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Abstract
Seamounts aﬀect the surrounding physical oceanography and form unique dynamic processes.
The inﬂuences of these processes on biological and sedimentary distributions are quite diﬀerent in seamount
areas at diﬀerent depths. The Y3 seamount is located in the Yap Arc of the tropical Western Paciﬁc Ocean.
The water depth of its summit is ~280 m. Based on ﬁeld data obtained in December 2014 and other openaccess data, the physical oceanography around the Y3 seamount was preliminarily analyzed. The results
show that the upper layer (0–150 m) was under the inﬂuence of the westward-ﬂowing North Equatorial
Current (NEC), while the eastward-ﬂowing North Equatorial Undercurrent (NEUC) controlled the water
between 200–800 m. The NEC was strong and steady, but the NEUC was disturbed by the Y3 seamount.
The cold dome above the Y3 seamount was not caused by a Taylor cap or tidal rectiﬁcation but probably by
upwelling during the survey time. Tidal currents were squeezed against topography and greatly ampliﬁed
in the Y3 seamount. The thicknesses of the surface turbulent layers were greatly inﬂuenced by the springneap tidal cycle. The turbulent diﬀusivities in the sea surface layer above the Y3 seamount were much larger
than those in the open ocean. Calculations showed that the surface wind stress greatly aﬀected the turbulent
mixing in the surface layer of the Y3 seamount. The reciprocal action between the ampliﬁed tidal currents
and topography was the most likely cause of the turbulent mixing near the bottom of the Y3 seamount. This
study can provide a scientiﬁc basis for further study of biological and depositional characteristics at the Y3
seamount.
Keyword: Yap seamount; tropical Western Paciﬁc Ocean; current; water mass; tides; turbulent diﬀusivity

1 INTRODUCTION
The world’s ocean is ubiquitously dotted with
seamounts (Yesson et al., 2020), which are
characterized by elevations above the seaﬂoor of
1 000 m or more. When ocean currents impinge on a
seamount, many complex dynamic responses form,
aﬀecting local and even global circulation (Lavelle
and Mohn, 2010; Guo et al., 2020). These dynamic
processes near seamounts would also greatly
contribute to local biological and sedimentary
environments and facilitate mass and energy exchange
in the deep ocean (Genin, 2004; White et al., 2007).
The passage of a steady current over a seamount

may induce a Taylor cap (Hogg, 1973), which is
marked by uplifted isotherms. The speed of the
current, local density stratiﬁcation, and morphology
of seamounts all greatly inﬂuence the formation of a
Taylor cap (Owens and Hogg, 1980; Chapman and
Haidvogel, 1992). Seamounts are also impacted by
periodic ﬂow. When tidal currents ﬂow over the
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seamount, tidal rectiﬁcation may be generated and
form a cold and dense dome over the summit, just like
the isotherm uplift generated by a Taylor cap (Brink,
1995; White et al., 2007). In addition, as a muddler in
the ocean, a seamount can convert tidal energy into
internal tides, lead to vertical motions, and cause
turbulent mixing in the vicinity of the seamount
(Noble et al., 1988; van Haren and Gostiaux, 2012).
Researchers have hypothesized that seamounts can
enhance chlorophyll levels and increase primary
productivity, particularly in oligotrophic areas (Dower
et al., 1992; Genin and Dower, 2007; Dai et al., 2020).
This feature has often been related to the special
physical
oceanography
environment
around
seamounts, e.g., the trapped waters generated by the
Taylor cap or tidal rectiﬁcation above the seamount
could retain suspended matter, larvae, and nutrients
transported from deep water or by advection, and then
attract the organism together and form some unique
species groups over seamounts (Roden and Taft,
1985; Genin, 2004; Zhang and Xu, 2013). Strong
vertical mixing can induce vertical movement of
deeper, nutrient-rich water toward the upper ocean
and increase the suspended particulate matter in the
water column, providing good feeding environments
for corals, sponges, and other suspension feeders
(Genin et al., 1986).
Genin (2004) summarized the diﬀerent biophysical
mechanisms in diﬀerent seamounts, which were
classiﬁed as “shallow”, within the photic layer;
“intermediate”, below the photic layer but shallower
than ~400 m; and “deep”. He expressed that the
summit depths of the seamounts would inﬂuence the
topographic blockage of descending zooplankton and
the upward diﬀusion of the top anticyclonic cap.
Therefore, in many studies on seamounts, some
physical oceanographic surveys were also carried out
simultaneously to assist in the analysis of modern
sedimentary processes or biological distribution
(Bashmachnikov et al., 2013; Read and Pollard,
2017).
The tropical western Paciﬁc is characterized by
oligotrophic environment. This sea area also has the
largest number of seamounts in the world. The ocean
currents are complicated and changeable in the
tropical Western Paciﬁc Ocean. The interactions
between ocean currents and seamounts not only have
a signiﬁcant impact on hydrological dynamic
processes but also can promote the mass and heat
exchange between the surface water and deep water.
These interactions have a strong inﬂuence on
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biocenosis, sedimentation, and air-sea interaction in
seamount areas. Therefore, the study of physical
oceanography around seamounts is of great
signiﬁcance for understanding the exchanges of heat,
energy, mass, and the air-sea interaction in the tropical
western Paciﬁc.
The Y3 seamount is an “intermediate” seamount
situated on the Yap Arc in the tropical Western Paciﬁc
Ocean. During the cruise in winter 2014, we carried
out investigation of marine environment around the
Y3 seamount area. The purpose of this investigation
was to obtain the ﬁrst description of the Y3 seamount
ecosystem and investigated the physical processes
that might aﬀect its biological productivity. While
physical oceanography measurements are suﬃcient
to describe possible dynamic processes, they are
inadequate to quantify them due to limitations
imposed by multidisciplinary cooperation. Therefore,
this paper comprehensively presents the physical
oceanographic results based on a set of ﬁeld
observation data obtained from the cruise during
winter 2014 and some other concurrent open-access
data. Then the features of the currents, temperaturesalinity structures, and turbulent diﬀusivities in the
Y3 seamount area are analyzed. We also discuss their
aﬀecting factors. The results of this study are expected
to provide a scientiﬁc basis for further study of
biogeochemical processes, ecological environments,
and sedimentary environments in the Y3 seamount
area.

