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Using a new bathymetry grid formed with vertical gravity gradient anomalies and ship soundings (BAT_VGG), a
1° x 1° lithospheric effective elastic thickness (Te) grid of the Line ridge was calculated with the moving window
admittance technique. As a comparison, both the GEBCO_08 and SIO V15.1 bathymetry datasets were used to
calculate Te as well. The results show that BAT_VGG is suitable for the calculation of lithospheric effective elastic
thickness. The lithospheric effective elastic thickness of the Line ridge is shown to be low, in the range of
5.5-13 km, with an average of 8 km and a standard deviation of 1.3 km. Using the plate cooling model as a
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Hawaiian-Emperor chain, the lithospheric effective elastic thickness of the Line ridge does not change monoto-
nously. The tectonic setting of the Line ridge is discussed in detail based on our Te results and the seamount
ages collected from the literature. The results show that thermal and fracture activities must have played an

important role in the origin and evolution of the ridge.

© 2015 Published by Elsevier B.V.

1. Introduction

The effective elastic thickness (Te) is sensitive to the thermal-
mechanical properties of the lithosphere under the submarine features.
The study of Te of the lithosphere under seamounts can further our un-
derstanding of the evolutionary process of the lithosphere. According to
the cooling plate model (Parsons and Sclater, 1977; Stein and Stein,
1992), the strength of the lithosphere should increase with age. Many
studies have suggested that the oceanic Te is determined to a first
order by the age of the lithosphere at the time of loading and is approx-
imately represented by the depth of the 450 £ 150 °C isotherms
(Calmant et al., 1990; Watts, 1978, 2001).

The Line ridge is a seamount chain located in the center of the Pacific
Ocean, as shown in Fig. 1. The ridge has several branches, such as the
Keli Ridge, which formed at nearly the same time as the main chain
(Davis et al., 2002). Volcanisms along the ridge do not display linear
age progressions, like the Hawaiian-Emperor chain, and can't be attrib-
uted to hot spots sustained by deep mantle plumes. The long durations
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of volcanism and quasi-synchronous activity over great distance call for
a more complicated explanation.

Wilson (1963) argued that the seamount chains are caused by “hot
spot” activity. The Hawaiian-Emperor chain is a typical example gener-
ated by the activity of a single hot spot. At present, the hot spot is situ-
ated at the southeast end of the chain. Based on the study of rough
bathymetry, Morgan (1972) suggested that the Line ridge, together
with the Tuamotu Islands, is a seamount chain generated by a single
hot spot, similar to the Hawaiian-Emperor chain. Schlanger et al.
(1984) noted that the Line ridge may have been generated by one or
more hot spots based on the lithology and age of the seamounts, obtain-
ed from the Deep Sea Drilling Project (DSDP). The Line ridge may not
have been produce by a single hot spot, like the Hawaiian-Emperor
chain. Although the lithology of the seamounts along the Line ridge is
similar to the Hawaiian-Emperor chain, there are certain significant dif-
ferences. First, the geomorphology of the Line ridge is more complex
than that of the Hawaiian-Emperor chain and has more distinct
branches along the ridge. Second, the ages of the Line ridge seamounts
are diverse and irregular.

According to the fracture zones shown in Fig. 1, as well as the mag-
netic anomaly data to the north of the Line ridge, Nakanishi (1993) in-
ferred that the main chain of the ridge may be parallel to a vanished
mid-ocean ridge. Winterer (1976) also suggested that the Line ridge
was the product of a mid-ocean ridge. But the hypothesis that the Line
ridge was constructed by the activity of a mid-ocean ridge is not
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Fig. 1. A 1 x 1 minute bathymetry model created using ship soundings and vertical gravity gradient anomaly data (BAT_VGG) (Hu et al,, 2014). Seafloor age data from Miiller et al. (2008)
are shown as contours (unit: Ma). The red boxes delineate the areas used to calculate the admittance curves in Fig. 4. Anotations: The red stars denote the islands of the Line Seamounts: 1
Johnston Atoll, 2 Washington Island, 3 Fanning Island, 4 Caroline Island, and 5 Flint Island. The red circles denote seamounts whose ages have been determined by Davis et al. (2002): a Keli
Ridge West, b Keli Ridge East, c Smt.14 N 170 W, d Smt.10 N 162 W, e Smt.9 N 165 W, fS.P. Lee Guyot, and g Kingman Reef. The black triangles denote samples from Schlanger et al. (1984);
the names and ages of the samples are given in the figure and details are provided in Table 3a, 3b.

