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Figure 9: Dissolved oxygen residual (Opy - Oca) vVersus station number for cruise AU0103. The solid
line follows the mean residual for each station; the broken lines are = the standard
deviation of the residuals for each station.

Figure 10: Nitrate+nitrite versus phosphate data for AU0103.
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AU0103 Sensor noise comparison between CTD 1193 and 1103
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Figure 11: Conductivity and temperature signal noise for CTDs 1193 and 1103.
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Table 7: Calibration coefficients and calibration dates for CTD serial numbers 1193 and 1103 (unit
numbers 5 and 7 respectively) used during cruise AU0103. Note that platinum temperature

calibrations are for the ITS-90 scale.

coefficient value of coefficient

CTD serial number 1193 (unit no. 5)
(stations 1-108)

pressure calibration coefficients

CSIRO Calibration Facility — 08/10/2001

pcal0 -1.112466e+01
pcall 1.007841e-01
pcal2 2.329940e-09
pcal3 -6.068648e-14
pcal4 5.809276e-19

platinum temperature calibration
coefficients
CSIRO Calibration Facility - 02/10/2001

TcalO -5.448864e-02
Tcall 4.989851e-04
Tcal2 -1.960000e-12

pressure temperature calibration
coefficients
CSIRO Calibration Facility - 08/10/2001

Tpcall 8.43604e+01
Tpcall -3.15992e-04
Tpcal2 -3.25000e-08
Tpcal3 0.0
Tpcald 0.0
coefficients for temperature correction to
pressure
CSIRO Calibration Facility - 08/10/2001
To 20.00
Si -1.88557e-05
S, -1.08758e-01

digitiser counts to voltage calibration for
fluorescence channel

Aurora Australis - 22/11/2001

fo -5.57687
f1 1.70179e-04
f2 0.0

coefficient value of coefficient

CTD serial number 1103 (unit no. 7)
(stations 109-135)

pressure calibration coefficients

CSIRO Calibration Facility - 03/10/2001

pcal0 -2.107754e+01
pcall 1.001927e-01
pcal2 9.702446e-09
pcal3 -6.379487e-14
pcal4 3.916767e-19

platinum temperature calibration coefficients

CSIRO Calibration Facility - 12/10/2001

TcalO 6.705048e-02
Tcall 4,998226e-04
Tcal2 0.0

pressure temperature calibration coefficients

CSIRO Calibration Facility - 03/10/2001

Tpcall 9.09870e+01
Tpcall -4.16256e-04
Tpcal2 -3.01003e-08
Tpcal3 0.0
Tpcald 0.0
coefficients for temperature correction to
pressure
CSIRO Calibration Facility - 03/10/2001
To 20.00
Sy -1.40716e-05
S, -2.54401e-02

digitiser counts to voltage calibration for
fluorescence channel (used CTD1193 values)

fo -5.57687
f1 1.70179e-04
f2 0.0
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Table 8: Surface pressure offsets. ** indicates value estimated from manual inspection of data.

stn surface p stn surface p stn surface p stn surface p stn surface p
no. offset(dbar)| no. offset(dbar)| no. offset(dbar)| no. offset(dbar)| no. offset(dbar)
1 0.94 28 -0.01 55 -0.47 82 0.20** 109 0.00
2 1.00 29  -0.40%*x* 56 0.41 83 -0.29 110 0.79
3 0.53 30 0.19 57 -0.03 84 -0.48 111 1.00
4 0.52 31 0.22 58 0.02 85 0.74 112 0.50
5 0.39 32 0.38 59 -0.11 86 0.31 113 0.77
6 0.11 33 0.32 60 -0.11 87 0.00** 114 0.85
7 0.21 34 0.15 61 -0.69 88 0.22 115 0.98
8 0.75 35 0.27 62 0.30** | 89 -0.06 116 0.46
9 0.90 36 0.73 63 0.08 90 0.01 117 0.59
10 0.83 37 0.06 64 -0.17 91 0.17 118 0.99
11 0.18 38 -0.08 65 -0.67 92 0.06 119 0.91
12 0.15 39 0.09 66 -0.34 93 -0.20 120 0.40
13 0.52 40 0.25 67 -0.36 94 0.14 121 0.23
14 0.77 41 0.35 68 0.41 95 -0.16 122 0.36
15 0.03 42 0.00 69 0.42 96 -0.04 123 1.05
16 0.15 43 0.52 70 -0.17 97 0.47 124 0.65
17 0.15 44 0.21 71 -0.36 98 0.02 125 0.24
18 0.26 45  -0.33 72 -0.15 99 -0.40 126 -0.12
19 0.51 46  -0.89 73 0.15 100 -0.20%** 127 0.93
20 -0.57 47 0.23 74 0.60 101 -0.05 128 0.55
21 0.03 48 -0.42 75 0.46 102 0.35 129 0.00
22 -0.09 49 0.46 76 -0.44 103 0.33 130 0.25
23 -0.11 50 -0.05 77 0.04 104 0.86 131 0.74
24  -0.20%** 51 -0.22 78 -0.29 105 0.43 132 0.66
25 0.15 52 0.15 79 -0.44 106 0.36 133 -0.35
26 0.27 53 -0.56 80 0.09 107  -0.20%** 134 -0.27
27 0.42 54 0.05 81 -0.47 108 -0.30** 135 0.23

Table 9: CTD conductivity calibration coefficients. F; , F, and F5; are respectively conductivity bias,
slope and station-dependent correction calibration terms. n is the number of samples
retained for calibration in each station grouping; o is the standard deviation of the
conductivity residual for the n samples in the station grouping.

stn grouping

001 to 007
008 to 013
014 to 017
018 to 047
048 to 062
063 to 068
069 to 076
077 to 083
084 to 099
100 to 108
109 to 119
120 to 129
130 to 135

Fi

-0.12400843E-01
-0.14229483E-01
-0.51762480E-02
-0.11944275E-01
0.96277611E-03
-0.87553383E-02
0.21653981E-02
0.27664169E-01
0.35267267E-01
0.30957091E-01
0.30445228E-01
0.23654117E-01
-0.97232207E-02

F»

