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3. Seabed characteristics

The physical characteristics of the seabed were assessed from two replicate samples taken at each station. The 2010 replicate sediment properties are summarised in Table 3.1. PSA Histograms are given in appendix 3.
Table 3.1
Physical Properties East Azeri Benthic survey 2010
	Station Number
	Rep
	Mean diameter
(μm)    
	Carbonate
(%)
	Organic
(%)
	Silt/Clay

(%)
	Wentworth scale
	Sorting index

	EAP 1001 
	1
	55
	54
	2.5
	61
	Coarse silt
	Extremely poor

	
	2
	364
	61
	2.6
	31
	Medium sand
	Extremely poor

	EAP 1002
	1
	713
	59
	2.4
	24
	Coarse sand
	Extremely poor

	
	2
	455
	59
	3.2
	25
	Medium sand
	Extremely poor

	EAP 1003
	1
	263
	64
	2.4
	38
	Medium sand
	Extremely poor

	
	2
	25
	32
	2.7
	76
	Medium silt
	Extremely poor

	EAP 1004
	1
	91
	56
	2.7
	53
	Very fine sand
	Extremely poor

	
	2
	38
	39
	3.7
	67
	Coarse silt
	Extremely poor

	EAP 1005
	1
	63
	50
	2.0
	58
	Very fine sand
	Extremely poor

	
	2
	63
	42
	5.3
	60
	Very fine sand
	Extremely poor

	EAP 1006
	1
	69
	40
	3.3
	58
	Very fine sand
	Extremely poor

	
	2
	335
	62
	2.7
	33
	Medium sand
	Extremely poor

	EAP 1007
	1
	18
	27
	3.7
	84
	Medium silt
	Very poor

	
	2
	43
	35
	3.0
	66
	Coarse silt
	Extremely poor

	EAP 1008
	1
	9
	21
	4.0
	96
	Fine silt
	Good

	
	2
	10
	26
	2.9
	96
	Fine silt
	Good

	EAP 1009
	1
	15
	34
	4.0
	83
	Fine silt
	Extremely poor

	
	2
	74
	66
	2.2
	59
	Very fine sand
	Extremely poor

	EAP 1010
	1
	85
	52
	2.2
	53
	Very fine sand
	Extremely poor

	
	2
	50
	44
	2.0
	60
	Coarse silt
	Extremely poor

	EAP 1011
	1
	345
	52
	6.6
	34
	Medium sand
	Extremely poor

	
	2
	258
	52
	4.3
	41
	Medium sand
	Extremely poor

	EAP 1012
	1
	16
	26
	2.6
	86
	Medium silt
	Very poor

	
	2
	14
	30
	2.4
	88
	Fine silt
	Very poor

	EAP 1013
	1
	45
	40
	2.5
	67
	Coarse silt
	Extremely poor

	
	2
	45
	66
	1.4
	66
	Coarse silt
	Extremely poor

	EAP 1014
	1
	139
	38
	4.1
	41
	Fine sand
	Extremely poor

	
	2
	35
	31
	2.8
	69
	Coarse silt
	Extremely poor

	EAP 1015
	1
	299
	67
	2.5
	38
	Medium sand
	Extremely poor

	
	2
	841
	63
	2.6
	21
	Coarse sand
	Extremely poor

	EAP 1016 
	1
	27
	45
	2.4
	75
	Medium silt
	Extremely poor

	
	2
	20
	39
	2.7
	79
	Medium silt
	Extremely poor

	EAP 1017
	1
	15
	31
	3.1
	84
	Fine silt
	Very poor

	
	2
	9
	31
	2.7
	88
	Fine silt
	Very poor

	EAP 1018
	1
	1818
	64
	2.1
	10
	Very coarse sand
	Very poor

	
	2
	1081
	57
	2.5
	14
	Very coarse sand
	Extremely poor

	EAP 1019
	1
	38
	36
	3.1
	69
	Coarse silt
	Extremely poor

	
	2
	19
	26
	7.0
	81
	Medium silt
	Very poor

	EAP 1020
	1
	24
	35
	5.3
	77
	Medium silt
	Extremely poor

	
	2
	402
	73
	2.0
	32
	Medium sand
	Extremely poor

	EAP 1021
	1
	177
	45
	1.7
	42
	Fine sand
	Extremely poor

	
	2
	50
	46
	7.0
	65
	Coarse silt
	Extremely poor


Table 3.1 (Continued)
Physical Properties East Azeri Benthic survey 2010

	
	
	Mean diameter
(μm)    
	Carbonate
(%)
	Organic
(%)
	Silt/Clay

(%)
	
	

	Min
	9
	21
	1.4
	10
	
	

	Max
	1818
	73
	7.0
	96
	
	

	Median
	53
	44
	2.7
	60
	
	

	Average
	204
	46
	3.2
	58
	
	

