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Chapter 4:

Evidence for the Buildup of the Thermobaric Capacitor in Deep
North Atlantic Waters During the Last Deglaciation

4.1 INTRODUCTION

Ice core records from the past 800,000 years are broadly characterized by eight shifts
from glacial to interglacial states forced by solar insolation on the 20,000, 40,000 and 100,000
year time scales (1). CO, and temperature closely follow each other during these shifts
(Figure 4.1); however, there is a strong nonlinear response of climate to solar insolation.
The classic “sawtooth” structure of glacial cycles requires an extra forcing, and although
CO, rise does not precede glacial-interglacial (G/1G) shifts, it is one of the most important
amplifiers to temperature change in the climate system. The deep ocean has been long been
considered a central part of the climate shifts because it contains more than sixty times CO,
than the atmosphere and is a large heat reservoir.

However, during the last glacial period, there were several extremely abrupt and large
amplitude climate shifts characterized by dramatic changes in temperature (2). There are
twenty one of these Dansgaard-Oeschger events and although they were first recognized in
the ice cores, they have later been seen in a variety of marine (3, 4) and terrestrial archives
(5, 6). Methane synchronization of the Greenland and Antarctic ice cores has shown that
the Antarctica warms during the coldest of these rapid climate change events (Heinrich (H)
Events) 1,000 to 3,000 years before Greenland (7). These changes further implicate the deep
ocean as an important factor in climate shifts as the deep ocean is one of the only reservoirs
in the climate system with the ‘memory’ to cause such a phase difference between Antarctica
and Greenland on the millennial time scale.

The last termination or deglaciation is the most recent example of a G/IG climate

shift. The termination began in Antarctica (8) and the Southern Ocean (9) at ~ 18 ka, and
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Figure 4.1: Ice core and marine recconstructions illustrating the evolution of major components of the climate system
between 10 kya to 20kya. (A) pCO, and 8"O (a proxy for temperature) reconstructions from ice core. (B) Reconstructed
A"C__from the *"Th-dated Hulu cave record with pCO,. (C) Pa/Th from the North Atlantic (a proxy for AMOC) with

pCO,. (D) 8"C_ of atmospheric CO, from the EPICA Dome C core and Talos Dome Ice Core with pCO2. All ice

core records are plotted on a synchronized age scale. The grey shaded regions indicate the age range of corals used in the
YD profile and H1 profile.
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by 7,000 years only a small section of the Laurentide Ice Sheet that had covered all of North
America was left. However, the warming was not gradual, but punctuated by several abrupt
climatic shifts. Temperature records from Greenland and the North Atlantic reveal a cold
interval (Heinrich Stadial 1) during which a massive ice rafted debris (IRD) field formed
in the North Atlantic. This IRD event at 17.5 ka coincides with shut down of Atlantic
Meridional Ocean Circulation (AMOC) circulation and the beginning of the rise in CO,
(Figure 4.1c). In the North Atlantic, this cold interval was followed by an abrupt warming

into the Bolling-Allerod (B/A) warm period at 14.7 ka. The B/A was then subsequently

followed by a rapid return to near glacial conditions during the Younger Dryas (~ 12.8—
11.5kya).

The Southern Hemisphere responded differently by warming more gradually
between 17.5 ka and the Holocene. While Heinrich Stadial 1 (H1) in the Northern
Hemisphere occurred, the Southern Hemisphere slowly warmed until the B/A. During the
abrupt warming in the Northern Hemisphere, the Southern Hemisphere cooled (Antarctic
Cold Reversal (ACR)) while CO, remained constant. As the Younger Dryas occurred in the
Northern Hemisphere, the Southern Hemisphere slowly warmed and CO, began to rise.

To understand the role carbon cycle changes in these warmings, 8°C__and A"C__
measurements have been made (Figure 4.1). These two carbon isotopes show some similar
patterns to each other and CO, during the deglaciation. Both 8”C__and A"C_ begin to
decline at 17.5 ka. However there are extra features in these two records that are difficult to
explain, for instance changes in slope at 16.2 ka and 15.4 ka that are difficult to explain.

There are two main hypotheses for explaining the offset between NH and SH. The
first involves a southward shift to the Westerlies and the second is the “Bipolar See-Saw”.
Chiang and Bitz (10) demonstrated that the spread of winter sea ice over the Northern
North Atlantic shifts the ITCZ and Southern westerly wind belt further south. This
mechanism rapidly transfers the climate signal between hemispheres.

The Bipolar See-Saw is a marine-based explanation and involves an oscillating
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AMOC regime hypothesized to be driven by changes in North Atlantic Deep Water
(NADW) and Antarctic Bottom Water (AABW) formation. It is instigated by an increase in
Northern Hemisphere summer insolation, which melts ice to trigger a reduction in AMOC.
This reduction cools the Northern Hemisphere at the expense of warming the Southern
Hemisphere. Eventually CO, is degassed from a warm, radiocarbon depleted and carbon
rich water mass in the Southern Ocean, triggering global warming and the resumption of
the AMOC. It is possible the two mechanisms occurred together with the bipolar see saw
helping move the zonal wind systems further South by changing the sea surface temperature
gradients (11).

The exact mechanism for the resumption of the AMOC after the release of CO,
is not known, but one explanation for the resumption which is also consistent with the
patterns of warming seen in the different hemispheres is the “Thermobaric Capacitor”
hypothesis” (12). Pore fluid estimates of the distribution of "*O_ during the Last
Glacial Maximum (LGM) shows that modern arrangement of salty northern source
waters and relatively fresh southern source waters was reversed during the Last Glacial
Maximum (LGM) and that salt dominated the stratification of the deep Atlantic (13). The
“Thermobaric Capacior” hypothesis proposes that in the presence of a salt stratified deep
ocean, geothermal heat (or warm deep isopycnals) can warm the deepest layers of the ocean
while maintaining the static stability of the water column. The thermobaricity of seawater
can allow for a virtually instantaneous release of the energy stored in the warm deep water
causing abrupt overturning of the water column. This overturning can bring salt to the
areas of deep-water convection in the glacial North Atlantic and reinvigorate northern
source deep-water formation.

In Chapter 2 we have demonstrated that clumped isotope paleothermometry can
be used to generate subdegree precision temperature reconstructions. In Chapter 3 we
radiocarbon dated several hundred fossil deep-sea corals to determine their spatial and

temporal range. In this study we utilize the results of the previous two chapters. Here, we
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present radiocarbon and temperature profiles during the Younger Dryas (YD) and Heinrich
1 (H1) that provide new insights into the role of the ocean in deglacial releases of CO, and
support for the thermobaric capacitor hypothesis.
4.2 METHODS

Samples examined in this study were obtained from the Caltech Deep-Sea Coral
Fossil Collection. The deep-sea corals were Desmophyllun dianthus from the New England (34

—40°N, 60—68°W) and Corner Rise Seamounts (34—36°N, 47—53°W) collected in 2003—2005
using the deep submergence vehicles ALVIN and HERCULES. Collection by ROV and
submarine ensured that the depth of each coral was precisely known and that corals were
collected near growth position. All samples in this study were analyzed for U/Th ages, *C
ages and A temperatures.

4.2.i Radiocarbon Dating Method

All samples analyzed for *C and U/Th were physically cleaned with a Dremel tool,
and chemically cleaned by ultrasonicating alternately in NaOH/H,O, and MILLI Q water,
and then rinsed with Methanol and leached in HCIO,/H,O, (14). After this step, an aliquot
of 1g was removed for U/Th analysis. Twenty mg of coral was then taken to UC-Irvine
for radiocarbon analysis. There, immediately prior to phosphoric acid dissolution and
graphitization, each sample was leached in HCI to remove, typically, 50% of its total mass.
The resulting coral was hydrolyzed in phosphoric acid, and the evolved CO, was graphitized
under H, on an iron catalyst for '“C analysis (14). Radiocarbon ages were measured at the
UC-Irvine Keck-CCAMS facility on an Accelerator Mass Spectrometet.
4.2.i1 U-Series Methods

Remaining aliquots of 1 g of coral were processed to extract U and Th (15).
Corals were dissolved in concentrated SEASTAR nitric acid and spiked with a **Th-**U
double spike. Uranium and Thorium were scavenged from the resulting solution by iron
precipitation. The iron pellet was then dissolved in 8N SEASTAR nitric acid. Uranium

and Thorium fractions were separated using trace metal-clean Teflon columns and a Bio
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Rad AG-1X-8 Cation Exchange Resin. Eluted fractions were dried down several times after
successive drop wise additions of concentrated perchloric acid and SEASTAR nitric acid.
Uranium and Th fractions were brought up in 5% SEASTAR Nitric Acid and
separately run on a multi collector inductively coupled mass spectrometer. All samples

were bracketed by an instrumental standard or SGS to correct for mass bias and mass drift.

Calculated 8*U__ values ranged from 144-155%.
4.2.iii A Analysis

All coral samples were physically cleaned with a Dremel tool. Fossil corals, unlike
modern corals, typically have a Fe-Mn crust surrounding them. This crust contains trapped
organic matter, and can skew isotopic measurements of the bulk coral. A cleaning study
was performed on a modern coral and a coral with Fe-Mn crust from Tasmania that had
the same radiocarbon age as the modern ocean from which it was collected (Figure 4.2)
to determine the best method for removing the Fe-Mn crust. Corals were cleaned four
different ways. The first was only physical cleaning with a Dremel tool, the second was
physical cleaning and chemical cleaning with 1:1 H,O,:NaOH, the third was physical
cleaning, and chemical cleaning with 1:1 H,O,:NaOH and MeOH and the fourth was
physical cleaning and chemical cleaning with 1:1 H O,:NaOH , MeOH and HCIO,. It was
determined that physical cleaning with a Dremel tool was the only method that yielded
expected temperatures.

All fossil corals were cleaned according to procedures detailed in Chapter 2.
Corals were physically cleaned with a Dremel tool and powdered with a mortar and pestle.
Samples were dissolved in 105% H,PO, at 90°C. The evolved CO, was analyzed in a

Dual Inlet Finnigan MAT-253 mass spectrometer with the simultaneous collection of

ion beams corresponding to masses 4449 to obtain A_, A, , A, 37°C and 3"°O values.

The mass 47 beam is composed of "O”C"O, "O"C"™0O and predominantly *O"”C'*O

and we define R* as the abundance of mass 47 isotopologues divided by the mass 44

isotopologue. (RY=["O"”C"O+ "OPCPO+"OPCO /[ *O"CO].) A,. is reported
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Figure 4.2: Cleaning experiment conducted to determine the best method to remove Fe-Mn crust
from fossil corals. A modern coral was cleaned with the cleaning regimen used for radiocarbon
cleaning, Reaction with the solvents likely dissolved the carbonate and changed the clumped
isotope ratio. A fossil coral with the same age as the water column was also cleaned using the same
protocol, and again the cleaning procedure did remove the Fe-Mn crust but also changed the

clumped isotope ratio. For all subsequent clumped isotope analyses, corals were only physically
cleaned.
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relative to a stochastic distribution of isotopologues for the same bulk isotopic composition.
(O (R R d D (RO R DD (RS /RS, O-1)1000,)
Mass 48 was monitored to detect any hydrocarbon contamination. Measurements of each
gas were done at 16V of mass 44 and consisted of 8 acquisitions, each of which involved
7 cycles of sample-standard comparison with an ion integration time of 26s per cycle.

Internal standard errors of this population of acquisition to acquisition for A - ranged from

0.005-0.01°/_, (1=2°C) while external standard error ranged from 0.005-0.011°/ (0.5—

2°C). The internal standard error for 8"°C ranged from 0.5-80ppm and the internal standard

error for 8O ranged from .9—-36ppm. Samples were corrected to standards run during the
same session
4.3 RESULTS

We have examined 15 corals for U/Th ages, '*C ages and A temperatures (Table
4.1, Table 4.2, Table 4.3, Table 4.4, Table 4.5, Table 4.6 and Table 4.7, and Figure 4.3). We
selected these corals based on the results of a reconnaissance age screening dataset (10)
made at NOSAMS at WHOI using a zinc-combustion method (17). These corals were then
selected for high-precision '*C dating and clumped isotopologue CO, measurements, and

U/Th dating. The U/Th dating revealed that five of the analyzed corals were dated to the
YD (11.7-12.1 ka BP), one was dated to the Bolling Allerod Event (13.8 ka), six corals were
dated to late H1 (15.1-15.7 ka BP, and three corals were dated to early H1 /eatly deglaciation

(16.1=17.7 ka BP). One of the H1 corals, NT 031, has an elevated **U,, so is not included
in the A™C profiles. These corals are not all at the same YD and H1 calendar age as the
reconnaissance dating method had implied because the reconnaissance dating method has
larger error bars than U/Th dating. Figure 4.3 shows the A _ reconstructed temperature
profile and the AMC profile for the Younger Dryas and Heinrich 1.

