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Abstract 
 

EVOLUTION OF TROPICAL PACIFIC OCEAN DYNAMICS:  
SURFACE TO SUBSURFACE TEMPERATURE VARIABILITY  

FROM THE PLIOCENE TO PRESENT 
 

HEATHER L. FORD 
 

The tropical Pacific is a significant component of the ocean’s climate system 

and a source of considerable global climate variability, including El Niño events. 

Tightly coupled sea surface and thermocline dynamics influence tropical climate on a 

variety of spatial and temporal scales. Today, the tropical Pacific is characterized by a 

western warm pool with warm sea surface temperatures (SSTs) and a deep 

thermocline and an eastern “cold tongue” with cold SSTs and a shallow thermocline. 

Records of past climate surface and subsurface temperature variability, on long and 

short times scales, may aid in identifying the radiative and dynamic forcing important 

to tropical climate during different global climate states. During the Pliocene warm 

period (3.0-4.3 Ma) and Last Glacial Maximum (LGM, ~0.020 Ma) the global mean 

state was substantially different and may have influenced the behavior and strength of 

various processes and mechanisms that determine tropical climate. In this 

dissertation, I use geochemical techniques, including the novel application of the 

magnesium-calcite ratio of individual planktonic foraminifera, to investigate the 

different processes that determine tropical change on different time scales and 

background climate states. 

In the first project, I generated stable isotope and minor element records using 

a subsurface dwelling planktonic foraminifera from a transect of sites across the 
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Pacific cold tongue. Using subsurface temperatures as a proxy for thermocline depth, 

my records suggest there was a gradual shoaling of the eastern equatorial Pacific 

thermocline from the early Pliocene to present day. This pronounced change in the 

background state of the cold tongue region influenced SSTs and implies dynamic 

processes, including atmospheric circulation and global heat balance, may have 

operated differently during the Pliocene warm period and contributed to global 

warmth. 

In the second and third projects, I use the minor element ratio of individual 

surface and subsurface dwelling foraminifera to monitor the SST and subsurface 

temperature background state, high resolution variability and radiative and dynamic 

processes that determine tropical climate. The results suggest the tropical western 

Pacific has responded primarily to pCO2-radiative forcing on glacial-interglacial time 

scales since the early Pliocene. In contrast, the eastern Pacific has responded to 

changes in dynamic and radiative forcing during the last glacial period, which 

influenced the background spatial pattern of the cold tongue region. Additionally, 

changes in individual foraminifera variability suggest a decrease in El Niño Southern 

Oscillation during the most recent glacial period in comparison to the Holocene. 

These records show that different scales of variability (i.e. long-term, glacial-

interglacial, and seasonal/interannual) may illuminate the processes and mechanisms 

important to paleoclimate interpretations on various temporal and spatial scales. 
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Chapter 1: Introduction 
 

The tropical Pacific plays a vital role in global climate through heat and vapor 

transport via the atmospheric and oceanic circulations, and small variations in the 

mean state and variability have global consequences (Curtis, 2008). Two distinct 

features in the modern distribution of sea surface temperatures (SSTs) in the tropical 

Pacific are the western warm pool and the eastern cold tongue (Figure 1.1). In the 

western equatorial Pacific (WEP), warm SSTs drive vapor and latent heat transport 

toward the subtropics while in the eastern equatorial Pacific (EEP), cold waters 

absorb a significant amount of heat that contributes to the global heat budget. In the 

EEP wind driven upwelling and a relatively shallow thermocline deliver cold, nutrient 

rich water to the surface. Across the tropical Pacific, the basin wide surface SST and 

thermocline gradients are a prominent feature of the atmospheric and oceanic 

circulation (e.g. Walker Circulation). A large source of tropical variability is El Niño-

Southern Oscillation (ENSO). Through atmospheric teleconnections, ENSO is also 

significant source of global climate variability. Though the tropical mean state and 

variability are important components of the global climate system, the impacts of 

future climate change on the tropics is uncertain. Records of past climate can be used 

to better understand essential components in the climate system. Therefore, in this 

dissertation, I present long-term and short-term records of past climate from the 

tropical Pacific to understand the evolution of the background mean state, variability 

and the processes and mechanisms that have influenced tropical paleoclimate. 
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During an El Niño event, warm SSTs in the EEP alter oceanic and 

atmospheric circulation with global impacts, including rain in California and drought 

in Australia. In the WEP, SSTs cool slightly and the thermocline shoals while in the 

EEP, SSTs warm significantly and the thermocline deepens. Weakening of 

atmospheric winds and the deepening of the thermocline during an El Niño event 

disrupt normally favorable upwelling conditions, which has a negative impact on 

biological productivity and fisheries. The strength of ENSO varies with the mean 

state including wind strength, thermocline depth and vertical temperature gradients 

(Fedorov and Philander, 2001). Although most climate models project the tropical 

Pacific will become more El Niño-like in its mean state with anthropogenic climate 

change, the ability of climate models to predict ENSO varies widely (Meehl and 

Stocker, 2007). As the instrumental record is too short to observe feedbacks that 

occur over long time scales, records of past climate may provide insight into the 

fundamental processes that integrate changes in mean state and variability on a 

variety of time scales.  

As the thermocline plays a vital role in the cold SST expression in the EEP, 

Chapter 2 “A deep Eastern Equatorial Pacific thermocline during the early Pliocene 

warm period” (Ford et al., 2012) chronicles the long-term evolution of subsurface 

temperatures within the cold tongue region. During the early Pliocene (3.0-4.6 Ma), 

warm SST in the EEP altered the mean state of the tropical Pacific such that it 

resembled the SST pattern of a modern El Niño event (Wara et al., 2005). This 

permanent El Niño-like mean state impacted global atmospheric and oceanic 
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circulation and may have contributed to global warmth during this time (Brierley et 

al., 2009). During the Pliocene, warm SST in the EEP may have been caused by a 

weaker winds and cold water upwelling, or by a relatively deep thermocline 

compared to today. Using a latitudinal transect approach, subsurface temperatures 

reconstructed from the Mg/Ca values of the planktonic foraminifera Globorotalia 

tumida from Ocean Drilling Program (ODP) locations within (ODP Site 848 and 849) 

and outside (ODP Site 853) of the cold tongue extension along 110°W were used as a 

proxy for thermocline depth. During the early Pliocene, the thermocline was deep and 

between 4.8 to 4.0 Ma, closure of the Panama Seaway impacted regional ocean 

circulation such that the thermocline steeply shoaled. This event brought cold water 

to the surface, a precondition to cooling of the cold tongue region (Lawrence et al., 

2006) and prompting various positive feedbacks to further cool SSTs and subsurface 

temperatures. These dynamic changes influenced the long-term mean state of the 

tropical Pacific and contributed to the transition from the warm Pliocene to the cold 

Pleistocene. 

 Changes in the background mean state affect the modes of variability and the 

positive and negative feedbacks that influence the time, space and intensity of 

variability (Fedorov and Philander, 2001). Today, the major modes of variability in 

the tropical Pacific (Figure 1.2) are seasonal and interannual (e.g. ENSO). In the 

western Pacific, variability is small (~0.5 °C) and dominated by the seasonal cycle. In 

contrast, in the eastern Pacific, variability is large and the seasonal cycle and 

interannual variability are similar in magnitude (~1.5 °C, each). As tropical climate 
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varies on many scales and the interaction of radiative and dynamic processes 

determine tropical response on different temporal and spatial dimensions. Here, 

radiative processes refer to changes in CO2 and related feedbacks while dynamic 

processes refer to changes in atmospheric and oceanic circulation, like those that 

influence ENSO.  

In Chapter 3 “Reduced ENSO during the Last Glacial Maximum” and Chapter 

4 “Long-term stability and sensitivity of the Western Equatorial Pacific warm pool to 

radiative forcing” I examine changes in variability with a markedly different 

background states. In Chapter 3, I investigate ENSO behavior during the Last Glacial 

Maximum across the tropical Pacific. The feedbacks that govern modern ENSO 

behavior (Guilyardi et al., 2009) and the background state of the Last Glacial 

Maximum (Otto-Bliesner et al., 2009) are intensely studied, but the ability of climate 

models to project ENSO during the LGM background state is poorly constrained. In 

Chapter 4, I investigate the warm pool variability on glacial-interglacial time scales 

from the Pliocene to present day. Here I use novel techniques and the marine 

sediment archive to untangle high-resolution variability from the past. 

Traditional Mg/Ca based temperature reconstructions use several foraminifera 

(n=20-30 specimens) and this proxy has contributed considerably to the 

understanding of long-term mean climate evolution. Specimens are homogenized to 

reconstruct a mean temperature that correlates well with mean annual SST (see 

Anand et al., 2003 and many others), however temperature variability recorded 

throughout an individual foraminifera lifespan (~2-4 weeks) and growth season is 
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homogenized in this process. Recently developed laser ablation techniques using the 

final chamber of individual foraminifera show good agreement with modern seasonal 

temperatures (Wit et al., 2010). With application to the marine sediment record, 

seasonal and decadal modes (e.g. ENSO, Pacific Decadal Oscillation) of variability 

are integrated due to slow accumulation rates and bioturbation, but changes in 

variability can still be accessed. By comparing the reconstructed temperature 

distributions from populations of foraminifera from discrete sediment samples, 

changes in radiative and dynamic forcing can be determined. Simple changes in 

radiative forcing (and related feedbacks) are unlikely to affect temperature 

distributions, as changes in radiative forcing would roughly impact all seasons 

equally and result in a mean shift in temperatures (Gastineau et al., 2009). In contrast, 

changes in dynamic forcing are likely to impact temperature distributions. For 

example, since ENSO events appear as extreme warm or cold events, changes in 

ENSO amplitude impact the tails of a temperature distribution. With the application 

of statistical techniques (Q-Q plots, Monte Carlo), changes in the distribution of 

individual foraminifera variability can be evaluated to identify important 

climatological processes and mechanism that may vary over time. 

In Chapter 3, individual foraminifera temperature variability records were 

constructed from the WEP (ODP Site 806) and EEP (ODP Site 849) to investigate 

tropical variability from the Holocene and LGM. The LGM was a period of sustained 

cooling, and studying the LGM provides an opportunity to examine changes in 

variability during a different background mean climate state (e.g. ice extent, CO2 
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levels). Using surface (Globigerinoides sacculifer) and subsurface (G. tumida) 

dwelling foraminfera to construct SST and subsurface temperature variability, I find 

that the WEP responds primarily to radiative forcing (e.g. CO2 and related feedbacks) 

while the EEP responds to radiative and dynamic forcing (e.g. upwelling, winds). In 

the EEP, the temperature distribution changes between the Holocene and glacial 

samples are suggestive of a decrease in ENSO activity during the last glacial. 

Furthermore, an analysis of published SST records throughout the EEP reveals spatial 

heterogeneity; the magnitude of temperature decrease within the cold tongue is less 

than in the eastern warm pool during the LGM in comparison to the Holocene. Pacific 

basin zonal temperature gradient reconstructions are often used as an approximation 

for atmospheric and oceanic circulation strength. During the glacial period, the 

reduced zonal SST gradient is related to the dynamic changes that affect variability in 

the EEP cold tongue. Currently, no model simulations match the mean state and 

variability suggested by this study. However, this paleodata provides a benchmark for 

future climate model studies to determine the balance of feedbacks that will 

reproduce the LGM mean state and variability.  

During the early Pliocene, SST records and climate modeling suggest the 

warm pool was greatly expanded compared to the present and gradually contracted as 

the climate transitioned to the cold Pleistocene. Although the global climate 

drastically changed over the Plio-Pleistocene, SST data from the warm pool suggest 

long-term stability (Wara et al., 2005). In the modern, the western Pacific warm pool 

acts as a global heat engine and is thought to largely respond to radiative forcing on 
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orbital time scales over the last three million years (Medina-Elizalde and Lea, 2010). 

Here I examine the long-term mean state and temperature variability of the warm 

pool on glacial-interglacial scales to evaluate the warm pool response to different 

climate forcing. In Chapter 4, long-term SST stability from ODP Site 806 suggests 

temperatures did not exceed present day. On glacial-interglacial time scales, though 

the means are offset, individual foraminifera SST variability has been constant since 

the early Pliocene. Long-term subsurface temperature records indicate the 

thermocline was deep during the Pliocene and gradually shoaled to its present 

position. Although the mean background state of the tropical thermocline has changed 

over the last four million years, the glacial-interglacial individual foraminifera 

subsurface temperature variability has been constant. These glacial-interglacial mean 

temperatures from the surface and subsurface suggest the warm pool has responded to 

radiative forcing since the early Pliocene. 

This thesis contributes to the growing body of knowledge that explores 

tropical climate change on various time and space scales to constrain the radiative and 

dynamic factors that influence paleoclimate. This work reveals long-term changes in 

the basin-wide tropical thermocline, an element that is integral to several dynamic 

feedbacks. In addition to changes in the mean climate state, this work demonstrates 

high-resolution individual foraminifera temperature variability on a several time 

scales. These new observations from past climate records of mean state and 

variability will benefit paleoceanographers and climate modelers alike.  
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Figure 1.1: Sea Surface Temperature Overview of the Tropical Pacific 
Mean annual sea surface temperature (WOA09 plotted with Ocean Data Viewer) 
showing the western warm pool and eastern cold tongue. Locations for Ocean 
Drilling Program Sites 806, 848, 849, 853 used in this dissertation and plotted. 
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Figure 1.2: Modes of Variability in the Tropical Pacific  
Mean annual sea surface temperatures (calculated from Rayner et al., 2003) (A). 
Variability of monthly sea surface temperatures 1870 – 2008 (B) and monthly values 
with the annual cycle removed (C), calculated as standard deviations and the 
proportion of total SST variability due to the annual cycle (D). Cool colors are 
regions dominated by interannual and centennial variations while warm colored 
regions are dominated by the annual cycle.  
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Chapter 2: A deep Eastern Equatorial Pacific thermocline 
during the early Pliocene warm period 
 
 
Data published in this chapter is archived at the National Oceanic and Atmospheric 

Administration National Climate Data Center: 

http://www.ncdc.noaa.gov/paleo/paleocean.html 
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Chapter 3: Reduced ENSO during the Last Glacial 
Maximum 
 

ABSTRACT 
 

El Niño-Southern Oscillation is a major source of global interannual 

variability (Alexander et al., 2002) with far-reaching climatic effects (Curtis, 2008), 

but its behavior in the face of future global warming is largely unknown (Meehl and 

Stocker, 2007). Paleoclimate records from the Last Glacial Maximum can provide 

insight into ENSO behavior when important boundary conditions such as ice sheet 

extent and atmospheric pCO2 were different than today. We use Mg/Ca ratios of 

individual shells of planktonic foraminifera to reconstruct Last Glacial Maximum 

surface and sub-surface temperature variability at western and eastern equatorial 

Pacific sites. Uniformly cooler temperatures in the western equatorial Pacific suggest 

that pCO2-radiative forcing controlled seasonal and annual average temperatures 

there. In the Eastern Equatorial Pacific, a skewed and reduced range of surface 

temperatures suggests that both radiative pCO2 and dynamic oceanic-atmospheric 

processes controlled temperature in that region. Further, the reduced range of surface 

temperatures suggests that the El Niño-Southern Oscillation was absent or greatly 

diminished in strength. The mean equatorial climate state during the Last Glacial 

Maximum included a weaker zonal temperature gradient, steeper equatorial 

thermocline tilt, and stronger Walker Circulation (Koutavas and Lynch-Stieglitz, 

2003; Otto-Bliesner et al., 2003; DiNezio et al., 2011; Andreasen et al., 2001; Shin et 

al., 2003). How mean state changes affects the balance of positive and negative 
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feedbacks that determine ENSO amplitude is model dependent (Guilyardi, 2006). Our 

new results for the LGM provide observational constraints for the development and 

testing of models that could enhance their ability to project ENSO behavior in the 

future. 
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MAIN TEXT 
 

The warm Western Equatorial Pacific (WEP), with a relatively deep 

thermocline, acts as a center of latent heat flux to the global climate system. In 

contrast, Eastern Equatorial Pacific (EEP) is characterized by a shallow thermocline 

and vigorous upwelling that brings cold water to the surface where a large amount of 

radiation is absorbed. Today, the equatorial east-west SST gradient and thermocline 

structure are tightly coupled and significantly influence the mean state and variability 

of the tropical Pacific (Guilyardi, 2006). 

While the WEP seasonal variability is relatively small, seasonal variation in 

the EEP is large, reflecting the interplay between radiative heating and local to basin-

wide atmospheric and oceanic forcing (Wang and McPhaden, 1999). Superimposed 

on the seasonal cycle is ENSO, which is dynamically influenced, both in initiation 

and strength, by the underlying processes that determine the seasonal cycle (Wang 

and McPhaden, 1999; Wang and McPhaden, 2000). 

During the Last Glacial Maximum (LGM, ~21,000 years ago), tropical sea 

surface temperatures (SST) were ~2.7 °C cooler than modern day (Ballantyne, 2005), 

largely due to reduced radiative forcing by CO2 (Lea, 2004). However, SST 

reconstructions suggest that the LGM was not uniformly cooler than today, and that 

the east-west SST gradient across the tropical Pacific was possibly weaker, neutral, or 

stronger than today (Lea et al., 2000; Hewitt et al., 2003; Patrick and Thunell, 1997; 

Koutavas et al., 2002). While some LGM climate models suggest that SST changes 

should be uniform and primarily controlled by radiative forcing, others predict 
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asymmetric SST changes related to strong dynamical controls on regional 

temperature (e.g. cloud/evaporation feedbacks, Walker Circulation , thermocline 

depth or upwelling, Hewitt et al., 2003). The net effect of these processes on the 

tropical Pacific mean state, oceanic structure and pattern is unknown but their 

interaction could inhibit or strengthen ENSO events in the past and future (Fedorov 

and Philander, 2001). Past records of climate are useful in understanding how the 

variability and mean state of tropical climate changed under different boundary 

conditions such as lower CO2 concentrations. 

We use temperature records from Ocean Drilling Program (ODP) Site 806 

from the Western Pacific Warm Pool and ODP Site 849 from the Eastern Pacific Cold 

Tongue to reconstruct surface and subsurface temperature variability across the 

tropical Pacific, (Fig. 1). Unlike several previous reconstructions (e.g. Rein et al., 

2005; Tudhope et al., 2001; Leduc et al., 2009), our sites are ideally located to 

directly monitor changes in SST and thermocline depth strongly associated with 

ENSO dynamics. Site 806 is located in the heart of the warm pool on the equator 

where SST variability is small and primarily in the interannual to decadal frequency. 

In contrast, Site 849 is located on the equator in the EEP cold tongue extension where 

variability is relatively large and dominated equally by seasonal and ENSO 

frequencies (Wang and Fiedler, 2006), away from the influence of advection of 

waters from the Peru upwelling system. Sediment samples from these sites integrate 

several hundreds of years of variability. While secular SST trends over the timespan 

represented by a sample could influence reconstructed variability at these sites, the 



 27 

relatively small SST changes over <1000 years documented in these cores suggests 

that seasonal and interannual frequencies of variation will dominate our 

reconstructions. To reconstruct tropical variability, we use Mg/Ca of individual 

surface and subsurface  dwelling foraminifera (Globigerinoides sacculifer without 

sac-like final chamber and Globorotalia tumida, respectively) from the west and east 

during the late Holocene and LGM. In addition, we analyzed one glacial sample 

~1000 years older then our LGM sample at EEP site 849. The Mg/Ca-derived ocean 

temperature populations are compared to each other and to modern hydrographic data 

using statistical methods for detecting differences in frequency distribution functions 

(Supplementary Material).  

In comparison to the late Holocene, LGM surface and subsurface 

temperatures in the Western Equatorial Pacific (WEP) were uniformly cooler by ~2.3 

to 2.4 ˚C with no apparent change in variability (Figure 3.2a and 3.2d). Cooler 

subsurface temperatures during the LGM could be interpreted as a colder or shallower 

thermocline (Sagawa et al., 2011), however modeling (DiNezio et al., 2011), faunal 

(Andreasen and Ravelo, 1997) and geochemical (Xu et al., 2010) studies suggest that 

the thermocline was actually deeper during the LGM. Thus, cooler subsurface 

temperatures must reflect that the whole ocean, particularly in the source region of the 

thermocline waters, was colder during the LGM. As average surface and subsurface 

temperature cooling occurred without a change in individual foraminifera temperature 

variability, this is consistent with pCO2 radiative forcing as the main agent of WEP 

SST change (Medina-Elizalde and Lea, 2005; Lea et al., 2000). While unlikely, 
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dynamical processes that did not change the temperature distribution, such as changes 

in year-round upwelling, cannot be ruled out as a possible contributor to WEP cooling 

during the LGM. 

In the Eastern Equatorial Pacific (EEP), the average SST was ~1.2-1.3˚C 

cooler during the glacial period in comparison to the late Holocene reflecting greater 

cooling of warm SSTs and minimal cooling of cold SSTs (i.e. a cooler warm season, 

Figure 3.2b/c). In the modern ocean, EEP surface variability is controlled by locally 

wind-forced upwelling, with weakest upwelling and warmest SST occurring during 

the boreal spring (Wang and McPhaden, 1999). The warm season during the LGM 

was ~2˚C cooler than today consistent with reduced pCO2 forcing and possibly 

stronger upwelling-favorable winds. In contrast, cool season temperatures during the 

Glacial period were similar to today; thus, cooling due to lower pCO2 must have been 

countered by less intense upwelling. Overall, EEP SST variability during the glacial 

period was reduced in comparison to modern. Analysis of modern hydrographic data 

(Supplementary Material) provides insight into the interpretations of this reduction 

and indicates that the amplitude of ENSO was greatly reduced during the glacial 

period. Our reconstruction of the EEP cold tongue variability, which directly records 

a reduction in ENSO strength, is supported by auxiliary data from sediment (Rein et 

al., 2005), coral (Tudhope et al., 2001) and foraminiferal (Leduc et al., 2009) records 

which suggest ENSO was weak during past glacial periods. 

Our results contrast with those of Koutavas and Joanides (2012) who use the 

variance of individual surface dwelling Globigerinoides ruber δ18O values at site 
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V21-30 in the east equatorial Pacific, to suggest an increase in ENSO activity during 

the glacial period. However, changes to ENSO preferentially affect the tails of the 

δ18O distribution while variance integrates both ENSO and seasonal cycle variability. 

We examined the Koutavas and Joanides dataset using our statistical methods and 

found that the δ18O distributions are not consistent with an increase in ENSO activity, 

but rather suggestive of an increase in seasonality during the last glacial period in 

comparison to the Late Holocene (Supplementary Material).  

In the EEP, the subsurface average temperature was ~0.3˚C cooler, and the 

variability was higher during the glacial period in comparison to the late Holocene 

(Figure 3.2e/f). As discussed above, the SST data from the EEP indicates that ENSO 

variability was reduced during the glacial period, and therefore, the relatively high 

subsurface variability must be related to processes that alter subsurface variability 

independently. In the modern ocean, subsurface variability in the EEP thermocline is 

forced locally and remotely by seasonal winds (Wang et al., 2000); here we attribute 

higher subsurface variability to increased vertical migration of the thermocline 

responding to seasonal variations in basin-wide pressure gradient and/or remote 

winds. Alternatively, a tighter thermocline during the glacial period, that is, a steeper 

change in temperature with depth within the habitat of the subsurface dwelling 

foraminifera, could also explain enhanced subsurface variability. Our data indicates a 

combination of dynamical and radiative processes may have influenced EEP 

variability, SST and subsurface temperature response during the LGM. In contrast, 

the response of the WEP may have been primarily radiative.  
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The understanding as to how the mean state, seasonal cycle and ENSO cycle 

interact with one another on long time scales is incomplete. Some models indicate an 

inverse relationship between the intensity of the seasonal cycle and ENSO (Fedorov 

and Philander, 2001; Timmermann et al., 2007); that is when the seasonal cycle is 

strong, ENSO is weak. For the EEP, reconstructions at Site 849 indicate ENSO was 

weak while our reanalysis of the V21-31 data (Koutavas and Joanides, 2012) may 

suggest enhanced seasonality. Similarly, the observation of greater subsurface 

variability in the EEP during the glacial period may suggest enhanced seasonality, 

particularly in the winds. Therefore, the inverse relationship between the seasonal 

cycle and ENSO strength may be a robust relationship over long time scales.  

ENSO behavior is thought to be linked to the mean state of the tropical Pacific 

(Jin et al., 2006). Past studies have attempted to characterize the mean state during the 

LGM by measuring the WEP-EEP zonal gradient with mixed results (Lea et al., 2000; 

Hewitt et al., 2003; Patrick and Thunell, 1997; Koutavas et al., 2002) likely due to the 

fact that zonal gradient reconstructions are confounded by spatial heterogeneity in the 

amplitude of SST changes in the EEP. We compiled SST data in the EEP and WEP 

from the LGM and find that within the EEP the Eastern Pacific Warm Pool  (EPWP) 

was ~2.3˚C cooler than today, while the cold tongue was only  ~1.6˚C cooler (Figure 

3.1c). The EPWP temperature change was similar to that of the WEP (~2.7˚C, Figure 

3.1b) suggesting a largely radiative SST response to lower pCO2 within both the WEP 

and EPWP. In contrast, the magnitude of temperature change within the cold tongue 

was muted by dynamic processes (e.g. wind and upwelling forces) related to changes 
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in seasonality and interannual variability as demonstrated from our single 

foraminiferal temperatures. Areally averaged, the amplitude of change in the EEP 

was less than in the WEP, and thus the equatorial WEP-EEP zonal gradient during the 

LGM was reduced overall in comparison to today.  

Climate models ability to simulate the mean state, especially the tropical 

spatial pattern (Yin and Battisti, 2001), is particularly important to understanding 

coupled oceanic-atmospheric conditions and thus variability (Fedorov and Philander, 

2001). During the LGM the zonal SST gradient was slightly reduced, the WEP 

thermocline was slightly cooler, but deeper, and the thermocline tilt between the WEP 

and EEP was steeper (Andreasen and Ravelo, 1997; Xu et al., 2010; Patrick and 

Thunell, 1997). The reduced zonal SST gradient has been associated with a reduction 

in Walker Circulation during the LGM (Koutavas et al., 2002), however, a steeper 

thermocline tilt during the LGM suggests that the Walker Circulation was, instead, 

stronger. Modeling simulations demonstrate that enhanced Walker Circulation is 

possible even when the SST gradient was reduced or unchanged during the LGM 

(DiNezio et al., 2011). These observed and modeled ocean structure conditions in the 

LGM, particularly the reduced zonal gradient and deeper thermocline, are consistent 

with weak and dampened ENSO activity (Jin et al., 2006; Fedorov and Philander, 

2001) which could explain why ENSO is largely absent from LGM climate records. 

Currently, climate model simulations of ENSO intensity are highly model 

dependent for the LGM (Otto-Bliesner et al., 2006) and future climate projections 

(Meehl and Stocker, 2007; Guilyardi, 2006) highlighting model dependence in how 
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changes in the mean state, feedbacks and teleconnections influence ENSO behavior. 

The balance of several positive and negative feedbacks (Wang and Picaut, 2004; An 

and Jin, 2001; Choi et al., 2011) determine the inception, propagation and dominant 

mode of oscillation of ENSO (Fedorov and Philander, 2001; Guilyardi et al., 2009), 

but there are large differences between models in how these feedbacks behave when 

the mean state changes. Our new data showing reduced ENSO, combined with 

observations of changes in the mean state during the LGM, can be used as a test of 

model performance including the feedbacks that are critically important to 

determining ENSO behavior. 
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Figure 3.1: Reconstruction of the Zonal Holocene-LGM Temperature Gradient  
Ocean Drilling Program Site 806 and Site 849 indicated on a mean annual sea surface 
temperature map using the Met Office Hadley Centre’s HadISST 1.1 data set (A, 
Rayner et al., 2003). Inset maps of WEP (B) and EEP (C) show analysis of published 
Holocene (4-6 ka) to LGM (18-20 ka) temperature changes to reconstruct the zonal 
SST gradient. Locations using Mg/Ca proxy are denoted in circles while locations 
using the alkenone proxy are denoted with stars. Generally, there was a reduced zonal 
temperature across the Pacific, though there is some spatial heterogeneity in the EEP. 
The WEP and EPWP have similar magnitude of cooling (~2.7˚C and ~2.3˚C, 
respectively) suggesting LGM cooling was largely dominated by radiative cooling. In 
contrast, the EEP cold tongue region had a small magnitude of cooling (~1.6˚C) 
indicating LGM cooling had radiative and dynamic components.  

120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W20°S
10°S

0°
10°N
20°N

1

27C27
C

28C

20212223242526272829

M
ea

n A
nn

ua
l S

ST
 (°

C)

Site 806 Site 849

120°E 130°E 140°E 150°E 160°E

10°S

0°

10°N

27C

27C

28C

28C

28C

28C

29C−2.8

-2

−2.8

−3.0

−3.5
−2.4

100°W 90°W 80°W 70°W10°S

0°

10°N

21C

22C

23C

24C

24C

25C

26C

27C

28C

28C

−1.6
−2.4

−1.0
−2.0
−1.6

−0.9

−2.8
−1.6

0.0

−2.3
−2.7
−2.0

A

B

C



 38 

  

 
 
Figure 3.2: Reconstructing Temperature Variability from Individual 
Foraminifera  
Q-Q Plots of WEP and EEP surface and subsurface temperature variability 
reconstructed from planktonic foraminifera. Resampling of pdf distribution (blue or 
green line), Monte Carlo simulation (grey dots) and 90% confidence limits (black 
lines) are shown (see Supplementary Material for further details). For each Q-Q Plot, 
the pdfs of each sample are plotted in “histogram” form with temperature on the 
horizontal axis and probability density on the vertical axis. WEP SST variability from 
Holocene (~3.0 ka, orange) and LGM (~19.0 ka, blue) comparison is uniformly 
shifted ~2.4˚C colder while EEP SST variability from the Holocene (~2.8 ka and ~5.6 
ka, orange), LGM (~20.3 ka, blue), and glacial (21.5 ka, green) indicate a reduction in 
ENSO. WEP subsurface temperature variability from Holocene (~3.0 ka, orange) and 
LGM (~19.0 and ~20.0 ka, blue) comparison is mostly uniformly shifted ~2.3˚C 
colder while EEP subsurface temperature variability from the Holocene (~2.8 ka and 
~5.6 ka, orange), LGM (~20.3 ka, blue) and glacial (21.5 ka, green) indicate greater 
variability, likely related to higher seasonality. 
  

LG
M

 SS
T (

°C
)

Holocene SubS T (°C)

LG
M

 Su
bS

 T 
(°C

)

Holocene SST (°C)

Western Equatorial Pacific Eastern Equatorial Pacific

30

26

22 302622

30

20

10
302010

LG
M

 SS
T (

°C
)

Holocene SST (°C)

30

26

22 302622

Gl
ac

ial
 SS

T (
°C

)

Holocene SST (°C)

30

26

22 302622

Holocene SubS T (°C)

LG
M

 Su
bS

 T 
(°C

) 30

20

10
302010

Holocene SubS T (°C)

Gl
ac

ial
 Su

bS
 T 

(°C
) 30

20

10
302010

20 25 30

0.1
0.2

0.4

0.4

0.1
0.2

0

0.3

0.3

Holocene

LGM

10 20 30

0.1
0.2
0.3

0.3

0.1
0.2

0

Holocene

LGM

20 25 30

0.1
0.2

0.4

0.4

0.1
0.2

0

0.3

0.3

Holocene

LGM

10 20 30

0.1
0.2
0.3

0.3

0.1
0.2

0

Holocene

LGM

20 25 30

0.1
0.2

0.4

0.4

0.1
0.2

0

0.3

0.3

Holocene

Gl
ac

ial

10 20 30

0.1
0.2
0.3

0.3

0.1
0.2

0

Holocene

Glacial

A B C

D E F



 39 

SUPPLEMENTARY MATERIALS 
 

Site Locations 
 

Ocean Drilling Program Site 806, located on the Ontong Java Plateau (0°N, 

159°E, 2520 m water depth) is used to monitor the mean state and variability in the 

Western Equatorial Pacific Ocean. ODP Site 849, located within the core of the 

equatorial cold tongue extension (0°N, 110°W, 3839 m water depth) is used to 

monitor the mean state and variability in the Eastern Equatorial Pacific Ocean. 

Equatorial Pacific ODP Sites 806 (WEP) and 849 (EEP) were selected because these 

sites have large sources of interannual and centennial variability in the modern 

(Supplementary Material Figure 3.1). Age models for each site are based on high-

resolution benthic isotope records (Bickert et al., 1993; Mix et al., 1995). Using 

Analyseries (Paillard et al., 1996) the previous age model for Site 849 (Mix et al., 

1995) was slightly adjusted to better match with the LR04 Last Glacial Maximum and 

deglacial period. Ages for core-top samples were calculated using the average 

sedimentation rate for the last 100 kyrs (Supplementary Materials Table 3.1).  

Foraminifera Analysis 
 

In order to investigate climate variability from the mid-Holocene to the Last 

Glacial Maximum, surface and subsurface-dwelling individual foraminifera from Site 

806 and 849 were analyzed. Individual shells of surface-dwelling Globigerinoides 

sacculifer (without final sac-like chamber) and subsurface-dwelling Globorotalia 

tumida were picked for analysis (Supplementary Materials Table 3.2). Due to their 
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preferred depth habitat, G. sacculifer were used to construct shallow mixed layer 

temperatures (~15 m), and G. tumida were used to construct subsurface temperatures 

(depth habitat ~100 m, independent of thermocline depth). Approximately 60-70 

individuals of G. sacculifer and G. tumida were analyzed for minor elements and in 

some instances, depth intervals were combined (Supplementary Materials Table 3.2). 

To minimize size dependent ontogenetic/kinetic effects on geochemical composition, 

only individuals from restricted size range (355-425 µm) were analyzed. Individuals 

of G. sacculfer were analyzed via laser ablation on an Inductively Coupled Plasma-

Mass Spectrometer (LA-ICP-MS) while individuals of G. tumida were analyzed via 

Inductively Coupled Plasma-Optical Emission Spectrometer (ICP-OES). 

 Due to their small size, G. sacculifer specimens were analyzed via laser 

ablation (Photon Machines Analyte.193 with HelEx sample cell) coupled with a 

Thermo ElementXS ICP-MS (LA-ICP-MS). Prior to analysis, samples were sonicated 

in deionized water for 5-10 seconds, rinsed with methanol and dried. The final 

chamber was severed from the whole of the foraminifera and mounted onto carbon 

tape. Between five-eight spots ~30 mm in diameter were analyzed for selected 

isotopes (11B, 24Mg, 25Mg, 27Al, 43Ca, 44Ca, 55Mn, 66Zn, 88Sr) and integrated for a 

mean minor elemental signal. 27Al, 55Mn, 66Zn were specifically monitored for clay 

and oxide contamination. Data acquisition was between 40-60s. NIST glass standards 

were analyzed at 4Hz and 4.1 laser fluence. Analytical reproducibility for NIST610 

and NIST612 for Mg/Ca was 8.66 ± 0.14 and 1.31 ± 0.23, respectively (1s, n = 359 

over 25 analytical days). Carbonate standards and samples were analyzed at 4Hz and 
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1.13 laser fluence. Carbonate standard reproducibility for JCt-1-Plug and MACS-3 

for Mg/Ca was 1.35 ± 0.15 and 7.61 ± 0.47, respectively (1s, n=280 and 582). 