0.96693175E-03
0.96688131E-03
0.94845242E-03
0.94817109E-03
0.94791325E-03
0.94830642E-03
0.94790089E-03
0.94705848E-03
0.94685326E-03
0.94556130E-03
0.10055224E-02
0.10055005E-02
0.10041337E-02

F3

-0.12678197E-07
0.45234260E-08
-0.28958816E-07
0.22435385E-08
-0.65411185E-09
-0.19967568E-08
-0.85898836E-09
0.39321052E-10
-0.52840211E-09
0.13561741E-07
-0.11314836E-08
0.79152735E-09
0.19756780E-07

94
81
35
400
258

136
132
279

66
131
141

24

o

0.001331
0.001186
0.000878
0.000996
0.000843
0.000679
0.000976
0.001127
0.001360
0.001069
0.001265
0.001313
0.001586
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Table 10: Station-dependent-corrected conductivity slope term (F, + F5 . N), for station number N,
and F, and F3 the conductivity slope and station-dependent correction calibration terms
respectively.

stn stn stn stn

nbr (F + F3. N) nbr (F + F3. N) nbr (Fz + F3. N) nbr (F + F3. N)
1 0.96691907E-03 35 0.94825236E-03 69 0.94784162E-03 103 0.94695816E-03
2 0.96690639E-03 36 0.94825458E-03 70 0.94784076E-03 104 0.94697172E-03
3 0.96689371E-03 37 0.94825679E-03 71 0.94783990E-03 105 0.94698528E-03
4 0.96688103E-03 38 0.94825901E-03 72 0.94783905E-03 106 0.94699885E-03
5 0.96686836E-03 39 0.94826122E-03 73 0.94783819E-03 107 0.94701241E-03
6 0.96685568E-03 40 0.94826344E-03 74 0.94783733E-03 108 0.94702597E-03
7 0.96684300E-03 41 0.94826566E-03 75 0.94783647E-03 109 0.10053662E-02
8 0.96691750E-03 42 0.94826787E-03 76 0.94783561E-03 110 0.10053654E-02
9 0.96692202E-03 43 0.94827009E-03 77 0.94706151E-03 111 0.10053647E-02

10 0.96692654E-03 44 0.94827230E-03 78 0.94706155E-03 112 0.10053639E-02
11 0.96693107E-03 45 0.94827452E-03 79 0.94706159E-03 113 0.10053631E-02
12 0.96693559E-03 46 0.94827674E-03 80 0.94706163E-03 114 0.10053624E-02
13 0.96694011E-03 47 0.94827895E-03 81 0.94706166E-03 115 0.10053616E-02
14 0.94804700E-03 48 0.94788185E-03 82 0.94706170E-03 116 0.10053608E-02
15 0.94801804E-03 49 0.94788120E-03 83 0.94706174E-03 117 0.10053600E-02
16 0.94798908E-03 50 0.94788055E-03 84 0.94680887E-03 118 0.10053593E-02
17 0.94796012E-03 51 0.94787989E-03 85 0.94680835E-03 119 0.10053585E-02
18 0.94821469E-03 52 0.94787924E-03 86 0.94680782E-03 120 0.10055955E-02
19 0.94821691E-03 53 0.94787858E-03 87 0.94680729E-03 121 0.10055963E-02
20 0.94821913E-03 54 0.94787793E-03 88 0.94680676E-03 122 0.10055971E-02
21 0.94822134E-03 55 0.94787727E-03 89 0.94680623E-03 123 0.10055979E-02
22 0.94822356E-03 56 0.94787662E-03 90 0.94680570E-03 124 0.10055987E-02
23 0.94822577E-03 57 0.94787597E-03 91 0.94680518E-03 125 0.10055995E-02
24 0.94822799E-03 58 0.94787531E-03 92 0.94680465E-03 126 0.10056003E-02
25 0.94823020E-03 59 0.94787466E-03 93 0.94680412E-03 127 0.10056011E-02
26 0.94823242E-03 60 0.94787400E-03 94 0.94680359E-03 128 0.10056018E-02
27 0.94823464E-03 61 0.94787335E-03 95 0.94680306E-03 129 0.10056026E-02
28 0.94823685E-03 62 0.94787270E-03 96 0.94680253E-03 130 0.10067021E-02
29 0.94823907E-03 63 0.94820530E-03 97 0.94680201E-03 131 0.10067219E-02
30 0.94824128E-03 64 0.94820372E-03 98 0.94680148E-03 132 0.10067416E-02
31 0.94824350E-03 65 0.94820215E-03 99 0.94680095E-03 133 0.10067614E-02
32 0.94824571E-03 66 0.94820057E-03 100 0.94691748E-03 134 0.10067812E-02
33 0.94824793E-03 67 0.94819899E-03 101 0.94693104E-03 135 0.10068009E-02
34 0.94825015E-03 68 0.94819742E-03 102 0.94694460E-03
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Table 11: CTD raw data scans deleted during data processing. For raw scan number ranges, the
lowest and highest scan numbers are not included in the action (except for scan 1).

station no. raw scan nos. reason
1, upcast 1918-1920 P spike
4, upcast 2771-3, 2877-9 P spike
7, upcast 4173-6, 4212-4 P spike
8, upcast 644-6, 1519-21, 1854-7, 1874-81, P spike

1935-9, 3519-21, 3569-71, 3586-9,
3605-7, 3631-3, 3654-6

24, downcast 1-450 CTD deck unit not warmed up

29, downcast 1-830 CTD deck unit not warmed up
62, downcast 1-1000 CTD deck unit not warmed up
82, downcast 1-520 CTD deck unit not warmed up
87, downcast 1-1300 CTD deck unit not warmed up
95, upcast 5348-52 P spike

107,downcast 1-4600 hypersaline water in sensor cover
108,downcast 1-1500 hypersaline water in sensor cover
128, upcast 4156-9 P spike

Table 12: Missing data points in 2 dbar-averaged files. ‘1’ indicates missing data for the indicated
parameters: T=temperature; S=salinity, or, specific volume anomaly and geopotential
anomaly; O=oxygen; F=fluorescence.

pressure (dbar)

station no. T T S (0] F
where data missing

1 whole stn 1

6 2252-2352 1 1
6 2354-3246 1
7 1970-2066 1 1
7 2068-2898 1
11 whole stn 1
12 whole stn 1

13 whole stn 1 1
15 whole stn 1

16 whole stn 1
17 whole stn 1
20 2344-2348 1

23 whole stn 1

24 4040-4060 1

28 180-184 1 1

34 whole stn 1

35 whole stn 1

36 whole stn 1

38 whole stn 1

44 whole stn 1

50 whole stn 1

52 whole stn 1

53 whole stn 1

64 whole stn 1

65 whole stn 1

70 whole stn 1

73 whole stn 1

74 whole stn 1

76 whole stn 1

76 1672-1674 1

85 whole stn 1
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Table 12: (continued)

Table 13: 2 dbar averages

Table 14:

station no.