2 MATERIAL AND METHOD
The Western Paciﬁc Ocean has the highest density
of intraplate volcanic activities (seamounts and
oceanic plateau) among the world’s oceans since it is
a place where subduction zones are highly
concentrated. The Yap Arc is located at the southern
margin of the Philippine Sea Plate, where the
Philippine Sea Plate and the Caroline Plate converge
(Fig.1a). The Y3 seamount is situated in the middle
part of the Yap Arc, west of the Yap Trench, and far
from coastal boundaries. This seamount exhibits a
summit near the center. This summit is dominated by
a narrow main peak with its shallowest point at ~280-m
depth (Fig.1b). The Y3 seamount is oriented NE-SW.
The slopes of the four survey directions at the Y3
seamount are ~16.6% (NW), ~9.8% (NE), ~29.7%
(SE), and ~9.6% (SW).
From December 13 to 23, 2014, we conducted a
multidisciplinary cruise around the Y3 seamount
(8.7°N–9.1°N, 137.6°E–137.9°E) in the Yap Arc on
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Fig.1 Bathymetry around the Y3 seamount (a) and topography of the Y3 seamount (b)
The bathymetric data used in Fig.1a are downloaded from http://topex.ucsd.edu, and the bathymetric data used in Fig.1b are from ﬁeld investigation. The
black triangle indicates the Y3 seamount. The red cross represents the site of open-access current data, and the dotted line represents the site of the openaccess thermohaline data section. Bathymetric contours in Fig.1b are located every 200 m. Black dots indicate CTD positions.

the R/V Kexue (Science in Chinese) from the Institute
of Oceanology, Chinese Academy of Sciences. The
ﬁeld dataset used in this study was collected during
this cruise. Two crossing sections (Section NW and
Section NE) consisting of thirteen stations were
investigated (Fig.1b). Conductivity (range: 0–7 S/m;
accuracy: ±0.000 3 S/m; resolution: 0.000 04 S/m),
temperature (range: -5 to 30 ℃; accuracy: ±0.001 ℃;
resolution: 0.000 2 ℃), and pressure (range: 10 000-m
Digiquartz; resolution: 0.001% of full scale; accuracy:
±0.015% of full-scale range) were obtained for the
whole water column with a Sea-Bird Electronics
(SBE, Inc., Bellevue, Washington, US) 9 plus
conductivity-temperature-depth
(CTD)
sensor
underwater unit and an SBE 11 plus deck unit. The
lowering and lifting speeds of the instrument were
<0.5 m/s. The CTD and its sensors were calibrated by
the National Center of Ocean Standards and Metrology
in Tianjin before the cruise to ensure instrument
accuracy. Upcast CTD data were quality controlled,
ﬁltered, and binned over 1-m depth intervals using
SBE Data Processing.
An Ocean Surveyor 38 kHz Acoustic Doppler
Current Proﬁler (ADCP, Teledyne RD Instruments,
Inc., San Diego, US) mounted in the ship’s hull was
used to record the upper ocean currents (velocity
range: ±9 m/s, velocity accuracy: ±1.0% of measured
velocity ±0.5 cm/s). The ﬁrst valid data point was
38.16 m because of the eﬀect of the ship’s hull. The
maximum observation depth was ~822 m, and the
spacing between each two bins was 16 m. WinADCP

software was used to control the quality control for
the obtained data, and the average time interval for
the ﬁnal data was 1 min.
A longer time scale temperature and salinity dataset
(latitude range: 6°N–14°N; longitude: 137.76°E;
depth range: 0–1 000 m; time range: September 1,
2014 to August 31, 2015) was acquired from the
Hybrid Coordinate Ocean Model (HYCOM,
experiment GLBa0.08/expt_91.2; Chassignet et al.,
2006). The model uses the Navy Coupled Ocean Data
Assimilation (NCODA) system and employs a
multivariate optimal interpolation scheme to
assimilate vertical proﬁles of water temperature and
salinity from moored buoys, sea surface temperature,
altimetry, expendable bathythermographs (XBTs),
and Argo ﬂoats. The daily HYCOM solution has a
horizontal resolution of 1/12° and 19 standard vertical
levels ranging from 0 to 1 000-m depths. These
temperature and salinity data were averaged quarterly
for use.
The Global Ocean Data Assimilation System
(GODAS) ﬁve-day averaged current data published
by the National Centers for Environmental Prediction
(NCEP) from July 2014 to June 2015 were obtained
at a location (138°E, 8.67°N) near the Y3 seamount.
The depth resolution in the upper 200 m of this model
is 10 m, and simultaneously, it has 11 levels between
200 and 1 000 m.
A global barotropic tidal model (TPXO) established
by Oregon State University (Egbert and Erofeeva,
2002) with a relatively high horizontal resolution of
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Fig.2 Distribution of WBCs in the Paciﬁc Northwest (based
on Wang et al., 2015)
The black triangle indicates the Y3 seamount. NECC: North
Equator Countercurrent, NEC: North Equatorial Current, MC:
Mindanao Current, NEUC: North Equatorial Undercurrent, MUC:
Mindanao Undercurrent, and LUC: Luzon Undercurrent.

