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1] Abstract: Electrical conductivity profiles derived from magnetotelluric and geomagnetic sounding
methods provide a means of constraining upper mantle properties that is complementary to seismic
studies. We analyze conductivity profiles for an Archean craton and an oceanic setting, in conjunction
with independent constraints on mantle geotherms, to estimate the water content of the upper mantle in
these very different geologic environments. Results from this analysis indicate that the Archean
lithosphere contains less water than the oceanic mantle in the depth range between ~150 and ~250 km.
Below ~250 km these oceanic and continental environments show similar conductivities, suggesting
that the water content of the mantle does not vary significantly between ~250 km and the 410-km
discontinuity. These observations indicate that the Archean lithosphere may be stabilized against
convective instabilities partly because it has a high viscosity associated with a dry composition.
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1. Introduction

121 Global variations in the physical state of the
upper mantle have been identified using seis-
mological observations. The contrast in seismic
properties between different tectonic environ-
ments is most pronounced in the depth range

Copyright 2000 by the American Geophysical Union

between ~100 and 300 km, where, for exam-
ple, body wave velocities of Archean continen-
tal roots are significantly greater than those of
the oceanic mantle. High velocities in the
Archean regions are attributed to a combination
of chemical depletion and conductive cooling
to depths of up to ~350 km. Since Archean
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terranes are stable and show few signs of @) ° R |
significant subsidence, the upper mantle
beneath them has been hypothesized to be 100 1 Pacific Ocean i
buoyancy compensated through a depletion in (Hzanalde exal)

Fe [Jordan, 1981]. Without this compensation,
significant geoid anomalies would be expected _ 209 F
between oceanic and continental environments. £ ?;‘Eﬁ;'ggf;:’;w
In addition, the roots might be expected to 5 500 ] ]
delaminate and become entrained in the ther- 8
mal convection of the mantle [e.g., Shapiro et

400 g
3] Deep electrical conductivity profiles pro-
vide additional constraints on the thermal and 50075 3 2 1 0
chemical state of the mantle. Although the Log Conductivity (S/m)
number of deep magnetotelluric profiles is o O

limited, those that do exist reveal consider-
able lateral variation in the conductivity of
the upper mantle in a manner consistent with
seismic observations. In particular, the con-
ductivity of the upper mantle in the depth
range between ~100 and 250 km is signifi-
cantly greater for oceanic regions than it is
for old continental roots. In this paper, we
discuss the implications of two deep-probing
electrical conductivity profiles for the oceanic
and continental upper mantle (Figure 1a). The
first, obtained from analysis of data from a
submarine cable extending from Hawaii to
North America, provides what can be con-
sidered an average conductivity profile for
moderately young oceanic mantle [Lizarralde
et al., 1995]. For comparison, the conductiv-
ity shown for the oceanic setting between
~150 and 400 km in Figure la is similar
to that beneath the actively spreading East
Pacific Rise over the same depth interval
[Evans et al., 1999]. The second profile
comes from the stable Archean Superior
Province in the Canadian Shield [Schultz et
al., 1993]. Details of the data collection and
analyses used to calculate these conductivity
profiles are described in the references cited
above. Fundamental to our analysis is the
demonstration by Lizarralde et al. [1995] that
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Figure 1. (a) Conductivity-depth profiles derived

from magnetotelluric and geomagnetic depth sound-
ing studies for an oceanic (northeast Pacific basin
[Lizarralde et al., 1995]) and an Archean (Superior
Province [Schultz et al., 1993]) setting. (b)
Geotherms used for calculation of conductivity
profiles shown in Figure 2. The geotherms used to
calculate electrical conductivity profiles for the
Superior Province are determined from thermobaro-
metric data on xenoliths from the Superior Province
[Rudnick and Nyblade, 1999] and a theoretical
geotherm derived from surface heat flow [e.g.,
Chapman and Pollack, 1977; Jaupart and Mares-
chal, 1999] appropriate for the Superior Province.
Geotherms for adiabatic mantle at potential tem-
peratures of 1300°C and 1400°C are also shown.



e Geochemistr 2
~ Geophysics Y(A‘J
" Geosystems {_7J

HIRTH ET AL.: MANTLE ELECTRICAL CONDUCTIVITY

2000GC000048

the two data sets are distinct and can be
described only by different conductivity-depth
profiles.

