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coral-head zone with many of the same
species recurring. Montastrea annularis, Acropora cervicornis, Diploria sp.,
Siderastrea sp., and Porites porites are
quantitatively the most important. Of
lesser importance are Agaricia agaricites, Eusmilia fastigiata, Favia fragum,
Meandrina meandrites, Colpophyllia
natans, Porites astreoides, Montastrea
cavernosa, Madracis sp., and Oculina
difjusa. Bladed colonies of Millepora
alcicornis as well as coralline algae
crusts and molluscan debris are locally
abundant. The term "rear zone," as
used by Goreau (2) for the reef community behind the A. palmata crest
zone, is applied to these similar occurrences in the Barbados Pleistocene
reefs.
An estimation of the depth of water
in which the various coral zones developed has been made from measurements of the uplifted reefs. However,
before any considerations of depth can
be attempted, a reference datum must
be established. By analogy with Recent
West Indian reefs, it is assumed that
the crest of any reef terrace with a welldeveloped A. palmata zone can be
taken to represent mean low tide level
as related to that particular reef. Inferences about depth based upon such
a datum would be minimum figures
since a reef crest could exist in deeper
water. Table 1 shows measurements
taken in 19 exposures through reef
terraces with well-developed A. palmata crests. A figure followed by a
single asterisk indicates a locality where
the base of the particular zone being
measured is not exposed; it is therefore a minimum figure.
An average depth range for the individual zones has been calculated with
only the values where the particular
zone being measured was fully exposed.
The average depth ranges of the Barbados Pleistocene reefs agree particularly well with depth ranges reported
for the various coral zones of Recent
West Indian reefs of Jamaica (2).
The coral zonation of the uplifted
Pleistocene reefs on Barbados is comparable in many respects to the coral
zonation observed in various Recent
West Indian reefs such as those of
Jamaica (2), South Florida (3, 4), the
Bahamas (5, 6) and British Honduras
(7). In particular, some exposures
through Barbados reef terraces exhibit
a coral zonation nearly identical to
that reported by Goreau for- Recent
coral reefs along the northern coast of
Jamaica (2).
Some discussion has arisen concern5 MAY 1967
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Fig. 1. Schematic coral reef zonation model constructed from an average of measurements taken in 19 exposures through uplifted Pleistocene reefs on Barbados, West
Indies. Arrow points seaward.
ing the relative importance of various
corals in the overall biomass of the reef
structure. Ginsburg (3) and Shinn (4)
report that the primary structural element of the bank reefs of the Florida
reef tract is A. palmata. In the Jamaican reefs, M. annularis is the dominant
contributor to the framework of the
reefs with A. palmata being of secondary importance (2). While M. annularis and A. palmata are major contributors to the Barbados Pleistocene

reefs, A. cervicornis is equally important as a framework builder.
The coral zonation shown in Fig. 2
or some variation of that scheme
occurred numerous times during the
Pleistocene in the Barbados reefs. Thus,
similar zonations in Recent West Indian
reefs are not solely Recent phenomena. Perhaps the idealized Barbados reef zonation model shown in Fig.
2 is the climax zonation for West
Indian fringing and barrier reefs in

Table 1. Depth range of coral zone below reef crest; n.e., not exposed; n.d., not developed.
Section
BD
CZ
BT
BS
BE
AEO
DM
BF
BY
EH
EW
AFM
D
IF
AEU
E
QU
HG
BV

A. palmata zone
(meters)

Buttress zone
(meters)

A. cervicornis zone
(meters)

Coral-head zone
(meters)

0-6.8
0-4.0
0-6.8
0-2.8
0-3.7
0-4.0
0-3.1
0-5.5
0-4.0
0-9.2
0-5.2
0-6.2
0-4.6
0-4.9
0-3.7
0-2.2
0-4.6
0-5.5
0-3.7
0-4.8

n.d.
n.d.
n.d.
n.d.
n.d.
4.0-9.5
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.
4.6-12.3*
n.d.
n.d.
n.d.
4.6-10.2*
n.d.
n.d.
4.4-9.5

6.8-17.8*
4.0-12.0*
6.8-18.2
2.8-10.2*
3.7-13.8
9.5t-17.8*
3.1-13.5
5.5-13.5*
4.0-13.2
9.2-26.5
5.2-23.7*
6.2-16.9
n.e.
4.9-15.1
3.7-7.7*
2.2-7.1
n.e.
5.5-10.2*
3.7-10.8
4.8-15.0

n.e.
n.e.
18.2-27.7*
n.e.
13.8-15.4*
n.e.
13.5-20.3*
n.e.
13.2-21.2*
26.5-33.2*
n.e.
absent
n.e.
15.1-23.7*
n.e.
7.1-20.3*
n.e.
n.e.
10.8-12.6*
14.8

1-10

7.0-15.0

Average
Recent Jamaican
0.5-6.0
reefs
(Goreau) 1959

* Minimum figure; base not exposed.

