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Introduction:  The up to 2000 km long and very 

young lava flows from Elysium Planitia to Amazonis 
Planitia on Mars often include km-sized rafting plates. 
We have studied the unique Burfellshraun lava field 
east of lake Myvatn in Iceland that, although on a much 
smaller scale, share many characteristics of the Martian 
flows. Up to km-sized plates have flowed several km 
downsteam from the vent area. Our remote sensing 
studies and field work suggest that the type of eruption 
seen in Burfellshraun can be found nowhere else on 
Earth. The only similar lava flows that we have found 
are those on Mars. Our study of the formation of Bur-
fellshraun provides new constraints and insight into the 
extensive recent volcanic activity on Mars. 

The Burfellshraun lava field: The flow formed in 
a large fissure eruption that took place about 3000 
years ago. The lava field covers an area of approxi-
mately 100 km2 and the inflated margins are up to 25 m 
high. In August 1997 Burfellshraun was mapped with 
the Danish airborne Synthetic Aperture Radar system, 
EMISAR [1,2]. The EMISAR survey produced three 
types of data: 1) Polarimetric L-band (24 cm wave-
length) SAR images with a spatial resolution of 10 m. 
2) C-band (6 cm wave-length) SAR images with a spa-
tial resolution of 5 m. 3) A Digital Elevation Model 
(DEM) with a horizontal resolution of 10 m. Field ob-
servations and measurements were made in 1998 and 
2001. 

The DEM shows that Burfellshraun is composed of 
a central inflated sheet covering an area of approxi-
mately 74 km2. The surface of the inflated sheet is al-
most horizontal with a maximum drop in elevation 
across 8 km of about 5 m. Isolated pieces of crust at 
higher elevations are found on the vents and on a few 
isolated topographic hills within the flow. These pieces 
of crust are all at the same level about 10 m above the 
current surface. This suggest that the lava level was 10 
m higher during an earlier phase of the eruption.  

Breakouts along the margins of the inflated sheet 
have formed a system of terraces at lower elevations 
covering an additional 25 km2. The polarimetric SAR 
images display variations in surface roughness on a 
scale comparable to the wavelength of the radar. SAR 
images are therefore very useful in terms of discrimi-
nating different types of lava flows with different 
roughness such as pahoehoe and aa. The polarimetric 
EMISAR images of Burfellshraun show that the in-
flated sheet is composed of two major units: 1) smooth 

plates with dimensions up to a few hundred meters 
across and 2) very rough aa-like terrain which fill in the 
gaps between the plates and form a large channel lead-
ing west from the main vents. The arrangement and 
shape of the plates and the fact that adjacent plates 
often have margins that fit together suggest that the 
plates are pieces of a former coherent lava lake crust 
that has ruptured. Our field work observations are con-
sistent with this idea. We have found pieces of spatter 
cones on plates that are now up to 8 km from the vent 
area.  

Formation of the Burfellshraun lava field: Based 
on our remote sensing data and field observations we 
suggest the following sequence of events which could 
have led to the formation of the Burfellshraun lava 
field: 

The initial phase of the eruption resulted in the 
formation of a lava lake covering at least 45 km2 (the 
total area of the present day smooth plates). 

Cooling of the lava lake and formation of a 40-50 
cm thick crust. 

Collapse of the inflated margins of the lava lake 
and formation of the 1500 m wide outflow channel. 
Pieces of the broken crust  from the lake flowed down 
stream during this phase by as much as 8 km. The lava 
level in the lake dropped by more than 10 m during this 
phase before inflating to the current level.  

Inflation of the sheet and formation of outbreaks 
during the later stages of the eruption where the effu-
sion rate was significantly lower. This phase probably 
lasted several months. The total erupted volume was 
approximately 1 km3. 

Elysium Planitia and Amazonis Planitia: These 
two plains are the youngest volcanic areas on Mars [3]. 
The source of the lava is in Elysium Planitia where-
from the lava flowed down through Marte Vallis and 
into Amazonis Planitia [4]. Although the flows are only 
partially covered by high-resolution MOC-imagery it is 
inferred that they are continuos up to as much as 2000 
km [5]. Smaller areas with rafting plates in terrestrial 
flows have been reported previously [5]. Based on 
these observations it has been suggested that the rafting 
plates on Mars formed when crust formed during 
phases with a low effusion rate (103-104 m3/s). The 
crust subsequently ruptured in response to brief epi-
sodes where the effusion rate surged up to as much as 
105-106 m3/s [5]. 
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Comparison of Burfellshraun and Elysium 
Planitia: The terrestrial and Martian flows are similar 
in three different ways: 1) the horizontal dimensions of 
the plates are similar. The plates in Burfellshraun are 
often up to one km across while the Martian plates 
have dimensions up to a few km. 2) Pressure ridges 
between colliding plates are observed in both places. In 
Burfellshraun these ridges are up to 10 m high whereas 
the Martian analogues are about 15 m. Similar pressure 
ridges are observed in sea-ice where the height is con-
trolled by the thickness of the ice. We therefore infer 
that the plate thicknesses on Mars are similar to the 
0.5-1 m thickness observed in Iceland. 3) Although we 
do not have SAR images of the Martian flows the 
rough areas between plates appear very similar to the 
aa areas filling in the space between plates in Bur-
fellshraun. 

The main difference between the two flow fields is 
the dimensions. The Martian flows appear to be ap-
proximately two orders of magnitude longer than the 
Burfellshraun flow. Cooling is therefore a much more 
controlling factor on Mars than in Iceland. 

Implications for Mars:  The previously suggested 
mode of formation for the Martian flows [5] is gener-
ally supported by our field studies in Iceland.  On Mars 
it is inferred that the plates formed during many erup-
tion cycles whereas the Burfellshraun formed during a 
single cycle. Burfellshraun seems to be the best terres-
trial example of such a cycle where an extensive lava 
lake has ruptured and produced a catastrophic outflow 
of rafting plates. On Mars the lava production rate dur-
ing surge is inferred to be about 105-106 m3/s based on 

the constraint that the lava should be able to travel 
some 100 km downstream from the place where the 
crust ruptured without solidifying [5]. In Burfellshraun 
there is, however, no evidence that the effusion rate 
surged one to two orders above the average effusion 
rate. Such an event should have been accompanied by 
significant pyroclastic deposits – which are not ob-
served. We therefore suggest that the source of lava 
during floding events was not the vents but rather the 
accumulated lava in the lake. Even in the relatively 
small Burfellshraun lava flow we find that approxi-
mately 5 108 m3 of lava was released during the col-
lapse of the lava lake. We find that the features on 
Mars could equally well be produced by an eruption 
with constant effusion rate. In this scenario the flow-
front moves ahead in large steps. Each collapse and 
surge event allows the flowfront to advance by maybe 
100 km where it forms a new slowly inflating sheet. 
Continued inflow of lava inflates the sheet to a certain 
threshold height where the inflated margins collapse in 
reponse to the increasing pressure. The collapse results 
in the next surge of lava and plates that travel down-
stream. 
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Figure 1 EMISAR mosaic of the 
Burfellshraun lava field east of Lake 
Myvatn in NE-Iceland. Bright areas 
represent rough aa flows whereas the 
smooth rafting plates appear dark.. 
The black line marks the outline of 
Burfellshraun. Several vents are 
seen along a fault running from 
SSW to NNE in the eastern part of 
the flow. A major outflow channel 
extends from the vent area to the 
West. The dark plates scattered in 
the Western part of the flow appear 
to have flowed 5-8 km downstream 
from the vent area. 
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