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Scientific Services 
     

  
  
 
 

 
 
 
 
 

Enquiries: J. Hegarty    
Phone: (07) 327 49072 
Fax: (07) 3274 9181 
Our Ref:   03MG427/526; MG530/531:JH:mb 
Your Ref            
Your O/No: 

ANALYTICAL REPORT
 
TO: James Cook University 
 Earth Sciences Department 
 TOWNSVILLE  QLD  4811 
 
CONTACT :  Stephen Lewis 
 
SAMPLE TYPE :  Coral 
 
SAMPLE IDENT :  As per results 
 
NUMBER OF SAMPLES :  102 
 
DATE RECEIVED :  12.11.03 
 
DATE COMPLETED :  18.12.03 
 
 
ANALYSIS REQUESTED  METHOD OF ANALYSIS
  
 
Calcium, Strontium  • Hydrochloric Acid Digestion 
Barium, Magnesium, Manganese,  • MGM-017; ICPAES 
Phosphorus 
 
ICPAES – Inductively Coupled Plasma Atomic Emission Spectrometry 
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RESULTS:     Results as per attached  
 
 
 
COMMENTS: 
 
(1) Reference standard solution was prepared freshly in the laboratory and 

was measured after each sample for ratio purposes.  Concentrations for 
elements in Ref. are in milligrams per litre (mg/L). 

 
(2) Intensity measurements (shown as counts per second) are not corrected 

for dilution i.e. these are observed intensities in the prepared samples 
and Ref. solution. 

 
(3) Digestions were conducted in 50mL standard flasks so that blank vials 

(176-179) could not be used as blanks.  For blanks, we used our 
digestion vessels and all reagents. 

 
(4) The samples were digested with 2.5mls water and 2.5ml concentrated 

hydrochloric acid and then heated on a water bath for 2 hrs.  The 
samples were made up to 50mLs with deionized water. 

 
(5) The results are expressed in milligrams per kilogram (mg/kg).  Dilution 

factors based on weights supplied, were applied to the final results 
shown above.  Results shown are not blank corrected (Blk sample = 
176, 177, 178, 179). 

 
(6) Lower reporting limits in milligrams per kilogram (mg/kg) are as follows: 

Ba  0.14, Mg  7, Mn  4, P  11. 
 
(7) The concentrations of elements in the reference standard solution in 

milligrams per litre (mg/L) are as follows Ca  700, Mg  1.5, Sr  13, Ba  
0.01, Mn  0.05, P  0.05.  For repeats the Mn is 0.3.  

 
(8)  As a result of an incorrect dilution involving manganese, the 

concentrations of manganese reported for samples 03MG427/526, 
MG530/31 are incorrect by a factor of 10.  All results for manganese 
for these samples should be divided by 10.  Please note that 
intensity measurements reported are correct. 

 
 
 
…………………………………… 
J. Hegarty 
Chemist 
18 December, 2003 
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Appendix 11: Oxygen and carbon isotopes- raw data 
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Appendix 12: A potential coral proxy of turbidity/An evaluation 

of the effect of the 1970s dredging on the fringing reefs of 

Magnetic Island.  Turbidity data Nelly Bay. 
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A-12.1.  A potential turbidity coral proxy for the GBR 

 
A-12.1.1.  Overview and background 

 
Elevated seawater turbidity levels are known to have detrimental effects on coral reefs.  

Elevated turbidity significantly reduces the light available to corals and results in decreased 

coral photosynthesis/calcification, lowered coral cover/diversity and a considerable drop in 

coral recruitment/settlement numbers (Fabricius, 2005).  It may also retard the development 

of juvenile coral growth and survival (see review in Fabricius, 2005).   

 

One of the most complex and contentious issues in the scientific literature on water quality 

on the GBR is the question of whether turbidity levels on inshore coral reefs have increased 

since European settlement.  Some inshore reefs of the GBR are considered to be situated in 

naturally turbid systems and to have developed when a hard substrate has become available 

(e.g. Larcombe and Woolfe, 1999b; Smithers and Larcombe, 2003).  Turbidity levels in the 

waters of the inshore GBR are controlled dominantly by the resuspension of sediment from 

wind-generated wave stress (e.g. Larcombe et al., 1995a).  Wind speed and direction is, 

therefore, the major control of turbidity/suspended sediment levels on inshore coral reefs.  

It is thought that these parameters have been relatively constant for the last 5-6,000 years 

(Larcombe et al., 1995a).   