15.0

t Lowered due to presence of buttress zone.
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Variation in Atmospheric Carbon-14 Activity
Relative to a Sunspot-Auroral Solar Index
Abstract. Radiocarbon activity was negatively correlated (P < .01) with a sunspot-auroral index during 25 designated solar activity periods from 129 B.C. to
A.D. 1964. Change in carbon-14 activity during these periods was inverse to
change in solar activity in 22 of 24 instances (P < .001). Contamination from
carbon-14 formed during previous solar cycles may lessen the value of carbon-14
as a climate or solar index.

Fig. 2. An exposure within the A. cervicornis zone. Skeletons of A. cervicornis
compose over one-half of this exposure;
the remainder is infilling matrix. Hammer
is 32 cm long.

Fig. 3. Circular cross-sections of massive
branches of A cropora palmata near the
reef crest. Branches are oriented perpendicular to the trend of the reef tract.
Hammer is 32 cm long.
general. Variations of a Recent West
Indian fringing or barrier reef from
this model might well be, in part, a
function of its developmental history.
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A negative correlation between atmospheric radiocarbon activity and
solar activity was suggested by Stuiver
(1) on the basis of carbon-14 data of
Willis et al. (2) which covered a 1300year period. Subsequent analysis by
Stuiver (3), Suess (4), and Bray (5)
supported this suggestion. Bray found
a significant negative correlation between C14 and solar activity over the
period 200 B.C. to A.D. 1860, but the
relationship was uncertain at the
higher solar activity levels. Below I
present a further analysis of this relationship, using a combined sunspot and
auroral index of solar activity and an
augmented set of radiocarbon activity
data.
Sunspots and auroras are the only
aspects of solar activity for which direct observations are available over a
long-term historical interval. Since both
these features indicate level of solar
activity, a combination of sunspot and
auroral data into a single solar activity index appeared feasible. The index was based on compilations by
Schove of sunspot activity from 522
B.C. to A.D. 1947 (6) and of auroral
activity from 500 B.C. to A.D. 1960
(7). Since some periods were represented by measurements of only one of
these features, the relationship between
the Schove sunspot and auroral indices
was examined to allow representation
by either feature if the other were
missing. The mean auroral value was
found to equal nearly half (.48) the
mean sunspot activity value. An index
was constructed, therefore, in which
solar activity equalled (i) the sum of
the auroral value and one-half the sunspot value, (ii) the sunspot value if
auroral data were missing, (iii) twice
the auroral value if sunspot data were
missing. The result of this compilation
gave indices of solar activity for every
sunspot cycle from 527 B.C. to A.D.
1964 with the exception of the periods
378 to 355 B.C., 333 to 250 B.C., 239
to 220 B.C., and A.D. 203 to 283.
These missing periods were tentatively
assumed to represent low solar activity periods, since it is easier to dis-

cover historical records of high sunspot or auroral activity than of lower
activity (8). As noted by Schove (6),
historical observations of solar activity
before A.D. 1600 are of less reliability,
especially as to the exact year of observation.
A total of 361 C14 activity values
from 12 laboratories were summarized
from published data (2, 4, 9-11) by
the criteria previously outlined (5). All
C14 values were converted to the
5730-year half-life, thus allowing a
more accurate representation of the
older measurements and reducing their
magnitude of variation relative to the
more recent values. Such variation, due
to the less correct half-life of 5568,
partly accounted for the higher C14
values before around 100 B.C. summarized in Bray (5).
Examination of the sunspot-auroral
index values from 527 B.C. to A.D.
1964 showed the same pattern of higher
activity alternating with lower activity
that was summarized for the period
A.D. 1656 to 1964 (12). Intervals of
three or more solar cycles with all or
nearly all sunspot-auroral index values
above 100 alternated with intervals in
which all or nearly all index values
were below 100. A division of the
sunspot-aurora index data was made,
therefore, into periods of alternating
"high" (>100) and "low" (< 100) values
by the following criteria: (i) if a period
was interrupted by one cycle of a different value, the period was continued:
(ii) if the period was interrupted by
two cycles of different value the period
was continued if the next two cycles
were within the period; (iii) if the period was interrupted by three successive
cycles of different value, these cycles
constituted the beginning of a new period. Application of these criteria over
the interval 527 B.C. to A.D. 1964
resulted in the designation of 31 solar
activity periods which varied in length
from 28 to 189 years (Table 1). The
mean solar index for the "low" periods
varied from 60 to 89; that of the
"high" periods, from 107 to 137.
Variation in C14 activity is shown
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