Specimens were analyzed from the inner shell surface to the outside to minimize 

surface heterogeneity during ablation. Average intra-test variability for Mg/Ca is 0.11 

mmol/mol, which is comparable to previous study (Sadekov et al., 2008). Eggins et 

al., (2003) has shown that LA-ICP-MS can reliably determine the range and 

variability of modern and Holocene temperature from a population of cold-dwelling 

and tropical planktonic foraminifera such as G. sacculifer. G. sacculifer Mg/Ca 

values were converted to temperature using the Mg/Ca dissolution correction of 

Regenberg et al., (2006) and the temperature equation of Anand et al., (2003) 

∆[CO3
2] values for the Mg/Ca dissolution correction were calculated using the 

GLODAP ocean carbon (Key et al., 2004) and World Ocean Atlas temperature 

(Locarnini et al., 2010) datasets and estimated to be 5.692 mmol/kg and -13.055 

mmol/kg for Site 806 and 849, respectively. 

Individual G. tumida specimens were analyzed via ICP-OES. Crushed 

individual G. tumida were rinsed and sonicated in Milli-Q and methanol, cleaned with 

reductive and oxidative reagents, and transferred into 1.5mL acid cleaned vials for a 

weak acid leach and final rinse before minor-element analysis (Boyle and Keigwin, 

1985; Martin and Lea, 2002). A PerkinElmer Optima 8300 ICP-OES was used to 

measure minor-element ratios (Wara et al., 2003). Long term Mg/Ca mmol/mol 

reproducibility for a liquid consistency standard and foraminifera standards are 3.318 

± 0.030 mmol/mol (1σ, n=401) and 3.737 ± 0.181 mmol/mol (1s, n=103) 
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respectively. Here we use the G. tumida-specific temperature calibration of Mohtadi 

et al., (2011), which results in a good match between ODP Site 806 and Site 849 

core-tops Mg/Ca values and local modern hydrographic data. 

Data Analysis 
 
 Probability Density Functions (pdfs) are generated from each data set and 

indicate the probability that a sample taken at random will fall within a given range of 

temperature values (Main Text Figure 3.2). As we are specifically interested in 

changes in seasonality and interannual variability, which typically impact the tails of 

a distribution, we are interested in how the tails of two distributions are different from 

one another. One way to investigate changes in distributions is a Q-Q plot (Quantile, 

see Supplementary Material Figure 3.2 for an example). The quantiles of each 

probability distribution are plotted against each other; that is, the quantile means of 

one distribution is on the horizontal axis and paired with the equivalent quantile mean 

of another distribution on the vertical axis creating a series of points. If the mean and 

variability of two samples are the same, they plot along the one-to-one line. Changes 

to the mean, without changes in distribution, uniformly shifts the Q-Q series parallel 

to the one-to-one line while changes in the distribution (e.g. skewness) pull the Q-Q 

series away from lines parallel to the one-to-one line. We estimate the uncertainty in 

distributions on these Q-Q plots using a Monte Carlo approach. The cumulative 

distribution function (CDF) of the observed temperature distributions was resampled. 

Treating the CDF as a continuous function, it was resampled using random numbers 

to yield a dataset with the same number of temperatures as the original dataset. 
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Quantiles (50 bins) were then generated from the resampled datasets and plotted over 

the original data (see Supplementary Material Figure 3.2 for an example). Due to the 

limited number of individual foraminiferas measured in each sample, this process was 

repeated 1000 times to produce an estimate of the variability in the Q-Q plot analysis 

(see Supplementary Material Figure 3.2 for an example, Monte Carlo in grey dots). 

90% confidence limits along the Y-direction were calculated for each quantile along 

the X-direction thus defining a 90% contour of the Monte Carlo cloud of dots.  

Due to low numbers of individuals in some depth intervals, data from adjacent 

stratigraphic intervals was combined to increase the number of individuals in the 

Holocene-LGM comparison (Supplementary Materials Table 3.1). Prior to this 

combination, Q-Q plots and Monte-Carlo uncertainties of the separate samples were 

used to ascertain whether these adjacent depth intervals had similar temperature 

distributions. In these analyses the number of quantile bins was reduced to 25 because 

the number of individual foraminifera analyzed ranged from N= 26-70. These 

comparisons are shown in Supplementary Material Figures 3.2, 3.3, 3.4, 3.5 and 3.6 

and demonstrate samples have similar temperature distributions and may be 

combined for further analysis.  

Comparison of Modern Hydrographic Data and Foraminifera Fluxes 
 

Site 806: As a proxy for SST, the G. sacculifer derived temperature 

distribution from Site 806 matches well with SODA hydrographic data at 15 m water 

depth. As a proxy for subsurface temperature, G. tumida derived temperature 

distributions are generally cooler and have a broader distribution than SODA 
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hydrographic data at 97 m water depth. Though production and export for a certain 

season could explain temperature discrepancies, nearby sediment trap experiments 

indicate a relatively uniform export flux of G. sacculifer and G. tumida throughout 

the annual cycle (Kawahata et al., 2002). For G. tumida, a large subsurface 

temperature distribution may be attributed to a depth habitat that is partially within 

the upper thermocline, (e.g. an environment with a strong temperature gradient) 

and/or gametogenic calcite that precipitates as specimens fall through the water 

column. However, the benefit of comparing Holocene G. tumida temperature 

variability records to LGM G. tumida temperature variability records is these 

potential biases are inherent to both data sets are effectively minimized. 

Site 849: As a proxy for SST, the G. sacculifer derived temperature 

distribution from Site 849 is generally warmer than SODA hydrographic data at 15 m 

water depth. Nearby in the Panama Basin, G. sacculifer has a maximum flux peak 

during the phytoplankton bloom when the mixed layer is deep and a secondary peak 

during the upwelling season (Thunell and Reynolds, 1984). Locally for Site 849, this 

corresponds, not with the temperature extremes, but with moderate temperatures. 

Note that while the minimum temperature recorded by G. sacculifer within this study 

is ~24˚C, G. sacculifer is not biologically limited to this temperature as G. sacculifer 

is known to precipitate shells within the EEP at ~21˚C (Dekens et al., 2002). As a 

proxy for subsurface temperature, G. tumida derived temperature distributions are 

generally cooler and have a normal distribution in comparison to the SODA 

hydrographic data at 97 m water depth, which is skewed toward warm subsurface 
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temperatures. Though not specifically discussed in sediment trap data from the 

Panama Basin, nonspinose foraminifera, such as G. tumida, have a maximum flux 

during the season of maximum upwelling (Thunell and Reynolds, 1984), which 

corresponds to moderate subsurface temperatures at Site 849. As with Site 806, 

though the G. tumida temperature variability reconstructions are limited, we chose to 

compare Holocene and LGM distributions to minimize these biases.  

Q-Q Plots of Modern Hydrographic Data: The ENSO signal in the modern 

hydrographic data from Sites 806 (Supplementary Material Figure 3.7 a/c) and 849 

(Supplementary Material Figure 3.7 b/d) was manipulated for ease of comparison of 

Q-Q plots. Monthly mean temperatures from 1958-2007 from the SODA v2.4 re-

analysis dataset (Carton and Giese, 2008) were identified as Normal, El Nino or La 

Nina using the National Oceanic and Atmospheric Administration Climate Prediction 

Center Oceanic Nino Index (ONI) applied to the Niño 3.4 SST timeseries. For the 

“No ENSO” trace (red), months identified as El Nino or La Nina were removed and 

replaced by the normal climatological monthly mean. In contrast, for the “Increased 

ENSO” (pink), months identified as El Nino or La Nina, the average amplitude of the 

excursion from the normal climatological mean was increased by 50%. Similarly, for 

the seasonality, the average seasonal excursion from the normal climatological mean 

was increased (blue) or decreased (turquoise) by 50% and added to the temperature. 

Manipulation of the ENSO cycle clearly impacts the Q-Q trace, while changes in 

seasonality at the calcification depth of G. sacculifer do not clearly impact the Q-Q 

trace (i.e. the distributions fall on or near the one-to-one line). 
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Reanalysis of Koutavas and Joanides (2012) 
 

In contrast to our study, a recent study by Koutavas and Joanides (2012) 

suggests ENSO variability increased during the LGM and glacial period in 

comparison to the Late Holocene. Their study differs from ours in three distinct ways. 

First, the study location, core V21–30 (1° 13′S, 89° 41′W, 617 m depth), may have a 

different dynamical response to glacial forcing due to its proximity to the Galapagos 

and shifts in the ITCZ. Second, individuals of Globigerinoides ruber were analyzed 

for oxygen stable isotope values (δ18O). Oxygen stable isotopes of foraminfera are 

influenced by temperature and δ18O value of seawater, both of which vary seasonally 

and interannually. Reconstructed shifts in the ITCZ during the glacial period 

(Koutavas and Lynch-Stieglitz, 2003) and consequently changes in the salinity field 

may have influenced δ18O of seawater through time making δ18O of G. ruber difficult 

to constrain and interpret. Third, variance (squared standard deviation, σ2) of the G. 

ruber populations from various horizons was used to characterize ENSO variability 

through time. However, variance may be a poor indicator of ENSO variability, as 

there may be changes in variance unrelated to the range of temperatures observed. 

Here we reanalyze the Koutavas and Joanides (2012) dataset using the statistical 

methods described above. 

Similar to above, the SODA v2.4 modern hydrographic data from 5 m water 

depth was converted to predicted δ18Ocalcite values for ease of comparison with Q-Q 

plots (Supplementary Material Figure 3.8). δ18Owater was estimated using a the 

gridded δ18O database and salinity-δ18Owater relationship of Legrande and Schmidt, 
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(2006) combined with salinity values from the SODA dataset. δ18Ocalcite values were 

estimated from δ18Owater estimates and SODA temperatrues using the 

paleotemperature equation of Bemis et al., (1998). Mean δ18O values and the 

distribution of δ18O calcite values from individual foraminifera from the core top are 

consistent with a shallow calcification depth of G. ruber of ~5 m. In Supplementary 

Material Figure 3.8, manipulated modern hydrographic data shows changes in ENSO 

strength and seasonality have the same affect on the warm and cold tails of the 

distribution. Q-Q plots of the δ18O values from G. ruber glacial samples compared to 

the core top sample from core V21–30 do not strongly support a change in 

distribution suggesting neither a change in seasonality nor in ENSO strength 

(Supplementary Material Figure 3.9, 40 quantile bins). In general, the δ18Ocalcite 

values along the mean adjusted one-to-one line indicate there was no change in 

δ18Ocalcite distributions between the Late Holocene and LGM and glacial intervals. 

Similar results for other Late Holocene intervals compared to LGM and glacial 

intervals were also found (figures not shown). However, the strong change in 

temperature distribution from Mg/Ca-based temperature variability reconstructions of 

G. sacculifer from Site 849 in our study do indicate a decrease in temperature 

variability suggesting a change in ENSO strength (e.g. Supplementary Material 

Figure 3.3). We attribute these apparent differences in temperature variability to the 

preferred calcification depth of G. ruber and G. sacculifer.  

At the calcification depth of G. ruber (~5 m), and the location of V21-30, an 

increase or decrease in seasonality produce changes in the Q-Q distributions that are 
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similar to an increase or decrease in ENSO (Supplementary Material Figure 3.8), 

which means that it is not possible to distinguish a change in seasonality from ENSO 

using the Koutavas and Joanides (2012) data set. In contrast, at the calcification depth 

of G. sacculifer (~15 m), at the location of Site 849, changes in distribution are 

dominated by changes in ENSO (Supplementary Material Figure 3.7). A robust result 

among climate models that simulate ENSO activity indicates there is an inverse 

relationship between the seasonal cycle and ENSO (Fedorov and Philander, 2001; 

Timmermann et al., 2007). For example when ENSO intensity decreases, the seasonal 

cycle increases. Here we suggest that the decrease in variability found at Site 849 

reflects a decrease in ENSO strength during the glacial period in comparison to the 

late Holocene (e.g. Supplementary Material Figure 3.3). The decrease in ENSO 

strength found at Site 849 may not be detectable at V21-30 because seasonality may 

have remained the same or increased, thereby masking a decrease in ENSO. The 

increase in seasonality may explain the observed increase in variance reported by 

Koutavas and Joanides (2012) and is further supported by the increase in seasonality 

found in subsurface records from G. tumida at Site 849. 

Western Equatorial and Eastern Equatorial Pacific SST Gradients 
 

In order to investigate how our observed individual foraminifera WEP and 

EEP variability may influence mean temperature records and WEP-EEP temperature 

gradient reconstructions, we compare our record to previously generated SST records 

(Supplementary Materials Table 3, Kienast et al., 2006; Koutavas and Sachs, 2008; 

Lea et al., 2000; Lea et al., 2006; Koutavas et al., 2002; Leduc et al., 2007; Benway et 
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al., 2006; De Garidel-Thoron et al., 2007; Rosenthal et al., 2003; Stott et al., 2007). 

Here we employ a time slice from the WEP and EEP from the Holocene (4-6 ka) and 

Last Glacial Maximum (18-20 ka). Note that our core top ages for our late Holocene 

samples are closer to ~3 ka, but these previously generated records have few ~3 ka 

measurements for comparison. Regardless, for this comparison, our combined 

Holocene samples from the EEP (~3 ka and ~5 ka) have similar variability 

distributions which supports our choice of the 4-6 ka time slice. Using the published 

age models, Mg/Ca and Uk37-derived temperatures we calculated the temperature 

difference from the LGM to Holocene, which are plotted on the modern SST field 

(Figure 3.1). 
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Supplementary Material Figure 3.1: Modes of Variability in the Tropical Pacific  
Mean annual sea surface temperatures (calculated from Rayner et al., 2003) (A). 
Variability of monthly sea surface temperatures 1870 – 2008 (B) and monthly values 
with the annual cycle removed (C), calculated as standard deviations and the 
proportion of total SST variability due to the annual cycle (D). Cool colors are 
regions dominated by interannual and centennial variations while warm colored 
regions are dominated by the annual cycle.  
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Supplementary Material Figure 3.2 Q-Q plots for subsurface dwelling G. tumida 
from the WEP 
Depth intervals 0-2 cm (Holocene), 51-53 cm (LGM) and 53-55 cm (LGM) are 
compared in Q-Q plots. Resampling of pdf distribution (red line), Monte Carlo 
simulation (grey dots) and 90% confidence limits (blue lines) are shown. When the 
LGM samples are compared to each other (A) there is little difference in the 
distributions between the two populations. Similarly, when the LGM samples are 
compared to the Holocene sample (B and C), they have comparable distributions. 
Therefore, the two LGM samples are aggregated and compared to the Holocene 
sample. 
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Supplementary Material Figure 3.3: Q-Q plots for surface dwelling G. sacculifer 
from the EEP Holocene and LGM 
Depth intervals 6-8 cm (Holocene), 15-18 cm (Holocene), and 74-80 cm (LGM) are 
compared. Resampling of pdf distribution (red line), Monte Carlo simulation (grey 
dots) and 90% confidence limits (blue lines) are shown. When the Holocene samples 
are compared to each other (A) there is little difference in the distributions between 
the two populations. Similarly, when the Holocene samples are compared to the LGM 
sample (B and C), they have comparable distributions. Therefore, the two Holocene 
samples are aggregated and compared to the LGM sample. 
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Supplementary Material Figure 3.4: Q-Q plots for surface dwelling G. sacculifer 
from the EEP Holocene and Glacial 
Depth intervals 6-8 cm (Holocene), 15-18 cm (Holocene), and 85-87 cm (glacial) are 
compared. Resampling of pdf distribution (red line), Monte Carlo simulation (grey 
dots) and 90% confidence limits (blue lines) are shown. When the Holocene samples 
are compared to each other (A) there is little difference in the distributions between 
the two populations. Similarly, when the Holocene samples are compared to the 
glacial sample (B and C), they have comparable distributions. Therefore, the two 
Holocene samples are aggregated and compared to the glacial sample. 
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Supplementary Material Figure 3.5: Q-Q plots for surface dwelling G. tumida 
from the EEP Holocene and LGM 
Depth intervals 6-8 cm (Holocene), 15-18 cm (Holocene), and 74-80 cm (LGM) are 
compared. Resampling of pdf distribution (red line), Monte Carlo simulation (grey 
dots) and 90% confidence limits (blue lines) are shown. When the Holocene samples 
are compared to each other (A) there is little difference in the distributions between 
the two populations. Similarly, when the Holocene samples are compared to the LGM 
sample (B and C), they have comparable distributions. Therefore, the two Holocene 
samples are aggregated and compared to the LGM sample. 
  

5.6 ka (Holocene) Subsurface Temperature (°C)

20
.3 

ka
 (L

GM
) S

ub
su

rfa
ce

 Te
mp

era
tur

e (
°C

)

A B

C

30

25

20

15

10

2.8 ka (Holocene) Subsurface Temperature (°C)

20
.3 

ka
 (L

GM
) S

ub
su

rfa
ce

 Te
mp

era
tur

e (
°C

)

30

25

20

15

10

3025201510

3025201510

2.8 ka (Holocene) Subsurface Temperature (°C)5.6
 ka

 (H
olo

ce
ne

) S
ub

su
rfa

ce
 Te

mp
era

tur
e (

°C
)

30

25

20

15

10

3025201510



 59 

 
Supplementary Material Figure 3.6: Q-Q plots for surface dwelling G. tumida 
from the EEP Holocene and Glacial 
Depth intervals 6-8 cm (Holocene), 15-18 cm (Holocene), and 85-87 cm (glacial) are 
compared. Resampling of pdf distribution (red line), Monte Carlo simulation (grey 
dots) and 90% confidence limits (blue lines) are shown. When the Holocene samples 
are compared to each other (A) there is little difference in the distributions between 
the two populations. Similarly, when the Holocene samples are compared to the 
glacial sample (B and C), they have comparable distributions. Therefore, the two 
Holocene samples are aggregated and compared to the glacial sample. 
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Supplementary Material Figure 3.7: Q-Q plots of altered modern hydrographic 
data from Sites 806 and 849 
SODA v2.4 average monthly means are manipulated with no ENSO (red), Increased 
ENSO (pink), Increased Seasonality (blue) and Reduced Seasonality (turquoise). 
WEP Site 806 surface, 15 m (A) and subsurface, 97 m (C). EEP Site 849 surface, 15 
m (B) and subsurface, 97 m (D). 
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Supplementary Material Figure 3.8: Q-Q plots of altered modern hydrographic 
data from Site V21-30 
SODA v2.4 average monthly means for Koutavas and Joanides (2012) core V21-30 
manipulated with no ENSO (blue), Increased ENSO (red), Increased Seasonality 
(yellow) and Reduced Seasonality (green). Note that changes in seasonality and 
ENSO in the same direction (i.e. both increase in amplitude) have a similar impact on 
distributions and appear similar on the Q-Q plot. 
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Supplementary Material Figure 3.9: Q-Q plots of Koutavas and Joanides (2012) 
δ18O values of individual G. ruber from the Late Holocene core top in comparison to 
LGM and glacial intervals. Resampling of pdf distribution (blue line), Monte Carlo 
simulation (grey dots) and mean adjusted one-to-one line (black line). 
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Table 3.1: Site information and ages. 
 

Leg Site H Core Type Section 
Top 
(cm) 

Bottom 
(cm) 

Depth 
(mbsf) 

Depth 
(mcd) Age (yrs) 

130 806 A 1 H 1 0 2 0 0 3000 
130 806 A 1 H 1 51 53 0.51 0.53 19000 
130 806 A 1 H 1 53 55 0.53 0.55 20000 
138 849 A 1 H 1 6 8 0.06 0.06 2800 
138 849 B 1 H 1 15 18 0.15 0.15 5600 
138 849 B 1 H 1 74 80 0.74 0.74 20300 
138 849 B 1 H 1 85 87 0.85 0.85 21500 
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Table 3.2: Site information and depth intervals.  
 

ODP 
Site 

Lat Long Depth 
(m) 

mid-
Holocene 

Last 
Glacial 
Maximum 

Glacial 
Period 

806 0 159°E 2520 806A 1H-1 
0-2 cm 

806A 1H-1 
51-53 cm 
806A 1H-1 
53-55 cm*  

 

849 0 110°W 3839 849A 1H-1 
6-8 cm 
849B 1H-1 
15-18 cm 

849B 1H-1 
74-80 cm 

849B 1H-1 
85-87 cm 

 
*Intervals combined for G. tumida only.  
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Table 3.3: Previously generated SST records used to compare mean annual and 
WEP-EEP gradient reconstructions to our generated SST variability. 
 

Reference Region Method Site Latitude Longitude 
Depth 
(m) 

Holocene 
(4-6 ka) 
Mean 

LGM 
(18-20 ka) 
Mean 

Kienast et al, 2001 EEP Uk37 
ME0005A-
24JC Eq 93.5 W 2941 24.4 22.8 

Koutavas & Sachs, 
2008 EEP Uk37 RC11-238 1.5 S 94.2 W 2573 24.3 21.9 
Koutavas & Sachs, 
2008 EEP Uk37 V19-27 0.5 S 97.9 W 1373 25.4 24.4 
Koutavas & Sachs, 
2008 EEP Uk37 V19-28 2.4 S 95.4 W 2720 23.5 21.5 
Koutavas & Sachs, 
2008 EEP Uk37 V19-30 3.4 S 96.5 W 3091 22.3 20.7 
Koutavas & Sachs, 
2008 EEP Uk37 V21-30 1.2 S 90.3 W 617 24.6 23.7 
Lea et al., 2000 EEP Mg/Ca TR163-19 2.3 N 89.0 W 2348 25.9 23.1 
Lea et al., 2006 EEP Mg/Ca TR163-22 0.5 N 87.6 W 2830 24.2 22.6 
Koutavas et al., 2002 EEP Mg/Ca V21-30 1.2 S 90.3 W 617 22.0 21.9 

Leduc et al., 2007 EPWP Uk37 
MD02-
2529 8.2 N 95.9 W 1619 27.9 25.6 

Benway et al., 2006 EPWP Mg/Ca 
ME0005A-
43JC 7.9 N 96.4 W 1368 26.3 23.7 

Benway et al., 2006 EPWP Mg/Ca ODP-1242 7.9 N 96.4 W 1364 26.2 24.3 
de Garidel-Thoron et 
al, 2007 WEP Mg/Ca 

MD97-
2138 1.3 N 146.1 E 1960 29.4 26.6 

Rosenthal et al, 2003 WEP Mg/Ca 
MD97-
2141 8.8 N 121.3 E 3600 28.8 26.8 

Stott et al., 2007 WEP Mg/Ca 
MD98-
2170 10.6 S 125.4 E 832 29.2 26.3 

Stott et al., 2007 WEP Mg/Ca 
MD98-
2176 5.0 S 133.4 E 2382 29.2 26.2 

Stott et al., 2007 WEP Mg/Ca 
MD98-
2181 6.3 N 125.8 E 2114 29.4 25.9 

Lea et al., 2000 WEP Mg/Ca ODP-806B 0.3 N 159.4 E 2520 28.7 26.3 
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Chapter 4: Long-term stability and sensitivity of the 
Western Equatorial Pacific warm pool to radiative forcing 
 

ABSTRACT 
 
The Western Equatorial Pacific (WEP) warm pool is an important source of heat for 

the global climate system, and small variations in its sea surface temperature (SST) 

can alter cloud cover and atmospheric circulation with global consequences. From 

orbital resolution SST reconstructions over Pleistocene glacial cycles, previous 

studies have inferred that the WEP warm pool largely responded to pCO2-radiative 

forcing (Medina-Elizalde and Lea, 2005; Dyez and Ravelo, 2012). However, these 

reconstructions do not provide information on the thermocline, which is important to 

tropical dynamics, and were based on measurements of pooled foraminiferal shells, 

which do not resolve short-term SST variability. To investigate changes in the mean 

state, we combine published low-resolution SST records with a newly generated 

subsurface temperature record to monitor the thermocline. Additionally, to monitor 

high-resolution variability, populations of individual surface and subsurface dwelling 

foraminifera were analyzed from glacial-interglacial (G-IG) pairs from four intervals 

since the early Pliocene. Throughout the last four million years long-term mean SSTs 

were similar to present day, and there were G-IG shifts of ~+0.6 to -2.0°C in the 

mean state relative to the Holocene. In contrast, subsurface temperatures in the early 

Pliocene were warm and gradually cooled to present day values, indicating a long-

term shoaling or cooling of the tropical thermocline. Although the selected intervals 

show G-IG changes in mean surface and subsurface temperatures, the G-IG 
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temperature variability of single foramininfera measurements did not change since the 

early Pliocene. This implies that while the tropical long-term mean state (i.e. 

thermocline structure) and other boundary conditions (e.g. ice, pCO2) have changed 

since the early Pliocene, the mechanism and feedbacks responsible for G-IG mean 

temperature changes are similar and consistent through time. We infer that changes in 

mean SST and subsurface temperatures on G-IG scales since the early Pliocene have 

responded largely to pCO2 forcing and related feedbacks. 

INTRODUCTION 
 

The WEP warm pool acts as a global heat engine by supplying vapor and heat 

to the atmosphere, and small changes in its mean state and variability greatly impact 

global climate (McPhaden et al., 1998). With current global warming, temperatures in 

this region have risen ~0.2 to 1°C (Cravatte et al., 2009), likely related to 

anthropogenic pCO2 inputs. However, from the short-term instrumental record, it is 

difficult to discern anthropogenic changes from natural variability. Records of past 

climate can be used to identify process that integrate natural variability in short and 

long-term feedbacks, as well as global changes that may affect climate.  

The Pliocene warm period (~3.0 – 4.3 Ma, (Dowsett and Robinson, 2009; 

Wara et al., 2005) provides an opportunity for understanding warm climate behavior 

and validating models. During the early Pliocene warm period (4.0 – 4.3 Ma), the 

Northern Hemisphere was relatively ice-free (Haywood et al., 2000), the warm pool 

expanded into mid-latitudes (Brierley et al., 2009), and pCO2 levels were similar to 

present day (Seki et al., 2010; Pagani et al., 2010). Following the initiation of 
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Northern Hemisphere glaciation at ~3.6 Ma (Mudelsee and Raymo, 2005), the mid-

Pliocene warm period has been extensively studied through paleodata (Dowsett and 

Robinson, 2009) and climate modeling (Haywood et al., 2013) from the PRISM time 

slice (3.3 to 3.0 Ma). During the Pleistocene (2.6 to 0.01 Ma), climate oscillated 

between glacial and interglacial periods with the expansion and contraction of large 

ice sheets. The establishment of strong zonal and meridional gradients at ~2 Ma 

(Etourneau et al., 2009; Martinez-Garcia et al., 2010) marks the transition into a more 

modern global climate configuration. As the climate evolved from the warm Pliocene 

to the cold Pleistocene, radically different boundary conditions (e.g. pCO2, ice sheets) 

may have impacted the long-term mean and variability of climate through various 

mechanisms and processes.  

To monitor the response of the WEP mean state and variability to different 

boundary conditions (ice volume, pCO2), we generated paleoproxy temperature 

records from Ocean Drilling Program Site 806, which is located in the core of the 

warm pool (Figure 4.1). To complement previously generated SST records (Wara et 

al., 2005), we constructed a long-term record of subsurface temperature to provide a 

complete view of the WEP upper ocean development over the last five million years. 

Additionally, glacial-interglacial (G-IG) pairs within four discrete time slices were 

chosen to reconstruct changes in G and IG mean state and in the distribution of 

temperatures recorded by single foraminifera shells (hereafter referred to as 

temperature distribution). Within each interval (eight total, from G-IG pairs from four 

time slices) we analyzed individual shells of surface and subsurface dwelling 
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foraminifera and using populations of foraminifera were able to reconstruct a G and 

IG mean state (average of the foraminifera populations) as well as temperature 

distribution (range and temperature distributions from population of foraminifera). In 

all, this study reconstructs variability on multiple time scales: long-term (over the last 

five million years), and for each interval G-IG means and temperature distribution. 

Identifying the mechanisms that control mean state and variability on multiple time 

scales (long-term, G-IG, and temperature distribution) in the WEP, particularly with 

different boundary conditions (e.g. pCO2, ice sheets), will aid in understanding 

climate evolution on a global scale. 

METHODS AND APPROACH 
 
Site Location and Age Model: Located in the heart of the Western Equatorial Pacific 

(WEP), Ocean Drilling Program Site 806 (0°N, 159°E, 2520 m water depth) is used 

to monitor the mean state and temperature variability of the warm pool. Today, the 

WEP is characterized by warm SSTs (>27°C) and a relatively deep thermocline. The 

age model is based on a high-resolution benthic isotope (0-4 Ma, Bickert et al., 1993) 

and bulk density (>4 Ma, Mayer et al., 1993) record. For the glacial-interglacial (G-

IG) comparisons, the Site 806 benthic isotope record and the LR04 benthic stack 

(Lisiecki and Raymo, 2005) were compared during target intervals (Holocene-Last 

Glacial Maximum, ~2 Ma, PRISM, ~4 Ma). High fidelity intervals (i.e. shape, peak, 

and trough matches) were chosen for further paired G-IG analysis.  
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Foraminiferal Minor Element Analysis: To reconstruct the mean state and 

temperature variability since the late Pliocene, subsurface and surface dwelling 

foraminifera from Site 806 were analyzed for minor element ratios. Samples from 2 

to 3 cm intervals were washed, dried and picked for Globorotalia tumida and 

Globigerinoides sacculifer (without final sac-like chamber) from the 355-425 mm 

size fraction.  

 Subsurface-dwelling G. tumida (~100 m depth habitat, irrespective of 

thermocline depth Ravelo and Fairbanks, 1992) was used to reconstruct subsurface 

temperatures. In the modern ocean,h G. tumida calcifies at a relatively constant depth 

in a variety of hydrographic settings (Rincón-Martínez et al., 2011). Each sample was 

prepared using standard analytical techniques and analyzed via Inductively Coupled 

Plasma-Optical Emission Spectrometer (ICP-OES). A low-resolution, long-term 

subsurface mean temperature record was generated by crushing and homogenizing 

several G.tumida (~10-25 specimens). A high-resolution subsurface temperature 

variability record from G-IG pairs from four intervals (Holocene-LGM, 2 Ma, 

PRISM and 4 Ma) was generated from individual G. tumida (~70 individuals per G 

and IG). Samples were sonicated in Milli-Q and methanol, washed with reductive and 

oxidative reagents, and transferred to acid-cleaned vials (see Martin and Lea (2002) 

for a detailed description) for analysis on the ICP-OES (Wara et al., 2003). 

Reproducibility for a liquid consistency standard and foraminifera standards are 3.318 

± 0.030 mmol/mol (1σ, n=401) and 3.737 ± 0.181 mmol/mol (1σ, n=103) 

respectively. G. tumida Mg/Ca values were converted to temperature using the G. 
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tumida-specific temperature calibration of Mohtadi et al., (2011). The long-term 

Mg/Ca record constructed from G. tumida is reported in Figure 4.2 and the mean and 

variance of pooled individual G. tumida is reported in Table 4.1. 

 Surface-dwelling G. sacculifer was used to reconstruct shallow mixed layer 

(~0-50 m, Fairbanks et al., 1982) temperatures. Prior to analysis, individuals (~80 

individuals per G and IG) were sonicated in deionized water for 20 seconds and 

rinsed with methanol, and the final chamber was mounted onto carbon tape for laser 

analysis. G. sacculifer specimens were analyzed by laser ablation (Photon Machines 

Analyte.193 with HelEx sample cell) coupled with a Thermo ElementXS Inductively 

Coupled Plasma-Mass Spectrometer (LA-ICP-MS), using methods similar to (Eggins 

et al., 2003; Sadekov et al., 2010). Approximately four spots, ~50 mm in diameter, 

were ablated and analyzed for selected isotopes (11B, 24Mg, 25Mg, 27Al, 43Ca, 44Ca, 

55Mn, 66Zn, 88Sr). 27Al, 55Mn, and 66Zn were used as indicators of clay and oxide 

contamination, such that peaks in these elements were avoided when integrating data 

traces to compute mean minor elemental ratios. Specimens were analyzed from the 

inner shell surface to the outside, and data acquisition lasted 40-60s. NIST glass 

standards were analyzed at 4Hz and 4.1 laser fluence. Analytical reproducibility for 

NIST610 and NIST612 for Mg/Ca was 8.66 ± 0.14 and 1.31 ± 0.23, respectively (1σ, 

n = 359 over 25 analytical days). To monitor carbonate matrix effects, carbonate 

standards and samples were analyzed at 4Hz and 1.13 laser fluence. Carbonate 

standard reproducibility for JCt-1-Plug and MACS-3 for Mg/Ca was 1.35 ± 0.15 and 

7.61 ± 0.47, respectively (1s, n=280 and 582). Average intra-test variability for 
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Mg/Ca is 0.11 mmol/mol. Mg/Ca values were converted to temperature using the 

Mg/Ca dissolution correction of Regenberg et al., (2006) and the multi-species 

temperature equation of Anand et al., (2003). For the Regenberg et al., (2006) 

dissolution correction, a ∆[CO3
2-] value was calculated for Site 806 using proximal 

GLODAP ocean carbon (Key et al., 2004) and World Ocean Atlas temperature 

(Locarnini et al., 2010) datasets. The ∆[CO3
2-] value is estimated to be 5.692 

mmol/kg. The mean and variance of pooled individual G. sacculifer is reported in 

SOM Table 1. Mean bulk values (~20 specimens) of G. sacculifer were also 

generated from each interval using the same minor element techniques described to 

generate G. tumida records and show good correspondence with mean values 

calculated from pooled individual G. sacculifer (Table 4.2). 

 

Data Analysis: The data analysis follows the statistical approach described in Chapter 

3. In a Q-Q plot, the quantiles of probability distributions are plotted against one 

another to facilitate qualitative comparison (Figure 4.3). Intervals that have a 

distribution with the same quantiles will plot on the one-to-one line (dashed gray 

line), while samples that have the same distribution but different mean values, will 

plot in an offset line parallel to the one-to-one line (dashed black line). Samples that 

have different distributions will plot with a different slope or nonlinear to the one-to-

one line (e.g. curved, s-shaped, and/or tangent depending on the distributions). 

Uncertainty was estimated using a Monte Carlo simulation (gray dots) to construct 

90% confidence limits (black lines).  
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Modern Hydrographic Data, Foraminiferal Fluxes and High-Resolution Variability: 

With respect to modern monthly mean temperatures from 1958-2007 from the SODA 

v2.4 re-analysis dataset (Carton and Giese, 2008), G. sacculifer and G. tumida inhabit 

a broad range of depths, 0-50 m and 100-150 m, respectively. Foraminifera serially 

precipitate shell material over a 2-4 week lifespan, and the shell chemistry records 

water properties including temperature. Nearby sediment trap experiments show 

uniform export flux of G. sacculifer and G. tumida throughout the annual cycle 

(Kawahata et al., 2002), suggesting no seasonal bias in the sediment record. As the 

sediment record integrates several hundreds of years, our reconstructions likely 

reflect high-resolution variability, an integration of seasonal, interannual and sub-

centennial variability. While secular changes in SST and subsurface temperature may 

occur within the timespan of a single sediment sample, seasonal and interannual 

frequencies of variation will dominate our reconstructions. Furthermore, in lieu of a 

comparison of modern data to paleorecords of variability, here we compare various 

intervals to each other to minimize potential biases inherent to both data sets.  

