
Micro-sampling of skeletal mass accumulation in the tissue layer of 
Porites: implications for paleo-environmental reconstruction 

Gavin B. Dunbar1 & Michael K. Gagan1

1 Research School of Earth Sciences, The Australian National University, Canberra ACT 0200, 
Australia 

 
Stable isotope and trace element geochemical records obtained from Pori es 
corals are an important source of quantitative paleoclimate information. The 
depth over which aragonite is deposited within the growing tissue layer of these 
corals determines the amount of biological smoothing imparted to environmental 
signals that are preserved in their skeletons. If these distortions are not 
accounted for when transforming raw data into estimates of sea surface 
temperature (SST) and salinity, substantial inaccuracies in paleoclimatic 
reconstruction may result. In order to estimate the magnitude of this problem we 
have measured the mass of aragonite in consecutive 200 µm thick samples 
through the upper 10-12 mm of five corals from four locations and have found 
that growth can be characterised by two patterns: “sharp” growth when all 
aragonite is deposited in the upper 2mm of the coral skeleton; and, “smooth” 
growth when aragonite is deposited throughout the tissue layer, typically 6 to 
10 mm in thickness (Fig.1). Ningaloo is the only coral that shows a smooth 
growth pattern in our dataset.   
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Figure 1. Plots showing variations in bulk density with depth for five corals. Where possible 
each milling transect was replicated (blue curves). Note that with the exception of Ningaloo, 
systematic increases in density are confined to the upper 2 mm of each coral. 
 
By adopting two smoothing functions (for sharp and smooth growth 
measurements) to a sine wave (which approximates the kind of variability 
evident in many environmental signals) it is possible to model the degree of 

 



attenuation of environmental cycles of different periods for different rates of 
coral growth (Fig. 2).  
 

Fig. 2. The attenuation of sine 
waves with periods between 1 
and 10 years for modelled coral 
growth at 6, 10 and 24 mm/yr 
(labelled on graph) as a result of 
bio-smoothing.  Results are 
shown for “sharp” (red) and 
“smooth” (blue) calcification 
patterns as defined in the text. 

 
 
This model suggests attenuation of annual and longer cycles is limited to <10% 
for most Porites corals over a wide range of growth rates, consistent with 
published environmental records that assume limited smoothing (e.g. Alibert & 
McCulloch, 1997; Gagan et al., 1994; 1998; Wellington et al., 1996). However, 
where aragonite deposition takes place throughout the tissue layer (“smooth” – 
type calcification) significant smoothing of environmental signals will occur. The 
difficulty for researchers is that this type of growth does not appear to be 
environment or species specific and cannot be determined directly in fossil corals 
where the outer coral skeleton is typically not preserved.  
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