During the course of making clumped isotope measurements, we found that there is

a possible vital effect in some deep-sea corals (Table 4.4 and Figure 4.4). Measurements with
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Figure 4.3: The temperature profiles for both the YD and late H1 are cooler than modern. The YD profile
is isothermal at all measured depths while the H1 profile exhibits slight warming with depth. The AMC
profile for the YD is nearly constant with depth, while the H1 profile shows a depleted point at ~ 2600 m.
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Table 4.1-Names and depths of Corals Analyzed

sample name seamount depth
NT 001 ALV-3891-1646-004-001 GREGG 1180
NT 002 RBDASS05-H11-0826-0029-201-4-006-2529 NASHVILLE 2529
NT 006 RBDASS05-H03-0815-1004-314-3-002-1427 LYMAN 1427
NT 007 ALV-3885-1239-001-010 MUIR 2026
NT 009 ALV-3887-1549-004-007 MUIR 2372
NT 010 ALV-3887-1549-004-009 MUIR 2372
NT 011 ALV-3885-1239-001-004 MUIR 2027
NT 012 ALV-3892-1315-001-008 MANNING 1713
NT 013 ALV-3887-1652-005-013 MUIR 2265
NT 014 ALV-3890-1330-002-007 MANNING 1886
NT 015 RBDASS05-H15-0831-2045-605-020-2459 KELVIN 2529
NT 016 RBDASS05-H15-0831-1616-601-3-003-2593 KELVIN 2593
NT 017 ALV-3891-1459-003-006 GREGG 1176
NT 018 RBDASS05-H05-0818-1450-101-004-1316 VERILL 1316
NT 019 RBDASS05-H16-0901-2356-202-021-1918 BALANUS 1918
NT 020 ALV-4162-1457-001-003-2086 PICKETT 2086
NT 030 ALV-3890-1407-003-001 MANNING 1778
NT 031 ALV-3891-1459-003-009 GREGG 1176
NT 032 ALV-3890-1742-007-001 MANNING 1381

Table 4.2 Clumped Isotope Measurements
SAMPLE  COUNT AVERAGE STDEV STDERR  DEPTH (m)

YOUNGER DRYAS NT 002 5 -1.5 2.9 13 2529
YOUNGER DRYAS NT 010 8 -1.1 1.7 0.6 2372
YOUNGER DRYAS NT 017 5 0.3 3.6 1.6 1176
YOUNGER DRYAS NT 020 8 0.5 4.9 1.7 2086
YOUNGER DRYAS NT 030 20 0.5 4.6 1.0 1778
HEINRICH 1 NT 031 6 1.7 3.3 1.4 1176
HEINRICH 1 NT 032 7 -0.2 3.0 11 1381
HEINRICH 1 NT 012 5 -0.7 5.0 2.3 1713
HEINRICH 1 NT 007 7 -1.2 3.4 13 2027
HEINRICH 1 NT 013 14 1.6 -4.1 -11 2265
HEINRICH 1 NT 016 15 3.5 2.6 0.7 2593
EARLY H1 NT 014 9 13 4.8 1.6 1886
EARLY H1 NT 015 9 -0.8 3.4 11 2459
EARLY H1 NT 006 3 -11 1.6 0.9 1427
BOLLING/ALLEROD NT 018 4 3.1 1.2 0.6 1316




4-11

8 wQvL0 98€L'0 985990 8€89'0 | €€86'0F | 6/8C°L- | 9€8S'VC | €LE8'9S | 9L00°0 TOET0 ¢800°0 | Sovv'ct 0T-AeIN 6T0 IN
Sy 8LYL0 orL0 0990 C¢S89°0 | 8968'Cy | ¥80EV- | 0CST'LC | €56£'€9 | 06000 16vC0 86000 | ¢S6€ELT 0T-AeIN 9T0 IN
61 8¢9L°0 ¥SSL°0 ¥SL9°0 986590 | €LE6'CY | €ELT'V- | CLET'8C | 086¥'¥9 | ¥600°0 1.9T0 £800°0 | S989'LT 0T-AeIN 9T0 IN
€L 8¢EL0 0sc¢L'0 0s¥9°'0 LTLS'0 | €C6L°CY | TS6L'V- | 9LE6'LC | TE66'E9 | 08000 11eeo ¢800'0 | 6€8L9T 0T-AeIN 9T0 IN
T'v- 08640 11640 1110 €0€9°0 | 08¢€'ey | 18¢0'€- | TLTL'8C | 0CC6'S9 | 6L00°0 99€€0 0800'0 | 8¢8T'6T 0T-AeIN STO IN
¢6S€°0 ¢6LT0 veEvT'0 | TeSv'LE | €S9€'C | 6060°6T | ¢8TT'vY | £800'0 | ¢860°0- | €TTO0 | SS9T'8T 0T-udy 194V VHIHHVO
S9€°0 S8C°0 88¥C'0 | ¥SOT'LE | €CvT’'C | 6L0T'8T | C0O¥'¢y | L6000 | CEOT'0- | T9CO00 | ¢989°LT 0T-udy 19UV VHIHHVO
SLYL'0 SL99°0 6189°0 | SETT'Ey | 8SCE'0 | 95998'LC | 898S'¥9 | 06000 ¢6CE0 LTT00 | 8TIST'CC 0T-judy €65V
902L'0 90¥9°'0 S§899°0 | SOLT'Ey | €S¥S'0 | LSE8'LC | T¥89'¥9 | 06000 v11€0 €LT0°0 | 8905CC 0T-udy €65V
SL99°0 SL85°0 TCTS'0 | 088€'vC | TSSS'0 | ¢LCO'T- | 0€0T'C- | ¢6000 | TEST'O- | ¥OT0°0 9T6C’E 0T-judy 102V J9 ¢0T
S¢L90 SC65°0 S9TS'0 | TVC9'TE | 9889'T- | S6LE'OT | €GLS'€C | 06000 | S9€0°0- | ¥600°0 €6vv'8 0T-judy 102V 29 ¢0T
095990 09.5°0 1¢0S'0 | 6¥CeEvC | 95¢S'0 | 6€66'0- | S¢6T'C- | T0T00 | ¥S9T'0- | 0CI00 8/8T'E 0T-judy 102V 29 ¢0T
o090 0950 887’0 | T8Lv'¥C | ¥8CS'0 | LI68'0- | LC6L'T- | €600°0 | 09/T°0- | CTT00 9cee’e 0T-judy 102V 29 ¢0T
865990 86.5°0 ¥S0S'0 | ¥80T'¥C | vO9¥'0 | Le6¥'T- | S6TT'E- | TTTO'0 | ¢89T0- | TLTI00 8506'C 0T-judy 102V 29 ¢0T
6€¢9°0 6EVS0 Tv/y'0 | 86CC’VC | 00¥VS'0 | PSTC'T- | 886S'C- | ¥600°0 | 8S6T°0- | CET00 S9L0°€ 0T-judy 102V 29 ¢0T
5690 ¥S19°0 ¥9€S°0 | 9T6S'VC | 68¢S'0 | 6L£S°0- | 8LTCT- | 68000 | €¥CT'0- | S600°0 S86v'E 0T-judy 102V 29 ¢0T
9LL9°0 9650 60¢S'0 | TewvS've | 6£99°0 | 8989°0- | 8¢9€'l- | 96000 | vO¥T'0- | TOTO0 SOLY'E 0T-judy 102V 29 ¢0T
16490 16650 ¢CeS'0 | TCTeEve | 606v°0 | ST6T'T- | ISTP'C- | ¢800'0 | 8S¥T'0- | 00100 T19T°€ 0T-judy 102V J9 ¢0T
X4 c19L'0 6940 6890 €569°0 | 080L'Cy | 8¢SS'C- | €4SL'9C | TOT9'C9 | 98000 60L2°0 6CT0'0 | T9S6'8T 0T-judy 020 IN
9'¢ 98540 0940 089°0 T€6S'0 | 9€S9'¢y | T1S9'C- | SL69'9C | vLEVP'CS | TT10°0 5970 L¥TO'0 | 866L'8T 0T-judy 020 IN
v'i- 818L0 8¢8L0 8¢0L0 LCT90 | WLCL'CY | €V6S'C- | 90V0'LC | LTW6'C9 | 68000 8870 8ET0'0 | ¥¢S6'8T 0T-udy 0¢0 IN
§'S- 9080 99080 99¢L'0 ¥€E9'0 | 0€S8'0v | 890¥L- | 09¢9'vC | S9T9'9S | 88000 8¢9T'0 0CT0'0 | oveET'Ct 0T-|judy 6T0 IN
6C TLSL0 68540 68490 816590 | 18S8'0F | 008€’L- | ¥LTT'PC | 6CTT'9S | 18000 60CT'0 §6000 | Leeect 0T-judy 6T0 IN
&4 L6SL0 ST9L°0 ST189°0 T¥6S'0 | 868€'TV | OT9L'v- | 9T9T'SC | 80LC'8S | 96000 4435 €CT00 | SW6E'ST 0T-judy 8TO IN
L'y 89vL°0 06v.'0 06990 €890 | YOTS'TV | 8SE9'v- | 6STS'SC | 818885 | /L8000 981°0 CPT0'0 | €TE9'ST 0T-judy 8TO IN
80 16940 S0LL0 50690 6T09'0 | TT6S'TV | 6LTS'€- | 9099'SC | SL60°6S | ¥800°0 6TEC0 TTTO0 | €9989T 0T-judy LTO IN
vl ¢S940 89940 89890 L8650 | 00S0°'€V | TLET'v- | 8SCS'LC | ¢S60'V9 | 66000 €LVT0 ve100 | TwiL'LT 0T-udy 9TO IN
6C 695940 885940 8890 L1650 | €8S8'Cy | OLVS'v- | 9¢8v'LC | 8/59'€9 | TOT00 690 80T0'0 | €660°LT 0T-judy 9TO0 IN
€¢ 0940 12940 12890 9650 | €806'Cy | vIVEV- | 60L9°LC | ¥SS56'€9 | 90100 SSET0 vET0'0 | C09€'LT 0T-|judy 9TO IN
14 6rL0 €1SL°0 €TL9°0 ¢S89°0 | 60ST’EY | TLIT'E- | TSTG'LC | €EC6'V9 | SB00°0 009Z°0 LYT0'0 | £LOT6'8T 0T-udy STO IN
Sy 8LYL0 66v.0 66990 0¥89'0 | €CET’Ey | 8SLT'E- | €950'8C | 90¢0°S9 | 6L00°0 vLST0 9C¢T0'0 | STS8'8T 0T-judy STO IN
19 06€L0 vivL'0 1990 99/59°0 | 6TC8'TY | T90L'9- | C6TY'SC | 6EEE'6S | 60100 16€T0 €CV0'0 | £8SL°ET 0T-udy Y10 IN
T'e 09S4°0 6LSL°0 6LL90 60650 | 0S86'T¥ | S8¢9'9- | ¥I80'9C | CTCV'09 | 9L00°0 €19T0 9TT00 | ¢6TTVT 0T-|udy Y10 IN
L0 S69L°0 60LL°0 60690 €¢09°0 | 9S66'T¥ | ¥819'9- | S9VY'9C | 1T0C8'09 | 66000 €ELTO 9€T0'0 | 8ISTVT 0T-judy Y10 IN
8'S 90vL'0 0EvL'0 0€99°'0 6450 | SSCS'TV | SE9T'L- | 9LTT'SC | 6C65°8S | 00100 9CT'o 06T0'0 | €COT'ET 0T-judy €TO0LN
€0 STLLO 6¢LL0 6690 0¥09'0 | 9T¥S'TV | vIVC'L- | T8LE'SC | T16L°8S | ¥600°0 STST0 9STO'0 | €£90°€T 0T-judy €TO0LN
61T £29L°0 9.0 89°0 996590 | 08SS'T¥ | 6ETC’L- | PPLE'SC | 80C8'8S | 88000 6vv1°0 €TT00 | TVOT'ET 0T-judy €TOLN
Sy 08vL'0 ¢0SL'0 ¢0L9°0 890 | EVEV'TY | OVEV'9- | ¢/9T'SC | 16SE'8S | ¥600°0 S9YT'0 C6T0'0 | 06VL'ET 0T-judy CTOLN
124 10SL°0 [4474) [4754) 6589°0 | 66SV'TV | €9S€'9- | [9€0'SC | 99LC'8S | ¥010°0 90ST'0 C9T0'0 | 6SS8'ET 0T-|udy CTOLN
v'i- 818L0 6¢8L0 6¢0L0 LCT9'0 | €L9€'TV | €6CS'9- | VCTIV'SC | 8SL¥'8S | S600°0 1Lt TLT00 | 0ST9'ET 0T-judy CTOLN
1 L@ P3Y3410) L¥a L¥Q paYa_3.4s L¥a 081p J€TP 8valind 8vp 43Lva Lyalind J3Lyp LYp o1ep sweu
piepuels P33934400
prv