4] We reexamine the Canadian craton and
oceanic mantle conductivity profiles in the
context of different conduction mechanisms
and independent constraints on the geotherm
of the Archean lithosphere, as shown in Figure
1b. We focus on the conductivity structure in
the depth interval between 100 km and the 410-
km seismic discontinuity, where the structure
represented in both electrical conductivity pro-
files is well resolved. Finally, we examine the
implications of these results for the interpreta-
tion of the seismic velocity structure of both the
oceanic and continental mantle and the evolu-
tion of Archean cratons.

2. Mantle Conductivity

;51 Laboratory measurements made on perido-
tites and olivine single crystals under controlled
temperature, pressure, and oxygen fugacity
conditions provide a basis for the interpretation
of mantle conductivity. Rather than use the
conductivity data to constrain thermal profiles
in the lithosphere, we use constraints on con-
tinental geotherms, derived from thermobaro-
metry and geochemical analyses of xenoliths
[e.g., Rudnick et al., 1998], to predict resistivity
structure under dry conditions. Such conduc-
tivity-depth profiles provide a reference against
which field data can be compared. In these
calculations we use the high-pressure and high-
temperature conductivity data of Xu et al
[1998]. These data are generally consistent with
previous conductivity models based on lower-
pressure experimental data (for example, the
SO, model of Constable et al. [1992]). Moti-
vated by previous studies, we also explore the
role of dissolved hydrogen on mantle conduc-
tivity. In this case we follow previous analyses
[Karato, 1990; Lizarralde et al., 1995] by
using the Nernst-Einstein relationship to esti-

mate conductivities in the presence of different
water contents. For these calculations we use
the recently analyzed hydrogen diffusion data
of Kohlistedt and Mackwell [1998], extrapolat-
ing where necessary. In all calculations we
assume that mantle conductivity is controlled
by the properties of olivine, the dominant and
interconnected phase in the upper mantle at
depths above the 410-km discontinuity.

] We do not incorporate the effects of iron
content or the presence of melt on conductivity
in our calculations. Chemical analyses of xeno-
liths indicate that olivine compositions vary
between ~Fo88 and Fo93 in the upper mantle
[e.g., Boyd, 1989; Kelemen et al., 1998].
Experimental studies indicate that at a constant
oxygen fugacity, this range in Fe content can
result in approximately a factor of 2 difference
in conductivity [Hirsch and Shankland, 1993].
The iron content (Fo90) of the samples used by
Xu et al. [1998] is in the middle of the expected
variation in olivine Fe content. The electrical
conductivity of the mantle can also be
enhanced in the presence of melt [e.g., Roberts
and Tyburczy, 1999], provided that the melt
forms an interconnected network. While this
mechanism is likely beneath an active spread-
ing center [e.g. Evans et al., 1999], the depth
range where melts are present away from
spreading centers remains somewhat poorly
constrained. The presence of small amounts
of volatiles can induce melting at depths around
100-300 km [e.g., Planck and Langmuir,
1993; Hirth and Kohlistedt, 1996] in the ocea-
nic mantle. However, it is unlikely that melt is
present in the lithosphere beneath stable
Archean cratons.

71 As illustrated in Figure 2a (and further
discussed by Lizarralde et al. [1995]), the
conductivity of the oceanic mantle in the depth
range of ~100—400 km is too high to be
explained by conduction in a dry pyrolite
mantle at a potential temperature of 1300°—
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1400°C. A possible explanation for this obser-
vation is that the conductivity of the mantle is
significantly enhanced in the presence of small
amounts of water [Karato, 1990; Lizarralde et
al., 1995]. The enhancement of mantle con-
ductivity due to the presence of water has been
estimated by incorporating experimental data
on the diffusivity [Mackwell and Kohlstedt,
1990; Kohlstedt and Mackwell, 1998] and
solubility [Kohlistedt et al., 1996] of hydrogen
in olivine into the Nernst-Einstein relationship.
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In the Nernst-Einstein relationship the conduc-
tivity is directly proportional to the product of
the concentration of the charge-carrying species
and the square of its charge. Thus, for conduc-
tion accommodated by diffusion of protons, the
conductivity is directly proportional to concen-
tration. The applicability of the hydrogen con-
duction mechanism remains unverified in the
laboratory owing to the difficulty of making
reliable conductivity measurements on hydrous
mantle aggregates at high pressure. In addition,
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uncertainties arising from the anisotropy of
hydrogen diffusion in olivine must be consid-
ered [e.g., Constable, 1993].

