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ABSTRACT

Deep-sea corals have grown for over 200,000 yrs on the New England Seamounts
in the northwest Atlantic, and this paper describes their distribution both with re-
spect to depth and time. Many thousands of fossil scleractinian corals were col-
lected on a series of cruises from 2003-2005; by contrast, live ones were scarce. On
these seamounts, the depth distribution of fossil Desmophyllum dianthus (Esper,
1794) is markedly differentto that ofthe colonial scleractinian corals, extending 750
m deeper in the water column to a distinct cut-offat 2500 m. This cut-offis likely
to be controlled by the maximum depth ofa notch-shaped feature in the seamount
morphology. The ages of D. dianthus corals as determined by U-series measure-
ments range from modern to older than 200,000 yrs. The age distribution is not
constant over time, and most corals have ages from the last glacial period. Within
the glacial period, increases in coral population density at Muir and Manning Sea-
mounts coincided with times at which large-scale ocean circulation changes have
been documented in the deep North Atlantic. Ocean circulation changes have an
effect on coral distributions, but the cause ofthe link is not known.

The deep ocean has an important role in modulating global climate: its circulation
transports heat across the equator and it acts as the major sink for carbon dioxide.
During the last million years two dramatic types of climate change are obvious in
geologic records, 100,000 yr glacial-interglacial oscillations (Imbrie et al., 1984) and
abrupt millennial scale climate changes during the last glacial period (Grootes et al.,
1993). The mechanisms driving these climate oscillations have not yet been fully ex-
plained, but it is likely that ocean circulation is critical to both (Broecker, 1998).

Geochemical reconstructions have demonstrated that circulation in the glacial
Atlantic was different than today (Duplessy et al., 1988; Oppo and Lehman, 1993;
Curry and Oppo, 2005). At the latitude of the New England Seamounts, northern-
source deep water shoaled to -2000 m water depth and was replaced by southern-
source water. During the deglaciation the climate switched between warm and cool
conditions (Grootes et al., 1993). At the same time the North Atlantic circulation
pattern switched between glacial-like and modern-like circulation pattern (Boyle
and Keigwin, 1987; Marchitto et al., 1998). At intermediate depths (<2500 m) ocean
circulation was also variable, with large changes in water-mass properties occurring
on decadal timescales, but these changes were not always associated with the most
obvious climate events (Robinson et al., 2005).

One of the most striking records of climate changes in North Atlantic marine sedi-
ments is the presence of Heinrich events, characterized by anomalous occurrences of
ice-rafted debris (Heinrich, 1988). The large volumes of fresh water associated with
melting ice may have decreased the rate of North Atlantic Deep Water (NADW)
formation, together with a slow down in the overall ventilation rate of the oceans
(Rahmstorf, 1995). Strong evidence in the form of (2ilPa/20Th) ratios recorded in
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deep-sea sediments support just such a reduction in the circulation rate of NADW at
Heinrich event 1 and the Younger Dryas (McManus et al., 2004).

Since about half of the deep-water formation in the modern ocean occurs in the
North Atlantic (Broecker et al., 1998; Ganachaud and Wunsch, 2000), the northwest
Atlantic basin is a location of particular interest for investigating the links between
ocean circulation and climate. However, constructing high-resolution deep-sea
records can be challenging because sedimentary cores tend to be mixed by bioturba-
tion, smoothing the signals of rapid change in the deep ocean. One way to alleviate
this difficulty is to analyze the chemical composition of deep-sea coral skeletons.

Deep-sea corals have been found at depths ranging from 0 to 5000 m in all of
the major ocean basins (Freiwald, 2002). The chemical composition of the aragonite
skeletons of scleractinian corals is affected by: (a) the composition of the seawater in
which they grow, (b) environmental parameters, such as temperature, and (c) biologi-
cal vital effects (Shen and Boyle, 1988; Smith et al., 1997; Adkins et al., 1998, 2003;
Mangini et al., 1998; Cohen et al., 2001; Goldstein et al., 2001; Meibom et al., 2003;
Schroder-Ritzrau et al., 2003; Frank et al., 2004; Bond et al,, 2005; Robinson et al.,
2005). Since corals live for long time periods, and their skeletons are preserved when
they die, they form a unique archive of ocean conditions in the past. Indeed, multiple
sub-samples taken carefully from one specimen can be used to generate a time series
of changes that occurred in the ocean during the lifetime of the coral (Adkins et al,,
1998). The high uranium content of aragonite (~3 ppm) makes some species of deep-
sea coral well suited to precise U-Th analyses allowing absolute ages to be measured
over many hundreds of thousands of years. Such dating allows us to link records
from multiple fossil individuals to look at even longer time periods (Robinson et al,,
2005).

The New England Seamounts are well located to capture variability in deep Atlan-
tic circulation (Fig. 1). Both fossil and modern deep-sea corals were collected from
these seamounts more than 45 yrs ago on RV Atirantis cruises 260 and 280. More
recently over 3500 solitary and 10s of kilograms of colonial scleractinian corals (Fig.
2) were collected from the New England Seamounts in May/June 2003 (Adkins and
Scheirer, 2003). Use of the deep submergence vehicle DSV Ai1vin ensured that the
depth of each coral was well known, and the corals were collected at, or near to, life
position. Additional samples were collected during a second DSV A1vin cruise and
an remotely operated vehicle ROV Hercules cruise in 2005, covering both the New
England Seamounts and the Corner Rise Seamounts. Here we describe the distribu-
tion of deep-sea corals both with depth and time in the North Atlantic, and how they
may be linked to changes in deep-water circulation. Understanding these changes is
important when using corals for paleo-climate reconstructions, and also for under-
standing the modern day distribution of deep-sea coral populations.

Methods

All samples were collected using deep submergence vehicles (DSV Ai1vin orthe ROV Her-
cules) and a netted basket was used to “scoop” up corals from on the sea floor. Corals were
counted, weighed, and archived at Caltech. A random selection ofcoral individuals from each
depth and seamount was taken for U-series analysis. A potential bias in the final age distribu-
tion is that each coral selected must contain sufficient carbonate (i.e., biased towards larger
individuals). A 0.5-1.0 g piece of carbonate was taken from each of 127 corals, with a total of
159 U-Th analyses. Visible ferromanganese crust was physically removed from each sample,
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Figure 1. Map of New England Seamounts showing location of seamounts from which deep-sea
corals were collected during three cruises from 2003-2006.

and holes formed by endolithic organisms were drilled out using a dremel tool. Each sample
was subjected to a rigorous chemical cleaning procedure designed to remove the remaining
ferromanganese crust (Cheng et al., 2000). Dissolved samples were spiked with a mixed 29T h-
23U spike, and U and Th were separated and purified by anion-exchange chemistry (Edwards
etal., 1986). The spike ratio was calibrated to a2 SD uncertainty 0f0.4% using HU-1, a U-series
standard close to secular equilibrium (Cheng et al., 2000). Purified aliquots of U and Th were
measured by Neptune multi-collector inductively coupled mass spectrometer (MC-ICP-MS)
with bracketing standards of CRM-145 for U, and an in-house Th standard calibrated against
CRM-145 (Robinson et al., 2002, 2005). Procedural blanks had an average value of 67 pg for
28U (< 0.002% of the typical sample size) and 2 fg for 20Th. The 2i2Th concentration in each
sample was measured to quantify remaining contamination from Th-rich ferromanganese
crust. This 2i2Th-based estimate was used to correct for initial 200Th using a 22T h/23Th ratio of

12,500 + 12,500 (Cheng et al., 2000).
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Figure 2. Depth distribution of the samples collected during the DSV A lvin cruise to the New
England Seamounts in 2003. (A) Time in minutes spent at the bottom; (B) number of Desmopnyl-
lum dianthus collected; and (C) weight of colonial corals collected, including enatiopsam mia,
Lophelia, and Solenosmilia. Although significant time was spent at depths > 2500 m, very lew

corals were recovered. Black bars are from Gregg Seamount, grey bars are from Manning Sea-
mount, and white bars are from Muir Seamount.

