
1.  Introduction
The NE Atlantic developed in two major tectonic events, both affected by the Iceland plume. During the Pale-
ocene-Early Eocene breakup between Greenland and Europe, the formation of the continental margins was 
accompanied by massive magmatism, forming the major part of the Northeast Atlantic Igneous Province (NAIP). 
These margins are characterized by thick, high-velocity lower crustal layers (HVLC) and Seaward Dipping 
Reflectors (SDRs) (e.g., Abdelmalak et al., 2016; Breivik et al., 2014; Geissler et al., 2017; Holbrook et al., 2001; 
Voss & Jokat, 2007; Voss et al., 2009). During the Oligocene to Early Miocene, the influence of the Iceland 
Plume increased in the NE Atlantic (e.g., Mjelde et al., 2008). As a direct consequence of this, the Jan Mayen 
micro-continent (JMMC) was rifted off East Greenland by the spreading axis jump from the Aegir Ridge to the 
Kolbeinsey Ridge (e.g., Mjelde et al., 2008; Nunns, 1982) (Figure 1). Lava flows along the western margin of 
the JMMC (Blischke et al., 2017, 2019) and Oligocene volcanism in East Greenland, including Traill Ø Island 
landward of the West Jan Mayen Fracture Zone (WJMFZ) (Franke et al., 2019; Price et al., 1997) show that the 
rifting of the JMMC off East Greenland was in some parts associated with substantial magmatism. Also the 
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oceanic crust formed at the Middle Kolbeinsey Ridge since the Late Oliocene breakup has a greater than normal 
crustal thickness at 9 km (Kodaira et al., 1998a). However, the lack of SDRs and HVLC along the western margin 
of the JMMC (Kodaira et al., 1998a) and only a minor HVLC at the conjugate East Greenland margin (Hermann 
& Jokat, 2016) show that this later stage breakup magmatism was substantially smaller than the Early Eocene 
magmatism. In order to understand this second event, we need better quantification of the associated magmatism 
in the area. The formation age of the Logi Ridge north of the WJMFZ was determined from reflection seismic 
to be mainly Late Oligocene to Early Miocene (Tan et al., 2019). Similarly, Franke et al. (2019) indicate a Late 
Oligocene age for the magmatism landward of the ridge on the East Greenland shelf, also from reflection seismic 

Figure 1.  Regional elevation map (ETOPO 2V2) (National Geophysical Data Center, 2006), where the study area is 
indicated by the dashed circle (Figure 2). Black areas onshore Greenland indicate Early Cenozoic basalt flows or intrusions 
(Noble et al., 1988). The black solid line represents the Continental Ocean Boundary around the JMMC by Blischke 
et al. (2017). AR: Aegir Ridge, EB: Eggvin Bank, EJMFZ: East Jan Mayen Fracture Zone, F: Faeroes, FIR: Faeroes-Iceland 
Ridge, GIR: Greenland-Iceland Ridge, JM: Jan Mayen, JMMC: Jan Mayen microcontinent, JMP: Jan Mayen Plateau, KR: 
Kolbeinsey Ridge, LR: Logi Ridge, MR: Mohn's Ridge, RR: Reykjanes Ridge, NEGM: NE Greenland Margin, TØ: Traill Ø, 
V: Vesteris Seamount, VP: Vøring Plateau, VS: Vøring Spur, WJMFZ: West Jan Mayen Fracture Zone.
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data, relating it to the rifting off of the JMMC. While the development of the Logi Ridge is reasonably well 
constrained (Tan et al., 2019), the magmatic event itself needs to be quantified in terms of volume and magma 
production rate. Magmatic volume calculations for the East Greenland margin are presented by Voss et al. (2009), 
but to our knowledge, this is currently lacking for magmatic structures in the area between the SE Greenland 
margin to and including the island of Jan Mayen.

A regional 3D gravity model of the Jan Mayen-East Greenland region with a horizontal node spacing of 
10 × 10 km was published by Tan et al. (2018). The calculated gravity response over the Logi Ridge from that 
model is up to 50 mGal higher than observed, showing that the crustal density model of the Logi Ridge needs to 
be improved. In order to build a more precise crustal model, we use the only published seismic refraction profile 
(AWI20030500) that crosses the Logi Ridge (Voss & Jokat, 2007) that was also used for the regional model of 
Tan et al. (2018), but further include the seismic reflection lines of Tan et al. (2019). These profiles also have 
recorded ship-track gravity, and density models of the profiles can be tested by gravity modeling. From the 
refraction profile, we developed a simplified modeling procedure that can also be used with the limited boundary 
conditions provided by the reflection seismic lines. Satellite gravity has a resolution limit of just below 30 km 
wavelength (Gaina et al., 2011) and does not measure the narrow ridge well, typically showing 20–30 mGal too 
low gravity above the peak of the ridge. Four additional profiles, one reflection seismic line from Tan et al. (2019) 
and three bathymetric profiles were added to obtain a complete coverage of the ridge. These do not have ship-
track gravity, but isostatic balancing was used to estimate crustal structure, combined with constraints by the ties 
with the refraction profile. The resulting crustal structure along the profiles is then used to build a high-resolution 
(2 × 2 km horizontal node spacing) crustal volume model of the ridge area.

Also the elastic thickness of the lithosphere at the time of ridge loading is estimated. When compared to models 
of the temperature development of the lithosphere, further constraints on the main ridge building time can be 
obtained. From the magmatic duration and volume estimates, the magma production rate can be estimated, 
enabling comparison to other events. Finally, the velocity structure of the ridge from the refraction profile is 
compared to the results from other seamounts formed at different conditions to further constrain the mechanism 
behind the magmatic event.

2.  Geological Background
The breakup between Greenland and Europe established three spreading axes in the Early Eocene; the Reykjanes 
Ridge to the south, the Aegir Ridge in the middle, and the Mohn's Ridge to the north (Figure 1). The corre-
sponding margin segments were to various degrees influenced by the Iceland Plume (e.g., Holbrook et al., 2001; 
White et al., 2008), resulting in volcanic margin formation (Breivik et al., 2009, 2014; Voss & Jokat, 2007). The 
Aegir and Mohn's ridges were separated by the East Jan Mayen Fracture Zone (EJMFZ), and the initial breakup 
occurred along the eastern JMMC, producing a volcanic margin similar to the conjugate Møre-Faroes margin 
(Breivik et al., 2006, 2012; White et al., 2008). Rifting of the JMMC from East Greenland commenced in the 
Early Oligocene and gradually propagated northward (Blischke et  al.,  2017). During the early Miocene, the 
breakup between the JMMC and Greenland was completed (Blischke et al., 2017) by establishing the Kolbeinsey 
seafloor spreading ridge, connected to the Mohn's Ridge via the newly formed WJMFZ (Figure 1).

