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ABSTRACT 

High-resolution foraminiferal isotopic records obtained from cores from 
the East China Sea and Japan Sea reveal a pattern of contrasting hydro­
graphies for the last 6000 years. The first core, retrieved from the upper 
continental slope of the East China Sea, was analyzed for 8180 and 813C 
in both Neogloboquadrina dutertrei (planktonic) and Uvigerina spp. (ben­
thic) foraminifera and, hence, provides a record of paleoceanographic change 
through time. The relatively reduced amplitude of the planktonic 8180 sig­
nal relative to the benthic samples suggests some modification resulting from 
changes in the prevailing Kuroshio Current. A progressive depletion in both 
the 8180 and 813C records of N. dutertrei over the last 2000 years suggests 
a warmer, more humid climate around the East China Sea. Isotopic records 
of the second core collected from the Japan Sea show a comparable temporal 
resolution to those from the East China Sea, but they exhibit larger ampli­
tudes presumably due to the more restricted hydrographic setting and greater 
sensitivity to environmental changes in that area. In addition to the temper­
ature differences revealed by oxygen isotopes, the N. dutertrei 813C records 
for these two cores also provide clues as to the evolution of the Kuroshio 
Current during the late Holocene. 

(Key words: Foraminiferal isotopic records, East China Sea, Japan Sea) 

1. INTRODUCTION 

The Kuroshio Current plays a major role in modulating the climate of the Northwestern 
Pacific through the meridional transport of watermass, heat and freshwater. This current is 
largely modified both quantitatively and qualitatively by its interaction with shelf waters as it 
passes through_ eastern Taiwan and flows into the East China Sea (Nitani, 1972; Ichikawa and 
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. 
Beardsley, 1993). The Tsushima Warm Current is one of the Kuroshio branches which enters 
the Japan Sea via the Tsushima Strait (Toba et al., 1982). Situated at the boundary between 
the open ocean and the Eurasian continent, the Kuroshio Current is inevitably affected by 
the prevailing monsoon system. Thus, paleoceanographic records from this area offer the 
potential of providing insight into both the evolution of the regional climate and hydrographic 
conditions in the western Pacific. Here a new high-resolution isotopic record with AMS14C 
age control from the East China Sea that provides a record of paleoceanographic change for 
the last 6000 years is presented. In addition, a comparable resolution record from the Japan 
Sea offers a the opportunity to contrast the hydrographic settings between these two sites 
through time. Although many studies regarding the paleoceanographic change in the Japan 
Sea have bee.n carried out (e.g., Oba et al., 1991; Keigwin and Gorbaren�o, 1992), even the 
ODP Leg 127 and 128 in 1989 were both devoted to the evolution of the Japan Sea; also the 
time-scales in those studies were much larger than one millennium. 

2. MATERIALS AND METHODS 

Core samples for this study were obtained during the ROC-Russia Joint Expedition, 
R/V Akademik Aleksandr Vinogradov Cruise V23/KM92 from July 10 to August 5, 1992 
(Chen and Bychkov, 1992). The 525 cm long piston core V23/KM92-E25a (E25a) was re­
trieved from the East China Sea (29°07.6'N, 127°48.2�E) at a water depth of 1090 m (Figure 
1). The 540 cm long piston core V23/KM92-J3 (J3) was collected from the southern Japan 
Sea (35°53.S'N, 130°15.0'E) at a water depth of 1400 m. A detailed carbonate stratigraphy 
of core J3 has been published by Gorbarenko et al. (1995). However, only the results from the 
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Fig. 1. Map of the stud·y area showing the location of cores E25a and J3. Schematic 
of regional circulation is indicated based on Beardsley et al. ( 1985). 
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top 3.5 m in core J3, covering the last 6000 years, are discussed here .. Because the original 
sampling strategy was designed fo14 organic geochemistry analysis, samples were taken that 
integrate 5, and sometimes e\1en 10 cm intervals, for each downcore sample onboard ship. 
That is, all the data reported here represent average values covering 5 to 10 cm intervals 
rather than the. more discrete sample intervals usually taken. Although it is likely that such 
broad sampling has smoothed original signals, the extreme high sedimentation rates at both 
locations still provide a high resolution view of events over the past 6000 years. 

