertusio are separated by the argillaceous 
schist and limestone breccia of Mte. Rocchetta. The semicircular 
~l"OUp is completed by Mte. Ghiffi, on whose northern flank appear 
lImestone and breccia, the contact of these rocks and the serpentine 
of Mte. Pertusio being exposed in the saddle between the two 
mountains. On the descent from here by Rocca Borzone the hard 
diabasic breccia with associated diaspri appear again, being evidently 
connected with those already noticed above Prato. A notable feature 
of the Yte. Penna group is the absence of superficial outcrops of 
euphodite, though that rock probably occurs in places below the 
snrface where the latter is covered with vegetation or detritus, ill 
association with diabase and serpentine as it does in the other ophio
lithic areas of Eastern Liguria. North of the M teo Penn a gronp, 
about n dozen ophiolithic, chiefly serpentinous, islands crop out in the 
Trebbin, Aveto, and Nure Valleys, near Bobbio, S. Stefano, and 
Fer~'iere respectively, towards Piacenza in the Po Valley; they are 
obViously a continuation of the Ligurian groups.! The diabasic Illasses 

1 L. Mazzuoli, "Formazione ofiolitica nella Valle del Penna": Boll. R. 
Com. geol., 1884, p. 384 et seq. A. Cossa, "Intorno ad alcune roccie della 
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of Mte. Cantomoro, Penna, and Scaletta extend south-east, towards 
Varese-Ligure, to Mte. Quatese, Cavallone, Setterano, and Carignone, 
all at about 1,300 metres altitude, in three more or less parallel zones 
with inten'ening strata of argillaceous schist containing abundant 
lenticular. interc~lations of diabasic breccia, of wllich extensive 
agglomerati'oi!s a',so appear on the northern flanks of Mte. Penna. 
'l',he{}in.)Jasic zon£s· obvi "mdy represent original submarine lava 
~)b~ams ~owi.iq( in 'tbe :p-Ia;Jcs .0£ the plastic sedimentary strata, in 
whi~h'th\3 deb'ris became infolded and cemented to breccia. 

CONCLUSION. 

The phenomena presented by the ophiolithic and sedimentary 
groups of Eastern Liguria are substantially the same as those of 
the '1'riassic Voltri and the Sestri and Isoverde Eocene groups west 
of Genoa. Both regions afford striking evidence of intense folding, 
crushing, contortion, and brecciation which the sedimentary and 
the ophiolithic rocks of submarine eruptive origin during their 
contemporaneous uprise and subsequent settling experienced alike. 
There is no tangible evidence of these groups being transported areas, 
while everything points to their emergence and location £n situ. l 

The effects of repeated earth-movements, including those of a seismic 
character, are strikingly evidenced by the frequently cataclastic 
condition of the Ligurian littoral from the coast to the crest of the 
Apenniner. and the compression of the region during its uprise and 
settlement must have been all the greater considering that it lies in 
the contracted semicircular cur,e of the Gulf of Genoa. 

Valle del Penna nell' Apennino ligure" : Rendiconti H. Accad. Lincei, Roma, 
1886, pp. 502 and 643 et seq. Professor Cossa, of Turin, also first examined 
microscopically some of the ophiolithic rocks on the north of the Apennines: 
" Sopra alcune roccie serpentinose dell' Apennino Bobbiese," Boll. R. Com. 
geol., 1881, p. 58 et seq.; also D. Zaccagna, Relazione, 1902; ibid., 1903, p. 39. 

1 Further east tow'll'ds Spezia the Mesozoic and Tertiary sedimentary strata 
exhibit an abnormal superposition which has always been regarded as an 
extensive inverted fold, but may be the effect of a local overthrust. In the 
ophiolithic areas of Eastern Liguria, on the other hand, the Eocene sedimentary 
seq uenee is normal. 



x. 
THE CHtllARA, MASSA. AliD VERSILIA MARBLE DISTRICT 

(ApUAN ALPS). 

1. INTRODUCTORY. 

1 HE range of the A pllan Alps, cOlllmonly culled the Carrara 
Monntains, trends, from its j unction with the A pennines east of 

Spezia, as an independent massif N.N'-W. to ~.S.K, parallel to the 
),lediterranean littoral, from w llich it ri~es within a distance of 
barelvthree miles to a maximnm height of 6,000 feet above sea-level. 
Excl~sive of the ollter belt of the more recent strata, the Triassic 
formation, which inclmles the succharoidal marble beds, co\-ers about 
~5 by 13 kilometres or about 130 S(l'lare miles, of which the JI1arble 
zone proper represents 64 square miles or about half. The range is 
bounded on the north by the Aullela valley in the Lunigiana district; 1 

011 the east by the Serchio valley in the Garfa~nana district; and on 
the south by the Serehio valley in the Province of Lucca. The 
marble district, whose I\-estern part faces the ).fediterranean, 
comprises the three divisions of Carrara, Massa, and the Versilia in 
the corresponding parallel valleys of tIle Carrione, Frigido, alld 
Serravpzza Rivers. 'rhe Versilia divi~ion, which forms part of the 
Province of Lucca, is composed of the Seral'ezza, Stazzellla, and Ami 
subdivisions, of which the last-named lies on the eastern watershed of 
the Apuan range. The Versilia division also includes PietrasHnta, 
Call1aiore, Massaro sa, and the well-known watering-place of Viareggio, 
near the last-named of which are situated extensi ,<e subaqueous 
rleposits of a peculiarly coarse-grained, sharp macigno sand. These 
deposits, formed as a delta in a lacustrine expanse by the Hi vel' 
Serchio, constitute an illlPortant and indispensable adjunct of the 
marble industry as grinding material for the numerous marble saw
mills in the three parallel valleys already referred to. 

Up to 1880 parts of the marble district Ilart been im<estigated 
chiefly by Savi, Coquand, Cocchi, and De Stefani, whose views were 
in part concordant, in part conflicting; but it was oilly subsequently, 
in the early 'eighties, that the systematic Hnd comprehensive geolo~ical 
survey of the entire range of the Apuan Alps was carried out by Lotti 
and Zaccagna, of the Royal Italian Mining and Geological Department, 
under the direction of Professor Menegbini, of Pisa. This suney was 
completed in the 'nineties by the publication of the Geological Contour 
)Iap of 1 : 25,000 (2'54 inches per mile), together with numerous 
sections. It was in the period of that survey that tIle present 
writer had his professional headquarters in the district for se,eral 
years, during which he acquired an intimate know ledge of every part 
of it 2 and had frequent opportunities of discllssing and verifyillg the 

1 Lunigiana was the ancient Roman Luna district, the Carrara marble being 
then called Marmor Lunensis. The Apuan Alps were inhabited by a warlike 
tribe, the Apuani, subdued by the Romans 180 B.C. 

2 In a prize paper, Proc. lnst. Civ. Eng., vol. ciii, 1891, "The Carrara 
Marble District Railway," I gave a summary description of the district. 
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conclusions of those distinguished geologists. I It will, therefore, not 
be out of place to briefly review the outstanding features of that 
unique and justly famed district from pcrsonal experience and 
observation. 

II. PHYSIOGRAPHICAL FEATURES. 

If the range of the A puan Alps cOllld be reconstructed as it 
was after its uprise in Miocene times, it would represent a flat 
ellipsoidal dome whose cupola reached an elevation of over 6,000 feet 
above sea-level. The initial thru~t having been exerted on this part, 
as indeed on the whole of the Ligurian littoral from the south-west, 
i.e. from the Mediterranean, it is on the side of that littoral that the 
Apuan Alps are marked by steep and precipitous declivities up to 
45 degrees, while on the eastern side they fall away more gradually 
to the Serchio valley at an average inclination of 20 degrees. 
Accordingly, denudation and the formation of deeply cut, narrow 
valleys by fluviatile and atmospheric agency proceeded much more 
rapidly on the western side, which therefore exhibits a series of 
sharply defined peaks denuded, in their upper parts, of vegetation 
and imparting to the range its imposing, conspicuously rugged and 
Alpine character. On the eastern side, on the other hand, where the 
process of denudation was less rapid, the mountains, with one or two 
exceptions, have preserved their dome- or loaf-shaped summit outlines 
with steep sides, and also more of their original elevation, for it is 
here that the whole rau~e reaches its maximum altitudes in Monte 
Pisanino and the neighbouring :'Ironto Tarnbnra. The direction of 
pressure is also evidenced by the fact that tho strata on the western 
side are lUuch more highly crystalline and resistant than tlle mOl'e 
fine-grained and softer castern strata, which, consequently, haye been 
all along the line greatly folded, bent oyer towards the east, lind at 
many points totally reYel'sed. 2 

The range is thus composed of two series of mountains i.e. of the 
pizzi or peaks of the western, and of the panic or loaf-shaped eastern 

1 The Memoirs and Notes on the district by Lotti and Zaccagna in the 
Bollettino del R. Comitato Geologico d'Italia are the following:-

B. Lotti: vol. 1881, pp. 1, 8!5, 419; and Carta Geol. d'Italia, 1910, p. 372. 
D. Zaccagna: vol. 1880; vol. 1881, pp. 1, 476; vol. 1896, p. 214. 
B. Lotti is Chief Engineer of the Royal Mining and Geological Depal'tment, 

Rome. D. Zaccagna is Chief Engineer of the same Department and Director 
of the Mining Institute of Carrara; he is himself a Carrarese who has, in the 
words of Dante, "tra bianchi marmi la sua dimol'l1." 

2 The fact that in the Apuan Alps the direction of thrust-pressure was S. W. 
to N.E. in it,self suffices to disprove the theory advanced by Steinmann 
(op. cit.) and others that the Mesozoic beds of that massif and also those of the 
'fuscan Subapennines generally are not autochthonous but allochthonous areas 
transported from the Dinarides, i.e. E. to W. Local displacements may and 
do occur in all autochthonous massifs as the effect of earth movements, 
compression, or shearing within their own areas, and such displacements take 
place in different directions. T. Taramelli has recently pointed out that both 
in the Eastern Italian Alps and in the Northern Apennines some of these local 
coztri or cover-sheets were thrust N. to S., others S. to N., whereas the 
direction from the Dinarides should be W. to E. "Se I' Appennino settentrionale 
rap pre senti in realta un carreggiamento" : Rend. R. 1st. Comb., 1913, p. 128. 
"Se Ie Dinaridi costituiscano veramente una masso carreggiata" : ibid., 1913, 
p. 1009. 
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series, the former being about 24 kilometres, tile latter about 12 kilo
metres in length, and the two not running exactly parallel, but 
converging towards each other. The natural alignment of the range 
may therefore be described roughly as that of a two-pronged fork as 
shown in the plan (Fig. V), the intervening space between the two 
prongs being occupied by the Arni Valley, about 7 kilometres in 
greatest width at its upper end. The ends of the two prongs are 
marked by Pizzo d'Uecello and .Monte Sagro (Carrara) on the west 
aud by Monte Pisanino on the east; the junction of the two prongs 
coincides with Monte Altissimo in the 8eravezza division, and the 
southern end of the fork extends towards Pania della Croce and 
Monte Forato in the Stazzema division. The altitudes of the 
principal ~Western Pizzi and the Eastern Pan ie, which are marked III 

the plan, are as follows:-
TVesten~ Series, 24 k1n. Eastern Series, 12 k11l. 

m. m. 

{ Pizzo d'Uccello 1782 Monte Pisani no 1946} 
Monte Sagro 1749 Cavallo 1889 Carrara 

fCresta Garnerone 1791 Tambura 1890 and 
\.Monte Grondilice 1646 Sella 1723. Massa. 

Carrara 

lIIassa 

Seravezza " Altissimo 1549 Fiocca 1711} 

Stazzema Pania della Croce 1859 I Freddone 1487 Arm. { 
"Corchia 1677 Sumbra 1765 . 

Monte Forato 1230 Bonchi 1350 
The intervening Val d' A rni lies at an altitude of about 1,000 metres 

at its upper and of gOO metres at its lower end between Altissimo 
anll Sumbra, where the Arni and Freddone torrents join and under 
the name of Turrite Secca are deflected to the east as tributar, of the 
Hi \'er Sen:hio. • 

III. THE GEOLOGICAL STRUCTURE. 

The flat, fork-like curves formed by the crest lines of the two series 
also mark the direction of the two great anticlinal folds of the range, 
the intervening Val d' Arni being the corresponding syncline, which 
is eroded down to the substratum of the central schists. The two 
principal folds are not, however, simply uniform anticlines, but are 
composed of It succession of anticlinal and synclinal flexures which, 
bG~inning at the Vinca Pass north of Monte Sagro at the western, 
and at ~Ionte Pisallino at the eastern end, converge and merge into 
each other Ileal' ~fonte Altissimo and thence extend to the Stazzema 
enlt of the range. The extraordinary multiplicity of these flexures 
renders their co-ordination extremely difficult, the more so as in 
many of them, notably in the eastern series, the stratigraphical 
sequence is reversed, while, more especially at their junction near 
Monte Altissimo, and also near Renara in the Massa Division, the 
strata exhibit extraordinary con tortions which only long and' patient 
study and sections of minute detail ean unravel. The sections given 
in Figs. I to IV represent some typical examples, Fig. I showing the 
normal anticline of Monte Sagro, Fig. II a lower part of the same 

I This very conspicuous mountain, one of the highest of the series, is really 
a pizzo, its summit being a ridge not more than 10 yards long and barely 2 feet 
wide. Monte Forato is, as its name implies, remarkable for the great natural 
arched opening just below its summit. 
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anticline, with the complete stratigraphical sequence from Miseglia 
to the Betogli and the Fantiscritti quarries above, viz., north-east of 
Carrara; Fig. III the normal syncline of ~Ionte Corchia in the 
Stazzema, and Fig. IV the totally reversed stratigraphical sequence 
of the contorted flexure of Monte ltonchi in the Arni division, in the 
junction zone of the two great folds. 

All the principal mountains exhibit flexures, more or less ac
centuated, not only along the precipitous ridges of the crest lines and 
on the denuded mountain sides, bllt ill the marblc quarries, as well 
as in the cuttings and tunnels of the Carrara Marble rail way, all of 
which thus offer a multiplicity of re\'ealing sections. In some 
isolated cases, where the visible part of a flexure is too acutely bent, 
there is a rupture of the lowest synclinal or of the uppermost anticlinal 
stratum; but however twistecl or reversed the flexures may be, there 
is throughout the range a total absence of faulting in the sense of 
fracture or dislocation of the strata. The very fact of the constant 
succession of normal and abnormal flexures admits of co-ordinating 
them as components of the two great folds which constitute one of 
the characteristic featmes of the range. 

IV. THE STRATIGRAPHICAL SEQUENCE. 

Proceeding from the Mediterranean littoral upwards into the valleys 
of the three main divisions, the lower hills, which form the outer 
fringe of the range about 4 kilometres from the sea, are found to be 
composed oi much folded Eocene alberese limestone and macigno 
sandstone, succeeded by Cretaceous and then by the Liassic and 
Rhretian schist and limestone strata. The town of Carrara is built 
on old alluvial conglomerate resting on those strata. The Lias and 
Rhretian thence extend as far as Miseglia, about 1 kilometre north 
of Carrara, at which point begins the sequence of the Triassic and 
older rocks. From here, at altitude 240 metres-and about the 
same level in the other divisions-the succession, omitting the minor 
alternations-may be summarized as follows :-

MESOZOIC. 
Depth in 
metres. 

1. Upper Trias. 1. Upper Schist, Ma1-ble, and Limestone Zone. 

Rh f with pseudomacigno sandstone. - t {
(a) Upper Schist, sericitic and chloritic, I 

IE Ian (b) Cipollini and Upper, cavernous Grezzoni'J 
semi-crystalline and dolomitic. _ 

(e) Upper Marble, white, statuary, bardiglio, 
veined, and brecci'l 

II. Middle Trias. 1 

PALlEOZOIC. 
III. Lower Permian. 

(d) Banded and Nodulous Limestone, grey 
and yellowish 

2. P1'incival Mal-ble Zone, white, statuary, 
bardiglio, veined, and breccia. 

Principal G1-ezzoni Zone, dolomitic, semi
crystalline, dark-grey, brown, and whitish 
limestone, in part black carbonaceous . 

Central Schist Zone. dark-grey, micaceous and 
gneissose, with calcareous, talcose schist 
intercalations 

300 

300 

200 

1,000 

500 

1,000 

3,300 
I The Lower 'frias is absent in the Apuan Alps, the Upper Permian or 

verrucano is sparsely represented by a coarse conglomerate underlying the 
Middle Trias grezzoni at a few isolated points of the range, e.g. near Vinca, 
Pizzo d'Uccello, and in the Arni region. 
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It is thus seen that the upper and the principal saccharoidal marble 
horizons together represent a dsible deptll of no less than 1,300 
metres, over three-quarters of a mile. As shown in Figs. I to IV, 
the normal sequence of strata is uniformly the same throughout the 
three main divisions of the district, the marble of the principal zone 
re~ting normally always on the principal grezzoni beds, and under
lying the banded allllnodulous limestone of the upper series, except 
in abnormal or reverse flexures. The strata of the upper series 
frequently alternate with each other, aR shown in Fig. II; hence 
the marble of that series is always associated with one or more strata 
of that zone. J 

V. THE CENTltAL AND THE UPPER SCHISTS. 

The central schists constitute the lower formation and the nucleus 
of the range, an(i ronnd and above them appear concentrically the 
successive Triassic series including the IUJ!Btian, overlain by I.iassic 
limestone. These central scllists were formerlv regarded variouslv 
as of A rch!Ban, Silurian, or Carboniferous age; "but the discovery iii 
1880 by Lotti and Zaccagna of abundant Orthoceras alld Adinocrinus 
fossils in the frequell t calcareous scllist intercalations, notably near 
Fonte Mosceta in the rlepreHsion between Monte Corchia and Pania 
della Croce ill tIle Versilia (Stuz7,ema) division (vide Kin Fig. III), 
enabled Professor .l\Ieneghini of Pisa to assign the central schist 
formation definitel.'" to the Palrnozoic.' Subsequently, ill 1883 and 
1885, Zaccagna, who at that time surveyed both the Grajan and the 
'Western Maritime Alps on the Italian side,2 showed conclusively t1mt 
not in the former (1101' in the St. Gothard schists), but in the latter 
is found the analogy with, and the equivalent of, the Apuan central 
schists, the uniform parallelism of the schists and tIle overlying 
grezzoni being in both cases precisely the same. MoreoYer, the 
fossils found in the Maritime Alps, notably in the 'ranaro Valley, 
were confirmed by Professor Portis 3 of Pisa as inclubitably Upper 
Palmozoic, and hence it is due to Zaccagna that the long debated age 
of the Apnau central schists wus finally determined as Lower 
l'ermian.' 

Det\yeen the Pel'lllian and the Upper Triassic (RhrntiulI) schists 
there is a very essential difference. A part from their totally different 
stratigraphicul position, the Permian schists are distinguished by 

1 "Nuovi Fossili delle Alpi Apuane": 1'roo. Verb. Soc. Tosc. Scienze 
Naturali, November 14, 1880. 

2 "Alpi Graje": Boll. H. Com. Geol., 1892, p. 322. "Alpi Occidentali 
(l\farittime)": ibid., 1887, p. 416. 

" "Piante fossili Valle 'l',-mfi.ro, Alpi Marittime": ibid., 1887, p. 417. 
The fossils of the Middle Trias grezzoni were determined by De Stefani, 
P.V.S.T. Sc. Nat., vol. 1880; those of the Upper 'frias series by Meneghini, 
"Fossili Triassici Alpi Apuane": ibid., vol. v, p. 693; and by Canavari, 
ibid., vol. v, p. 184. Thus, the palffiontological evidence of the ApUf1n Alps is 
practically complcte. '1'he best palffiontologicltl and petrological collection of 
the range, apart from the local one of Carrara, is that of the University of Pisa. 

4 The Permian range of the MfLritime Alps forms the divide between 
Southern Piemont and the Italian Hiviera, known as the Montgioje Mountains, 
where the Tanaro, an afliuent of the Po, has its source. That range is dealt 
with in paper No. II of this volume. 
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their dark and predominantly gneissose, the Upper Triassic scl1ists 
by their paler, essentially micaceous and lilstrous, sericitic texture. 
On the eastern side of the range, the upper schists often pass into 
so-called pseudomacigno sand5tone; it is only on the westmn side 
that they are more crystalline, sericitic, and chloritic, and, owing to 
minute quartz nodules, sometimes ~imulate a gneiss· like appearance. 
In the extremely rare cases where the lower and upper schists apppar 
in justaposition, e.g. for a short instance near Canenlra in the 
Frigido yalley (Massa), owing, not to any faulting, out to the 
lenticular thinning out of the normally intermediate strain, they 
graduate into each other. The Permian schists, moreoyer, nowht're 
-except in a similar case of lenticular thinning ont in the Ami 
region-are seen in direct contact with the principalmarLle zone, 
whereas the Upper Triassic schists are frequently associated with 
the marble of the upper and also of the principal zone. This 
intimate association of all the members of the Triassic series, their 
constant altemation, thinning out- sometimes completely - and 
compensating' each other, and the consequent absence of faulting, 
constitute indeed the great characteristic feature of the lenticular 
structure of that Apuan formation. 

The maximum outcrop of the Permian schists occurs in the middle 
part of the Frigido yalley pIassa), whence they extend south-east 
to the Stazzema dil'isioll, north-west to Monte Sagro and beyond, 
and east to Monte Tambum and the Arni region. The Upper 'l'l'iassic 
schists, on the other hand, together with cipollini and nodulous 
limestone, constitute an outer belt, forming, among others, the 
snmmits of Sagro, Pisanino, TamLura, Fiocca, and Sum bra, while 
the rugged crests of Pizzo d'Uccello, Garnerolle, Grondilice, and 
Altissimo are-in the last-named case in a reverse flexure
composed of upper cayernous grezzolli. In the anticlinal folds of 
Monte Maggiore-a marble spnr of .Monte Sagro-and of Monte 
Sella, as well as in the syncline of Monte Corchia, the principal 
marble horizon rcaches to the very summits. Pania della Croce, 
on the other hand, is, in its upper strata, composed of Liassic Lluish
grey limestone. 

VI. THE MAUBLE BEDS. 

The lenticular marmiferon8 masses of the A pnan Alps are composed 
of the foul' principal gronps shown in the sketch-plan (Plate I). 
The first and largest of these embraces the bulk of the Carrara and 
Massa, as also the Altissimo, Arni, Snmbra, and Tambura beds. The 
second group adjoins the first near Monte Altissimo, in the Seravezza 
division, and thence extends to Monte Corchia and to the end of the 
Stazzema division. These two groups belong entirely to the principal 
marble horizon directly oyerlving the Mirldle Trias O'rezzoni. The 
third and fourth groups, on "the other hand, belon~ to the upper 
marble horizon, the third group forming the lenticular mass of Crestola 
an(~ Betogli in the Carrara division adjoining the principal zone, 
whIle the fourth group compri,es the smaller, isolated lenticular beds 
of Monte Rotondo, Trambiserra, Capell:l, and Costa in the Serra and 
Vezztl valleys of the Seravezza division, as also the outlying Brugian3 
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and Campaccio beus in the Carrara and Massa divisions. 'fhe Crestola 
and l~etogli beds of Carrara are separated from the principal marble 
zone by nodulous and banded limestone; the isolated lenticular masses 
of the fourth group are all intercalated between the schists, cipollini, 
!Ind cavernous grezzoni of the npper series. 

The varieties and gradations of marble which compose the four 
groups are substantially the same ill all the three divisions. The 
great bulk of marble is iu all cases the ordinary white and highly 
crystallille, from bianco chiaro (clear white) to the more common 
yellowish and bluish, representing about 75 per cent of the total, 
while the statuary propel' represents about 10 pel' cent, and the rest 
of 15 per cent is made up of the dark and pale blue bardiglio, the 
blue awl violet-veined, and the variegated breccia varieties. l 

By far the largest proportion of marble in the Carrara division
the principal quarries of which are shown in the plan, Fig. VI-is the 
common white, the bianco chiaro, and the semi-statuary, the latter 
being used for colossal statues and columns exposed to the action of 
the atmosphere. 

'fhe finest statuary marble-the datuario proper-distinguished 
alike by its intense cream-colour, its transparency, its homogeneous 
but not too crystalline grain, its bell-like sound uuder the llammer, 
and the ease of being worked with the chisel, occurs only in smaller 
masses, yielding comparatively small blocks for the finest sculpturul 
purposes. In the Massa division, statuary marble only oecm·, in one 
locality, at BotteciIli, near Forno, in the :Frigido Valley, out the 
lenticular mass is depreciated by cllloritic Yeills. The ordinary 
white marble of that division, in the Rosceto and Henara vHlleys, is 
less pellucid than that of Carrara, hut more fine:grain~d, and dis
tinguished by its peculiar pearly lustre, albeit with a tendency to 
become too dolomitic in contact with the underlying grezzoni. It 
also forms occasional small cavities containing bright quartz crystals 
known as stelle, or stars. '1'0 the same category belong the marble 

I The total annual output of the practically inexhaustible quarries (over 600) 
of the whole district now reaches 250,000 tons of marble in blocks and for slabs, 
tiles, ornamental and sculptural purposes, of which Carrara represents 
about 66, l\lassa 14, and Versilia 20 per cent. The 150 saw-mills in the three 
valleys consume about 130,000 tons of Viareggio sand per annum, almost as 
much as the total output of s.twn marble. 'l'he wastage of marble in sawing 
and in the other operations amounts to about 10 per cent of the total. The 
wastage in quarrying is considerably hrger, as is shown by the enonnous 
quantities of broken-up mn,rble (ravaneti) which encumber the glens and 
ri ver-beds. 

The term "Sicilia,n marble", which is sometimes but erroneously applied 
to Carrara marble, is not used in the district, much less is it a geological term. 
It is an obvious and purely commercial misnomer, dating from the time of 
Napoleon 1's embargo on exports to England, when Carrara marble was shipped 
from Leghorn first to Sicily and thence to England under the above alias. 

The marble beds of Carmra worked by the Romans are those of Ravaccione, 
Canal Grande, and Fantiscritti, chiefly for colossal statues, columns, and other 
monoliths. The Altissimo quarries and a road of access were opened in 1518 
by Michelangelo, whose modest little cottage is still to be seen at Seravezza 
with the incisive inscription put by himself: "In questa casa abito Michelangelo 
Buonarotti per domar Ie asprezze di questo paese." 
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beds of the Ami, Sumbra, and Tarnbura zones, while the great mass 
of the Monte Altissimo, Giardino, and Falcovaja zone in the Seravezza 
di vision is in all respects fully equal to the best ordinary, bianco 
chiaro, and finest statuary marble of Carrara. Similar to this is tlle 
Monte Corchia marble (Fig. III) of the Stazzema division, in which 
latter also occur considerable masses of fine breccia. The isolated 
beds of thtl Seravezza division are all composed of a commOll, yery 
resistant, blnish-white marble, with occasional dark veins, together 
with fine blue and veined bardiglio, which eq llals that of the Para bed 
of Carrara. Neal' Colonnata, Carrara, there also occurs a peculiarly 
black silCcharoidal marble associated with the lower grezzoni, the dark 
colour being probably due to organic impregnations. The pietra 
blanca of Stazzema-as distinguished from marble proper-is a semi
crystalline cipollini variety and, like grezzoni (from grezzo, coarse, 
with rhomboidal fracture), a so-called ,. bastard" marble. 

Very characteristic is the frequent graduation of ordinary white 
and bianco chiaro marble into statuary, and "ice Yersa, in the contact 
and alternation zones of the underlying grezzoni, where rows and 
patches of so-called 1nadrimacchi~, or mothermarks, faintly indicate 
the former lines of stratification obliterated b" the action of meta
morphism. These brown or ochre Illarhs are· obviously impurities 
infiltrated froll1 the adjoining grezzoni and precipitated by the 
saccharoidal marble dllring crystallization, a process which imparted 
to the statuary marble its hig'lI degree of purity.l The contact of 
the white marble with the underlying slIbcrystallinc grezzoni is 
often marked by thin, brecciated and schistose (micaceous) layers 
with various accessory minerals. In contact with the overlying 
nodulous limestone, cavernous grezzoni, or with cipol1ini, the 
passage is effected by alternating bands, alHl the ,arne applies to 
the contact with bardiglio, which latter alternates with white 
marble uatil one or the other predominates. A gaill, in contact 
with the upper schists, the white marble shows thin streaks of 
talc08e, chloritic, lustrolls mica, and the same is the case in the 
"eined and breccia varieties. The violet - Ycilled marble called 
paonaszo owcs its delicate violet tint to streaks of minnte oligist and 
pyrite crystals. The breccia of the metalliferolls Stazzema division 
also exhibits metallic and micaceous streaks, while the bright-red, 
wavy marks are dlle to infiltrations of iron.' Within the last few 
years, masses of VIvidlv coloured and brecciated marble llave also 
been found in the lthret(an and Liassic limestolle beds of the Camaiore 
hasin east of Stazzema.3 

Statuary marble, graduating from grezzoni below to ordinary wlJite 
and bianco chiaro above, occurs in inconsiderable depth more or less in 
all the principal Carrara quarries fron Piustra to ltuyuccione, Canal 
Grande, Fantiscritti, Fontana, Colonnata, and Gioja, while the most 

1 Vide the Petrographic Note at the end of this paper. 
2 The highly coloured breccia of the Stazzema division has always been 

considered the best of the Apuan Alps, and was extensively quarried already in 
the sixteenth century for the churches and plliaces of Florence under the 
Medici regime. 

3 D. Zaccagl1>l, Rassegna mineraria, Torino, 1913, p. 241. 
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ahundant and celebrated, becanse purest and most durable statuario 
occurs in the Pol vaccio, Crestola, and Betogli q Ilarries of the Carrara, 
and in the Altissimo and Falcovaja quarries of the Seravezza di visions. 

The most striking and conclusive phenomenon in relation to the 
statuary marble is that, apart from the lower zones of the marble 
beds, it occurs also in the very heart of ordinary white marble. This 
is conspicnously the ca8e in the Pol vaccio quarry already mentioned, 
where the finest statuario forms the nucleus of the sacchuroidal mass, 
and gradually passes into ordinary white marble, the latter being 
here, as the equivalent of madrimacchie, marked by a zone of dusty 
dark streaks, and hence termed macchiato. The intimate association 
of statuary and ordinary marble is thus conclusively demonstrated. 

VII. CONCLUSION. 

Throughout the marble beds in their different varieties and 
gradations there is very little, if any, faulting, nor any evidence 
of crushing, which, if it did exist, would of course render the 
marble industrially worthless. So far from the marble beds 
being ill any way' associated or contemporaneous with the central 
Permian schists, they form one and all an integral part of the Triassic 
series which, from the lower grezzoni to the upper Rhrntian schists, 
in stages of metamorphism yarying according to the effect of pressure 
and high temperature upon the original rock material, constitute the 
Lower Mesozoic formation of the Apuan Alps.l 'rhe stratigraphical 
sequence of this massif, perfectly regular and built up ~·n 8itu, has 
its counterpart in that of the Pisan Hills, and as regards the marble 
beds, even more strikingly in the Siena Hills, both of which will be 
considered in the next paper (No. XI, Part II) as forming part of the 
Permian and 'l'riassic Belt of the 'l'uscan Snbapennines. 

1 An additional feature of interest in the Apuan Alps is the evidence of 
former glaciation. Stoppani, as early as 1872, was the first to point out 
a detritus cone of striated material Itt the lower end of the Arni Valley 
(R. Inst. Lomb. Sci. Nat., vol. v, p. 733; also Atti Soc. It. Sci. Nat., Aprile, 
1875). Similar deposits Itnd erratic blocks occur at high levels in the Carrara 
valleys and on the slopes of Pisanino, Tnmbura, Sumbra, Pizzo d'Uccello, 
Altissimo, Pania delllt Croce, and Corchia; and Zaccagna met with conspicuous 
roches rnoutonnees on a calcareous schist ledge in the Gramolazzo (Upper 
Serchio) Valley, nbout 50 metres in length. A more detailed notice of these 
glacial phenomenn would exceed the scope and limit of the present pnper. 
The pltrtial Post~Pliocene glncintion of the Apuan Alps hn8 nlso been confirmed 
by C. De Stcfltni. Le I'ieghe delle A/pi Apnane, Firenze, 1889, p. 51; 
T. Tammclli, "L'Epoca glacinle in Halin." Atti soc. scienze, Roma, 1910. 



APPENDIX I. 

PETROGRAPHIC iilOTE. 

1. .lI1m·ble.-The numerous slides of white marble of the Carrara, Massa, 
and Versilia divisions, which I have examined at various times, have always 
given substantially the same l-esult, i.e. an almost constant regularity and 
uniformity of structure and composition, varied only by the degree of fineness 
of grain, purity, and colour. The homocrystalline matrix of calcite, slightly 
veiled here and there by streaks of dolomitic or calcareous film, always contains 
some dolomite, quartz, and micro-crystals and microliths of various accessory 
minerals. In the more dolomitic varieties, i.e. those of Massa and of Arni 
(Seravezza division), the dolomite crystals exhibit a strikingly pearly Instre. 
The accessory micro-minerals appear either disseminated in the matrix or form 
lines and streaks in the same. They increase, as a rule, in number from the 
white statuary to the more common white and the coloured varieties of 
marble, and are primary minerals as distinguished from those associated with 
the secondary quartz geodes which were formed in cavities and fissures 
after the metamorphism of the limestone to saccharoidal marble. The 
accessory minerals which appear in slides as micro-crystals and microliths 
comprise albite, epidote, sericite, chlorite, tourmaline, rutile, oligist, limonite, 
pyrite, magnetite, and traces of sulphur probably due to metamorphosed 
organic particles. 1 

2. Grezzoni.-This subcrystalline limestone, immediately underlying the 
saccharoidal marble beds, shows in slides incomplete crystallization of the 
calcitIC and dolomitic matrix, with a calcitic paste, and a more oolitic, 
incipiently spheroidal structure than marble proper. The chlorite as accessory 
mineral figures here as the chloritoid, monoclinic variety called ottrelite, 
together with quartz and some of the other micro-minerals already named. 2 

The dark, in places carbonaceons grezzoni contain dark-grey and black 
particles of organic origin. 

A peculiar combination of fragments of marble and grezzoni occurs freq uently 
at the contact of the two in thin lines and layers cemented by a micaceous and 
calcareous paste, and exhibiting micro-crystals of lamellar chlorite (ottrelite). 
These lines and layers are not unlike the madrimacchie streaks which generally 
occur at the base of statuary marble, and their origin by precipitation of 
impurities along the contact fissures of marble and grezzoni is probably 
the same. 

3. Breccia.-This term relates, in its local meaning, to a brecciated rock in 
which the fragments are less vividly coloured than the bright brick-red cement, 
whereas in the so-called mischio or brecciato (i.e. mixed breccia) the rock 
fragments are so intensely coloured that they blend with the red cement. 
Slides show that this red colour is entirely due to a profuse dissemination of 
iron oxide; the paste also reveals disseminated spathic, often twinned ottrelite 
and lines and streaks of oligist, pyrite, mica, etc. The angular fragments of 

1 Most of these accessory minerals also occur as secondary minute crystals 
in the quartz geodes or stelle, descr,bed by Professor G. D'Achiardi in his 
mainly crystallographical memoir, "I MineraJi dei Marmi di Carrara," Atti 
soc tosc. Pisa, 1905 and 1906. In these geodes he also found malachite, 
azzurrite, scapolite, an amphibolic or pyroxenic mineral, etc. The memoir is 
largely founded on specimens of D. Zaccagna's rich collection of Apuan rocks, 
now in the University of Pisa. This collection will also form the basis of 
S. Franchi's lithological studies of Apuan rocks to be published by the Italian 
Geological Survey. 

2 The determination of the chloritic mineral in the Apuan rocks as ottrelite 
is in the first instance due to the late Professor A. D' Achiardi, of Pisa (" Boccie 
ottrelitiche delle Alpi Apuane," Pisa, 1887), which minera.l is largely and 
cha.racteristically diffused in the brecciform gneissose rocks of Ottrez, Belgium. 

7 
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marble and grezzoni exhibit in slides the characteristics already stated. 
Sometimes the breccifL becomes so chloritic as to constitnte ottrephyre, 
i.e. a flesh-coloured, whiti,h and yellow rock which in slides reveals a 
granulitic groundmass of quartz, white mica, and monoclinic felspar with 
profusely disseminfLted ottrelite, and also other accessory micro-crystals, 
e.g. tourmaline, rutile, etc. 

4. Upper Triassic (RhlEtian) Schist.-Slides of this schist of gneissic 
appearance, which overlies the marble beds, as the youngest member of the 
Apuan Triassic formation, exhibit silvery (damouritic) sericite with qnartz 
nodules, no felspar, but numerous sheaves of spathic ottrelite, yellow
green, bluish-greeu, and olive-green, according to the axis exposed, and 
often twinned. Macroscopically this variety of chlorite appears as black 
specks. The micro-crystals of accessory minerals are much the same as 
those in the other rocks. The schist of the western, more highly crystalline 
side of the massif is richer in ottrelite-chlorite than that of the eastern side, 
where the schist becomes more granular and arenaceous. The schist shows 
evidence of shearing, but not of crushing. The gneiss-like appearance is due 
to the nodules of quartz. When these quartz nodules become dominant and 
the sericite is subordinate, the rock loses its schistose character and becomes 
gneissose and brecciform, composed chiefly of quartz, mica, and ottrelite. 

