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Abstract—The South China Sea, due to its location and high sedimentary C;, alkenone concentrations,
is an ideal environment for the evaluation of the linear relationship between the alkenone-derived U¥;
index and sea surface temperatures (SST) at the warm boundary. The alkenone compounds in this
system have been analyzed in a series of coretop sediments covering most of the areas situated far from
the influence of riverine inputs. The resulting U%; indices have been correlated with averaged SST of
various depth levels and seasons. Curve fitting of these parameters have shown that the linear U%,/SST
relationship is maintained at the warm end, which strongly contrasts with the lack of correlation at low
SST reported in other studies. The best curve fittings of the U%, measurements are obtained for the
annually averaged 0—30 m water column temperatures, providing a linear equation, U%, = 0.031T
+ 0.092, that is the same within error limits as those previously obtained in open ocean sites or Emiliania

huxleyi cultures.

1. INTRODUCTION

The long chain C;;-C;; alkenones are sedimentary com-
pounds whose only known sources are Haptophyceae algae
(Volkman et al, 1980; Marlowe et al., 1984). These com-
pounds are used for past sea surface temperature (SST)
estimations in open marine systems. The relationship be-
tween ketone composition and water temperature is based
on the degree of unsaturation of the ketone distributions
which is measured by means of several indices.

The first index was defined by Brassell et al. (1986a,b)
as

U% = (Csz2 — C374)/(Caz2 + Cyz3 + Ciza)

where C,.4, C373, and Cs;., are the concentrations of heptatri-
aconta-(8E,15E,22E,29E ) -tetraen-2-one, heptatriaconta- (8E,
15E,22E)-trien-2-one, and heptatriaconta-(15E,22E)-dien-
2-one, respectively. However, the low concentrations of the
tetraunsaturated ketone encountered in the sediments (Bras-
sell et al, 1986a) led to propose a simplified expression
(Prahl and Wakeham, 1987):

Uk = Cya/ (Cya + Cxs)

The first evidence of a link between U%, indices and SST
was provided by comparison of a U%; profile and the §'*0
composition of foraminiferal species in an Atlantic Ocean
sediment core encompassing the last 120.000 years (Brassell
et al, 1986a). Later, U%; determinations in isothermally cul-
tured Emiliania huxleyi, the most abundant coccolithophorid
species in the present oceans (Marlowe et al., 1984 ), showed
that the relationship was linear in a range of 8—25°C (Prahl
and Wakeham, 1987; Prahl et al, 1988).

This linear relationship was confirmed in subsequent stud-
ies encompassing water column particulate organic matter
(Prahl and Wakeham, 1987; Prahl et al., 1988, 1993; Conte
et al., 1992; Freeman and Wakeham, 1992; Conte and Eglin-
ton, 1993; Sikes and Volkman, 1993; Ternois et al., 1997)
and coretop sediments ( Prahl et al., 1988, 1993; McCaffrey
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et al., 1990; Sikes et al, 1991; Kennedy and Brassell, 1992;
Conte et al, 1992; Rosell-Melé et al., 1995; Madureira et al,
1995; Sonzogni et al., 1997). In this latter case, the U%,
determinations were compared with average SST of the over-
lying waters.

On these grounds, one important aspect to be considered
concerns the cold and warm limits of the U%, - SST linear
relationship. Whereas the cold temperatures (—0.7—-12.2°C)
have been examined in one previous study (Sikes and Volk-
man, 1993), the linear range at the warm boundary (>25°C)
is still pending to be evaluated. This aspect is important
because average temperatures in the order of 25-29°C are
encountered in many warm oceans (Table 1). These temper-
atures are located at low latitudes and play an important
role in the atmosphere-ocean interaction, conditioning the
position of the Intertropical Convergence Zone. Thus, the
use of the U*y, index to reconstruct paleo SST in the warm
areas can be crucial to study changes in the intensity of the
Trade Winds and the Hadley circulation.

The South China Sea is a tropical sea amongst the warmest
in the Earth (Table 1). Its warm SST together with its high
amounts of sedimentary C,; alkenones make it an ideal site
to evaluate the linearity of U%, vs. SST at the warm end.
Furthermore, SST paleoreconstruction in this area is of great
interest to monitor changes in monsoonal activity and thus
in global circulation.