€'valqeL




4-12

(43 9S40 9€EL0 9€59°0 T¥8S'0 | 9TES'CY | 89/9'v- | ¢TSO'EC | T/8€'8S | ¥800°0 969T°0 €600°0 | 8895°9T | OT-loquaidas 9TO IN

L9 6S€L°0 [44740) we0 8999°0 | SOTL'ZY | 6LVE'v- | 06EL'ET | 8C9¥'6S | 90TO0 7910 SO0TO'0 | 0€90°LT | OT-loquiaidas 9TO IN

€9 €8€L°0 S9TL°0 S9€9°0 8899°0 | 60TECY | ¥PEE'S- | 690L°CC | L6/S°LS | 78000 8GET0 £800°0 | 8899'ST | OT-1oqwaidas 9TO IN

T's 6v¥L°0 £72L°0 LT¥9°0 YvLS'0 | SYSY'Ty | TC96'v- | ¥SL8'CT | T/¥0'8S | 66000 44140 T0T0'0 | ¢v6T'9T | OT-4oqwaidas 9TO IN

v's 6CVL°0 80740 80190 LTLS'0 | 6VTS'TY | €49/°%- | OV9L'CT | TSL0'8S | 66000 6SST'0 €0T0°0 | ¥6SY'9T | OT-4oqwaidas 9TO IN

00 CELLO 74 ¥699°0 €865°0 | €VCS'CY | 6SELV- | T66L°CC | SOTT'8S | 80T00 97810 90T0'0 | 89TS'9T | OT--oqualdas 9TO IN

0¢- 6¥8L°0 0920 0890 T809'0 | 9T8S'C¢y | TET9'V- | 6TBE'EC | T0E8'BS | TOTOO S96T°0 SO0TO'0 | 980£'9T | OT-loquiaidas 9TO IN

6C 69S2°0 0vELD 0v59°0 S¥8S°0 | T86S'CY | 808Y'v- | L/8E'CC | LSE®'LS | TOTO0 ¥SLT'0 90100 | 8€€8'9T | OT-Jaquaidas 9TO0 IN

v's 8TVL0 80740 8090 LTLS0 | ¥98Y'CY | S/98'F- | LIVE'TTZ | 66S5°LS | S800°0 0€ST0 88000 | 96TE'9T | OT-Jaquaidas 9TO IN

£¢ e6L0 €89L°0 €889°0 TST9'0 | 9¥8E'TY | 090C'L- | 8SEB'OC | 679L'€ES | TOTO0 1SCT°0 T0TO'0 | 0006°ZT | OT-1oqwaidas €TOIN

0'€T 620L°0 €890 €090 T6€S'0 | 9¥89'6E | STG6'8- | €0/9'8T | 6C60'87 | €600'0 | 0¥C00- §5600°0 LTSE'6 0T-1aqwiaydas CTOIN
8VLE0 8670 8197°0 | S60€'LE | 9/9€'C | 798E'8T | 8560ty | ¥OTO'0 | ¥690°0- SO0TO'0 | S/Z¥0'8T oT-AInt ELCEMARLERE L)
LYSE0 JA7A 4] 6EVC’0 | 9T6T'LE | PELE'C | S999'8T | 6¥¥C'EY | 80TO0'0 | 0880°0- T/T0'0 | ¥9TO'8T ot-AInt ELCEMARLERE L)
79790 9%S°0 0§87'0 | OTZ6'VE | €980°C- | 96€8'VT | 9699'F€ | T600'0 | TTO0'0- | ¥8TO'0 | ZVBE'TT ot-Aint ATVHD 1INHVD
85790 859950 ¥205°0 | OTS6'VE | 6590°C- | €668'VT | 9/8/'FE | 90T0'0 6/T0°0 €TT00 | LOSV'TT ot-AInt ATVHD 1INHVYD
TEV9'0 T€9S°0 0005'0 | 06V6'VE | TELO'C- | ¥LL9'ST | 89/5°'SE | €800°0 €ST0°0 S§800°0 | 68EV'TT ot-AInt ATVHD 1INHVD
€90£°0 €979°0 19950 | vL16'Cy | ¥/S¥'0 | S9T8'9C | CCIT'E9 | 68000 60C€°0 8EE0'0 | €LLTCC ot-AInt €C6SY
08TL°0 08€9°0 §99S°0 | 669L°Cy | 9900°0- | ¥6C99C | LST9C9 | OTTIO0 TLTE0 S9T0°0 | ¢69S'TC ot-AInt €C6SY
18790 T8€S'0 8/L¥'0 | S69T'¥PT | EVSS'0 | TSVT'T- | 6€6/4°C- | 90TO'0 | #€0Z'0- | ¥LTO0 9586'C ot-AiInt T0Zv 25701

9'T- L78L°0 T0SL°0 10490 0865°0 | ¥6IE0V | €0008- | £8S8'CC | PTITL'ES | SOTOO ¥10T°0 £0T0°0 | £090°'TT ot-AInt €C0IN

€ 6982°0 8ESL0 8€L9°0 €865°0 | 8887’0V | 8L66'L- | 959T°CC | 08€0'€ES | 6000 r0T'0 S600°0 | €SEO'TT ot-AInt €C0 AN

0'¢- 6¥8L°0 0zsL0 07490 £965°0 | TGEE'OV | €996'L- | €6V8'CT | 9TVL'ES | 06000 S¥0T'0 91100 | S9TIT'TT ot-AInt €C0IN

L'y €T08°0 99920 99890 £609°0 | 680V'TV | €SES’L- | ETE6'ET | 9920°LS | 91000 0€ST0 €TTO0 | £8V9°CT ot-AInt £00 IN

8'v- 02080 /91°0 /890 C0T9'0 | OCEV'TY | S9LV'L- | VPTIT'VC | 8T9T'LS | L600°0 SSST0 ¥S10°0 | 6TELTT ot-AInt £00 IN

L0 6940 €8€L°0 €859°0 S¥8S°0 | TSEV'TY | SL6V'L- | SELV'EC | TL09'9S | 80T00 48710 L6100 | €/89CT ot-Ainr £00 IN

S0 L0410 V6€L0 6590 GS85°0 | 8€80°'T¥ | 099T°/- | TSOS'E€C | ¥676'SS | €0TO0 6CT°0 LPTO'0 | 0999°CT ot-AInt 900 IN

L'C 96840 79SL°0 79190 ¥009'0 | ¥000'TY | €V8T'Z- | 9609°€ET | 6/98°'SS | 60T00 TZvT0 SCTO'0 | S//S°TT ot-AInt 900 IN

TT- 00840 9LvL'0 9/99°0 876S°0 | STOO'TY | TCLT'L- | 9YSL'ET | LTZO9S | 66000 LYET'0 TTTO'0 | 8€8S'CT ot-AInt 900 IN

6'€- €96L°0 ¢e9L0 890 £S09°0 | ST6E'TY | 6TPS'E- | STLY'VTZ | T/95°LS | €0TO0 6T¥Z°0 v0T0'0 | 8EV9'9T ot-AiInt LTOIN

(4 81940 STELO STS9°0 S§8/S°0 | TE6E'TY | SBEY'E- | OTOE'VC | 9¥6E’LS | 06000 8T1C0 ¢600°0 | ¥0CS'9T ot-AInt LTOIN

L'C- S68L°0 19SL°0 19490 €009°0 | 9¥9€'Ty | OT¥9'E- | ¥66V'¥C | STVS'LS | L600°0 VEECO TOTO'0 | STTS9T ot-AInt LTO IN
T6¥€0 16970 S8EC'0 | 6E8Y'LE | 99/E'C | LOOT'OC | 6C0T'SY | 8L00°0 | 64L0°0- | ¥800°0 | TTTT'BT oT-Aein ELCEMARLERE L)
L72€°0 LTYT0 TSTZ'0 | 6/8¥'LE | T66E'C | LZOV'S8T | vILV'EY | S800°0 €T0T°0- 6800°0 | €¥CT'8T oT-Aein ELCEMAREERE L)
[44140 [47440) TEVZ'0 | SLTV'LE | 66LE'C | S6EL'8T | 9v/9'EV | 76000 | 87/0°0- | 96000 | 6T9T'8T oT-Aein ELCEMARLERE L)
967€°0 96¥C°0 CTCT’0 | 9CCS'LE | 986T°'C | 9TTZT'6T | 96LEVY | 76000 | 9960°0- 6800'0 | ¥S9T'8T oT-Aein ELCEMARLERE L)
0ZELO 07s9°0 6//50 | 60ST°eEV | 99650 | 8Y¥/'8C | €68L'39 | 78000 £L19€°0 ¥800'0 | S¥69'CC oT-Aen €C6SY
89vL°0 89990 0T6S°0 | TS9T'EY | 66¢9°0 | 88I0'6C | SCOT'99 | €800°0 78e0 £800°0 | 89SL'CC oT-Aein €C6SY

€'C 0920 6¢SL°0 67190 §96S°0 | 68SC°Cy | TEOV'E- | STE6'SC | LBEB'09 | 98000 6997°0 88000 | T699'/T ot-Aein 020 IN

L9 T9€L°0 ¥87L°0 8790 LV[S'0 | VEBT'TY | SOET'E- | 6TL6'ST | 97S6°09 | 78000 81570 6800°0 | TOS6'LT oT-Aen 020 IN

9t TESL'0 ERZ4Y 959990 66850 | 6STT'CY | OVOV'E- | 6/68'SC | 9CTS'09 | /8000 149570 6800°0 | TSTS'/T ot-Aeiy 020 IN

o€ 79SL°0 L8%1°0 £899°0 L7650 | 6€C6'0F | T6CV'L- | ¥90L'¥C | 6C¥8'9S | 69000 SYET'0 9/00°0 | SESTTT ot-Aey 6T0 LN

L CEELO vS2L0 ¥Sv9°0 T¢/S'0 | 9V/8'0F | ¥6S€'L- | 6TTZEVC | 69¥E9S | 06000 8ETIT0 06000 | TTsSTTT oT-Aeiy 6T0 LN




4-13

'8 892/.°0 ¢S0L°0 7S29°0 LSS50 | TEVL'6E | 6958'8- | SEVS'9T | TTCO9¥ | 8800°0 | LEOO'O- | 88000 9€TS'6 0T-43qwadaqg CT0 IN

TET €20L°0 20890 2009°0 VEES'0 | TZY8'6E | S90L°8- | LEVE'9T | ¥#9TO'9F | 9800°0 | ¥TZO'0- | 06000 €1SL'6 0T-43qwadag CT0 IN

e SE6L°0 VELLO €690 C9T9'0 | 090S°Ch | €LV9'E- | 9LLE'6T | €6ESVS | S600°0 L6TC°0 £600°0 | 0£09°LT 0T-43qwadaq €0 IN

61T 8¥8L°0 S¥9L°0 S¥89°'0 €809°0 | S/SS'CY | 8LE9'E- | CVEE'6T | ¥86S'VS | 16000 6CTC0 ¢600°0 | €099°/LT 0T-43qwadaq €0 IN

8’11 76040 /890 ¢L09°0 L6€S'0 | T89YV'CY | €6S9'€E- | ¥0SS'8T | ¥909'€S | S600°0 SOVT'0 6000 | L9L¥'LT 0T-43qwad3q €0 IN

09 L6ELO v8TL0 8€9°0 /950 | STLv'Cy | TPS9'E- | vCvE'8T | ¥86E'ES | 16000 069T°0 S600°'0 | 6ETS'LT 0T-43qwdd3q €0 IN

[ €08L°0 6654°0 66490 €v09'0 | 69180V | €SE8'S- | SOST'LT | 81¢8'8Y | ¥600°0 88¢T'0 96000 | ¥989°€T 0T-43qwadaqg T€0 IN

8t T9vL°0 0S¢0 0S¥9°0 CELS'O0 | 89890V | 8LC0'9- | 00€6'9T | €TEE'8Y | 6L00°0 S060°0 18000 | v6CE'ET 0T-43qwadaqg T€0 IN

S'E- 6.0 E€VLLO €690 TLT9'0 | 86690V | 6LTT'9- | €LTV'LT | T¥98'87 | €600°0 C¢SET0 S600°'0 | 669€°ET 0T-43qwadaqg T€0 IN

LT 18SL°0 CLELQ 4590 T¥85°0 | €T69'0F | 6586'G- | 8SEV'LT | TT98'87 | COTO0 SC0T'0 90T0'0 | T/BE'ET 0T-43qwadaqg TE0 IN

124 T0SL°0 06¢L°0 06%9°0 89/S°0 | 0690V | Tv66'S- | 96ST'LT | OVEL'8Y | C600°0 59600 €600°0 | TOSV'ET 0T-43qwdd3Q T€0 IN

€€ LYSL0 LEEL'O £ES9°0 0185°0 | ¥OVL'Ov | S9S6°S- | S6CL'9T | 6CET'8Y | T800'0 010T'0 ¢800°0 | CEIV'ET 0T-43qwadaqg T€0 IN