5. Permian Schist.-This gneissose or central schist as the substratum of 
the massif exhibits in slides a fine to medinm grained matrix of abundant 
quartz and sometimes pale and lustrous, sometimes dark brownish mica; 
felspar is absent. The rock shows in all cases not only foliation and shearing, 
but marked evidence of crushing. The greater the proportion of grains and 
nodules of quartz, the more the rock approaches to gneiss; inversely, when 
mica is more dominant, the rock is a mica·quartz schist. The accessory 
minerals as micro· crystals in the central schist are much the same as in the 
Triassic schist, but tourmaline is much more abundant, together with chlorite, 
rntile, and oligist. The Apuan gneisso'e schists are, both macroscopically and 
microscopically, the exact equivalents of the Permo-Carboniferous schists of 
Elba, Savona, and the Piemontese Alps. 

6. The most outstanding feature revealed by microscopic examination of 
marble of the three divisions is the total absence of any evidence of crushing, 
which latter, on the other hand, eminently characterizes the Permian gneissose 
schists. This essential difference alone suffices to prove that the two formations 
are quite distinct in origin, character, and age.' 

D. R.P. 

1 The total absence of crushing in the marble and limestone beds con
clnsively disposes of Professor Bonney's hypothesis (GEOL. MAG., 1915, p. 294) 
that the best Carrara marbles hs if these could be singled out from the others) 
and the crushed gneissose schists (the Permian substratum of the massif) 
constitute together one and the same Archrean formation. 

The rocks of the ophiolithic groups which skirt the northern margin base of 
the Apuan Alps are referred to in Paper No. XII, Part II. 
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PREFACE.1 

OF the papers published in this volume, those composing the First 
Part appeared as a series in the" Geological Magazine" of 1915 

und 1916, from which they are extracted with the kind permission 
of the Editor and the Publishers. The papers of both the First and 
Second Part are the collective outcome of prolonged observation and 
study in the Piemontese Alps, the Ligurian Apennines, the Apuan 
Alps or Carrara Monntains, the Tuscan Subapennines, and the Island 
of Elba, with all of which regions I became familiar in the course 
of my scientific work in Italy extending over ten years. 

In my numerous visits to the varions regions, the maps und 
pUblications of the I talian Geological Suney (R. Comituto Geologico 
d'Itulia) were, of course, of great assistance to me. I gratefully 
acknowledge that it is to them lowe the first incentive to study in 
situ the rocks and geological stI'llctnre of the absorbingly iuteresting 
districts whicb, in their infinite variety, present an inexhaustible 
field of fruitful investigation. 

The synthetic descriptions admitted of micro-Ilttl'ographic det:,ils 
only as far as space allowell; ill addition, I have quoted the more 
important aud most recent contributions by other, notably Italian 
authors. A comprehensive micro-petrographic description of the 
crystalline rocks of all the districts would in itself constitute a work 
of considerable magnitude, and must be left to the future. 

The present volume is offered not only in the hope that it lllay 
help to more widely diffuse the geological knowledge of, and intere8t 
in, the various regions richly endowed, llloreover, with natural 
beauty, but as a tribute of my great affection for Italy. In the 
wortis of Dante: D'antico amor sento la gran potenza. 

C. S. Du RICHE PRELT.ER. 

61 MELVILLE STREET, EDINBURGH. 

July, 1917. 

I This Preface relates to the complete volume (1917, Parts I and II), from 
which the 'present publication (1918, Part II) is extracted.-D. R. P. 

EDINBURGH, Janltary, 1918. 
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XI. 

THg PERMIAN AND TRIASSIC EEL'r OF TilE 'I'USCAN SUBAPENNINES. 

THE sedimentary formations of Tuscany may be broadly divided 
into two principal, more or less parallel zones running >.N.W. 

to S.E.; one, the Apennines or eastern zone, composed in the main 
of Eocene strata, and the other the Subapennines or western 
zone, which comprises the much more interesting, because more 
,aried, so-called metalliferous range between the Apennines and 
the Tyrrhenean Sea. The latter zone, w}lOse onter belt consists 
largely of Permian and Triassic strata, is older than and independent 
of the former, and, beginning at the eastern hills of Spezia Bay, 
embraces the Apuan Alps or Carrara Mountains, and, in Tuscany 
proper, the Hills of Pisa, Siena, and Grosseto down to Monte 
Argentario on the Tyrrhenean coast. 'l'he Lower Permian and the 
Triassic formations of the Apuan Alps, of which latter several 
outcrops also appear at Cape Corvo, the eastern promontory of Spezia 
Bay, were already described in a previous paper 1; the object of the 
present one is to briefly consider the outstanding features of the 
Permian and 'l'riassic groups of Tuscany proper. 

1. Tm: PrsA HILLS. (Figs. 1, 2.) 

TIle Permian and Trias.-The group known as Monte Pisano lies 
between Lucca and Pisa, and is bordered on the north and west 
by the Serchio Valley, on the east by the low-lying J3ientina 
depression, and on the south by the lower Arno Valley, thus forming 
an isolated massif which, with the exception of the Serchio defile on 
the west and a small Eocene outcrop in the hill of S. Ginesio 
(S. Leonardo) on the north-east, is surrounded by Quaternary 
deposits. The Serchio defile separates it from the range of hills 
called" Oltre Serchio ", which lies between Lucca and the coast 
of Viareggio and forms the geological link between the south-eastern 
spurs of the Apuan Alps and !lIonte Pisano, the three littoral ranges 
being zonally aligned N.W. to S.E. The lIIonte Pisano group 
covers an oval-shaped area of 30 and 10 km. in length and width 
respectively; its highest points are Mte. Serra (918 m.) in the east 
and Mte. Faeta (829 m.) in the nOorth; other prominent points, such 
as Mte. Maggiore and !lite. Penna in the west, Mte. Verruca, Punta 
Dolorosa, and Mte. Cascetto in the south, and Mte. delle Conserve in 
the north, vary from 500 to 800 m. altitude. 

The whole southern, eastern, and northern part, viz. about 
200 sq. km., or two-thirds of the group, is occupied almost 
exclusively by the Upper Permian, so-called Verrucano formation, 

1 "The Carrara, Massa, and Versilia Marble District": vide Part I of the 
present volume. As shown in this and other papers, the gneissose schists, 
as substratum of the Apuan Alps, belong to the Lower Permian or Permo
Carboniferous, corresponding to the same horizon in Western Liguria and the 
Maritime Alps, where it is overlain by the Upper Permilt11 or Verrucano. 
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whose fairly uniform composition, with few exceptions, is in upward 
succession as follows :-

4. Green and violet tegular argillaceous schists. 
3. Quartzose conglomerate (anagenite), arenaceous quartzites, 

and arg.-micaceous schists. 
2. Alternations of quartzose schists with quartzose sandstone and 

green micaceous quartzites. 
1. Dark violet tegular schists and violet quartzose sandstone. 
The varicoloured phylladic schists often exhibit sericitic lustre 

and contain quartz nodules and traces of organic remains; the upper 
series generally forms narrow bands between the conglomerate and 
the occasionally overlying Rhootian. The sequence as stated above 
appears notably and characteristically in the outcrops of Mte. Verruca, 
whose summit (536 m.), crowned by a ruined castle and conspicuously 
seen from the Arno Valley above Pisa, is composed of the typical 
Permian clastic rock or quartzose conglomerate whence the local 
designation of Verrucano is derived. I Other ea~ily accessible 
exposures in the southern part of the area are those in the glen 
above the Certosa of Calci towards Mte. Cascetto and Punta Dolorosa 
(680 m.), whose upper part is composed of the same conglomerate 
and quartzose sandstone as Mte. Verruca. A similar sequence 
appears in the northern part of the group near Vorno and bt,tween 
Mte. delle Conserve and Mte. Faeta, as also on the eastern flanks 
towards Bientina in the Capo di Via glen alld neal' Cucigliana, where 
the conglomerate with pink quartz is traversed by quartz veins with 
oligist crystals and, as Busatti has shown,2 contains abundant 
fragments of black tourmanilite. 

The Triassic series appears in the predominantly Permian part of 
Monte Pisano only in isolated strips and bands of limestone and 
calc-schist, between overlying llhootian limestone Dnd tIle subjacent 
verrucano along the base of the massif, e.g. near Ie Mulina (Capron a) 
in the southern part; but a considerable outcrop occurs in the 1I0rth
western part under abnormal conditions to be referred to later. 
Equally rare is the RhaJtian which appears in isolated outcrops along 
the southern base, either associated with Upper Triassic strata DS 

alreadv mentioned, or, in the absence of these, in direct contact with 
vcrruc:'1no, e.g. along the south-western base of the massif between 
the Baths of S. Giuliano, Aneiano, A gnano, S. Giovanni alla Vena, 
and Capron a below Calci. Here, as in the northern part neal' 
S. Maria del Giudice, and on tlle northern side of Mte. Maggiore, 
Rhootian limestone appears in the same threefold series as in the 
A puan Alps and also at the base of the Oltre Serchio Hills, viz. : 
(a) the upper, compact, dolomitic, grey and pink, unstratified 
limestone; (b) the middle, dark-grey, fossiliferous, alternating with 
argillaceous schist; and (c) the lower, cavernous, dolomitic, and 
sometimes brecciform, unstratified limestone. Of these three, the 
cavernous limestone is generally the prcvalent member; the upper, 

I The name Verruca (Wart) refers to the wart-like appearance of the 
conglomerate. 

2 L. Busatti, " Turmalinite di Cucigliana": l'1'oc. Verb. Soc. tosc. Sc. nat., 
1887. Also A. d'Achiardi, "Rocce del Verrucano": ibid., 1892. 
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grey and pink, includes a subcrystalline yellow variety with calcitic 
veins and also so-called" portoro " marble, yiz. black subcrystalline 
limestone with yellow veim, sllch as occurs neal' Spezia and in the 
A puan Alps. In the northern part of Monte Pisano this variety 
is met with in the Upper ~Iolino glen, and the yellow variety near 
S. Maria del Giudice below the Lower Liassic white limestone beds. 

The Perillo-Trt'assic Displacement of Rupa Cava.-Of special interest 
is the north-western spur of Monte Pisano, which, covering about 
one-third of the total area, borders on the Serchio defile and forms 
a triangle between Ripafratta situated in that defile, the Baths of 
S. Giuliano about 8 km. north of Pisa, and S. Maria del Giudice 
about the same clistance south of Lucca. The old road which 
connects those places and crosses the pass between them sharply 
marks the lille of division between the main or Permian part of 
Monte Pisano south-east of that road, and the north-western spur in 
which the Permian only forms the substratum and is oyerlain hy 
Triassic, Rhretian, Liassic, and Cretaceous limestones and schists, this 
secomtary series, in which the Lias represents the largest masses, 
being the 'eastern extension of that of the Apuan Alps and Oltre 
Serchio Hills. The complete series of these secondary rocks appears 
in a section N.W. to S.E. about 5 km. in length from Ripafratta 
to ~Ite. Maggiore, Rnpa Cava, and S. Lorenzo, which exhibits not 
only the normal sequence but also reveals a remarkable stratigraphical 
anomaly due to local displacement. 

From the Eocene strata of the Serchio defile I at Ripafratta 
upwards the western flank and the summit of Mte. Maggiore (468 m.) 
are composed of gre,v Cretaceous (nummulitic and Neocomian) lime
stone, followed on the eastern flank by Upper Jurassic (Tithonian) 
argillaceous limestone and diaspri down towards Rupa Cava. Here 
the Tithonian abruptly stops, but appears again about 1 km. S.E. 
Between these two points is wedged an anomalous area of the 
Permo-'l'riassic series, viz. of Rhretiall cavernous dolomitic limestone, 
Triassic varicoloured schists, and Permian quartzose conglomerate 
and sandstone 01' verrucano. Upon the Tithonian limestone and 
diaspri which continue beyond, follows the normal white Lias lime
stone series, then the normal Rh::etian cavernous limestone, and 
lastly a large yelTUCano mass nearS. Lorenzo. The stratigraphical 
position of the Permo-Triassic wedge and the encasing Tithonian is 
isoclinal; the normal seq nence of the secondary series is exact! y the 
same as that of the adjoining Oltre Serchio Hills, which exhibits no 
stratigraphical anomaly. The section of Mte. Maggiore and Rupa 
Cava therefore represents a phenomenon peculiar to Monte Pisano and 
marks a displacement of about 2 km. of Permo-Triassic masses which 
forced themselves from below as a wedge between and over the 
Tithonian strata. This interesting phenomenon lIas been rightly 
interpreted by IJotti 2 as the effect of a fault produced by the fracture 

I B. Lotti, " Geologia della Toscana ": Mem. desc. R. Com. Geol., 1910, 
p.380. "Pl'Oblemf1 stratigrafico Monte Pisano": Boll. R. Com. Geol., 1888, 
p. 30 et seq. 

2 The Eocene stratf1 of the Ripafratta defile contain below the usual albarese 
milestone and argillaceous schists, macigno sandstone of the highly siliceous 



the Tuscan Snbapenn1:nes. 111 

of a retroflex fold daring tIle uprise of the sedimentary formations; 
the uprising and consequent pressure continuing, the underlying 
Permo-Triassic mass was thrust isoclinally along and over the eastern 
plane of the overlying Tithoniau strata. A similar stratigraphical 
anomaly due to the same cause appears about 1 km. east of Rupa 
Cava on the road already mentioned over the pass between S. Giuliano 
and S. Maria del Giudice, where, owing to an inverted fold, Permian 
schists appear superposed on white I~iassic and Rhretian cavernous 
limestone. The fault here produced obviously coincides with, and 
exteIllls along the line of contact of the Permian and secondary 
formations before mentioned. 

The Permiat! F!ora of S. Lorenzo. -In the verrucano near S. Lorenzo 
on the north side of Monte Pisano, at the end of the Mte. Maggiore 
and Rllpa Cant section described above, abundant imprints of fossil 
flora were found in 1888 by De Stefani and Ristori, I the former of 
whom assigned them, and hence the age of that formation, to the 
Upper Carboniferous. Soon afterwards, however, the same district, 
including also the Molino glen, yielded an extremely rich fossil flora 
to Canavari and De Bosniaski,2 who referred it decisively to the 
Permian formation. These organic remaills, as Lotti 3 has shown, 
belong more especially to the lower phyllades which underlie the 
verrucano quartzose conglomerate, and correspond to otllers which 
he himself found in the analogous strata of 1IIte. Cascetto above 
Calci in the south-eastern corner of the massif. The Permian age of 
the predominant Palreozoic part of Monte Pi"ano was thus conclusively 
vindicated.4 

The Permian cupoliform massif is, as previously mentioned, fringed at 
its base by intermittent Rhretian limestone deposits, except in one part 
on the north-eastern margin where occurs the isolated Eocene outcrop 
of S. Ginesio (S. Leonardo) resting direct and transgressi vely on the 
Permian. On the other hand, at the base of the western or Ripafratta 
spur in the Serchio defile, the Eocene overlies normally the Cretaceous 
and Liassic strata; the total absence of the latter in the eastern part 
of the massif therefore points to their having been remol'ed by pre
Eocene denudation, unless their disappearance be due to a marginal 
subsidence in connexion with the low-lying region of Bientina during 
a more recent period of settlement of the whole massif. 

or pietrafQ1·te type, used for paving, as distinct from the less siliceous pieira 
se1'ena which constitutes much of the Florentine macigno and is used more for 
building purposes. The Eocene sandstone of Ripafratta and Oltre Serchio 
passes below to nummulitic limestone. 

I C. De Stefani, "Flora carbonifera lHte. Pisano": Atti Accad. Lincei 
Roma, 1891. 

2 S. De Bosniaski, "Flora fossile del Verrucano, Mte. Pisano": Proc. Verb. 
Soc. '1'osc. Sc. nat., 1890, 1894. M. Canavari, "Due nuove localita di piante 
fossilifere, Mte. Pisano": ibid., 1891. 

3 B. Lotti, op. cit., p. 13. 
• In a recent paper, "II Permiano del Mte. Pisano e i suoi tipi Mesozoici di 

fossili" (Boll. Soc. geol. ita!., p. 303), Lotti shows that Professor Fucini's 
opinion of part of the Pisan verrucano being equivalent to the Wealden 
formation is not founded on fact, the rock in which Fucini's fossils were 
found not being the true vel'l'ucano, but a younger clastic rock or pseudo
verrucano which occurs sporadically among the Mesozoic rocks of l\Ite. Pisano. 
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The Mesozoic Group of S. Casciana.-The Upper Triassic, Liassic, 
and Cretaceous formations of the Ripafratta or western spur of 
Monte Pisano reappear about 20 km. south of Pisa on the other side 
of the Arno Valley in the interesting isolated small hilly group of the 
Baths of S. Casciana, at about 400 m. altitude. The group forms 
the northern spur of an Eocene ridge between the Era and Tora 
Valleys, and is, at its base, surrounded by a great Pliocene belt which, 
together with the Quaternary depression of the Arno, separates it 
from Monte Pisano and the Oltre Serchio Hills. Its area of about 
10 sq. km. comprises in upwaru succession the following secondary 
strata: dark grey, compact and brecciform, fossiliferous Rhretian 
limestone; red and grey Middle Liassic limestone with limonite 
concretions, and red Tithonian uiaspri and Senonian marl with 
varicoloured argillaceous schists. The S. Casciana group, which 
forms an anticlinal massif, constitutes the link between the Mesozoic 
formations of the Oltl'e Serchio Hills and Monte Pisano on the north 
and those of the Cecina Valley and Massa Marittima on the south, 
and as such forms part of the inner, more strictly littoral belt of the 
metalliferous rang'e or 'l'uscan Subapennines. 

Pliocene and Quaternary ])eposits.-'l'be extensive depression of 
the Arno Valley between Monte Pisano and the hills of S. Casciana, 
Colle Salvetti, and Leghorn, together with the low-lying regions of 
Bientina and Fucecchio east 'of Monte Pisano, reveal some interesting 
phenomena in relation to the former courses of the Rivers Arno and 
Serchio. The Quaternary deposits of the low hills of those various 
regions contain abundant pebbles of verrucano which, derived from 
Monte Pisano, extend all round north, east, and south of that massif 
in a radius up to 20 km. These alluvia were obviously transported 
and deposited before the Arno eroded its present bed along the base 
of Monte Pisano, that is along the right margin of the valley, when 
its bed lay more on the southern or Leghorn side of the present 
littoral plain which at that time was still a shallow estuary. On the 
sOllth side of the Arno the Pliocene deposits near Pontedera, about 
20 km. east of Pisa, contain pebbles of the Apennines and the Apuan 
Alps, which also occur in the Bientina Hills, here mixed in part with 
verrucano material. These pebbles could only have been transported 
by the River Serchio, which in later Pliocene times must therefore 
have flown from Lucca round the northern and eastern margin of 
Monte Pisano and discharged into the Arno estuary near Pontedera, 
llntil it erodeu its present bed from Lucca through the Eocene depres
sion of the Ripafratta defile and thence direct to the sea about 10 km. 
west of Pisa. Hence th e all II vial deposits of exclusi "ely verrucano 
material around the base of Monte Pisano are obviously posterior 
to the deflection of the Serchio to its present course, and were formed 
in early Quaternary times when the actively eroding torrents of that 
massif could transport and push the Permian material across the 
Arno estuary and the lacustrine expanses of Bientina and :Fucecchio 
to a distance of 20 km. as already mentioned. The present more 
northern, meandering course of the lower Arno from Pontedera to 
Pisa therefore probably dates from more recent Quaternary times, 
when the Serchio had been deflected, the estuary was gradually 
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receding, and the Arno itself, probably banked by the deposits of the 
HiveI' I<:ra descending from Volterra, was pushed fr01l1 the southern 
to the northern margin of the valley. At the same time the two 
lacllstrine expanses of Bientina and Fucecchio, separated by lo'v hills 
of Pliocene ami early Quaternary deposits, were gradnally reduced 
to the present alluvial depressions, their level being slightly above 
that of the Arno into which their drainage discharges. 

The marine, lacllstrine, and alluvial deposits of the low hills of 
the Arno plain or former estuary are of fairly uniform composition. 
The Pliocene marine deposits which form the lower strata consist of 
yellow sand and clay with occasional Eocene pebbles, while the 
ovedying Quaternary deposits are composed of more intensely ochre
coloured sanel with an upper stratum of exclusively verrucano 
pebbles and detritus. 'l'he transition from the marine to the 
lacustrine aud alluvial deposits is well marked by a constant thin, 
fossiliferous lacllstrine stratum between the fossiliferous Pliocene 
murine sand, and the Upper Quaternary alhlYial (verrucano) deposits. 
In an interesting exposure on the north side of the Arno between 
Pontedera and S. llaria iu Monte, a fossiliferous lacustrine band 
appears between the Pliocene fossiliferous marine sand and gravel, 
thus pointing to a period of oscillation of marine and lacustrine 
estuarv. The cla, aud ,eHow sand of the various Quaternarv 
ileposits is largely derived "from verrucano material, hence with th"e 
exception of the Apennine and Apuan material conveyeil by the RiYer 
Serchio before its deflection frOID the Arno Valley, by far the largest 
part of the Quaternary depogits of the low hills of that valley is 
derived from 1I10nte Pisano. Verrucano pebbles are found as far as 
20 kID. south-east in the low hills near Stagno, close to Leghorn. 
The same applies to tile low hills north-east of the massif, viz. those 
of Altopascio and Buggiano at the northern ends of the Bien tina and 
Fucecchio depressions, not far from the foot of the Apennines, where 
Lotti found verrucano pebbles and conglomerate lumps, covered by 
disintegrated material and fresh quartz detritus of the same origin, 
overlying Apeunine Eocene material up to over 100 Ill. altitude.! 
The erosion and denudation of the lIIonte Pisano massif, as well as 
the transporting energy of its torreuts in a radius of 20 kID. all round 
its base, must therefore have been on a considerable scale both in 
early and more recent Quaternary times. 

II. 'rITE SIENA HILLS. (Figs. 1 and 3.) 

1 .. The JJIontagnola Senese, west of Siena. 

This range of hills lies within a few kilometres west of Siena. It 
derives its geological interest an(1 importance more especially from 
its Triassic marble beds which constitute, albeit on a more limited 
scale, a stratigraphical aud lithological replica of the Apuan Alps or 
Carrara Mountains, while it.; Permian sllbstratum is a replica of the 
Monte Pisano formation. In its length, N. to S., of about 30 km. 
aud it~ width of 15 km. it rises to altitudes of 400 to 700 Ill., the 
hi~he'it p,ints heing ~Ite. ~raggio (65H m.) at its northern end and 

! D. Lotti, op. cit., p. 202. 
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Poggio di Legni (6il Ill.) in its western part, or about 250 Ill. higher 
than the isolated hill of Pliocene deposits upon which conspicuously 
stands the city of Siena (319 m.). The range forms, like Monte 
Pisano, a cupoliform anticline, and lies about midway in the curved 
Permo-Triassic belt of the Tuscan Snbapcnnines. 

The lowest formation of the Montagnola Senese IS the Upper 
Permian or typical verrucano composed, like that of the Pisa Hills, 
mainly of Illicaccons and argillaceous varicoloured schists, quartzitps, 
quartzose sandstone, and the characteristic clastic rocks (anagellite) 
of breccia and conglomerate. In the A puan Alps, as stated in 
previous papers, the Upper Permian is ollly sparsely represented as 
a transition to thc Lower Trias, the predominant substratum there 
being gneissose rocks of the Lower Permian or Permo-Carboniferous 
horizon. In the Siena Hills the Permian is overlain by Middle 
Triassic dolomitic, subcrystalline, dark-grey limestone, i~ whose 
granular ground mass are disseminated minute crystals of calcite, the 
exact equivalent of the fossiliferous grezzoni formation of the A puan 
Alps. As in the latter, so also in the Siena range, the gTezzoni are 
overlain by the Upper Triassic marrniferous formation, here composed 
of crystalline limestone or marble beds with associated subcrYRtalline 
and compact limestone, calc-schists, and siliceous schists. The marble 
beds are, in their turn, oyerlain by the !lhrntian, here stratified series 
of grey, cavernous, dolomitic limestone, in part cf}"stalline, and fine
grained of white, grey, and pink colour, and sericitic schists passing 
to so-called pselldo-macigno sandstone, the stratigraphical and 
strictly conformable sequence being the same as that of the !lhrntian 
of the Apuan Alps and Monte Pisano. The Liassic and Cretaceolls 
formations are not in evidence in the Montagnola Senese, hayin g 
probably been removed by erosion and denudation, which is more oyer 
attested by the fact that the surrounding Tertiary belt of Eocene, 
Miocene, and Pliocene deposits exhibits marked unconformity in 
relation to the Uesozoic and Palrnozoic formations. 

The Permian substratum crops out more especially in Mte. Vasone 
(402 m.) on the north-western margin; near Tegoia in the central, 
and also in the !losia ra\'ine of the southern part of the range, where it 
adjoins the more extensive and almost entirely Permian massif of 
Monticiano. The Middle Trias grezzoni and Upper Trias marble 
beds forlll the principal outcrops of the western part, wbile the 
Rhrntian strata, constituting tIle largest portion of the whole area, 
occupy the centre and the ('astern part wbich approaches close to 
Siena. The grezzoni, owing to their distribution in lenticular 
masses, occa~ionally thin out, in which cases, e.g. in some small 
outcrops in the centre, the marble beds rest direct on the Permian. 
For the rest, as in the Apuall Alps, the substratllm is quite separate 
from the three Triassic horizons closely associated with each other. 

Tile lIfarble Beds.-The various exposures of the stratigraphical 
sequence are conveniently accessible from the roads which intersect 
and flank the Montagnola range. More especially is this the case 
along the narrow defile of the Hosia torrent already mentioned which 
cuts the southern part at right angles, and at the western end 
towards Montarrenti exposes the contact of the Permian wiLh the 
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grezzoui aud the Upper Triassic strata. The other principal access 
is by the road along the Elsa Valley on the western margin of the 
range, whence various roads lead to the marble quarries in the hills. 

One of the largest lenticular masses of marble is that of 
Montarrenti in the south-western corner of the range near the Rosia 
road. It extends from Montarrenti north along the flanks of the 
hills to near Gallena for about 8 km. by 1 km. in width. At 
Montarrenti the celebrated yellow marble (g£allo 01' broceatello di 
Siena) directly underlies the cavernous lthretian limestone, and is 
here quarried both as marble of uniform colour and as white, yellow, 
and pink breccia with veins coloured by iron and manganese in
filtrations. Further north the yellow marble passes to white with 
some intercalations of yellow stratiform marble and violet schists 
between the prillcipal Illass and the overlying lthretian. At the 
northern end the marble is quarried above Gallena, on the eastern 
flanks of the Elsa Valley. 

Another large outcrop of marble is that of Marmoraia in the north
western part of the range, at about 550 m. altitude. Here, too, the 
crystalline formation illlmediately underlies the Rhretian strata, the 
former being composed in down ward succession of tabular limestone, 
violet and green, slightly cnprifel'ous schists, and calc-schists in 
which are embedded lenticular masses of extremely fine statuary 
marble with associated violet-veined breccia (paonazzo) and bardiglio. 
The Marmoraia mass extends for about 1 km. to Lucercna, where the 
yellow marble again predominates and contains abundant though 
imperfectly presened Crinoids and Gasteropoda. These and the 
neighbouring localities of Gioma and Poggio alle Case excel in the 
finest varieties of both white und coloured marble, notably green awl 
black, grey-veined, and violet and flesh-coloured breccia. In the 
central part of the range. at about 500 m. altitude, occur the marble 
outcrops of Tegoia and Molli, which form similar lenticular masses 
in the Upper Triassic grey micaceous limestone, violet argillaceous 
schists, and crystalline calc-schists. Here, too, the marble varies from 
yellow to white, the latter being often finc-grained statuary, though 
rather fissile; the white marble forms the nucleus of the lenticular 
mass and graduates to yellow towards the periphery.' 

The Rhretian formation overlying the Upper Marmiferous Trias, 
although predominantly composed of cavernous dolomitic limestone, 
contains associated crntalline calcareous masses in which the lime
stone is fine-grained, white, grey, and pink, the white often 
exhibiting the characteristic dolomitic pearly lustre, while the pink 
variety is traversed by calcite veins. These masses occur more 
especially in the north-western part of the range between Scorgiano 
and Macellana, north of Marmoraia. The cavernous limestone 
appea,s to owe its cavities to the abstraction of carbonate of 

, According to De Stefani (" Montagnola Senese" : Roll. R. Corn. geol., 1879, 
p. 210) the yellow Siena marble is distinct from the white; this view is, 
however, negatived by the white and yellow not only graduating into, but 
alternating with each other, e.g. in the Montt1rrenti exposures. The yellow 
and other colours of marble are obviously due to varying degrees of iron and 
other hydro· mineral impregnations. 
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calcium, the disintegrated residue of whic11 remains in some cavities 
as a fine grey, sometimes pink powder containing 54 per cent Ca 0 
and 43 per cent Mg 0, whereas the parent rock contams 73 and 22 
per cen t respectively.' 

Of the Tertiary formations round the base of the Montagnola, the 
Eocene appears on the western margin with ophiolitllic rocks near 
Mte. Vasone in Val d'Elsa. The ~Iiocene which overlies the Rhretian 
limestone on the eastern base of the range near S. Colombo, consists 
of breccia and conglomerate mainly of cavernous limestone detritus 
with a yellowish calcareous cement. The Pliocene extends more or 
less all round the range, more especially towards Siena, which is 
built on that marine formation, including, in a cliff below the Lizza 
fort at the northern end of the town, the bright yellow material 
known as term di Siena, and locally, but improperly, called tufo or 
pozzolana.2 It is simply disintegrated argillaceous schist and in other 
Pliocene deposits near Siena alternates with grey and blue marl. 

The marmiferous formation of the Montagnola was formerly 
assigned to the Lias, partly on doubtful palreontological grounds, but 
chiefly because it was assumeil to overlie the Rhretian cavernous 
limestone.3 Lotti and Pantanelli,4 however, proved the reverse to be 
the true superposition, which was moreover reinforced by Lotti's 
subsequent discovery of the various outcrops of indubitably Middle 
'frias grezzoni, which horizon directly overlies the Permian and 
underlies the marble beds, in strict aualogy with the sequence in the 
Apuan Alps. The equivalence and the Triassic age of the marble 
beds of both these classic regions were th liS clearly and conclusively 
established. 

2. The Jano and S. Gemignano IIills N. W. of Siena. (Fig. 1.) 
Monte di Jano.-A bout 30 km. N. W. of the ~Iontagnola Senese, 

midway between the latter and Monte Pisano, and flanked by tlle Elsa 
and Era Valleys, lies the interesting small Pelmo-CarboniferollR and 
Rhretian group of Monte di Jano at abont 500 m. altitude, close to the 
extensive ophiolithic cluster of Montigno~o and S. Vivaldo. The 
richly fossiliferous Upper Carboniferous or Permo-Carboniferous bed 
of Jano is the only one in Tuscany proper. Its three outcrops on 
the south-western flank of the hill are slIperficially separated by 
Eocene and Pliocene deposits, and are aligned N. W. to S.E. dipping 
N.R. and also S.W., thus indicating the original form of a domal 
anticline. The dark.grey and black bitllminous, argillaceous sand
stone strata pass upwards to grey, reddish, and violet sandstone and 

1 Analysis by Professor Funaro, Leghorn. B. Lotti, " Geologia della Toscana," 
1910, p. 40. 

2 The Siena earth is composed mainly of silica and alumina with lime, 
magnesia, potash, and some iron oxide to which it owes its bright yellow 
colour. N. Passerini, " Le Sabbie gialle," Firenze, 1903. 

3 C. De Stefani, op. cit., 1879-80. A. Fucini, "Eta del marmo giallo di 
Siena": Atti Soc. Tosc. Sc. nat., 1903. 

4 D. Pantanelli & B. Lotti, " Sui marmi della Mont. Sen.": Boll. R. Com. 
geol., 1878, p. 384. B. Lotti, "Nuove osserVA,zioni Mont. Sen.": ibid., 1888, 
p. 341. Op. cit., 1910, p. 34. A. Verri & E. Clerici, "Mont. Sen.": Boll. 
Soc. geol. ital., 1903, pp. lxxix, 2. 
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micaceous argillaceous schist; the sandstone strata Illore especially 
exhibit conspicuous and extensive veins of cinnabar. The lower 
bituminous strata contain an abundant fossil flora, the upper sand
stone strata a considerable marine fauna, both of which belong to the 
Permo·Carboniferous transition horizon.! Upon these strata rests 
conforma,bly the Permian series composed in upward succession of 
violet, arenaceous, tegular scp.ists, sandstone, quartzite and verrucano 
conglomerate with intermcdiate schistose a,lternations, the Permian 
rocks being on the whole of a paler grey, violet, and green colonr 
than the Ilnderlying Permo-Carboniferous strata. As in Monte 
Pisano, so also in the Jano group the Trias proper is absent, the 
Permian being directly overlain by RhfCtian dark-grey, more or less 
crystalline, in places brecciforlll limestone. A peculiar feature of the 
latter is the conspicuously reticular form of infiltrations of iron 
oxide, which, combined with disintegrated detritus of limestone, has 
produced a considerable formation of red earth or terra rossa, by 
a local misnomer also called pozzolana. The J ano group constitutes 
an isolatell outcrop in a Uiocene and Eocene northern spur of the 
Siena Hills, surrounded by a great Pliocene marine belt which 
extends north to the Arno Valle,. 

S. Gemignano HiUs.-This Rhmtian group lies south-cast of J ano 
and is more especially developed in the hill called Poggio del Comunc 
above S. Gemiguano, at 624 Ill. altitude on the divide between tIle 
Elsa and Era watersheds. The outcrop, about 10 by 3 km. in length 
and width and sllrrounded by Miocene and Pliocene deposits, is 
aligned on the same axis with the Jano group N. W. and the 
"Montagnola Senese S.E., frolll which latter it is separated by the 
Pliocene and Quaternary depression of Colle Val d'Elsa (223 Ill.). 
The dolomitic, ca,·ernOllS, compact, and also brecciform dark-grey 
Rhmtian limestone of this locality is exactly like that of the two 
neighbouring groups, as also like that of ~Ionte Pisano. It exhibits 
here and there at different levels considerable intercalated masses of 
gypsum often stratified, traversed by grey veins, and including 
limestone fragments. Although Rhmtian limestone is the favourite 
seat of gypsnm in various parts of the Tllscan Su bapennines, the 
latter occurs also in Triassic, Liassic, Cretaceous, and even in Eocene 
and Mioceue limcstone beds, and thcrefore irrespective of age in any 
calcareous rock whose carbonate of lime is transformed to sulphate 
by hydro-mineral action, preferably near the contact of the limestone 
with other horizons. 

3. The .l1Ionticialio and Roccastrada Hills soutlt of Siena. 
This considerable area constitutes the southern extension of the 

Montagnola Senese, which it adjoins at the transverse line of division 
formed by the Rosia torrent between Montarrenti on the west and 
the village of l~osia on the east. The Permian series which appears 
on both sides of that defile continnes south at about 5~O ill. altitude 

1 The fossil flora and fauna of the Jano district, which latter is easily reached 
from Castelfiorentino in the Elsa Valley, studied as early as 1850 by Savi and 
Meneghini, has more recently been dealt with by G. Arcangeli, "Due fossili di 
J'tno," Boll. Soc. bot. itltl., 1896, 'tna h Barsanti, "Flora fossile ai Jano," 
Mem. floc. 'ros. Se. nrtt., 1903, 1904; also B. Lotti, op. cit., p. 6. 
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uninterruptedly across the !Ierse ravine to Monticiano and Mte. 
Quoio, the highest central point (64 7m.), and thence across the Frama 
rayine to Mte. Alto (797 m.) and ltoccastrada (477 m.) at the southern 
extremity. The Permian sequence is substantially the same as in the 
:\Iontagnola Senese and Monte Pisano. In a considerable exposure 
near ltoccastrada it exhibits banks of conspicuously white and pink 
quartz with a lustrous white micaceous cement and fragments of 
yiolet and green schists. The associated arenaceous and phylladic 
schists of this exposure are greatly folded and contorted, and similar 
contortions appear on the margin of the north-western part of the 
massif Ileal' the Merse torrent between Monticiano and Pentolina. 
The laminated greenish schists show marked evidence of crushing, 
althoug'h they contain cavities with large crystals of pyrite wlli(;h 
exhibit no trace of disturbance and are therefore a secondary 
phenomenon, posterior to the lamination of the scllists. The I'errucano 
con glom crate of the massif is frequently traversed by oligist Hins. 

