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    Magnetotelluric (MT) data were collected at three sites around the eastern rim of the 
caldera of Axial Seamount, on the Juan de Fuca Ridge. The seamount has been observed to 
be volcanically and hydrothermally active over the last ten years, and is therefore an excellent 
target for electromagnetic induction studies on the seafloor. This paper follows an initial inter-
pretation by Heinson et al. (1996) with a more complete analysis of the MT data, to investigate 
both oceanographic induction effects and the resistivity structure beneath the seamount. 
    From time series analysis of electric field data using multitaper methods, coherences be-
tween electric field data from different sites are significant at the 95% confidence level at periods 
less than 1 day, and generally greater than 0.8 at solar and ocean tidal periods. Spectral peaks 
at 16.7 hours and 4 days are observed; the former is due to inertial currents in the area, and 
the latter is probably a ridge-trapped Rossby wave. Robust MT impedance tensors are derived 
using a remote-reference, and tensor decomposition shows that there is no galvanic distortion 
and almost isotropic responses at each site. The MT data are inverted for 1D structure, and 
more complex 3D forward models used to assess the lateral extent of the resistivity structure. 
1D inversions show that the data are consistent with a crust with a very high electrical con-
ductance of 1200 ± 200 S and an asthenosphere of 5-50 ILm at a depth of 40 km, connected 
by a low resistivity lithosphere of 50-100 1I•m. The low resistivity lithosphere acts as a leakage 
path to the mantle for induced currents in the ocean. 3D forward modelling suggests that 
this region may be present only beneath Axial Seamount, surrounded by a resistive lithosphere 
of 500-50,000 u1 m. The tectonic implications from these models are that a small fraction of 
melt is presently migrating from the melt source in the mantle to a crustal magma chamber 
beneath Axial Seamount. Bulk estimates of melt fractions are 1-10% for the asthenosphere, 
and 1% between the asthenosphere and the crustal magma chamber, although melt may be 
concentrated in fractures or pipes.

1. Introduction

   Axial Seamount lies on the Juan de Fuca Ridge, about 500 km west of the northwest American 
coastline. Although part of the mid-ocean ridge, its origin is also linked to the Cobb-Eickelberg 
Seamount Chain (Johnson and Embley, 1990). Basalts from Axial Seamount are broadly similar 
to those from the rest of the Juan de Fuca Ridge and there are none of the enriched (E-type) 
or alkali basalts characteristic of some seamounts. Geochemical evidence (Desonie and Duncan, 
1990; Rhodes et al., 1990) suggests that the Cobb hotspot is a stationary upper-mantle melting 
anomaly whose volcanic products show strong mid-ocean ridge basalt (MORB) affinity. The 
volcano is the shallowest part of the Juan de Fuca Ridge, indicating a significant and robust 
supply of magma (e.g., Delaney et al., 1981). The summit of the volcano has a well-defined, 
three-sided caldera (e.g., Fox, 1990), as shown in Fig. 1, which has developed from the complex 
interaction of the seamount with the Vance and Cobb Segments of the Juan de Fuca Ridge 
(Embley et al., 1990).
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Fig. 1. Site location of Axial Seamount and the three MT instruments. The left hand figure is a contour map of 
the Seamount, with gray-scale interval of 400 m and contour interval of 100 m. Distance between adjacent sites 
is about 4 km. The white dashed lines approximately indicate the principal axes azimuths determined from 
MT impedance tensor decompositions. In the right hand figure, the major ridge and transform boundaries 
of the Juan de Fuca plate are shown by solid lines, and the dashed line delineates the subduction zone. The 
study area is shown by the box along the Juan de Fuca Ridge, and nearby EMSLAB MT sites are indicated 
by small circles.