Accordingly, this work is aimed to evaluate the applicabil-
ity of the U%; index as paleothermometer in the South China
Sea, which is taken as reference area for the warm SST
boundary. The study has been performed by analysis of a
series of thirty-one top cores distributed throughout the areas
free from coastal influence (Fig.1). The U%; indices of the
sedimentary C,; alkenone distributions have been compared
with the modern SST corresponding to different water depths
and seasons available from oceanographic databases (Levi-
tus, 1994). The results have been evaluated in terms of the
oceanographic significance of the seasonal and depth profile
patterns reflected in the correlations.
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Table 1. Main warm water areas in the world oceans and seas
and aproximate annual SST range (Levitus, 1994).

Warm Marine Surface waters temperature

Areas range (°C)

Equatorial Atlantic 25-28

Caribbean Gulf 25-29.5

Micronesia area 25-29.5

Arabian Gulf 28-29.5

Sulu Sea 26.5-30.5

South China Sea 23-29

2. MATERIALS AND METHODS

The sediment samples studied correspond to the upper centimeter
(0-1 cm) of a box-core set obtained during the R/V SONNE cruise
in April-June 1994 (Sarnthein et al., 1994; Fig. 1). The sedimenta-
tion rates of these cores range between 5 and 50 cm/ky (M. Samn-
thein, pers. commun.). Thus, the upper sediment sections average
approximately among 20 and 200 y, not taking into account bioturba-
tion. If a 10 cm thickness of bioturbated sediment is considered
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(Berger and Heath, 1968; Thomson et al., 1995), the sections used
for this study would average 2000 years at the most. Since the latter
Holocene temperatures are not believed to have changed signifi-
cantly, comparison of U%; data with the modern SST of the overlying
surface waters is a consistent approximation. The water depths of
these cores range between 900 and 4200 m.

The procedures and equipment used for the U%; index determina-
tions are described elsewhere (Villanueva et al., 1997). Briefly,
sediment samples were freeze-dried and manually grounded for ho-
mogeneity. After addition of an internal standard of nonadecan-
1-ol, hexatriacontane, and tetracontane, approximately 3 g of dry
sediment were extracted in an ultrasonic bath with dichloromethane,
and the extracts were hydrolyzed with 6% potassium hydroxide in
methanol to eliminate wax ester interferences. After derivatizing
with bis(trimethylsilyl ) trifluoroacetamide, the extracts were ana-
lyzed by gas chromatography coupled to flame ionization detection.
Selected samples were examined by gas chromatography coupled to
mass spectrometry to confirm compound identification and check
for possible coelutions.

Modem SST data for comparison with U%; values has been triangle
interpolated for each South China Sea station from the one-degree
latitude-longitude grid World Ocean Atlas 1994 data set (Levitus,
1994). The World Ocean Atlas 1994 and the atlas data sets were
produced by the National Oceanographic Data Center (NODC) Ocean
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Fig. 1. Map of the sample locations in the South China Sea. The sediment samples collected. for study correspond
to the upper centimeter (0—1lcm) of box-cores obtained during the R/V SONNE cruise in April-June 1994.
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Fig. 2. Representative chromatogram of the South China Sea coretop samples (17943). Cis: heptatriaconta-
(8E,15E,22E)-trien-2-one. Cs7.,: heptatriaconta- (15E,22E)-dien-2-one. LS. Internal Standard (hexatriacontane).

Climate Laboratory using NODC’s data holdings as of the first quarter
of 1993, which includes global distribution maps of the data represent-
ing approximately the last hundred years (Levitus, 1982). World Ocean
Atlas 1994 database is quality controlled through procedures docu-
mented in two NOAA Technical Reports (Boyer and Levitus, 1994;
Conkright et al., 1994). Data for water temperature at the standard
depths of 0, 10, 20, 30, and 50 m is available from this data set. Also,
season composite temperatures are available based on seasons following
the Northern Hemisphere convention. Some authors have noted that
Levitus data can be smoothed away for small-scale plumes of low
salinity surface water in areas influenced by fluvial freshwater inputs
(Wang et al., 1995). For this reason, the coretop selection chosen for
this study has not included samples from the coastal western areas
influenced by major river discharges.