Results

Most of the samples discussed herein were collected in May/June 2003 on
DSV Auvin cruise AT7_35 to Manning, Muir, and Gregg Seamounts (Adkins and
Scheirer, 2003) (Fig. 1). During 3190 min (53 hrs, 10 min) of DSV A 1vin bottom time
ranging in depth from 920 to 2870 m, we collected more than 3700 individual fossil
Desmophyllum dianthus (Esper, 1794) and more than 60 kg of colonial corals (Fig'
2). The deepest colonial fossil coral sample was collected from -2750 m, but > 95%
of samples ranged from 1175-1800 m. By contrast 99% of D. dianthus individuals
were collected between 1175 m and 2550 m, with one deep sample collected at 2740
m (Fig. 2). At this location, the depth range of D. dianthus, reaches ~ 750 m deepsr
than the colonial scleractinians. In June 2003 further DSV A1vin sampling (Cruise
ATB8-1.) on an Ocean Exploration cruise ""Mountains in the Sea” recovered further
fossil corals, including samples from Kelvin and Bear Seamounts (Fig. 1). The ROV
Hercules cruise in August 2005 recovered more than 1300 fossil D. dianthus corals
from the New England Seamounts and the Corner Rise Seamounts. The fossil depth



ROBINSON ET AL.. AGE AND DEPTH DISTRIBUTION OF DEEP CORALS 375

distribution from Muir, Manning, Nashville, Rehoboth, Kelvin, Balanus, and Gregg
Seamounts are similar, considering the depth ranges to which dives were made. Only
15 modern D. dianthus individuals were collected from all of the New England Sea-
mounts (Fig. 3). The range of modern D. dianthus-, 1600-2200 m is similar to the
fossil distribution, but the small number of modern samples collected precludes a
statistical depth comparison between the two sample sets.

All U-series analyses data are recorded in Table 1, and some of these data have
been presented previously (Robinson et al., 2005, 2006). A measure of the extent of
diagenetic alteration to the U-series system is the (234U/238U) ratio (where parentheses
indicate activity ratio). Marine carbonates incorporate the isotopic ratio (denoted as
S2AU (=([(238U /238U ) e/ (234U /238U ) e -1) X103 of the seawater in which they grow (Br-
oecker and Takahashi, 1966; Robinson et al., 2004). This value is invariant through-
out the water column (Cheng et al., 2000) and has been constant (~146%0) to within
~ 10%wo over the last several hundred thousand years (Bard et al., 1991; Stirling et al.,
1995; Henderson, 2002; Robinson et al,, 2004). For a closed-system, the 524U jnitd
(S24U .nitid = 5234UeX) should be identical to that of the modern day (Edwards et al.,
1986). Samples with 823U .rjtid values different to modern seawater are likely to return
inaccurate apparent ages (Gallup et al., 1994). Such changes may come about through
processes such as open-system exchange with seawater or U-rich organic matter,
or through internal re-arrangement of alpha-recoil mobilized 23U (e.g., Robinson et
al., 2006). All of the data in the discussion focuses on samples with S23U jrijtid values
within 70 of modern seawater. Twenty-eight out of 127 corals lie outside the accept-
able range (Table 2). Reliable ages range from 225-0.3 ka for D. dianthus (Fig. 4; n =
93), 12.6-11.7 ka for Caryophyllia (n = 2),0.1-0.08 ka for Solenosmilia (n = 2), and 0.2
ka for Enallopsammia (n = 1). Ninety-six of these ages are from the Cruise AT7-35
(Adkins and Scheirer, 2003) and represent 2.7% of the sample collection from that
cruise.

At one location we recovered a fallen gorgonian coral acting as a growth substrate
for D. dianthus. Reliable ages for D. dianthus corals growing on the gorgonian range
from 65 ka to 30 ka. Ages from the gorgonian itself were difficult to establish as the
wide range of 624Uintid values (151.4%00-187.8%00) indicate that its skeleton is more
prone to diagenesis than scleractinians (Table 1). We have not yet carried out exten-
sive studies to determine the potential for U-series dating in gorgonian corals.

Discussion

Depth Distribution.—Attempts have been made to document the depth distri-
butions of modern deep-sea corals (Freiwald, 2002), but the expense and logistical
problems associated with exploring the deep-ocean floor has made a full inven-
tory impossible. We know even less about the distributions of fossil deep-sea cor-
als through depth or time. Our New England Seamount collection shows a distinct
depth cut-off at 1800 m for colonial corals and 2500 m for D. dianthus in the fossil
record. On Muir Seamount, most of the exploration was carried out in a deep notch
between two peaks in the ridge. This notch provides a hard substrate and the seafloor
experiences strong currents thought to be beneficial for coral growth. The maximum
depth of the notch (2500 m) may be the cause of the paucity of scleractinian corals
collected below 2500 m. A second notch farther east extends to much greater depths,
and collections from this location would clarify whether the ridge morphology is
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Figure 3. Depth distribution for fossil and live Desmophyllum dianthus collected during the DSV
A1vin cruise in 2003 and the ROV Hercules cruise in 2005, highlighting the large number and
depth range of fossil corals on all seamounts compared to live corals. The collection is only a sub-
sample of the number of corals observed during these dives, especially with respect to fossil cor-
als for which representative “scoops” of corals were taken from each sample site. The seamounts
are grouped geographically, with Kelvin, Balanus, and Gregg the most northwesterly. Manning
and Rehoboth in the middle of the chain, Nashville farther east, and Muir separate from the chain
(see Fig. 1). Additional corals were collected from the Corner Rise Seamounts. The vertical lines

demark the depths at which dives looking for corals took place. Few live specimens were recov-
ered, despite focused searches to allow for modern studies.

indeed the major control on the depth distribution of D. dianthus collected on cruise

AT7'35. This explanation, however, does not account for the depth distribution of

the fossil colonial corals (Solenosmilia, Lophelia, and Enallopsammia) because they
become less abundant at ~1800 m.
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Figure 4. Ages and depths of dated fossil corals that have U-isotope ratios indicative of closed
system behavior. (A) all of the dated Desmophyllum dianthus from Gregg, Manning, Bear, Kel-
vin, and Muir Seamounts. Ages range from 225 ka to modern. Additional age measurements from
Solenosmilia, Enallopsammia, and Caryophyllia and from a gorgonian octocoral are shown in
Table 1 The thick black line is the 618 SPECMAP curve (Imbrie et al., 1984) where more nega-
tive values are indicative of interglacial conditions (shaded grey) and more positive values are
indicative of glacial times. The majority of the coral ages lie within the last glacial period. (B)
an enlargement of the last glacial maximum, the deglaciation, and the Holocene (shaded grey).
The grey curve is the 618 record from GISP 2 (Grootes et al., 1993). No corals have been found
with ages within the Last Glacial Maximum (23-19 ka) as defined by the EPILOG working group
(Mix et al., 2001).

A second factor that may impact the distribution of deep-sea corals is the prop-
erties of the water itself. The current velocity may affect either the range and dis-
tribution of coral larvae or the supply of food. Additionally, the properties of the
water-mass bathing the seamount (e.g., nutrients, salinity or temperature) may be
more or less beneficial to coral growth. The modern water column at the location
of the New England Seamounts is filled by North Atlantic Deep Water (NADW),
with no distinct depth gradients in nutrients, temperature, or salinity at the relevant
depths. There is, therefore, no obvious water-mass property controlling the depth
distribution of azooxanthellate scleractinians in the NW Atlantic today. However,
at certain times in the past we know that the circulation pattern was different than
the modern. For example, southern-sourced water was present up to depths ofabout
2000 m during the last glacial maximum (LGM) (Oppo and Lehman, 1993; Curry
and Oppo, 2005). This water-mass boundary is close to the cut-offdepth of D. dian-
thus and colonial scleractinians, suggestive of a link between ocean circulation and
coral distribution. The best way to explore this relationship in detail is to examine
the age distribution of the corals.

