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Abstract
The relationship between salt-water and strength of chalk forming the coastal cliffs of NW Europe is investigated. Uniaxial Compressive Strength (UCS) tests on core-samples from three horizontal boreholes drilled at the base of chalk cliffs in East Sussex, UK found the weakest chalk near the cliff face. UCS nearly doubled in strength over the length of the 9 m deep boreholes. UCS results were close to values expected for chalk of this intact dry density for samples farthest from the cliff face. High chloride concentrations (salt water) up to 69000 mg/l are associated with the lowest UCS values closest to the cliff face. Lower chloride concentrations with values of 1850 mg/l or less and often with a non-marine origin were found in the stronger chalk core samples. It can be concluded that the chalk coastal cliffs in the areas tested got weaker towards the cliff face and this can in part be linked to salt water weakening, although it is likely other factors are also contributing to this phenomenon.
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The correlation between rock mass characteristics and rates of coastal cliff erosion is well established (for example, Sunamura, 1994 and Budetta et al., 2000). The evolution of a coastal cliff from stable to failure depends on changes in the state of stress within the rock mass, as a result of processes acting within the rock mass either caused by external agencies of sub aerial and marine origin (Duperret et al., 2005, Fig. 1), or by other factors within the rock mass. Examples of these processes include waves attacking and eroding the base of the cliff and water weakening of the chalk. The water weakening mechanisms of chalk is a controversial issue and many possible different mechanisms have been proposed including; 
(i) changes in capillary forces (Delage, 1996), 
(ii) changes in strain in the chalk between fresh and saline waters (Hellman et al., 2002), 
(iii) increased pressure on chalk grains caused by the attraction of water molecules onto the chalk surface (Risnes et al., 2003), 
(iv) chemical dissolution (Heggheim et al., 2005) and 
(v) seawater as a wettability modifier in chalk at high temperatures (Austad et al., 2008). 
The water weakening of chalk is a complicated issue with many different mechanisms all playing their part. Goudie et al. (1970) demonstrated the rapid weathering of salt saturated chalk and it was also illustrated that porosity, saturation coefficients and water absorption capacity all affect the susceptibility of a rock to salt weathering (Trenhaile, 1987). Busby et al. (2004a and 2004b) and Lawrence et al. (2013) working on the chalk cliffs of NW Europe measured triaxial compressive strength and used SEM analyses to establish the role that saturation with fresh-water and salt-water  had on chalk strength and thus on cliff stability, similar processes were also observed by Duperret et al. (2005). Busby et al. (2004a and 2004b), Lawrence et al. (2013) and Lawrence and Mortimore (2015) identified salt water weakening in chalk cliffs and suggested this was contributing to rock mass weakening resulting in cliff collapse. Dornbusch (2015) argued that salt water weakening only caused superficial surface flaking such as that identified by Robinson and Jerwood (1987). Lawrence et al. (2013) demonstrated that the combined water and salt water weakening effects could lower the intact rock strength of chalk by over 75 %, however, they were unable to show how far the salt water weakening was penetrating the cliffs and the effect it was having on the overall rock mass. 
To address these issues field investigations were combined with a comprehensive laboratory testing program on core samples from three horizontal boreholes drilled into chalk cliffs at two UK sites on the East Sussex coast at Brighton Marina (Grid Reference: TQ 34516 03111) and the town of Peacehaven (Grid Reference: TQ 39250 01429). Laboratory testing included: 
(i) Index tests to determine the physical properties of the rock;
(ii) Core logging to characterise the chalk;
(iii) Uniaxial Compressive Strength (UCS) tests to quantify the extent of the weakening; and
(iv) Geochemical Elution tests and ion chromatography analyses to establish the salinity profile and origin of the pore waters composition for chalk cliffs in protected and unprotected sections of coast line. 
[bookmark: _Toc333310730]2	Boreholes and sample collection
Three horizontal boreholes were cored at two locations in East Sussex, UK (Fig. 2). Two of the Boreholes were cored at the eastern end of Brighton Marina (GR 3450 0313) and one just to the west of the town of Peacehaven (GR 3922 0145) (Fig. 2). The Brighton Marina cores were drilled on a protected (engineered cliff base and face protection including a sea-wall) section of cliff, whilst the Peacehaven core was drilled on a natural cliff section where the lower part of the cliff was exposed to the sea. The boreholes were drilled near the base of the cliff, using air flush to ensure the chalk pore waters were not contaminated. Each core was approximately 9 m long. 
