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Seamount abundances and abyssal hill morphology 
on the eastern flank of the East Pacific Rise at 14øS 

Ingo Grevemeyer, 12 Vincent Renard, 3 Claudia Jennrich, • and Wilfried Weigel I 

Abstract. Bathymetric data from a Hydrosweep multibeam 
sonar survey of a 720 km long tectonic corridor on the east 
flank of the southern EPR at 14ø14'S covered about 25,000 
km 2 of zero-age to 8.5 m.y. old crust (magnetic anomaly 
4A). In this corridor we document a strong correlation of 
robust along flowline changes in abyssal hill morphology 
and seamount size distribution with spreading rate changes 
deduced from our magnetic data. Indeed, we find that both 
rms height of abyssal hills and abundance and height of 
seamounts increase significantly as spreading rate changes 
from ~ 75 mm/yr to over 85 mm/yr (half rate). Moreover, 
we identified 46 seamounts taller than !.00 m. Previous 
studies on the southern EPR reported a larger density of 
seamounts, organized primarily in chains. Our investigation, 
however, revealed seamounts not associated with major 
chains, leading us to the conclusion that different forms of 
off-axis volcanism occur along the spreading center. 

Introduction 

Seamounts are common features in the marine environment 
and represent a significant percentage of the seafloor [e.g., 
Smith and Jordan, 1987; Scheirer and MacrohaM, 1995; 
Scheirer et al., 1996a]. In the Pacific Ocean, two main 
classes of seamounts have been found: large intraplate 
volcanoes forming seamount and island chains which are 
associated with hotspots [Wilson, 1963; Morgan, 1971], and 
small volcanoes which are often found near mid-ocean 
spreading ridges (Figure 1). Bathymetric data along the East 
Pacific Rise (EPR) reveal that a large number of these 
seamounts are organized in chains [Scheirer and MacdonaM, 
1995' Scheirer et al., 1996a]. Statistical studies on the 
distribution of near-axis seamounts indicate that the bulk of 
the volcanic activity occurs between the ridge axis and ~ 1 
Ma [Scheirer and MacdonaM, 1995; Scheirer et al., 1996b], 
suggesting that near-axis seamounts are related to large-scale 
mantle upwelling and the development of lithosphere near 
seafloor spreading centers [Wilson, 1992; Scheirer and 
MacdonaM, 1995]. However, some seamount chains on the 
Southern East Pacific Rise (SEPR) exhibit fresh lava flows 
on 5.0-6.5 m.y. old crust [Scheirer et al., 1996b]. 

Despite the large abundance of seamounts, the most 
prevalent geomorphic structures on the seafloor are abyssal 
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hills. Abyssal hills in the Pacific Ocean form. primarily 
through a complex combination of volcanic constructional 
processes and faulting that occur at or near the ridge axis 
[e.g., Golf, 1991; MacdonaM et al., 1996]. Stochastic 
analysis of abyssal hills have shown that ridge flank 
roughness increases with decreasing spreading rate [Menard, 
1967; Malinverno, 199l; Goff, 199l]. Nevertheless, seafloor 
roughness values show a large variation along a single 
spreading segment [Golf, 1991; Goffet al., 1993], suggesting 
that spreading rate cannot be the sole factor governing 
variations in abyssal hill morphology. 

From November 8 to December 30, 1995 the R/V Sonne 
carried out the EXCO-cruise, a geophysical survey on zero- 
age to about 8.5 m.y. old seafloor created at the "superfast" 
spreading (full rate >140 mm/yr) East Pacific Rise south of 
the Garrett fracture zone [Weigel et al., 1996]. The cruise 
explored a 720 km long and 20-45 km wide tectonic corridor 
on the east flank which intersects the ridge axis 60 km south 
of the Garrett transform between 14øS and a minor ridge 
axis discontinuity at 14027 ' S. Hydrosweep multibeam bathy- 
metry, coveting approximately 25,000 km 2 along a flowline 
(Figure 2), were used to delinate variations in seamount 
abundances and seafloor roughness. Magnetic reversals were 
identified to determine seafloor spreading velocities. 