Age Distribution.— Bylooking at the ages of the New England SeamountD. di-
anthus populations we can learn more about the controls on their distribution, for
example, whether the coral populations grew continuously over time, whether the
population density was pulsed, and whether any such pulses are linked to known
changes in the deep ocean. In the simplest case, the population has been stable. In
the study area we found 15 live, and -5000 fossil individuals. Ifwe assume that each
coral has a life span 0 f-100 yrs (Adkins et al., 2004) then a stable population could
have persisted for -35,000 yrs. We observe corals that are many times older than 35



378 BULLETIN OF MARINE SCIENCE, VOL. 81, NO. 3, 2007

Figure 5. Portion of a deep-sea coral build up. At the base, a large fallen gorgonian skeleton was
oriented horizontally. Multiple Desmophyllum dianthus corals have grown both on the fallen
gorgonian, and upon one another. Much of the structure is coated in a black or brown ferroman-
ganese crust. This buildup acts as a natural, long-lived recruitment experiment allowing us to
investigate the relative timing of deep-sea coral settling.

Wl W

ka, our first indication that the population has not in fact been stable. The age distri-
butions of corals from Muir and Manning Seamounts appear to be different to those
from Gregg Seamount and are discussed separately below (Fig. 4a).

Muir and Manning Seamounts.—Visually, it is clear that the growth of these
corals is not randomly distributed through time, but that most of the corals grew
during the last glacial period—i.e., from 70 to 10 ka (Fig. 4A). On Muir Seamount,
farthest to the south, there are only five corals that grew during interglacials, and
four of these were alive during Marine Isotope Stage (MIS) 5b. MIS 5b is a stadial
near to the end of the last interglacial period when the deep-ocean temperature had
already changed to glacial-like conditions (Cutler et al., 2003). At Manning, only two
corals have interglacial ages, both of which are from the Holocene (Fig. 4). At the first
order, therefore, it appears that glacial conditions are most conducive to coral growth
at these two sites.

An enlargement of the age distribution from the last glacial maximum (LGM)
through to the Holocene shows pulses of population density. There are no corals
from the Last Glacial Maximum [(23-19 ka as defined by the EPILOG working group
(Mix et al,, 2001)] and there are distinct increases in the number of corals at about
16.5 ka and 12.5 ka (Fig. 4B). In addition, there are increases in population density at
around 44 ka and 40 ka (Fig. 6). The first of these pulses (44 ka) is well characterized
by ages from the “slab” depicted in Figure 5. The D. dianthus corals growing on the
gorgonian have awide range of ages (65-30 ka) but 13 out of the 19 dated corals have
ages between 44-42.5 ka.

The last glacial period and the subsequent deglaciation was characterized by un-
stable climate conditions compared to the Holocene (Grootes et al., 1993; Hughen et



Table 1. Uranium series data summary of concentrations and isotopic ratios. Calculated ages are reported before and after the ®Ili correction, and are in years before date of
analysis (2004). Those samples in bold and marked by an asterisk are within 7%e of the modern-day 624Uin , seawater value (]46%0). Database ID is a unique identifier for each
deep-sea coral consisting of the A 1vin dive, time of collection, station number and individual coral sample. All errors are 2 SE and are reported in unlabeled columns after each value.
All corals are D. dianthus unless marked; C = Caryophyllia, E = Enallopsammia, S = Solenosmilia, and Go = Gorgonian. Analyses made on the gorgonian coral that forms “The slab"
are italicized. Shading highlights replicate measurements from the same coral individual.

azt (20Th/ i3l

Depth 238U 2ATh “ Th u_ ZM Raw age Corr age U,

Lab ID Database ID Smt. (m) (ppm) (ppt) (ppb) %0 activity (vrs) (vrs) % “
UAGO01 ALV3905-BEAR-112SS02 (bag1l) Bear 2,165 3.522 0.001 31.39 0.13 8.220 0.438 1244 12 0.5446 0.0023 71,255 442 69,182 2,059 151.2 1.7

UAGO03 ALV -3905-BEAR-112-SS03 (bag 1) ~Bear 2,165 3.444 0.00i 31.37 0.13 25.869 0.435 128.7 1.2 0.5565 0.0024 73,020 458 66,443 6,130 1553 3.1
UAF19 ALV-3905-BEAR-112(5) Bear 2,165 2.830 0.002 27.73 0.12 40.529 0.177 129.4 11 0.5988 0.0026 80,991 531 67,945 11,434 156.8 53
UAIO5  ALV-3891-1459-003-002* Gregg 1,176 4.496 0.002 839 0.04 0.878 0.006 139.6 1.1 0.1140 0.0005 11,486 55 11,378 118 1442 11
UAJ11  ALV-3891-1459-003-004* Gregg 1,176 3.766 0.003 871 0.04 3.214 0.015 1426 12 0.1413 0.0007 14379 74 13,906 461 1483 12

UAMO7 ALV-3891-1459-003-006-001* C Gregg 1,176 4116 0.002 8.65 0.04 2499 0.016 143.8 1.2 0.1284 0.0006 12,971 63 12,638 328 149.1 12
UAMO08 ALV-3891-1459-003-006-002* C ~ Gregg 1,176 4.682 0.002 9.25 0.04 3551 0.019 144.8 11 0.1207 0.0005 12,135 58 11,724 400 149.7 1.2

UAMO5 ALV-3891-1459-003-007* Gregg 1,176 4.188 0.005 8.08 0.04 1617 0.022 144.9 14 0.1178 0.0005 11533 58 11,623 212 149.7 14
UAMO04 ALV-3891-1459-003-009 Gregg 1,176 3.636 0.003 9.69 0.04 1.925 0.015 150.1 1.2 0.1629 0.0007 16,626 81 16,327 302 157.1 13
UAO019 ALV-3891-1459-003-009 Gregg 1.176 3.605 0.002 9.36 0.04 0.655 0.019 157.0 11 0.1587 0.0007 16,059 77 15,960 123 1643 I.I;
UAMO06 ALV-3891-1459-003-0U* Gregg 1,176 3.617 0.002 0.22 0.00 0.292 0.011 148.2 1.1 0.0037 0.0000 354 2 315 35 1483 1.1
UALO5 ALV-3891-1459-003-013* Gregg 1,176 3.734 0.002 3.99 0.02 1.290 0.010 1417 11 0.0654 0.0003 6,430 30 6,251 176 1443 12
UAF1B  ALV-3891-1459-003-B5* S Gregg 1,176 3330 0.002 0.07 0.00 0390 0.012 149.2 1.2 0.0014 0.0000 130 3 75 32 1493 12
UAK16 ALV-3891-1546-004-003* Gregg 1,180 3582 0.002 327 0.01 5171 0.023 147.5 11 0.0557 0.0002 5,430 25 4,698 635 1495 11
UAAG” "Gregg 1,180 3.833 0.008*9.60 0i04 "57648 0.024 1445 3.0 0'.1530 0.0007 15761]TT” 92“""14530 ' 151.0 3.2]
UAL 14 ALV-3891-1646-004-004* Gregg 1,180 4521 0.004 12.04 0.05 1496 0.015 1445 11 0.1495 0.0007 15,242 75 15071 182 1511 , .
UAB16 ALV-3891-1725-005-007* Gregg 1,222 3.719 0.002 18.84 0.09 14.614 0.064 1355 1.1 03095 0.0015 34,517 ' 208 32,034 2,328 1484 )J(g
UAB17 ALV-3891-1725-005-007* Gregg 1,222 3.728 0.002 1831 0.09 2548 0.013 1364 1.1 03001 0.0015 33,269 197 32,783 510 149.7 12
UAB18 ALV-3891-1725-005-007* Gregg 1,222 4.039 0.003 1951 0.10 1517 0.008 139.6 1.1 0.2996 0.0015 33,093 195 32505 337 1532 12
UAB20 ALV-3891-1725-005-007* Gregg 1,222 3552 0.002 1858 0.09 2430 0.011 135.2 1.0 0.2995 0.0014 33,232 194 32529 435 1483 0.2
UAL10 ALV-3891-1725-005-007 Gregg 1,222 3.734 0.002 18.38 0.08 3.722 0.018 1435 11 0.3008 0.0013 33,108 172 32,455 657 157.3 12
UAIO9 ALV-3891-1758-006-003* Gregg 1221 3.665 0.002 6.92 0.03 0.797 0.008 140.7 11 0.1153 0.0006 11,612 61 11492 131 1454 11
UAJ05 ALV-3891-1758-006-006* Gregg 1221 3.676 0.002 7.02 0.03 5.229 0.023 140.5 13 0.1167 0.0005 11,764 57 10,995 721 1449 13