RESULTS AND DISCUSSION 
 

Although pCO2 values were slightly elevated during the mid- to early 

Pliocene with respect to modern levels (Seki et al., 2010, Badger et al., 2013, in 

press), WEP SSTs did not exceed present day, and the long-term mean SST has been 

stable (~26-28 °C) since the early Pliocene (Figure 4.1, Wara et al., 2005). Our 

analysis of SST G-IG pairs indicates that, within calibration error, mean temperatures 
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were comparable to or cooler than Holocene values (SOM Table 1). Climate model 

ensemble analysis of the modern tropical response to future pCO2 forcing indicates 

the WEP responds dynamically to reduce heating due to anthropogenic CO2 inputs, 

through cloud albedo and evaporation feedbacks (DiNezio et al., 2009). Similar heat 

reduction feedbacks may have operated during the last four million years.  

Some authors have argued that changes in the Mg/Ca of seawater may 

underestimate SST reconstructions for the mid- to early Pliocene (Medina-Elizalde et 

al., 2008). Medina-Elizalde et al., (2008) applied Mg/Caseawater reconstructions based 

on δ44Ca, to estimate past weathering fluxes and ocean [Ca] (Fantle and DePaolo 

2005), and deep-sea sediment pore fluid [Mg] and numerical modeling, to estimate 

past ocean [Mg] (Fantle and DePaolo, 2006). While δ44Ca records are sparse and 

variable, during the early Pliocene, the [Ca] in the ocean may have been higher than 

present day (Fantle and DePaolo, 2005). In contrast, numerical modeling of Mg, Ca, 

and Sr cycling, with certain assumptions about calcite recrystallization, suggests 

during the early Pliocene [Mg] in the ocean may have been lower than present day 

(Higgins and Schrag, 2012). These [Ca] and [Mg] reconstructions combined suggest 

the Mg/Caseawater may be lower than modern during the early Pliocene, which has been 

suggested to impact Mg/Ca derived temperatures such that temperature 

reconstructions during the early Pliocene may have a cold bias of ~1-3 °C (Medina-

Elizalde et al., 2008). However, the application of Mg/Caseawater corrections to SST 

reconstructions may be premature, particularly due to the uncertainty in these 

reconstructions. SST records from eastern equatorial Pacific ODP Site 847 based on 
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two independent proxies, the Mg/Ca of foraminifera and the alkenone unsaturation 

index (a temperature proxy independent of changes in Mg/Ca of seawater), have 

parallel trends in temperature and are within calibration error (Dekens et al., 2008). 

Furthermore, quantitative assessment of the errors in Mg/Caseawater reconstructions 

suggest large uncertainties, and if take at face value, Mg/Caseawater corrected bottom 

water temperature reconstructions imply unrealistic δ18O of seawater values for the 

Pliocene (Dekens et al., in prep). Therefore, due to the uncertainty in Mg/Caseawater 

through time and the similar trends in Mg/Ca and alkenone SST reconstructions at 

Site 847, we do not apply a Mg/Caseawater correction in this study. While variations in 

Mg/Caseawater over the last five million years may modestly affect our interpretation of 

long-term changes in surface and subsurface temperature, G-IG comparisons 

discussed below, including comparisons of temperature distribution, are not 

significantly impacted by changes in Mg/Caseawater which occur over longer time 

scales (>1 Ma). We suggest our analyses, combined with previously generated 

records, indicate long-term warm pool SST stability, with G-IG fluctuations of ~1-2 

°C since the early Pliocene. 

The long-term subsurface temperature record indicates subsurface 

temperatures were ~6-8°C warmer during the early Pliocene in comparison to the 

Holocene and gradually cooled to present day values (Figure 4.1, Table 4.1). In the 

early Pliocene subsurface temperature appear warmer than SST; however, the surface 

and subsurface temperature reconstructions are within error of each other and these 

differences are likely due to choice of different calibrations (Anand et al., 2003 with a 
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depth correction by Regenberg et al., 2006 for G. sacculifer and Mohtadi et al., 2012, 

for G tumida) and calibration issues therein. Theoretically, warm subsurface 

temperatures during the Pliocene could be the result of a shallower depth habitat of G. 

tumida in comparison to present day; however, this is inconsistent with long-term 

δ13C and subsurface temperature evidence from the equatorial Pacific. At ODP Site 

851, located in the modern eastern Pacific cold tongue region, Δ13Csac-tumida, the 

gradient in δ13C values between G. sacculifer and G. tumida, is large during the 

Pliocene and decreases toward present day (Cannariato and Ravelo, 1997). If G. 

tumida had a shallower depth habitat during the Pliocene, a depth preference closer to 

that of G. sacculifer, the opposite trend would be expected: Δ13Csac-tumida would be 

smaller during the Pliocene, not larger. Furthermore, δ13C values from G. tumida 

across the eastern Pacific are similarly inconsistent with a change in depth habitat and 

subsurface temperatures are also warm during the Pliocene to cool toward present day 

(Ford et al., 2012, Steph et al., 2006, Steph et al., 2010). Here, we interpret that this 

trend in long-term subsurface temperature across the equatorial Pacific represents an 

overall shoaling of the tropical thermocline from the early Pliocene to present.  

In addition to basin-wide subsurface cooling (this study, Ford et al., 2012, 

Steph et al., 2006, Steph et al., 2010), δ18O evidence and climate theory suggests the 

equatorial thermocline shoaled from the early Pliocene to present day. The Δ18Osacc-

tumida gradient between G. sacculifer (mixed layer) and G. tumida (~100 m) can be 

used as a measure of upper ocean stratification and thermocline depth. At WEP Site 

806 (LaRiviere et al., 2012) and EEP Site 1241 (Steph et al., 2006), the Δ18Osacc-tumida 



 77 

increased from the early Pliocene toward present day suggesting the ocean was less 

stratified and the thermocline was deep during the early Pliocene. Furthermore, using 

different species of foraminifera, a detailed upper ocean depth profile reconstruction 

during the Pliocene from Site 1241 indicates the mixed layer (G. sacculifer) and 

lower thermocline (Globorotalia limbata) were relatively stable (Steph et al., 2006). 

However, temperatures at the bottom of the photic zone (G. tumida) were warm 

during the early Pliocene and gradually cooled toward ~2 Ma suggesting a shoaling 

of the overall thermocline (Steph et al., 2006). This is further supported by δ18O and 

faunal evidence from Site 847 suggesting the subsurface cooling from the early 

Pliocene to present day. Philander and Fedorov (2003) hypothesis a deep early 

Pliocene thermocline is a consequence of global warmth. The equilibrium of heat loss 

(high latitudes) and heat gain (low latitudes) by the ocean is balanced by the position 

of the thermocline (Boccaletti et al., 2004). As global climate gradually cooled over 

the last five million years, the thermocline shoaled (Philander and Fedorov, 2003). A 

deep basin-wide tropical thermocline during the Pliocene may be a vital component to 

various dynamic feedbacks, including vertical mixing, that are currently 

underestimated in climate models of Pliocene warmth (Fedorov et al., 2013). As the 

tropical thermocline shoaled, the global climate state gradually transitioned from the 

warm Pliocene to the cold Pleistocene (Fedorov et al., 2006).  

Q-Q plots, which facilitate a qualitative comparison of the range and 

distribution of temperatures between populations of individual foraminifera, indicate 

the SST distribution is remarkably similar between G-IG pairs, with no change in 
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distribution but a uniform offset in temperatures (Figure 4.4). Similarly, all intervals 

compared to the Holocene indicate no change in SST distribution (Figure 4.5). This 

implies SST distribution has not changed since the early Pliocene. The mean G-IG 

shift in temperature amounts to ~0.7 to 2.0°C of cooling in glacials compared to the 

Holocene and ~1.3°C of cooling to ~0.6°C of warming in the interglacials compared 

to the Holocene (Figure 4.5). These shifts in mean G-IG SST are unlikely related to 

dynamic processes (e.g. upwelling). Dynamic forcing would likely impact SST 

distributions because processes that involve winds or upwelling tend to dominate in 

one season. However, it is conceivable a variety of dynamic feedbacks could balance 

each other and appear as a uniform change. Rather, the most parsimonious 

explanation is that the glacial-interglacial shifts in mean SST are likely related to 

process that would affect all seasons uniformly, as seen in the SST distributions. We 

infer this common forcing as a radiative effect due to changes in pCO2 and associated 

feedbacks. A high-fidelity comparison of tropical Pacific mean SST and the Vostok 

pCO2 record indicates the tropical Pacific mean SST has responded to pCO2-radiative 

forcing over the last 350,000 years (Lea, 2004), and perhaps throughout late 

Pleistocene (Dyez and Ravelo, 2012; Medina-Elizalde and Lea, 2005). Although G-

IG resolution pCO2 records do not exist from the Pliocene, the mean shift in SSTs 

during both glacials and interglacials implies that the WEP warm pool has responded 

largely to pCO2-radiative forcing and related feedbacks. 

Amid the long-term subsurface temperature trend (Figure 4.1), subsurface 

temperature distributions may also suggest the WEP warm pool responded primarily 
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to pCO2-radiative forcing on G-IG scales. Q-Q plots of subsurface temperature 

distribution indicate subsurface warming for all intervals relative to the Holocene, 

which is a reflection of long-term changes in the tropical thermocline from the 

Pliocene to present day (Figure 4.5). On G-IG scales, the mean subsurface 

temperature was offset by a comparable amount for each interval (~1.9°C, Figure 

4.4), and the subsurface temperature distributions did not change. Due to the similar 

response of G-IG SST and subsurface temperature (Figure 4.4), we infer pCO2-

radiative forcing also controls subsurface temperature distributions on G-IG time 

scales. This pCO2 forcing may function locally or remotely, through radiative heating 

of the upper water column accompanied by changes in mixed layer depth or thourgh 

changes at mid-latitude source regions where water subducts and advects into the 

tropical thermocline. During the Pliocene, an expanded warm pool (Brierley et al., 

2009) and warm mid-latitude source water regions (Karas et al., 2011) may have 

influenced the long-term mean thermocline state, but on G-IG time scales climate 

forcing remained largely pCO2 driven.  

Many factors arguably contributed to the long-term global climate state as it 

transitioned from the warm Pliocene to the cold Pleistocene, such as pCO2 (Haywood 

and Valdes, 2004), reduced meridional and zonal gradients (Brierley et al., 2009), and 

ice sheets (Lunt et al., 2012). Since the late Pliocene, the WEP G-IG changes in mean 

climate were influenced by pCO2 and related feedbacks as well as shoaling of the 

tropical thermocline. Although G-IG records of pCO2 do not currently exist for the 

Pliocene, high-resolution pCO2 records from mid-Pliocene warm period vary by ~55 
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ppm (Badger et al., 2013, in press) corresponding to a G-IG SST change of ~1.1°C 

observed here during the PRISM interval (Figure 4.4). This is roughly proportional in 

magnitude to the 100 ppm, ~2.4°C SST change observed between the Holocene and 

LGM, perhaps signifying a relatively constant tropical climate sensitivity throughout 

the Pliocene and Pleistocene.  

Despite the fact that pCO2 was only modestly higher than preindustrial values, 

global temperatures were 2-3°C warmer during the Pliocene warm period in 

comparison to modern (Haywood and Valdes, 2004). The response of the warm pool 

to pCO2 forcing implies that radiative or dynamic feedbacks involving the mid- to 

high latitudes substantially contributed to Pliocene global warmth. For example, the 

changes in the long-term mean state of the tropical thermocline since the early 

Pliocene imply processes and mechanisms that influence mid-latitude regions where 

tropical subsurface and thermocline are sourced may have contributed the warm 

climate state. Today, warm pool SST rise related global warming may be balanced 

quickly by evaporative cooling (An et al., 2011). However, the delayed response of 

subsurface waters to global warming (An, 2008) implies that slower feedbacks 

involving the thermocline and vertical mixing have not yet responded to current 

temperature rise. Further paleoproxy and model studies focusing on climate evolution 

over the last four million will help identify processes and feedbacks, particularly 

those involving the subsurface, that are important to the climate system and will 

improve our ability to project future climate scenarios. 
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Figure 4.1: Long-term and G-IG SST and Subsurface Temperature Records  
Long-term records of SST (Wara et al., 2005, pink) and subsurface (this study, light 
blue) temperature from ODP Site 806. Intervals with individual foraminifera 
variability reconstructions are denoted in grey bars (Holocene-LGM, ~2 Ma, PRISM, 
~4 Ma). Average individual foraminifera SST and subsurface temperature values for 
glacial (red, blue squares) and interglacial (red, blue circles) are plotted. Inset is a 
surface mean SST map of the WEP indicating the location of ODP Site 806 (Ocean 
Data Viewer, World Ocean Atlas, 2005). Long-term SST record suggests stability in 
the WEP warm pool. Subsurface temperatures in the early Pliocene were warm and 
gradually cooled to present day values indicating a long-term shoaling or cooling of 
the tropical thermocline. 
  

30

24

26

28
Te

m
pe

ra
tu

re
 (°

C
)

22

20

18

16
0 1 2 3 4 5

Age (Ma)

10°N 28

22

24

26
EQ

10°S 140°E 160°E

ODP Site 806

806 SST
Wara et al., 2005

806 Subsurface T



 88 

 
Figure 4.2: Long-term Mg/Ca values of G. tumida 
Mg/Ca (mmol/mol) values from G. tumida from ODP Site 806 from ~5 Ma to 
present. 
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Figure 4.3: Schematics of Distribution Variation on Q-Q Plots 
For all figures, the mean shifted one-to-one line (black dashed line), 90% confidence 
limits (black lines), monte carlo simulation (grey dots) and resampled pdf (red dots). 
Data with the same distribution (A) will plot on the one-to-one line (grey dashed 
line). Altered data with the same distribution, but the mean of the altered data is offset 
(B), will plot on a parallel one-to-one line.  
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Figure 4.4: Q-Q Plots of surface and subsurface G-IG intervals 
Temperature distributions plotted for Holocene-LGM (blue), 2 Ma (green), PRISM 
(purple), and 4 Ma (orange), with Monte Carlo simulation (grey dots) and 90% 
confidence limits (black lines). One-to-one line (grey dashed line) and parallel mean 
offset line (black dashed line) are plotted. The mean change from Holocene compared 
to the different intervals (example: DHol-LGM = -2.4˚C) is annotated in each plot. 
For the surface and subsurface, though the mean is offset, the distribution for 
different glacial-interglacial intervals compared to each other did not change. This 
suggests the mechanism and feedbacks responsible for glacial-interglacial SST and 
subsurface variability are similar and consistent through time. 
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Figure 4.5: Q-Q Plots of surface and subsurface G-IG intervals compared to the 
Holocene 
 Temperature distributions plotted for 2 Ma (green), PRISM (purple), and 4 Ma 
(orange), with Monte Carlo simulation (grey dots) and 90% confidence limits (black 
lines). One-to-one line (grey dashed line) and parallel mean offset line (black dashed 
line) are plotted. The mean change from Holocene compared to the different intervals 
(example: DHol-2Ma IG = -1.3˚C) is annotated in each plot. For the surface, though 
the mean is offset, the distribution for different intervals compared to the Holocene 
did not change. For the subsurface, the mean for different intervals was warm 
compared to the Holocene. Additionally, the distribution for the different intervals 
was smaller, usually a warming of cold season temperatures, in comparison to the 
Holocene. 
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Table 4.1: Bulk and Individual G. tumida Mg/Ca (mmol/mol) and Temperature 
Values 
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Hol IG 130 806 A 1 H 1 0 2 0.003 2.005 23.34 70 1.981 22.64 4.0
LGM G 130 806 A 1 H 1 51 55 0.020 1.740 21.25 73 1.676 20.36 3.2 -2.3 2.3

2 Ma IG 130 806 B 5 H 4 118 121 1.950 2.131 24.24 72 2.248 24.78 2.7 2.1
2 Ma G 130 806 B 5 H 4 15 19 1.917 2.033 23.55 72 2.007 23.13 2.6 0.5 1.6

Prism IG 130 806 B 8 H 5 112 114 3.076 2.280 25.23 73 2.456 26.04 2.9 3.4
Prism G 130 806 B 8 H 4 92 94 3.021 1.923 22.72 71 2.164 24.22 2.7 1.6 1.8

4 Ma IG 130 806 B 11 H 5 92 94 3.936 2.717 27.81 73 2.841 28.31 2.2 5.7
4 Ma G 130 806 B 11 H 6 92 94 3.971 2.438 26.22 72 2.502 26.41 2.4 3.8 1.9
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Table 4.2: Bulk and Individual G. sacculifer Mg/Ca (mmol/mol) and 
Temperature Values 
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 94 

Chapter 5: Conclusions 
 
 

The projects in this dissertation aim to understand the dynamic and radiative 

processes that determine the tropical Pacific mean state and variability on various 

temporal and spatial scales. These projects provide new insight into the fundamental 

impact of the thermocline and high-resolution variability in determining tropical 

Pacific climate over the last five million years. In these projects I present subsurface 

temperature records across the tropical Pacific to explore the role of the thermocline 

on the mean state since the early Pliocene (Chapter 2 and 4), as well as the novel 

application of individual foraminifera to reconstruct high-resolution variability from 

glacial-interglacial intervals to study the radiative and dynamic forcing that influence 

the mean state (Chapter 3 and 4). 

  In Chapter 2, I present new subsurface temperature records from a latitudinal 

transect of sites from the eastern Pacific to determine the evolution of the thermocline 

within and outside the cold tongue region. During the early Pliocene the thermocline 

was deep and shoaled toward present day. Significant subsurface temperature cooling 

between 4.0-4.8 Ma, related to closure of the Panama Seaway, preconditioned sea 

surface temperature cooling that began 4.0 Ma. This initiated ocean-atmospheric 

feedbacks that influence the tightly coupled sea surface temperature-shallow 

thermocline cold tongue region today. Continued subsurface cooling from 4.0 Ma to 

present day may be related global processes by which heat loss in high latitudes is 

balanced by heat absorption at low latitude upwelling regions, tempered by the 

position of the thermocline. These high-latitude and low-latitude processes are 
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connected by their influence on mid-latitude equatorial thermocline source water 

regions. Additional records from these mid-latitude regions would aid in identifying 

the processes and feedbacks important to the transition from the warm Pliocene to the 

cold Pleistocene. 

 Chapter 3 uses individual surface and subsurface dwelling foraminifera to 

explore changes in high-resolution temperature variability related to radiative and 

dynamic forcing during the last glacial period in comparison to the Holocene. Though 

a single sediment sample integrates ~1000 years of variability, qualitative 

comparisons of samples using Q-Q plots are used to understand changes in the 

temperature range and temperature distribution to identify potential forcing 

mechanisms. Consistent with previous studies, the western Pacific warm pool 

responds primarily to radiative forcing as shown by a decrease in mean sea surface 

temperature accompanied by no change in individual foraminifera temperature 

distribution. However, the eastern Pacific cold tongue shows a significant dynamic 

response during the last glacial period. The change in individual foraminifera sea 

surface temperature distribution suggests a reduction in El Niño Southern Oscillation 

activity or amplitude, which is consistent with the balance of paleoproxy data that 

suggests El Niño Southern Oscillation is weak during glacial times. The different 

response between the warm pool and cold tongue to radiative and dynamic forcing 

during the glacial background state affects basin-wide zonal sea surface temperature 

reconstructions. Spatial heterogeneity in the mean temperature change between the 

Holocene and Last Glacial Maximum suggests the eastern Pacific warm pool 
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responded primarily to radiative forcing, similar to the western warm pool, and the 

cold tongue responded to radiative and dynamic forcing. Nevertheless, when 

comparing the western warm pool and the eastern cold tongue, reconstructions 

suggest the zonal sea surface temperature gradient was reduced during the last glacial 

maximum in comparison to the Holocene. Previous research combined with this study 

suggests the mean equatorial climate state during the Last Glacial Maximum included 

a weaker zonal temperature gradient, steeper equatorial thermocline tilt, and stronger 

Walker Circulation. Dynamic changes during the Last Glacial Maximum influenced 

the mean state and variability, particularly in the eastern Pacific, but the balance of 

the processes and feedbacks important to this climate state need to be explored further 

with climate models. 

 In Chapter 4, I present a long-term record of subsurface temperatures and 

individual surface and subsurface dwelling foraminifera high-resolution temperature 

variability from four discrete intervals over the last four million years to 

understanding the mean state and variability evolution of the western warm pool to 

different global boundary conditions (ice volume, pCO2). Although pCO2 during the 

early Pliocene was slightly elevated in comparison to the Holocene, sea surface 

temperatures are comparable to today. In the same vein as Chapter 2, subsurface 

temperatures in the warm pool were warm during the early Pliocene and gradually 

cooled toward present day. This trend in subsurface temperatures is further evidence 

that the equatorial thermocline gradually shoaled and is consistent with theories that 

the thermocline was an important component in the transition form the warm Pliocene 
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to the cold Pleistocene. High-resolution temperature variability from the surface and 

subsurface indicates there was no change in temperature distribution within glacial-

interglacial intervals. Previous studies have suggested the warm pool responds 

primarily to radiative forcing during the mid-Pliocene and Pleistocene. Similarly, 

mean shifts in temperature at the sea surface documented in this study are consistent 

with direct pCO2-radiative forcing for the warm pool throughout the last four million 

years. Although there is a long-term change in the mean state of the subsurface, 

glacial-interglacial mean shifts in subsurface temperature are inferred to respond to 

radiative forcing; however, identifying a specific mechanism is difficult, but may 

include processes that affect mid-latitude equatorial thermocline source water regions. 

Although no glacial-interglacial resolution pCO2 reconstructions exist to accurately 

calculate climate sensitivity, glacial-interglacial changes in mean sea surface 

temperature and low-resolution pCO2 variability for the mid-Pliocene may indicate 

tropical sensitivity may have been similar to Holocene-Last Glacial Maximum.  

Many of the interpretations presented in this Chapter 4 are dependent on 

accurate reconstructions of the Mg/Ca of seawater through time and the temperature-

Mg/Ca relationship remaining constant if there are secular changes in the Mg/Ca of 

seawater. As potential changes in Mg/Ca of seawater may alter the interpretation of 

the long-term trends, the within glacial-interglacial temperature distribution data 

remains robust because changes in the Mg/Ca of seawater occur over longer time 

scales. Additional robust records of the Mg and Ca concentrations in seawater over 

long-time scales are necessary, as well as laboratory culturing experiments verifying 
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the fidelity of Mg/Ca based temperature relationships under altered Mg/Ca of 

seawater scenarios. 

 This research contributes to the growing body of knowledge about the 

equatorial Pacific during the transition from the warm Pliocene period to the cold 

Pleistocene but many questions still remain. Over the last four million years it appears 

the thermocline was an important dynamic component in the mean state of the 

equatorial Pacific but the evolution of the mid-latitude equatorial thermocline source 

water regions are not well documented. While the early Pliocene equatorial Pacific is 

often characterized as a “permanent El Niño” because the mean sea surface 

temperature distribution resembles a modern El Niño, high-resolution temperature 

variability reconstructions in the eastern cold tongue remain elusive. The strong 

dynamic response in the cold tongue to Last Glacial Maximum forcing may suggest 

this region is sensitive to changes in the background mean state while the warm pool 

appears to remain relatively stable and respond primarily to radiative-pCO2 forcing. 

As the early Pliocene warm period is the most recent period of sustained warmth, 

further paleoproxy and climate modeling may help identify some of the processes and 

mechanisms important in future climate change.  
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Appendix A: Site 848, 849, and 853 G. tumida δ13C, δ18O 
and subsurface temperatures (Ford et al., 2012) 

Depth 
mbsf (m) 

Age 
(Ma) 

δ13C G. 
tumida 

δ18O G. 
tumida 

Mg/Ca 
G.tumida 

Subsurface 
Temp (C) Notes 

0.03 0.002 1.75 1.81 1.290 17.0 848B1H1 3-5 
0.33 0.019 

  
1.260 16.7 848B1H1 33-35 

0.63 0.036 1.93 1.72 1.158 15.8 848B1H1 63-65 
0.9 0.050 1.73 2.02 1.093 15.1 848B1H1 90-92 
1.2 0.070 1.71 1.83 1.095 15.1 848B1H1 120-122 
1.46 0.090 1.07 1.04 0.931 13.3 848B1H1 146-148 
1.5 0.095 1.40 1.44 1.144 15.6 848B1H2 0-2 
1.8 0.130 1.65 2.03 1.039 14.6 848B1H2 30-32 
2.05 0.145 1.38 1.47 1.134 15.5 848B1H2 55-57 
2.08 0.147 1.23 2.27 0.994 14.1 848B1HCC 0-2 
2.2 0.155 1.29 1.91 1.272 16.8 848B2H1 0-2 
2.5 0.174 1.43 1.93 1.069 14.9 848B2H1 30-32 
2.76 0.200 1.68 1.69 1.156 15.8 848B2H1 56-58 
3.1 0.244 

  
1.463 18.4 848B2H1 90-92 

3.42 0.264 1.66 1.72 1.166 15.8 848B2H1 122-124 
3.65 0.276 

  
1.712 20.1 848B2H1 145-147 

3.7 0.280 1.58 2.19 1.168 15.9 848B2H2 0-2 
4.01 0.311 

  
1.092 15.1 848B2H2 31-33 

4.26 0.330 1.48 1.77 1.205 16.2 848B2H2 56-58 
4.64 0.346 1.88 1.74 1.214 16.3 848B2H2 94-96 
4.92 0.359 

  
1.315 17.2 848B2H2 122-124 

5.2 0.372 1.62 1.30 1.290 17.0 848B2H3 0-2 
5.51 0.388 

  
1.605 19.4 848B2H3 31-33 

5.8 0.414 
  

1.061 14.8 848B2H3 60-62 
6.1 0.428 1.21 1.46 1.104 15.2 848B2H3 90-92 
6.43 0.442 1.48 1.41 1.118 15.4 848B2H3 123-125 
6.7 0.455 

  
1.273 16.8 848B2H4 0-2 

7.02 0.470 1.47 1.83 1.324 17.3 848B2H4 32-34 
7.36 0.488 0.83 2.44 1.191 16.1 848B2H4 66-68 
7.6 0.502 1.24 1.62 1.146 15.7 848B2H4 90-92 
7.93 0.528 1.32 1.13 

  
848B2H4 123-125 

7.93 0.528 1.60 1.51 1.182 16.0 848B2H4 123-125 
8.15 0.539 0.73 0.94 

  
848B2H4 145-147 

8.15 0.539 1.09 1.33 1.252 16.6 848B2H4 145-147 
8.2 0.541 

  
1.297 17.0 848B2H5 0-2 

8.51 0.556 1.66 1.89 1.250 16.6 848B2H5 31-33 
8.8 0.570 1.40 2.19 1.308 17.1 848B2H5 60-62 
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9.1 0.592 1.25 2.51 1.215 16.3 848B2H5 90-92 
9.42 0.619 1.43 2.08 0.946 13.5 848B2H5 122-124 
9.66 0.629 1.33 1.46 1.186 16.0 848B2H5 146-148 
9.7 0.631 1.21 1.47 1.173 15.9 848B2H6 0-2 
10.01 0.644 1.50 2.25 1.060 14.8 848B2H6 31-33 
10.26 0.655 1.45 2.22 1.167 15.9 848B2H6 56-58 
10.6 0.671 1.42 0.94 1.607 19.4 848B2H6 90-92 
11.2 0.708 1.11 2.46 1.054 14.7 848B2H7 0-2 
11.52 0.727 1.09 1.51 1.054 14.7 848B2H7 32-34 
11.7 0.737 1.44 1.05 1.223 16.4 848B3H1 0-2 
11.76 0.741 1.22 1.69 1.174 15.9 848B2H7 56-58 
12 0.758 1.34 1.39 1.248 16.6 848B3H1 30-32 
12.05 0.762 0.78 1.53 1.257 16.7 848B2HCC 0-2 
12.36 0.779 1.61 1.41 1.191 16.1 848B3H1 66-68 
12.6 0.791 1.31 1.63 1.172 15.9 848B3H1 90-92 
12.92 0.810 1.17 2.02 1.186 16.0 848B3H1 122-124 
13.14 0.824 1.52 1.06 1.130 15.5 848B3H1 144-146 
13.2 0.827 1.41 1.22 1.200 16.2 848B3H2 0-2 
13.52 0.846 

  
1.149 15.7 848B3H2 32-34 

13.83 0.864 1.30 1.51 1.177 15.9 848B3H2 63-65 
14.1 0.876 0.93 1.90 1.467 18.4 848B3H2 90-92 
14.42 0.889 1.31 1.91 1.140 15.6 848B3H2 122-124 
14.65 0.899 1.63 1.34 1.256 16.7 848B3H2 145-147 
14.7 0.901 1.42 1.60 1.143 15.6 848B3H3 0-2 
15 0.916 1.54 1.46 1.140 15.6 848B3H3 30-32 
15.3 0.937 1.28 1.93 1.417 18.0 848B3H3 60-62 
15.6 0.964 1.18 1.77 1.291 17.0 848B3H3 90-92 
15.93 0.992 1.00 1.84 1.265 16.8 848B3H3 123-125 
16.15 1.008 0.96 1.46 1.464 18.4 848B3H3 145-147 
16.2 1.011 1.48 1.80 1.142 15.6 848B3H4 0-2 
16.5 1.031 1.36 2.30 1.336 17.4 848B3H4 30-32 
16.8 1.050 1.54 1.80 1.444 18.2 848B3H4 60-62 
17.1 1.066 1.31 1.48 1.251 16.6 848B3H4 90-92 
17.42 1.077 1.58 1.73 1.178 16.0 848B3H4 122-124 
17.65 1.085 1.12 0.92 1.294 17.0 848B3H4 145-147 
17.7 1.087 1.75 0.43 1.359 17.5 848B3H5 0-2 
18 1.103 1.04 1.29 1.246 16.6 848B3H5 30-32 
18.3 1.123 0.87 1.07 1.307 17.1 848B3H5 60-62 
18.6 1.143 1.09 1.82 1.376 17.7 848B3H5 90-92 
18.92 1.165 1.60 1.14 1.231 16.5 848B3H5 122-124 
19.15 1.181 0.79 1.45 1.349 17.5 848B3H5 145-147 
19.2 1.184 0.76 1.39 1.555 19.0 848B3H6 0-2 
19.5 1.204 1.55 0.84 1.555 19.0 848B3H6 30-32 
19.83 1.225 1.64 1.04 1.462 18.4 848B3H6 63-65 
20.1 1.242 1.97 1.47 1.278 16.9 848B3H6 90-92 
20.4 1.260 1.63 1.38 1.522 18.8 848B3H6 120-122 
20.57 1.270 1.65 1.44 1.371 17.6 848B3H6 137-139 
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20.7 1.280 1.60 1.31 1.531 18.9 848B3H7 0-2 
21.01 1.305 1.35 1.65 1.218 16.3 848B3H7 31-33 
21.2 1.322 

  
1.556 19.1 848B4H1 0-2 

21.3 1.331 
  

1.398 17.9 848B3H7 60-62 
21.51 1.350 1.13 1.12 1.918 21.4 848B3HCC 0-2 
21.51 1.350 

  
1.349 17.5 848B4H1 31-33 

21.8 1.374 1.46 1.57 1.242 16.5 848B4H1 60-62 
22.1 1.388 1.52 2.70 1.127 15.5 848B4H1 90-92 
22.96 1.439 

  
1.258 16.7 848B4H2 26-28 

23.3 1.473 
  

1.137 15.6 848B4H2 60-62 
23.6 1.504 

  
1.163 15.8 848B4H2 90-92 

23.9 1.535 1.41 1.28 1.520 18.8 848B4H2 120-122 
24.15 1.556 1.10 1.46 1.335 17.4 848B4H2 145-147 
24.22 1.562 1.07 1.79 1.236 16.5 848B4H3 2-4 
24.5 1.613 

  
1.521 18.8 848B4H3 30-32 

24.8 1.646 1.26 1.63 1.169 15.9 848B4H3 60-62 
25.1 1.678 1.57 1.90 1.299 17.0 848B4H3 90-92 
25.4 1.706 1.71 1.31 

  
848B4H3 120-122 

25.4 1.706 1.72 0.92 1.508 18.7 848B4H3 120-122 
25.65 1.741 1.34 1.26 1.462 18.4 848B4H3 145-147 
25.72 1.752 1.41 1.21 1.613 19.5 848B4H4 2-4 
26.33 1.804 1.40 1.03 1.632 19.6 848B4H4 63-65 
26.6 1.832 1.38 1.32 1.393 17.8 848B4H4 90-92 
26.92 1.866 0.95 2.04 1.551 19.0 848B4H4 122-124 
27.14 1.894 1.78 0.93 1.294 17.0 848B4H4 144-146 
27.2 1.902 1.69 0.69 1.393 17.8 848B4H5 0-2 
27.46 1.950 1.49 0.83 

  
848B4H5 26-28 

27.46 1.950 1.70 0.47 1.677 19.9 848B4H5 26-28 
27.83 2.016 1.28 1.75 1.338 17.4 848B4H5 63-65 
28.1 2.054 1.41 1.11 1.216 16.3 848B4H5 90-92 
28.43 2.087 1.56 1.67 

  
848B4H5 123-126 

28.43 2.087 1.51 1.60 1.263 16.7 848B4H5 123-126 
28.65 2.110 1.37 1.48 1.299 17.0 848B4H5 145-147 
28.7 2.124 1.45 1.49 1.192 16.1 848B4H6 0-2 
28.96 2.188 1.26 1.44 1.187 16.0 848B4H6 26-28 
29.3 2.285 1.37 1.34 1.309 17.1 848B4H6 60-62 
29.6 2.347 1.40 1.15 1.191 16.1 848B4H6 90-92 
29.92 2.391 1.35 0.80 

  
848B4H6 122-124 

30.16 2.441 1.66 0.92 1.149 15.7 848B4H6 146-148 
30.2 2.448 1.51 1.45 1.283 16.9 848B4H7 0-2 
30.46 2.493 1.42 1.40 1.319 17.2 848B4H7 26-28 
30.7 2.534 1.48 1.54 

  
848B5H1 0-2 

30.7 2.534 1.41 1.20 1.315 17.2 848B5H1 0-2 
30.84 2.560 1.21 1.13 1.289 17.0 848B4H7 64-66 
30.96 2.582 

  
1.223 16.4 848B5H1 26-28 

30.97 2.584 1.40 1.15 1.550 19.0 848B4HCC 0-2 
31.3 2.631 1.25 0.90 1.167 15.9 848B5H1 60-62 
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31.6 2.675 1.42 0.96 1.158 15.8 848B5H1 90-92 
31.9 2.713 1.17 0.88 

  
848B5H1 120-122 

31.9 2.713 1.10 0.98 1.352 17.5 848B5H1 120-122 
32.15 2.742 1.14 1.22 1.259 16.7 848B5H1 145-147 
32.2 2.748 1.31 1.14 

  
848B5H2 0-2 

32.2 2.748 1.26 1.14 1.328 17.3 848B5H2 0-2 
32.5 2.791 1.18 0.98 1.393 17.8 848B5H2 30-32 
32.8 2.846 1.26 1.31 1.245 16.6 848B5H2 60-62 
33.1 2.884 1.24 1.37 1.403 17.9 848B5H2 90-92 
33.4 2.937 1.01 1.11 1.474 18.5 848B5H2 120-122 
33.65 2.985 1.21 1.07 1.556 19.1 848B5H2 145-147 
33.7 2.998 1.31 0.99 1.430 18.1 848B5H3 0-2 
34 3.078 