LS S/08°0 L18L°0 £10L°0 68¢9°0 | TE€9L'0V | ¥9LL'9- | S8S6'9T | 601587 | #8000 8€EET'0 £800°0 | ¢VTLCT 0T-43qwad3q 0€0 IN

X4 17940 €0VL°0 €099°0 89850 | €S0L°0F | €SCL'9- | TV¥/6'9T | LOT¥'8F | 96000 L0600 £600°0 | €€99°CT 0T-43qwadaq 0€0 IN

e V€6L°0 CELLO €690 T9T9'0 | 6CCL0V | €¥VL'9- | 9COE'LT | TS8L'87 | 78000 901’0 £800°0 | 9¢69°CT 0T-43qwadaqg 0€0 IN

6 €¢CL0 £00£°0 £029°0 9TSS'0 | 9099°0% | 90T18'9- | SO0V'9T | ¥6¢L'Ly | S600°0 12500 6000 | ¥96¥'CT 0T-43qwadaqg 0€0 IN

0¢C- 08840 L¥9L°0 L¥89°0 S§809'0 | VPS80V | ¥76€'9- | 66T0LT | L6SL°87 | SOTOO 92¢T'0 Y0100 | €0LT'ET 0T-43qwad3q 0€0 IN

80- 8LL°0 6/SL°0 64/90 SC09'0 | VEOT'EV | 69CC'E- | VO68'6T | S6LC°9S | 78000 92’0 9800°0 | STZ9'8T 0T-43qwadaqg STO IN

0’6 SECLO 8T0L°0 8T¢9°0 LSS0 | 6VI86E | ¥808'8- | S8YE'LT | 9566'9¥ | ¥600°0 €v00'0- | €TT00 8T19'6 0T-43qwadag ¥TO LN

£ 16640 T64L°0 16690 v1C9'0 | 60L9'Tv | ¥6C8'9- | 9996'8T | LITv'¢S | €0T00 SEVT0 L0T0'0 | STLS'ET 0T-43qwadaq ¥TO IN
TSSE0 T1SLT°0 6SYC°0 | 96TT'LE | 808E'C | 90L0°9T | LETSOV | 8600°0 | 8IYT'O- | ZOTO'O | 89/8LT | OT-12quialdas ELCEMARLERE )
6SS€°0 6SLC°0 99’0 | T19¢°LE | S8LE'C | 8S¥O'9T | TI8S'0¥ | 66000 Z0vT'0- | 86000 | S/ZI6°ZT | OT-49quididas 3194VIA Vd3HYVO
16090 16¢S°0 62Z.V'0 | TY96'vE | 09TT'C- | 8EEO'ET | TI68'CE | 6000 | 96v0°0- | £600°0 | 99ZE'TT | OT-12quldas MTVHD 13INHVD
64790 6150 L68Y'0 | ¥888'VE | ¥60T'C- | 8009'CT | /86C°CE | LLOO'O | 8EEO'O- | T8O0'0 | VELZ'TT | OT-12quialdas MTVHD 13INHVD
5790 SrS0 S/8¥'0 | v0S6'vE | 9TPT'C- | TEBY'CT | vOTL'CE | ¢800°0 GSE0'0- | ¥800°0 | ¥ZOE'TT | OT-49quidrdas MTVHD 13INHVD
CT1L0 CT€9'0 T¥9S'0 | 94¢0’'ty | ¥T09'0 | 09%¥'E€EC | LSC8'6S | €600°0 £89C°0 66000 | ¥SSETC | OT-49qwaidas €C6SY
[4474Y) o0 80090 | TO96'CY | ¥BOE'0 | STZ9'CC | LS88'8S | 98000 9867°0 06000 | €0€0°Z | OT-Jaquaidas €C6SY
S8¢L°0 S8V9°0 96/5°0 | 80¢6'Cy | €8T¥'0 | TT¥S'CC | STL9'8S | L6000 ¥8LT°0 96000 | ¥8£0°7Z | OT-l2qwaidas €C6SY
9€€9'0 9€S5°0 8v6v'0 | €8TT'¥C | 06550 SCC6'0- | 8TYS'T- | 64000 | 866T°0- | 08000 L6S6'C 0T-49quwaidag 102V 29 70T

e V€6L°0 8940 8890 €ST9'0 | O¥8O'TY | 618€'9- | 0080'TZ | OTTV'ES | €0TO0 09€T0 10100 | TZCY'ET | OT-49qwaidas Y20 IN

€1 19940 Levl0 £299°0 €C65°0 | SLEO'TY | 8YEV'9- | 6S8L°0C | YETO'ES | €800°0 SOTT'0 ¥800°0 | €86T'ET | OT-Jaquaidas 20 IN

8T 0€9L°0 86€L°0 86590 L6850 | EV66'0V | 68LF'9- | TLE6'OC | 8180'ES | ¥800°0 090T°0 16000 | 9Z0T'€T | OT-49qwaidas Y20 IN

(%3 99S4°0 LEELO LES9°0 €V8S'0 | 6C0V'TY | 9€6V'L- | 980V'TC | L68EVS | ¥TTI00 08800 ¥IT0'0 | 6L65CT | 0T-12qualdas £00 IN

€ ¢66L°0 6€LL°0 6€69°0 ¢0¢9'0 | TITV'TY | vvES'L- | 99SE'TC | LTSEPS | 88000 orcT'o 06000 | £209'CT | OT-Jaquaidas £00 IN

€cC 0920 TLELQ T/4S9°0 €48S5°0 | S99¥'Tvy | 68T¥V'L- | CI09'TC | vLTLVS | 16000 0r60°0 €600°0 | SOVZ'ZT | OT-49qwaidas £00 IN

61T vv8L°0 00920 00890 £L09°0 | 9T6V'OV | 95/9°L- | SS9E°0C | VELV'TS | 98000 6800 £800°0 | ¥8IS'TT | OT-49qwaidas 6T0 IN

4 0¢LL0 €8vL°0 €899°0 €465°0 | TO0S'OV | ¥90L°L- | 9€T¥'OC | TBES'TS | 16000 18400 76000 | SY8Y'TT | OT-49qwaidas 6T0 IN

€S €EVLO creL’o 190 TELS'O0 | vT6V'OV | 0LLSL- | T8CYP'OC | TBES'TS | €800°0 65500 78000 | ¥I8S'TT | OT-49qwaidas 6T0 IN

8'C VLSL°0 SVELO SS90 0685°0 | 9209°0v | 9TZ¥'L- | T9LT'0C | LTOS'TS | 6£00°0 SEL00 18000 | 8098'TT | OT-4oqwaidas 6T0 IN

S0~ ¥9LL°0 v¢SL0 290 01090 | 668507 | ¥9Tv'L- | €9TT'OC | 8ETY'IS | T600°0 £680°0 86000 | £698°TT | OT-49qwaidas 6T0 IN

v €/8L°0 £29L°0 17890 C0T9'0 | €0SS'0F | vLI¥'L- | 896T°0C | TLIV'IS | 66000 £€860°0 00T0°0 | €8E8'TT | OT-lqualdas 6T0 IN

61 92080 TLLL0 T1/69°0 0€79°0 | 9659°0v | 8¥/€EL- | T9T8'6T | 6SST'TS | ¥800°0 9vTT'0 S800°0 | 8¥00°ZT | OT-49qwaidas 6T0 IN

L'E €¢SL°0 L62L°0 L6V9°0 £085°0 | 995950V | €vL¥'L- | 8LT6'6T | SCST'IS | C600°0 T£90°0 S600°0 | ¢/SL'TT | OT-49qwiaidas 6T0 IN

T's 9vvL0 SeeL0 SZv9'0 /S0 | €80V'TY | ST9S'E- | LEBB'OC | 69/8'€S | ¥600°0 06ST°0 00T0°0 | TLES'9T | OT-ldqualdas LTOIN




4-14

T6TL°0 16£9°0 €0¥9'0 | T¥86'CY | 9PPE'0 | TS60'Er | €¢80°08 | 8800°0 18T¥°0 ¢600°0 | 8TTC'CC TT-|udy 1434
29040 9790 VLC9'0 | 9¥86'CY | VSIS0 | €488'0v | S86L'LL | 9ET00 £L60%°0 v¥10°0 | TeLeee TT-|udy €C6SY
- ¢08L°0 66€L°0 66590 CT99°0 | I8YS'OF | 6I¥9°9- | T68S9€ | LOTE'89 | LTTO0 904T°0 €CT00 | ¥0L9°CT TT-|udy 0€0 IN
L'E- TS6L°0 VESLO V€LY 87L9°0 | 90¢9'0v | SL6L'9- | 0S89'8€ | 98T9'0L | ¢OT0°0 [44:12Y ¥0T0'0 | TTO9'CT TT-|udy 0€0 IN
9°¢- Lv6L°0 T€SL0 T€L9°0 vrL9°0 | 8999'0v | €0SL'9- | 99€T'8E | ¢8CT'OL | 96000 EV8T'0 TO0TO'0 | 8S89°¢CT TT-|udy 0€0 IN
€9 C¢8EL0 STOL0 STZ9°0 8¢C9'0 | ¥OE9'OV | 0€9L'9- | SPBE'WE | ¢90C99 | CTITO0 00€T'0 0CT0'0 | 8T6S'CT TT-|udy 8T0 IN
v'e 6€SL°0 8STL°0 85€9°0 TLEQ'0 | SEECTY | 0499°%- | TLOL'6E | 9EV6'CL | €CTO0 910 6CT0°0 | E€TVE'ST TT-|udy 8T0 IN
X4 ST9L°0 8¢CL0 8Ir9°0 P90 | ¥OTCTY | TLI8'V- | CCL8'6E | 08LO'EL | 88000 8€CT0 ¥600°0 | €69T'ST TT-|udy 8T0 IN
L'y CT08°0 0652°0 06490 v089°0 | 0EL6'Cy | vIEE'E- | 8STL'CY | S6¥9'6L | 8TT0°0 E€VSE0 LTTO'0 | ¢6TS'8T TT-|udy STO IN
6'T- S¥8L°0 8EVL0 8€99°0 T1S99'0 | 06£0°€v | ¥9¥0'€- | 6¢SO'Cy | LOOT'6L | L600°0 981€’0 C0TO'0 | £€6S8'8T TT-|udy STO IN
vy S664°0 SLSL°0 SLL9°0 88/9'0 | €CTI6'CY | 6TLE'E- | 68SE'EV | 968108 | ¢CT00 86v€'0 LTT00 | EVIV'ST TT-|udy STO IN
0 ceLL0 SCELQ §¢S9°0 8€S9'0 | €SST'EV | 9090°€- | ¥8S9'Ey | OVOO'T8 | ¥600°0 0ove'o 9600°0 | 97¢S6'8T TT-|udy STO IN
€'6ET 64CE°0 04ZE0 (VA4 SLyT’0 | 09TC°LE | OSTEC | ¥SPS'LC | 699C°CS | 9€T00 €460°0- | LVTO0 | C¥S8'LT TT-|udy 710 IN
89 SSEL0 06690 0619°0 €090 | 089¥'T¥ | 9916'9- | 0L0T'8E | 6998'TL | TTT00 TLvT°0 STT0'0 | 068C'ET TT-|udy 710 IN
89 9S€L0 1669°0 16190 v0C9'0 | S8TIS'Tv | SPS6'9- | 6T€9'6E | TChV'EL | 9TT0°0 9LYT'0 SETO'0 | 9coe’eT TT-|udy 710 IN
€0- €SLL°0 VSELO 75590 £959°0 | 88/9'Tv | 61S8'9- | LOTO'6E | TIET'EL | VITOO 61’0 6TT0'0 | 9£09°€T TT-|udy 710 IN
0 vvLL0 SVELO S¥S9°0 8G59°0 | 8¢ev'Tv | SPSO'L- | 6EST'6E | TTSL'CL | OTTI00 S8L1°0 80T0'0 | LOVT'ET TT-|udy 710 IN
a1 VLo 08490 08650 16650 | 05986 | T6SS'8- | 8886'VE | LESC'S9 | 66000 LTEO00 66000 CEL6'6 TT-|udy CT0 IN
9590 LSO 04CS'0 | TPSS'0E | SELV'C S090'v | 8900°'ST | TOTO'0 | 88CT0- E€TT00 | 9€CE'TT TT-Aenigady TOAL
€469°0 €L19°0 T995°0 | 848¥'0¢ | 8¢0S'C £86L°€ | LTT9'VT | 64000 | L680°0- | ¥800'0 | vSCE'TT TT-Aenigay TOAL

£€665°0 €615°0 C9Lv'0 | T8SE'LE | S69E'C | 6ECO'ST | 88CL'6E | 60100 | 880T0- €TT00 | 64£0°8T TT-Aenigay ELCEMAREERE L)