UAIO7 ALV-3891-1758-006-007* Gregg 1°221 4.058 0.002 9.42 0.04 0.785 0.006 143.4 11 0.1419 0.0006 14,428 71 14319 127 1493 11
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Table 1. Continued.

Lab ID
UAG02

UAG04
UAF16
UAAT7
UAAL
UAEO04
UAH02
UAG14
UAG05
UAGO07
UAE19
UAGO06
UAG20
UAE16
UAG12
UAG13
UAF17
UAKO04
UAKO03
UAJ06
UALO06
UAE15
UAE17
UAJO02
UAF15
UAEO05

Database ID

ALV-3904-KEL-201/202 SS02*
ALV-3904-KEL-201/202 SS03*

ALV-3883-1248-003-003 S*
ALV-3883-1248-003-004*
ALV-3883-1346-004-003*
ALV-3890-1235-001-002
ALV-3890-1235-001-003*
ALV-3890-1330-002-003
ALV-3890-1330-002-004*
ALV-3890-1330-002-005
ALV-3890-1330-002-006
ALV-3890-1330-002-007*
ALV-3890-1330-002-008
ALV-3890-1407-003-001*
ALV-3890-1407-003-003*
ALV-3890-1407-003-003*
ALV-3890-1642-005-B6 E

ALV-3890-1643-005-0002 lower
ALV-3890-1643-005-0002 upper

ALV-3890-1643-005-001*
ALV-3890-1643-005-003
ALV-3890-1643-005-004*
ALV-3890-1643-005-005*
ALV-3890-1643-005-006
ALV-3890-1643-005-B4 E*
ALV-3890-1718-006-001*

Smt.
Kelvin

Kelvin
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning
Manning

Depth
(m)
1,670

1,670
1,524
1,524
1,506
2,004
2,004
1,886
1,886
1,886
1,886
1,886
1,886
1,778
1,778
1,778
1,487
1,487
1,487
1,487
1,487
1,487
1,487
1,487
1,487
1421

238U
(ppm’l
3345

2432
4.632
3531
3.836
3.522
4.743
2.951

4.162
2.796
3.161

3.640
3.806
3361

3.488
3.579
4.113

3.436
3.968

3.950
3.459

3.718
3.429
3.282
4.073
3.267

23°Th

(PPt)

0.001 1891
0.001 13.79
0.002 0.11
0.008 22.56
0.008 2635
0.002 20.52
0.003 37.70
0.002 23.73
0.003 1138
0.001 39.20
0.002 43.74
0.002 952
0.002 10.33
0.002 6.84
0.002 9.18
0.002 9.42
0.003 19.43
0.002 9.99
0.002 11.10
0.002 9.60
0.002 9.48
0.002 29.11
0.001 4.06
0.002 25.57
0.002 0.17
0.004 236

0.08
0.06
0.00
0.10
011
0.09
0.18
0.10
0.05
0.17
0.19
0.04
0.05
0.03
0.04
0.04
0.08
0.04
0.05
0.04
0.04
0.13
0.02
011
0.00
0.01

232T h

(ppb)
0.432 1.049

0.437 1.093
0.171 0.006
5.145 0.022
8.752 0.037
1.019 0.004
4342 0.021
9.609 0.442
4.537 0.484
2.000 0.533
1.225 0.005
1.567 0.580
3.767 0.500
1.888 0.008
0.866 0.775
2.138 0.564
3.044 0.022
0.753 0.017
1.185 0.014
1.900 0.014
0.563 0.015
0.438 0.002
0.436 0.002
1.242 0011
0362 0.006
2.132 0.009

6 234

u,.
% r

1326 13
1316 11
1489 12
1294 3.0
127.1 3.0
139.2 5.0
122.2 1.2
143.6 1.2
1434 11
115.7 1.2
117.6 1.2
1422 11
150.1 1.2
1448 11
1459 11
1432 11
149.1 12
150.6 1.1
149.4 1.0
1326 11
1485 11
128.8 12
1355 11
1326 11
1434 11
149.6 5.0

(230-Th/

)

activity

03455
03464
0.0014
03903
0.4198
0.3559
0.4856
0.4914
0.1670
0.8567
0.8456
0.1597
0.1659
0.1244
0.1609
0.1608
0.2887
0.1777
0.1709
0.1485
0.1675
0.4784
0.0724
0.4759
0.0026
0.0441

0.0015
0.0015
0.0000
0.0019
0.0020
0.0015
0.0023
0.0022
0.0007
0.0038
0.0038
0.0007
0.0007
0.0006
0.0007
0.0007
0.0013
0.0008
0.0007
0.0006
0.0007
0.0022
0.0003
0.0021
0.0000
0.0002

Raw age
fvrsl
39,432

39,610
135
45,895
50,383
40,571
61,171
60,488
17,187
152,707
147,988
16,399
16,955
12,528
16,467
16,505
31,392
18,254
17,521
15301
17,158
59,471
7,187
58,796
248
4,272

212
212

318
352
309
394

85
1,483
1,410

79

84

65

81

82

164

89

85

74

83

365

35

344

28

Corr age
(vrsl

39338
39,483
118
44,859
48,700
40,361
60383
57,920
16,594
151,351
147,233
16,164
16,420
12,222
16331
16,181
30,934
18,127
17,350
15,028
17,064
59360
7,120
58,472
207
39,44

228
242
15
1,055
1,662

861
2,496
577
1,957
1,566
242
523
304
155
326
474
152
187
275
123
377
74

35
304

6

1482
1471
148.9
146.9
145.9
156.0
144.9
169.1
1503
1774
178.3
148.8
157.2
149.9
152.8
149.9
162.7
158.5
156.9
1383
155.8
152.4
1383
156.4
1435
1513

11
51
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Table I. Continued.

