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A 200 YEAR RECORD OF CARBON-13 AND CARBON-14 VARIATIONS
IN A BERMUDA CORAL

Y. Nozaki, D.M. Rye, K.K. Turekian and R.E. Dodge

Department of Geology and Geophysics, Yale University, New Haven, Connecticut 06520

Abstract. A 200 year old brain coral, captur-
ed in Bermuda in 1976 was slabbed and x~rayed.
Using the annual growth bands sequential, dated
samples were taken over the entire growth period
of the coral and analyzed for 4'"%C, §13C and
§180. During the past 80 vears atmospheric vari-
ations in A'Y%C and §13C due to human effects,
such as release of bomb C-1l4 and dilution of both
C-14 and C-13 by fossil fuel burning, are close-
1y tracked by the coral. Prior to 1900 divergen-
ces between the coral and tree Al%C and 613C can
be related to world-wide changes in plant pro-
duction and possibly oceanic upwelling rates.

Introduction

Direct measurements of the increase of carbon
dioxide in the atmosphere, due to man's acceler-
ating use of fossil fuels, have been made over
the past v 100 years with the accuracy of meas-
urements improving over time (Keeling and Bacas-—
tow, 1977). The burning of fossil fuels con-
tributes no radiocarbon (1”0), thus causing the
140/12¢ ratio of the atmosphere to decrease.
This decrease in the !%C/!2C ratio in the atmos-
phere has been recorded in tree rings and named
the Suess effect after its discoverer (Suess,
1955). Since organic matter is low in its :°C/
12¢ ratio relative to atmospheric €Oy (Craig,
1953) the effect of burning this organic matter
is also to diminish the !3¢/!2C ratic of the
atmosphere. This effect has also been docu-
mented using tree rings (Stuiver, 1978).

In addition to the changes in the !%g, 13¢
and %C content of the atmosphere due to fossil
fuel burning, changes due to other effects have
also been found. These include: (1) the marked
1%¢/12¢ ratio increase since about 1954 due to
nuclear bombs; (2) natural fluctuations in the
I4c/12¢ ratio over the past 8000 years, the
causes for which there is not yet complete
agreement - Damon et al (1978) have called this
the "deVries effect'; and (3) decrease of the
13¢/12¢ ratio in the atmosphere commencing be-
fore the beginning of the fossil fuel burning
(as marked by the Suess effect)which Stuiver
(1978) ascribes to increased human burning of
trees. ;

Actually the measured increase in atmospheric
CO0, over time 1s about half of that expected
from the known amount of fossil fuel burning
(Keeling and Bacastow, 1977). The other half then
must be stored in the land (and pcssibly oceanic)
biosphere as organic matter and in the ocean as
inorganic carbon.

The evidence for the involvement of the ocean
is most strikingly seen in the increase in the
14¢/12¢ ratio in the surface waters of the oceans
due to the addition of nuclear bomb produced %C
gince about 1954 (see, for example, references in
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Fig. 2). The surface ocean, however, is less
homogeneous in its record of the 14c/12¢ ratio
than the atmosphere (see, for example, Stuiver,
1978) and, in the absence of long term synoptic
analyses of surface waters from around the world,
we must turn to the one, long term in situ ocean-—
ic detector at our disposal: the calcareous tests
of organisms. Most organisms with calcareous
tests, deposit bands that can often, but not al-
ways, be related to well-known periodic changes
in the environment, arising from lunar, daily,
seasonal or annual cycles. The calcium carbon-
ate depositing organisms with the longest, well-
defined periodic records are the reef-building
corals. The continuous growth for hundreds of
years makes some corals such as Diploria, the
brain coral, ideal recorders of the changing car-
bon isotopic composition of the local surface
ocean. Dodge and Thomson (1974) have used 228Ra
and 210Pb to determine the annual nature of the
bands in this coral. We have systematically
analyzed for the carbon isotopes in one such
coral from Bermuda. This coral was "born" in
1770 and was captured for this study about 200
years later in July, 1976.

Sampling and analytical methods

The brain coral (Diploria labyrinthiformis)
was collected, with the assistance of a scuba
diver and winch, from a reef 5 meters in depth
near North Rock, Bermuda, in July, 1976. Once
ashore the specimen was rough slabbed with a
masonry chain saw and then resectioned with a
geologic rock saw to obtain a parallel sided
slab of wmiform thickness (about 0.6 cm). The
slab was then x-radiographed using Kodak AA In-
dustrial X-ray film to expose annual density
band couplets (Dodge and Thomson, 1974). A pos-—
itive print of the x-radiograph was obtained and
bands at depth were assigned ages from the known
collection date of the coral surface. Referring
to thls x-radiograph, 3-5 year bands were suc-
cessively chipped off from the outer part, the
time interval increasing with depth to 15 years
for the deepest sample in order to obtain a suf-
ficient amount (about 25 g) for the radiocarbon
determination.