In addition, surface block samples were collected from the cliff face at each site to substitute for the lack of core available in the first 300 mm of the cliff face. The cores were stored in plastic liners with wax sealed end caps to prevent moisture from escaping and the block samples were then wrapped in aluminium foil. The chosen method of wrapping in aluminium foil was found to work better than placing in sealed plastic bags which can make the sample sweat.
2.1	Research Drill Sites
[bookmark: _Toc333310739]2.1.1	Brighton Marina
The Brighton Marina research site was located at the eastern edge of the marina, along a protected section of cliff just above the cliff splash wall. Two drill runs about 1 m apart, were taken (Figs. 3 and 4).
The site has coastal protection in the form of a sea wall which is also protected by groynes on the shore platform. The edge of the marina wall has pre-cast concrete rip rap along the base of the wall to provide further protection. The drill site was located 4.5 m back from the sea wall, at the base of the cliff face which is orientated SE-NW (Figs. 3, 4 and 5). The site is a predominately relict sediment system and the entire length of the coastline in this area is heavily modified. Long shore transport travels west to east but is limited by the presence of coastal developments and sea defences (Thorne et al., 2007).
The Brighton Marina research site consists of large cliff sections around 30 m in height, which have been scaled back to decrease the angle of the cliff face and stabilised with rock bolts and netting along the top 5 m to prevent loose rubble falling onto the under cliff walk. The rock mass appears more fractured with thinner beds of chalk and a noticeable increase in the amount of grey surface weathering residue compared to the Peacehaven research site. There are signs of surface run off on the cliff face, marked out by grey or brown staining, with no signs of seepage out of cliff face. The cliff face remains largely un-vegetated with some local xerophytic grass types at the cliff base. Stratigraphically the drill site is in the Newhaven Chalk Formation just above the Brighton Marl near the base of the Old Nore Beds.
The horizontal cored boreholes and block samples (four approx. 20 kg each) at Brighton Marina are described below in line with BS EN ISO 14689 (2009) and Lord et al., (2002):
Brighton Marina – Borehole 1 (BH1)
Rock description: Pure white Newhaven Chalk, medium density, some flints, Fe staining and inclined conjugate fracture sets.
The core run had two main fracture sets striking 20-60o to the east and 40-60o to the north west. The east dipping fracture set was considerably more prominent than the north west dipping fracture set, with around 80% of the fractures belonging to the east dipping set.
The core run was more fractured than BH2 which ran parallel approximately 1 m to the east of this core and demonstrates the variability of the chalk in the region. Rock Quality Designation (RQD) values vary from 46%-67%, Total Core Recovery (TCR) for the run was 100%. 
Brighton Marina – Borehole 2 (BH2)
Rock description: Pure white Newhaven Chalk, medium density, some flints, Fe staining and inclined conjugate fracture sets.
The core log had two main fracture sets striking 20-45o to the east and 20-70o to the north west. These were conjugate joint sets which could be seen in outcrop dipping steeply into the cliff face.
The core run was made of predominantly competent rock mass which was cut by the 2 fracture sets, RQD varies from 53 %-95 % but most of the core run had an RQD of 80 % or higher and the TCR was 100 %. A substantial amount of drill induced fracturing did occur throughout the entire core run, making up around 40 % of the total fractures.  
[bookmark: _Toc333310740]2.1.2	Peacehaven Site
This borehole site was located on an unprotected section of chalk sea cliffs near the town of Peacehaven. The borehole was located 5 km east of the Brighton Marina boreholes and was 3 m up the cliff face.  The site is located close to the axis of the Newhaven Syncline within the Newhaven Chalk Formation just above the Old Nore Marl at the base of the Peacehaven Bed, stratigraphically approximately 27 m above the Brighton Marina boreholes. The research site and borehole can be seen in Fig. 6.
The Peacehaven research site consists of high 35-40 m cliff sections, with no cliff stabilisation measures so the rocks are in their natural state. The chalk is soft and a pure white in colour, small nodular flints are common in some beds and many fractures are in-filled with sheet flints. There was clear evidence that active erosion was taking place due to the complete exposure to tides. The cliff is almost completely un-vegetated, with some mosses and lichens present. 
