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The diamictite bed numbers 1 to 38 of Kilburn et al. (1965) were assigned by W. S. Pitcher and R. M. Shackleton 

when they measured the section on the east and south coasts of Garbh Eileach in 1962. All subsequent authors 

have retained and built on this numbering system (e.g. Spencer 1971; Eyles & Clark 1985; Arnaud & Eyles 

2006). Nevertheless, some of the beds that Pitcher and Shackleton measured between the numbered diamictites 

are only centimetres thick and have been shown to be absent laterally (Spencer 1971, plate 11a). Clear examples 

in the Garvellachs where the numbered diamictites are best grouped together are: D14-15, D19-22, D27-29, D33-

35, D37-38.  Some of the diamictites in Member 4 on Islay are also best grouped together.     

The PAF succession consists of diamictite beds containing far-travelled clasts, alternating with beds of sandstone, 

siltstone and dolomite which lack such clasts. Using the diamictite groups, most of which are shown on Fig. 2, we 

have tallied three types of episode represented in the PAF: glacial, periglacial and non-glacial (Table 2). 

Diamictites 1 to 12 are there treated as one group, but require further study. The 26 diamictite groups, plus two 

beds of laminated siltstones with ice-rafted debris (IRD) in Member 2 (one shown in Fig. 7 g), add up to a total of 

28 glacial episodes. The horizons with periglacial features total 25. These glacial plus periglacial episodes are 

separated by 23 non-glacial episodes. Thus in the ~1100 m of strata of the PAF there are a total of 76 

climatically-related depositional episodes preserved.  

6. Relative completeness of east Garbh Eileach section 

The stratigraphic section of members 1 and 2 on the east coast of Garbh Eileach is the most complete in the 

Garvellach Islands. It is also the most accessible and the easiest in terms of terrain because it is exposed on a 

continuous raised rock platform. Recent work has shown that this section preserves the most episodes, with extra 

strata (when compared with other sections in the Garvellachs and Islay) present at three levels: in the lowest and 

uppermost parts of Member 1 and in the uppermost part of Member 2. 

Sedimentological evidence presented in Fairchild et al. (this issue) indicates that there is an environmental 

transition at the base of the PAF, with dolomites locally containing gypsum pseudomorphs (arid tidal flat 

environment) that are interstratified with sediments with IRD (shallow water environment liable to ice-

rafting); the first diamictite (D1) occurs within this transition zone. In that paper, the smoothly varying nature of 

the carbon isotope profile from the Garbh Eileach Formation and upwards into D1 and D2 (on both Garbh 

Eileach and Dun Chonnuill) is viewed as consistent with the apparently conformable contact between the two 

formations. Herein, we also show that the carbon isotope composition of limestone clasts from D1 to D12 show 
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defining other Sturtian glacial units, then the unique character of the PAF is a consequence of what, for 

Neoproterozoic glacial deposits, was a fortuitous tectonic context.  

The PAF lies near the middle of the thick Neoproterozoic part of the Dalradian succession that was deposited in a 

continental rift, within the supercontinent of Rodinia, which eventually split apart and became a passive margin to 

the expanding Iapetus Ocean (Daly 2009). Such rift environments can produce thick successions accommodated 

by rapid subsidence as compared with continental interior or cratonic regions. However, these successions are 

commonly strongly deformed and metamorphosed, as their eventual position at continental margins means that 

they inevitably become involved in subsequent plate collisions. Although the Dalradian Supergroup was 

deformed during the Grampian Orogeny in early Ordovician times, it escaped the intense deformation, at least in 

the Garvellachs/Islay area, that would have obliterated the exquisite depositional features discussed above. 

Below the PAF lies the Appin Group, which on Islay and in the Appin area (40 km NE of the Garvellachs) 

comprises ca. 7 km of largely shallow marine sediments. Only the top of this succession is exposed on the 

Garvellachs, the deeper levels underlying the sea bed to the NW (Fig. 12). Above the PAF lies the Bonahaven 

Formation, also well exposed on Islay but lying offshore to the SE of the Garvellachs. Above this is the Jura 

Quartzite (Fig. 1b), a shallow-marine sandstone deposited under tidal and storm conditions that reached a 

remarkable 5.3 km in thickness (Anderton 1976). Although it shows lateral and vertical facies variations, 

nowhere does it show evidence of having been deposited either above sea level or at depths greater than a few 

tens of metres (Anderton 1976). The coarseness of the formation necessitates that a large amount of finer 

sediment was bypassed across the Jura Quartzite shelf into deeper, lower energy environments. The abundant 

supply of sediment, presumably transported from distant sources by large rivers, was effectively dispersed by 

shelf processes so that any tectonically produced accommodation space was constantly filled. For such a thick, 

relatively uniform succession to accumulate, the palaeogeography responsible for creating this transport system 

must have persisted for a remarkably long time. One can make the same argument about subsidence for the PAF. 

