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1. Introduction
In this supplementary document, we integrate the main manuscript by: i) reporting a more detailed stratigraphic information available from the literature; ii) showing some more field features of the top involved as native blocks within the Chaotic complex and at the top of the platform of the Lower Volsci Unit; iii) showing the facies and biostratigraphic novelties from thin section and smear slide analysis; iv) adding a statistical analysis of eigen vector data of the studied localities.
2. Stratigraphic constraints from the literature
In the whole VR the pre-orogenic succession is represented by a 2-4 km thick Middle Jurassic to Upper Cretaceous carbonates including the marly Aptian Orbitolina level [1], which constitutes a regional marker and at the same time a decollement level. Similarly to what reported from the Simbruini and Ernici Mts [2], in the VR the Upper Cretaceous carbonate succession gets thicker towards the NW, i.e., towards the pelagic basin. During the Cenozoic, temperate carbonate ramp limestones were deposited over the Volsci Range, represented by very limited occurrences of spot-like lower to middle Miocene limestone. Differently, in the Ernici Mts, Latin Valley and eastern Aurunci Mts a much thicker and complete Tertiary succession occurs. The Langhian-Serravallian Bryozoa and Lithothamnium limestone Fm (CBZ) can reach thicknesses of 120-150 m thus followed by Marly limestone with Cylindrites and late Serravallian-early Tortonian Orbulina Marl (about 20-50 m thick; [3]). 
The lithostratigraphic nomenclature is here taken from the work of [3] that mostly refers to informal units, however largely used both in literature and in the geological sheets of the Italian Geological Survey [4]. Being the focus of the present paper based on the Miocene syn-tectonic units, the lithostratigraphy of the Mesozoic successions is here grouped in order to simplify the information provided in the geological maps and cross-section, being J referred to Jurassic, LK referred to the Lower Cretaceous sensu [5] and UK to the Upper Cretaceous sensu [5]. We distinguish two lithostratigraphic successions hosting different syn-orogenic deposits. The mountain backbone succession of the Volsci Range whose base is constituted of a thick Jurassic-Cretaceous, discontinuous patches of uppermost Cretaceous and early Miocene limestone topped by the syn-orogenic Chaotic complex. The middle Latin Valley succession represented by Upper Cretaceous carbonate units topped by a thicker and more complete Miocene carbonate (CBZ) and syn-orogenic siliciclastic succession that includes the Orbulina marl, Frosinone Fm. and Torrice Fm. In the larger scale maps, Langhian pp. - early Serravallian CBZ are considered together with the Orbulina marl. Our finds suggest an early Miocene age for the CBZ mapped units of the Volsci Range (Fig. S1) which were found in: paraconcordant contact at the top of the platform succession, angular discordance at the escarpment (Colle cantocchio, Fig. S1) and as blocks within the Chaotic complex.
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Figure S1. Transmitted light optical microscope pictures of thin sections from samples collected at (a-d) Colle Cantocchio, (e-f) Gavignano. (a-b, d) Microfacies of the CBZ pebbly calcarenite represented by packstone-wackestone textures with Miogypsina, Lepidocyclina and Amphistegina. (c) Microfacies of the polygenic breccia represented by a rudstone texture of Mesozoic clasts with reddish matrix. (f, h) Detail of clasts represented by an hemipelagic wackestone with Orbulina (f) and Upper Cretaceous shallow-water packstone with Rotalispira (h). (e, g) Quartz-rich clastic deposit of Gavignano with Amphistegina, Elphidium along with clasts of Mesozoic facies.
The Chaotic complex of the Volsci Range mountain backbone is known in the literature as Argille Scagliose Auct., Complesso Sicilide, Argille Caotiche [6]. It occurs within the VR beneath a few klippen (i.e.; Caccume Mt.; [7]) and at the VR front at the border of the Latin valley (Siserno Mt.; Leucio Mt.; [6]). Defined by [3] as Falvaterra complex, the rocks included into the Chaotic complex were deposited approximately between the upper Cretaceous and lower Tortonian. The base of the Chaotic complex is constituted by upper Cretaceous-upper Oligocene ‘Pietra Paesina’, manganiferous and encrusted basinal limestones and by bioclastic calcarenite and calcirudite topped by upper Oligocene-Burdigalian p.p. silty marls and silt. On top of it, a siliciclastic sequence occurs (Solacciano Sandstones). The unit is generally made of a polychrome and chaotic clay-marly-silty matrix that hosts mixed and heterometric clasts or blocks of folded strata such as olistholites. The stratigraphic evolution of the Chaotic complex has