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3. Seabed characteristics

The physical characteristics of the seabed were assessed from two replicate samples taken at each station. The 20010 replicate sediment properties are summarised in Table 3.1. Stations with the largest between-replicate differences are highlighted in yellow. PSA Histograms are given in appendix 3.
Table 3.1
Physical Properties Central Azeri Benthic survey 20010
	Station 
	Rep
	Mean diameter      Xμm
	Carbonate
	Organic
	>2 mm
	Silt/Clay
	>2mm + Silt/clay

	
	
	
	%
	%
	%
	%
	%

	CA 1001 
	1
	785
	74
	2
	53
	16
	69

	
	2
	642
	69
	2
	44
	14
	58

	CA 1002
	1
	820
	62
	3
	61
	15
	76

	
	2
	154
	53
	6
	28
	37
	65

	CA 1003
	1
	728
	76
	2
	59
	18
	77

	
	2
	920
	78
	2
	62
	17
	79

	CA 1004
	1
	180
	57
	2
	14
	23
	37

	
	2
	104
	51
	3
	12
	41
	53

	CA 1005
	1
	100
	43
	4
	25
	47
	72

	
	2
	418
	62
	2
	46
	27
	73

	CA 1006
	1
	922
	74
	2
	69
	20
	89

	
	2
	436
	62
	2
	34
	17
	51

	CA 1008 
	1
	38
	58
	4
	19
	68
	87

	
	2
	179
	23
	6
	34
	39
	73

	CA 1009
	1
	460
	63
	3
	41
	21
	62

	
	2
	185
	57
	2
	32
	36
	68

	CA 1010
	1
	114
	42
	2
	9
	27
	36

	
	2
	192
	40
	2
	8
	16
	24

	CA 1011
	1
	458
	63
	3
	35
	15
	50

	
	2
	94
	47
	3
	24
	48
	72

	CA 1012
	1
	1008
	69
	2
	65
	13
	78

	
	2
	489
	65
	3
	46
	21
	67

	CA 1013
	1
	452
	67
	2
	42
	20
	62

	
	2
	533
	63
	2
	55
	26
	81

	CA 1014
	1
	139
	48
	2
	33
	44
	77

	
	2
	124
	44
	3
	29
	42
	71

	CA 1015
	1
	514
	66
	2
	46
	22
	68

	
	2
	375
	56
	3
	33
	18
	51

	CA 1016
	1
	673
	65
	3
	57
	19
	76

	
	2
	637
	64
	2
	46
	16
	62

	CA 1017  
	1
	135
	48
	4
	26
	41
	67

	
	2
	171
	46
	2
	32
	38
	70

	CA 1018
	1
	1013
	68
	2
	64
	12
	76

	
	2
	810
	69
	2
	63
	18
	81

	CA 1019
	1
	313
	43
	3
	36
	25
	61

	
	2
	546
	53
	3
	45
	19
	64

	CA 1020
	1
	101
	41
	3
	12
	36
	48

	
	2
	563
	62
	2
	52
	19
	71


Table 3.1 (Cont)
Physical Properties Central Azeri Benthic survey 20010

	Station 
	Rep
	Mean diameter      Xμm
	Carbonate
	Organic
	>2 mm
	Silt/Clay
	>2mm + Silt/clay

	
	