86
88
89
90
100
105
107
108
120
121
122
123
125
126
127
128
129
130
132
133
134
135

pressure (dbar)

where data missing

whole
whole
2-48
50-52
2-4
whole
whole
whole
whole
whole
whole
whole
whole
whole
whole
whole
whole
whole
whole
whole
whole
whole

stn
stn

stn
stn
stn
stn
stn
stn
stn
stn
stn
stn
stn
stn
stn
stn
stn
stn
stn

=

e e e N e

[ e e e L

interpolated from surrounding 2 dbar values,

for the

indicated

parameters: T=temperature; S=salinity, or , specific volume anomaly and geopotential
anomaly; F=fluorescence.

station
no.

interpolated 2 dbar values

1066, 1168

1304, 1410, 1458, 1466-1468, 1532

6
6 2254-2256
7
7

1970-1972, 1986-1988

30 2634
40 2694
45 1154
51 1464
60 2462
61 2280
71 1256, 2418
78 2368

parameters
interpolated

o-do
(0]

~

~
~

~
~

~
~

~
~

~
~

~
~

T o T T e e e B
nNnunununununnonn
00000000

~
~

Suspect 2 dbar averages for the indicated parameters: T=temperature; S=salinity, o,

specific volume anomaly and geopotential anomaly; O=oxygen. * = general caution

required, due to frequent transient sensor errors when the CTD enters the water.

station no.

16
*all stations
*all stations

Questionable 2 dbar value(dbar)

4000-4012
2-4
2-20

parameters

o
S
o
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Table 15:

Questionable nutrient sample values (not deleted from bottle data file).

PHOSPHATE NITRATE SILICATE
station rosette station rosette station rosette
number position number position number position
29 whole stn
43 4
45 3
69 4
72 11
78 12
97 9
113 whole stn 113 whole stn
117 whole stn
118 whole stn
122 whole stn 122 whole stn
123 whole stn 123 whole stn
124 whole stn 124 whole stn
Table 16: Digital reversing protected thermometers used: serial numbers are listed.
stations 1 to 135 1683 on pos. 24 1624 on pos. 12 1625, 1682 on pos. 2
Table 17: CTD dissolved oxygen calibration coefficients. K;, Ky, K3, K4, Ks and Kg are respectively

oxygen current slope, oxygen sensor time constant, oxygen current bias, temperature
correction term, weighting factor, and pressure correction term. dox is equal to 2.8c (for o
as defined in Rosenberg et al., 1995); n is the number of samples retained for calibration
in each station or station grouping.

Ky K> Ks Ka Ks Ke dox n
6.912 4.00 -0.684 -0.03195 0.22430 0.17482E-04 0.12445 10
9.960 4.00 -1.607 -0.03173 0.71194 0.49421E-04 0.23750 12
9.475 4.00 -1.474 -0.03299 0.16668 0.57404E-04 0.17484 20
8.062 4.00 -1.251 -0.01867 0.83694 0.14405E-03 0.29252 21
8.129 9.00 -1.250 -0.02263 0.56242 0.13824E-03 0.16039 20
6.403 5.50 -0.913 -0.00744 0.46445 0.13388E-03 0.24943 21
6.115 5.50 -0.678 -0.01635 0.77336  0.66683E-04 0.11864 13
9.205 8.50 -1.498 -0.02543 0.69864 0.16783E-03 0.16433 20
7.921 5.50 -1.254 -0.01550 0.64807 0.18216E-03 0.15138 20
7.960 9.50 -1.213 -0.01700 0.02057 0.13327E-03 0.18890 22
9.300 4.00 -1.400 -0.03600 0.75000 0.15000E-03 0.21524 9
9.052 8.00 -1.442 -0.02344 0.74671 0.14595E-03 0.12373 12
8.795 4.00 -1.384 -0.02407 0.74967 0.14314E-03 0.24080 21
8.700 7.00 -1.200 -0.03600 0.75000 0.15000E-03 0.23160 12
8.919 4.50 -1.405 -0.02321 0.25903 0.14130E-03 0.14356 21
8.585 4.00 -1.333 -0.02092 0.91733 0.14039E-03 0.19361 24
9.961 5.00 -1.617 -0.02732 0.33264 0.14976E-03 0.27909 20
7.600 4.00 -0.746 -0.04166 0.01409 0.21553E-04 0.21020 14
9.485 5.50 -1.534 -0.02118 0.63844  0.15718E-03 0.15158 16
8.130 4.50 -1.043 -0.03220 0.67170 0.10759E-03 0.16108 12
8.067 4.50 -1.222 -0.01272 0.68518 0.13136E-03 0.18858 20
6.358 9.00 -0.581 -0.03279 0.90211 0.34873E-04 0.12788 12

10.035 4.00 -1.590 -0.03837 0.51531 0.12646E-03 0.19962 20
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Table 17 (continued)

Stn #
29
30
31
32
33
37
39
40
41
42
43
45
46
47
48
49
51
54
55
56
57
58
59
60
61
62
63
66
67
68
69
71
72
75
77
78
79
80
81
82
83
84
87
89
90
91
92
93
94
95
96
97
98
99
100

K1
10.096
10.485

7.500
8.648
10.123
9.071
10.438
10.559
8.142
9.400
7.372
8.612
8.172
8.055
8.655
8.419
8.928
8.735
9.294
8.572
8.907
8.629
9.107
9.272
9.239
8.899
9.468
9.377
8.866
9.666
6.939
8.420
9.122
9.600
8.135
9.515
7.588
7.352
8.085
8.978
9.033
2.204
9.579
6.396
6.692
8.596
8.347
8.785
9.532
11.468
6.409
10.893
5.557
4.254
9.801