  
1.592 19.3 848B5H3 30-32 

34.3 3.166 
  

1.499 18.6 848B5H3 60-62 
34.6 3.243 1.49 0.67 1.668 19.8 848B5H3 90-92 
35.2 3.353 

  
1.498 18.6 848B5H4 0-2 

35.5 3.407 
  

2.076 22.3 848B5H4 30-32 
35.8 3.469 1.57 0.25 1.835 20.9 848B5H4 60-62 
36.1 3.546 1.14 0.69 1.843 20.9 848B5H4 90-92 
36.65 3.627 

  
1.763 20.4 848B5H4 145-147 

36.7 3.636 
  

1.566 19.1 848B5H5 0-2 
37 3.689 

  
1.399 17.9 848B5H5 30-32 

37.3 3.762 1.26 0.65 1.627 19.6 848B5H5 60-62 
37.6 3.854 1.12 0.77 1.627 19.5 848B5H5 90-92 
37.9 3.914 

  
1.297 17.0 848B5H5 120-122 

38.17 3.981 
  

1.991 21.8 848B5H5 147-149 
38.2 3.989 

  
1.929 21.4 848B5H6 0-2 

38.8 4.143 
  

2.189 22.8 848B5H6 60-62 
39.1 4.200 

  
2.168 22.7 848B5H6 90-92 

39.4 4.274 
  

1.970 21.7 848B5H6 120-122 
39.7 4.342 

  
2.294 23.4 848B5H7 0-2 

40.26 4.424 
  

1.664 19.8 848B5HCC 0-2 
40.5 4.461 

  
1.639 19.6 848B6H1 30-32 

40.8 4.505 1.21 0.72 1.924 21.4 848B6H1 60-62 
41.1 4.543 

  
1.909 21.3 848B6H1 90-92 

41.4 4.575 
  

1.564 19.1 848B6H1 120-122 
41.65 4.590 

  
1.828 20.8 848B6H1 145-147 

41.7 4.591 
  

1.461 18.4 848B6H2 0-2 
42 4.603 

  
2.026 22.0 848B6H2 30-32 

42.6 4.639 
  

1.877 21.1 848B6H2 90-92 
42.9 4.657 

  
2.059 22.2 848B6H2 120-122 

43.15 4.673 1.14 0.73 
  

848B6H2 145-147 
43.15 4.673 1.27 0.51 1.791 20.6 848B6H2 145-147 
43.2 4.676 1.27 0.70 1.583 19.2 848B6H3 0-2 
43.8 4.714 

  
1.651 19.7 848B6H3 60-62 

44.1 4.733 
  

2.008 21.9 848B6H3 90-92 
44.65 4.763 

  
2.643 24.9 848B6H3 145-147 
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44.7 4.765 
  

2.537 24.5 848B6H4 0-2 
45 4.791 

  
1.657 19.8 848B6H4 30-32 

45.9 4.860 
  

1.424 18.1 848B6H4 120-122 
46.15 4.877 1.14 0.08 2.310 23.4 848B6H4 145-147 
46.5 4.906 

  
2.143 22.6 848B6H5 30-32 

46.8 4.932 1.48 0.67 
  

848B6H5 60-62 
46.8 4.932 1.47 0.71 

  
848B6H5 60-62 

47.1 4.958 1.46 0.65 2.489 24.3 848B6H5 90-92 
47.4 4.983 

  
2.537 24.5 848B6H5 120-122 

48.9 5.120 
  

2.573 24.6 848B6H6 120-122 
51.17 5.260 1.46 0.70 

  
848B7H1 147-149 

51.2 5.261 1.56 0.49 2.294 23.4 848B7H2 0-2 
51.5 5.275 

  
2.027 22.0 848B7H2 30-32 

52.4 5.317 
  

2.624 24.9 848B7H2 120-122 
52.7 5.330 1.60 0.50 2.571 24.6 848B7H3 0-2 
53 5.345 

  
2.054 22.1 848B7H3 30-32 

54.5 5.424 
  

2.590 24.7 848B7H4 30-32 
 
 

Depth 
mbsf (m) 

Age 
(Ma) 

δ13C G. 
tumida 

δ18O G. 
tumida 

Mg/Ca 
G.tumida 

Subsurface 
Temp (C) Notes 

0 0.000 1.93 0.89 1.021 14.4 849A1H1 0-3 
0.58 0.015 1.78 1.73 1.182 16.0 849B1H1 58-60 
0.87 0.027 2.12 1.93 0.934 13.4 849A1H1 87-89 
1.58 0.052 1.80 1.48 1.009 14.2 849B1H2 8-10 
1.78 0.058 1.67 1.28 1.046 14.6 849A1H2 28-30 
2.08 0.067 1.76 1.48 0.908 13.1 849B1H2 58-61 
2.58 0.082 1.96 1.36 1.061 14.8 849B1H2 108-111 
1.88 0.084 1.98 1.00 0.873 12.6 849C1H1 88-91 
2.68 0.086 2.07 0.78 0.925 13.3 849A1H2 118-120 
2.74 0.112 1.58 1.03 1.027 14.4 849C1H2 38-41 
3.65 0.117 1.75 0.84 0.977 13.9 849B1H3 65-67 
4.42 0.139 1.79 2.15 0.980 13.9 849B1H3 142-144 
4.24 0.155 1.36 1.76 1.116 15.4 849C1H3 38-41 
4.74 0.169 1.53 1.24 1.067 14.9 849C1H3 88-91 
5.23 0.181 

  
1.146 15.7 849C1H3 137-140 

5.73 0.196 1.72 0.83 1.137 15.6 849C1H4 37-40 
6.23 0.212 1.71 0.54 1.209 16.2 849C1H4 87-90 
6.75 0.227 1.59 1.42 1.205 16.2 849C1H4 139-142 
4.21 0.227 1.40 1.53 1.053 14.7 849D1H1 21-24 

4.7 0.240 1.36 1.37 1.295 17.0 849D1H1 70-75 
5.21 0.255 1.48 1.43 1.055 14.7 849D1H1 121-124 

5.7 0.278 1.78 1.23 1.000 14.1 849D1H2 20-25 
6.2 0.298 1.72 0.80 1.037 14.5 849D1H2 70-75 
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6.71 0.322 1.54 0.51 1.164 15.8 849D1H2 121-124 
6.99 0.330 1.60 0.37 1.274 16.8 849D1H3 20-25 
7.49 0.339 1.17 2.08 1.407 17.9 849D1H3 70-75 
7.96 0.348 1.54 1.30 1.113 15.3 849D1H3 117-120 
9.58 0.357 1.72 1.62 1.084 15.0 849B2H2 138-141 

10.08 0.374 1.91 0.86 1.136 15.5 849B2H3 38-41 
10.58 0.390 1.84 0.86 1.205 16.2 849B2H3 88-91 
12.08 0.451 1.43 1.62 0.995 14.1 849B2H4 88-91 
12.58 0.469 1.92 1.01 1.173 15.9 849B2H4 138-141 
11.57 0.471 1.83 1.29 1.196 16.1 849C2H1 107-110 
12.07 0.486 1.92 0.95 1.369 17.6 849C2H2 7-10 
12.57 0.500 1.94 1.16 1.192 16.1 849C2H2 57-60 
13.07 0.514 1.78 1.27 1.331 17.3 849C2H2 107-110 
13.57 0.531 1.50 1.23 1.114 15.3 849C2H3 7-10 
14.07 0.557 1.72 0.68 1.105 15.2 849C2H3 57-60 
14.57 0.582 1.59 1.12 1.141 15.6 849C2H3 107-110 
15.09 0.606 1.72 1.25 1.132 15.5 849C2H4 9-12 
15.58 0.628 1.41 1.40 1.083 15.0 849C2H4 58-61 
15.07 0.642 1.57 1.89 1.311 17.1 849D2H2 7-10 
16.03 0.644 1.48 1.90 1.024 14.4 849C2H4 103-106 
15.57 0.658 1.57 1.15 1.130 15.5 849D2H2 57-60 
16.07 0.673 1.49 1.46 

  
849D2H2 107-110 

16.07 0.673 1.62 0.96 1.112 15.3 849D2H2 107-110 
16.57 0.689 1.60 1.10 1.062 14.8 849D2H3 7-10 
17.07 0.705 1.06 1.31 0.984 14.0 849D2H3 57-60 
17.57 0.722 1.22 1.89 1.096 15.2 849D2H3 107-110 
18.57 0.760 1.66 1.11 

  
849D2H4 57-60 

19.07 0.782 1.14 1.58 
  

849D2H4 107-110 
19.57 0.813 1.23 1.52 

  
849D2H5 7-10 

20.07 0.832 1.45 1.16 
  

849D2H5 57-60 
20.57 0.850 1.23 0.85 

  
849D2H5 107-110 

21.07 0.865 1.42 1.35 
  

849D2H6 7-10 
21.14 0.871 0.98 1.86 0.954 13.6 849B3H4 44-47 
21.51 0.879 1.52 1.45 

  
849D2H6 51-54 

21.58 0.888 1.18 1.73 1.049 14.7 849B3H4 88-91 
22.08 0.907 1.23 1.54 1.012 14.3 849B3H4 138-141 
22.28 0.915 1.15 1.57 0.961 13.7 849B3H5 8-11 
22.72 0.932 1.51 0.85 1.158 15.8 849B3H5 52-55 
20.38 0.933 1.55 0.70 1.113 15.3 849C3H1 38-41 
20.87 0.953 

  
1.203 16.2 849C3H1 87-90 

21.37 0.983 1.63 1.21 1.115 15.3 849C3H1 137-140 
21.87 0.999 1.63 1.13 1.155 15.7 849C3H2 37-40 
22.37 1.021 1.63 0.95 1.197 16.1 849C3H2 87-90 
22.87 1.043 1.25 1.22 1.161 15.8 849C3H2 137-140 
26.86 1.081 1.52 1.35 1.131 15.5 849D3H3 112-114 
28.35 1.142 1.81 1.43 0.982 13.9 849D3H4 111-113 
29.85 1.212 1.36 1.37 0.928 13.3 849D3H5 111-113 
30.86 1.244 1.20 1.09 1.312 17.1 849D3H6 62-64 
31.27 1.257 1.50 1.49 1.072 14.9 849D3H6 103-105 
31.54 1.265 1.76 1.28 1.066 14.8 849D3H6 130-132 
31.84 1.271 1.83 1.38 0.989 14.0 849D3H7 10-12 
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32.07 1.277 1.81 1.01 1.153 15.7 849D3H7 33-35 
32.52 1.288 1.38 1.29 1.304 17.1 849D3H7 78-80 
29.82 1.305 1.57 1.06 1.290 17.0 849C4H1 32-34 

30.3 1.320 1.49 0.88 1.152 15.7 849C4H2 8-10 
30.74 1.334 1.42 1.79 1.194 16.1 849C4H2 52-54 
31.19 1.344 1.76 1.42 0.931 13.3 849C4H2 97-99 
31.64 1.353 1.60 0.87 1.237 16.5 849C4H2 142-144 

32 1.361 1.71 1.48 1.093 15.1 849C4H3 28-30 
33 1.372 1.75 1.28 1.109 15.3 849D4H1 50-52.5 

33.33 1.388 1.54 1.19 1.255 16.7 849D4H1 83-85 
33.72 1.412 1.51 1.13 1.163 15.8 849D4H1 122-124 
34.09 1.435 1.80 0.86 1.159 15.8 849D4H2 9-11 
34.52 1.454 1.31 1.03 1.248 16.6 849D4H2 52-54 
34.99 1.479 1.95 0.67 1.190 16.1 849D4H2 99-101 
35.32 1.496 1.56 0.98 1.410 18.0 849D4H2 132-134 
35.68 1.510 

  
1.126 15.4 849D4H3 18-20 

36.08 1.525 1.89 0.57 1.338 17.4 849D4H3 58-60 
36.51 1.540 

  
1.501 18.6 849D4H3 101-103 

36.9 1.554 
  

1.225 16.4 849D4H3 140-142 
37.3 1.568 2.01 1.04 1.428 18.1 849D4H4 30-32 

37.71 1.584 1.73 1.04 1.515 18.7 849D4H4 71-73 
38.11 1.598 

  
1.140 15.6 849D4H4 111-113 

38.53 1.617 1.77 1.29 1.151 15.7 849D4H5 3-5 
38.93 1.638 1.76 1.26 1.141 15.6 849D4H5 43-45 

39.3 1.652 1.64 1.21 1.359 17.5 849D4H5 80-82 
39.7 1.666 

  
1.233 16.5 849D4H5 120-122 

40.03 1.690 1.59 1.11 1.300 17.0 849D4H6 3-5 
40.43 1.702 1.50 1.03 1.227 16.4 849D4H6 43-45 
40.83 1.709 1.22 0.88 1.523 18.8 849D4H6 83-85 
39.37 1.712 1.67 1.32 1.524 18.8 849C5H1 37-39 
41.22 1.716 1.54 1.27 1.143 15.6 849D4H6 122-124 
39.72 1.718 

  
1.260 16.7 849C5H1 72-74 

40.1 1.737 
  

1.218 16.3 849C5H1 110-112 
40.42 1.749 

  
1.204 16.2 849C5H1 142-144 

40.73 1.759 1.65 1.02 1.185 16.0 849C5H2 23-25 
41.08 1.781 1.47 1.13 1.192 16.1 849C5H2 58-60 
41.39 1.791 1.27 1.25 1.109 15.3 849C5H2 89-91 
41.73 1.802 1.53 1.37 1.106 15.3 849C5H2 123-125 
42.03 1.811 1.96 1.14 1.175 15.9 849C5H3 3-5 
42.32 1.824 1.81 1.08 1.221 16.3 849C5H3 32-34 
42.68 1.836 1.65 1.34 1.068 14.9 849C5H3 68-70 
42.98 1.844 1.54 1.24 1.354 17.5 849C5H3 98-100 
42.82 1.847 1.47 0.98 1.202 16.2 849D5H1 82-84 
43.42 1.863 1.95 0.97 1.107 15.3 849D5H1 142-144 
43.72 1.870 1.70 1.07 1.156 15.7 849D5H2 22-24 
44.07 1.880 1.99 1.00 1.047 14.6 849D5H2 57-59 
44.37 1.887 1.83 0.93 1.200 16.2 849D5H2 87-89 
44.72 1.896 1.61 0.77 1.185 16.0 849D5H2 122-124 
45.03 1.905 1.55 1.26 0.843 12.2 849D5H3 3-5 
45.42 1.915 1.64 1.15 1.110 15.3 849D5H3 42-44 
45.67 1.927 1.90 0.96 1.118 15.4 849D5H3 67-69 
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45.97 1.944 1.88 1.09 1.239 16.5 849D5H3 97-99 
46.27 1.950 1.66 0.46 1.289 16.9 849D5H3 127-129 
46.52 1.953 1.46 0.92 1.320 17.2 849D5H4 2-4 
46.81 1.957 1.56 1.01 1.178 16.0 849D5H4 31-33 
47.12 1.963 1.88 1.02 1.166 15.8 849D5H4 62-64 
47.43 1.970 2.05 1.05 1.029 14.5 849D5H4 93-95 
47.73 1.978 2.02 0.62 1.037 14.5 849D5H4 123-125 
48.03 1.985 1.93 0.78 1.122 15.4 849D5H5 3-5 
48.32 1.992 1.76 0.72 1.071 14.9 849D5H5 32-34 
48.63 2.000 1.78 0.95 1.180 16.0 849D5H5 63-65 
48.93 2.007 1.73 1.06 1.001 14.1 849D5H5 93-95 
49.23 2.016 1.92 0.73 1.048 14.7 849D5H5 123-125 
49.53 2.024 2.06 0.67 1.172 15.9 849D5H6 3-5 
49.82 2.030 1.99 0.71 1.090 15.1 849D5H6 32-34 
50.12 2.037 1.73 1.06 1.149 15.7 849D5H6 62-64 
50.43 2.044 1.81 1.32 1.030 14.5 849D5H6 93-95 
50.74 2.051 1.68 1.13 1.138 15.6 849D5H6 124-126 
51.03 2.059 1.67 1.05 1.061 14.8 849D5H7 3-5 
51.33 2.067 

  
1.220 16.3 849D5H7 33-35 

51.63 2.075 1.44 1.39 1.137 15.6 849D5H7 63-65 
54.12 2.219 1.48 0.70 1.351 17.5 849D6H2 112-114 
55.62 2.283 1.03 0.55 1.280 16.9 849D6H3 112-114 
57.12 2.341 1.63 0.56 1.341 17.4 849D6H4 112-114 
58.62 2.405 1.84 0.87 1.138 15.6 849D6H5 112-114 
60.11 2.453 1.64 0.77 1.169 15.9 849D6H6 111-113 
60.61 2.469 1.71 0.36 1.384 17.7 849D6H7 11-13 
66.62 2.716 1.43 0.89 1.297 17.0 849D7H4 112-114 

68.1 2.765 1.46 0.79 1.354 17.5 849D7H5 110-112 
69.6 2.833 1.59 0.48 1.475 18.5 849D7H6 110-112 

70.65 2.935 1.50 0.88 1.192 16.1 849D8H1 15-17 
72.08 2.997 

  
1.485 18.5 849D8H2 8-10 

72.44 3.013 
  

1.213 16.3 849D8H2 44-46 
72.73 3.022 

  
1.289 17.0 849D8H2 73-75 

73.03 3.029 
  

1.254 16.6 849D8H2 103-105 
73.93 3.063 

  
1.338 17.4 849D8H3 43-45 

74.23 3.075 
  

1.123 15.4 849D8H3 73-75 
74.53 3.087 

  
1.525 18.8 849D8H3 103-105 

74.8 3.099 
  

1.330 17.3 849D8H3 130-132 
75.13 3.113 

  
1.353 17.5 849D8H4 13-15 

75.43 3.125 
  

1.436 18.2 849D8H4 43-45 
75.73 3.137 

  
1.417 18.0 849D8H4 73-75 

76.04 3.147 
  

1.428 18.1 849D8H4 104-106 
76.38 3.158 

  
1.276 16.8 849D8H4 138-140 

76.73 3.172 
  

1.546 19.0 849D8H5 23-25 
77.63 3.200 

  
1.232 16.5 849D8H5 113-115 

77.93 3.210 
  

1.213 16.3 849D8H5 143-145 
78.23 3.219 

  
1.308 17.1 849D8H6 23-25 

78.53 3.229 
  

1.292 17.0 849D8H6 53-55 
78.83 3.238 

  
1.112 15.3 849D8H6 83-85 

77.54 3.245 
  

1.191 16.1 849C9H1 54-56 
77.84 3.255 1.77 0.59 1.425 18.1 849C9H1 84-86 
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78.13 3.266 1.60 0.69 1.148 15.7 849C9H1 113-115 
78.43 3.276 1.77 0.91 1.468 18.4 849C9H1 143-145 
78.73 3.287 1.46 0.68 1.423 18.0 849C9H2 23-25 
78.73 3.287 

  
1.430 18.1 849C9H2 23-25 

79.1 3.297 1.48 1.23 1.213 16.3 849C9H2 60-62 
79.42 3.312 1.43 0.59 1.499 18.6 849C9H2 92-94 
79.72 3.325 1.50 0.93 1.342 17.4 849C9H2 122-124 
80.03 3.337 

  
1.406 17.9 849C9H3 3-5 

80.23 3.354 
  

1.224 16.4 849D9H1 23-25 
80.52 3.362 

  
1.314 17.2 849D9H1 52-54 

80.82 3.376 
  

1.350 17.5 849D9H1 82-84 
81.12 3.392 

  
1.214 16.3 849D9H1 112-114 

81.42 3.397 
  

1.360 17.5 849D9H1 142-144 
81.72 3.405 

  
1.275 16.8 849D9H2 22-24 

82.02 3.419 
  

1.299 17.0 849D9H2 52-54 
82.32 3.432 

  
1.421 18.0 849D9H2 82-84 

82.62 3.446 
  

1.360 17.6 849D9H2 112-114 
82.92 3.459 

  
1.419 18.0 849D9H2 142-144 

83.13 3.466 
  

1.433 18.1 849D9H3 13-15 
83.42 3.474 

  
1.512 18.7 849D9H3 42-44 

83.72 3.482 
  

1.455 18.3 849D9H3 72-74 
84.02 3.491 

  
1.400 17.9 849D9H3 102-104 

84.32 3.500 
  

1.397 17.8 849D9H3 132-134 
84.82 3.523 

  
1.283 16.9 849D9H4 32-34 

85.12 3.536 
  

1.323 17.2 849D9H4 62-64 
85.41 3.548 

  
1.463 18.4 849D9H4 91-93 

85.73 3.562 
  

1.583 19.2 849D9H4 123-125 
86.32 3.577 

  
1.367 17.6 849D9H5 32-34 

86.63 3.584 
  

1.475 18.5 849D9H5 63-65 
86.92 3.591 1.77 1.00 1.314 17.2 849D9H5 92-94 
87.23 3.605 1.45 0.46 1.379 17.7 849D9H5 123-125 
87.83 3.631 

  
1.570 19.1 849D9H6 33-35 

88.13 3.643 
  

1.213 16.3 849D9H6 63-65 
88.44 3.655 

  
1.445 18.2 849D9H6 94-96 

88.73 3.663 
  

1.333 17.3 849D9H6 123-125 
89.03 3.672 

  
1.594 19.3 849D9H7 3-5 

88.22 3.694 1.71 0.53 1.404 17.9 849C10H2 22-24 
88.53 3.706 1.42 1.25 1.263 16.7 849C10H2 53-55 
88.81 3.715 1.24 1.05 1.409 17.9 849C10H2 81-83 
89.13 3.725 1.46 1.10 1.091 15.1 849C10H2 113-115 
89.42 3.746 1.62 1.01 1.253 16.6 849C10H2 142-144 
89.72 3.753 

  
1.448 18.2 849D10H1 22-24 

90.02 3.763 
  

1.546 19.0 849D10H1 52-54 
90.33 3.773 

  
1.324 17.3 849D10H1 83-85 

90.63 3.782 
  

1.149 15.7 849D10H1 113-115 
90.93 3.788 

  
1.223 16.4 849D10H1 143-145 

91.23 3.795 
  

1.242 16.5 849D10H2 23-25 
91.53 3.801 

  
1.254 16.6 849D10H2 53-55 

91.82 3.815 
  

1.394 17.8 849D10H2 82-84 
92.15 3.829 

  
1.630 19.6 849D10H2 115-117 

92.57 3.841 
  

1.448 18.2 849D10H3 7-9 
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93.17 3.863 1.52 0.78 1.338 17.4 849D10H3 67-69 
93.78 3.890 1.47 0.85 1.321 17.2 849D10H3 128-130 
94.17 3.905 

  
1.518 18.8 849D10H4 17-19 

94.52 3.919 
  

1.289 17.0 849D10H4 52-54 
94.97 3.934 

  
1.294 17.0 849D10H4 97-99 

95.27 3.946 
  

1.587 19.3 849D10H4 127-129 
95.67 3.962 

  
1.499 18.6 849D10H5 17-19 

95.97 3.972 
  

1.592 19.3 849D10H5 47-49 
96.31 3.985 

  
1.639 19.6 849D10H5 81-83 

97.58 4.034 
  

1.235 16.5 849D10H6 58-60 
99.11 4.109 

  
1.205 16.2 849D11H1 11-13 

100.62 4.163 
  

1.261 16.7 849D11H2 12-14 
102.12 4.214 

  
1.679 19.9 849D11H3 12-14 

103.6 4.265 
  

1.544 19.0 849D11H4 10-12 
105.12 4.317 

  
1.703 20.1 849D11H5 12-14 

106.61 4.353 
  

1.639 19.6 849D11H6 11-13 
108.12 4.403 

  
1.614 19.4 849D11H7 12-14 

115.12 4.579 
  

1.584 19.2 849D12X5 62-64 
119.08 4.669 

  
1.986 21.8 849D13X3 58-60 

129.18 4.826 
  

2.080 22.3 849D14X3 108-110 
135.37 5.038 0.99 0.13 1.845 20.9 849D15X1 57-59 
138.37 5.106 1.14 0.58 1.872 21.1 849D15X3 57-59 
139.88 5.147 1.20 0.38 2.008 21.9 849D15X4 58-60 
142.87 5.206 

  
1.890 21.2 849D15X6 57-59 

144.62 5.276 
  

2.073 22.2 849D16X1 12-14 
150.57 5.334 

  
2.105 22.4 849D16X5 7-9 

155.29 5.423 
  

2.350 23.6 849D17X1 119-121 
156.79 5.459 

  
2.043 22.1 849D17X2 119-121 

 
 

Depth 
mbsf (m) 

Age 
(Ma) 

δ13C G. 
tumida 

δ18O G. 
tumida 

Mg/Ca 
G.tumida 

Subsurface 
Temp (C) Notes 

0.2 0.000 1.94 0.76 1.343 17.4 853B1H1 20-22 
0.35 0.040 1.49 1.37 1.390 17.7 853B1H1 35-37 

0.5 0.085 1.87 1.21 1.390 17.7 853B1H1 50-52 
0.66 0.134 1.47 1.45 1.252 16.6 853B1H1 66-68 
0.83 0.186 1.66 0.95 1.123 15.4 853B1H1 83-85 
0.97 0.229 1.31 1.50 1.296 17.0 853B1H1 97-99 

0 0.269 
  

1.256 16.6 853C1H1 0-2 
1.12 0.275 1.35 1.85 1.226 16.3 853B1H1 112-114 
0.15 0.314 

  
1.273 16.8 853C1H1 15-17 

1.27 0.320 2.09 1.40 1.510 18.7 853B1H1 127-129 
0.3 0.360 1.42 1.08 1.247 16.5 853C1H1 30-32 

1.42 0.366 1.76 1.68 1.565 19.1 853B1H1 142-144 
1.5 0.391 1.62 1.06 1.426 18.0 853B1H2 0-2 
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0.45 0.406 1.46 1.35 1.269 16.7 853C1H1 45-47 
1.7 0.452 1.69 1.37 1.371 17.6 853B1H2 20-22 
0.6 0.452 1.43 1.39 1.343 17.4 853C1H1 60-62 

0.73 0.491 1.37 1.52 1.438 18.1 853C1H1 73-75 
1.86 0.500 1.71 0.89 1.329 17.2 853B1H2 36-38 

2 0.541 1.61 0.69 1.822 20.8 853B1H2 50-52 
0.9 0.541 1.76 1.00 1.168 15.8 853C1H1 90-92 

2.15 0.586 1.39 2.04 
  

853B1H2 65-67 
2.15 0.586 1.40 2.02 1.251 16.6 853B1H2 65-67 
1.05 0.586 1.55 1.34 

  
853C1H1 105-107 

1.05 0.586 1.58 1.37 1.194 16.1 853C1H1 105-107 
2.3 0.630 1.31 1.10 1.279 16.8 853B1H2 80-82 
1.2 0.630 1.67 0.37 1.424 18.0 853C1H1 120-122 

2.45 0.675 1.41 0.74 1.917 21.3 853B1H2 95-97 
1.35 0.675 1.48 1.54 1.299 17.0 853C1H1 135-137 
2.61 0.710 1.43 1.57 1.481 18.4 853B1H2 111-113 
2.75 0.739 1.05 1.71 1.245 16.5 853B1H2 125-127 

2.9 0.770 1.21 1.71 1.184 16.0 853B1H2 140-142 
3.01 0.794 1.35 1.80 1.731 20.2 853B1H3 1-3 
3.17 0.831 1.37 1.43 1.373 17.6 853B1H3 17-19 

3.3 0.862 1.13 2.00 1.261 16.7 853B1H3 30-32 
3.47 0.901 1.22 1.22 1.195 16.1 853B1H3 47-49 
3.58 0.927 1.37 1.12 1.269 16.7 853B1H3 58-60 
3.78 0.974 1.54 0.82 1.226 16.4 853B1H3 78-80 
3.93 1.009 1.35 0.92 1.344 17.4 853B1H3 93-95 
4.07 1.042 1.25 1.28 1.771 20.4 853B1H3 107-109 
4.31 1.084 1.35 1.54 1.661 19.7 853B2H1 1-3 
4.45 1.111 1.46 1.19 1.854 21.0 853B2H1 15-17 

4.6 1.140 1.48 1.24 1.350 17.4 853B2H1 30-32 
4.75 1.169 1.27 1.45 1.290 16.9 853B2H1 45-47 
4.88 1.194 1.42 0.77 1.506 18.6 853B2H1 58-60 
5.03 1.223 1.05 1.71 1.357 17.5 853B2H1 73-75 
5.19 1.254 1.35 1.20 1.527 18.8 853B2H1 89-91 
5.35 1.285 1.31 1.16 1.309 17.1 853B2H1 105-107 
5.49 1.312 1.26 1.16 1.172 15.9 853B2H1 119-121 
5.65 1.343 1.34 1.21 1.614 19.4 853B2H1 135-137 
5.81 1.374 1.46 1.03 1.651 19.7 853B2H2 1-3 
5.95 1.402 1.47 1.38 1.446 18.2 853B2H2 15-17 
6.12 1.435 1.39 1.07 1.546 18.9 853B2H2 32-34 
6.25 1.460 1.51 1.04 1.417 18.0 853B2H2 45-47 
6.38 1.485 1.30 0.39 1.284 16.9 853B2H2 58-60 
6.54 1.516 1.50 0.71 1.429 18.1 853B2H2 74-76 
6.68 1.543 1.59 0.79 1.480 18.4 853B2H2 88-90 
6.85 1.576 1.61 0.84 1.565 19.1 853B2H2 105-107 
6.98 1.601 1.40 0.54 1.752 20.3 853B2H2 118-120 
7.15 1.634 1.24 0.98 1.570 19.1 853B2H2 135-137 
7.31 1.665 1.19 1.06 1.748 20.3 853B2H3 1-3 
7.45 1.692 1.30 1.00 1.204 16.1 853B2H3 15-17 
7.45 1.692 

  
1.204 16.1 853B2H3 15-17 

7.75 1.751 1.28 0.84 1.608 19.4 853B2H3 45-47 
7.88 1.777 1.25 1.06 2.131 22.5 853B2H3 58-60 
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8.03 1.812 1.10 1.35 1.421 18.0 853B2H3 73-75 
8.17 1.845 1.35 1.36 1.706 20.0 853B2H3 87-89 
8.35 1.887 1.51 1.02 1.455 18.3 853B2H3 105-107 
8.48 1.917 1.43 1.46 1.170 15.8 853B2H3 118-120 
8.65 1.955 1.53 0.91 1.455 18.3 853B2H3 135-137 
8.81 1.984 1.35 1.27 1.392 17.8 853B2H4 1-3 

9 2.018 1.59 0.43 1.379 17.7 853B2H4 20-22 
9.1 2.036 1.60 0.09 1.474 18.4 853B2H4 30-32 

9.25 2.063 1.20 1.01 1.372 17.6 853B2H4 45-47 
9.38 2.087 1.52 0.68 1.357 17.5 853B2H4 58-60 
9.55 2.117 1.47 0.52 1.538 18.9 853B2H4 75-77 
9.67 2.139 1.37 0.80 1.481 18.5 853B2H4 87-89 
9.86 2.173 1.22 0.85 1.550 19.0 853B2H4 106-108 

10.02 2.202 1.28 0.14 2.106 22.4 853B2H4 122-124 
10.15 2.225 1.50 0.56 1.451 18.2 853B2H4 135-137 

10.3 2.252 1.39 0.57 1.508 18.6 853B2H5 0-2 
10.74 2.332 1.65 0.52 1.676 19.8 853B2H5 44-46 
10.89 2.359 1.55 0.34 1.588 19.2 853B2H5 59-61 
11.04 2.386 1.64 0.67 1.384 17.7 853B2H5 74-76 
11.16 2.407 1.77 0.42 1.268 16.7 853B2H5 86-88 
11.37 2.445 1.27 0.19 1.558 19.0 853B2H5 107-109 
11.48 2.465 1.50 0.38 1.695 19.9 853B2H5 118-120 
11.66 2.497 1.28 0.36 1.448 18.2 853B2H5 136-138 
11.81 2.524 1.19 0.04 1.572 19.1 853B2H6 1-3 
12.25 2.603 1.55 -0.13 1.581 19.2 853B2H6 45-47 
12.37 2.621 1.51 0.26 1.438 18.1 853B2H6 57-59 
12.44 2.631 1.32 1.12 

  
853B2H6 64-66 

12.44 2.631 1.27 1.49 1.407 17.9 853B2H6 64-66 
12.55 2.648 1.44 0.27 1.779 20.5 853B2H6 75-77 
12.67 2.665 1.49 0.32 1.857 21.0 853B2H6 87-89 
12.85 2.692 1.37 0.75 1.514 18.7 853B2H6 105-107 
12.98 2.712 1.31 0.48 

  
853B2H6 118-120 

12.98 2.712 1.34 0.84 1.442 18.2 853B2H6 118-120 
13.45 2.782 1.51 0.32 

  
853B2H7 15-17 

13.61 2.805 1.32 0.89 1.541 18.9 853B2H7 31-33 
13.79 2.832 1.52 0.80 1.399 17.8 853B2H7 49-51 
12.36 2.984 1.47 0.28 1.510 18.7 853B3H1 6-8 
12.44 2.996 1.36 0.70 1.346 17.4 853B3H1 14-16 
12.57 3.015 1.25 0.79 

  
853B3H1 27-29 

12.57 3.015 1.67 0.00 1.438 18.1 853B3H1 27-29 
13.25 3.114 1.25 0.35 1.395 17.8 853B3H1 95-97 
13.38 3.133 1.53 0.05 1.509 18.7 853B3H1 108-110 
14.01 3.236 1.38 0.66 1.441 18.1 853B3H2 21-23 
14.26 3.282 1.45 0.51 1.588 19.2 853B3H2 46-48 
14.72 3.359 1.27 0.51 1.745 20.3 853B3H2 92-94 

14.9 3.386 1.22 0.68 1.536 18.9 853B3H2 110-112 
15.05 3.408 1.14 0.35 2.136 22.5 853B3H2 125-127 

15.2 3.431 0.73 0.71 1.601 19.3 853B3H2 140-142 
15.31 3.447 0.89 0.88 1.600 19.3 853B3H3 1-3 

15.6 3.490 1.37 0.03 1.651 19.7 853B3H3 30-32 
15.75 3.512 1.29 0.35 1.746 20.3 853B3H3 45-47 
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17 3.708 1.11 0.57 1.434 18.1 853B3H4 20-22 
17.1 3.725 0.89 0.88 1.431 18.1 853B3H4 30-32 

17.25 3.749 1.14 0.88 1.371 17.6 853B3H4 45-47 
17.4 3.774 1.14 0.95 1.575 19.1 853B3H4 60-62 

19.35 4.097 1.25 0.75 1.817 20.7 853B3H5 105-107 
20.58 4.111 0.97 0.34 1.535 18.8 853B4H1 28-30 
19.47 4.117 1.38 0.25 1.734 20.2 853B3H5 117-119 

20.8 4.134 1.15 0.83 1.931 21.4 853B4H1 50-52 
19.65 4.147 1.21 0.50 1.734 20.2 853B3H5 135-137 

21.1 4.167 1.16 0.85 1.627 19.5 853B4H1 80-82 
19.81 4.173 1.18 0.90 1.593 19.3 853B3H6 1-3 
21.25 4.183 1.14 0.96 1.797 20.6 853B4H1 95-97 
19.95 4.193 1.06 0.36 1.677 19.8 853B3H6 15-17 
21.45 4.204 0.86 0.80 1.445 18.2 853B4H1 115-117 

