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VERY LONG-LIVED MOLLUSKS CONFIRM 17TH CENTURY AD TEPHRA-BASED
RADIOCARBON RESERVOIR AGES FOR NORTH ICELANDIC SHELF WATERS

Alan D Wanamaker Jr12 « Jan Heinemeier3 « James D Scourse! « Christopher A Richardson?!
Paul G Butler® « Jon Eiriksson* « Karen Luise Knudsen®

ABSTRACT. Marine sediment records from the north I celandic shelf, which rely on tephrochronological age models, reveal
an average AR (regional deviation from the modeled global surface ocean reservoir age) of approximately 150 yr for the last
millennium. These tephra-based age models have not hitherto been independently verified. Here, we provide data that cor-
roborate AR values derived from these sediment archives. We sampled the youngest portion (ontogenetic age) of a bivalve
shell, Arctica islandica (L.), for radiocarbon analysis, which was collected alive in 2006 from the north Icelandic shelf in
~80 m water depth. Annual band counting from the sectioned shell reveal ed that this clam lived for more than 405 yr, making
it the longest-lived mollusk and possibly the oldest non-colonial animal yet documented. The 14C age derived from the umbo
region of the shell is 951 + 27 yr BP. Assuming that the bivalve settled onto the seabed at AD 1600, the corresponding local
value of AR isfound to be 237 + 35 yr by comparison of the C age with the Marine04 calibration curve (Hughen et al. 2004)
at thistime. Furthermore, we cross-matched a 287-yr-old, dead-collected, A. islandica shell from AD 1601 to 1656 from the
same site with the live-caught individual. 4C analysis from the ventral margin of this shell revealed a AR of 186 + 50 yr at
AD 1650. These values compare favorably with each other and with the tephra-based AR values during this period, illustrat-
ing that 14C from A. islandica can effectively record 14C reservoir changes in the shelf seas.

INTRODUCTION

Marine sediment archives (Andrews and Giraudeau 2003; Eiriksson et al. 2004, 2006; Giraudeau et
al. 2004; Knudsen et al. 2004a,b; Jiang et al. 2005; Sicre et al. 2008) collected from the north Ice-
landic shelf reveal important changes in North Atlantic ocean circulation and climate during recent
millennia. Multiproxy-based evidence derived from these sediment cores shows that the position of
the Polar Front has been dynamic (Eiriksson et a. 2004). The oceanic Polar Front isnow situated in
the Denmark Strait between Greenland and Iceland where the relatively warm and saline waters
from the North Atlantic flow clockwise around Iceland, as the Irminger Current, and mix with the
relatively cold and lower salinity waters of the East Icelandic Current (Figure 1) (see Stefansson
1962; Swift 1986; Malmberg and Jonsson 1997; Hansen and @sterhus 2000). Along the north Ice-
landic shelf, the East Icelandic Current is a mixture of Arctic water derived from the inflow of
Atlantic water from the Iceland Sea and Polar water from the East Greenland Current (Stefansson
1962; Swift and Aagaard 1981; Jénsson 1992). The position of the Polar Front is closely linked to
North Atlantic Deep Water convection sites and the North Atlantic meridional overturning circula-
tion (e.g. Austin et al. 1995; Astthorsson et al. 2007; Jénsson 2007), and these strong oceanic and
atmospheric gradients make this region particularly sensitive to climate change (Eiriksson et al.
2004; Astthorsson et al. 2007 and references therein). Because the | rminger and East Greenland cur-
rents have distinctly different physical properties (temperature and salinity) and radiocarbon reser-
voir ages (Tauber and Funder 1975; Larsen et al. 2002; Eiriksson et al. 2004), biogenic archives that
calcify in these waters reflect the dominant water mass present during biomineralization. As these
organisms become part of the sediment record, they preserve paleoenvironmental conditions. How-
ever, sediment-based paleoclimate reconstructions depend on reliable age/depth models to accu-
rately assess atmospheric and oceanic temporal responses to climate perturbations, and often they
rely on “floating” 4C ages with uncertain reservoir corrections from mollusks or foraminifera
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within the sediment record to constrain the age/depth rel ationship. Because of the dynamic nature of
14C reservoir ages across the Polar Front, using age models based on floating 14C ages from biogenic
carbonates may be inadequate and may mask important palecenvironmenta data. Eiriksson et al.
(2004) found significant deviationsin AR (defined as the regional deviation from the modeled glo-
bal surface ocean reservoir age of about 405 14C yr; see Hughen et al. 2004) between tephra-based
and floating 14C age model values for north Icelandic shelf waters during the Holocene. Tephrochro-
nological age models seek to improve the reconstruction of temporal changes in the 4C reservoir
age near the Polar Front by providing exactly dated anchors in the sediment records. This approach
also enables the use of deviationsin AR as a paleoceanographic tool for tracking past changesin the
position of the Polar Front (Eiriksson et al. 2004).
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Figure 1 Site location map showing the major surface currents and the position of the modern Polar
Front (modified from Eiriksson et al. 2004). The study areaisnoted by the black box, with theinset map
showing the sediment core records (MD99-2271, HM107-03, HM107-01, MD99-2273, MD99-2275)
and the shell collection region; contour line on the insert map = 100 m.