Lab 1D
UAEQ7

UAK20
UABO08
UAEO09
UAO016
UAKO05
UAB11
UAB12
UAB13
UAB14
UAB15
UAL17
UAO015
UABO3
UAL16
UABOI
UAJO7
UAJO8
UAJ09
UABO7
UABO2
UABO04
UAB10
UABO6

Database ID
ALV-3890-1742-007-001*

ALV-3890-1742-007-002
ALV-3892-1315-001-002*
ALV-3892-1315-001-003*
ALV-3892-1315-001-003
ALV-3892-1315-001 -006
ALV-3892-1315-001-007*
ALV-3892-1315-001-007*
ALV-3892-1315-001-007*
ALV-3892-1315-001-007*
ALV-3892-1315-001-007*
ALV-3892-1315-001-007*
ALV-3892-1315-001-007*
ALV-3892-1315-001-008*
ALV-3892-1315-001-008*
ALV-3892-13rS-00I-0l0*

ALV-3892-1315-001-B4-SS1
ALV-3892-1315-001-B4-SS2
ALV-3892-1315-001-B4-SS3*

ALV-3892-1711-006-002
ALV-3892-1711-006-004*
ALV-3892-1711-006-006
ALV-3892-1711-006-008
ALV-3892-1711-006-010*

From the fallen gorgonian coral

UAEOIa ALV-389%—1421—002-001 -05*

Depth
Smt. (m)
Manning 1,381

Manning 1,381
Manning 1,713
Manning 1,713
Manning 1,713
Manning 1,713
Manning 1,713
Manning 1,713
Manning 1,713
Manning 1,713
Manning 1,713
Manning 1,713
Manning 1,713
Manning 1,713
Manning 1,713
Manning 1,713
Manning 1,713
Manning 1,713
Manning 1,713
Manning 1,548
Manning 1,548
Manning 1,548
Manning 1,548
Manning 1,548

Manning 1,657
g ‘52

238U
(ppm)
4.292

3.039
3.143
3.829
4.031
3.284
6.668
6.683
6.520
6.607
6.409
6.695
4540
3516
3325
4712
3.120
3.862
3.622
3.181
3.687
3.331
3.384
3.250

4.263

0.002
0.002
0.001
0.002
0.002
0.002
0.004
0.005
0.003
0.003
0.003
0.003
0.002
0.002
0.002
0.002
0.002
0.002
0.002
0.003
0.003
0.003
0.002
0.003

0.003,

“ Th
(PPt)
1114

8.05
16.86
10.08
10.28
16.82
27.07
26.86
26-34
26.46
25.92
26.82
17.65
9.05
915
21.83
9.28
8.50
941
24.49
21.08
25.63
19.37
18.64

26.61

0.05
0.03

0.07

0.04
0.05

0.07

0.12
0.12
0.11
0.13
0.12
0.12
0.08
0.04
0.04
0.09
0.04
0.04
0.04
0.11
0.09
011
0.09
0.08

0.11

22Th

(ppb)
2975

0.987
0.405
2548
0.694
1.185
8.491
9.705
8511
8.492
8325
10.268
3.234
1396
0.756
0535
0.905
0.713
0.684
2.157
0.929
1.544
0.808
0.943

1.502

0.013
0.007
0.002
0.011
0.017
0.014
0.036
0.043
0.036
0.037
0.036
0.044
0.019
0.006
0.007

0.002728.7

0.012
0.014
0.008
0.009
0.004
0.007
0.003
0.004

0.007

62U

‘o
146.0
148.4
1349
1435
148.7
140.9
137.2
1294
136.0
134.1
1345
135.0
136.0
142.1
1424

11
11
40
12
11
11
12
4.0
10
10
11
10
11
4.0
11
4))
11
11

149.2
149.4
142.8 1.2
136.8 4.1
1343 4.0
135.0 4.0
140.2 4.0
133.0 4.0

130.4 5.0

(BTh/
2U)
activity
0.1586

0.1619
03278
0.1609
0.1558
0.3129
0.2481
0.2456
0.2469
0.2447
0.2471
0.2447
0.2375
0.1572
0.1586
0.2831
0.1817
0.1344
0.1587
0.4704
03493
0.4701

0.3496
03505

03814

0.0007
0.0007
0.0014
0.0007
0.0007
0.0014
0.0011
0.0011
0.0011
0.0012
0.0011
0.0011
0.0010
0.0007
0.0007
0.0012
0.0008
0.0006
0.0007
0.0022
0.0016
0.0021

0.0016
0.0016

0.0017

Raw age
(yrs)
16,215

16,536
36,951
16,509
15,868
34,757
26,736
26,651
26,625
26,410
26,690
26393
25,496
16,123
1638
“3072"
18,726
13,549
16,273
57,607
39,880
57,686
36,951
40,099

44,549

78
80
251
79
80
181
139
177
137
150
146
132
128
99
78
207
91
64
81
450
278
446
256
282

350

Corr age

(yrs)
15,825

16,351
36,860
16,133
15,773
34.512
25,977
25,781
25,848
25,644
25,915
25,444
25,073
15,906
16,145

3U96~

18,557
13.446
16,164
57,068
39,704
57,313
36,860
39,896

44,284

386
196
263
374
121
297
746
856
755
755
763
922
431
232
142
“~218
187
119
133
685
323
569
318
340

430

62

Y ittt
%0

152.7
155.4
149.7
150.2
155.5
155.3
147.6
139.2
146.4
144.2
144.7
145.0
146.0
148.6

194

157.2
155.2
1495
160.7
1503
158.7
156.7
148.9

147.8

12
1.2

12
11
1.2

43
11
12
12
12
12
4.2]

4.4
1.1
1.1
1.2
4.8
4.5
4.8
4.5
45

5.7
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Table 1. Continued.

Lab ID
UADO1

UADO02
UADO3
UAD04
UADO05
UADO6
UADOQ7
UADO08
UADO09
UADIO
UAD11
UAD12
UAD13
UADI5
UAEQ2
UAD20
UAD14
UAD16
UADI 7
UADIS
UADI9
UAEI11
UAF08
UAJL7
UAE13
UAJ19

Database ID

ALV-3892-1421-002-001-06*
ALV-3892-1421-002-001-07*
ALV-3892-1421-002-001-08*
ALV-3892-1421-002-001-09*
ALV-3892-1421-002-001-10*

ALV-3892-1421-002-001 -11

ALV-3892-1421-002-001-12*
ALV-3892-1421-002-001-13*
ALV-3892-1421-002-001-14*
ALV-3892-1421-002-001-15*
ALV-3892-1421-002-001-16*
ALV-3892-1421-002-001-17*
ALV-3892-1421-002-001-18*
ALV-3892-1421-002-001-20*
ALV-3892-1421-002-001-20*
ALV-3892-1421-002-001-25*
ALV-3892-1421-002-001-19 Go
Go*
Go
Go
Go

ALV-3892-1421-002-001-21
ALV-3892-1421-002-001-22
ALV-3892-1421-002-001-23
ALV-3892-1421-002-001-24
ALV-3884-1411-002-104*
ALV-3884-1531-002-013*
ALV-3884-1531-003-008*
ALV-3884-1531-003-011*

ALV-3884-1638-004-014*

Depth
Smt. (m)
Manning 1,657

Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Manning 1,657
Muir 2,228
Muir 2,228
Muir 2,141

Muir 2,141

Muir 2,084

238U
(ppm)
3.246

4.070
2.815
4.419
3.564
3.486
4.442
4.394
3.796
3.429
3.577
3.506
3.460
3.001

3.214
3.730
0.151

0.094
0.186

0.154
0.146

3.199

3.383

3.700
2.859

3.836

2NTh

(ppt)
19.64

18.22
16.99
27.16
21.88
21.45
27.64
27.20
23.53
21.16
2233
22.97
21.40
23.24
24.30
31.48
0.78
058
1.00
0.82
0.98
S28

0.002
0.002
0.002
0.003
0.002
0.002
0.002
0.002
0.001
0.001
0.002
0.002
0.002
0.002
0.003
0.002
0.000
0.000
0.000
0.000
0.000
0.002
0.002 8.42
0.003 9.24
0.002 46.82
0.003 9.95

0.18
0.12
0.16
0.22
0.10
0.09
0.12
0.12
0.11
0.10
0.16
0.25
0.09
0.10

0.11
0.14
0.00
0.01

0.02

0.02

0.06
0.04
0.04
0.04
0.20

0.04

:3Th

(ppb)

