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Introduction:  Multibeam bathymetry with almost 

100% coverage reveal detailed morphology of the 

Benham Rise, an oceanic plateau in the West Philippine 

Basin of the Philippine Sea tectonic plate. Unlike other 

oceanic plateaus, the crest of Benham Rise is more 

complex and hints to the presence of a huge crater. With 

its ~150 km diameter, it may be easier to suppose it is 

an impact crater rather than a volcanic caldera because 

a caldera of this scale, subaerial or submarine, has not 

been documented on Earth.  Here, we present segments 

of our paper on the Benham Rise [1] describing the 

caldera feature, including a comparison with selected 

planetary impact craters and calderas. 

 

 

 
Figure 1. Bathymetry map of the Benham Rise. Thin grey line on map 

marks the extent of multibeam data. Locations of bathymetry profiles 
A-A′ and B-B′, and seismic line RC2006-61 are plotted. together with 

locations of DSDP 31 Site 292 and seismic lines RC2006-61 and 

GC31. The thin grey lines on profiles mark slope values and the blue 
arrows point to where the platform base transitions to the crest. 

Morphology:  The Benham Rise consists of a main 

body and three spurs (Narra, Loro and Molave Spurs) 

(Figure 1). The main body has a shield-like platform 

base rising from ~5200 m to ~3800 m depth and 

measuring ~310 km by 330 km with flank gradients of 

<1° to 3° that are comparable to flank slopes of basaltic 

oceanic plateaus like the Shatsky Rise (~1.5°) [2, 3] and 

the Galapagos platform (< 1.16° to<4.21°) [4]. 

However, Benham Rise has a more complex crest 

morphology compared with other oceanic plateaus 

which typically have more or less flat tops [5] 

sometimes punctuated by seamounts like the Ontong 

Java Plateau [6] and Hess Rise [7], or by a ridge like the 

TAMU Massif of Shatsky Rise [3]. Its crest has steeper 

gradients of ~4° to 8°, from ~3800 m to 2500 m depth 

(Profiles A-A’ and B-B’ in Figure 1) and consists of an 

almost circular but segmented ridge enclosing a U-

shaped basin and elevated central block. 

The circular ridge is ~150 km in diameter and most 

pronounced on its western half (Figure 1) and has 

scalloped inward-facing escarpments where a bench 

~20 km wide and extending for ~55 km sits at the 

bottom. In the southwest, the circular ridge appears 

breached and left with a narrow NW-SE trending ridge. 

The U-shaped basin wraps around the western side of 

the elevated central block like a moat. The basin floor 

descends stepwise from the east to the west where it 

flattens out and where it is ~1 km deep with respect to 

the outer circular ridge.  The central block measures ~85 

km by 115 km, generally dome-shaped and on average 

at ~2500m depth, but seamounts shallow to ~1000m and 

add localized rugged topography. The central block has 

a more elevated southwestern side and descends 

stepwise toward the northeast where it merges with the 

circular ridge.  

Geophysical signature:  The eastern end of seismic 

reflection line RC2006-61 crosses the western side of 

Benham Rise (Figure 1). Analysis of the seismic profile 

shows ~1.0 s TWT (~1 km thick) of fill in that part of 

the U-shaped basin. Forward 2D modelling of free-air 

gravity anomalies derived from satellite altimetry data 

[8] along a line near RC2006-61, suggests that the crust 

beneath the central Benham Rise is ~15 km thick and 

required a thick pocket of less dense material to be 

present on the crest. The Benham Rise itself is for the 

most part no more strongly magnetized than the 

surrounding seafloor but there are prominent groups of 

anomalies on the crest, particularly a cluster of magnetic 

lows (Figure 2). 
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Figure 2. Map showing EMAG2 without directional gridding [9] 

overlain on contoured bathymetry of Benham Rise. Heavy dark 
contours at 1000 m interval. Thin light contours at 200 m interval.  

Discussion and implications: The morphology of 

the crest suggests the presence of a crater. Due to its 

enormous size, it can be easily thought of as an impact 

crater. The largest known calderas on Earth are silicic 

calderas like Yellowstone (60 km), La Garita (35×75 

km), Toba (30×80 km), Taupo (35 km), Long Valley 

(15×30 km), and Valles (20×22 km) [10]. Basaltic 

shield calderas, like Kilauea and Mauna Loa are only 

~3×5 km. Submarine calderas with good multibeam 

coverage like Macauley (10.8×8.2 km) and Havre (~5 

km) [11] are also significantly smaller. The crater-like 

summit of Benham Rise is more comparable in size to 

basaltic shield calderas on Mars, like Olympus Mons 

(80 km×65 km) and on Venus, such as Colette (80×120 

km) and Sacajawea (150×105 km) [12, 13, 14]. 

Figure 3. Comparison of Benham Rise's crest with select planetary 

impact craters and terrestrial calderas. A=Tycho (LROC WAC 
mosaic; NASA/GSFC/Arizona State University), B=Eminescu (NAC 

image; NASA/Johns Hopkins University Applied Physics 

Laboratory/Carnegie Institution of Washington), C=Raditladi (MDIS 
mosaic; NASA/Johns Hopkins University Applied Physics 

Laboratory/Carnegie Institution of Washington), D=Kilauea (Lidar; 

OpenTopography Facility), E=Benham Rise (multibeam bathymetry; 

NAMRIA), F=Olympus Mons (HRSC image; ESA/DLR/FU Berlin, 

G. Neukum), G=Valles (Lidar; OpenTopography Facility), H=Long 

Valley (SRTM_GL1; OpenTopography Facility), and I=Yellowstone 
(SRTM_GL1; OpenTopography Facility) outlined with thin grey line. 

Comparison of Benham Rise's crest with select 

impact craters and calderas shows that it has more 

morphological features in common with calderas than 

impact craters (Figure 3). The northwest part of its 

circular ridge with a bench at the bottom is more like a 

shield caldera's inner wall with an intra-caldera bench 

than an impact crater's wall with slumped terraces. The 

central block with seamounts is more comparable to the 

uplifted part of a caldera floor in silicic resurgent 

calderas than ringed peaks or peak-rings of impact 

craters. The thick sediment fill imaged in seismic 

reflection and suggested by 2D gravity modelling may 

represent intra-caldera fill.  

The giant caldera on Benham Rise, named Apolaki 

(“giant lord”) after the Filipino mythical god of the sun 

and war, implies an equally gigantic underlying shallow 

and broadly tabular magma chamber [15, 16, 17]. Its 

morphology suggests multiple collapse events 

influenced by the interaction a hotspot and a spreading 

ridge. Further studies are necessary to understand the 

how it formed and to investigate the possible impacts of 

its short-lived but immense magmatic pulses on the 

environment and climate. 
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