K>
4.50
7.00
9.00
4.50
4.00
4.50
4.00
4.00
4.00

10.00
4.50
5.00
4.00
4.00
4.50
4.00
4.00
4.50
4.50
4.00
9.00
4.00
4.50
5.00
4.50
8.00

10.00
4.00
6.50
7.00
5.00
7.00
7.00
4.00
4.50
4.00
4.50

11.50

10.00
4.00
7.50
5.50
4.00
8.00
5.50

10.00
5.00
7.00
7.00
6.00
7.00
4.00
4.00
4.00
6.00

K3

-1.602
-1.658
-0.900
-1.317
-1.611
-1.408
-1.678
-1.679
-1.218
-1.400
-1.073
-1.329
-1.238
-1.085
-1.299
-1.228
-1.355
-1.335
-1.416
-1.294
-1.369
-1.282
-1.395
-1.408
-1.394
-1.318
-1.495
-1.477
-1.302
-1.539
-0.789
-1.220
-1.377
-1.514
-1.118
-1.497
-0.996
-1.035
-1.123
-1.405
-1.400

0.290
-1.516
-0.850
-0.805
-1.300
-1.146
-1.336
-1.495
-1.911
-0.729
-1.730
-0.552
-0.258
-1.498

K,
-0.03871
-0.05009
-0.03600
-0.02529
-0.03645
-0.02180
-0.04284
-0.04517
-0.00863
-0.03600
-0.00119
-0.00971
-0.00299
-0.03461
-0.02892
-0.03023
-0.02495
-0.01811
-0.04027
-0.02030
-0.01761
-0.03729
-0.01977
-0.04199
-0.04204
-0.03501
-0.00804
-0.01029
-0.05731
-0.05715
-0.10126
-0.03124
-0.03174
-0.00501
-0.05922
-0.00887
-0.06477
-0.00070
-0.04882
-0.01642
-0.00065
-0.19604
-0.00077
-0.00155
-0.06733
-0.00013
-0.04137
-0.00028
-0.00075
-0.01291
-0.03693
-0.05168
-0.09634
-0.11902
-0.02847

Ks
0.30482
0.16197
0.75000
0.09250
0.11694
0.04434
0.82360
0.90224
0.39981
0.75000
0.72129
0.84397
0.08014
0.56014
0.29307
0.20057
0.65819
0.19625
0.33908
0.97227
0.80135
0.59448
0.68997
0.85654
0.97849
0.33276
0.98786
0.35603
0.38414
0.70477
0.65270
0.03001
0.62800
0.86646
0.94853
0.79461
0.00080
0.32658
0.09085
0.69154
0.74911
0.31706
0.68334
0.70775
0.17446
0.60384
0.23471
0.80655
0.70964
0.77412
0.11306
0.57916
0.21763
0.29200
0.61098

[cNeoNoloNoNeololololololololoNoloNoloNolololololololoNoloNeoloNololololololoNoloNeoNololololNe oo NeNoeNeNe)

Ks

.12998E-03
.11585E-03
.15000E-03
.12518E-03
.13034E-03
.13173E-03
.13394E-03
.12215E-03
.12397E-03
.15000E-03
.12954E-03
.14126E-03
.13609E-03
.11641E-03
.11950E-03
.10052E-03
.11629E-03
.12976E-03
.17025E-03
.13192E-03
.13222E-03
.22645E-03
.12267E-03
.11579E-03
.10763E-03
.15050E-03
.14314E-03
.13980E-03
.98862E-04
.60321E-03
.35727E-04
.10541E-03
.11280E-03
.14139E-03
.36330E-04
.14148E-03
.72885E-04
.12954E-03
.74130E-04
.15006E-03
.14806E-03
.18185E-03
.15170E-03
.13731E-03
.61515E-04
.14717E-03
.14593E-04
.14838E-03
.15125E-03
.16731E-03
.10841E-04
0.
0.
0.
0.

11548E-03
52523E-04
88222E-05
31736E-03

dox
.15828
.18770
.33576
.13736
.16474
.17548
.10882
.19414
.18955
.33467
21126
.07114
.19217
.25505
.15894
.18601
.20093
.19223
.14452
.17817
.10672
.12402
.18267
.20739
.16084
.16301
.08236
.20116
.16167
.17746
.20522
.13972
.18488
.20482
.14840
.07669
.15632
.12665
.09479
.12764
.12517
.18605
24743
.23418
.23437
.22087
.18880
.09346
.19109
.23867
.12173
.31288
.27154
.13664
0.24018

[cNeoNoNoloNololololololololoNoNololololololololoNoloNolololoNoloNolololoNeoloNeoloNeololololololoNoNoNoNeNeNe Nl

19
20
12
20
22
21
20
21
22
12
22
22
22
13
22
21
22
20
12
22
22
12
21
22
21
10
21
23
23
12
21
22
20
23
10
23
22
22
12
18
20
11
23
23
22
23
12
22
20
22
12
22
22
11
11
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Table 17 (continued)

Stn #
101
102
103
104
106
109
110
111
112
113
114
115
116
117
118
119
124
125
126
131

K1
2.635
3.075
3.035
4.181
2.907
6.697
4.637
4.401

12.962
3.121
2.460
5.027
1.771
3.608
3.072
7.111
4.554
5.296
7.715
0.087

K>
4.00
6.50
6.00
4.00
6.50
5.50
4.50
5.00
5.00
9.00

10.00
6.00
10.00
4.00
4.00
9.00
10.00
10.00
4.50
6.00

K3
0.241
0.006

-0.046
-0.099
0.054
-0.869
-0.377
-0.267
-2.341
0.000
0.135
-0.416
0.319
-0.117
0.004
-0.901
-0.325
-0.580
-1.030
1.011

K,
-0.02757
-0.13997
-2.01790
-0.04098
-0.09441
-0.04593
-0.07659
-0.06183
-0.01813
-0.11125
-0.19090
-0.08754
-2.83890
-0.23891
-0.17242
-0.03454
-0.07275
-0.00038
-0.00271
-0.31566

