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LAVAS, CALDERAS & MAGMA CHAMBERS OF ALBA PATERA (35 MARS; 
J. Raitala and K. Kauhanen, Dept. of Astronomy, Univ. of Oulu, Oulu, Finland 

Young lavas of Alba Patera cover the middle part of the volcano while also reaching far into the peripheral 
areas (1). Lavas fill some of the grabens but are cut by more numerous younger ones (2). Some lava flows have had 
extremely low viscosity and a high effusion rate (1, 3, 4, 5, 6). Their composition may be indicative of the 
Martian development (4,7). The extrusion time span has been long (1.5 - 2.3 or 3.2 - 3.8 x 109 yrs (8, 9)). 

It is interpreted (10) that lavas were drawn from a central magma chamber where the magma pipes led lavas to 
extrude onto both the summit and peripheral graben zone areas. The lengths of the lava flows within the summit area 
are, however, shorter than those within the peripheral graben area which indicates differences in the viscosity of the 
erupting material and thus also in temperature, composition and effusion rate or in some combination of these: a) 
Temperature-dependent differences in viscosity could depict lower temperatures within the shorter summit lava flows 
than within the peripheral lava area. b) If compositional variation was involved the most evident way to do this could 
have been the existence of different magma reservoirs and contamination history. The magma contamination by adding 
lithospheric rock could have also decreased the temperature. Even if not true in every case, the original mantle melt 
may usually be also less viscous than the contaminated magma which stayed for a while in the reservoir. c) Differences 
in the extrusion rate would also result in differences in lava lobe dimensions. The higher effusion rate would allow 
lavas to flow longer distances and build more dimensional lava lobes. 

The summit and peripheral lavas of Alba Patera evidently had different histories. The peripheral lavas could be the 
more primary ones originating more directly from the mantle than the summit lavas which could have resided longer in 
the magma chamber cooling and/or being contaminated below the summit area before eruption. 

The formation of Alba Patera was due to a prolonged endogenic activity. Volcano development processes 
like plume-induced thermal roots, cooling and drying up of magma chambers, and late isostatic compensation can be 
established, but also they must be supported by additional details before a complete picture of the Alba Patera 
development can be surmised (1, 3, 4). 

The larger one (150 km by 100 km2) of the two Alba Patera summit calderas is evidently the older one. It has 
steep welldefined eastward- facing walls (height up to 2000 m) in the west. A group of concentrically arranged 
grabens indicate the lava-buried eastern and northcastern rim of this summit caldera 

The smaller and more fresh-looking main caldera measures 65 by 45 krn2 and is located in the SE corner of the 
larger caldera. Its walls are well-defied (~1500  m high) and have a rounded shape which is broken only in a few 
places in the northeast. It has a relatively flat bottom. Several arcuate rim sections indicate additional smaller collapse 
structures. These sub-pits may represent part of the youngest eruption phases together with the freshest-looking lavas 
around the calderas. 

The shape of the summit calderas of Alba Patera is not exactly circular but roughly elliptical or ovoidal. This 
indicates that if the caldera collapse has resulted in the withdrawal of a magma support, the magma chamber has not 
been a symmetrical or horizontally penny-shaped lens. 

The inward dipping collapse has been a normal fault movement where the summit of the volcano has sunken 
along a circular-shaped ring fault. Because the formation of a normal fault plane has usually been considered to be 
connected with tension, the formation of a circular normal fault may have been associated with a circular tensional 
stress field within the summit area 

The caldera dimensions may be indicative of internal activity. Maybe the caldera-forming magma activity 
has been rel~ted to either lava-lake formation on the top of a extruding magma column, increasing-decreasing cycle of 
high magmatic pressure against the magma chamber roof and its subsequent withdrawal, or to the dried up magma 
chamber which left space for the caldera collapse; the depth and dimensions of the shallow magma chamber having 
been the most important for a l l  these events. 

The larger one of the two calderas is more unsymmetric. Its rim varies along the ring top indicating differences in 
stress field. During the caldera growth the associated tensional field has not been uniform but had spatial and/or 
temporal variations. The most evident explanation is that in the west the magma chamber penetrated slightly higher 
and resulted in changes in associated tensional stresses and adjoining fault generation. 