III the whole massif Triassic outcrops are rare and sporadic, 
a notable though small mass being that near Pari on the eastern 
margin where Novarese found abundant characteristic Triassic fossils 
(Crinoids and Gasteropods) in a black limestone with £elspathic veins.! 
On the south-western margin ncar Roccastraua at the base of 
Mte. Alto, a bed of subcrystalline Triassic limestone appears between 
the o,'erlying Rhrotian and the subjacent yerrucallo Scllist am] 
conglomerate. Hhrotiall, pre,-alently cavernous dolomitic limestone 
appears in small outcrops not only all round the Permian area but 
also in the centre of the massif and Ileal' Mte. Alto, frequently with 
gypsum intercalations. Of the latter a brge mass occurs in the 
Rhmtian dark limeftone near Roccastrada with fragments of the 
encasing rock, the transformation from carbonate to sulphate of lime 
extending also to the underlying- Triassic, more schistose limestone. 

The :Monticiano-Hoccastrada massif, covering an area of 30 by 
10 kill., viz. as large as that of Mte. Pisano, forms, like the more 
northern groups, a cllpolifol'm anticline, and is at its base surrounded 
by Tertiary deposits of which the Eocene on the eastern margin 
comprises the ophiolithic group of l.Iurlo, and on the west some 
similar masses near Sassofortino and 1.1011 temassi, while in the 
Miocene deposits close by, viz. round the base of Mte. Alto, appear 
the trachytic groups of Roccatederighi and Roccastrada. ::;mall 
isolated Permian, Triassic, and Rhmtian outcrops occur east of the 
Monticiano massif lleal' Massa Marittina and Boccheggiano which 
form part of the inner, littoral, predominantly Tertiary belt of the 
Tuscan Subapenllines. 

3. The Grosseio (1fIanmma) H£lls. (Fig.!.) 
'fhese, the most southern groups of the Permo-Triassic belt, comprise 

the cupoliform anticlines of Mte. Orsaio north-east of Grosseto, 
of Mte. dell' U ccellina, and of Mte. A rgentario on the Tyrrhenean 
coast south of that town, which lies in the Quaternary plain of tile 
lower Ombrone Valley surrounded by the Maremma Hills. 

! V. Novarese, .. Fossili triassici nei manti della Maremma Toscana ": Boll. 
Soc. geol. ititl., 1894, p. 15. 
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The Monte Ol'sa£o Group is the southern continuation of the 
Monticiano-Roccastrada massif, from which it is separated by the 
Miocene and Pliocene depression of the Ombrone Valley. The latter 
circumscribes it on the east, the Quaternary plain of Grosseto on the 
south and west. Its area is 15 by 10 km., or about half that of its 
northern neighbour; in altitude it varies from 300 to 600 m., the 
highest point being Ute. Leone (614 m.) in the centre. The Permian 
comprises the same series as in the other groups described, and the 
same applies to the onrlying Rhretian, which forms a number of 
isolated deposit~, prevalently of cavernous limestone, both on the 
periphery and in the celltre of the Permian massif. The Trias 
proper is represented only by one deposit of varicoloured schists 
between the Permian and the Rhretian nellr Montepascoli on the 
south-western margin. The Mte. Orsaio massif obviously became 
separated from its northern neighbour by the erosion of the intervening 
syncline, now the Ombrone Valley. 

The Monte dell' Uccellina Group lies on, and parallel to the coast 
about 10 km. south of Grosseto between the mouth of the River 
Ombrone and that of the Albegna. In its length and width of 
15 by 5 km. it rises to an altitude of over 400 m., and forms an 
elongated rectangle composed of the Permian series in the south
western and of the l{'hretian in other parts, overlain in the north by 
Liassic deposits. On the eastern side the group is flunked by 
a Pliocene and Quaternary depression which separates it from the 
large Eocene area of 1fte. Cornuto. 

The Jfante Aj'gentario Peninsula near Orbetello, about 15 km. 
south of the preceding group, is an interesting oval-shaped massif 
10 by 5 km., rising to 635 m. altitude, in which considerable 
Permian outcrops appear in the southern part, while the overlying 
Trias forms a number of isolated deposits scattered over the peninsula, 
notably on the west coast. More especially on the coast between 
Calagrande and 1sob Rossa, and in the Calagrande glen, the Trias 
is composed of crystalline limestone, calc-schists, phyllades, and dark
grey and violet sericitic schists with intercalations of saccharoidal 
marble and associated ophiolithic rocks, which include serpentine, 
e1lphodite, and diahase with amphibolic and prasinitic rocks,' alter
nating with the sedimentary schists. Upon the 'l'rias rests in various 
parts of the peninsula the usual Rhretian cavernous dolomitic limestone 
which in one part of the coast contains a considerable Illass of gypsum 
and in another part a f"rro-manganese depo~it. On the neighbouring 
mainlan(l the Permian and Rhretian also form the considerable areas 
of Poggio Venti (341 m.), Jilonteti (435 m.), and Mte. Bellino (51 (l m.), 
known as the Capalbio Hills, which constitute the south-western 
extrcmity of the Tuscan Silbapellnilles between the sea and the great 
yoleanic region of Bolsena. 

IV.-CONCLUSION. (Fig. 1.) 
The Permian formation of tIle 'l'uBcan Silbapennines, forming 

a belt of over 200 kill. in length, constitutes the middle part of the 
I S. Fmnchi, "Pmsiniti cd anfiboliti di Pegli, Giglio, Gorgona e Mte. 

Argentario" : 13011. Soc. geol. ita!., 1896, pp. 8, 169. 
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great Permian chain which in the north extends from the Maritime 
Alps to Westeru Liguria and the Apuan Alps, and in the south 
reappears in Calabria and Sicily. Its course is thus more or less 
continuous and parallel to the Meditel'l'anean coast throughout the 
entire length of the Italian Continent. Its greater age and inde
pendent geological history as compared with the predominantly 
Eocene Apennines is emphasized by the fact that the axis of the 
latter, more especially of the Etruscan Apennines, conforms, not to 
the Mediterranean, but essentially to the Adriatic coast. The 
Permian and 'friassic ollter belt as well as the inner, predominantly 
Tertiary belt of the Tilscan Subapennines exhibit a general 
inclination and fall of altitude towards the Tyrl'henean Sea, along 
whose coastline the Pliocene marine deposits have been submerged 
and the existing' headlands abruptly plunge into the sea to a depth 
of 100 metres, which in the Tuscan archipelago increases to 
200 metres. These two belts, together with that of the Tuscan 
archipelago, form, in fact, three concentric zonal fold-cunes as 
intimately associated with the Mediterranean as the Apennines are 
with the Adriatic. The three fold·curves (dotted lines, Fig. 1), 
which have their common thrust-centre in the northern extremity of 
Corsica, at distances of 110, 160, and 180 km. respectively, mark" the 
zonal alignment not only of the repeated Tertiary uprise but of the 
Post-Pliocene subsidence and settlement of the three belts. Of these 
the ollter or Permo-Triassic belt had already emerged as a series of 
low anticlines and synclines before the great general uprise in early 
Miocene times. The Post-Pliocene or most recent subsidence which 
snbmerged the Pliocene marine deposits, is computed at a minimum 
of 200 metres both as regards the mainland and the archipelago, 
where the lowest submarine contour corresponds to that depth. But 
west of the archipelago towards Corsica the submarine contours drop 
to 500 and 600 metres '; hence the actual subsidence was probably 
in excess of the estimate. In any case the present archipelago 
represents the subaerial part of the submerged and broken-up 
Tyrl'henean Continent which ill later ):[iocene times connected the 
central ~fediterranean group of Corsica and Sardinia with the Italian 
Peninsula. 

According to the overthrust theory, the Permian, Triassic, and 
Liassic groups of the Tllscan Subapennines represent so many' 
" windows" or " Fenstel'klippen" of exotic origin. 2 But the strati
graphical evidence and essentially conformable superposition of those 
formations is adverse to that hypothesis, for it clearly shows that all 
those sedimentary series were formed in situ; that the only attested 
disp~acemen.t by overthrust on the mainland is the purely local and 
partlal one 111 Monte Pisano; and that the Palooozoic and Mesozoic 
formations of Tuscany are the "rooted" eqnivalents of those along 
the Mediterranean coast in Northern and Southern Italy. 

I On the west coast of Elba, towards Corsica, the submarine contours drop 
at first rapidly to 75 m. in 500 m., equal to 150 m. per km.; then slope more 
gradually to 600 m. in 24 km., 01' 40 m. per km. 

2 G. Steinmann, " Alpen und Apennin": Mon. B. D. Geol. Ges., 1907, p.177. 
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XII. 

THE OPHIOLITHIC GROUPS OF THE TUSCAN SUBAPF.NNINES. 

INTRODUCTORY. 

'fEIE region in which lie the ophiolithic groups to be considered in 
these pages embraces not only the western part of Tuscany but 

also the northern outskirts of the Apuan Alps or Carrara Mountains, 
which latter form the link betwefl,n Liguria and Tuscany proper. 
From the numerous metalliferolls deposits scattered throughout its 
area, the region is geologically and comprehensively known as the 
Catena .L1Ietallifel'a, and as such extends N. W. to S.E. parallel to 
the Tyrrheuean coast from the Hills of Spezia down to those of 
Grosseto and Monte Argentario. 1 In its total length of about 200 km. 
and 70 kID. in greatest width it is composed of two approximately 
coucentric zones; an ollter Olle, whose axis and snbstratulll is formed 
by the series of Permian, more or less cupoliform anticlines of the 
Apuan Alps and the Hills of Pisa, Siena, and Grosseto, Z and an inner, 
more strictly littoral, and predominantly Tertiary zone which 
com prises the Hills of Leghorn, of the Cecina Valley, and of Massa 
Marittima. By extension the region also includes Elba with its 
mineral wealth and the other islands of the Tuscan archipelago, 
which are, however, outside the scope of the present paper. On the 
mainland the metalliferous range is disting'uished by great diversity 
of geological features, structure, and composition from the Palreozoic 
to the '11esozoic and Tertiary formations, the latter with a remarkable 
series of ophiolithic groups. It offers in this respect a great and 
fundamental contrast to the monotonously uniform sedimentary 
Eocene of the Etruscan Apennines, and although geographically 
considered an offshoot of the latter, it is geologically an older and 
therefore independent rang-e. The ophiolithic groups lie, as regards 
the mainland, all in the Lower Tertiary horizon of Upper Eocene 
limestone and argillaceous schists, the principal groups being 
those of: 

I. 'rhe Apuan Alps. 
II. The Leghorn Hills. 

III. The Cecina Vallev. 
IV. The Hills West, North, and South of Siena. 3 

I The best general geologico.l mo.p of Tuscany is B. Lotti's'"survey-map 
1: 500,000 atto.ched to his" Geologia aella Toscana", Mem_ descr. R. Com. 
geoJ., 1910, the latter founded in part on his previous memoirs. 

2 Vide the preceaing p?per, "'rhe Permian and Triassic Belt of theccTuscan 
Subapennines. " 

3 The small ophiolithic groups of Prn,to and Impruneta near Florence, and 
of the upper 'riber Valley near Borgo San Sepolcro, composed mainly of 
serpentine, euphodite, and diabase, belong to the Apennines proper and are not 
included in the present paper. The extensive and remarkable groups of Elba 
are dealt with in the paper No. xiv on that island. 



The J'usccm Subapennines. 123 

r. THE GROUPS OF THE ApUAN ALPS. (Fig. 1.) 

This region, which in relation to its great Triassic Marble formation 
was described in a previous paper, 1 is skirted on the north by the 
three ophiolithic groups of the Sarzana, Lnnigiana, and Garfagnana 
districts. The small Sarzana group, about 10 km. from the coast, 
midway between Spezia and Carrara, on the left of the River Magra, 
is composed chiefly of pcridotitic rock largely altered to bastitic 
serpentine, which alternates with the ranochiaia (green and yellow 
with black veins) variety and olivinic euphodite. It forms the link 
between the Pignone and Levanto groups of E astern Liguria west of 
Spezia described in a previolls paper,2 .and the groups of Lunigiana 
and Garfagnana. The Lllnigiana group , neal' AuUa and Bibola, about 
15 km. north of Sarzana, consists maillly of diabasic masses with an 
outcrop of associated granite near Tresana. 

THE OPHIOLITHIC GROUPS OF THE ApUAN ALPS. SKETCH-MAP. 

FIG. l.-Sarzana, Lunigiana, and Garfagnana Groups. 

The most extensive of the three groups is that of the Garfagnana 
district in the Upper Serchio Valley, which is reached either from 
the south, viz . from Lucca and Castelnuo'\'o, or from the north, 
viz . from Sarzana or Aulla up the Aulella Valley to Fi I' izzanoand 
thence over the Carpinelli Pass (835 m.) or saddle between the 
Apnan Alps and the Etrll scan A pennines. It is in this latter synclinal 
depression, llnd more especially on the southern or Garfagnana side , 
that the principal ophiolithic masses crop out in the remarkable 
gorge eroded by the Sercbio and its aiRuents the Gragnana, Sam buca, 
and Uozzanclla torrents, as well as at higher levels between Piazza 
(500 m. ), Camporgiano (478 m.), Roccalberti, and Poggio, wllere the 
road, in a distance of about 15 km ., skirts the lower spur of 

1 .. The Carrara, Massa, and Versilia Marble District, " Part I of this volume. 
2 " The Ophiolithic Groups of the Ligurian Apenn ines," Part I of this volume. 
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Mte. Pisanino (1948 m.), the highest point of the Apuan Alps, on 
one side and the Serchio gorge on the other. 

The ophiolithic masses appear principally on the right, to a small 
extent also on the left of the Serchio, which has eroded Its bed down 
to the Eocene sedimentary strata. The normal sequence of the latter 
is re,oersed in the road-section already mentioned, owing to an 
imoerted fold in the synclinal depression, the strata of the A pllan side 
having been thrust against those of the Apennine side of the valley, 
so that the ophiolithic rocks appear in that part of the g·org·e below 
instead of above the Upper Eocene albarese limestone and argillaceous 
schists or galestri, and abnormally overlie the Mid(!le Eocene macigno 
sandstone exposed in the river bed as the substratum.' 

The ophiolithic rocks, more especially at the higher levels, are 
prevalently peridotitic serpentine, oli yinic euphodite, and diabase, 
with which, as in the Aulla group, is associated typical granite, 
notably in the outcrops of Piazza, Camporgiano, Bosco di Villa in the 
Mozzanella, as also in the Sambuca and Gragnana ravines. The 
granite, which generally o,·eriies the serpentine with intermediate 
strips of diabase and also appears lenticularly in both these basic 
rocks, is fine-grained and exhibits felspar (orthoclase and albite), 
biotite largely altered to chlorite, and subordillate quartz abounding 
in liqllid inclusions and showing evidence of crushing.' The 
serpentine appears in the normal, the lustrous and laminated, and 
also in the rallochiaia varieties, awl generally constitutes the lowest 
member of the eruptive series. The diabasic masses in the different 
localities are in patt well preserved, both aphanitic and porphyritic 
with diallage, in part altered to chloritic and amphibolic prasinites, 
frequently also of spheroidal and variolitic structure, and occasionally 
exhibiting· ellphodite veins, though the last-named rock is com
paratively subor(linate in the whole area. A notable diabasic variety 
is the yellow and red rock formerly called .qabbro l'OS80 and vaguely 
regarded as metamorphic sedimentary, like the subcrystaUine, silico
calcareous, indurated diaspri; it is, however, simply altered diabase, 
whose colour varies according to the degree of hydration and 
oxiciation by atmospheric action. Hence it occurs generally in the 
upper sllperficial parts of normally dark-green diabase masses. The 
misleading term of gabbt·o '·0880 has been entirely discarded. 

Although the various isolated ophiolithic, predominantly diabusic 
outcrops of the Garfagnana group are here and there overlain by 
rocks more recent than the Upper Eocene, they are, owing to the 
removal of the less resistant sedimentary strata by erosion and 
denudation,collectively so well exposed that they convey all excellent 
idea of a formerly considerable and continuous area of eruptive rocks, 

, This inverted fold was first pointed out by C. De Stefani, "Roccie serpentinose 
della Garfagnana": Boll. R. Com., 1876, p. 16 et seq. "Serpentine e graniti 
dell' alta Garfagnana": ibid., 1878, p. 19 et seq. 

2 Some of the Garfagnana and AuHa rocks were also examined microscopically 
by P. Aloisi. "Studio petrografico delle Alpi Apuane (roccie granitiche ed 
ofiolitiche) ": Boll. R. Com., 1905, p. 257 et seq. The crystalline rocks of the 
Marble District proper were microscopically examined by E. lIfattirolo and 
S. Franchi, some also by Professor d' Achiardi of Pisa. 
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of which the breccia and conglomerates of eruptive and sedimentary 
material on the outskirts afford ad,litional and conclusive evidence. 
The three ophiolithic groups of Sarzana, Lunigiana, and Garfagnalla 
thus form, ill a total length of 50 km., a more or less continuous 
semicircular belt rOllll,1 the northern base of the Apnan Alps and lie 
in a zone with the coeval Eocene groups of Eastern Liguria. 

II. THE GROUPS OF Tift;; LEGHORN HILLS. (Fig. 2.) 

The Hills of Leghorn, rising to 300 and 450 m. altitude, comprise 
a number of scattered ophiolithic masses which in the aggregate 
cover about 50 sqnare km., the most notable being those of Gabbro 
on the divide east of Mte. Nero, a well-known and prominent point 
south-east of the town, and of Romito, Castiglioncello, and Rosignano 
on or neal' the coast about 15 km. south of the same. 

1. The ophi,)lithic mass of Gahbro, a village which deri"es its 
name frolU the Tuscan vernacular terlU indiscriminately used for 
serpentine and eu phodite, 1 is composed of a nucleus of lherzolitic 
serpentine fringed by euphodite, on which latter the village itself 
is built. The serpentine is often diallagic and also schistose, 
while the euphodite is in many places altered to steatite. At the 
contact of the two rocks with the sllrrollnding Eocene limestone, 
galestri, and dark-red diaspri, the latter in several places form 
a conglomerate with pebbles of steatite derived from the decomposed 
erupti ve rocks. The euphodite oYerlies, and forms veins in the 
serpentine; near the summit of ~rte. Caprona it is replaced by the 
hypersthenic variety with all associated fine-grained granitic rock. 2 

The area includes the heights of Poggio Gabbruccio, ~1te. Maggiore, 
ana ~Ite. Corbolone, and is easily accessible by various roads along 
which interesting exposures may be studied. 

2. About 10 km. south of Leghorn, near the coastal road and 
railway, juts out the interesting, rocky, and barren headland of TorTe 
Romito, composed of' euphodite which, with red diaspri, is interposed 
between albal'ese limestone and galestri schists resting on macigno 
sandstone which also constitutes the twin outcrop of Torre Calafuria. 
The euphodite, traversed by diabase Yeins, is greatly altered to 
serpentinous schiEt exhibiting, more especially in the lower parts, 
secondary epidote, chlorite, and calcite, with which latter it is also 
veined. The diabase is largely uralitized to chloritic prasinite; the 
hypersthenic variety of euphodite is also met with. 'rhe Romito 
mass is connected with several similar outcrops of euphodite on the 
flank of ~Ite. Nero, facin g the sea. 

3. About 5 km. south of Torre Romito lies the headland of 
Ca.~tiglioncello, largely composed of altered euphodite, immediately 
north of which, along the coast-road, occur the extensive serpentine 

1 The promiscuous use of the term gabbro for rocks, hills, and villages in 
Tuscany has led to its being generally discarded and replaced by euphotide or 
euphodite, the suffix being optionfll. That of "dite" appears to me more 
rational than" tide" proposed by Delesse. 

2 For microscopic details of these rocks vide L. Busatti, "Studi 
petrogmfici," Proc. Verb. Soc. Tosc. Sc. nat., 1887, and E. Manasse 
"Boccie ofiolitiche dei Monti Livornesi," ibid., Atti, 1898, p. 21. ' 
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masses of Ute. Pelato (378 ill.) and Mte. Carvoli with subordinate, 
associated euphodite, both of which rocks exhibit veins of siliceous, 
chalcedonic concretions and are oYBrlain by Miocene limestone. 
A few kilometres east of this mass crops out that of Rosignano in tIle 
Fine Valley, ill which euphodite and diabase largely predominate, 
while serpentine, notably the porphyritic diallagic type with diabase 
veins, as also the ranochiaia variety, only appear in one locality near 
Poggio Berna (147 m.). This hill is composed of both spheroidal 
and porphyritic diabase in which are lenticularly intercalated small 
masses of ranochiaia serpentine, the contact of the two rocks being 
marked by films of asbestos with cupriferous efflorescences. Further 
along the same road it is enphodite which is similarly intercalated in 
diabase with large diallage crystals, the contact line being perfectly 
distinct; similarly, porphyritic diabase appears intercalated in the 
normal, compact diabuse. 1 

III. THE GROUPS OF THE CECL:-IA VALLEY. (Fig. 2.) 
The most extenS1Ye ophiolithic masses of Tuscany occur in the 

upper hills on both sides of this valley or ba~in, which is also noted 
for its metalliferous deposits, the s(~tfioni or boracic steam jets of 
Larderello, and the salt pits of Saline below Volterra. The ophiolithic 
masses on the right or north side of the River Ceciua begin about 8 km. 
east of the coast-town of that Ilame, or about 30 km. south of Leghorn, 
and comprise from west to east in an area of about 150 sq. km. 
the groups of Castellinu, Riparbella, Terriceio, and .Moutecatini. 
Those on the left or south side of the valley, on the other hand, 
comprise the groups of Rolgheri, Monterufoli, Montecerboli, and 
l[ontecastelli, which cover about 300 sq. km. All these groups lie 
in the surrounding Eocene sedimentary horizon, which in its turn is 
circumscribed by a region of low hills of Miocene and Pliocene 
deposits reaching down to the ltiYer Cecina. 

1. On the n'ght of the Cecina. (Fig. 2.) 

(1) The Castellilla Groups.-The most northern mass is that of 
~ne. Va so (584 m.), predominantly composed of lherzolitic serpentine 
tra\-ersed b.Y large veins of eupllodite and diabase. The same rock is 
the principal constituent of the two masses of Riparbellll, including 
1fte. Vitalba (674 m.), and of Terriccio, a short distance to the west, 
but with more euphodite aWl diabase, the order of superposition 
being as usual. Here and there the diabase, as the uppermost 
member, is overlain by albarese limestone with red diaspri, the 
serpentine, on the other hand, by galestri schists. The diabase is 
often altered to chloritic prasinite with marked spheroidal structure, 
e.g. at Castellina, which is built on a boss of that rock. Between 
Castellina and Ripal'bella the diallagic serpentine is traversed by 
considerable veins of porphyritic diabase, which along the road 
between those two places also occur in the ranochiaia serpentine. 
Further on, at Pescine, a cupriferous deposit OCCllrs in an aggregation 
of porphyritic diabase, euphodite, and steatitic rock derived from both. 

1 The euphodite of Castiglioncello has also been described by R. Ugolini, 
Boll. Soc. geo!. ita!., 1905, p. 71. 
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The Terriccio mass is, besides diabase and serpentine, largely com
posp-d of euphodite, in which, near the contact with diabase, occurs 
a cupriferous deposit, the euphodite being here intercalated in diabase. 
These deposits are, however, only of very limited extent. 

(2) The Montecatini Grollp.-Elist of the Castellina groups occurs 
the cluster of ophiolithic masses of .llontecatini. N ear the well
known copper-mille of that locality, the only really important 
one in Tuscany, two masses of diabase, one of ]lIte. Massi 
(609 m.) and the other of Poggio alla Croce, are separated by 
a narrow sedimentary band, while other maRses, notably those of 

. Mte. Vignoli, Miemo, and Orciatico, appear in the same Eocene strata 
a little further west. In these masses diabase is largely predominant 
with subordinate serpentine and euphodite, of which the latter more 
especially is so decomposed to steatite that hardly a trace of the 
original rock is left and the overlying diabase seems to rest direct on 
the serpentine. This steatite, chiefly derived from decomposed 
saussuritic felspar, occurs, as it does in the Leghorn Hills, also 
intercalated in the diallagic serpentine and often contains small 
cupriferous deposits. 

In the diabasic masses of the }Iontecatini nune ellphodite and 
serpelltine only appear undergrollnd, underlying the diabase in the 
usual order. The latter is largely spheroidal with unaltered nuclei, 
and also variolitic, of normally dark green, but where altered, of 
reddish colour (gabbro ros8o), passing externally to a green, ch10ritic 
steatitic product of decomposition, the most advanced stage of the 
latter being a clayey, ferruginous material. These last stages appear 
more especially at the contact with the cupriferous deposits. Atone 
point of the mine, at a depth of 100 m. below the surface, a serpentine 
mass em'elops a lenticular mass of nodulous enphodite in part 
diallagic, in part serpentinized, while at another point of considerable 
depth a mass of Iherzolitic serpentine appears close to the diabase 
intercalated in Eocene galestri schists. The Iherzolitic serpentine 
masses of Miemo and Orciatico are also o,'erlain by euphodite and 
diabase with assoeiated ophicalce. The diabase of Mte. Vignoli is in 
part coarse-grained alld unaltered, with large elements of labradorite 
and pyroxene, in part fine-grained and altered to reddish brown with 
small radially disposed amygdaloids of calcite, or again, with cavities 
from which the calcite has disappeared. 1 The globular metalliferous 
deposits of Montecatini, in the main calcopyrite and erubescite, are 
generally encased in the steatitic matrix or los£mll already mentioned; 
more rarely aggregations appear in only partially altered and 
decomposed euphodite, tls also in a felspathic, quartzose, and 
chalcedonic breccia. The cupriferous deposits of the two diabase 
masses of Mte. ~[assi and Poggio alia Croce already mentioned occur 
separately in lenticular steatitic intercalations both in the diabase 
itself, and between diabase and the sedimentary strata, the matrix 
being deri,'ed from diabase, or again, in the largest deposit, from 
euphodite. The Miemo deposit appears at the contact of serpentine 

1 These calciferous, amygdaloidal, and cavernous forms of diabase correspond 
respectively to the borzolite and coschinolite of Liguria, mentioned. in a 
previous paper, Part I of this volume. 
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and diabase in a lllass of amygdaloidal, olivinic serpentinized euphodite. 
In the sedimentary strata there is no evidence of intrusion by dTkes 
or apophyses or of contact metamorphism; the ophiolithic groups are 
essentially lenticular masses interposed in those strata when these 
were still in a plaRtic condition. Occasionally simulated intrusions 
in the latter are, as Lotti has pointed out, I the result of local shifting 
of the ophiolithic and sedimentary masses by earth movements 
posterior to their formation. 

2. On the left of the Cecina. (Fig. 2.) 

(1) The Bolgheri Group.-The four masses which compose this 
group and lie in the Eocene of Poggio Pruno, a hill of 618 m. altitude 
between the coast and the Sterza torrent, an affluent of the Cecina, 
consist mainly of lherzolitic serpentine with euphodite and diabase, 
of which the former is to a small extent metalliferous. Much of the 
serpentine is of the ranochiaia type with veills of yellow resinite; 
with the eupllOdite and the pre\'alently porphyritic diabase are 
often associated red diaspri overlain by Eocene limestone and 
galestri schists. 

A remarkable phenomenon ill this group is the large calcitic and 
ophiolithic band of La Sassa on tIw left of the Sterza torrent about 
10 km. from the junction of the latter with the Cecina. This band, 
which near La Sassa reaches 50 m. in tllickness, runs through the 
Eocene sedimentary strata for about 2 km. N.1V. to S.E., and is 
composed of calcite and quartz concretions with disseminated minute 
pyrite crystals and with cavities containing a bright green mineral, 
the mass itself being reddened by impregnations of iron. 1'\ ear 
La Sassa, whose castle is bllilt on this banel, the mass is calciferous 
with empty cavities, and is traversed by large veins of pure-white 
calcite, while parallel to, and midway in the band runs a vein of 
steatite with fibres of asbestos. At its southern end the .band 
expands to a mass of compact quartz with pyrite crystals and the 
green disseminated mineral already mentioned, in contact with 
a metalliferous mass of euphodite. The steatite and the green 
mineral are obviously products of oplliolithic decomposition, while 
the quartzose and calcitic band itself is the result of opaline 
silicification, like resinite and chalcedony. 

(2) The lllonterufoli Group.-This, the largest of the ophiolithic 
areas of the Cecina Valley, lies between the Sterz'l and Trossa torrents 
and comprises tIle masses of Querceta, nI icciano, Libbiano. Serrazzano, 
Monterufoli, and Uontecerboli, at average altitudes of 550 m. Of the 
last two-named localities, Monterufoli is noted for its lignite mine on 
the western margin of the ophiolithic area, while Montecerboli is 
contiguous to the large area of the well-known boracic steam jets 
of Larderello, Monterotondo, and Castelnuovo on the divide between 
the Cecina and Cernio Valleys. The predominant ophiolithic rock of 
the Monterufoli area collectively is lherzolitic serpentine, which 
forms a cupoliform massif no less than 60 km. in circumference, 
overl~ill here and there by Eocene sedimentary rocks and on its 
marg'lll by small masses of eupbodite and diabase with red diaspri. 

lOp. cit., p. 234. 
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The euphodite mass near the lignite mine is traversed by veins of 
siliceous concretions which yield beautifully tinted and much-prized 
chalcedony, also cemented with serpentine and asbestos fragments to 
a very delicate breccia. At another point in the vicinity occurs 
a resinitic mass derived from euphodite, the felspar being here by 
the same process of opalization transformed to opaline silica. In this 
locality the ophiolithic rocks are metalliferous, small cupriferous 
aggregations being met with in steatitized euphodite veins traversing 
the serpentine. In the Querceta or Mte. A neo area too the euphodite 
is slightly metalliferous, the serpentine being here traversed by veins 
both of enphodite and porphyroid diabase. 

Of special interest are the two predominantly diabasic masses on 
which are built the villages of Micciano and Libbiano, separated by 
a depression of lherzolitie serpentine. On the flanks of the ~licciano 
Hill the reddish, spheroidal diabase is overlain by Eocene' violet 
schists and grey limestone, of which the latter exhibits traces of extinct 
.Iojfioni, the surface all around being greatly altered and incrustated, 
like that of the acti,e steam jets in the hills further south. Close to 
the scrpentinous depression occurs a mass of euphodite in contact 
with a mctalliferous band of steatitic rock traversed by veins of 
diabase. On the road down to the Trossa torrent the sedimentarv 
strata are clearly secn between the two diabasic masses, Yery like th~ 
two similarly situated masses of ~1te. Massi and Pog-g-io alla Croce 
of the Montecatini group on the opposite side of the yalley. On the 
same road nearer to Micciano, the contact of the reddish spheroidal 
diabase and the Eocene lime8tone is marked by intermediate diabasic 
and calcareous breccia. East and south of the principal Monterufoli 
serpentine gr(lnp lie the smaller, similar masses of llronlecerboli and 
Serrazzano, both in close proximity to the active soifioni which, 
aligned on fissures, extend about 12 km. further south to Castelnuovo 
and hl onterotondo and coyer an area of no less than 100 sq. km. 1 

(3) The Montecastelli Group.-This area, south·east of POlllarance, 
between the Trossa torrent and the Upper Cecina, at about 500 m. 
altitude, is smaller than, and virtually an extension of, the preceding 
one. Like the latter, it is chiefly composed of serpentine which 
forms a cllpoliform mass fringcd on its southern margin by euphodite 
traversed by diabase veins and more or less overlain by Pliocene 
<le~osits. In the Pavona ravine at the foot of the intpresting 
emmence of Hocca Sillana, composed of serpentine, superficially 
reddish euphodite appears in the serpentine as a yein which in its 
turn is encased in the lenticular, globular euphodite mass of Grotta 
Mugnaioli, the euphodite being as usual greatly decomposed and here 
reduced to a steatitic paste containing cupriferous nodules. N eur 
Jtocca Sill ana the serpentine exhibits distinct traces of its lherzolitic 
origin by the presence of enstatite and of oliYine granules which 
protrude from the reddene<t surface of the rock." A short distance 

1 An interesting memoir on the volcanic phenomena of this region is that by 
G. d' Archiardi, "Origine dell' acido borico dei soffioni boriferi in Toscana" : 
Atti Acc. Lincei. Roma, 1909, fasc. v. 

2 'fhis rock has been microscopically examined by L. Busatti, " Sulla lherzolite 
di Rocca SilIana": Mem. Soc. Tosc. Sc. nat., 1889, fasc. x. 
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north of hlontecastelli occur some small outliers of euphodite and 
diabase, while about 10 km. south lie several small outcrops near and at 
Travale. The latter outcrop, called Mte. Gabbro, is situated near 
the Liassic group of Le Cornate (1059 m.), which with Poggio di 
hlontieri (1051 m.) forms the highest point of that part of the 
metalliferous range. Mte. Gabbro constitutes a small cupola of 
Iherzolitic serpentine with chalcedonic concretions, and is overlain in 
part by Eocene limestone and red diaspri. The Montecastelli group 
and its outliers form the last ophiolithic masses of the Cecina Basin. 

IV. THE GROUPS WEST, NORTH, AND SOUTH OF SIENA. (Figs. 2-4.) 
These groups all lie in the outer zone or belt of the metalliferous 

range, in a line roughly north to south, more or less in the region of 
the Hills of Siena, from which city the Val d' Elsa group is distant 
15 km. to the ,west, the }Iontaione group 30 km. to the north, and 
the groups of Murlo and Montemassi lie 20 km. to the south. 

1. The Val d'Elsa Group (Fig. 2), on the western margin of the 
Permian and Triassic range called the Montagnola Senese, lies at 
the foot of Mte. Vasone (402 m.) at about 300 m. altitude, its base 
being skirted by the high road and the river of Val d'Elsa. It is 
practically an extension of the Montecastelli group on the left of the 
Cecina Valley, from which in a distance of about 19 kill. it is 
separated by the divide of the Cecina alld Elsa watersheds. The 
principal mass, about 12 sq. km. in area, is mainly composed of 
euphodite with diabase, but in great part schistose and decomposed 
to argillaceous material. It lies in the Eocene horizon, which also 
includes the small outlying group of more or less decomposed and 
indistinctly defined serpentine and euphodite with diabasic veins near 
ltencina, on the northern margin of the lIontagnola Senese. 

2. The Montaione Group (Fig. 2), on a spur of 350 to 550 m. 
altitude between the Elsa and Era Valleys, consists of the ophiolithic 
cluster of Montaione, S. Vivaldo, and Montignoso, and forms, with 
the concomitant Eocene sedimentary strata, a belt round the Permo
Carboniferous outcrop of Jano 1 in the western part of that interesting 
district, covering about 50 sq. km. Montaione itself is built on 
splleroidal diabase with euphodite, which latter extends north to the 
cupriferous euphodite mass of S. Biagio. In this, at one time acti \'ely 
worlied mine, the saussuritic and smaragditic euphodite is overlain hy 
a mass of unaltered, labradoritic euphodite, the contact hetween the 
two masses being formed by a steatitic band in which the globular 
cupriferolls ore is embedded. The gradual decomposition of the 
lower euphodite mass is well marked, from the porphyritic type with 
diallage crystals up to 10 centimetres in length to serpentinous schist 
and finally to the steatitic ore-bearing paste or losima, 

Among the other ophiolitbic outcrops are notably those of Gambassi, 
of serpentine, euphodite and diabase, the euphodite with diabase 
veins being also metalliferous; those of Rio dei Casciani, where the 
euphodite exhibits gradually increasing diabase veins until it is 
eclipsed by a mass of spheroidal diabase; those of lIontignoso, whose 

1 Vide the pl'eceding paper, " The Permian and Triassic Belt of the Tuscan 
Subapennines.' , 
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castle is built on an eminence or lherzolitic serpentine; and lastly 
those of Palagio and S. Vivaldo, in the centre. of the area, where 
a lllass composed of steatitEl, asbestos, and semi-opaline, int.ensely 
green resinite is associated with serpentine and euphodite overlain by 
Pliocene deposits. • 

South·west of Uontignoso towards Volterra occnr the ophiolithic 
outcrops of Le Cetine, where a formerly important nodulous cupriferous 
deposit is embedded in steatitic euphodite and diabase, and the 
isolated mass of Monte Nero composed of serpentine and overlying 
diabase. noth these and the )lontaione groups are zonally aligned 
with those of )iontecatini on the right of the Cecina Valley, from 
which they are separated by the Pliocene depression of the Era Valley 
descen(ling from Volterra. 

3. The J.f{urlo Group (Fig. 3), spread over an area of about 
100 sq. km. at 550 lll. altitude in the Eocene horizon between the 
~lerse and Ombrone Valleys south of Siena, comprises about a dozen 
ophiolithic masses of lherzolitic serpentine, euphodite, and diabase in 
tIle usual order of superposition. Serpentine predominates in the 
western outcrops nt'ar Vallerona, euphodite south·west on the right 
of the Merse in the masses of Santo, Pari, and Casenovale, as also 
north· east in those of Vescovado and the lignite district of Murlo, 
anli spheroidal diabase north in the TWI'S of CrevoJe, here overlain by 
red diagpri. The mass of Mte. Pescini, close to the Merse, contains 
thin veins of calcopyrite in a steatitic paste between red variolitic 
diabase and serpentine. 