8] The conductivity of the oceanic mantle, as
described by Lizarralde et al. [1995], is con-
sistent with an olivine water content of
~1000-3000 H/10°Si (Figure 2b). This range
is within the bounds of the water content of
olivine in the oceanic mantle estimated by
Hirth and Kohlstedt [1996] based on indepen-
dent laboratory [e.g., Kohlstedt et al., 1996]
and petrological [e.g., Bell and Rossman, 1992]
constraints.

1 The conductivity structure of the Archean
mantle is consistent with the properties of dry
olivine on a conductive geotherm to a depth of
~250 km. The predicted conductivity for a dry
mantle on a conductive geotherm, calculated
using the Arrhenius relation given by Xu et al.
[1998], is shown in Figure 2c. We used a range
of conductive geotherms bracketed between
end-member values constrained respectively
by thermobarometric data on xenoliths from
the Superior Province [Rudnick and Nyblade,
1999] and a theoretical geotherm derived from

surface heat flow [e.g., Chapman and Pollack,
1977; Jaupart and Mareschal, 1999] appropri-
ate for the Superior Province (Figure 1b). The
two calculated profiles for the conductive
geotherm bracket the electrical conductivity
profile determined by Schultz et al. [1993] over
the depth range between 150 and 250 km. The
lower bound on the conductivity is given by the
heat flow geotherm. Recent calculations of the
temperature and pressure dependence of ther-
mal conductivity suggest that the temperature
in the deep portions of the conductive litho-
sphere may be greater than previously esti-
mated [Hofmeister, 1999]. Thus the electrical
conductivity calculated using the geotherm
constrained by heat flow should be considered
a minimum.

o) The conductivity in the depth interval of
150-250 km is consistent with the dry
model; however, the presence of water cannot
be ruled out owing to the effects of aniso-
tropy. While dry olivine does not show sub-
stantial anisotropy in conductivity between
the principal crystallographic axes, the diffu-
sion of hydrogen is significantly anisotropic,
with D[IOO]%IOD[OIO]zIOOD[OOI] at a tempera—

Figure 2. Comparison of experimentally based predictions for mantle conductivity to profiles shown in
Figure la. The conductivity-depth profile beneath the northeast Pacific basin [Lizarralde et al., 1995] is
compared to (a) a conductivity-depth profile calculated for a dry adiabatic mantle using the data of Xu et al.
[1998] and (b) conductivity-depth profiles for an isotropic (dark green band) and anisotropic (light green
band labeled a-axis, for the fast hydrogen diffusion direction) mantle containing olivine with 1000 H/10°Si
calculated using the Nernst-Einstein relation. The isotropic model was determined using the mixing
relationship employed by Constable [1993]. The peak in conductivity around 200 km is consistent with an
anisotropic mantle containing olivine with ~1000 H/10°Si. The width of these bands illustrates the range in
conductivity calculated for an uncertainty in temperature of 100°C (i.e., a range in potential temperature of
1300°—1400°C). In Figures 2c and 2d the conductivity-depth profile beneath the Superior Province [Schultz
et al., 1993] is compared to conductivity-depth profiles calculated using the conductive geotherms shown in
Figure 1b for dry (purple band in Figure 2c) and wet (similar bands in Figure 2d) conditions, respectively.
The upper bound for the conductivity calculated using the conductive geotherm is constrained by
thermobarometry of xenoliths from the Superior Province [Rudnick and Nyblade, 1999]. The lower bound is
calculated using a geotherm inferred from surface heat flow [Chapman and Pollack, 1977]. Conductivity-
depth profiles calculated for an adiabatic mantle with a potential temperature of 1300°—1400°C are also
shown in Figures 2¢ and 2d. The conductivity in the depth interval of ~150—250 km beneath the Superior
Province is well fit by either the dry model or the isotropic wet model. On the basis of the predicted effects of
anisotropy discussed in the text, we favor the dry model.