20.1 4.209 0.85 0.78 1.417 18.0 853B3H6 30-32 
21.6 4.220 0.92 0.83 1.496 18.6 853B4H1 130-132 

20.25 4.226 0.87 0.86 1.592 19.3 853B3H6 45-47 
21.75 4.236 1.13 0.07 1.636 19.6 853B4H1 145-147 

22.1 4.274 1.02 -0.82 1.755 20.3 853B4H2 30-32 
20.8 4.285 1.09 0.50 1.765 20.4 853B3H6 100-102 

22.25 4.290 1.29 -0.51 2.154 22.6 853B4H2 45-47 
20.98 4.304 1.15 -0.20 2.036 22.0 853B3H6 118-120 
22.41 4.307 1.28 -0.15 2.249 23.1 853B4H2 61-63 

21.1 4.317 
  

2.202 22.9 853B3H6 130-132 
22.55 4.322 1.29 -0.21 2.125 22.5 853B4H2 75-77 
22.68 4.332 

  
2.113 22.4 853B4H2 88-90 

22.85 4.345 1.25 0.02 1.600 19.3 853B4H2 105-107 
22.98 4.355 

  
1.785 20.5 853B4H2 118-120 

23.15 4.368 1.44 0.23 1.814 20.7 853B4H2 135-137 
23.45 4.391 1.34 0.08 1.687 19.9 853B4H3 15-17 

23.6 4.403 1.35 -0.13 2.030 22.0 853B4H3 30-32 
23.74 4.413 1.44 -0.72 1.799 20.6 853B4H3 44-46 
24.65 4.534 1.19 -0.07 1.797 20.6 853B4H3 135-137 
25.25 4.644 1.15 -0.22 1.994 21.8 853B4H4 45-47 
25.85 4.725 1.44 -0.51 1.902 21.2 853B4H4 105-107 
25.98 4.743 

  
2.096 22.3 853B4H4 118-120 

26.31 4.787 
  

2.253 23.1 853B4H5 1-3 
26.45 4.806 

  
2.192 22.8 853B4H5 15-17 

26.6 4.823 1.29 -0.78 
  

853B4H5 30-32 
26.91 4.858 

  
1.890 21.2 853B4H5 61-63 

27.48 4.933 1.63 -0.81 
  

853B4H5 118-120 
27.95 5.003 

  
2.096 22.3 853B4H6 15-17 

28.1 5.017 1.35 -0.33 1.837 20.8 853B4H6 30-32 
28.25 5.031 1.31 -0.12 1.834 20.8 853B4H6 45-47 
28.39 5.044 0.68 -0.51 

  
853B4H6 59-61 

28.67 5.070 
  

2.030 22.0 853B4H6 87-89 
28.6 5.289 

  
2.072 22.2 853B5H1 30-32 

28.75 5.303 1.58 -1.05 2.222 23.0 853B5H1 45-47 
29.07 5.332 1.70 -1.11 

  
853B5H1 77-79 

29.19 5.342 1.70 -0.93 2.181 22.8 853B5H1 89-91 
30.1 5.424 1.62 -0.64 2.258 23.1 853B5H2 30-32 
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30.4 5.451 
  

2.073 22.2 853B5H2 60-62 
31.01 5.506 

  
1.827 20.8 853B5H2 121-123 

31.15 5.518 
  

1.945 21.5 853B5H2 135-137 
31.45 5.545 

  
2.237 23.0 853B5H3 15-17 

31.92 5.588 
  

1.818 20.7 853B5H3 62-64 
32.33 5.624 1.82 -0.58 1.827 20.8 853B5H3 103-105 
32.48 5.638 1.84 -0.66 2.251 23.1 853B5H3 118-120 
32.64 5.652 

  
2.115 22.4 853B5H3 134-136 

33.76 5.753 
  

1.969 21.6 853B5H4 96-98 
35.18 5.880 

  
1.913 21.3 853B5H5 88-90 
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Appendix B: Site 806 and 849 individual G. sacculifer SST 
and G. tumida subsurface temperature data 
 
Holocene individual 
G. sacculifer 

     
Sample Hole-Section Interval 

Sample 
# 

avg 
Mg/Ca 

std 
Mg/Ca 

SST 
(C) 

806A 1H1 0-2cm 1 3.789 0.19 27.6 
806A 1H1 0-2cm 3 2.780 0.12 24.9 
806A 1H1 0-2cm 5 2.922 0.19 25.3 
806A 1H1 0-2cm 6 2.867 0.30 25.1 
806A 1H1 0-2cm 7 3.799 0.19 27.7 
806A 1H1 0-2cm 8 3.391 0.20 26.6 
806A 1H1 0-2cm 9 4.208 0.08 28.6 
806A 1H1 0-2cm 10 3.589 0.14 27.1 
806A 1H1 0-2cm 11 3.942 0.11 28.0 
806A 1H1 0-2cm 12 5.335 0.05 30.9 
806A 1H1 0-2cm 13 4.928 0.06 30.1 
806A 1H1 0-2cm 14 3.258 0.18 26.3 
806A 1H1 0-2cm 15 4.150 0.48 28.5 
806A 1H1 0-2cm 20 3.699 0.24 27.4 
806A 1H1 0-2cm 21 4.342 0.58 28.9 
806A 1H1 0-2cm 22 3.359 0.25 26.5 
806A 1H1 0-2cm 23 2.810 0.11 25.0 
806A 1H1 0-2cm 25 3.858 0.18 27.8 
806A 1H1 0-2cm 26 4.124 0.25 28.4 
806A 1H1 0-2cm 28 4.099 0.05 28.4 
806A 1H1 0-2cm 29 3.962 0.22 28.1 
806A 1H1 0-2cm 30 4.646 0.40 29.6 
806A 1H1 0-2cm 31 4.977 0.31 30.2 
806A 1H1 0-2cm 32 3.557 0.19 27.1 
806A 1H1 0-2cm 33 4.888 0.39 30.0 
806A 1H1 0-2cm 34 3.541 0.13 27.0 
806A 1H1 0-2cm 35 3.195 0.86 26.1 
806A 1H1 0-2cm 36 3.403 0.20 26.7 
806A 1H1 0-2cm 37 3.293 0.03 26.4 
806A 1H1 0-2cm 38 3.616 0.15 27.2 
806A 1H1 0-2cm 39 3.868 0.21 27.8 
806A 1H1 0-2cm 40 3.071 0.09 25.8 
806A 1H1 0-2cm 41 3.118 0.08 25.9 
806A 1H1 0-2cm 42 4.353 0.26 28.9 
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806A 1H1 0-2cm 43 4.212 0.08 28.6 
806A 1H1 0-2cm 44 3.759 0.12 27.6 
806A 1H1 0-2cm 45 2.924 0.17 25.3 
806A 1H1 0-2cm 46 3.721 0.16 27.5 
806A 1H1 0-2cm 49 4.044 0.02 28.2 
806A 1H1 0-2cm 51 3.181 0.12 26.1 
806A 1H1 0-2cm 52 4.614 0.14 29.5 
806A 1H1 0-2cm 53 4.365 0.16 29.0 
806A 1H1 0-2cm 54 3.827 0.13 27.7 
806A 1H1 0-2cm 55 3.717 0.16 27.5 
806A 1H1 0-2cm 56 2.609 0.07 24.3 
806A 1H1 0-2cm 57 2.982 0.07 25.5 
806A 1H1 0-2cm 58 3.419 0.09 26.7 
806A 1H1 0-2cm 59 3.816 0.09 27.7 
806A 1H1 0-2cm 60 3.743 0.09 27.5 
806A 1H1 0-2cm 61 3.457 0.10 26.8 
806A 1H1 0-2cm 62 3.874 0.14 27.9 
806A 1H1 0-2cm 63 3.523 0.12 27.0 
806A 1H1 0-2cm 64 3.952 0.05 28.0 
806A 1H1 0-2cm 65 3.737 0.06 27.5 
806A 1H1 0-2cm 66 3.416 0.07 26.7 
806A 1H1 0-2cm 68 4.172 0.15 28.5 
806A 1H1 0-2cm 69 4.156 0.19 28.5 
806A 1H1 0-2cm 71 3.380 0.09 26.6 
806A 1H1 0-2cm 72 3.072 0.13 25.8 
806A 1H1 0-2cm 73 3.745 0.08 27.5 
806A 1H1 0-2cm 74 3.672 0.09 27.4 
806A 1H1 0-2cm 75 3.536 0.22 27.0 
806A 1H1 0-2cm 76 4.433 0.17 29.1 
806A 1H1 0-2cm 77 3.348 0.05 26.5 
806A 1H1 0-2cm 78 3.705 0.09 27.4 
806A 1H1 0-2cm 79 3.940 0.13 28.0 
806A 1H1 0-2cm 80 3.480 0.15 26.9 
806A 1H1 0-2cm 81 4.184 0.03 28.6 
806A 1H1 0-2cm 82 5.350 0.23 30.9 
806A 1H1 0-2cm 83 3.251 0.06 26.3 
806A 1H1 0-2cm 84 4.470 0.10 29.2 
806A 1H1 0-2cm 85 3.774 0.08 27.6 
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LGM individual  
G. sacculifer 

     
Sample Hole-Section Interval Sample # 

avg 
Mg/Ca std Mg/Ca 

SST 
(C) 

806A 1H1 51-53cm 29 2.043 0.03 22.3 
806A 1H1 51-53cm 32 2.117 0.06 22.6 
806A 1H1 51-53cm 57 2.151 0.09 22.7 
806A 1H1 51-53cm 36 2.175 0.06 22.8 
806A 1H1 51-53cm 27 2.268 0.03 23.2 
806A 1H1 51-53cm 50 2.326 0.03 23.4 
806A 1H1 51-53cm 34 2.327 0.14 23.4 
806A 1H1 51-53cm 38 2.353 0.04 23.5 
806A 1H1 51-53cm 43 2.367 0.07 23.5 
806A 1H1 51-53cm 49 2.419 0.06 23.7 
806A 1H1 51-53cm 4 2.425 0.07 23.7 
806A 1H1 51-53cm 23 2.458 0.09 23.8 
806A 1H1 51-53cm 48 2.517 0.05 24.0 
806A 1H1 51-53cm 59 2.519 0.05 24.0 
806A 1H1 51-53cm 3 2.526 0.27 24.1 
806A 1H1 51-53cm 17 2.535 0.07 24.1 
806A 1H1 51-53cm 53 2.542 0.04 24.1 
806A 1H1 51-53cm 54 2.543 0.02 24.1 
806A 1H1 51-53cm 55 2.622 0.05 24.4 
806A 1H1 51-53cm 19 2.636 0.11 24.4 
806A 1H1 51-53cm 52 2.644 0.05 24.4 
806A 1H1 51-53cm 51 2.666 0.06 24.5 
806A 1H1 51-53cm 22 2.674 0.04 24.5 
806A 1H1 51-53cm 12 2.690 0.08 24.6 
806A 1H1 51-53cm 28 2.733 0.15 24.7 
806A 1H1 51-53cm 46 2.743 0.06 24.8 
806A 1H1 51-53cm 42 2.762 0.14 24.8 
806A 1H1 51-53cm 31 2.771 0.06 24.8 
806A 1H1 51-53cm 66 2.774 0.03 24.9 
806A 1H1 51-53cm 35 2.779 0.05 24.9 
806A 1H1 51-53cm 11 2.779 0.11 24.9 
806A 1H1 51-53cm 10 2.788 0.08 24.9 
806A 1H1 51-53cm 1 2.799 0.12 24.9 
806A 1H1 51-53cm 63 2.846 0.03 25.1 
806A 1H1 51-53cm 56 2.847 0.09 25.1 
806A 1H1 51-53cm 47 2.851 0.07 25.1 
806A 1H1 51-53cm 5 2.852 0.10 25.1 
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806A 1H1 51-53cm 26 2.881 0.08 25.2 
806A 1H1 51-53cm 41 2.888 0.06 25.2 
806A 1H1 51-53cm 15 2.889 0.06 25.2 
806A 1H1 51-53cm 69 2.899 0.03 25.2 
806A 1H1 51-53cm 2 2.997 0.16 25.5 
806A 1H1 51-53cm 64 3.006 0.12 25.6 
806A 1H1 51-53cm 25 3.007 0.10 25.6 
806A 1H1 51-53cm 39 3.008 0.07 25.6 
806A 1H1 51-53cm 18 3.009 0.03 25.6 
806A 1H1 51-53cm 8 3.030 0.19 25.6 
806A 1H1 51-53cm 60 3.041 0.06 25.7 
806A 1H1 51-53cm 67 3.048 0.03 25.7 
806A 1H1 51-53cm 45 3.056 0.06 25.7 
806A 1H1 51-53cm 24 3.075 0.04 25.8 
806A 1H1 51-53cm 9 3.106 0.22 25.8 
806A 1H1 51-53cm 13 3.150 0.25 26.0 
806A 1H1 51-53cm 16 3.172 0.08 26.0 
806A 1H1 51-53cm 44 3.176 0.18 26.0 
806A 1H1 51-53cm 20 3.208 0.08 26.1 
806A 1H1 51-53cm 65 3.280 0.09 26.3 
806A 1H1 51-53cm 7 3.293 0.15 26.4 
806A 1H1 51-53cm 21 3.313 0.20 26.4 
806A 1H1 51-53cm 14 3.314 0.21 26.4 
806A 1H1 51-53cm 58 3.320 0.26 26.4 
806A 1H1 51-53cm 40 3.395 0.12 26.6 
806A 1H1 51-53cm 30 3.396 0.21 26.6 
806A 1H1 51-53cm 37 3.406 0.05 26.7 
806A 1H1 51-53cm 33 3.534 0.21 27.0 
806A 1H1 51-53cm 62 3.626 0.06 27.2 
806A 1H1 51-53cm 68 3.658 0.06 27.3 
806A 1H1 51-53cm 61 3.983 0.25 28.1 
806A 1H1 51-53cm 6 4.553 0.17 29.4 
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Holocene individual  
G. sacculifer 

     
Sample Hole-Section Interval Sample # 

avg 
Mg/Ca 

std 
Mg/Ca 

SST 
(C) 

849A 1H1 6-8cm 12 1.683 0.06 24.2 
849A 1H1 6-8cm 15 1.817 0.03 24.7 
849A 1H1 6-8cm 18 1.843 0.07 24.8 
849A 1H1 6-8cm 26 1.961 0.03 25.1 
849A 1H1 6-8cm 10 1.989 0.11 25.2 
849A 1H1 6-8cm 6 2.059 0.06 25.4 
849A 1H1 6-8cm 23 2.070 0.09 25.5 
849A 1H1 6-8cm 27 2.176 0.11 25.8 
849A 1H1 6-8cm 25 2.239 0.16 25.9 
849A 1H1 6-8cm 28 2.250 0.07 26.0 
849A 1H1 6-8cm 17 2.296 0.07 26.1 
849A 1H1 6-8cm 3 2.311 0.16 26.1 
849A 1H1 6-8cm 19 2.313 0.07 26.1 
849A 1H1 6-8cm 8 2.456 0.19 26.5 
849A 1H1 6-8cm 4 2.472 0.05 26.6 
849A 1H1 6-8cm 9 2.519 0.15 26.7 
849A 1H1 6-8cm 5 2.577 0.20 26.9 
849A 1H1 6-8cm 14 2.748 0.07 27.3 
849A 1H1 6-8cm 20 2.750 0.05 27.3 
849A 1H1 6-8cm 7 2.754 0.18 27.3 
849A 1H1 6-8cm 24 2.924 0.12 27.7 
849A 1H1 6-8cm 2 2.925 0.10 27.7 
849A 1H1 6-8cm 11 2.986 0.02 27.9 
849A 1H1 6-8cm 13 3.099 0.13 28.1 
849A 1H1 6-8cm 16 3.548 0.33 29.1 
849A 1H1 6-8cm 1 3.606 0.29 29.3 
849A 1H1 6-8cm 21 3.610 0.40 29.3 
849A 1H1 6-8cm 22 3.648 0.33 29.3 
849B 1H1 15-18cm 8 1.762 0.12 24.5 
849B 1H1 15-18cm 22 1.891 0.03 24.9 
849B 1H1 15-18cm 5 1.912 0.09 25.0 
849B 1H1 15-18cm 10 1.919 0.06 25.0 
849B 1H1 15-18cm 3 1.993 0.16 25.2 
849B 1H1 15-18cm 6 2.006 0.12 25.3 
849B 1H1 15-18cm 4 2.057 0.11 25.4 
849B 1H1 15-18cm 25 2.061 0.11 25.4 
849B 1H1 15-18cm 12 2.093 0.08 25.5 
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849B 1H1 15-18cm 27 2.126 0.08 25.6 
849B 1H1 15-18cm 14 2.189 0.11 25.8 
849B 1H1 15-18cm 11 2.290 0.08 26.1 
849B 1H1 15-18cm 20 2.309 0.05 26.1 
849B 1H1 15-18cm 18 2.469 0.01 26.6 
849B 1H1 15-18cm 17 2.532 0.10 26.7 
849B 1H1 15-18cm 31 2.557 0.12 26.8 
849B 1H1 15-18cm 26 2.568 0.07 26.8 
849B 1H1 15-18cm 7 2.652 0.07 27.1 
849B 1H1 15-18cm 28 2.686 0.15 27.1 
849B 1H1 15-18cm 15 2.699 0.15 27.2 
849B 1H1 15-18cm 19 2.700 0.06 27.2 
849B 1H1 15-18cm 2 2.799 0.12 27.4 
849B 1H1 15-18cm 24 2.987 0.09 27.9 
849B 1H1 15-18cm 21 3.008 0.04 27.9 
849B 1H1 15-18cm 30 3.096 0.11 28.1 
849B 1H1 15-18cm 9 3.126 0.22 28.2 
849B 1H1 15-18cm 13 3.186 0.19 28.3 
849B 1H1 15-18cm 23 3.542 0.14 29.1 
849B 1H1 15-18cm 1 3.909 0.24 29.9 
849B 1H1 15-18cm 29 3.922 0.13 29.9 
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LGM individual  
G. sacculifer 

     
Sample 

Hole-
Section Interval 

Sample 
# 

avg 
Mg/Ca 

std 
Mg/Ca 

SST 
(C) 

849B 1H1 74-80cm 45 1.527 0.04 23.7 
849B 1H1 74-80cm 3 1.635 0.08 24.1 
849B 1H1 74-80cm 27 1.691 0.02 24.3 
849B 1H1 74-80cm 1 1.719 0.09 24.4 
849B 1H1 74-80cm 50 1.733 0.04 24.4 
849B 1H1 74-80cm 60 1.740 0.03 24.4 
849B 1H1 74-80cm 25 1.741 0.09 24.4 
849B 1H1 74-80cm 14 1.761 0.04 24.5 
849B 1H1 74-80cm 59 1.780 0.05 24.6 
849B 1H1 74-80cm 52 1.790 0.05 24.6 
849B 1H1 74-80cm 31 1.807 0.05 24.6 
849B 1H1 74-80cm 15 1.832 0.02 24.7 
849B 1H1 74-80cm 54 1.835 0.04 24.7 
849B 1H1 74-80cm 7 1.846 0.03 24.8 
849B 1H1 74-80cm 26 1.855 0.07 24.8 
849B 1H1 74-80cm 32 1.856 0.06 24.8 
849B 1H1 74-80cm 46 1.873 0.07 24.9 
849B 1H1 74-80cm 44 1.902 0.03 24.9 
849B 1H1 74-80cm 9 1.902 0.02 24.9 
849B 1H1 74-80cm 47 1.905 0.04 25.0 
849B 1H1 74-80cm 11 1.912 0.02 25.0 
849B 1H1 74-80cm 63 1.937 0.02 25.0 
849B 1H1 74-80cm 53 1.958 0.07 25.1 
849B 1H1 74-80cm 40 1.959 0.07 25.1 
849B 1H1 74-80cm 35 1.969 0.03 25.1 
849B 1H1 74-80cm 58 1.973 0.06 25.2 
849B 1H1 74-80cm 33 1.983 0.07 25.2 
849B 1H1 74-80cm 19 1.986 0.07 25.2 
849B 1H1 74-80cm 5 2.009 0.10 25.3 
849B 1H1 74-80cm 62 2.013 0.16 25.3 
849B 1H1 74-80cm 34 2.020 0.05 25.3 
849B 1H1 74-80cm 38 2.033 0.08 25.3 
849B 1H1 74-80cm 16 2.043 0.06 25.4 
849B 1H1 74-80cm 42 2.078 0.04 25.5 
849B 1H1 74-80cm 49 2.083 0.03 25.5 
849B 1H1 74-80cm 17 2.085 0.04 25.5 
849B 1H1 74-80cm 55 2.085 0.04 25.5 
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849B 1H1 74-80cm 41 2.103 0.02 25.5 
849B 1H1 74-80cm 29 2.103 0.09 25.5 
849B 1H1 74-80cm 2 2.115 0.08 25.6 
849B 1H1 74-80cm 56 2.131 0.31 25.6 
849B 1H1 74-80cm 20 2.134 0.16 25.6 
849B 1H1 74-80cm 61 2.136 0.01 25.6 
849B 1H1 74-80cm 36 2.138 0.04 25.6 
849B 1H1 74-80cm 48 2.200 0.05 25.8 
849B 1H1 74-80cm 13 2.218 0.05 25.9 
849B 1H1 74-80cm 6 2.227 0.12 25.9 
849B 1H1 74-80cm 43 2.238 0.04 25.9 
849B 1H1 74-80cm 51 2.252 0.11 26.0 
849B 1H1 74-80cm 8 2.287 0.08 26.1 
849B 1H1 74-80cm 30 2.311 0.04 26.1 
849B 1H1 74-80cm 18 2.333 0.04 26.2 
849B 1H1 74-80cm 23 2.338 0.07 26.2 
849B 1H1 74-80cm 28 2.372 0.12 26.3 
849B 1H1 74-80cm 39 2.385 0.06 26.3 
849B 1H1 74-80cm 4 2.404 0.07 26.4 
849B 1H1 74-80cm 10 2.560 0.06 26.8 
849B 1H1 74-80cm 12 2.645 0.10 27.0 
849B 1H1 74-80cm 37 2.651 0.14 27.0 
849B 1H1 74-80cm 21 2.891 0.12 27.6 
849B 1H1 74-80cm 57 2.930 0.14 27.7 
849B 1H1 74-80cm 24 2.941 0.06 27.8 
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Glacial individual  
G. sacculifer 

     
Sample 

Hole-
Section Interval 

Sample 
# 

avg 
Mg/Ca 

std 
Mg/Ca 

SST 
(C) 

849B 1H1 85-87cm 31 1.858 0.01 24.8 
849B 1H1 85-87cm 32 1.986 0.05 25.2 
849B 1H1 85-87cm 33 2.277 0.08 26.0 
849B 1H1 85-87cm 34 2.093 0.08 25.5 
849B 1H1 85-87cm 35 2.164 0.02 25.7 
849B 1H1 85-87cm 36 2.083 0.02 25.5 
849B 1H1 85-87cm 37 2.049 0.01 25.4 
849B 1H1 85-87cm 38 1.978 0.11 25.2 
849B 1H1 85-87cm 39 2.290 0.05 26.1 
849B 1H1 85-87cm 40 1.973 0.03 25.2 
849B 1H1 85-87cm 41 1.891 0.04 24.9 
849B 1H1 85-87cm 42 2.029 0.08 25.3 
849B 1H1 85-87cm 14 1.536 0.03 23.7 
849B 1H1 85-87cm 4 1.677 0.16 24.2 
849B 1H1 85-87cm 30 1.723 0.01 24.4 
849B 1H1 85-87cm 10 1.810 0.01 24.7 
849B 1H1 85-87cm 20 1.836 0.04 24.7 
849B 1H1 85-87cm 17 1.854 0.06 24.8 
849B 1H1 85-87cm 29 1.854 0.03 24.8 
849B 1H1 85-87cm 1 1.910 0.04 25.0 
849B 1H1 85-87cm 25 1.953 0.01 25.1 
849B 1H1 85-87cm 18 1.953 0.11 25.1 
849B 1H1 85-87cm 21 1.965 0.01 25.1 
849B 1H1 85-87cm 19 2.010 0.03 25.3 
849B 1H1 85-87cm 12 2.012 0.06 25.3 
849B 1H1 85-87cm 2 2.013 0.09 25.3 
849B 1H1 85-87cm 26 2.059 0.04 25.4 
849B 1H1 85-87cm 13 2.060 0.10 25.4 
849B 1H1 85-87cm 28 2.097 0.04 25.5 
849B 1H1 85-87cm 6 2.134 0.02 25.6 
849B 1H1 85-87cm 27 2.171 0.07 25.7 
849B 1H1 85-87cm 16 2.183 0.04 25.8 
849B 1H1 85-87cm 15 2.193 0.03 25.8 
849B 1H1 85-87cm 5 2.246 0.01 26.0 
849B 1H1 85-87cm 9 2.301 0.03 26.1 
849B 1H1 85-87cm 11 2.310 0.07 26.1 
849B 1H1 85-87cm 7 2.353 0.01 26.3 
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849B 1H1 85-87cm 24 2.397 0.04 26.4 
849B 1H1 85-87cm 22 2.440 0.06 26.5 
849B 1H1 85-87cm 3 2.474 0.03 26.6 
849B 1H1 85-87cm 8 2.568 0.04 26.8 
849B 1H1 85-87cm 23 3.236 0.01 28.5 
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Holocene individual  
G. tumida 

    
Sample Hole-Section Interval Sample # Mg/Ca 

Subsurface T 
(C) 

806A 1H1 0-2cm 1 0.862 10.94 
806A 1H1 0-2cm 2 1.746 21.31 
806A 1H1 0-2cm 3 1.430 18.37 
806A 1H1 0-2cm 4 2.062 23.75 
806A 1H1 0-2cm 5 1.377 17.82 
806A 1H1 0-2cm 6 2.293 25.32 
806A 1H1 0-2cm 7 1.653 20.50 
806A 1H1 0-2cm 8 1.516 19.23 
806A 1H1 0-2cm 9 2.279 25.22 
806A 1H1 0-2cm 10 1.822 21.93 
806A 1H1 0-2cm 11 2.239 24.97 
806A 1H1 0-2cm 12 1.724 21.12 
806A 1H1 0-2cm 13 0.898 11.54 
806A 1H1 0-2cm 14 3.114 29.81 
806A 1H1 0-2cm 15 2.007 23.36 
806A 1H1 0-2cm 16 1.587 19.90 
806A 1H1 0-2cm 17 1.839 22.07 
806A 1H1 0-2cm 18 1.926 22.75 
806A 1H1 0-2cm 19 1.826 21.97 
806A 1H1 0-2cm 20 1.691 20.83 
806A 1H1 0-2cm 21 2.600 27.16 
806A 1H1 0-2cm 22 1.644 20.43 
806A 1H1 0-2cm 23 1.636 20.35 
806A 1H1 0-2cm 24 2.597 27.15 
806A 1H1 0-2cm 25 2.120 24.16 
806A 1H1 0-2cm 26 1.625 20.26 
806A 1H1 0-2cm 27 2.193 24.66 
806A 1H1 0-2cm 28 2.151 24.37 
806A 1H1 0-2cm 29 2.356 25.72 
806A 1H1 0-2cm 30 1.966 23.05 
806A 1H1 0-2cm 31 1.919 22.70 
806A 1H1 0-2cm 32 2.238 24.96 
806A 1H1 0-2cm 33 1.758 21.41 
806A 1H1 0-2cm 34 1.533 19.40 
806A 1H1 0-2cm 35 1.314 17.12 
806A 1H1 0-2cm 36 2.270 25.16 
806A 1H1 0-2cm 37 2.981 29.17 
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806A 1H1 0-2cm 38 1.683 20.77 
806A 1H1 0-2cm 39 3.612 32.00 
806A 1H1 0-2cm 40 1.809 21.83 
806A 1H1 0-2cm 41 2.439 26.22 
806A 1H1 0-2cm 42 2.023 23.47 
806A 1H1 0-2cm 43 3.021 29.37 
806A 1H1 0-2cm 44 1.634 20.33 
806A 1H1 0-2cm 45 2.337 25.59 
806A 1H1 0-2cm 46 1.816 21.88 
806A 1H1 0-2cm 47 1.707 20.97 
806A 1H1 0-2cm 48 1.026 13.49 
806A 1H1 0-2cm 49 1.698 20.90 
806A 1H1 0-2cm 50 2.012 23.39 
806A 1H1 0-2cm 51 2.002 23.32 
806A 1H1 0-2cm 52 1.781 21.60 
806A 1H1 0-2cm 53 1.855 22.20 
806A 1H1 0-2cm 54 2.065 23.77 
806A 1H1 0-2cm 55 1.085 14.31 
806A 1H1 0-2cm 56 1.994 23.26 
806A 1H1 0-2cm 58 2.270 25.17 
806A 1H1 0-2cm 59 2.785 28.17 
806A 1H1 0-2cm 60 1.381 17.86 
806A 1H1 0-2cm 61 3.414 31.17 
806A 1H1 0-2cm 62 2.037 23.57 
806A 1H1 0-2cm 63 2.034 23.55 
806A 1H1 0-2cm 64 1.711 21.01 
806A 1H1 0-2cm 65 1.831 22.01 
806A 1H1 0-2cm 66 1.793 21.70 
806A 1H1 0-2cm 67 2.096 23.99 
806A 1H1 0-2cm 68 2.189 24.64 
806A 1H1 0-2cm 69 2.804 28.27 
806A 1H1 0-2cm 70 2.437 26.21 
806A 1H1 0-2cm 71 1.492 19.00 
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LGM individual  
G. tumida 

    
Sample Hole-Section Interval Sample # Mg/Ca 

Subsurface T 
(C) 

806A 1H1 51-53cm 1 1.537 19.4 
806A 1H1 51-53cm 2 1.851 22.2 
806A 1H1 51-53cm 3 1.660 20.6 
806A 1H1 51-53cm 4 2.045 23.6 
806A 1H1 51-53cm 5 2.113 24.1 
806A 1H1 51-53cm 6 1.428 18.4 
806A 1H1 51-53cm 7 1.637 20.4 
806A 1H1 51-53cm 8 1.625 20.2 
806A 1H1 51-53cm 9 1.657 20.5 
806A 1H1 51-53cm 10 1.289 16.8 
806A 1H1 51-53cm 11 1.849 22.2 
806A 1H1 51-53cm 12 1.745 21.3 
806A 1H1 51-53cm 13 1.323 17.2 
806A 1H1 51-53cm 14 1.377 17.8 
806A 1H1 51-53cm 15 1.153 15.2 
806A 1H1 51-53cm 16 1.215 16.0 
806A 1H1 51-53cm 17 1.527 19.3 
806A 1H1 51-53cm 18 1.841 22.1 
806A 1H1 51-53cm 19 1.550 19.6 
806A 1H1 51-53cm 20 1.467 18.8 
806A 1H1 51-53cm 21 3.204 30.2 
806A 1H1 51-53cm 22 2.152 24.4 
806A 1H1 51-53cm 23 0.924 12.0 
806A 1H1 51-53cm 24 1.589 19.9 
806A 1H1 51-53cm 25 1.854 22.2 
806A 1H1 51-53cm 26 1.160 15.3 
806A 1H1 51-53cm 27 1.349 17.5 
806A 1H1 51-53cm 28 1.569 19.7 
806A 1H1 51-53cm 30 1.992 23.2 
806A 1H1 51-53cm 31 1.841 22.1 
806A 1H1 51-53cm 32 1.890 22.5 
806A 1H1 51-53cm 33 1.610 20.1 
806A 1H1 51-53cm 34 1.604 20.1 
806A 1H1 51-53cm 35 1.395 18.0 
806A 1H1 51-53cm 36 1.299 17.0 
806A 1H1 51-53cm 37 2.076 23.9 
806A 1H1 51-53cm 38 1.452 18.6 
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806A 1H1 51-53cm 39 0.924 12.0 
806A 1H1 51-53cm 40 1.331 17.3 
806A 1H1 51-53cm 41 2.286 25.3 
806A 1H1 51-53cm 42 1.467 18.7 
806A 1H1 53-55cm 1 1.908 22.6 
806A 1H1 53-55cm 2 1.315 17.1 
806A 1H1 53-55cm 3 1.407 18.1 
806A 1H1 53-55cm 4 1.644 20.4 
806A 1H1 53-55cm 5 2.205 24.7 
806A 1H1 53-55cm 6 1.661 20.6 
806A 1H1 53-55cm 7 1.833 22.0 
806A 1H1 53-55cm 8 2.035 23.6 
806A 1H1 53-55cm 9 1.445 18.5 
806A 1H1 53-55cm 10 2.060 23.7 
806A 1H1 53-55cm 11 1.650 20.5 
806A 1H1 53-55cm 12 1.163 15.3 
806A 1H1 53-55cm 13 1.541 19.5 
806A 1H1 53-55cm 14 1.143 15.1 
806A 1H1 53-55cm 15 1.682 20.8 
806A 1H1 53-55cm 16 1.804 21.8 
806A 1H1 53-55cm 17 2.316 25.5 
806A 1H1 53-55cm 18 1.633 20.3 
806A 1H1 53-55cm 19 1.693 20.9 
806A 1H1 53-55cm 20 1.546 19.5 
806A 1H1 53-55cm 21 2.175 24.5 
806A 1H1 53-55cm 22 1.597 20.0 
806A 1H1 53-55cm 23 1.489 19.0 
806A 1H1 53-55cm 24 2.323 25.5 
806A 1H1 53-55cm 25 1.660 20.6 
806A 1H1 53-55cm 26 2.327 25.5 
806A 1H1 53-55cm 27 2.161 24.4 
806A 1H1 53-55cm 28 1.709 21.0 
806A 1H1 53-55cm 29 1.305 17.0 
806A 1H1 53-55cm 30 1.752 21.4 
806A 1H1 53-55cm 31 1.730 21.2 
806A 1H1 53-55cm 32 1.614 20.1 
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Holocene individual  
G. tumida 

    
Sample Hole-Section Interval Sample # Mg/Ca 

Subsurface T 
(C) 