Specimens of deep-dwelling planktonic foraminifer N eogloboquadrina dutertrei for 
both stable isotope analysis and AMS 14C dating were picked from the dry coarse fraction 
after wet sieving through a 125 µm size sieve. No further sizing was taken for isotope work 
afterwards due to low abundance of f oraminifera. Foraminifera were then ultrasonically · 
cleaned in AR-grade methanol to remove adhering particles. Further cleaning for organic 
matter was done by soaking in a solution of 5% NaCIO for 12 hours. Isotope analyses were 
made on a SIRA-10 Mass Spectrometer in the Geochemistry Laboratory of the Institute of 
Earth Sciences, Academia Sinica, Taipei. Specimens of the benthic foraminifer Uvigerina 
spp. were picked from the East China Sea core E25a for isotopic analysis and were processed 
under similar procedures. All isotopic data are reported in Appendix I as parts per thousand 
(0 I 00) using the conventional notation relative to the Pee Dee Belemnite (PDB). The analytical 
precision expressed as 1 a for NBS-18, NBS-19 and the laboratory standards are better .than 
0.06° I 00• The average differenc.e of replicate foraminiferal analyses is about 0. 19° I 00 for 
8180 and 0.11°/00 for 813C. The AMS 14C dating of N. dutertrei samples was completed 
at the Institute of Geological and Nuclear Sciences in New Zealand. 614C and per cent 
modem are as defined by Stuiver and Polasch ( 1977). 

Sediment texture, especially the particle size distribution in deep sea sediments, is an 
important parameter in unde.rstanding the sedimentary environments and previous transport 
processes. The mean size of the non-cohesive silt fraction (10-63 µm) has been used here 
as an indicator of relative current strength since bottom currents size-sort coarse silt during 
ev·ents of resuspension and ensuing deposition (e.g., Haskell et al., 1991; McCave et al., 
1995). In this study, particle size analyses for bulk sediments from core E25a were performed 
on a laser diffraction grain size analyzer (Coulter LS 100). The downcore size distribution 
provides information regarding changes in current intensity around this area. 

3. RESULTS AND DISCUSSION 

3.1 AMS 14C Dates and Sedimentation Rates 

The AMS14C dates generated from monospecific samples of N. dutertrei for both 
cores 13 and E25a are listed in Table 1. Age models were developed on the basis of linear 
interpolation between adjacent radiocarbon dates. The calculated sedimentation rates in the 
Japan Sea core J3 are between 50 and 100 cm/kyr for the last 6000 years. The sedimentation 
rates in core E25a are much higher, ranging between 75 and 140 cm/kyr. Even when 14c 
ages are converted into calendar ages prior to the calculation based on the program CALIB 
3.03C (Stuiver and Reimer, 1993), the sedimentation rates are still over 100 cm/kyr for most 
sections of core E25a. For comparison with other referenced data, all ages in this paper are 
expressed in radiocarbon years. According to the age model, the age for the base of core 
E25a is estimated to be around 5500 radiocarbon years old. Each sample (5 cm interval 
samples) in the top 100 cm of core E25a represents an average of 70 years of deposition, 
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Table 1. AMS 14C dates generated from monospecific samples of N. dutertrei. 
The last column lists the reservoir-corrected age obtained by 400 years 
(Bard, 1988). 