3. RESULTS AND DISCUSSION
3.1. C;; Alkenone Composition

A representative chromatogram of the Cs; alkenone com-
position in the superficial sediments of the South China Sea
is shown in Fig. 2. No Cj;4 is found in these warm waters.
Thus, the above described U%; and U%; indices are identical.
In fact, in such warm waters, the U%; and U*37 values are
close to one, which means that the concentrations of Cjz;
are low. In these conditions, the total concentrations of Cs;
alkenones must be high for the accurate measurement of the
concentration of this triunsaturated species. In the sediments
considered for this study, the total Cs; alkenone abundances
range between 200 and 1000 ng/g and the U%, indices be-
tween 0.910 and 0.972. The highest U%; index, 0.972, (low-

est relative proportion of Cj;3) is found in samples with total
Cy; alkenone abundance of about 500 ng/g, which corre-
sponds to a Ci;; concentration of 15 ng/g. This minimal
concentration is sufficient for GC injection of amounts above
the irreversible adsorption threshold which biases the U%,
determination upon alkenone analysis with wall coated capil-
lary columns (Villanueva and Grimalt, 1996).

Another distinct aspect of the alkenone composition in
warm waters is the absence of Ci¢ alkenoates which are
found at temperatures colder than 24°C (Conte et al., 1992).
These compounds, particularly the methylhexatriaconta-
7E,14E 21E-trienoate, coelute with the Cs; alkenones diffi-
culting the U% measurements. In any case, the potential
interference of this compound and other waxes is eliminated
with the hydrolysis step included in the analytical procedure
of these South China Sea sediments (Villanueva et al.,
1996).

3.2. U% Measurements and the Vertical Temperature
Profile

As common sense suggests, the sedimentary U%; should
mainly represent the seawater properties of the seasons and
depths of higher Haptophytae development (Conte et al,,
1992; Brassell, 1993; Chapman et al., 1996). Increased pro-
duction leads to higher sinking of detritus (Lampitt, 1985)
and reduces the residence time in the water column, which
further enhances preservation (Conte et al., 1992).



4792 C. Pelejero and J. O. Grimalt

Annual Om

0,8+ 1
] ~a 0,98
‘ 0.6 - ] - 0.96
U i L
37 ] X E 094
0.4] o ] P Uy
. H > - 0,92
0,2.] L ] . -0.9
-+ o * 3
] [ 3 . - 0,88
- - b
0 - L e e e e e e+ 0,86
-5 0 5 10 15 20 25 30 23 25 27 29
Temperature (°C) Temperature (°C)
PR IIPITR SUTITS PATITS BUITITE IS ST O n
1 Annual 30m ~
0.8 - _\ o 1
] / L ] -0.98
) 0.6 /. - 3 £ 0,96
U 37 ] 13 : .E L. 0,94 K
0.4 -] . L : Us7
4 . L e - 0.92
N .... |
] ) b 0.9
02 4 / C
i ARV L 3 - 0.88
4 % L
0 ,”.'ff‘...,,..,l.,..pn.,,.‘,ln” 0.86
5 0 5 10 15 20 25 30 23

Temperature (°C)

Temperature (°C)

Fig. 3. In triangles, U%; index for the South China Sea sediments shown in Fig. 1. These are represented vs. the
modern times annual average SST overlying the coretop locations at different depths (0, 30, 50 m and average 0-30
m; Levitus, 1994). In circles, previous reported data for particulate and sediment trap matter (Prahl and Wakeham,
1987; Sikes and Volkman, 1993), corresponding to a large series of oceanic sites. Three linear regression curves are
shown: (1) only particulate and sediment trap matter from the previously reported data over a temperature span of
—0.7-28°C, (2) only the South China Sea data, (3) all pooled data.

Unfortunately, the information on the annual coccolitho-
phorid production patterns in the South China Sea is very
limited. In this respect, one recent sediment trap study on
coccolithophorid sinking fluxes (Wiesner et al., 1996), has
not evidenced any specific seasonal period of maximal pro-
ductivity. Likewise, no information is available on produc-
tivity differences in subsurface waters.

In the absence of sufficient knowledge on the dynamics
of the Haptophyta populations in the South China Sea waters,
any calibration study must consider both the yearly tempera-
ture cycle and the various depths at which Haptophyta are
encountered. It is well known that Haptophyta live within
the euphotic zone, not being restricted to the sea surface
(Okada and Honjo, 1973; Okada and Mclntyre, 1979). E.
huxleyi, the main alkenone producer in the present times,
synthesizes a carotenoid pigment, 19’hexanoyloxyfucoxan-
thin (Haxo, 1985), that enables to do the photosynthesis at
the bottom of the subsurface chlorophyll maximum, where
nutrients are often replete (Prahl et al., 1993). Accordingly,
in a first comparison we have correlated the sedimentary
U%,; data set with the annual averaged SST overlying the
coretop locations at various water depths (0, 10, 20, 30, and
50 m).