 

However, it is argued that the substantial increase in the sediments and nutrients exported 

from river catchments to the GBR (e.g. models by Moss et al., 1992; Prosser et al., 2001; 

Furnas, 2003) since the arrival of Europeans, have not only allowed more sediments to be 

deposited in the embayments, but have also provided more favorable conditions for 

phytoplankton production, which can also influence turbidity levels (Fabricius and De’ath, 

2001a).  Increased phytoplankton production is known to encourage particles to flocculate 

and settle out as a sticky “marine snow” which could severely damage coral reefs 

(Wolanski and Spagnol, 2000; Fabricius and Wolanski, 2000).  Sediment accumulation in 

the embayments of north Queensland may allow more sediment to be reworked and 

resuspended under moderate to heavy sea conditions (e.g. McCulloch et al., 2003; 
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McCulloch, 2003).  However, fine-grained sediment exported from the Burdekin River is 

not deposited near inshore reefs northwards of the delta, but is transferred to the inshore 

coastal fringes in mangrove and creek systems (Orpin et al., 2004).  The extremely low 

sediment accumulation rates that have been calculated for Cleveland Bay (~ 0.25 mm/year) 

are further evidence that this embayment acts more as a sediment transport system, rather 

than as a sediment trap (Carter et al., 1993).  Nonetheless, the increased load of fine 

sediments, colloids and nutrients supplied from the rivers and creeks may have resulted in 

elevated turbidity levels at some coral reefs.  It is important to assess this threat to the 

inshore coral communities of the GBR.   

 

Inshore coral reefs of the GBR may have already experienced higher levels of turbidity 

since European settlement.  Deteriorating seawater visibility (as high as a 50% reduction) 

has been documented for inshore reefs of the Cairns region (Low Isles; Wolanski and 

Spagnol, 2000) and these increased turbidity levels may have played a major role in 

reducing the species diversity of the inshore coral reefs of the GBR (Fabricius and De’ath, 

2001a).  This increase in turbidity has had a particularly large effect on the soft coral and 

crustose coralline algae communities, which are believed to have become severely depleted 

at inshore coral reefs since European settlement (Fabricius and De’ath, 2001a;b).  The 

depletion of these communities has allowed the more “turbidity tolerant” species to 

dominate the inshore GBR (Fabricius and De’ath, 2001a). 

 

The successful development and application of a coral turbidity proxy would prove 

invaluable to assess the threat of turbidity to the health of the inshore GBR.  As previously 

discussed, the Y/Ho ratio has displayed considerable promise as a sedimentation proxy and 

could also be an indicator of turbidity (see sections 8.2.5 and 8.3).  Declining coral Y/Ho 

ratios appear to document the deterioration of water quality conditions which preceded the 

mortality of the mid-Holocene corals (Fig 8.2c; 8.4a-b).  The shift in the coral Y/Ho ratio 

also precedes the rise in coral Th concentrations which suggests that the mid-Holocene 

corals did not experience sedimentation until the final 2-4 years of growth (Fig 8.4a).  In 

addition, the coral Y/Ho ratios do not appear to be significantly affected by large flood 

events unless sediments are incorporated in the coral (e.g. 1974 flood; Fig 8.5b).  
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Therefore, the only other conceivable control on the coral Y/Ho ratio appears to be 

suspended sediment and colloidal particles, which are the main contributors to turbidity 

levels at inshore coral reefs. 

 

Turbidity monitoring on coral reefs has been limited as instruments were restricted to the 

amount of time that they could be deployed due to cleaning problems and battery power.  

The physical measurement of turbidity levels on coral reefs would also have been biased 

towards favorable sea state conditions as it would be difficult and dangerous to conduct 

fieldwork in rough weather conditions.  Fortunately, the development of the nephelometer 

has allowed seawater turbidity to be measured for relatively long and continuous periods of 

time (e.g. Ridd and Larcombe, 1994).  Environmental monitoring during the construction 

of the Nelly Bay Harbour permitted a long, continuous turbidity dataset spanning the years 

2000-2002.  A coral from Nelly Bay was cored in 2004 (NEL21) by AIMS and sampled at 

sub-annual resolution to investigate a possible correlation between turbidity and the Y/Ho 

ratio. 

