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The proper way to consider seamount volcanism on the Pacific plate is to examine 
all seamounts at once, as if the ocean were entirely drained away.  This can be done by 
considering the modern chart of bathymetry derived from satellite-based altimetry (Smith 
and Sandwell, 1997), which was not available to Jason Morgan when he proposed mantle 
plumes (Morgan, 1971, 1972a, 1972b). This chart, based on a uniform remotely-sensed 
sampling of the entire plate, reveals thousands of seamounts in the Pacific arranged in 
bewildering arrays of alignments, non-alignments and orientations, and they are far from 
being regularly distributed.  The Pacific plate contains huge plateaus without trailing 
seamounts; trains of seamounts that have no affiliated plateaus; trains that changed 
volume and rates of propagation through time; trains that contain curving, splayed, 
imbricate and cross-trend ridges; and trains that terminate at transform faults.  It contains 
huge clusters of seamounts that are not trains at all.  Only a few of them are grouped in 
the linear, concentric island chains so central to the plume hypothesis. The idea that linear 
island chains alone provide an adequate picture of mantle geodynamics beneath the plate 
thus must be seen as a misapprehension. 

Extensive dredging of seamounts by many workers demonstrates that the 
geochemical category of “ocean-island basalt (OIB)” is misleading.  Varieties of alkalic 
basalt or related differentiates occupy the summit of almost all seamounts that rise more 
than about 2-km above the seafloor, and islands themselves account only for the very 
small percentage of them that actually erupted in entire edifices.  Even so-called E-
MORB that erupt directly on ridge axes are merely alkalic olivine basalts very much like 
those of tall seamounts both near and away from spreading ridges (e.g., Engel et al., 
1965; Batiza et al., 1989, 1990; Natland, 1989; Davis et al., 1995; Cousens, 1996; Niu et 
al., 2002; Niu and O’Hara, 2003).  Mixing between depleted and enriched magma strains 
may explain much of the geochemical diversity of abyssal tholeiites.  Islands are actually 
only the tips of the tallest of seamounts, thus if our interest were in deciphering the 
origins of “tall-seamount basalts” we would be nearer the mark than if we restrict our 
attention to the compositions, temporal sequences, and geometrical relationships of 
basalts that can be sampled only on foot.  We should include all petrologically similar 
basalts in our purview, whether they erupted on islands or below sea level, young, old, 
tall or small seamounts, or spreading ridges.  Since OIB-like lavas occur on so many 
features that are not age-progressive linear island chain, why should such geochemistry 
require a deep mantle plume anywhere else? What can we imagine the typical internal 
structure of plumes to be when some volcanoes within chains have no geochemical 
consistency from one to the next and the chains themselves have opposite geochemical 
trends through comparable stages of volcanism? 

The Pacific plate, the largest on Earth, spans a history of more than 165 million 
years (e.g., Pringle, 1992), from an infancy when it was very small and entirely 
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surrounded by spreading ridges (Nakanishi, 1993).  Beginning in the Jurassic, it grew in 
all directions until some of its edges necessarily intersected subduction boundaries during 
mid- and later Cretaceous times.  Today this giant among plates is more than half 
bounded by subduction boundaries and linking transform faults.  The current trend of the 
plate’s motion is to the WNW relative to those subduction boundaries, as it has been for 
at least 47 Ma (Sharp and Clague, 1999). 