Depth (cm} '114c "%0 14C a.:e (·1r) Corr. age (yr) 
J3; 55-60 -212.2 ± 6.5 1873 ± 66 1470 
J3; 210-220 -395.9 ± 5.4 4006 ± 72 3600 
J3; 280-290 -445.8 ± 4.5 4698 ± 66 4300 
E25a; 5-10 -76.7±7.9 598 ± 68 200 
E25a; 210-220 -343.2 ± 6.1 3334 ± 75 2930 
E25a: 270-280 -380.7 ± 5.3 3806 ± 69 3400 
E25a: 340-350 -423.0 ± 5.9 4374 ± 82 3970 
E25a; 520-525 -530.5 ± 5.7 6031 ± 98 5630 

while data points (10 cm interval samples) from below 100 cm downcore represent around 
70rv90 years. In the Japan Sea core J3, data points from the upper 200 cm represent about 
70 years, but expand to around 100 to 150 years as the sampling inter\rals increased to 10 
cm below 200 cm downcore and as the sedimentation rates decreased. 

3.2 Particle Size Distribution 

Results of particle size analyses for core E25a are summarized in Figure 2, which the 
geometric mean of particle size distributions are shown in the upper part of Figure 5. Even 
though most of the particle size distributions fall in the range of silt, there is a general fining 
upward trend with a clear transition zone between two size-domains. The size distributions 
below 490 cm (curve D in Figure 2 beforerv5400 years B.P. in age), i.e., grain size in 
the bottom part of E25a, are relatively coarse compared to that of the upper sections with a 
mode of around 35 µm. The size distributions in the interval of 400 and 490 cm (4600rv5400 
years B.P.) illustrated by curves C and B, show bimodal patterns. These bimodal distributions, 
however, are distinctive with two different modes. The mode is about 35 µm in curve C 
(for core interval between 440-490 cm; r-..14900-5400 years B.P.), but it shifts toward around 
12 µm in curve B (for 400-440 cm; 4600-4900 years B.P.). Curve A represents the general 
size distribution pattern for the core section above 400 cm, peaking in the category of fine 
silt (7-15.6 µm according to grade scale). The ge.ometric mean of particle size is generally 
around 11 µm except for the base section (before 5000 years B.P., Figure 5). A distinctive 
peak up to more than 20 µ.m is recorded around 4000 ye.ars B .P .. 

3.3 The Oxygen Isotope Records 

Even though the size fraction of planktonic foraminifera was prohibited due to the low 
abundance, the 8180 values generated from core 13 are very similar to the same core reported 
by Gorbarenko and his associates ( 1995). It seems, to some extent, that the potential influence 
caused by size fraction is not very discernible, especially under the conditions of a broad 
sampling interval (5 to 10 cm vs. traditional 1 cm). Therefore, the following discussion is 
based on the assumption that such restrction are vaild. 

3.3.1 Planktonic Records 

The b180 results derived from the N. dutertrei from cores E25a and J3 are plotted 
versus estimated age in the upper panel of Figure 3 with different vertical scales at the left 
(-2 to 0° I oo ) and right (0 to 2° I 00 ), respectively. When studied in detail no obvious covariation 
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Fig. 2. Particle size distribution (mode) of core E25a. The vertical axis shows the 
volume percentage, while the horizontal axis shows the particle diameter 
in logarithmic scale. Curves A to D stand for different sections in core. 
See text for further detail. 
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Fig. 3. Time series of the 8180 and 813C of N. dutertrei from cores E25a and 
13. The scales· show a 2°100 difference on the right and left of the two 
cores. Both 8180 and 813C are calibrated to PDB. · 
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between these two records is apparent. Over the last 2000 years, variations in 8180 in E25a 
show a progressively depleting trend compared to the genera] pattern for the same interval 
in the J3 record. 

