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Methods 

 

Major and Minor Element Analysis 

The concentrations of major (Al, K, Fe, Ca, Mg, Mn, Ti, Si) and minor (Rb, 

Sr, Zr, Ba) elements were determined on a Philips PW2404 wavelength dispersive 

automatic sequential X-ray Fluorescence Spectrometer fitted with a Rh-anode end 

window X-ray tube. International rock standards were used to calibrate the instrument 

and to monitor accuracy and precision during analysis. 

Samples were pre-combusted overnight at 400°C to remove the organic 

carbon then a lithium borate flux was added to the sample in a 4:1 dilution. Individual 

samples were then melted in platinum crucibles at 1100°C in a muffle furnace for 20 

minutes. Upon cooling, additional flux was added to compensate for the weight lost 

from volatized material. This mixture was re-melted in a flame and cast as a glass disc 

for XRF analysis. 

Samples for minor element analysis were prepared as pressed pellets using 1 g 

of powdered sediment. The error associated with each elemental measurement is as 

follows (n= 48): Rb: 4.6 %, Sr: 2.6 %, Zr: 4.5 %, Ba: 6.9 %, Cu 3.25 %, Zn 3.4 %, Br 

5.48 %, Mo 15.48 %, I 27.44%. Though the errors of the elements presented are 

acceptable, the error for Mo, I and U is higher than necessary. The benefit of using 1 

g pellets is compensated for by the loss of precision in the measurements.   

 

Carbonate Carbon (CaCO3) 

 Weight % carbonate carbon (% Cinorg) for core 905 and the upper 418 cm of 

core 131 was determined on a Coulometrics 5012 coulometer. Weighed sediment 

samples (~25 mg) were flushed for four minutes with CO2 free air to remove 

atmospheric carbon dioxide contamination before dissolution in warm 10% HCl. The 

CO2 produced in this reaction was carried by CO2 free air and bubbled through a 

beaker of blue ethanolamine solution. A clear solution results. The transmittance of 

this solution is monitored by a photo-detector, which then generates OH- ions 

electrolytically by reducing H2O at a silver electrode. The % inorganic carbon in the 

sample is directly proportional to the current required to restore the original 

transmittance of the solution. % CaCO3 is calculated as: 

% CaCO3 = % Cinorg x 8.333. 
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 Percent CaCO3 was calculated for the bottom 400 cm of the 131 core using the 

Ca and Al percentages measured by XRF following (Shimmield et al., 1990). The 

aluminosilicate component was subtracted using a crustal Ca/Al value of 0.345 

(Wedepohl, 1971) and the excess Ca was assumed to reflect CaCO3. The equation: 

% CaCO3 = 2.5 (Catot – (Ca/Alclay × Altot)) 

is “unrivalled in precision” (Shimmield et al., 1991) when CaCO3 concentrations are 

in the range of 40-80 % which is the case for the Arabian Sea sediments. 

  

Determination of Total Carbon  

Approximately 15 mg of dried, homogenized sample were weighed into a tin 

cup for measurement by flash combustion gas chromatography on a Carlo Erba 

NA2500 Elemental Analyzer. For every carousel of fifty samples, five samples of 

acetanalide, with known %C and %N, and a weight range from 0.05 -2.00 mg were 

measured. Generic marine sediment standard PACS-2 was used for carbon and 

nitrogen regressions. For every carousel, two blanks were included and used as a zero 

standard for carbon regressions. The concentration of organic carbon was calculated 

as the difference between total carbon and carbonate carbon. 

 

Nitrogen Isotope Ratios 

  Stable isotope ratios of nitrogen (15N:14N) were determined by 

Continuous Flow - Isotope Ratio Mass Spectrometry (CF-IRMS) using a CE 

Instruments NA2500 Elemental Analyser interfaced with a VG PRISMIII Stable 

Isotope Ratio Mass Spectrometer via a Dual Reference gas injector box and a Diluter. 

Following (Ganeshram et al., 2000) , the samples were prepared for analysis by 

weighing powdered sediment into tin cups. Following flash combustion, the N2 gas 

released from the sample was separated chromatigraphically. Using helium as a 

carrier gas, the N2 from each sample was transferred to the mass spectrometer on 

which masses 28, 29 and 30 were monitored. The ratio of 15N to 14N was calculated 

and converted to δ15N using atmospheric N2  (one pulse per sample) as the reference 

ratio. Analytical precision of the instrument based on multiple analyses of a splits of a 

laboratory bulk sediment standard is + 0.2 ‰ (1 sigma). 
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Determination of Salt Content 

Upon drying of sediment samples, trapped pore water evaporates leaving 

behind ions previously in solution. The addition of salts from this process affects the 

measurements of Mg, K, Sr and Ca and contributes to the weight of the powdered 

sediment measured for all analysis conducted for this study. The effect of dilution on 

each sample was corrected by measuring the salt content of each sample and applying 

the corrections described below. Based on the assumptions that the salinity of 

interstitial water is 35‰ and that the Cl content in pore waters is entirely present as 

NaCl, all data have been corrected for sea salt dilution and are presented as “Salt 

Free”.  