As shown in Fig. 3, the U%; index and annual averaged
SST exhibit a remarkable linearity at all depths. The correla-
tions involve temperature ranges between 27-29°C and
24.5-26.5°C, corresponding to a 0 and 50 m depth, respec-
tively. All linear correlation coefficients (R) are higher than
0.9, with the best fit for 30 m depth (R=0.932; Table 2).
The lowest R value, 0.909, corresponds to the deeper section
(50 m). Statistical F tests between variance residuals at a
significance level of 95% do not show significant differences
between these correlation coefficients, which corresponds to
similar 0—50 m depth-temperature gradients in all studied
sites. As expected, the water column temperature profiles
are essentially differentiated by the shifting effect of local
SST. However, there is a slight trend towards worse linear
correlations below 30 m depth. This trend has also been
reported in closely related studies performed in other areas
(Rosell-Melé et al., 1995; Sonzogni et al., 1997).

The slopes of these correlations range between 0.025 and
0.032, the latter being a value close to the slope of the
linear equation taken as reference in many studies (Prahl
and Wakeham, 1987). The temperatures exhibiting the more
deviated values (lowest slope, 0.025) are those correspond-
ing to the lowest depth, 50 m.
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Fig. 3. (Continued)

The similarity of these slopes with those from previously
calibrated U%;/SST linear equations and the high R values
are very remarkable in view of the narrow temperature range
recorded in the South China Sea. The linear correlation be-
tween U%; and SST is, therefore, proved to work in the warm
boundary (up to 29°C), which represents a distinct feature

from the observed lack of linearity in the cold extreme of
the calibration curve (Sikes and Volkman, 1993).

The comparison of these sedimentary values to U%,/SST
data from water column measurements provide further
ground on the reliability of the sedimentary estimates since
water column data correspond to direct temperature determi-

Table 2. Parameters of the linear regression curves between annually averaged SST at different depth levels (Levitus, 1994) and the South China
Sea U%; data or the combined South China Sea and particulate and sediment trap U, data reported elsewhere (Prahl and Wakeham, 1987; Sikes and

Volkman, 1993).

Depth Only South China Sea data All data Depth Only South China Sea data All data

Om temperature range 269 — 286 = 1.7 —0.7 — 286 = 293 temperature range 262 - 2719 = 17 ~0.7 - 280 = 287
y-intescept (a) 0070 = 0.142 —0.054 + 0022 y-intercept (a) 0.162 *+ 0.114 —0.059 + 0.023
slope (b) 0031 * 0.005 0.036 = 0001 slope (b) 0,029 = 0.004 0.037 = 0.001
cotrelation coefficient (R) 0918 0.989 correlation coefficient (R) 0932 0.989
correlation coefficient (R?) 0.843 0978 correlation coefficient (R?) 0.869 0978

10 m  temperature range 269 —-284=15 —-07 — 284 = 29.1 temperature range 246 ~ 265 =19 —07 ~ 28.0 = 287
y-intercept (a) 0.046 = 0.146 —0.054 + 0.022 y-intercept (a) 0030 + 0.111 —0.069 + 0.026
slope (b) 0032 + 0.005 0.036 = 0.001 slope (b} 0.025 *+ 0.004 0.039 + 0.001
correlation coefficient (R) 0919 0.989 correlation coefficient (R) 0.909 0.986
correlation coefficient (R) 0.845 0978 correlation coefficient (R?) 0.826 0972

20 m  temperature range 267 —-282=15 —0.7 — 282 =289 Mean (0-30) temperature range 267 - W82=15 -07 — 282 =289
y-intercept (a) 0.098 * 0.131 —0.056 + 0.022 y-intercept (a) 0.092 + 0.131 -0.056 + 0.022
slope (b) 0031 * 0.005 0.036 + 0.001 slope (b} 0.031 * 0.005 0.036 = 0.001
correlation coefficient (R) 0926 0.989 correlation coefficient (R) 0926 0.989
correlation coefficient (R?) 0.857 0978 correlation coefficient (R?) 0.858 0978
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Ta.ble 3. Parameters of the linear regression curves between SST at 0-30 m and different seasons
(Leyxms, 1994) and the South China Sea U%; data or the combined South China Sea and particulate and
sediment trap U%, data reported elsewhere (Prahl and Wakeham, 1987; Sikes and Volkman, 1993).