It is clear that the 2°/00 offset in the 8180 compositions of N. dutertrei between these 
two cores was primarily caused by the different hydrological settings of these two sites. 
Currently, the difference in the sea surface. temperatures between these two sites is about 
7°C (29°C at E25a relative to 21.6°C at J3 for surface; 21.5°C at E25a relative to 15.5 
at 75 m) based on measurements at the time of the cruise (Figure 4; Chen and By·chkov, 
1992). The temperature effects alone, therefore, account for about 1.7° I 00 of the difference 
in the average 8180 composition (Craig, 1965). In general, the 8180 fluctuation range for 
J3 (about J .6°/00) is two times greater than that for E25a (0.15°100, Figure 3). The different 
hydrographic settings of these two localities may have contributed to the difference in the 
amplitudes of the 8180 signal, since the semi-enclosed Japan Sea is expected to be more 
sensitive to environmental changes, which \\lould tend to amplify its signals. 

3.3.2 Benthic Record 

The oxygen isotopic record for Uvigerina spp. from core E25a is shown in Figure 5. 
Most of the benthic 8180 values in this record are around 2.5°100 except for a few 180-

depleted spikes. Surprisingly, the total fluctuation range for the benthic 8180 signal (1.6° I 00) 
is larger than that of the planktonic signal (0.8° I 00; Figure 5). The larger amplitude. of the 
benthic 8180 record than the planktonic one is not likely to be due to species-dependent 
effects. Instead, it seems more likely that the larger fluctuations of the benthic c5180 values 
resulted from variations in the ambient water since the. 8180 composition of Uvigerina spp. 
is very close. to the 18 0 equilibrium values (Graham et al., 1981 ). In particular, there is an 
abrupt and brief positiv·e-shift in the interva1 between 4000 and 5000 years B.P., followed 
by· a sharp and pronounced 018-depleted spike around 4000 years B.P .. A step-wise 8180-
enriched trend then brings the 8180 values from f'..11.3°100 to t*v2.6°/00 (Figure 5). After 
3000 )'ears B.P., the oxygen isotopic compositions of Uvigerina spp. are relatively stable at 
around 2.5° I 00, but are slightly depleted (0.2-0.3 ° I 00) in the last 2000 years, which is similar 
to the trend in the .N. d1utertrei records. 

3.4 The Carbon Isotope Records 

3.4.1 Planktonic Records 

The lower panel in Figure 3 shows the b13 C records from N. dutertrei for cores E25a 
and J3. In contrast to the 2° I 00 offset bet\11een the two sites for the 8180 records in the 
uppe.r panel, there is only a 1° /00 difference in the b13C between the two cores. The 6'13C 
values of N. duter·tr·ei from core E25a fluctuate between 1. 1 and 1.6° I 00, while those from 
13 are between -0.1 and 0.9° I 00 with most values heavier than 0.2° I 00. Of special interest is 
the fact that these two c513C curves are generally more coherent over the period of 1000 to 
5000 years B.P .. Over the last 2000 years, the depletion shift in 13C in core E25a relative 
to the Japan Sea core 13 in the Japan Sea seems to match the general 18 O depletion trend 
except that it has a smaller amplitude (Figure 3). 

In surface water, b13C is controlled by the relative importance of biological and thermo­
dynamically controlled processes. Carbon isotopes are fractionated by photosynthesis during 
the production of organic matter and to a lesser extent, during the formation of CaC03. The 
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preferential incorporation of 12 C into the organic matter leaves the surface seawater enriched 
in 813C. N. dutertrei is generally thought to have a 813C composition in equilibrium with 
the ambient 813C of �C02 (Fairbanks et al., 1982; Sautter and Thunell, 1991). As a dweller 
at a depth of around 100 m, N. dutertrei lacks the endosymbionts that appear to contribute 
to the ''vital effects" observed in many planktonic species (Helmleben et al., 1989). There­
fore, the c513C comf,ositions of N. dutertrei from this study are considered to be reliable 
indicators of the 81 C of the near-surface water. To estimate the 813C of the total dissolved 
inorganic carbon of ambient seawater (�C02), the equation of Grossman (1982), modified 
from Epstein et al. (1953) was employed: 