been studied in the eastern part of the chain by [3]; and reference therein. In this area, two members divided by a major angular unconformity can be distinguished; sandstones at the base and an alternation of sandstones (including bioclasts of Langhian age) and silty marls (early Tortonian) upwards. Atop, lower Messinian silty sandstones occur. The origin of the Chaotic complex has been long debated, with particular regard to its allochthonous nature. Based on lithostratigraphic comparisons, [8] exclude its affinity with the allochthonous Sicilide units sensu [9] and envisage that it derived from the chaoticization of a local syn-orogenic succession due to gravity flow during the late compressional stages. According to [10], the Chaotic complex is an olistostrome embedded within the upper part of the late Tortonian Frosinone Fm. at the northeastern VR edge (e.g., Sgurgola). In the VR foothill the uppermost part of the Chaotic complex embeds Late Messinian-Earliest Pliocene clays (Colle Cavallaro [6], and references therein), possibly recording its remobilization into the foredeep during thrusting. South of Carpineto Romano, among other lithoclasts, the ‘Pietra Paesina’ was dated as early Paleocene [11], while pelitic and arenaceous beds are referred to the late Serravallian having a fauna with Tortonian affinity [12, 13]. 
Our data shown in Figure S2 constrain the blocks contained in the Chaotic complex while the nannoplankton shown in Figure S3 provide a maximum age to this mélange unit, that is limited to the Tortonian – Messinian (?).  At that time, also  the middle Latin Valley succession was characterized by the deposition of graded sandstones and metapelites of the Frosinone Fm. that more thickly accumulated at the footwall of reverse faults related to the (E)NE-directed Apennine orogeny [14-16]. 
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Figure S2. Transmitted light optical microscope pictures of thin sections from samples collected at (a-b) Carpineto Pian della Faggeta, (c-f) Caccume Mt. (a) quartz-rich grewake, Chaotic complex. (b) facies of the Upper Cretaceous lithon embedded into the Chaotic complex represented by a wackestone with Nezzazatinella, Rotalispira maxima and Thaumatoporella. (c-h) Upper Cretaceous facies of the top platform represented by foraminiferal wackestone with Accordiella conica and Rotalispira maxima (c); by a rudstone with Rotalispira maxima (d-f); and by a wackestone with Rotalispira and Pseudocyclammina sphaeroidea (g-h).
[image: ]
Figure S3. Microphotographs of relevant recognized calcareous nannofossil species: (a) Discoaster surculus, parallel nicols; (b) Nicklithus amplificus and Amaurolithus primus at the upper right corner, parallel nicols; (c) Sphenolithus conicus, 0° at the left side and 45° at the right side, cross nicols; (d) Helicosphaera wallichii, cross nicols; (e) Discoaster pentaradiatus in parallel nicols and in cross nicols in the lower right corner; (f) Coccolithus pelagicus and Helicosphaera recta, cross nicols; (g) Discoaster berggrenii, parallel nicols; (h) Reticulofenestra pseudoumbilicus, cross nicols.
More details are reported in the Appendix A (reviewed from the literature) and B (from our samples). In places, the early Messinian massive sandstones of the Monte San Giovanni Campano unit (MVP) disconformably cover the folded carbonates and siliciclastic deposits of the Frosinone Fm. [13]. MVP terrains are folded and contain also sandy conglomerates and bituminous sandstones further unconformably topped by gray plastic clay and gypsum rich clay related to the lago-mare facies of the Messinian Salinity Crisis ([17], and references therein) (see Figs. S1-3). The latter are underthrusted in the NE sectors of the Latin Valley, thus implying the latest Messinian-earliest Pliocene thrusting [2]. At the VR thrust front, lower Pliocene neritic sandstone and conglomerate deposits unconformably overlie older rock. These deposits mainly consist of clasts originated from the Mesozoic carbonate units and from the Chaotic complex. Further, they are composed of exotic granite clasts [18] suggesting that the VR was not completely exhumed up to upper Messinian time. The upper Messinian to lowermost Pliocene conglomerates respectively occur also at the front of the chain as thrust-top deposits preserved at the bottom of late Messinian (?) valleys [10, 14] and at the footwall of back-thrusts [15, 19, 20]. 
Hereby, we also report the eigen vectors mean values calculated from bedding values plotted in the localities along the cross-section A-B (see Fig. S3).
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Table S1. Eigen vectors mean values presented in Figures 6 and 9.
	Sampling area
	Dataset N
	Eigenval
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	Small circle fit
	Great circle fit
	Circular Aperture
	Stereoplot