€5G€°0 €SLT°0 vCSC0 | 6I8S'LE | 6VVEC T/C6'8 | 9898'€E | 8600'0 | 8CEE0- CTT0'0 | ¥8T0'8T TT-Aenigay ELCEMAREERE L)

T99€°0 198¢°0 v?9C’'0 | SELS'LE | SESEC 91058 | €9Tv'EE | CITO0 | LCCE'O- | LZI00 | 06C0'8T TT-Aenigad EICEMAREERE L)
8vvL0 817990 £609°0 | SETT'EV | €0TS'0 | TOEL'TT | 9S00'87 | L8000 ¢690°0 £800°0 | S9sT'CC TT-Aenigay £€C6SY
€0 6TLL0 0652°0 06490 £TC9°0 | 0909'Cy | ¥689'¢- | €8CTCT | €C8T'LY | ¥600°0 6T€0°0 66000 | 8T8V'LT TT-Aenigad CEO0 IN
S0~ C9LL0 T€94°0 1€89°0 S§9¢9°0 | 00S9'Ch | ¥¢S9'E- | 99€9°TT | 88SL°9F | S600°0 S9€0°0 £600°0 | LL99'LT TT-Aenigay CEO0 IN
TT- 00840 £99L°0 £989°0 L6790 | 6£8S'CY | TC99'¢- | CECT'CT | S6CT'LY | S800°0 06€0°0 06000 | 9v6V'LT TT-Aenigay CEO0 IN
80~ v8LL°0 ¢S940 ¢S89°0 €8¢9'0 | 66C9'Ch | 986S°'E- | CESO'CT | L08S'9¥ | CETO0 T0€0°0 IrCe'0 | T8LL9T TT-Aenigay CEO0 IN
L8 ¢SeL0 WIL0 9ie9'0 61850 | T998'6€ | €818'8- | TYIS'OT | SE00'0OF | O00TO'0 | 0C60°0- | 80T00 1€09'6 TT-Aenigay CTO0 AN
€6 €¢CL0 8TTL°0 81€9°0 ¥6/S'0 | 8ES6'6E | 86SL'8- | LOSS'OT | L9TCOv | TOTO'0 | 0€60°0- | 90T0°0 E9VL'6 TT-Aenigay CTO0IN
9'tT 66690 50690 S0T9'0 66550 | TTE6'6E | S68L'8- | vLETOT | L8V8'6E | S800°0 €ETT'0- | L8000 rl9'6 TT-Aenigay CTO0 IN
06 VveLLO 8¢IL0 8¢€9°0 0850 | €E¥SO'Ov | €6TS'8- | S9¥E'0T | ¢80T'Ov | 00TO'0 | S880°0- | 60T00 | 6S80°0T TT-Aenigay CTOIN

£09€°0 L08C°0 S6vC’0 | ve0E'LE | 6TOV'C | BEEB'ET | 986E'8E | 66000 | S6ET'0- | ¥OTO'0 | SC86'LT | 0T-49quwadaQg ELCEMARGERE L)

0TEE0 01SC°0 TECT0 | I8PE'LE | 9VOV'C | 6669°ET | 0ESE'8E | 08000 | ¥S9T'0- | 98000 | 8700'8T | 0T-4°qwia3aQg ELCEMAREERE L)

TSCE0 15144Y 8LTC'0 | 0EBE'LE | 8CBE'C | SELI'ET | TS6E'BE | ¥600'0 | SOLTO- €600'0 | 8CTO'8T | 0T-43qwad9d ELCEMAREERE L)

0€8C'0 0€0C°0 v08T'0 | TCSE'LE | 8COP'C | COCT'ET | TL9/L°LE | L8000 | 060T°0- | 06000 | ¥¢96'LT | 0OT-4aqwadag ELCEMAREERE L)

STTE0 STETO LS0C’'0 | €E6E'LE | 8TBE'C | EWPE'ET | 98L0'8€ | ¥600°0 | L¢8T'0- | £600°0 | LOTO'8T | OT-4aqwsdag ELCEMAREERE L)
6EEL0 6€59°0 TI8S'0 | 9CET'Ey | SLTS'0 | ¥¢89'6T | COVT'9S | 06000 018C°0 S600°'0 | 006£CC | OT-49qwadaQg £€C6SY
S0S2°0 S049°0 65650 | 0S9T'Ev | TSC9'0 | T6CT'OC | 689995 | 00100 686C°0 ¢0T0'0 | 99¥S'CC | 0T-49quadeg €C6SY
€690 CET9'0 0SvS'0 | Tv60'EY | T¥9S'0 | 8CST'6T | vPTS'SS | 88000 [4444Y 16000 | ¢09¢'CC | 0T-49quadag €C6SY
L0 VLLL0 6952°0 69490 91090 | TS60'Ev | STLT'E- | ¥0E€8'6T | 900C°9S | 88000 vr<co 16000 | S£9S'8T | 0T-4°qwadaQg STOIN
S9- LT18°0 6¢6L°0 6CTL0 9€€9'0 | €4SS'Tv | 89S6'9- | 9¥T¥'8T | TET9'TS | 68000 CIST0 ¢600°0 | 9CPE'ET | 0T-49quadaQg ¥TO LN




4-15

8'v- 67080 789L°0 8890 9/TL°0 | 948T'T¥ | 690S9- | 68Y¥'y | 08EE'9E | ¢800'0 | /8VT'0- | ¥800°0 | LZBO'ET 11-4390320 Y20 IN

Ve L1810 §SSL°0 §S/9°0 vv0L'0 | ¥S6T'TY | S/CS9- | 9bP/L'E | T9C9'SE | SOTO'0 | 0C9T'0- | ¥600°0 | S9SO'ET 11-4390320 20 IN

Ve 8/8L°0 96620 96490 S¥0L'0 | S695°0F | S¥E6'L- | 9990°€ | 8LL9'EE | 96000 P9T'0- | ¥800°0 | ¥ESO'TT 11-4390320 €C0 LN

T1 €491°0 TLELO 14590 €G89'0 | €/6V'0V | 16L0'8- | 68TC'E | LO69'EE | 88000 | LEBT'O- | #£00°0 | TOTBOT 11-4390320 €C0 LN

6T €79L°0 LT€L°0 £759°0 9089'0 | 66VC'TY | T/8%'9- | ¥8SL'€ | T6V/L'SE | 96000 | £S8T'0- | £800°0 | S9TT'ET 11-4390320 €C0 LN

€T €18L°0 L6VL°0 £699°0 ¥869°0 | €EBT'TY | 09¢S'9- | 9609°€ | 6C9¥'SE | £600°0 | 089T'0- | 86000 | 66E0°ET 11-4390320 €C0 LN

x4 198L°0 0vSL’0 0490 6¢0L°0 | 0605°0F | SCOT'8- | LEOE'E | OTO8'EE | LOTOO T99T°0- | 66000 | 89¢8'0T T1-4390320 €C0 LN
VETLO SEE9'0 90€9°0 | €S0S'0E | 6LES'T L¥86'8 | 96T8'6T | €600°0 0Z€0'0 96000 | Z8SY'IT | TT-Joqualdas TOAL
9040 §929°0 9€79'0 | €L0S°0€ | 188S'T S§9ST'6 | ¥#£00°0C | ¥600°0 09200 86000 | 620S'TT | TT-Joqualdas TOAL
T29€°0 [44:14Y 60820 | 90C¥'LE | TE9E'C | €8/S9'8T | 9SLE’EV | L8000 T6LT°0- | 88000 | TS66'ZT | TT-Jaquidrdas ERCEMARLERE L)
EVEV'0 rSE0 87SE'0 | 869T'8E | 8ELT'T | OET6'6T | €LLT'9Y | THZO'0 | 9€60°0- | TEITO | L6EY'ST | TT-4aquidrdas ELCEMARLERE L)
TEVED T€9C°0 6T9C°0 | SevE'LE | €LSE'C | 6S8E'8T | 09€0°€y | L6000 €00Z°0- | YOTO'0 | CT68LT | TT-Jaquidrdas ERCEMARLERE L)
68¥€°0 069¢°0 8/9C°0 | 8EGE'LE | 6S9E'C | 0898'8T | 98T9'€r | L6000 TE6T'0- | TOTO0 | OTS6'ZT | TT-4aquidrdas ELCEMARLERE L)
S919°0 S9€S°0 0veS'0 | OVET'EY | S98S°0 | ¢886'LC | ¥6C8'V9 | 6000 0T0T0 L6000 | T/86'€C | TT-49qwaidas ST6SY
€8540 8L9°0 €9/9'0 | Teve'ey | SEIB'0 | vIEVP'8C | L¥CS'S9 | 90T0°0 €61€°0 TIT00 | 6€06'7C | TT-1oquaidas 144394
LTELO 67590 68790 | OTTE'Ey | TSO8'0 | €9TC'9C | 8IST'E9 | SOTO0 €T6C°0 TIT00 | 1628'7C | TT-49qwaidas €C6SY

6°0- L8LL°0 ¢6SL°0 6190 19490 | 6CVS'TV | 08CS'L- | V9ET'VC | 689€°LS | 06000 SEO0T'0 96000 | 0989'CT | TT-Jaquaidas £00 IN

L6 67€8°0 £108°0 L12L°0 vv?L'0 | TOOT'ZY | 6EVSE- | SOE9'ST | ¥#997°09 | ¥OTO'0 81570 7870 | TvOv'LT | TT-49qwaidas 0¢0 IN

0'¢c- 7S8L°0 1S92°0 15890 6T89'0 | 08/¥'T¥ | €L09'G- | 8LEO'SC | €6L1'8S | 0O¥T00 0610 €LTV'0 | 6SSSVT | TT-49qwaidas 0¢0 IN

0'6 LETL0 T0TL0 T0€9°0 €479'0 | SO06S'CY | 66ESV- | S8TB'SC | S6SC'T9 | 6L00°0 86€T'0 €800°0 | 0669'9T | TT-49qwaidas €T0 IN

9 9L¥L°0 STELO STS9°0 S8V9°0 | €669CY | 6LIV'V- | SCL9'SC | ¥6TE'T9 | 06000 9910 76000 | OVS6'9T | TT-49qwaidas €T0 IN

oY 0TS0 SYEL'O S¥59°0 STS9'0 | T6OT'TV | OTST'Z- | 0LS9°E€EC | ¥966'SS | ETTO0 T/L0°0 0210'0 | S66S°CT | TT-Joqualdas €T0 IN

LT 8SL°0 60vL°0 6099°0 6/59'0 | 6C€S'CY | T8TLV- | COET'SC | L8IF'09 | 68000 099T°0 €600°0 | 0€6V'9T | TT-49qwaidas €T0 IN

€€ L¥SL°0 8LEL°0 84590 8¥59'0 | STE6'OV | ¥PTEL- | TSEQ'ET | L966'FS | 0CZTO0 ¢€L00 LZ10°0 | €09T°CT | TT-49qwaidas €T0 IN

9'C €8SL°0 0TvL’0 01990 0899'0 | 8TE6'0V | 646T°L- | VBYE'ET | 8LTE'SS | 96000 89400 00100 | 06£2°CT | TT-4oqualdas €T0 IN

8T €9L°0 vSvL0 5990 €¢99°0 | SIST'TY | TCTC'L- | 8L80'WC | €9CS'9S | 6000 84800 ¥800'0 | 6T6SCT | TT-1oqualdas €T0 IN

€0- TSLL0 09s2°0 09490 6¢/9°0 | 9C6T'TY | €C68'9- | 0SSL°CC | 09€C’SS | 66000 €90T°0 ¥0T0'0 | 8596°CT | TT-Joqualdas €T0 IN

0'¢- €98L°0 159940 159890 07890 | 8¥C9'Ty | 89¢S'9- | 65S9T'ST | ¢90L'8S | L8000 9CET'0 8800°0 | ZOBL'ET | TT-oqualdas €T0 IN

6L 11280 T/6L°0 TL1L°0 6€TL'0 | 908T'Ey | 8980°C- | CECT'LC | LLO8'E9 | 96000 6TLT0 T0T0'0 | 86¥8'8T | TI-4oqwaidas €T0 IN

Le- T1S6L°0 6€LL°0 6€69°0 £069°0 | ¥9S6'0F | €L0L°L- | S6TV'EC | 68EV'SS | CL000 1010 ¥£00'0 | 69Z6'TT | TT-Joqualdas CTOIN