 
A-12.1.2.  Chronology of coral record 

 
In order to correlate the coral record with the real-time turbidity dataset, U, Ba and Th were 

measured in the coral as well as Y and Ho.  The coral U concentrations provide a reliable 

estimate of SST while elevated Ba levels are correlated to flood events.  Coral Th 

concentrations were used to investigate the possibility of sediments trapped in the coral 

skeleton.   

 

The Y/Ho ratios displayed three clear deviations in the 2000-2003 coral record where 

values fall below 60 (Fig A-12.1a).  These samples include 2000c (58.23), 2001b (58.94) 

and 2003c (59.3).  The relative timing of these fluctuations was investigated from the coral 

U and Ba concentrations as proxies of SST and Burdekin River discharge, respectively. 

 

The peak and trough U concentrations in the 2000-2003 coral record were matched with the 

peak of winter and summer, respectively (Fig A-12.1a; note inverted U scale).  The lowest 

U concentration was correlated with the highest monthly SST, which occurs in January, 
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while the highest coral U concentration was interpreted to correlate with July (Fig A-

12.1b).  By applying this chronology, the major Y/Ho deviations are estimated to have 

occurred during April-May 2000, August-September 2001 and April-May 2003. 

 

 

 

 

 

Figure A-12.1 a-b.  In order to investigate the timing of the major Y/Ho deviations in the 2000-2003 
coral record (a), coral U concentrations were used as a SST proxy to estimate the peak of summer (S) 
and winter (W).  On Magnetic Island the highest and lowest SSTs occur in January and July, 
respectively (b).  The major deviations in the coral Y/Ho ratio were estimated to have occurred in April-
May 2000, August-September 2001 and April-May 2003 (a).    
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In order to verify the Y/Ho chronology produced from the coral U concentrations, the Ba 

concentration was analysed to investigate peak river discharge.  Previous studies have 

demonstrated that the peak coral Ba concentration coincides with peak river discharge (e.g. 

McCulloch et al., 2003).  Therefore, the peak Ba concentrations in the 2000-2003 coral 

record were matched to the Burdekin River discharge records (A-12.2a).  The peak 

Burdekin discharge occurred in February 2000, January, 2001, February 2002 and February 

2003 (Fig A-12.2b).  The major Y/Ho deviations were estimated to have occurred in 

March-April 2000, July-August 2001 and March-April 2003.  These estimates closely 

coincided with the U-SST approximations.  

 

 

 
 
 

Figure A-12.2 a-b.  The Ba concentrations in the 2000-2003 coral record (a) were matched to peak 
Burdekin River discharge (b) in order to provide an independent estimate for the timing of the Y/Ho 
deviations.  The Y/Ho deviations occurred in March-April 2000, July-August 2001 and March-April 
2003.  This record closely matches the U-SST produced estimate (Fig A-12.1a). 
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A-12.1.3.  Comparison of the coral Y/Ho ratio with the instrumental turbidity dataset 

 
The nephelometers measured suspended sediment concentrations (SSC) at 10 min intervals 

in April-May 2000 and from November 2000 to December 2002 at 4 sites in Nelly and 

Geoffrey Bays (Fig 4.18).  This data was processed and averaged to monthly intervals to 

correlate with the coral record (Fig A-12.3).  Interestingly, the first major Y/Ho deviation, 

estimated to have occurred in March-May 2000, coincided with significantly elevated 

turbidity concentrations in April 2000.  The average turbidity for April 2000 exceeded 60 

mg/L at 3 sampling sites.  This event is thought to occur once every ten years (P. Ridd 

personal communication, 2005).  The coral Th concentrations remained at baseline values 

in the corresponding sample (2003c) which suggests that no sedimentation was associated 

with this event and that the coral Y/Ho ratio is probably responding only to turbidity 

fluctuations (Fig A-12.4).  However, the second Y/Ho deviation, estimated to have 

occurred during July-September 2001, does not appear to coincide with any increase in 

measured turbidity over this timeframe.  Unfortunately, a monthly sampling resolution is 

not adequate to assess most turbidity fluctuations because, in most cases, turbidity varies 

greatly between days and weeks.  The turbidity data from the 4 sites also displayed 

significant variability, which indicates that turbidity is also highly variable within the one 

small embayment (see Table A-12.1; A-12.2).  No turbidity data was available and so no 

correlation with the third Y/Ho deviation, estimated to have occurred in March-May 2003, 

could be made.  However, there is evidence that sedimentation has influenced this Y/Ho 

fluctuation as the Th concentration is elevated in the corresponding sample (Fig A-12.4).   
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Figure A-12.3.  Average monthly seawater turbidity from April 2000-December 2002 at 4 sites in Nelly 
Bay (see Fig 4.18).  A significant one-in-ten year rough weather event occurred in April 2000 and 
coincided with significantly elevated turbidity concentrations.  With the exception of this “event” 
average turbidity concentrations in Nelly Bay are relatively low in the remaining record rarely 
exceeding 20 mg/L.   