2.1.  JMMC Breakup-Related Magmatism

The western margin of the JMMC lacks a HVLC and has a very thin continental crust (∼5  km) at the Jan 
Mayen Basin, created by a prolonged extensional phase prior to the Kolbeinsey Ridge formation (Kodaira 
et al., 1998a, 1998b; Mjelde et al., 2008). Based on a dense coverage of seismic reflection profiles, Blischke 
et al. (2019) established a Cenozoic seismic-stratigraphic framework for the western margin of the JMMC. Their 
results show widespread shallow marine volcanic flows and intrusive sills that were emplaced during the Oligo-
cene. On the conjugate East Greenland margin, Hermann and Jokat (2016) observed a 3-km-thick high-velocity 
lower crust beneath the continent-ocean transition zone on seismic refraction profiles just south of the WJMFZ. 
They suggested that the high-velocity lower crust is due to excess magmatism tied to the WJMFZ formation 
during the continental breakup of the JMMC off East Greenland. A large elongated magnetic high (Traill Ø 
Igneous Complex (TIC)) is observed on the shelf landward of the western end of the WJMFZ (Figure 2). Traill 
Ø is located at the westernmost end of the TIC (Figure 2), where syenitic intrusions exposed onshore are dated to 
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Figure 2.
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34–36 Ma, coeval with the rifting of the JMMC (Noble et al., 1988; Price et al., 1997) (Figure 1). Tan et al. (2019) 
found that the onset of formation of the Logi Ridge also started in the Oligocene, and that its formation correlates 
with a regional dynamic topography rise expected to come from the increasing Iceland Plume influence in the 
asthenosphere.

2.2.  Post JMMC Breakup Magmatism of the Area

After the JMMC breakup, there was extensive post-breakup magmatic activity in our study area besides that of 
the Logi Ridge. The island of Jan Mayen is of igneous origin and has an active volcano. A seismic refraction 
study shows an igneous crustal thickness of 25 km beneath the island (Kandilarov et al., 2012). The magmatism 
is derived from deep, low-degree mantle melting (Trønnes et al., 1999). Adjacent to the island, excess magmatism 
is observed across the WJMFZ at the southern tip of the Mohn's Ridge, where the oceanic crust is up to 12-km 
thick (Kandilarov et al., 2012). The geochemical composition is similar to that of the Jan Mayen magmatism 
(Elkins et al., 2016; Mertz et al., 2004). Between Jan Mayen and Greenland, the Eggvin Bank is a shallow area 
with magma-rich spreading at the northern segment of the Kolbeinsey Ridge. It is confined to the south by a small 
offset on the spreading ridge and to the north by the WJMFZ (Figure 2). The bank has been dredged both on-axis 
and off-axis (e.g., Elkins et al., 2011, 2016; Haase et al., 2003), showing enriched isotope signatures indicating 
an eclogite-rich source, distinct from adjacent segments of the spreading ridge system. The crustal structure of 
the eastern Eggvin Bank was established by a refraction seismic study, showing igneous crust with a thickness 
of 8–13 km (Tan et al., 2017). The greatest thickness is underneath two large seamounts. Also the area north of 
the Logi Ridge is active with recent magmatism on the Vesteris Seamount. Dredged samples indicate that the 
magmatism is derived from a depleted mantle source of non-plume origin (Haase & Devey, 1994). There is also 
minor recent magmatic growth and tectonic activity southeast of the Logi Ridge, which correlate with prolonged 
dynamic uplift there (Tan et al., 2019). Several papers argue for a separate Jan Mayen mantle plume (e.g., Elkins 
et al., 2016; Rickers et al., 2013; Schilling, 1999). On the other hand, Tan et al. (2018) found that the Jan Mayen 
magmatism is most likely a result of the shallow part of the asthenospheric flow out from the Iceland Plume in 
the south, which is being diverted to the east by the WJMFZ due to the associated lithospheric thickness increase 
to the north of the Kolbeinsey Ridge. It is, however, possible that the deeper part of this flow is not diverted and 
responsible for some of the magmatism seen north of the Kolbeinsey Ridge.

3.  Data and Methods
3.1.  Data

The data used for this study come from four different sources. The Alfred Wegener Institute (AWI) supplied the 2D 
crustal velocity model AWI20030500, including free-air ship-track gravity measurements (Voss & Jokat, 2007). 
The biggest data set consists of five single-channel seismic reflection lines (Profiles 2–6) that were collected 
by the University of Bergen and Oslo, including ship-track free-air gravity and echo-sounder recordings (Tan 
et al., 2019). In addition, we use one multichannel seismic reflection line (NPD0005) supplied by the Norwegian 
Petroleum Directorate that covers the eastern Logi Ridge (Figure 2) (Tan et al., 2019). Since the western part of 
the ridge is not covered by seismic data, we use the IBCAO v.4 bathymetry compilation (Jakobsson et al., 2020) 
to extract three additional bathymetric profiles for the modeling. The basement depths of these three profiles are 
derived from the regional sedimentary model of Tan et al. (2018).

3.2.  Methods

3.2.1.  Density Modeling

For calculating the forward gravity response of the density models, we use an in-house (University of Oslo, 
unpublished)-developed program based on the 2D algorithm by Talwani et al. (1959). The start and end of the 

Figure 2.  Location of seismic data in the study area shown on IBCAO v.4 bathymetry map (Jakobsson et al., 2020) (a), magnetic map (Verhoef et al., 1996) (b), and 
satellite free-air gravity map (Gaina et al., 2011) (c). The seismic reflection lines used in this study are shown as black solid lines, three bathymetry profiles as white 
solid lines, and published seismic refraction lines (Hermann & Jokat, 2016; Kandilarov et al., 2012; Tan et al., 2017; Voss & Jokat, 2007) as red solid lines with the 
part used in this study marked by the yellow solid line. The area of the Traill Ø igneous complex and Logi Ridge is indicated by thin dotted black and white lines, 
respectively. The Northern Kolbeinsey spreading ridge is shown by a thick black-dashed line. Seafloor spreading anomalies annotations are from Gaina et al. (2017). 
EB: Eggvin Bank, JM: Jan Mayen, TIC: Traill Ø Igneous Complex, WJMFZ: West Jan Mayen Fracture Zone, VS:Vesteris Seamount.
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profiles have been extended by 1,000 km in order to avoid edge effects during the gravity modeling. Forward 
gravity modeling over oceanic lithosphere of varying age must also include the temperature-induced density 
differences in the mantle. We use a forward 2D finite element temperature modeling algorithm to simulate the 
temperature development based on the oceanic age along all transects (Lee et al., 1980). See Breivik et al. (1999) 
for a description of parameters and procedure. Seafloor ages are derived from Gaina et al. (2017). Mantle density 
is estimated using the approach of Bai et al. (2014), which is based on both temperature and pressure.

