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ABSTRACT 

We generated records of radiocarbon and trace metals in deep-sea corals to 

investigate the role of the deep ocean during episodes of rapid environmental change. Our 

record of radiocarbon ages measured in a modern deep-sea coral from the northeastern 

Atlantic shows the transfer of bomb radiocarbon from the atmosphere to the deep ocean. 

We detect bomb radiocarbon at the coral growth site starting in 1975–1979. Our record 

documents a 14
C increase from –80 ± 1‰ (average 1930–1979) to a plateau at –39 ± 2‰ 

(average 1994–2001). From a suite of fossil deep-sea corals, variability in North Atlantic 

intermediate water 14
C during the Younger Dryas (13.0–11.5 ka) supports a link between 

abrupt climate change and intermediate ocean circulation. We observe rapid shifts in deep-

sea 14
C that require the repositioning of large 14

C gradients within the North Atlantic. 

The shifts are consistent with changes in the rate of North Atlantic Deep Water formation. 

We also observe a decadal scale event at 12.0 ka that is marked by the transient return of 

radiocarbon to the eastern and western basins of the North Atlantic. 

To develop a nutrient proxy for use in deep-sea corals, we measured Cd/Ca in 14 

modern corals. Several of these corals had anomalously high Cd/Ca that we explain with a 

systematic bias in Cd/Ca obscuring the signal of seawater Cd/Ca. When these high Cd/Ca 

corals are removed from the calibration, the best-fit coral-water partition coefficient is 1.3 ± 

0.1. Examining Cd/Ca in fossil deep-sea corals, we find that our coral from the Younger 

Dryas (12.0 ka) resembles the high Cd/Ca corals of the modern calibration and probably 

does not reflect seawater Cd/Ca. The Cd/Ca record from a 15.4 ka coral resembles our low 

Cd/Ca calibration samples and probably reflects average seawater Cd/Ca. 

 



 

 

v 

TABLE OF CONTENTS 

Acknowledgements..................................................................................... iii 

Abstract ...................................................................................................... iv 

Table of Contents......................................................................................... v 

List of Illustrations and Tables..................................................................... vi 

Chapter 1: Introduction................................................................................. 1 

Chapter 2: The Transfer of Bomb Radiocarbon to the Deep Ocean:  

Observations from a North Atlantic Deep-Sea Coral ................................... 5 

Chapter 3: A Deep-Sea Coral Record of North Atlantic Radiocarbon 

Through the Younger Dryas:  Evidence for Intermediate/Deep Water 

Reorganization..........................................................................................25 

Chapter 4: Measurements of Cd/Ca in Deep-Sea Corals Reflect  

Vital Effects and Seawater Cd/Ca ..............................................................59 

Appendix A: Cd/Ca Cleaning Procedure......................................................99 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

vi

LIST OF ILLUSTRATIONS AND TABLES 

Number Page 

Figure 2.1 Enallopsammia rostrata Sample ALV3701-8......................... 9 

Figure 2.2 Map of Water Profile Stations and Coral Collection Site........10 

Table 2.1 Tip Radiocarbon Results.......................................................12 

Figure 2.3 Radial Section Results..........................................................13 

Table 2.2 Radial Section Radiocarbon Age Results ..............................14 

Figure 2.4 Radiocarbon Age Results......................................................16 

Table 2.3 Radiocarbon Time Series Results..........................................17 

Figure 2.5 Modern 
14

C Reconstruction ................................................19 

Figure 3.1 A 25 ka Record of Climate ...................................................27 

Table 3.1 Fossil Coral Locations and Depths........................................35 

Figure 3.2 Desmophyllum dianthus Sampling ........................................37 

Table 3.2 Fossil Coral Calendar Ages...................................................39 

Table 3.3 Fossil Coral Radiocarbon Ages and 
14

C ..............................40 

Figure 3.3 Deep-Sea Coral and Calcite Blank 
14

C Results....................41 

Figure 3.4 Desmophyllum dianthus Coral 
14

C Results..........................43 

Figure 3.5 
14

C Uncertainty..................................................................44 

Figure 3.6  Younger Dryas 14
C results ..................................................46 

Figure 3.7 14
C Profile at the Beginning of the Younger Dryas...............48 

Figure 3.8  Other Records of Rapid Climate Change During the 

Younger Dryas.....................................................................51 

Figure 4.1  Benthic Foraminiferal Cd/Ca Core Top Calibration...............62 

Figure 4.2  Map of Calibration and Fossil Deep-Sea Corals ....................65 

Table 4.1  Collection Site Data for Modern Cd/Ca Calibration  

Deep-Sea Corals...................................................................66 

Table 4.2  ICP-MS Sequence Structure .................................................70 



 

 

vii

Figure 4.3  Spiked Gravimetric Standard Results for  

Mg/Ca, Sr/Ca, and Cd/Ca .....................................................71 

Figure 4.4  Consistency Standard Results for  

Mg/Ca, Sr/Ca, and Cd/Ca .....................................................73 

Figure 4.5 Deep-Sea Coral Cd/Ca Results .............................................74 

Table 4.3  ICP-MS Sample Run ID Description ....................................75 

Table 4.4  Modern Calibration Deep-Sea Coral Results .........................76 

Figure 4.6  Surface Coral Blank Results .................................................83 

Figure 4.7  Stepped Cleaning Results .....................................................85 

Figure 4.8  Cd/Ca in Horizontal Cross Sections ......................................86 

Figure 4.9  Cd/Ca Relationships with Mg/Ca and Sr/Ca..........................88 

Figure 4.10 Vertical Distribution of Cd/Ca in Modern  

Desmophyllum dianthus......................................................89 

Table 4.5  Vertical Transect Cd/Ca Results ...........................................90 

Figure 4.11 Fossil Deep-Sea Coral Results ............................................94 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




