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Abstract
The Canin carbonate mountains (Julian Alps, NE Italy) show clear evidences of karstic systems developed at different depths with total thickness of about 1200-1300 meters. One of the oldest karstic levels is constituted by mainly horizontal galleries present from an altitude of about 1980 - 2010 m.

This study illustrates first results from a combined sedimentology and mineralogy work on filling sand-loam deposits present inside the Grotta a Nord del Monte Ursic (5430/FR 2996 at 2005 m a.s.l.) where nordstrandite [Al(OH)3] have been previously found.  It’s a gallery cave with small transversal sections (about 10-15 m2); the main axis is horizontal and it is almost completely filled by thin sand-loam alluvial sediments. Filling deposits are mostly constituted by thin and loam sands yellowish-brown to reddish brown in colour. The deposits are present as thick laminated sequences where thin sandy and sand-loam levels (2-20 mm thick) are interbedded with millimetric calcite laminae including a small clay fraction. The thickness of these sandy-calcitic laminae is about 3-4 m. 

Thin sands and loam sands forming the laminae are mainly constituted by calcite grains (35-85 %) while the siliciclastic fraction, even if with random percentages, ranges between 20-60%. Even if the cavity develops within dolomite rocks, the clastic dolomite fraction is lower than the calcite one (5-20%) and in the lowest levels misses. Within sandy sediments, the main siliciclastic mineral is represented by quartz (5-30%). Nordstrandite, kaolinite, chlorite, muscovite/illite and interstratified clays (smectite) are present. Nordtrandite is present in all the samples as sub-rounded transported grains and ranges between 2 and 10 %.  Presence of nordstrandite could be referred to intense pedogenetic processes developed on calcareous substrata rather than to speleogenetic processes. 

Staurolite, Cr-spinel, pyrite, amphibole, tourmaline and rare garnet in order of abundance are present in the heavy mineral assemblage of sandy fraction. The presence of these minerals suggests that they derived from clastic external supplies involving the erosion of pre-existing sedimentary covers.

It is to notice that the Cr-spinel-pyrite-tourmaline-garnet association suggests the dismembering and weathering of the Upper Cretaceous Flysch of Bovec where these minerals are present and their deposit in the cavity could be probably due to a fluvial transport.  Presence of amphibole and staurolite within the heavy mineral assemblage points out to a metamorphic source. As they are not present in the flysch of the area it is supposed that they could be related to a different supply. It is still unclear if this supply refers to completely dismembered Oligo-Miocene molasses, Pliocene deposits or an aeolic supply. 

1. Introduction

Canin Massif with its mountains reaching an elevation of about 2500 meters, is located in the western Julian Alps, between Italy and Slovenia. It is characterised by huge karst phenomena and develops along a 17 km main ridge ENE - WNW directed towards the Canin Mt and then following an ESE to WNW direction. A 5 km secondary ridge from Canin Mt follows SSE direction. The massif suffered glaciation during Pleistocene and a small glacier still exists in its Italian side, below the main peak of Canin Mt. 

One of the larger European alpine karst develops in this carbonate massif, especially in the Calcare del Dachstein Formation. A network of different cavity levels, at least 17 have been recognised and among them there are 5 considered as mega-levels, sometimes connected by pits, produces cave systems reaching depth of more than 1500 meters. Subterranean karst is represented by syngenetic conduits, erosion shafts, meanders and canyons. In some levels there are also large galleries and huge chambers (Semeraro, 2000; Cucchi et al., 2002). Endokarstic filling deposits are scarce, but it is not difficult to find swallowed morains in depth. It is more difficult to find alluvial deposits or speleothems. 

Recently, Cancian & Kraus (1999) noticed the presence of nordstrandite Al(OH)3 in a filling deposit inside the Grotta a Nord del Monte Ursic, in the Canin massif. The mineralogical analysis carried out on two silty loam samples demonstrated the presence of phyllosilicates, quartz, feldspar, calcite and dolomite. By considering the peculiarity of the finding and its possible implications on the evolution of Canin karst, two field trips have been organised (2001 and 2002) to study the filling deposits both from sedimentological and mineralogical viewpoint. 