Densities for the AWI20030500 crustal velocity model are derived using the Rayinvr internal conversion (Zelt 
& Smith, 1992). Constant density polygons then correspond to the average velocity of the velocity-determining 
polygons within the Rayinvr model. From that, a simplified gravity modeling procedure is developed that will 
reproduce a good gravity fit using the known crustal thickness combined with the estimated mantle densities to 
be applied to the other profiles.

Basement depth for the reflection seismic profiles was obtained from two-way time depth converted using the 
regional empirical velocity-depth trend for the sediments (Vp = 1.8 + 0.7Z km/s, Z: Sediment thickness in km) 
from Tan et al. (2019). The density-depth relationship of sediments in the Norwegian-Greenland Sea has been 
estimated by Engen et al. (2006) (ρ(Z) = 2890−990exp (−0.15Z) kg/m 3, where Z is depth from the seafloor in 
km). We divide the sedimentary package into ∼500-m-thick layers with constant densities. For each profile, the 
Moho depth is estimated, so that (a) there is a good fit between the calculated and ship-track gravity anomalies 
over the ridge and (b) a good fit at the tie to the AWI20030500 profile. For the profiles without ship-track grav-
ity, we estimate the Moho depth underneath the ridge by the degree of local compensation of the ridge itself, 
compared to nearby profiles, and by ties to the refraction profile. For comparison, a local isostatic Moho is calcu-
lated for all the density models, which includes a mantle density model down to 125 km depth.

3.2.2.  Lithospheric Strength During Loading

The plate strength at the time of the ridge loading along profiles can be estimated by calculating the transfer 
function (admittance) between bathymetry and free-air gravity in the frequency domain, which can be compared 
to theoretical admittance functions for different elastic strengths of the lithosphere (Watts, 1978). The method 
will give an equivalent thickness Te of an elastic plate. The Te of young oceanic lithosphere incorporates both 
parts of the crust and the upper mantle and correlates with the depth of the 450 ± 150°C contour (Watts, 1978). 
The results can therefore be compared to thermal models of the lithosphere at the ridge for given times to further 
constrain the time of the main ridge building. To dampen noise from profile ends, we uplift the bathymetry by 
2,400 m and linearly taper each end of the profiles to zero over 100 km.

3.2.3.  Igneous Process

In order to calculate the igneous volume of the ridge, we need both a volume model of the ridge as well as an 
estimate of the crustal volume before the emplacement of the ridge. The crustal volume of the ridge is estimated 
by interpolating the modeled profiles using GMT (Wessel & Smith, 1991). The crustal volume before the ridge 
emplacement can be estimated by interpolating the basement and Moho depths north and south of the ridge across 
the ridge area. These can similarly be interpolated into a 3D regional volume model that estimates the crustal 
thickness as it was before the ridge development. The excess magmatic volume of the ridge can then be estimated 
by subtracting the regional model from the ridge volume model. In order to calculate the magma production rate, 
we need to estimate the duration of magmatism. Tan et al. (2019) constrained the ridge development to be from 
the Oligocene until mid-Miocene. However, the main loading phase can be further constrained by the lithospheric 
flexural response to the ridge loading estimated here.

The temperature dependence of the mantle melting can be estimated by the correlation between the lower crus-
tal seismic velocity (Vp) and total igneous crustal thickness (H) (e.g., Holbrook et al., 2001; Sallarès & Cala-
horrano, 2007). In situ lower crustal velocities are corrected for temperature and pressure following Holbrook 
et al.  (2001). The pressure is calculated from the density model for all depths, and the pressure correction is 
0.00022  km/s/MPa. The temperature correction is −0.0005  km/s/°C, assuming a linear temperature gradient 
from 10°C at the seafloor to 750°C at 40 km depth. In order to remove the effect of crustal alteration and poros-
ity, all crustal velocities lower than 6.85 km/s are set to 6.85 km/s. If the excess volcanism is caused by the 
elevated mantle temperature, there should be a positive H-Vp correlation, while excess magmatism caused by 
active mantle upwelling and/or an enriched mantle source is expected to give a low-to-negative H-Vp correlation 
(Holbrook et al., 2001).
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4.  Results
4.1.  Initial Density Modeling of Profile AWI20030500

The seismic refraction profile has two sedimentary layers with a combined thickness of up to 2.0 km (Figure 3). 
The upper sedimentary layer consists of unconsolidated deep sea sediments with velocities of 1.6–2.4  km/s, 
which converts to densities of 1,600–1,800 kg/m 3. The lower layer has laterally variable seismic velocities of 
2.4–3.1 km/s, which gives densities of 1,800–2,200 kg/m 3. The boundary between the upper and lower crust 
is defined by the 6.6 km/s contour and is fairly level at 6 km depth. The density of the upper and lower crust 
varies between 2,200 and 2,600 kg/m 3 and 2,870–2,900 kg/m 3, respectively. The upper 2 km of the ridge itself 
has crustal velocities somewhat lower than the upper oceanic crust adjacent to the ridge consistent with basaltic 
rocks with large porosity. The crustal thickness underneath the ridge crest is up to 12 km. To the NW side of the 
Logi Ridge, the oceanic crust is 7 km thick, while to the SE, it is 5 km thick, reflecting a general thinning away 
from the margin.

Figure 3b shows the density anomalies for each layer compared to its average density along profile. The lower 
sedimentary layer shows a general increase of up to 100 kg/m 3 from the northwest to the southeast. The upper-
most layer of the ridge itself shows the same trend. The layer underneath, which is continuous with the upper 
oceanic crust to the side of the ridge, has the lowest densities in the southeast flank of the ridge with variation of 
up to 120 kg/m 3. The density of the lower crust shows little variation (±10 kg/m 3).