equilibrium calcite 813C (813C of (�C02) + (10.51 - (2980/(tw + 273))) , 

where tw is the temperature in degrees Celsius of ambient seawater. The average 813 C 
values of N. dutertrei (1.38°100 for E2.5a and 0.52°/00 for J3) and temperatures at the depth 
of 75 m (Chen and Bychkov, 1992) were applied and the estimated �C02 813C values of 
0.99°100 and 0.34°100 for cores E25a and 13, respectively were obtained. The difference in 
the �C02 813C compositions between E25a and J3 is 0.65°100, which accounts for about 
75o/o of the difference in average foraminiferal 813C compositions (1.38-0.52 = 0.86°100; 
0.65/0.86�75o/o ). 

As previously discussed, the differences in the hydrographic setting of these two local­
ities probably play an important role in the observed differences in the foraminiferal isotopic 
compositions. Nutrient concentrations (especially P04), which reflect the balance between 
nutrient supply and surface productivity, are closely related to the 813C of L-C02. The 
inverse correlation between the 813C and P04 is 0.93°100 per µMlkg according the calcu­
lations of Broecker and Peng (1982). In this case, the phosphate concentrations in the East 
China Sea are generally more depleted than those of the Japan Sea by about 0.2""0.3 µM for 
the upper 100 m in the water column (Figure 4; Chen and Bychkov, 1992), which in tum could 
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Fig. 4. Temperature· and phosphate profiles in the East China Sea (E25a) and 
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result in a O. l 9rv0.28° I 00 change in 813C. This nutrient-induced shift, therefore, seems to 
be adequate in accounting for the missing one quarter difference between the estimated of 
the :EC02 813C and foraminiferal 813C discussed above. 

3.4.2 Benthic Record 

The lower part of Figure 5 shows the 813C record of Uvigerina spp. for core E25a. 
Unlike the 8180 records, the range of fluctuations in the benthic 813C record is more or less 
similar to that in the planktonic one. Most of the c513C values are around -1.2± 0.2° I 00, 
except for a fe'Ai' brief C13-depleted intervals. Among these 13C-depleted intervals, there 
is a distinct negative 813C excursion around 4000 ye.ars B.P. which corresponds to the 
conspicuous 8180 depletion in the benthic 8180 record (Figure 5). The combination of both 
depletion in b180 and 813C, together with the sudden increase in the geometric mean of 
particle size as indicated at the top of Figure 5, strongly suggests an increase in the influence 
of freshwater. The mechanism responsible for this freshwater imprint, however, does not go 
undebated since the 8180 depletion is not shown in the planktonic record. 
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4. THE PALEOCEANOGRAPHY OF THE EAST CHINA SEA FOR THE LAST 
6000 YEARS . 

233 

·stratigraphic variations in foraminiferal 8180 over the Pleistocene largely represent 
the waxing and waning of continental ice sheets and hence reflect both the climate and sea 
level from a long-term perspective. In comparison with changes in the ocean-water isoto ic 

recorded in foraminiferal shells. For example, a 1.2° /00 difference in the <5180 composition 
of inorganic precipitated carbonate between the last glacial and the Holocene is generally 
expected (e.g., Fairbanks, 1989) and according to Craig (1965) would account for about 
a 6° C temperature change. In this study, however, excursions in both the planktonic and 
benthic 8180 ·records are interpreted as local temperature and/or salinity effects since the 
size of the polar ice sheets and, hence, the 8180 composition of the global mean ocean water 
have been relatively constant for the last 6000 years. It is true that the ''spiky'' pattern of 
8180 in the benthic record (Figure 5) is not conceivable in an oceanographic perspective. 
Turbidites could be easily invoked to interpret such abrupt changes. But with five AMS 14C 
dates from core E25a (Table l ), the continuity of these isotopic records seems plausible. 