The horizontal cored borehole and blocks samples (3 approx. 15 kg each) at Peacehaven are described below in line with BS EN ISO 14689 part 1 (2009 ) and Lord et al., (2002):
Peacehaven- Borehole 3 (BH3)
Rock description: Pure white Newhaven chalk, medium density, some flints, marl seams and sub vertical conjugate joint sets.
The core was drilled in a competent rock mass with a highly fractured section from 3.0-4.0 m. The two main joints sets were striking 20-40o to the east and 20-50o to the north west, this was similar to the Brighton Marina fracture orientations. RQD varies from 7 %-100 % but all the core except the section 3.0-4.5 m exceeded an RQD of 70 %. Total core recovery was 100 %.  A lower amount of drilling induced fracturing was seen in this core run than at Brighton Marina (BH1 and BH2).
3	Laboratory Methods
Laboratory investigations were undertaken to establish the origin of pore waters, the penetration depth of salt water in the cliff (geochemical analysis) and any changes to the rock properties over the length of the core (strength tests), this was supported by a series of index tests to characterise the rock mass. The tests conducted were:
3.1	Index Tests
Index tests of chalk (Intact Dry Density (IDD), Natural Moisture Content (NMC) and Saturated Moisture Content (SMC)) provide a useful insight into the behaviour of the material and can usually be correlated with point load index, strength tests and porosity (Lord et al., 2002). 
Index tests (IDD, SMC, NMC) were carried out at 500 mm intervals along all 3 core runs. The immersion in water method was used to calculate the IDD and SMC of chalk blocks approximately 100 g in weight (BS1377-2: 1990). 
SMC and NMC allows the moisture content of the core profile to be fully understood so that any strength tests conducted will document weakening relating to samples as close to saturation as possible. This ensures that the wettability of chalk will be factored in to all samples and fluctuations in moisture content will not provide varying strength data relating to moisture content as opposed to salinity.
[bookmark: _Toc333310734]3.2	Geomechanical Tests
A laboratory strength testing programme was designed to determine:
· the impact salt water weakening was having on the strength of the chalk;
· the degree to which the weakening effects had penetrated the cliff. 
Uniaxial Compressive Strength (UCS) tests were carried out on all cores at 0.5m intervals by taking 76 mm 38 mm samples. All samples were tested at saturation as this replicated the natural conditions found in the rock mass, this was achieved by placing the samples in a desiccator for 2 hours under vacuum with de-ionised water. As samples were already within 1-2 % moisture content of saturation, 2 hours was deemed sufficient to completely saturate the samples. The salinity of the cores was not assumed to be an issue because 2 hours in the desiccators was not long enough to significantly alter the salinity of samples. If any salt weakening was to have occurred it should have done so before samples had been placed in the desiccators.
[bookmark: _Toc333310735]3.3	Geochemical Analysis – Elution Testing
Ground water analysis was an important issue in the context of this study, “natural reactions between water and rock give rise to a wide diversity in the mineral character of groundwater. This imparts intrinsic properties such as hardness and softness and salinity” (Edmunds et al., 2003). For these reasons it was decided that alongside chloride analysis to establish the amount of salt in the pore waters, sulphate concentrations should also be measured to give insight into the ground water regime and origin. Sulphate sulphur isotopic composition can be used as a “fingerprint” for the sulphate source (sea-water, groundwater, acid rain, etc.).
The core runs were drilled with air flush to ensure the samples were not contaminated. However, due to errors in the drilling methods Brighton Marina BH1 was contaminated with some fresh water, therefore only Brighton Marina BH2 and Peacehaven BH3 were selected for elution testing.
Chalk samples were prepared at 0, 0.3, 0.6, 1, 2, 3, 4.5 and 6 m along each core run. For elution testing pore water dissolved solids were extracted from samples of chalk core by diffusion exchange with an accurately-known volume of milli-Q water and recalculated to original concentrations (Spence et al., 2005). Pore-waters were analysed for sulphate and chloride concentrations by ion chromatography (Dionex) and sulphate extracted from leachate as BaSO4 for sulphur isotopic analysis.