   Axial Seamount is currently volcanically and hydrothermally active. Very recent lava flows 
and low-level hydrothermal activity and deposits have been mapped using Sea Beam and Sea-
MARC I swath bathymetry systems, coupled with towed cameras and submersible observations 
(Embley et at., 1990). Fox (1990), using a precision pressure sensor, measured an abrupt 15 cm 
movement of the caldera floor, associated with deflation of the caldera and a related thermal 
plume. Elongated rifts to the north and south of the volcano summit show evidence of along-
strike, near-surface magma transport (Appelgate, 1990; Embley et al., 1990). There is limited 
geophysical evidence for a crustal magma chamber. Modelling of sea-surface magnetic data (Tivey 
and Johnson, 1990) and gravity data (Hildebrand et al., 1990) are consistent with a high temper-
ature/low density body at a depth of a few km, but the interpretations were non-unique. 
   During July to September 1994, we deployed a variety of geophysical instrumentation on 
Axial Seamount, primarily as part of a test of seafloor tiltmeters (Anderson et al., 1997). The 
location of the experiment was to some extent driven by the detection of a large earthquake 
swarm at Axial Seamount a week before the deployment, using the US Navy's acoustic listening
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arrays (SOSUS). The instruments deployed were 6 ocean-bottom seismometers/short-baseline 
tiltmeters, 4 long-baseline two-fluid tiltmeters, and the 3 magnetotelluric recorders. Deployment 
of the MT equipment on this experiment was motivated by the hope that variations in either 
the local magnetic field or the magnetotelluric response would accompany pre-eruptive migration 
of magma. Thus, the MT array was designed to observe temporal variations in the fields and 
less suited to structural studies. Earthquake activity abated as soon as our experiment started 
and no significant variations were detected in either the background magnetic field or the MT 
responses. However, the MT response was significantly different from those previously observed 
near ridge systems. Heinson et at (1996) presented an initial interpretation of MT data collected 
from the summit of Axial Seamount. The MT responses were shown to be consistent with a 
crust of resistivity 1-5 ftm, and an asthenosphere at 30 km below the seafloor of resistivity 
10 P-m, separated by a 20-100 P.m depleted mantle. The sub-structure could be interpreted as 
1D, and the small anisotropy in apparent resistivity was primarily due to seafloor topography. 
This paper reports a more extensive analysis of the data, for oceanographic induced effects and 
the MT response of the resistivity structure beneath the seamount. In particular, 3D modelling 
of the seamount is used to assess the lateral extent of resistivity structure required by the data 
to quantify the importance of Axial Seamount as a leakage path linking a magmatically active 
crust to partial melt in the asthenosphere.

2. Instrumentation and Data

   Three sets of MT instruments were deployed from 3rd July to the 7th September, 1994 
from the Oregon State University Research Vessel Wecoma. The GPS-determined deployment 
locations and depths (Fig. 1) were for Pele: 45° 55.47' N, 129° 59.03'W (1550 M), Masques: 45° 
57.48' N, 129° 58.98'W (1520 m) and Ulysses: 45° 59.50' N, 129° 59.81'W (1490 M). 

   Magnetotelluric recorders were created by installing the ring-core fluxgate instruments of 
White (1979) into the electrometer described by Constable and Cox (1996), which features two 
orthogonal arms 10 m long terminated by silver-silver chloride electrodes. Water chopping (Fil-
loux, 1987) was not used to remove electrode drift, but this appears only necessary to study the 
longest period oceanographic signals. For MT work it is adequate to use a smoothing spline to 
remove the smooth and monotonic drift (see below). 

   Magnetometer data were corrected for tilt and clock drift, and had a few jumps and spikes 
removed using cubic-spline interpolation. Electrometer data were averaged into 30 s values to 
match the magnetometer sampling rate and required only a minor interpolation to remove a spike 
at the beginning of the data block of 4096 records caused by operating the disk drive. Figure 2 
shows a one-day example (2880 points, day 195 is 14" July) of five-component data from Masques 
in the original instrument orientation. The data have an arbitrary baseline subtracted from the 
original records for the purpose of plotting, so the y-axis scale is in relative units. There is clear 
coherence at all periods at this plotting scale between the electric and magnetic field components 
Bs and Ey, and By and E1, as would be expected. The Z field is very smooth, particularly at 
periods less than a few hours, suggesting that there are no major lateral variations in electrical 
conductivity in close proximity to Masques.