In this paper, the 8180 records of N. dutertrei and Uvigerina spp. provide information 
on the upper water column and bottom water in the East China Sea through time, respectively. 
The generally similar patterns of the two curves in Figure 5 suggest that the mechanisms 
controlling the isotopic composition of the watermass, and hence the hydrographic setting in 
this area, are rather uniform within the water column. Because the prevailing current in this 
region is the Kuroshio, the strong western boundary current, it is likely that any variability 
in the Kuroshio is responsible for the recorded 818 0 signals� However, it is unusual that 
fluctuations in the amplitude of the benthic record are significantly larger than those in the 
planktonic one (Figure 5), particularly during the period between 4000 and 5000 years B.P .. 
Since the property of watermasses in the deep ocean is generally more stable than that of 
the surface, it is conceivable that the 8180 composition in the bottom water signaled a more 
direct influence of the variation source than in the upper water column which is replated by 
the dominant Kuroshio water. The spike-like negative deviations in the benthic 81 0 record, 
however, probably were derived from the pulsive input of watermasses from the continental 
side of the Kuroshio, e.g., the Taiwan Current War1n Water and the Yellow Sea Cold Water 
(Beardsley et al., 1985; Gong and Liu, 1994), if the water had been cold enough to sink. 
Over the last 2000 years, a progressive depletion of 8180 in both N. dutertrei and Uvigerina 
spp. is observed. Unlike the earlier interval, the amplitude of the planktonic signal is larger 
than the benthic signal, suggesting a more influential impact in the upper water column. It is 
probable that the 8180 depletion in the planktonic record resulted from warmer temperatures 
and/or less saline seawater due to increased net precipitation. 

The present geographic distribution of 813C in the deep ocean is closely related to 
the oxygen and nutrient contents of the various water masses and is strongly dependent on 
thermohaline circulation patterns (Kroopnick, 1985). On the other hand, the distribution of 
813C in surface waters is more complex and depends on the magnitude of the C02 exchange 
with the atmosphere, mixing with the thermocline waters and isotopic fractionation during 
photosynthesis. Therefore, the correlation between planktonic and benthic b13C records, 
with proper species selection, can be regarded as an indicator of the presence of some active 
water exchange between surface and deep water (e.g., Duplessy et al., 1988; Samthein et 
al., 1988). However, a number of studies have shown that the 813C composition of the genus 
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Uvigerina does not faithfully reflect that of the bottom water �C02 because of its infaunal 
microhabitat (Graham et al., 198 1 � Vincent et al., 1981; Duplessy and Shackleton, 1985; 
Oppo et al., 1990); they also reveal that isotopic composition is related to the accumulation 
rates of organic carbon (Zahn et al., 1986). 

The lower part of Figure 5 shows the time series of b13C for N. dutertrei and Uvige­

rina spp.. There is a general agreement betwe.en the 813 C trends of planktonic and benthic 
foraminifera except in the case of few peculiar inter\1als. The relative spiky and depleted 
pattern of benthic b13C might have resulted from the lateral transport from the upper conti­
nental slope. It is difficult to imagine the scenario of freshwater input as suggested by 818 0 
records (Figure 5). Yet the intermittent down slope transport of particles that moves con­
temporary depositions could be an alternati,1e mechanism for those 180- and 13C-depletion 
intervals. The lateral transport of patticulate organic carbon across the shelf break to the 
deep sea off northeastern Taiwan was documented by Liu et al. ( 1995). Based on repeate.d 
surveys, Liu and his associate.s ( 1995) concluded that the oligotrophic \\later of the Kuroshio 
Current was not likely a sufficient source of the patchy particulate organic carbon observed 
in the underlying \\later. Instead, the relatively high particulate organic carbon concentration 
in shelf water they found could have been the major source of the organic carbon-enriched 
sediments on the slope. Furthermore, based on a suite of 58 surface sediment samples from 
the continental margin of the East China Sea (Sheu et al., 1995), relatively light v·alues of 
813C in carbonates are mostly found in water depths of le.ss than 90 m. The difference in the 
513C compositions in surface sediments between shallow and dee.p sites could be over 2°100• 
Therefore, the scattering but relatively 180- and 13C-depleted signals of benthic foraminifera 
might have been resulted from the concurrent rework of particles (sediments) from shallower 
depths . 