 

 

 

 

Figure A-12.4.  Coral Th concentrations were used to investigate the effect of sedimentation on the 
Y/Ho ratio.  The first and second major deviations in the Y/Ho ratio did not coincide with elevated Th 
which suggests that these deviations may be related to turbidity.  However, the third Y/Ho deviation in 
2003 coincided with relatively elevated Th concentrations.  This finding indicates that the Y/Ho ratio 
has been influenced by sediment trapped in the coral lattice for the 2003c sample. 
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A-12.1.4.  Summary 

 
The coral Y/Ho ratio displays considerable promise as an indicator for turbidity.  However, 

a higher resolution (minimum weekly resolution) study is required to investigate the 

correlation between the nephelometer data and the coral Y/Ho ratio.  A reliable coral proxy 

of turbidity would be invaluable to investigate and quantify any change on the GBR since 

European settlement.  This study has demonstrated that the coral Y/Ho ratio is an excellent 

proxy to assess sedimentation; however, its reliability as a turbidity proxy is 

unsubstantiated.     

 
A-12.2.  The impact of dredging on the GBR 

 
A-12.2.1.  Overview: The 1970s dredging event 

 
Some researchers have argued that the dumping of spoil following the dredging of 

Townsville’s shipping channel during the early 1970s was linked to the degradation of 

Magnetic Island’s fringing coral reefs (Brown, 1972).  However, the views of long-term 

residents of Magnetic Island are varied and the impact of the channel dredging program 

during this time remains controversial (see Appendix 1).  Studies of turbidity levels in 

Magnetic Island during the 1994 capital dredging program found no apparent increase in 

turbidity (Larcombe and Ridd, 1994).  This section will examine Th concentrations and the 

Y/Ho ratio in a Nelly Bay coral from 1968 to 1973 to examine any major changes in water 

quality during the early 1970s dredging.       

 
A-12.2.2.  Coral Th concentrations and the Y/Ho ratio 

 
Four samples in the 1968-1973 Y/Ho record have ratios below 60, including the 1969a 

(59.95), 1972a (59.84), 1972b (59.63) and 1973a (57.76) samples (Fig A-12.5).  However, 

only one of these samples appears to have been influenced by sedimentation (1973a; Th 

concentration= 2.40 ppb).  The 1972a, 1972b and 1973a samples contain relatively high Ba 
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concentrations and the relatively low coral Y/Ho ratios in these samples may be linked to 

turbid flood plumes or rough weather events (Figs 8.5b; 8.13).  Elevated turbidity and 

sedimentation to the coral reefs of Nelly Bay may have occurred before this time (~1971; 

Brown, 1972).  Therefore, it appears there has been no apparent change in water quality 

recorded by this coral when the dredge spoil was dumped in the vicinity of Magnetic 

Island. 

 

 

 

 

Figure A-12.5.  The Y/Ho ratios and the Th concentration in the 1968-1973 coral record do display 
some significant variations.  However, the major deviations occur in 1972 and 1973 which come after 
the dredging period reported by Brown (1972) and are thought to be related to turbid flood plumes 
following extended dry periods.  

A-12.2.3.  Turbidity and sedimentation modelling 

 
To investigate further the possible impacts of dredging, the sedimentation component was 

subtracted from the coral Y/Ho ratios using the Th concentration.  A power regression was 

fitted to the Y/Ho vs Th plot using the precision ICP-MS data which produced an r2 value 

of 0.85 (Fig A-12.6a).  These samples included the “sedimentation influenced” mid-

Holocene corals to provide the widest possible spread of data.  An equation was then 

produced to predict the Y/Ho ratio using the coral Th concentration (Fig A-12.6a).  The 

measured coral Y/Ho ratio was then subtracted from the corresponding predicted 

“sedimentation-influenced” Y/Ho values (Y/Ho*).  Values that are strongly positive are 
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considered to be influenced by turbidity, whereas strongly negative Y/Ho* values may be 

indicative of sedimentation.   