4. The 1f{ont81nassi Group (Fig. 4 ). Near ~lte. Alto (797 m.) at the 
south-west end of the Pernlian range south of Siena, occur in 
the Eocene strata, close to thc trachytic masses of ltoccastrada, the 
ophiolithic outcrops of Montemassi and Roccatederighi. Here, too, 
the serpentine is overlain by euphodite and reddish spheroidal diabase, 
upon wllich rest Eocene green indurated ftaniti schists, red diaspri, 
and limestone. The scattered cllpriferous deposits of this localit~ 
are as 1(8nal embedded in steatitic euphodite. ~()me other small 
masses of ellphodite and diabase crop out about 10 km. north·west of 
MOlltemassi in the Eor,ene strata near Massa Marittima, and complete 
the series of ophiolithic groups of the metalliferous range on the 
mainland. 

CONCLUSlONS. 

The examination of the Eocene ophiolithic groups of the Apuan 
Alps and Tuscan Subapennines described in these pages and occupying 
in the ilggregate over 900 sq. km. leach to the following general 
conclusions :-

1. The superposition of the three principal basic constituents of 
the (liiferent areas is, in normal conditions, invariably the same, that 
is, serpentine, euphodite. and diabase in upward suecession; in the 
rare absence of euphodlte, diabase oyerlies serpentine direct. The 
serpentine masses frequently contain '·eins and intercalations of 
enpho,lite, less frequently of diabase, which, on the other hand, 
abound in euphodite. This order of superposition and intercalation 
corresponds to the order of emption and consolidation from essentially 
the sallle magma, which also produced the occasionally associated 
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gramtlC rocks as acid concentrations. The intimate association of 
diabase and euphodite independently of serpentine warrants the 
inference that, while serpentine, as altered periodotite and the 
most basic of the three rocks, represents a separate initial phase of 
eruption an~ of rapid cooling and consolidation, euphodite and 
porphyritic diabase consolidated und crystallized more slowly and, 
together with aphanitic diabase, represent a somewhat later stage of 
submarine eruptive activity. 

2. The ophiolithic rocks overlie each other with great regularity 
and are lenticularly infolded in the Eocene sedimentary strata, which 
as a rule show no e"videncc of angular intrusion, apophyses, or contact 
metamorphism. The eruptiye masses are, therefore, sublllnrine 
lava·streams which, at relatively short intervals within the same 
geological period, flowed, expanded, and became infolded in the planes 
of the otill plastic sedimentary formation. 

3. 'rhe metalliferous, mailily cupriferous deposits occur in veins, 
more frequently in nodules and aggregations embedded almost 
invariably in decomposed steatitic euphodite, more rarely in 
porphyritic diabase, and never in serpentine, though often at or near 
the contact of the ophiolithic rocks with each other or with the 
sedimentary strata. l The greater permeability of euphodite and 
porphyritic diabase (as compared with serpentine and aphanitic 
diabase) facilitated the submarine formation of metalliferous deposits 
in fissures and cavities of those rocks by hydration, oxidation, and the 
enormous pressure of water, while the mineral solutions, aided by 
thermal springs, at the same time decomposed the felspathic and 
ferro-magnesian material of those rocks to the characteristic steatitic 
paste in which the deposits are embedded. -

4. The Eocene ophiolithie groups of the A puan Alps and Tuscany, 
like those of Eastern Liguria, are the remnauts, not of subaeriul 
volcanoes or their craters or channels of eruption, of which there is no 
trace or evidence, but of extensive submarine lava-flows raised £n 8itu 2 

with the infolding sedimentary formation during repeated earth 
movements in Miocene times. A ftel' this uprise the originally much 
more extensive, for the greater part coastal ophiolithic areas were 
gradually separated into the present zonal groups by fluviatile and 
atmospheric denudation. These ophiolithic groups· thus represent 
the earliest period of Tertiary submarine eruptive activity in Eastern 
Liguria and Tuscany, followed by the stupendous subaerial eruptions 
of volcanic lavas and tuffs along the southern Tyrrhenean coast in 
Post-Tertiary times. 

1 Experimental shafts in search of metalliferous deposits in the ophiolithic 
masses of Liguria and Tuscany are nearly always driven in euphodite, often 
through serpentine and diabase in order to reach a euphodite vein or a lenticular 
mass of that rock. 

2 The essentially lenticular character of the ophiolithic masses has been 
quoted by G. Steinmann (" Alpen und Apennin," Mon. Bel'. D. Geol. Ges., 1907, 
p. 177) in support of their being, not in situ, but transported areas; this 
hypothesis is, bowever, negatived by their origin as submarine lava·flows, which 
also accounts for the absence of visible channels of eruption. These were 
probably fissures rather than volcanic shafts, which obviously shifted and 
became obliterated during the uprise of the submarine formations and later 
earth movements. 



XIII. 

THE VOLCANIC (TRACHYDOLERITIC) GROUPS OF THE TUSCAN 
SUBAPENNIXES. 

'I'HE Hills of the Maremma region of Tuscany, extending from the 
Tyrrhenean coast inland for about 50 km., constitute the inner, 

more strictly littoral, ana predominantly Tertiary zone or belt of the 
Tuscan Subapennines. Besides the ophiolithic groups described in 
the preceding paper, I they include the remarkable and interesting 
volcanic, mainly trachytic groups of Monte Amiata, Roccastrada, and 
Callpiglia Marittima, with the smaller outlying lllasses of Radicofani, 
~Iontecatini, Orciatico, and the granitic mass of GavolTano. All these 
groups lie collecti Yely in the Tuscan ll1etalliferous range, and, aligned 
iu a zone N ... V. to S.E., more or less parallel to the more northern 
Eocene ophiolithic zone from Leghorn to the Cecina Valley and the 
Murlo Hills south of Siena, mark a stage of eruptive activity 
intermediate between that northern zone and the great Roman 
Quaternary volcanic region of the Bolsena, Viterbo, and Bracciano 
Hills which immediately adjoins the southern boundary of 'l'uscany at 
the Itiver Fiora. 

I. THE MONTE AMIATA AND RADICOFANI GROUPS. (Figs. 1, 3.) 

1. .i/Ionte Amlata. 
General Features.-This highly characteristic region is not confined 

only to the great volcanic mass which has for many years constituted 
its chief geological centre of attraction, but forms the central, largest, 
and highest part of a sedimentary massif midway between the 
Permian belt on the north and the volcanic Bolsena region on the 
south. Trending S.W. to N.E., this massif covers 20 anli 10 km. in 
length and width, and along its axis includes as its highest points 
Mte. Labbro (1,187 m.), ~fte. Amiata (1,734 m.), and Pogg-io Zoccolino 
(1,065 m.). Although the predominant sedimentary formation is the 
Eocene, all the three constituent groups exhibit in their upper parts 
some Liassic and Cretaceous outcrops, while several others fringe the 
massif on its southern margin. 

Monte Amiata o\ves its commanding position at an altitude fully 
600 m. above the surrounding hills of Southern Tuscany to its great 
trachytic cone 2 superposed on the sedimentary massif. The lowest 
contact of the two formations lies approximately at the 700 metres 
contour and can be distinctly followed along the northern base of the 
cone even from a distance, very strikingly for instance from Siena, 
about 50 km. north, whence the contact appears as a long straight 
line above which rises the volcanic mass. Equally striking is the 
contact all round the base of the volcanic cone, which is 50 km. in 

1 .. The Ophiolithic Groups of the Tuscan Subapennines." 
2 The volclwic mass of l\1te. Amiata rises from the base all round at a fairly 

uniform angle of about 9 degrees, culminating in La Crocina; its general form 
is thus conicall'ather than doma!. 



The Tttscan Subapennines. 135 

circumference and co,ers an area of about 125 sq. km. Here the 
contact is marked by a large number of per~nnial springs w~ich rise 
between the trachyte and the substraium of Impermeable ar?lllaceous 
schists, and account for the rich vegetation and numerous vIJlage~ all 
round the base. Of these ,ill ages the nearest to the Mte. Amlata 
railway station, which lies 500 m. below in the Orcia Valley at 
a distance of 10 km., is Castel del Piano at the north-western end of 
the trachytic area. From here the contact line is skirted by a ro.ad 
which, running all round the western, southern, and eastern mm:glll, 
passes in succession Arcidosso, Bagnore, 8. Fiora, Bagnolo, SeraglOlo, 
Pian Castao-naio and the well-known Abbadia S. Salvatore, whence 
the circuit' is 'completed along the northern margin by Vivo, 
Poggiolungo, and Ferriera. From these localities, all of which afford 
interesting exposures, paths lead through chestnut and beech woods 
up to La Crocina, the summit of ~1te. Amiata (1,734 m.), the most 
convenient and geologically interesting ascent and descent being fro:n 
Castel del Piano (652 m.) up to La Crocina and down to Abbadia 
(829 m.) or vice versa. Among the salient trachytic points which 
with La Crocina lie in the axis of the massif are notably Poggio Pinzi, 
Trauzzolo, and Montagnola in the south-western part of the area, 
nrying from 1,200 to 1,600 m. in altitude. 

The Trachytic Area (Fig. 3).-The configuration of the trachytic 
area-IO to 15 km. in superficial length and width-is marked by 
several characteristic features. Among these are notably the three 
northern tongues or apophyses of Viyo, Ferriera, and Castel del Piano, 
and the three minor, southern ones of S. Fiora, Seragiolo, and Pian 
Castagnaio; again, the ravine called Val d'inferno, which opens from 
the sllmmit out to the south and, although obviously due to erosion, 
has been erroneously regarded as the remains of a crater; and, lastly, 
the enormOllS masses of trachvtic blocks and detritus which extend 
from the eastern flank near Abbadia for several kilometres down 
to and over the sedimentary formation, this comparatively recent 
rockfall being due to the undermining of the subjacent strata by 
underground accumulations of water. For the rest the tracbytic area 
is largely an agglomeration of blocks, mounds, banks, and clift's, 
in part worn by denudation, the formation of cliffs calletl "Ripe" 
being more especially in eyidence on the south-western margin 
between Arcidosso, Bagnore, and S. Fiora, where trachyte is quarried 
for building purposes. 

The Sedimentary Substratum.-Apart from the Eocene outcrops all 
round the trachytic base at 600 to 800 m. altitude as previously 
mentioned, a complete sequence of the sedimentary horizon is rel'caled 
in the underground workings of the mercurv mine on the eastern 
margin between A bbadia S. Sah'atore (829 m:) and Ermetu, a point 
at I,UOO m. altitude about midway between A bbadia and the summit. 
Here the trachyte rests in incon"siderable depth upon Upper Eocene 
albarese limestonA and galestri schists, which are underlain bv Middle 
Eocene macigno sandstone and Lower Eocene nummulitic limestone 
with varicoloured schists. These Eocene strata rest in their turn on 
C;pta.ceous (Senonian) limestone and schists which overlie tlle Upper 
LIaSSIC calcareous, argillaceous, and diaspri series. This sedimentary 
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sequence, first ascertai.ned by Lotti I .as immediately subjacent to the 
trachyte cone, has an Important bearmg, lIOt only upon the structure 
of Mte. A miata before the volcanic eruption, but also upon the nature 
and extent of the latter, as will appear in the sequel. 

1'1/8 Trachytic Rocks.-'l'he traehytic masses, more especially where 
they occur as marginal banks and cliffs, frequently exhibit a roughly 
stratiform appearance, and only in the more unaltered exposures near 
the summit and in the eroded beds of streams, e.g. Ileal' Bagnore, 
show their original massiye structure. The trachytic rocks themst'lves, 
locally and indiscriminately called peperino, haye been the subject of 
many investigations, but an examination in situ and under the 
microscope, while it reveals innumerable passages and varieties, in 
the maiu confirms the classification laid down by Vom Hath, Williams, 
and N 0\'are8e, ana also adopted by Lotti, into two main groups.2 
One of these, comprising the essentially marginal masses, is highly 
yitreous, granitoid, and finely granular, while the other, comprising 
the central and notably the western masses, is devitrified and 
microfelsitic with large phenocrysts. The first or Yitreous rock, white 
to steel grey, and rough to the toueh, is composed of a transparent 
groundmass snLdi vided into vitreous, spherical globules and containing 
small crystals of sanidine, plag'ioclase (labradorite), hypersthene, 
augite, bronzite, and biotite, with magnetite and pyrite. In some 
localities the rock is of blackish colour, due to innumerable black 
specks in tile yitreons groundmass, which also contains vitro
microfehitic granules with fluidal structure and liquid inclusion~. 
The rocks of the secona or microfelsitic type of porphyritic structure, 
of whitish grey to pale yellow and reddish colour and more 
opaque aspect, contain lal'i;e sanidine crystals np to 3 centimetres, 
biotite, and smaller crystals of plagioclase, hypersthene, and augite. 
Resides these leading types occurs a more basic subordinate, 
andesitic-augitic yariety of trachyte with predominant plagioclase. 
There is a general tendeucy to an increase of crystallinity, but, on the 
other hand, to a decrease of acidity from the marginal, vitreous, to 
the central, de vitrified, microfelsitic rocks, the former containing 

1 B. Lotti, "11 Monte Amiata," Bol!. R. Com. geo!., 1878, p. 251, 363; 
Geologia Toscana, 1910, p. 346. 

2 G. Yom Hath, "Hadicofani und Monte Amiata": Zeitsch. D. Geo!. Ges., 
Berlin, 1865. J. F. 'Williams, "lIlte. Amiata" : Neues Jahrbuch Miner., etc., 
1887, and Bol!. R. Com., 1887, p. 285. This is, both as regards micro- and 
chemical analyses, one of the most important contributions on Mte. Amiata. 
V. Novarese, "Varieta Trachitica, Mte. Amiata": ibid., 1888, p. 225. 
G. Sturli, Analysis of Mte. Amiata Trachyte: Gazz. Chim. Ita!., 1902; 
L. Ricciardi, ibid., 1888. E. Clerici, " !llonte Amiata " : Bol!. Soc. geol. ital., 
1903, p. cxxxvi. A. Vel'l'i, ibid., p. 9. 

V. Sabatini, " Vulcani Cimini" (Mem. descr. R. Com. geol., 1912, p. 341), 
regards the Mte. Amiata trachytes as being probably tuff-peperino, and only 
the andesitic variety as effusive lava. This view, based on the analogy of his 
four gradations of tuff-peperino in the Cimini (Viterbo) region, is open to 
doubt, for in the volcanic mass of Mte. Amiata the evidence of scorire is 
insignificant and the surrounding area is totally devoid of explosively ejected 
material such as characterizes, and enormously predominates in, the Cimini 
and the other Roman volcanic l'egions. Moreover, all the trachytic rocks of 
Mte. Amiata exhibit fluidal structure. 
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from 65 to 67, the latter from 60 to 64, and the subordinate andesitic 
more basic variety 60 per cent of silica. Nowhere, however, is ther~ 
a clear line of division between the two main types which constantly 
graduate into each other. 

Of the marginal, vitreous, whitish-grey trachyte with small, both 
macro- and micro-phenocrysts, interesting typical exposures are those 
of Vivo in the north-eastern tongue, of Castel del Piano, and also in 
the banks between Arcidosso ancl Dagnore on the western margin. 
The black variety occurs at Pian Castagnaio on the south-eastern 
margin, and the steel-grey, reddish, incipiently altered variety near 
Abbadia. Again, the central, microfelsitic, porphyritic type with 
large phenocrysts is exposed on the summit of La Crocina, also on 
Poggio Pinzi, lVIontagnola, and Trauzzolo, while the andesitic variety 
occurs notably in Pian del lVIacinaio in the north-eastern part of 
the area. l 

Incllm·ons.-A remarkable feature in both the leading types of 
trachyte are the cellular inclusions locally called an£me di sasso, 
which appear non-adhesi,e, indeed isolated in the encasing rock. 
They consist of more or less rounded or globular, also angular frag
ments of porous trachytic, andesitic, and scoriaceous rock, of 
graphite, mica, also of sedimentary and metamorphic rock, as much 
as 70 centimetres in length or diameter; in places where the encasing 
rock is disintegrated those fragments lie loosely on the ground.' 
Another local feature are the so-called pearls or tears (lacrime) of 
fl. Fiora, which occur as inclusions in the cavities of trachyte and 
consist of large globules of pure quartz whose nuclei are crystalline, 
while externally the quartz is amorphous. The phenomenon is, as 
Lotti has pointed out, probably due to the same process of silicification 
as the diatomaceous jar ina f08sile or Kieselgur. 

Among other interesting features of the Mte. Amiata group is the 
occurrence of cinnabar near Abbadia S. Salvatore in a chaotic mass of 
trachytic, Eocene, and Liassic sedimentary rocks-the rockfall already 
mentioned-notably in an Eocene fissure filled with a cinnabar
bearing argillaceous mass in contact with overlying trachyte. These 
deposits, now worked for mercury, are due to subterranean mineral 
springs which circulate in the sedimentary strata and are acted upon 
by carbonate of lime abstracted from the overlying porous trachyte, 
whereby the cinnabar is precipitated and deposited as incrustations! 

Another and direct trachytic product is the farina j08sile, i.e. the 
diatomaceous siliceous earth or Kieselgur which is found at the base 
of the trachytic masses in various localities, e.g. near S. Fiora and 
Bagnolo on the southern, and notably near Arcidosso and Castel del 

1 This variety was first recognized by A. Verri, "Monte Amiata": Boll. Soc. 
geol. ital., 1903, pp. 10 and 361. 

2 Rosenbusch determined some anime di sasso inclusions as sedimentary 
fragments metamorphosed by the eruptive trachyte. C. De Stefani, " Roccie 
vulcaniche": Boll. R. Com. geol., 1888, p. 221. E. Artini, Appunti petrogr. 
roccie italiane, Rendic. 1st. Lomb., 1893. 

3 Cinnabar deposits occur also at various points in the Eocene sedimentary 
strata on the southern flanks of Mte. Amiata, where, e.g. in the Siele ravine, 
they were already worked by the Etruscans, who used it to colour their 
terra· cotta vases. 
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Piano on the western, margin. lIere the trachyte is generally 
overlain by argillaceous clay and sand, i.e. disintegrated trachytic 
material in which the farina f088ile forms a variable stratum. The 
clear, fine, flaky, and extremely lig'ht earth is composed almost 
exclusively, viz. up to 85 per cent, of diatomaceous silica, and is now 
used in the manufacture of dynamite. 1 

Closely relaten to the farina f088£1e are the yellow and dark 
chestnut-coloured earths called terra gialla and tel'l'a d'omora or bolo, 
obtainen by the action of ferruginous water upon trachyte anll 
coliected in trachyte tanks, the dissolved iron being precipitated 
and the argillaceous material held in sol ution and then dried. This 
chemical process takes place more especially in the depressions at the 
base of the trachytic masses where the ferruginous water collects and 
emerges. Ferruginous springs, however, occur also in the higher 
parts, i.e. in the gullies of the trachytic cone up to 900 m. altitude, 
with the same decomposing effect. 

Origin and Age of the Trachytic Mass8s.-The two leading types of 
the .Mte. A miata trachyte and their varieties, while differing in 
petrological structure and in the percentage of silica, are substantially 
of the samo lithological composition, constituting a single type of 
hypersthenic-biotitic trachyte. Tho predominance of the microfelsitic, 
de vitrified, porphyritic typc in the central part of the trachytic area 
led Williams to regard it as the more slowly consolidated nucleus 
rOllnd which the marginal mass, cooling and consolidating more 
rapidly, assumed a vitreolls, liparitic character.2 On the other hand, 
the porphyritic trachyte is found to overlie the marginal type on 
Poggio Pinzi (1,155 m.) in tllC western part of the area, and in 
a quarry near Arcidosso appears as a lenticular mass in that marginal 
type. As a rule, the central type forms the upper masses, the 
marginal appears more in the depressions and in the eroded beds 
of streams and torrents throughout the are\!. This fact warrants the 
inference that the marginal, rather than the central type constitutes 
the primary effusion and the predominant trachyte. I n any case 
there is reason to assume that the entire volcanic mass of Ute. Amiata 
represents one period of eruption of successive lava-flows rather 
than several periods of volcanic activity.3 In the absence of a well· 
defined crater, as also of any appreciable quantity of scorire in any 

J The most important researches in diatom'1ceous deposits are by E. Clerici 
(Boll. Soc. geol. ital., 1903, 1\1te. Amiata), not only in reference to farinafassile, 
but also in relation to the distinction between marine and lacustrine deposits 
in the volcanic regions around Rome. 

e T. F. Williams, op. cit. 
" Sabatini (op. cit., p. 348) regards the variations of silica percentage 

(60 to 67 p.c,) in the Mte. Amiata rocks as proof of at least four distinct 
eruptions of decreasing magmatic acidity. But the trachytic varieties at many 
points graduate into !Lnd overlie each other without intel'mediate scorire or 
extraneous deposits; it is therefore probable that they !Lre collectively the 
product of the Sl1me magma of varying acidity and that the eruptions, i.e. 
a succession of lava· flows took ploLce at relatively short intervals within one 
period of volcanic activity. This is borne ont by the phenomena of Mont 
Pelee where the acidity of the magma varied from 60 to 63 p.c. during the 
ern pti ve peri od of 1902, 
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part of the mass, the existence of a fissure in the sedimentary 
substratum S.W. to N.E., i.e. in the direction of the axis of the 
massif, affords the best solution of the problem, the direction of 
the fissure being, moreover, indicated by several thermal springs 
and sulphurous emanations concordantly aligned. Accordingly, the 
eruption was not of a violent explosive, but of an effusive character, 
i.e. the magma welled up through the fissure and overflowed the 
sedimentary strata on both sides, some of the lava streams forming 
the tongues or apophyses, others the mal'ginalbanks and cliffs already 
mentioned. 

The age of the trachytic mass of Mte. Amiata admits of little 
diversity of opinion. The fact that nowhere in the Plioceno deposits 
which surround the massif have any trachytic pebbles, blocks, or 
fragments been found, clearly proves the eruptive masses to be of 
Post- Pliocene age. l The eruption mllst therefore have taken place 
when the massif was still surrounded by, but had begun to emerge 
from, the slowly receding sea. 'l'hus the trachytic cupola was formed 
in early Quaternary times, and subaerially, not as a so-called crater
or strato-volcano, but by slowly overflowing and expanding lava 
streams, i.e. more as a homogeneous cone. 

As previously stated, the sedimentary Liassic and Eocene beds 
below the trachyte near Abbadia S. Sal"atore reach up to an altitude 
of 1,000 m., that is aoo Ill. above the base of the trachytic cone round 
its periphery. In other parts too, notably in some eroded stream
beds, Eocene strata are disclosed below the trachyte at about tl1e same 
altitude. The opinion formerly held that the difference of level 
between the base (700 m.) and the summit of the trachytic masses 
(1,734 m.) represents a thickness throughout the cone of at least 
1,000 m. may therefore be discarded as obviously exaggerated. In 
the Abbadia mine the trachyte m'erlying the Eocelle strata only 
reaches abont 1.50 m. in thickness, and as the sedimentary strata are 
not horizontal, but incline at an upward angle, they indicate the 
probably dome-shaped form of the sedimentary massif or substratum. 
The overlying trachytic mass therefore probably does not exceed 
100 to 150 m. in thickness even at the summit, and this affords 
additional proof that ~He. Amiata is not a crater-volcano, but that its 
volcanic mass is simply a sheet or mantle due to lava-flows welling up 
from a fissure in the sedimentary massif.2 The latter thus presented, 
before the eruption, outlines "cry similar to those of its neighbours on 
either side, ~Ite. Labbro anti Mta. Zoccolino, with which it forms 
a. zon'llly aligned group. The greater elevation of nIte. Amiata is 
probably due to a greater Post-Pliocene compression and uprise at 
the central part of the whole group, which latter originally formed 
one continuous dome-shaped massif. 

1 This is confirmed by a Pliocene marine deposit which Lotti found below 
the trachyte near Pian Castagnaio in the south-eftst corner of volcanic cone. 
H contains no trace of trachytic detritus. Op. cit., p. 350. 

e The volcanic mass of Mte. Amiatft represents, at 130 sq. kill. and 100 m. 
thickness, 13 cubic km., viz. only one-seventh of the Cimini volcanoes 
composed, according to Sabatini's view, .tlmost entirely of tuffs with only 
a fractiomtl proportion of lava. 
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2. Radicojani. (Fig. 3.) 

Closely related to, and aligned with the trachytic mass of 
Mte. Amiata, about 10 km. east of the latter, lies the small but 
highly interesting volcanic mass 01 Radicofani, which, at an altitude 
of 896 m., forms an isolated cone in the large Pliocene area midway 
between Mte. Amiata and Mte. Cetona (1,148 m.). The volcanic mass, 
rising about 500 m. above the Rivers Orcia and Paglia, which traverse 
the Pliocene marl area on the north and south respectively, is 
composed of basaltic rocks in three varieties: the lowest, forming 
the south-eastern, oldest part and nucleus, is doleritic, highly 
peridotitic, dark grey and black; the upper and predominant rock 
is more andesitic with much olivine, of pale and dark grey colour; 
the third variety is again doleritic, but of l'eddish-brown colour. 
All three varieties are 01 compact and microcrystalline structure with 
orthoclase (sanidine) and plagioclase microcrysts alid segregations of 
olivine, augite, and magnetite. The felspar of the doleritic variety 
is in part vitreous with magnetite specks, while the reddish colour is 
due to the olivine being altered to a bright-red mineral diffused 
throughout the groundmass. The doleritic rock shows vertical 
columnar and prismatic structure and contains 54 per cent of silica, 
the rather more acid, andesitic rock 55 per cent.' The difference 
between the three basaltic rocks is, therefore, not one 01 composition, 
but mainly of aspect, colour, and structure. Associated with the 
upper or andesitic rock is an earthy, disintegrated andesite which 
contains geodes with amorphous, colourless, and also pale amethyst
coloured quartz, and passes to a greyish and reddish scoriaceous lava; 
the latter with its detritus is in evidence more especially on the 
western and northern side of the summit crowned by the ruins of 
an historic medireval castle in whose vaults the lava is exposed. 

A noteworthy and much-discussed phenomenon of the volcanic area 
of Radicofani are the numerous blocks of volcanic rock, some of them 
as large as lO cubic metres, which are scattered o\'er the surrounding, 
somewhat lower Pliocene hills even beyond the intervening water
courses within a radius up to 6 kilometres, some of these blocks 
having been found e\'en at the Eocene base of Mte. Amiata. The 
phenomenon has been \'flriously attributed to a formerly much greater 
extension of the volcanic area by radial lava streams, of which 
these blocks are assumed to be remains; to a violent last phase 
01' explosive eruption caused by the displacement of the eruptive 
axis or fissure of Mte. A miata after the latter volcano had become 
inactive; Ot:, again, to the more recent process of torrential denudation 
of the Pliocene beds, in the course of which the blocks, detached 
from the volcanic COlle by landslips and rockfalls, were carried to 
their present location before the Pliocene area was cut up by 
intervening watercourses as it is now. The last of these interpretations 
commends itself as the most natural and adequate, the more so as, 

1 Micro- and chemical analyses of the Radicofani rocks are those by Vom 
Rath, op. cit., 1865, p. 405; L. RlCca, Boll. R. Com. geol., 1887, p. 274; 
G. Mercalli, Atti Soc. ital. Sc. nat., 1887. p. B7; L. Ricciardi, Gazz. Chimica 
ital., 1BBB. 
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except these erratic blocks, 110 trace of bombs, ashes, or other volcanic 
material has been found in the surrounding Pliocene area. The 
cone has evidently been, and is m'en now, slowly crumbling away 
a process largely due to the copious Rprings which, issuing at its base, 
loosen and remove the supporting Pliocene, mainly argillaceous beds,' 

The doleritic and andesitic rocks of Radicofani are about 10 per cent 
Illore basic than the trachytes oE lIte. A miata. They bear close 
analogy to some of the basaltic rocks of the volcanic regions north of 
Rome, in part also to some of the olivine andesites of the island 
of Capraja 2 ('ruscan archipelago), which contains the equivalents of 
both the trachytic Mte. Amiata and the andesitic Radicofani rocks. 
The subaerial eruption of Radicofani took place in Early Quaternary 
times, like that of Mte, Amiata, but somewhat lat~r than the latter, 
probably as a secondary and final effusive phase of volcanic activity 
along the fissure ou which both groups are aligned. The cone, being 
built up of several types of basaltic rock about 200 m. in thickness, 
was probably formed, like Mte, Amiata, by several successive effusive 
lava streams, but without violent explosions, as is shown by the total 
absence of ejected bombs or ashes either in situ or in tIle surrounding 
area. The cone is therefore, like Mte. Amiata, of the homogeneous 
rather than the strato-volcanic type, both cones being', moreover, 
without concentric rims and without visible craters.3 Moderni is 
disposed to regard it as an eccentric volcano of the Bolsena group 4 ; 

but the latter, apart from its probably more recent Quaternary age, 
lies south-west at a distance of over 20 km., whereas Mte. Amiata 
lies immediately west at less than half that distance. The Radicofani 
cone can thcnifore only be regarded as an outlier and a secondary 
eruptive phase oE ~fte. Amiata as the nearer group with which it is 
zonally aligned. 

II. THE ROCCASTRADA AND SASSOFORl'INO GROUPS. (Figs. 1, 4.) 

About 30 km. north-west from Mte. Amiata and midway between 
the latter and the Campiglia )Iarittima group on the coast lies the 
cluster of trachytic masses of Roccastrada, Orsa, Grottoni, Torniella, 
and that of Sassofortino Ileal' Mte. Sassoforte, Roccatederighi, and 
Caminino at altitudes from 300 to 800 m. The first four of these 
masses crop out in the Permian, Rhffitian, and Pliocene immediately 
east of the Permian hill Mte. Alto (797 m.),· the other three in the 
Permian, Eocene, Miocene, and Pliocene strata immediately west of 
that hill. The Permian, mainly schists and yerrucano, thus forms 
the substratum on and round which arc deposited the more recent 

1 'fbe wbole Pliocene area around and nortb of Radicofani is greatly cut up 
and liable to landslips; tbe marly region is known as " tbe crags of Siena". 

2 L. Bucca, Boll. R. Com. geol., 1887. E. Mattirolo, cit. in Lotti, op. cit., 
p.352. 

3 The distinction between bomogeneous, i.e. effusive, and stratified, i.e. 
extrusive, volcanoes is extremely elastic, the stratified type being often both 
extrusive and effusive, i.e. composite. 

• P. Moderni, "Vulcani Vulsini (Bo!sena)": Boll. R. Com. geol., 1904, 
p.198. 

• Mte. Alto forms part of the Monticione and Roccastrada Permian massif 
described in a previous paper. 
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formations with the volcanic masses superposed . Both Roccastrada 
and Roccadeterighi, as also Torniella, Sassofortino, and Caminino, are 
built on the trachytic masses bearing those nam es ; Mte. Sassoforte. 
the highest tracllytic point (787 m.) . is crowned by the ruins of 
a castle which is built of large blocks of trachyte naturally cemented 
by disintegrated trachytic material. The Carninino mass, on the 
south-west, slopes down to the alluvial plain which extends to 
Grosseto and the coast. The whole hilly region is, around its margin 

'rHE VOLCANIC GROUPS OF THE TUSCAN SUBAPENNINES . 

FIG. 4.-'l'he Roccastrada and Sltssofortino Groups. T = Trachyte; 
0 = Ophiolithic Groups ; P = Permian; R = Rhllltian; Eo "" Eocene; 
Mio = Miocene ; Pli o = Pliocene ; P .P] = Post-Pliocene Travertino. 

on the west, north, aUlI east, deeply eroded by the Asina, Farma, and 
Gretano torrents, which, by their tributaries radiating from the centre, 
collect the copious drainage of th e Permian, ophiolithic, trachytic, 
and Tertiary sedimentary formation s and discharge into the Rivers 
Bruno and Ombrone. The trachytic outcrops superposed on the 
sedimentary strata do not represent so many separate centres of 
eruption, but are the result of flnvi atile and atmospheric denudation 
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which has broken up the original area into Heparate masses and 
deposited on the lower sedimentary heights around their bases, 
and even in the aUu vial plain, considerable trachytic blocks and 
detritus. I The seven outcrops forming the two originally dome-shaped 
group are thus the remnants of an extellsive volcanic area of nearly 
100 sq. klil. which flanks the Permian of Mte. Alto on either side and 
in the aggregate almost eq uals that of ~1te. Amiata. A s in the lal~er 
and the ltadicofani cones, so also in those of the Roccastrada reglOn 
there is no reliable evidence of craters, and the eruptions must 
therefore have taken place as effusive, subaerial lava-flows descending 
north to south along two parallel fissures probably due to faults, tIle 
western coinciuing with the Sassoforte and Caminino lIill~, and 
the eastern with those of Torniella, Grottoni, and Roccastrada. 
Contiguous to the former lie the similarly aligned ophiolithic masses 
of Roccatederighi and Montemassi,2 which proves this region to 
have been a centre of eruptive activity botll in Eocene and Post
l)liocene times, the former eruption having been submarine, the latter 
subaerial. 

The trachytic masses exhibit occasionally prismatic, columnar 
structure, and, in the upper parts, pseudo-stratification, e.g. near 
Roccastrnda, Sassofortino, find Roccadeterighi, which last-named 
mass consists on the surface largely of hnge piles of blocks. The 
trachyte, generally of pale-grey colour and traversed by numerous 
veins of a darker variety, is on the surface often cellular, friable, 
kaolinized, and earthy, but below compact and hard, suitable for 
building purposes. The yarious masses exhibit many subordinate 
passages and varieties, which, however, resolve themselves into three 
principal types similar to those of Mte. Amiata and Radicofani: 
(1) a vivid steel· grey, compact, finely granular, more or less vitreous 
rock; (2) a reddish-brown, fairly compact, more largely granular, 
cryptocrystalline variety; and (3) a reddish, cellular and compact, 
porphyritic rock with large phenocrysts. 'l'hA three types are 
composed of a partly colourless, vitreons, partly micro-crystalline, 
pellucid, occasionally nebulolls groullllmass with disseminated micro
erystals or larger, porphyritic phenocrysts of sanidine, plagioclase, 
quartz both as small and large inclusions, abundant biotite and 
cordierite, and, as accessory micro-phenocrysts, hypersthene, apatite, 
magnetite, pyrite, and limonite. In the Torniella and Roccatederighi 
masses the porphyritic trachyte exhibits, besides the minerals named, 
orthoclase with vitreous inclusions in such numerous, large, and 
predominant phenocrysts as to resemble a quartz-orthoclase porphyry 
of entirely holocrystalline structure without any apparent groundm~s~. 
The normal trachyte of Mte. Sas~oforte contains 71 per cent, that of 
the 'forniella or eastern group 73 per cent silica 3; it is thereforA 

I Some of these blocks are of enormous size, in one case, east of Mte. Alto, 
nearly 300 cubic metres. Such masses can only be due to rockfalls, as in the 
similar cases, though on It smaller scale, near Radicofani. 

2 "The Ophiolithic Groups of the 'l'uscan Subapennines.' , 
3 R. V. Mfttteucci, Boll. R. Com. geol., 1890, p. 237, and Boll. Hoc. geol., 

1891, p. 677, with map. In the trachytic masses between Roccn.strada and 
Torniella, Matteucci found fa1'inn. fossile of flO per cent 8ilic(t, and in other parts 
anime di sn.sso inclusions. 
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essentially a quartz-trachyte and considerably more acid than the 
quartzless trachyte of Mte. Amiata with 60 to 67 per cent, or 
the basaltic rock of Radicofani with 55 per cent silica. 'l'he 
sedimentary strata in contact with the trachytic massE'S show some 
e\·idence of metamorphism,l and as the latter overlie the Permian, 
Eocene, Miocene, and even Pliocene formations, their eruption must 
have taken place, like that of Mte. Amiata and Radicofani, in Early 
Quaternary times. 

III. THE CAMPIGLIA MARITTHlA, GAVORRANO, AND VAL DI CECINA 

GROUPS. 

1. Cmnpiglia j1Ia/·ittima. (Figs. 1, 5.) 
Gent/'al Fertlllre8.-This gronp, one of the most interesting and 

complex of its kind in Tuscany, lies on the Tyrrhenean littoral, 
30 km. west of the Roccastrada group, and midway between Leghorn 
and Grosseto. Its sedimentary and eruptive rocks, together with its 
metalliferous deposits, ha,e for many years attracted the attention of 
geologists, not only Oil account of their ilJtrinsic and local interest, 
but because of their geological connexion and analogy with those of 
the island of Elba situated about 35 km. south-west. The extreme 
points of the hilly, well-wooded group which is separated from the 
Eocene promontory of Piombino by Quaternary and alluvial deposits, 
and covers an area of 10 by 5 km. in length and width, are 
S. Vincenzo OIl the coast, Campiglia :Marittima (276 m.) and Mte. 
Campiglia (349 m.) on the south, Mte. Calvi, the highest point 
(640 lll.) on the east, and Donoratico ana Cilstagneto on the north. 
The hills rise gradllally from the coast to 200 and 300 m. altitude, 
including Mte. Gabbro, Rocca Silvestro, and Mte. Rombolo, and 
thence to the Campiglia and Mte. Calvi ridge which forms the di,ide 
between the group and the Cornia Yalley on the east. On the 
western or littoral side the hills are intersected by several torrents 
which discharge direct intb the sea, the principal beillg Botro ai 
Manni, which rises near Campiglia and through whose rugged and 
geologically important glen runs the road from that place to the 
coastal Via Emilia and S. Vincenzo. 

