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Summary
The Thermo Scientific ELEMENT 2, a single collector
double focusing sector field ICP-MS, was used for the
determination of Sr/Ca and Mg/Ca elemental ratios in
microgram samples taken from seasonal growth bands in
a coral skeleton (Diploria strigosa). Variations in δ18O
values were found to be in good agreement with the
results for Sr/Ca and Mg/Ca elemental ratio deter-
minations. As shown in a previous study (Thermo Fisher
Scientific Application Note AN30001_E) the ELEMENT 2
provides a higher sample throughput compared to TI-MS
while providing precision of better than 0.1% RSD for
both Sr/Ca and Mg/Ca elemental ratios. Compared with
ICP-AES, major and trace elements can be analyzed
simultaneously.

Introduction
The temperature of the ambient sea water during skeletal
growth is the determining factor for the elemental ratios
of Sr to Ca and Mg to Ca in biogenic carbonates. The
shells and skeletons of marine organisms, which have
growth banding, therefore allow the reconstruction of past
water temperatures. These reconstructions for the
aragonitic skeletons of massive corals may span several
decades in monthly or shorter temporal resolutions (e.g.
Alibert and McCulloch, 1997).

Coral skeletons contain relatively high amounts of Sr
and Mg (roughly 0.8% and 0.1%, respectively; Amiel et
al., 1973). The accurate measurement of these elements is
not a problem of instrumental sensitivity, but one of
precision: the relative variabilities in the Sr/Ca ratios are
in the order of magnitude of 3%, requiring RSDs better
than 0.3%. Mg/Ca ratios are less critical, as the variability
is roughly four times that of Sr/Ca (Mitsuguchi et al.,
1996). Because sample numbers may easily reach
hundreds to thousands, minimal sample preparation and
short measurement times are required. Because it is only
elemental ratios that are of interest, weighing of the raw
sample material is often omitted, which can lead to
random concentrations in the sample solutions, which
may easily vary by a factor of five.

The determination of trace elements-to-calcium ratios,
such as Ba/Ca, U/Ca, and Cd/Ca, on the same sample
solutions can also be of interest. These measurements
require high sensitivities in order to measure the trace
elements, and high precision has to be maintained for
widely variable elemental concentrations in the same
solution (trace element ratios relative to Ca are >1:105).

In summary, the instrumental requirements are:

• Very high precision for the determination of elemental
ratios

• Linearity of response over a wide range of sample
solution concentrations

• Simultaneous determination of major and trace elements

• Good long-term stability and reproducibility

• High instrumental sample throughput

• Minimal sample preparation

Until recently, Sr/Ca ratios were typically measured by
TIMS (e.g. Beck et al., 1992; Alibert and McCulloch,
1997; Gagan et al., 1998). While TI-MS provides excellent
precision and sensitivity, it is expensive, time-consuming,
and requires extensive sample preparation. Modern ICP-
MS-based methods (e.g. Le Cornec 1999 and Correge,
1997; Sinclair et al., 1998; Rosenthal et. al.) are simpler
and more rapid, at the cost of some loss in precision.

Previous studies (Thermo Fisher Scientific Application
Note AN30001_E) have shown that the Thermo Scientific
ELEMENT 2 provides an improved precision over
quadrupole- based ICP-MS systems (< 0.1% RSD for
Sr/Ca as well as Mg/Ca elemental ratio determination),
which was attributed to the characteristic 'flat top' peak
shape in low resolution mode and a high stability sample
introduction system.

This report presents the results of the analysis of an
annual skeletal layer in a core of a massive reef coral
(Diploria strigosa). The ELEMENT 2 was used for the
determination of Sr/Ca and Mg/Ca elemental ratios in
coral skeletons at different coral core depths. In addition,
δ18O values for these samples were available and were
correlated with Sr/Ca and Mg/Ca obtained.

Experimental
The coral core investigated was recovered from a living
colony of the reef-building species Diploria strigosa from
a water depth of 11 m northeast of Bermuda.