The north Icelandic shelf isan ideal region to use tephrochronology to constrain sediment age/depth
relationships because of its high sedimentation rates (>0.20 cm/yr) and its close proximity to the
numerous source vol canoes for Holocene tephras (Larsen et a. 2002). Five marine sediment cores
from the north Icelandic shelf reveal a variable AR of 156 = 116 yr for the last millennium
(Figure 2). Although tephra-based age models may offer significant advantages over floating 14C
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age models, these tephra-based age models from the north Icelandic shelf have not been indepen-
dently verified (Eiriksson et al. 2004).
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Figure 2 AR deviations from the north Icelandic shelf for the last 1000 yr (the data are from Eiriksson
et a. 2004: Figure 10). The AR deviations from Eiriksson et al. (2004) are based on 5 sediment core
records (MD99-2271, HM107-03, HM107-01, MD99-2273, MD99-2275) using a tephra-based age
model. Shell-based AR deviations from this study are shown for AD 1600 and AD 1650 (see arrows and
shading). The newly calculated AR value at AD 1497 from the 374-yr-old Arctica islandica shell
reported by Schone et al. (2005a) is shown as “south of Iceland” (see Discussion for details). More
negative AR values indicate a dominant Atlantic water mass, while positive AR values indicate a
dominant Arctic water mass (Eiriksson et a. 2004).