3. Motionally Induced Signals

   The movement of seawater through the geomagnetic field generates electric currents through 
the Lorentz force (E = v x B). At periods longer than that of the semi-diurnal M2 tide (12.4 
hours), barotropic ocean motions are the largest source of electric fields measured on the seafloor 
(Filloux, 1987). A best-fit depleted-basis B-spline (Constable and Parker, 1988) was subtracted 
from all electrometer records to eliminate low-frequency drift due to long-term instrument settling.
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Fig. 2. A one-day example (2880 points, day 195 is 14th July) of five-component data from Macgnes in the 
   original instrument orientation. The baselines for the data are arbitrary and show relative deviations.

All six residual electric field records display very similar tidal signatures with typical amplitudes 
of about ±3 pV m-1, which can be converted to current speeds of 5-10 cm s-1. 
   Cross-platform coherence estimates and empirically-determined 95% significance levels were 
computed using multitaper methods (Park et al., 1987; Vernon et al., 1991) and the method of 
Anderson et al. (1997), respectively. At frequencies greater than 1 cpd, coherences are generally 
significant at the 95% level, and are greater than 0.8 at the ocean tidal and solar daily variation 
periods of 1, 2 and 3 cpd. Multitaper cross-spectral estimates indicate zero relative phase between 
the records from different electrometers, suggesting that all instruments recorded the same signals. 
   Figures 3(a)-(c) show multitaper power spectral estimates of the electric field data, with 

spectral units converted from (µV m-1 )2 cpd-1 to (cm s-1 )2 cpd-1 assuming barotropic currents 
and a vertical magnetic field of 55,000 nT. Major peaks are evident at frequencies of 1, 2, 3, and 4 
cpd, a small peak occurs at about 1.5 cpd, and a broad peak centered at 0.25 cpd is also apparent 
in the spectra from Macques and Pele. Peaks centered at 1, 2, 3, and 4 cpd are due to a mixture 
of ocean tides and solar daily variation and their harmonics (Filloux, 1987; Chave et al., 1989), 
while the peak at 1.5 cpd corresponds to inertial motions due to the interaction of wind-driven 
currents and the Coriolis force.
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Fig. 3. (a)-(c) Power spectra from Macques, Pele, and Ulysses converted to ocean current speed. Geomagnetic 
   north components are shown by the thick lines, geomagnetic east components by thin lines. Note strong peaks 
   at 1, 2, 3 and 4 cpd due to solar and ocean tides and their harmonics, a smaller peak at 1.5 cpd which is the 
   inertial frequency, and a broad peak centered at 0.25 cpd. (d) Power spectrum of current meter data collected 

   near Axial Seamount by Cannon and Pashinski (1990). Peaks at 0.25 cpd and the frequencies of the diurnal 
   and semi-diurnal tides are denoted 4D, DT and SD respectively.

   The broad peak centered at 0.25 cpd frequency (4 day period) is the most interesting to 
oceanographers, as it is probably due to a topographically-trapped Rossby wave along the Juan 
de Fuca Ridge (Cannon and Thomson, 1996); similar observations were made during the EMSLAB 
experiment (Chave et al., 1989) and by Cannon and Pashinski (1990). The spectrum shown in 
Fig. 3(d) was computed from current meter data collected near Axial Seamount (Cannon and 
Pashinski, 1990) and generally agrees with our electric field spectra. Observations of ridge-
trapped waves are fairly rare in the literature (see the review by Luther, 1995), and therefore our 
observation is significant.

4. Magnetotelluric Response Estimation

   The robust, remote-reference algorithm of Chave and Thomson (1989) was used to obtain 
impedance estimates in the period bandwidth 102 to 105 s. Magnetic data from the Victoria 
Magnetic Observatory (VMO) were used as a remote-reference. Leverage effects, due to auroral
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Fig. 4. Observed MT responses with one standard deviation error estimates for the three MT sites above Axial 

Seamount. The square symbols show MT estimates in the geographic north-south orientation, while triangle 

symbols are for geographic east-west. Solid and dashed lines indicate the model responses from the 1D 

inversions in Fig. 6.