	
	%
	%
	%
	%
	%

	CA 1021
	1
	31
	36
	6
	13
	70
	83

	
	2
	82
	48
	3
	27
	54
	81

	CA 1022
	1
	1115
	70
	2
	66
	13
	79

	
	2
	1447
	72
	2
	77
	10
	87

	Minimum
	31
	23
	2
	10
	10
	24

	Maximum
	1447
	78
	6
	77
	70
	89

	Median
	444
	62
	2
	39
	21
	70

	Average
	457
	58
	3
	40
	27
	67

	Standard deviation
	348
	12
	1
	18
	15
	14

	CV
	76%
	22%
	40%
	45%
	54%
	21%


The sediments throughout the survey area were extremely poorly sorted indicating that they contained substantial proportions of a wide range of particle sizes.  Consequently, Wentworth classification cannot be considered valid, as the sediment types identified by this classification are frequently not actually present as a dominant portion of the sediments. Mean particle diameter is similarly constrained, whether expressed per replicate or as an average per station.
Agreement between replicate samples was variable, and those stations with the poorest agreement are highlighted in Table 3.1.  Figure 3.1 illustrates the relationship between mean particle diameter and the coarse fraction (>2mm).  The regression equation explains approximately 86% of the variation, and although this is not statistically rigorous, it indicates that mean diameter is generally proportionate to the overall dominant characteristics of the sediments.  The relationship is, however, very weak for sediments with mean diameters of less than 200 um and coarse fractions of less than approximately 30%.
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Figure 3.1  Relationship between mean diameter and >2mm fraction
Mean diameter ranged from 31 µm (station 21) to 1447 µm  (station 22).   The median and mean values were 444 and 457 um respectively and the coefficient of variation was high at 76%.
Silt-clay content ranged from 10 (station 22) to 70% (station.21), with median and average values of 21 and 27%. The coefficient of variation was high, at 54%. 
Carbonate content ranged from 23% at station 8 to 78% at station 3, with median and average values of 62 and 57% and a low coefficient of variation of 22%. Organic content ranged from 2 to 6%, with the majority of values lying within the range of 2-4%.
The proportion of sediment accounted for the by the coarse (>2mm) fraction ranged from 9% (station 10) to 77% (station 22), with median and mean values of 39 and 40% and a moderately high coefficient of variation of 45%.   The proportion of sediment accounted for by the coarse (>2mm) and fine (silt-clay, <63 um) fractions together ranged from 24% to 89%, with median and average values of 70 and 67% and a low coefficient of variation of 21%.  Most samples consisted of a mixture of these two fractions, with only a small contribution from each of the intermediate ‘sand’ fractions.  Of the stations with higher sand fraction composition, four (stations 2, 4, 10 and 20) were located at or near the periphery of the survey area, and three (stations 9, 12 and 16) were located in the inner part of the survey area (ie, closest to the platform).
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 correlation coefficients should be treated only as a rough indication of relationships; with the exception of particle diameter, all other parameters are expressed in percentages (ie finite number systems), which means that the values are not necessarily independent.  In the present instance, the quantities of silt, clay, carbonate and organic matter are to some extent interdependent.
The correlation coefficients do not indicate any unusual associations.  Mean diameter has a strong positive association with carbonate and with the coarse fraction, suggesting that a substantial proportion of coarse material is derived from bivalve shell fragments.  These parameters are by definition negatively associated with the fine (silt-clay) fraction, which is in turn strongly positively associated with the organic fraction.

Table 3.2
Replicate Correlation Coefficients; Central Azeri Benthic survey 2008

	 
	Mean diameter
	Carbonate
	Organic
	>2 mm
	Silt/Clay
	>2mm + Silt/clay

	Mean diameter    
	1.0
	
	
	
	
	

	Carbonate
	0.8
	1.0
	
	
	
	

	Organic
	-0.5
	-0.6
	1.0
	
	
	

	>2 mm
	0.9
	0.8
	-0.4
	1.0
	
	

	Silt/Clay
	-0.8
	-0.6
	0.6
	-0.6
	1.0
	

	>2mm + Silt/clay
	0.4
	0.3
	0.1
	0.6
	0.2
	1.0


3.2. Spatial Distribution of Sediment Characteristics

The spatial distribution of Mean Particle size µm, % Silt & Clay, % Carbonate and % Organic Matter content are illustrated in the contour diagrams in figure 3.1. These have been created using the mean values for the parameter at each station which are given in table 3.3. Due to the difference between replicate values highlighted at some of the stations the significance of the mean figure will be greatly reduced and should be used as a visual reference only.

Table 3.3
Station Average Physical Properties Central Azeri Benthic survey 20010
	
	Mean diameter (μm)     
	Carbonate

(%)
	Organic (%)
	Silt/Clay (%)
	Silt 
(%)
	Clay (%)
	>2mm (%)