The pressure at the bottom of the model does not show any regional trend between the profile ends, indicating 
that the thermal-based mantle density model is reasonable. Outside of the Logi Ridge, the pressure is about 
3.828 GPa, while under the ridge, it is 3.855 GPa. This implies that there is some regional compensation as 
would be expected if the ridge grew on oceanic lithosphere with some flextural strength. Over the crest of the 
Logi Ridge, the calculated gravity is about 10 mGal higher than observed. This may be due to inaccuracy in 
determining the upper crust velocity/density under the ridge crest. The calculated gravity is also somewhat higher 
on the northern flank of the ridge (Figure 3d). This part shows increased velocities in the upper crust, resulting in 
a corresponding density contrast (Figure 3b), which may have been overestimated, if crack porosity is the main 
cause of the velocity variations. The density model also gives ∼20 mGal lower value than that observed to the 

Figure 3.  (a): Gridded crustal velocity model of the seismic refraction profile AWI20030500 (Voss & Jokat, 2007) (Figure 2). Vp velocities are annotated by small 
numbers. (b): density variations relative to mean density of each layer. (c–f): Results of 2D gravity modeling along AWI20030500. (c): The pressure at the bottom of the 
model at 125 km depth and the upper crustal thickness/total crustal thickness ratio along profile. (d): 2D gravity modeling showing calculated (blue line) and observed 
ship-track gravity (black dots) and satellite gravity (green dots) (Gaina et al., 2011). (e): The crustal density model derived from the OBS model (Voss & Jokat, 2007). 
The red solid line along the profile represents the upper/lower crustal boundary. The dashed green box shows the area of the ridge (white-dashed line on Figure 13) used 
for magma volume calculation. Tie points between the lines are also indicated. (f): The mantle density estimated down to 125 km by forward temperature modeling 
based on the oceanic seafloor ages indicated at the bottom (Gaina et al., 2016).
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southeast of the Logi Ridge (Figure 3c). This corresponds to an area of slightly reduced pressure at the bottom of 
the model, indicating a mass deficit here. Since the profile is oblique to the ridge, 3D effects may also be a source 
to discrepancies at the flanks. Overall, the gravity model is reasonably consistent with the crustal structure of the 
seismic refraction profile.

4.2.  Simplified 2D Density Model of Profile AWI20030500

A simplified modeling procedure for the AWI20030500 profile is developed following the procedure described in 
Section 3.2, where we determine the parameters that are to be used in the subsequent modeling. The sedimentary 
density model is derived from the density-depth relationship by Engen et al. (2006). The crustal density model 
is simplified into two layers. Since the upper part of the Logi Ridge has lower density compared to the upper 
oceanic crust surrounding it (Figure 3b), we tested densities from 2,250 to 2,550 kg/m 3 in 100 kg/m 3 steps for the 
upper layer. Figure 4 shows the results, where an upper crustal density of 2,350 kg/m 3 gives the best gravity fit, 
slightly better than the initial model. The density of the lower layer is kept at 2,900 kg/m 3, and the depth of the 
upper/lower crustal boundary is 6 km.

To estimate the uncertainty of the procedure, we first establish the extreme boundaries of the model. The isostatic 
Moho under the ridge is at a depth of up to 18 km, which is significantly deeper than that of the refraction profile. 
The peak gravity response from the isostatic model is also 40 mGal less than that observed (Figure 4b). For the 
regional crustal model, we estimate a Moho about 2 km shallower under the ridge than the refraction profile 
from which the corresponding gravity response becomes 10–15 mGal higher than that observed (Figure 4b). 
The regional Moho and the isostatic Moho represent the minimum and maximum Moho depth estimates under 
the ridge, respectively. However, changing the Moho depth under the central parts of the ridge by a maximum 
of ±1.7–1.8 km as shown in Figure 4c changes the gravity response by between 10 and 20 mGal over central 
parts of the ridge. Thus, the uncertainty of the Moho depth under the ridge crest that is obtained from the gravity 
modeling is estimated to be less than ±2 km (i.e., up to 2 km shallower or 2 km deeper) comparable to that of the 
seismic refraction line (Voss & Jokat, 2007). However, seismic and gravity uncertainties do not simply add up. 
The regional Moho limits the crustal thickness difference between the ridge and the surrounding oceanic crust 
since a positive crustal root is expected, so the minimum volume estimate is not affected. It is possible that the 
error upward could be slightly greater than the +2 km indicated here, but that is difficult to judge without a more 
targeted seismic error analysis for the ridge itself.

4.3.  2D Density Modeling of Additional Profiles

The results of the 2D density models are shown in Figures 5–10. They were generated following the method 
described in Section 3.2, and with parameters established in Section 4.2. The Moho geometry to the north and 
south side of the ridge is constrained by isostatic balancing, while under the ridge it is constrained by gravity 
modeling (Figure 2; Profiles 2–6) where possible. The Moho depth is also constrained by ties to the AWI20030500 
profile (Figure 11). The ties to the refraction profile for Profile 3 and 4 are close to the center of the ridge. The 
gravity response support a 12  km Moho depth under Profile 3, while it indicates a slightly deeper Moho of 
12.5 km for Profile 4. The other seismic profiles tie with the AWI20030500 profile off the ridge, except for 
Profile 2 which does not tie (Figure 2). Both Profile 5 and 6 give a good gravity fit with the Moho at 12 km depth. 
Profile NPD0005 runs close to Profile 6 and crosses the eastern seamount closer to its center. Since we do not 
have ship-track gravity here, we use the isostatic balancing as a guide and lift the Moho depth up to 12 km, the 
same depth as that of Profile 6. Profile 2 ties with four other profiles (Figures 2 and 5) and crosses the flanks of 
the eastern and western ridge segments. The results are consistent with the ties to Profiles 5 and 6 in predicting a 
maximum Moho depth of 10–11 km under the ridge flank.

The results from three additional transects in the west based on IBCAO V.4 bathymetry (Jakobsson et al., 2020) 
and the regional sediment thickness model from Tan et al.  (2018) are shown in Figure 10. These profiles do 
not have high-resolution gravity to constrain them. However, Profile W-1 crosses the AWI20030500 Profile 
at the ridge flank (Figures 10 and 11), which gives a Moho depth of 12 km, about 1.5 km shallower than the 
isostatic Moho. From there, the depth is set to increase to 13  km under the summit of the ridge as seen on 
the nearby profiles (Figure 10). Profile W-2 ties the AWI20030500 profile off the ridge at a Moho depth of 
11.5 km (Figure 11), which is consistent with the isostatic Moho there. The Moho under the ridge summit is 
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Figure 4.  Estimation of modeling parameters, isostatic Moho, and regional basement/Moho. The crustal model of AWI20030500 (Voss & Jokat, 2007) is shown in 
gray. The mantle model is included, but not shown. Ship-track gravity is shown by black dots, while satellite gravity (Gaina et al., 2011) is shown by green dots. (a): 
Sensitivity test of upper crustal density (2,250–2,550 kg/m 3). (b): Our regional top basement and Moho are indicated by a dashed blue line and a dashed black line, 
respectively. The regional Moho from Funck et al. (2016) (regional Moho F16: dashed yellow line) is shown for comparison. The isostatic Moho is shown by the 
dashed red line. (c): Sensitivity test of the Moho depth of ±2 km under the summit. The green-dashed box indicates the area of the Logi Ridge used for ridge volume 
calculation.
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taken to be about 2–2.5 km shallower than the isostatic Moho, and 13 km deep (Figure 10). Profile W-3 ties the 
AWI20030500 profile off the ridge, where the oceanic crust surrounding the ridge is thicker with a Moho depth 
of 11 km (Figures 10 and 11). In the final model, Moho is placed 1.5–2 km shallower than the isostatic Moho 
under the ridge summit, similarly at 13 km depth.