activities, were automatically removed in the processing. For sites Pele and Macques, five compo-
nents of magnetic and electric field were recorded for at least fourteen days, but at site Ulysses, 
only a few days of magnetic data were recorded. For the analysis that follows, MT responses 
for Ulysses were determined using electric field data from that site and magnetic field data from 
Macques. 
   Figure 4 shows apparent resistivities and phases (with one standard deviation errors) in 
geographic coordinates for all sites. The main features of the MT responses were discussed by 
Heinson et al. (1996). However, it is worth noting that the east-west apparent resistivities pyr 
are larger than the north-south apparent resistivities pry, but are all between 5-25 SLm. Phases 
are similar, with less than 10° difference between orthogonal modes at all periods, and increase 
from 10° to 40-50° at periods longer than 1,000 s. The relatively isotropic response above Axial 
Seamount is unexpected given the proximity of the North American coast and the anisotropy 
observed in the EMSLAB responses (Wannamaker et al., 1989a). Off-diagonal elements of the 
impedance tensors are smaller than diagonal elements, but are not zero. The magnitudes of 
impedance elements Zy, are about an order of magnitude smaller than the diagonal elements, 
and Zrr about two orders of magnitude smaller. 
   Tensor decomposition, using the methods described by Groom and Bailey (1989) and Chave 
and Smith (1994), was carried out to assess the importance of galvanic and magnetic distor-
tion in the MT responses. Jackknife error estimates were obtained for the decomposed tensor 
impedances (Chave and Thomson, 1989; Thomson and Chave, 1991). Figure 5(a)-(c) shows the
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Fig. 5. (a)-(c) Twist, shear and regional azimuth parameters for a frequency-by-frequency electric field galvanic 
   distortion model fit to the MT data at the three sites. The azimuth is positive east of geographic north, while 

   the twist and shear are positive east of the regional strike. (d) The x2 misfits for a frequency-by-frequency 
   electric field galvanic distortion model of each site. Sites Ulysses and Macques are below the 95% confidence 
   limit (dashed line) at almost all periods, whereas the fit to Pele is slightly higher.

twist, shear and azimuth determined in a frequency-by-frequency galvanic decomposition for the 
MT data; azimuths are also shown in Fig. 1 at each site. Twist and shear angles are approxi-
mately frequency-independent, and are generally less than 10°, indicating that distortion is weak. 
The azimuth for Macques up to 4,000 s is about 35° east of geographic north, at longer periods 
it is not so well constrained. At short periods, the azimuth shows the influence of the deeper 
ocean to the northeast of the site (as shown in Fig. 1), but at long periods the coast effect is 
more significant and the azimuth is aligned with the coast which is approximately north-south. A 
similar change was noted for EMSLAB data by Chave and Smith (1994). For Pele, the azimuth is 
less well constrained, between 20 and about 40° west of geographic north (showing the influence 
of the deeper ocean to the southeast of the site in Fig. 1), and for Ulysses there is almost no 
consistent azimuth, indicating that the data are close to being 1D. 
   Chi-squared (X2) misfits between the predicted impedances from the model of galvanic dis-
tortion and observed impedances axe also shown in Fig. 5(d). Chave and Smith (1994) carefully
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discuss the statistical significance of X2 in this context; we note from their work that for galvanic 
decomposition over broad period-bands, the 95% level is 3.5. X2 misfits for Macques and Ulysses 
are generally less than the 95% confidence level, while misfits for Pele are slightly larger, but 
still close to the 95% level. The model fits show that Axial Seamount MT responses are subject 
to galvanic distortion, but as twist, shear and splitting operators are much less than unity, the 
distortion is weak.

5. Electrical Resistivity Structure

   Heinson et al. (1996) presented 1D and 2D inversions of the MT responses at Pele, using the 
Occam algorithms of Constable et al. (1987) and deGroot-Hedlin and Constable (1990). Here, 
we show further 1D inversions from all sites using the impedances after tensor decomposition to 
determine the principal resistivity structural features, and 3D modelling to examine lateral bounds 
on crust and mantle features and to assess the sensitivity of the MT data to the structure.
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   in a geographic north-south orientation, the dashed lines are for the orthogonal components. Corresponding 
   model fits to the data are shown in Fig. 4.