The Sedimentary Formation8.-The lowest member of this series is, 
at the south end, an outcrop of lthrntian, crystalline, dark-grey, 
veined limestone or bardiglio at the base of the Liassic masses of 
lIfte. Rornbolo and ~Ite. Cahi, which extend to the smaller eastern 
group of Sassetta, separatea from the former by a narrow belt of 
Eocene strata. The Lower Lias is represented more especially by the 
limestone mass of Mte. Call-i, w hieh in tIle neigh bouring ~Ite. Rombolo 
passes gradually to crystalline, saccharoidal, and fine statuary marble 
of ancient fame. This Lower Lias is fringed by red, pink, and 
pale-grey Middle Trias limestone, which at the northern end on 
Mte. S, Lucia near Castagneto forms a remarkably fine breccia or 
broccatello. The Upper Liassic rocks which overlie the Lower Lias 

1 Lotti mentions lL case of Pliocene fossiliferous marl being transformed to 
porcellanite at the contact with trachyte near Gessi, between Roccastrada and 
Sassofortino, op. cit., p. 346, RS Rdditional proof of the Post-Pliocene age of the 
volcanic rock. 
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on Mte. Calvi consist mainly of argillaceous limestone, yellow and red 
diaspri, and red schists kaolinized by disseminated pyrite and iron 
oxide. The Cretaceous (Senonian) is represented only by a narrow 
band of violet calcareous and argillaceous schists on the south-eastern 
margin of Mte. Calvi. The Eocene strata are composed chiefly of 
argillaceous limestone and sehists, while macigno sandstone only 
occurs here and there in contact with the Mesozoic beds. The 
Eocene rocks appear in the northern part of the group as the outcrop 
of lIte. Gabbro surrouuded by eruptiye rocks, but are more largely 
deyeloped in the southern and castern part, ill which latter they rest 
direct against the Liassie beds of M teo Cal vi. All the sedimentary 
beds are more or less fossiliferous, except, of course, the higbly 
crystalline, saccharoidal limestone metamorphosed by the adjacent 
eruptive rocks. 

The Eruptt"ve .Area (Fig. 5).-The eruptive, mainly trachytic 
rocks occupy the whole north-western part from S. Vincenzo to 
Donoratico and Castagneto, and, together with some I~ocene deposits, 
constitute fully half the total area of the Campiglia group. Besides 
these principal masses they appear as veins of considerable length in 
the Liassic formation of lIte. Calvi and Mte. Rombolo llOt far from 
a granitic outcrop in the Botro ai lfarmi glen; also as dykes in the 
north-eastern corner of the Middle and Upper Trias between Poggio 
Ginepraio and Poggio Lom bardo at about 300 m. altitude, as well as 
in the deeply cut ravine of S. Maria. 

The trachytic rocks are all quartziferous and present three principal 
types, two respectiYely with a vitreous and a microfelsitic groundmass, 
and the third of porphyritic structure. The first two constitute the 
irregular cupoliform anticline of the lower and upper hills from 
S. Vincenzo to Donoratico near Castagneto, rising from the sea to 
100 and 200 m. altitude in a distance of about 8 km. The vitreous, 
grey and finely granular, essentially massiye trachyte here forms with 
the Eocene island of Mte. Gabbro the predominant and upper part of 
the volcanic complex, while the microfelsitic, roughly stratiform, 
more coarsely granular and brick·red variety constitutes the subjacent 
masses. The exposures of the latter are restricted to the deeply 
eroded gullies, such as those of delle Rozze, Pilete, and Acqua GaIda, 
and to some outcrops on the hills where the vitreolls superficial 
trachyte has been remoyed by denudation. It is a noteworthy feature 
that the subjacent, more stratiform, and tabular trachyte closely 
conforms to the flexures of the upper, vitreous masses and also of the 
adjacent Eocene strata. 

The third or porphyritic variety only appears in the Liassic 
formation, as already mentioned. It is strikingly conspicuolls in two 
remarkable, parallel, more or less continuous bands or veins about 
] km. apart and up to 5 metres in thickness, which run from the 
soutb-eastern extremity of the group near Campiglia Marittima in 
the direction south-east to north-west at about 300 m. altitude, and 
are encased and intrusive in the white Lower Liassic limestone 
between Mte. Rombolo, Rocca Silvestro, and !fte. Calvi. The 
western vein is intermittently exposed for about 5 km., the eastern for 
about 2 km. in length, and after a break of 1 km. whcre vegetation 
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and plar,ttaci?n impede observation, they reappear further not tit in the 
same dlrectlOn, the eastern band again in the Lower Lias near 
ltomitorio della Rocchetta, the western in the Upper Liassic schists. 
After another break the eastern vein expands further north to a larf!e 
dyke over 100 m. in thickness between Poggio Ginepraio and Poggio 
Lombardo, followed by another dy ke still further north in the Upper 
Liassic schists of the S. ~r aria glen. In these northern outcrops 
the porphyritic trachyte appears ill close proximity to the vitreous 
and microfelsitic .arieties near the contact line of the Liassic and 
Eocene strata. 

The slllall granite mass already mentioned, occupying about 
500 sq. m., crops out at 80 m. altitude in the lowest part of the 
sedimentary series, viz. in the Rhrntian dark-grey crystalline limestone 
or bardiglio oT the deeply eroded glen of Botro ai Marmi on the road 
about mid way between Campiglia and the coastal Via Emilia. 
Except the transformation of the Rhretian compact limestone to 
crystalline, the sedimentary rocks in contact with the eruptive granite 
exhibit no evidence of alteration. 

The Entptil'8 Rocks.-The predominant, vitreous, finely granular, 
grey, and massi'-e traehyte is composed of a colourless, slightly brown 
glassy groundmHss in which are disseminated phenocrysts of sanidine, 
plagioclase, quartz, biotite, violet cordierite, often also augite, 
accessory scapo lite, apatite, and zircone. The quartz, cordierite, and 
sanidine crystals contain vitreous, but exhibit 110 liqllid inclusions. 
In Borne places, e.g. in the Botro delle l'tozze glen and near the 
contact with the Eocene strata, the trachyte is pumaceous and only 
partially vitrified; in others it includes unaltered sedimentary 
fragments; again, in others it is transformed to yellow or red retinite, 
which latter also appears as breccia. 

The rnicrofelsitic, coarsely granular, brick-red, and pseudo
stratiform trachyte exhibits a colourless, fibrous, and scaly, also 
micro-crystalline groundmass witlt disseminated phenocrysts of 
quartz, sanidine, plagioclase, and biotite, also accessory apatite, 
zircone, and magnetite. The quartz exhibits frequent yitreons, bnt 
110 liq Ilid inclusions. This variety c"lItains lleither scapolite, augite, 
1101' cordierite, except the latter in the altered form of pinite. These 
characteristics equally apply to a dark-gn'Y, occasionally white, 
banded, and less stratiform type, which occasionally forms a transition 
from the pale-grey, vitreous to the brick-red, mierofelsitic trachyte. 
It occurs ill banks and is quarried on account of its compactness. 
The difference of aspeet Hnd colour between the two principal 
varieties, grey and red, is very striking, more especially in the 
outerops from S. Vincenzo to Donoratico and Castagneto. The 
microfelsitic type in places assumes a porphyritic structure with large 
phenocrysts of sanidine, and then resemblps the typically porphyritic 
variety. A specially interesting exposure of the lower, stratiform 
trachyte is that near Pog-gio aHa Scala at the north-western end of the 
group above the coastal Via Emilia where that rock forms a series of 
banGS below the upper, yitreolls type. 

'1'he porphyritic, white, yellowish to brownish trachyte is composed 
of a microcrystalline base of transparent stlnidine, opaque orthoclase, 
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oligoclase, quartz, and scales of biotite largely convertrd ~o ?hlorite, 
with segregations of iron oxide, also decomposed cor(herIte, . a~d 
accessory apatite, zircone, and tourmaline; the rock exhll;n~s 
numerous vitreous and also liquid inclusions. The porphyrItlc 
phenocrysts are large elements of sanidine, orthoclase, and biotite. 
This porphyritic quartz-trachyte bears a striking resemblance to the 
Torniella nriety of the lloccastrada group. 

The granite of the Botro ai :ThIarmi glen is of essentially though 
irregular grauular structure. Its principal constituents are fine- to 
medium· grained, both monoclinic and triclinic felspar, quartz, aud 
mica, with porphyritic segregations of larger felspar phcnocrysts, 
clusters of black tourmaline, and accessory apatite and titanite. The 
quartz abounds in gaseous and liquid inclusions, and also exhihits 
Illicro-inclusions of biotite, apatite, zircone, and tourmaline. The 
phenocrysts of mica vary greatly in quantity and generally SIIOW 

chloritic alteration. The granite outcrop is traversed by more or less 
vertical veins of scapolite, both fibrous and in crystals more or Ipss 
altered to meionite, and also contains, associated with felspar, 
segregations of cellular limonite derived from disseminated pyrite 
crystals. Associated with this eminently granular granite is a more 
microcrystalline variety with porphyritic phenocrysts of felspar, 
q nartz, and a green chloritic su bstance derived from decomposed 
mica_ This variety is, however, su bordinate_ 'l'he granite dyke is 
evidently part of deep-seated masses below the trachytes and 
consolidated more slowly than the latter under great superincumbent 
pressure. 

The normal, predominant, vitreous quartz-trachyte of the Campiglia 
Marittima group contains 70'64, the porphyritic 70'92 per cent of 
silica,1 the latter being therefore only slightly more acid than the 
former. Both types are thus in acidity very similar to the Roccastrada 
quartz-trachytes containing 71 to 73 per cent, but, like the latter, 
considerably more acid than the quartzless trachytic al1(l basaltic 
rocks of·Mte. Amiata and ltadicofani respectively, with 60 to 65 and 
54 to 55 per cent silica. 

The JJfetalZiferou8 Deposits.-Iutimately associated with the eruptive 
rocks of the Campiglia Marittima group are the interesting, though 
now much reduced metalliferous deposits which were already worked 
by the Etruscans, as is attested by the troughs, pits, and detritus of 
the ancient mines, mainly in and Ilear the Botro ai Marmi glen 
previously mentioned. The deposits consist largely of pyrites, 
hematite, and limonite, and occur mainly in that glen associated with 
the granite dyke and the Liassic bardiglio beds of ).Ite. Rombolo and 

1 Anal. Dalmer and Vom Rath.-Valuable contributions on the Campiglia 
region are those by: G. Vom Rath, "Fragmente aus Italien," Zeitsch. 
D. G. Ges., 1866; A. d'Achiardi, .. Trachite e porfido" and" Cordierite nel 
granito, etc.," Mem. Soc. tosc. Sc. nat., 1884 and 1875; K. Dalmer, "Quartz
trachyte von Campiglia," N. Jahrb. Min. Geol., etc., 1887; B. Lotti, "Roccie 
eruttive f.elsp. di Campiglia l\Iarittima," Boll. H. Com. geol., 1887, with map, 
and op. CIt. Toscana, 1910, p. 295. The intrusive vein-trachyte of Campiglia 
has been variously labelled as qU>1rtz porphyry (Vom R"th) "nd trachytoid 
quartz porphyry (d' Achiardi); but D"lmer's determin"tion "8 porphyritic 
trachyte is the most ade(ju"te. 
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Mte. C~lvi, in Mte. Vale~'ia, Campo alle Bosche, and on Poggio 
Acquav.lva on th.e sO.nth sule o~ the valley. 'rhey form essentially 
concretlOnary vems m the sedlrnentary and eruptive rocks, their 
close relationship to the latter being attested bv the association of 
accessory copper, lead, zinc, and ferro-calcifel:ous silicates with 
augite, ilvaite, epidote, and garnet, in close analogy with similar 
deposits of Elba. 

It is a noteworthy feature that the porphyritic trachyte in proximity 
to the pyroxenic-ferriferolls deposits passes to a pale allgitic, micro
crystalline porphyry of comparatively low acidity (60 per cent silica); 
it is composed of a pale-greenish groundmass with phenocrysts of " 
sanidine, oligoclase, biotite, more or less altered oli vine, and accessory 
magnetite and pyrite. J The veins of porphyritic trachyte are also 
partially mineralized, aUll even tbe Eocene strata Ileal' the deposits 
contain mineral traces and impregnations. 

Ape of the Enlptive Roc!.:s.-The presence of Eocene fragments in 
the trachyte, and the assumed c]of;e relation of the latter to the' 
granite dyke of Botro ai lIrarmi led Lotti to assign all the eruptive 
rocks of the Campiglia group to the Early or Middle Miocene. This 
age can, however, be legitimately claimed only for the deep-seated 
lacco!itic granite closely analogous to the more southern granitic mass 
or Gavorrano and the great Post·Eocene granite masses of Elba. 
The trachytic masses, on the other hand, including the intrusive 
porphyritic veins and dykes! bear so close an analogy to those of 
Mte. Amiata and ]{occastrada, and are so closely related to the 
latter as also to those of the island of Capraja, that there is every 
reason to regard them as contemporaneous with those other Tuscan 
groups, that is, as Post-Pliocene. The absence of a crater, and the 
domal anticline of the trachytic masses, show that in this group too 
the eruptive phenomena were not of a violent, explosive or extrusive, 
but of a slowly effusive character by successive subaerialla,'a streams 
overflowing from a fissure in the su bj acent sedimentary Eocene,3 and 
expanding over the latter in their descent towards the sea. 

1 This augite-porphyry of the Ortaccio glen was first described by Vom Rath, 
op, cit. 1866, as a dyke quite different from the other trachytic rocks of 
Campiglia. It is, however, simply a basic modification of the porphyritic 
trachyte altered by the adjacent pyroxenic-ferriferous deposits when in solution. 

2 Between the intrusi,-e porphyritic trachyte and the granite of Campiglia 
there is not improbably a genetic correlation, as there is between the quartz
porphyry and the granite of Elba; but the porphyritic rock of Campiglia is 
vitreous and trachytic, and therefore a more recent eruptive emanation 
than the granite, whereas the Elban porphyry, of submarine origin, erupted 
immediately after the granite in the same Tertiary, Post-Eocene period. 

S The Pliocene marine deposits along the coast are submerged and covered 
by alluvial deposits which contain abundant pebbles derived from the previously 
erupted trachytic masses. A thin Quaternary calcareous marine deposit, the 
panchina of the Tuscan coast and Elba, overlying the Eocene about 100 m. 
above S. Vincenzo on the Pianala road marks the early Post-Pliocene rise 
of the littoral; the trachytic masses which reach up to 200 m. altitude erupted 
in the same period and are immediately posterior to that rise. They are, in 
my view, lava-expansions subaerially superposed on the Eocene strata, rather 
than, according to Lotti, laccolitic in relation to the same. The former view is 
"Iso expressed by De fltef,l,ni, op. cit" p. 460. 
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2. J.718 Garon'ano Gl'anite Gt·oup. (Fig. 1.) 

About 25 km. south-east of Campiglia Marittima and midway 
between it and Grosseto, 10 km. from the coast, occurs at au. altitude 
of about 100 m. the granitic mass of Gavorrano. It forms a dyke, 
100 m. in thickness, in the isolated Rhmtian and Liassic limestone 
outcrops of that locality, surrounded by an extensive, much folded, 
and tilted Eocene area IV hich, together with Mioceue strata, reaches 
from the coast to Massa ~Iarittima.l The medium-grained granite of 
porphyritic rather than microcrystalline structure is composed mainly 
of quartz, orthoclase, albite, and biotite, with clusters of black 
tourmaline, and is traversed by a considerable vein of tourmaliniferous 
microgranite which reaches 50 m. in thickness. It consists of small 
crystals of monoclinic alld triclinic felspar, quartz, some biotite and 
colourless mica, and small disseminated phenocrysts of tourmaline. 
The whole granite mass occurs under conditions precisely analogous 
to those of the Campiglia granite and is, like the latter, of Post
Eocene age. 

The Gavorrano mass is highly metalliferous, being not olll~' 
traversed by numerous narrow ferriferous veins, but flanked both 
on its western and eastern margin, i.e. neal' Gavorrano and Ravi 
respectively, by considerable deposits of pyrite, while at its highest 
point, near Monticello, appears a vein of limonite. .Both the western 
and eastern deposits occur partly in the granite itself, partly between 
it and the profoundly metamorphosed sedimentary strata, as also 
in the latter. At the westel'll end of the granitic mass, in contact 
with the metalliferous deposits, the rock is so impregnated with iron 
oxide, and at the eastern end with pyrite, that the rock itself is 
almost eclipsed. 

The principal interest of the Gavorrano group lies in its intimate 
granitic and metalliferous connexion and analogy not only with the 
Campiglia group but with the equi ,'alent rocks and deposits of Elba, 
equidistant 35 km. from the two mainland groups. This intimate 
connexion is, moreover, confirmed by the fact mentioned by Lotti 2 

that the Miocene conglomerates in the vicinity, i.e. east of Gavorrano, 
contain, amongst others, pebbles of porphyritic granite and quartz 
porphyry, which rocks of Tertiary age exist in Elba but not now on 
the mainland littoral. The pebbles, therefore, must either have been 
transported from Elba, or represent rocks which, formerly in situ on 
the mainland and removed by denudation, were of the same 'l'ertiary 
age as the present, closely correlated granite of Campiglia and 
Gavorrano. 

3. The 110ntecatini and Orciatico Groups. (Fig. 2.) 

Of the same age and of much the same composition as the trachytes 
of the more sonthern groups are the two trachytic outcrops of 
Montecatini in the Cecina Valley and of Orciatico 5 km. to the north , 

1 In this region, too, as in that of Campiglia, and also in Elbo" the marine 
Pliocene is submerged and therefore conspicuous by its absence. 

2 Op. cit., p. 295: also E. ~'[arocchi, .. Gmnito eli Gllvormno": :Vlem. Soc. 
tosc. Sc. nat., 1897. 
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on the divide hetween the Cecina and Era Valleys. These two 
isolated masses constitute the most northern point~ in the zone of 
volcanic activity parallel to the TYl'l'henean littoral. Both occur in 
the immediate vicinity of the oplliolithic masses of the Cecilia Vallev 
described in the preceding paper, and lie more or less on th~ contadt 
line of the Eocene and Pliocene strata which flank them on the west 
and east respectively. Both outcrops form rocky eminences, the 
southern being surmounted by the castle of lIontecatilli (400 m.), 
the northern, or Poggio dell'Anllullziata (300 m.), being near the 
castle and village of Orciatico. Both outcrops are skirted by roads 
leading to Volterra, distant about 10 km. to the east. 

The grey trachyte of lIontecatini is composed of a holocrystalline 
ground mass of sanidine, oligoclase, augite, oli "ine, vitreolls particles, 
and copionsly disseminated biotite, with SOllle sma 11 nodules and 
inclusions of accessory quartz and pyrite. It is essentially an augitic. 
biotitic tracln·te. 

The Ol'ciatico trachyte is essentially of similar composition, in two 
principal varieties with intermediato passages, olle variety grey, 
halo crystalline, with phenocrysts of sauidine, augite, olivine, alld 
biotite, partially vitreous, and cavities filled with calcite, the other 
brownish black, more compact and of basaltic aspect, oontaining 
more olivine. In the upper parts of the outcrop the rock is more 
or less altered or pumiceous. The Orciatico trachyte contains 
56 to 57 per cent ~i1ica 1; both it and by analogy the Montecatini 
rock come, therefore, nearest to tho basic trachvte of Radicofani. 

Along the contact of the tracllytic masses 'with the sedimentary 
strata the latter are. in severall'arts, notably on the eastern margin, 
highly silicified, spherulitic, amI indurated almost to diaspri. The 
fact that this alteration appears not only iu the Eocene argillaceous 
schists but also in the Pliocene fossiliferolls marl, shows the volcanic 
outcrops to be Post.Pliocene, like those of 1fte. Amiata, Radicofani, 
and Roccastrada. Both are effllsive and subaerial,and probably 
formed originally one single, domal volcano, tho lava streams between 
the two extremities having later been remoyed by denudation. 

IV. CONCLUSION. 

1. 1'he fi \'8 trachytic groups described in the foregoing exhibit 
a remarkable concordance and uniformity of mineralogical composition, 
as well as of structure and colour. Sanidine alld plagioclase as 
felspathic, pyroxene, olivine, and biotite as ferro.magnesian 
constituents are present in them all, with or without quartz, as 
essential eloments. In structure the rocks vary from vitreous to 
microfclsitic, microcrystalline, and porphyritic, in colour from grey 
to brown and black, yellow, reddish, and brick red. Their micro· 
petrographic features alone do not admit of a satisfactory classification; 

1 Two analyses by A. Martelli, Boll. Soc. geo!. ita!., 1909, p. 419. Earlier 
contributions are those by G. Yom Rath, op. cit., 1865; H. Rosenbusch, 
N. ,hhl'b. Min., 1880; G. Ristori, Froc. verb. Soc. tosc. Sc. nat., 1887; 
L. Chelussi, Boll. Soc. geo!. ita!., 1896, p. 85; C. De Stefani, .. Vulcani 
spenti," ibid., 1891, p. 449; R. Lotti, Roll. R. Com. geol., 1885, p.254, and 
op. cit., 11)10, p. iH:l. 
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the determining basis is that of their chemical composition, aboye all 
their percentage of silica. The striking variations of .the latt.er are 
shown in the following table which di ,·ides the rocks lllto basIC and 
acid, and also summarizes the other leading characteristics:-

TRACHYTIC ROCKS OF THE TUSCAN SUBAPENNINES.' 

Si 02 p.e. Basic. Strllcture. Colo",'. 
Gmv. . 

.,,; 
Age. spec'IFelspa>' 

8.~ Radicofani 54 to 55 2'75 1 • Augite-olivine trachy- • <l) Post-"+> .-'dO;< 
, '" dolerite and andesite. '§'~ Pliocene. 

2' 68
1 

'" ".-'d oj 

~.~ Montecatini 56 to 57 <3 Augite-biotite trachyte ~.c 

"''''-and Orciatico 0 and trachyandesite. .~ ... "",t::) 'So ;;::0 >'I"" 

'" ~"'- '" 2 P. Acid. ~""2 >'1,.<:1 

Mte.Amiata 60 to 67 2'60 "" Hypersthene-bioti te 8," J$ U1 
>'I .~ .. O'~ 

'" trachyte and andesite. ..."" 8)3 ,t::)'"d 

'" <l) 

Roccastrada 71 to 73 2'62 >'I Quartz·biotite-cordiel'ite 0'" 
;; "';::: ..... 0 

trachyte. <=' '" "" ..... ';:J 0 ..... 
'" J$ Campiglia 70 to 74 2'55 Quartz-biotite-cordierite <lI '" ... 0 '" ..."" ~;::: ?Xl trachyte. 

+> ... 

;;'" '" po, 

The trachytic, Post-Pliocene rocks of the island of Capraja (60 km. 
west of Campiglia Marittima), i.e. the predominant pyroxenic andesite, 
and the subordinate olivinic andesite of that group, belong to the 
Tuscan acid and basic categories and correspond to the Mte. Amiata 
and Radicofani rocks respectively. 

The Tuscan trachytic rocks thus vary in silica from 54 to 74 per cent; 
in specific gravity, in inverse ratio, from 2'75 to 2'55, mean 2'63. 
If a regional and collective term be desirable, it should be Tuscanites, 
basic or acid. 1 

2. 'l'he fact that each of the five trachytic groups presents two or 
three principal varieties of rock, i.e. vitreous, microfelsitic or micro
crystalline, and porphyritic, all of similar composition and 
exhibiting' fluidal structure, points to several successiye subaerial, 
more rapidly or more slowly consolidating and crystallizing effusions 
of lava haying taken place in each case substantially from the 
same magma, in the course of one single phase or period of volcanic 
activity. The five groups represent essentially fissure- as distinguished 
from crater-volcanoes. 

, S. H. Washington (" Italian Petrol. Studies": Journ. Geol., 1896-7) terms 
the Amiata, Roccastrada, and Campiglia acid trachytes Toscanites, the basic rocks 
Ciminites, the Amiata andesite (60 p.c. silica) a basic Vulsiniie, collectively 
Trachydolerites, or, according to V. Sabatini (" Vulcani Cimini": Mem. descr. 
R. Com. geol., 1912, p.348), Trachyoligoclasites. In my view, the regional 
terms Ciminites and Vulsinites (Viterbo and Bolsena regions) should be 
restricted to their own regions as Romanites. Moreover, Sabatini (op. cit., 
p. 361) points out that Washington's typical Vulsinite (Bolsena, 58'21 p.c. 
silica, a medium acid trachydolerite, Washington, op. cit., 1896, p. 356) is 
characteristic not of the Vulsini (Bolsena), but of the Cimini (Viterbo) region, 
being in situ near Vetralla (Viterbo), and therefore a Ciminite with 57'32 p.c. 
silica. Washington's divisions are: Ciminites (basic) 50 to 60 p.c,; Vulsinites 
(medium) 60 to 64 p.c.; ToscaniteR (acid) 64 to 75 p.c. silica, 

4 

do. 

do. 

do. 

do. 
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3. All the five trachytic groups, as also the correlated island group 
of Capraja, are of Post-Pliocene, i.e. of Early Quaternary age. '1'he 
laccolitic, granitic masses of the Botro ai Marmi glen, Campiglia, and 
of Gavorrano, closely related to the equivalent eruptive granite 
and quartz-porphyry masses of Elba, are like the latter, Post-Eocene, 
i.e. Early or Middle Miocene, these three groups probably forming 
a continuous, submarine complex, whose intervening area between 
the mainland and Elba is submerged. 

4. The trachytic groups of the Tuscan Subapennines mark a Post
Pliocene period of volcanic activity with mainly effusive, subaerial 
el'l1ptions, intermediate between the great Eocelle period of submarine, 
ophiolithic eruptions in Eastern Liguria, the Apuan Alps, and 
Tuscany, and the great Quaternary period of subaerial volcanic 
eruptions in the Boisena, Viterbo, and 11racciano regions down to the 
Lazio Hills near Home.! Thlls the axis of erupti ve activity extended 
in Tertiary and Post-Tertiary times continuously from north to south 
in a direction more or less parallel to the 'l'yrrhenean littoral. 

! Vide note, p. 191. 



XIV. 

THE CRYSTAI.LINE ROCKS AND GEOLOGICAl. STRUCTURE OF ELBA. 

In the preceding papers on the Permian and Triassic, the Ophiolithic, 
and the Trachytic and Granitic Groups of the Tuscan Subapennines 
1 referred incidentally to the close geological connexion of that varied 
and interesting region with the Tuscan A rcllipeJago, and more 
especially with the nearest, largest, and most important constituent 
of the same-the island of Elba. 

The remarkable, in mallY respects unique geological and petrological 
features of Elba no less than its famous mineral deposits have been 
a favourite field of scientific investigation ever since 1833, when 
Professor Sad of Pisa, the father of Tuscan geology, published his 
work on that island.! Apart from an abundance of memoirs by 
Italian and other authors down to the present time, dealing with 
single specific points or parts, the more recent outstanding works are 
the three by Yom Rath, Cocchi, and Lotti,2 the last-named with an 
excellent survey map of 1886. Within the last few years a new 
impulse has been imparted to the tectonic and stratigraphical part of 
the subject by Termier, who, in a remarkable memoir of 1910,3 
advanced a bold and novel interpretation of the structural phenomena 
of Elba as being the result of extensi ,'e exotic overthrusts. A few 
years later, in 1912,4 he applied the same theory, in correlation with 
Elba, and in un even more developed form, to the crystalline massif 
of the Savona Hills in Western Liguria, with which region I dealt in 
a recent paper on the Contact-Zone of the Alps and Apennines.5 

In the present paper I propose to briefly describe, from personal 
study and observation, the leadillg geological and petrological 
features of Elba, more especial1y in relation to the cry~talline rocks of 
the three main groups which constitute that island, and then to 
examine Termier's tectonic overthrust theory, under the following 
heads:-

I. General Featur,es of Elba. IV. The Eastern Groups. 
II. The Western Group. V. The Geological Structure of Elba. 

Ill. '1'he Ccntral Group. VI. Conclusion. 

I. GENERAL FEATURES. (Figs. 1, 2.) 

Situated 10 km. from the nearest mainland promontory of Piombino, 
the island of Elba covers about 240 sq. km., its length along its 
central axis west to east being 27, and its greatest width 10 km. 

! P. Savi, .. Costituzione geo!. Isola d'Elba" : N. Giorn. Lett., 1833. 
2 G. Vom Rath, .. Die Insel Elba": Zeitsch. D. Geol. Ges., 1870. J. Cocchi, 

"Isola d'Elba": Mem. descr. R. Com. geo!., 1871. B. Lotti, ibid., 1886; also 
abstracts in" Geologia della Toscana", ibid., 1910. Lotti's map 1: 50,000 is 
still the best of the island. 

3 P. Termier, "Tectonique de l'Ile d'Elbe": Bull. Soc. geo!. France, 1910, 
p. 134, preceded by three preliminary Notes in Comptes Rendus Ac. Sc. 1909. 

4 P. Termier & J. Boussac, " Massif Crystallin, Ligure " : ibid., 1912, p. 272. 
5 Vide Part I of this volume. 
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Its two lowest and narrowest transverse parts in the centre, north to 
south, of 4 km. each, between the deeply indented Bays of Portoferraio 
and Stella, and of Procchio and Campo respectivcly, mark the dil'ision 
of the island into three main groups, i.e. ; 

(1) The 'Western, roughly circular, mainly granitic, and dome
shaped Group of Mte. Capanne, which latter, the highest point of 
Elba, reaches 1,019 m. in altitude, and is fringed around its base 
by Eocene sedimentary, metamorphic, ophiolithic, and porphyritic 
masses. 

(2) The Central Group, between the two low and narrow transverse 
depressions already mentioned, and composed of hills not exceeding 
380 1l1. altitude in Mte. S. Martino and Mte. Orello, the rocks being 
prevalently sedimentary Eocene, ophiolithic, and porphyritic. 

(3) The Eastern Groups, whose highest points are Mte. Grosso in tIle 
north (447 m.), Cima del Monte about midway (516 m.), and Mte. 
Calamita in the south (415 m.), the area comprising Palreozoic mica
and gneissic schists largdy developed in the south alld in the middle; 
and Permian, l{hretian, I,iassic, and Eocene strata with granitic, 
ophiolithic, and porphyritic rocks in the north. In these eastern 
groups, mainly along the east coast, lie the famous ferriferous 
deposits, already worked by the Romans, of Rio Albano and Rio 
~farina in the Permian, alld of 'l'erranera (Loug'one) and Calamita in 
the mica-sehist and dolomitic limestone formations respectiYely, with 
smaller pyroxenic-ferriferous and ferro· calciferous deposits near and 
between those localities. 

The superficial area of the western and central groups is about 
70 sq. km. each, that of the eastern groups about 100 sq. km. In the 
western and central parts of the island the main axis or divide of 
the northern and southern watersheds, running west to east, is 
intersected by the two transverse depressions, previously mE'ntioned, 
of the Pila and Valdana Valleys respectively, with a low saddle on 
the divide of each depression. In the eastern part, on the other 
hand, the divide, as also the general direction of the sedimentary 
and infolded ophiolithic formations, runs at right angles to tlle 
western and central crest line, i.e. north to south. The southern, 
Palreozoic schists forming the massif and peninsula of Capoliveri and 
Cape Calamita, constitute the geologically oldest part of the island. 
This southern massif is separated from the northern, more recent 
Mesozoic and Tertiary formations by the transverse depression of 
Mola and the Mar di CarvisiValley between the Bays of J~ongone 
and Stella. 

The three transverse depressions or valleys of erosion, as well as 
tht) beaches of the Portoferraio and Procchio Bays in the north, and 
of the Stella, Acona, and Campo Bays in the south, all silted up and 
raised above sea-level, are of special interest in relation to Quaternary 
marine deposits. Thesc, in the form of arenaceous conglomerate and 
concretionarY, fossiliferous limestone or panchina, like those on the 
Tuscan mainland coast, occur in various parts of the island, notably 
along and above the coastline in the eroded valleys and on the coastal 
slopes up to 50, 100, and, e.g. near Capoliveri in the south-eastern 
peninsula, up to 200 m. above th: present sea-level. These deposits 



I: '1.00 ,000 

/ 

1'~ I' 
01'", 

" ~Cq' 
/ 

'P.rotnau 
( 

I 
I~O M 

~~,~~I/ 
\ 

~ct:np. 

;: Jtoa.i)s 

\ 
, '00 

SKETCH·MAP OF THE ISLAND OF ELBA. FIG. 1. 

( 

".
/ 

-// \OG 

/ .~ C / !! ~ . 
... V :; :~ 
)' ':;'"v.'" 

j 
Matcia.11.<I. / '-0, 

~r. 

. ~ t1 ~ :f ,. :l 0 0 

7f_ ~ '7;3 , ~ _ ~ _ ~_,.; - ::1-
'v on <:J 

, 
/ 

o .., 
~ 
.1 - -

"'" .3 .~ l'l~~--v~ 
,.: 7r- ~ ~ ,.. _ _ ~ In ~f': 

~ :s ~ ('ru:Btp., ~ ~COIl4.U Ste.Ua.f ,0 
.)L~ . J- /". ~ -r.-' If :~ r--~aU' 
r L ~ '-" " '~r ....... If .]~ 

/ 

~/ 
I' 

/ 

'Rio A l'~1\4 Mille. 
t' 

/ 

1'1 

MS = Permo· Carboniferous Gneissic and Mica Schists ; Pm = Permian; L = Lias ; Eo = Eocene; M = Metamorphic Eocene; G = Granite; 
P = Quartz·Porphyry and Microgranite; 0 = Ophiolithic rocks (serpentine, euphodite, diabase). 

q) 

'" C) .,..... 
~ 
"' . ~ 
~ 

""" 
tQ 
"'" j .,.. 
~ 
"" ; 
'" 
~ 
~ 
0'" 

~ 

...... 
Cl1 
-.:j' 



158 The Crystalline Rocks and 

thus show that in early Quaternary times the transverse depressions, 
the beaches, and the lower valleys were still submerged, and that since 
then the island has, like the Tuscan mainland littoral, risen several 
hundred metres above sea-level. 

In the interior of the island, the roads alon g the three transverse 
depressions, as well as the coastal road from Portoferraio to lIIarciana 
in the central and western parts,l and that from Porto Longone 
to Rio Marina and Cape Cavo ill the north-eastern part, as also 
the numerous bridle-paths along the south coast and across the 
different ridges throughout the islancl, afford a IllultipEcity of £ne 
exposures for geological examination, and the same applies to the 
glens and gullies of the numerous but insigni£cant and intermittent 
streams. But most of the magnificent natural sections exhibited by 
the rugged points and headlands on the north and south coasts, 
as also those of the precipitous west coast with its imposing intrllsiyc 
and other eruptive phenomena, can best be seen and reach cd from the 
sea. To these reference will 1)e made in the description of the three 
geological groups of the island. 

II. THE WESTEllN GROUP. (Figs. 1-3.) 
The great dome-shaped massif of Mte. Capanne, which covers about 

70 sq. km. and reaches over 1 km. in vertical depth, occupies 
practically the whole western part of Elba, and is for three-fourths of 
its circular, mainly sea-bound area composed of the classic Elban 
granite. '1'he rest is represented by a narrow, intermittent, 
sedimentary, metamorphic, and ophiolithic belt not more than 
1 km. in superficial width on the eastern, southern, and western 
margin, and by the similar, more extensive, and also porphyritic 
masses of ~Iarciana on the north-western littoral. Owing to the 
great uniformity of the granitic massif as the substratum, the 
geological structure of Mte. Capanne is comparatively simple. 
The granite underlies, and is intrusive in the marginal sedimentary 
and ophiolithic belt, which is probably only the remnant of a much 
more extensive, now denuded area. In the upper parts and the 
crests of Ute. Capanne the granite is essentially massive and forms 
peaks and crags; on the lower flanks the superincumbent pressure 
has rendered the rock pseudo-stratiform, and tIle more rounded surfaces 
often support semi-detached blocks as the effect of disintegration and 
denudation. 

1. The Crystalline, Seaimentary, and JJIetamolphic Rocks. 
Tlw Granitic Rocks of Ute. Capanne present three principal facies, 

i.e. the predominant normal, the granulitic and pegmatitic, and the 
microgranitic. These three facies with their sub-,arieties are closely 
related and form passages to the quartz porphyry which constitutes 
an important featnre ill the western, central, and north-eastern parts 
of the island. 

The well-knowll nOJ"lnal gTanite is medium-grained and composed 
of orthoclase, abundant plagioclase (albite and oligoclase) with micro
inclusions of apatite, abundant biotite, and quartz with liquid 

1 Several of these roads, the first in the island, were constructed under 
Napoleon'S regime during his residence in Elba, 18l4. 
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inclusions. Some varieties exhibit small groups of black tourmaline 
with a rim of micro-felspar, also cordierite, zircone, and occasional 
hornblende and magnetite. 