To test this model, the 2000-2003 coral record was investigated (Fig A-12.6b).  Only 2 of 

the samples (2000c and 2001b) displayed Y/Ho* values greater than 2, which corresponded 

to the major Y/Ho fluctuations identified in figure A-12.4.  One sample contained a Y/Ho* 

value less than -4 (2003c) which is related to the elevated Th concentrations in this sample.  

Therefore, samples containing Y/Ho* values that exceed 2 may be affected by turbidity 

while samples with values less than -4 may be influenced by sedimentation. 

 

This model was applied to the 1968-1973 coral record with surprising results (Fig A-12.6c).  

Six samples from 1968-1971 coral record contained Y/Ho* values greater than 2 and may 

suggest that turbidity has been elevated over this timeframe.  In addition, the 1971a and 

1971b samples contain values less than -4, which may indicate increased sedimentation.  

The timing of this deviation also coincided with the documented sedimentation of the Nelly 

Bay reef by Brown (1972).  The 1968-1973 Y/Ho* values displayed greater variability 

compared to the 2000-2003 record (Fig A-12.6b-c).  However, it is conceded that this 

model is still in the developing stages and further refinement is required to produce better 

results.  Therefore, the impact of the 1970s dredging program to the fringing reefs of 

Magnetic Island is still unresolved. 

 

The Y/Ho* values were also examined in the analysis of the coral luminescent lines or 

“flood bands” (Fig A-12.6d).  This record displays a high degree of variability with the 

majority of samples in the “turbidity influenced” or the “sedimentation influenced” zones.  

Interestingly, both the 1831 and 1870 flood bands appear to be influenced by sedimentation 

while floods after prolonged dry periods appear to produce relatively high turbid Y/Ho* 

values.  However, the 1974 flood, which was affected by sedimentation, contains a Y/Ho* 

value of + 2.98 (Fig A-12.6d).  Therefore, more data is required to further develop and 

refine this model. 
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Figure A-12.6 a-b.  A power regression analysis was performed on the coral Y/Ho ratio vs the Th 
concentration (a).  The equation of this regression was used to subtract the sedimentation component off 
the coral Y/Ho ratio to produce a record of turbidity (Y/Ho*).  The 2000-2003 record was used to 
examine this model (b).  Y/Ho* values exceeding 2 are considered to be “turbidity influenced” while 
values lower than -4 are considered to be “sedimentation influenced”. 
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Figure A-12.6c-d.  The Y/Ho* was then plotted for the 1968-1973 coral record (c) and also for the 
coral flood bands (d).  Interestingly, both records displayed higher Y/Ho* fluctuations compared to 
the 2000-2003 record (b).  In addition, the “turbidity influenced” coral samples in the 1968-1971 
period coincides with the documented turbid waters described by Brown (1972) in this period.  
However, the 1974 flood, which has been demonstrated to have been influenced by sedimentation, 
resides in the “turbidity influenced” zone (d).  Therefore, this model still requires further 
development.   
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A12.2.4.  Summary 

 
The coral Y/Ho ratio and Th concentrations in the 1968-1973 record did not display any 

significant deviations during the dredging between 1968-1971.  Major variations in the 

Y/Ho ratio occurred in 1972 and may be related to turbid flood plumes following periods of 

relatively dry conditions.  However, when the sedimentation component is subtracted from 

the Y/Ho ratio using the Th concentrations, the Y/Ho* values display considerable 

variability in the 1968-1971 dredging period.  The Y/Ho* model requires further 

development before it can be employed confidently as a proxy to investigate seawater 

turbidity levels and sedimentation to coral reefs.     
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Appendix 13: Results C-14 and U-Th dating 
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Appendix 14: Sediment geochemistry data. 
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Appendix 15: Heavy metal concentrations in the Magnetic 

Island corals 
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A-15.1.  Heavy metals 

 
A-15.1.1.  Overview 

 
Heavy metal contamination on the inshore GBR is a concern of some researchers who have 

discovered elevated levels of heavy metals near marine harbours and ports (e.g. Haynes and 

Johnson, 2000).  However, monitoring programs have found that heavy metal 

concentrations in corals, sediments, mangroves and soft tissue organisms are commonly 

negligible on the GBR (see review in Haynes and Johnson, 2000).  The corals from 

Magnetic Island provide an ideal opportunity to assess heavy metal contamination from 

mining in Burdekin River catchment and from the Port of Townsville.  The Port of 

Townsville is a major exporter of heavy metals including Cu, Ni, Zn and Pb.  Previous 

studies have discovered elevated concentrations of these metals in sediments surrounding 

the reefs of Magnetic Island, particularly after episodes of channel dredging (Reichelt and 

Jones, 1994).  Elevated concentrations of heavy metals were also found in sediments from 

the intertidal and near-shore zones of Cleveland Bay (Doherty et al., 2000).  Levels of Zn in 

oysters from Ross Creek (which accommodates the Townsville Port) were significantly 

higher than the levels in oysters from Magnetic Island (Jones et al., 2000).  This study has 

focused on concentrations of Ni, Zn and Pb in corals. 