	St Dev
	349.5
	14.1
	1.3
	23.3
	
	

	CV%
	172
	31
	42
	40
	
	


Classification of replicate sediment samples ranged from fine silt to very coarse sand with the majority of samples being classified as containing fine to very fine sand. Samples were poor to extremely poorly sorted at all stations except station 8, indicating that they contained substantial proportions of a wide range of particle sizes. These descriptions based on replicate mean particle size are therefore not representative summaries of the nature of the sediments at each station but only of the mean diameter at each station. However, at 15 stations the replicate samples were in the same or adjacent Wentworth classes, with the result that average values are moderately representative.  The stations at which between-replicate differences were large for all parameters (differing by more than two Wentworth classes) were stations 1, 3, 9, 14, 20 and 21.  The absolute numerical difference between the station 9 replicates was smaller than for the other 5 stations.
Mean diameter ranged from 9 μm at station 17 (R2) to 1818 μm at station 18 (R1), with median and average values of 53 and 204 μm respectively.  The large difference between median and average values indicates an asymmetrical distribution of values, with a predominance of fine sediments (indicated by a small median) and a small number of samples with coarse or very coarse composition. The coefficient of variation was very high, at 172%, 
Carbonate content ranged from 21 % at station 8 (R1) to 73 % at station 20 (R2), with median and average values of 44 and 46 % respectively, and a coefficient of variation of 31%. The similarity of the median and average values, together with a low coefficient of variation, indicates that there was much less variability in carbonate content than in particle diameter.
Organic content ranged from 1.4 to 7.0 %, with median and average values of 2.7 and 3.2 % and a coefficient of variation of 42%.  The closeness of the median and average values indicates that the distribution of values was less skewed than for particle diameter.
Silt-clay content ranged from 10% at station 18 (R1) to 96 % at station 8 (both replicates), with median and average values of 60 and 58% respectively, and a coefficient of variation of 40%.  These data indicate that the overall variability and distribution of values was similar to those observed for carbonate and organic content.

Overall, variation in particle size was considerably greater than for other parameters, although between-replicate differences were greatest for all parameters at the 6 stations identified above.
3.1. Relationship between Sediment Characteristics
The relationship between sediment characteristics was tested by a correlation analysis of replicate results. The correlation coefficients are given in table 3.2.

The strongest relationships were between silt, clay, and carbonate, and between silt, clay and mean diameter.  The relationship between mean diameter and carbonate was weaker, suggesting that carbonate is represented by a wide range of particle sizes; this would be consistent with the possibility that carbonate largely consists of mollusc shell fragments in varying degrees of weathering.
The negative relationship between silt-clay and carbonate/mean diameter is likely to indicate the balance between deposition of fine particulates and the presence of shell fragments; where the latter are abundant, the contribution of silt and clay is lower, because these fine particulates are present only as a result of sedimentation of airborne material or as a result of very limited transportation of material from very distant riverine sources.

Table 3.2
Replicate Correlation Coefficients; East Azeri Benthic survey 2010
	 
	Mean diameter      
	Carbonate
	Organic
	Silt/Clay
	Silt
	Clay

	Mean diameter      
	1.00
	
	
	
	
	

	Carbonate
	0.60
	1.00
	
	
	
	

	Organic
	-0.20
	-0.25
	1.00
	
	
	

	Silt/Clay
	-0.80
	-0.85
	0.06
	1.00
	
	

	Silt
	-0.76
	-0.82
	0.14
	0.94
	1.00
	

	Clay
	-0.71
	-0.73
	-0.06
	0.89
	0.69
	1.00


3.2. Spatial Distribution of Sediment Characteristics

The spatial distribution of Mean Particle size µm, % Silt & Clay, % Carbonate and % Organic Matter content for 2008 and 2010 are illustrated in the contour diagrams in figure 3.1. These have been created using the mean values for the parameter at each station, for which the 2010 data are given in table 3.3. Due to the difference between replicate values highlighted above, the significance of the mean figure  at stations 1, 3, 9, 14, 20 and 21 will be reduced and should be used as a visual reference only. Where possible, the scales and contour shading have been kept constant, to assist comparison; however, in instances where the 2010 range exceeds the 2008 range, comparison of the diagrams should take this into account.
In both 2008 and 2010, mean diameter was highest in stations to the west of the survey area (18, 2, 6, 11 and 20); the primary difference was a substantially higher value at station 18.

The pattern of distribution of silt-clay content was similar in both surveys, with lowest values in south and west, and higher values in the east and north, and around the platform.  Values around the platform were slightly higher in 2010 than in 2008.

Patterns of carbonate composition were similar in 2008 and 2010, with low levels observed around the platform location in both surveys.  However, it is clear that concentrations to the north of the platform have increased, whilst there has been relatively little change to the west and south of the platform.