supported by seafloor magnetism because most of the lithosphere
under the Line ridge formed during the Cretaceous normal superchron
(Atwater et al., 1993). Furthermore, the lithology of the Line ridge is
similar to the Hawaiian-Emperor seamounts, and researchers have not
found mid-ocean ridge basalt (Davis et al., 2002; Schlanger et al., 1984).

Despite the fact that the “hot spot” theory has been widely accepted,
scholars note that “hot spots” are not the only tectonic activity that
causes seafloor volcanism. Asthenospheric magma may erupt along
fault zones and fracture zones caused by tensile forces. Natland (1976)
argued that the generation of certain branches of the ridge may be asso-
ciated with a rift in the seafloor. Lynch (1999) suggested that certain
seamounts on the Pacific lithosphere may be related to tensional crack-
ing based on the study of their geomorphology.

Based on the study of seamount ages and the lithology of the north-
ern Line ridge, Davis et al. (2002) suggested that the formation of the
Line ridge was influenced by Cretaceous super volcanic activity in the
southern Pacific and argued that the multiple periods of volcanic activ-
ity along the ridge were caused by the eruption of mantle material in
areas with weaker lithosphere. Zhang et al. (2006) studied the influ-
ences of fractures and Cretaceous magmatic activity on the construction
of seamounts in the center of the Pacific. They suggested that fractures
may weaken the local lithosphere, and magma may break through
these weak zones.

To sum up: Volcanism along the Line ridge can't be explained by the
hot spot theory. The morphology of the ridge may have been influenced
by cracks of the lithosphere and fractures. However, these lithosphere-
surface processes provide few explanations for magma generation.
Ballmer et al. (2009) proposed an alternative mechanism to explain
the non-hot spot intraplate volcanism. They argued that the small-
scale sublithospheric convection (SSC) explains volcanism with no age
progressions well. Volcanism over a “hot line” induced by SSC may con-
tinue for at least 10-20 Ma and occurs on seafloor ages of about 20-
60 Ma. This mechanism reconciles quasi-synchronous eruption of sea-
mounts over great distances along the Line ridge. Conrad et al. (2011)
linked the intraplate volcanism to rapid asthenospheric shear. They
find a correlation between recent intraplate volcanism and areas of
the asthenosphere experiencing rapid shear by comparing the geo-
graphic distribution of intraplate volcanism with asthenospheric shear
introduced by a global mantle flow model. They suggested that the driv-
ing mechanism for intraplate volcanism lies in the asthenosphere.

Because of its remote location, there have been few attempts to cal-
culate the elastic thickness beneath the features of the Line ridge
(Kalnins and Watts, 2009; Watts, et al., 2006). Kalnins and Watts
(2009) introduced the moving window admittance technique
(MWAT) to determine the spatial variation of Te in the Western Pacific,
based on GEBCO_08 (General Bathymetric Charts of the Oceans) and
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altimetric gravity anomaly data from Scripps Institute of Oceanography
(SIO, V16.1). Te is estimated via 3D spectral analysis for different win-
dow sizes (400 x 400 km to 1400 x 1400 km). The final Te is computed
from the weighted average of the results for different window sizes.

Hu et al. (2014) constructed a new bathymetry model (BAT_VGG),
by combining vertical gravity gradient anomalies and ship soundings.
In this study, we re-calculate Te of the Line ridge using the MWAT intro-
duced by Kalnins and Watts (2009) and the BAT_VGG. The correlation
between Te and the age of the lithosphere at the time of loading is eval-
uated based on our estimates.