0-500 0.024
0.492 0.015
0.296 0.023
3.412 0.032
0.468 0.002
0.875 0.004
2.253 0.010
1.731 0.007
0.529 0.002
0.874 0.004
1.390 0.007
0.562 0.004
0.631 0.003
1.233 0.005
0.705 0.003
1.696 0.007
0.131 0.001
0.660 0.003
0.418 0.002
0.049 0.001
0.083 0.001
1.659 0.007
0339 0.011
2.201 0.016
3.189 0.014
0.927 0.008

b2 (2Wrh/
u :38U)
%T activity

130.0 4.0 03697 0.0033
130.6 4.0 0.2735 0.0018
133.4 4.0 03688 0.0035
126.1 4.0 03756 0.0030
135.2 4.0 03752 0.0017
136.2 4.0 0.3761 0.0016
131.6 4.0 03803 0.0017
135.2 4.0 03782 0.0017
134.1 4.0 03787 0.0018
127.6 4.0 03771 0.0017
132.2 4.0 03814 0.0027
1343 4.0 0.4003 0.0044
123.9 4.0 03779 0.0016
139.9 4.0 0.4594 0.0020
1303 5.0 0.4620 0.0021
126.7 4.0 05156 0.0022
142.4 43 0.3172 0.0018
135.5 4.1 03813 0.0082
161.0 4.1 0.3294 0.0081
154.6 4.0 0.3262 0.0071
162.2 4.1 0.4109 0.0269
142.6 11 0.1581 0.0007
140.2 11 0.1521 0.0007
1455 1.2 0.1526 0.0007
111.0 5.0 1.0008 0.0043
140.0 1.1 0.1584 0.0007

Raw age

(yrs)
42,918

30,074
42,624
43,943
43,432
43,509
44,332
43,857
43,982
44,075
44,464
47,078
44385
55.662
56,719
65.900
35,270
44,287
36,146
35,975
47,109
16,218
15,586
15571
229,510
16,288

509
265
532
475
307
304
314
308
323
319
436
681
313
417
482
518
292
1,192
1,061
939
3,887
79

75

7
5,302
80

Corr age
(vrs)
42,799

29,991
42,541
43,374
43,329
43,321
43,956
43,565
43,873
43,881
44,174
46,950
44,243
55,334
56,529
65,485
34,686
39,292
34,673
35,757
46,691
15,925
15,530
15,237
225,285
16,149

519
275
536
725
319
351

479
415
336
366
515
689
338

509
649
636
4,630
1,742
956
3,867
296
92
333
6,417
157

6 20

U iitap
%0

146.8
1421
150.4
142.5
152.9
154.0
149.0
152.9
151.8
1445
149.8
153.4
140.4
163.6
152.9
152.4
157.1
151.4
1775
1711
185.1
1492 12
1465 11
1519 13
209.9 101
146.6 1.2

43
44
45
4.6
43
4.5
4.6
45
43
45
4.6
4.6
4.6
4.7-
5.9
4.8
4.8
5.0
4.6
4J
5.1
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Table 1. Continued.

Lab ID Database ID
UAE12 ALV-3884-1638-004-210*

UAIO2  ALV-3885-1239-001-002*
UAG15 ALV-3885-1239-001-004*
UAE10 ALV-3885-1239-001-007
UAO017 ALV-3885-1239-001-007
UAGO08 ALV-3885-1239-001-011*
UAIO3  ALV-3885-1239-001-012*
UAO018 ALV-3885-1239-001-012
UAEO6 ALV-3885-1239-001-014*
UAG11 ALV-3885-1239-001-015*
UAE20 ALV-3885-1325-002-034*
UAF06 ALV-3885-1325-002-039*
UAF09 ALV-3885-1420-003-003*
UAG19 ALV-3885-1452-004-001*
UAE14 ALV-3885-1452-004-003*
UAIOL  ALV-3885-1452-004-007*
UAF03  ALV-3885-1452-004-010*
UAG17 ALV-3885-1520-005-006

UAG10 ALV-3885-1520-005-007-lower
UAG09 ALV-3885-1520-005-007-upper

UAHOfi. ALV-3885-1520-005-008*
(JAG 18 ALV-3885-1520-005-012
UAE18 ALV-3885-1520-005-014
UAGIfii ALV-3885-1739-007-003
UAI20 ALV-3887-1324-002-002*
UAJ20 ALV-3887-1324-002-005*

Smt.
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir

Depth
(ml
2,084

2,027
2,027
2,027
2,027
2,027
2,027
2,027
2,027
2,027
1,986
1,986
1,929
1,878
1,878
1878
1,878
1,821
1,821
1,821
1,821
1.821
1.821
1.791
2.546
2346

238U
(ppm)
3.286

3507
3.416
3.129
3.135
2.289
3.087
3.316
4.829
3384
3.262
3.695
3.634
3.465
3.420
3573
3353
4.437
1.138
6.698
3.848
4.580
4.587
2.693
4.330
4596

MITh

(ppt)
0.002 8.16

0.002 9.99
0.002 9.10
0.002 8.47
0.002 7.99
0.002 5.99
0.002 8.16
0.002 8.43
0.002 12.63
0.002 881
0.001 22.12
0.002 24.73
0.002 27.95
0.001 28.25
0.002 2656
0.002 24.65
0.002 26.60
0.002 63.94
0.002 16.31
0.004 95.63
0.001 26.16
0.002 66.03
0.002 65.27
0.002 42.33
0.002 8.82
0.003 9.33

0.04
0.05
0.04
0.04

0.04
0.03
0.04
0.04
0.05
0.04
0.10
0.11

0.12
0.12
0.12
0.11

0.11

0.30
0.07
0.42
0.12
0.30
0.29
0.19
0.04
0.04

22Th
(ppb)
0.422 0.002

9.190 0.042
1.602 0.625
3.092 0.013
0.694 0.013
0.672 0.989
1.793 0.010
0.882 0.013
1.116 0.005
0.735 1.214
1.705 0.007
1.184 0.012
1.203 0.009
4,744 0.438
1.651 0.007
0.987 0.010
1.905 0.014
2.420 0.531
0.501 1.405
2.488 0.528
1.448 0.008
6.045 0.448
2.796 0.012
3.676 0.477
0.810 0.007
0572 0.008

6 234

meas
141.7
145.2
142.2
146.5
146.7
140.6
142.1
150.6
142.4
141.6
130.8
126.0
121.6
127.0
126.6
128.1
127.9
100.6
103.0
106.4
128.0
101.0
100.5
96.9
142.9
140.9

(230X h/

m U)

activity

0.1518 0.0007
0.1741 0.0009
0.1627 0.0007
0.1654 0.0007
0.1558 0.0007
0.1599 0.0007
0.1615 0.0008
0.1553 0.0007
0.1598 0.0007
0.1591 0.0007
0.4143 0.0019
0.4089 0.0018
0.4699 0.0020
0.4981 0.0022
0.4745 0.0022
0.4215 0.0018
0.4847 0.0021
0.8805 0.0042
0.8761 0.0041
0.8723 0.0038
0.4153 0.0019
0.8808 0.0040
0.8693 0.0039
0.9605 0.0042
0.1244 0.0006
0.1241 0.0006

Raw age
(yrs)
15,532

17,945
16,733
16,963
15,901
16,438
16,598
15 781
16,401
16343
49345
48,815
58,615
62,883
59,005
50,574
60,583
167,947
165,089
162,169
49,656
167,944
163.232
212.243
12,553
12,545

75
100
82
82
78
80
90
77
79
81
284
275
343
378
365
286
359
1,899
1,831
1,645
289
1,823
1,719
2,896
61
61

Corr age
(vrs)
15/458

16,462
16,476
16,405
15,780
16,277
16,268
15,637
16,268
16,223
48,939
48,572
58339
61,746
58,593
50351
60,113
166,726
164,118
161,364
49359
165,097
161,878
207,902
12,449
12,475

103
1369
263
544
141
176
333
160
151
141
484
359
431
1,168
538
355
578
2,204
2,029
1,793
405
3.290
2,132
5,063
117
91

62'4
‘initial
148.0 12
1522 13

149.0 1.2
153.4 1.2

153.4 1.1;

1472 1.2
1488 12
157.4 11
149.1 12
148-3 12
150.2 13
1446 13
1434 13
1512 15
1494 1.4
147.7 13
1516 14
1612 2.1
163.9 2.1
167.9 2.0
1471 13
161.1 2.4
158.8 2.1
1745 3.2
1481 12
1459 12
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Table I. Continued.