1/30°×1/30° around the Yap Arc was used to obtain
the tidal current data in the Y3 seamount and its
adjacent area. The tidal data can be extracted using a
user-friendly MATLAB package Tide Model Driver
(TMD). Four main constituents (M2, S2, K1, O1) were
predicted in the Y3 seamount and its adjacent area
with TMD.
European Centre for Medium-Range Weather
Forecasts (ECMWF) Re-Analysis-Interim (ERAInterim) is a relatively new global atmospheric
reanalysis with spatial resolutions from 3°×3° to
0.125°×0.125°. Previous studies comparing ECMWF
wind products with the wind speed data derived from
direct anemometric measurements and satellite
scatterometers showed that the ECMWF wind
products have good performance, with correlation
coeﬃcients >0.8 over most of the world’s ocean
(Wallcraft et al., 2009). In this study, the daily ERAInterim wind data with a spatial resolution of
0.125°×0.125° are chosen to show the wind ﬁeld
around the Y3 seamount in December 2014.
The Sea Surface Height Anomaly (SSHA) data
were got from the Archiving, Validation, and
International of Satellites Oceanographic (AVISO) of
the French Centre National d’Etudes Spatiales
(CNES). The data used in this paper were merged by
the reprocessed TOPEX/Poseidon, Jason-1, European
Remote-sensing Satellite-2 (ERS-2), and Envisat
data. The data from December 10, December 15,
December 20, and December 25, 2014, were used,
and the spatial resolution was 0.25°×0.25°.
Software programs, including Grapher, Ocean
Data View (ODV), ArcMap, CorelDRAW, Origin,
and MATLAB, were used to draw ﬁgures.
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3 RESULT AND DISCUSSION
3.1 Physical oceanography background of the Y3
seamount in 2014
The Y3 seamount is located in the Western Paciﬁc
warm pool area, which is greatly inﬂuenced by the El
Niño-Southern Oscillation (ENSO). A weak El Niño
in 2014 was conﬁrmed by previous studies (Levine
and McPhaden, 2016; Lian et al., 2017). This weak El
Niño had two warming phases: spring-summer
warming and autumn-winter warming. However, the
anomalous easterlies suppressed the second warming
in December 2014, so the inﬂuence of ENSO was very
weak around the Y3 seamount during our survey time.
3.1.1 Ocean circulation
The Y3 seamount is located north of the tropical
Western Paciﬁc Ocean. The structure of the western
boundary currents (WBCs) in the Western Paciﬁc has
been thoroughly documented by a series of
oceanographic studies (Fine et al., 1994; Hu et al.,
2015; Wang et al., 2015). In the surface layer, the
westward-ﬂowing North Equatorial Current (NEC)
and its two branches, the northward-ﬂowing Kuroshio
and the southward-ﬂowing Mindanao Current (MC),
compose the majority of the near-surface wind-driven
circulation pattern of the WBCs. In the subsurface
layer, the southward-ﬂowing Luzon Undercurrent
(LUC),
the
northward-ﬂowing
Mindanao
Undercurrent (MUC), and the eastward-ﬂowing
North Equatorial Undercurrent (NEUC) represent the
main subsurface portions of the WBCs (Fig.2). The
WBCs captures the world’s attention owing to its
various inﬂuences on the circulation systems and
climate variabilities in the world ocean (Hu et al.,
2015).
The NEC and the underlying NEUC are the main
currents near the Y3 seamount. NEC is a stable windinduced current caused by trade winds, and it is
located between 8°N–12°N. Driven by perennial
northeast trade winds, NEC ﬂows from east to west,
carrying large amounts of water from the eastern
Paciﬁc Ocean into the warm pool. Both numerical
methods and measured results show that the average
zonal velocity of NEC could reach ~0.30 m/s (Zhang
et al., 2017). Beneath the NEC, the convergent LUC
and MUC are believed to form the eastward NEUC
(Hu and Cui, 1991). Qiu et al. (2013) detected three
core latitudes for NEUC jets of 9°N, 13°N, and 18°N
by using proﬁling ﬂoat thermohaline data from the
Origins of the Kuroshio and Mindanao Current
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(OKMC) projects and the International Argo. Zhang
et al. (2017) and Wang et al. (2020) used direct
mooring observations to reveal the existence of
eastward zonal jets below the 200-m depth at 8.5°N,
10.5°N, 13°N, and 17.5°N along 130°E. Moreover,
they revealed strong intraseasonal variability in the
NEUC jets.
The position of 138°E/8.67°N was chosen as an
example to obtain a further understanding of the
temporal variation in ocean circulation around the Y3
seamount. Figure 3 shows the time series of the ﬁveday averaged ﬂow velocities from July 2014 to June
2015. Fast and steady westward-ﬂowing NEC
appeared in the upper 200 m during this period, and
its zonal velocity reached -0.54 m/s (Fig.3a). Below a
depth of 200 m, the NEUC jet ﬂowed intermittently
eastward, which seemed to be related to intraseasonal
events. The zonal velocities of the NEUC ﬂuctuated
between -0.02–0.07 m/s. The eastward-ﬂowing jet
existed most of the time from July 2014 to June 2015
near the Y3 seamount (Fig.3a). The meridional
velocity showed a strong intraseasonal signal in the
entire 1 000-m water column, but the value was