 The modern concept and acceptance of mantle plumes depends strongly on 
assumptions of parallelism (concentricity) of the traces of linear volcanic chains on the 
Pacific plate and their apparent fixity with respect to each other since 47 Ma, but only 
since that time.  Prior to that, the picture is much more complicated.  For example, a 
substantial body of radiometric-age data extending back to the mid-Cretaceous exists for 
the Line Islands seamounts, which Morgan (1971;1972a, b) proposed to be coeval and 
concentrically age-progressive with the Emperors portion of the Hawaiian-Emperor 
chain.  However, radiometric-age data summarized by Davis et al (2002) show NO age 
progression within the Line Islands seamounts (Figure 1).  The northern end of the chain 
is also several times wider than the track of the Emperors, and has ridges and seamounts 
arranged in two principal orientations, NNW and WNW.  Nearly synchronous volcanism 
occurred along much of the length of the chain at about 90 Ma and occurred again at 
about 70 Ma.  The most recent volcanism was in the middle of the chain at about 37 Ma. 
The WNW Crosstrend ridges date from about 70 Ma (Davis et al., 2002), and are parallel 
to the much younger, non-hot spot Puka Puka Ridges west of the present-day East Pacific 
Rise (Sandwell et al., 1996; Lynch, 1999, Janney et al., 2000), and to the current direction 
of Pacific plate motion. Samples from these ridges include varieties of amphibole-bearing 
potassic mafic lava not found on emergent Pacific linear chains, but which are well 
known from, e.g., African rift valleys (Natland, 1976; Davis et al., 2002). 

Early Cretaceous and Jurassic ocean crust, which extends from the Mid-Pacific 
Mountains to the western Pacific trenches, is so covered with large seamounts and their 
aprons (Menard, 1959) that an actual sample of ridge-related basalt has been difficult to 
obtain by drilling.  Among these are hundreds of Mesozoic guyots capped with drowned 
reef platforms (e.g., Hamilton, 1956; Winterer et al., 1993;   Haggerty and Premoli Silva, 
1995).  Based on isotope geochemistry, Koppers et al (in press) group these into several 
short seamount trains, but these are not age-progressive, and coeval trains dating from 
130-90 Ma have sharply different trends. Lavas from these seamounts are mainly 
variably enriched alkalic basalts and related differentiates that are similar isotopically to 
lavas from the modern Polynesian linear island chains (Winterer et al., 1993; Koppers et 
al., in press). 

  The Mid-Pacific Mountains number several widely spread, very large, and 
elongate Mesozoic ridges that splay from ENE to E (Figure 1), thus which are not 
parallel. Such large, splayed ridges have no counterparts among the active linear chains 
of the Pacific, although less accentuated splaying occurs in the Tuamotus.   Toward the 
west, seamount groups from the Wake to the Magellan seamounts have no clear or 
geographically persistent alignments.  Instead, most are collections of large individual 
seamounts, guyots, and seamount-guyot clusters (Vogt and Smoot, 1986) that erupted 
throughout the same large region from 130-90 Ma (Winterer et al., 1993; Pringle et al., 
1995; Koppers et al., in press). No similar congregation of large, isolated, and scattered 
volcanoes has formed anywhere else on the Pacific plate since that time. 
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We infer that orientations and distributions of seamount ridges on the Pacific plate 
are to first order controlled by tectonic stresses acting across the plate (Jackson and 
Shaw, 1975; Favela and Anderson, 2000; Smith, in press), and that volcanic alignments 
occur along fractures that are generally orthogonal to the direction of least principal stress 
(e.g., Fiske and Jackson, 1972; Nakamura, 1978).  Since spreading ridges change 
orientation and geometry in response to consumption of ridge axes at trenches by 
migration of triple junctions along continental margins (e.g., Lonsdale, 1991), we assume 
that the stress field within a plate must change in complementary fashion, and that 
changes in directions of least principal stress will guide changes in patterns of 
lithospheric fracture that allow seamount volcanism to occur (Hieronymus and Bercovici, 
2000, 2001).  Major bends in linear volcanic chains reflect changes in the balance of 
stress orientations, not wholesale changes in plate motion, and splaying of ridges 
indicates either a non-uniform stress regime, or one that rotated through time (cf. Carey, 
1958).   

We thus construe three general periods with different stress regimes in the history 
of the Pacific plate. 

1) When, during its earliest days in the Jurassic and Early Cretaceous, the Pacific 
plate was surrounded by ridge segments and was near the center of the huge world ocean, 
there were no major stress alignments within it.  In this respect, it was much like that of 
the present-day Antarctic and African plates (Hamilton, 2002).  Within-plate volcanism 
thus assumed the scattered arrangement predicted by the models of Hieronymus and 
Bercovici (2000) for the condition of no tectonic stress, and the large Magellan and Wake 
seamount clusters formed.  Nonetheless, near the eastern boundaries of the plate, which 
were marked by migrating triple junctions, and which adjoined plates that were probably 
disappearing into subduction zones, complex and shifting patterns of ridge reorganization 
dictated formation of long, splayed, near-axis seamount ridges. 