There is additional uncertainty due to the lack of high-resolution gravity constraints for these profiles. However, 
the thicker crust surrounding the western part of the ridge, combined with the reduced ridge relief, reduces the 
difference between the local isostatic Moho under the ridge to that of the surrounding Moho depth between a 
maximum of 3.5 and 4 km. Our preferred models reduce this difference to between 1.5 and 2.5 km. The Moho 
depth uncertainty should therefore be comparable to that of the eastern profiles. In general, the density models 
reproduce the gravity anomalies along the profiles reasonably well. The discrepancies are of a regional charac-
ter, where there is a slight rise of the calculated gravity to the southeast (Figures 6 and 7). At the south end of 
Profile 6, the calculated gravity is about 20 mGal higher than that observed. The isostatic Moho is unusually 
shallow here and is extrapolated southward to avoid edge effects, which is probably not representative for the 
adjacent area and could contribute to the mismatch. Also along the southern part of Profile 2 and NPD0005, the 
crust is anomalously thin. Most likely, there are some deviations from the passive cooling model obtained from 

Figure 5.  Results of 2D forward gravity modeling of Profile-2 (Figure 2). (a): Pressure at 125 km depth. (b): The gravity anomalies of the ship track (black dots), 
satellite (green) (Gaina et al., 2011), modeled (solid blue line), and modeled with isostatic Moho (dashed red line). (c): The crustal density model with ties to other lines 
is indicated. The green-dashed box shows area of the ridge (white-dashed lines on Figure 13) used for magma volume calculation. The dashed blue line is our regional 
basement, while the dashed black line is our regional Moho estimate, and the regional Moho from Funck et al. (2016) (regional Moho F16) is shown by dashed yellow 
line. (d): The mantle density estimated down to 125 km from forward temperature modeling using the oceanic seafloor ages (Gaina et al., 2016) indicated at the bottom.
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our forward temperature modeling based on age only. However, this is a regional trend and should not affect the 
modeled ridge volume significantly.

4.4.  Lithospheric Elastic Thickness During Ridge Emplacement

As seen from the isostatic balancing of the profiles, it is clear that there is some regional flexural support of the 
ridge topography. While the relationship between bathymetry and gravity can be used to estimate the lithospheric 
strength at the time of ridge emplacement, we need to estimate the longest, diagnostic wavelengths of the admit-
tance function. Profile-2 and AWI20030500 offer the longest tracks and are therefore used for the analysis. The 
results of these two profiles are very similar, indicating that the elastic thickness of the oceanic lithosphere was 
between 3 and 5 km during the formation of the Logi Ridge (Figures 12a and 12b). In order to estimate the time 
of the main ridge building, we modeled the isotherm depths along Profile-2 and AWI20030500 for different times 
of the Logi Ridge development (Figures 12c and 12d). Profile 2 covers the eastern part of the ridge on the young-
est seafloor, where the ridge is on 33–40 Ma old crust. Here, we calculate the thermal structure for 30, 25, and 
15 Ma, the latter at the end of ridge development (Tan et al., 2019). Ridge emplacement must be later than 30 Ma, 
but well before 25 Ma. The AWI20030500 profile crosses middle to western parts of the ridge on crust 40–45 Ma 
old. Here, we calculate the thermal structure for 35, 25, and 15 Ma. The thermal structure of the lithosphere fits 
with a 35 Ma loading age, but not much younger. Thus, the timing of the main volume of the magmatism appears 

Figure 6.  Results of 2D forward gravity modeling along Profile-3 (Figure 2). The tie to the AWI20030500 profile constrains the Moho depth near the summit of the 
ridge. Procedure and annotations are as in Figure 5.
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to correlate with that of the Traill Ø magmatism observed onshore East Greenland at the time of incipient rifting 
off of the JMMC. However, the results also indicate that there may be some time transgression toward the east of 
the magmatism over a few million years (from early to late Oligocene).

4.5.  Magmatic Volume and Emplacement Rates

The crustal structures from the modeled profiles were interpolated in GMT (Wessel & Smith, 1991) to create 
a 3D crustal model (comprising sedimentary and crustal layers). The model has a horizontal node spacing of 
2 km in both northing and easting directions, which retains the main structural characteristics of the seismic 
profiles (Figures 13b and 13c). The regional Moho depth map similarly made from the models shows a gradually 
decreasing Moho depth from 13 km in the west to 7 km in the east, which reflects both the reduction of the crustal 
thickness with an increasing distance away from the volcanic margin as well as a younger oceanic lithosphere 
in the east (Figure 13a). The Moho depth under most parts of the Logi Ridge is 12–13 km as seen in the profile 
extracted along the ridge summit (Figure 13e). The intersection with our smoothed top regional basement map 
with the ridge is also shown in Figure 13e, which together with our regional Moho indicates the excess crustal 
thickness of the ridge.

Based on the bathymetric expression and seismic reflection profiles, we define an area around the region of the 
Logi Ridge (6.14 × 10 9 m 2) (white-dotted lines in Figure 13) within which we calculate the magmatic volume. 

Figure 7.  Results of 2D forward gravity modeling along Profile-4 (Figure 2). The AWI20030500 profile constrains the Moho depth under the flank of the ridge. 
Procedure and annotations are as in Figure 5.
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We do not consider any magmatic flows in the sedimentary layers, since they do not extend far away from the 
Logi Ridge, and the volume is small in comparison (Tan et al., 2019). The total volume of the igneous crust 
within this area is estimated to be 5.6 × 10 13 m 3. The magmatic crustal volume before the Logi Ridge building is 
estimated from our regional model to be 3.9 × 10 13 m 3 (Table 1). As seen in Figure 5, the regional crust becomes 
thicker than the modeled crust at the extreme southeastern end of the area. We do not allow negative volumes to 
be included in the volume calculation to correct for this. The estimated excess volume of the Logi Ridge is then 
1.7 × 10 13 m 3.