relatively small (Fig.3b). The NEUC jet ﬂowed to the
east during the survey time of the Y3 seamount.
3.1.2 Water mass
The tropical Western Paciﬁc is a crossroad for the
surface, thermocline, and intermediate water masses
formed at lower and higher latitudes, and the
hydrologic structure of the Y3 seamount is aﬀected
by these waters. Here, we used open-access
thermohaline data to clarify the temporal and spatial
variations in water masses around the Y3 seamount.
In the surface layer, there was a water mass of high
temperature (>28 ℃) and low salinity (<34.80) year
round (Figs.4–5). This hyperthermal water mass was
due to the eﬀect of the Western Paciﬁc warm pool.
Lower salinity of the surface layer in summer and fall
could be attributed to increased precipitation.
Beneath the warm pool were the North Paciﬁc
Tropical Water (NPTW) and the North Paciﬁc
Intermediate Water (NPIW) (Fig.5). The NPTW is
characterized as a subsurface salinity maximum
ﬂowing with the NEC and is the main salinity source
for the North Paciﬁc. This high salinity water (>34.90)
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lies at approximately 24σθ from fall 2014 to summer
2015 (Figs.4–5). Both temperature and salinity
proﬁles showed that the main body of the NPTW
thinned from north to south. There was relatively
fresh water appearing south of 10°N at all times,
which was a typical signal of the Mindanao Dome
(MD), and the vertical range of this dome was
approximately 50–600 m. The MD can uplift cold
water from the deep and stop the southward spread of
the NPTW (Masumoto and Yamagata, 1991; Zhang et
al., 2012).
The largest feature at intermediate depths was the
salinity minimum core (<34.4) of the NPIW. The
NPIW existed at ~26.5σθ north of 12°N (Fig.5).
Aﬀected by Antarctic Intermediate Water (AAIW),

which has a high salinity (<34.56) (Li and Su, 2000),
the salinity was slightly higher south of 10°N. Using
ﬁeld investigation data and Argo, Wang et al. (2015)
found that AAIW could be carried by the MUC
moving northward and then spread eastward near
9.5°N with the NEUC. The salinity of this water mass
gradually decreased to 34.4 with its moving path and
ﬁnally mixed with NPIW at 26.6–26.8σθ (Xie et al.,
2009). Therefore, the complicated salinity distribution
of the middle-level water was induced by the mixing
of AAIW and NPIW. The Y3 seamount is located
between 8.7°N–9.1°N, where an extension of the
NPTW occupied the subsurface layer and a mixed
water mass was distributed in the intermediate layer
in winter 2014.
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3.1.3 Barotropic tide
The main diurnal constituents (K1 and O1) and
semidiurnal constituents (M2 and S2) data were
extracted by TMD, and Fig.6 shows the tidal ellipses
over the Y3 seamount and its adjacent sea. Among the
four main constituents, the semidiurnal constituents
M2 and S2 were dominant, and the diurnal constituents
K1 and O1 accounted for a small proportion. The
averaged tidal current amplitudes around the Y3
seamount were 1.77±0.95 cm/s (M2), 1.17±0.67 cm/s
(S2), 0.50±0.16 cm/s (K1), and 0.40±0.14 cm/s (O1).
The average tidal current amplitudes of the
semidiurnal constituents were 1–4 times larger than
those of the diurnal constituents. In addition, the tidal
currents over the Y3 seamount were obviously
enhanced. The ampliﬁcations of the main constituents

were 5.6 (M2), 7.4 (S2), 9.7 (K1), and 6.4 (O1). The
same phenomena have been recorded in studies of
other seamounts (Kunze and Toole, 1997; Mohn and
Beckmann, 2002; Shi et al., 2021). In terms of the
principle, this kind of ampliﬁcation would result from
squeezing of the tidal currents when passing over the
seamount topography. Ampliﬁed tidal currents may
have a stronger impact on a seamount.
3.2 Local physical oceanography of the Y3
seamount in winter 2014
3.2.1 Characteristics of currents and their inﬂuencing
factors
Currents around the Y3 seamount might be aﬀected
by the circulation background, topography, time of
investigation, and so on. Current proﬁles of the two
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sections over the Y3 seamount were obtained with
shipboard ADCP (Fig.7). During the investigation, the
currents were obviously vertically layered. The
prevailing current direction was westward in the upper
150 m. The velocity of this surface current was
relatively high, ranging from 0.10 to 0.40 m/s (according
to Section 3.1.3, the tidal currents only made a small
contribution to the measured currents). These features
were typical of the NEC. The most typical direction of
the currents below 200 m was eastward, and the
velocity of this eastward-ﬂowing current was slower
than that of the NEC, ranging from 0.03 to 0.20 m/s.
These results were consistent with the characteristics
of the NEUC jet during December 2014 (Fig.3).
Below the crest of the Y3 seamount, the currents
were likely aﬀected by the steep scarps. At station
Y3-9, on the northwest side (upstream side) of the
seamount, the currents between 200–550 m rotated
to a more northerly direction. Below 550 m, the
currents turned to the west. At station Y3-11 on the
leeward side, the ﬂow direction below 300 m
ﬂuctuated greatly. The ﬂow direction below 300 m
of station Y3-12 was westward. In Section NE, the
current direction below 430 m of station Y3-3 was
westward. These characteristics were likely caused
by the obstacle of the Y3 seamount. However, these
changes in currents might also be related to temporal
variations, which might explain the great ﬂuctuation
in the current direction at station Y3-6. Additional
in-situ time-varying current data are needed to verify
this assumption.