849A 1H1 6-8cm 1 1.076 14.2 
849A 1H1 6-8cm 2 0.890 11.4 
849A 1H1 6-8cm 3 1.280 16.7 
849A 1H1 6-8cm 4 1.426 18.3 
849A 1H1 6-8cm 5 1.208 15.9 
849A 1H1 6-8cm 6 1.424 18.3 
849A 1H1 6-8cm 7 1.140 15.0 
849A 1H1 6-8cm 8 1.396 18.0 
849A 1H1 6-8cm 9 0.911 11.7 
849A 1H1 6-8cm 10 1.086 14.3 
849A 1H1 6-8cm 11 1.338 17.4 
849A 1H1 6-8cm 12 1.061 14.0 
849A 1H1 6-8cm 13 0.920 11.9 
849A 1H1 6-8cm 14 1.109 14.6 
849A 1H1 6-8cm 15 1.451 18.6 
849A 1H1 6-8cm 16 1.072 14.1 
849A 1H1 6-8cm 17 1.121 14.8 
849A 1H1 6-8cm 18 0.870 11.1 
849A 1H1 6-8cm 19 1.229 16.1 
849A 1H1 6-8cm 20 1.438 18.5 
849A 1H1 6-8cm 21 1.110 14.6 
849A 1H1 6-8cm 22 1.047 13.8 
849A 1H1 6-8cm 23 1.110 14.6 
849A 1H1 6-8cm 24 1.463 18.7 
849A 1H1 6-8cm 25 0.735 8.6 
849A 1H1 6-8cm 26 1.254 16.4 
849A 1H1 6-8cm 27 1.225 16.1 
849A 1H1 6-8cm 28 0.995 13.0 
849A 1H1 6-8cm 29 0.885 11.3 
849A 1H1 6-8cm 30 1.309 17.1 
849A 1H1 6-8cm 31 0.993 13.0 
849A 1H1 6-8cm 32 1.146 15.1 
849A 1H1 6-8cm 33 0.878 11.2 
849A 1H1 6-8cm 34 1.139 15.0 
849A 1H1 6-8cm 35 1.190 15.7 
849A 1H1 6-8cm 36 1.584 19.9 
849A 1H1 6-8cm 37 1.283 16.8 
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849A 1H1 6-8cm 38 1.129 14.9 
849A 1H1 6-8cm 39 0.887 11.4 
849A 1H1 6-8cm 40 1.255 16.5 
849A 1H1 6-8cm 41 1.747 21.3 
849A 1H1 6-8cm 42 0.996 13.0 
849A 1H1 6-8cm 43 0.921 11.9 
849A 1H1 6-8cm 44 0.945 12.3 
849B 1H1 15-18cm 1 1.143 15.1 
849B 1H1 15-18cm 2 0.970 12.7 
849B 1H1 15-18cm 3 1.213 16.0 
849B 1H1 15-18cm 4 1.079 14.2 
849B 1H1 15-18cm 5 0.988 12.9 
849B 1H1 15-18cm 6 1.258 16.5 
849B 1H1 15-18cm 7 1.234 16.2 
849B 1H1 15-18cm 8 1.127 14.9 
849B 1H1 15-18cm 9 0.960 12.5 
849B 1H1 15-18cm 10 0.791 9.7 
849B 1H1 15-18cm 11 1.006 13.2 
849B 1H1 15-18cm 12 1.103 14.6 
849B 1H1 15-18cm 13 1.057 13.9 
849B 1H1 15-18cm 14 1.204 15.8 
849B 1H1 15-18cm 15 1.159 15.3 
849B 1H1 15-18cm 16 0.887 11.4 
849B 1H1 15-18cm 17 1.190 15.7 
849B 1H1 15-18cm 18 1.488 19.0 
849B 1H1 15-18cm 19 0.977 12.8 
849B 1H1 15-18cm 21 1.078 14.2 
849B 1H1 15-18cm 22 0.682 7.5 
849B 1H1 15-18cm 23 1.035 13.6 
849B 1H1 15-18cm 24 0.917 11.8 
849B 1H1 15-18cm 25 1.028 13.5 
849B 1H1 15-18cm 26 1.322 17.2 
849B 1H1 15-18cm 27 0.958 12.5 
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LGM 
individual  
G. tumida 

     
Sample Hole-Section Interval Sample # Mg/Ca 

Subsurface T 
(C) 

849B 1H1 74-80cm 1 1.658 20.5 
849B 1H1 74-80cm 2 0.912 11.8 
849B 1H1 74-80cm 3 0.841 10.6 
849B 1H1 74-80cm 4 1.312 17.1 
849B 1H1 74-80cm 5 1.017 13.4 
849B 1H1 74-80cm 6 1.059 14.0 
849B 1H1 74-80cm 7 0.846 10.7 
849B 1H1 74-80cm 8 0.901 11.6 
849B 1H1 74-80cm 9 0.963 12.6 
849B 1H1 74-80cm 10 1.028 13.5 
849B 1H1 74-80cm 11 0.935 12.1 
849B 1H1 74-80cm 12 1.132 14.9 
849B 1H1 74-80cm 13 1.245 16.3 
849B 1H1 74-80cm 14 1.065 14.0 
849B 1H1 74-80cm 15 1.409 18.2 
849B 1H1 74-80cm 16 1.977 23.1 
849B 1H1 74-80cm 17 0.827 10.3 
849B 1H1 74-80cm 18 0.775 9.4 
849B 1H1 74-80cm 19 1.007 13.2 
849B 1H1 74-80cm 20 1.114 14.7 
849B 1H1 74-80cm 21 1.115 14.7 
849B 1H1 74-80cm 22 1.122 14.8 
849B 1H1 74-80cm 23 1.410 18.2 
849B 1H1 74-80cm 24 0.679 7.4 
849B 1H1 74-80cm 25 0.618 6.0 
849B 1H1 74-80cm 26 0.718 8.2 
849B 1H1 74-80cm 27 1.363 17.7 
849B 1H1 74-80cm 28 1.596 20.0 
849B 1H1 74-80cm 29 1.187 15.6 
849B 1H1 74-80cm 30 1.332 17.3 
849B 1H1 74-80cm 31 0.946 12.3 
849B 1H1 74-80cm 32 1.080 14.2 
849B 1H1 74-80cm 33 1.392 18.0 
849B 1H1 74-80cm 34 1.096 14.5 
849B 1H1 74-80cm 35 1.200 15.8 
849B 1H1 74-80cm 36 1.127 14.9 
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849B 1H1 74-80cm 37 0.774 9.4 
849B 1H1 74-80cm 38 1.299 17.0 
849B 1H1 74-80cm 39 1.301 17.0 
849B 1H1 74-80cm 40 0.921 11.9 
849B 1H1 74-80cm 41 1.000 13.1 
849B 1H1 74-80cm 42 0.826 10.3 
849B 1H1 74-80cm 43 0.855 10.8 
849B 1H1 74-80cm 44 1.220 16.0 
849B 1H1 74-80cm 45 1.066 14.0 
849B 1H1 74-80cm 46 0.840 10.5 
849B 1H1 74-80cm 47 0.883 11.3 
849B 1H1 74-80cm 48 1.679 20.7 
849B 1H1 74-80cm 49 0.757 9.0 
849B 1H1 74-80cm 50 1.005 13.2 
849B 1H1 74-80cm 51 1.531 19.4 
849B 1H1 74-80cm 52 0.925 12.0 
849B 1H1 74-80cm 53 1.253 16.4 
849B 1H1 74-80cm 54 0.643 6.6 
849B 1H1 74-80cm 55 0.727 8.4 
849B 1H1 74-80cm 56 1.064 14.0 
849B 1H1 74-80cm 57 0.847 10.7 
849B 1H1 74-80cm 58 1.020 13.4 
849B 1H1 74-80cm 59 0.738 8.6 
849B 1H1 74-80cm 60 1.917 22.7 
849B 1H1 74-80cm 61 0.705 8.0 
849B 1H1 74-80cm 62 1.173 15.5 
849B 1H1 74-80cm 63 1.029 13.5 
849B 1H1 74-80cm 64 0.907 11.7 
849B 1H1 74-80cm 65 0.959 12.5 
849B 1H1 74-80cm 66 0.997 13.1 
849B 1H1 74-80cm 67 0.877 11.2 
849B 1H1 74-80cm 68 1.222 16.1 
849B 1H1 74-80cm 69 1.428 18.4 
849B 1H1 74-80cm 70 1.347 17.5 
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Glacial individual G. tumida 
    

Sample Hole-Section Interval Sample # Mg/Ca 
Subsurface T 
(C) 

849B 1H1 85-87cm 1 1.239 16.3 
849B 1H1 85-87cm 2 0.893 11.4 
849B 1H1 85-87cm 3 0.976 12.7 
849B 1H1 85-87cm 4 0.922 11.9 
849B 1H1 85-87cm 5 1.034 13.6 
849B 1H1 85-87cm 6 1.025 13.5 
849B 1H1 85-87cm 7 1.190 15.7 
849B 1H1 85-87cm 8 0.736 8.6 
849B 1H1 85-87cm 9 1.618 20.2 
849B 1H1 85-87cm 10 1.006 13.2 
849B 1H1 85-87cm 11 1.175 15.5 
849B 1H1 85-87cm 12 1.394 18.0 
849B 1H1 85-87cm 13 1.044 13.7 
849B 1H1 85-87cm 14 1.341 17.4 
849B 1H1 85-87cm 15 0.989 12.9 
849B 1H1 85-87cm 16 0.795 9.7 
849B 1H1 85-87cm 17 0.907 11.7 
849B 1H1 85-87cm 18 1.153 15.2 
849B 1H1 85-87cm 19 0.797 9.8 
849B 1H1 85-87cm 20 1.160 15.3 
849B 1H1 85-87cm 21 1.238 16.2 
849B 1H1 85-87cm 22 0.958 12.5 
849B 1H1 85-87cm 23 1.005 13.2 
849B 1H1 85-87cm 24 0.859 10.9 
849B 1H1 85-87cm 25 1.541 19.5 
849B 1H1 85-87cm 26 1.044 13.8 
849B 1H1 85-87cm 27 0.917 11.8 
849B 1H1 85-87cm 28 1.055 13.9 
849B 1H1 85-87cm 29 1.062 14.0 
849B 1H1 85-87cm 30 1.134 15.0 
849B 1H1 85-87cm 31 1.054 13.9 
849B 1H1 85-87cm 33 0.780 9.4 
849B 1H1 85-87cm 34 1.670 20.7 
849B 1H1 85-87cm 35 1.731 21.2 
849B 1H1 85-87cm 36 1.771 21.5 
849B 1H1 85-87cm 40 1.246 16.3 
849B 1H1 85-87cm 41 1.611 20.1 
849B 1H1 85-87cm 42 1.435 18.4 
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849B 1H1 85-87cm 43 1.229 16.1 
849B 1H1 85-87cm 44 1.635 20.3 
849B 1H1 85-87cm 45 1.399 18.0 
849B 1H1 85-87cm 47 1.043 13.7 
849B 1H1 85-87cm 48 1.211 15.9 
849B 1H1 85-87cm 49 1.456 18.6 
849B 1H1 85-87cm 50 0.738 8.6 
849B 1H1 85-87cm 53 1.056 13.9 
849B 1H1 85-87cm 54 1.590 19.9 
849B 1H1 85-87cm 55 1.033 13.6 
849B 1H1 85-87cm 56 1.516 19.2 
849B 1H1 85-87cm 57 1.297 16.9 
849B 1H1 85-87cm 58 1.243 16.3 
849B 1H1 85-87cm 59 1.274 16.7 
849B 1H1 85-87cm 60 1.555 19.6 
849B 1H1 85-87cm 61 1.194 15.7 
849B 1H1 85-87cm 62 1.137 15.0 
849B 1H1 85-87cm 63 1.280 16.7 
849B 1H1 85-87cm 64 0.910 11.7 
849B 1H1 85-87cm 65 0.960 12.5 
849B 1H1 85-87cm 66 0.755 9.0 
849B 1H1 85-87cm 67 0.854 10.8 
849B 1H1 85-87cm 68 0.715 8.2 
849B 1H1 85-87cm 69 0.893 11.4 
849B 1H1 85-87cm 70 1.903 22.6 
849B 1H1 85-87cm 71 0.878 11.2 
849B 1H1 85-87cm 72 1.087 14.3 
849B 1H1 85-87cm 73 1.790 21.7 
849B 1H1 85-87cm 75 1.074 14.2 
849B 1H1 85-87cm 76 1.041 13.7 
849B 1H1 85-87cm 77 0.788 9.6 
849B 1H1 85-87cm 78 0.897 11.5 
849B 1H1 85-87cm 79 1.066 14.1 
849B 1H1 85-87cm 80 0.900 11.6 
849B 1H1 85-87cm 81 0.808 10.0 
849B 1H1 85-87cm 82 1.055 13.9 
849B 1H1 85-87cm 83 1.183 15.6 
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Appendix C: Site 806 G. sacculifer SST and G. tumida 
subsurface temperature 
 
2 Ma Glacial individual  
G. sacculifer 

     
Sample Hole-Section Interval 

Sample 
# 

avg 
Mg/Ca 

std 
Mg/Ca 

SST 
(C) 

806B 5H4 15-19cm 1 3.573 0.06 27.1 
806B 5H4 15-19cm 2 3.731 0.20 27.5 
806B 5H4 15-19cm 3 2.897 0.05 25.2 
806B 5H4 15-19cm 4 2.778 0.08 24.9 
806B 5H4 15-19cm 5 2.677 0.04 24.6 
806B 5H4 15-19cm 6 2.636 0.07 24.4 
806B 5H4 15-19cm 7 3.115 0.13 25.9 
806B 5H4 15-19cm 8 3.473 0.03 26.9 
806B 5H4 15-19cm 9 2.914 0.11 25.3 
806B 5H4 15-19cm 10 3.839 0.10 27.8 
806B 5H4 15-19cm 11 2.947 0.06 25.4 
806B 5H4 15-19cm 12 3.745 0.09 27.5 
806B 5H4 15-19cm 13 2.118 0.08 22.6 
806B 5H4 15-19cm 14 2.656 0.16 24.5 
806B 5H4 15-19cm 16 3.011 0.12 25.6 
806B 5H4 15-19cm 17 3.782 0.15 27.6 
806B 5H4 15-19cm 18 2.414 0.02 23.7 
806B 5H4 15-19cm 19 2.793 0.09 24.9 
806B 5H4 15-19cm 20 3.021 0.03 25.6 
806B 5H4 15-19cm 21 2.961 0.04 25.4 
806B 5H4 15-19cm 22 2.740 0.12 24.8 
806B 5H4 15-19cm 23 2.607 0.15 24.3 
806B 5H4 15-19cm 24 3.156 0.07 26.0 
806B 5H4 15-19cm 25 2.732 0.02 24.7 
806B 5H4 15-19cm 26 2.625 0.02 24.4 
806B 5H4 15-19cm 27 3.248 0.01 26.2 
806B 5H4 15-19cm 28 4.034 0.06 28.2 
806B 5H4 15-19cm 29 2.602 0.09 24.3 
806B 5H4 15-19cm 30 2.846 0.01 25.1 
806B 5H4 15-19cm 31 2.655 0.11 24.5 
806B 5H4 15-19cm 32 2.646 0.02 24.5 
806B 5H4 15-19cm 33 3.762 0.12 27.6 
806B 5H4 15-19cm 34 2.400 0.02 23.6 
806B 5H4 15-19cm 35 2.622 0.07 24.4 
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806B 5H4 15-19cm 36 2.695 0.05 24.6 
806B 5H4 15-19cm 37 3.385 0.01 26.6 
806B 5H4 15-19cm 39 2.565 0.06 24.2 
806B 5H4 15-19cm 40 2.587 0.09 24.3 
806B 5H4 15-19cm 41 3.286 0.13 26.4 
806B 5H4 15-19cm 42 3.051 0.30 25.7 
806B 5H4 15-19cm 43 3.798 0.07 27.7 
806B 5H4 15-19cm 44 3.386 0.14 26.6 
806B 5H4 15-19cm 45 3.540 0.03 27.0 
806B 5H4 15-19cm 46 2.062 0.01 22.4 
806B 5H4 15-19cm 47 2.899 0.03 25.2 
806B 5H4 15-19cm 48 3.452 0.04 26.8 
806B 5H4 15-19cm 49 2.647 0.09 24.5 
806B 5H4 15-19cm 50 3.295 0.16 26.4 
806B 5H4 15-19cm 51 3.009 0.17 25.6 
806B 5H4 15-19cm 52 2.895 0.03 25.2 
806B 5H4 15-19cm 53 2.699 0.05 24.6 
806B 5H4 15-19cm 54 3.173 0.07 26.0 
806B 5H4 15-19cm 55 2.984 0.08 25.5 
806B 5H4 15-19cm 56 3.680 0.09 27.4 
806B 5H4 15-19cm 57 2.992 0.04 25.5 
806B 5H4 15-19cm 58 3.117 0.17 25.9 
806B 5H4 15-19cm 59 2.891 0.06 25.2 
806B 5H4 15-19cm 60 3.586 0.02 27.1 
806B 5H4 15-19cm 61 2.759 0.04 24.8 
806B 5H4 15-19cm 62 3.004 0.05 25.6 
806B 5H4 15-19cm 63 3.514 0.07 27.0 
806B 5H4 15-19cm 64 2.630 0.02 24.4 
806B 5H4 15-19cm 65 3.030 0.05 25.6 
806B 5H4 15-19cm 66 3.178 0.13 26.1 
806B 5H4 15-19cm 67 3.564 0.11 27.1 
806B 5H4 15-19cm 68 2.591 0.16 24.3 
806B 5H4 15-19cm 69 2.347 0.07 23.4 
806B 5H4 15-19cm 70 3.061 0.02 25.7 
806B 5H4 15-19cm 71 2.457 0.04 23.8 
806B 5H4 15-19cm 72 3.149 0.05 26.0 
806B 5H4 15-19cm 73 2.751 0.07 24.8 
806B 5H4 15-19cm 74 2.766 0.08 24.8 
806B 5H4 15-19cm 75 4.471 0.10 29.2 
806B 5H4 15-19cm 76 3.767 0.11 27.6 
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806B 5H4 15-19cm 77 3.002 0.01 25.6 
806B 5H4 15-19cm 78 3.555 0.13 27.1 
806B 5H4 15-19cm 79 3.141 0.06 25.9 
806B 5H4 15-19cm 80 2.520 0.03 24.0 
806B 5H4 15-19cm 81 3.186 0.04 26.1 
806B 5H4 15-19cm 82 2.704 0.09 24.6 
806B 5H4 15-19cm 83 2.229 0.07 23.0 
806B 5H4 15-19cm 84 2.694 0.02 24.6 
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2 Ma Interglacial individual G. sacculifer 
    

Sample Hole-Section Interval 
Sample 
# 

avg 
Mg/Ca 

std 
Mg/Ca 

SST 
(C) 

806B 5H4 118-121cm 1 3.512 0.12 27.0 
806B 5H4 118-121cm 2 3.112 0.05 25.9 
806B 5H4 118-121cm 3 2.685 0.13 24.6 
806B 5H4 118-121cm 4 3.072 0.05 25.8 
806B 5H4 118-121cm 5 2.900 0.05 25.2 
806B 5H4 118-121cm 6 2.846 0.03 25.1 
806B 5H4 118-121cm 7 3.018 0.02 25.6 
806B 5H4 118-121cm 8 3.012 0.05 25.6 
806B 5H4 118-121cm 9 3.554 0.03 27.1 
806B 5H4 118-121cm 10 2.369 0.05 23.5 
806B 5H4 118-121cm 11 3.237 0.05 26.2 
806B 5H4 118-121cm 12 3.151 0.03 26.0 
806B 5H4 118-121cm 13 3.578 0.07 27.1 
806B 5H4 118-121cm 14 3.800 0.13 27.7 
806B 5H4 118-121cm 15 2.991 0.07 25.5 
806B 5H4 118-121cm 16 2.732 0.05 24.7 
806B 5H4 118-121cm 17 3.329 0.14 26.5 
806B 5H4 118-121cm 18 3.485 0.10 26.9 
806B 5H4 118-121cm 19 3.104 0.07 25.8 
806B 5H4 118-121cm 20 2.453 0.03 23.8 
806B 5H4 118-121cm 21 2.653 0.28 24.5 
806B 5H4 118-121cm 22 3.599 0.09 27.2 
806B 5H4 118-121cm 23 4.407 0.06 29.1 
806B 5H4 118-121cm 24 3.126 0.06 25.9 
806B 5H4 118-121cm 25 3.758 0.09 27.6 
806B 5H4 118-121cm 26 3.177 0.12 26.1 
806B 5H4 118-121cm 27 3.874 0.03 27.9 
806B 5H4 118-121cm 28 2.355 0.02 23.5 
806B 5H4 118-121cm 29 3.375 0.03 26.6 
806B 5H4 118-121cm 30 3.451 0.05 26.8 
806B 5H4 118-121cm 31 2.855 0.07 25.1 
806B 5H4 118-121cm 32 3.137 0.07 25.9 
806B 5H4 118-121cm 33 4.129 0.07 28.4 
806B 5H4 118-121cm 34 3.396 0.08 26.6 
806B 5H4 118-121cm 35 3.078 0.12 25.8 
806B 5H4 118-121cm 36 2.861 0.04 25.1 
806B 5H4 118-121cm 37 2.699 0.03 24.6 
806B 5H4 118-121cm 38 2.863 0.23 25.1 
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806B 5H4 118-121cm 39 3.582 0.04 27.1 
806B 5H4 118-121cm 40 2.630 0.06 24.4 
806B 5H4 118-121cm 41 3.128 0.22 25.9 
806B 5H4 118-121cm 42 4.201 0.05 28.6 
806B 5H4 118-121cm 43 3.867 0.03 27.8 
806B 5H4 118-121cm 44 3.490 0.09 26.9 
806B 5H4 118-121cm 45 3.675 0.24 27.4 
806B 5H4 118-121cm 46 3.651 0.20 27.3 
806B 5H4 118-121cm 47 2.828 0.03 25.0 
806B 5H4 118-121cm 48 2.694 0.06 24.6 
806B 5H4 118-121cm 49 3.258 0.25 26.3 
806B 5H4 118-121cm 50 2.571 0.07 24.2 
806B 5H4 118-121cm 51 3.777 0.08 27.6 
806B 5H4 118-121cm 52 2.381 0.05 23.6 
806B 5H4 118-121cm 53 3.219 0.07 26.2 
806B 5H4 118-121cm 54 2.440 0.02 23.8 
806B 5H4 118-121cm 55 2.743 0.04 24.8 
806B 5H4 118-121cm 56 3.514 0.09 27.0 
806B 5H4 118-121cm 57 3.976 0.05 28.1 
806B 5H4 118-121cm 58 3.499 0.07 26.9 
806B 5H4 118-121cm 59 5.256 0.11 30.7 
806B 5H4 118-121cm 60 2.839 0.03 25.1 
806B 5H4 118-121cm 61 2.576 0.13 24.2 
806B 5H4 118-121cm 62 3.194 0.06 26.1 
806B 5H4 118-121cm 63 4.133 0.02 28.5 
806B 5H4 118-121cm 64 3.161 0.05 26.0 
806B 5H4 118-121cm 65 3.284 0.07 26.3 
806B 5H4 118-121cm 66 3.577 0.11 27.1 
806B 5H4 118-121cm 67 3.063 0.05 25.7 
806B 5H4 118-121cm 68 2.868 0.04 25.1 
806B 5H4 118-121cm 69 3.366 0.04 26.6 
806B 5H4 118-121cm 70 3.457 0.07 26.8 
806B 5H4 118-121cm 71 3.108 0.10 25.9 
806B 5H4 118-121cm 72 3.700 0.02 27.4 
806B 5H4 118-121cm 73 3.687 0.07 27.4 
806B 5H4 118-121cm 75 3.125 0.06 25.9 
806B 5H4 118-121cm 76 3.091 0.07 25.8 
806B 5H4 118-121cm 77 3.640 0.07 27.3 
806B 5H4 118-121cm 78 2.683 0.09 24.6 
806B 5H4 118-121cm 79 3.239 0.09 26.2 
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806B 5H4 118-121cm 80 4.391 0.07 29.0 
806B 5H4 118-121cm 81 2.860 0.09 25.1 
806B 5H4 118-121cm 82 3.440 0.09 26.8 
806B 5H4 118-121cm 83 4.002 0.07 28.2 
806B 5H4 118-121cm 84 2.845 0.01 25.1 
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2 Ma Glacial individual  
G. tumida 

    
Sample Hole-Section Interval Sample # Mg/Ca 

Subsurface T 
(C) 

806B 5H4 15-19cm 1 1.729 21.2 
806B 5H4 15-19cm 2 1.811 21.8 
806B 5H4 15-19cm 3 2.436 26.2 
806B 5H4 15-19cm 4 1.985 23.2 
806B 5H4 15-19cm 5 2.418 26.1 
806B 5H4 15-19cm 8 2.075 23.8 
806B 5H4 15-19cm 9 2.470 26.4 
806B 5H4 15-19cm 10 2.144 24.3 
806B 5H4 15-19cm 11 2.142 24.3 
806B 5H4 15-19cm 12 1.808 21.8 
806B 5H4 15-19cm 13 1.727 21.1 
806B 5H4 15-19cm 15 2.380 25.9 
806B 5H4 15-19cm 16 2.297 25.3 
806B 5H4 15-19cm 17 1.690 20.8 
806B 5H4 15-19cm 18 2.791 28.2 
806B 5H4 15-19cm 19 2.023 23.5 
806B 5H4 15-19cm 20 1.625 20.2 
806B 5H4 15-19cm 21 1.952 22.9 
806B 5H4 15-19cm 22 1.571 19.8 
806B 5H4 15-19cm 23 1.744 21.3 
806B 5H4 15-19cm 24 1.523 19.3 
806B 5H4 15-19cm 25 1.587 19.9 
806B 5H4 15-19cm 26 2.029 23.5 
806B 5H4 15-19cm 27 1.821 21.9 
806B 5H4 15-19cm 28 2.203 24.7 
806B 5H4 15-19cm 29 1.701 20.9 
806B 5H4 15-19cm 30 1.994 23.3 
806B 5H4 15-19cm 31 2.166 24.5 
806B 5H4 15-19cm 32 1.630 20.3 
806B 5H4 15-19cm 33 2.353 25.7 
806B 5H4 15-19cm 34 2.222 24.9 
806B 5H4 15-19cm 35 2.309 25.4 
806B 5H4 15-19cm 36 1.964 23.0 
806B 5H4 15-19cm 37 1.540 19.5 
806B 5H4 15-19cm 38 1.798 21.7 
806B 5H4 15-19cm 39 2.211 24.8 
806B 5H4 15-19cm 40 2.314 25.4 



 140 

806B 5H4 15-19cm 41 2.864 28.6 
806B 5H4 15-19cm 42 1.718 21.1 
806B 5H4 15-19cm 43 2.194 24.7 
806B 5H4 15-19cm 44 1.640 20.4 
806B 5H4 15-19cm 45 1.947 22.9 
806B 5H4 15-19cm 46 2.082 23.9 
806B 5H4 15-19cm 47 2.333 25.6 
806B 5H4 15-19cm 48 2.076 23.9 
806B 5H4 15-19cm 49 2.317 25.5 
806B 5H4 15-19cm 51 2.275 25.2 
806B 5H4 15-19cm 52 1.725 21.1 
806B 5H4 15-19cm 53 1.529 19.4 
806B 5H4 15-19cm 54 1.944 22.9 
806B 5H4 15-19cm 55 2.268 25.2 
806B 5H4 15-19cm 56 1.795 21.7 
806B 5H4 15-19cm 57 1.888 22.5 
806B 5H4 15-19cm 58 1.811 21.8 
806B 5H4 15-19cm 59 1.441 18.5 
806B 5H4 15-19cm 60 1.656 20.5 
806B 5H4 15-19cm 61 2.120 24.2 
806B 5H4 15-19cm 62 1.915 22.7 
806B 5H4 15-19cm 63 2.229 24.9 
806B 5H4 15-19cm 64 2.089 23.9 
806B 5H4 15-19cm 65 2.153 24.4 
806B 5H4 15-19cm 66 1.797 21.7 
806B 5H4 15-19cm 67 1.293 16.9 
806B 5H4 15-19cm 68 2.032 23.5 
806B 5H4 15-19cm 69 2.175 24.5 
806B 5H4 15-19cm 70 1.111 14.7 
806B 5H4 15-19cm 71 2.717 27.8 
806B 5H4 15-19cm 72 2.239 25.0 
806B 5H4 15-19cm 73 2.264 25.1 
806B 5H4 15-19cm 74 2.244 25.0 
806B 5H4 15-19cm 75 2.565 27.0 
806B 5H4 15-19cm 76 1.840 22.1 

 
  



 141 

2 Ma Interglacial individual  
G. tumida 

    
Sample Hole-Section Interval Sample # Mg/Ca 

Subsurface T 
(C) 

806B 5H4 118-121cm 1 1.742 21.3 
806B 5H4 118-121cm 2 1.891 22.5 
806B 5H4 118-121cm 3 1.925 22.7 
806B 5H4 118-121cm 4 2.061 23.7 
806B 5H4 118-121cm 5 2.442 26.2 
806B 5H4 118-121cm 6 2.141 24.3 
806B 5H4 118-121cm 8 2.560 26.9 
806B 5H4 118-121cm 9 2.331 25.6 
806B 5H4 118-121cm 10 2.027 23.5 
806B 5H4 118-121cm 11 2.425 26.1 
806B 5H4 118-121cm 12 1.777 21.6 
806B 5H4 118-121cm 13 2.224 24.9 
806B 5H4 118-121cm 14 2.320 25.5 
806B 5H4 118-121cm 15 1.919 22.7 
806B 5H4 118-121cm 16 2.341 25.6 
806B 5H4 118-121cm 17 1.522 19.3 
806B 5H4 118-121cm 18 2.249 25.0 
806B 5H4 118-121cm 19 2.839 28.5 
806B 5H4 118-121cm 20 1.843 22.1 
806B 5H4 118-121cm 21 2.028 23.5 
806B 5H4 118-121cm 22 1.926 22.8 
806B 5H4 118-121cm 23 3.023 29.4 
806B 5H4 118-121cm 24 2.156 24.4 
806B 5H4 118-121cm 25 2.198 24.7 
806B 5H4 118-121cm 26 2.042 23.6 
806B 5H4 118-121cm 27 1.873 22.3 
806B 5H4 118-121cm 28 2.400 26.0 
806B 5H4 118-121cm 29 1.788 21.7 
806B 5H4 118-121cm 30 2.601 27.2 
806B 5H4 118-121cm 31 3.160 30.0 
806B 5H4 118-121cm 32 2.899 28.8 
806B 5H4 118-121cm 33 2.105 24.1 
806B 5H4 118-121cm 34 2.272 25.2 
806B 5H4 118-121cm 35 1.978 23.1 
806B 5H4 118-121cm 36 2.876 28.6 
806B 5H4 118-121cm 37 1.565 19.7 
806B 5H4 118-121cm 38 1.883 22.4 
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806B 5H4 118-121cm 39 2.281 25.2 
806B 5H4 118-121cm 40 2.287 25.3 
806B 5H4 118-121cm 41 2.530 26.8 
806B 5H4 118-121cm 42 2.619 27.3 
806B 5H4 118-121cm 43 2.185 24.6 
806B 5H4 118-121cm 44 2.344 25.6 
806B 5H4 118-121cm 45 2.133 24.3 
806B 5H4 118-121cm 46 2.066 23.8 
806B 5H4 118-121cm 47 2.133 24.3 
806B 5H4 118-121cm 48 2.866 28.6 
806B 5H4 118-121cm 49 3.266 30.5 
806B 5H4 118-121cm 50 2.528 26.8 
806B 5H4 118-121cm 51 2.596 27.1 
806B 5H4 118-121cm 52 2.040 23.6 
806B 5H4 118-121cm 53 2.081 23.9 
806B 5H4 118-121cm 54 1.410 18.2 
806B 5H4 118-121cm 55 2.350 25.7 
806B 5H4 118-121cm 56 2.471 26.4 
806B 5H4 118-121cm 57 2.523 26.7 
806B 5H4 118-121cm 58 2.203 24.7 
806B 5H4 118-121cm 59 2.009 23.4 
806B 5H4 118-121cm 60 1.873 22.3 
806B 5H4 118-121cm 61 2.907 28.8 
806B 5H4 118-121cm 62 2.688 27.7 
806B 5H4 118-121cm 63 2.238 25.0 
806B 5H4 118-121cm 64 1.421 18.3 
806B 5H4 118-121cm 65 2.770 28.1 
806B 5H4 118-121cm 66 1.621 20.2 
806B 5H4 118-121cm 67 2.036 23.6 
806B 5H4 118-121cm 68 1.796 21.7 
806B 5H4 118-121cm 69 2.184 24.6 
806B 5H4 118-121cm 70 2.696 27.7 
806B 5H4 118-121cm 71 2.256 25.1 
806B 5H4 118-121cm 72 3.005 29.3 
806B 5H4 118-121cm 73 2.083 23.9 
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3 Ma Glacial individual 
G. sacculifer 

     
Sample Hole-Section Interval Sample # 

avg 
Mg/Ca 

std 
Mg/Ca 

SST 
(C) 

806B 8H4 92-94cm 1 2.970 0.06 25.5 
806B 8H4 92-94cm 2 3.230 0.07 26.2 
806B 8H4 92-94cm 3 2.810 0.05 25.0 
806B 8H4 92-94cm 4 2.810 0.05 25.0 
806B 8H4 92-94cm 5 3.240 0.04 26.2 
806B 8H4 92-94cm 6 3.960 0.07 28.1 
806B 8H4 92-94cm 7 2.697 0.01 24.6 
806B 8H4 92-94cm 8 3.130 0.05 25.9 
806B 8H4 92-94cm 9 4.187 0.22 28.6 
806B 8H4 92-94cm 10 3.481 0.08 26.9 
806B 8H4 92-94cm 11 3.095 0.05 25.8 
806B 8H4 92-94cm 12 2.767 0.02 24.8 
806B 8H4 92-94cm 13 2.967 0.12 25.4 
806B 8H4 92-94cm 14 3.003 0.11 25.6 
806B 8H4 92-94cm 15 3.641 0.09 27.3 
806B 8H4 92-94cm 16 2.829 0.04 25.0 
806B 8H4 92-94cm 17 3.104 0.17 25.8 
806B 8H4 92-94cm 18 2.301 0.04 23.3 
806B 8H4 92-94cm 19 2.640 0.03 24.4 
806B 8H4 92-94cm 20 4.291 0.09 28.8 
806B 8H4 92-94cm 21 3.652 0.13 27.3 
806B 8H4 92-94cm 22 2.924 0.13 25.3 
806B 8H4 92-94cm 23 3.152 0.07 26.0 
806B 8H4 92-94cm 24 3.630 0.06 27.3 
806B 8H4 92-94cm 25 2.888 0.13 25.2 
806B 8H4 92-94cm 26 2.927 0.05 25.3 
806B 8H4 92-94cm 27 3.517 0.07 27.0 
806B 8H4 92-94cm 28 2.827 0.04 25.0 
806B 8H4 92-94cm 29 2.585 0.04 24.3 
806B 8H4 92-94cm 30 3.136 0.04 25.9 
806B 8H4 92-94cm 32 3.764 0.28 27.6 
806B 8H4 92-94cm 33 4.094 0.15 28.4 
806B 8H4 92-94cm 34 2.742 0.07 24.8 
806B 8H4 92-94cm 35 3.708 0.04 27.4 
806B 8H4 92-94cm 37 3.166 0.12 26.0 
806B 8H4 92-94cm 39 3.139 0.10 25.9 
806B 8H4 92-94cm 40 3.849 0.05 27.8 
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806B 8H4 92-94cm 41 3.009 0.03 25.6 
806B 8H4 92-94cm 42 3.397 0.09 26.7 
806B 8H4 92-94cm 43 4.189 0.18 28.6 
806B 8H4 92-94cm 44 2.297 0.05 23.3 
806B 8H4 92-94cm 45 2.960 0.03 25.4 
806B 8H4 92-94cm 46 3.880 0.05 27.9 
806B 8H4 92-94cm 47 2.828 0.02 25.0 
806B 8H4 92-94cm 48 2.794 0.05 24.9 
806B 8H4 92-94cm 49 3.033 0.06 25.6 
806B 8H4 92-94cm 50 3.023 0.02 25.6 
806B 8H4 92-94cm 51 3.135 0.05 25.9 
806B 8H4 92-94cm 52 3.064 0.20 25.7 
806B 8H4 92-94cm 53 2.800 0.12 24.9 
806B 8H4 92-94cm 54 3.601 0.05 27.2 
806B 8H4 92-94cm 55 3.450 0.04 26.8 
806B 8H4 92-94cm 56 2.860 0.10 25.1 
806B 8H4 92-94cm 57 2.753 0.06 24.8 
806B 8H4 92-94cm 58 2.374 0.06 23.5 
806B 8H4 92-94cm 59 2.871 0.06 25.2 
806B 8H4 92-94cm 60 2.686 0.04 24.6 
806B 8H4 92-94cm 61 2.733 0.04 24.7 
806B 8H4 92-94cm 62 3.275 0.04 26.3 
806B 8H4 92-94cm 63 3.279 0.03 26.3 
806B 8H4 92-94cm 64 3.089 0.15 25.8 
806B 8H4 92-94cm 65 2.223 0.09 23.0 
806B 8H4 92-94cm 66 3.648 0.04 27.3 
806B 8H4 92-94cm 67 3.055 0.06 25.7 
806B 8H4 92-94cm 68 3.312 0.02 26.4 
806B 8H4 92-94cm 69 3.694 0.08 27.4 
806B 8H4 92-94cm 70 3.063 0.18 25.7 
806B 8H4 92-94cm 72 2.679 0.04 24.6 
806B 8H4 92-94cm 73 2.682 0.10 24.6 
806B 8H4 92-94cm 74 4.287 0.09 28.8 
806B 8H4 92-94cm 75 2.868 0.04 25.1 
806B 8H4 92-94cm 76 2.914 0.06 25.3 
806B 8H4 92-94cm 77 3.715 0.10 27.5 
806B 8H4 92-94cm 78 3.039 0.09 25.7 