The granulitic and pegmatitic, always tourmaliniferons facies 
appears as intrusive veins both ill the normal granite and in the 
sedimentary and ophiolithic rocks. This facies, which often becomes 
micro-granulitic, exhibits substantially the same composition as the 
normal, but contains, in addition, muscovite, garnet, and a whole 
series of accessory, rare, and beautifully crystallized minerals, such as 
adular, beryl, topaz, and others, notably where this facies forms 
intrusive veins in the normal type. The pegmatitic facies, of the 
same composition as the normal, contains large orthoclase twins which 
at Cape S. Andrea on the north-west coast measure up to 20 centimo 
in length. 

The clear white ll1icr-ogr-anitic facies, also called porphyritic aplite 1 

and eurite, forms compact masses and also intrusive veins in the 
normal granite, more especially in the hills along the north-west 
coast. The rock, of micro-granulitic structure, consists of micro
crystals of orthoclase, plagioclase, some biotite, quartz in granules, 
and also disseminated as crystals, and rounded nodules of tourmaline. 
This facies exhibits so mnch affinity with the normal granite on the 
one hand and the quartz porphyry on the other, that it may be 
considered a variety of either, or a passage between the two. 

The Qllartz Porphyr-y overlies the granite on ~Ite. Capanne in 
various isolated masses as remnants of a more extensive eruptive 
sheet, and also forms lenticular intercalations ill the same, as well as 
d~ kes and veins in both the sedimentary and ophiolithic rocks. 
It consists of a cryptocrystalline, occasionally rather felsitic ground
mass with porphyritic phenocrysts of orthoclase, plagioclase, biotite, 
and quartz with liquid inclusions, accidental minerals being apatite, 
zircone, and radially grouped tourmaline. Between this quartz
porphyry and the normal granite there are various passages of 
porphyritic granite and granitic porphyry according to the pre
dominance of one strncture or the other. 

The percentage of silica in these different facies of felspathic rocks 
varies in the normal and pegmatitic granite from 67'49 to 71'58 
per cent; in the rnicrogranite from 73'90 to 77,11 per cent, and in 
tIle quartz-porphyry from 75 to 76 per cent! The microgranite is 
thus the most acid rock of the fonr. The difference between them 
is not one of mineralogical composition, bnt essentially of structure. 
The three facies intrusive in the normal granite erupted somewhat 
later than the latter; but they all obviously proceeded from the same 
magma, consolidating and crystallizing in successive stages, and are of 
the same Post-Eocene ag'E', as is shown by fragments of Eocene 

I R. V. Matteucci, "Boccie pOl'firiche dell' Isola d'Elba": Mem. Soc. Tosc. 
Sc. nat., 1898. P. ~loisi, "Boccie granitiche negli scisti parte orientale Elba" : 
ibid., 1910. 

2 These percentages of silica are the averages of ten different analyses 
collected and published by V. Novarese in Boll. R. Com. geo!., 1910, p. 212. 
The analyses are by Aloisi (1910), D' Achiardi (1!J02 and 1904), Manasse (1900), 
Bunsen (1861), and Damour (1851). 
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sedimentary rocks in the intrusive veins and dykes throughout the 
massif. 

The Ophiolitliic Rocks of the marginal belt of Mtc. Capanne consist 
of peridotitic and lherzolitic serpentine overlain by euphodite and 
diabase in the usual Tuscan sequence. The lherzolitic serpentine is 
in some places underlain, in others replaced by peridotitic and 
amphibolic, very schistose serpentine with associated green schists, 
containing hypersthene and magnetite. Lotti is disposed to regard 
these peridotitic schists as older than the lherzolitic serpentine; but 
as both pass into each other and both occur below the Eocene 
euphodite and diabase, and in the Eocene strata overlying the granite, 
they are, in my view, both of the same Eocene age. The schistosity 
of the peridotitic rock is due to pressure and more advanced alteration 
by hydration. Their affinity and graduation into each other points to 
their being the product of the same magma. 

The Sedimentary and ]Jletamorphic Rocks.-The sedimentary rocks 
of the ~fte. Capanne group comprise the usual albarese limestone, 
galestri schists, and maeigno sandstone of the I,ower and Upper, 
so-called promiscuolls Eocene (fucoids) series, and rest in some places 
direct on the granite, in others on the ophiolithic rocks, or again 
appear between the two. A peculiar, non-fossiliferous formation is 
that of the metamorphic series of indurated, semi-crystalline diaspri, 
crystalline limestone and cipollini, micaceous, calcareous, arenaceous, 
chloritic and spotted schists largely converted to hornfels, as also 
quartzose and gneissiform schists, all of which form considerable 
banks and bands between the granite and the ophiolithic rocks of 
the marginal belt. The hornfels, composed of a granular groundmass 
with microcrystals of epidote, augite, and hornblende, and the gneissi, 
form schists, appear more especially in contact with the granite. 

These metamorphic rocks hn ve been variously interpreted in part 
·as Pre-Silurian, in part as much more recent, in part, i.e. as regards 
the gneissiform schists, as altered granite. But their occurrence 
in association with the Eocene sedimentary aud ophiolithic rocks 
warrants their all being of the same :Eocene ag·e, their metamorphism 
heing due first to induration by contact with the eruptive 
ophiolithic rocks, and later to enhanced silicification and semi- or total 
crystallization by contact with the eruptive granite, while the 
quartzose and gneissiform schists are probably the product of granite 
crushed, compressed, altered, and laminated by pressure. Both the 
sedimentary and ophiolithic series contaiu considerable dykes, and are 
traversed by numerous veins and apophyses of granite and quartz
porphyry, the former predominantly in the lower, the latter in the 
upper strata and masses. It is a noteworthy feature that the 
alteration of the Eocene'sedimentary strata is much more pronounced 
in contact with the granite than it is in contact with the sOl)lewhat 
later quartz-porphyry veins and dykes. 

2. The Marginal Belt. 

'fhe sedimentary, metamorphic, ophiolithic, and porphyritic belt 
which intermittently encircles the base of the granitic dome of 
Mte. Capanne, may be divided into six sections occupying in the 
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aggregate 24 kill. out of the 36 kill. or two·thirds of the total 
circumference of the roughly circular massif. Of the total circum
ference only one-third, i.e. the eastern base, is contiguous to the 
transverse depression of the Pila Valley between Procchio near 
Procchio Bay and that of Campo Bay on the north and south co~sts 
respectively; the other two-thirds, on the south, west, and north, Hre 
sea-bound. On land the coast can be followed all round by bridle- or 
foot-paths, while the Pila Valley, with the geologically important 
district of S. Ilario and S. Piero on the lower eastern slopes of the 
Mte. Capanne massif, is easily accessible by road. The salient 
features of the six sections of the m~rginal belt are briefly described 
in the following paragraphs, proceeding round the base of the massif 
from Punta Fetovaja, the extreme south-western point of the coast, 
northward. 

(1) Punta Fetovafa to Potnonte, 4 km.-The low, elongated pro
montory of Fetovaja is composed mainly of much decomposed 
euphodite with diabase veins. Near .Fetovaja itself, about one km. 
from the Point, the Eocene strata are traversed by numerous veins of 
granite, a fact which was first established by Dalmer and conclusively 
confirmed the Tertiary, ie. Post-Eocene age of the Elban granite.! 
The same locality exhibits in upward succession, and overlying the 
granite, peridotitic schists reduced to magnesite, locally called 
kaoline, and greatly altered euphodite; then Eocene sedimentary 
strata, upon which follows a mass of Iherzolitic serpentine o~eJ'lain 
by euphodite and diabase in the usual order of superposition. 
Further on, towards Pomonte, on the west coast, the marginal belt 
consists mainly of lherzolite and Iherzolitic serpentine and the over
lying metamorphic series. Near Pomonte the lherzolitic serpentine 
i~ replaced by peridotitic, schistose serpentine which generally forms 
the lowest member of the ophiolithic series and is an emanation 
of the same basic ma,gma, the rock having' become schistose by 
hydration and pressure. 

(2) PO!1!ont~ to Punta Polveraja, [) km. This section extends along 
the west coast by Chiessi and Punta Timone, and is composed of large 
masses of peridotitic serpentine aml metamorpJ,ic rocks resting on 
and against the granite substratum. The granite here forms veins 
and apophyses in the serpentine, while large dykes and lenticular 
masses of quartz-porphyry occnr in the overlying metamorphic rocb, 
near Chiessi also in the granite. Ncar Po monte, Punta Fornace, and 
Punta Polveraja occllr in the serpentinons rocks the famous Elban 
specimens of epidote and !iarnet. In the Rame section, between 
Punta Timone and Punta Fornace, occur in the metamorphic rocks 
stllpendolls veins and dykes of tourmaliniferous granite, pegmatite, 
and quartz-porphyr~', here also with remarkably fine crystals of 
garnet. From Punta Polveraja to Capo S. Andrea, the north-western 
extremitvor the island, and thence to Pllnta Cotoncello, tile coast 
only exh'ihits granite, often porphyroid, with pegmatitic veins. 

(3) Punta Cotoncello to JIar(iana and Bagno, 7 klll.-Thi~, by far 
the larg-est seetion of the marginal belt, cOlnl'rises, along the north 

1 IL Dalmer, "lusel Elba." Zeitsch. Natul'wiss., 1884. "Das Alter der 
Granit and Porphyr Gesteine Elba," N. Jahrb. !\lin. Geol., etc., 1894. 
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coast, the conspicuous intermediate poiuts La Conca, Pnnta Nasuto, 
and Ripa Barata west of Uarciana Marina, and Punta Crocetta and 
Punta Schioppo east of that place. At its western end, i.e. at 
Marciana Castello, it reaches up to 500 m., and at its eastern end, 
i.e. on Mte. Perone and ~Ite. Maolo, up to 700 lll. altitude, and 
including the intervening slopes of the Nivera Valley, covers an area 
of 25 sq. km. On the left or western side of that valley and its 
alluvial plain or former fjord, extends a large area of quartz· porphyry 
with considerable lenticular intercalations of yellowish microgranite, 
notably at Mte. Ripa Barata; on its western margin this area is 
flanked by a belt of metamorphic rocks which expands to a large 
mass at Punta La Conca; and this latter is, in its turn, flanked by 
the peridotitic serpentine fringe of Punta Cotoncello. 

The metamorphic mass exhibits several dy kes of intrusive quartz
porphyry both on the coast and more inland on the slopes; it fringes 
the great porphyry mass also at i\farciana Castello, which last-named 
place is, like the village of Poggio on the opposite side of the Nivera 
Glen, built on Mte. Capanne granite. Below Marciana Castello, at 
Piano S. Lorenzo, between the Nivera and the great porphyry area, 
is wedged a mass of diabase which has, by erosion, been separated 
(rom the large ophiolithic area on the right or eastern side of the 
valley. Here a large diabasic mass which exhibits nodules and 
incrustations of epidote, overlies a smaller ma~s of euphodite and, 
below the latter, a considerable mass of peridotitic serpentine. 'l'his 
serpentine extends to the coast at Bagno, and, inland, towards 
Mte. Capanne, up to Mte. Maolo at 700 m. altitude as already 
mentioned. The diabasic mass, in its turn, extends along the coast 
from Marciana Marina to Punta Crocetta and Punta Schioppo, and 
in this section is in part overlain by a large mass of quartz-porphyry. 
The latter has, like the diabase, been separated from the mass on the 
left side by the erosion of the Nivera Valley. Several otller smaller 
masses of quartz-porphyry crop out in the ophiolithic area, all of 
which also exhibit intrusive veins, e.g. neal' Punta della Madonna di 
Marciana, where, in an exposure close to the sea-level, a mass of 
ellphodite and overlying diabase is traversed by apophyses of the' 
adjacent lllass of porphyry. A magnificent vein of white quartz
porphyry traverses the diabase at Punta Sehioppo close to the 
sea-level, and forms one of the finest natural sectiolls on the north 
coast of the island. . 

The diabase of the Marciana group appears both as massive, 
aphanitic, and as spheroidal, in part variolitic; it forms, as usual, 
veins in the lInuerlying euphodite which in this ophiolithic group is 
exceptionally fresh and unaltered. The serpentine passes at its baE'e 
to peridotitic and amphibolic schist, as it does ncar Fetovaj a and in 
other parts of the marginal belt. Here too this schist is, in my view, 
simply the crushed and laminated derivative of the original peridotitic 
rock, the alteration being due to pressure. '1'he whole MarcitUla 
group of metamorphic, ophiolithic, and porphyritic rocks rests on the 
J'.fte. Capanne granite as substratum. The road along the coast from 
Bagno to Marciana Marina and that along the Nivera Valley and up 
the glen to Poggio on one side and to M aruiana Castello on the other 
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afford in slIccession a large number of interesting and instructive 
exposures of this, one of the most remarkable crystalline groups 
of Elba. 

( 4) Punta Sprizze to Punta Agnone and Pila, 4 km. - This section, 
mainly of metamorphic rocks, extend~ from near Bagno alon" the 
north coast to the islet Isolotto and Punta Agnone, the we~tern 
headland of Procchio Bay, and thence inland along the western 
margin of the transverse depression to near Pila in the yalley of that 
name. The metamorphic rocks of this section form a continuous 
belt at the base of the 1Ite. Capanne massif, and are throughout 
traversed by granitic and porphyritic veins. . 

Along the north coast, from Punta Sprizze to Procchio Bay, the 
metamorphic rocks are predominantly composed of greenish calcareous, 
chloritic, and micaceous schists, crystalline cipollini, and nodulous 
quartzite with intrusive veins of granite. A remarkable intrusi"e 
phenomenon occurs in the islet Isolotto, where thin veins of 
tourmaliniferous granite traverse both the metamorphic schists and 
a dyke of quartz-porphyry encased in the latter. The normal 
porphyry is here altered to a microcrystalline rock of an essentially 
quartzose and felspathic groundrnass with micro-phenocrysts of 
quartz, mica, and tourmaline. Another remarkable exposure is that 
at and near the neighboluing Punta Agnone, where the schists are 
con verted to hornfels and diaspri, and limestone is rendered crystalline 
by contact with intrusive granite veins whose contact lines exhibit 
inclusions of aggregations of garnet. 

From Punta Agnone to Pila ballks of diaspri rest on compact, 
greenish, grey, and white, partly indurated limestone which, in its 
turn, is underlain by varicoloured schists. The lower strata of these 
rocks are traversed by granitic, the upper more by porphyritic veins, 
here too with garnet aggregations at and near the lines of contact. 
The Pila Valley, which, as already mentioned, forms the depression 
between the western and central groups of the island, slopes from the 
low dividing saddle of about 100 ill. altitude down to Campo Bay on 
the south coast and lies in the Upper Eocene horizon. The latter, 

·largely removed by erosion, is here reduced to low, denuded spurs 
which project into the valley at right angles and are mainly composed 
of banks of "pietraforte" macigno sandstone, the eroded gaps between 
them being, like the floor of the valley, filled with alluvial deposits. 
The margins of those macigno banks are skirted by isolated masses of 
quartz-porphyry, on one of which the '"illage of Pila is built. These 
outcrops on the right of the valley obviously formed part of the 
great porphyritic area on the left from which they were separated 
by erosion. 

(5) Pila to S.11an·0, S. Piero, and Punta di Cavoli, 4 km.-This 
section, geologically one of the most iuteresting and important of the 
marginal belt of Mte. Capanne, is mainly composed of masses of 
lherzolite, serpentine, and euphodite, with underlying peridotitic 
schists which rest upon the granite base flanked by the Eocene strata 
of the Pila Valley. The ophiolithic masses are, in contact with the 
granite, largely decomposed to magnesite, which is extensively 
quarried. The classic localities of S. llario (260 m.) and S. Piero 
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(130 m.), as well as Colle Palombaia near the south coast, and the 
intervening hills owe their geological celebrity at once to the 
extraordinarily developed granitic veins, dykes, anu lenticular 
intercalations "in the ophiolithic masses, to the intrusive veins and 
dykes of microgranite and pegmatite ill the granite itself, and to the 
geodes of beautiful garnet, wollastonite, and other perfectly formed 
crystals which the intrusive phenomena have produeed. . . 

Between S. Ilario and S. riero, in a mass of lherzolite and lherzohhc 
serpentine, appears a lenticular intercalation of remarkably fresh 
and beautiful garnetiferous euphodite tending to eclogite, whose 
greenish and pinkish garnetiferous and saussuritic base exhibits large 
phenocrysts of smaraguite. The serpentine passes to the underlying 
peridotitic and amphibolic schists which. in their turn, become 
gneissiform at the contact with the granitic substratum, while the 
latter itself here assumes a gneissiform schistose structure. 'l'his 
group thus presents the same phenomenon of the gradual downward 
passage of lherzolitic serpentine to peridotitic schist, gneissiform schist, 
and gneissiform schistose granite to the normal granite as in the 
~farciana group. In both cases the schistosity of the ophiolithic 
rock and that of the laminated g'neissiform-granitic schist is oue to 
pressure and crushing; it does not, in Illy view, warrant these schists 
being considered older than, or separate from the overlying Eocene 
ophiolithic rocks or the granitic substratum, of which they are simply 
l'ost- Eocene modifications by hydration and pressure. l 

Further south, on the coast, at Colle Palombaia and Punta di Cavoli, 
appears, overlying the granitp, another mass of metam()rphic rocks 
composed in part of crystalline calcareous scllist. and diaspri with 
white and pink crystals of wollastonite, in part of micaceom, 
quartzitic, and gneissiform schists in close association with gneissiform, 
i.e. altered aud crushed granite and micro~ranite. TIle intrusion of 
the latter rocks has produced the beautiful crystals or "tears" 
of drop-quartz with cuned facets and concentric structure for which 
this locality is famous. It is a noteworthy fact that neither tIle 
non.metamorphic Eocene strata flanking the eastern base of Colle 
Palombaia nor those at tIle base of the neighbouring Mte. Turato 
exhibit at the contact of the granite anrl the quartz-porphyry 
respectively, any notable alteration, except slight silicification. '['his 
fact applies also to the non-metamorphic sedimentary Eocene strata 
in other parts of the marginal belt, whereas the ophiolithic masses 
are invariably more or less profoundly altered and largely reduced to 
magnesite. . 

(6) Punta di Campo to Punta Bardella.-The coast section from 
Punta <Ii Cavoli west to Punta Fetovaia, which completes the 
circular hase of the M teo Capanne massif, exhibits only normal 
granite with veins of the tourmaliniferous and pegmatitic varieties, 
a good quarried granite exposure being that llear Sacchetto, about 
midway. On the other hand, enst of Punta <Ii Cavoli and Colle 
Palombaia towards. the hea<llaJld of Pllnta di Campo, the coast reveals 

1 A short note on the ophiolithic rocks of this region was published by 
E. Mattirolo, "Tre Boccie di S. I'iero in Campo," in Rendiconti R. Acc. 
Lincei, 1883. 
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several magnificent and highly characteristic intrusive phenomena of 
quartz-porphyry in the Eocene sedimentary banks. The most striking 
of these exposures are the enormous porphyry veins of Mte. Turato, 
as also of Cape Poro near Punta di Campo, and more especially 
the stupendous dykes or lenticular porphyry masses, extending, with 
numerous apophyses, for about one km. in the much folded limestone 
and argillaceous schists of the promontory from Punta di Campo to 
Punto Bardella in Campo Bay. Here the intrusive masses have 
traversed the previously folded strata without producing any contact 
metamorphism or stratigraphical disturbance. This phenomenal 
intrusive exposure has its equally imposing counterpart in the 
opposite eastern promontory of Campo Bay, i.e. in Cape :Fonza, which 
forms part of the central group of the island. 

3. Origin of tlle Mte. Capanne Massif. 

Closely related to, and contemporaneous with the Mte. Capanne massif 
are the 'rertiary granitic rocks of the islands of Montecristo (648 m.) 
and Giglio (-198 m.), 45 km. south and 55 km. south-east from Elba 
respectively, as well as the two mainland granitic groups of Campiglia 
Marittima and Gavorrano, the last-named with quartz-porphyry, as 
described in a previous paper. A 11 these groups constitute parts 
of the former Miocene 'l'Hrhenean Continent. In and around the 
:1Ite. Capanne massif, as 'also in the island- and mainland groups 
mentioned, the Pliocene mariue formation has entirely disappeared, 
except in the small island of Pianos a, 15 kIll. south-east from Elba, of 
which it constitutes the whole superficial area, barely 20 m. above 
sea-level. It is thus the only, but conclusi,e remnant of the Pliocene 
formation which in early Post-Pliocene times was submerged during 
the partial subsidence, in successive stages, of the Tyrrhenean 
Continent. Similarly, the marginal, sedimentary, and ophiolithic belt 
of the Mte. Capanne massif represents the remains of a much larger 
Eocene formation, submerged at the ~ame time. '1'he granitic rocks 
of Mte. Capanne throughout the massif invariably underlie the 
Eocene sedimentary, ophiolithic, and metamorphic rocks which are 
of submarine origin. '1'he granitic and porphyritic masses must 
therefore have erupted and consolidated below those formations, and 
must haye broken through them during the great general Miocene 
uprise. It was thus that Mte. Capanne emerged and rose as an 
imposing Post-Eocene dome-shaped granitic massif of essentially 
laccolitic origin, with the sedimentary, ophiolithic, and metamorphic 
belt resting upon it around its base. lts original height and the area 
of the marginal belt were lowered during the partial submergence of 
the Tyrrhenean Continent in the early Post-Pliocene, after which it 
experienced in the later Quaternary a new gradual uprise of 100 to 
200 Il1. to its present level above the sea. 

III. THE CENTRAL GROUP. (Figs. 1,2,4,5.) 

In striking contlUst to the western or Mte. ~apanne gronp, the 
central group presents very broken and deeply lIIdented con tonI's, 
mainly tlue to it~ being composed cntirely of porphyritic, Eocene 
sedimentary, and ophiolithic masses of Wllich ollly the last-named 
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offer a considerable degree of resistance to erosion, denudation, and 
the incursions of the sea, The more easily disintegrating porphyry 
and also the sedimentary, mainly calcareous, and the diabasic masses 
of the low hills accollnt for this central group being, together with 
the Marcialla Yalley on the north- west coast, the best watered, 
wooded, and cultivated part of Elba. The ellormous masses of 
quartz-l)orphyry which by their intrusion have profoundly disturbed 
awl dislocated tl18 Eocene strata, -occupy the greater part of tIle 
western and northern area of this group, while Ole sedimelltary 
formation, largely composed of albarese limestone, galestl'i schists, 
and macigno sandstone of the Upper Eocene series, predominates 
more in the middle part, and the ophiolithic masses of Portofel'raio, 
Mte. Orello, and the Stella promontory constitute the eastern part. 
As previously stated, thi6 central group is bOllnded west and ea~t by 
the two transl-erse depressions of the Pila and Valdana Valleys 
respectively, while on the north COAst it is deeply indented by the 
Bays of Procchio and Portoferraio, And on the south coast by the Hays 
of Campo, Acona, and Stella_ 

1, The Porp/tyry Groups of lIte. S. jJ/al'tino ana the North Coast, 
(1) The S. Martino ~l/a88tf.-'l'he southern extremity of this greut 

porphyry complex is formed by Cape Fonza, which, as already 
mentioned, constitutes thc easteJ'lJ headland of Campo Bay, and, like 
the opposite westel'll headland of Cape POl'O and Punta di Campo, 
exllibits close to the sea-Iel'e! magnificent veins of white quartz 
porphyry in the Eocene strata, Both these headlands ufford natural 
sections of some of the finest intrusive phenomena OIl the south coast 
of Elba, From Cape Fonza along the coast of Campo Bay exposures of 
porphyry masses and sedimentary strata alternate rOllnd the base 
of Mte. Tambone (379 m ), :ind the same applies to the eastern 
flanks of that hill in Acona Bay, where isolated Illasses of porphyry 
appear in banks of yellow macigno sandstone. The httpr is here so 
disintegrated that it has lost its stratification and presents the 
appearance of decomposed porphyry, so much so that, bein g in 
contact with a mass of trne porphyry, it was at one time erroneously 
regarded as porphyry tuff. 

From Campo Bay along the eastern margin of the Pila Valley and 
thence to Procchio Bay on the north coast the quartz-porphyry forms 
the massif of ~ne. S. Martino (370 m.), the latter being the highest 
point, from which spurs and isolated masses extend towards the north 
coast, eastward to Mte. S. Lucia, and south-east towards A COlla Bay. 
The porphyry mass of ~ftc. S. Lucia with its small crown of micro
granite is at its eastel'll margin in contact with the ophiolithic masses 
of Mte. Orello, and this also applies to smaller outcrops of porphyry 
ill the Condotto ravine near Mte. Cafferi_ In the area immediately 
east and south-east of l\He_ S. Martino the Upper Eocene strata, hel;e 
largely in evidence, generally occupy the flanks of the lower hills 
and saddles, including the Middle Eocene beds of Colle Reciso 1 and 
Mte, Petriciaio 1 in contact with the ophiolithic massif of Mte. Orello, 

I The bridle-path from POl'tofel'mio Bfty ftCrORS the island to Aconft Bay leads 
through the Condotto glen oYer Colle Heciso ftn<1 down the Pino glen to the 
south COftst. 



168 The Crystalline Rocles and 

while the intrusi\'e porphyry dykes and masses mostly occupy the 
heights. In some places the sedimentary strata o\Oerlie, in others 
they underlie the porphyry, again in others they infold the porphyry 
or are infolded in it. In some cases, e.g. on the southern and 
eastern flanks of Mte. Moncione and Colle aile Vacche, in the centre 
of the group, the two formations alternate and are interstratiform. 
Thronghout the group the intrusive porphyry lUasses have profoundly 
folded, contorted, tilted, and dislocated the Eocene strata, without, 
however, producing any contact-metamorphism beyond occasionally 
indurating them to diaspri or forming along the contact some 
garnetiferous aggregations. 

(2) The North Coast Group.-N ortll of lIte. S. Martino the quartz
porphyry forms the masses of the Bays of l'rocchio, Biodola, and 
Viticcio, and of Cape d'Enfola, separated by intervening Eocene 
se(limentary beds, the intrusive phenomena and their disturbing 
effect upon the stratified rocks being the same as in the central area. 
From C,lpe d'Enfola a large area of porphyry extends 5 km. east 
along the coast to Punta Sansone, Punta Acquaviva, Cape Bianco, 
and Fort S. Claud, near Portoferraio, while more inland the area 
includes the considerable mass of Mte. Poppe (250 m.). Between 
those points the coast exhibits large masses of white tourmaliniferous 
microgranite traversed by porphyry veins, which latter also form the 
fine natural section of Punta Sansone, near Cape d'Enfola, where 
these veins traverse the Eocene strata. The microgranite or 
porphyritic aplite is, like that of llipa Barata west of Marciana, 
essentially a variety of the quartz-porphyry on the one hand and of 
the normal granite on the other. Immediately west of Portoferraio 
large accumulations of white micro granite and black tourmaline 
pebbles <1eri ved from Cape Bianco form the beach deposits known 
locally as Le Ghiaie. 

(3) Origin of the Porphyry Groups.-'l'he quartz-porphyry of the 
central grollp of Elba varies a good deal in the different localities. 
Thus in the Mte. 'l'ambone group in the south it is often spheroidal 
and much decomposed by atmospheric. action. On and near Mte. 
S. Martino and in the spurs of that group, as well as on the coast in 
Biodola Bay and at Cape d'Enfola, as also in the Mte. Poppe mass, 
it is tOUl'maliniferous, micaceous, often also granitic with large 
orthoclase twins and micl'ogranitic inclusions. A gain, at Punta 
Penisola in Viticcio Bay, as also in the S. Lucia mass, it is granular 
and tOllrlllaliniferous. In the transverse depression south of Procchio 
Bay, the porphyry mass on the eastern margin of the saddle reaches 
close to the Mte. Capanne granite of the western margin, though the 
two rocks are not in actual contact, but separated by an intervening 
strip of metamorphic rock. 'rhe '-arious masses of quartz-porphyry 
of this central group of Elba are separated from each other by eroded 
Eocene sedimentary glens aud denuded heights, with porphyry 
patches here and there; the masses therefore obviously formed 
originally an essentially con tin IlOUS complex, cupoliform like the 
NIte. Capanne massif though of lower altitude and extent, its area 
being about 40 S(l' km. or about half that of the latter. It is, like 
that gl'ltllite massif, essentially a deep-seated, eruptive, submarine 
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formation, i.e. of laccolitic origin, its uprise with and through the 
Eocene sedimentary beds having taken place in Post-Eocene times. 

2. Tlte OpMolitMc Groups of Portojerra£o, ]JIte. Ore llo , and Cape Stella. 

(1) Tlte POl'tojermio Group.-The town of Portoferraio and its 
forts, situated at the western headland of the Bay of that name, are 
built on an ophiolithic mass with some oyerlying diaspri and much 
contorted Upper Eocene albarese limestone. The ophiolithic mass is 
composed predominantly of diabase, which at the western and eastern 
ends is crowned by the two forts of Falcone and Stella respectively, 
while serpentine with some euphodite intercalations occupies the 
middle part which supports the town. The diabase at the Falcone 
end, overlain by the sedimentary rocks, is dark green and fine
grained, while that at the Stella end is normally green, more or less 
altered to the reddish spheroidal and variolitic type with yeins of 
calcite, chlorite, and epidote, the last-named of which also forms 
geodes in the calcite veins. The serpentine, whose contact with the 
diabase at both ends is quite distinct, is in part lherzolitic and 
compact, in part peridotitic and schistose; the intercalated ellphodite 
is partly altered, but its contact with the serpentine, too, is quite 
distinct. The contact of the diabase and the diaspri is, as not 
infrequently elsewhere, marked by an intermediate narrow strip 
·of serpentine schist, i.e. diabase altered to pselldo·serpentine, with 
dolomitic veins. Near the diabase mass of Fort Stella appears an 
agglomeration of serpentine-euphodite- and diabase-breccia with 
a green calcareous cement. Immediately west of Portoferraio near 
the beach of Le Ghiaie previously mentioned, an interesting natural 
section discloses a mass of quartz-porphyry in contact with Eocene 
strata and diabasic conglomerate, followed by serpentine; at the 
contact the porphyry and the limestone form a mixed breccia, due to 
the intrusion of the porphyry. :From the Portoferraio group, the 
most northern of the ophiolithic zone or belt which crosses the island 
north to south, a ledge of the same rock connects below sea-level with 
the opposite headland of Punta delle Grotte which forms the northern 
base of the Mte. Orello massif. 

(2) Tlte JJfte. Orello Group.-From Punta delle Grotte to Stella 
Bay on the south coast extends uninterruptedly the great ophiolithic 
massif of Mte. Orello (377 m.), one of the highest points of the central 
part of Elba, and of Mte. Corsetti (286 m ). Near S. Giovanni, 
on the margin of the alluvial beach of Portoferraio Bay, the base 
of Mte. Orello exhibits in the hill of S. Domenico lherzolitic 
serpentine overlain by epidotic, yellowish grey, and stratiform 
diabase which is superficially so altered as to resemble weathered 
macigno sandstone. The same deceptive phenomenon appears on an 
even larger scale in the diabase of the eastern flanks of the massif. 

The massif is composed predominantly of diabase with an 
intermittent belt of lherzolitic serpentine around its base, and 
a narrow parallel band of euphodite between the serpentine and the 
diabase in the south-eastern part. '1'he massif is normally infolded 
between nnmmulitic limestone of the Lower and varicoloured lime
stone of the Mitldle Eocene; the former appears in several small 

5 
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Olltcrops at the southern margin underlying the serpentine of Cape 
N orsi and Cape Pilli in Stella Bay, and the latter overlying the 
serpentine and diabase along the western margin, notably in the 
depression and saddle of Colle Reciso and Mte. Petriciaio between 
1£te. Orollo and }1te. Moncione. The ophiolithic massif is entirely 
denuded of sedimentary rocks, and the sl!perpositlOn of its three 
constituents is normal aTIll practically undisturbed. But at the 
contact Oll the western margin with the Eocene strata near 
Mte. S. Lucia and Colle Reciso in proximity to quartz-porphyry 
masses, the normal sequence of both the ophiolithic and sedimentary 
series is in several places actually reversed. Interesting phenomena 
due to tho disturbing effect of the laccolitic intrusion of quartz
porphyry or microgranitic masses may also be observed on the 
south coast in the serpentine and sedimentary outcrops of Pian 
d' Acona, Punta Contessa, and Ghiaceto in Aeona Bay, where the 
ophiolithic rouks are either wedged between the sedimentary strata 
and the porphyry or directly infolded in the latter. 

The serpentine of Mte. Orello is of the ordinary lherzolitic type 
and the whole Eocene ophiolithic series is contemporaneous with, and 
strictly analogous to that of the Tuscan Subapennines. At Punta 
delle Grotte in Portoferraio Bay, where the serpentille is bastitic, 
it contains veins and lenticular intercalations of euphodite. On the 
south·eastcm flank of Mte. Corsetti a remarkably fine exposure 
exhibits the three superposed ophiolithic rock~, serpeutine, euphodite, 
and diabase, in part ar1jacent to and overlain by I,ower Eocene 
sedimentary strata. At the southern end of the massif at Cape Norsi 
in Stella Bay appears a remarkable section of serpentine between 
which are wedged thin alternating bands of Eocene limestolle and 
sandstoue with slllall groups of garnet along the lines of contact. 
The diabase of this massif, too, often contains both garnet and 
epidote, and notably the localities of Cam po ai Peri and Campo 
del Margidore in the north-west corner of Stella Bay yield fine 
specimens or both those minerals. Other interesting natural sections 
exhibiting the relative position, alternations, and interposition of 
ophiolithic and seuimentary rocks appear at the beach of N ol'si and 
the neighbouring Cape Pini in Rtella Bay, where the contrast of 
colour between the dark serpentille all(l the white or varicoloured 
Rocene strata is very striking'. 

(3) The Cape Stetla Group.-From the south-western end of the 
)Ite. Orello mas,if at Margidore extends the promontory of Cape 
Stella, 2 km. in length alll1 1 km. in width, wl1ich separates Stella 
Bay from that of Acona. It forllls a ridge about 160 m. in altitude. 
With the exception of a few isolated Eocene sedimentary patches it 
is composed entirely of diabase of the samc normal, in part altered 
spheroidal alld variolitic type as that of the Mte. Orello massif of 
which it is the southern extension. On the rugged west coast 
of this promontory, i.e. at Cape Piastraio, occurs close to the sea-leycl 
a remarkably fine section of durk-green diabase encasing a mass 
of' white and varicoloured Eocene limestone, of which some isolated 
outcrops overlying- the dialHlse also appeal' at the southern extremity 
of Cape Stella. The diahasic masses of the promontory also exhibit 
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here and there traces of thin porphyry veins as indications of formerly 
more extensive, now denuded intrusive phenomena. -West of the 
northern end of the Stella promontory in Acona Bay an interesting 
natural section is presented by the small headland of Punta della 
Con tessa, which is composed of serpentine ill contact with a mass 
of quartz-porphyry intrusive in Eocene strat't. From this point to 
Cape Fonza the coast of Acona Bay is formed by the Eocene 
sedimentary strata and intrusive porphyry masses of the eastern 
flanks of Mte. 'l'ambone, which have been already noticed and cOIllplete 
the rOllnd of the central grollp of the island. 

3. Summary. 
The Central Group of Elba described in the foregoing paragraphs is 

composed of three formations of submarine origin, i.e. the quartz
porphyry massif in the western part, the sedimentary Eocene beds 
mainly in the middle, and the ophiolithic masses in the eastern part. 
Of these the quartz-porphyry massif with dykes of microgranite, 
although separated from the Mte. Capanne granite massif by the 
eroded Pila Valley and depression, is intimately related to, and 
contemporaneous with the latter massif, both being an originally 
deep-seate(l submarine complex raised laccoliticall~' through the 
Eocene sedimentary formation ill ~fiocene times_ 'rhe ophiolithic 
masses in the eastern part of the central group are, like those of the 
Tuscan Subapennines, infolded as. submarine expanSIOns in the 
contemporaneous Eocene se(limentary formation and represent about 
one-fourth of the total area of the central group. On its eastern 
marg'in this origiually continuous ophiolithic massif is at its northern 
eUll contiguous to the alluvial beach formation of l'ortoferraio Bay; 
in the middle and at its southern end it adj oins a narrow band of 
Liassic varicoloured schists, which latter forlll part of the transverse 
Vahlana (lepression between the central and eastern groups of the 
islanll. It is a noteworthy featllre that the general direction north 
to south of the ophiolithic massif is the same as that of the 
sedimentary strata on either side, and also as that of .the sedimen tary 
amI ophiolithic formations of the eastern group, thus pointing to 
a correlation of the two gronps, as will appear in the sequel. 