Season Only South China Sea data All data
Winter temperature range 239 - 27.1 =32 —-0.7 — 28.0 = 28.7
y-intercept (a) 0.573 = 0.052 0.067 = 0.027
slope (b) 0.014 + 0.002 0.038 + 0.001
correlation coefficient (R) 0.937 0.985
correlation coefficient (R?) 0.878 0.970
Spring temperature range 2712 -290=18 -0.7 - 29.0 = 29.7
y-intercept (a) 0.093 = 0.156 —0.050 = 0.022
slope (b) 0.030 * 0.006 0.035 = 0.001
correlation coefficient (R) 0.899 0.989
correlation coefficient (R?) 0.808 0.978
Summer temperature range 282 - 290 =0.8 ~0.7 - 29.0 = 29.7
y-intercept (a) 0.436 = 1.058 -0.045 = 0.022
slope (b) 0.175 + 0.037 0.035 + 0.001
correlation coefficient (R) 0.034 0.989
correlation coefficient (R?) 0.001 0.978
Autumn temperature range 264 — 283 =19 —-0.7 - 283 = 29.0
y-intercept (a) 0.192 *= 0.100 —0.057- + 0.022
slope (b) 0.027 = 0.004 0.036 * 0.001
correlation coefficient (R) 0.943 0.989
correlation coefficient (R?) 0.889 0.978
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Fig: 4. In triangles, U%; index for the South China Sea sediments shown in Fig. 1. They are represented vs. the
modern times 0-30 m water depth temperatures overlying the coretop locations at different seasons (Levitus, 1994).
In circlés, previous reported data for particulate and sediment trap matter (Prahl and Wakeham, 1987; Sikes and
Volkmdi, 1993), corresponding to a large series of oceanic sites. Three linear regression curves are shown: (1) only
pa.rticulﬁte and sediment trap matter from the previously reported data over a temperature span of —0.7-28°C, (2)

only the South China Sea data, (3) all pooled data.
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nations in the sites of alkenone production (Sikes et al.,
1997). For this purpose, the South China database has been
pooled with previously reported data from particulate and
sediment trap material encompassing the whole range of
temperatures (—0.7-28°C) obtained from the study of a
large variety of oceanic sites (Northeast Pacific, Caribbean
Sea, North Atlantic, Equatorial Pacific, and Southern Ocean;
Prahl and Wakeham, 1987; Sikes and Volkman, 1993).

The joint correlation of both series shows that the linear
relationship is maintained irrespectively of the water depth
temperatures assigned to the South China Sea sedimentary
U%; values (Fig. 3). However, the lowest R coefficient and
highest deviation between slopes of the South China Sea
series and combined data set corresponds to the assignment
of the sedimentary U%; values to the 50 m depth tempera-
tures. In contrast, no major differences are observed between
the slopes obtained by assignment of the South China Sea
U%; values to the temperatures of 0, 10, 20, or 30 m depths.
These depths also correspond to the highest R coefficients. In
these conditions, taking into consideration the water column
habitat of the Haptophyceae algae, the most reasonable esti-
mate corresponds to the calibration with the averaged water
column temperatures in the 0—30 m depth range.
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3.3. U% and Seasonality

As indicated above, the scarce information available on
the seasonal productivity patterns of Haptophyceae algae in
the South China Sea points to diverse periods of increased
production distributed throughout the year (Wiesner et al.,
1996). Nevertheless, it is interesting to evaluate whether the
South China Sea U}, data exhibit a seasonal pattern.

The calculation of the averaged 0—30 m depth tempera-
tures along the four seasonal periods area (Levitus, 1994)
shows that seasonality in the South China Sea (Table 3)
involves a geographic temperature distribution over very
different ranges. The temperature range is widest in winter
(3.2°C), intermediate in spring and autumn (1.8-1.9°C)
and narrowest in summer (only 0.8°C). Thus, the South
China Sea is practically homogeneous during summer.
The small temperature differences of this season are diffi-
cult to distinguish with the U%, index because stringent
analytical requirements are needed to decrease the esti-
mated error below *= 0.5°C (Villanueva and Grimalt,
1996, 1997).

The correlation of the South China Sea U%, data with
these temperatures shows high R values for the winter,
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spring, and autumn periods (Table 3) corresponding to
linear U%,/SST relationships (Fig. 4). As expected, the
wider the temperature range, the more correlated are the
values. In summer, the extremely low temperature range
does not allow for a proper linear regression to be estab-
lished.