UAI16
UAIO6
UAF05
UAF04
UAI19
UAJ04
UAKO2
UAI14
UAF13
UAL19
UAF11
UAF12
UAI17
UAF02
UAA5
UALO9
UAA3
UAL12
UAF10
UAFI4
UAM15
UAJ12
UAMO09
UAIIs
UAM12
UAA4

Database 1D

Smt.

ALV-3887-1436-003-003*
ALV-3887-1436-003-006*
ALV-3887-1436-003-007*
ALV-3887-1436-003-010*
ALV-3887-1436-003-011*
ALV-3887-1549-004-002*
ALV-3887-1549-004-004*
ALV-3887-1549-004-005*
ALV-3887-1549-004-006*
ALV-3887-1549-004-006*
ALV-3887-1549-004-007*
ALV-3887-1549-004-008
ALV-3887-1549-004-009*
ALV-3887-1549-004-012*
ALV-3887-1549-004-014*
ALV-3887-1549-004-014*
ALV-3887-1652-005-006*
ALV-3887-1652-005-006*
ALV-3887-1652-005-013*
ALV-3887-1652-005-018*
ALV-3889-1311-001-001*
ALV-3889-1311-001-002*
ALV-3889-1311-001-003
ALV-3889-1311-001-004
ALV-3889-1311-001-005*
ALV-3889-1311-001-006*

Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir
Muir

Depth
(m)
2,441

2,441
2441
2,441
2,441
2372
2372
2,372
2372
2,372
2372
2372
2372
2372
2372
2372
2,265
2,265
2,265
2,265
1,719
1,719
1,719
1,719
1,719
1,719

6 2M (230Th/ &204
238U 20Th 22Th Unes 238U) Raw age Corrage Uirtia
(ppm) (ppt) (ppb~), %c activity. (yrs) (yrs) Y%ec
3.488 0.002 8.65 0.04 0.657 0.010 1435 11 0.1515 0.0007 15,478 76 15370 129 149.8
3.750 0.001 39.46 0.17 2.076 0.010 116.6 1.2 0.6430 0.0028 91,822 637 91,181 882 150.9
3.296 0.002 32.52 0.14 1355 0.010 1215 11 0.6028 0.0026 82,722 552 82,297 681 1534
3.665 0.002 37.74 0.16 0.982 0.010 1181 11 0.6292 0.0027 88,626 605 88325 664 151.6
3366 0.002 3536 0.15 4363 0.021 117.6 12 0.6417 0.0028 91,400 641 89,942 1,553 151.6
3.755 0.002 930 0.04 0.474 0.004 142.1 11 0.1513 0.0007 15,475 75 15,402 102 1484
3.470 0.002 9.01 0.04 0.539 0.006 1433 11 0.1586 0.0007 16,258 7 16,168 116 150.0
3.943 0.003 10.12 0.04 0.918 0.006 140.2 13 0.1569 0.0007 16,113 80 15,980 152 146.6
3.812 0.002 9.70 0.04 0.925 0.010 139.2 11 0.1556 0.0007 15,986 77 15,853 150 145.6
3.922 0.005 10.07 0.04 1.609 0.009 1363 13 0.1569 0.0007 16,181 81 15,947 242 142.6
4.039 0.002 836 0.04 0.584 0.008 139.6 11 0.1265 0.0006 12,822 61 12,744 96 144.7
4.282 o0.002 1055 0.05 0.592 0.009 148.3 1.0 0.1506 0.0007 15.303 73 15,227 103 154.8
3360 0.002 6.96 0.03 0.159 0.007 1433 11 0.1266 0.0006 12,780 62 12,752 67 1485
3.286 0.002 6.76 0.03 0.561 0.012 1425 11 0.1258 0.0006 12,707 61 12,616 107 147.7
3.651 0.007 8.99 0.04 0.524 0.002 144.6 3.0 0.1505 0.0007 15348 90 15,269 118 151.0
3.644 0.002 8.99 0.04 0327 0.007 1473 11 0.1508 0.0007 15341 74 15,289 89 153.8
3.637 0.007 9.82 0.04 6.892 0.030 143.0 3.0 0.1649 0.0008 16,960 101 15.934 969 149.6
3.480 0.001 7.16 0.03 0384 0.005 142.4 1.1 0.1258 0.0005 12,705 59 12,643 84 147.6
3.882 0.002 9.94 0.04 0.719 0.008 141.4 11 0.1564 0.0007 16,042 7 15,939 125 1479
4.071 0.003 034 0.00 0.622 0.014 148.9 1.2 0.0051 0.0000 489 4 418 61 149.1
3.977 0.002 1134 0.05 1575 0.008 1325 1.1 0.1742 0.0008 18,181 89 17,950 242 1394
4.253 0.002 17.20 0.07 2.689 0.021 137.2 11 0.2471 0.0011 26,622 133 26,228 407 147.8
3332 0.002 1244 0.05 4.711 0.021 1393 11 0.2282 0.0010 24,293 122 23,438 832 148.9
3.193 o0.002 8.74 0.04 1.231 0.013 150.3 11 0.1673 0.0007 17,103 82 16.884 229 157.6
3251 0.002 12.88 0.06 3.702 0.017 135.0 11 0.2417 0.0010 26,020 131 25317 693 145.0
3.262 0.007 14.23 0.06 3.177 0.014 134.0 3.0 0.2665 0.0013 29,097 183 28301 607 1453

1.6
IS

17
12
11
13

14
11
11

12

11
31
11
3.2
11
12
12
12
12
13

11

33
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Table 1. Continued.

624 (Zi,Th/ b 2M

Depth 238U ZB'Th RTh u ness 1) Raw age Corr age Uit

Lab ID Database ID Smt. (m) (ppm) (PPt) (ppb) % o activity (Yrs) (vrs) %0
UAL13 ALV-3889-131X-001-006* Muir 1,719 3-516 0.002 14.49 0.06 1011 0.019 1354 12 0.2671 0.0012 29,121 *150 28,923 243 1469 .3
UAI15 ALV-3889-1311-001-007 Muir 1,719 3.530 o0.002 9.23 0.04 0.709 0.010 1479 11 0.1598 0.0007 16.319 78 16,204 136 154.8 1.1
UAMIO ALV-3889-1311-001-008* Muir 1,719 3.852 0.002 18.06 0.08 1.649 0.009 139.6 11 0.2866 0.0012 31,434 161 31,153 316 1524 1.2
UAM11 ALV-3889-1311-001-008* Muir 1,719 3.711 0.002 16.78 0.07 9.407 0.041 1355 1.1 0.2763 0.0012 30,275 155 28,660 1,540 1469 13
UAL20 ALV-3889-1326-002-B7* Muir 1,723 3.048 0.002 47.76 021 2142 0011 821 1.2 0.9575 0.0042 221,140 3,172 218,494 4,005 1523 2.7
UAA2  ALV-3889-1353-003-001* Muir 1,714 3.442 0.007 1158 0.05 21.778 0.095 145.2 3.0 0.2056 0.0010 21,518 134 18,006 2,975 152.8 35
UALO8 ALV-3889-1353-003-001* Muir 1,714 3350 0.002 9.46 0.04 5.420 0.026 146.0 11 0.1725 0.0008 17,752 87 16735 874 1531 12
UAA8  ALV-3889-1526-006-001 Muir 1,620 3.890 0.008 55.53 0.24 26.943 0.115 102.2 3.0 0.8723 0.0042 163,812 2,140 150328 13,015 156.3 7.6s
IJAEO8 ALV-3889-1526-006-001 Muir 1,620 4.022 0.002 56,80 0,24 3.052 0.013_”?_ 11 0.8629 0.0037 161549 1.6)9 159,899 2249 1538 |J
UAEO3 ' ALV-3889-1526-006-B2 '* Muir ***1,620"4936 0.003 59.92 026 4.284 0.018 To 0.7419 0.0032 "HXT59**1340*'""173*946"“**"T.754" 7.0
UAF01 ALV-3890-1643-005-009 Muir 1,487 3.318 0.005 16.75 0.08 2.132 0.041 143.3 1.2 0.3085 0.0015 34,105 197 33,694 445 1576 14