2. Theory and method
2.1. The lithospheric flexural isostatic model

The theoretical basis for Te estimation is the flexural isostatic model
(Watts, 2001). Fig. 2 illustrates a simple flexural crustal model, in which
h(x) is the seafloor topography and r(x) is the flexure of the Moho dis-
continuity introduced by the topographic loading. The parameters of
this simple model are summarized in Table 1.

In the frequency domain, the theoretical admittance according to the
flexural isostatic model given by Watts (2001) is as follows:

Z(k) = 2nG(pe—py)e ™ (1= De(k)e ™) (1)

where G is the universal gravitational constant, d is the mean water
depth, t is the mean crustal thickness, k = 2m/A is the wave number, A
is the wavelength; p., p., and p,, are the density of the mantle, crust,
and seawater, respectively; and d,(k) is the flexural response function
of the lithosphere, as given by (Walcott, 1970):

DK* B

(De(k) = |: +1

(pm _pc)g (2)

where g is the average gravitational acceleration, D is the flexural
rigidity of the lithosphere, and D = ET2/[12(1 — v?)], E is Young's mod-
ulus, and v is Poisson's ratio. The theoretical admittance curves for
different parameter values are shown in Fig. 3.

According to Fig. 3(a), at wavelengths shorter than 50 km, the theo-
retical admittance does not change significantly for different Te values
because the topography is uncompensated at these wavelengths. This
provides us with a chance to recover crustal density based on admit-
tance fitting at 20-50 km wave bands. The uncompensated theoretical
admittance Z,nqom(k), the thick blue line in Fig. 3(a), is given by:

Zuncom (k) = ZHG(pc—pw)e—kd_ 3
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Fig. 2. The simple flexural isostatic model.
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Table 1

Summary of parameters assumed for the simple flexural isostatic model.
Parameter Notation in equations Value
Density of seawater Pw 1030 kg/m>
Density of crust Pe 2800 kg/m>
Density of mantle Pm 3350 kg/m>
Mean crustal thickness t 6.5 km
Young's modulus E 10'" N/m?
Poisson's ratio v 0.25

2.2. 3D spectral analysis of Te

Te can be estimated using the 3D spectral analysis method, by fitting
the observed and theoretical admittance. The theoretical admittance
can be calculated with Eq. (1). The observed admittance, Z'(k), can be
determined with the observed gravity anomaly data, AG’(k), and the
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Fig. 3. The theoretical admittance curves for different flexural models. (a) Admittance for a
fixed d (4 km), p.(2800 kg/m?), and T, in the range of 3-25 km. The thick blue line denotes
the uncompensated admittance between the bathymetry and the gravity anomaly.
(b) Admittance for a fixed T, (10 km), p.(2800 kg/m?), and d in the range of 2-5.5 km.
(c) Admittance for a fixed T, (10 km), d (4 km), and p, in the range of 2400-2800 kg/m>.
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seafloor topography model, B(k), using the following equation (McNutt
and Judge, 1990):

_ <G'(k)-B*(k)>

Z (k) = <B(k) - B (k)>

(4)

where * denotes the complex conjugate and < > indicates annular
averaging of the spectral estimates.

Te can be established by minimizing the RMS misfit between the ob-
served and theoretical admittance. The technique is put forward as a
two-step procedure. First, at the 20-50 km wave bands, the uncompen-
sated theoretical admittance is calculated using Eq. (3) for different p.
(2300-2900 kg/cm?) and d (mean model depth 4+ 500 m). The value
of p. and d can be recovered for each area by fitting the theoretical
and observed admittance. Second, at wave lengths longer than 50 km,
with the recovered p. and d, the theoretical admittance can be computed

using Eq. (1) for different Te. We obtain an optimal Te when the RMS
misfit is minimized.

The five experimental areas A-E (centered on, A: 193°E,12.5°N, B:
203°E,0°, C: 210°E,12°S, D: 198°E, 6°N, E: 208°E, 6°S) are shown in
Fig. 1. The fits between the observed and theoretical admittances for a
10° x 10° window in each area are shown in Fig. 4. The calculated Te
represents the regional strength of the lithosphere under each area.
The gravity and bathymetry grids used are SIO V20.1 (Sandwell and
Smith, 2009) and BAT_VGG.