In summary, a comparison of the planktonic isotopic records from cores E25a and J3 
reveals offsets that reflect the hydrographic contrast between the East China Sea and the 
Japan Sea. The general difference in the 8180 in these areas can be fully explained by the 
temperature effect. On the other hand, differences in nutrient concentrations are invoked to 
explain that part of the 813C offset between cores E25a and 13 that can't be explained by 
temperature alone. The apparent covariant trend of the 813 C curv·es in Figure 3 seems to 
indicate that the 813C pulses observed in the Japan Sea are linked to those of the East China 
Sea by changes in the Kuroshio Current. The watermass in the upper water co1umn is largel)' 
modulated by the Kuroshio Current as reflected by the reduced amplitude of the planktonic 
record relative to the benthic one. The significant freshwate.r flux, or rather an increase in the 
lateral transport in this area before 5000 years B.P. and around 4000 y·ears B.P are shown by 
the synchronous shifts of 8180 and c5.13C and the relatively coarser particles (Figure 5). The 
indication of warmer and/or more humid climate over the last 2000 years is indicated by the 
progressive 818 0 depletion in N. duter·trei. 
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Appendix I. Isotopic data for N. dutertrei and Uvigerina spp. from cores E25a and 
J3. Both 5180 and 813C are calibrated to the conventional standard PDB. 
Age estimates for each sample are based on the AMS 14 C age model for 
each core.2 

Core E2Sa 
' 

Core J3 
N. dutenrei Uvigerina spp. N. duunrei 

Depth(cm) Age (yr) 6110 %o 01,c %o 01•0 %o 613C %o Depth( cm) Age (yr) 0110 %o c513C %o 

7.5 200 -1.44 l .24 12.5 861 0.81 0.91 

12.5 266 -1.28 1.49 2.29 -1.20 
I 

17 .5 929 0.88 0.79 I 

17 .5 332 -1.27 1 .51 2.57 - l .03 22.5 997 0.51 0.44 

27.5 463 - 1 . 35 l .31 27 .5 1064 0.66 0.39 

32.5 529 -1.45 1.33 2.93 -1. 19 32.5 1132 1.06 0.15 

. 

37.5 595 -1.42 1.25 2.27 -1.] 5 37 .5 1200 0.63 0.59 

. 

42.5 660 -1.40 1.28 42.5 1267 1 .06 0.54 

47.5 726 -I .34 l . 1 I 47.5 1335 0.28 0.50 

52.5 792 -1 .19 1.32 2.32 -1.32 52.5 1402 0.62 0.67 

62.5 924 -1.26 1.33 57.5 1470 l .90 0.73 

67.5 989 -1.12 I .33 62.5 1538 1.34 0.90 

72.5 1055 -1.33 1.35 2.11 -1.40 67.5 1605 1.45 1.02 

77.5 1121 -1.36 1.27 72.5 1673 0.74 0.51 

82.5 1187 -1.22 1.06 2.25 -1.56 77.5 1740 1.12 0.20 

. ' 

97.5 1384 
. 

1.64 -1.15 82.5 1808 0.70 0.27 

105.0 1483 -1.53 1.30 2.02 -1.05 87 .5 1'876 0.92 0.87 

112.5 1581 -1.36 1.32 92.5 1943 0.83 0.74 

122.5 1713 -1.38 1 .13 2.33 -1.34 97 .5 2011 0.14 0.53 
. 