3.2.2 Temperature-salinity structure and its inﬂuencing
factors
There was an obvious surface mixed layer during
the survey time, and its depth was ~50 m. The
pycnocline was found between ~50–150 m at the Y3
seamount (Fig.8a & b). Generally, the pycnocline
coincides with both the thermocline and the halocline;
however, previous studies (Sprintall and Tomczak,
1992; Maes et al., 2006; Bosc et al., 2009) found a
shallower halocline than the thermocline in the upper
layer of the western equatorial Paciﬁc Ocean. The
layer between the bottom of the mixed layer and the
top of the thermocline has been called the “barrier
layer” (Lukas and Lindstrom, 1991). The thickness of
the barrier layer in the western equatorial Paciﬁc
Ocean is usually 10–50 m. We calculated the
thicknesses of the possible barrier layers over the Y3
seamount according to the classic method of Sprintall
and Tomczak (1992). The results are less than 5 m at
almost all stations, so the barrier layer was not obvious
around the Y3 seamount during the survey time. A
high surface temperature of approximately 29.1 °C
existed in the Y3 seamount, but the surface salinity
was only approximately 33.80. These results are in
line with the characteristics of the Western Paciﬁc
warm pool. The temperature decreased with depth
under the warm pool, and the salinity increased with
depth. This subsurface water with high salinity was
the NPTW. The highest salinity of the NPTW was
~35.1 (Fig.9b). Another distinct feature was the

1322

Y3-2

Section NE
Y3-3 Y3-0
Y3-4

Depth (m)

a

Section NW
Y3-9

Y3-0 Y3-11Y3-12 Y3-13

30

b

50

25

100

20

150

15

200
200
Depth (m)

Y3-8

Y3-6 Y3-7

Y3-5

c

10
12

d

400

10

600

8

800

6

1000

0

10

20
Distance (km)

30

Temperature (°C)

Y3-1

Vol. 40

0

5

10
15
Distance (km)

20

25

Temperature (°C)

0

J. OCEANOL. LIMNOL., 40(4), 2022

4

Fig.8 Distributions of potential density (contour lines, kg/m3) and in-situ temperature (℃) in Section NE (a, c) and Section
NW (b, d)
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uneven salinity distribution between 300–700 m
(Fig.9c & d), which was formed by the mixing of
AAIW and NPIW with diﬀerent salinities in the
middle layer around the Y3 seamount (Fig.5).
The detailed distribution of the above parameters
between 200–450 m near the summit of the Y3
seamount is shown in Fig.10. There was a dome-like
deformation of the potential density ﬁeld just above
the summit (Fig.10a & b). The vertical displacement
of the isolines was approximately 20 m. The
distribution of temperature between 200–450 m
(Fig.10a & b) was basically consistent with that of
potential density. However, the distribution of salinity

was diﬀerent from that of temperature and potential
density. The salinity in the southern seamount was
obviously higher than that in the northern seamount
(Fig.10c & d), further indicating that salinity in the
Y3 seamount was strongly inﬂuenced by the mixing
of water masses.
Cold domes have also existed over other seamounts
of the world’s oceans. The most discussed mechanism
for the formation of a cold dome over a seamount was
the driving factor of the Taylor cap (Roden, 1994;
Read and Pollar, 2017; Shi et al., 2021). It has been
found that the isotherms over the summit of a
seamount could be uplifted and form a cold dome
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when an anticyclonic Taylor cap was generated
(Chapman and Haidvogel, 1992).
Several characteristic parameters like the fractional
height of seamounts (α=h/H), the Rossby number
(Ro=U/fL), and the blocking factor (Bl=α/Ro) have
been put forward to determine whether a Taylor cap
can form over a seamount. Here, h is the height of the
seamount within the range of the impacting ﬂow, H is
the ﬂuid depth, f is the Coriolis parameter, U is the
average velocity of the impinging ﬂow, and L is the
horizontal length of the seamount (Hogg, 1973;
Owens and Hogg, 1980; Chapman and Haidvogel,
1992; White et al., 2007).
The environmental conditions of the Y3 seamount
and calculation results are given in Table 1. Diﬀerent
threshold values for the formation of Taylor caps have
been determined in diﬀerent works. The most popular
value was put forward by Chapman and Haidvogel
Table 1 Values of the environmental parameters and
calculation results in the Y3 seamount
Parameter

H (m)

h (m)

Value

1 279

1 198

U (m/s) L (km)
0.105

α

Ro

12.706 0.937 0.369

Bl
2.539

(1992). They proposed that the threshold value of Bl
was 4 when α>0.7; that is, the Taylor cap would form
under the condition of Bl>4. Additionally, they
proposed that the Taylor cap would not form when the
value of Ro was larger than 0.2. The calculation
results showed that the value of Bl was 2.539 and the
Ro of the Y3 seamount was 0.369 during the survey
time, and neither value met the threshold values. It
was diﬃcult to form a Taylor cap under the above
conditions. However, the velocity of the impinging
ﬂow at the Y3 seamount varied with time (Fig.3),
which meant that Ro and Bl also changed constantly.
Therefore, a Taylor cap might form in the Y3
seamount, but it would not be a stable Taylor cap.
In addition to the Taylor cap, tides have also been
found to induce the anticyclonic circulation over
seamounts in many cases in previous studies (Eriksen,
1991; Kunze and Toole, 1997). Tidal currents over a
seamount could generate the residual mean current,
which is commonly referred to as tidal rectiﬁcation.
Tidal rectiﬁcation results from the interaction of tidal
currents and steep seabed, and the asymmetric tidal
transport is caused by a combined impact of
topographic acceleration and bottom friction. As a
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result, a cold dome which is similar to the uplifted
isotherms generated by a Taylor cap forms over the
seamount (Lavelle and Mohn, 2010).
In other words, the cold dome over the Y3 seamount
could also be caused by tidal rectiﬁcation. The
contribution of tidal rectiﬁcation can be evaluated,
and it is instrumental in understanding the cause of
the cold dome over a realistic seamount. Wright and
Loder (1985) estimated the maximum residual ﬂow
that may arise under the most favorable conditions
from the rectiﬁcation of tidal currents as follows:
u