According to Fig. 4, the physically plausible values of the crustal
density can be recovered, and the Te estimates of the five sample
areas (A-E) are 9.5 km, 6.5 km, 6.5 km, 6.5 km, and 9 km, respectively.
The minimum RMS misfits between the observed and theoretical
admittance curves for the five areas are 2.2 mGal/km, 2.8 mGal/km,
5.1 mGal/km, 2.9 mGal/km, and 4.3 mGal/km, respectively. The Te esti-
mated by MWAT represents the mean strength of the lithosphere for
the area covered by the input data.

-170° -165 -160°

-175°

Fig. 5. Distribution of shipborne gravity (the blue line) and altimetric gravity profiles from SIO V20.1 (the red-dashed line), contours are bathymetry from BAT_VGG (unit: m).
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2.3. Validation

We validated the results in samples A-E using shipborne gravity and
altimetric derived gravity (SIO V20.1). This is a poorly-surveyed area,
but we obtained a few shipborne gravity data from NGDC (National
Geophysical Data Center, US). Fig. 5 (the blue lines) shows the distribu-
tion of shipborne gravity at the center of a 4° x 4° area for each region.
The shipborne gravity was evaluated using the altimetric gravity (SIO
V20.1), and tracks with obvious errors were deleted. The deleted data
accounts for less than 1% of the total shipborne data. The red-dashed
lines are gravity profiles perpendicular to the ridge.

The Te and crustal parameters for areas A-E and the BAT_VGG grid
were used to predict gravity anomalies on the sea surface. Fig. 6
shows the comparison between predicted and shipborne gravity anom-
alies. There are always high linear correlations between them.

Fig. 7 shows five profiles perpendicular to the ridge. The lower thick
line gives seafloor topography from BAT_VGG. The middle thin line
gives altimetric gravity from SIO V20.1. The upper red-dashed line
gives predicted gravity. The standard deviations between SIO V20.1
and predicted gravity of the five profiles are also given. These results in-
dicate that a geophysically reasonable Te can be recovered using the
BAT_VGG grid and the 3D spectral analysis method.

3. Data and results
3.1. Data

In this study, we use gravity anomaly data from SIO (Version V20.1),
which are derived from satellite altimetric observations (Sandwell and
Smith, 2009). For comparison, three types of bathymetry models,
GEBCO_08, SIO V15.1, and BAT_VGG are used to calculate T..
GEBCO_08 is a 1-minute grid prepared from bathymetric contours of
the world's oceans and soundings, with interpolation between sound-
ings guided by satellite-derived gravity data. SIO V15.1 was released
by the Scripps Institute of Oceanography (SIO), UCSD, and was derived
from ship soundings and satellite altimetric gravity anomalies (Smith
and Sandwell, 1997). BAT_VGG was created using ship soundings and
vertical gravity gradient anomalies (Hu et al., 2014). In the northwest
Pacific (145°-215°E, — 15°-45°N), the accuracies of these models are
assessed with ship soundings and are shown in Table 2. The frequency
distribution histogram of water depths in the northwest Pacific is
shown in Fig. 8.

According to Table 2, the accuracy of GEBCO_08 is significantly lower
than that of SIO V15.1 and BAT_VGG. The BAT_VGG model is used in this
problem for the first time.

Fig. 8 shows that GEBCO_08 still has the statistical bias problem of
“terrace” (Smith, 1993), due to this bathymetry grid's strong depen-
dence on contours.

3.2. Results

In our study, 1° x 1° Te grids were calculated for the Line ridge and its
adjacent areas (185°-225°E, —20°-20°N), with 1681 nodes calculated
in all. The statistics of the recovered crustal densities and minimal
RMS misfits are given in Table 3a. The statistics of the northwest Pacific
(145°-215°E, —15°-45°N) are also given in Table 3b.

