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We have undertaken a detailed study of the morphology of the Mid-Atlantic Ridge between 24301N, 
45"50'W and 29'101N, 43'10'W, in order to characterize the emplacement of volcanics under high pressure 
environments analogous to Venus (1,2) and to better understand the processes involved in the formation of oceanic 
crust (3). Using high resolution side-scan sonar data we have mapped four segments of the axial volcanic ridge 
(AVR) along the Mid-Atlantic Ridge (4) and have defined a series of geological units on_ the basis of morphology and 
morphometry, the dominant unit being long linear ridges apparently emplaced by dike intrusion (3). We compare 
the evolution of the AVR along our study area using these ridges as indicators of dike width and intrusion rate. 

It is widely accepted that oceanic crust comprises layered extruded volcanics overlying a sheeted dike 
complex. The mode of magma transport along the dikes is not well understood, however. It has been shown (5,6) 
that magma flow through an elongated dike-like structure would, depending on the properties of the magma and the 
surrounding medium, result in parts of the dike below a critical width closing up while those above the critical width 
would stay open and may increase in size, leading to centralization of eruptions at these positions (figure 1). The 
terrestrial analog of this process is the Hawaiian 'curtain of fire', which may centralize to produce a line of spatter or 
cinder cones, such as is found on the Southwest Rift Zone of Kilauea (5). Centralization of eruptions is a function 
of cooling behaviour, magma supply and overall geometry. This idea is expanded upon by Head et al. (7), who have 
shown that the volcanic features observed along the AVR at the Mid-Atlantic Ridge are consistent with the 
emplacement of dikes having similar widths to those found in ophiolites. They find that intermediate dike widths 
favor longer dike segments leading to adjacent eruptions with similar characteristics, producing elongate linear ridges 
c 50 m high with overlapping edifices at wide places in the dike. Continued eruption from these locations results in 
edifices whose morphology is dependent on accumulated flows; 'hummocky' seamounts are likely to be dominated by 
shorter flows; flat-topped seamounts by longer flows. Because of the high pressures found at depth in the oceans 
along with the ambient medium of seawater, exsolution of volatiles in magma is suppressed, and cooling is 
significantly enhanced, leading to distinctive submarine volcanic features. Because the atmosphere of Venus is very 
dense and therefore imparts a high pressure at the surface of the planet, we expect volatile exsolution to be inhibited, 
possibly leading to volcvlic landforms similar to those observed on the seafloor (l,2). 

Our study area is divided into four areas. The dominant units along the AVR in our area 1 (28'401N, 
43'30'W to 29'10N, 43'10'W) are found to be long linear ridges of fairly uniform width (see figure 2), almost all of 
which are oriented along-strike. The ridges sometimes vary in height along their length but tend to be higher at their 
centers and lower at their ends. Overall, 46 individual ridges are observed over an area -20 km long and 
approximately 2 km in width. The ridges are predominantly found along the center of the AVR, parallel to the strike 
of the ridge, while smaller, discrete volcanic units are found along the distal edges of the AVR, further away from the 
spreading axis. The linear ridges are themselves comprised of small hummocky edifices which appear to have 
coalesced along a linear fissure to form the ridge. The ridges vary in length from 400 to 3900 m with a mean length 
of 1300 m and a width ranging fiom 50 to 100 m, with a mean width of 84 m, measured across the width of the top 
of the hummocks. We have concentrated on hummock width rather than hummock length as the sonar data can 
become elongated or shortened along-strike due to motion of the towed sonar fish, so across-strike measurements are 
more reliable. The ridges stand up around the surrounding volcanics and while some have flows which have clearly 
run down the flanks of the AVR, many appear to have cooled as steepsided volcanic edifices with flattened tops. 

The small hummocky edifices are likely to be a result of centralization of eruptions along the dike feeding 
the eruption, which have then coalesced with adjacent centralized eruptions. The hummocks appear to be coeval; 
they generally have smooth, flattened upper surfaces and there is often no visible demarcation between one hummock 
and the next, at the limits of our resolution. We interpret the hummocks to be the direct result of the centralization 
of a dike eruption. The relatively uniform morphology of the hummocks indicates a uniform width along the length 
of the underlying dike and the hummocks are elongated along the strike of the ridge. Figure 3 shows a linear 
relationship between the size of the hummocks and the length of the ridges, while figure 4 shows that the average 
width of the hummocks is not dependent on the length of the ridge. These data indicate that centralization of the 
eruption at wide places in the dike is apparently not a function of dike length. It also suggests that the dikes must 
be uniform in width. Fourteen of the ridges also have larger edifices identitied as either hummocky or flat-topped 
seamounts along their length, indicative of a very wide place in the dike. The average width of the hummocks is 
consistent with eruption fiom a dike of >0.6 m in width (7). 

The presence of graben and fissures along the top of many of the ridges is consistent with dike emplacement 
in which penetration of dikes to shallow levels sets up stress fields, resulting in a range of linear surface structures. 
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Graben and fissures appear to be more abundant on relatively older volcanics. We are developing criteria to 
distinguish between structure related to dike emplacement and that due to broader distributed deformation resulting 
from stretching. We plan to utilize this observation to determine the relative emplacement sequence over our four 
study areas. 

Observations of the Mid-Atlantic Ridge and the Reykjanes Ridge indicate that AVRs tend to be oval in 
shape and have a larger volume of volcanics at their centers than at their ends (8). Thus, it is expected that linear 
ridges forming the AVR will be either more abundant or of greater average width towards the c e n m  of AVRs. 

Using these findings to estimate dike width and intrusion rate on the AVR, we are comparing the temporal 
and spatial evolution of the four study areas. This in turn will provide insights into the development of volcanic 
structures on the surface of Venus, which has a high surface pressure consistent with that found on the ocean floor at 
a depth of around 1 krn. The main effect of a high pressure environment is to inhibit the exsolution of volatiles, 
resulting in 'quiet' effusive eruptions, while the presence of a dense ambient fluid enhances cooling above that which 
would be expected on the Earth's subaerial surface. Thus the volcanic features observed on the seafloor are rarely 
seen subaerially and the ocean floor environment may provide ,valuable insights into the process of magma eruption 
and extrusion under a dense, high pressure atmosphere, such as Venus. 
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