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ABSTRACT
This chapter provides a catalog and maps of those volcanic, tectonic, and geochemical features that have become known as “hotspots,” including those that may
have a shallow plate tectonic or asthenospheric origin. Many proposed hotspots, including isolated structures and the active portions, or inferred ends, of seamount
chains, do not have significant swells, substantial magmatic output, or tomographic
anomalies. A hotspot catalog, as opposed to a volcano catalog, is therefore subjective.
Recent lists of those purported to be underlain by deep mantle plumes disagree
strongly. A melting anomaly, or hotspot, may result from localized high absolute mantle temperature or from a localized fertile or fusible patch of the asthenosphere. Some
have been called “wetspots,” and some have been called “hotlines.” The localization
may be due to lithospheric stress or architecture. The common characteristics of features designated as hotspots suggest an underlying common cause. This chapter provides references and brief evaluations of individual features and mechanisms that can
be used to evaluate the origins of hotspots. Discussions of individual hotspots, volcanic
chains, and tomographic results are given in three appendixes.
Keywords: hotspots, plumes, volcanoes, stress, melting anomalies, midplate

INTRODUCTION

and lithospheric stress can also localize melting, but the term
hotspot is well established and will be used here, even in the
absence of evidence for high temperatures or high heatflow (see
also Clift, this volume; DeLaughter et al., this volume; Green
and Falloon, this volume; Presnall and Gudfinnsson, this volume). Hotspots are also called midplate volcanism, melting
anomalies, and plumes. These are all somewhat misleading terms,
because anomaly implies background homogeneity and constancy of stress, along with mantle composition and temperature
that are inconsistent with plate tectonics itself (Anderson and
Natland, this volume). Most hotspots are not found “midplate.”

Wilson (1963) suggested that time-progressive volcanism
along the Hawaiian chain could be explained by the lithosphere’s moving across a “jetstream of lava” in the mantle under the island of Hawaii. Volcanic islands appeared to be thermal
anomalies, so the term hotspot was coined to explain them, the
assumption being that high absolute temperature was the controlling parameter. Magma volume was used as a proxy for
mantle temperature, and this practice is widely followed today.
Mantle fertility, magma focusing, passive heterogeneities, cracks,
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Hotspots, in common with other volcanic features, occur in extensional regions of the lithosphere, either at plate boundaries or
intraplate. Wilson (1963) noted that many hotspots were on midocean ridges and, assuming that ridges were relatively stationary, suggested that such locations were perhaps responsible for
their apparent fixity (see also Lundin and Doré, this volume).
Many “midplate” volcanoes started on ridges that have since
moved relative to the anomaly or been abandoned (e.g., Wilson,
1963; McNutt et al., 1997). Some may be expressions of incipient or future plate boundaries.
WHAT IS A HOTSPOT?
Morgan (1971) identified some twenty volcanic features
that he proposed were underlain by deep mantle plumes equivalent in strength to the hypothetical Hawaiian plume. All except
Macdonald seamount were islands or on land. Although it was
not known at the time, most are also on major fracture zones. In
a 1974 textbook (Jacobs et al., 1974) Wilson describes his concept of plumes as follows: “At a level of 400 to 700 km, the mantle becomes opaque, so that heat slowly accumulates until, due
to local irregularities, cylindrical plumes start to rise like diapirs
in the upper part of the mantle. These plumes reach the surface,
which they uplift, while their excess heat gives rise to volcanism. The lavas at these uplifts are partly generated from material
rising from depths of several hundred kilometers, which is thus
chemically distinct from that generated at shallow levels. The
plumes are considered to remain steady in the mantle for millions of years.” This hypothesis is very different from Morgan’s,
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and both are very different from modern concepts of relatively
weak, deep mantle plumes, which are easily “blown in the
mantle wind” and provide only a small fraction of the Earth’s
heatflow and magma. The common theme is that hotspots are
caused by hot upwelling mantle that is triggered from below. A
deep thermal boundary layer well below the upper mantle creates an instability that gives rise to narrow buoyant upwellings.
The concepts of “plumes” and “hotspots” have been coupled
since these early papers, even though volcanoes, volcanic chains,
time-progressive volcanism, and swells can exist without plumes.