2. Cave morphology and speleogenesis

The Grotta a Nord del Monte Ursic 5430 / FR 2996, found in 1983, is located on the northern slope of the Canin massif (Italian side). There are two entrances, closed each other, at 13° 27’ 03,0” longitude and 46° 22’ 18,4” latitude, located at about 1999 and 2002 meters a.s.l.. Its depth is 62 meters and the cave develops for a length of about 89 meters. The cave is located in a gully excavated within the rock slope of Ursic Mt. (2543 m). The cave develops in the “Dolomia Principale” Formation (Norian), here represented by whitish dolostones, fine-grained, massive, with concoidal fracture. Layering is oriented 80°/20° concordant with the faulted N-dipping uniclinal constituting the southern part of the massif. The cave probably originated as a consequence of an ancient standing of the phreatic level. In fact, the cave is related with a paleo-level of cavities present between 2030(1980 meters a.s.l., where conduits with calcite and sandy-silty deposits are present (Semeraro, 2000).

Geomorphological study allows us to subdivide the cave into three parts. The first one (points 1-2-3 in the map) is represented by an initial gallery, about 30 meters long, ending in a chamber slightly larger (3); the morphology is substantially homogeneous: a rock roof zone about 3-4 meters large, 1-3 meters above the bottom constituted by filling deposits. The second (4-5-7-8) is a narrow conduit, about 28 meters long, starting from the NW side of the hall and continuing toward a vertical pit, partially filled by collapses. The third (5-6) is constituted by a 48 meters long pit with collapsed rock blocks on the bottom. The map of the cave shows a curvilinear shape – almost ring- or meander-like -, so that the terminal conduit is closed to the initial gallery, at about the same level. 

Main gallery (1-2-3) represents the oldest part of the cave. The whole roof zone shows a phreatic morphology, but the presence of crusts of thin filling deposits cemented on the roof and the walls and the fact that they are not related to the joint system suggests a paragenesis (Lauritzen  & Lundberg, 2000). The N-wall shows scallop-like shapes, about 20 cm long, and a notch, while southern wall is wedge-related. The gallery shows an almost constantly overlapping ovoid section and is about 4-6 meters high. 

Ovoids are unitary macro-shapes, similar to entrenchment (erosione regressive) typology described by Dematteis (1965). Ovoid sections are caused by their close overlapping along a low-dipping inclined axis. There was an evident filling phase occluding almost entirely the main gallery. The filling phase was caused by thin (up to sandy fraction) material flooding, due to a slow movement of water, alternated with rhythmic growing of calcite beds and laminae. This phase could have set off the paragenesis. 

Lately the main fracture (110°/60° oriented, and other k3 system fractures) enlarged, determining the formation of the phreatic conduit at the expenses of the filling deposits. This conduit is clearly over imposed on the main gallery morphology. According to this, a major energy of water circulation, testified by the presence of sand deposits on the bottom, set off. It is possible that, during this phase, a lowering of water table, combined with massif erosion, caused the pit formation on k3 system fracture. The pit, by driving waters to major depth, deactivated cavity, fossilising it.

More recently, the slope pulling-back determined the present entrance. Thermocrioclastic phenomena began, provoking collapses that are present within 10 meters from the entrance. Within this area, cross-section shows a strong structural control caused by rock breakdown and fracture exposures. 

3. Sandy-silty filling deposits

Inside the initial gallery, at about 20 meters from the entrance, sandy and loam deposits, yellowish-brown to reddish-brown in colour (7.5YR 5/6, Munsell Soil Color Chart), are present. Loose sediments are widely present along the gallery between the points 2 and 3 (see map) for about 15 meters. They fill almost completely the cavity, forming both the pavement cavity and some thin concretions covering the dolomite side walls. The sandy-loam deposits are present till the larger sector of the chamber (3) constituting its bottom and seems to continue towards major depth following the actually closed NNE gallery development. Successive erosion determined the outcropping of deposits, provoking their partial removal and their presence as relict plates and encrusting on the walls. According to the cross-sections of the gallery the maximum thickness of these deposits could have been about 4 - 6 meters.

In correspondence with the relict plates present at the N-NE end of the chamber (3) it is possible to notice a well developed thin layering, where thin sandy and loam sediments are interbedded with silty sandstones and calcite laminae. Sandy-loam layers are mainly 0.5 – 2 cm thick, while calcite laminae are 1-4 cm forming layers with more or less irregular surfaces. The thick layering is gently concave and inclined (5-15°) towards the centre of the gallery. Laminae generally shows regular, smooth and sometimes undulated surfaces. Contact within the deposits and the lamine is sharp. Sometimes, within the thicker layer it is possible to recognise a gradation due to some 1-3 mm thick strata formed by a calcite - fine sandstone – silty sand sequence. Within the thicker sandstone layer (3-4 cm), irregular calcite nucleuses caused by intergranular precipitation are present. 