2)  By about 90 Ma, the growing middle-aged Pacific plate achieved its first 
persistent stress regime with the formation of subduction boundaries along its western or 
northwestern margin. The plate was no longer static but began to move over the 
asthenosphere and into the mantle. The precise arrangement of those subduction 
boundaries and the overall direction of subduction are uncertain, but this imparted a 
general yet not fully stable component of tension across the plate. This stress combined 
with others produced the initial NNW Gilbert-Marshall, Musician, Line and Emperor 
Seamount ridges, orthogonal to the overall direction of least principal stress, and which 
still could vary somewhat from place to place. The Line Island seamount chain, being 
near ridge axes, thence to plates subducting into trenches in the eastern Pacific, sustained 
a more variable stress regime, thus its great width and dual orientations of ridges. 

3) By 47 Ma, the Pacific plate was huge, and the Gondwanan dispersal of 
southern continents was shifting into a pattern of major continental collision.  Plates east 
of the East Pacific Rise axis were growing smaller as the approaching Americas rolled 
them back at trenches. Nearly half of the boundaries of the Pacific plate now were also 
trenches spanning from the Aleutians to New Zealand.  In addition, northward migration 
of the Indian plate and Australia caught a major portion of the westerly moving Pacific 
plate between the northeast corner of the Tonga Trench and the Aleutians.  The plate 
could no longer shift laterally in response to whatever was occurring along its eastern 
spreading boundaries.  A very consistent and possibly stronger stress regime therefore 
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developed across the Pacific plate with a NNE direction of least principal stress.  The 
change in stress orientation may have taken up to 10 million years, during an interval 
marked by little or no volcanic productivity at the western end of the Hawaiian chain.  
Since that time, the predominant alignment of both linear island chains and Puka Puka-
type ridges, from the Kodiak-Bowie chain in the Gulf of Alaska to the Louisville Ridge 
south of the Antarctic convergence, has been orthogonal to this direction.  The expression 
of this stress regime nearest the Tonga Trench is the voluminous, elongate, WNW-
trending, post-erosional volcanic sequence in the Samoan Islands, which is along the 
tensional crest of a bend in the plate dipping toward the transform portion of the trench 
(Natland, 1980). 

Three additional hypotheses seem necessary to explain seamount volcanism on 
the Pacific plate.  The first is that enriched mantle sources of variable geochemical 
provenance are distributed in a shallow layer at the base of the lithosphere.  This 
geometry is required wherever volcanism has occurred simultaneously along very long 
ridges, as, e.g., the Samoan post-erosional volcanic rift zone (Natland, 1980), or the Puka 
Puka ridges in the eastern Pacific (Janney et al., 1999).  Perhaps dispersed veins, 
schlieren, or blobs of enriched material, such as have been invoked to explain alkalic 
basaltic summits of near-ridge seamounts in the northeastern Pacific (Cousens, 1996), 
and that are readily subject to partial melting, produce melts that migrate and accrue at 
the base of aging and thickening lithosphere (e.g., Anderson, 1989, 1995; Niu et al., 
2002).  They may concentrate there because of shear dilatancy (Holtzman et al., 2003) at 
the base of the nearly impermeable lithosphere.  The magmas are later tapped when 
regional stresses cause that lithosphere to fracture. The geometry of a zoned plume may 
instead be represented by lateral or vertical heterogeneity within a layered mantle.  
Enriched material attached to the base of the lithosphere may later become involved with 
volcanism a great distance away. This hypothesis says nothing about the ultimate depth 
of origin of the enriched material, the ages of its diverse isotopic components, or how 
they were transported vertically, only that it accrues through time at the base of the 
lithosphere.  Isotopic similarities between Mesozoic seamounts of the far western Pacific 
to their likely backtracked locations near the modern chains of the Southwest Pacific 
(Staudigel et al., 1991; Koppers et al., in press) suggest persistence of this process in the 
same part of the upper mantle for more than 130 million years. 