Ks
0.75817
0.25742
0.47425
0.77975
0.24966
0.19676
0.22883
0.22249
0.37623
0.09626
0.22880
0.09586
0.48070
0.34958
0.26132
0.08394
0.08706
0.36196
0.75214
0.91766

Ks
0.11936E-03
0.14322E-03
0.84172E-04
0.10948E-03
0.11797E-03
0.33967E-03
0.34088E-03
0.93693E-04
0.10047E-02
0.32518E-04
0.29243E-04
0.57401E-04
0.11283E-03
0.56453E-04
0.31683E-04
0.11226E-03
0.54370E-04
0.13564E-03
0.41146E-04
0.21432E-04

dox
.15955
.13704
.10521
.11980
.07823
.20713
.27937
.10553
.10977
.23107
.24413
.18011
.18744
.17931
.18890
.22834
.21894
.22973
.10723
0.23240

[cNeoNoNoNoNeolololololololoNololNoNeNeNel
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Appendix 1

Hydrochemistry cruise laboratory report

Clodagh Moy, Stephen Bray and Neale Johnston

This hydrochemistry was part of the CLIVAR program on Voyage 3 on the Aurora Australis.
Seawater samples were analysed for salinity, nutrients (NO2+NO3, Si and P) and dissolved
oxygen concentrations. Samples were collected from 135 stations in total, including 122
stations of a repeat north-south transect of the SR3 line (including 8 particle station sites) and
a further 13 stations off the coast near the Mertz Glacier and across the continental shelf.
Additional samples were analysed for some scientists on board, as described below. The
methods used are described in the CRC hydrochemistry manual (Curran and Bray, 2003).

Number of samples analysed

Salinities: 2288 (2246 samples for SR3 and particle stations)
Dissolved Oxygens: 2002

Nutrients: 2746 (2269 samples for SR3 and particle stations)
Al.1 Salinity

Clodagh Moy and Neale Johnston analysed salinities over a 24-hour period each day in the
wet lab. A Guildline Autosal salinometer SN 62549 was used. Ocean Scientific IAPSO
standard seawater batches used to standardise the salinometer throughout the cruise are
summarised in Table Al.1. Repeat standardisations (e.g. P137 measured against P137)
showed no difference (i.e. 2R of < 0.00000) over 33 repeats during the cruise. P133
standards were also measured. They showed no difference, average being 0.0000 psu.
Additional standards P140 were measured. They showed no difference, average being
0.0000 psu.

There were some problems controlling the temperature of the wet lab for a number of days
during the cruise. The temperature ranged between 17 and 21 degrees. A PID temperature
controller was used to control the temperature and an independent air-conditioner in the
wet lab. Maintaining stable air temperature proved difficult with this air-conditioner, and a
close eye was kept on the temperature at all times. Analysis stopped if fluctuations in
ambient temperature exceeded 1 degree.
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Table Al1.1: Summary of IAPSO Standard Seawater (ISS) batches used for salinometer
standardisations during cruise AU0103.

CTD station number ISS batch number
1-7 P133
8-9 P137
10-13 P133 and P137
14-29 P137
30 P133
31-36 P133 and P140
37-42 P140
43-45 P133
46-88 P140
89-115 P133
116-119 P140
120-125 P133
126-128 P140
129-135 P133
* Files updated:
sal_std_check.xls
sal62549.xls
Al.2 Dissolved oxygen

Dissolved oxygen analyses were performed by Stephen Bray in the wet lab. There were no
major problems with the DO system. Standardisation and blank values were collated from
this and previous cruises, and plotted to help identify outlying or suspicious values. The
average standardisation value and average standard deviation was 4.425 +/- 0.002 ml of
thiosulphate. This is 297.7 +/- 0.14 umol/l of oxygen, or 0.04%. The average blank value
and average standard deviation were 0.006 +/- 0.001 ml of thiosulphate.

Files:
do_std&blank.xls, a9901
do_std&blank.xls, all collation of DO standardisation values
do_std&blank.xls, charts charts of standardisation values
do.xls, variable summary
do.xls, hydro_calc_check

Al1l.3 Nutrients

Clodagh Moy and Neale Johnston analysed nutrients, timing autoanalyser runs to keep the
instrument running over the full 24 hours each day. Phosphate, silicate, nitrite + nitrate
were analysed as per CSIRO methods (Cowley, 2001, and Cowley and Johnston, 1999). A
new automatic switching valve system was used to change over from reagents to MQ and
carrier etc., and included a baseline calibration. Standards were made up every couple of
days in low nutrient seawater (collected from Maria Island and filtered and autoclaved,
before going on the cruise). The Carrier was Artificial Seawater (or sodium chloride in MQ).
New software called ‘Winflow’ was used, which was user friendly and flexible. A standard
run included a baseline calibration using the switching valves, taking approximately 45
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mins, followed by a set of standards, some SRMs (Standard Reference Material from Ocean
Scientific) and QCs (LNSW spiked with nutrients), and a set of 48 samples followed by a
second set of standards, SRMs and QCs. A run normally took about 3 hours to complete.

At the beginning of the cruise there were some problems with the nitrate analyses, resulting
in bad peak shapes for NO,/NOs. After much experimentation to trace the problem, the
batch of HCI and brij used to make up the reagents was changed - this fixed the problem.
Trouble was also experienced with a bad batch of Cd coils (3 coils were used over a two
week period). A separate batch brought from CSIRO was then used, with one coil lasting 2
weeks, as expected.

Near the end of the cruise the nitrite/nitrate line leaked over the nitrate detector near the
exit of the flow cell. The detector began smoking and burning. The motherboard was
destroyed and the detector was no longer usable, useful only for spare parts. An additional
minor problem occurred with another detector - it would not zero and kept sitting on wait.
The Antarctic Division electronics engineer replaced a transistor with one from the burnt
detector, fixing the problem.

Data processing was time consuming, with the procedure as follows for each run:

e first the winflow files are tidied up;

e pick peaks and check the standards, SRMs and QCs;

e check the baselines;

e data are then exported to Excel to be further processed;

e using the Fyyvvrr.xlt macro to process the data, import the n,s,p files;

e check the 3-baseline median’s (green boxes) and pick the median baseline number;
e check the standards, SRM and QC values;

e check the standard curves and % recovery of the cd coil for N.