 
A-15.1.2.  The concentration of heavy metals in corals (previous studies) 

 
Concentrations of Ni, Zn and Pb in coral skeletons vary greatly from site to site but the 

variability may reflect the analytical pre-treatment procedure, inter-species/coral variation 

or the surrounding environmental conditions (Reichelt-Brushett and McOrist, 2003).  

Previous studies have discovered that coral zooxanthellae play a significant role in 

accumulating heavy metals and may regulate the incorporation of heavy metals into the 

coral skeleton (Reichelt-Brushett and McOrist, 2003).  The coral tissue layer also contained 

elevated heavy metal concentrations compared to the coral skeleton (Reichelt-Brushett and 

McOrist, 2003).  This finding places considerable doubt on the reliability of heavy metal 

records from corals (Reichelt-Brushett and McOrist, 2003; Esslemont et al., 2000).  Heavy 
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metals are also discriminated against when substituting into the coral skeleton.  However, 

elements such as Mn and Pb have still demonstrated promise in the reconstructions of long-

term environmental coral records (Shen and Boyle, 1987; Lea at al., 1989; Fallon et al., 

2002; This study see section 8.5).   

 
A-15.1.3.  Ni, Zn and Pb concentrations in the Magnetic Island corals 

 
The Pb concentrations (Fig A-15.1 a-b) in the 1968-1973 and 2000-2003 coral records 

displayed some significant fluctuations.  There were elevated Pb concentrations in early 

1970 (peak value of 207.20 ppb) which coincided with a period of intense channel dredging 

in Cleveland Bay.  However, coral Pb concentrations also significantly increased during 

2002 peaking at 710.72 ppb and with 3 additional values in excess of 200 ppb.   
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Figure A-15.1 (a-b).  Pb concentrations for 1968-1973 (a) and 2000-2003 (b).  While the average 
Pb concentrations were virtually identical for both records, Pb displays some considerable 
deviations with concentrations as high as 710 ppb in 2002 (b).  Elevated coral Pb also occurred in 
1970 and coincided with a period of intense dredging of the shipping channel (a).  However, 
elevated Pb also occurred in the 2000-2003 record and it is unclear if elevated coral Pb 
concentrations were related to channel dredging. 

The post 1850 average concentrations of Ni, Zn and Pb in the modern coral records were 

indistinguishable from the average pre-1850 and mid-Holocene values (Figs A-15.2a-

15.4a).  The average Ni and Pb concentrations in the modern and mid-Holocene corals were 

comparable or even lower than previous studies, while Zn levels were in the upper range 

limits (see Table 1 in Reichelt-Brushett and McOrist, 2003).   
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Nickel concentrations in the coral skeletons were typically less than 0.5 ppb and were 

orders of magnitude below levels reported in the literature (Fig A-15.2).  Interspecies 

variations may influence the accumulation of this metal into corals and so may explain the 

relatively elevated Ni concentrations reported by Esslemont (2000) and Reichelt-Brushett 

and McOrist (2003) in other corals from Magnetic Island (Table 8.2).  An unusual Ni 

“spike” of 2.13 ppb occurred in the modern 1970-1972 sample (Fig A-15.2a) and could be 

related to the development of the Greenvale Ni mine (located in the northern section of the 

Burdekin River catchment) that opened in 1972 (Fig 4.17).  This area experienced heavy 

rains from Cyclones Althea and Bronwyn during early 1972.  However, repeat analysis of 

this sample is required to confirm the validity of this concentration. 

  

A large Zn spike occurs in the 1850-1852 sample in the modern coral record (Fig A-15.3a).  