The second hypothesis is that some concatenation of stresses is likely required to 
localize the modern linear island chains, as for example plate-bending near the Samoan 
Islands.  Although the general pattern of stresses acting across the Pacific plate appears to 
have a consistent orientation, the stresses sum from all boundaries of the plate, thus their 
magnitude within the plate cannot be uniform.  The underlying asthenosphere itself could 
also bulge locally in response to plate-tectonic stresses, and develop concentrations of 
partial melt at the base of the lithosphere, where most basalts erupted on island chains 
appear to originate.  The lithosphere may contain internal zones of weakness inherited 
from prior stress fields or local concentrations of more readily fusible and thus weaker 
materials.  These will act to concentrate stress and initiate fractures (Lawn, 1993).  The 
lithosphere will contain regions of great thickness and strength that will stop propagating 
fractures in their track or deflect them.  Local hydraulic overpressure resulting from 
inequities in the distribution of ponded magma and magma buoyancy may drive fractures 
from underneath.  Transfer of material from the base to the top of the lithosphere will 
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modify the stress field and produce new stress concentrations that will become preferred 
locations of new volcanism (e.g., Hieronymus and Bercovici, 2001).  Nevertheless, the 
general effect of a strongly directional stress field, one that developed through time on 
the Pacific plate, will be an equilibrium tendency (not always ideally satisfied) for 
parallel fractures to develop and to propagate in tandem at the rate of plate motion over 
the asthenosphere.  On the other hand, once the lithosphere is fractured, the resulting 
lines of weakness should easily be reactivated by shifts in the stress regime, as in the Line 
Island seamounts (Davis et al., 2002) and the younger Cook-Austral chain (McNutt et al., 
1997). 

Finally, the large sizes of Pacific plateaus and some seamounts, seamount ridges, 
and linear island chains, require one or more of three things: 1) concentrations of mantle 
with high fertility, which is fundamentally an aspect of heterogeneity of the bulk 
composition of the mantle (e.g., presence of fertile peridotite, garnet pyroxenite, and/or 
eclogite); 2) differences in the size of master fractures through the lithosphere, effectively 
determining the ease or efficiency with which melt can rise through it – a valve effect; or 
3) locally more vigorous convective turnover of mantle beneath the plate; the basalt-
releasing conveyor belt moves faster.  The latter, of course, is presumed in the plume 
hypothesis, but usually without consideration of whether 1 or 2 might be important.  Even 
so, any such turnover in the upper mantle need not involve deep-mantle material 
(Sandwell et al., 1996). 
 

References 
 
Anderson, D.L., 1989.  Theory of the Earth: Boston, MA (Blackwell Sci. Publ.). 
Anderson, D. L., 1995. Lithosphere, asthenosphere and perisphere, Reviews of 

Geophysics, 33, 125-149. 
Batiza, R., Smith, T.,  and Niu, Y.L., 1989, Geologic and petrologic evolution of 

seamounts near the EPR based on submersible and camera study, Mar. Geophys. 
Res., 11: 169-236.  

Batiza, R., Niu, Y.L., and Zayac, W.C., 1990, Chemistry of seamounts near the East-
Pacific Rise: Implications for the geometry of sub-axial mantle flow, Geology 18: 
1122-1125.  

Carey, S.W., 1958.  The tectonic approach to continental drift.  In Carey, S.W. (ed.), 
Continental Drift: A Symposium: Hobart, Tasmania, Australia (University of 
Tasmania), 177-374. 

Cousens, B.L., 1996.  Depleted and enriched upper mantle sources for basaltic rocks from 
diverse tectonic environments in the northeast Pacific Ocean: The generation of 
oceanic alkaline vs. tholeiitic basalts.  In Hart, S.R., and Basu, A., (eds.), Earth 
Processes: Reading the Isotopic Code.  Geophys. Monog. 95: Washington (Amer. 
Geophys. Union), 207-232. 

