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Magnesium/calcium ratios in the calcite skeletons of long-lived (300-500 years) deep-water 
gorgonian corals (Keratoisis sp) have been speculated to vary as a function of ambient water 
temperature at the time the carbonate was deposited.  We tested this hypothesis by doing parallel 
analyses within the same coral for Mg/Ca, a nominally independent temperature marker. Secondly 
we compared the composition of the outer margin of a Keratoisis sp. with a four-year time series of 
daily temperature records collected at a nearby moored deep-ocean instrument array.  There is a 
good fit between the Mg/Ca trajectory and the recorded data.   Mg/Ca ratios at the margin of the 
coral also correlate with and appear to track temperatures measured at about 1000 meters, at a scale 
within the coral that is consistent with its age (as inferred from counts of apparent annual growth 
increments and radiometric techniques) and its date of collection.  Growth banding is evident in a 
map collected in a direction of edge-to-core of a coral, of which the outer region is shown in Figure 
1.  The accompanying Mg/Ca profile across the same region is overlaid. 
 
The microanalysis of the Keratoisis sp. was performed on polished sections cut through the stem of 
the coral, close to the base to maximise the size of each section.  Typically, each Keratoisis sp. 
section was 5 centimetres in diameter and polished with a final lap of 1 micron diamond paste.  
Measured weight-fractions for Mg, Sr and Ca were significantly higher in the fine scale analyses 
(5µm spot and 7-10 nA beam current) than they were in the coarse analysis (50µm spot and 50nA 
beam current) of the same coral.  All analyses were performed at 15kV on a JEOL 8900R 
Superprobe with Mg and Sr measured by wavelength dispersive spectrometry while Ca was 
measured by energy dispersive spectrometry.  To improve the counting statistics of Mg x-rays two 
spectrometers were employed.  Previous work on biogenic carbonates in fishes (otoliths) suggested 
the difference in fine and coarse scale analyses was due to the large effect of heating at the high 
beam power density (BPD) required for the 5 µm analyses [1].  We tested this hypothesis in the coral 
calcite by comparing the apparent weight-fractions of Mg, Sr and Ca as measured using 5 different 
BPDs in an area of coral that was visually relatively homogeneous.  For the comparison, 33 
replicates of each BPD were randomly allocated onto a grid in the sampled area.  Beam power 
densities were varied by altering beam diameters from 5 to 50 µm and beam currents from 15 to 70 
nA.  As expected, based on Gunn et al. (1992), apparent weight-fractions differed significantly as a 
function of BPD for all three elements (ANOVA Mg F4,160= 86.4; Sr F4,160= 26.7; Ca F4,160= 112.9, p 
< 0.0001), being highest at intermediate BPDs.  To identify the uniformity of growth within each 
section magnesium, strontium, and calcium x-ray maps of corals were collected, Figure 1.  Generally 
the growth over tens of years is uniform however shorter intervals reveal complex growth conditions 
which may reflect seasonal changes.  
 
The correlation between ambient water temperature and Mg/Ca ratios indicates it is possible to 
resolve annual and longer term variability in water temperature at depths in excess of 800 meters 
from the gorgonians [2].  We have begun to apply this method to reconstruct paleo-oceanography in 
the Australian and New Zealand region over the last 3-4 centuries.  Initial results indicate a long-
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term cooling trend along the coast, overlaid by apparent 7-11 year and 40-60 year periodicities in 
water temperature.   These oceanographic patterns appear to reflect regional climatology, and 
provide an historical context for understanding recent changes in climate and oceanography and for 
testing the current generation of coupled ocean-atmosphere climate models. 
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Figure 1.  Comparison of quantitative analyses for Mg/Ca ratio in Keratosis sp., measured using a 
contiguous 5 µm beam spots (irregular dark line), overlaid onto a Mg/Ca map for the same region.  
The position of the quantitative analysis line is shown by the multiple horizontal lines. 
 

0.05 

0.06 

0.07 

4.

Mg/Ca  
ratio 

   

851 CDMicrosc Microanal 12(Supp 2), 2006

https://doi.org/10.1017/S1431927606064415 Published online by Cambridge University Press

https://doi.org/10.1017/S1431927606064415


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