Passive upwellings such as those triggered by spreading or by
subduction are not considered plumes, nor are intrusions such as
dikes triggered by magma buoyancy, despite the fact that all
these phenomena are plumes in the fluid dynamics sense.
HOTSPOT CATALOGS
Early hotspot catalogs were assembled and reviewed by
Crough (1979), Crough and Jurdy (1980), Stefanick and Jurdy
(1984), Davies (1988), Jurdy and Stefanick (1990), and Sleep
(1990). The number of hotspots recognized had increased to
between 117 and 127 by 1976 (Burke and Wilson, 1976; Jurdy,
personal commun., 2004). The Burke-Wilson lists included thirty
hotspots in Africa, twelve in Antarctica, and sixteen in Asia
and Southeast Asia (Fig. 1). However, many of these are simply
volcanoes or rifts in diffuse extensional zones or back-arcs that
were not readily associated with narrow plate boundaries. Almost all were later dropped from hotspot lists, which now include approximately forty to fifty listings (e.g., Crough, 1979;
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Figure 1. Classic hotspots (Morgan, 1972; Burke and Wilson, 1976; Crough, 1979) and active and recently active volcanoes (Siebert and Simkin,
2002). Red triangles indicate the more significant hotspots, black squares those on early lists that were later dropped when more rigorous criteria
were established (e.g., Crough, 1979), red squares volcanoes. The abbreviations in the figure refer to the hotspots in Table 1.
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Figure 2. Most recently proposed hotspots. Some are parts of “hotlines,” and some are inferred on the basis of age progressions rather than specific volcanic features. Red triangles indicate fifty-one hotspots, black squares volcanoes, black rings hotspots underlain by seismic low-velocity
anomalies that extend into the transition zone (Ritsema and Allen, 2003), yellow rings the plumes proposed by Montelli et al. (2004) on the basis of
seismic P-wave velocity tomography, and magenta rings plumes from the core-mantle boundary proposed on the basis of five criteria expected
to be associated with plumes (Courtillot et al., 2003). If tectonic context is ignored, these are the strongest plume candidates. The abbreviations
in the figure refer to the hotspots in Table 1.

Malamud and Turcotte, 1999; Courtillot et al., 2003). Crough
(1979) defined a hotspot as a region of midplate or anomalous
ridge-crest volcanism that is either persistent or accompanied by
a broad topographic swell. He tabulated those features that satisfied his criteria, and his list is the basis for most later lists.
Volcanic and tectonic features labeled as hotspots have
more recently been tabulated, evaluated, quantified, and updated
by many authors (e.g., Schilling, 1991; Feighner et al., 1995;
Phipps Morgan, 1997; Malamud and Turcotte, 1999; Courtillot
et al., 2003; Ritsema and Allen 2003; and Anderson, this volume). These hotspots, plus a few others culled from the literature, are presented in Figures 1–3. Most hotspots on current lists
(Table 1) are plotted in Figure 1. There are approximately eighty
hotspots, but some are parts of “hotlines,” and some are inferred
on the basis of age progressions (see also Baksi, this volume)
rather than specific volcanic features.
Malamud and Turcotte (1999) suggested on the basis of
fractal arguments that there are approximately 5200 hotspots
(above their cutoff point, which is equivalent to a moderatesized seamount), each associated with a plume. This would require about one hotspot for every 300 km at the surface. This
raises the question of semantics. How do these many proposed
hotspots differ from ordinary volcanoes, seamounts, or dikes
that are consequences of plate tectonics and fueled from shallow
magma chambers or mantle heterogeneities? In what ways do
hotspots differ from Recent and Quaternary volcanoes? The terms

hotspot and plume refer to different concepts, but they have
generally been used interchangeably in recent papers; they do
not have well-defined meanings that are agreed upon in the
Earth science community (see Anderson and Natland, this volume, and Glen, this volume, for the history and semantics of the
plume hypothesis).