Davis, A.S., Gray, L.B., Clague, D.A., and Hein, J.R., 2002.  The Line Islands revisited: 
New 40Ar/39Ar geochronologic evidence for episodes of volcanism due to 
lithospheric extension. Geochem. Geophys. Geosyst. 3: 10.1029/2001GC0000190, 
1-28. 



 6 

Davis, A.S., Gunn, S.H., Bohrson, W.A., Gray, L.B., and Hein, J.R., 1995, Chemically 
diverse sporadic volcanism at seamounts offshore southern and Baja California, 
Geol. Soc. Amer. Bull.107: 554-570. 

Favela, J., and Anderson, D.L.2000. Extensional tectonics and global volcanism.  In 
Boschi, E., Ekstrom, G. and Morelli, A., (eds.), Problems in Geophysics for the 
New Millennium: Bologna, Italy (Editrice Compositori), 463-498. 

 Fiske, R.F, and Jackson, E.D., 1972. Orientation and growth of Hawaiian volcanic rifts: 
the effect of regional structure and gravitational stresses.  Proc. Roy. Soc. (Lond.), 
A, 329, 299-326. 

Haggerty, J.A., and Premoli-Silva, I., 1995, Comparison of the origin and evolution lf 
northwest Pacific guyots drilled during Leg 144. In: J.A. Haggerty, I. Premoli-
Silva, F. Rack, M.K. McNutt (Eds.), Proc. ODP, Sci. Res.:144: College Station, 
TX (Ocean Drilling Program), 935-949. 

Hamilton, E.L., 1956.  Sunken Islands of the Mid-Pacific Mountains. Geol. Soc. Amer. 
Mem. 64. 

Hamilton, W.B., 2002.  The closed upper-mantle circulation of plate tectonics.  In Stein, 
S., and Freymueller, J.T., eds. Plate Boundary Zones.  Geodynamics Ser. 30: 
Washington, D.C. (Amer. Geophys. Union), 359-410. 

Hieronymus, C.F., and Bercovici, D. 2000.  Non-hotspot formation of volcanic chains: 
Control of tectonic and flexural stresses on magma transport.  Earth Planet. Sci. 
Lett. 181, 539-554. 

Hieronymus, C.F., and Bercovici, D. 2001.  A theoretical model of hotspot volcanism: 
Control on volcanic spacing and patterns via magma dynamics and lithospheric 
stress.  J. Geophys. Res. 106, 683-702. 

Holtzman, B.K., Groebner, N.J., Zimmerman, M.E., Ginsbert, S.B., and Kohlstedt, D.L., 
2003.  Stress-driven melt segregation in partially molten rocks.  Geochem. 
Geophys. Geosyst. 4: 9607,doi:10.1029/2001GC000258, 1-26. 

Jackson, E.D., and Shaw, H.R., 1975.  Stress fields in the Pacific plate: delineated in time 
by linear volcanic chains. J. Geophys. Res., 80: 1861-1874. 

Janney, P.E., Macdougall, J.D., Natland, J.H., and Lynch, M.A., 2000. Geochemical 
evidence from the Pukapuka volcanic ridge system for a shallow enriched mantle 
domain beneath the South Pacific Superswell, Earth. Planet. Sci. Lett. 181, 47-60. 

Koppers, A.A.P., Staudigel, H., Pringle, M.S., and Wijbrans, J.R. in press. Short-lived and 
discontinuous intra-plate volcanism in the South Pacific: hotspots or extensional 
volcanism?  Geochem. Geophys. Geosyst. 

Lawn, B., 1993.  Fracture of Brittle Solids, 2nd Edition.  Cambridge, UK (Cambridge 
Univ. Press). 

Lonsdale, P., 1991. Structural patterns of the Pacific floor offshore of Peninsular 
California, In Dauphin, J. Paul, and  Simoneit, Bernd R T. (eds.),  Amer. Assoc. 
Petrol. Geol., Memoir 47: 87-125. 

Lynch, M.A., 1999.  Linear ridge groups: Evidence for tensional cracking in the Pacific 
Plate.  J. Geophys. Res. 104, 29,321-29,333. 