This value is unusual and may be a product of analytical error because there was no 

European settlement in the region at this time.  Sample contamination is another possibility 

as Pb also showed anomalous values for this sample (Fig A-15.4a).  Average coral Zn 

concentrations were in the upper limits compared with previous studies and were also 

significantly elevated compared to other coral species analysed from Magnetic Island 

(Table A-15.1; Esslemont, 2000; Reichelt-Brushett and McOrist, 2003).  These studies 

investigated Goniastrea, Pocillopora and Acropora genera that may have different 

partitioning mechanisms which regulate the incorporation of heavy metals in the coral 

skeleton compared to Porites (Esslemont, 2000; Reichelt-Brushett and McOrist, 2003).  In 

addition, the coral pre-treatment procedure also differs in this study and may have also 

influenced the measurement of heavy metal concentrations in the corals. 

 

The coral Pb concentrations in this study were slightly elevated compared to previous 

results from Magnetic Island (Table A-15.1).  However, Esslemont (2000) found 

significantly higher Pb levels in a coral growing close to Townsville Harbour (Table A-

15.1; Esslemont, 2000).  Coral Pb concentrations in this study were also lower than for 

other corals around the world (see Table 1 in Reichelt-Brushett and McOrist, 2003).  

Highly polluted areas can contain coral Pb concentrations in excess of 1000 ppb (Hanna 

and Muir, 1990; Runnalls and Coleman, 2003).  Like Zn, however, the Pb concentrations in 
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corals may vary with genera and therefore it is difficult to compare these results with 

confidence.   

 

There were four notable exceptions in the modern Magnetic Island coral records of this 

study where Pb concentrations exceeded 400 ppb.  These included the 1984-1986 sample 

(Fig A-15.4a), the 1966-1968 sample (A-15.4a), the 2002c sample (Fig A-15.1b) and the 

1974 flood sample (Fig A-15.5).  The 1984-1986 sample was probably contaminated 

during the coring process.  The 1850-1852 sample coincided with elevated Zn 

concentrations and may be a product of sample contamination or analytical error (Fig A-

15.3a-15.4a).  The 1966-1968 and 2002c samples could also be related to analytical error 

and a repeat is required to verify these excessive concentrations (1227.14 and 710.72 ppb 

respectively; Fig A-15.4a; A-15.1b).  If these high concentrations are genuine, there are 

numerous sources of Pb that could explain these “spikes”.  A local Pb source, such as paint 

or fuel spills, is the most probable cause.  Environmental fallout following the 1968 sugar 

fire disaster in the Port of Townsville could be another reason for the elevated Pb levels in 

the 1966-1968 sample, although the sub-annual resolution coral record from Nelly Bay (Fig 

A-15.1s) displays no elevated Pb concentrations during 1968.  The slight increase in 

baseline Pb concentrations after the 1890s was probably the result of a region-wide increase 

in industrial activity (Fig A-15.4a).  Lead concentrations in the coral luminescent lines 

(flood bands) were commonly at low levels, which the exception of the 1974 flood (Fig A-

15.5).  Sediment trapped within the coral lattice would explain this elevated Pb 

concentration.  

 

The Ni, Zn and Pb concentrations in the mid-Holocene corals were commonly at low 

levels, with the exception of some major “spikes” that coincide with sediment trapped 

within the coral skeleton (Figs A-15.2b-c-15.4b-c). 
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Figure A-15.2 (a-c).  Ni concentrations for the modern (a) and mid-Holocene coral heads 
(b-c).  It was unclear how reliable these records are taking into account the poor analytical 
precision for Ni.  However the data suggest that there was very little Ni incorporated 
within the corals and no significant change after 1850. 
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Figure A-15.3 (a-c).  Zn concentrations for the modern (a) and mid-Holocene coral heads (a-
c).  Similarly to Ni, the reliability of these results is unclear.  It appears there was little 
change in Zn concentrations between the modern and mid-Holocene corals 
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Figure A-15.4 (a-c).  Pb concentrations for the modern (a) and mid-Holocene coral 
heads (b-c).  The 1984-1986 Pb spike in the modern record (a) may be the result of 
contamination during the coring process, however the elevated Pb in the 1966-1968 
sample was considered to be genuine.  Overall, there are similar average Pb 
concentrations in the modern and mid-Holocene corals with no major deviations in Pb 
towards the final growth bands in the mid-Holocene corals (c).  A minor increase in 
coral Pb concentrations may have occurred after the 1890s (a). 
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Figure A-15.5.  The Pb concentrations in flood bands remained at baseline levels consistent with the 
other Pb records.  The exception is the elevated Pb concentrations in the 1974 flood which is probably 
from a sediment influence. 