4	Laboratory Testing Results
[bookmark: _Toc333310747]4.1	Index Tests: NMC and SMC Test Results
Results from index tests (Fig. 7 and 8) show the strong relationship between the NMC and SMC. It can be seen from the data that the natural moisture content lies very close to the saturated moisture content, this confirms that the samples were nearly at saturation this was expected as Mortimore & Fielding, 1990 and Mortimore et al., 2004b showed chalk tends to be at or near saturation in its natural state. The data also shows very little variation either in the individual drill runs or across the localities, which was expected as all three boreholes are in the Newhaven Chalk Formation (Table 1, Figs. 7 and 8). 
Table 1. NMC and SMC average for each site and the average standard deviation from the average.
	Sample site
	Brighton BH1
	Brighton BH2
	Peacehaven BH3

	
	Average 
	Average Standard Deviation
	Average
	Average Standard Deviation
	Average
	Average Standard Deviation

	NMC%
	26.53
	1.01
	25.98
	1.04
	26.02
	1.02

	SMC%
	26.01
	1.24
	25.45
	0.68
	24.79
	0.82


[bookmark: _Toc333310748]4.2	Index Tests: Intact Dry Density
All samples consisted of Newhaven Chalk, and there was only a very small variability between locations or within the boreholes (Fig. 9 and Table 2). Samples tested from the Brighton Marina (BH1 and BH2) had an IDD that varied from 1.52-1.65 Mg/m3, the average IDD was 1.60 Mg/m3 with an average deviation of 0.02 Mg/m3. Samples collected from the unprotected beach at Peacehaven (BH3) had an IDD that varied from 1.53-1.64 Mg/m3, the average IDD was 1.60 Mg/m3 with an average deviation of 0.02. These results class all the chalk samples tested as medium density, very soft to soft chalk. 
	Sample site
	Peacehaven
	Brighton BH1
	Brighton BH2

	
	Average
	Average standard deviation
	Average
	Average standard deviation
	Average
	Average standard deviation

	Dry density (Mg/m3)
	1.60
	0.02
	1.59
	0.03
	1.62
	0.02


Table 2. IDD in Mg/m3 for each borehole and the average standard deviation.
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[bookmark: _Toc333310750]4.3	Geomechanical Strength Tests: UCS Tests
Results from UCS tests showed that the core samples tested from further behind the cliff face tended to have a higher UCS. The Peacehaven cores (BH3) showed increases in UCS strength varying from around 1.5 MPa near the cliff face to 3.8 MPa 7 m behind the cliff face. Both Brighton cores (BH1 and BH2) also showed increases in UCS ranging from 1.85 MPa near the cliff face to 2.95 MPa 7-8 m behind the cliff face (Fig. 10). In all cases the cores showed a rapid decrease in rock strength near the cliff face, with samples near the cliff face only retaining 40%-50% of the intact rock strength compared to samples 7-8 m in horizontal depth behind the cliff face. Whilst there is some variability in the results best fit lines clearly show a trend of a decrease in strength towards the cliff face (Fig. 10), with both Brighton Marina boreholes having very similar best fit lines. It is likely this trend is at least in part due to salt water weakening but may also be related to a number of other factors.
The higher UCS results are consistent with the literature for saturated chalk samples when plotted against the IDD of chalk (Fig. 11). The lower UCS results have slightly lower UCS value than Matthews & Claytons (1993) but this can be expected due to the weakening within the samples nearer the cliff face. Therefore UCS test results for the cores deep within the cliff compared favourably to the existing literature, however the samples nearer the cliff face were much weaker.
[bookmark: _Toc333310752]4.4	Geochemical Analysis
Results from the geochemical analysis consist of chloride and sulphate concentrations measured in mg/l. Fig. 12 shows the relationship between chloride concentration and depth behind the cliff face for the two research sites. As Dittmars Law states the major chemicals which constituent sea water are constant, this was later refined by Lyman and Fleming (1940) who identified that chloride concentrations directly reflect the amount of NaCl derived from seawater, therefore chloride concentration can be converted to a salt concentration, the chloride concentration is 55% (19345 mg/l) of the total salts in sea water and so can be converted to salt concentration by multiplying by 1.804. This method assumes that there are not large amounts of other chloride species existing in the pore waters, but this is unlikely in seawater.