L ¢L18°0 LE6L°0 LETLO Y010 | 6EB0'TY | 8ECT'L- | vL6T'VT | 8509'9S | 78000 €LETO ¥800°0 | T299°CT | TT--oqualdas CTOIN
090 07950 T€9S'0 | S6ST'0E | €OEV'C | /8TZT'CT | 6LE9'CC | ETTO0 6200 6TT00 | TBET'TT TT-Ldy TOAL
VL€9°0 /4S50 G8S5°0 | ¥89€°0€ | 9€0S'C | TL68'TT | TOT9'CC | ETTO0 66200 91100 | £8IETT TT-Ldy TOAL
TSSE0 1S.2°0 LS/T°0 | T800'LE | 9STT'C | 68859'LC | 868815 | 58000 T/£0°0- | 6800°0 | £69S°LT ELCEMAREERE L)
£92€°0 L9%7°0 ¢LYT0 | SEEELE | TVLE'C | OLTSLT | ¥9L¥'TS | 90100 | 9760°0- | 60T00 | TVE0'BT ELCEMAREERE L)
8T¥E0 8T97°0 €C97°0 | 8beE’LE | STLE'C | ¥/T8'8C | LOT8'ES | 00TO'0 | 0LL0°0- | TOTO'0 | 8870'8T ELCEMAREERE L)
87LE0 87670 VE6T'0 | 8Y9T'LE | TO9E'T | 964L'8T | TOEY'ES | ¢600°0 €4¥0°0- | ¥600°0 | T866'LT ELCEMAREERE L)
90090 90¢s°0 9175’0 | V0S6'VE | 6590°C- | LL08'CT | 6878'Cy | 9CT00 S¥00°0- | CETO'0 | €L0V'TT TT-Mdy ATVHD 13NHVD
€20L°0 €279°0 SEC9'0 | 6TTZ'EY | 69T8'0 | 8TES'EV | L800'T8 | 18000 80¢t'0 £800°0 | €£06°CC TT-Mdy SC6SY




4-16

S€S9°0 SELSO 8870 | 69€V'0E | 98IS'C TTSE'Y | L680°'ST | 88000 £960°0- L0T0'0 | €ELC'TT ¢1-Aenuer TOAL
LEL90 LEBS0 ¥50S°0 | 9991'0€ | 0T8S'C coce'y | TLIT'ST | 9800°0 ¢8L0°0- 86000 | CEBE'TT ¢1-Aenuer TOAL
TLSE0 TLLT0 6S€EC0 | 6EVELE | 8/9EC | SEVO'OT | ¥8SS'PE | ¢800'0 | ¥0LC0- | #8000 | 89S8'LT ¢1-Aenuer F194VIN VHIHHVD
9¢9°0 9vS'0 TS9%'0 | 6STO'SE | ¥690°C- | O¥69'L | 860S'LC | C600°0 68TT°0- 96000 | CESE'TT ¢1-Aenuer MVHD 13NHVYD
£09L°0 £089°0 S6LS°0 | TSEE'Ey | ¥9C0'T | SL60'PT | €SCL0S | 68000 OvET'0 S600°0 | STv6'CC ¢1-Aenuer [ 34394

S'v- €008°0 1080 v1¢L0 Tv19°0 | 9TT¥'Ov | 9186'9- | L68S'CT | 609C°Ey | £L000 £L8E0°0 84000 | SL90°¢CT ¢1-Aenuer 0€0 IN

T'0- 8€LL0 6v.LL0 6v69°0 91650 | TvOV'Ov | TLTOL- | 6VCT'CT | 899L°Cy | TOTO0 €S10°0 6T10°0 | 9100°CT ¢1-Aenuer 0€0 IN

S0 804L°0 8TLL0 81690 0685'0 | 969€'0v | 8CTI0'L- | TC8L'CT | ¢6S8'Cy | ¥800°0 <100 S600°0 | ¢896'TT ¢1-Aenuer 0€0 IN

€€ S¥SL°0 §SSL°0 SS90 TSLS'0 | EvpE'OV | 9€60°L- | LOT6'TT | 8SCP'Cy | 6900°0 0€00°0- £L00°0 | S8¥8'TT ¢1-Adenuer 0€0 IN

ST 99,0 £S9L°0 £589°0 LEBS'0 | 06TV'OV | 60V0°L- | 9L68'TT | CT9S'Cy | 64000 €400°0 ¢800°0 | L¥86'TT ¢1-Adenuer 0€0 IN

S'C 88L°0 S68L°0 S604°0 0r09'0 | 0C9v'Ov | ¥SE6'9- | €I86'TT | CSEL'CY | €600°0 96¢0°0 66000 | SEST'CT ¢1-Adenuer 0€0 IN

€L SCELO SEELO S€S9°0 ¥95S°0 | €ISY'Ov | TEV6'9- | CLLL'TT | SE0S'Cy | ¢B00'0 | 88T0'0- | ¥600°0 | €980°CT ¢1-Aenuer 0€0 IN
S¥0L°0 S¥¢9'0 TI8S'0 | v9vE'0E | €S8S'C T0€8'E | 0S8€¥T | 0L000 | OVLOO- SL00°0 | v0LC'TT TT-J9qWIA0ON TOAL
VET9'0 VEES'O v96v'0 | EV8T'0E | T8SS'C v106'C | LPCE'ET | 88000 | 809T°0- 98000 | ¢v60°'TT TT-J3qWanoN TOAL
9¢S9°0 9¢LS0 8CES'0 | vTOv'0E | £909°C 9vv6'C | 8009'€T | SOTO00 | OCCTO- SOT0'0 | 886C'TT TT-J3qWanoN TOAL
8¥¢9°0 8vvS'0 69050 | €88E0€ | TEVS'C 69G/°C | 8TBE'ET | ¢800°0 T6vT°'0- | 06000 | ¥S6T'TT TT-J9qWIA0ON TOAL
8ETE0 8EEC0 9/1C°0 | S98T'LE | 06VE'C v8TL'9 | ¥O¥8'0E | 18000 6€9€°0- 16000 | 098S°LT TT-J3qWanoN ERCEMARLERE L)
9TI€0 9TET0 SSTC0 | €SCELE | 0LLEC 98099 | CE00'TE | 00T00 | OV9E0- C0T0°0 | 8ISL'LT TT-J3qWanoN ERCEMARLERE L)
9T1I€0 9TET0 SSTC0 | €SCELE | 0LLEC 98099 | CE00°'TE | 00T00 | OV9E0- C0T0°0 | 8TISL'LT TT-J3qWanoN ERCEMARLERE L)
S6LC°0 S66T°0 LSBT0 | 69VE'LE | LBLE'C 9T1€9 | TZv/l0€ | ¥800°0 6€6€°0- 68000 | 9SVL'LT TT-J3qWanoN ERCEMARLERE L)
T/48C°0 TL0T°0 LT6T'0 | T8LE'LE | TC9E'C ¢08€'9 | vvL80€ | S600°0 £98€°0- TOT0'0 | TL9L'LT TT-J3qWanoN ERCEMARLERE L)
4890 4090 C¢S9S°0 | 668T'EY | #8190 L9ET’6 | €96E'SY | ¢600°0 T16€0°0 £600°0 | S8CE'CC | TT-49qWBAON [ 34394

L'8 TSvL0 vS¢L0 vSv9°0 9009°0 | €6CE0V | 96¥0°'L- €v0C'6 | 1809'6€ | ¥600°0 | 08¥0°0- S600°0 | €TEV'TT TT-J3qWanoN 0€0 IN

'S v19L°0 6.0 6¢99°0 89190 | 990€0v | 9CE0'L- 66€6'8 | 606C°6€ | COTO'0 | 9TEOO- 90100 | TI¥8'TT TT-J3qWanoN 0€0 IN

61T S6LL°0 ¥?9L°0 7890 0S€9'0 | TVEEOY | TCEOQ'L- S/9T'6 | 86LS'6€ | 06000 6¢T0°0- S600°0 | 9888'TT TT-J3qWanoN 0€0 IN

9'S- 11280 0£08°0 0L¢L0 S9/9°0 | €ETVCOV | 8COT'L- 6¢0S'6 | TOVL'6€ | C800°0 ¢Leo0 €800°0 | ¥89L'TT TT-J9qW3A0ON 0€0 IN

LT £08L°0 9€94°0 9€89°0 C9€9°0 | TLSLOV | TTS99- 60S€'8 | 9¥8S9'6€E | €0TI00 | ¥C00°0- S0T0'0 | 6169°CT TT-J3qWanoN 0€0 IN
T¢S9°0 T¢LS0 99650 | 078S0€ | T/8¥'C ST86'0 | L688°'TT | ¥0T00 6TLT0- C0T0°0 | €08T'TT T1-439010 TOAL
V190 1650 £919°0 | €SPS'0E | 00Tv'C v60vV'T | 66¥C°CT | €0TO'0 | 0CST0- 98000 | S860°TT T1-439010 TOAL
898¢€°0 890€°0 661€°0 | €8SC’LE | 6CIEC 099V | ¢¥6L'8C | TLT00 | ¥TI¥S'O- 86000 | OTT¥V'LT T1-439010 F19YVIN VHIHHVD
v1SE0 v1LC0 0€8C'0 | 90LE'LE | TLEE'C CEVC’E | 8995/ | LOTOO ¢8LS°0- 88000 | 960S°LT T1-429010 F19YVIN VHIHHVD
LETY'O LEEE0 08v€'0 | 869€°LE | OTIVE'C 69v0°€ | CE9E'LC | 86000 CETS0- L0T0'0 | 88LS'LT T11-439010 F19YVIN VHIHHVD
TSCE0 15144 SSSC°0 | 60CP'LE | EVSE'C TES8'T | STPC'9C | S8000 | 9509°0- ¢800°0 | 98¥S'LT T1-429010 F19YVIN VHIHHVYD
LEVEQ LE9T0 0§20 | TEVE'LE | 8LIE'C EVIS'T | TIvL'SC | 18000 £985°0- €000 | TSSV'LT T11-439010 F19YVIN VHIHHVD
C¢0TL0 C0€9°0 ¢LS9°0 | 9LT¥'Ey | TLOLO 98TL'€ | CESO'OV | S8000 | v¥86T0- ¢800°0 | zove'Ce 11-4990300 [ 343594
8690 8190 6v9°'0 | 616C°'EY | TOVLO 8TL6'E | L¥90°0¥ | S600°0 60T¢C°0- T0T00 | OveCce T1-439010 [ 34394




Table 4.4 Heated Gases

4-17

Date da7 d47 stdev D47 D47 stderr d48 D48 D48 stdev
April-10 28.567 0.060 -0.116 0.012 128.971 53.513 0.880
April-10 -4.799 0.103 -0.851 0.007 10.199 4.099 0.300
April-10 -3.958 0.075 -0.817 0.012 12.273 5.179 0.205
April-10 27.925 0.014 -0.132 0.011 125.961 52.129 0.633
April-10 -2.320 0.015 -0.786 0.011 18.606 7.996 0.272
April-10 25.145 0.035 -0.180 0.013 116.299 | 48.616 0.684
April-10 -4.942 0.035 -0.826 0.008 8.749 3.648 0.123
April-10 -3.127 0.032 -0.822 0.015 15.518 6.541 0.174
April-10 26.648 0.020 -0.163 0.008 120.466 49.515 0.388
May-10 24.335 0.064 -0.146 0.011 114.441 48.778 1.788
May-10 -3.406 0.076 -0.807 0.010 15.045 6.604 0.348
May-10 23.563 0.074 -0.199 0.010 110.968 46.609 1.288
May-10 -3.449 0.060 -0.852 0.009 14.713 6.325 0.306
May-10 22.432 0.059 -0.234 0.007 107.796 46.056 1.147
July-10 27.648 0.021 -0.088 0.008 124.692 51.808 1.170
July-10 -3.422 0.016 -0.812 0.013 15.457 6.714 0.283
July-10 26.276 0.029 -0.125 0.013 120.198 50.105 0.784
July-10 26.985 0.017 -0.163 0.012 119.701 | 48.283 0.829
July-10 -3.214 0.017 -0.844 0.010 15.559 6.661 0.434
July-10 9.669 0.016 -0.526 0.013 58.398 23.681 0.485
July-10 20.978 0.031 -0.257 0.012 100.124 41.812 0.656