The internal structure of the deposit seems to be related to sedimentary processes instead of secondary intergranular cementation processes. These processes, even if present, are influenced by the original layering of the deposit and increase their importance closed to the cavity wall/deposit contact. In this position calcite figures such as dolls, spherical and ellipsoidal concretions caused by intergranular secondary cementation (Sarigu, 2002) can be found. Due to this fact it is more difficult to find the layered structure of the deposit when observing the wall crusts. In fact, water flows along the walls aids the formation of secondary cementation provoking the modification and cancellation of the original layering.

Sedimentological and mineralogical analyses of filling deposits have been performed on three sampling sequences: the first one is a wall crust in the terminal chamber (3) (240 cm, U1-U16 samples), the second is a relict of strong layered deposits (B section; about 25 cm, U109-U100 samples), the third is represented by surface pavement deposits (C section: U203-U200 samples) in order to compare the different characteristics of filling deposits. 
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Fig. 1: Profile, plan and cross-sections of Grotta a Nord del Monte Ursic. Topographic survey M. Kraus, L. Zdzistaw (C.A.T. 1983); M. Anselmi, M. Kraus, I. Muggia, D. Scalia, R. Semeraro (G.S.S.G. 2001); Geomorphology: M. Anselmi, P. Paronuzzi, R. Semeraro (2001, 2002).

Deposits always present thick laminae (ritmites) where thin sand and loam layers (5-40 mm) are interbedded with sandstones and calcite laminae sometimes with a small clay component. Alternate clastic and calcite cyclic sedimentation can be attributed to a low-energy fluvial environment. Episodes of water flow transporting silts and sandy loam into the cave system are present and are alternate with inactivity period causing speleothems formation. This mixed clastic-chemical deposition seems to be quite peculiar and is not comparable with most known Quaternary cave sedimentary sequences. The monotonous character of the sequence and its internal structure suggest a constancy in the sedimentary environment responsible of the deposition. The progressive filling of gallery system continued without break till the complete closure of the cavity. By considering the characteristic of the deposits and their thickness it is possible to suggest that deposit formation occurred in a time range spanning from 20000 to 50000 years. 

Originally sandy loam deposits probably filled the gallery, this fact being confirmed by the presence of other totally filled cavities found nearby the Grotta a Nord del Monte Ursic. A similar situation is documented by the cavity relict, completely filled, located about 280 m to the WSW of the here studied cave. Here, it is possible to see the cross-section of a small cavity (about: 1.20 x 2.00 m) developed within dolomites, with layer thickness of about 1-3 m and 40°/20° oriented. This deposit is quite similar to those found inside the Grotta a N del Monte Ursic, being the sandy loam fraction removed by atmospherics. Even in this cave ritmites are well recognisable, with planar-ellipsoidal low-dipping (60°/20-25°) laminae and thin layers.

4. Mineralogy

X-ray diffraction patterns were obtained on powdered sandy samples and on oriented samples for silt and clay fractions using a STOE-D500 X-ray diffractometer at room temperature. Cuk( radiation was used through a flat graphite crystal monochromator. Sands were obtained by sieving samples and cleaning them in ultrasonic bath. After drying at about 50°C, grains were observed under a binocular microscope.

In the coarser fraction few samples from section B were analysed. Calcite, quartz and dolomite (in one sample only) were recognised in different amounts.

As regards the silt fraction all the samples were analysed. In section A, calcite, dolomite, kaolinite, muscovite, chlorite and quartz have been recognised. Carbonate minerals represent about 90% of the samples. In section B, the same minerals are present, but carbonate minerals are less evident than in section A. Dolomite is missing in the lower levels. In this section nordstrandite, Al(OH)3, occurs. In Fig. 2 the percentages of main phases in silt fraction of samples from section B are represented. In section C, calcite, interstratified clay minerals, kaolinite, muscovite, chlorite, quartz and nordstrandite are present. Nordtrandite is present in all the samples as sub-rounded transported grains and ranges between 2 and 10 %.  

As regards the clay fraction all the samples were analysed. It seems that clay fraction is below 10% of pelitic fraction. In section A, the same minerals of the silt fraction are present with higher amounts of clay minerals. Sometimes brushite, CaHPO4.2H2O, is present and it is probably related to bat guano. In section B, calcite, dolomite, kaolinite, muscovite, chlorite and quartz have been recognised. In section C, calcite, interstratified clay minerals, kaolinite, muscovite, chlorite and sporadic nordstrandite occur.
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Fe-oxide and –hydroxides represent the main constituents of the heavy mineral magnetic assemblage. Among these, at least five other mineral phases have been recognised: blue-green amphibole, staurolite, Cr-spinel, garnet and tourmaline (green to brown; probably shorl-dravite series). In section A, the most abundant mineral is staurolite, followed by Cr-spinel and amphibole, garnet and tourmaline are sometimes present as traces. In section B, staurolite and amphibole are the main phases with only rare Cr-spinel and tourmaline. Few grains of oxidised pyrite occur in different levels.