It can be seen that at both research sites elevated chloride concentrations can be found in the cliff. At Brighton Marina the Cl- concentrations peaked at 21674 mg/l levelling out to around 1850 mg/l at 0.6 m behind the cliff face and continued at this concentration for the next 5 m, hence it can be assumed that this concentration reflects the background groundwater concentrations of Cl-. Compare this to the Peacehaven (BH3) where the concentrations of Cl- peak at 69075 mg/l and had still not levelled out at 6 m behind the cliff face. Salt from the seawater in an exposed section of cliff penetrates in excess of 6 m compared to Brighton Marina where the penetration was only 0.6 m before reaching a baseline. The results (Fig. 12) show that concentrations in the Peacehaven cores are much higher than that of Brighton Marina core, the highest Cl- concentration found at Peacehaven was 69075.5 mg/l compared to 21674.9 mg/l at Brighton Marina. The reason for the differences between sites is likely to be the coastal cliff protection present at the Brighton site and absent at Peacehaven. At Peacehaven, the cliff is exposed to wave impact at high tides, storm surges, sea spray and capillary action where saline water is drawn up from the water table below. Due to coastal protection at Brighton Marina direct contact with seawater is limited and sea spray only occurs in stormy conditions and given the results it is unlikely capillary action is factor in salt saturating pore waters. At both Brighton Marina (BH1 and BH2) and Peacehaven the maximum chloride concentrations are higher than in seawater, showing the salt from seawater is concentrating in the chalk pores. 
In general the Cl- concentrations were highest near the cliff face before dropping off. The Peacehaven core (BH3) had elevated levels of Cl- that continue throughout the tested section of the borehole. The testing stopped at 6 m depth because it was not expected that Cl- would penetrate the chalk to this depth. 
Comparison of the ratio of sulphate to chloride can be used as an indicator of the ground water regime and origin of the pore water at each research site. Fig. 13 shows the relationship for each site of this ratio to distance behind the cliff face.
The Peacehaven pore water curve (Fig. 13) shows sulphate/chloride ratios which initially fluctuate close to sea-water, with chloride concentrations of around 17000 mg/l before increasing slightly and then dropping off again. At Peacehaven for at least 4.5 m into the cliff seawater dominates the ground water conditions with local ground water having a minor influence on the sulphate/chloride ratio. 
The Brighton Marina site shows a trend from sulphate/chloride close to sea-water near to the cliff face, followed by initial increase in sulphate concentrations until levels of sulphate/chloride settle at around 0.7. The natural ground water ratio for the chalk in south eastern England is around 0.76 (Edmunds et al., 2003), this confirms that the seawater dominates in the first metre into the cliff, thereafter the local ground waters are dominating the pore waters at Brighton Marina.
5	Discussion
Strength test results have shown that at both the protected and unprotected localities the chalk at the cliff face only retained 40 %-50 % of its typical intact rock strength and the strength increases rapidly over a 7-8 m depth interval behind the cliff face where the UCS is close to that expected for Newhaven Chalk of this density (Matthews and Clayton, 1993, Fig. 11). Cores from the natural unprotected cliff section at Peacehaven show the greatest loss in strength, whilst both Brighton sets of cores show very consistent UCS trends ranging from 1.85 MPa near the cliff face and increasing to 2.95 MPa at 7-8 m behind the cliff face. Analyses of core porewater chemistry from the cliff face at both localities shows elevated concentrations of salt penetrating the cliffs, at Peacehaven with the salt concentrating at depths of over 6 m. Geochemical analysis of the chloride concentrations in the Peacehaven core were elevated throughout the core and tests identified seawater as the origin, this core showed the greatest reduction in strength. The Brighton Marina core only showed elevated chloride concentrations in the first 0.6 m - 1 m and the origin of the pore waters beyond this point resembled those of ground water.
Amongst possible processes contributing to weakening of the Chalk in the coastal cliffs concentrations of salt in the pores is likely to be one, this link was demonstrated in Lawrence et al., 2013, however as is shown in fig. 10 there is not a straight correlation between the chalk weakening and salt content so it is likely other coupled processes are acting on the chalk near the cliff face to weaken it. These could include:
•	heterogeneity in the rock material, Mortimore & Pomerol (1998) and Mortimore et al., (2004b) demonstrated, that even within a single block, chalk can vary. This can be related to sedimentation, bioturbation and diagenesis, which may affect the physical properties of chalk including strength, with weaker, softer chalks being more susceptible to erosion.