 

Coral species Ni (ppb) Zn (ppb) Pb (ppb) 

Acropora* 3111 1425 49.73 

Pocillopora* 587 2419 39.37 

Acropora** 1100 1800 40.00 

Acropora** 700 500 50.00 

Porites NEL01D 0.04 7271 80.22 

Porites NEL03D 0.05 13154 103.95 

Porites NEL06A 0.06 12545 100.64 

Porites NEL07C 0.04 15641 177.08 

Porites pre-1850 0.27 10561 61.66 

Porites post-1850 0.38 10186 104.50 

Porites 1968-1972 N/A N/A 89.19 

Porites 2000-2003 N/A N/A 108.84 

Goniastrea* Harbour 1878 29225 1699 

Table A-15.1. Summary of heavy metals in corals from Magnetic Island 

 * from Esslemont (2000); ** from Reichelt-Brushett and McOrist (2003). 
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A-15.1.4.  Summary 

 
Nickel, Zn and Pb concentrations in the corals from Magnetic Island are at normal 

background levels and have not increased significantly since European settlement.  The 

Port of Townsville does not appear to have had any influence on the heavy metal 

concentrations in the Magnetic Island corals.  The elevated “spikes” identified in this study 

need to be re-sampled and reanalysed to assess their validity.  Future studies need to focus 

on the partitioning and incorporation of various heavy metals in corals.  An understanding 

of these processes would greatly aid the sample preparation and analytical methods 

required to produce reliable long-term coral heavy metal records.  The analysis of Cd and 

Hg in the long modern Magnetic Island coral record would be valuable in investigation of 

any historical contamination from mining activity in the Charters Towers district.  These 

elements are also considered a threat to the water quality of the GBR and elevated 

concentrations have been reported in sediments and biota in the region (see Hayes and 

Michalek-Wagner, 2000). 

 

Appendix 15 - A206 - Stephen E Lewis 



Environmental trends in the GBR lagoon and Burdekin River catchment during the mid-Holocene and 
since European settlement using Porites coral records, Magnetic Island, QLD. 

 

 

 

 

 

 

 

Appendix 16: Carbon isotopes. 
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A-16.1.  Carbon isotopes 

 
Carbon isotopes are fractionated into corals by both kinetic and metabolic effects 

(McConnaughey, 1989).  They have been proposed as proxies of 

light/sunshine/photosynthesis (McConnaughey, 1989; Suzuki et al., 2000; Reynaud-

Vaganay et al., 2001), cloud cover (Quinn et al., 1993; Wellington and Dunbar, 1995), 

ENSO (Boiseau et al., 1998) and annual spawning (Gagan et al., 1994; et al., 1996). 

   

Coral δ13C levels appear to be correlated to light intensity.  Therefore, C isotopes may 

provide an assessment of how light levels and possibly turbidity affect the water quality 

of coral reefs. 

 

The two-monthly resolution δ13C record displayed seasonal trends, with relatively 

negative values during the summer months and relatively positive values in winter (Fig 

A-16.1 a-b).  However, major negative excursions of approximately 1.5‰ in the 1980-

1984 record do not appear to be temperature or flood-related.  The massive flood in the 

mid-Holocene record could account for the large depletion in coral δ13C.  Another 

negative excursion towards the end of the high resolution record also cannot be 

attributed to freshwater influx (Fig A-16.1b). 

 

The majority of δ13C values in the modern 1810-1985 record (Fig A-16.2) were 

consistently within -0.5‰ and -2.0‰.  The modern record averaged -1.31 ± 0.33‰ 

which was comparable to the average of -1.04 ± 0.40 ‰ in the mid-Holocene NEL01D 

coral (Fig A-16.3a).  However, the NEL03D mid-Holocene coral contained more 

negative δ13C values averaging -2.08 ± 0.19 (Fig A-16.3b). 
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Figure A-16.1 (a-b).  Two-monthly resolution δ13C record for the modern (a) and mid-Holocene (b) 
corals.  The δ13C values displayed seasonal trends; however, major negative deviations in δ13C 
were not correlated to peak SST or flood events. 
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Figure A-16.2.  δ13C record for the 1810-1985 period.  The majority of δ13C values were between -
0.5‰ and -2.0‰.    
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Figure A-16.3 (a-b).  δ13C record for the mid-Holocene coral heads.  The NEL01D coral slice (a) 
had an average and range similar to the modern 1810-1985 record while NEL03D (b) contained 
more negative δ13C values. 
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