e Geochemistr 2
~ Geophysics Y(A‘J
" Geosystems {_7J

HIRTH ET AL.: MANTLE ELECTRICAL CONDUCTIVITY

2000GC000048

ture of ~1200°C [Kohlstedt and Mackwell,
1998]. Thus, in the presence of water, high
conductivities are expected in regions with a
strong alignment of olivine [100] axis. Dur-
ing deformation by dislocation creep, olivine
[100] axes generally become aligned in the
direction of mantle flow. Such fabrics can be
identified by the presence of seismic aniso-
tropy. By contrast, if the mantle is isotropic,
the influence of the fast hydrogen diffusion
direction on conductivity is significantly miti-
gated [e.g., Constable, 1993]. As indicated in
Figure 2d, olivine water contents as high as
1000 H/10°Si cannot be ruled out on the
basis of conductivity profiles alone.

1) Below 250 km the conductivities in the
model of Schultz et al. [1993] are more similar
to those determined for the oceanic setting and
are significantly greater than those predicted for
a dry pyrolite mantle. The increase in conduc-
tivity below 400 km is consistent with labora-
tory measurements that indicate an increase in
conductivity associated with the phase changes
of olivine to wadsleyite and ringwoodite [Xu et
al., 1998]. In the depth range between 250 and
400 km the conductivity determined for the
continental region approaches that predicted for
an isotropic mantle containing olivine with
3000 H/10°Si (i.e., as shown in Figure 2d, the
conductivity in this depth interval is approxi-
mately a factor of 3 greater than that calculated
for an isotropic mantle containing olivine with
1000 H/10°Si).

3. Discussion and Conclusions

21 The potential for using EM data to con-
strain the composition and temperature of
Earth’s mantle is emphasized by our compar-
ison of oceanic and old continental regions.
As illustrated in Figure 2, first-order differ-
ences in electrical properties between these
two tectonic settings can be explained by
differences in water content. There are cer-

tainly other variables that can influence con-
ductivity. However, we emphasize the role of
water (and in particular evidence for low
water contents in Archean settings) owing to
its potential importance for controlling the
evolution of the mantle through its effects on
viscosity [e.g., Pollack, 1986; Hirth and Kohl-
stedt, 1996]. Deep conductivity profiles from
different continental settings show signifi-
cantly higher conductivities than those in the
Schultz et al. [1993] model [e.g., Egbert and
Booker, 1992; Jones, 1999]. The conductivity
in some of these regions can be influenced by
postemplacement reworking or ongoing tec-
tonic processes. For example, a profile from
Tucson, Arizona [Egbert and Booker, 1992],
shows a highly conductive upper mantle that
can be explained by mantle hydration by the
subducted Farallon plate and subsequent
upwelling and melting.

3.1. Evidence for a Dry Archean
Continental Lithosphere

31 While the oceanic conductivity profile is
consistent with the presence of water, the
situation for the Archean mantle is more
ambiguous. In the depth interval between
~150 and 250 km the Archean structure is
consistent with the dry model, but water con-
tents as high as ~1000 H/10°Si cannot be ruled
out if the mantle is isotropic. However, a
combination of two observations leads us to
prefer the “dry” model. First, the electromag-
netic (EM) data collected at Carty Lake are
approximately consistent with a one-dimen-
sional (1-D) structure [Schultz et al., 1993]
and do not show evidence of anisotropy. Sec-
ond, seismic data from this region show that the
upper mantle is strongly anisotropic [Silver and
Kaneshima, 1993]. The seismic data do not
constrain the depth extent of anisotropy. How-
ever, studies of other Archean terranes show
that anisotropy is generally confined above
~250 km [e.g., Gaherty and Jordan, 1995].
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Figure 3. A self-consistent model for the mantle structure beneath the Superior Province and its schematic
relation to oceanic mantle. An ~250-km-thick continental root is consistent with both seismic [Van der Lee
and Nolet, 1997] and electromagnetic data. The craton is inferred to have a dry composition and an
anisotropic structure to reconcile the electrical resistivity data and observations of seismic anisotropy. The
thick dashed line indicates a transition to a wet underlying mantle. The depth of the wet-dry transition in the
oceanic mantle is based on the study of Hirth and Kohlistedt [1996]. The depth of the 1350°C isotherm
beneath the craton is constrained by thermobarometric analyses of xenoliths from the Superior Province
[Rudnick and Nyblade, 1999]. The dry composition of the continental root increases its viscosity relative to
adjacent oceanic mantle and therefore increases its stability against buoyancy-driven delamination and

