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[1] In July 2000, a transatlantic conductivity-temperature-depth/hydrographic section was
occupied on board the Russian R/V Akademik Iloffe in the northern equatorial region from
9°26'N, 17°22'W to 3°48'N, 47°16'W near the World Ocean Circulation Experiment
(WOCE) A06 line. The water mass characteristics and the main features of cross-sectional
circulation are reported on the basis of the potential temperature, salinity, potential density,
and silicate distributions along the section. A scheme of the upper ocean circulation
dominated by the near-surface eastward North Equatorial Countercurrent, most intense at
5.5°-6°N, and the subsurface cyclonic flow of the North Equatorial Undercurrent, is
presented. The boundary flows along the Brazilian slope are revealed at the Upper and
Lower North Atlantic Deep Water (NADW) levels, while the main pathways of
intermediate waters and the Middle NADW are offshore. The northward recirculation of
NADW is observed in both the western and eastern basins; in particular, a reversal of
the Deep Western Boundary Current at the Middle NADW level is detected. The
warming of the intermediate, deep, and near-bottom waters in the interior eastern basin
is revealed from comparison of the section temperature data with those obtained at the
WOCE AO06 line in 1993. The substantial 1993—2000 temperature increase (+0.02°C—
0.1°C) at the intermediate and upper deep levels suggests that the previously reported

long-term warming above 2500—3000 m in the equatorial and subtropical North
Atlantic between the late 1950s and early 1990s continued in the interior eastern
equatorial basin during the last decade of the 20th century.
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1. Introduction

[2] The global oceanic conveyor belt [Broecker, 1985]
transports the cold North Atlantic Deep Water formed by
convection and mixing in the northern North Atlantic
southward [e.g., Dickson and Brown, 1994]. The compen-
sating return flow at shallow levels carries warmer water
from the Pacific and Indian Oceans to the North Atlantic
[e.g., Gordon, 1986; Rintoul, 1991]. Subpolar and polar
waters, namely, the Antarctic Intermediate Water, Upper
Circumpolar Water and Antarctic Bottom Water, move
across the equator from the South Atlantic mainly in the
western basin (Arhan et al. [1998] (hereinafter referred to as
A98) and Oudot et al. [1999]) and contribute to the
interocean overturning cell [Schmitz, 1995; Macdonald,
1998]. The equatorial Atlantic, being thus a key transit
region for the global circulation is the area of increased
oceanographic interest.

[3] The first basin-wide zonal section in the northern
equatorial Atlantic was carried out along 8.25°N during
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the cruise 10 of R/V Crawford in May 1957 within the
framework of the International Geophysical Year [Fuglister,
1960]. The most detailed recent studies [Andrie et al., 1998;
A98; Oudot et al., 1998, 1999] to which we first of all refer
are based on the data obtained during the CITHER-1 cruise
on board the French R/V L’Atalante in 1993. Analysis of
distributions of hydrographic properties and nutrients along
7.5°N and 4.5°S zonal sections (World Ocean Circulation
Experiment (WOCE) A06 and A07 lines) and two merid-
ional ones along 4°W and 35°W has provided a complex
description of the Atlantic water masses at their crossing the
equator. Since 1993, no basin-wide zonal sections (except
for the section presented herein) were carried out in the
region in question.

[4] In July 2000, the hydrographic section nominally
along a latitude of 6.5°N (see Figure 1) was occupied
during the cruise 8 of the Russian R/V Akademik Ioffe.
Cruise was carried out within the framework of the “World
Ocean” Russian Federal Program in order to investigate the
interaction processes between the North and South Atlantic
and to supplement the global baseline data for the study of
the interocean circulation. This paper is based mainly on the
original conductivity-temperature-depth (CTD) and silicate
data from the section (hereinafter referred to as the loffe-
2000 section). We provide a brief presentation of the data
(section 2), describe the upper ocean cross-sectional circu-
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Figure 1.