Marine biogenic carbonates that are long-lived (corals, sclerosponges, and mollusks) and of known
collection dates have the potential to monitor changes in the uptake and mixing of 1C in the oceans
through time and contribute to a better understanding of climate change. The use of 1C in seawater
in the form of dissolved inorganic carbon as a water-mass tracer began decades ago (Broecker and
Olson 1961), and in the late 1970s, coral *C was used to monitor changes in ocean circulation and
climate change (e.g. Druffel and Linick 1978; Druffel 1980, 1982, 1989; Guilderson et al. 1998,
2004; Kilbourne et a. 2007; Druffel et a. 2007, 2008). Recently, Kilbourne et al. (2007) produced
a subdecadal C time series from a Puerto Rico cora (Montastraea faviolata) from AD 1750 to
2000 that showed significant decada variability likely related to the advection of different water
masses into the Caribbean Sea, and possible changesin the Atlantic meridional overturning circula-
tion. Druffel et al. (2007) provided an ultra-high resol ution (annual) C time series from the Gal 4pa-
gosldandsin thetropical east Pacific based on acora colony with annual banding (Pavona clavus),
which demonstrated the natural variability of the oceanic 14C since AD 1600. However, in the extra-
tropics there have been few, if any, published studies that have yielded a well-constrained (tempo-
rally), high-resolution time series of C variability prior to the atmospheric bomb pulse of the
1950s. Weidman and Jones (1993) first demonstrated the utility of the 14C signature extracted from
the annually-banded shell material of the long-lived bivalve Arctica islandica (Linnaeus 1767) for
tracking the oceanic uptake of bomb 14C in the northwestern Atlantic (Georges Bank). Moreover,
Weidman and Jones (1993) showed that shells sampled for 4C from Georges Bank had an attenu-
ated response to the atmospheric bomb 1#C produced during atomic testing in the 1950s compared
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to tropical corals; this result illustrated important hydrographic differences controlling the rates at
which atmospheric carbon is mixed into the oceans, and it al so suggested a deepwater source for the
waters of Georges Bank. Furthermore, annual growth records and geochemical information (8180)
derived from the shells of A. islandica have been used to study past ocean conditions in the North
Atlantic (Weidman et al. 1994; Witbaard 1996; Witbaard et al. 1997, 2003; Marsh et al. 1999; Mar-
chitto et al. 2000; Schone et al. 2003, 2004, 2005a; Scourse et al. 2006; Helama et al. 2007; Wana-
maker et al. 2008). These shell-based records, like tree rings, offer a significant advantage of being
absol utely dated (Thompson et al. 1980; Jones 1980), and therefore enable the generation of ultra-
high-resol ution paleoenvironmental records based on an absolute timescale (Marchitto et a. 2000).
The chronostratigraphy devel oped from these biogenic carbonates is equivalent to varved sea sedi-
ments, which are generally rare. However, A. islandica is common in the shelf seas of the temperate
to subpolar North Atlantic and has enormous potentia as a high-resolution marine archive. Mar-
chitto et al. (2000) demonstrated that live-caught A. islandica shells could be reliably cross-matched
with fossil (dead-collected) shells; thus, regional reconstructions in AR on centennial-to-millennial
scales are possible if there is sufficient fossil shell material available. Because fossil shells can be
linked to recent shells through cross-matching techniques, AR reconstructions can extend further
back in time than those based on individual live shellswith atemporal resolution higher than tephra-
based methods. This method will be extremely valuable in regions where tephrais sparse or absent.

In this paper, we provide independent 4C evidence from an Arctica islandica shell more than 400 yr
old (live-caught in 2006), and a 286-yr-old subfossil shell, which supportsrelatively high AR values
for the north I celandic shelf waters during the 17th century. These results are consistent with 1C res-
ervoir ages based on tephra-based age models from nearby sediment archives. These 2 shells were
successfully linked together by cross-matching, a technique commonly used in dendrochronol ogy,
thus creating a continuous shell chronology from AD 1373 to 2005. Here, we further demonstrate
that information derived from the shells of the bivalve A. islandica can be used to study extra-trop-
ical ocean circulation and environmental change. Its great longevity, its fidelity as a proxy record,
and its abundance and wide geographical distribution make A. islandica akey proxy archivefor the
North Atlantic region.

METHODS
Shell Collection

The 2 shells studied in this paper were part of a collection of live, dead articulated, and dead single
valves of Arctica islandica collected by trawling the seabed surface with a bespoke dredge on the
north Icelandic shelf (see Figure 1) in June 2006 from the research vessel Bjarni Ssamundsson
(Cruise No. B05-2006). Live specimenswere frozen onboard and processed following thawing soon
after return to the laboratory, whereupon the soft tissues were removed and the shell valves scrubbed
clean and dried prior to processing. The 2 shells reported in this study (WG061294R and
WG061315) were collected near theisland of Grimsey (66°31.59N, 18°11.74'W; see Figure 1) ina
water depth of 81-83 m (trawl BOSADO03) and were sel ected because they were relatively large and
heavily calcified. Shell WG061294R was collected alive, while theright shell valve WG061315 was
from a dead, non-articul ated clam.