3 fV02 1 dh
,
2 2 h dr

(1)

where f is the local Coriolis parameter, h is the local
depth, V0 is the amplitude of the tidal forcing, ω is the
angular frequency of the tidal forcing, and dh/dr is the
slope gradient. Utilizing the largest (1/h)·(dh/dr) at
station Y3-11, h was 451 m, and dh/dr was 0.344 rad.
The estimated residual velocity was ~0.778 cm/s,
which was the theoretical maximum residual current
at station Y3-11 induced by tidal rectiﬁcation;
however, the realistic velocity of station Y3-11 might
be ~30 cm/s according to the ﬂow velocity obtained
by ADCP. The reason why tidal rectiﬁcation had little
contribution to the cold dome of the Y3 seamount was
probably due to the weak bottom friction caused by
the gradual slope of the seamount.
Since the Taylor cap could not form during the
survey time and the contribution of tidal rectiﬁcation
was negligible, the cold dome over the top of the Y3
seamount was probably caused by upwelling. When
the mean current encounters the seamount, the current
climbs up with rough topography and carries the deep
cold water upward, resulting in the formation of a
cold dome above the summit. Upwelling is a relatively
common phenomenon in steep topographies, and it
forms more easily than a Taylor cap or tidal
rectiﬁcation.
3.2.3 Distribution of turbulent diﬀusivities and their
inﬂuencing factors
Turbulent mixing can cause the transfer of
momentum, heat, and matter in the horizontal and
vertical directions. To maintain stabilization of ocean
stratiﬁcation, Munk (1966) put forward that the
average turbulent diﬀusivity should reach at least
10-4 m2/s. However, the turbulent diﬀusivities were
only 10-6–10-5 m2/s in the open ocean previously
studied (Gregg, 1987; Ledwell et al., 1993; Kunze
and Sanford, 1996). Thus, some people considered
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that diapycnal mixing may be enhanced near rough
topographies. Studies in the last three decades have
found much stronger turbulent mixing over ridges,
seamounts, canyons, and hydraulically controlled
passages (Lueck and Mudge, 1997; Ferron et al.,
1998; Carter and Gregg, 2002; Klymak et al., 2006).
As a consequence, the average turbulent diﬀusivity of
the world’s ocean was still likely up to 10-4 m2/s. As
mentioned above, these special areas have a signiﬁcant
inﬂuence on the transfer of matter and heat in the
world’s ocean.
The Thorpe scale method based on the potential
temperature (with noise of 0.001 ℃) was used to
calculate the turbulent diﬀusivity (K) in the Y3
seamount (Ferron et al., 1998). The resolvable Thorpe
scale depends on the sampling frequency of the
potential temperature and the sampling instrument
noise level. We used CTD data which were previously
quality controlled, ﬁltered, and subsampled to 1-m
intervals to reduce high-frequency noise in this work.
Therefore, we could not resolve gravitational
overturns shorter than 2 m or Thorpe scales smaller
than 1 m. It is suﬃcient to resolve the main instabilities
using the CTD dataset, but Thorpe scales those were
equal to 0 do not mean that there must be no overturn.
The K proﬁles of all 13 stations are shown in Figs.11
& 12. The high K values at the Y3 seamount were
mostly distributed in the surface layer and near the
bottom, with magnitudes of 10-4–10-1 m2/s (Figs.11b,
12b). In the following, the main inﬂuencing factors of
the high K values in the surface layer and near the
bottom are discussed respectively.
Tides, surface wind stress, and mesoscale eddies
are the main factors aﬀecting the mixing of the surface
layer (Richardson et al., 2000; Lavelle et al., 2004;
Muench et al., 2009).
The thicknesses of the surface turbulent layers at
diﬀerent stations were diﬀerent (Figs.11a & 12a).
Previous studies have shown that there was a certain
correlation between turbulence and tidal phase
(Muench et al., 2009; Padman et al., 2009). The tide
heights at the Y3 seamount in December 2014 were
extracted by TMD. The spring-neap tidal cycle was
obvious during this month (Fig.13). At the same time,
the connection between the thickness of the surface
turbulent layer and the spring-neap tidal cycle was
signiﬁcant. Stations with thicknesses of surface
turbulent layers less than 40 m were investigated
during neap tide, and stations with thicknesses greater
than 50 m were investigated during spring tide. We
further analyzed the correlation between the thickness
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Fig.11 Vertical distribution of the turbulent diﬀusivities in Section NE of the Y3 seamount
a. 0–300 m of Section NE; b. 0–2 000 m of Section NE.

