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ABSTRACT 
 

Modern observations of planktic foraminifera from sediment trap studies help to constrain 

the regional ecology of paleoceanographically valuable species. Results from a weekly-resolved 

sediment trap time series (2008–2014) in the northern Gulf of Mexico demonstrate that 92% of 

Globorotalia truncatulinoides flux occurs in winter (January, February, and March), and that 

encrusted and non-encrusted individuals represent calcification in distinct depth habitats. We use 

individual foraminiferal analysis (IFA) of G. truncatulinoides tests to investigate differences in the 

elemental (Mg/Ca) and isotopic composition (d18O and d13C) of the encrusted and non-encrusted 

ontogenetic forms of G. truncatulinoides, and to estimate their calcification depth in the northern 

Gulf of Mexico. We estimate that non-encrusted and encrusted G. truncatulinoides have mean 

calcification depths of 66 ± 9 meters and 379 ± 76 meters, respectively. We validate the Mg/Ca-

calcification temperature relationship for G. truncatulinoides and demonstrate that the d18O and 

Mg/Ca of the non-encrusted form is a suitable proxy for winter surface mixed layer conditions in 

the Gulf of Mexico. Care should be taken not to combine encrusted and non-encrusted 

individuals of G. truncatulinoides for down core paleoceanographic studies. 
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CHAPTER ONE: 

ENVIRONMENTAL CONTROLS ON THE GEOCHEMISTRY OF GLOBOROTALIA 

TRUNCATULINOIDES IN THE GULF OF MEXICO: IMPLICATIONS FOR 

PALEOCEANOGRAPHIC RECONSTRUCTIONS 

 

1.1 COPYRIGHT CLEARANCE 

Appendix A: Environmental controls on the geochemistry of Globorotalia truncatulinoides in the 

Gulf of Mexico: Implications for paleoceanographic reconstructions, presents work previously 

published in the journal Marine Micropaleontology, published by Elsevier. DOI: 

10.1016/j.marmicro.2018.05.006. A complete reprint is provided with the authors’ permission in 

Appendix A. © 2018 CE Reynolds; Richey, JN; Fehrenbacher, JS; Rosenheim, BE; Spero, HJ. I 

retain or am hereby granted (without the need to obtain further permission) the Author Rights 

from Elsevier. The Author Rights include the right to use the Preprint, Accepted Manuscript and 

the Published Journal Article for Personal Use and Internal Institutional Use.  

 

1.2 RESEARCH OVERVIEW 

Here we present paired isotopic (d13C and d18O) and Mg/Ca data obtained from individual 

Globorotalia truncatulinoides specimens from a weekly-resolved sediment trap time series in the 

nGoM. Using this approach, we are able to take a detailed investigation of the geochemical 

differences between encrusted and non-encrusted forms. We use this information to (1) validate 
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the Mg/Ca-calcification temperature relationship for G. truncatulinoides, (2) demonstrate that the 

non-encrusted form calcifies in the surface mixed layer, whereas the crust forms well below the 

seasonal thermocline, and (3) demonstrate that LA-ICP-MS analyses of single foraminifera can be 

used to yield comparable elemental ratios to that obtained from solution-based analyses. 

Using the geochemistry of individual foraminifera from a sediment trap time series in the 

northern Gulf of Mexico (GoM), we determined that the encrusted (C) and non-encrusted (NC) 

forms of Globorotalia truncatulinoides calcify in distinct depth habitats in the upper ocean. If care is 

taken to discriminate between the two forms for down core studies, the non-encrusted form can be 

used to reconstruct winter surface mixed layer conditions in the GoM. Oxygen isotopes of 

individual foraminifera indicate a mean calcification depth for NC G. truncatulinoides of 66 (± 9) 

meters, within the surface mixed layer. The mean depth represented by encrusted specimens is 379 

(± 76) meters, assuming 29% of the calcite of an encrusted specimen originates in the winter 

mixed layer.  

Laser ablation laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) 

Mg/Ca values based on the weighted mean for an individual foraminifer are not significantly 

different from solution-based Mg/Ca, 2.75 ± 0.56 mmol/mol and 3.01 ± 0.30 mmol/mol, 

respectively. When using LA-ICP-MS, the weighted mean of the final three chambers (F, F1, and 

F2) is an acceptable method for approximating the Mg/Ca of a whole foraminifer test. NC G. 

truncatulinoides have a flux-weighted temperature 21.3° ± 3.4° C using Anand et al., 2003 (ten 
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planktonic species) equation, which is identical to the 0–150 meter flux-weighted temperature at 

the sediment trap site (21.3 ± 3.3 ºC) from CTD observations.  