IV. THE EUTERN GROUPS. (Figs. 1, 2, 6, 7.) 

Great as is the coutrast between the general contour and geological 
structure of the Western and Central Groups of Elba, still greater is 
it between these two and the third or Eastern Groups. A s previously 
pointed out, the Eastern Groups, the largest of the three divisions, 
cover about 100 sq. km. and are aligned north to south, that is, 
at right angles to the axis of the ~1te. Capaulle and ]\lte. S. Martino 
massifs of the 'vVestern a 11(1 Celltral Groups. The transverse 
depression of Valdana between the Bays of Portoferraio aIll1 Stella, 
which forms the line of division between the Central and Eastern 
Grollps, l"IlllS in the same north to south direction, and so does the 
axis of the ophiolithic massifs of' 1He. Orello and Cape Stella 
previously described. ' 
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The Eastern Groups are geologically composed of three parts :-
1. The southern group, from Cape Calamita, the southern extremity 

of the island, to the Bays of Longone and Stella, with an extension 
.along the north·east coast from Longone Bay to Cape Ortano. The 
southern gronp also includes the Hills of Capoli veri on the coast of 
Stella Bay. 

2. The northern group, from Longone Bay to Cape Cavo, the 
northern extremity of the island. 

3. The Valdana depression between the Bays of Portoferraio and 
Stella. 

In its total length of 20 km. from Cape Calamita to Cape Cavo, 
the crest line of the Eastern Groups, interrnpted only by the 
transverse Mola depression between the Bays of Longone and Stella, 
rises in the southern group to a maximum altitude of 413 m. in 
Mte. Calamita, and iu the northern group to 516 m. iu Cima del 
Monte, the latter being 150 m. higher than Mte. S. Martino in the 
Central and 500 m. lower than lIte. Capanne in the Western Groups. 

1. The Southern Group. 
(1) The Crystalline Schists: Mte. Calamita 1J£assif.-The dome

shaped massif of the promontory of Mte. Calamita, geologically the 
oldest part of Elba and about 40 sq. km. in superficial area, is 
composed predominantly of crystalline schists. The lowest of these, 
forming the visible substratum, are gneissic, in part felspathic, 
chloritic, and often tonrmaliniferons, with quartz nodules and 
occasional small intercalated masses of grey min ute gneiss of 
granular structure. At the base, i.e. llear sea-level, tlley often 
become granitic aud iu places actually pass to granite. These dark
grey gneissic schists rise to about 300 m. above sea-level and form 
a belt round the east, south, and part of the south-west coast. They 
are overlain in the centre by an enormous mass, 100 to 400 m. ill 
thickness, of spotted felspathie, tourmaliniferous, prevalently white 
mica-schists with nodules and intercalations of quartz. Upon tht:se 
mica-schists follows, by passages, intercalations, and alternations in 
the upper parts, a series of pale-green cale-mica-, i.e. sericitic schists 
with associated dolomitic limestone, in part compact, white and 
yellow, in part pink and yellow and semi-crystalline, in part white 
crystalline and saccharoidal. This series, 50 to 100 m. in tllickness, 
is developed more especially at Calamita and at Capoli,'eri, in which 
latter locality it is overlain by Upper Eocelle strata with intrusive 
masses of quartz-porphyry. On the south-west coast the dolomitic 
limestone also forms one of the" Gemini" or twin islets, the other 
islet being composed of Eocene serpentine, euphodite, and diabase, 
with epidotic veins and inclusions of limestone fragments. This 
small group points to a submarine connexion with the diabasic 
masses of Cape Stella. In the Mte. Calarnita massif ophiolithic 
rocks are generally absent, except some insignificant outcrops of 
serpentine at Capoliveri. 

The general strike of the schist formations is north-east to south
west, dipping north-west, bllt at Cape Calarnita it abruptly changes 
to Ilortlt-west-south-east, dippillg into the sen. The plalles of tlle 
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schists are o'enerallv more or less horizontal, except in the south
eastern and "'central" parts, where the schists are greatly laminated, 
folded, and contorted. Striking exposllres of the abruptly dipping 
gneissic schists as the ,isible substratum with overlying white 
limestoue and ferro calciferous deposits are afforded by the natural 
sections of Punta N era and Punta Bianca, the two headlands of Cape 
Calamita in close proximity to the iron-mines of that locality. 

Lon.qone Bay to Cape Ortano.-}<'rom the northern end of the 
Calamita massif the gneissic schist formation extends on the east coast 
all round the Bay of Longone to Cape Bianco near the iron deposits 
of Terranera, while from this latter point it is the upper or white 
mica-schists which extend as a coastal belt, about 6 km. in length 
and half a km. in wi<lth, to Cape Ortano and Punta Porticciolo. 
This mica-schist belt passes inland to an overlyillg', parallel, 
intermittent zone of crystalline limestone ami cipollini which in its 
turn passes to a continuolls, parallel zone of dull-grey sericitic schists, 
pbyllites, or sc7tisti plmnbei, with quartz nodules. 

Stella Bay and Valdana.-Tbe mica-schists predominate in the 
western part of the Mte. Calamita massif along the coast from Punta 
Pareti to Capoli veri and Spiaggia di Lido in Stella Bay and thence 
extend to the Valdana depression, on the eastern side of which they 
are separate(l from the gneissic scbists of Longone Bay by the Mar di 
Carvisi glen. Between the mouth of the latter glen and Longone 
Bay lies the extensive aUu vial depression of Mola, separating the 
cr\stalline schists of the Mte. Calamita massif from those of the 
no"rthern belt; before the erosion of that depression the two crystalline 
areas obviously fOl'med one continuous complex. 

(2) The Gran£te Ve£ns and Dykes.-Alll'ound Cape Calamita, from 
Punta Pareti on the south-west coast to Punta delle Ripe Alte at the 
southern extremity, and thence along the east coast to Longone Bay 
and Cape Bianco at l'erranera, the substratum of gneissic schists 
is intersected by innumerable "eins of tourmaliniferous granite which 
constitute the most striking feature of this part of Elba. In some 
places, e.g. at Poggio Delfino in the south-eastern part of the 
~Ite .. Calamita massif, these "eins project inland up to 300 m. abo,e 
sea-level; in such classic localities as Punta delle Ripe A lte, the 
southern extremity already mentioned, or again at Cape Calvo at 
the base of Poggio Delfino, as also in Longone Bay near Mola and 
Porto Longone and towards Cape Bianco, the granitic veins become 
so predominant as almost to eclipse the gneissic, in some parts shalv 
brown schists. • 

Besides these veins, intrusive granite appears in the gneissic schists 
on the east coast in large dykes or masses, notably in the Mola 
depression, at Cape Bianco east of Longone, and on the left of the 
~far di Carvisi glen in the locality called la Serra. In these cases 
the granite is either of the norm;l and pegmatitic type with large 
felspar, often twin crystals, or it is micaceous, or again, contains 
microgmnitic lenticular inclusions and apophyses of tourmalinifer(lus 
granite with fragments of gneissic schist. N eur the iron clepDsits of 
l'erranera in Longone Bay, the granite dykes in the gneissic schists 
are impregnated with iron and contain magnetite. 
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Although the contact line of the gneissic schists and the granite 
veins and dykes generally shows no marked alteration in either rock, 
the granite occasionally assumes a gneissiform schistose structure and 
appearance and vice versa. "\Vhile many of the granite veins intersect 
tIle planes of the gneissic schists at acute or eyen right angles, others 
run parallel to those planes and then appear in the form of lenticular 
intercalations. This is notably the case in the Mola depression, 
where the gneissic schist is much laminated; again, on Poggio Delfino, 
where the granite intercnlations altprnate with quartz veins, and 
more especially at Punta delle Ripe Alte, where magnificent granite 
veins, containing fragments of gneissic schist, intersect, and also run 
parallel to the planes of the schist, which at the contact is partially 
altered to granite. The tourmaline of the granite veins is occasionally 
replaced by biotite, and vice versa; not infrequently the granite 
exhibits thin meandering microgranitic veins, as does the Mte. Capanne 
granite. Near Punta PaJ'eli an(l Punta dell' Innamorata, on the 
south-west coast of the Calamita promontory, tourmaline also appears 
in microgranitic veins associated with qnartz. 

In marked contrast to the granitic yeins and dykes in the gneissic 
schists, neither the white mica-schists of the western and celltral part 
of the hl te, Calamita massif, nor those of the belt from Cape Bianco 
to Cape Ortano on the coast north of Longone Bay, nor those of the 
:\Iar di Carvisi glen and Valrlana exhibit any granitic veins at all. 
In all these mica-schists it is only quartz veins and intercalations 
that are conspicuolls, as they are also in the sericitic schists of 
Capoliveri which form the uppermost or third horizon of the 
cr,\-stalline schist formation, Moreover, quartz veins and inter
calations are frequent in tlle gneissic schists independently of the 
granite veins, They are, in fact, quite distillct from the latter and 
generally run parallel to the planes of schistosity, whereas the 
granite veins prevalently intersect the schists in all directions 
and often appear unaltered even where the Jatter are laminated and 
contorte(l. Like the grallite veins, the quartz intercalations are often 
tourmalilliferous, the black tourmaline forming radially grouped 
aggregations along the edges of fissures filled with quartz, 

The milleralogical composition of the granite both of the intrnsive 
veins and the dykes and intercalations being the same, it follows 
that, like the granitic rocks of the Mte. Capanne massif, they are of 
the same submarine erupti ve origin and of the same age of emergence, 
i.e, Post-Eocene, the granite of the veins and dykes having been 
forced up through transverse fissnres, and tlJat of the intercalations 
injected longitu<linally bcbvpen the plunes of the gneissic schists. 

(3) Quartz-porphyry of the Capolit'e1'i Hills.-This small group of 
hills, on the coast of Stella Day, forms the north-western part 
of the Mtc, Calamita massif and is traversed by the bridle road 
leading from Valdana across the massif to Cape Calamita, It 
comprises Mtc, Zuccale (144 m,) and the hill on which Capoliveri 
itself is built (200 m), both of whose bases aTe deeply indented and 
on the land side surrounded by the alluvial deposits of the contigl1ous 
Mola depression between the Bays of Stella and Longone, The 
group forms a syncline and derives its geological interest mainly 
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from the Upper Eocene beds and the masses of quartz-porphyry 
which are the only ones in the whole promontory of Mte. Calamita. 

The masses of qnartz-porphyry, erowning thfl two hills, oyerlie 
and are intmsi,'e in the Eocene beds which on Mte. Zuccale rest on 
mtca-schists and at Cn,poli veri 011 sericitic calcareous schists. It is 
noteworthy that the porphyry, apart from the dykes, forms veips in 
the Eocene strata, bnt not in the subjacent crystalltne schists, a fact 
which shows not only that the porphyry masses and veins erupted in 
Post-Eocene times, but that their eruption was essentially in the 
nature of a superficial expansion. Both the sedimentary beds and 
the porphyry masses of the Capoli veri group must haye formed part 
of the equi"alent but larger group which lies north of the now 
intervening allllyial depression already mentioned and will be referred 
to in the sequel. 

(-!) Q,wtemal'Y 3Ltrine ])eposits.-A feature of additional interest 
in connexion with the Capoli veri gronp consists in the considerable 
Qllaternary fossiliferous marine deposits both near the coast and on 
the inland flanks of the hills. These marine deposits, here as 
elsewhere in Elba, are composed of coarse, friable, calcareolls sand
ston~, loose conglolllerate of fragments and pebbles of neighbouring 
sedimentary amI eruptive rocks, and notably of concretionary lime
stone called panchina. III other coastal parts of the island these 
deposits reach llP to 50 or 100 Ill;, bnt it is only in the Capolinri 
hills that they are met with up to nearly 200 m. abon sea-leyel, as 
they are on the coast of the mainland. 

Immediately east of Capoli "eri OCellI', in association with an 
Eocene outcrop, some traces of serpentine, probably in connexion ",ith 
a ferrocalcifcrous deposit of the same locality. For the rest, as 
already stated, the whole Mte. Calamita massif is devoid of 
op hiolithic rocks. 

(5) A,qe of the Crystalline Sclu'sts.-The three Ilorizons of crystalline 
schists, i.e. the gneiRsic, tIle mica-, and the mica-calc or sericitic 
schists of the ~Ite. Calamita massif, Longone Bay, and the Cape 
Ortano coast, together with the associated dolomitic amI crystalline 
limestone series, were in 1886, and again in 1910, assig'ned by Lotti 
to the Pre-Silurian, in which he further included a band of schistose 
serpentine which on the Ortano coast imme(lintely oyerlies the sericitic 
schists or scMsti plumbei. This band of schistose serpentine, abont 
4 kill. in length and 100 to 200 m. in depth, is, in its turn, overlain 
by a similar parallel band of carbonaceous schist which also extends 
further north along the coast from the Rio ]\farina and Vigneria iron
mines to Ripabianca. It was in the latter carbonaceous band that 
J-,otti found Ortlweems and A ctinocrinus fossils, on the strength of 
wh~ch he regarded the schist as ~ilnrian, and therefore the subjacent 
schIstose serpentine and the whole of the underlying non-fossiliferous 
crystalline schist and limestone series of the Ortano coast, and, bv 
analogy, that of Longone Bay and of the ~fte. Calamita massif, ;s 
Pre-Silurian . 
. But this classification, which had its 1'aison d'etJ'e in 1886, appears, 
m my view, no longer tenahle at the present time. Even before 
Lotti's work on Elba of that year, Savi, Ueneghini, Coquand, and 
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Cocchi had referred all those crystalline schists to the Carboniferous, 
the first two of tho~e writers by analogy with the small Carboniferous 
deposit of J ano in the 'l'uscan ~ubapennines north of Siena, 1 the last 
two more especially by analogy with the gneissic, carbonaceous 
schists which form the substratum of the A puan Alps. It was in the 
latter schists that Lotti and Zaccagna, in 1880, found Orthoceras and 
Actinocrinu8 fossils which Meneghini determined as Palooozoic. 
Later, in 1887, Zaccagna assigned the same Apnan schists to the 
Lower Permian or Permo-Carboniferous, on the strength of their close 
stratigraphical and lithological analogy with the besimaudite or 
apenninite formation of the Maritime Alps, and that age has since 
then been generally accepted. 

But apart from these considerations, the Elban crystalline schists 
present a close analogy, both stratigraphical and lithological, with 
those of the Savona crystalline massif in Western Liguria, and, 
further, with those of the CoUian and Grajan Alps, that is with the 
great mica-schist and associated crystalline limestone and ophiolithic 
zone which runs along the western margin of the Po Valley and 
thence extends to the Val d' Aosta and to the Lanzo-Ivrea- and Val 
Sesia belt. 2 'l'his mica-schist zone, which formed the middle lJOrizon 
of Gastaldi's Archooun series, is now accepted as Permo-Carboniferous. 
As such it includes the gneissic schists and minute gneiss of the 
Piemontese Alps as distinguished on the one hand from the Pre
Carboniferous glandular and eye-gneiss which constitutes the nuclei 
and substratum of the massifs of Argentera, Dora-Maira, and Gran 
Paradiso, and on the other hand from the Mesozoic calc-schist formation. 
These gneissic schists, like those of Savona and the A pllan Alps, 
and also those of Elba, often assume the strncture and aspect of true 
gneiss with associated minute gneiss. In my view, the whole series 
of Lotti's Pre-Silurian gneissic, mica- and sericitic schists, with the 
associated dolomitic and crystalline limestone and cipollini, as well 
as the schistose serpentine and the overlying fossiliferous carbonaceous 
schist, in short the whole comprehensi,'e crystalline schist and 
associated rock series of Elba, should be classed as Permo-Carboniferous, 
and thus synchronize with the equivalent crystalline formations of 
the Apuan Alps, Western Lignria, and Piemont. 

The granite veins and dykes intrusive in the gneissic schists but 
not iu the upper crystalline schists are, as previously stated, identical 
and contemporaneous with the granitic rocks of the Mte. Capanne 
massif and, like the latter, emerged from a deep-seated submarine 
complex during the great general uprise in early Miocene times. 

2. The Not,thern Group. 

This group, the largest of the thr~e eastern groups of Elba, covering 
about 50 sq. km., is composed of a remarkable sequence of crystalline, 
sedimentary, and ophiolithic rocks aligned in parallel zOlles north to 
south, dipping west. In its geological strncture it differs materially 
from all the other parts of the iHland. 

1 Vide" The Permian and Triassic Belt of the Tuscan Subapennines ", p. 3. 
2 The crystalline formations of the Piemontese Alps and Western Liguria 

were described in previous papers, Part I of this volume. 
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(I) PaldJo%oic Zone: Crystalline Schz'sts and Limcstone.-Proceeding 
from the coast of Ortano and Rio Marina up towards tlle parallel 
dividing ridge, the coastal belt of mica-schists without granitic veins, 
already referred to, is found to be overlain by an intermittent band of 
cl'vstalline limestone and cipollini, followed by a continuous band 
o( 8ericitic schists about 4 km. in length and 200 m. in thickness, all 
the three zones being a coastal extension of the Longone Bay and 
Mte. Calamita crystalline schist and limestone formations previously 
described. 

Serpentine.-As already mentioned, the band of sericitic schists is, 
in its turn, overlain by a remarkable band of serpentine which, about 
100 m. in thickness, rises to the 200 m. contour above sea-level, and 
runs from Rio Marina, where it descends close to the sea, for about 
4 km. south alollg the flanks of Mte. Fico and Mte, Arco, crossing, 
about mid way, the intervening glen of Rio Ortano. At its southern 
extremity towards Terranera, the band dips unconformably below the 
Rhretian strata which here transgressively overlie the crystalline 
schists. The dark-green, peridotitic serpentine, without associated 
euphodite or diabase, is essentially schistose, often shaly, white
spotted, fibrous, and steatitic. In composition it does not differ from 
the Eocene serpentine and generally resem bles the peridotitic schistose 
serpentine of Fetovaia, Marciana, and S. Piero of the vVestern Group. 
It is also essentially like the Triassic serpentine, of Westem Liguria, 
the Permian serpentine of the Maritime Alps, and more especially 
like the peridotitic serpentine masses of the Permo-CarbOldferolis 
mica-sehist zone of the Piemontese Alps.! It appears that it also 
resembles certain Pre-Tertiary serpentines of Eastern Corsica near 
Rastia and of Sardinia neal' Gonnari, as well as those of the small 
outcrops in the islands of Gorgona and Giglio, and of Cape A rgentario ; 
but in the three latter cases the serpentine appears in association with 
euphodite and diabase. 

Carbonaceous Sch£st.-The band of serpentine is directly and 
conformably overlain by, and interstratified with a narrow band not 
more than 50 m. in depth, of carbonaceOllR, arenaceOllS, spotted, dark 
violet to black schist, which runs parallel to the serpentine, and, like 
the latter, dips at its southern extremity near Terranera below the 
more recent strata. From Rio Marina north to Ripabianca for about 
1 km. the same carbonaceous schist reappears as a llarrow strip close 
to the sea. It is here that, as already mentioned, Lotti found the 
fossils which led him to regard this schist as Sil urian, and the 
subjacent serpentine-crystalline-schist and limestone series as Pre
Siluri~n. The reasons why the whole sequence should, in my view, 
be assIgned to the Permo-Carboniferous were stated in a previous 
paragraph. 

Permian Schists and Verrucano.-The earbonaceolls schist is followed 
in upward succession by a Permian series of micaceous varicoloured 
schists and verrucano quartzites and conglomerates. This series, 
about 1 km. in greatest thickness, is largely developed along the 

1 These serpentines of different ages and regions were described in previous 
papers. Vide First Part of the present volume. 
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coast from Rio "Marilla to Rio Albano alld includes the iron deposits of 
those localities. 

(2) lIfesozoic Zone: Rha;tian ((nd Lias.-The Permian spries is 
overlain transgressively by a lthretian and Liassic band 300 to 500 m. 
in thickness, which extends from the north-eastel'll extremity of the 
island, i.e. from Cape Castello all the way down to Longone Bay for 
o,oer 10 km., the :\liddle and Lower Trias being absent. ' The Upper 
Hhmtian limestone strata are fossiliferous (Bacfl'yllium, .Avicula, etc.), 
the lower, mainly cayernous limestone, is in part crystalline, and rests 
unconformably upon the verrllcano, while the upper strata are 
conformably overlain by Lower and Middle Liassic limestone which 
is fossiliferous (Arietites), dark-grey, white, yellow, and reddish, in 
part dolomitic, in part Sll bcrystalline. This limestone forms in the 
north-eastern part of the coast south of Cape Castello a cupoliform 
JUassif which COllll)rises a duster of conspicllously white and barren 
heights about 100111. abo,'e sea-level, the most notable being l\Ite. Le 
Paffe close to the headland of that name. 

The Upper Lias, composed JUainly of yaricoloured argillaceous 
schists with Posidonomya Bronni, and intercalations of compact lime
stone, rests ulicoliformalll~o not only on tlle other Liassic strata but 
in the narrow zone towards Longone Bay, also direct on the Hhoot.ian, 
Permian, and e"ell on the older crystalline schists, This transgressive 
discordauce l)oints to the Liassic period hal'ing been one of emergence 
a]](l subsequent erosion. 

(3) Tertiary Zone.-In the apparent absence of' Cretaceous beds,' 
the U [lper tillS is directly overlain by the Eocene se(limentary 
formation, which, together with a large infolded ophiolithic zone, 
reaches up to the crest or diville of the eastern watershed and also 
occupies the whole western waterslled of this part of Elba. Its 
general direction is north to south, dipping- west. 'l'he Palooozoic, 
'\Iesozoic, and Tertiary formations of the eastern watershed, aligned 
in parallel, consecutively superposed zones from the sea to the crest 
of the di"ide, from 400 to 500 Tll. altitude in a distance of 2 to 4 km" 
may be cOII\'enient1~: stlldied in the short, but deeplY cut, fjord-like 
glens, notably in those of Terranem, Ortano, alld Rio Marina, in which 
all the formations are exposed in upward sllccession. Here, as 
elsewhere in the island, alluvial, an<l patches of QllatorlJary mm'ine 
dcposits roach inlaTI!l to a consideral)le distance from the sea, the latter 
deposits being ill evidence more especially nellr tlJC north-eastern 
extremity at Cala Vol!,iana, imlllPdiately south of Cape Castello. 

Tlte Opltiolitltic Group.-Tho Eocene sedimentary and ophiolithic 
formations occupy all the eastern upper flanks and the crest of the 
range of hills formed by lIIte. Grosso, Strega, Capannella, Volterraio, 
Cillla ael Monte, awl Ute. Castello abo,-e Longone, at altitudes 

1 Cocchi, in his work on Elb,t (op, cit.), regarded the cavernous limestone as 
Middle Triassic and the underlying verrucano as Lower Triassic; but these 
form'ttions are now, by anot!ogy with the Apuan Alps and the Tuscan 
Sulmpennines, cl>tsscd as Rhretian and Upper Permian respectively. 

2 The Eocene series of Elba was formerly cl,wsed as Cret,weous by various 
authors, but the occurrence of nummulitic limestone as its lowest member 
proves it to be Eocene. 
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lllcreaslllg from 3.50 to .516 m. in Cima del Monte, and thence again 
decreasino- to 390 in Mte. Castello. The ophiolilhic zone on the 
eastern fl~trlks, often in contact with the Upper I.ias, ext~nds in 
intermittent narrow bands from Mte. Gros~o Ileur the Cape Ca\"o 
promontory, the extreme northern point, to l{io A_lto (12.5 TIl.) ab~\"e 
Rio Marina, and thence expands to a large contmuous area w hl?h 
reaches south to Porto Longone awl west to the Ottone spur III 

Portoferraio Bay. 
In the north:rn bands, notably at Mte. Peritondo and Mte. Lecciolo, 

the ophiolithic lllasses are mainly composed of lherzolitic serpentine 
with some diabase, of which an isolated mass of a coane-grained 
variety with some euphodite appears also on the west coast between 
Punta dei l\Iangaui Ulld tho Nisportino glen; but on the eastern flanks 
frolf! Rio Alto-which rlace is built on serpelltine-southwards the 
ophiolithic area comprises serpentine, euphodite, and diabase in 
the usnal succession, the ouphodite forming only a narrow band 
and some isolated masses between the other two rocks of VI" hich 
diabase is the largely predomillant. All the three roeks are of the 
characteristic Tuscan Eocene type previously described; of the 
ellphodite a remarkably fine outcrop appears immediately aboH~ 
Longone at the southem extremity of the ophiolithic area. The diu ba8e 
of the three masses of l\Ite. Mar di CapaJllla above Longone on the 
eastern, of the Hotro glen on the southern, and below Volterraio 011 

the western flanks of l\Ite. Castello are often spheroidal, epidotifcrom;, 
alld decomposed to pseudo-serpentine schist. These masses almm,t 
encircle the sedimentary Eocene 1Iucleus of ~Ite. Castello, on whose 
western flanks the diubaHe mass is in clm'e proximity to, but separa ted 
by a sedimentary strip from, the belt of quartz-porphyry and micro-
granite to be referred to later. . 

The ophiolithic zone of the north-eastern group co,'ers un area 
of about 12 sq. kIll. equal to that of l\lte. Ore1l0 ill tIle centrul group. 
The Bocellc, mainly Iherzolitic serpentine of both these groups, often 
schistose, ultered, and decomposed. but ,"\"ithout contact-phenomena in 
relation to the overlying euphoclite and diabase, in no way differs 
froll1 the older peridotitic rock which forms part of the I'ah:eozoic 
series, except that the latter is more cl'IIshed, schistose, and often 
shaly, and the former is more pyroxonic. The road from Porto 
Longone to Rio Alto, which folloln tho contour-lines of the eo.stern 
flanks of the hills about 100 to 1.50 Ill. abo\"e sea-level, rllns almost 
entirely in the Eocene serpentine band and thus affords numerous 
exposures of the ophiolithic series of this part of Elba. 

The Dia8pri Forlllation.-On the eastern flanks the ophiolithic 
group rests on an intermittent band of Lower Eocelle nummulitic 
limestone, while on the crest and on the western flanks it is in part 
overlain by a remarkable Middle Eocene formation of red diaspri 
which constitutes the characteristic featur;e of this part of the islund. 
These silicified, illdurated, semi-crystalline, prevalently dark-red, 
but also yellow and green limestones, with which are occasionally 
associated less induratecl, more aq;illaceolls ftaniti, contain innull1~rable 
microscopic remains of radiolaria and are in all respects the equi ,-al ents 
of the diaspri of Tuscany and Eastern Liguria, where, as in Elba, 
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they occur in close contact and association with ophiolithic rocks, 
mo;e especially with diabase. 

The Elban diaspri formation constitutes the greater part of the 
crests and western flanks of i\l teo Strega, Capannella, Voltreraio, 
Cima del Monte, and lite. Castello previously mentioned, where 
it reaches a vertical depth of at least 250 m., and by the rugged, 
peaked, essentially barren and alpine character and its deep-cut, 
prccipitous gullies and ravines presents a striking contrast to the 
softer outlines or the surrounding sedimentary and ophiolithic hills. 
In the northern part, n~ar Mte. Grosso, it appears only in isolated 
outcrops but invariably near or in contact with ophiolithic rocks 
to which it runs parallel for about 10 km. south all the way towards 
Longone. The diaspri share with the diabase masses a marked 
tendency to thinning out at both ends of their principal areas, and 
both are therefore of an essentially lenticular character. Although 
generally contiguons, or in some places alternating with, in others, 
again, intercalated in each other, the contact of the two rocks is 
always distinct and the superposition perrectly conformable. 

Near the old castle of Volterraio (394 m.) on the bridle-path from 
Portoferraio Bay to Rio A Ito, the diabase in contact with diaspri 
assumes a markedly globular, amygdaloidal structure with diabasic 
Inmps embedded in a greenish steatitic paste. Again, a short distance 
below Volterraio on the western side, the diabase in contact with 
diaspri is altered to pselHlo-serpentinous schist. In other outcrops, 
e.g. at Cala d'Ottone ill l'ortoferraio Bay, the diabase of the ophiolithic 
spur is, in contact with diaspri, nodulous, steatitic, and in part 
reduced to a conglomerate. These alterations or the diabase on the 
one hand and the induration of the limestone to diaspri on the other 
are tIle only contact-phenomena in the two superposed rocks. 

The Botro glen and that of Monserrato on the southern flanks or 
:JIte. Castello exhibit greatly contorted, often vertically tilted masses 
of diaspri which overlie the diabase and are, in their turn, oyerlain 
by Eocene compact, greatly folded and disturbed limestone. In 
another part of the Botro glen diabase is seen to rest, without the 
interposition of Eocene strata, direct on Paheozoic schist, with an 
intervening strip of dark-green Khaly, pasty schist, i.e. diabase 
converted to schist by pressnre. Owing to the close association of 
diabase and diaspri, the latter have sometimes been classed as 
ophiolithic rocks; that can, howel'er, only apply to the so-called 
ophicalce, i.e. crystalline limestone with ophiolithic veins or impreg
nations. As regards diaspri, the presence of radiolaria precludes 
their being more than indurated limestone. Their silicification 
is probably due to submarine silico-ferruginous springs which 
issued from contiguous hydrated diabasic expansions infolded ill the 
plastic serlimentary planes. 'rhe folds and flexures of the diaspri 
formation are probably more recent than, awl independent of, the 
ophiolithic masses, for the~- occur throughout the principal area, 
i.e. eyen at a distance from those masses. 

The diaspl'i pass to ordinary compact yaricoloured limestone 
which is largely del'eloped on the lower western flanks along the 
coast. In the northel'll part, this yellowish, green, and red limestone 
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forms the headland of Mte. Cavo, then Mte. Grosso and the coastal 
belt from Punta Nisporto to Puntu l'ina in Portoferraio Bay. As 
already mentioned, it also forms part of the western flanks of Cima 
del 1l0nte and Mte. Castello in the Acquacavalla glen, where it 
oyerlies the diaspri, and is, conformably with the latter, greatly 
folded and contorted. The two rocks are so intimately correlated, 
and their colour yaries so equally and constantly according to the 
degree of ferruginous infiltration that they are obviously identical, 
one being a silicified modification of the other. As already stated, 
this silicification is, here as elsewhere, the effect of the ophiolithic 
eruption and expansion in the Eocene sedimentary horizon; but in 
the Elban rocks the process took place on so phenomenal a scale 
that the limestone area thus affected is quite as large as that of the 
ophiolithic masses, and of enormous depth. 

3. The Vald(ma G~·oup. 

As previously mentioned, the low hills of ~lte. Fabbrello and 
Valdana in the depression between the Bays of Portoferraio and 
Stella constitute a specially important part of Eastern Elba. The 
Valdana torrent, which rises not far from the low saddle of Mte. 
Fabbrello (125 m.) and discharges into Stella Bay, divides the 
depression into two sharply-marked parts: one on the right, along 
the base of the ophiolithic massif of Mte. Orello; the other, on the 
left, along the low hills at the base of Mte. Castello. The group on 
the right is composed of a series of parallel, superposed bands, about 
150 m. in total thickness, and 3 kill. in total length, of l'almozoic 
and Mesozoic rocks, while the group on the left consists of Upper 
Eocene strata with a belt of quartz·porphyry and rnicrogl'anite. 
In the lower part of the valley near Stella Bay, both groups are 
in contact with the white mica-schist zone without granitic veins of 
the coastal belt of that Bay and Capoliveri. 

The Group on the Right.-The parallel bands referred to are in 
composition, sequence, and axial direction north to south an exact 
replica, albeit on a smaller scale, of the group on the east coast from 
rl'erranera to Ortano Ray and Rio Marina, i.e. they are composed, 
in upward succession, overlying the white mica-schists, of cipollini 
and crystalline limestone, sericitic schists, schistose serpentine in 
some intermittent outcrops, Permian schist and conglomerate, and 
Rhmtian and Liassic limestone, the last-named in contact with the 
ophiolithic masses of :hI teo Orello: The white mica-schist, forming 
part of the larger complex of the ~fte. Calamita and Capoliveri area, 
is not in an abnormal position; but the position of the other rocks 
in six parallel superposed bands seems prima facie unintelligible, 
the more so as on Mte. Fabbrello the carbonaceous schist appears in 
unconformable juxtaposition to the Upper Eocene sedimentary 
strata of the group on the eastern side of Valdana (Fig. 7). Lotti 
has explained this anomalous juxtaposition by a fault. l The fault 
undoubtedly exists; but it does not explain the anomalous position 

lOp. cit .• 1886, p. 28; ibid., p. 137; also op. cit .• 1910, p. 386, and Boll. 
R. Com. geol.. 1910. p. 284. "Ipotesi del Termier sulb 'l'ettonica del
I'Elblt. " 



182 The Crystalline Rocks and 

of the group of parallel bands, which can only be due to a local 
displacement anterior to the fault. By this Pre-Tertiary displacement, 
the group in question must, in my view, have been transported about 
5 km. from the east coast to its present position in the Valdana 
depression. The displacement occurred probably during the slow and 
partial emergence to\,ards the end of the Liassic period. 

The Group on the Left.-The Eocene and porphyry group on the left 
of Valdana, mllch folde(l and di~turbed, is also in an anomalous 
position. It forills a syncline which on Mte. Fabbrello and all 
along the Val(1ana fault abuts discordantly against the Palreozoic 
schists 011 the right side of the depression (Fig. 7). The sedi
mentary Eocene is here composed entirely of the upper or promiscuous 
horizon, i.e. of macigno sandstone, galestli schist, and albarese 
limestone superposed, not in regular sequence, but promiscuously. 
This horizon appears normally only in the western awi central parts 
of Elba, and abnormally in the eastern part in Valdana and at 
Capo1i,oeri. The same applies to the quartz-porphyry with associated 
micro-granite which in the Valdana, as in the Capoliveri group, forms 
considerable masses in part overlying the sedimentary strata. In 
the former gronp it constitutes in fact a semicircular, peripheral belt 
3 kill. in length and np to 100 nl. in thickness, which, at about 
200 m. altitude, is tilted against the l\[iddle Eocene limestone 
formation and the ophiolithic masses on the western flanks of 
Mte. Castello. It extends even into the .Mar di Carvisi glell, and 
here closely approaches, though it is not in actual contact with, the 
gneissic schists and granite dykes of the belt of Longone Bay. As 
previously pointeil out, the two Upper Eocene and porphyry groups 
of Valdana and Capoliveri, now separated by the Mola depression 
between the Bays of Stella and Longone, obyiollsly formell originally 
olle continuons area. Their anomalous position is probably dne, as 
I .. otti has also suggestetl, ( to their having been displaced W. to E. 
from the great central gronp of the islantl in eonnexion with the 
fault already mentiolle<1 (Fig. 7). Lotti apparelltly restricts this 
fault-whose existence was pointed out by Reyer' as P(lrly as 1884-
to )Ite Fahbrello; it extends, howeYer, from that saddle southward 
along the Valdana depression to Stella Bay, its axis being marked 
by the course of the Valdana torrent. But that fanlt and the 
consequent displacement W. to E. referrel] to could only be Post
:\[iocene, i.e. po~terior to the Pre-Eocene displacement K to W. of 
the !!;roup of l'alLCozoie and Mesozoic bands on the right of Valdana. 

Thus the two groups of the Valdana depression, one on the right, 
the othcr on the Idt side of the yalley, are, in my view, the result 
of two local (lisplacements or oYerthl'llsts of about.5 km. each, in 
opposite directions and at different periods, and the eombined area of 
the whole synclinal depression lies in a zOlle of Post-Miocene 
subsidence. 

. V. THE GEOLOGICAL STRucTum;. 
From the foregoing description of the three main divisions of Elba 

it will be seen that while eaul! of ·them has its OWIl cl(uracteristic, 
oftell complex features whieh in many respects present striking 

1 E. Heyer, "AUf-! rrO:::k:t1l1L," 'Yicn, lSgJ. 
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contrasts, the geological structure of the island as a whole is 
comparatively simple. 

The western division, i.e. the great granitic massif of Mte. Capanne 
with its marginal girdle of scdimentary, metamorphic, ophiolithic, 
and porphyritic rocks, presents the strncture of a normally upraised 
dome-shaped, laccolitic complex. Similarly, the south-eastern group 
of the eastern division, comprisillg the Palaeozoic crystalline schist
and limestone areas of M teo Calamita, constitutes a normally 
cupoliform massif. Again, the north-eastern group of tlle same 
division forms an ellipsoidal anticline which exhibits in generally 
concordant superposition the whole Elban Palaeozoic and Mesozoic 
series in normal Reqnence aligned N. to S., dipping generally VV., 
and crowned by the Eocene sedimentary horizon with ophiolithic 
masses. In both the western and eastern divisions, the various 
formations exhibit here and there considerable folding, flexures, and 
contortions, but very little and only insignificant faulting. The 
stratigraphical unconformities and transgressions of some of tIle 
Mesozoic and Tertial"\'" sedimentarv formations on the north-east 
coast are, except in th"e case of the Upper Lia8, more apparent than 
real, for they are mainly due to the largely lenticular character of 
the formations thus affected. l The onlv division which exhibits 
marked disturbances more or less throug}l~ut its area is the central 
one, together with the adjacent ann closely correlated Valdana group, 
though the latter forms, strictly speaking, part of the eastern 
Eli vision. As previously shown, the disturbed and complex, in 
places confused stratigraphical condition of the central division is 
due in the first instance to the intrusion of the great porphyry masses 
in the Upper Eocene formation. Again, the abnormal geological 
structure and stratigraphical condition of the adjacent Valdana 
depression together with the Capoliveri group is the result of two local 
displacements, and in part to the fault from Portoferraio TIny to 
Stella TIay, the only important fau.It in the whole island. As already 
state(l, the Valdana depression lies, in my view, in a Post-:\Iiocene 
subsidence zone, and the same applies in a wider sense to the whole 
central division as an area or subsidence compressed between the 
western and eastern divisions of the island. 