September-10 25.103 0.016 -0.253 0.010 108.100 40.484 0.911
September-10 27.447 0.028 -0.232 0.010 115.565 | 43.145 0.976
September-10 26.634 0.016 -0.230 0.008 112.780 42.406 0.845
September-10 -2.279 0.013 -0.826 0.017 18.063 7.068 0.262
September-10 24.881 0.017 -0.239 0.011 106.959 40.621 0.607
September-10 25.589 0.015 -0.209 0.007 110.951 | 42.162 0.990
September-10 27.411 0.012 -0.199 0.015 116.367 44.196 0.915
September-10 -4.113 0.015 -0.808 0.012 11.797 4.757 0.157
September-10 25.289 0.011 -0.178 0.013 113.819 45.903 1.441
September-10 -3.359 0.022 -0.849 0.011 14.626 5.887 0.308
September-10 25.927 0.027 -0.218 0.019 112.601 43.413 0.593
September-10 -3.584 0.013 -0.820 0.015 13.758 5.658 0.288
September-10 25.952 0.021 -0.215 0.015 112.566 43.296 0.480
December-10 -3.092 0.017 -0.811 0.011 13.460 4.568 0.261
December-10 26.004 0.013 -0.236 0.013 104.155 | 34.756 0.327
December-10 -2.776 0.016 -0.823 0.020 14.379 4.859 0.364
December-10 16.299 0.016 -0.430 0.007 74.174 25.707 0.338
December-10 -3.621 0.032 -0.809 0.009 12.440 4.505 0.149
December-10 27.337 0.012 -0.203 0.015 108.433 | 36.778 0.263
December-10 27.086 0.009 -0.205 0.015 107.918 36.768 0.284
December-10 27.170 0.018 -0.193 0.004 109.105 | 37.500 0.260
December-10 27.233 0.014 -0.201 0.010 108.943 37.282 0.417
December-10 26.529 0.015 -0.213 0.009 107.290 | 36.959 0.131
February-11 -2.471 0.010 -0.792 0.009 13.670 3.592 0.567
February-11 24.096 0.022 -0.498 0.014 86.004 21.225 0.407
February-11 24.286 0.024 -0.505 0.012 85.813 20.701 0.492
February-11 -5.078 0.027 -0.833 0.010 7.210 2.027 0.263
February-11 -2.977 0.019 -0.784 0.013 12.135 3.031 0.282
February-11 25.440 0.019 -0.523 0.009 89.775 22.197 0.391
February-11 -3.972 0.023 -0.845 0.013 9.732 2.190 0.331
February-11 26.498 0.024 -0.516 0.014 92.313 22.410 0.377
April-11 -3.676 0.018 -0.955 0.014 16.676 8.185 0.903
April-11 27.087 0.017 -0.076 0.014 151.726 77.566 1.352
April-11 18.498 0.028 -0.318 0.016 114.863 60.253 1.767




April-11 19.757 0.033 -0.292 0.020 118.608 | 61.650 1.266
April-11 20.226 0.013 -0.283 0.016 123.199 | 65.321 1.711
April-11 -3.062 0.017 -0.938 0.012 18.875 9.894 1.187
April-11 -3.215 0.026 -0.924 0.015 18.823 9.504 1.042
April-11 17.870 0.020 -0.354 0.013 113.079 | 59.771 1.029
April-11 17.552 0.027 -0.359 0.019 109.589 | 57.139 1.781
September-11 17.458 0.023 -0.484 0.011 87.032 35.636 1.125
September-11 17.630 0.011 -0.491 0.010 88.168 36.380 0.825
September-11 15.501 0.020 -0.538 0.013 83.001 33.837 0.969
September-11 24.189 0.016 -0.289 0.014 110.991 | 45.515 1.020
September-11 -3.837 0.020 -0.973 0.009 14.410 6.543 1.412
September-11 23.195 0.012 -0.353 0.009 105.207 | 41.843 0.745
September-11 19.367 0.009 -0.466 0.013 91.771 37.119 0.939
September-11 20.623 0.022 -0.360 0.022 103.382 | 44.175 3.177
September-11 -4.886 0.027 -0.911 0.012 9.964 3.577 0.775
September-11 15.635 0.016 -0.490 0.017 81.408 33.030 0.931
September-11 -3.619 0.024 -0.933 0.007 16.035 7.104 1.084
September-11 -5.129 0.020 -0.942 0.013 9.207 3.557 0.661
September-11 23.159 0.022 -0.353 0.017 107.511 | 43.499 1.064
September-11 -6.663 0.015 -0.953 0.019 4.796 1.636 0.922
September-11 22.231 0.012 -0.380 0.011 104.243 | 42.334 0.736
October-11 21.707 0.015 -0.836 0.014 64.174 4.887 0.693
October-11 22.325 0.016 -0.873 0.016 65.802 5.069 0.547
October-11 21.520 0.040 -0.853 0.018 64.131 5.206 0.660
October-11 21.381 0.005 -0.863 0.018 63.860 5.176 0.766
October-11 -2.800 0.018 -0.889 0.012 10.812 0.722 0.578
October-11 -2.984 0.019 -0.887 0.017 10.373 0.601 0.619
October-11 -2.921 0.020 -0.879 0.015 11.162 1.327 0.526
November-11 18.125 7.324 -0.550 0.013 71.631 14.407 0.258
November-11 -3.458 0.029 -0.819 0.013 10.749 2.218 0.175
November-11 -2.847 0.044 -0.829 0.014 12.221 2.456 0.100
November-11 19.308 0.039 -0.550 0.014 68.169 14.040 0.323
November-11 20.802 0.034 -0.578 0.014 72.591 15.125 0.250
November-11 15.406 0.026 -0.622 0.010 58.119 12.216 0.126
November-11 20.695 0.013 -0.533 0.006 72.447 15.391 0.232
November-11 -3.400 0.029 -0.825 0.006 11.196 2.382 0.258
January-12 -5.997 0.020 -0.793 0.008 4.843 1.504 0.373
January-12 24.612 0.037 -0.402 0.014 89.322 23.851 0.270
January-12 27.002 9.547 -0.404 0.013 96.456 25.862 0.215
January-12 -3.869 0.026 -0.742 0.009 10.054 3.001 0.326
January-12 26.538 0.029 -0.417 0.010 94.898 24.860 0.157
January-12 -3.563 0.030 -0.785 0.011 10.756 2.963 0.248




4-19

Table 4.5 Corals Displaying Vital Effects

Standard
Corrected

name d47 D47 d48 D48 d13C d180 D47 T

NT 018 15.63132| 0.186437| 58.88185| 25.51586( -4.63575| 41.51038| 0.74681058( 4.704097

NT 018 15.39448| 0.192188| 58.27079| 25.1616 -4.761| 41.38975| 0.75973821| 2.391137

NT 018 15.16933| 0.223778| 73.07797| 39.87223| -4.82713| 41.21638| 0.7615392| 2.073473

NT 018 15.34129| 0.221621| 72.94356| 39.70716 -4.667| 41.2335| 0.75389262| 3.429828
displays
Vital

NT 018 12.59185| 0.129974| 66.20617| 34.38449 -6.763| 40.63038| 0.73824471| 6.269145 |Effect

NT 012 12.66207| 0.137344| 56.60584| 24.2974| -7.12375| 41.08388| 0.81723665| -7.23873

NT 012 11.92694| 0.102082| 55.43887| 23.41951| -7.70725| 40.95638| 0.79510827| -3.65345

NT 012 13.61496| 0.172114| 58.47579| 25.41241| -6.52925| 41.36725| 0.78184756| -1.43417

NT 012 13.85587| 0.150584| 58.27658| 25.03667| -6.35525| 41.45988| 0.75010847| 4.108521

NT 012 13.74895| 0.146518| 58.35912| 25.16717 -6.434| 41.43425| 0.74804622| 4.480499
displays
Vital

NT 012 9.352701| -0.02395| 48.09286| 18.67026 -8.9515( 39.68463| 0.70293999| 13.01053|Effect
displays
Vital

NT 012 10.08594| -0.08848| 40.20823| 10.34648| -8.51925| 40.05425| 0.72337957| 9.049046 |Effect
displays
Vital

NT 012 9.6742| -0.11327| 39.8487( 10.23738 -8.7895| 39.93113| 0.69994756| 13.60462|Effect
displays
Vital

NT 012 9.746315 -0.093| 40.21668| 10.55068| -8.75975| 39.95375| 0.72230748| 9.252759|Effect
displays
Vital

NT 012 9.603088( -0.09199| 40.00354| 10.51414| -8.81825| 39.86613| 0.72519396| 8.70529|Effect
displays
Vital

NT 012 9.973165| 0.032681| 65.2537| 34.9888| -8.55913 39.865| 0.71240277| 11.1559(Effect
displays
Vital

NT 012 9.751269 -0.0214| 46.01635| 16.34367 -8.7065( 39.84213| 0.70228525| 13.1402|Effect
displays
Vital

NT 012 9.523557| -0.00371| 46.02221| 16.54354| -8.85688| 39.74313| 0.72681455| 8.39931|Effect

NT 014 14.15176| 0.173341| 60.82013| 26.44655| -6.61838( 41.99563| 0.76945394( 0.690359

NT 014 14.11915| 0.161277| 60.42125( 26.08135 -6.6285 41.985( 0.75599303| 3.055259

NT 014 13.75872| 0.139085( 59.3339( 25.41925| -6.70613| 41.82188| 0.73898241| 6.13332

NT 014 13.57255| 0.143543( 52.41274| 18.96659| -6.82938| 41.67088| 0.79913414| -4.31653

NT 014 13.14066| 0.178453| 72.75109( 39.15385 -7.0545| 41.42275| 0.77437003| -0.15831

NT 014 13.6076| 0.192435( 73.13108( 39.01066| -6.85188| 41.67875| 0.77529744| -0.31753

NT 014 13.30258| 0.147566( 73.44214| 39.63194 -6.9545| 41.5185| 0.73562198| 6.753651

NT 014 13.28895| 0.147076| 71.86689| 38.20698| -6.91663 41.468| 0.73550516| 6.77529
displays
Vital

NT 014 9.64182| -0.00433| 46.99558| 17.34848| -8.80838| 39.81488| 0.72350563| 9.025123|Effect

NT 014 13.34258| 0.151188| 51.61309( 18.41459| -6.95675| 41.55725| 0.81265527 -6.5082




Table 4.6-14C Dates
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UCIAMS [ Sample Name Fm + D14C + 14C age +
94283 14C-NT-002 | 0.246821 [ 0.000797| -753.179 ] 0.796519| 11240 30
94294 14C-NT-006 | 0.159514 [ 0.000746 | -840.486 | 0.745506| 14745 40
94295 14C-NT-007 | 0.16904 [ 0.000713| -830.96 [ 0.712631 14280 35
94297 14C-NT-010 | 0.246049 [ 0.000752| -753.951 [ 0.752397 11265 25
94298 14C-NT-012 ] 0.169699| 0.000712| -830.301 | 0.712215] 14250 35
94299 14C-NT-013 ] 0.171814| 0.000777| -828.186 | 0.777304| 14150 40
94300 14C-NT-014 ] 0.169222 0.000761 | -830.778 [ 0.761363 14270 40
94301 14C-NT-015 | 0.165354 [ 0.000751 | -834.646 | 0.750784 | 14455 40
94302 14C-NT-016 | 0.167163 [ 0.000726 | -832.837 | 0.726462 14370 35
94303 14C-NT-017 ] 0.269392 [ 0.000946 | -730.608 [ 0.946269 10535 30
94304 14C-NT-018 | 0.255347( 0.0008 | -744.653 [ 0.799811 10965 30
94306 | 14C-NT-020 | 0.244856[0.000785 | -755.144 [ 0.785297| 11305 30
94307 14C-NT-030 | 0.254247 | 0.000806| -745.753 | 0.805702| 11000 30
94308 | 14C-NT-031 | 0.20836 | 0.000784] -791.64 | 0.783763| 12600 35
94309 14C-NT-032. | 0.179448 [ 0.000793 | -820.552 | 0.793096| 13800 40
Table 4.7-U-Series Age determination for Corals
U238 conc 232 Th Corrected d234u
ID ppb Error pmol/g Error d234U(T) Error 230Th/238U Age Error initial
U-NT002 3396.39 0.64 1.31 0.57 142.90 0.45 0.12 12244 42 147.9336
U-NT006 3569.01 0.84 5.98 0.73 148.35 0.55 0.17 17739 178 155.9805
U-NT007 3448.81 0.84 3.30 0.75 146.65 0.46 0.15 15638 102 153.2785
U-NTO10 3072.02 0.90 0.22 0.89 143.94 0.45 0.12 12104 10 148.949
U-NT012 3588.71 0.58 3.79 0.46 145.59 0.45 0.15 15487 113 152.1037
U-NTO013 3542.14 0.91 17.39 0.81 146.23 0.39 0.16 15560 527 152.8013
U-NT014 3512.94 0.72 8.85 0.63 144.90 0.41 0.16 16107 270 151.6499
U-NTO015 4724.64 1.00 5.12 0.00 139.34 0.40 0.17 17228 116 146.2889
U-NTO16 5287.18 4.20 3.93 0.03 142.14 0.45 0.15 15154 80 148.363
U-NTO017 3907.84 7.29 25.66 0.09 145.24 0.81 0.12 11773 708 150.1589
U-NTO018 5149.60 5.09 20.13 0.04 143.77 0.54 0.14 13870 420 149.5148
U-NT020 4463.25 3.56 4.69 0.03 142.91 0.52 0.12 12168 113 147.9122
U-NT030 3611.69 4.59 23.60 0.06 143.61 0.65 0.12 11889 705 148.5139
U-NTO031 3482.02 4.31 2.55 0.05 155.06 0.68 0.16 15698 78 162.0975
U-NT-032 4075.44 3.01 6.79 0.03 147.30 0.45 0.15 15495 178 153.8901
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Figure 4.4: Three deep-sea corals exhibit vital effects. This vital effect is exhibited as an increase in temperature that
corresponds to very depleted 5'°C values.
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very depleted 8"°C values correspond to elevated temperatures. These very depleted 8°C
values are typically found in the centers of calcification (COCs). Future work will involve
measuring the clumped isotope value of COCs.
After excluding points, that were effected by vital effects, we reconstructed
temperature profiles. The temperature profile for the YD and H1 is much cooler than the
modern ocean. The Younger Dryas temperature profile is isothermal -1.5 to 0.5°C at all

measured depths. The coral from the Bolling Allerod is as warm as modern at 3.1°C at 1316
m while the H1 profile is isothermal from 1000-2000 m, with a range of (-1.2—0.2°C). At
deeper depths, there is a slight warming to 3.5°C. From 16.1—17.7ka BP at 1427-2459 m the

temperature ranges form -1.1—1.3°C implying that the warming at deeper depths started after
16.1 ka BP.