When happy with the run, a summary sheet was produced and exported to a *.xlw file for
import into HYDRO (a MS-Excel based program for hydrochemistry data handling). Once
imported into HYDRO, a csv file was made.

Al.4 General data handling

Plots were made of property versus station to check for suspicious data or wrongly entered
data. They were based on the data in the CSV file, and were opened via the macro CSV in
A0103.XLM. Data was backed up to 250MB Iomega Zip disks.

Al1l.5 Laboratories

The salinometer, DO system and nutrient systems were all in the wet lab. The MQ system
was in the photo lab. The wet lab and the photo lab were received in clean condition. The
salinometer was on the aft bench, starboard side, near the porthole. The nutrient system
was on the remaining aft bench. The DO system was on the starboard sorting bench. The
port side bench near the door to the trawl deck was used to prepare reagents and runs for
the nutrients. The fish bowl contained the data computer, stationary and manuals.
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Al.6 Temperature monitoring and control

Temperature in the wet lab was controlled by an independent air conditioner on the
starboard side bulkhead and by a CAL Controls Ltd *CAL 9900’ proportional derivative plus
integral (PID) temperature controller. The photo lab had no temperature controller. The
ships heating inlets above the salinometer were taped closed. The temperature from the air-
conditioner fluctuated from 11 to 18 degrees. This caused the temperature controller to
struggle when down at the lower temperatures, and resulted in one of the heaters blowing
its fuse from over-heating. The air conditioner was monitored regularly to reduce large
fluctuations in temperature. The photo lab was heated by the ship’s air-conditioning and
maintained a steady temperature.

Two Tinytalk units recorded the laboratory temperature in the wetlab. One was positioned
beside the salinometer, while the other was positioned beside the DO system. The
temperature was also measured by a digital thermometer above the salinometer and the
temperature monitored by the PID controller in the wet lab. 'Indoor/outdoor' electronic
thermometers were used to measure the fridge and freezer. The air temperature about the
salinometer was generally 20.0 +/- 1°C.

Al.7 Purified water

A new RO system was bought before the voyage, instead of using the MBDI tanks. The
system seemed to work well. However, some air locks were experienced from time to time
and the tanks in the polisher emptied. A lot of people were using our MQ system and about
280L (~14 x 20L carboys) of water was produced for this cruise. Pre-filters were changed
three times, and the polishers once.

Al1l.8 Additional samples analysed

Apart from the main CTD hydrochemistry program, a number of samples were analysed for
other scientists on board, as described below:

Additional salinities were analysed for the following people:

Andrew Davidson/AAD: 1 sample; Kelly Goodwin/NOAA: 6 samples;

Nicolas Savoye/VUB: 11 samples; Bronte Tilbrook/CSIRO: 24 samples;
Additional nutrients were analysed for the following people:

Phil Boyd/Alkali: 49 samples; Pete Sedwick/BBSR: 120 samples;

Malcolm Reid/Alkali: 10 samples; Karl Safi/NIWA: 41 samples;

Guido Corno/IASOS: 15 samples; Frank Dehairs/VUB: 218 samples;

Bronte Tilbrook/CSIRO: 24 samples.
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A2.1

CTD data

Appendix 2

Data file types and formats

CTD no.1193 was used for station 1 to 108. CTD no. 1103 was used for stations 109 to

135.

CTD data are in text files named *.all, containing 2-dbar averaged data. An example of
file naming convention:

a01035020.all

01
03 = cruise number

Aurora Australis
year

a

5 = CTD instrument number

020 = CTD station number

The files consist of a 15 line header with station information (all times are UTQC),
followed by the data in column format, as follows:

column 1 -
column 2 -
column 3 -
column 4 -
column 5 -
column 6 -
column 7 -
column 8 -
column 9 -
column 10 -
columns 11,12 -

pressure (dbar)

temperature (degrees C, T90 scale)

salinity (PSS78)

density-1000 kg/m?>

specific volume anomaly

geopotential anomaly

dissolved oxygen (pmol/l)

no. of data points used in the 2 dbar bin

standard deviation of temperature data points in the bin
standard deviation of conductivity data points in the bin
fluorescence ((volts) and transmittance (if present)

All files start at 2 dbar, and there is a line for each 2 dbar value. Any missing data is
filled by blank characters.

All CTD data are downcast data.

For station 76, the data in the ‘fluorescence’ column is actually from the copper ion
selective electrode (in volts).
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A2.2 Niskin bottle data

The bottle data are contained in the a0103.bot text file, with the following columns:

column 1 - station number

column 2 - ctd pressure (dbar)

column 3 - ctd temperature (deg. C, T90 scale)
column 4 - digital reversing thermometer temperature
column 5 - ctd conductivity (mS/cm)

column 6 - ctd salinity (PSS78)

column 7 - bottle salinity (PSS78)

column 8 - phosphate (pmol/l)

column 9 - nitrate (umol/l) (i.e. total nitrate+nitrite)

column 10 - silicate (pmol/l)
column 11 - bottle dissolved oxygen (pmol/l)

column 12 -

values for CTD calibration, but not necessarily)

column 13 - niskin bottle number

Columns 2, 3, 5 and 6 are all the averages of CTD upcast burst data (i.e. averages of
the 10 seconds of CTD data prior to each bottle firing)

Any missing data are filled by a decimal point*.’

The file fluoro.lis contains the same data as a0103.bot, except that there is a line of data
for all 24 rosette positions, and for all station numbers, with null values represented by

-9. An additional last column contains CTD upcast burst data for fluorescence.

A2.3 Station information

A summary of the station information is contained in the a0103.sta file (this station
information is also included in the matlab file a0103.mat), containing position, time, bottom
depth and maximum pressure of cast for CTD stations. The CTD instrument number is
specified in the file header. Position and time (UTC) are specified at the start, bottom and

end of the cast, while the bottom depth is for the start of the cast.

A2.4 Matlab format

CTD 2 dbar data and bottle data are also contained respectively in the
matlab files a0l03.mat and a0l03bot.mat. a0l03.mat includes station
information.

In the matlab files, column number for each array corresponds with CTD
station number.

In the matlab files, NaN is a null value.

In the bottle file, the rows 1 to 24 are the shallowest to deepest
Niskins respectively.