For some, a hotspot is simply a region of magmatism that
is unusual—and sometimes not so unusual—in location, volume, or chemistry compared with some segments of the ocean
ridge system. Geochemists use the term plume to refer to any
feature that has “anomalous” geochemistry. In fluid dynamics a
plume is a thermal upwelling or downwelling. The word plume
is now applied to tomographic, geochemical, and other “anomalies” that have little or no surface expression (Sleep, 1997;
Nataf, 2000; Courtillot et al., 2003; Montelli et al., 2004), thereby
decoupling the concepts of hotspots and melting anomalies from
plumes. Some seismologists use plume to refer to any region of
the mantle with lower than average seismic velocity (e.g., Montelli et al., 2004; see also Appendix 2). One assumption behind
this usage is that any low-velocity structure is hot and buoyant.
Early tomographic maps (e.g., Anderson and Dziewonski, 1984;
Dziewonski and Anderson, 1984) used red and other warm colors for structures with low seismic velocities, and this was interpreted by later workers as indicating that low-velocity regions
must be hot. A low-velocity region may, however, be the result of
volatiles or a low melting point (e.g., Presnall and Gudfinnsson,
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Figure 3. Notspots and crackspots. These are discussed in the text and in Anderson (this volume). They have strong evidence for a shallow or tectonic origin, or have little evidence supporting a thermal or plume origin. Black rings indicate that the score for a plume or thermal origin exceeded the score for a plate tectonic origin, small red crosses indicate that the score for a plume or thermal origin equaled the score for a plate
tectonic origin, large red crosses indicate that the score for a plume or thermal origin was less than the score for a plate tectonic origin, and red
squares indicate volcanoes. The abbreviations in the figure refer to the hotspots in Table 1. See also Appendix 3.

this volume; Smith, this volume) or a different chemistry (e.g.,
Foulger et al., this volume), and need not be buoyant, or even
hot, compared to the surrounding mantle.
Table 1 is a compilation of features that have been consistently labeled “hotspots” in recent papers, along with their
locations and the various geographic names attached to them
(Davies, 1988; Schilling, 1991; Feighner et al., 1995; Phipps
Morgan, 1997; Favela and Anderson, 1999; Malamud and Turcotte, 1999; Courtillot et al., 2003; Anderson, this volume).
Some of these features have little or no surface expression.
Some are the extrapolated ends of volcanic chains or were invented to extend assumed monotonic age progressions to the
present day, assuming a fixed hotspot or plume origin. Some
volcanic regions have multiple centers that are attributed to independent hotspots. Examples of “hotlines” or lineations with
multiple volcanic centers are the Pukapuka ridge, the CookAustral-Macdonald region, and the Circe–Ascension–Saint
Helena–Cameroon region. Multiple plumes have also been suggested beneath Afar, Lake Baikal, and the Azores region. On the
other hand, where there is good age progression (at least at the
onset of volcanism), as in the Hawaiian chain, a single hotspot
is generally proposed (see also Clouard and Bonneville, this volume). Although there are other more impressive active volcanoes in the Hawaiian chain, Loihi is considered the location of
“the” hotspot.
Tahiti (Mehetia) and Tahiti-iti are part of the same linear
volcanic chain, and “the” hotspot is usually placed at Mehetia.

Tahiti-iti is the smaller of two volcanoes on the island of Tahiti.
Easter and Sala y Gomez are usually treated as alternate locations of the same hotspot, as are Circe and Ascension. These are
examples of how the choice of what features to include in a catalog is somewhat arbitrary. Table 1 cannot be used uncritically;
it must be used only in conjunction with other information, in
particular studies of local tectonics. History is also important.
One could argue that a hotspot catalog does not have to deal with
history, mechanisms, or assumptions about temperature or fixity.
However, the existence or location of some proposed hotspots
is based on assumptions about process rather than observed geological features or geophysical attributes. Therefore, a brief discussion of the entries and the criteria used in a hotspot list is an
essential part of the catalog. Many individual hotspots, volcanic
chains, mechanisms, and interpretations are discussed in other
chapters of this book and on subpages of www.mantleplumes.org.