We compare our regional Moho to that of the regional Moho depth map of Funck et al. (2016), which is constrained 
by regional seismic refraction studies and gravity data with a long wavelength (Figure 13e). They are similar in 
the eastern part, but their model is slightly shallower in the west. Given the sparse seismic constraints, there may 
be a number of reasons for this as different principles were used for estimating Moho depth. Though it seems that 
our approach exaggerates the crustal thickness difference somewhat from west to east, possibly from deviations 
from a purely passive cooling model of the lithosphere, which in itself does not affect the estimated size of the 
crustal root underneath the ridge.

The gravity modeling reduces the estimated magma volume compared to a purely isostatic model. The modeling 
sensitivity indicates that the Moho depth under the peak of the ridge can be varied by less than ±2 km. But the 
Moho taper to the isostatic Moho is outside of the ridge, so an uncertainty of a ±1 km average for the whole 
region defining the ridge seems reasonable for the volume calculations. That gives a ridge volume uncertainty 

Figure 8.  Results of 2D forward gravity modeling along Profile-5 (Figure 2). Procedure and annotations are as in Figure 5.
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of ±0.6 × 10 13 m 3 (Table 1), giving an excess volume of 𝐴𝐴 (1.7 ± 0.6) × 1013𝑚𝑚3 (Table 1). The magma generation 
rate depends on the duration of the Logi Ridge formation. If building starts at the Eocene/Oligocene boundary 
at about 35 Ma and is over by the Middle Miocene at around 15 Ma (Tan et al., 2019), the maximum duration is 
20 Ma. If the magma generation was evenly distributed over this time interval, then the generation rate becomes 
approximately 0.02–0.04 m 3/s. However, the magmatism is sparse in the latter stage of the ridge development 
(Tan et al., 2019), and the main loading appears to be of Oligocene age. If most of the magma were generated 
during the first 5 Ma, which seems probable, then that gives a magma generation rate of 0.07–0.15 m 3/s.

5.  Discussion
The Logi Ridge is located along the same trend as the TIC on the shelf (Figure 2). The formation of the TIC 
has been related to the establishment of the WJMFZ during the rifting of the JMMC from Greenland around the 
Eocene/Oligocene boundary (e.g., Franke et al., 2019; Larsen et al., 2014; Price et al., 1997; Voss & Jokat, 2007), 
coeval with the start of the Logi Ridge formation (Tan et al., 2019). The results of our study also place the main 
magmatism to the time of the TIC formation, and a common cause seems likely. However, the Logi Ridge lies 
100-km distant from the fracture zone and the WJMFZ formation itself does not seem to offer a suitable mecha-
nism to explain either. The formation of the JMMC and the Logi Ridge occurs during the migration of the Iceland 
plume from underneath East Greenland to the continental margin (Mjelde et al., 2008), and excess magmatism of 

Figure 9.  Results of 2D forward gravity modeling along Profile-6 (Figure 2). Procedure and annotations are as in Figure 5.
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the Logi Ridge has been tied to this development (Tan et al., 2019). However, the exact mechanism is uncertain, 
and both an enriched mantle component seen at the northern segment of the Kolbeinsey Ridge (Eggvin Bank) 
(Elkins et al., 2011, 2016; Haase et al., 2003) as well as the elevated mantle temperature indicated by the dynamic 
topography (Rickers et al., 2013; Tan et al., 2019) could conceivably play a role in the Logi Ridge formation.

The crustal velocity structure of seamounts can be related to the melting process occurring in the mantle beneath 
them (Koppers & Watts, 2010). Various parameters can affect crustal velocity structure and sometimes result in a 
high-velocity lower crust under the seamount. Both mantle temperature and average melting depth are significant 
in that regard. Melting depth is related to the lithospheric plate thickness, which depends on age. For intraplate 
seamounts under a thick lithosphere affected by a hot plume, the average lower crustal velocity (>7.3 km/s) is 
higher compared to that of normal oceanic crust (7.0 km/s) (Sallarès & Calahorrano, 2007). However, hot spot-in-
duced seamounts formed on or close to the ridge axis typically do not have such lower crustal high-velocity 
layers, since there is more shallow melting (e.g., Richards et al., 2013). For seamounts that do not originate from 
the elevated mantle temperature formed at the spreading axis, the excess magmatism is mainly accommodated by 
thickening of the lower crust; while if they are formed intraplate, the increased crustal thickness is achieved by 
thickening in both the upper and lower crust (Sallarès & Calahorrano, 2007) (Figure 14).

The crustal thickness under the Logi Ridge is up to 12 km on the AWI20030500 refraction profile (Voss & 
Jokat, 2007), and the ratio of upper crustal thickness versus total crustal thickness varies between 0.3 and 0.5 
along profile (Figure 3) as the increased crustal thickness is achieved by thickening of both the upper and lower 
crust (Figure 14). The average lower crustal velocity (Figure 3a) is similar to that of normal oceanic crust (White 
et al., 1992), but significantly lower compared to intraplate eamounts affected by a hot plume (Sallarès & Cala-
horrano, 2007). In that regard, it falls well within what would be expected for seamounts formed off-axis, but on 
young oceanic lithosphere.

Compared to that of other magmatic events, the magma production rate estimated for the Logi Ridge is on the low 
end of the global data set (Mjelde et al., 2010). The higher production rate we estimate (0.07–0.15 m 3/s) seems 
to be the most realistic, but is still almost two orders of magnitude smaller than the present production at Hawaii 
(6 m 3/s) (Van Ark & Lin, 2004) and Iceland (8 m 3/s) (Mjelde & Faleide, 2009). It is, however, comparable to that 
of the Louisville hot spot (0.12 m 3/s) (Lonsdale, 1988). The magmatic production rate of the Louisville hot spot 
is calculated from the volume of structures above the surrounding seafloor (Lonsdale, 1988) and could be twice 
as high if roots were included (Contreras-Reyes et al., 2010), but still comparable. The Logi Ridge has a similar 
crustal thickness as that of the Louisville Guyot of the northern LSC surveyed by Contreras-Reyes et al. (2010) 
(12 vs. 13 km) (Figure 15). This is one of the larger seamounts of the LSC and is about twice as broad at the 

Figure 10.  Results of isostatic modeling along NPD0005 in the east and the three bathymetric profiles in the west (Figure 2). Tie points between the lines are indicated 
on the crustal density models. Procedure and annotations are as in Figure 5. Moho depth is not be modeled here due to the lack of high-resolution gravity. Depth under 
the ridge is based on isostatic modeling and the ties to other profiles and by nearby results.
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summit (20 vs. 10 km) as the Logi Ridge summit at its widest. They were both formed on young oceanic lith-
osphere, the Logi Ridge at around 5 Ma, and the northern LSC at around 10 Ma old lithosphere. However, the 
Louisville Guyot has velocity up to 7.5 km/s at the base of the crust, while velocities reach only 7 km/s at the 
Logi Ridge, and also lower crustal thickness is twice as large as that of the Logi Ridge (Figures 15a and 15b).