SIVH0D d33a 40 NOILNGIY1SId HLdId aNw 39V IV B  NOSNIFOod

S8¢



386 BULLETIN OF MARINE SCIENCE, VOL. 81, NO. 3,2007

Table 2. Summary of U-series dated scleractinian corals. In all, 159 measurements were made on
127 coral individuals yielding 99 separate reliable ages. All samples in this table are Desmophyllum
dianthus except two Caryophyllia and one Solenosmilia from Gregg and one Solenosmilia and two
Enallopsammia from Manning as marked in Table 1.

Seamount Measurements Individuals Reliable ages
Bear 3 3 1
Gregg 21 15 14
Kelvin 2 2 2
Manning 65 55 37
Muir 68 52 45
Total 159 127 99

al., 1996). The three oldest population peaks occur close to the times of three Heinrich
events, each ofwhich originated in the Hudson Straits (Hemming, 2004). The youngest
population peak occurs during the Younger Dryas, which is thought to have a similar
water-mass configuration to the Heinrich events (Boyle and Keigwin, 1987).

Changes in ocean circulation appear to have a marked effect on the populations
of D. dianthus of the New England Seamounts, but determining the cause of the ef-
fect is difficult. The fact that no corals were found with LGM ages suggests that the
oceanographic configuration was not well suited to coral recruitment and/or growth.
Unfortunately, the notch morphology of the sites that were sampled on Muir pre-
vents us from isolating the effect of the presence of deep southern-source water on
D. dianthus during the LGM. The presence of the shallower (<2000 m) northern-
sourced water does not appear to have been conducive to abundant coral growth.

Rapid encroachments of an intermediate depth (1700-2000 m) southern-source
water mass have been recognized in the NW Atlantic at several times during the
deglaciation (Adkins et al., 1998; Robinson et al., 2005). The radiocarbon composi-
tion from the skeletons of multiple corals recorded the switch from intermediate
depth northern to southern-source waters, and vice versa, indicating that D. dian-
thus thrives in conditions in which the ocean is experiencing rapid climate change.
Whether these switches brought about beneficial environmental changes (more nu-
trients, higher current rates?), or allowed coral larvae to reach Muir and Manning
Seamounts is unresolved. To best answer this question we would need to make fur-
ther collections of D. dianthus from deep on Muir Seamount, specifically to a second
notch feature that extends to greater depths.

Gregg Seamount.—The oldest dated corals from Gregg Seamount, are ~15 ka,
and corals are present from throughout the rest of the deglaciation. This age dis-
tribution contrasts markedly to they pulsing seen at Muir and Manning, although
the sample size is small. The difference between distribution patterns at Gregg and
Muir/Manning may be controlled by depth or geographic location. The Gregg sam-
ples were all collected from -1200 m, whereas the shallowest samples from Muir or
Manning were at 1400 m. An alternative control may be the relative locations of the
three seamounts. Gregg is situated farther northwest than Muir and Manning, close
to the position of the modern Gulf Stream. The strong currents of the Gulf Stream
may be important in controlling larval dispersal or supply of food to coral popula-
tions. The position of the Gulf Stream in the past is not well defined, but shifts in its
latitude or velocity may have caused the coral populations in the two locations to
be different from one another. To test whether the geographic location or the depth
range is the most important control on the age distribution, we would need to collect
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Figure 6. Number of Desmophyllum dianthus from Muir (white) and Manning Seamounts. The
Manning individuals are divided into those sampled from the build-up pictured in Figure 5 (black)
and all other samples (grey). The upper curve is the GISP 2 6'8 record from Greenland cover-
ing the last glacial period, which lasted from -70-10 ka. The glacial was characterized by large
climate variations shown by the large oscillations in the 8'8 signal. In addition, marine records
have shown pulses of large quantities of ice-rafted debris during the last deglacial. The last six of
these Heinrich events are labeled H1-H6 at ages taken from (Hemming, 2004).

deeper samples from Gregg to compare to the more southerly seamounts. We could
also date corals from farther along the seamount chain out towards the Corner Rise

Seamounts.
NW and NE Atlantic Age Distributions—Fossil corals have been collected

from multiple locations including the Southern Ocean and NE Atlantic (Goldstein et
al., 2001; Schroder-Ritzrau et al., 2003; Frank et al., 2004; Dorschel et al., 2005). Only
from the east Atlantic have sufficient corals been dated to provide a comparison to
the age distributions shown in this paper (Schroder-Ritzrau et al., 2003; Frank et al,,
2004; Dorschel et al., 2005). Most of the corals dated from the NE Atlantic are colo-
nial species such as Lopheliapertusa (Linnaeus, 1758), however Schroeder-Ritzrau et
al. (2005) also present ten ages from solitary corals (D. dianthus and Caryophillia).
The distribution of corals ages from the east Atlantic does not show the strong ten-
dency towards glacial age corals observed in the NW Atlantic. Indeed, more than
60% of the dated corals (colonial and solitary) are modern or Holocene in age. The
corals from the east Atlantic range in latitude from 2~ -64 " and from <80 m to
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2306 m water depth, spanning a wide range of geographical and oceanographic set-
tings. When this wide distribution is coupled with the number of samples dated, it
becomes impossible to make a statistical comparison between the age distributions
in the east and west basins of the North Atlantic.

Conclusions

Fossil deep-sea corals provide an ideal archive for recording conditions in the past
ocean as their skeletons record a signature of the water mass in which they lived
(Smith et al., 1997; Adkins et al., 1998). More simply, their presence or absence over
long time periods can help to resolve questions of the major controls on deep-sea
coral distributions. Fossil corals collected from the New England Seamounts on
three cruises during 2003-2005 show a distinct depth distribution, with D. dianthus
abundant down to 2500 m and colonial scleractinian corals abundant to depths of
1800 m. The 2500 m maximum depth of a notch feature on Muir seamount may be
the most important control on the depth cut-offofD. dianthus. U-series analysis ages
of D. dianthus individuals indicate that the largest number of corals was alive dur-
ing the last glacial period. Within this time, on Muir and Manning Seamounts, the
population density of D. dianthus was pulsed, and these pulses coincided with major
ocean circulation changes as recorded by other paleoceanographic proxies (Boyle
and Keigwin, 1987). Desmophyllum dianthus appears to thrive in conditions during
which the ocean is experiencing rapid climate change. On Gregg Seamount, the pop-
ulation distribution is more continuous. The difference between Gregg compared to
Muir and Manning may be caused either by sample depth (all Gregg samples were
shallower than the other Seamounts) or position (Gregg is to the north). We could
put tighter constraints on the links between coral distribution and oceanographic
change by making collections at greater depths, and exploring different topographic
morphologies, from both Gregg and Muir Seamounts.
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