Shell Preparation and Sclerochronology

The annually resolved growth lineswere identified in acetate peel replicas (Ropes 1984) of polished
and etched shell sections of the hinge tooth at the umbo of the shell (Figure 3). The right and left
shell valves of WG061294R and the right shell valve of WG061315 were embedded in resin (Met-
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Prep Ltd; Kleer Set type FF) and the shells sectioned radially from the umbo to the shell margin. The
embedded |eft valve was sectioned through the center of the hinge tooth, whereas the right hinge
shell valve was sectioned radially to the side of the tooth using adiamond saw. The cut surfaceswere
ground on progressively finer grades of silicon carbide paper (MetPrep Ltd; P120, P400, P1200) and

Shell Cross-section

Figure3 (A) Left valve of Arcticaislandica shell WG061294R collected from the north Icelandic shelf.
(B) Idealized line of section, and an A. islandica shell cross-section noting the major features (modified
from Scourse et al. 2006). (C) Digitized photomicrograph (magnification = x2.5) of an acetate peel
from a young portion of an A. islandica sample from the hinge plate collected from the Grimsey site.
One yr of shell growth is measured from 1 growth check to the next, which is shown in white. The first
23 annual growth increments are shown in black. (D) Digitized photomicrograph (magnification = x10)
of an acetate peel from shell WG061294R with approximately the last 175 yr of growth in the hinge
plate.
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polished with dilute diamond paste (Presi; 3 um) on rotary magnetic pads (Presi; 200 mm, 3106 and
0307) and etched in a modified Mutvei solution (without alcian blue) at room temperature for
45 min (see Schone et al. 2005b). Acetate peel replicas (Agar Scientific; 35 um) of the polished and
etched surfaces were prepared and examined in transmitted light under magnifications of x2.5, x4,
and x10 using a Leica Laborlux S microscope. Following the production of acetate peel replicas,
annual growth increment widths can be measured and recorded either from the outer shell surface
(Schone et a. 2005a) or along the hinge plate in the umbo (Scourse et a. 2006). The hinge plate was
used because the growth increments here are most obvious (Figure 3C). Because of its great longev-
ity, shell WG061294R was measured by 3 operators at the same time; only growth checks that were
mutually agreed upon by all operators were counted. Images of the incremental record in the sec-
tioned hinge plates were captured using adigital camera (Soft Imaging Systems; Colorview) and the
increment widths measured using the software analySIS® 3.2 (Figure 3C). This system facilitates
increment measurement using an automated cursor that feeds directly into a data spreadsheet and
enables both the growth increment series and their axis of measurement to be digitized. Because of
the nature of the A. islandica growth curve, where yearly growth can vary by 2 orders of magnitude
over the lifespan of the animal, the raw increment-width data are treated using a high-passfilter that
removes the low-frequency ontogenetic growth trend to produce a standard shell growth-increment
plot for each shell (Scourse et al. 2006). This involves generating the natural logarithm of the data
to remove the different orders of magnitude and the residuals are then taken from a 15-yr spline
through the data (Figure 4A). This detrending method is optimal for cross-matching shell growth
records and chronology construction.

Radiocarbon Analysis

The periostracum was removed by scraping the outer shell surface using arazor blade near the tar-
geted region for 14C sampling. Approximately a 30-mg solid sample of shell carbonate was cut with
arazor blade and removed from the outer shell surface (Figure 3B) from the umbo region of the shell
WG061294R and from the ventral margin (adjacent to the axis of maximum growth) of shell
WG061315. The shell samples were treated following a standard mollusk rinsing procedure at the
University of Aarhus (Denmark): to eliminate any possible surface contamination, the outer 25% of
the shell was removed by etching in 1M HCI. Any organic carbon incorporated in the shell carbon-
ate was removed by treatment with a KMnQO, solution for 16—20 hr at 80 °C. The CO, was liberated
with ~100% phosphoric acid in an evacuated vial at 25 °C. Part of the CO, was used for §13C mea-
surements; the rest was converted to graphite for accelerator mass spectrometry (AMS) 14C mea-
surements by reduction with H,, with cobalt as a catalyst (Vogel et al. 1984).