   The azimuths of principal strike are only weakly constrained by the decomposition, and 
are inconsistent between sites only a few km apart. From the 2D inversions of Heinson et al. 
(1996), the small anisotropy in apparent resistivities at Pele are due primarily to the local-scale 
topography of the seamount, and similar arguments apply for Macques and Ulysses. We therefore 
have not rotated the impedance tensors to a new coordinate frame as there is no compelling 
evidence for 2D structure in the crust and mantle. Figure 6 shows the 1D Occam's inversions of
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the data in MT data in geographic orientations, and the model fits to the data are given in Fig. 5. 
The minimum root mean squared (RMS) misfits from the D+ method of Parker and Whaler 
(1981) were between 0.7 and 0.9 for each site in both induction modes. Occam's inversions in 
Fig. 6 are for an RMS misfit which is 25% larger than the D+ minimum. 

    All inversions show the same features. Firstly, there is a low resistivity zone of 1-5 Q-rn 
in the crust over the top few km. Structure within the crust is not resolved, however the bulk 
electrical parameter of conductance (vertically integrated conductivity) is robust to the model 
fit. The conductances for the three sites are in excellent agreement, at 1200 f 200 S. This value 
is larger than the 800 S determined for an axial volcanic ridge segment at the Reykjanes Ridge 
(Heinson et at, 1997) at which a magma chamber was imaged by both seismic and controlled 
source electromagnetic methods (Sinha et at, 1997). 
   Beneath the Moho is a slightly more resistive layer of 50-100 am to a depth of 40 km, a
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Fig. 8. The 3D modelled responses for the three MT sites. As for Fig. 4, data are in geographic coordinates.

low resistivity asthenosphere between 40 and 80 km of about 5-10 SLm, and a fall in resistivity 
to about 30 Q -m below 80 km. The resistivity at depths of a few hundred kilometers terminates 
at between 1-5 Q.rn, but this is only marginally resolved by the data. Inversions of the MT data 
in the west-east orientation show less structure than the orthogonal mode, and for Pele there is 
no indication of an asthenosphere. 
   Axial Seamount is clearly not a 1D layered structure due to the 3D seafloor topography and 
possible 2D influences of the Juan de Fuca Ridge. Furthermore, the EMSLAB model of the Juan 
de Fuca Plate (Wannamaker et al., 1989b) is much more resistive than the inversions in Fig. 6, 
implying that the low-resistivity structure beneath the seamount is limited in lateral extent. The 
seamount is significantly higher than adjacent ridge segments, so that the anomalous mantle 
melting source is probably restricted to a region directly below the seamount, unless efficient 
channeling of melt occurs along the Juan de Fuca Ridge. 

   A 3D model study was used to assess the effects of seafloor topography and the limited lateral 
extent of crust and mantle low-resistivity structures, using the method and algorithm of Mackie 
and Madden (1993a,b) and Mackie et al. (1993) adapted for seafloor MT. The 3D model, shown 
in Fig. 7, consists of a circular seamount with a three-sided caldera. The top of the seamount is 
at 1500 m depth, increasing to a maximum of 2300 m at a distance of 4 km from the summit. 
A 6.4-km-thick crust beneath the seamount comprises a 600 m layer of fractured basalts with 
resistivity 10 U-m over 5.8 km of sheeted dykes and intrusives with lower porosity and resistivity 
1,000 SLm. Embedded in the crust at a depth of 1.5 km is an approximately circular region of 
resistivity 2.5 U.m, diameter 8 km and thickness 3 km. This crustal low-resistivity region has a 
conductance of 1200 S to agree with the 1D inversions, and represents a magma chamber of low 
melt fraction and hydrothermal circulation. An upper mantle of resistivity 50,000 U•m extends
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to 40 km depth, underlain by a 40-km-thick asthenosphere of 5 Q-m. Beneath the asthenosphere, 
there is a uniform layer of 30 Q-rn to 400 km depth and a terminating mantle resistivity of 10 Q -m. 
The low-resistivity zone in the crust is connected to the asthenosphere by a 50 P .m conduit of 
diameter 12 km. Resistivity structure away from the seamount is similar to that used for the 
EMSLAB model by Wannamaker et al. (1989b). 
   Figure 8 shows the modelled response at sites Macques, Pele and Ulysses in geographic coor-
dinates. There is good agreement between modelled and observed data, including the anisotropy 
at site Pele which is principally due to variations in topography. In Fig. 9 two additional models 
are shown in comparison to observations at site Macques; one in which the crustal magma cham-
ber is not present and the crust has a resistivity of 10 fbm over the top 600 m and 1000 1Lm from 
600 m to the Moho; and a second model in which the electrical asthenosphere over depths 40-
80 km has resistivity 50 fLm. There is a degrading of the model fit by omitting either the magma 
chamber or asthenosphere. If the magma chamber is removed (Fig. 9(a)), apparent resistivities at 
the shortest periods are of the order of 100 fLm, a factor of ten larger than observed. Similarly, 
modelled phase angles are greater than 60°, whereas observed values are 10-20°. If the resistivity
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Fig. 10. MT data in geographic coordinates from EMSLAB sites SF8 and SE5 shown in Fig. 1. Superimposed 
are 3D model responses at the EMSLAB sites for the resistivity structure shown in Fig. 7. Two cases are 
shown, the first (a) has a narrow leakage path of 50 0m directly beneath Axial Seamount which is surrounded 
by a lithosphere of resistivity 50,000 SLm, and (b) where the lithosphere over the top 40 km all has a resistivity 
of 50 am.