Magnetic Data and Interpretation 

Magnetic anomalies were obtained after removal of the 
IGRF from total field data, recorded with a proton 
precession magnetometer towed along the profiles of the 
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Figure 1. Example of a near-axis seamount superposed on 
an abyssal hill. We identified as seamounts all local highs 
having plan aspect ratios < 2 and relief > 100 m. 
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Figure 2. The study area of the EPR south of the Garrett fracture zone. Complete bathymetric coverage 
is indicated by gray shading, and seamounts _> 100 m high are shown as filled circles. 

survey. Four extended profiles normal to the ridge axis 
(Figure 3) were used to match the anomalies with the 
geomagnetic polarity reversals scale obtained from Cande 
and Kent [1992]. These authors showed that south of the 
Garrett fracture zone previously published higher rates 
towards the east (100 mm/yr between anamaly 3 and 4A) 
could be eliminated by matching conjugated sets of data 
with best fitting poles of rotation. Because of asymmetric 
spreading, however, these higher rates could be real. Indeed, 
using magnetic anom0,1ies from Cormier et al. [1996], it 
appears that up to anomaly 3 seafloor spreading towards the 
east is around 86 mm/yr, while it is only 68 mm/yr towards 
the west, giving an average half rate of 77 mrn/yr. Our data 
were modeled with correction for the topography and paleo 
coordinates identical to present. Our best fitting model 
confirms this high eastward rate. Furthermore, the good 
quality of the data allows an unambiguous identification of 
the sequence of reversals and points to a still higher rate 
during anomaly 3 (up to 116 mm/yr) followed by an abrupt 
drop (down to 70 mm/yr) occuring before anomaly 3A and 
lasting up to anomaly 4A where our survey ends. Deduced 
spreading rate versus distance is shown in Figure 4. To 
verify whether this pattern on the eastern flank (i.e. the 
Nazca plate) is due to asymmetric spreading, a conjugate 
dataset from the western flank (i.e. the Pacific plate) would 
be needed beyond anomaly 3 and up to 4A. 

Bathymetric Data 

Wc used 1:250,000 Mercator projection maps to identify 
46 seamounts taller than 100 m. These maps arc based on 
bathymctry griddcd at a 100 m spacing and contoured at a 
depth interval of 20 m. Wc identified as seamounts all local 
highs having map-view aspect ratios <2 and relief >100 m 
(Figure 1). For each seamount wc tabulated the position of 
its center, the scamount's distant from the EPR, its summit 
depth, and its height. Figure 4 displays the distribution and 
height of seamounts versus distant from the ridge axis. In 
general, recent studies on the EPR used only seamounts 

taller than 200 m [Scheirer and.Macdonald, 1995; $cheirer 
et al., 1996b]. We tabulated 34 seamounts > 200 m high in 
our 25,000 km 2 area. These seamounts have an average 
abundance (number of seamounts per area of bathymetric 
coverage) of 1..4 stats/1000 km 2. 

Seafloor roughness can be characterized in many ways; we 
used here the roughness defined as the square-root of the 
average squared deviation about a linear trend [Malinverno, 
1991], i.e., the seafloor roughness is given by rms height of 
abyssal hills. Two linear profiles were analysed (Figure 3). 
Each of these profiles, derived from swath-mapping 
bathymetry interpolated on a 100 m grid using continuous 
curvature splines in tension [Smith and Wessel, 1990], is 
composed of 16 40-50 km long profile segments. These 
profile segments do not cross any of the 46 seamounts 
identified above. 

Results and Discussion 

The seafloor within 200 km of the ridge crest is 
characterized by arms height of abyssal hills of 40-50 m. 
Typical seamounts superposed on the crust are less than 300 
m high. At larger distances from the axis, estimated rms 
height increases, with values up to 110 m. In these regions, 
several seamounts rise more than 600 m above the 

surounding seabed. Only near the end of the tectonic 
corridor beyond 650 km does the rms height decrease to 
values of 40 m with the complete absence of seamounts 
higher than 100 m (Figure 4). 

Of particular interest is the positive correlation between 
increasing relief of abyssal hills and increasing abundance 
and height of seamounts (Figure 4). Other field studies, 
however, do not support this trend: maximum abundance and 
size of seamounts are generally associated with shallower 
and broader ridge crest [Scheirer and Macdonald, 1995], 
while abyssal hill rms height is negatively correlated with 
the width of the ridge crest [Goff et al., 1993]. In addition 
rms height increases from the middle of a segment toward 
the ends [Goff et al., 1993], though Scheirer and Macdonald 
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(top) Geomagnetic reversals scale [Cande and 
Kent, 1992] and computed magnetic anomalies; (middle) 
magnetic anomalies recorded along the flowline. (bottom) 
topographic profiles used to derive seafloor roughness as 
described by Malinverno [1991 ]. Also shown is a subsidence 
trend of 360 m (m.y.) -1/2 t 1/2. 

[1995] found a relatively uniform distribution of seamounts 
along axis, showing no strong preference for more 
seamounts near discontinuities or near midsegments. 