This difference in lower crustal velocity between the ridges indicates differences in the melting conditions. 
Since they both formed on young lithosphere, the melting is not confined to be deep only, and velocities can 
reflect temperature conditions primarily. If seismic velocity is plotted against crustal thickness (H-Vp analysis), 

Figure 11.  The ties between all the profiles. See the bathymetric map for locations. The upper two rows show the crustal 
structure correlation of Profile-2 with Profiles 4–6 and NPD0005. The lower three rows show the crustal structure correlation 
between the crustal model of AWI20030500 (Voss & Jokat, 2007) with Profiles 3–6, NPD0005, and Profiles-W1-3.

 21699356, 2022, 3, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2021JB

023891 by U
niversity O

f O
slo, W

iley O
nline L

ibrary on [27/01/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Journal of Geophysical Research: Solid Earth

TAN AND BREIVIK

10.1029/2021JB023891

17 of 24

the differences are quite apparent (Figure 15). With melting under the elevated mantle temperature, the melts 
produced will be rich in MgO content relative the FeO content (e.g., Sallarès et al., 2005; White, 1989), resulting 
in a positive correlation between the crustal thickness and seismic velocity (Holbrook et al., 2001). Part of the 
Logi Ridge crust was first created by melting at the spreading ridge and then by later melting building the ridge on 
the existing oceanic crust (Tan et al., 2019). If the Logi Ridge formation itself was mainly driven by the elevated 
mantle temperature, it should still result in a positive H-Vp correlation. However, there is a low H-Vp correlation 
for the Logi Ridge, where the Vp remains almost constant over crustal thickness variations from 5.5 to 11.5 km, 
which does not indicate elevated mantle temperature for the melting event (Figure 15). For the Louisville Guyot, 
there is a positive H-Vp correlation consistent with the elevated mantle temperature melting and its mantle plume 
origin. This comparison indicates that hot mantle melting should be visible, since both ridges otherwise were 
formed under similar settings.

There is a general trade-off between lower crustal velocity and Moho depth in velocity modeling, where the 
travel time delay of a deeper Moho can to some extent be reduced by increased lower crustal velocity. Voss and 
Jokat (2007) indicate a ±2 km Moho depth uncertainty coupled to a ±0.2 km/s lower crustal uncertainty for the 
model as a whole. We test it by increasing velocity and depth by this amount underneath the summit of the ridge 
in the AWI20030500 (Figure 15d). That results in a weakly positive H-Vp correlation, but still lower than that 
found at the northern Eggvin Bank for a seamount apparently formed off-ridge (Figure 15d) (Tan et al., 2017). 
It is therefore not possible to completely rule out that the elevated temperature contributes to the mantle melting 
though it seems unlikely that mantle melting was anywhere near as hot as it was for the Louisville Guyot.

Figure 12.  (a and b): The spectral admittance function between gravity and bathymetry (with 1 σ error bars) along Profile-2 and AWI20030500. Theoretical functions 
of different elastic plate thicknesses from 3 to 15 km are shown for comparison. The coherence is shown by crosses. (c and d): The modeled 450 ± 150° isotherm along 
the profiles from Early Oligocene (30–35 Ma) to Late Oligocene (25 Ma), to Middle Miocene (15 Ma) along Profile-2 and AWI20030500. The black box indicates the 
area of the Logi Ridge with an elastic thickness of 3–5 km covered by each profile.
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As pointed out by Tan et al. (2019), the Logi Ridge is surrounded by an elevated platform, and Breivik et al. (2009) 
showed that the seafloor is ∼1,200  m shallower there than that at the conjugate seafloor off the Norwegian 
coast. This corresponds to an area of dynamic topography (1–2 km) as shown by Rickers et  al.  (2013). Tan 
et al. (2019) demonstrated that this dynamic topography was developed coeval with the Logi Ridge development. 
It is expected to be caused by the outflow of material from the Iceland Plume with the extra buoyancy tied to 
elevated temperature (Parnell-Turner et al., 2014). Recent mantle tomography models show to a varying degree 
that there is reduced Vs velocity in the asthenosphere under the region of dynamic topography (Celli et al., 2021; 
Rickers et al., 2013), mostly on the western side of the spreading ridge. We also note that the Vesteris Seamount, 

Figure 13.  Modeled regional Moho depth (a), modeled Moho depth (b), modeled crustal thickness (c), and bathymetry map (d) of the study area. Thin black lines 
(a–c) show bathymetry contours at 250 m interval (Jakobsson et al., 2020). The extent of the Logi Ridge for volume calculations is indicated by the white-dotted line. 
(e): Crustal structure along the Logi Ridge derived along the thick dashed black line in Figures 13a–13d. The regional top basement (blue-dashed line) and the regional 
Moho depth (black-dashed line) are derived from our models. The yellow-dashed line is the regional Moho from Funck et al. (2016). The oceanic seafloor ages (Gaina 
et al., 2016) are indicated at the bottom. Ties with the models are indicated by dotted lines on the crustal transect.
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which has had recent volcanism (Haase & Devey, 1994), is located at the edge of this area of pronounced dynamic 
topography (Figure 1), though both the cited tomography models show a negative Vs anomaly underneath.

The Iceland plume is known to be geochemically heterogeneous, and geochemical results from nearby lend some 
support to the velocity model results. The northern segment of the Kolbensiey Ridge (Eggvin Bank) basalts 
just south of the Logi Ridge has a similar enriched isostopical composition as that of those from the southeast-
ern volcanic zone (e.g., Vestmannaeyjar) and on the Reykjanes Peninsula in Iceland (e.g., Debaille et al., 2009; 
Mertz et  al.,  2004). This suggests that the Eggvin Bank was formed by a deeper asthenospheric flow of an 
enriched Iceland plume component entrained in the outer region of the plume (Mertz et al., 2004), which may 
also have affected the Logi Ridge formation. Such an enriched component may also have been present for the 
first 3 Ma after crustal breakup at the Vøring Plateau in combination with the elevated mantle temperature (Brei-
vik et al., 2009, 2014). This is not seen farther south on the Møre-Faeroes margins (Breivik et al., 2006; White 
et al., 2008), nor on the conjugate JMMC margin (Breivik et al., 2012).