of the asthenosphere is increased from 5 to 50 P.m, the fit to the data is not so bad, but the 
fall in resistivity in the TE mode between 1,000 and 10,000 s is not modelled. If asthenosphere 
resistivity is increased further to 100 SLm, the modelled response in apparent resistivity becomes 
much larger than observed. 
   Evidence for a low-resistivity leakage path beneath Axial Seamount is largely inferred from 
the lack of significant geomagnetic coast effect in the data and the low apparent resistivities over 
the entire bandwidth (Heinson et al., 1996). By comparison, nearby EMSLAB sites (see Fig. 1) 
exhibit a clear coast effect, with anisotropy in apparent resistivity of half an order of magnitude 
and high apparent resistivies at short periods (Wannamaker et al., 1989a). Figure 10 shows MT 
data from sites SF8 and SE5, which are the two closest sites to Axial Seamount in Fig. 1, in 
geographic coordinates. Also shown are MT responses calculated from the 3D model in Fig. 7 
away from the seamount. Two sets of model curves were calculated, one for which the leakage 
path of 50 iLm has a diameter of 12 km directly beneath Axial Seamount, the second in which
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the leakage path exists across the whole model. 

   The EMSLAB Ryy data are well reproduced by the 3D model with a narrow leakage zone, 

but note that apparent resistivities are too high when the leakage zone is extended across the 
whole model. As we have not included the North American coastline in the 3D model of Fig. 7, 

we do not reproduce the observed anisotropy, in the Rys components. The two EMSLAB sites 

shown are to the east and north of Axial Seamount, and as both have similar responses we 
concluded that leakage appears to be limited to a narrow region beneath Axial Seamount, and 

there no compelling evidence from these limited data that leakage occurs all along the Juan de 

Fuca Ridge.