HOTSPOT MAPS
Figure 1 shows the hotspots recognized or suggested by early
investigators (e.g., Morgan, 1972; Burke and Wilson, 1976;
Crough, 1979). Active and recently active volcanoes (Siebert
and Simkin, 2002) are also shown. Triangles indicate the more
significant hotspots, and black squares indicate those on early
lists that were dropped when more rigorous criteria were established (e.g., Crough, 1979). The seafloor maps of Smith and
Sandwell (1997) (see also Sandwell et al., this volume) have
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Global hotspot maps
many more features, including fracture zones and fields of
seamounts, and there are many more active or recently active
volcanoes than were recognized by Wilson and Morgan when
they developed their ideas about hotspots and island chains.
Figure 2 shows a map of the hotspots listed in Table 1. Additionally, hotspots flagged as the strongest plume candidates in
three recent papers are indicated. The authors of these papers
and their findings are as follows:
• Ritsema and Allen (2003) (black rings) studied the thirtyseven hotspots on the list of Sleep (1990) and identified
eight where low-velocity anomalies extended down as far
as the transition zone in the whole-mantle tomography
model S20RTS (Ritsema et al., 1999; see also Ritsema, this
volume). These are Afar, Bowie, Easter Island, Hawaii, Iceland, Louisville, Macdonald, and Samoa. In no case does
the anomaly continue significantly into the lower mantle.
• Montelli et al. (2004) (yellow rings) used compressional
wave (P-wave) tomography to identify six regions in the
lower mantle that they proposed are associated with plumes
beneath Ascension, the Azores, the Canary Islands, Easter
Island, Samoa, and Tahiti. None of these has a substantial swell.
• Courtillot et al. (2003) (magenta rings) collated five properties considered to characterize plumes (time-progressive
track, associated flood basalt, large buoyancy flux, high
3He/4He ratios, and underlying seismic anomaly) for fortynine hotspots. They considered seven to nine of these hotspots “primary” or major (see Appendix 1) and attributable
to deep mantle plumes. These are Hawaii, Louisville, Réunion, Easter Island, Iceland, Afar, and Tristan da Cunha.
The other forty or so hotspots on their list, including Ascension, the Azores, the Canary Islands, Cape Verde, the
Galapagos, Samoa, and Tahiti, “lack evidence for a deep
origin” according to the rules assigned by the authors.
The most striking feature of these three recent lists is their
lack of agreement. Of the fourteen hotspots flagged as plume
candidates, only one—Easter Island—appears on all three lists.
Only five other hotspots appear on two lists, and the remaining
eight appear on only one list. Neither of the seismic tomographic
studies flags Réunion or Tristan da Cuhna. Hawaii appears on
only two lists.
Most of the proposed plumes or hotspots are in locations
that are unusual tectonically, e.g., Samoa, Afar, Easter Island,
Louisville, Iceland, the Azores, and Tristan da Cuhna, suggesting lithospheric control. The most impressive and geochemically
distinct hotspots, including Hawaii, Iceland, Yellowstone, the
Galapagos, Afar, and Réunion, are not underlain by lower
mantle P-wave seismic anomalies (Montelli et al., 2004). Some
of the reported deep mantle anomalies of Montelli et al. (2004)
have little surface or upper-mantle expression, and few have any
of the predicted characteristics of plumes summarized by Courtillot et al. (2003) and Anderson (this volume).
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Anderson (this volume) reexamined the results of Courtillot
et al. (2003) for individual hotspots (see Appendixes 1 and 3 to
this chapter), extending the criteria for plumes to include heat
flow and new tomographic results (see Appendix 2 and Ritsema,
this volume). Afar and Iceland ranked highest as potential
plumes, mainly because of the underlying low seismic velocities in the upper mantle that do not appear to extend into the
lower mantle. The other hotspots score higher on criteria indicating a shallow origin than on criteria favoring a deep or hightemperature origin.
MECHANISMS FOR FORMING HOTSPOTS
The common characteristics of features designated as hotspots suggest an underlying common cause. High-temperature
mantle, compared to the mantle under mid-ocean ridges, does
not seem to be a requirement. Mechanisms involving lithospheric structure and stress, and variable mantle fertility, may
satisfy the observations for most hotspots. It is generally agreed
that most melting anomalies along ridges, and midplate volcanism, are not due to deep mantle plumes and that “hotspots” and
“plumes” are not the same thing. Nevertheless, a plume is the
default explanation for a hotspot or a geochemical anomaly, particularly in the field of geochemistry, where one sees reference
to “the” Shona plume, “the” Hollister plume, and so on, even for
minor volcanic features or minor components in the magmas.