convective “erosion.”

Thus, if the mantle were wet in this region, the
EM data would be predicted to show a pro-
nounced anisotropic signature if conduction
was accommodated by diffusion of protons.
At face value, the lack of this signature indi-
cates that the water content of the mantle
olivine beneath the Superior Province is <100
H/10°Si (i.e., as illustrated in Figure 2d, the
conductivity is at least 10 times smaller than
that predicted for an anisotropic mantle con-
taining olivine with 1000 H/10°Si). In contrast,
Lizarralde et al. [1995] showed that the high
conductivity observed at a depth of ~200 km
depth in the oceanic profile (e.g., Figure 2b) is
consistent with conduction by hydrogen in an
anisotropic mantle. Seismic observations indi-

cate that the Pacific mantle is anisotropic to a
depth of ~200 km [Gaherty and Jordan, 1995;
Ekstrom and Dziewonski, 1998].

14 Both the electrical conductivity and the
seismic properties of the continental and ocea-
nic mantle are similar in the depth interval of
300—400 km. The conductivities beneath both
the Superior Province and the oceanic mantle
from the Lizarralde et al. [1995] profile in this
depth interval are consistent with an olivine
water content of ~3000 H/10°Si in an isotropic
mantle. Seismic data from both oceanic and
continental environments indicate that the man-
tle is isotropic over this depth interval and that
the velocities are similar in both settings
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[Grand and Helmberger, 1984a, 1984b; Gah-
erty et al., 1996].

3.2. Implications of a Dry Continental
Lithosphere

151 The observation of a dry Archean litho-
sphere has several implications for the origin
and evolution of the continental cratons. Our
conceptual model consists of a root that extends
~250 km beneath the Superior Province (Fig-
ure 3), in contrast to other models of Archean
roots that extend to depths of 350 km but in
agreement with regional teleseismic studies in
this area [Van der Lee and Nolet, 1997]. The
conductivity model illustrated in Figure 2d
suggests that there is a transition from a nom-
inally dry to a wet mantle at a depth of ~250
km. Owing to the influence of water on the
viscosity of the mantle [e.g., Mackwell et al.,
1985; Karato and Wu, 1993; Hirth and Kohl-
stedt, 1996], this transition could also result in a
rheological boundary. Such a boundary could
be important for understanding the origin and
stability of the continental root [e.g., Pollack,
1986].

6] The continental geotherm we used to
compare with electrical resistivity data indi-
cates that the mantle is somewhat hotter than
predicted by models of cold, deep cratonic
roots. In spite of the higher temperatures, the
viscosity of the lithospheric mantle can be
increased relative to oceanic mantle at the
same depth owing to its dry composition. This
higher viscosity will help stabilize the conti-
nental root against buoyancy-driven delamina-
tion and ‘“erosion” due to convection of
adjacent mantle [e.g., Shapiro et al., 1999].
The higher temperature also helps provide
buoyancy required by geoid data. Thus, while
there is a contribution to buoyancy from Fe
depletion, the amount of depletion required to
satisfy the geoid constraint is not as great. The
higher seismic velocities observed for conti-
nental roots relative to oceanic mantle at the

same depth (i.e., ~200 km) are more difficult
to explain if the mantle temperature is as high
as indicated by the thermobarometric analysis
of xenoliths. However, the dry nature of the
continental roots suggested by the analysis of
conductivity profiles could help reconcile this
problem. The presence of water can result in a
significant decrease in seismic velocity at high
temperature through anelastic effects [e.g.,
Karato, 1995; Karato and Jung, 1998]. Thus
a possible explanation for the higher velocity
of a relatively high temperature continental
root is that the effects of anelasticity are
decreased owing to the dry composition of
the mantle.