•	wave cut notch development and over steepening off the cliff as a result of wave and shingle action attacking the base of the cliff leading to failure as demonstrated by Hutchison (1972). However, significant portions of the cliff are not exposed to wave action and notches do not develop, especially along protected sections but this does not eliminate cliff failures (see fig. 1), Mortimore et al. (2004a) and Stavrou et al. (2011);
•	fracture development leading to long-term changes in the stress regime. These may be primary faults or fractures, orientated at a variety of angles to the cliff face, or relatively new tension fractures formed during cycles of cliff recession, sub-parallel to the cliff face. Eventually this will lead to fracture-controlled failures.  Fractures can also control the size and type of failure in the chalk (Mortimore et al., 2004a and Duperret et al., 2004). Rock slope fracture-led-failures are a combination of discontinuity geometry and rock strength (particularly cohesion (c) and friction ()). 
•	climatic controls; rock strength is not usually considered to be temporally variable and so rarely considered in relation to climate change, however, this is not true in soft rocks like chalk, which weaken and weather in short time periods as they are exposed to external factors. Investigations by Benavente et al., (2008) expect salt weakening to worsen throughout the UK as a result of drier summers, wetter winters, more storms, and changes in humidity which are associated with changes in pore suction properties.
If it is accepted that the chalk is weaker at the cliff face and for several metres into the cliff we need to consider the effect this has on the erosion of the cliff and/or cliff instability. 
As Lawrence et al. (2013) emphasised weakening of the chalk material is a key process in chalk cliff instability. They attributed this largely to water and salt water weakening of the chalk, however, it is likely that multiple coupled processes are involved including those itemised above. 
The laboratory index test results demonstrated that the chalk throughout the length of the borehole was fully saturated, therefore, it can be assumed that water weakening has occurred and additionally chalk has undergone salt water weakening, where high concentrations of salt were observed. Lawrence et al. (2013) found salt saturated samples of Seaford Chalk tested triaxially to simulate conditions at the base of a cliff, lost on average 40% of its strength compared with samples from inland quarries where there was no salt water. These observations compare favourably to the loss of strength in core samples along the path of the three horizontal boreholes, on both protected and unprotected cliff sections salt water penetrates the cliff face contributing to weakening. 
Styles et al. (2011) demonstrated that chalk cliff failures were dependent on the rock mass strength, wave cut notches and temporal factors, it is likely salt water weakening is affecting and enhancing all of these mechanisms. With sea water penetrating, saturating and concentrating in the coastal chalk cliffs this will lead to chemical and mechanical weakening. When this is then coupled with other coastal processes in the form of saturation from sea water, wave and shingle attack, wave cut notch development, over steepening off the cliff, fracture development and climatic controls it is likely to lead to increased erosion which, in turn, hastens cliff failure as the stress regimes change in the overlying cliff which has in its self been weakened by multiple responses including water and salt water weakening. It is likely that the penetration/presence of high concentrations of salt in the chalk pore water acts as a catalyst enabling all the other established processes to be enhanced. 
[bookmark: _Toc333310760]6	Conclusions
The field observations and laboratory results in this study illustrate the role of salt water in the weakening of chalk especially close to the cliff face. The key outcomes of this work are:
· The Chalk was fully saturated along the entire length of all cores, suggesting that chalk pores are permanently saturated.
· Salt is concentrating in the pore water of chalk cliffs which are in direct or indirect contact (seawater, salt spray) with the sea. 
· The origin of the salt found in the chalk pores was from seawater.
· Salt is concentrating at depths greater than 6 m along unprotected sections of cliffs, deeper than previously considered.
· Chalk cores from horizontal boreholes show a decrease in rock strength with samples near the cliff face only retaining 40%-50% of the intact rock strength compared to samples taken 7-8 m in horizontal depth behind the cliff face, which has not previously been reported. 
· UCS test results for the cores deep within the cliff compare favourably to published results,  however the samples nearer the cliff face were much weaker (Fig.11), therefore density/strength correlations are misleading unless the porewater chemistry is known.
· The Peacehaven cores from the unprotected exposed site, shows the greatest salt concentration and depth of penetration into the cliff. This is associated with the greatest loss of chalk strength.
Our results illustrate the salt concentrations in chalk porewater and concomitant UCS strength reductions within coastal cliffs. This suggests that it is likely that coastal cliff rock-failures will be influenced by salt-water weakening. Further research is required to show how much influence this process has on cliff instability.
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