Furthermore, seamount abundance and seafloor roughness 
show no common correlation with spreading rate. The rms 
height of abyssal hills decreases as spreading rate increases 
[Malinverno, 1991; Goff, 1991], while the abundance of 
seamounts increases as the spreading rate increases [Scheirer 
and MacdonaM, 1995]. But seafloor roughness also increases 
going from fast spreading (112 mm/yr) to "ultrafast" 
spreading rate (171 mm/yr) [Goff, 1991]. If we consider data 
from Goff et al. [1993], the threshold between increasing 
spreading rates and decreasing abyssal hill relief and again 
increasing relief is near 150 mm/yr (full rate). In Figure 4 
we have plotted rms height and distribution of seamounts 
along with picks of magnetic anomalies used to calculate the 
spreading rate. Indeed, there is a strong correlation between 
increasing spreading rate, increasing seafloor roughness, the 
emplacement rate and height of seamounts. Although our 

survey does not provide complete coverage of the ridge 
flank, it is reasonable to hypothesize that the along flowline 
variations in seafloor morphology are almost dictated by 
variations in spreading rate. 

Although the quality of bathymetric maps is very good, the 
quantity of coverage is rather poor. In total, our survey 
provided 4200 line kilometers of Hydrosweep multibeam 
bathymetry (-- 25,000 km 2) covering zero-age to 8.5 m.y. 
old crust. Using 1 Myr bins, only about 3000 km 2 seafloor 
of the same age have been explored. Obviously, our 
statistical estimation with 1.4 smts/1000 km 2 taller than 200 

m is only an initial assessment on the size and the 
distribution of seamounts south of the Garrett fracture zone. 

Southwards between 15-19øS Scheirer et al. [1996b] 
estimated a density of 2.9 smts/1000 km 2 which are higher 
than 200 m. Most of the observed seamounts are in the Rano 

Rahi seamount field on the Pacific plate. But the seamounts 
on the Pacific flank are not distributed uniformly - there are 
twice as many edifices >_ 200 m tall south of 17øS (4.4 
smts/1000 km 2) as there are to the north (2.2 smts/1000 
kin2). Size and distribution of volcanic edifices in the Rano 
Rahi field on the western flank are quite different from the 
eastern flank. Most of the volcanic edifices on the Pacific 

flank are arranged in major chains, while data from the 
Nazca plate provided only evidence for a short seamount 
chain near 109ø30'W (Figure 2) and three short chains 
between 17ø-18øS [Scheirer et al., 1996a]. But the bulk of 
edifices eastwards from the EPR is not associated with 

chains. It is possible that both populations are caused by 
different mechanisms. Several mechanism may account for 
the emplacement of near-axis seamounts [see $cheirer et al., 
1996b]. However, we argue for a model where short 
seamount chains are generally caused by independent 
buoyant upwelling mini plumes [Barone and Ryan, 1990; 
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Figure 4. Seafloor statistics versus distance from ridge axis' 
(top) spreading half rate, (middle) height of > 100 m tall 
edifices, and (bottom) rms height of abyssal hills. 
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$hen et al., 1993], while seamounts not associated with 
chains may imply melting of mantle heterogeneities 
embedded in the upwelling system beneath the ridge 
[Wilson, 1992]. Moreover, the major seamount chains on the 
Pacific plate are probably related to some other cause due to 
unusual lithospheric and/or asthenospheric properties beneath 
the Pacific seafloor [$cheirer et al., 1996b]. Recently, some 
authors argued that patterns of off-axis volcanism and 
asymmetric subsidence may be related to ridgeward 
asthenospheric flow from off-axis plume source [Phipps 
Morgan et al., 1995; Greverneyer, 1996]. Asymmetric 
subsidence is evident along the SEPR [Cochran, 1986], and 
Phipps Morgan et al. [1995] provided geophys!cal evidence 
for a flow connection between the Society hotspot plume 
and the SEPR. Clearly, much more data from the ridge 
flanks will be needed to address these questions in more 
detail. 

Conclusions 

With swath-bathymetry coverage of a 720 km long tectonic 
corridor on the east flank of the SEPR, we characterized 

abyssal hill morphology and the population of seamounts 
along a flowline. Modeling of magnetic data suggest that the 
Nazca spreading rate has been between 70-116 mm/yr (half 
rate) since magnetic anomaly 4A (about 8.5 Ma). The 
average spreading rate has been 85 mm/yr. We found that 
rms height of abyssal hills, abundance and height of 
seamounts increase by going from "superfast" spreading rates 
(~ 75 mm/yr) to '•ultrafast" spreading rates (> 85 mm/yr). 

There are 46 seamounts in our area taller than 100 m. 

Previous studies on the west flank revealed a larger density 
of seamounts, arranged primarily in major chains [Scheirer 
et al., 1996b]. Of Interest is that we found no evidence for 
large seamount chains, suggesting that different forms of off- 
axis volcanism occur along the SEPR. 
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