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Fig. 5. The relief of the bottom and the points of measurement of the heat flow (triangles) in the region of geotraverse 45 ° N. The

size of the triangles is proportional to the value of the heat flow

Fig. 6. Block diagrams of the bottom relief (4) and heat flow (B) along geotraverse No. 7 (Canaro-Bahamian)

as a complex of parallel dikes; the third seismic complex,
due to the presence of dynamically expressed reflecting
areas and inclined reflectors, corresponds to the lower
parts gabbroids of the typical ophiolites section. On most
temporary sections of the seismic reflection survey, the
Moho section is highlighted, marking the transition from
“layered” to “nonlayered” recording. On the seismic
reflection profiles in the Canary-Bahamian geotraverse
band, there are also areas where the wave fields have
anomalous features: saturation with diffraction axes or
reflecting the boundaries of a complex structure (inclined
and “spike-shaped” reflectors).

Manifestations of asymmetry on the geotraverse
were noted in the analysis of the “root dependence”
of the relief on the slopes of the Mid-Atlantic Ridge
(Mashchenkov et al., 1998), the gravitational free air
anomalies (Gaynanov, 1980; Kuo, Forsyth, 1988) and
heat flow (Podgornykh, Khutorskoy, 1999). However, a
statistical comparison of the geothermal characteristics
of the same morphological elements along the Canary-
Bahamian geotraverse revealed their heterogeneity. For
example, a comparison of heat flow statistics in abyssal
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basins showed that in the Canary Basin in the geotraverse
strip, heat flow is statistically significantly higher than
in the southern part of the North American (Bahamian)
basin. At the same time, a comparison of heat-flow
distribution on the slopes of Mid-Atlantic Ridge did not
reveal a significant difference from the east and west
sides of the ridge axis.

The emergence of a new, much more representative
database on heat flow (Hasterok et al., http://heatflow.
org/data) made it possible to significantly increase the
analyzed sample in the Canary-Bahamian geotraverse.
If earlier in the geotraverse strip we analyzed 42
measurements, in the last base we included 70
measurements for the same coordinates.

Table 5 shows the results of statistical processing
of heat flow samples in the western and eastern the
geotraverse periphery. Calculations showed that, despite a
slight excess of the average heat flow east of Mid-Atlantic
Ridge, this difference is statistically insignificant, i.e. there
is no reason to consider the existence of a geothermal
asymmetry on this geotraverse. A possible interpretation
of this result will be given below.



Heat flow asimmetry on the mid-oceanic ridges...
Canary-Bahamian geotraverse No. 7
west/east west east
Average value of heat flow 58 61
Standard deviation 48 39
Number of measurements 50 20
Value of Cramer-Welch 0,27
criterion
Confidence probability <20% (no significant

difference)

Table 5. Statistical characteristics for the values of the heat
flow (mW/m?) according to geotraverse No. 7

Fig. 7 shows the relief of the bottom in the
geotraverse area of 19 °N (No. 8). This earth’s crust block
is almost unaffected by transform displacements and
can be considered as a tectonotype of the symmetrical
arrangement of the ocean floor morphological elements:
slopes of Mid-Atlantic Ridge and adjacent abyssal
basins.

However, a comparison of heat flow samples
generated from measurements on different sides of the
Mid-Atlantic Ridge axis showed a statistically significant
difference — the eastern flank of the geotraverse has a
higher average heat flow (Table 6).

Pacific Ocean

In the Pacific, only one geotraverse in the northern
hemisphere satisfies the condition of sufficient
geothermal study. This geotraverse is No. 9, crossing the
EPR at 10 °N. More than 5000 heat flow measurements
were obtained along this geotraverse by efforts of
mainly American researchers (McKenzie, Sclater, 1969;
Parsons, Sclater, 1977; Von Herzen, Uyeda, 1963).
The overwhelming number of measurements lies in
the range of 65-100 mW/m?. Only about 20 points are
characterized by hurricane values of 250-260 mW/m?,
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gravitating towards the axis of the East Pacific Rise.
Statistical analysis showed a slight but significant
difference in heat flow of the East Pacific Rise flanks:
the eastern flank has a higher average value than the
western flank (Table 7).

The discussion of the results

A comparison of geothermal data for geotraverse
flanks crossing all the MORs in the Worls oceans
revealed a statistically significant asymmetry of
heat flow that varies in direction in the southern
and northern the Earth hemispheres: in the southern
hemisphere, higher heat flow characterises the western
flanks of geotraverses, and in the north — the eastern
flanks. Of the nine geotraverses studied, only one
of them (Canary-Bahamian) shows a statistically
insignificant heat flow difference on the oppositt sides
of Mid-Atlantic Ridge.