All AMS *C measurements were carried out using the EN tandem accelerator at the University of
Aarhus. The dating results are reported according to international convention (Stuiver and Polach
1977) as conventional 14C datesin 14C yr BP (before AD 1950) based on the measured 1C/13C ratio
corrected for the natural isotopic fractionation by normalizing the result to the standard 83C value
of —25%0 VPDB (Andersen et al. 1989). The results are shown in Table 1.

RESULTS

Ontogenetic Age and Radiocarbon Analysis

Four hundred and five annual bands were counted in the sectioned hinge areafor shell WG061294R.
Part of thisrecord (~last 175 yr) isshown in Figure 3D. Thisisthe oldest mollusk known to science,
and perhaps the oldest documented non-colonial animal. As this clam was live-caught in 2006, we
assigned a calendar year to each annual increment beginning in 2005, and based on this method, we
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Figure 4 (A) Raw annua increment width measurements from shell WG061294R.
(B) Standardized increment width time series for the same shell. The data were first
treated with a natural logarithm to normalize the variance through time, then the ontoge-
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Table 1 Summary of 4C analyses for A. idandica shells WG061294R and WG061315 from the
Grimsey site along the north Icelandic shelf. Sclerochronological ages were determined by count-
ing the annual increments in the sectioned shells. Shell WG061294R was live-caught in AD 2006,
while shell WG061315 was dead-collected and cross-dated with shell WG061294R (see text for

details).
14C age 818C  Sclerochronological  Calculated
Laboratory ID SampleID (yrBP)xlc (%) ageof sample(AD) ARzlo
AAR-11784 61294 951 + 27 258 1600 237+ 35
AAR-11784 61315 863+ 45 193 1650 186 + 50

suggest that this animal settled onto the seafloor north of Iceland in AD 1600. Subfossil shell
WG061315 contained 284 annual bands. The actual age of each clam is at least 2 yr older than the
number of annual bands counted (407 and 286, respectively), because the first and last years of life
do not form complete annual increments. The umbo portion (within the first ontogenetic year) of
WG061994R had a C age of 951 + 27 BP. The ventral margin of shell WG061315 had a 14C age
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of 863 + 45 BP (Table 1). This samplewasintegrated over approximately 10 yr (growth increments),
corresponding to an average date of growth around AD 1650. Although we sampled the relatively
fast-growing juvenile portion in shell WG061994R and the rel atively slow-growing adult portion of
shell WG061315 for 14C analyses, we conclude that this methodology did not bias our results. In
fact, Schone (2005a: Figure 6 on page 138) demonstrated that carbon and oxygen isotopes from the
aragonitic material of an A. islandica shell from Iceland were not impacted by vital effects during
the first 39 yr of growth. Additionally, earlier work by Weidman and Jones (1993) showed no evi-
dence to support an ontogenetic-related effect for the incorporation of 14C into the shell material of
A. islandica.

AR and Cross-Matching

Astheoldest shell (WG061294R) was live-caught in 2006, the cal cul ation of AR was determined by
comparing the measured 4C age with the 1*C value of the Marine04 calibration curve (Hughen et al.
2004) at AD 1600 (714 + 23 BP). This analysis produced a AR of 237 + 35 at AD 1600 (Figure 2).
The standardized incremental growth series between shells WG061294R and WG061315 were
cross-matched with the visualization software program SHELL CORR (see Scourse et al. 2006 for
details) (Figures 5, 6), initially using a AR of 250. We chose this AR value based on the result from
the live-caught shell WG061294R and the rel atively high AR values revealed from nearby sediment
archives (Eiriksson et al. 2004). SHELLCORR alows 2 time series to be compared with various
time lags (up to £250 yr) (Figure 6) to account for mismatched calendar ages, or floating 14C esti-
mates. Once a statistically significant cross-match is achieved, the calendar age of the dead-
collected clam can be refined. We successfully cross-matched the subfossil shell with the live-
caught shell (Figure 6). The correlation between the 2 growth indices during the overlap interval
(AD 1601 to 1656) was highly significant (r = 0.66; p < 0.0001). To further assess the strength of the
agreement between the 2 shell growth records, we used the t statistic by Baillie and Pilcher (1973),
which is shown below (Equation 1):

t= =2 @)
J1-R?