 
  



 145 

3 Ma Interglacial individual  
G. sacculifer 

    
Sample Hole-Section Interval Sample # 

avg 
Mg/Ca 

std 
Mg/Ca 

SST 
(C) 

806B 8H5 112-114cm 1 3.793 0.12 27.7 
806B 8H5 112-114cm 2 4.051 0.17 28.3 
806B 8H5 112-114cm 3 3.526 0.11 27.0 
806B 8H5 112-114cm 4 3.004 0.02 25.6 
806B 8H5 112-114cm 5 5.205 0.18 30.6 
806B 8H5 112-114cm 6 3.532 0.04 27.0 
806B 8H5 112-114cm 7 3.100 0.07 25.8 
806B 8H5 112-114cm 8 3.647 0.06 27.3 
806B 8H5 112-114cm 9 3.388 0.13 26.6 
806B 8H5 112-114cm 10 3.617 0.15 27.2 
806B 8H5 112-114cm 11 3.477 0.08 26.9 
806B 8H5 112-114cm 12 4.017 0.15 28.2 
806B 8H5 112-114cm 13 3.655 0.06 27.3 
806B 8H5 112-114cm 14 2.957 0.03 25.4 
806B 8H5 112-114cm 15 3.280 0.18 26.3 
806B 8H5 112-114cm 16 4.560 0.13 29.4 
806B 8H5 112-114cm 17 3.015 0.10 25.6 
806B 8H5 112-114cm 18 3.088 0.16 25.8 
806B 8H5 112-114cm 19 3.743 0.04 27.5 
806B 8H5 112-114cm 20 3.165 0.06 26.0 
806B 8H5 112-114cm 21 3.413 0.12 26.7 
806B 8H5 112-114cm 23 3.483 0.18 26.9 
806B 8H5 112-114cm 24 3.943 0.04 28.0 
806B 8H5 112-114cm 25 3.844 0.19 27.8 
806B 8H5 112-114cm 26 2.943 0.04 25.4 
806B 8H5 112-114cm 27 3.530 0.15 27.0 
806B 8H5 112-114cm 28 3.472 0.09 26.8 
806B 8H5 112-114cm 29 3.049 0.24 25.7 
806B 8H5 112-114cm 30 4.029 0.09 28.2 
806B 8H5 112-114cm 31 2.872 0.05 25.2 
806B 8H5 112-114cm 32 3.072 0.04 25.8 
806B 8H5 112-114cm 33 3.656 0.20 27.3 
806B 8H5 112-114cm 34 4.050 0.15 28.3 
806B 8H5 112-114cm 35 3.279 0.07 26.3 
806B 8H5 112-114cm 36 4.422 0.03 29.1 
806B 8H5 112-114cm 37 4.797 0.08 29.9 
806B 8H5 112-114cm 38 3.874 0.06 27.9 
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806B 8H5 112-114cm 39 3.494 0.04 26.9 
806B 8H5 112-114cm 40 3.750 0.11 27.6 
806B 8H5 112-114cm 41 3.313 0.09 26.4 
806B 8H5 112-114cm 42 3.164 0.05 26.0 
806B 8H5 112-114cm 43 3.008 0.03 25.6 
806B 8H5 112-114cm 44 4.169 0.10 28.5 
806B 8H5 112-114cm 45 3.389 0.18 26.6 
806B 8H5 112-114cm 46 3.776 0.13 27.6 
806B 8H5 112-114cm 47 3.574 0.09 27.1 
806B 8H5 112-114cm 48 3.981 0.11 28.1 
806B 8H5 112-114cm 49 3.612 0.06 27.2 
806B 8H5 112-114cm 50 3.619 0.06 27.2 
806B 8H5 112-114cm 51 4.018 0.08 28.2 
806B 8H5 112-114cm 52 2.810 0.03 25.0 
806B 8H5 112-114cm 53 3.305 0.06 26.4 
806B 8H5 112-114cm 54 3.281 0.07 26.3 
806B 8H5 112-114cm 55 3.267 0.09 26.3 
806B 8H5 112-114cm 56 4.097 0.16 28.4 
806B 8H5 112-114cm 57 3.230 0.11 26.2 
806B 8H5 112-114cm 58 3.169 0.05 26.0 
806B 8H5 112-114cm 59 4.062 0.17 28.3 
806B 8H5 112-114cm 60 3.326 0.05 26.5 
806B 8H5 112-114cm 61 3.576 0.05 27.1 
806B 8H5 112-114cm 62 4.280 0.24 28.8 
806B 8H5 112-114cm 63 4.234 0.08 28.7 
806B 8H5 112-114cm 64 3.493 0.13 26.9 
806B 8H5 112-114cm 65 4.184 0.13 28.6 
806B 8H5 112-114cm 66 2.170 0.04 22.8 
806B 8H5 112-114cm 67 3.439 0.22 26.8 
806B 8H5 112-114cm 68 4.102 0.10 28.4 
806B 8H5 112-114cm 69 2.884 0.08 25.2 
806B 8H5 112-114cm 70 3.093 0.06 25.8 
806B 8H5 112-114cm 71 2.386 0.08 23.6 
806B 8H5 112-114cm 72 4.209 0.04 28.6 
806B 8H5 112-114cm 73 3.277 0.13 26.3 
806B 8H5 112-114cm 74 4.019 0.08 28.2 
806B 8H5 112-114cm 75 3.732 0.03 27.5 
806B 8H5 112-114cm 76 2.892 0.11 25.2 
806B 8H5 112-114cm 77 3.802 0.28 27.7 
806B 8H5 112-114cm 78 4.104 0.07 28.4 
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806B 8H5 112-114cm 79 3.564 0.05 27.1 
806B 8H5 112-114cm 80 3.075 0.10 25.8 
806B 8H5 112-114cm 81 4.000 0.05 28.1 
806B 8H5 112-114cm 83 3.412 0.08 26.7 
806B 8H5 112-114cm 84 4.345 0.12 28.9 
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3 Ma Glacial individual  
G. tumida 

    
Sample Hole-Section Interval Sample # Mg/Ca 

Subsurface T 
(C) 

806B 8H4 92-94cm 1 1.748 21.3 
806B 8H4 92-94cm 2 2.566 27.0 
806B 8H4 92-94cm 3 2.522 26.7 
806B 8H4 92-94cm 4 2.334 25.6 
806B 8H4 92-94cm 5 2.655 27.5 
806B 8H4 92-94cm 6 1.751 21.4 
806B 8H4 92-94cm 7 1.996 23.3 
806B 8H4 92-94cm 8 1.985 23.2 
806B 8H4 92-94cm 9 1.934 22.8 
806B 8H4 92-94cm 10 2.004 23.3 
806B 8H4 92-94cm 11 2.221 24.8 
806B 8H4 92-94cm 12 1.928 22.8 
806B 8H4 92-94cm 13 1.456 18.6 
806B 8H4 92-94cm 14 2.105 24.1 
806B 8H4 92-94cm 15 2.773 28.1 
806B 8H4 92-94cm 16 1.769 21.5 
806B 8H4 92-94cm 17 2.184 24.6 
806B 8H4 92-94cm 19 1.814 21.9 
806B 8H4 92-94cm 20 2.677 27.6 
806B 8H4 92-94cm 21 1.415 18.2 
806B 8H4 92-94cm 22 2.395 26.0 
806B 8H4 92-94cm 23 1.599 20.0 
806B 8H4 92-94cm 25 2.359 25.7 
806B 8H4 92-94cm 26 2.376 25.8 
806B 8H4 92-94cm 27 2.081 23.9 
806B 8H4 92-94cm 28 1.784 21.6 
806B 8H4 92-94cm 29 2.313 25.4 
806B 8H4 92-94cm 30 2.175 24.5 
806B 8H4 92-94cm 31 1.933 22.8 
806B 8H4 92-94cm 32 2.015 23.4 
806B 8H4 92-94cm 33 2.050 23.7 
806B 8H4 92-94cm 34 2.097 24.0 
806B 8H4 92-94cm 35 2.370 25.8 
806B 8H4 92-94cm 36 2.184 24.6 
806B 8H4 92-94cm 37 2.481 26.5 
806B 8H4 92-94cm 38 2.411 26.1 
806B 8H4 92-94cm 39 2.776 28.1 
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806B 8H4 92-94cm 40 2.358 25.7 
806B 8H4 92-94cm 41 1.974 23.1 
806B 8H4 92-94cm 42 1.456 18.6 
806B 8H4 92-94cm 43 1.967 23.1 
806B 8H4 92-94cm 44 1.802 21.8 
806B 8H4 92-94cm 45 2.023 23.5 
806B 8H4 92-94cm 46 1.878 22.4 
806B 8H4 92-94cm 47 1.416 18.2 
806B 8H4 92-94cm 48 2.749 28.0 
806B 8H4 92-94cm 49 2.319 25.5 
806B 8H4 92-94cm 50 1.799 21.7 
806B 8H4 92-94cm 51 3.128 29.9 
806B 8H4 92-94cm 53 2.064 23.8 
806B 8H4 92-94cm 54 1.704 20.9 
806B 8H4 92-94cm 56 2.059 23.7 
806B 8H4 92-94cm 57 1.832 22.0 
806B 8H4 92-94cm 58 3.161 30.0 
806B 8H4 92-94cm 59 2.361 25.7 
806B 8H4 92-94cm 60 2.034 23.6 
806B 8H4 92-94cm 61 2.545 26.8 
806B 8H4 92-94cm 63 1.981 23.2 
806B 8H4 92-94cm 64 1.888 22.5 
806B 8H4 92-94cm 65 2.314 25.5 
806B 8H4 92-94cm 66 2.142 24.3 
806B 8H4 92-94cm 67 2.269 25.2 
806B 8H4 92-94cm 68 2.583 27.1 
806B 8H4 92-94cm 69 2.489 26.5 
806B 8H4 92-94cm 70 1.704 20.9 
806B 8H4 92-94cm 71 1.752 21.4 
806B 8H4 92-94cm 72 2.322 25.5 
806B 8H4 92-94cm 73 2.568 27.0 
806B 8H4 92-94cm 74 3.426 31.2 
806B 8H4 92-94cm 76 2.077 23.9 
806B 8H4 92-94cm 77 2.264 25.1 
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3 Ma Interglacial 
individual G. tumida 

    
Sample Hole-Section Interval Sample # Mg/Ca 

Subsurface T 
(C) 

806B 8H5 112-114cm 1 3.050 29.5 
806B 8H5 112-114cm 2 2.414 26.1 
806B 8H5 112-114cm 3 1.791 21.7 
806B 8H5 112-114cm 4 2.265 25.1 
806B 8H5 112-114cm 5 2.466 26.4 
806B 8H5 112-114cm 6 1.533 19.4 
806B 8H5 112-114cm 7 2.058 23.7 
806B 8H5 112-114cm 8 1.745 21.3 
806B 8H5 112-114cm 9 2.408 26.0 
806B 8H5 112-114cm 11 1.605 20.1 
806B 8H5 112-114cm 12 2.174 24.5 
806B 8H5 112-114cm 13 2.640 27.4 
806B 8H5 112-114cm 14 2.653 27.5 
806B 8H5 112-114cm 21 2.645 27.4 
806B 8H5 112-114cm 22 1.803 21.8 
806B 8H5 112-114cm 23 2.467 26.4 
806B 8H5 112-114cm 24 2.553 26.9 
806B 8H5 112-114cm 25 2.038 23.6 
806B 8H5 112-114cm 26 2.129 24.2 
806B 8H5 112-114cm 27 2.485 26.5 
806B 8H5 112-114cm 28 1.883 22.4 
806B 8H5 112-114cm 29 2.308 25.4 
806B 8H5 112-114cm 30 2.390 25.9 
806B 8H5 112-114cm 31 2.195 24.7 
806B 8H5 112-114cm 32 2.650 27.4 
806B 8H5 112-114cm 33 2.978 29.2 
806B 8H5 112-114cm 34 2.672 27.6 
806B 8H5 112-114cm 35 2.422 26.1 
806B 8H5 112-114cm 36 2.886 28.7 
806B 8H5 112-114cm 37 3.142 29.9 
806B 8H5 112-114cm 38 2.601 27.2 
806B 8H5 112-114cm 39 3.015 29.3 
806B 8H5 112-114cm 40 2.185 24.6 
806B 8H5 112-114cm 41 2.682 27.6 
806B 8H5 112-114cm 42 2.665 27.5 
806B 8H5 112-114cm 43 2.215 24.8 
806B 8H5 112-114cm 44 1.874 22.4 
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806B 8H5 112-114cm 45 3.038 29.5 
806B 8H5 112-114cm 46 2.133 24.3 
806B 8H5 112-114cm 47 2.478 26.5 
806B 8H5 112-114cm 48 3.783 32.7 
806B 8H5 112-114cm 49 1.737 21.2 
806B 8H5 112-114cm 50 2.480 26.5 
806B 8H5 112-114cm 51 2.507 26.6 
806B 8H5 112-114cm 52 2.350 25.7 
806B 8H5 112-114cm 53 1.921 22.7 
806B 8H5 112-114cm 54 2.698 27.7 
806B 8H5 112-114cm 55 3.755 32.6 
806B 8H5 112-114cm 56 3.017 29.4 
806B 8H5 112-114cm 57 2.291 25.3 
806B 8H5 112-114cm 58 2.622 27.3 
806B 8H5 112-114cm 59 2.930 28.9 
806B 8H5 112-114cm 60 2.741 27.9 
806B 8H5 112-114cm 61 1.884 22.4 
806B 8H5 112-114cm 62 2.345 25.6 
806B 8H5 112-114cm 63 2.319 25.5 
806B 8H5 112-114cm 64 2.460 26.4 
806B 8H5 112-114cm 65 4.725 35.9 
806B 8H5 112-114cm 66 3.024 29.4 
806B 8H5 112-114cm 67 2.650 27.4 
806B 8H5 112-114cm 68 2.574 27.0 
806B 8H5 112-114cm 69 2.122 24.2 
806B 8H5 112-114cm 70 1.904 22.6 
806B 8H5 112-114cm 71 2.284 25.3 
806B 8H5 112-114cm 72 2.230 24.9 
806B 8H5 112-114cm 73 2.700 27.7 
806B 8H5 112-114cm 74 2.352 25.7 
806B 8H5 112-114cm 75 2.421 26.1 
806B 8H5 112-114cm 76 2.614 27.2 
806B 8H5 112-114cm 77 1.914 22.7 
806B 8H5 112-114cm 78 2.366 25.8 
806B 8H5 112-114cm 79 2.057 23.7 
806B 8H5 112-114cm 80 2.179 24.6 
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4 Ma Glacial individual 
G. sacculifer 

     
Sample Hole-Section Interval 

Sample 
# 

avg 
Mg/Ca 

std 
Mg/Ca 

SST 
(C) 

806B 11H6 92-94cm 1 2.65 0.09 24.5 
806B 11H6 92-94cm 2 3.70 0.08 27.4 
806B 11H6 92-94cm 3 3.65 0.04 27.3 
806B 11H6 92-94cm 4 3.43 0.11 26.7 
806B 11H6 92-94cm 5 3.93 0.06 28.0 
806B 11H6 92-94cm 6 3.28 0.11 26.3 
806B 11H6 92-94cm 7 4.17 0.11 28.5 
806B 11H6 92-94cm 8 3.50 0.07 26.9 
806B 11H6 92-94cm 9 5.09 0.05 30.4 
806B 11H6 92-94cm 10 3.89 0.05 27.9 
806B 11H6 92-94cm 11 3.96 0.14 28.0 
806B 11H6 92-94cm 12 4.11 0.04 28.4 
806B 11H6 92-94cm 13 3.38 0.26 26.6 
806B 11H6 92-94cm 14 2.98 0.15 25.5 
806B 11H6 92-94cm 15 3.41 0.07 26.7 
806B 11H6 92-94cm 16 3.80 0.08 27.7 
806B 11H6 92-94cm 17 3.64 0.11 27.3 
806B 11H6 92-94cm 18 2.87 0.05 25.2 
806B 11H6 92-94cm 19 4.19 0.03 28.6 
806B 11H6 92-94cm 20 2.93 0.06 25.3 
806B 11H6 92-94cm 21 2.86 0.06 25.1 
806B 11H6 92-94cm 22 4.87 0.13 30.0 
806B 11H6 92-94cm 23 3.43 0.07 26.7 
806B 11H6 92-94cm 24 3.02 0.26 25.6 
806B 11H6 92-94cm 25 3.66 0.19 27.3 
806B 11H6 92-94cm 26 3.75 0.05 27.5 
806B 11H6 92-94cm 27 3.92 0.10 28.0 
806B 11H6 92-94cm 28 3.21 0.03 26.1 
806B 11H6 92-94cm 29 2.96 0.06 25.4 
806B 11H6 92-94cm 30 2.79 0.04 24.9 
806B 11H6 92-94cm 31 3.75 0.10 27.6 
806B 11H6 92-94cm 32 4.22 0.03 28.6 
806B 11H6 92-94cm 33 3.93 0.04 28.0 
806B 11H6 92-94cm 34 3.47 0.09 26.8 
806B 11H6 92-94cm 35 4.12 0.07 28.4 
806B 11H6 92-94cm 36 3.00 0.08 25.5 
806B 11H6 92-94cm 37 3.74 0.07 27.5 
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806B 11H6 92-94cm 38 3.14 0.10 25.9 
806B 11H6 92-94cm 39 3.87 0.26 27.9 
806B 11H6 92-94cm 40 3.15 0.04 26.0 
806B 11H6 92-94cm 41 2.63 0.03 24.4 
806B 11H6 92-94cm 42 3.65 0.07 27.3 
806B 11H6 92-94cm 43 3.37 0.08 26.6 
806B 11H6 92-94cm 44 3.75 0.10 27.6 
806B 11H6 92-94cm 45 3.70 0.04 27.4 
806B 11H6 92-94cm 46 4.07 0.05 28.3 
806B 11H6 92-94cm 47 3.26 0.07 26.3 
806B 11H6 92-94cm 48 3.84 0.06 27.8 
806B 11H6 92-94cm 49 4.04 0.15 28.2 
806B 11H6 92-94cm 50 3.24 0.07 26.2 
806B 11H6 92-94cm 51 3.52 0.09 27.0 
806B 11H6 92-94cm 52 2.33 0.09 23.4 
806B 11H6 92-94cm 53 3.52 0.08 27.0 
806B 11H6 92-94cm 54 3.70 0.04 27.4 
806B 11H6 92-94cm 55 3.04 0.05 25.7 
806B 11H6 92-94cm 56 4.00 0.04 28.2 
806B 11H6 92-94cm 57 2.79 0.07 24.9 
806B 11H6 92-94cm 58 4.40 0.17 29.0 
806B 11H6 92-94cm 59 3.12 0.11 25.9 
806B 11H6 92-94cm 60 3.03 0.06 25.6 
806B 11H6 92-94cm 61 3.19 0.05 26.1 
806B 11H6 92-94cm 62 3.65 0.04 27.3 
806B 11H6 92-94cm 63 4.01 0.05 28.2 
806B 11H6 92-94cm 64 3.20 0.10 26.1 
806B 11H6 92-94cm 65 3.88 0.06 27.9 
806B 11H6 92-94cm 66 2.72 0.02 24.7 
806B 11H6 92-94cm 67 3.71 0.07 27.5 
806B 11H6 92-94cm 68 3.07 0.07 25.7 
806B 11H6 92-94cm 69 3.24 0.03 26.2 
806B 11H6 92-94cm 70 3.31 0.09 26.4 
806B 11H6 92-94cm 71 2.44 0.05 23.8 
806B 11H6 92-94cm 72 3.73 0.25 27.5 
806B 11H6 92-94cm 73 3.20 0.11 26.1 
806B 11H6 92-94cm 74 2.92 0.03 25.3 
806B 11H6 92-94cm 75 3.16 0.08 26.0 
806B 11H6 92-94cm 76 3.79 0.08 27.7 
806B 11H6 92-94cm 77 3.43 0.09 26.7 
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806B 11H6 92-94cm 78 4.09 0.05 28.4 
806B 11H6 92-94cm 79 4.32 0.14 28.9 
806B 11H6 92-94cm 80 2.94 0.09 25.4 
806B 11H6 92-94cm 81 2.94 0.05 25.4 
806B 11H6 92-94cm 82 3.26 0.09 26.3 
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4 Ma Interglacial 
individual G. sacculifer 

     
Sample Hole-Section Interval 

Sample 
# 

avg 
Mg/Ca 

std 
Mg/Ca 

SST 
(C) 

806B 11H5 92-94cm 13 3.80 0.19 27.7 
806B 11H5 92-94cm 14 4.10 0.20 28.4 
806B 11H5 92-94cm 15 3.84 0.14 27.8 
806B 11H5 92-94cm 16 4.62 0.59 29.5 
806B 11H5 92-94cm 17 3.77 0.05 27.6 
806B 11H5 92-94cm 18 4.50 0.04 29.2 
806B 11H5 92-94cm 19 4.29 0.15 28.8 
806B 11H5 92-94cm 20 4.50 0.24 29.2 
806B 11H5 92-94cm 21 4.05 0.05 28.3 
806B 11H5 92-94cm 22 4.71 0.26 29.7 
806B 11H5 92-94cm 23 4.54 0.16 29.3 
806B 11H5 92-94cm 24 3.51 0.15 26.9 
806B 11H5 92-94cm 25 3.77 0.21 27.6 
806B 11H5 92-94cm 26 3.12 0.05 25.9 
806B 11H5 92-94cm 27 3.90 0.28 27.9 
806B 11H5 92-94cm 28 3.11 0.04 25.9 
806B 11H5 92-94cm 29 4.34 0.13 28.9 
806B 11H5 92-94cm 30 4.55 0.05 29.4 
806B 11H5 92-94cm 31 4.37 0.04 29.0 
806B 11H5 92-94cm 32 3.40 0.07 26.7 
806B 11H5 92-94cm 33 4.78 0.06 29.8 
806B 11H5 92-94cm 34 4.62 0.07 29.5 
806B 11H5 92-94cm 35 3.44 0.16 26.8 
806B 11H5 92-94cm 36 3.81 0.05 27.7 
806B 11H5 92-94cm 37 4.94 0.15 30.1 
806B 11H5 92-94cm 38 4.14 0.10 28.5 
806B 11H5 92-94cm 39 3.90 0.04 27.9 
806B 11H5 92-94cm 40 5.01 0.47 30.3 
806B 11H5 92-94cm 41 3.12 0.08 25.9 
806B 11H5 92-94cm 42 2.64 0.04 24.4 
806B 11H5 92-94cm 43 4.22 0.11 28.6 
806B 11H5 92-94cm 44 4.29 0.34 28.8 
806B 11H5 92-94cm 45 4.27 0.17 28.7 
806B 11H5 92-94cm 46 3.74 0.28 27.5 
806B 11H5 92-94cm 47 4.35 0.34 28.9 
806B 11H5 92-94cm 48 4.27 0.10 28.8 
806B 11H5 92-94cm 49 4.16 0.17 28.5 
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806B 11H5 92-94cm 50 3.69 0.01 27.4 
806B 11H5 92-94cm 52 4.52 0.10 29.3 
806B 11H5 92-94cm 53 4.57 0.13 29.4 
806B 11H5 92-94cm 54 4.11 0.07 28.4 
806B 11H5 92-94cm 55 4.17 0.08 28.5 
806B 11H5 92-94cm 56 3.50 0.14 26.9 
806B 11H5 92-94cm 57 4.76 0.09 29.8 
806B 11H5 92-94cm 58 4.11 0.07 28.4 
806B 11H5 92-94cm 59 4.17 0.10 28.5 
806B 11H5 92-94cm 61 3.65 0.16 27.3 
806B 11H5 92-94cm 62 3.37 0.12 26.6 
806B 11H5 92-94cm 63 3.37 0.08 26.6 
806B 11H5 92-94cm 64 4.16 0.08 28.5 
806B 11H5 92-94cm 65 3.96 0.48 28.1 
806B 11H5 92-94cm 72 4.41 0.11 29.1 
806B 11H5 92-94cm 73 4.78 0.20 29.8 
806B 11H5 92-94cm 74 4.27 0.11 28.8 
806B 11H5 92-94cm 75 4.00 0.05 28.2 
806B 11H5 92-94cm 76 3.81 0.10 27.7 
806B 11H5 92-94cm 77 4.45 0.26 29.1 
806B 11H5 92-94cm 78 5.52 0.03 31.2 
806B 11H5 92-94cm 79 3.15 0.07 26.0 
806B 11H5 92-94cm 80 3.32 0.11 26.4 
806B 11H5 92-94cm 81 4.34 0.08 28.9 
806B 11H5 92-94cm 82 3.94 0.10 28.0 
806B 11H5 92-94cm 83 4.25 0.10 28.7 
806B 11H5 92-94cm 84 4.67 0.07 29.6 
806B 11H5 92-94cm 85 3.35 0.05 26.5 
806B 11H5 92-94cm 86 4.25 0.17 28.7 
806B 11H5 92-94cm 87 3.80 0.07 27.7 
806B 11H5 92-94cm 88 3.51 0.11 27.0 
806B 11H5 92-94cm 89 3.57 0.06 27.1 
806B 11H5 92-94cm 90 3.85 0.05 27.8 
806B 11H5 92-94cm 91 2.99 0.12 25.5 
806B 11H5 92-94cm 92 4.31 0.06 28.8 
806B 11H5 92-94cm 93 4.07 0.05 28.3 
806B 11H5 92-94cm 94 3.67 0.08 27.4 
806B 11H5 92-94cm 95 3.63 0.04 27.2 
806B 11H5 92-94cm 96 4.23 0.12 28.7 
806B 11H5 92-94cm 97 3.81 0.07 27.7 
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806B 11H5 92-94cm 98 3.19 0.07 26.1 
806B 11H5 92-94cm 99 3.98 0.16 28.1 
806B 11H5 92-94cm 100 3.39 0.05 26.6 
806B 11H5 92-94cm 101 4.22 0.06 28.7 
806B 11H5 92-94cm 102 3.41 0.04 26.7 
806B 11H5 92-94cm 103 3.54 0.11 27.0 
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4 Ma Glacial individual  
G. tumida 

    
Sample Hole-Section Interval 

Sample 
# Mg/Ca 

Subsurface T 
(C) 

806B 11H6 92-94cm 1 3.243 30.4 
806B 11H6 92-94cm 2 2.174 24.5 
806B 11H6 92-94cm 3 2.933 28.9 
806B 11H6 92-94cm 5 3.235 30.4 
806B 11H6 92-94cm 6 2.532 26.8 
806B 11H6 92-94cm 7 2.384 25.9 
806B 11H6 92-94cm 8 3.286 30.6 
806B 11H6 92-94cm 9 2.593 27.1 
806B 11H6 92-94cm 10 1.873 22.3 
806B 11H6 92-94cm 11 2.511 26.7 
806B 11H6 92-94cm 12 2.613 27.2 
806B 11H6 92-94cm 13 2.449 26.3 
806B 11H6 92-94cm 14 1.949 22.9 
806B 11H6 92-94cm 15 2.211 24.8 
806B 11H6 92-94cm 16 2.739 27.9 
806B 11H6 92-94cm 18 2.303 25.4 
806B 11H6 92-94cm 19 2.708 27.8 
806B 11H6 92-94cm 20 2.727 27.9 
806B 11H6 92-94cm 21 2.648 27.4 
806B 11H6 92-94cm 22 2.281 25.2 
806B 11H6 92-94cm 23 2.373 25.8 
806B 11H6 92-94cm 24 1.870 22.3 
806B 11H6 92-94cm 25 2.150 24.4 
806B 11H6 92-94cm 26 3.215 30.3 
806B 11H6 92-94cm 27 3.097 29.7 
806B 11H6 92-94cm 28 2.311 25.4 
806B 11H6 92-94cm 29 2.068 23.8 
806B 11H6 92-94cm 30 2.224 24.9 
806B 11H6 92-94cm 31 1.990 23.2 
806B 11H6 92-94cm 32 3.174 30.1 
806B 11H6 92-94cm 33 2.086 23.9 
806B 11H6 92-94cm 34 2.325 25.5 
806B 11H6 92-94cm 35 1.976 23.1 
806B 11H6 92-94cm 36 2.098 24.0 
806B 11H6 92-94cm 38 1.943 22.9 
806B 11H6 92-94cm 39 2.213 24.8 
806B 11H6 92-94cm 40 2.301 25.4 
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806B 11H6 92-94cm 41 2.628 27.3 
806B 11H6 92-94cm 42 2.421 26.1 
806B 11H6 92-94cm 43 2.468 26.4 
806B 11H6 92-94cm 45 2.162 24.4 
806B 11H6 92-94cm 46 2.987 29.2 
806B 11H6 92-94cm 47 2.030 23.5 
806B 11H6 92-94cm 49 1.820 21.9 
806B 11H6 92-94cm 50 2.204 24.7 
806B 11H6 92-94cm 52 2.949 29.0 
806B 11H6 92-94cm 54 2.797 28.2 
806B 11H6 92-94cm 55 3.249 30.4 
806B 11H6 92-94cm 56 2.803 28.3 
806B 11H6 92-94cm 57 2.490 26.5 
806B 11H6 92-94cm 58 2.909 28.8 
806B 11H6 92-94cm 59 2.337 25.6 
806B 11H6 92-94cm 61 2.173 24.5 
806B 11H6 92-94cm 62 2.951 29.0 
806B 11H6 92-94cm 63 2.526 26.7 
806B 11H6 92-94cm 64 2.886 28.7 
806B 11H6 92-94cm 65 2.435 26.2 
806B 11H6 92-94cm 66 2.031 23.5 
806B 11H6 92-94cm 67 2.522 26.7 
806B 11H6 92-94cm 68 2.340 25.6 
806B 11H6 92-94cm 69 3.041 29.5 
806B 11H6 92-94cm 70 1.864 22.3 
806B 11H6 92-94cm 71 2.960 29.1 
806B 11H6 92-94cm 72 2.782 28.2 
806B 11H6 92-94cm 73 2.553 26.9 
806B 11H6 92-94cm 74 2.664 27.5 
806B 11H6 92-94cm 75 1.960 23.0 
806B 11H6 92-94cm 76 3.019 29.4 
806B 11H6 92-94cm 77 2.623 27.3 
806B 11H6 92-94cm 78 2.656 27.5 
806B 11H6 92-94cm 79 2.851 28.5 
806B 11H6 92-94cm 80 2.213 24.8 
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4 Ma Interglacial individual 
G. tumida 

    
Sample Hole-Section Interval 

Sample 
# Mg/Ca 

Subsurface T 
(C) 

806B 11H5 92-94cm 2 2.576 27.0 
806B 11H5 92-94cm 3 3.155 30.0 
806B 11H5 92-94cm 4 3.091 29.7 
806B 11H5 92-94cm 5 2.646 27.4 
806B 11H5 92-94cm 6 3.289 30.6 
806B 11H5 92-94cm 7 3.399 31.1 
806B 11H5 92-94cm 8 3.043 29.5 
806B 11H5 92-94cm 9 2.258 25.1 
806B 11H5 92-94cm 10 3.288 30.6 
806B 11H5 92-94cm 11 2.872 28.6 
806B 11H5 92-94cm 12 2.586 27.1 
806B 11H5 92-94cm 13 2.996 29.2 
806B 11H5 92-94cm 14 3.136 29.9 
806B 11H5 92-94cm 15 2.766 28.1 
806B 11H5 92-94cm 16 3.231 30.4 
806B 11H5 92-94cm 17 2.728 27.9 
806B 11H5 92-94cm 18 3.580 31.9 
806B 11H5 92-94cm 19 2.605 27.2 
806B 11H5 92-94cm 20 2.542 26.8 
806B 11H5 92-94cm 21 3.628 32.1 
806B 11H5 92-94cm 22 3.142 29.9 
806B 11H5 92-94cm 23 3.403 31.1 
806B 11H5 92-94cm 24 3.805 32.8 
806B 11H5 92-94cm 25 2.813 28.3 
806B 11H5 92-94cm 26 2.761 28.0 
806B 11H5 92-94cm 27 3.018 29.4 
806B 11H5 92-94cm 28 2.214 24.8 
806B 11H5 92-94cm 29 2.637 27.4 
806B 11H5 92-94cm 30 3.229 30.3 
806B 11H5 92-94cm 31 2.683 27.6 
806B 11H5 92-94cm 32 3.016 29.3 
806B 11H5 92-94cm 33 2.266 25.1 
806B 11H5 92-94cm 34 2.199 24.7 
806B 11H5 92-94cm 35 3.082 29.7 
806B 11H5 92-94cm 36 1.979 23.2 
806B 11H5 92-94cm 37 3.020 29.4 
806B 11H5 92-94cm 38 2.445 26.3 
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806B 11H5 92-94cm 39 3.096 29.7 
806B 11H5 92-94cm 40 2.997 29.3 
806B 11H5 92-94cm 41 2.758 28.0 
806B 11H5 92-94cm 42 3.128 29.9 
806B 11H5 92-94cm 43 2.936 28.9 
806B 11H5 92-94cm 44 2.588 27.1 
806B 11H5 92-94cm 45 2.393 25.9 
806B 11H5 92-94cm 46 2.793 28.2 
806B 11H5 92-94cm 47 2.461 26.4 
806B 11H5 92-94cm 48 2.509 26.6 
806B 11H5 92-94cm 49 3.361 30.9 
806B 11H5 92-94cm 50 3.108 29.8 
806B 11H5 92-94cm 51 2.643 27.4 
806B 11H5 92-94cm 52 2.133 24.3 
806B 11H5 92-94cm 53 2.486 26.5 
806B 11H5 92-94cm 54 2.875 28.6 
806B 11H5 92-94cm 55 2.467 26.4 
806B 11H5 92-94cm 56 2.464 26.4 
806B 11H5 92-94cm 57 3.132 29.9 
806B 11H5 92-94cm 58 3.395 31.1 
806B 11H5 92-94cm 59 2.852 28.5 
806B 11H5 92-94cm 60 2.876 28.6 
806B 11H5 92-94cm 61 1.905 22.6 
806B 11H5 92-94cm 62 2.660 27.5 
806B 11H5 92-94cm 63 2.316 25.5 
806B 11H5 92-94cm 64 2.723 27.8 
806B 11H5 92-94cm 65 2.308 25.4 
806B 11H5 92-94cm 66 2.203 24.7 
806B 11H5 92-94cm 67 3.127 29.9 
806B 11H5 92-94cm 68 3.551 31.7 
806B 11H5 92-94cm 69 2.688 27.7 
806B 11H5 92-94cm 70 3.466 31.4 
806B 11H5 92-94cm 71 2.754 28.0 
806B 11H5 92-94cm 72 2.718 27.8 
806B 11H5 92-94cm 73 3.403 31.1 
806B 11H5 92-94cm 74 2.965 29.1 
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Appendix D: Site 806 G. tumida subsurface temperatures 
 