In contrast to other parameters, the distribution of % organic content has substantially changed between 2008 and 2010, with a shift from higher concentrations to the north and around the platform to lower concentrations around the platform and higher concentrations to southwest, southeast and east of the platform.  It was notable that organic content had very little correlation with the other parameters.
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Figure 3.1
Spatial Distribution of mean sediment Characteristics; East Azeri Benthic Survey, 2008 and 2010
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Figure 3.1 (Continued)
Spatial Distribution of mean sediment Characteristics; East Azeri Benthic Survey, 2008 and 2010
Table 3.3
Station Average Physical Properties East Azeri Benthic survey 2010
	
	Mean diameter

(μm)    
	Carbonate

(%)
	Organic

(%)
	Silt/Clay

(%)

	EAP 1001 
	210
	57.5
	2.6
	46.0

	EAP 1002
	584
	59.1
	2.8
	24.5

	EAP 1003
	144
	48.1
	2.6
	56.9

	EAP 1004
	65
	47.7
	3.2
	60.2

	EAP 1005
	63
	45.6
	3.6
	59.3

	EAP 1006
	202
	50.7
	3.0
	45.3

	EAP 1007
	31
	31.2
	3.3
	75.1

	EAP 1008
	10
	23.3
	3.4
	96.0

	EAP 1009
	45
	50.4
	3.1
	70.9

	EAP 1010
	67
	48.0
	2.1
	56.5

	EAP 1011
	302
	52.1
	5.4
	37.2

	EAP 1012
	15
	28.3
	2.5
	87.0

	EAP 1013
	45
	52.9
	2.0
	66.6

	EAP 1014
	87
	34.4
	3.4
	54.8

	EAP 1015
	570
	65.3
	2.6
	29.2

	EAP 1016 
	23
	41.6
	2.5
	77.3

	EAP 1017
	12
	31.2
	2.9
	86.0

	EAP 1018
	1449
	60.5
	2.3
	12.3

	EAP 1019
	29
	31.1
	5.1
	75.1

	EAP 1020
	213
	53.8
	3.7
	54.6

	EAP 1021
	114
	45.4
	4.3
	53.3


3.3. Comparison to Previous Survey Data

To allow a comparison with previous data the mean value at each station has been used. As indicated, there are differences between replicate values at a number of the 2010 stations which will reduce the significance of the mean figure used for the 2010 value. It should be noted that within station variation was also prevalent on previous surveys and appears to be a feature of this area. 
Table 3.4 gives the comparable station data for 2002, 2006, 2008, and 2010; the largest differences between 2006 and 2008 are highlighted in orange, whilst the largest differences between 2008 and 2010 are highlighted in yellow.  It is immediately apparent that the 2006-2008 differences are more frequent than those between 2008 and 2010.  
Overall, variation over time was smallest at stations 4-14 inclusive, and was highest at station 15.  For the majority of stations there was no consistent trend in any parameter; a trend towards coarser sediment was evident at stations 2 and 20, whilst a trend towards finer sediment was observed at stations 12, 17 and 19.  There was, in general, greater consistency between the 2002, 2008 and 2010 data; where substantial fluctuation was evident over time, this was in most instances associated with the 2006 data, in which sediments were much coarser than in preceding or succeeding surveys.
Table 3.4
Station Average Values of Key Sediment Characteristics, East Azeri Benthic Survey, 2002, 2006, 2008 and 2010.
	Station
	Mean diameter
	Carbonate
	Organic
	Silt/Clay

	
	(μm)    
	(%)
	(%)
	(%)

	 
	2002
	2006
	2008
	2010
	2002
	2006
	2008
	2010
	2002
	2006
	2008
	2010
	2002
	2006
	2008
	2010