	
	
	Min
	Int
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	MAX
	
	
	
	
	number

	
	
	
	
	
	Azimuth
	inclination
	Azimuth
	inclination
	Azimuth
	inclination
	%
	%
	°
	Figures 6,9

	Acquapuzza
	35
	0.03
	0.03
	0.94
	355
	2
	85
	14
	256
	76
	100
	0
	
	1

	La Bufala - Cerro mts.
	62
	0.02
	0.03
	0.95
	35
	14
	126
	4
	230
	76
	7
	67
	
	2

	Valle dell'Orso-Corvino
	54
	0.03
	0.04
	0.94
	59
	14
	327
	10
	204
	73
	6
	75
	
	3

	Colle Cantocchio - Pizzone Mt.
	34
	0.02
	0.03
	0.95
	74
	25
	337
	14
	221
	60
	67
	7
	
	4

	Semprevisa SW
	74
	0.01
	0.04
	0.95
	10
	34
	108
	11
	214
	54
	25
	26
	
	5

	Semprevisa NE
	75
	0.03
	0.07
	0.9
	322
	15
	60
	29
	208
	57
	43
	20
	
	6

	Pian della Faggeta
	14
	0.03
	0.09
	0.88
	132
	5
	40
	20
	236
	70
	33
	29
	
	7

	Perrone del Corvo
	37
	0.03
	0.05
	0.93
	356
	17
	93
	22
	231
	61
	60
	11
	
	8

	Selva Piana
	64
	0.03
	0.17
	0.8
	122
	1
	212
	17
	27
	73
	54
	71
	
	9

	Malaina SW
	95
	0.04
	0.17
	0.79
	303
	2
	213
	14
	40
	76
	24
	48
	
	10

	Malaina NE
	80
	0.02
	0.06
	0.93
	290
	4
	199
	0
	104
	86
	33
	24
	
	11

	Rave La monna
	58
	0.02
	0.07
	0.91
	324
	9
	233
	1
	137
	81
	29
	29
	
	12

	Coste Morolo alte
	28
	0.01
	0.45
	0.54
	269
	3
	0
	22
	171
	68
	
	97
	143
	13

	Coste Morolo basse
	15
	0.03
	0.05
	0.92
	285
	11
	187
	35
	29
	53
	60
	11
	
	14

	Morolo overall
	87
	0.03
	0.34
	0.63
	270
	12
	7
	30
	162
	57
	
	84
	111
	15

	Caccume Lower Unit
	104
	0.02
	0.06
	0.92
	325
	0
	235
	9
	56
	81
	33
	24
	
	16

	Caccume Upper Unit
	8
	0.04
	0.36
	0.59
	154
	5
	63
	15
	262
	74
	
	86
	116
	17

	Colle Calciano + Prossedi
	37
	0.05
	0.13
	0.82
	358
	1
	89
	47
	267
	43
	38
	30
	
	18+19

	Giuliano di Roma
	33
	0.09
	0.36
	0.55
	276
	18
	176
	29
	34
	55
	
	81
	116°
	20
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