Sample 
top 
(cm) 

bottom 
(cm) mbsf mcd Mg/Ca 

Age 
(Ma) 

Subsurface 
Temperature 
(C) 

806A1H1 5 7 0.05 0.35 1.865 0.024 22.3 
806A1H1 5 7 0.05 0.35 1.979 0.024 23.1 
806A1H1 58 60 0.58 0.88 1.508 0.051 19.2 
806A1H1 58 60 0.58 0.88 1.835 0.051 22.0 
806A1H1 137 139 1.37 1.67 1.674 0.090 20.7 
806A1H1 137 139 1.37 1.67 1.480 0.090 18.9 
806A1H2 68 70 2.18 2.48 1.497 0.132 19.0 
806A1H2 68 70 2.18 2.48 1.469 0.132 18.8 
806A1H2 147 149 2.97 3.27 1.499 0.168 19.1 
806A1H2 147 149 2.97 3.27 1.529 0.168 19.4 
806A1H3 39 41 3.39 3.69 1.253 0.188 16.4 
806A1H3 39 41 3.39 3.69 1.345 0.188 17.5 
806A1H3 112 114 4.12 4.42 1.768 0.222 21.5 
806A1H3 112 114 4.12 4.42 1.960 0.222 23.0 
806A1H4 6 8 4.56 4.86 2.000 0.242 23.3 
806A1H4 6 8 4.56 4.86 2.062 0.242 23.8 
806A1H4 87 89 5.37 5.67 1.838 0.277 22.1 
806A1H4 87 89 5.37 5.67 1.808 0.277 21.8 
806A1H5 6 8 6.06 6.36 1.564 0.322 19.7 
806A1H5 6 8 6.06 6.36 1.583 0.322 19.9 
806A1H5 87 89 6.87 7.17 1.500 0.362 19.1 
806A1H5 87 89 6.87 7.17 1.714 0.362 21.0 
806A2H1 45 47 8.15 8.46 1.729 0.428 21.2 
806A2H1 45 47 8.15 8.46 1.875 0.428 22.4 
806A2H1 126 128 8.96 9.27 1.618 0.464 20.2 
806A2H1 126 128 8.96 9.27 1.870 0.464 22.3 
806A2H2 15 17 9.35 9.66 2.048 0.482 23.7 
806A2H2 15 17 9.35 9.66 1.368 0.482 17.7 
806A2H2 96 98 10.16 10.47 1.965 0.521 23.0 
806A2H2 96 98 10.16 10.47 1.594 0.521 20.0 
806A2H3 27 29 10.97 11.28 1.451 0.559 18.6 
806A2H3 27 29 10.97 11.28 1.645 0.559 20.4 
806A2H3 105 107 11.75 12.06 1.741 0.588 21.3 
806A2H3 105 107 11.75 12.06 1.631 0.588 20.3 
806A2H4 36 38 12.56 12.87 1.649 0.618 20.5 
806A2H4 36 38 12.56 12.87 2.007 0.618 23.4 
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806A2H4 117 119 13.37 13.68 1.831 0.652 22.0 
806A2H4 117 119 13.37 13.68 1.759 0.652 21.4 
806A2H5 47 49 14.17 14.48 1.734 0.689 21.2 
806A2H5 47 49 14.17 14.48 2.247 0.689 25.0 
806A2H5 125 127 14.95 15.26 1.954 0.725 23.0 
806A2H5 125 127 14.95 15.26 1.881 0.725 22.4 
806A2H6 15 17 15.35 15.66 1.756 0.743 21.4 
806A2H6 15 17 15.35 15.66 1.896 0.743 22.5 
806A2H6 105 107 16.25 16.56 1.801 0.767 21.8 
806A2H6 105 107 16.25 16.56 1.930 0.767 22.8 
806A2H7 25 27 16.95 17.26 1.788 0.792 21.7 
806A2H7 25 27 16.95 17.26 1.778 0.792 21.6 
806A2H7 53 55 17.23 17.54 1.486 0.809 18.9 
806A2H7 53 55 17.23 17.54 1.885 0.809 22.4 
806A3H1 5 7 17.25 17.89 1.928 0.829 22.8 
806A3H1 5 7 17.25 17.89 1.792 0.829 21.7 
806A3H1 85 87 18.05 18.69 1.676 0.875 20.7 
806A3H1 85 87 18.05 18.69 1.849 0.875 22.1 
806A3H2 15 17 18.85 19.49 1.872 0.910 22.3 
806A3H2 15 17 18.85 19.49 1.793 0.910 21.7 
806A3H2 95 97 19.65 20.29 1.621 0.943 20.2 
806A3H2 95 97 19.65 20.29 1.737 0.943 21.2 
806A3H3 25 27 20.45 21.09 1.664 0.974 20.6 
806A3H3 25 27 20.45 21.09 1.716 0.974 21.1 
806A3H3 105 107 21.25 21.89 1.489 1.001 19.0 
806A3H3 105 107 21.25 21.89 1.607 1.001 20.1 
806A3H4 35 37 22.05 22.69 1.587 1.029 19.9 
806A3H4 35 37 22.05 22.69 1.700 1.029 20.9 
806A3H4 115 117 22.85 23.49 2.155 1.062 24.4 
806A3H4 115 117 22.85 23.49 2.085 1.062 23.9 
806A3H5 5 7 23.25 23.89 1.726 1.081 21.1 
806A3H5 5 7 23.25 23.89 1.963 1.081 23.0 
806A3H5 85 87 24.05 24.69 1.691 1.122 20.8 
806A3H5 85 87 24.05 24.69 1.543 1.122 19.5 
806A3H6 15 17 24.85 25.49 1.685 1.197 20.8 
806A3H6 15 17 24.85 25.49 2.095 1.197 24.0 
806A3H6 105 107 25.75 26.39 1.798 1.210 21.7 
806A3H6 105 107 25.75 26.39 1.539 1.210 19.5 
806A4H1 5 7 26.75 26.48 1.705 1.256 21.0 
806A4H1 5 7 26.75 26.48 1.859 1.256 22.2 
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806A3H7 25 27 26.45 27.09 1.560 1.296 19.6 
806A3H7 25 27 26.45 27.09 1.745 1.296 21.3 
806A4H1 85 87 27.55 27.28 1.497 1.305 19.0 
806A4H1 85 87 27.55 27.28 1.474 1.305 18.8 
806A3H7 65 67 26.85 27.49 1.570 1.315 19.7 
806A3H7 65 67 26.85 27.49 1.729 1.315 21.2 
806A4H2 15 17 28.35 28.08 1.597 1.341 20.0 
806A4H2 15 17 28.35 28.08 1.629 1.341 20.3 
806A4H2 95 97 29.15 28.88 1.851 1.380 22.2 
806A4H2 95 97 29.15 28.88 1.729 1.380 21.2 
806A4H3 25 27 29.95 29.68 1.951 1.417 22.9 
806A4H3 25 27 29.95 29.68 2.043 1.417 23.6 
806A4H3 105 107 30.75 30.48 2.219 1.450 24.8 
806A4H3 105 107 30.75 30.48 2.309 1.450 25.4 
806A4H4 35 37 31.55 31.28 2.233 1.485 24.9 
806A4H4 35 37 31.55 31.28 2.261 1.485 25.1 
806A4H4 118 120 32.38 32.11 1.998 1.523 23.3 
806A4H4 118 120 32.38 32.11 1.812 1.523 21.9 
806A4H5 5 7 32.75 32.48 2.148 1.539 24.4 
806A4H5 5 7 32.75 32.48 2.036 1.539 23.6 
806A4H5 85 87 33.55 33.28 2.169 1.579 24.5 
806A4H5 85 87 33.55 33.28 2.161 1.579 24.4 
806A4H6 15 17 34.35 34.08 2.384 1.614 25.9 
806A4H6 15 17 34.35 34.08 2.287 1.614 25.3 
806A4H6 105 107 35.25 34.98 2.407 1.652 26.0 
806A4H6 105 107 35.25 34.98 2.324 1.652 25.5 
806A4H7 25 27 35.95 35.68 1.971 1.682 23.1 
806A4H7 25 27 35.95 35.68 2.490 1.682 26.5 
806A5H1 7 9 36.27 36.42 1.982 1.719 23.2 
806A5H1 7 9 36.27 36.42 2.089 1.719 23.9 
806A5H1 85 87 37.05 37.2 1.552 1.761 19.6 
806A5H1 85 87 37.05 37.2 1.747 1.761 21.3 
806A5H2 15 17 37.85 38 1.800 1.802 21.8 
806A5H2 15 17 37.85 38 1.857 1.802 22.2 
806A5H2 95 97 38.65 38.8 1.939 1.840 22.9 
806A5H2 95 97 38.65 38.8 1.953 1.840 23.0 
806A5H3 25 27 39.45 39.6 2.022 1.875 23.5 
806A5H3 25 27 39.45 39.6 2.048 1.875 23.7 
806A5H3 105 107 40.25 40.4 2.280 1.910 25.2 
806A5H3 105 107 40.25 40.4 1.874 1.910 22.3 
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806A5H4 35 37 41.05 41.2 2.132 1.937 24.2 
806A5H4 35 37 41.05 41.2 2.153 1.937 24.4 
806A5H4 115 117 41.85 42 1.780 1.965 21.6 
806A5H4 115 117 41.85 42 1.790 1.965 21.7 
806A5H5 5 7 42.25 42.4 1.878 1.981 22.4 
806A5H5 5 7 42.25 42.4 1.697 1.981 20.9 
806A5H5 85 87 43.05 43.2 2.114 2.013 24.1 
806A5H5 85 87 43.05 43.2 1.773 2.013 21.5 
806A5H6 15 17 43.85 44 1.898 2.044 22.5 
806A5H6 105 107 44.75 44.9 1.812 2.076 21.9 
806A5H6 105 107 44.75 44.9 2.617 2.076 27.3 
806A5H7 25 27 45.45 45.6 2.111 2.104 24.1 
806A5H7 25 27 45.45 45.6 2.052 2.104 23.7 
806B6H1 2 4 44.52 45.38 1.988 2.130 23.2 
806B6H1 2 4 44.52 45.38 2.082 2.130 23.9 
806A6H1 5 7 45.75 45.48 2.156 2.134 24.4 
806A6H1 5 7 45.75 45.48 2.075 2.134 23.8 
806B6H1 42 44 44.92 45.78 1.799 2.145 21.7 
806B6H1 42 44 44.92 45.78 1.948 2.145 22.9 
806B6H1 83 85 45.33 46.19 1.801 2.159 21.8 
806B6H1 83 85 45.33 46.19 1.830 2.159 22.0 
806A6H1 85 87 46.55 46.28 2.170 2.162 24.5 
806A6H1 85 87 46.55 46.28 2.463 2.162 26.4 
806B6H1 123 125 45.73 46.59 1.596 2.173 20.0 
806B6H1 123 125 45.73 46.59 1.612 2.173 20.1 
806B6H2 2 4 46.02 46.88 1.998 2.183 23.3 
806B6H2 2 4 46.02 46.88 2.097 2.183 24.0 
806A6H2 15 17 47.35 47.08 1.928 2.190 22.8 
806A6H2 15 17 47.35 47.08 2.117 2.190 24.1 
806B6H2 42 44 46.42 47.28 1.949 2.196 22.9 
806B6H2 42 44 46.42 47.28 2.018 2.196 23.4 
806A6H2 55 57 47.75 47.48 1.972 2.203 23.1 
806A6H2 55 57 47.75 47.48 2.538 2.203 26.8 
806A6H2 55 57 47.75 47.48 2.299 2.203 25.4 
806B6H2 83 85 46.83 47.69 2.051 2.210 23.7 
806B6H2 83 85 46.83 47.69 2.188 2.210 24.6 
806A6H2 95 97 48.15 47.88 1.867 2.216 22.3 
806A6H2 95 97 48.15 47.88 1.863 2.216 22.3 
806B6H2 123 125 47.23 48.09 2.008 2.224 23.4 
806B6H2 123 125 47.23 48.09 1.940 2.224 22.9 
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806A6H2 135 137 48.55 48.28 2.077 2.230 23.9 
806A6H2 135 137 48.55 48.28 2.082 2.230 23.9 
806B6H3 12 14 47.62 48.48 2.144 2.237 24.3 
806B6H3 12 14 47.62 48.48 2.158 2.237 24.4 
806B6H3 52 54 48.02 48.88 2.109 2.251 24.1 
806B6H3 52 54 48.02 48.88 2.096 2.251 24.0 
806A6H3 65 67 49.35 49.08 2.259 2.258 25.1 
806B6H3 92 94 48.42 49.28 2.023 2.266 23.5 
806B6H3 92 94 48.42 49.28 2.011 2.266 23.4 
806B6H3 132 134 48.82 49.68 1.959 2.280 23.0 
806B6H3 132 134 48.82 49.68 1.846 2.280 22.1 
806A6H3 145 147 50.15 49.88 2.732 2.288 27.9 
806A6H3 145 147 50.15 49.88 2.251 2.288 25.0 
806B6H4 22 24 49.22 50.08 2.164 2.295 24.5 
806B6H4 22 24 49.22 50.08 2.193 2.295 24.7 
806A6H4 35 37 50.55 50.28 1.727 2.303 21.1 
806A6H4 35 37 50.55 50.28 1.889 2.303 22.5 
806B6H4 64 66 49.64 50.5 2.339 2.311 25.6 
806B6H4 64 66 49.64 50.5 2.133 2.311 24.3 
806B6H4 101 103 50.01 50.87 1.946 2.324 22.9 
806B6H4 101 103 50.01 50.87 2.288 2.324 25.3 
806B6H4 113 115 50.13 50.99 2.193 2.328 24.7 
806B6H4 113 115 50.13 50.99 2.064 2.328 23.8 
806A6H4 115 117 51.35 51.08 2.276 2.331 25.2 
806A6H4 115 117 51.35 51.08 2.107 2.331 24.1 
806B6H5 2 4 50.52 51.38 1.992 2.341 23.2 
806B6H5 42 44 50.92 51.78 2.362 2.355 25.8 
806B6H5 42 44 50.92 51.78 2.319 2.355 25.5 
806B6H5 83 85 51.33 52.19 1.997 2.368 23.3 
806B6H5 123 125 51.73 52.59 2.180 2.382 24.6 
806B6H5 123 125 51.73 52.59 2.252 2.382 25.0 
806B6H6 2 4 52.02 52.88 2.158 2.391 24.4 
806B6H6 2 4 52.02 52.88 2.133 2.391 24.3 
806B6H6 42 44 52.42 53.28 2.092 2.405 24.0 
806B6H6 83 85 52.83 53.69 2.462 2.418 26.4 
806B6H6 83 85 52.83 53.69 2.320 2.418 25.5 
806B6H6 123 125 53.23 54.09 2.322 2.432 25.5 
806B6H7 2 4 53.52 54.38 1.902 2.441 22.6 
806B6H7 2 4 53.52 54.38 1.787 2.441 21.6 
806B6H7 42 44 53.92 54.78 1.845 2.455 22.1 
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806B6H7 84 86 54.34 55.2 1.863 2.470 22.3 
806B6H7 84 86 54.34 55.2 2.023 2.470 23.5 
806B7H1 42 44 54.42 54.49 1.780 2.493 21.6 
806B7H1 42 44 54.42 54.49 2.008 2.493 23.4 
806A6H7 25 27 54.95 54.68 1.910 2.501 22.6 
806B7H1 82 84 54.82 54.89 2.349 2.508 25.7 
806B7H1 82 84 54.82 54.89 1.910 2.508 22.6 
806B7H1 122 124 55.22 55.29 2.015 2.524 23.4 
806B7H1 122 124 55.22 55.29 1.766 2.524 21.5 
806B7H2 2 4 55.52 55.59 1.719 2.535 21.1 
806B7H2 2 4 55.52 55.59 1.805 2.535 21.8 
806B7H2 82 84 56.32 56.39 2.003 2.566 23.3 
806B7H2 82 84 56.32 56.39 2.086 2.566 23.9 
806B7H2 122 124 56.72 56.79 2.083 2.581 23.9 
806B7H2 122 124 56.72 56.79 2.045 2.581 23.6 
806B7H2 132 134 56.82 56.89 2.335 2.585 25.6 
806B7H3 22 24 57.22 57.29 2.191 2.600 24.6 
806B7H3 62 64 57.62 57.69 2.066 2.616 23.8 
806B7H3 102 104 58.02 58.09 2.223 2.631 24.9 
806B7H3 142 144 58.42 58.49 2.215 2.646 24.8 
806B7H3 142 144 58.42 58.49 2.231 2.646 24.9 
806B7H4 2 4 58.52 58.59 1.904 2.650 22.6 
806B7H4 2 4 58.52 58.59 1.936 2.650 22.8 
806B7H4 42 44 58.92 58.99 1.687 2.665 20.8 
806B7H4 42 44 58.92 58.99 2.210 2.665 24.8 
806B7H4 82 84 59.32 59.39 2.284 2.679 25.3 
806B7H4 82 84 59.32 59.39 2.544 2.679 26.8 
806B7H4 122 124 59.72 59.79 2.105 2.694 24.1 
806B7H5 2 4 60.02 60.09 1.883 2.705 22.4 
806B7H5 2 4 60.02 60.09 1.998 2.705 23.3 
806B7H5 32 34 60.32 60.39 2.300 2.715 25.4 
806B7H5 32 34 60.32 60.39 2.005 2.715 23.3 
806B7H5 82 84 60.82 60.89 1.986 2.732 23.2 
806B7H5 82 84 60.82 60.89 1.878 2.732 22.4 
806B7H5 122 124 61.22 61.29 2.237 2.745 25.0 
806B7H5 122 124 61.22 61.29 2.022 2.745 23.5 
806B7H6 2 4 61.52 61.59 2.320 2.755 25.5 
806B7H6 2 4 61.52 61.59 2.160 2.755 24.4 
806B7H6 42 44 61.92 61.99 1.687 2.768 20.8 
806B7H6 42 44 61.92 61.99 2.082 2.768 23.9 
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806B7H6 82 84 62.32 62.39 1.828 2.780 22.0 
806B7H6 82 84 62.32 62.39 1.751 2.780 21.4 
806B7H6 122 124 62.72 62.79 2.105 2.793 24.1 
806B7H6 122 124 62.72 62.79 1.971 2.793 23.1 
806B7H7 2 4 63.02 63.09 2.393 2.803 25.9 
806B7H7 2 4 63.02 63.09 2.274 2.803 25.2 
806B7H7 42 44 63.42 63.49 2.270 2.816 25.2 
806B7H7 42 44 63.42 63.49 1.921 2.816 22.7 
806B7HCC 2 4 63.79 63.86 1.940 2.828 22.9 
806B7HCC 2 4 63.79 63.86 2.182 2.828 24.6 
806B8H1 42 44 63.92 63.99 1.998 2.852 23.3 
806B8H1 42 44 63.92 63.99 2.183 2.852 24.6 
806B8H1 42 44 63.92 63.99 2.168 2.852 24.5 
806B8H1 42 44 63.92 63.99 2.228 2.852 24.9 
806B8H1 82 84 64.32 64.39 2.173 2.867 24.5 
806B8H1 82 84 64.32 64.39 2.134 2.867 24.3 
806B8H1 122 124 64.72 64.79 2.112 2.882 24.1 
806B8H1 122 124 64.72 64.79 2.227 2.882 24.9 
806B8H2 2 4 65.02 65.09 1.774 2.893 21.5 
806B8H2 2 4 65.02 65.09 1.913 2.893 22.7 
806B8H2 42 44 65.42 65.49 2.333 2.906 25.6 
806B8H2 42 44 65.42 65.49 2.199 2.906 24.7 
806B8H2 82 84 65.82 65.89 2.007 2.919 23.4 
806B8H2 82 84 65.82 65.89 1.919 2.919 22.7 
806B8H2 122 124 66.22 66.29 2.024 2.932 23.5 
806B8H2 122 124 66.22 66.29 2.088 2.932 23.9 
806B8H3 2 4 66.52 66.59 2.013 2.941 23.4 
806B8H3 2 4 66.52 66.59 2.134 2.941 24.3 
806B8H3 42 44 66.92 66.99 2.226 2.954 24.9 
806B8H3 42 44 66.92 66.99 2.249 2.954 25.0 
806B8H4 2 4 68.02 68.09 2.760 2.990 28.0 
806B8H4 2 4 68.02 68.09 2.468 2.990 26.4 
806B8H4 42 44 68.42 68.49 2.064 3.004 23.8 
806B8H4 42 44 68.42 68.49 1.780 3.004 21.6 
806B8H4 82 84 68.82 68.89 2.239 3.018 25.0 
806B8H4 82 84 68.82 68.89 2.155 3.018 24.4 
806B8H5 2 4 69.52 69.59 2.032 3.041 23.5 
806B8H5 2 4 69.52 69.59 2.032 3.041 23.5 
806B8H5 42 44 69.92 69.99 1.780 3.054 21.6 
806B8H5 42 44 69.92 69.99 1.716 3.054 21.1 
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806B8H5 82 84 70.32 70.39 2.104 3.067 24.0 
806B8H5 82 84 70.32 70.39 2.160 3.067 24.4 
806B8H5 122 124 70.72 70.79 2.521 3.080 26.7 
806B8H5 122 124 70.72 70.79 2.322 3.080 25.5 
806B8H6 2 4 71.02 71.09 3.080 3.089 29.7 
806B8H6 2 4 71.02 71.09 2.331 3.089 25.6 
806B8H6 42 44 71.42 71.49 2.432 3.102 26.2 
806B8H6 42 44 71.42 71.49 2.275 3.102 25.2 
806B8H6 82 84 71.82 71.89 2.227 3.115 24.9 
806B8H6 122 124 72.22 72.29 2.219 3.128 24.8 
806B8H6 142 144 72.42 72.49 2.462 3.134 26.4 
806B8H7 2 4 72.52 72.59 2.047 3.138 23.6 
806B8H7 42 44 72.92 72.99 2.087 3.151 23.9 
806B8H7 42 44 72.92 72.99 2.360 3.151 25.7 
806B9H1 2 4 73.02 73.09 2.291 3.154 25.3 
806B9H1 2 4 73.02 73.09 1.991 3.154 23.2 
806B8HCC 2 4 73.14 73.21 2.488 3.158 26.5 
806B8HCC 2 4 73.14 73.21 2.360 3.158 25.7 
806B9H1 42 44 73.42 73.43 2.314 3.193 25.5 
806B9H1 42 44 73.42 73.43 2.119 3.193 24.2 
806B9H1 82 84 73.82 73.83 2.449 3.206 26.3 
806B9H1 82 84 73.82 73.83 2.270 3.206 25.2 
806B9H1 122 124 74.22 74.23 2.719 3.219 27.8 
806B9H1 122 124 74.22 74.23 2.385 3.219 25.9 
806B9H2 2 4 74.52 74.53 2.160 3.228 24.4 
806B9H2 2 4 74.52 74.53 2.039 3.228 23.6 
806B9H2 42 44 74.92 74.93 2.254 3.241 25.1 
806B9H2 42 44 74.92 74.93 2.060 3.241 23.7 
806B9H2 82 84 75.32 75.33 2.181 3.254 24.6 
806B9H2 82 84 75.32 75.33 2.291 3.254 25.3 
806B9H2 122 124 75.72 75.73 2.352 3.267 25.7 
806B9H2 122 124 75.72 75.73 2.267 3.267 25.2 
806B9H3 2 4 76.02 76.03 2.483 3.277 26.5 
806B9H3 82 84 76.82 76.83 1.992 3.303 23.2 
806B9H3 82 84 76.82 76.83 1.925 3.303 22.7 
806B9H4 2 4 77.52 77.53 2.092 3.322 24.0 
806B9H4 2 4 77.52 77.53 1.850 3.322 22.2 
806B9H4 82 84 78.32 78.33 2.478 3.344 26.5 
806B9H4 82 84 78.32 78.33 2.366 3.344 25.8 
806B9H5 2 4 79.02 79.03 2.110 3.362 24.1 
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806B9H5 2 4 79.02 79.03 2.212 3.362 24.8 
806B9H5 42 44 79.42 79.43 2.484 3.373 26.5 
806B9H5 82 84 79.82 79.83 1.922 3.384 22.7 
806B9H5 82 84 79.82 79.83 2.127 3.384 24.2 
806B9H5 122 124 80.22 80.23 2.052 3.395 23.7 
806B9H5 122 124 80.22 80.23 1.988 3.395 23.2 
806B9H6 2 4 80.52 80.53 2.416 3.403 26.1 
806B9H6 2 4 80.52 80.53 2.444 3.403 26.3 
806B9H6 82 84 81.32 81.33 2.304 3.424 25.4 
806B9H6 82 84 81.32 81.33 2.619 3.424 27.3 
806B9H7 2 4 82.02 82.03 1.826 3.442 22.0 
806B9H7 82 84 82.82 82.83 2.532 3.464 26.8 
806B10H1 52 54 83.02 83.44 2.477 3.481 26.4 
806B10H1 132 134 83.82 84.24 2.482 3.502 26.5 
806B10H2 2 4 84.02 84.44 2.237 3.507 25.0 
806B10H2 42 44 84.42 84.84 2.396 3.518 26.0 
806B10H2 82 84 84.82 85.24 2.148 3.529 24.4 
806B10H2 122 124 85.22 85.64 2.540 3.539 26.8 
806B10H3 2 4 85.52 85.94 2.390 3.547 25.9 
806B10H3 42 44 85.92 86.34 2.387 3.558 25.9 
806B10H3 82 84 86.32 86.74 2.277 3.568 25.2 
806B10H3 82 84 86.32 86.74 2.305 3.568 25.4 
806B10H3 122 124 86.72 87.14 2.184 3.578 24.6 
806B10H4 2 4 87.02 87.44 2.656 3.586 27.5 
806B10H4 42 44 87.42 87.84 2.476 3.596 26.4 
806B10H4 122 124 88.22 88.64 2.962 3.616 29.1 
806B10H5 2 4 88.52 88.94 2.868 3.623 28.6 
806B10H5 82 84 89.32 89.74 2.457 3.645 26.3 
806B10H6 2 4 90.02 90.44 2.434 3.664 26.2 
806B10H6 42 44 90.42 90.84 2.187 3.676 24.6 
806B10H6 42 44 90.42 90.84 2.175 3.676 24.5 
806B10H6 82 84 90.82 91.24 2.784 3.687 28.2 
806B10H6 122 124 91.22 91.64 2.624 3.699 27.3 
806B10H7 2 4 91.52 91.94 2.816 3.707 28.3 
806B10H7 42 44 91.92 92.34 2.421 3.719 26.1 
806B10HCC 2 4 92.15 92.57 2.750 3.725 28.0 
806B11H1 62 64 92.62 93.04 2.460 3.769 26.4 
806B11H1 102 104 93.02 93.44 2.616 3.781 27.3 
806B11H1 142 144 93.42 93.84 2.607 3.792 27.2 
806B11H2 3 5 93.53 93.95 2.668 3.795 27.5 
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806B11H2 82 84 94.32 94.74 2.324 3.819 25.5 
806B11H3 3 5 95.03 95.45 2.451 3.840 26.3 
806B11H3 132 134 96.32 96.74 2.562 3.874 26.9 
806B11H4 12 14 96.62 97.04 2.153 3.881 24.4 
806B11H4 92 94 97.42 97.84 2.781 3.901 28.2 
806B11H5 22 24 98.22 98.64 2.641 3.920 27.4 
806B11H5 62 64 98.62 99.04 2.214 3.929 24.8 
806B11H6 62 64 100.12 100.54 2.495 3.964 26.6 
806B11H6 142 144 100.92 101.34 2.317 3.983 25.5 
806B11H7 72 74 101.72 102.14 2.318 4.002 25.5 
806B12H1 22 24 101.72 102.14 2.412 4.002 26.1 
806B12H1 22 24 101.72 102.14 2.265 4.002 25.1 
806B12H1 102 104 102.52 102.94 2.560 4.016 26.9 
806B12H1 102 104 102.52 102.94 2.511 4.016 26.6 
806B12H2 32 34 103.32 103.74 2.609 4.031 27.2 
806B12H2 32 34 103.32 103.74 2.604 4.031 27.2 
806B12H2 112 113 104.12 104.54 2.492 4.045 26.5 
806B12H2 112 113 104.12 104.54 2.531 4.045 26.8 
806B12H3 2 4 104.52 104.94 2.747 4.052 28.0 
806B12H3 82 84 105.32 105.74 2.596 4.066 27.1 
806B12H3 82 84 105.32 105.74 2.701 4.066 27.7 
806B12H4 22 24 106.22 106.64 2.804 4.082 28.3 
806B12H4 102 104 107.02 107.44 2.535 4.096 26.8 
806B12H4 102 104 107.02 107.44 2.975 4.096 29.1 
806B12H5 22 24 107.72 108.14 2.039 4.109 23.6 
806B12H5 102 104 108.52 108.94 2.497 4.123 26.6 
806B12H6 2 4 109.02 109.44 2.834 4.132 28.4 
806B12H6 82 84 109.82 110.24 2.984 4.146 29.2 
806B12H7 12 14 110.62 111.04 2.622 4.160 27.3 
806B13H1 2 4 111.02 111.44 2.541 4.167 26.8 
806B13H1 82 84 111.82 112.24 2.340 4.182 25.6 
806B13H2 12 14 112.62 113.04 2.582 4.196 27.1 
806B13H2 92 94 113.42 113.84 2.812 4.210 28.3 
806B13H2 92 94 113.42 113.84 2.731 4.210 27.9 
806B13H3 22 24 114.22 114.64 2.642 4.224 27.4 
806B13H3 102 104 115.02 115.44 2.756 4.239 28.0 
806B13H4 31 33 115.81 116.23 2.856 4.253 28.5 
806B13H4 31 33 115.81 116.23 3.013 4.253 29.3 
806B13H4 112 114 116.62 117.04 2.538 4.267 26.8 
806B13H5 2 4 117.02 117.44 2.582 4.274 27.1 
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806B13H5 82 84 117.82 118.24 2.533 4.288 26.8 
806B13H6 22 24 118.72 119.14 2.531 4.304 26.8 
806B13H6 102 104 119.52 119.94 2.872 4.319 28.6 
806B13H7 32 34 120.32 120.74 2.490 4.333 26.5 
806B14H1 32 34 120.82 121.24 2.202 4.342 24.7 
806B14H1 32 34 120.82 121.24 2.520 4.342 26.7 
806B14H1 123 125 121.73 122.15 2.673 4.358 27.6 
806B14H1 123 125 121.73 122.15 2.828 4.358 28.4 
806B14H2 2 4 122.02 122.44 2.525 4.363 26.7 
806B14H2 82 84 122.82 123.24 2.622 4.377 27.3 
806B14H3 2 4 123.52 123.94 2.877 4.390 28.7 
806B14H3 82 84 124.32 124.74 2.489 4.404 26.5 
806B14H4 33 35 125.33 125.75 2.738 4.422 27.9 
806B14H4 102 104 126.02 126.44 2.443 4.434 26.2 
806B14H4 102 104 126.02 126.44 2.462 4.434 26.4 
806B14H5 2 4 126.52 126.94 2.488 4.443 26.5 
806B14H5 82 84 127.32 127.74 2.699 4.457 27.7 
806B14H6 2 4 128.02 128.44 2.974 4.470 29.1 
806B14H6 82 84 128.82 129.24 2.636 4.484 27.4 
806B14H6 82 84 128.82 129.24 2.618 4.484 27.3 
806B14H7 18 20 129.68 130.1 2.587 4.499 27.1 
806B15H1 42 44 130.42 130.84 2.289 4.512 25.3 
806B15H1 102 104 131.02 131.44 2.666 4.523 27.5 
806B15H2 2 4 131.52 131.94 2.663 4.532 27.5 
806B15H2 82 84 132.32 132.74 2.507 4.546 26.6 
806B15H2 82 84 132.32 132.74 2.560 4.546 26.9 
806B15H3 42 44 133.42 133.84 2.504 4.566 26.6 
806B15H3 123 125 134.23 134.65 2.127 4.580 24.2 
806B15H4 2 4 134.52 134.94 2.397 4.585 26.0 
806B15H4 82 84 135.32 135.74 2.873 4.599 28.6 
806B15H5 2 4 136.02 136.44 2.621 4.612 27.3 
806B15H5 82 84 136.82 137.24 2.892 4.626 28.7 
806B15H6 2 4 137.52 137.94 2.907 4.638 28.8 
806B15H6 82 84 138.32 138.74 2.694 4.653 27.7 
806B15H7 2 4 139.02 139.44 2.752 4.665 28.0 
806B16H1 2 4 139.52 139.94 2.685 4.674 27.6 
806B16H1 82 84 140.32 140.74 3.044 4.688 29.5 
806B16H1 82 84 140.32 140.74 2.855 4.688 28.5 
806B16H2 2 4 141.02 141.44 2.766 4.701 28.1 
806B16H2 2 4 141.02 141.44 2.575 4.701 27.0 
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806B16H2 82 84 141.82 142.24 2.632 4.715 27.3 
806B16H2 82 84 141.82 142.24 2.754 4.715 28.0 
806B16H3 2 4 142.52 142.94 3.052 4.727 29.5 
806B16H3 2 4 142.52 142.94 2.513 4.727 26.7 
806B16H3 82 84 143.32 143.74 2.682 4.742 27.6 
806B16H3 82 84 143.32 143.74 3.017 4.742 29.4 
806B16H4 62 64 144.62 145.04 2.565 4.765 27.0 
806B16H4 62 64 144.62 145.04 2.792 4.765 28.2 
806B16H4 102 104 145.02 145.44 3.010 4.772 29.3 
806B16H4 102 104 145.02 145.44 3.005 4.772 29.3 
806B16H5 42 44 145.92 146.34 2.389 4.788 25.9 
806B16H5 42 44 145.92 146.34 2.425 4.788 26.1 
806B16H5 123 125 146.73 147.15 2.887 4.802 28.7 
806B16H5 123 125 146.73 147.15 2.981 4.802 29.2 
806B16H6 2 4 147.02 147.44 2.410 4.807 26.0 
806B16H6 2 4 147.02 147.44 2.388 4.807 25.9 

 