Based on the correlation coefficient (r), the coefficient of determination (R?), and the number of
overlapping years (n), the t statistic between the 2 shellsis 8.51, which is substantially higher than
the critical value of 3.5. Pilcher et al. (1995) further suggested that at value of 4.0 may be significant
and values greater than 6.0 are very likely to be significant. These results suggest that it is extremely
unlikely that the cross-match between these 2 shells is due to chance aone, but the addition of
another shell in the chronology during thisinterval will improve the strength of thisargument. Based
on the cross-matched relationship, we have assigned a sclerochronological lifespan to the subfossil
shell WG061315 from AD 1373 to 1656; a settlement date of AD 1373 and death at AD 1656. 14C
analysis of ~10 increments taken from the ventral margin of this shell revealed a AR of 186 + 50 yr
at AD 1650 (Figure 2), close to the estimated date of death determined from the sclerochronological
record. These values compare well with each other and with the tephra-based AR values for the
north Icelandic shelf during this period (see Table 1 and Figure 2).

DISCUSSION

In this study, we have demonstrated that a long-lived (400+ yr), live-caught Arctica islandica shell
can be successfully cross-matched with a subfossil specimen, thus creating and extending a dated
shell growth increment chronology (>600 yr), i.e. AD 1373-2005 (Figure 5 top), for Icelandic
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Figure 5 (Top) Normalized shell growth records from WG061294R (red) and WG061315 (blue)
based on “C analysis and cross-matching techniques. (Bottom) Cross-match between the 2 shells

from AD 1601 to 1656. The correlation between the 2 shells during the overlap interval was
highly significant (» = 0.66; p < 0.0001; ¢ statistic = 8.51 after Baillie and Pilcher 1973).

waters. We have also shown that the widely spaced growth increments deposited during the first
50 yr of life by the old live-collected clam (WG061294R) could be successfully and robustly cross-
matched with the narrow growth increments deposited in the older shell portions of the subfossil
clam shell (WG061315) once the incremental growth series are standardized (Figure 5 bottom).
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Figure 6 SHELLCORR output with the correct temporal alignment of shell WG061315, and not-
ing the strength of the correlation during the overlap period (calendar yr AD) using a 21-yr sliding
window.