The sediment supply was more than adequate to fill the accommodation space and the shallow marine dispersal 

system that reworked the area returned the environment to near base-level between each glacial episode. 

It seems likely that during the period from the deposition of the Appin Group through the PAF to the end of Jura 

Quartzite times, the area around the Garvellachs was undergoing steady, moderately fast subsidence. Sediment 

supply was capable of filling the resulting accommodation space and shallow marine dispersal systems 

distributed the sediment so that it did not, in the long term, build up above base level. During PAF times, the 
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et al., 2012) 

Barrett (2009) further analysed the proportions of facies and thickness of the cycles in CRP-1 and -2A 

using the high-resolution chronology that has been obtained from these cores. Focusing on the interval 

from 33 to 17 Ma, grounded ice extended across the CRP-2A drill site over 50 times, producing 

significant unconformities at 29 Ma (443 metres below sea floor (mbsf), 25 Ma (307 mbsf) and 23 Ma 

(130 mbsf), as well as multiple less pronounced GSEs. Such data are an indication of time intervals and 

sedimentation rates that are realistic for deposition of the PAF. 

A second example is the long Plio-Pleistocene record, with many diamictites, preserved at Tjørnes in 

northeast Iceland, which resulted from subsidence adjacent to the Mid Atlantic Ridge (Eiríksson 2008). 

This 600 m thick sequence records 14 glaciations with terrestrial glacial deposits interbedded with lavas 

and tuffs.  

Are there thick Palaeozoic glacial successions with lithostratigraphic patterns comparable to the PAF? Of the 52 

chapters in Hambrey & Harland (1981) describing Permo-Carboniferous tillites, many have sections which are 

thin and rest unconformably on older rocks, commonly striated basement. Only nine chapters described thick 

tillite-bearing sections, ranging from 500 m to 2500 m (papers A10, B14, D4, D11, G7, G9, G12, G14, G15 in 

that volume), and of these only one has more than 10 diamictites: the Carnarvon Basin in Western Australia (D4), 

where mapping of the desert outcrops has suggested that the succession is 1250-2500 m-thick, contains 20-25 

diamictites and records 4-5 glaciations (van de Graaff 1981). For the Ordovician glaciation there are 17 chapters 

in Hambrey & Harland (1981). Again many of the sections are thin and have tillites resting unconformably on 

older rocks. Two chapters have thicker sections: the Amazon region of Brazil which is 650 m-thick and contains 

9 diamictites; and Argentina-Peru, which is 150-1000 m-thick and contains <5 diamictites. Few of these 69 

Palaeozoic examples appear to be as thick and show as many climatically-related stratigraphic episodes as the 

PAF.  

8. Conclusions  

The ~1100 m thick succession of the PAF contains 47 diamictites and there is a gradual, progressive 

evolution upsection in the lithologies of the diamictites, of the interbeds and of the clast types. The 
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show only wedges (13), but at 4 tops there are wedges and frost-shattered clasts and at one top all three features 

are present. More horizons of periglacial features occur within bedded sedimentary rocks in the Formation: 

wedges (5), frost-shattered clasts (1), cryoturbations (2) and frozen sedimentary fragments (2). The data from 

members 1-3 are from the Garvellachs; those from members 4-5 are from Islay. The total of 25 periglacial 

horizons is the sum of 23 horizons with wedges and two horizons where there are cryoturbations but no wedges 

(above D26; below D33).   

Table 2. Summary of the main climatically-related depositional episodes represented in the Port Askaig 

Formation. The members, diamictite groups and periglacial horizons in the PAF are shown on Fig 2. 

 

Figure 1 
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Figure 2 
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Figure 3 

 

 




