 

1.3 AUTHOR CONTRIBUTIONS 

CER and JNR contributed equally to the conception of this work. All data was collected by CER 

and JNR and analyzed by CER. All authors discussed the results and their implications. CER 

wrote the manuscript and compiled all tables, figures, and supplemental information. All authors 

commented on the manuscript throughout the preparation process. 
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APPENDIX A: ENVIRONMENTAL CONTROLS ON THE GEOCHEMISTRY OF 

GLOBOROTALIA TRUNCATULINOIDES IN THE GULF OF MEXICO: IMPLICATIONS 

FOR PALEOCEANOGRAPHIC RECONSTRUCTIONS 
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APPENDIX B: ENVIRONMENTAL CONTROLS ON THE GEOCHEMISTRY OF 

GLOBOROTALIA TRUNCATULINOIDES IN THE GULF OF MEXICO: IMPLICATIONS 

FOR PALEOCEANOGRAPHIC RECONSTRUCTIONS SUPPLEMENTAL 
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ICPMS: Agilent 7700x
RF Power
Argon (carrier) gas flow
Ar coolant gas flow
Ar auxiliary gas flow
Dwell time per mass

Energy density (fluence)
He gas flow
Laser repetition rate
Laser spot size

ThO+/Th+

U+/Th+

Supplementary Table 1. Summary of operating conditions for the LA-ICP-MS.

20 ms (non-encrusted) 40 ms (encrusted) 

1500 W
0.95–1.05 1/min (tuned daily)
15 1/min
1 1/min

44 µm (30 µm when needed)
<0.5%
~1

Laser-ablation system UV excimer laser

1–4.5 J/cm2 (variable)
1.05 1/min
6 Hz (non-encrusted) 8Hz (encrusted)
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APPENDIX C: CHAPTER ONE TABLES 

TABLE C.1. NON-ENCRUSTED AND ENCRUSTED DEPTH RANGES AND AVERAGES 
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TABLE C.2 ENCRUSTED HOMOGENOUS ZONE MG/CA DETERMINATIONS 
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TABLE C.3 NON-ENCRUSTED AND ENCRUSTED SAMPLE MORPHOMETRICS, 

GEOCHEMICAL, ISOTOPIC, AND TEMPERATURE DATA 
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APPENDIX D: IMPACTS OF THE SALINITY EFFECT 

Calcification temperature is the primary control on Mg/Ca in foraminiferal calcite; 

however, salinity has been shown to have a secondary influence on the Mg/Ca of planktic 

foraminifera (Nürnberg et al., 1996; Lea et al., 1999; Kisakürek et al., 2008; Arbuszewski et al., 

2010). Most studies have converged on an average of 3–5 % increase in Mg/Ca per salinity unit 

(Hönish et al., 2013; Gray et al., 2018) using Globigerinoides ruber (white), Orbulina universa and 

Globigerinoides sacculifer. Arbuszewski et al. (2010) showed a much larger salinity sensitivity (27 %) 

in a global core-top study, but that study has since been shown to be inaccurate (Hönish et al., 

2013; Khider et al., 2015). No studies have specifically addressed the influence of salinity on 

Mg/Ca in the non-spinose planktic foraminifers like Globorotalia truncatulinoides. Nevertheless, I 

wanted to assess how varying the salinity might affect our downcore Mg/Ca-SST estimates from G. 

truncatulinoides. To do this, I use a multivariate equation that Tierney et al., (2015) generated to 

solve for both temperature and salinity using paired Mg/Ca and d18Oc in G. ruber:  

 

ln #$%&' ( = 0.084 ∗ / + 0.051 ∗ 3 − 2.54	 

7 = 31, :; = 0.86, =$3> = 0.12 

 

Since I did not have an independent proxy for salinity, I arbitrarily chose to apply a secular 

5 practical salinity unit (PSU) increasing and decreasing salinity trend (from an average 36 PSU 
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based on modern observations) over the past 150 years to determine how such a salinity change 

would change the Mg/Ca-SST estimates. In Figure 1 I compared temperature trends from a non-

encrusted (NC) G. truncatulinoides Mg/Ca dataset from the Pigmy Basin in the northern Gulf of 

Mexico (nGoM). The secular warming trend is linear with respect to the change in salinity. The 

total range of salinity in the water column, based on 20 CTD casts 2008–2017, is 36.9–34.8 PSU, 

a change of ± 2.1 PSU. That change is plotted in gray in Figure 1 and allows for a conservative 

look at the potential changes in water mass in the nGoM.  

Equation 2 and Anand et al., (2003), from Appendix A, assume temperature trends of 5.4 

°C and 3.2 °C, respectively. Both estimates are larger than the HadISST dataset (0.5 °C) in the 

nGoM and TEX86-SST (1.1 °C) and Mg/Ca-SST G. ruber (1.4 °C), from the same sediment trap 

samples. Assuming a linear trend in salinity, I can see the effect on Mg/Ca-SST. When I use the 

multivariate equation with decreasing and increasing salinity through time I can use it to verify the 

Anand et al. (2003) equation in my publication as well as determine what types of temperature 

trends could evolve from the change in salinity.   
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Figure 1. Non-encrusted G. truncatulinoides Mg/Ca converted to temperature from Pigmy Basin 

box core (PBBC-1) in the northern GoM (from Spear et al., 2011). The change in salinity from 36 

PSU is plotted on the y-axis and the change in Mg/Ca-SST on the y-axis. Also plotted in gray 

dashed lines are the temperatures trends mentioned in the manuscript. The gray box indicates the 

total range of salinity (36.9–34.8 PSU) from 20 CTD casts taken at the sediment trap site 2008–

2017.  
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