127.5 1779 -1.23 1.20 2.16 -1.69 102.5 2079 1.58 0.22 

135.0 1877 -) .13 1.38 2.31 -1.35 107.5 2146 0.93 0.60 

145.0 2009 -1.0 I 1.47 2.58 -1.27 112 .5 2214 0.51 0.58 

152.5 2108 -0.90 1.49 2.06 -1.41 117 .5 2281 1.44 0.58 

157.5 2I73 -0.90 1.46 2.53 -1.28 122 .5 2349 0.92 0.53 

162.5 2239 -1.06 1.45 1.85 -1.23 132.5 2484 0.78 0.46 

167.5 2305 -0.91 1.47 2.62 -1.32 137 .5 2552 0.48 0.28 

175.0 2404 -0.95 1.49 2.33 -1.07 142.5 2620 0.19 0.40 . 

185.0 2535 -0.99 I .41 147 .5 2687 0.85 0.47 

192.5 2634 -0.94 1.38 2.66 -1.22 157 .5 2822 0.90 0.32 
. 

195.0 2667 • 1.79 -0.99 162.5 2890 0.77 0.46 

197.5 2700 -0.69 1.% 167 .5 2958 0.98 0.52 

205.0 2798 -1.00 1.5 8 2.24 -1.31 172.5 3025 [ .08 0.21 
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(Appendix I. Continued.) 

Depth(cm) Age (yr) 6110 %o 613C %o 0110 %o 01JC %o Depth( cm) Age (yr) 0110 %o 013c %o 

215.0 2930 -0.86 1.46 2.62 -1 . l 1 177 .5 3093 0.62 0.32 

225.0 3008 -1 .00 1 .65 2.64 -1 . 17 182.5 3160 . o. 97 0.77 
-

235.0 3087 -0.99 1.36 2.59 -1 .08 187 .5 3228 0.90 0.60 

245 .0 3165 -1.02 1 .50 2.36 -I .23 I 192.5 3296 0.90 0.38 

255 .0 3243 -1.00 1.44 2.79 -0.77 197 .5 3363 0.90 0.44 

275.0 3400 2.05 -l .20 205.0 3465 0.68 0.5 6 

285.0 3481 -I. l 0 1.56 215.0 3600 0.80 0.52 . 
295.0 3563 -1.06 1 .24 225.0 3700 0.97 0.43 

305.0 3644 -0.79 l . 5 I 235 .0 3800 1.28 0.33 

315 .o 3726 -I . 13 I .52 2 .11 -0.98 245 . 0 3900 0.41 0.64 

325.0 3807 -I .14 1.53 2.04 -1 .23 255.0 4000 1.24 0.80 

335.0 3889 - 1 .2 9 1.50 1.45 -1 . 14 265 .0 4100 2.05 0.41 

345.0 3970 -1.08 l .44 1.36 - I .66 275 .0 4200 1.55 0.49 

355.0 4064 -1 .13 1.47 285 .0 4300 l .19 0.55 

365.0 4157 -1 . 11 1.54 2.54 -1 .02 295.0 4544 0.52 0.22 

375.0 4251 -0 . 7 4 1.62 2.73 -0.92 310.0 4910 0.37 0.42 

385 .0 4344 -1 .00 1 .25 330.0 5400 ] . 75 -0.49 

395.0 4438 -0.63 1.36 356.0 6030 2.39 -0.37 

405 .0 4531 2.50 -0.99 375.0 6500 1 . 91 -0.71 

415 .0 4625 -0.81 1 . 12 

425.0 4718 -0.90 1.20 

435 .0 4812 -0.83 1.28 

445.0 4905 -1 . 1 3 1.42 

455.0 4999 -1 . I 7 1.52 1.69 -1.57 

465.0 5 092 -1 .09 I .53 

47.5 .0 5 186 -1.09 1.49 I .50 - l .26 

485 .0 5279 -I .20 I . 3 l 

495.0 5 373 -1.22 1.39 

505.0 5 466 -0.94 l . 17 

515 .o 5560 -0.90 I .13 1.62 -1 .55 

5 22.5 5630 -0.91 1.07 
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