	CA 1001 
	713.5
	71.7
	1.7
	15.0
	6.8
	8.1
	49.0

	CA 1002
	487.0
	57.8
	4.7
	26.0
	12.1
	13.9
	44.8

	CA 1003
	824.2
	77.1
	1.9
	17.3
	8.3
	8.9
	61.0

	CA 1004
	142.0
	53.8
	2.5
	31.9
	15.9
	16.0
	13.4

	CA 1005
	258.9
	52.4
	3.3
	36.7
	19.8
	16.9
	36.1

	CA 1006
	679.0
	67.9
	2.1
	18.3
	11.0
	7.3
	52.0

	CA 1008 
	108.0
	40.5
	4.9
	53.2
	29.2
	24.0
	26.8

	CA 1009
	322.6
	60.2
	2.3
	28.6
	14.9
	13.7
	36.8

	CA 1010
	152.9
	41.0
	2.1
	21.4
	10.8
	10.6
	9.1

	CA 1011
	276.1
	54.9
	3.0
	31.2
	16.3
	14.9
	29.8

	CA 1012
	748.9
	66.7
	2.7
	17.2
	9.8
	7.3
	56.4

	CA 1013
	492.6
	64.6
	2.1
	22.8
	11.6
	11.1
	48.9

	CA 1014
	131.3
	46.2
	2.4
	42.9
	25.4
	17.5
	31.2

	CA 1015
	444.9
	60.7
	2.5
	19.7
	9.9
	9.8
	40.1

	CA 1016
	655.0
	64.6
	2.4
	17.4
	9.7
	7.7
	51.8

	CA 1017  
	153.0
	46.9
	3.1
	39.1
	21.6
	17.5
	29.7

	CA 1018
	911.6
	68.6
	2.0
	14.8
	8.1
	6.7
	63.9

	CA 1019
	429.6
	47.8
	2.9
	21.7
	11.0
	10.7
	41.0

	CA 1020
	332.1
	51.6
	2.5
	27.2
	14.8
	12.4
	32.6

	CA 1021
	56.6
	42.1
	4.1
	61.7
	30.7
	31.0
	20.5

	CA 1022
	1280.8
	71.1
	1.7
	11.6
	5.7
	6.0
	71.7

	Minimum
	56.6
	40.5
	1.7
	11.6
	5.7
	6.0
	9.1

	Maximum
	1280.8
	77.1
	4.9
	61.7
	30.7
	31.0
	71.7

	Median
	429.6
	57.8
	2.5
	22.8
	11.6
	11.1
	40.1

	Average
	457.2
	57.5
	2.7
	27.4
	14.5
	13.0
	40.3

	Standard deviation
	319.42
	11.00
	0.89
	13.13
	7.13
	6.17
	16.33

	CV
	70%
	19%
	33%
	48%
	49%
	48%
	41%


Coefficients of variation for the averaged data were high (33%-70%) for all parameters except carbonate (19%)
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Figure 3.2
Spatial Distribution of mean sediment Characteristics; Central Azeri Benthic Survey 2010, and comparison with 2008 for key parameters
The figures for mean diameter, carbonate and the coarse fraction all indicate that the coarsest sediments are located to the NW (station 22) and S-SE (stations 18, 16 and 12) of the platform.  Stations close to the platform (9, 15, 19 and 16) tend to have the highest intermediate sand fractions.
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 stations which will limit the significance of the comparisons. 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 2006, 2008 and 2010.  Those stations which were repositioned in either 2008 or 2010 are highlighted in light yellow, indicating that direct comparison is restricted in these instances.
Table 3.4
Station Average Values of Key Sediment Characteristics, Central Azeri Benthic Survey, 2006, 2008 and 2010
	 