of the surface turbulent layer and the four main tidal
constituents of the Y3 seamount (Fig.14). The results
showed that there were moderate connections between
the thickness of the surface turbulent layer and
constituents M2, S2, and K1, while the correlation
between the thickness and diurnal constituent O1 was
weak. Semidiurnal constituents had a more signiﬁcant
eﬀect on the surface turbulence in the Y3 seamount
than diurnal constituents. The larger the tidal velocity
was, the thicker the surface turbulent layer was.
Second, the turbulent diﬀusivity at the surface
layer is always aﬀected by surface wind stress. The
wind stress can be calculated based on wind ﬁeld data
using the conventional equation as follows (Pickett
and Paduan, 2003):

  a CdU102 ,

(2)

where ρa is the density of air (we took a value of
1.173 kg/m3 since the air temperature was 28 ℃
during the investigation), U10 is the wind vector at
10 m above the sea surface, and the drag coeﬃcient
Cd can be deﬁned as (under any wind speed and sea

air temperature diﬀerence) (Ji et al., 2013):

T 
Cd  10-3  0.777  0.05U10  2.5
(3)
,
U10 

where ΔT is the air-sea temperature diﬀerence.
Under pure wind stress forcing, the rate of
dissipation of kinetic energy is deﬁned as follows
(Oakey, 1985; Yamazaki and Kamykowski, 1991):
u*3
,
(4)
z
where κ=0.4 is von Karman’s constant, z is the vertical
coordinate, and the friction velocity u* is deﬁned by



u*   /  w ,

(5)

where ρw is the water density. It can be deduced from
Eqs.4 and 5 that the relationship between the rate of
dissipation of kinetic energy and the wind stress is



 /  w 
z

3/2

.

(6)

Moreover, the turbulent diﬀusivity (K) is deﬁned by

1326

J. OCEANOL. LIMNOL., 40(4), 2022

Y3-7

K (m2/s)
Y3-0

Y3-9

Y3-11

Y3-12

Y3-13
1

1
0.

01
0.
1
00
0.
-4
1E 1

1
0.

01
0.
1
00
0.
-4
1E 1

1
0.

01
0.
1
00
0.
-4
1E 1

1
0.

01
0.
1
00
0.
-4
1E 1

1
0.

01
0.
1
00
0.
-4
1E 1

1
0.

01
0.
1
00
0.
-4
1E 1

1
0.

01
0.
1
00
0.
-4
1E

a

Y3-8

Vol. 40

0
50

Depth (m)

100
150
200
250
300
b
0

500

Depth (m)

1000

1500

2000

2500

3000

Fig.12 Vertical distribution of the turbulent diﬀusivities in Section NW of the Y3 seamount
a. 0–300 m of Section NW; b. 0–3 000 m of Section NW.
1.0

Tide height (m)

0.5

0

-0.5

-1.0
12/1/14

12/11/14

Time

12/21/14

12/31/14

Fig.13 Tide height at the Y3 seamount in December 2014
These data were got from TPXO global, regional, and local tide models established by Oregon State University (Egbert and Erofeeva, 2002). Stations Y3-4,
Y3-5, Y3-6, Y3-7, Y3-8, and Y3-9 were investigated from December 13 to 16, 2014 (blue shadow). Stations Y3-0, Y3-1, Y3-2, Y3-3, Y3-11, Y3-12, and
Y3-13 were investigated from December 19 to 23, 2014 (orange shadow).

No.4

WANG et al.: Physical oceanography at the Y3 seamount in winter
5

12

S2

M2
10

1327

y=0.1157x–2.0495

4

R=0.4465

y=0.0460x–0.3960
R=0.3700

v (cm/s)

v (cm/s)

8

6

3

2
4
1

2

0
20

30

40
50
Thickness (m)

60

0
20

70

2.5

40
50
Thickness (m)

60

70

60

70

O1

K1
2.0

30

1.8

y=0.0185x–0.0995

y=0.0040x–0.2553

1.5

R=0.3457

R=0.0949
1.2

v (cm/s)

v (cm/s)

1.5

0.9

1.0
0.6
0.5

0.0
20

0.3

0.0
30

40
50
Thickness (m)

60

70

20

30

40
50
Thickness (m)

Fig.14 Correlations between the thickness of the surface turbulent layer and four main tidal constituents of the Y3 seamount
These data were got from TPXO local and regional (Egbert and Erofeeva, 2002). The blue dots represent the stations investigated during neap tide, and the
orange dots represent the stations investigated during spring tide.

(7)

where Γ is the mixing eﬃciency and represents the
ratio of the turbulent kinetic energy (TKE) converted
into potential energy to the dissipated TKE. The
mixing eﬃciency is generally 0.2. In addition, N is
the buoyancy frequency. Equations 6 and 7 can now
be used to relate the turbulent diﬀusivity measurements
to wind stress. The monthly average wind speed at the
height of 10 m above the ocean surface around the Y3
seamount in December 2014 is shown in Fig.15. The
wind speed around the Y3 seamount was relatively
high in December 2014 and the maximum wind speed
was 11.443 m/s during the survey time. As a result,
the magnitudes of the turbulent diﬀusivities caused
by surface wind stress were between 10-3–10-2 m2/s in
the surface layers of the Y3 seamount. The surface
wind stress greatly inﬂuenced the turbulent mixing of
the Y3 seamount.
Furthermore, the inﬂuence of the eddy was also
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Fig.15 The monthly mean wind ﬁeld at 10 m above the sea
surface around the Y3 seamount in December 2014
The monthly mean wind data were calculated from the daily
ERA-Interim Reanalysis data provided by the ECMWF from their
website at https://www.ecmwf.int/. The black triangle represents
the Y3 seamount.