The lithosphere is cracked and variable in thickness. The
underlying mantle is close to the melting point from the base of
the plate to ~200 km depth. Low-melting-point material is recycled into the shallow mantle at trenches (see also Peccerillo,
this volume; Smith, this volume). Plate boundaries are continually forming and reforming, and being reactivated (Anderson,
2002). Under these conditions volcanism is expected to be widespread simply as a result of near-surface conditions, but neither
uniform nor random. A small change in local stress can cause
dikes, extrusions, and volcanoes where formerly there were sills,
intrusions, and underplating that did not reach the surface. Nothing except stress need change. A change in water content may
also change the eruptive style.
Plate tectonic explanations have been suggested for many
volcanic features designated “hotspots.” These explanations
include crack propagation, self-perpetuating volcanic chains,
reactivated plate boundaries, incipient plate boundaries, membrane and extensional stresses, gravitational anchors, reheated
slabs, buoyant decompression melting of mantle heterogeneities,
dike propagation, leaky transform faults, and rifting unrelated
to uplift (e.g., Shaw and Jackson, 1973; Oxburgh and Turcotte,
1974; Jackson and Shaw, 1975; Jackson et al., 1975; Shaw et al.,
1980; Clague and Dalrymple, 1987, 1989; Tackley and Stevenson, 1993; Anderson, 1998; Czamanske et al., 1998; Favela and
Anderson, 1999; Hieronymus and Bercovici, 1999; Beutel, this
volume; Elkins-Tanton, this volume; Doglioni et al., this volume; King, this volume). The lithosphere and asthenosphere
control the locations of many, if not all, midplate volcanoes and
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volcanic chains (e.g., Natland and Turner, 1985; Anderson et al.,
1992a; Anderson, 1995; McNutt et al., 1997; Dickinson, 1998;
King and Anderson, 1998; Favela and Anderson, 1999; King
and Ritsema, 2000; McNutt and Bonneville, 2000; Tanton and
Hager, 2000; Natland and Winterer, this volume). Summary papers that discuss mechanisms, tectonic context, tomography, age
progressions, and fixity include those of Sykes (1978), Anderson et al. (1992a,b), Wessel and Kroenke (1997), Favela and
Anderson (1999), Clouard and Bonneville (2001), Koppers et al.
(2001), and Anderson (this volume). Sykes (1978) suggested that
Atlantic “hotspot tracks” are actually transform faults and fracture zones. This is supported by satellite altimetry (e.g., Fairhead
and Wilson, this volume; Vogt and Jung, this volume).
A number of hotspots apparently have shallow or tectonic
explanations, clearly violate the predictions of the plume hypothesis, or both (Fig. 3). These include the Cook-Austral chain
(McNutt et al., 1997; Dickinson, 1998), the Marquesas (McNutt
and Bonneville, 2000), Samoa (Natland, 1980; Dieu et al.,
2002), Réunion (Charvis et al., 1999; de Voogd et al., 1999), and
others on the Africa plate (Bailey, 1992; Burke, 1996; Bailey
and Woolley, this volume; Fairhead and Wilson, this volume;
Liégeois, this volume); Yellowstone (Christiansen et al., 2002);
the Foundation seamounts, Macdonald, Pitcairn Island, Rarotonga, Rurutu, Samoa, and the Society Islands (Clouard and
Bonneville, 2001, this volume; Baksi, this volume); and Iceland
(Foulger and Pearson, 2001; Foulger et al., this volume). The
origins of many other hotspots are less obvious than those of
these well-studied ones, and are fertile ground for future research. Detailed discussion of many of them is given in Anderson (this volume).
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APPENDIX 1: SCORING HOTSPOTS
Courtillot et al. (2003) tabulated the characteristics of fortynine hotspots and compared them with a list of plume criteria.