The results presented here further demonstrate that the '4C content of annually-banded Arctica
islandica growth increments has the potential to document past ocean conditions, including the res-
ervoir ages of the shelf seas in the North Atlantic (Weidman and Jones 1993). Furthermore, we have
independently verified the tephra-based AR values for the north Icelandic shelf during the 17th cen-
tury. The shell and sediment-derived AR data overlap once the analytical errors are considered when
calculating AR values (Figure 2). It is often difficult to determine phase relationships (lead or lag)
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between climate perturbations and the response of the system(s) of interest. Sediment-based pal eo-
climate reconstructions that rely on tephra-based age/depth models (Eiriksson et al. 2006; Sicre et
a. 2008) offer the unique opportunity to accurately capture the temporal response of the ocean with
respect to climate perturbations when tephrais abundant through time. However, when tephrais|ess
abundant or absent, high-resolution (decadal-scale) shell-based AR reconstructions can fill in gaps
between the tephra layers or provide an alternative method for monitoring 14C reservoir changes.
This technique will be especialy important south of Iceland where tephrais scarce. The relatively
high AR values of 237 + 35 and 186 + 50, at AD 1600 and 1650, respectively, derived from A.
islandica and the data of Eiriksson et al. (2004) (Figure 2) indicate a pervasive presence of Arctic
water over the north Icelandic shelf during the beginning and middle of the 17th century. Thisinter-
pretation is consistent with paleoceanographic evidence that suggests the shelf region north of Ice-
land was extremely cold during thisinterval of the Little Ice Age (Knudsen et a. 2004a; Jiang et al.
2005; Eiriksson et a. 2006; Sicre et al. 2008). In addition, Schone et a. (2005a) sampled the umbo
portion of a museum-archived A. islandica shell to confirm its great sclerochronological age of
~374 yr old. This shell was originally collected from the south Icelandic shelf, but because its exact
location was not known, the incremental series cannot be used with any great certainty to recon-
struct the AR of the water mass and oceanic circulation around Iceland. Schone et a. (2005a) have
suggested that the clam may have been collected from either the eastern or western shelf south of
Iceland. However, as the clam was collected alive in July 1868, a 14C reservoir age can be deter-
mined. We calculated the C reservoir age of this shell to be 150 + 45 based on the published 14C
value in Schone et al. (2005a; uncalibrated 1C age = 950 + 40 BP from AD 1497) avalue that is
close to AR values observed on the north Icelandic shelf at about AD 1500 (see Figure 2). From
these observations, we suggest that this shell was probably collected from the eastern portion of the
shelf (see Schone et al. 2005a; Figure 1). Asthe East I celandic Current flows clockwise around I ce-
land from the north to the south (Figure 1), it can bring relatively depleted waters with respect to 14C
(AR >150), due to the contribution of Arctic water masses (Tauber and Funder 1975). In contrast,
the southwestern Icelandic waters are primarily influenced by the Irminger Current, which is rela-
tively enriched with respect to *C due to prolonged air-sea exchange (AR near 0). Although this
new AR value (150 + 45 at AD 1497) south of |celand should be used with caution because the exact
location of the shell is not known, it does suggest a strong influence of Arctic waters north of Iceland
during thisinterval, which is consistent with the data presented in Figure 2. In contrast, according to
the CHRONO Marine Reservoir Database (http://intcal.qub.ac.uk/marine), there are 11 previous
reservoir determinations made on pre-bomb live-collected shells from coastal sites around Iceland.
The weighted mean AR value is 52 yr, and the values range from 56 to +225, exhibiting a standard
deviation of 71 yr. In general, this would indicate a shift from an Arctic water mass to an Atlantic
water sourcein the recent centuries, perhaps representing the end of the Littlelce Age. The data pre-
sented in Figure 2 illustrate a highly dynamic water mass north of Iceland since AD 1800. A dec-
adal-scale reconstruction of AR during this interval would substantially improve our understanding
of the processes impacting the climate and oceanography north of 1celand, especially during atime
of increased anthropogenic influence on Earth’'s climate. We are currently constructing such a
record, and we are confident that the 14C from A. islandica shellswill elicit important oceanographic
information, including hydrographic changes and possibly the relative position of the Polar Front
north of Iceland.

CONCLUSION

Here, we provideindependent evidence that supports tephra-based age model sfor the north Icelandic
shelf during the 17th century AD. 14C analyses from the 2 long-lived Arctica islandica shells dis-
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cussed in this paper reveal aAR of 237 £ 35at AD 1600 and aAR of 186 + 50 yr at AD 1650, respec-
tively. In terms of the oceanographic setting during this interval, it appears that the north Icelandic
shelf was dominated by an Arctic water mass. This result is consistent with nearby sediment-based
studies that indicate that the shelf region north of I1celand was extremely cold during thisinterval of
theLittlelce Age. Further, we have shown that thereis potential to match the growth seriesfrom live-
caught A. islandica shells with dead-collected specimens, which could lead to the construction of
very long, absolutely dated, shell chronol ogies. We have demonstrated that even young shell portions
can be cross-matched with older shell portions once the incremental series from the shells are stan-
dardized. In addition, with the 2 shells discussed in this paper, we have developed a shell-growth
chronology spanning more than 6 centuries (AD 1373-2005). These shells will serve as atemplate
for constructing a master shell chronology for the past millennium, which will be used to assess the
evolution of climate and oceanographic change north of I1celand. The great longevity of A. islandica,
its precise temporal control, its abundance through geologic time, and its broad distribution in the
temperate North Atlantic make it akey marine proxy to study past oceanic environments.
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