A stick section of 2 – 3 mm in diameter was sawn
from the skeleton and ground in steps of 200 µm. The
sample powder produced (typically 400 to 1200 µg per
step) was dissolved in 40 ml of 2.5% ultrapure nitric acid
(obtained from dilution of 65% HNO3, purchased from
Merck), and diluted 3 to 5-fold using high purity water
(18.2 MΩ) and spiked with Ge as an internal standard
(100 ng/ml). 
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A total of 21 samples were prepared for measure-
ment. Calibration standards used were in the range of 
100 – 2000 ng/ml Ca, 1 – 20 ng/ml Sr, and 0.1 – 2 ng/ml
Mg. 

A CETAC ASX-100 autosampler system was used for
fully automatic unattended analysis. The Thermo Scientific
ELEMENT 2 ICP-MS parameters are listed in Table 1:

Forward power: 1250 W
Reflected power: < 2 W
Coolant gas flow: 16 l/min
Sample gas flow: 1.12 l/min
Auxiliary gas flow: 0.85 l/min
Sample introduction: Stable Sample Introduction System

– Nebulizer PFA-20 (20 µl/min)
– Spray chamber Dual Spray Chamber

Table 1: Thermo Scientific ELEMENT 2 ICP-MS parameters.

The ELEMENT 2 measurement parameters used for
this analysis are shown in Figure 1. An individual sample
took approximately 8.5 minutes (3 replicate analysis per
sample) resulting in about 7 samples an hour.

Figure 1: Screen capture of the Method Editor of the Windows® XP software
of the Thermo Scientific ELEMENT 2 , showing the nuclides, mass range and
a selection of measurement parameters used for the determination of Sr/Ca
and Mg/Ca elemental ratios.

Results and Discussion
The results of the Sr/Ca and Mg/Ca elemental ratio
determinations and corresponding δ18O values are
summarized in Table 2. The external precision of the
Sr/Ca and Mg/Ca elemental ratios were calculated from
three determinations of the concentration ratios in the
sample. The precision for Sr/Ca and Mg/Ca elemental
ratio determination was better than 0.1% RSD. Sr/Ca and
Mg/Ca elemental ratios as well as δ18O values are shown
as a function of depth in Figure 2. The ages of the samples
increase with depth. Approximately 1 – 1.5 annual cycles
are shown. All axes are scaled such that values near the
abscissa indicate cooler temperatures.

All three parameters (Sr/Mg, Mg/Ca and δ18O) are
strongly dependent on water temperature (δ18O is also
influenced by δ18Oseawater).

The fact that these parameters vary in a near
sinusoidal pattern indicates that they are recording
variability in the sea surface temperature over the course
of approximately 1 – 1.5 years (Figure 2). Sr/Ca and δ18O
have a correlation of 0.92 and Mg/Ca and δ18O have a
correlation of -0.63.

SAMPLE SAMPLE SR/CA MG/CA δ18O ‰ 
NUMBER DEPTH (MMOL/MOL) (MMOL/MOL) VERSUS V-PDB

BDA98 2-13 0 9.194 3.893 -3.156
BDA98 2-14 0.2 9.265 3.625 -3.100
BDA98 2-16 0.6 9.246 3.594 -3.241
BDA98 2-17 0.8 9.150 3.760 -3.351
BDA98 2-18 1 9.177 4.040 -3.584
BDA98 2-19 1.2 9.034 4.087 -3.924
BDA98 2-20 1.4 8.970 4.205 -3.924
BDA98 2-21 1.6 8.993 4.029 -3.865
BDA98 2-23 2 9.097 4.001 -3.746
BDA98 2-24 2.2 9.188 4.161 -3.557
BDA98 2-25 2.4 9.227 3.970 -3.356
BDA98 2-26 2.6 9.213 3.860 -3.272
BDA98 2-27 2.8 9.238 -3.016
BDA98 2-28 3 9.248 3.700 -3.089
BDA98 2-29 3.2 9.212 3.684 -3.094
BDA98 2-30 3.4 9.255 3.838 -3.199
BDA98 2-31 3.6 9.189 4.067 -3.267

Table 2: Results of Sr/Ca and Mg/Ca elemental ratio determinations and
corresponding δ18O values.

Figure 2: Sr/Ca and Mg/Ca elemental ratios as well as δ18O values in a coral
skeleton. The ages of the samples increase with depth. Values near the
abscissa indicate cooler temperatures.

The analytical procedure presented in this work is
both simple (very few steps) and rapid (about 7 samples
an hour), which guarantees high sample throughput.