McNutt, M.K., Caress, D.W., Reynolds, J., Jordahl, K.A., and Duncan, R.A., 1997.  
Failure of plume theory to explain midplate volcanism in the southern Austral 
islands.  Nature 389: 479-482. 

http://www.gps.caltech.edu/~dla/erice_paper.html


 7 

Menard, H. W., 1959. Archipelagic aprons, Bull. Amer. Assoc. Petrol. Geol., 91: 13,915-
13,923. 

Morgan, W.J., 1971. Convection plumes in the lower mantle, Nature, 230: 42-43, 1971. 
Morgan, W.J., 1972a. Plate motions and deep mantle convection, In  Shagam, R., 

Hargraves, R.B., Morgan, W.J., Van Houten, F.B., Burk, C.A., Holland, H.D., 
and Hollister, L.C. (eds.), Studies in Earth and Space Sciences, Geol. Soc. Am. 
Mem., 132: 7-22. 

Morgan, W.J., 1972b. Deep mantle convection plumes and plate motions, Bull. Am. 
Assoc. Pet. Geol., 56: 203-213.. 

Nakamura, K., 1977.  Volcanoes as a possible indicator of tectonic stress orientation: 
principle and proposal.  J. Volcanol. Geotherm. Res. 2, 1-16. 

Nakanishi, M., 1993. Topographic expression of five fracture zones of the northwestern 
Pacific Ocean. In Pringle, M., Sager, W.W., Sliter, W.V.,  and Stein, S., The 
Mesozoic Pacific: Geology, tectonics, and volcanism, Geophys. Monogr., 77: 
Washington, D.C. (Amer. Geophys. Union), 121-136. 

Natland, J.H., 1976. Petrology of volcanic rocks dredged from seamounts in the Line 
Islands.  In Schlanger, S.O., Jackson, E.D. et al., Init. Repts. DSDP 33:  
Washington (U.S. Govt. Printing Office), 759-777. 

Natland, J.H., 1980.  The progression of volcanism in the Samoan linear volcanic chain.  
Am. J. Sci. 280A, Jackson Volume, 709-735. 

Natland, J.H., 1989. Partial melting of a lithologically heterogeneous mantle:  Inferences 
from crystallization histories of magnesian abyssal tholeiites from the Siqueiros 
Fracture Zone.  In Saunders, A.D. and Norry, M. (eds.), Magmatism in the Ocean 
Basins:  Geol. Soc. London, Spec. Publ., 42:  41-77. 

Niu, Y., and O’Hara, M.J., 2003.  Origin of ocean island basalts: a new perspective from 
petrology, geochemistry and mineral physics considerations.  J. Geophys. Res., 
108: 2209, doi:10.1029/2002JB002048, ECV 5, 1-19. 

Niu, Y., Regelous, M., Wendt, I., Batiza, R., and O’Hara, M.J., 2002.  Geochemistry of 
near-EPR seamounts: importance of source vs. process and the origin of enriched 
mantle component.  Earth Planet. Sci. Lett., 199: 327-345. 

Pringle, M.S., 1992. Radiometric ages of basaltic basement recovered at Sites 800, 801, 
and 802, Leg 129, Western Pacific Ocean.  In Larson,, R.L., Lancelot, Y., et al., 
Proc. ODP 129: College Station, TX (Ocean Drilling Program), 389-404. 

Pringle, M.S.,  and Duncan, R.A., 1995, Radiometric ages of basement lavas recovered at 
Lo-En, Wodejebato, MIT, and Taikuyo-Daisan guyots, ODP Leg 144, 
northwestern Pacific oceanm In: J.A. Haggerty, I. Premoli-Silva, F. Rack, M.K. 
McNutt (Eds.), Proc. ODP, Sci. Res. 144. Ocean Drilling Program, College 
Station: 547-557. 

Saito, K., and Ozima, M., 1976.  40Ar/39Ar ages of submarine rocks from the Line 
Islands, implications on the origin of the Line Islands. In Sutton, G.H., 
Manghnani, M.H., and Mobearly, R., The Geophysics of the Pacific Ocean Basin 
and its Margin, Geophys. Monogr. Ser., 19: Washington (Amer. Geophys. 
Union), 369-374. 