Radiocarbon was determined using the liquid
gcintillation counting technique of benzene des-
cribed earlier (Nozaki and Turekian, 1977). The
AM%C values were calculated using the following
equations (Broecker and Olson, 1961):

A
Sl ST TR o
sl e (e 1)x1000%,
oxX
and

Alkg = slhc-(2513c+50)(1+§iigo Z

10007 “*°
where A _ is the 1%¢/!2C ratio in NBS oxalic acid

standard and AS is the 1"*c/!2¢ ratio in the sam-
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Fig. 1. (A) al%c, (B) &!3c and (c) 6180 distri-
butions with age in a Bermuda brain coral (Dip-
loria). Error bars are + lg.

ple. For samples before 1950 A.D. A, was correc-
ted for decay using a half life of 5530 years.
No decay correction was made for samples after
1950 A.D. Errors are counting errcrs at the lo
level. Separate aliquots of each sample were
analyzed for 513¢ and §1%0. al1 samples were
roasted at 400°C in vacuum for 30 minutes prior
to dissolving in 100% phosphoric acid at 25°C to
release CO;. The analyses of the CO, were made
on a Nuclide 6-60 ratio mass spectrometer. The
§13¢c and 6180 are reported relative to PDB. The
precision, based on replicate determinations, is
w 0.1%, for both carbon and oxygen.

Figure 1 shows the results for our '"bicenten-
nial' coral.

.2 C-13 and C-14 Variations in a Bermuda Coral

Discussion

OQur fundamental premise is that a coral re-
cords the ambient carbon isotopic composition of
surrounding ocean as it grows. Secondary ef-
fects due to the local oxidation of organic
matter have been reported (Weber and Woodhead,
1972). This will cause the carbon isotopic com-
position of the depositing calcium carbomnate to
be lighter than the ambient water carbonate.

The oxygen isotopic composition of hermatypic
corals show a strong correlation with tempera-
ture as expected but are clearly offset from the
expected equilibrium values, also the result of
metabolic effects. We note from Figure 1 that
the variation of §!80 is very small and, thus we
assume that the organic metabolic isotopic effect
is also small and constant for carbon.

As a matter of convenience we can imagine two
water types influencing the coral. The first is
a surface water in complete exchange equilibrium
with the atmosphere so far as carbon isotopic ex~
change is concerned. The second is water sup-
plied from depth where it had been isolated from
the atmosphere for a long period of time result-—
ing in a carbon isotope complexion determined by
long term deep-sea processes rather than by equi-
libration with the atmosphere. The coral can be
expected to record the variation in relative con-
tributions of carbon from the two reservoirs
averaged over the sampling period.

The Nuclear Bomb !“C Tncrease

The Al%C values from 1950 to 1976 in the coral
are shown in Figure 2 together with measurements
made over time on ocean water from the Sargasso
Sea (15°N to 40°N) by a number of investigators.
The pattern in both the corals and the surface
sea water samples indicates an increase in l“%C
since 1955. Between 1967 and 1973, however, the
coral data appear to be lower than the general
Sargasso Sea values. The most simple explanation
of this fact is that during this six year period
supply of the deep component locally influenced
the water in which the coral was growing relative
to ambient "equilibrated" Sargasso Sea water. A
similar effect was reported by Moore and Krishna-
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Fig. 2. Comparison of Al"C in post-bomb coral

bands with published surface Sargasso Sea values.
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Fig. 3. Comparison of A!®C in tree rings (sum-

marized by Damon et al, 1978) and in Diploria
prior to 1950.

swami (1974) for a coral they analyzed for lYC
from the Gulf of Kutch in the Indian Ocean.

The Suess Effect

There is a virtually monotonic decrease in Lig
in the coral record from 1900 to 1955 which ap~
pears to demonstrate the Suess effect. When the
coral trend from 1900 and 1955 is compared with
the tree ring trend from data compiled by Damon
et al (1978), it is evident that the coral data
are lighter than the contemporaneous tree ring
values throughout this time by about 25%, (Fig.
3). The sustained 25%, offset between Sargasso
Sea surface water and trees indicates that the
COp gas exchange between the surface ocean in
this location and the atmosphere must be very
rapid.