6. Conclusions and Discussion

   There is now well-established evidence (e.g., Cox et al., 1986) that, in general, the oceanic 
lithosphere has a resistivity-thickness product of 109 SLm2, with an age dependent thickness of a 
few tens of km. Young oceanic lithosphere thus has a resistivity of the order 105 am, which pre-
vents electric currents induced in the ocean from flowing into the asthenosphere. For a uniformly 
resistive lithosphere across the ocean basins, the geomagnetic coast effect extends hundreds or 
even thousands of km, significantly distorting seafloor MT data (Heinson and Constable, 1992). 
Leakage paths allow induced electric currents to flow out of the ocean to the asthenosphere, re-
ducing the geomagnetic coast effect and consequently distortion (Tarits et al., 1993). Examples 
of leakage have previously been observed at subduction zones, where fluid-saturated sediments 
are subducted along the plate margin (Wannamaker et al., 1989b). Mid-ocean ridges and hot-
spots may also act as leakage paths, where mantle melt migrates from the asthenosphere to a 
crustal magma chamber. However, the few published examples of seafloor MT at mid-ocean ridges 
(Filloux, 1981; Heinson et al., 1993, 1997; Sinha et al., 1997) have not detected low-resistivity 
zones connecting the ocean to the asthenosphere. 
   From a limited deployment of MT instrumentation, evidence is found for a low-resistivity 
leakage path beneath Axial Seamount. The MT responses show no galvanic distortion, indicating 
an approximately isotropic sub-structure beneath the seamount. 1D inversions and 3D forward 
models of these data indicate that the crust has low resistivity (with a total electrical conductance 
of 1200 ± 200 S), an asthenosphere of 5-50 Shm exists at a depth of 40 km below the seafloor, 
and a low-resistivity zone of 50 SLm between crust and asthenosphere is present. 
   The crustal conductance is 50% higher than the 800 S determined for an axial volcanic ridge 
segment at the Reykjanes Ridge (Heinson et al., 1997) where a magma chamber was detected 
by a combination of seismic and controlled source electromagnetic soundings. Given the recent 
volcanism and hydrothermal activity at Axial Seamount, and additional geophysical evidence 
from gravity and magnetic studies, the presence of a magma chamber is probable. All three sites 
have similar MT responses, suggesting that the magma chamber is at least 8 km wide, but there 
are no constraints on the thickness and consequently melt fractions. 

   A mantle melt source comprising about 5-10% melt at a depth of 40 km would give rise 
to the resistivities of 3-10 P .m determined from the 1D inversions. Such melt percentages are 
consistent with MORB geochemical and petrological studies which indicate that 10-15% of the 
sub-ridge mantle melts. The depth of the melt source is determined with a resolution of about 
±10 km, implying that melting occurs in the spinel peridotite stability field (20-65 km) (Elthon, 
1989). 
   Between asthenosphere and crust, the leakage path is modelled with a resistivity of 50 12-m. 
To obtain this resistivity, an average melt fraction of about 1% in the uppermost mantle is 
present, although the melt may be concentrated in fractures and pipes of dimensions less than 
a few metres wide in an otherwise sub-solidus mantle. High melt fractions in small fractures 
would migrate to the crustal magma chamber very rapidly. Alternatively, if the mantle is very



1340 S. C. CONSTABLE et al.

close to the mantle solidus temperature, small fractions of melt may be stable or slowly migrating 
over a wider region. The MT data do not constrain the width of the melting region, although a 
lower bound of 8 km is probable given the uniform MT response and size of Axial Seamount. 3D 
forward model studies suggest that the low resistivity zone may be an isolated feature beneath 
Axial Seamount, surrounded by a 40 km thick lithosphere of 5,000-50,000 (Fm, consistent with 
the EMSLAB model of the Juan de Fuca plate. The low-resistivity zone acts as a leakage path for 
induced electric currents in the ocean which negates the coast effect at Axial Seamount to give 
approximately 1D isotropic responses with no galvanic distortion. However, the extent to which 
Axial Seamount may act as a short circuit to induced electric currents in the northeast Pacific 
Ocean is probably limited, and there was no evidence from the EMSLAB data for significant 
leakage effects along much of the Juan de Fuca Ridge (Wannamaker et al., 1989a). 
   Long-period electric field data also give oceanographic information. Although the data were 

not chopped to give a zero baseline measurement, removing long-term drift from the records using 
harmonic splines shows strong signals at solar and ocean tidal periods and to a lesser extent at the 
inertial period. Of more interest is the 4-day peak in the spectra, probably due to topographically 
trapped Rossby waves along the Juan de Fuca Ridge. Due to the non-unique removal of drift, 
the strength of the 4-day signal cannot be determined, but as such observations are rare (Chave 
et al., 1989), it is an important result. 
   Axial Seamount is an excellent laboratory for future MT measurements, due to its shallow 
depth, concentration of geophysical and geochemical sensors, and the proximity to US and Cana-
dian west coast ports. There is evidence from geophysical and geological studies that a substantial 
magma chamber is hydrothermally and volcanically active, which makes it an ideal target. For 
example, deployment of instrumentation around the base of the seamount will significantly im-
prove the lateral resolution of crust and mantle structure, and additional high-frequency MT 
(Constable et al., 1997) measurements at the caldera may provide important constraints on the 
crustal structure.
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