Saito, K., and Ozima, M., 1977.  40Ar/39Ar geochronological studies of submarine rocks 
in the western Pacific Area.  Earth Planet. Sci. Lett., 33: 35-369. 

http://triton.ori.u-tokyo.ac.jp/~nakanisi/AGUMonograph_1993.html
http://triton.ori.u-tokyo.ac.jp/~nakanisi/AGUMonograph_1993.html


 8 

Sandwell. D.T., Winterer, E.L., Mammericks, J.,  Duncan, R.A., Lynch, M.A., Levitt, 
D.A., and Johnson, C.L., 1996  Evidence for diffuse extension of the Pacific plate 
from Puka-Puka Ridges and Cross-grain gravity lineations.  J. Geophys. Res. 100, 
15,087-15,099. 

Schlanger, S.O., Garcia, M., Keating, B.H., Naughton, J.J., Sager, W.W., Haggerty, J.A., 
Philpott, J.A., and Duncan, R.A., 1984.  Geology and geochronology of the Line 
Islands.  J. Geophys. Res., 89: 11,261-11,272. 

Sharp, W. D. and D. A. Clague, 1999. A New Older Age of ~47 Ma for the Hawaiian-
Emperor Bend. EOS, Transactions American Geophysical Union 80: no. 46, p. 
F1196. 

Smith, A.D., 2003. A re-appraisal of stress field and convective roll models for the origin 
and distribution of Cretaceous to Recent intraplate volcanism in the Pacific basin, 
Int. Geol. Rev., 45: in press. 

Smith, W.H.F., and Sandwell, D., 1997.  Global sea floor topography from satellite 
altimetry and sparse shipboard bathymetry.  Science, 277: 1956-1961. 

Staudigel, H., Park, K.-H., Pringle, M., Rubenstone, J.L., Smith, W.H.F., and Zindler, A., 
1991.  The longevity of the South Pacific isotopic and thermal anomaly.  Earth 
Planet. Sci. Lett., 102: 24-44. 

Vogt, P.R., and Smoot, N.C., 1984.  The Geisha Guyots: Multibeam bathymetry and 
morphometric interpretation. J. Geophys. Res.  89, 11,085-11,107. 

Winterer, E.L., Natland, J.H., van Waasbergen, R.J., Duncan, R.A., McNutt, M.K., 
Wolfe, C.J., Premoli Silva, I., Sager, W.W., and Sliter, W.V., 1993. Cretaceous 
guyots in the northwest Paacific: An overview of their geology and geophysics.  
In Pringle, M.S., Sager, W.W., Sliter, W.V., and Stein, S., (eds.), The Mesozoic 
Pacific: Geology, Tectonics, and Volcanism.  Geophys. Monog. 77: Washington 
(Amer. Geophys. Union), 307-334. 

 
 
 
 
 
 



 9 

 
 
Figure 1 
 
A. Bathymetry and B. age progression of the Line Islands seamounts, from Davis et al 
(2002).  Bathymetry is taken from Smith and Sandwell (1997).  Locations of 68-73 Ma 
volcanism are red dots; locations of 81-86 Ma activity are pink dots.   The black line is 
the  hypothetical age-progressive trend line of Morgan (1972a, b) paralleling the Emperor 
Seamounts.  The line was selected from a scanned image of his figure, and is plotted here 
to the scale shown.  The principal Line seamount trend and Line cross-trend ridges are 
evident in the bathymetry, as is the pattern of ridge splaying of the Mid-Pacific 
Mountains to the north.  Ages in B, from sources cited in the figure, are plotted against 
distance from the Line-Tuamotu bend.  “The diagonal red line represents rate of volcanic 
propagation (9.6±0.4 cm/yr) proposed by Schlanger et al (1984) as evidence for a hot 
spot trace.  New ages indicate two major episodes of volcanism more than 10 million 
years apart.  Ages of Schlanger et al (1984) from the southern Line Islands suggest 
another episode of volcanism ~ 40 Ma) in this region.” (Davis et al., 2002, p. 17, caption 
to their Figure 8). 