	1
	105
	49
	74
	209
	48
	44
	57
	57
	3.52
	3.18
	3.54
	2.55
	53
	77
	54
	46

	2
	30
	97
	437
	583
	47
	43
	56
	59
	3.42
	4.72
	2.83
	2.79
	81
	62
	48
	24

	3
	78
	212
	82
	143
	38
	56
	55
	48
	3.35
	3.16
	2.73
	2.55
	60
	47
	55
	56

	4
	54
	585
	30
	64
	47
	56
	47
	47
	3.27
	2.94
	4.85
	3.2
	69
	34
	72
	60

	5
	74
	167
	27
	62
	46
	50
	36
	45
	3.02
	4.78
	3.35
	3.62
	64
	65
	81
	59

	6
	236
	428
	150
	202
	67
	63
	46
	50
	3.38
	3.03
	2.99
	3
	44
	30
	60
	45

	7
	66
	269
	35
	30
	38
	50
	37
	31
	3.78
	2.95
	3.59
	3.34
	71
	55
	76
	75

	8
	55
	530
	17
	9
	42
	54
	34
	23
	2.63
	4.95
	3.94
	3.41
	72
	34
	84
	96

	9
	 
	112
	13
	44
	 
	42
	40
	50
	 
	4.58
	4.07
	3.11
	 
	80
	85
	70

	10
	43
	82
	34
	67
	53
	37
	45
	48
	2.85
	2.54
	3.28
	2.1
	79
	83
	70
	56

	11
	199
	1226
	331
	301
	57
	72
	63
	52
	2.05
	2.13
	2.13
	5.44
	45
	22
	33
	37

	12
	337
	51
	22
	14
	54
	33
	35
	28
	2.79
	3.17
	3.29
	2.51
	56
	94
	81
	87

	13
	71
	82
	113
	44
	47
	37
	49
	52
	2.4
	2.52
	2.74
	1.97
	57
	81
	62
	66

	14
	99
	67
	117
	87
	50
	37
	51
	34
	2.89
	3.65
	2.99
	3.44
	59
	88
	55
	54

	15
	54
	960
	163
	569
	42
	63
	65
	65
	4.69
	2.56
	2.49
	2.58
	68
	38
	44
	29

	16
	 
	73
	14
	23
	 
	39
	38
	41
	 
	4
	4.57
	2.52
	 
	79
	84
	77

	17
	 
	99
	22
	11
	 
	37
	34
	31
	 
	2.91
	3.68
	2.9
	 
	89
	84
	86

	18
	 
	491
	375
	1449
	 
	69
	67
	60
	 
	2.6
	2.68
	2.27
	 
	30
	29
	12

	19
	 
	129
	87
	28
	 
	47
	50
	31
	 
	2.81
	3.08
	5.08
	 
	66
	56
	75

	20
	 
	64
	253
	213
	 
	33
	68
	53
	 
	2.81
	2.5
	3.65
	 
	91
	38
	54

	21
	 
	374
	33
	113
	 
	62
	36
	45
	 
	2.73
	3.41
	4.3
	 
	52
	71
	53

	Minimum
	30
	49
	13
	9
	38
	33
	34
	23
	2.05
	2.13
	2.13
	1.97
	44
	22
	29
	12

	Maximum
	337
	1226
	437
	1449
	67
	72
	68
	65
	4.69
	4.95
	4.85
	5.44
	81
	94
	85
	96

	Median
	72.5
	129
	74
	67
	47
	47
	47
	48
	3.145
	2.95
	3.28
	3
	62
	65
	62
	56

	Average
	107.2
	292.7
	115.7
	203.1
	48.3
	48.8
	48.0
	45.2
	3.1
	3.3
	3.3
	3.2
	62.7
	61.8
	63.0
	58.0

	St Dev
	88.29
	319.26
	127.72
	329.94
	7.77
	12.07
	11.47
	11.61
	0.65
	0.84
	0.69
	0.90
	11.37
	23.56
	17.82
	21.39

	CV
	82%
	109%
	110%
	162%
	16%
	25%
	24%
	26%
	21%
	26%
	21%
	29%
	18%
	38%
	28%
	37%


3.4. Summary

The sediments around East Azeri were, with one exception, very poorly sorted with moderately good agreement between replicate samples at 16 of the 21 stations. The greatest variation was recorded at stations 1, 3, 9, 14, 20 and 21.  Mean diameter was positively correlated with carbonate content, and negatively correlated with silt and clay content.  Organic content appeared to vary independently of other parameters.
The lowest particle size and carbonate content, and the highest silt & clay and organic content was present in an area directly to the west, southwest and south of the platform encompassing stations 7, 12 and 8 and stations in the north-eastern quadrant of the survey area. The inverse was identified at stations 2, 18, 11, and 20 to the west of the survey area, in particular the south-western quadrant. 
Comparison to previous data indicated that particle size increased and silt-clay content reduced between 2002 and 2006 at stations 3, 4 and 5 directly to the north and northeast of the platform and stations 6, 7, 8, 11 and 15 located in the south-western quadrant, within 500m of the platform. 
Samples taken from these positions in 2008 had a lower particle size and a higher silt-clay content and exhibited physical characteristics which were very similar to those recorded on the 2002 baseline survey. Despite the observed variation in sediment structure, the variation in the proportion of carbonate between years was less defined, with a relatively similar content being present on consecutive surveys.   The 2010 data were in most instances similar in value and distribution of values to the 2008 data; the most notable differences were observed at stations 1, 15 and 18, where sediments were substantially coarser than in 2008.  Patterns of distribution for particles size, carbonate content and silt-clay content were similar in 2010 and 2008.  However, there was a marked difference between these surveys in the distribution of organic matter content, with the 2010 results indicating a pattern which was the inverse of the 2008 pattern; higher concentrations around the platform and to the north-north east was replaced by lower concentration around the platform with higher concentration to the south and southeast.
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