Acknowledgments

(171 This project was supported by NSF grant EAR-
9706681. We would also like to thank P. Kelemen for
helpful discussions and T. Shankland, S. Karato, and R.
O’Connell for thoughtful reviews of the manuscript.

References

Bell, D. R., and G. R. Rossman, Water in the Earth’s
mantle: The role of nominally anhydrous minerals,
Science, 255, 1391-1397, 1992.

Boyd, F. R., Compositional distinction between oceanic
and cratonic lithosphere, Earth Planet. Sci. Lett., 96,
15-26, 1989.

Chapman, D. S., and H. N. Pollack, Regional geotherms
and lithospheric thickness, Geology, 5, 265-268, 1977.

Constable, S. C., Conduction by mantle hydrogen, Na-
ture, 362, 704, 1993.

Constable, S. C., T. J. Shankland, and A. Duba, The elec-
trical conductivity of an isotropic olivine mantle, J. Geo-
phys. Res., 97, 3397-3404, 1992.

Egbert, G., and J. R. Booker, Very long period magneto-
tellurics at Tucson observatory: Implications for mantle
conductivity, J. Geophys. Res., 97, 15,099—15,112,
1992.

Ekstrom, G., and A. M. Dziewonski, The unique aniso-
tropy of the Pacific upper mantle, Nature, 394, 168—
172, 1998.

Evans, R. L., P. Tarits, A. D. Chave, A. White, G. Hein-
son, J. H. Filloux, H. Toh, N. Seama, H. Utada, J. R.
Booker, and M. J. Unsworth, Asymmetric electrical
structure in the mantle beneath the East Pacific Rise at
17°S, Science, 286, 752—756, 1999.



e 'Geochemistry 3
| Geophysics ( >
" Geosystems {_7J

HIRTH ET AL.: MANTLE ELECTRICAL CONDUCTIVITY

2000GC000048

Gabherty, J., and T. H. Jordan, Lehmann discontinuity as
the base of an anisotropic layer beneath continents,
Science, 268, 1468—1471, 1995.

Gabherty, J., T. H. Jordan, and L. S. Gee, Seismic structure
of the upper mantle in a central Pacific corridor, J. Geo-
phys. Res., 101, 22,291-22,309, 1996.

Grand, S. P, and D. V. Helmberger, Upper mantle shear
structure of North America, Geophys. J. R. Aston. Soc.,
76, 399438, 1984a.

Grand, S. P., and D. V. Helmberger, Upper mantle shear
structure beneath the northwest Atlantic Ocean, J. Geo-
phys. Res., 89, 11,465—11,475, 1984.

Hirsch, L. M., and T. J. Shankland, Quantitative olivine-
defect chemical model: Insights on electrical conduc-
tion, diffusion and the role of Fe content, Geophys. J.
Int., 114, 21-35, 1993.

Hirth, G., and D. L. Kohlstedt, Water in the oceanic upper
mantle: Implications for rheology, melt extraction and
the evolution of the lithosphere, Earth Planet. Sci. Lett.,
144, 93-108, 1996.

Hofmeister, A. M., Mantle values of thermal conductivity
and the geotherm from phonon lifetimes, Science, 283,
1699—-1706, 1999.

Jaupart, C., and J. C. Mareschal, The thermal structure
and thickness of continental roots, Lithos, 48, 93—114,
1999.

Jones, A. G., Imaging the continental upper mantle using
electromagnetic methods, Lithos, 48, 57—80, 1999.

Jordan, T. H., Continents as a chemical boundary layer,
Philos. Trans. R. Soc. London, Ser. A, 301, 359-373,
1981.

Karato, S., The role of hydrogen in the electrical conduc-
tivity of the upper mantle, Nature, 347, 272—273, 1990.