Table 2

Differences between the bathymetry models and ship soundings (unit: m).
Model name Min Max Mean STD
GEBCO —1264.908 1265.306 15.845 291.427
SI0V15.1 —305.377 305.352 —2.880 57.692
BAT_VGG —462.542 462.551 6.239 95.049
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Fig. 8. Frequency distribution of seafloor topography in the northwest Pacific (a for
GEBCO_08, b for SIO V15.1, and c for BAT_VGG).

According to Tables 3a, 3b, when using BAT_VGG to estimate T, the
geophysically reasonable crustal density can be recovered, which is con-
sistent with the mean crustal density given by CRUST2.0 (2757 kg/m’ in
the Line ridge and its adjacent areas, and 2772 kg/m® in the northwest
Pacific). Nearly all of the minimal RMS misfits between the observed
and theoretical admittance are less than 10 mGal/km. These results con-
firm that the BAT_VGG model is suitable for estimating Te, while SIO
V15.1 can also be used. In fact, Smith and Sandwell (1994) designed
special filters to shape the inverse transfer function, and the altimetric
gravity anomalies are used to predict bathymetry in the waveband
range of 15-160 km. Thus, SIO V15.1 is only weakly dependent on T.
Te of the Line ridge calculated with BAT_VGG is discussed in this paper.

The distributions of the RMS misfits and Te values for the study area
are shown in Figs. 9 and 10, respectively. In the study area, the mean and
STD of the Te are 11.9 km and 7.5 km, respectively. For the Line ridge, the
Te is approximately 5.5-13 km.

According to Fig. 9, the theoretical admittance fits the observed ad-
mittance well, and the RMS misfits are less than 5 mGal/km along the
ridge.
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Table 3a
Recovered mean oceanic crust density and RMS of the differences between theoretical and measured admittance when using different bathymetry models (for the Line ridge and its
adjacent areas).
Bathymetry ~ The mean (STD) of recovered ~ The mean (STD) of RMS misfit between observed and  The percentage of grid nodes  The percentage of grid nodes with
model crustal density (kg/m?) theoretical admittance (mGal/km) with RMS <5 mGal/km RMS < 10 mGal/km
GEBCO_08 2467(+£192) 7.5(£2.5) 13.9% 86.1%
SIO V15.1 2696(4104) 54(£1.8) 44.1% 99.7%
BAT_VGG 2733(£125) 4.8(£2.2) 65.2% 97.6%
Table 3b

Recovered mean oceanic crust density and RMS of the differences between theoretical and measured admittance when using different bathymetry models (for the northwest Pacific).

Bathymetry ~ The mean (STD) of recovered ~ The mean (STD) of RMS misfit between observed and  The percentage of grid nodes  The percentage of grid nodes with
model crustal density (kg/m>) theoretical admittance (mGal/km) with RMS < 5 mGal/km RMS < 10 mGal/km

GEBCO_08 2562(+211) 7.5(£2.6) 11.8% 85.5%

SI0 V15.1 2720(+148) 5.6(+2.2) 46.2% 95.4%

BAT_VGG 2770(+120) 5.2(+2.5) 56.9% 95.5%

Fig. 10 shows that the T, along the ridge is not changing progressive-
ly, but instead exhibits segmentations. The strength of the lithosphere
under region A and E is higher than that of other areas slightly. Most
of the T, estimates in region A and E are 8-12 km, and so these sea-
mounts are “flank ridge” features, according to Watts et al. (2006).
The continuity of the Line and Caroline Islands is interrupted in region
E. The lithosphere under the Line Islands (regions B and D) is weaker,