	Mean diameter
	Carbonate
	Organic
	Silt/Clay

	Station
	2006
	2008
	2010
	2006
	2008
	2010
	2006
	2008
	2010
	2006
	2008
	2010

	1
	542
	631
	713
	51
	72
	71
	2.8
	1.6
	1.7
	12
	14
	15

	2
	652
	408
	487
	51
	63
	57
	3.0
	2.1
	4.7
	14
	22
	26

	3
	319
	542
	824
	57
	65
	77
	2.6
	2.3
	1.9
	31
	17
	17

	4
	275
	311
	142
	62
	60
	53
	1.9
	2.6
	2.5
	25
	27
	31

	5
	172
	185
	258
	50
	60
	52
	2.7
	2.4
	3.3
	49
	35
	36

	6
	461
	520
	679
	63
	70
	67
	2.1
	2.0
	2.1
	16
	17
	18

	8
	157
	215
	108
	27
	54
	40
	5.4
	2.0
	4.9
	33
	30
	53

	9
	361
	453
	322
	62
	69
	60
	2.4
	1.8
	2.3
	21
	21
	28

	10
	115
	137
	152
	45
	44
	41
	2.3
	1.8
	2.1
	34
	27
	21

	11
	176
	340
	276
	47
	61
	54
	2.8
	2.2
	3.0
	41
	30
	31

	12
	808
	447
	748
	55
	68
	66
	2.9
	1.6
	2.7
	13
	21
	17

	13
	319
	204
	492
	63
	59
	64
	2.3
	2.1
	2.1
	27
	31
	22

	14
	305
	375
	131
	54
	53
	46
	2.9
	2.8
	2.4
	33
	43
	42

	15
	432
	217
	444
	66
	62
	60
	1.9
	1.9
	2.5
	20
	30
	19

	16
	709
	333
	655
	70
	59
	64
	1.9
	2.6
	2.4
	15
	22
	17

	17
	517
	598
	153
	66
	68
	46
	2.5
	2.2
	3.1
	22
	19
	39

	18
	336
	571
	911
	59
	65
	68
	2.6
	2.0
	2.0
	26
	15
	14

	19
	39
	500
	429
	38
	65
	47
	2.9
	2.0
	2.9
	69
	21
	21

	20
	278
	296
	332
	34
	54
	51
	3.0
	1.8
	2.5
	20
	21
	27

	21
	844
	332
	56
	46
	60
	42
	3.5
	2.7
	4.1
	51
	37
	61

	22
	
	419
	1280
	
	54
	71
	
	2.1
	1.7
	
	42
	11.6

	Min
	39
	137
	56.6
	27
	44
	40.5
	1.9
	1.6
	1.7
	12
	14
	11.6

	Max
	844
	631
	1280.8
	70
	72
	77.1
	5.4
	2.8
	4.9
	69
	43
	61.7

	Median
	327
	358
	429.6
	54
	61
	57.8
	2.7
	2.1
	2.5
	25
	22
	22.8

	Mean
	391
	381
	457.2
	53
	62
	57.5
	2.7
	2.1
	2.7
	29
	25
	27.4

	Std Dev
	228
	148
	319.42
	11
	7
	11.00
	0.8
	0.3
	0.89
	15
	8
	13.13

	%CV
	58
	39
	70%
	21
	11
	19%
	28
	16
	33%
	52
	31
	48%


At the majority of stations, sediments parameters are either similar to those of 2008, or indicate a decrease in diameter and carbonate content and a corresponding increase in silt-clay content.  At some stations (3, 12, 13, 15, 16, and 18), sediments had become substantially coarser since 2008; with the exception of station 3, these stations are located to the S-SE of the platform.
Summary statistics describing replicate sediment characteristics from the six surveys around Central Azeri are given in table 3.5.  Direct comparison with the 2004 -20010 data with the results from 1998 and 2001 is constrained by the fact that different sets of stations were analysed. 
Whilst there has been considerable variation over time, there is no clear evidence of any systematic trend for most parameters, especially if the ranges of values are considered.  Prior to 2004, organic and silt-clay content were consistently lower than observed in subsequent surveys.
Table 3.5
Summary of Sediment Physical Properties, Central Azeri Surveys 1998 to 20010 (based on replicate sample values)
	
	Mean Diameter
	% Carbonate
	% Organic
	% Silt/Clay

	2010
	31-457-1447
(76)
	23-58-78
(22)
	2-3-6
(40)
	9-40-77
(45)

	2008
	26 - 382 - 812   (57)
	35 - 61 - 73 (16 )
	1.5 - 2.1 - 3.9 (23)
	12 - 26 - 72 (53)

	2006
	10 - 396 - 1678   (81)
	11 - 53 - 77 (33 )
	1.5 - 2.8 - 6.5 (39)
	9 - 28 - 93   (73)

	2004
	40 - 341 - 831 (67)
	35 - 58 - 73 (19)
	1.0 - 2.4 - 4.3 (29)
	12 - 29 - 70 (59)

	2001
	89 - 625 - 1205 (41)
	44 - 69 - 77 (12)
	1.5 - 1.7 - 2.5  (15)
	10 - 16 - 47 (54)

	1998
	386 - 595 - 1404 (NR)
	55 - 67 - 73 (NR)
	1.9 - 2.2 - 2.6 (NR)
	10 - 17 - 22 (NR)


3.4. Summary

The sediments around Central Azeri were very poorly sorted.   At many stations, the two replicates were substantially different, indicating patchiness of physical characteristics on a small spatial scale (metres).”
Sediments tended to be coarser to the NW  (3, 6) and SE (12, 15, 16, 18. 19) of the platform, and finer to the SW (14, 17) and NE (8) of the platform.
Examination of the replicate summary statistics indicate no clear trends for the surveys carried out in 2004 (post drill) to 2010, with the baseline data from 2001 and 1998 having a higher mean particle size, carbonate content and a corresponding lower silt and clay content.
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