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Introduction

The origin of hotspot swells is poorly understood. Heat flow data
collected on hotspot swells have been used to argue for and against
sublithospheric thermal anomalies. The presence of sublithospheric
thermal anomalies has been inferred from interpretations of anomalously
high heat flow determinations, whereas the contention that hotspot swells
result from normal melting processes within the lithosphere is based on
‘normal’ heat flow values. These arguments depend in part on the choice
of a thermal reference model, but more importantly assume conductive
heat transfer through the lithosphere. We provide evidence that heat flow
measurements collected on hotspot swells likely reflect shallow fluid flow
rather than deep thermal variations within or at the base of the
lithosphere.

Take Home Points

1. Substantial variability in closely spaced heat flow observations along
profiles over hotspot swells indicates fluid flow.

2. Observed patterns of fluid flow at smaller seamounts indicate that
seamounts are hydrologically active.

3. Coupled fluid and heat flow modeling indicate how the presence of
topographic relief (the seamounts) stimulates convection.

4. With a flow loop style of fluid flow, significant quantities of heat can be
mined biasing regional heat flow values toward low values.

5. Heat flow observations on hotspot swells reflect shallow fluid flow that
obscures the deep thermal conditions at the base of the lithosphere.
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Figure 1. Thermal data from Hawaii. Location of heat flow determinations. White
symbols show location of data from South Arch (circles) and Maro Reef (triangles)
(Von Herzen et al., 1982, 1989) and thick black lines show data from Harris et al.
(2000). The white triangle colocated with the Maro Reef profile is site 4 of Von
Herzen et al., (1989). The extent of the Hawailan swell is approximated with the 5
km bathymetric contour.
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Coarse Heat Flow Surveys
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Figure 2. Heat flow values and bathymetry from the South Arch and Maro
Reef surveys (Von Herzen et al., 1982, 1989) Time is relative to when the
plate passed over the Hawalian hotsopt. Error bars show 95% confidence
Imits of heat flow values.
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Figure 3. Heat flow profiles collocated with seismic reflection lines for Hawaii.
(A) Oahu, (B) Maro Reef. Top panel shows heat flow determinations
uncorrected (open circles) and corrected for the effects of sedimentation
(solid circles). Lower panel shows line drawing of depth-converted seismic
reflection profile (Harris et al., 2000a).

Reunion High-Resolution Surveys
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Figure 4. (A) Location of heat flow determinations at Reunion (Bonneuville et al.,

1997). Heat flow profiles collocated with seismic reflection lines for Reunion. (B)
Profile 1. Top panel shows heat flow determinations uncorrected (open circles) and
corrected for the effects of sedimentation (solid circles). Lower panels show seismic
reflection profile.
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Figure 5. Spectral analysis of closely spaced heat flow profiles on hotspot swells.
Note spectral peaks on order of 10 km. Along the Oahu profile there is a strong
peak at 7 km, along the Maro Reef profile there is a subtle peak at approximately 10
km, and along Reunion profile 1 there is a peak at approximately 50 km.
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Seamounts continued
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Figure 7. Heat flow determinations and temperature of sediment/basement interface.

Yellow bar shows predicted background heat flow. Seismic reflection profile. The
sediment thickness ~ 400 m. Figure modified from Hutnak et al., [2004].
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Figure 8. Heat flow determinations (dots) and modelsfor Oahu and Maro Reef. Contours show
stream function. Permeabillity is given in each panel. Conductive (black), homogeneous convection
(green), and flow loop (red) models [Harris et al., 2000b].
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