15°

10°

OO

—5°

and show lower T, of 4-8 km. This means that the Line Islands are an
“on ridge” setting. The upper-right corner of Fig. 10 shows the T, of
the Hawaiian-Emperor chain. As a chain constructed by a “hot spot”,
the T, decreases gradually from southeast to northwest, with increasing
distance from the hot spot. This indicates that the Line ridge may have
been modified by tectonic activities more complicated than those of a
“hot spot”.
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Fig. 9. Minimum RMS misfits between measured and theoretical admittances.
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Watts et al. (2006) calculated the Te of the lithosphere under more
than 9000 seamounts using the bathymetry prediction method and sea-
mount database provided by Wessel (2001). In the study area of this
paper, the Te values of approximately 543 seamounts are calculated.
Fig. 11(a) shows the results given by Watts et al. (2006). The Te of the
Line ridge shows a similar trend with our results, except for a few values
greater than 20 km. Fig. 11(b) shows the differences between our re-
sults and those of Watts et al. (2006). Most of the absolute differences
are less than 5 km.

Both the MWAT and the bathymetry prediction method have advan-
tages and disadvantages when estimating T,. The MWAT takes into ac-
count both the near and far zone loads but reduces the resolution. The
bathymetry prediction method can be used easily to calculate Te
under an individual seamount, but it may overestimate Te if adjacent
loads are ignored (Kalnins and Watts, 2009), especially for a smooth
basin. The method of Watts et al. (2006) is generally applied to an isolat-
ed seamount that has been surveyed by ship soundings, while the
MWAT can be used to estimate the Te for nearly the entirety of the
seafloor.

4. Discussions and conclusions
The relationship between Te and the age of the lithosphere at the
time of loading is analyzed here. Ages of 21 seamounts were collected

from Schlanger et al. (1984) and Davis et al. (2002) (Table 4). There is
no clear hot-spot age progression along the ridge. Table 4 also lists the

10°

-5°

-10°

seafloor age at the time of loading and the Te values calculated in this
paper.

The relationship between Te and the age of the seafloor at the time of
loading is shown in Fig. 12.

Both the Te samples of the Line ridge and the Hawaiian-Emperor
seamounts are shown in Fig. 12 for comparison. According to Fig. 12,
most of the Te along the Hawaiian-Emperor seamounts are located at
the 300-450 °C isotherm depth, while most of the T, along the Line
ridge are located at the 150-300 °C isotherm depth. Kalnins and Watts
(2009) show that Te of the Cretaceous lithosphere for the northwestern
Pacific is in the 180 + 120 °C isotherm depth range, and the results in
this paper agree with this finding. Based on the data along the Line
ridge in Table 4, the age of the seafloor at the time of loading can be di-
vided into two parts. Some of the seamounts have ages older than 80 Ma
and formed on 20-35 Ma seafloor, and the other seamounts have ages
that are approximately 70 Ma and developed when the seafloor age
was approximately 40-60 Ma. As shown in Table 4 and Fig. 12, the Te
of these seamounts are similar. These results may suggest that the lith-
osphere of the Line ridge, as a whole, experienced certain geologic pro-
cesses, such as thermal activation, fracture, etc., which weakened its
strength.

The origin of the Line ridge can be discussed based on Te of the lith-
osphere. The Te is the product of a combination of various tectonic
forces experienced by the lithosphere. The tectonic origin of the sea-
mount chain can be discussed based on Te, seamount ages, bathymetry,
and lithology.

-165°

-175°  -170°

-160° -155°

-150° -145° -140° -135°

Fig. 10. Te of the lithosphere under the Line ridge and its adjacent areas (a) and the frequency distribution of Te in the five experimental regions. (Te of the Hawaiian-Emperor chain are

shown at the upper-right corner for comparison).
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Fig. 10 (continued).

The Te structure of the Line ridge may be related to special tectonic
activity. At about 80 Ma, the first phase of the ridge formed in associa-
tion with the Cretaceous super volcanic activity in the south Pacific
when the lithosphere age was approximately 20-35 Ma. As the plate
drifted north, magma erupted again along a weak part of the lithosphere

when the lithosphere age was approximately 40-60 Ma. At approxi-
mately 43 Ma, the drift direction of the Pacific Plate changed, and
this may have changed the stress field of the plate and led to the
last stage of volcanism of the Line ridge, especially in the area of
the Line Islands (Sager and Keating, 1984). The existence of thermal
activity, fracture zones, and changes in stress may all have weakened
the lithosphere.