In Figure 4, the §13C values for the Bermuda
coral over the past 80 years is compared to the
avallable data on tree rings. (As there is no
bomb effect for 13C the full record after 1900

TABLE 1:

=05

T T o T ]
™ 8%Cin Coral G 3%Cin Tree |
- o
o o] -
+05— x o 0
L o o o0 B R
%0 o —
o -
— x o
o o o 1
O »° o o il
» o —|-250
~ & o ° ve -
i o @. e © . e .
. k
= L 1.‘)'. .. ] L] L4
L e%y 00 %0 o o g
a O e
L o =
L. e
- a g ~{-255
e A O STUIVER (978) il
% TREE {AFREWWIESBERG(IQM}
° a x REBELLO + WAGENER I976)  —|
X & CORAL ® -
L% s i di | 1 | 280
1980 1950 1850 800 750
AGE (AD)
Fig. 4. Comparison of §!3C in tree rings and in

Diploria.

can be used). The decrease in §13C in both the
tree and coral over this time period can also be
ascribed to the dilution of atmospheric carbon
with fossil fuel carbon.

Table 1 shows that the changes in both Al%C
and 613C between 1900 and 1950 observed in our
coral are about 80% of those observed in trees.
The global box diffusion model of Oeschger et al
(1975) predicts that the world-wide surface ocean
response should be 40% of that in the atmosphere.
This difference between the model value and the
coral value can be ascribed to the relatively
rapid exchange of CO, across the sea surface and
the relatively small exchange rate with deep wa-
ter in this region of the Sargasso Sea relative
to the average for the world oceans.

Variations in A!%C and §13¢C in the Coral between
1770 A.D. and 1900 A.D.

We have seen that to a good first approxima-
tion the Al%C and 613C record of the first 76

al%c and 613¢ changes between 1900 and 1950 A.D. in the Bermuda coral

and trees compared to the Oeschger et al (1975) box diffusion model

Ratio of difference

Difference in ocean (coral)
between relative to
1900 A.D. 1950 A.D. 1900 and 1950 atmosphere (wood)
A, Observed values
Al%  Coral -28 -50 -22
0.79
Wood -2 =30 -28
§13¢  Coral - 0.15 - 0.55 - 0.40
0.80
Wood -25.2 =257 - 0.50
B. Box diffusion model values from Oeschger et al (1975)
aAl%c  surface -52.3 -58.0 - 5.7
ocean 0.39
Atmosphere - 5.0 ~19.5 -14.5
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years of the present century, with its large
changes due to the actions of man, is recorded by
the Bermuda coral virtually to the same extent as
by the trees. We now explore the relationship
between the two detectors prior to 1900. Between
1830 A.D. and 1900 A.D., the AL%C values in wood
are nearly constant, whereas those in coral are
depressed by v~ 20%, relative to the wood trend
(Fig. 3). 1In the same period, the atmospheric
613C values appear to have a strong peak (reach-
ing up to 1%,) around 1855 A.D., whereas those

in the coral are approximately constant (Fig. 4).
If oceanographic conditions in the western Sar—
gasso Sea remained constant over the last two
hundred ¥ears, the atmospheric variation in both
13¢ and '%C should be tracked by the surface
ocean as sensed by the growing coral as was seen
between 1900 and 1976. This of course is not
borne out by the facts. =

We believe that the most likely explanation
for the observed depression of A%C and §13C in
the coral relative to the expected values in-
ferred from the tree data during the periocd 1830
and 1900 is enhanced local upwelling. Broecker
et al (1960) indicate that the pre-bomb sub-sur-
face water in the Sargasso Sea had an average
A4C value of -60%, at depths between 200 and 400
meters and -105%, below 400 meters in 1957 to
1959 A.D. Although the sub-surface water values
in the 1950's may have been affected by the Suess
effect to some extent, it seems possible to de-
press the surface 1%¢ values by 20%, more than
expected from an equilibrated ambient surface
water by the out-crop of the sub-surface water
above the thermocline or by increased vertical
diffusion.

Wherever it comes from, this deeper component
will carry with it a lighter 613¢ carbon than the
ambient equilibrated surface water has. Since
the present day sub-surface water of the Sargasso
Sea is lighter by v~ 0.5%, than the surface water
(Kroopnick et al, 1972). In order to maintain
a constant 8!3C value for the water from which
the coral deposits its calcareous test, there
must be a compensatory preferential removal of
12¢ relative to !3C on a shorter time scale than
the atmospheric equilibration rate of about 12
years (Broecker and Peng, 1975). Thus we believe
that photosynthesis by marine plants with subse-
quent removal of low 613 organic carbon from the
surface layer maintains the §!3C in the surface
ocean independent of atmospheric equilibration at
times of upwelling. The maintenance of this
level may derive directly from the fact that the
upwelling water with the lighter §13¢ component
is also rich in nutrient elements and thereby
enhances the productivity in the surface ocean
with consequent net removal of isotopically light
organic matter.
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