Karato, S., Effects of water on seismic wave velocities in
the upper mantle, Proc. Jpn. Acad., Ser. B, 71, 61—66,
1995.

Karato, S., and H. Jung, Water, partial melting and the
origin of the seismic low-velocity and high attenuation
zone in the upper mantle, Earth Planet. Sci. Lett., 157,
193-207, 1998.

Karato, S., and P. Wu, Rheology of the upper mantle: A
synthesis, Science, 260, 771-778, 1993.

Kelemen, P. B., S. R. Hart, and S. Bernstein, Silica en-
richment in the continental upper mantle via melt/rock
reaction, Earth Planet. Sci. Lett., 164, 387—406, 1998.

Kohlstedt, D. L., and S. J. Mackwell, Diffusion of hydro-
gen and intrinsic point defects in olivine, Z. Phys.
Chem., 207, 147-162, 1998.

Kohlstedt, D., H. Keppler, and D. C. Rubie, Solubility of

water in o, 3, and y phases of (Mg, Fe),Si04, Contrib.
Mineral. Petrol., 123, 345—-357, 1996.

Lizarralde, D., A. D. Chave, G. Hirth, and A. Schultz,
Northeastern Pacific mantle conductivity profile from
long-period magnetotelluric sounding using Hawaii to
California submarine cable data, J. Geophys. Res., 100,
17,837-17,854, 1995.

Mackwell, S. J., and D. L. Kohlstedt, Diffusion of hydro-
gen in olivine: Implications for water in the mantle, J.
Geophys. Res., 95, 5079—5088, 1990.

Mackwell, S. J., D. L. Kohlstedt, and M. S. Paterson, The
role of water in the deformation of olivine single crys-
tals, J. Geophys. Res., 90, 11,319—11,333, 1985.

Planck, T., and C. H. Langmuir, Effects of melting regime
on the composition of the oceanic crust, J. Geophys.
Res., 97, 19,749-19,770, 1992.

Pollack, H. N., Cratonization and thermal evolution of the
mantle, Earth Planet. Sci. Lett., 80, 175—182, 1986.
Roberts, J. J., and J. A. Tyburczy, Partial-melt electrical
conductivity: Influence of melt composition, J. Geo-

phys. Res., 104, 7055—-7066, 1999.

Rudnick, R. L., and A. A. Nyblade, The composition and
thickness of Archean continental roots: Constraints from
xenolith thermobarometry, in Mantle Petrology: Field
Observations and High-Pressure Experimentation: A
Tribute to Francis R. (Joe) Boyd, edited by Y.-W. Fei,
C. M. Bertka, and B. O. Mysen, Spec. Publ. Geochem.
Soc., 6, 3—12, 1999.

Rudnick, R. L., W. F. McDonough, and R. J. O’Connell,
Thermal structure, thickness and composition of conti-
nental lithosphere, Chem. Geol., 145, 395-411, 1998.

Schultz, A., R. D. Kurtz, A. D. Chave, and A. G. Jones,
Conductivity discontinuities in the upper mantle beneath
a stable craton, Geophys. Res. Lett., 20, 2941-2944,
1993.

Shapiro, S. S., B. Hager, and T. H. Jordan, Stability and
dynamics of the continental tectosphere, Lithos, 48,
115-133, 1999.

Silver, P., and S. Kaneshima, Constraints on mantle ani-
sotropy beneath precambrian North America from a
transportable teleseismic experiment, Geophys. Res.
Lett., 20, 1127—-1130, 1993.

Van der Lee, S., and G. Nolet, Upper mantle S velocity
structure of North America, J. Geophys. Res., 102,
22,815-22,838, 1997.

Xu, Y., B. T. Poe, T. J. Shankland, and D. C. Rubie,
Electrical conductivity of olivine, wadsleyite and ring-
woodite under upper mantle conditions, Science, 280,
1415-1418, 1998.



	Abstract
	1. Introduction
	2. Mantle Conductivity
	3. Discussion and Conclusions
	3.1. Evidence for a Dry Archean Continental Lithosphere
	3.2. Implications of a Dry Continental Lithosphere

	Acknowledgments
	References
	Figures
	Figure 1
	Figure 2
	Figure 3