As the discussion above indicates, there is evidence of both enriched mantle as well as elevated mantle temper-
ature in the region. The elevated temperature is not needed for the Vesteris Seamount to the north of the Logi 
Ridge (Haase & Devey, 1994), nor for the present magmatism at the spreading ridge of the Eggvin Bank to the 
south (Mertz et al., 2004). Furthermore, moderate temperature increase is indicated for one seamount on the 
off-ridge part of the Eggvin Bank (Tan et al., 2017), while another neighboring seamount is similar to the Logi 
Ridge in showing little indication of the elevated temperature (Figure 15). It seems probable that the enriched 
mantle component plays a role in the magmatism but likely with a minor elevation of the mantle temperature 
contributing to it. This has some similarity to the Cocos Ridge created by the Galapagos Hotspot, which does not 
have an obvious high-temperature signature (Sallarès et al., 2003). It could be more of a compositional plume 
than a very hot plume (Figure 14).

6.  Summary and Conclusions
We use crustal velocity structure, magma volume, and magma production rates to determine the formation mech-
anism of the Logi Ridge. The crustal thickness underneath the Logi Ridge crest varies between approximately 
10 and 12 km. The magma volume of the ridge is estimated to be (1.7𝐴𝐴 ±0.6) × 1013𝑚𝑚3 . The admittance analysis 
indicates an elastic plate thickness of 3–5 km at the time of the Logi Ridge emplacement, consistent with the ridge 
being formed on oceanic crust only a few million years old. Therefore, a construction time for the main part of the 
ridge of 5 Ma during the Oligocene seems reasonable, which gives a magma production rate of 0.07–0.15 m 3/s. 
That is comparable to the estimates for the LSC.

The Logi Ridge and the Louisville Guyot in the LSC are both formed on young oceanic lithosphere less than 
10 Ma old. The Louisville Guyot shows a positive correlation between total crustal thickness and lower crustal 
velocity, showing that the elevated mantle temperature drove the mantle melting. The refraction profile across the 
Logi Ridge differs in that it does not show any high-velocity material in the lower crust, indicating that the melt-
ing was not caused by the significantly elevated mantle temperature. However, some temperature increase in the 

Area

Logi Ridge area 6.14 × 10 9 m 2

Magmatic volume

Volume before Logi Ridge building 3.9 × 10 13 m 3

Volume after Logi Ridge building 5.6 × 10 13 m 3

Moho depth uncertainty ±1 km effect on volume ±0.6 × 10 13 m 3

Volume of the Logi Ridge with uncertainty (1.7 ± 0.6) × 10 13 m 3

Magmatic production rate

Minimum estimate (20 Ma duration) (0.02–0.04) × 10 3 m 3

Preferred estimate (5 Ma duration) (0.07–0.15) × 10 3 m 3

Table 1 
Estimated Ridge-Area Magmatic Volumes and Production Rates With Uncertainties
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Figure 14.
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mantle is possible within the cited refraction model uncertainty. The ridge area has an elevated dynamic topogra-
phy, which developed coeval with the ridge, and negative Vs anomalies are currently present in the mantle under-
neath, both indicating the elevated mantle temperature. On the other hand, melting at the adjacent Eggvin Bank 
on the northernmost Kolbeinsey spreading ridge segment to the south is derived from an enriched component 

Figure 14.  Logi Ridge crustal structure compared with on-axis and off-axis seamounts with hotspot and non-hotspot origins. The approximate age of the oceanic 
crust during the main formation of the seamount is also indicated. The western Logi Ridge is from seismic refraction data (Voss & Jokat, 2007), while the eastern Logi 
Ridge is from the 2D modeling in this study. Examples from Musicians seamount (Donizetti) (Kopp et al., 2003) and Louisville Ridge (Contreras-Reyes et al., 2010) 
show typical crustal structure of hot plume-induced seamount formed on young lithosphere, while the O’Higgins Seamount (Kopp et al., 2004), Walvis Ridge (Jokat & 
Reents, 2017), Great Meteor Seamount (Weigel & Grevemeyer, 1999), and Oahu Island (Hawii-Emperor chain) (Watts & Ten Brink, 1989) show the crustal structure 
of intraplate seamounts affected by a mantle plume on old oceanic lithosphere. Southern Cocos Ridge (Sallarès et al., 2003) and Zhenbei Seamount (Zhao et al., 2018) 
represent typical crustal structures of near-axis and off-axis seamounts without the signature of elevated temperature. A very high velocity underplated layer is only 
observed under intraplate seamounts affected by a hot plume with thick lithosphere. The plotting scale is shown on the top right corner of the figure.

Figure 15.  (a): The crustal velocity structure of the Logi Ridge (Voss & Jokat, 2007); (b): Intraplate seamount formed 
by the Louisville hot spot (Contreras-Reyes et al., 2010). The solid red line shows the boundary of the upper and lower 
crust on panels A and B. (c): Total crustal thickness versus average lower crustal velocity for the Logi Ridge from profile 
AWI20030500 and from the Louisville hot spot-induced seamount (Contreras-Reyes et al., 2010). The results from the 
seamount on the southern Eggvin Bank (Tan et al., 2017) is quite close to that of the model from the Logi Ridge. (d): Total 
crustal thickness versus average lower crustal velocity for the off-ridge northern Eggvin Bank (Tan et al., 2017) compared to 
the Logi Ridge maximum error model with 2 km deeper Moho and 0.2 km/s higher lower crustal velocity under the central 
part of the ridge from profile AWI20030500. For panels C and D, sampling interval is 2 km horizontally and the seismic 
velocity is pressure and temperature corrected (Holbrook et al., 2001). Magma productivity from passive decompression 
melting of mantle with increasing temperature is indicated by χ = 1 (McKenzie & Bickle, 1988).
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present at the outer parts of the Iceland Plume, where the elevated temperature plays a lesser role. It therefore 
seems reasonable to conclude that an enriched mantle component contributes to the formation of the Logi Ridge, 
but probably combined with a moderate temperature increase in the mantle. There appears to be a complex inter-
action between mantle temperature and mantle heterogeneity that drives magmatism in the NE Atlantic. This 
is an important issue that needs further study through both geophysical and geochemical surveying in order to 
understand the dynamics of the Iceland Plume since crustal breakup and up to present.

Data Availability Statement
The data for this paper (e.g., crustal and lithospheric density model, 2D gravity modeling, and isostatic balancing) 
are available via the website https://figshare.com/s/106044fb069c1d3bf480.
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