Station locations of the section occupied on the R/V Akademik loffe, 13—28 July 2000. The

WOCE AO06 line (7.5°N) is shown. Numbers within rectangles show the typical topographic sites: 1, Mid-
Atlantic Ridge; 2, Cape Verde Basin; 3, Vema Fracture Zone; 4, Gambia Abyssal Plain; 5, Guiana Basin;
6, Para Abyssal Plain; 7, Amazon Cone; 8, Ceara Rise; 9, Ceara Abyssal Plain; 10, Kane Gap; 11, Sierra
Leone Rise; 12, Sierra Leone Basin; 13, Romanche Fracture Zone.

lation (section 3), and report the observed water mass
properties, the main circulation features at the intermediate
and deeper levels (section 4) and the temperature changes
between the 1993 and 2000 observations (section 5). In the
absence of data from direct current measurements (not
performed in the cruise), the cross-sectional circulation is
inferred from the potential density distribution. Thus the
derived circulation features do not take into account an
unmeasured barotropic component, which could alter the
results to some extent.

[5] The 1993—2000 temperature changes are discussed in
the context of the previously reported apparent long-term
warming above ~3000 m and cooling of the deeper waters
in the equatorial and subtropical North Atlantic between the
late 1950s and early 1990s [Parrilla et al., 1994; A9S].

[6] Being close to the WOCE AO06 line, the Ioffe-2000
section does not repeat the former. The reason for this was a
limited cruise duration, which forced us to choose the
shorter track. As a result, the section line is rotated
counterclockwise from the A06 line, intersecting the latter
in the central part of the eastern basin at 25°W (Figure 1).
The western end of the section is located ~400 km south
of the A06 line, and the easternmost station was carried
out ~200 km north of A06. This difference in the section
locations is certainly crucial to the quantitative comparison
of the entire loffe-2000 section with the 1993 occupation of
A06 (CITHER-1 7.5°N section). Nevertheless, in order to
reveal a possible 7-year (a) changes in the eastern basin,
comparison of the temperature data from the 1993 and 2000
sections is carried out for their 22—28°W intersecting seg-
ments, meridional distance between the ends of which does
not exceed 50 km.

2. Data and Bathymetry

[71 A long CTD/hydrographic transect with closely
spaced 62 stations was occupied on 13—28 July 2000 along
the nominal longitude of 6.5°N between the continental

slopes of Guinea and Brazil (Figure 1). The section line
starts at the point (9°26'N, 17°22'W), the depth of 985 m,
intersects the northern edge of the Sierra Leone Basin near
the Kane Gap (18°-21°W), the northern shoulder of the
Sierra Leone Rise (21°-22°W), then runs along the south-
ern boundary of the Gambia Abyssal Plain and crosses the
MAR at 31-36°W. In the western basin, the section line
goes through the Guiana Basin, where it intersects the Para
Abyssal Plain (36°—~43°W), the Ceara Rise, the northwest-
ern periphery of the Ceara Abyssal Plain at ~45°W, the
Amazon Cone and reaches its final point (3°48'N,
47°16'W), the depth of 2298 m. Because of border clear-
ance issues, the work was stopped ~100 km from the
Brazilian shelf. The nominal station spacing of ~55 km
was increased up to ~75 km over abyssal plain in the
eastern basin and reduced to ~25-35 km over the conti-
nental slopes.

[8] The temperature and salinity data were obtained with
an oceanographic Neil Brown Mark-III CTD profiler. At all
stations, water samples for salinity and silicate concentra-
tions were obtained at 8—12 depths from ~50 m to 3000—
3200 m. The silicate concentrations were determined
according to the standard method [Mullin and Riley,
1955]. The accuracy of measurements was 0.002°C for
temperature, 0.002 psu for salinity and better than 0.2 pmol
mol kg~ for silicate. The temperature accuracy was deter-
mined via precruise and postcruise laboratory calibrations,
and the salinity accuracy was calculated by comparison with
the bottle data. The temperature data accuracy and the
station spacing of the loffe-2000 section are practically
the same as those of the CITHER-1 7.5°N section (see
A98), the data from which we use for the 1993-2000
temperature comparison in section 5.

[0] Vertical distributions of potential temperature (6),
salinity (S), potential density (o¢/o,/04) and silicate (Si)
along the section are displayed in Figure 2; the expanded
view of the potential density distribution above 1000 m is
shown in Figure 3a. The 0-S and 6-Si diagrams for the data
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