Tables 1 and 2 refer to the number of heavy mineral present in the heavy mneral assemblage and their percentages. It is to notice that only two high levels show a number of heavy minerals higher than 100 and there are two samples with about 30 crystals. All the other levels are very poor.

Table 1: Number of grains in the heavy mineral (HM) assemblage and total number of heavy minerals in each sample. 

	Sample
	amphibole
	staurolite
	tourmaline
	garnet
	pyrite
	Cr-spinel
	Total HM

	109
	
	6
	
	
	
	
	6

	108
	21
	79
	10
	1
	2
	4
	117

	107
	20
	94
	8
	
	3
	2
	127

	106
	4
	30
	
	
	
	
	34

	105
	4
	8
	
	
	
	
	12

	104
	3
	8
	
	
	
	
	11

	103
	3
	15
	
	
	1
	
	19

	102
	3
	
	
	
	
	
	3

	101
	3
	13
	
	
	
	
	16

	100
	13
	15
	2
	
	2
	
	32


Table 2: Percentage of heavy minerals (HM) in each sample.

	Sample
	amphibole
	staurolite
	tourmaline
	garnet
	pyrite
	Cr-spinel
	Total HM

	109
	
	100
	
	
	
	
	100

	108
	17.9
	67.5
	8.5
	0.9
	1.7
	3.5
	100

	107
	15.7
	74.0
	6.3
	
	2.4
	1.6
	100

	106
	11.8
	88.2
	
	
	
	
	100

	105
	33.3
	66.7
	
	
	
	
	100

	104
	27.3
	72.7
	
	
	
	
	100

	103
	15.8
	78.9
	
	
	5.3
	
	100

	102
	100
	
	
	
	
	
	100

	101
	18.7
	81.3
	
	
	
	
	100

	100
	40.6
	46.9
	6.3
	
	6.3
	
	100


5. Conclusions

The sedimentological and mineralogical study of filling deposits of the Grotta a Nord del Monte Ursic constitutes an important knowledge in order to reconstruct the evolution of Canin Mt karst system, and especially as far as regards the genesis of the oldest gallery system. The integrated geomorphological – sedimentological – mineralogical analyses show the existence of a very ancient karstic phase when a fluvial network was active and responsible of the formation of a huge system of gallery cavities. This network, mainly sub-horizontal, is recognisable at an altitude of about 2030(1980 as a system of relict passages – completely filled – that have been exhumed by Late Pleistocene and Holocene erosion. Due to the extreme fragmentation of passages it is quite impossible to define the main direction of the drainage of this ancient system, nevertheless it is evident that in this area all the drainages are directed towards NE. 

Many aspects suggest that these passages began to develop in ancient times, maybe since the Pliocene time: first of all, fossil cavities are not related with present topographic and hydrographic elements and outcrop on rock slopes. The sedimentological and mineralogical features denote a sedimentary environment quite different with respect to the well known Pleistocene and Holocene stratigraphic cave sequences. The peculiarity of these deposits is also confirmed by the presence of nordstrandite grains in clastic sediments. This fact has not been reported in this alpine sector or nearby. It is possible that nordstrandite derived from the erosion of mature soils (bauxites) formed on calcareous-dolomitic bedrock. Successively, nordstrandite grains, removed by an alluvial system have been settled down within the well developed fluvial karst system of Canin Mt. All these facts suggest that the ancient galleries and their filling deposits are related with a karst system developed during Pliocene, when morphological and climatic context were very different from the present. 

As far as concern mineralogy, the presence of quartz and muscovite between the main phases points out to a metamorphic source. This seems also suggested by the presence of amphibole and staurolite in the sand. They are not present in the flysch of the area (Kuščer et al., 1974; Lenaz et al. 2000), so that a different origin has to be considered. It is still unclear if this supply refers to completely dismembered Oligo-Miocene molasses, Pliocene deposits or an aeolic supply. On the contrary the Cr-spinel-pyrite-tourmaline-garnet association suggests the dismembering and weathering of the Upper Cretaceous Flysch of Bovec where these minerals are present (Kuščer et al., 1974; Lenaz et al. 2000) and their deposit in the cavity could be probably due to a fluvial transport.
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Fig. 2: Percentages of main mineralogical phases in B section
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