Nine have high scores, and six are considered candidates for
deep mantle plumes. Courtillot et al. suggested three categories
of hotspots, differing in the depth of origin of the assumed
plume, based on the assumption that the fluid dynamics of the
mantle was more important than the properties of the plate.
Other mechanisms for making hotspots were not considered.
Anderson (this volume) extended this approach by subjecting
hotspots to additional tests and considering the results of special
studies (e.g., Hadley et al., 1976; Natland, 1980; McNutt et al.,
1997; Dickinson, 1998; de Voogd et al., 1999; Christiansen et al.,

2002; Dieu et al., 2002; Humphreys et al., 2000). He developed
criteria to test the hypothesis that the melting anomalies have
a shallow plate tectonic explanation not necessarily involving
high temperatures. The following hotspots scored highest on the
tectonic or nonplume criteria: Easter Island, Réunion, Tristan,
the Galapagos, Bouvet, and Pitcairn (Fig. 3). Some of these are
“classic hotspots” (Fig. 1). Previously they have all been considered the tops of deep mantle plumes. Easter Island is particularly interesting in that it is the only hotspot that appears on all
three recent plume lists discussed in the text. Favela and Anderson (1999) developed a classification of hotspots based on stress
and tectonics.
Most of the plume scores for hotspots are 3 or lower (Courtillot et al., 2003; Anderson, this volume), meaning that they
have only three or fewer of the criteria expected or assumed for
deep thermal plumes. Most of the scores involving plate tectonic
criteria for the most promising plume-candidate hotspots are 3
to 5, meaning that a tectonic or shallow explanation is at least as
favorable as a plume explanation. Only Iceland and Afar have
plume scores that equal or exceed their plate tectonic scores,
based mainly on low seismic velocities above 400 km depth.
The plume-negative criteria (e.g., low heatflow, low magma
temperature, small swell, small geoid anomaly, lack of continuous low-velocity zone, low 3He, no associated large igenous
province, no transition zone thinning) outweigh the positive
criteria, even for the strongest plume-candidate hotspots.
A theory is needed for the large majority of volcanic centers and volcanic chains, which have many of the same geochemical and other features as the major hotspots but lack the
predicted attributes of plumes (e.g., Natland and Winterer, this
volume). Hotspots that have been studied extensively (e.g., see
Hadley et al., 1976; Natland, 1980; McNutt et al., 1997; Dickinson, 1998; de Voogd et al., 1999; Christiansen et al., 2002; Dieu
et al., 2002; Humphreys et al., 2000) are shown in Figure 3,
which is conservative and a work in progress; it does not represent all of the melting anomalies that may have a tectonic origin. Much work remains to be done.
APPENDIX 2: SEISMOLOGY
Seismology has the potential to determine the depths of
features beneath volcanic centers and to test various hypotheses
for the origins of hotspots. For thirty years seismologists have
reported evidence for lower mantle and core-mantle-boundary
anomalies of all kinds (e.g., Kanasewich et al., 1972, 1973).
Both low-velocity and high-velocity regions have been used in
support of the plume hypothesis. However, tomographic maps
show a remarkable noncorrelation of upper mantle low-velocity
regions and hotspots (Ritsema and Allen, 2003; Anderson, this
volume). For example, the Galapagos, Réunion, the Bouvet
triple junction, Cape Verde, Tristan da Cunha, and Tahiti overlie high-velocity or average regions of the upper 100–300 km of
the mantle. Low-velocity regions beneath Hawaii, Easter Island,
Samoa, and Louisville do not extend throughout the upper man-
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tle. Courtillot et al. (2003) use a shear wave low-velocity zone
at 500 km depth as a criterion for deep mantle plumes. Approximately twelve such low-velocity zones at 500 km depth are
unassociated with hotspots, and approximately sixteen are. Both
Iceland and Afar have low-velocity anomalies at 500 km, and
these have been demonstrated to be restricted to the upper mantle (Ritsema and Allen, 2003; Foulger et al., this volume). Both
are on relatively new plate boundaries. Montelli et al. (2004) suggest that “vertical leakage,” or seismic smearing, may have led
to earlier suggestions that a deep plume underlies Iceland. The
seismic evidence thus favors an upper mantle origin in both cases.