For the file a0l03.mat, the array names have the following meaning:
(all times are UTC)

'start' refers to start of cast

'bottom' refers to bottom of cast

bottle flag (1=good,0=suspicious,-1=bad,mainly relevant to bottle salinity
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'end' refers to end of cast
'decimal time' is decimal days from 2400 on 31st Dec. 2000 (so, for

example, midday on 2nd January 2001 = decimal time 1.5).
'lat' is latitude (decimal degrees, where -ve = south)
'lon' is longitude (decimal degrees, where +ve = east)
'time' is hhmm time

botd = ocean depth (m)
maxp = maximum pressure of the CTD cast (dbar)
ctdunit = instrument serial number
'ctd' is the upcast CTD burst data, for the parameters:
fluoro = fluorescence
ga = geopotential anomaly
npts = number of data points used in the 2 dbar bin
ox = dissolved oxygen (pmol/1l)
press = pressure (dbar)
sal = salinity (PSS78)
sigma t = density-1000 (kg/m3)
sva = specific volume anomaly
temp = temperature (deg.C T90)
transmiss = transmissometer data, mostly suspect

e For the file a0l03bot.mat, the array names have the following

meaning:
'ctd' refers to upcast CTD burst data, for the parameters:
cond = conductivity (mS/cm)
fluoro = fluorescence
press = pressure (dbar)
sal = salinity (PSS78)
temp = temperature (deg.C T90)
'hyd' refers to bottle data, for the parameters:
ox = dissolved oxygen (pmol/1l)
sal = salinity (PSS78)
flag = the bottle flagged described under the bottle data section
niskin = niskin bottle number

nitrate, phosphate, silicate = pmol/1l

station = station number
therm = digital reversing thermometer temperature (deg.C T90)
A2.5 WOCE data format

The data are also available as WOCE format files, following the standard WOCE format as
described in Joyce and Corry (1994).

A2.5.1 CTD 2 dbar-averaged data files
e Data are contained in the files *.ctd

e CTD 2 dbar-averaged file format is as per Table 4.7 of Joyce and Corry (1994), except
that measurements are centered on even pressure bins (with first value at 2 dbar).

e CTD temperature and salinity are reported to the third decimal place only.
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* The quality flags for CTD data are defined in Table A2.1.
A2.5.2 Bottle data files
* Data are contained in the file a0103.sea, with the file a0103cfc.sea including CFC data.

e Bottle data file format is as per Table 4.5 of Joyce and Corry (1994), with quality flags
defined in Tables A2.2 and A2.3.

e The total value of nitrate+nitrite only is listed.
e Silicate is reported to the first decimal place only.

e CTD temperature (including theta), CTD salinity and bottle salinity are all reported to the
third decimal place only.

e CTD temperature (including theta), CTD pressure and CTD salinity are all derived from
upcast CTD burst data; CTD dissolved oxygen is derived from downcast 2 dbar-averaged
data.

¢ Raw CTD pressure values are not reported.
¢ SAMPNO is equal to the rosette position of the Niskin bottle.

e Salinity samples rejected for conductivity calibration, as per eqn A2.20 in Rosenberg et
al. (1995), are not flagged in the .sea file.

A2.5.3 Conversion of units for dissolved oxygen and nutrients

A2.5.3.1 Dissolved oxygen

Niskin bottle data

For the WOCE format files, all Niskin bottle dissolved oxygen concentration values have
been converted from volumetric units pumol/l to gravimetric units pmol/kg, as follows.
Concentration Cy in pmol/kg is given by

Ck = 1000 G, / p(8,s,0) (egqn A2.1)

where C, is the concentration in umol/l, 1000 is a conversion factor, and p(6,s,0) is the
potential density at zero pressure and at the potential temperature 6, where potential
temperature is given by

06 = 0(T,s,p) (egn A2.2)

for the in situ temperature T, salinity s and pressure p values at which the Niskin bottle was
fired. Note that T, s and p are upcast CTD burst data averages.

CTD data

In the WOCE format files, CTD dissolved oxygen data are converted to umol/kg by the same
method as above, except that T, s and p in eqns A2.1 and A2.2 are CTD 2 dbar-averaged
data.
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A2.5.3.2 Nutrients

For the WOCE format files, all Niskin bottle nutrient concentration values have been
converted from volumetric units pmol/I to gravimetric units pmol/kg using

Ck = 1000 G, / p(T,s,0) (eqn A2.3)

where 1000 is a conversion factor, and p(T,s,0) is the water density in the hydrochemistry
laboratory at the laboratory temperature T, = 20.5°C, and at zero pressure. Upcast CTD
burst data averages are used for s.

A2.5.4 Station information file

* Data are contained in the file a0103.sum, with the file format as per section 3.3 of Joyce
and Corry (1994).

e All depths are calculated using a uniform speed of sound through the water column of
1463 ms™!. Reported depths are as measured from the water surface. Missing depths are
due to interference of the ship’s bow thrusters with the echo sounder signal.

e An altimeter attached to the base of the rosette frame (approximately at the same
vertical position as the CTD sensors) measures the elevation (or height above the
bottom) in metres. The elevation value at each station is recorded manually from the
CTD data stream display at the bottom of each CTD downcast. Motion of the ship due to
waves can cause an error in these manually recorded values of up to +3 m.

* Wire out (i.e. meter wheel readings of the CTD winch) were unavailable.
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Table A2.1: Definition of quality flags for CTD data (after Table 4.10 in Joyce and Corry, 1994).
These flags apply both to CTD data in the 2 dbar-averaged *.ctd files, and to upcast CTD
burst data in the *.sea files.

flag definition

not calibrated with water samples
acceptable measurement
questionable measurement

bad measurement

measurement not reported
interpolated over >2 dbar interval
despiked

this flag not used

parameter not sampled

OCoOoONOOTUP,~,WNRF

Table A2.2: Definition of quality flags for Niskin bottles (i.e. parameter BTLNBR in *.sea files) (after
Table 4.8 in Joyce and Corry, 1994).

flag definition

this flag is not used
no problems noted
bottle leaking
bottle did not trip correctly
not reported
,8 these flags are not used
samples not drawn from this bottle

ONU,~,WNR

Table A2.3: Definition of quality flags for water samples in *.sea files (after Table 4.9 in Joyce and
Corry, 1994).

flag definition

1 this flag is not used

acceptable measurement

questionable measurement

bad measurement

measurement not reported

mean of replicate measurements
manual autoanalyser peak measurement
this flag not used

parameter not sampled

OCoOoONOOTUP~,WN
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A2.6 ADCP data

ADCP data are available as 30 ensemble averages, contained in the following files:

au010301.cny - text format, all data
au0103_slow35.cny - text format, ‘on station’ data
(i.e. data for which ship speed < 0.35 ms™)
a0103dop.mat - matlab format, all data
a0103dop_slow35.mat - matlab format, ‘on station’ data
(i.e. data for whichship speed < 0.35 ms™)

Full file format description is given in the text file README_au0103_adcp, included with the
data.