The explanation of this phenomenon requires
not only the correction of the basic principles of the
ocean bottom spreading paradigm, but also the more
global, planetary causes of asymmetry in the fast and
slowly spreading ridges. There are at least two possible
causes that complicate the symmetrical divergence
mechanism. They include differing age of tectonic plates
blocks on opposite sides of the axis of the ridge and/
or the imposition of secondary processes on primary
spreading, which proceed with the release or energy
absorption. Among such processes, we can point to
the expansion of the crust in the accretion zone and
in adjacent abyssal basins, which is accompanied by
the formation of listric faults, as well as the formation
of shaded blocks shielding the deep heat flow. With
these tectonic processes, the complex redistribution of
convective flows in the oceanic lithosphere upper part,
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Fig. 7. Relief and position of measurement points of heat flow (triangles) along the geotraverse 19 °N (the size of the triangles is

proportional to the value of the heat flow)

Table 6. Statistical characteristics for the values of the heat
Sflow (mW/m?) according to the geotraverse of 19 °N. (No. 8)

No. geotraverse No. 9
10°n.1.
No. geotraverse 1310.18 west/east west oast
19°n.l Average value of heat flow 69 74
west/cast west cast —
Average value of heat flow 74 93 Standard deviation 53 56
Standard deviation 51 100 Number of measurements 2829 3160
Number of measurements 22 30 Value of Cramer-Welch criterion 1,49
Value of Cramer-Welch criterion 1,34 Confidence probability 87%
Confidence probability 82%

Table. 7. Statistical characteristics for the values of the heat
flow (mW/m?) according to geotraverse 10 °N in the Pacific
Ocean (No. 9)
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which is fixed in the geothermal field by the presence of
anomalously high and anomalously low (and even zero)
heat flow values, is inextricably linked.

The existing methodology for the age of the second
layer of the oceanic crust calculating according to
geothermal data (eg, (Sorokhtin, 1974)) is based on the
assumption of equal spreading speed on both sides of
the oceanic ridges axis. Based on this, formula is derived
that allows us to calculate the age of the bottom () from
the measurements of the heat flow (¢):

g=A-T.,/Nmat,

where A is the lithosphere thermal conductivity; T is
the temperature of the asthenosphere; a is the thermal
diffusivity, as well as the derivative of the other formula
for estimating lithosphere thickness (#)):

Hy= (Ty/T)\at,

where T is the solidus temperature of the mantle
substance. The presence of geothermal asymmetry
greatly complicates the application of these formulas and
suggests another, more complex model for quantitative
estimates of the oceanic lithosphere parameters. Previous
studies of the oceanic crust age correlation with respect
to magnetic anomalies and heat flow magnitude have
not established a significant correlation (Budanov et
al., 1997).

The idea of the geothermal asymmetry existence
makes it possible to explain the reason for the correlation
absence. These factors undoubtedly need to be taken
into account when analyzing the geothermal field of
the oceanic crust, but they do not explain the different
“direction of asymmetry” in the northern and southern
hemispheres. Above we mentioned the influence of the
Coriolis force, which invariably manifests itself on a
rotating Earth.

On any material point of the Earth (m), due to its
counterclockwise rotation with angular velocity (o),
the Coriolis force F,=2m-v-w-sing will act, which in the
southern hemisphere will shift the mass to the left relative
to the radius (Fig. 8 ), and in the north, respectively, to the
right. In the divergent zones, such a mass is magma rising
from the asthenospheric mantle reservoir at a velocity v,
ensuring spreading of the ocean plates. However, we do
not observe a connection between the rise of the magma
rate (v) nor the magnitude of the average heat flow, nor
with the degree of asymmetry of its mean values on
different sides of MOR. This follows from a comparative
analysis of data on geotraverses in a rapidly spreading
East Pacific Rise and in slow spreading Mid-Atlantic
Ridge and West Indian Ridge. Under the action of the
Coriolis force directed perpendicularly to the trajectory
of'the rise of the magma, the velocity vector becomes not
orthogonal to the bottom surface, but shifted to the west.
The mass m will move from point A to point B (Fig. 8).
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Fig. 8. The action of the Coriolis force (explanations in the
text)

The amplitude of the displacement of the magmatic
stream will be greater at high latitudes (¢) than when
approaching the equator. Under the action of the same
force, the material point in the northern hemisphere will
deviate to the east relative to the trajectory orthogonal
to the surface of the planet.

Geotraverses No.No. 1-5 are located in the southern
hemisphere, therefore the flow of rising magma
invariably deviates to the west, which explains the
observed asymmetry in the World Ocean.

For geotraverses No.No. 6-9 located in the northern
hemisphere, the eastern flank of the geotraverse turns out
to be more “warm”, which can also be unambiguously
associated with the influence of the Coriolis force. Here
the exception is the Canary-Bahamian geotraverse
(No. 7), in which the difference in average heat flows
on the flanks was statistically insignificant. Apparently,
the newest tectonic activity manifested in the Bahamian
basin (Mashchenkov et al., 1997) increases the overall
heat flow background on the western flank geotraverse
flank.

Thus, we confirmed with the help of statistical
analysis that in geotraverses of the southern hemisphere
of the Earth, crossing the mid-oceanic ridges, their
western flank has a higher mean arithmetic heat flow,
and in the geotraverses of the northern hemisphere it
is the eastern flank. The influence of the Coriolis force
can be considered as the universal cause of this pattern,
which, when the planet rotates, tilts the ascending
stream of magma and other products of eruptions in
divergent zones, respectively, to the west — in the
southern hemisphere, and to the east — in the northern
hemisphere.
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