taken into account. Seamounts are thought to be
where eddies generate and destruct, so eddies are
bound to have an eﬀect on the dynamic environment
of seamounts (Royer, 1978; Herbette et al., 2003).
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Distribution of SSHA around the study area in
December 2014 is shown in Fig.16. Both warm and
cold eddies were present in the study area, and the
activities of these eddies were energetic. Speciﬁcally,
there was a very weak warm eddy east of the Y3
seamount on December 10 (Fig.16a). This eddy
moved westward and enhanced gradually with time,
and then, it was obstructed by the topography when
passing through the Yap Arc (Fig.16c & d).
Hydrodynamic models and observations suggest that
during collisions with seamounts, eddies may be
trapped and then disintegrate over the seamount, split
or just rotate around the seamount. However, even
eddies survive the collision, they may transfer their
own water and energy to the seamount system
(Richardson et al., 2000; Adduce and Cenedese,
2004). This energy can be used to produce turbulence
in seamounts. The high values of K in the Y3 seamount
may be in part related to the activities of these eddies.
Previous studies have shown that the interaction
between semidiurnal tides and topography will
generate the most energetic internal tides. Therefore,
the intensity of internal tides on the steep slopes and
summit of a seamount is relatively high (Munk, 1981;
Lavelle and Mohn, 2010). Noble et al. (1988)
deployed a current meter continuously for 9 months
above Horizon Guyot. The large isotherm deﬂections,
large M2 current amplitude, and current-temperature
phase relationships all proved that the semidiurnal
tides over Horizon Guyot were predominantly

baroclinic (internal tides). They thought that
semidiurnal internal tides were generated at the guyot
since the observed tidal characteristics did not
correspond to those of an internal tide observed far
from a generation region. Noble and Mullineaux
(1989) found that the semidiurnal currents over the
Cross seamount were due to baroclinic (internal) tides
rather than to barotropic tides, and the internal tides
were likely generated at the ridge of seamounts
100 km to the east of the Cross seamount. Numerical
investigations and laboratory experiments were also
conducted to study the internal tides over a seamount
(Holloway and Merriﬁeld, 1999; Wang et al., 2017).
Near the bottom of the Y3 seamount, turbulent
diﬀusivities were diﬀerent in the two sections. The
turbulence near the bottom of Section NE was stronger
than that of Section NW (Figs.11b & 12b). The
turbulent diﬀusivities were higher around the rougher
bottom (Fig.11b) and vice versa (Fig.12b). Generally,
the Y3 seamount can also produce internal tides. Once
the internal tides break, their energy will be
redistributed, resulting in energetic turbulent mixing
(Rudnick et al., 2003; van Haren and Gostiaux, 2012).
The distribution of turbulent diﬀusivities near the
bottom of the Y3 seamount is in good agreement with
this dynamic mechanism. Therefore, the interaction
between topography and tides was possibly the cause
of the turbulent mixing near the bottom of the Y3
seamount. Besides, the interaction of topography and
the bottom currents may also cause intense turbulent

No.4

WANG et al.: Physical oceanography at the Y3 seamount in winter

mixing near the bottom of the Y3 seamount, and to
conﬁrm this hypothesis, current measurement near
the bottom is necessary.
In summary, tides and surface wind stress,
particularly the interaction between the Y3 seamount
and mesoscale eddies and all kinds of currents, could
all be crucial factors inﬂuencing the distribution of
turbulent diﬀusivities at the Y3 seamount.
Furthermore, the high turbulent diﬀusivities of the Y3
seamount (especially the high values at the bottom)
showed that these special areas did have a great
impact on the global mean turbulent diﬀusivity.

4 CONCLUSION
In the winter of 2014, the upper layer (150 m) of
the Y3 seamount was dominated by the westwardﬂowing NEC with a comparatively large velocity of
0.10–0.40 m/s. The water between 200–800 m was
dominated by the eastward-ﬂowing NEUC, which
had a low velocity, 0.03–0.20 m/s. The Y3 seamount
played an important role in the current distribution.
The current direction below 550 m changed to the
completely opposite direction as the NEUC jet at
upstream station Y3-9. At station Y3-11 on the
leeward side, the ﬂow direction below 300 m
ﬂuctuated greatly. The ﬂow directions below 300 m of
station Y3-12 on the leeward side were westward.
These were likely caused by the Y3 seamount obstacle
for the NEUC, or they may have been related to
temporal variations.
An obvious surface mixed layer existed during
the survey time, and its depth was ~50 m. The water
column was intensively stratiﬁed between ~50–
150 m. The NPTW with high salinity was distributed
in the subsurface layer of the Y3 seamount, and the
uneven distribution of salinity in the middle layer
resulted from the mixing of AAIW and NPIW. The
calculations indicated that the cold dome over the
Y3 seamount was not caused by a Taylor cap or tidal
rectiﬁcation, and it was probably caused by
upwelling.
The high turbulent diﬀusivities with magnitudes
of 10-4–10-1 m2/s in the Y3 seamount were almost
distributed in the surface layers and near bottom
layers. In the surface layer, the thicknesses of the
turbulent layers were greatly inﬂuenced by the
spring-neap tidal cycle, and the inﬂuence of
semidiurnal constituents was greater than that of
diurnal constituents. A calculation result showed
that the surface wind stress greatly aﬀected the
turbulent mixing of the Y3 seamount, but the
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correlation between the high surface turbulent
diﬀusivities and activities of eddies was weak. Near
the bottom of the Y3 seamount, the interaction of the
rough topography and semidiurnal tides was the
most likely cause of internal tides, which then led to
turbulent mixing and high turbulent diﬀusivities at
most stations. The turbulent diﬀusivities were higher
in the rougher bottom layer and vice versa. In
addition, the interaction of topography and the
bottom currents may also cause intense turbulent
mixing near the bottom.
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