A2.7 Underway data

Ship's underway data (including meteorological data, bathymetry, GPS, and sea surface
temperature/salinity/fluorescence), quality controlled by the dotzapper (Ruth Lawless,
unpublished data quality control report), are contained in the following files:

clivar_underway.ora - text format, 1 minute instantaneous data
clivar_underway.mat - matlab format, 1 minute instantaneous data

See section 4.5 above for more details. Full file format description is given in the text file
README_clivar_underway, included with the data. Note that there are a few suspiciously
low sea surface salinity values near the start and end of the time series.
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Appendix 3

CFC measurements on AU0103 (CLIVAR repeat of P12) - Preliminary
shipboard report

Mark J. Warner, University of Washington, School of Oceanography
Box 355351, Seattle, WA 98195-5351 USA
Phone: 206-543-0765, FAX: 206-685-3351, E-mail: mwarner@ocean.washington.edu

Co-investigator: John L. Bullister, NOAA-PMEL
Building 3, 7600 Sand Point Way, Seattle, WA 98115 USA
Phone: 206-526-6741, FAX: 206-526-6744, E-mail: bullister@pmel.noaa.gov

A3.1 CFC sampling procedures and data processing

Analysts: Mark J. Warner, University of Washington
Fred A. Menzia, Joint Institute for the Study of Atmosphere and Ocean

Concentrations of three dissolved chlorofluorocarbons (CFC-11, CFC-12, and CFC-113) were
measured in approximately 1350 samples during this section. The sampling procedure and
analytical techniques are based upon those described by Bullister and Weiss (1988).
Samples for CFC analyses were drawn from the 10-liter Niskins into 100 cm?® ground glass
syringes fitted with stainless steel syringe tips. These syringes were stored in a water bath
until analyses. A portable laboratory on the heli-deck housed the analytical instrumentation.
Underway measurement of atmospheric CFC concentrations was accomplished by pumping
air from the bow through approximately 100 m of 3/8-in Dekaron tubing into the CFC
portable laboratory. The separation of the CFCs was accomplished using a 46 cm Porasil B,
80/100 mesh precolumn followed by a 1.5 m Carbograph 1AC column in a Shimadzu Mini-2
gas chromatograph.

Shipboard electron capture gas chromatography was used to measure CFC concentrations in
air, seawater, and gas standards during the expedition. In general, the precision of the
measurements was outstanding during this expedition. The precisions for the response of
the detector to injection of an approximately 3.7 cm? loop of gas standard 33790 (CFC-11:
265.04 parts per trillion, CFC-12: 525.04 ppt, CFC-113: 82.84 ppt ) was 1.04% for CFC-11,
0.63% for CFC-12, and 3.14% for CFC-113 over the entire cruise. Two calibration curves
were used for the cruise and show relatively small differences (less than 1% difference in
sensitivity over most of the range). Atmospheric concentrations for the CFCs showed very
little variation, either temporally or spatially, during the cruise. The mean atmospheric
mixing ratios on the SIO93 calibration scale are:

CFC-11: 253.09+1.58 ppt

CFC-12: 538.03+1.95 ppt
CFC-113: 78.51+1.14 ppt
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Seawater samples have been corrected for blanks introduced through the analytical system.
A residual contamination existed in the valve at the top of the sparging chamber. These
blanks, although relatively high, were also fairly constant and reduced during the course of
the expedition. The preliminary measurements have not been corrected for any
contamination introduced from the Niskin bottles or the sampling procedure. These will be
determined from a careful examination of the seawater CFC concentrations at the northern
end of the section. Approximately 35 duplicate syringes were sampled and analysed to
determine precision for seawater measurements. The calculated precisions are listed below;
whichever is smaller, the concentration or percentage, applies to the data:

CFC-11: +0.0022 pmol kg-1 or 0.74%
CFC-12: +0.0016 pmol kg-1 or 0.74%
CFC-113: +0.0040 pmol kg-1 or 2.7%

These data exceed the precision established for CFC-11 and CFC-12 as WOCE standards.
(No standard was set for CFC-113.)

A3.2 Analytical problems

Prior to CTD 17, a small leak existed in the portion of the system used for analyses of
standard gas and bow air samples but not in the portion of the system used for seawater
samples. This resulted in apparently high seawater concentrations and surface saturations
of CFCs. Shortly before finding this leak, the electrometer on the Shimadzu Mini-2 Gas
Chromatograph had been replaced due to poor temperature control for the oven. This
complicates the ability to correct the seawater data from CTDs 1-12, since the new
electrometer also altered the amplified signal from the ECD. For this preliminary data
report, the post-leak calibration curve has been applied to all this data and the seawater
concentrations multiplied by the ratio of the sensitivities for 1 large gas sample volume
before the leak and after the leak. Prior to fixing the leak, the precision of measured CFC-
113 concentrations in the gas standards was too poor to attempt to measure seawater
concentrations. CFC-113 concentrations are only reported after CTD 16.

A small amount of contamination was introduced to the analytical system through the use of
a lubricating spray in the deadbolt on the van door. The baseline drifted upward and
became very noisy for 1.5 days. Low-concentration samples of CFC-113 are suspect (WOCE
flag = 3) during this period (CTD 60-2) due to baseline noise. The signal-to-noise is much
greater for both CFC-11 and CFC-12, so these gases appear to be unaffected by the
problem.

A few samples showed obvious sighs of contamination and have been flagged as bad (WOCE
flag = 4). There may be other suspect data which have yet to be identified and flagged.
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