The isothermal temperature profile of the YD and slight warming at deeper depths
in the H1 profile implies that the deglacial ocean was stratified by salt as opposed to by

temperature as it is in the modern ocean. The A™C profile for the YD ranges from 64-

119%o0 while the H1 profile ranges from 45—170%o. During late H1, at 13812265 m the
profile is near constant while below at 2593 m, the AC is depleted relative to the upper
water column.
4.4 DISCUSSION

The corals dated to later in H1 can either be interpreted in two ways; as a time
series with four corals at 15.6 ka and one at 15.1 ka, or a single profile of five corals with

ovetlapping 26 error bars at 15.35 ka. In the first scenario, the 15.6ka profile is isothermal

from 11762027 m at -0.7°C and there is a slight warming from 2027-2372m of -1.2%1.2°C

to 1.621°C. At 15.1+0.2 ka, the deep ocean warms to 3.5°C. In the second instance, the

profile at 15.35 ka is isothermal between 1381—2027m and exhibits warming with depth.
The increase in temperature at depths in the H1 profile is an unusual feature. This

warming at depth implies that salt is controlling the density stratification with depth as
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opposed to temperature, as in the modern ocean. The increase in temperature is a feature
of late H1, and begins after 17.1 ka. The warming is also not present during the time of the
Younger Dryas seven thousand years later.

Salt stratification in the ocean has been shown to exist during the last glacial time
period (18). If we assume constant potential density through the water column we can
calculate the minimum salt difference needed to support the warming with depth. We find
that the salinity ranges from 36.15 psu to 36.94 psu at late H1 (Figure 4.5), which is within
the bounds of the endmembers of the glacial ocean (North Atlantic: 35.83 psu and Southern
Ocean: 37.08 psu) (19). This scenario of a salty, warm, and depleted in A™C water below
cooler, fresher and more ventilated intermediate waters is consistent with the “thermobaric
effect” hypothesis (20).

In the presence of a salt stratified deep ocean, warming at depth can maintain the

static stability of the water column. Geothermal heating at the ocean’s bottom ranges from

50—-100 mW/m? (21). For a geothermal heat flux of 50 mW/m? 10,000 years are necessary
to heat a two km thick parcel of seawater with a salinity difference of 0.4 psu, by 2°C. This
long time scale implies that the warming seen at depth at 15.1+0.2 ka must also have been
present at 15.6 ka. However if the relevant water mass was thinner, then less time would be
required to heat the deeper isopycnals.

The thermobaric effect is a potential energy storage mechanism, a capacitor, which
can result in an abrupt overturning of the water column (or deep ocean mixing). As this
scenario occurs, the water column changes from having cold fresh water above cold salty
water (as in the LGM state) to cold fresh water above warm salty water as geothermal
heating occurs. Afterwards cooler waters from the surface are pushed deeper so the water
column changes to cold fresh water above warm salty water, above a growing cold water
mass. Finally as the density difference between the cold water being pushed downwards
and the bottom water mass becomes close to zero, the water column becomes unstable

and convects. This convection results in warm salty water above cold fresh water (as in the
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Figure 4.6: (A) The cores that mixed at the end of Heinrich 1 in the North and South Atlantic are all 1200-4100 m.
Deeper and shallower cores did not mix. (B) The cores that mixed during at 15.6 ka event in the Southern Ocean are
all from deeper isopycnals, while the shallow isopycnals (AATW by Chile and the corals) did not mix. One core at the
Brazilian margin is at a shallower isopycnal and did mix. One possible explanation is the A"C values from the core are
affected by methane hydrate seeps.
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modern state).

The source of heating at depth could be geothermal heating, but another possibility
is a temperature increase at the location of outcropping of the deeper isopycnals, possibly
through frontal movement. The “charging of the capacitor” is also seen in the Iberian
Margin (22). Similarly to our record, from 17 ka to 15 ka, the deep ocean temperature (as
record in Mg/Ca of G. affinis) increases from -0.5°C to 2°C (at 3146 m). After which the
temperature begins to decline.

The “discharging of the capacitor” is also seen in several other marine and

atmospheric records. Benthic 8"3C from the North and South Atlantic show vertical

convection of the water column from 12004000 m at the beginning of the B/A as the
benthic 8"*C at these locations all share a common value of 0.5%o (Figure 4.6a). This event
is also seen in the A'C record as a decrease in ventilation age in the deep South Atlantic and
a deepening of the Atlantic overturning circulation (23, 24). The beginning of the Bolling-
Allerod is at 14.7 ka is also associated with abrupt changes in the atmosphere (Figure 4.1)
(25). There was a sharp rise in pCO, of 12 ppmv that lasted 300 years (26) which was also
synchronous with the start of the Antarctic Cold Reversal (27) as well as abrupt rises in
0'%0 of ice (28). There is also a change in the slope of the 6”°C_ record, as well as a rapid
rise in sea level (MWP 1a) (29) and a retreat of sea ice in the Northern Hemisphere (30).
These features are all consistent with ocean mixing causing the restart of the AMOC and
ventilating an isolated reservoir of carbon causing warming.

There is evidence for two other mixing events occurring over the course of the last
glacial termination, at 17.5 and 15.6 ka. At 17.5 ka there are two purported areas of the
ocean where increased mixing released CO, into the atmosphere, the Southern Ocean and
North Pacific. The Southern Ocean shows an increase in upwelling as seen in opal flux
(9) and a decline in "C ages of benthic foraminifera in intermediate depth waters(37). It
is thought that this increase in upwelling could have ventilated a deep ocean reservoir near

Antarctica which would have supplied *C-depleted carbon to the atmosphere, causing
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the drop in A"C__ that is seen at the start of 17.5 ka. The intermediate depth waters saw
this depleted-'"*C as it was being ventilated to the atmosphere. 17.5 ka is also the time of
increased vertical deep convection in the North Pacific which has been shown through a
model to have been capable of releasing depleted 3"°C and AC carbon into the atmosphere
(38).

At 15.6 ka, the Southern Ocean’s A"C of Upper Circumpolar Deep Water (UCDW),
Lower Circumpolar Deep Water (LCDW) and AABW become more similar as the A*C
of UCDW and AABW decrease and that of LCDW increases (Figure 4.6b). There is also
an intensification of upwelling in the Southern Ocean (9). These changes are indicative
of increased deep mixing in the Southern Ocean and a breakdown of the deep vertical
stratification that characterizes the LGM. This increased mixing supports the release of
carbon from the Southern Ocean and is reflected in changes in slope in the pCO,, A"C
and the 6”C__ records. At essentially the same time (15.4 ka) in the deep North Atlantic

there is evidence of increased lateral mixing as seen in older A"C and Cd in a narrow depth

range of 1500-2000 m, implying an increase in southern sourced waters (43). This lateral

mixing is consistent with the near constant A"C and temperature values seen in the H1

profile between 1300—2000 m. However the effect on the atmospheric record is different
than the onset of the termination. There is no change in slope of the pCO, record at 15.06,
although there is a pause in the decline of AC_and an increase in 8°C__ .

The matine benthic §"°C records do not show a similar mixing pattern as seen in
the A"C records. Only the intermediate depth water benthic 8" °C records converge to a
single value (implying mixing). The benthic 6"°C records of the shallow depths compared to
deeper depths in the North and South Atlantic remain stratified and do not converge until
the start of the Bolling/Allerod. Further evidence of this mismatch in timing is seen in a
southern Atlantic core, MDO07-3076Q) at 44° S, 14° W and 3770 m which shows the mixing
in A™C (41) occurring at a deeper depth in the core than the increase in 8"°C to a heavier

value of 0.5%o (22).



4-28

One explanation for this seeming discrepancy is as follows. At 15.6 ka, the Southern
Ocean begins to mix vertically which is exhibited in A"C records from the Southern
Ocean. This mixing is seen in A'C because the different water masses have dramatically
different A™C values, so any change in mixing is seen rapidly in A"C. 8"C in ocean is a
nonconservative tracet, so this mixing might have coincided with changes in air-sea gas
exchange or remineralization rates which masked the mixing event in 8"*C. 'This mixing
event must also have been associated with an increase in formation of southern sourced
intermediate waters, or a decrease in formation of Glacial North Atlantic Intermediate
waters. This change allows southern sourced waters to arrive in the North Atlantic and
cause lateral mixing there, as seen in high Cd, and depleted A'C (42, 43). At the start of
the Bolling-Allerod, at 14.7 ka, there is the restart of the AMOC and increased warming;
This restart of AMOC brings NADW (high in 6"*C) to the deep North and South Atlantic
explaining the mixing seen in 8"*C and A"C. The warm coral at 15.1 ka could show
evidence of geothermal heating warming the bottom before destabilizing the water column
allowing for AMOC to resume.

An alternate explanation for the warming at depth in the late H1 profile, which does
not involve the “Thermobaric Capacitor Hypothesis”, is perhaps that the NW Atlantic is
seeing the warming of a deep water mass. The deeper points in the profile could reflect a

depleted warm Southern sourced deep water in the North Atlantic while the depths between

1300—2000 m could reflect the presence of a ventilated cool Northern sourced water. There
is evidence for deglacial warming of the surface ocean in high Southern latitudes (44, 45).
This warming could be transferred to depth by deep water formation and thus be reflected

in our profile.

The Younger Dryas profile at 12.1=11.7 ka occurs at a time when the state of the
ocean during the YD /Holocene transition was very different to the deglacial ocean during
H1. Deep water formation had slowed allowing fresh water to pool on the surface as the

result of extensive winter sea ice cover (30). This shut down of AMOC led to a cooling



4-29

of the Northern hemisphere which caused a southward shift to the ITCZ (11) as well as
a weakened Asian Monsoon (6). The atmospheric records also show strong changes., for
instance the CO, record begins to rise at the YD after stalling at the Bolling Allerod. This
rise is associated with a burst of upwelling in the Southern Ocean(9). At the start of the
YD, the AMCMm initially rises, which is thought to be associated with the reduction of A*C
oceanic exchange due to the slowdown of AMOC that persisted for ~ 200 years. At 12.6 ka,
the A”Cm, declines which is consistent with a reinvigoration of NADW or the activation
of another radiocarbon sink which brings radiocarbon back into equilibrium with the
atmosphere.

At the start of the YD, the 8"*C of Cibicides in the deep North and South Atlantic
(41), and Cd/Ca ratios indicate an increased Southern influence to deep North Atlantic,
while the intermediate depth records are more equivocal and indicate either an increased
Southern (42) or Northern influence (46). At 12.2 ka (within error of the beginning of the

decline of A*C_and the beginning of Southern Ocean upwelling) the §°C of Cibicides

in the North Atlantic from 1200—4100 m and the deep South Atlantic approach 0.57%o,
implying mixing within those isopycnals. This is also a time of increased upwelling in the
Southern Ocean(9). Later at 11.6 ka in the intermediate depth waters in the NW Atlantic

there are very large and mobile gradients in A"C (47). Our temperature and A™C record at

12.1-11.7 ka are nearly constant with depth and occur after the mixing event in the North
and South Atlantic and likely before the appearance of transients in the intermediate depth
waters. However future work of top, middle and bottom radiocarbon dates will elucidate the
exact timing of our profile relative to the appearance of transients.
4.5 CONCLUSIONS

In conclusion, we show coupled radiocarbon, U-series and clumped isotope
measurements that show evidence for salinity stratification at late H1 and the YD. We
also find increased warming at depth during late H1 which could be consistent with the

chatging of a “Thermobaric Capacitor” at the beginning of the B/A. The discharge of
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the capacitor causes the ocean to convect and release CO, into the atmosphere, which is
seen in marine benthic 8"*C, AC and atmospheric records. We review other oceanic mixing
events that occurred during the termination and find they each had a different signature in
marine and atmospheric records. The 17.8 ka event released CO, into the atmosphere and
initiated warming while shutting down AMOC. The 15.6 ka event did also change the slope
of the pCO, record and 8"C record, and the benthic A™*C record but not §°°C record. We
also place the YD in the context of other marine records and conclude that our record
takes place after an oceanic mixing event that released CO, into the atmosphere. This is

supported by the neatly constant temperature and AC seen in the profile.
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