Maximum tensional stresses on the surface occurred in areas where maximum normal faulting existed. This helps 
us to estimate the shape of the associated magma chamber and to trace where the magma chamber was the most active. 
The shallowest part of the magma chamber was responsible for a particular collapse. Provided that the tensional 
stresses were generated by excess magmatic pressure in that part of the magma chamber which was closest to the 
surface, an arcuate part of the caldera wall was most probably generated above the margin of this elevated part of the 
magma chamber. Conversely, within areas where the chamber was located slightly deeper the caldera wall faults were 
not so well developed This may have been the situation in the eastern part of the larger caldera of Alba Patera where 
the surface layers were only bent, resulting in tensional arcuate rille graben opening along the top of the eastern 
caldera rim. 
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In  a caldera collapse the magma chamber diameter/roof depth ratio may have been high and possibly 
exceeded 5.0 (11) allow& tensional stresses to be located along the margins of the chamber instead of just breaking 
the roof in the central chamber area. Caldera collapses may be typical late-stage phases of a shallow magma chamber 
development. The chamber must have grown f is t  laterally to reach the required diameter and then also vertically to 
make the diametertroof depth ratio high enough to cause the collapse. 

The diameterldepth ratio of the larger main caldera of Alba Patera just about reached the value which would have 
been high enough f& total caldera collapse. This collapse has, however, not taken place along the whole ring fault, 
but has occurred most effectively just in the western part of the caldera where the magma has obviously penetrated into 
a higher level decreasing the roof depth and strength. 

In the case of the smaller main caldera of Alba Patera we have to consider the existence of a shallow and more 
totally molten lens-like magma chamber, the roof of which has suffered a piston-like collapse into the chamber with 
decreasing magma pressure. This caldera can also be seen as a subcaldera to the larger one. The formation of the larger 
caldera has preceded the formation of an additional sill-like offspring above the level of the original magma chamber. 
This younger collapse has been more complete than the previous one indicating that the chamber diameter/roof depth 
ratio has been relatively high. This is further displayed by the arcuate wall segments which are able to account for 
separate subcollapses and additional caldera expansion. 

The diameter of the younger caldera can be estimated to have been approximately 40-50 km if some of the 
caldera diameter for additional subcollapses is taken into account. The caldera diameter/roof depth ratio of 5.0 gives a 
range of 8-10 km for the roof depth value. This may be a good estimation for the depth of the last major magma 
chamber within the central Alba Patera area. Because the magma chamber, however, may have been larger than the 
caldera, the actual depth from the summit of Alba Patera to the uppermost major magma chamber could have been up to 
15 km. If the share of subcollapses was underestimated, the upper limit of the chamber roof depth may be 10 km 
while the minimum depth could be as small as 6 km. 

For the larger main caldera the numbers could be 120 lan for the diameter and 4 . 0  for the diameterldepth ratio. 
The magma chamber depth has thus been >24 km. The actual magma chamber depth may, as indicated before, have 
varied from place to place. The westemmost part of the main caldera with its well-developed rim fault has had a higher 
diameterldepth ratio and a smaller magma chamber depth. A reasonable magma chamber depth value could have been 15 
to 20 km. 

An interesting idea about the magma generation and magma generation depth vs. the time-wise development 
of Alba Patera can be achieved when implying the same procedure to the whole 500 krn diameter central Alba Patera 
area which is bounded by arcuate tensional rilles. This central area has been felt to have been sunken either due to a 
volcanic load (12) or a magma cooling-induced contraction (13). 

The main assumption in both cases is that there has been eithkr magmatic material in the depth which yielded 
below the load or cooled and contracted with time. When connecting the existence of this hot magmatic material with 
the long period of volcanic activity of Alba Patera the idea of an uprisen mantle comes to the fore. Using the central 
Alba Patera diameter value of 500 km and adopting the same diameter/roof depth ratio of 5.0 an ascending mantle 
depth of about 100 km (or less if the ratio is >5.0) can be established for Alba Patera. 

A five-fold history of Alba Patera can be developed: 1) The original magma from/due to the mantle plume was 
pushed ftom below for a long period of time against the lithosphere and resulted in its thinning over wide areas below 
Alba Patera and 2) frequent lava extrusions through the major magma chamber below the wide summit area and 3) 
finally through a shallower magma chamber located below the smaller and more fresh-looking of the two main 
calderas. 4) The last major extrusions then caused long peripheral and slightly shorter summit area lava lobes. The 
peripheral lavas evidently extruded more directly from the magma source and were thus also more original in their 
composition than the summit lavas which resided at least for some time longer in near-surface magma chambers. 5) 
The last stage of the Alba Patera development was the main graben faulting while the central lava-loaded area slightly 
collapsed into the cooling and dried up upper asthenosphere; the dynamical support of which deceased with the 
decreasing Martian endogenic activity. 
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