There is no progression in seamount ages and T, along the Line ridge.
The present analysis leads us to the following conclusions:

(1) When we estimated Te using BAT_VGG, the geophysically rea-
sonable crustal density was recovered, which is consistent with
the density from CRUST2.0. Most of the RMS misfits between
the observed and theoretical admittance results are less than 5
mGal/km. These results indicate that BAT_VGG is suitable to cal-
culate Te.

(2) The Te along the Line ridge is approximately 5.5-13 km, with a
mean of 8 km and a standard deviation of 1.3 km. The Te of the
Line ridge exhibits no trend, unlike the Hawaiian-Emperor
chain, but instead exhibits segmentation. The structure of the
Line and Caroline Islands is discontinuous from the perspective
of Te (interrupted at region E). Thus, region E experienced
weaker thermal activity than region B and D, and shows less
volcanism.

(3) Most of the Te values for the Line ridge are located at the
150-300 °C isotherm depth, which is significantly less than the
depth given by Watts (2001), which is 300-600 °C. The age of
the lithosphere at the time of seamount loading appears to be
concentrated in two periods: 20-35 Ma and 40-60 Ma. Despite
the age differences, this study found similar Te for the lithosphere
of these age groups. Our findings may indicate that the litho-
spheric strength was weakened by geologic processes. Thus, the
strength of the lithosphere under the Line ridge is not solely con-
trolled by the age of the lithosphere at the time of loading, but the
thermal and fracture activities must have played an important
role in the origin and evolution of the ridge. Due to the extended
distribution of seamounts and the volcano ages along the Line
Islands, these thermal activities may be attributed to the small-
scale sublithospheric convection (SSC) (Ballmer et al., 2009).
Volcanism continued for about 60 Ma on the seafloor with ages
larger than 100 Ma now, as showed in Table 4. This can be ex-
plained by the SSC model with high reference mantle temperature.
While, it is reasonable to suppose that the mantle temperature
under the Line ridge is higher than normal for the ridge is con-
structed near the south Pacific “super swell”.
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Table 4
Seamount ages and Te of the Line ridge.

Samples’ Location Age of  Age of Age of seafloor Te
name seafloor seamount at time of (km)
(Ma) (Ma) loading (Ma)

143D_102 169°03'W,19°30'N  110.8 88.1 227 13.2
142D_11 169°05'W,18°00'N  114.2 934 20.8 10.8
RD63_7 168°13'W,16°27'N  115.3 86.0 293 8.2
RD59_12 167°03'W,12°31'N  120.6 85.0 35.6 8.7
RD61_1(5) 166°27'W,14°59'N  113.8 82.0 31.8 8.9
128D_11 160°45'W,09°15'N  112.8 78.7 341 7.3
RD33_1 161°55'W,08°11'N  118.6 393 79.3 7.2
123D_15 160°45'W,05°50'N  122.4 76.4 46.0 6.5
PCOD_6_2 158°30'W,02°35'N  119.5 69.8 49.7 6.0
RD41_1 157°21'W,02°06'N  115.1 355 79.6 5.6
RD43_1 155°17'W,00°42'S  108.0 59.0 49.0 6.9
RD44_3 151°33'W,07°35'S ~ 93.7 719 218 8.7
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Smt.14N170W 170°00'W,14°00'N  125.6 68.1 57.5 8.1
Smt.10N162W 162°00'W,10°00'N 114.7 83.6 31.1 7.7
Smt.IN165W  165°00'W,09°00'N 125.6 69.3 56.3 85
Kingman Reef 162°54'W,06°18'N 125.3 70.0 55.3 7.2

Annotations: The sample names, locations, and ages are from Schlanger et al. (1984) and
Davis et al. (2002). The age of the seafloor is interpolated from Miiller et al. (2008). The age
of the seafloor at the time of loading is defined as the age difference between the seafloor
and the seamounts. Te is calculated by MWAT using the bathymetry model BAT_VGG and
altimetric gravity anomalies SIO V20.1.
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