The consistency of these seasonal series with the above
mentioned data from suspended particles and sediment traps
(Prahl and Wakeham, 1987; Sikes and Volkman, 1993) has
also been evaluated by linear regression of all pooled values
and comparison of the resulting slopes and correlation coef-
ficients (Table 3 and Fig. 4). As shown in Fig. 4, the ‘‘tem-
perature point’’ generated by representation of the South
China Sea U%, data vs. summer SST is in agreement with
the straight line defined by the corresponding sediment trap
and suspended particulate data. However, the slopes derived
from linear regression of seasonally-grouped U%,;/SST South
China Sea data or pooled South China Sea and water particu-
late data show more discrepancies than in the case of the
annual averages. In this respect, it is worth noticing that the
highest similarities between the two data sets correspond to
two noncorrelative seasons, spring and autumn. These results
are consistent with the lack of a defined annual period for
maximal Haptophyta growth in the South China Sea
(Wiesner et al., 1996), and suggest that the best U%,/SST
equation corresponds to the averaged annual temperatures.
The complete database corresponding to these points is re-
ported in Table 4.

3.4. Calibration Equations

Since the best calibration conditions for the South China
Sea coretop sedimentary U%; data corresponds to water col-
umn temperatures annually averaged over the top 0—-30 m,
the equation U%; = 0.0317 + 0.092 is obtained as specific
relationship for the South China Sea. This equation is almost
the same as that found in a sediment calibration based on a
large series of open ocean sites (U%; = 0.0317 + 0.082;
Sikes et al., 1991). The authors of this calibration concluded
that theirs was identical within the error limits to the equation
obtained from E. huxleyi cultures by Prahl and Wakeham
(1987) U%; = 0.033T + 0.043. In fact, within the tempera-
ture range of interest in the area of study, 24-29°C, the
maximum difference between the equation obtained in the
present work and that of Prahl and Wakeham (1987) is
0.3°C. This difference is negligible when compared with the
analytical error threshold of the U%; determinations, 0.5°C
(Villanueva and Grimalt, 1996; Villanueva et al, 1997).

4. CONCLUSIONS

The U%; index is a useful paleothermometer in the warm
end of the SST encountered in open marine systems. The
calibration performed in the South China Sea shows a linear
relationship between U%; and SST. The best linear fittings
correspond to the annually averaged water column tempera-
tures between O and 30 m. Curve fitting of the alkenone
measurements to these SST values gives rise to a linear
equation, U% = 0.031T + 0.092, that is the same within
error limits as those reported for a large series of ocean sites
(Sikes et al., 1991) and E. huxleyi cultures (Prahl and Wa-

Table 4. U%; data for the samples studied in this work and modern
times annually average temperatures (°C) at 0~30 m depth. (Levitus,
1994).

Annual temperature

Station  Longitude  Latitude 1943 (°C) (0-30 m)
17922 117.46 15.42 0.940 27.81
17924 118.85 19.41 0.929 27.04
17925 119.05 19.85 0.930 26.83
17926 118.73 19.00 0.925 27.10
17928 119.75 18.27 0.930 27.42
17934 116.46 19.03 0918 26.73
17935 116.53 18.88 0.926 26.85
17936 117.12 18.77 0.928 26.89
17937 117.67 19.50 0.921 26.71
17938 117.54 19.79 0.930 26.66
17943 117.55 18.95 0.920 26.92
17945 113.78 18.13 0918 26.80
17946 114.25 18.13 0915 26.82
17947 116.03 18.47 0910 26.99
17948 114.90 16.71 0.937 27.26
17949 115.17 17.35 0.927 27.19
17950 112.90 16.09 0.938 27.20
17951 113.41 16.29 0.934 27.21
17952 114.47 16.67 0.938 27.22
17954 111.53 14.80 0.933 27.23
17955 112.18 14.12 0.933 27.40
17956 112.59 13.85 0.936 27.54
17957 115.30 10.90 0.968 28.08
17958 115.08 11.62 0.969 28.01
17959 115.29 11.14 0.968 28.07
17960 115.56 10.12 0.966 28.20
17961 112.33 8.51 0.956 28.03
17962 112.08 7.18 0.956 28.17
17963 112.67 6.17 0.963 28.24
17964 112.21 6.16 0.961 28.21
17965 112.55 6.16 0972 28.24

keham, 1987). The U%, index can, therefore, be used to
estimate past SST in the warm waters commonly found in
low latitude oceans and seas.
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