The salt content of the individual samples was determined by measuring 

chlorinity volumetrically and applying a conversion based on the chloride to total salt 

ratio in seawater. The method was adapted from Strickland and Parsons (1968). The 

salt contained in 100-200 mg of dried, ground samples was dissolved in 1.8 ml of 

distilled water using a vortex stirrer. After centrifugation, the supernatant was titrated 

using silver nitrate (AgNO3), the exact concentration of which was calculated using a 

NaCl solution of known concentration. In the chlorinity titrations, potassium 

dichromate (K2CrO4) was used as the indicator. Sea salt corrections for Mg, K, Sr and 

Ca were applied using the equation: 

              

[Element]= [Element]sediment+salt – (([Element]seawater/[Cl-]seawater) x [Cl-]sediment+salt.) 

               

All major and minor elements as well as CNS measurements were corrected for 

dilution by sea salt using the formula: 

[Element]salt free =[Element] x (100/ (100 - 1.82[Cl-]sediment+salt.)) 

  

Mass Accumulation Rates 

 For purposes of interpreting the lithogenic data and in order to determine the 

effects of sea level on sedimentary deposition, the Mass Accumulation Rate (MAR) 

of clay and coarse-grained sediments were calculated. As both cores 905 and 131 

have been in storage for over a decade measurements of the water content of the 

samples were calculated from the amount of residual salt rather from determinations 
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of wet and dry weight.  The water content was estimated from % Salt (1.82 x % 

Chlorinity) using the following equation of Doff (1969): 

 

% H2O= (100 x % Salt)/ 3.5 + (0.985 x % Salt) 

 

and used to calculate the Porosity of the sample as proposed by (Crusius et al., 1991): 

 

Porosity= fraction H2O/(fraction H2O + ((1-fraction H2O)/2.5)) 

 

where 2.5 was the assumed grain density in g/cm3. The MAR was calculated using: 

MAR= Sedimentation rate x dry bulk density 

 

Dry bulk density = grain density x (1- porosity) 

 

Mineralogy 

Quantitative measurements of the minerals present in the core 905 and MD76-

131 sediments were done by X-ray diffraction on a Philips PW1800 Automatic 

Powder Diffractometer. Powdered samples were compressed into uniformly made 3 

mm deep containers and placed into the carousel. Samples can be retained after this 

non-invasive measurement. Peak heights were corrected for the sensitivity of the 

machine using the following conversions: Quartz (1), calcite (1.4), aragonite (5), high 

Mg-calcite (1.4), kaolinite (6.4), muscovite (20), Na- Feldspar (2.2). Percentages were 

calculated by summing the total number of counts and taking the individual minerals 

as a percentage of that total. To quantify the dolomite measurements more accurately, 

a sample was spiked with  2, 5 and 10 % dolomite standard. The resulting regression 

line from the % dolomite and the measured peak heights was used calibrate all 

dolomite concentrations.  

 

References 

Crusius, J. and Anderson, R.F., Core compression and surficial sediment loss of lake 
sediments of high porosity caused by gravity coring. Limnology and Oceanography, 
36(5): 1021-1030, 1991. 
 
Doff, D.H., The geochemistry of recent oxic and anoxic sediments of Oslo Fjord, 
Norway. PhD Thesis, University of Edinburgh, Edinburgh, 245 pp, 1969. 
 



Appendix A. Methods 

 180

Ganeshram, R.S., Pedersen, T.F., Calvert, S.E., McNeill, G.W. and Fontugne, M.R., 
Glacial-interglacial variability in denitrification in the world's oceans: causes and 
consequences. Paleoceanography, 15(4): 361-376, 2000. 
 
Shimmield, G.B. and Mowbray, S.R., The inorganic geochemical record of the 
northwest Arabian Sea: A history of productivity variation over the last 400 ky from 
sites 722 and 724. In: W.L. Prell and N. Niitsuma (Editors), Proceesing of the Ocean 
Drilling Program, Scientific Results. Ocean Drilling Program, College Station, pp. 
409-429, 1991. 
 
Shimmield, G.B., Mowbray, S.R. and Weedon, G.P., A 350ka history of the Indian 
southwest monsoon- Evidence from deep-sea cores, northwest Arabian Sea. 
Transactions of the Royal Society of Edinburgh: Earth Sciences., 81: 289-299, 1990. 
 
Strickland, J.D.H. and Parsons, T.R., A practical Handbook of Seawater Analysis. 
Fisheries Research Board of Canada, 311 pp, 1968. 
 
Wedepohl, K.H., Environmental influences on chemical composition of shales and 
clays. Physics and Chemistry of the Earth, 8. Pergamon, Oxford, 307-331 pp, 1971. 