Conclusions
The Thermo Scientific ELEMENT 2 is shown to be
suitable for the routine analysis of Sr/Ca and Mg/Ca
elemental ratios in coral skeletal material. The variation of
Mg/Ca and Sr/Ca elemental ratios with coral depth was
found to be in good agreement with previous δ18O
measurements. The accuracy and precision (< 0.1% RSD)
provided by sector field ICP-MS makes this technique an
attractive alternative to TIMS, especially since the sample
preparation is shorter and sample throughput therefore
higher. The wide dynamic range of the ELEMENT 2, > 9
orders of magnitude, allows the simultaneous
determination of major and trace elements in one sample
preparation without labor-intensive enrichment or dilution
steps. Therefore, sector field ICP-MS allows trace element
determinations in biogenic carbonates to be performed
routinely, which should be of interest to a variety of
geochemical and paleoceanographic studies.

References
Alibert C., McCulloch M.T. (1997): Strontium/calcium ratios in modern
Porites corals from the Great Barrier Reef as a proxy for sea surface
temperature: Calibration of the thermometer and monitoring of ENSO.
Paleoceanography, 12: 345-363

Amiel A.J., Friedman G.M., Miller D.S. (1973): Distribution and nature of
incorporation of trace elements in modern aragonitic corals. Sedimentology,
20: 47-64

Anon., 1999, High precision measurement of magnesium to calcium and
strontium to calcium elemental ratios, Thermo Fisher Scientific Application
Note: AN30001_E

Beck J.W., Edwards R.L., Ito E., Taylor F.W., Recy J., Rougerie F., Joannot P.,
Henin C. (1992): Sea-surface temperature from coral skeletal
strontium/calcium ratios. Science, 257: 644-647

Gagan M.K., Ayliffe L.K., Hopley D., Cali J.A., Mortimer G.E., Chappell J.,
McCulloch M.T., Head M.J. (1998): Temperature and surface-ocean water
balance of the mid-Holocene tropical Western Pacific. Science, 279: 1014
1018

Le Cornec F., Correge T. (1997): Determination of uranium to calcium and
strontium to calcium ratios in corals by inductively coupled plasma mass
spectrometry. J. Analytical. Atomic Spectrometry, 12: 969-973

Mitsuguchi T., Matsumoto E., Abe O., Uchida T., Isdale P.J. (1996): Mg/Ca
thermometry in coral skeletons. Science, 274: 961-963

Rosenthal Y., Sherrell R.M., and P. Field, 1999, Precise Determination of
Element/Calcium Ratios in Calcareous Samples Using Sector Field Inductively
Coupled Plasma Mass Spectrometry. Anal. Chem., 71, 3248-3253.

Sinclair D.J., Kinsley L.P.J., McCulloch M.T. (1998): High resolution analysis
of trace elements in corals by laser ablation ICP-MS. – Geochimica et.
Cosmochimica. Acta, 62: 1889-1901



In addition to these 

offices, Thermo Fisher

Scientific maintains 

a network of represen-

tative organizations 

throughout the world.

Australia
+61 2 8844 9500
Austria
+43 1 333 50340
Belgium
+32 2 482 30 30
Canada
+1 800 532 4752
China
+86 10 5850 3588
Denmark
+45 70 23 62 60
France
+33 1 60 92 48 00
Germany
+49 6103 408 1014
India
+91 22 6742 9434
Italy
+39 02 950 591
Japan
+81 45 453 9100
Latin America
+1 608 276 5659
Netherlands
+31 76 587 98 88
South Africa
+27 11 570 1840
Spain
+34 91 657 4930
Sweden / Norway /
Finland
+46 8 556 468 00
Switzerland
+41 61 48784 00
UK
+44 1442 233555
USA
+1 800 532 4752

www.thermo.com

AN30002_E 08/16C

Part of Thermo Fisher Scientific

Legal Notices
©2003, 2016 Thermo Fisher Scientific Inc. All rights reserved. Windows is a registered trade mark of Microsoft Corporation. All other trademarks are the 
property of Thermo Fisher Scientific Inc. and its subsidiaries. This information is presented as an example of the capabilities of Thermo Fisher Scientific Inc. 
products. It is not intended to encourage use of these products in any manners that might infringe the intellectual property rights of others. Specifications, 
terms and pricing are subject to change. Not all products are available in all countries. Please consult your local sales representative for details.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