Elba thus presents in all its essential tectonic featnres a sllccession 
of crystalline and sedimentary formations built up in 81tn on an 
extensive, deep-seated granitic substratum. 

The Exotic Overthru8t Tlle01·Y. 
Fundamentally different from the foregoing tectonic interpretation 

i~ that ,advanced. by Termier in his Memoir, already (1 uoted, of 1910.' 
]iollOWlllg up hIS own and Maury's ,iews in fa\'our of extensive 
overthrust phenomena in Corsica,' he endea\'OllrS to show that 

1 The Middle and Lower 'frias and the Cretaceous are not represented in 
Elba; with few exceptions they are also l~bsent in the neighbouring Tuscan 
littoral. 

2 Op. cit., 1910. 
3 P. Termier, "Hapports tectoniques," etc., Bull. Soc. geol. France, 1907, 

p. 421. P. Termier et E. Maury, "SUI' les nappes de la Corse orientale." 
Compt. Rend. Ae. Se., exlvi, p. 1426. . 
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analogous phenomena are in evidence in Elba, which island he 
therefore characterizes as essentially a pays de nappes, i.e. a region of 
overthrust sheets. His elaborate and ingenious, but essentially 
a pn'on' argument may be briefly stated as follows:-

Overthrust Series.-The gneissic and the white mica-schists of 
Eastern Elba are predominantly mylonites, i.e. laminated, crushed, 
brecciated, bruised, and mashed microgranite reduced to a chaotic 
condition by the friction of crystalline, sedimentary, and ophiolithic 
masses which passed over those schists in the manner of tra2neaux 
ecrasellrs. Hence the surface of those schists-which, together with 
ot h er associa ted rocks, form the apparen tl y or quasi-fixed, autochthonous 
substratum-constitutes a transport- and friction-surface on which 
the transported masses were deposited as overthrust-sheets. The 
substratum itself was not originally rooted, i.e. in situ, but was 
subterraneously transported E. to 'V. from an exotic source, i.e. from 
the Dinarides; apparently it is now worn-out (fatiglUJ) and fixed, 
but may still be slowly moving towards W. On the other hand, the 
masses which passed over, and were deposited on the friction surface 
of the substratum, were pushed over in the opposite direction, i.e. 
\V. to K, one complex being derived from Eastern Corsica, the other 
from the western part of that island. 

Elba is thus, in 'rermier's view, composed of three, i.e. lower, 
middle, and upper, overthrust series, which are separated from 
each other by friction - surfaces as evidence of their being 
transported areas, i.e. having no roots in Elba. The outcrops 
oE these friction-surfaces form, according to Termier, an inter
mittent, meandering line which indicates the j llxta- or superposed 
contact of the three series, and thus defines the areas of the series 
themsel ves. The middle and upper, i.e. Corsican series, are confined 
to parts of the central and north-eastern groups of Elba; they 
jointly or separately overlie, or, in Termier's phraseology, flottent, 
i.e. float on, the substratulll serie~, which latter extends to and 
comprises all the rest of the island. 

The three series may be summarized as comprising respecti \-ely the 
following formations:-
1. The Lower Series, substratum transported subterraueously E. to W. 

from the Dinarides (500 km.), now apparently fixed, or 
mo.ing s10'.'l'ly towards W. 

(a) The mylonitic, crystallo-phyllienne horizon: the Palreozoic 
laminated and crushed gneissic and mica-schists of Calamita 
Valdana, Longone Bay, and the coastal Delt Terranera-Ortallo 
Bay. 

(0) The crystalline, dolomitic, ralreozoic lim~stone of Calamita, 
Capoliveri, and Valdana; the Upper E(;celle and quartz
porphyry groups of Capoli veri and Valdana .. 

(0) The granitic, metamorphic, sedimentary, ophiolithic, and 
porphyritic, Eocene and Miocene groups of 1 estern, and 
the Eocene and quartz-porphyry of Central Elbr 

II. l'lw jl[iddle Series, transportedW. to E. from Eas ,ern Corsica 
(60 km.): metamorphic series (schistes lust1'es): sericitic 
calc-schist of Capoliveri and the Ortano coast; banded 
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crvstalline cipollini, and schistose serpentine of Valdana and 
th"e Ortano coast, comprising Upper Trias to Eocene. 

HI. The Upper Series, transported ,V. to E. from Western Corsica 
(150 km.), is deposited on series I or II, and continues to the 
Tuscan mainland; non-metamorphic series: the Palffiozoic, 
Mesozoic, and Tertiary groups (carbonaceous schist, Permian, 
Rhffitian, Lias, Lower and Middle Eocene), also the ophiolithic 
groups of North Eastern Elba, of Valdana, and of Portoferraio, 
Mte. Orello, and Cape Stella. 

It is at once apparent that these series, governed exclusively by 
the contact lines of the presumed friction- or contact surfaces, are, 
by the exigencies of Termier's theory, more or less artificially 
constituted, i.e. irrespective of age and so as to accord more or less 
witli the exotic areas from which he con~iders them to be derived. 
The lower (r) series, i.e. the gneissic, mica· schist and granitic 
substratum of presumed Dinaric origin, like that of the crystalline 
massif of Savona, includes great Eocene, ophiolithic, and q uartz
porphyry masses which, unless they were picked up on the way, 
must have been deposited on the substratum t'n situ, i.e. after it came 
to apparent or quasi-rest in Elba. The metamorphic formation of 
the middle (n) series, i.e. the mica-calc-schists and cipollini, as also the 
schistose peridotitic serpentine which stratigraphically belong to the 
Elban Palffiozoic lJOrizon, are by Termier assimilated to the East 
Corsican Liassic schistes lustres. Again, the upper (In) series is 
made up of all the non-metamorphic formations from the Palffiozoic 
to the Middle Eocene, presnmed to have been transported from 
Western Corsica, albeit that reg-ion is now devoid of those rocks, and 
is only crystalline. In short, in order to establish the three onr· 
thrust series, the snperposition of the various formations has often to 
appear abnormal when in reality the stratigraphical sequence and 
conditions are, with few exceptions, essentially normal. 

The Friction and Transport Surfaces.-The meandering contact-line 
which, according to Termier, marks the friction surfaces of the three 
series at the points of their abnormal superposition, is about 25 km. 
in length and lies mainly in the Eocene formation between the Bays 
of Portoferraio, Acona, and Stella, whence it runs along the Palffiozoic 
horizon of the Longone and Ortano coast. Starting from the Eocene 
ophiolithic and quartz-porphyry outcrops with intervening breccia 
at Le Ghiaie, immediately west of Portoferraio, the line runs south 
over Colle Reciso and across the island to Acona Bay. thence east to 
Stella Bay, and from .. xhere north again along the Valdana depression 
to 'Mte. Fabbrello. From this point it turns south-east, running 
up the AcquacavaHa glen along tlL base of Mte. Castello and thence 
down to Longone .Bay. From here it extends east to Terranera, and 
thence along the north-east coast to Ortano Bay and Rio Marina. 

In the first part, between Colle Reciso and Mte. Castello, the line 
lies, with thf!{exception of Valdana, almost entirely along the contact 
of the U ppef.lInd "Middle Eocene horizons. '1'he strips of brecciated 
and crushedt rock between them which Termier interprets as friction 
surfaces, are simply the result of ordinary folding and contortion 
in the course of repeated earth.movement~, and the same applies 

6 
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to the occasional, apparently abnormal superposition of the lower 
series (III) on the upper series (I) in the sometimes vertical, in places 
even reversed flexures. The presnmed abnormal superposition is, in 
fact, esscntially a juxtaposition of the two horizons, prccisely as it is 
in the case, already mentioned, of the Palffiozoic carbonaceous schist 
and the Eocene of Mte. Fabbrello, and thence all along the Valdana 
fault to Stella Bay. Moreover, Termier's contact-line lies mainly in 
depressions which, as previously pointed out, form, in my view, part 
of a zone of local displacement and subsidence in this part of Elba. 
Again, on the north side of Longone Bay and along the north-east 
coast, the superposition of the formations, i.e. the non-metamorphic 
series (III) on the white mica-schist series (I) with the so-called 
metamorphic schistes lustres series (n) between them, is not abnormal. 
Any apparent abnormality resolves itself either to a juxtaposition or 
is due to the transgressive superposition which, as already mentioned, 
occurs at several points of North Eastern Elba. 

The presumed friction surfaces· are, moreover, by no - means 
continuolls but appear only at certain points of the contact-line 
as indicated by Termier. Even at these points the iriction surfaces 
are in part admittedly hypothetical. 'rhe presumed abnormal super
position of the three series is in fact to a great extent the logical 
consequence of their artificial constitution irrespective of the age and 
normal sequence of the formations. 

The Mylonitic Horizon.-As the presumed abnormal superposition 
of Palffiozoic schist on Ule Upper Eocene on }\Ite. Fabbrello is, in 
Termier's view, Ze nocud of Elban geology,' so do the gneissiform 
mica-schists of Valdalla constitute, in his own words, " les plus beaux 
examples" of mylonites he has ever seen.' His mylonitic horizon 
comprises, as previously stated, all the gneissic and mica-schists 
of the Mte. Calalllita massif, IJongone Bay, the north-east coast, and 
Valdana; but it is ill the last-named depression, i.e. in a small 
quarry south of Mte. Fabbrello, near the Longone road, that he finds 
the most typical example of mylonite as laminated, crushed, and 
mashed Illicrogranite. 

The gneissiform, pale reddish schist in question is macroscopically 
in part schistose, in part aphanitic, with scales of sericite, partially 
kaolinized, tourmaliniferolls, and unquestionably derived from 
a granitic or porphyritic rock_ Microscopically it reyeals two 
associated structures, one of a sericitic schist and the other more 
aphanitic and porphyroidal, according to the degree of lamination. 
The holocrystalline grollndmass is composed of quartz and sericite 
with micro-phenocrysts of quartz and orthoclase. In this grouudlllass 
all trace of the orig'inal stl'llCture has disappeared; it shows no trace 
of broken-up micro-crystals; the only accidental micro-crystals are 
zircone and tourmaline, and thin aggregations of secondary quartz 

lOp. cit., 1910, p. 144. As Itlreltdy mentioned, the unconformable contact of 
the cltrbonaceous schist Itnd the Eocene stmta is not an ~Lllomalous superposition 
of the older on the younger rock, ItS Termier contends, bnt a discordant juxta
position of the two, due to the Mte. Fabbrello fltult. 

" Op. cit., 1910, p. 138. In even more glowing terms Termier described the 
presumed mylonites of Savonlt in 1912. 
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along the planes of schistosity. The rock is essentially a secondary 
sericitic schist or so-called porphyroid, derived from granitic 
porphyry.l 

Termier, on the other hand, emphasizes the still perceptible micro
granitic structure of the groundmass as showing its derivation from 
microgranite,' while in the white gneissiform mica-schists of the 
north-east coast-Termier'sfaux gnei8s-the groundmass is converted 
to a secondary quartzose sericitic schist, the original quartz having 
entirely disappeared. Termier's contention that the Valdana schist 
is derived from microgranite is, however, invalidated by the fact that 
not far from the quarry, i.e. on Mte. Puccio and also on Mte. Fabbrello 
occurs microgranite associated with quartz-porphyry which, being on 
the very contact-line of the presumed friction surfaces, should also 
be, but is not mylonitized. In any case, whether the Palreozoic 
gneissiform schist, which contains 75 per cent silica, be derived from 
granite, quartz-porphyry or micro granite, the parent rock obviously 
cannot have been any granitic rock of Tertiary emergence. The 
same applies to the gneissic and mica-schists of lite. Calamita, 
Longone Bay, and the north-east coast. All these Palreozoic schists 
must be recognized as the secondary products of originally granitic 
rocks laminated, crushed, and altered under pressure. But this does 
not constitute evidence of the existence of a mylonitic horizon 
produced in Tertiary times by overthrust-sheets passing over the 
substratum. 

As already mentioned, Termier's presumed friction surfaces are 
limited to the narrow region between the Bays of Portoferraio and 
Stella and along the north-east coast of Elba. But as his Corsican 
overthrust sheets (series II and III) mm,t first have passed over the 
great western and central granite and quartz-porphyry massifs of 
Mte. Capanne and Mte. S. Martino, these, too, should exhibit 
conspicuous evidence of friction by transport, whereas tbeir surfaces 
are only worn by atmospheric action. 

Mainland Extension of Overthrusts.-According to Termier tbe over
thrust sheets of Corsican origin (n and III) extended their easterly 
course beyond Elba to the Tuscan Subapennines, as witness the 
Permian, Rhretian, and Liassic outcrops or "windows", as well as 
the great Eocene sedimentary and ophiolithic areas of that region. 
The presumed Dinaric substratum (I), too, is stated to have marked 
its passage east to west by leaving behind some parts of its 
constituents, e.g. the granitic outcrops of the Tuscan littoral as well 
as the Upper Eocene sedimentary areas. Any anomalies, modificatiollE, 
or fundamental changes in the composition of the areas thus 
transported from Corsica to Elba and Tuscany or vice versa are 
attributed to some formations having been dropped, others picked up 

1 P. Aloisi" Roccie granitiche della parte orientale dell' Elba": Atti Soc. 
tosc. sc. nat., 1910. V. Novarese, "Il pres unto piano milonitico dell' isola 
d'Elba": Boll. R. Com. geol., 1910, p. 292. Aloisi's micl"Q'analysis of the 
granitic rocks of VaMana, Mar di Carvisi, Picro in Campo and Longone 
preceded 1'ermier's memoir of the same year. 

2 Op. cit., p. 136. 
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en 1·oute. I have already shown in preceding papers 1 that in the 
Tuscan Subapennines all the evidence points to the formations 
referred to having been built up in sitlt . 

.Age of Orerthrusts.-The geological period to which the presumed 
overthrusts are referred is not stated; possibly Termier considers 
them contemporaneous with the presumed overthrusts in the 
Savona region of Western Liguria, i.e. Oligocene; but considering 
that the Elban overthrust sheets include not only the Upper Eocene 
sedimentary horizon but the Miocene granite and quartz-porphyry 
massifs, the see-saw transport of the three series would have to be 
assigned to a much more recent period. Thus the question of age 
only adds to the inherent anomalies of the theory as applied to Elba. 

Termier's theory of the geological structure of Elba being due to 
exotic overthrusts impelled by dynamic forces in opposite directions 
and overlapping and floating on each other is unquestionably bold, 
attractive, and expounded by him with all his ability and 
enthusiasm. But it is, like the same theory applied by him to the 
Savona crystalline massif, essentially speculative and hypothetical, 
and the evidence he adduces in support of his a priori argument is 
inconclusive and unconvincing. Nothing indeed could be more 
striking than his own admission concerning his presumed three 
overthrust series: Dous ne savons pas ce qui a bouge et ce qui est t'este 
tranqltille. 2 

VI. CONCLUSION. 

1. All the tectonic phenomena of Elba show the island to be 
composed of a sequence of formations normally built up in 8itu, 
i.e. without the agency of exotic overthrusts. The only cases of 
overthrust are the two purely local displacements in the Valdana 
group. The existence of identical or equivalent formations in regions 
now separated by the sea, like Elba and the Tuscan mainland on the 
east, and Corsica on the west, is per se no proof of extensive over
thrusts, but points to these regions having been formerly connected 
by land as a continent. 

2. In the stratigraphical sequence of Elba, the Palreozoic gneissic 
and mica-schists, the crystalline dolomitic limestone and the sericitic 
calc-schists,3 as well as the black carbonaceous schist and the schistose 
peridotitic 'Serpentine of the eastern part and the Valdana group, 
hitherto assigned to the Pre-Silurian and Silurian, should be classed 
as a comprehensi ve Permo-Carboniferous series by analogy with the 
equivalent series of the Apuan Alps, Western Liguria, and the 
Piemontese Alps. 

3. The island rests on a great deep-seated granitic substratum 
which extends in a radius of 50 km. to the other islands of the 
Tuscan archipelago, to the Tuscan littoral on the east, to Corsica on 

1 "The Permian and Triassic Belt" and" The Ophiolithic Groups of the 
Tuscan Subapennines ". 

2 Op. cit., 1910, p. 153. 
3 Termier regards the sericitic calc-schists as schistes lusi1'l!s, i.e. as Triassic

Liassic; but on the Ortano coast they are overlain by the carbonaceous schist 
(Orthoceras and Actinocrinus) and cannot, therefore, be more recent than the 
latter. 
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the west, and over 150 kill. north to the Sflvona Hills of Western 
LiO'urill. In Elba this substratum was raised in Tertiary times to 
ov~r 1000 m. above sea-level in the granite massif of !lte. Capanne, 
and to nearly 400 m. in the quartz-porphyry massif of ~1te. S. Martino, 
and also injected veins and dykes into the gneissic schists of the 
eastern groups, which latter were raised to over 500 m. above sea 
level. The Palffiozoic gneissic schists with associated minute gneiss, 
as well as the overlying mica-schists, are probably themselves derived 
from the granitic substratum by submarine lamination and crushing 
under pressure before their ernergepce. 

4. The principal earth movements which affected Elba and the rest 
of the archipelago as well as the Tuscan littoral and Subapcnnines 
may be summarized as follows :-

(1) Pre-Eocene.-Local displacement of Palffiozoic and Mesozoic 
strata in.Elba from the north· east coast to Valdana. 

(2) Early and Middle Eocene.-Subrnarine eruptions of ophiolithic 
groups of \Vestel'll, Central, and Eastern Elba and in Tuscan 
Subapennines. 

(3) Later Eocene-11iocene.-Great gf'lleral uprise of TYl'rhenean 
Continent and Tuscan Subapennines; connexion between Tuscan 
littoral, Elba, and Corsica. 1 Uprise of eruptive granitic, porphyritic, 
and micro granitic masses of Elba, M ontecristo, Giglio, Campiglia, 
and Gavorrano. 

(4) Miocene-Pliocene.-Partial subsidence of Tyrrhenean Continent 
reduced to archipelago. Miocene and Pliocene formations submerged. 
Formation of ferl'iferous and ferro-calciferous deposits in Elba. Fault 
of Mte. Fabbrello. Local displacement of Eocene anll quartz-porphyry 
masses from Central Elba to Valdana depression and Capoliveri. 

(5) Early Quaternary.-Second uprise of archipelago and Tuscan 
littoral; increase of insular areas of archipelago and extension of 
marine deposits. 1 

(6) Middle Quaternary. - Second lowering of archipelago and 
Tuscan littoral j Quaternary marine deposits partially submerged. 
Subaerial eruptions of Tuscan tracllydolerite groups of Mte. Allliata, 
Radicofani, Hoccastrada, Campiglia, Montecatini, and island of 
Capraja. 

(7) Recent Quaternary.-Third uprise of Elba and Tuscan littoral. 
Quaternary marine deposits raised 200 rn. above sea-level. 

The great Miocene uprise-" la grande striction tertiaire" as 
Termier aptly calls it-was effected in the TYl'l'henean and Tuscan 
littoral regions by three great concentric thl'Ust-folds, whose thrust 
centre lay in Northern Corsica and which, as shown in a previous 
paper,2 formed Elba as part of the Tyrrhenean Continent, and the 
two belts of the Tuscan Subapennines. The more recent earth
movements in Elba and the archipelago produced only minor 
oscillations of alternate raising and lowering by a few hundred 

1 The existence of a Miocene Tyrrhenean Continent, as well as the variations 
of the archipelago posterior to the intervening subsidence, rest not only on 
geological, but also on biological grounds, as shown~by C. J~. Forsyth-l\Iajor in 
his" Dies Tyrrhenis ", 1883. 

2 "The Permian and Triassic Belt of the Tuscan Subapennines." 
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metres, eyidenced chiefly by the variations of the Quaternary marine 
deposits above sea-level. The present phase points, if anything, to 
a slow raising of those deposits, and therefore of the coast-line. 

In all the Tertiary and Post-Tertiary phases of its geological 
history Elba has shown its intimate correlation with the 'l'uscan 
Subapennines, while Corsica and Sardinia exhibit more gpological 
affinity with the coastal regions of Southern France and Eastern 
Spain. In mere superficial area Elba is of course much smaller than 
either of those two islands, but in the unique, concentrated variety 
and the absorbing interest of its three constituent parts it is facile 
princeps and the geological gem of the J\fediterranean. 
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AI'PENDIX I. 
.1Vote on the Volcanic Groups Nodll and South of Rome. 

During my periodical stays in Rome I took several times occa~ion to ~isit and 
examine the great volcanic regions nOl·th and south of that Clty. Time and 
space did not admit of adequately describing them i~ the present v.olum~; 
suffice it, therefore, to append a short note on the subject, more ~speCla1ly III 

order to emphasize the difference between them and the volcamc groups of 
Tuscany. 

The three contiguous volcanic groups north of Rome, i.e., those of Bolsena, 
Viterbo, and Bracciano, corresponding to the ancient Etruscan d~stricts of the 
Vulsini, Cimini, and Sabatini (and ToJfa) Hills, form a contmuous range, 
90 by 40 km., between the Tiber and the Tyrrhenean Sea. They cover about 
3600 sq. km., the Albano or Lazio Hills south of Rome 400 sq. km. (exclusive 
of the Campagna): total, 4,000 sq. km., or over 1,600 sq. miles-by far tl~e 
largest volcanic area in Italy. The greatest elevation of the four groups IS 

respectively 614, 1053, 615, and 956 m. above sea-level. Aligned on an axis 
N.W. to S.E. about 120km. in length, the groups vary in depth of volcanic 
rock and material np to 200 and even 600 m., and are built up on Tertiary sub
strata and Post-Tertiary marine, lacustrine, and alluvial deposits of the 
Tyrrhenean littoral raised and fOlwed during the recession of the Pliocene sea. 
The eruptive subaerial activity of the groups began, rose, and fell during early 
and more recent Quaternary times; in the Lazio Hills it lasted well into 
historic times, as recorded by Livy. 

The four Roman groups differ from those of Tuscany (vide Paper XIII) in 
the following important respects :-

1. They all present clusters of true, originally rimmed and concentric 
crater-volcanoes (often with eccentric outliers), including the characteristic 
crater-lakes of Bolsena, Vico, and Bracciano (311, 507, and 164 m.), and those 
of Albano and Nemi (293 and 318 m.) in the Lazio group. These lake-basins 
are crater-troughs, and not, as has been argued, local subsidences. Their depth 
is 146, 50, 292, 170, and 34 m., their area 116, 12, 57, 5, and 2 sq. km. 
respectively. 

2. The tuffs in various gradations of cemented and solidified scorilll and 
other violently ejected material predominate enormously over the lavas of 
effusive origin, as distinct from secondary, externally formed mud-flows and 
peperino breccia. The average proportion of lavas to tuffs may be roughly 
computed at 1 : 400. 

3. The subordinate acid, trachydoleritic, and non-Ieucitic lavas (60 to 75 per 
cent silica) correspond to those of Tuscany; but the basic lavas and compact 
tuffs of the earlier eruptions are, in coutrast to the Tuscan lavas, dominantly 
leucitic (45 to 55 and 43 to 50 per cent silica respectively), thus pointing to an 
initial magma of low basicity. 

4. The five volcanic groups of Tuscany cover collectively an area of about 
400 sq. km., or only one-tenth of that of the Roman gronps. This enormous 
difference is due to the fact that the Tuscan eruptions were almost entirely 
effusiv:e, yielding in each group only lava-flows up to 100 or 150 m. in depth, 
and very little scorire, over a radius of barely 4 km. The Roman eruptions, on 
the other hand, were in part composite, but mainly explosive, the stupendous 
qnantities of ejected material being not only deposited direct, but also trans
ported by mnd-flows, erosion, and atmospheric agency over a radius five times 
larger, e_g. to the Roman Maremma, 20 km. from the Lazio volcanoes. The 
maximum depth of the erupted material is in the Roman groups double and 
treble that of the Tuscan groups. 

Valuable contributions to the geology of one or other of the Roman volcanic 
groups are notably those by Ponzi, Verri, Clerici, and Moderni; to parts of the 
petrography, the studies of Vom Rath, Bucca, Mercalli, and Washington. 
The most recent works are V. Sabatini's comprehensive and exhaustive studies 
on the vulcanology and petrography of the Lazio and the Cimini (Viterbo) 
groups, published in two beautifully illustrated volumes (1900 and 1912) by 
the Royal Italian Geological Survey. 

D. R.P. 
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ApPENDIX II. 

Index of Authors quoted. I 
N.E.-The numbers refer to the papers in which the authors are 

iluoted. 

D'Achianli, A., Xl, XII, XIII, XIV. 
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Al'tini, R. K, VI. 

Baretti, :1\1., Ill. 

Barsanti, L., Xl. 

Bertrand, ~I., III. 

Bonney, T. G., n, Ill, VIll, IX, X. 

Bosniaski, S. De, xi. 
Boussac, J., VII, XIV. 

Eri.i.ckner, :E, I. 

Bucca, L., III, XIll. 

Bunsen, R. 'V., xiv. 
Busatti, L., XI, XI], 

Canavari, .M., XI. 

Chelllssi, L., XIII. 

Clerici, E., XI, XII, XIII. 

Cocchi, J., XIV. 

Cole, G., H. 

Coquand, R., XIV. 

Cossa, A., IX. 

Dairner, K., XIII, XIV. 

Davies, A. :1\1., II. 

Desor, P., I. 
Diener, C., If. 

Fors) th-;\Iajor, C. L., XLV. 

Franchi, S., II!, IV, V, VI, VII, VIII, 

XI, XII. 

Eucini, A., XI. 

Fnnaro, A., XI. 

Gastaldi, E., I, II, III, V, VI. 

Gerlach, J., VI. 

Giordano, F., III. 

Greg-ory, G. \V., II, III, v. 
I8sel, A., VI, VII, VllI, IX. 

Kalkowsky, E., III. 

Lory, C., HI. 

Lotti, E., VII, X, XH, XIII, XIV. 

Lllgeon, M., VI. 

Manasst', E., XIT, XIV. 

Marocchi, E., XII. 

Martelli, A., XIII. 

Matteucci, R. V., XII. 

Mattirolo, E., VI, XII, XII!, XIV. 

:1\Iaury, E., XIV. 

Mazzuoli, L., II, VII, VIII, IX. 

Melzi, G., VI. 

2I.Ieneghini, G., X, XI. 

}\fercalli, G., XIII. 

Moderni, P., XIII. 

Novarese, V., IIf, IV, V, VI, VII, 

XI, XIII, XIV. 

Pantanelli, D., XI. 

Pareto, L., VII. 

Parana, C. E., III, VI. 

Passerini, N., XI. 

Penck, A., I. 

Portis, A., II, x. 
Rath, G. Vom, XIf, XIII, ~IV. 
Renevier, E., 1. 

Reyer, E., XIV. 

Ricciardi, L., XIII. 

Ristori, G., XI, XIII. 

Rosell busch, R., Xill. 

Rovereto, G., VII, VIII. 

Rutimeyer, E., I. 
Sabatini, V., XIII. 

Sacco, F., i\', V, VIII. 

Savi, P., XI, XIV. 

Sismonda, A., III, VII. 

Squinabol, S., II. 
Sordelli, F., I. 
Spreafioo, E., 1. 

StefalJi, C. De, VIIT, x, XI, XIT, XIII. 

Steinmann, G., VlI, XI, XII. 

:-ltella, A., IV, V, VI. 

Stoppani, A., I, x. 
Striiver, C., Ill. 

Sturli, G., XIII. 

Taramelli, 1'., 1Ir. 
Termier, P., If, III, Y1, VIT, XIV. 

Ugolini, R., VI, XIf. 

Verri, A., XI, XIII. 

Washington, S. R., XIII. 

Williams, C. F., xm. 
Wright, G. W., 1. 

Zaccagna, D., II, ur, IV, VII, IX, 

X, XIY. 

Zirkel, F., ITr. 

I This Index relates to the complete volume (1917, Parts I and II). 
numbers XI to XIV refer to the present publication (1918, Part II). 

The 









OTHER GEOLOGICAL PUBLICATIONS BY THE 

SAME AUTHOR. 

1877. Petrographic Study on the Syenite of the Foya Mountains, South 
Portugal: "Journ. Geol. Soc." 

1880. Iceland and its Snow-clad Volcanoes : "Circ. Filol. Florence." 
1881.. The Central Apennines from Tuscany to the Adriatic: "Journ. Ital. 

Alp. Club, Turin." 
1893. On the Tuscan Archipelogo: "Geol. Magazine." . 
1893. ·On a Coast-Section at the Lizard: "Geol. Magazine." 
1893. On the. Zurich and Wallen Lakes: "Ge~. Magazine." 
1893. On the Origin of the Engadine Lakes : "Geol. Magazine." 
1894. The Subalpine Glaciations in Switzerland: "Geol. Magazine." 
1895 . . Fluvio-Glacial and Interglacial Deposits in ditto: "Geol. Magazine." 
1896. The Merjelen Lake, ditto: "Geol. Magazine." 
1896. The Mineral Springs of Baden, ditto: "Geol. Magazine." 
1896. The Ice- and Rock-Fall on the Gemmi Pass, ditto: "Geol. Magazine~" 
1896. Glacial Deposits, · Preglacial Valleys, and InterglaCial Lakes · in ditto: 

"Journ. Geol. Soc." 
1902. Pliocene Glacio-Fluviatile Conglomerates in Switzerland and France: 

" Journ. Geol. Soc." 
1904. The Age of the Principal Lake Basins between the Jura and the Alps: 

" Journ. Geol. Soc." 
1904. Phenomena bearing on the Age of the Lake of Geneva: "Journ. 

Geol. Soc." 
1915. The Zonal Lake Basins of Subalpine Switzerland: " Geo!. Magazine." 
1915. The Alpine, Lowland, and Jura Lakes in Switzerland: " Geol. 

Magazine. ' , 

ITALIAN MOUNTAIN GEOLOGY 

PART II 

(THE TUSCAN SUBAPENNINES AND .ELBA). 

BY 

c. S. DU RICHE PRELLER, 
M.A., PH.D., A.M.LC.E ., M.LE.E., F.R.G.S. , F.G.S., F.R.S.E. 

LONDON: 
DULAU & CO., LTD., 37 SORa SQUARE, YV. 

1918. 


	Italian mountain geology_0001
	Italian mountain geology_0002
	Italian mountain geology_0003
	Italian mountain geology_0004
	Italian mountain geology_0005
	Italian mountain geology_0006
	Italian mountain geology_0007
	Italian mountain geology_0008
	Italian mountain geology_0009
	Italian mountain geology_0010
	Italian mountain geology_0011
	Italian mountain geology_0012
	Italian mountain geology_0013
	Italian mountain geology_0014
	Italian mountain geology_0015
	Italian mountain geology_0016
	Italian mountain geology_0017
	Italian mountain geology_0018
	Italian mountain geology_0019
	Italian mountain geology_0020
	Italian mountain geology_0021
	Italian mountain geology_0022
	Italian mountain geology_0023
	Italian mountain geology_0024
	Italian mountain geology_0025
	Italian mountain geology_0026
	Italian mountain geology_0027
	Italian mountain geology_0028
	Italian mountain geology_0029
	Italian mountain geology_0030
	Italian mountain geology_0031
	Italian mountain geology_0032
	Italian mountain geology_0033
	Italian mountain geology_0034
	Italian mountain geology_0035
	Italian mountain geology_0036
	Italian mountain geology_0037
	Italian mountain geology_0038
	Italian mountain geology_0039
	Italian mountain geology_0040
	Italian mountain geology_0041
	Italian mountain geology_0042
	Italian mountain geology_0043
	Italian mountain geology_0044
	Italian mountain geology_0045
	Italian mountain geology_0046
	Italian mountain geology_0047
	Italian mountain geology_0048
	Italian mountain geology_0049
	Italian mountain geology_0050
	Italian mountain geology_0051
	Italian mountain geology_0052
	Italian mountain geology_0053
	Italian mountain geology_0054
	Italian mountain geology_0055
	Italian mountain geology_0056
	Italian mountain geology_0057
	Italian mountain geology_0058
	Italian mountain geology_0059
	Italian mountain geology_0060
	Italian mountain geology_0061
	Italian mountain geology_0062
	Italian mountain geology_0063
	Italian mountain geology_0064
	Italian mountain geology_0065
	Italian mountain geology_0066
	Italian mountain geology_0067
	Italian mountain geology_0068
	Italian mountain geology_0069
	Italian mountain geology_0070
	Italian mountain geology_0071
	Italian mountain geology_0072
	Italian mountain geology_0073
	Italian mountain geology_0074
	Italian mountain geology_0075
	Italian mountain geology_0076
	Italian mountain geology_0077
	Italian mountain geology_0078
	Italian mountain geology_0079
	Italian mountain geology_0080
	Italian mountain geology_0081
	Italian mountain geology_0082
	Italian mountain geology_0083
	Italian mountain geology_0084
	Italian mountain geology_0085
	Italian mountain geology_0086
	Italian mountain geology_0087
	Italian mountain geology_0088
	Italian mountain geology_0089
	Italian mountain geology_0090
	Italian mountain geology_0091
	Italian mountain geology_0092
	Italian mountain geology_0093
	Italian mountain geology_0094
	Italian mountain geology_0095
	Italian mountain geology_0096
	Italian mountain geology_0097
	Italian mountain geology_0098
	Italian mountain geology_0099
	Italian mountain geology_0100
	Italian mountain geology_0101
	Italian mountain geology_0102
	Italian mountain geology_0103
	Italian mountain geology_0104
	Italian mountain geology_0105
	Italian mountain geology_0106
	Italian mountain geology_0107
	Italian mountain geology_0108
	Italian mountain geology_0109
	Italian mountain geology_0110
	Italian mountain geology_0111
	Italian mountain geology_0112
	Italian mountain geology_0113
	Italian mountain geology_0114
	Italian mountain geology_0115
	Italian mountain geology_0116
	Italian mountain geology_0117
	Italian mountain geology_0118
	Italian mountain geology_0119
	Italian mountain geology_0120
	Italian mountain geology_0121
	Italian mountain geology_0122
	Italian mountain geology_0123
	Italian mountain geology_0124
	Italian mountain geology_0125
	Italian mountain geology_0126
	Italian mountain geology_0127
	Italian mountain geology_0128
	Italian mountain geology_0129
	Italian mountain geology_0130
	Italian mountain geology_0131
	Italian mountain geology_0132
	Italian mountain geology_0133
	Italian mountain geology_0134
	Italian mountain geology_0135
	Italian mountain geology_0136
	Italian mountain geology_0137
	Italian mountain geology_0138
	Italian mountain geology_0139
	Italian mountain geology_0140
	Italian mountain geology_0141
	Italian mountain geology_0142
	Italian mountain geology_0143
	Italian mountain geology_0144
	Italian mountain geology_0145
	Italian mountain geology_0146
	Italian mountain geology_0147
	Italian mountain geology_0148
	Italian mountain geology_0149
	Italian mountain geology_0150
	Italian mountain geology_0151
	Italian mountain geology_0152
	Italian mountain geology_0153
	Italian mountain geology_0154
	Italian mountain geology_0155
	Italian mountain geology_0156
	Italian mountain geology_0157
	Italian mountain geology_0158
	Italian mountain geology_0159
	Italian mountain geology_0160
	Italian mountain geology_0161
	Italian mountain geology_0162
	Italian mountain geology_0163
	Italian mountain geology_0164
	Italian mountain geology_0165
	Italian mountain geology_0166
	Italian mountain geology_0167
	Italian mountain geology_0168
	Italian mountain geology_0169
	Italian mountain geology_0170
	Italian mountain geology_0171
	Italian mountain geology_0172
	Italian mountain geology_0173
	Italian mountain geology_0174
	Italian mountain geology_0175
	Italian mountain geology_0176
	Italian mountain geology_0177
	Italian mountain geology_0178
	Italian mountain geology_0179
	Italian mountain geology_0180
	Italian mountain geology_0181
	Italian mountain geology_0182
	Italian mountain geology_0183
	Italian mountain geology_0184
	Italian mountain geology_0185
	Italian mountain geology_0186
	Italian mountain geology_0187
	Italian mountain geology_0188
	Italian mountain geology_0189
	Italian mountain geology_0190
	Italian mountain geology_0191
	Italian mountain geology_0192
	Italian mountain geology_0193
	Italian mountain geology_0194
	Italian mountain geology_0195
	Italian mountain geology_0196
	Italian mountain geology_0197
	Italian mountain geology_0198
	Italian mountain geology_0199
	Italian mountain geology_0200
	Italian mountain geology_0201
	Italian mountain geology_0202
	Italian mountain geology_0203
	Italian mountain geology_0204
	Italian mountain geology_0205
	Italian mountain geology_0206
	Italian mountain geology_0207
	Italian mountain geology_0209(goes between 111 and 112)