Kanasewich et al. (1972, 1973) and Kanasewich and Gutowski (1975) described a high-velocity anomaly in the lowermost mantle a few degrees northeast of Hawaii, which they
attributed to the base of a Hawaiian plume. A subsequent study
(Nataf, 2000) attributed features to the northwest and southeast
of Hawaii to the base of “the Hawaiian plume.” Wright (1975),
however, argued that high velocities were not compatible with
other observations for the same region. Wright concluded that
lithospheric structure beneath Canada explained the anomaly.
This was the first of many controversies regarding claimed connections between deep seismic anomalies and surface hotspots.
Best et al. (1974) showed that the seismic velocity beneath
Hawaii, from surface to core, was not anomalous (see also
Julian, this volume). This rules out a large hot or partially molten
region beneath this, the type-example hotspot. The shear wave
speed in the upper and middle mantle beneath Hawaii is higher
than the average for the southwestern Pacific (Katzman et al.,
1998), and the propagation efficiency is also high (Sipkin and
Jordan, 1979). P-wave seismology has also failed to find a lowvelocity region in the deep mantle beneath Hawaii (“the associated fast anomaly in our model falls somewhat short of
expectations,” according to Montelli et al., 2004). The averaging properties of low-frequency seismic waves, such as multiple ScS waves, strengthen this result still further (Best et al.,
1975; Sipkin and Jordan, 1979; Katzman et al., 1998) even if
the anomaly is not vertical (see also www.mantleplumes.org/
seismology.html).
It has recently become possible to resolve density as well
as seismic velocities from seismic data and to separate the effects of temperature and composition (Ishii and Tromp, 2004;
Trampert et al., 2004). In the deep mantle, low shear wave
velocity regions do not correspond to low density, low bulk
modulus, or high temperature. Variations in iron content and
mineralogy are as important as temperature (see also Lay, this
volume). Subducted slabs may have low melting points and
very low seismic velocities if they contain CO2 (Presnall and
Gudfinnsson, this volume). The basic assumption in many tomographic interpretations is that low shear velocity is a proxy
for high temperature and low density, but this is not a safe assumption. The seismic studies of Ishii and Tromp (2004) and
Trampert et al. (2004) show there is no correlation in properties
between the upper, mid-, and lower mantles, and no evidence
for either deep slab penetration or continuous plumelike low-
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velocity upwellings (see also Dziewonski, this volume). The deep
low-velocity zones under some ridges and hotspots may represent
CO2-bearing slabs (Presnall and Gudfinnsson, this volume).
APPENDIX 3: VOLCANIC CHAINS
Volcanic chains are also called seamount chains and hotspot
tracks. Plume theory predicts that volcanic chains caused by
plumes will have a swell or a large melting anomaly at the active end, a large igneous province at the other, and that the ages
along the chain should exhibit unilateral age progression. Such
chains should be long-lived and parallel to other plume-related
chains on the same plate. Starting more than 10 m.y. prior to the
beginning of chain formation, the surface of the Earth should
have been uplifted by 1 to 2 km over a circular area ~1000 km
in diameter. Hotspot magmas should be hotter than other magmas, or come from a hotter source. High heatflow and thermally
thinned lithosphere are other predicted characteristics. The absence of these features suggests a tectonic, nonplume, possibly
athermal origin. Most midplate volcanoes and seamounts are not
associated with chains.
Plume-candidate hotspots have been evaluated by Courtillot
et al. (2003) and Anderson (this volume) (see also Appendix 1).
The hotspots that are strong candidates for being controlled by
surface tectonics are here termed “notspots” and are shown in
Figure 3. This figure does not include those in Asia, Africa, and
Antarctica and approximately forty others that were eliminated
from hotspot catalogs by Crough (1979). Melting anomalies
that have clear shallow or tectonic explanations have also been
called “crackspots” (Wessel and Kroenke, 1999), and “tertiary
hotspots” (Courtillot et al., 2003). There are several classes of
such tectonic features (Schmidt, 1994; Anderson, 1998; Favela
and Anderson, 1999). Further discussion may be found in Anderson (this volume).
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