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Introducb: Sapas Mom is a large (600 km diameter) volcano located in Atla Regio, about 1 0 0  km to the 
west of Ganis Chasma. The lava flows are very well-preserved and the apparent total exposure suggests that it may 
be possible to determine the full sequence of development at this volcano. Previous mapping of Sapas Mons [I] 
identified 6 flow units with distinctive properties. In this paper we briefly review the characteristics of Sapas Mons 
and then examine some of the implications these observations have for magma chamber size and evolution, magma 
supply, and the general history of the volcano. 

Ch- 
. . : In comparison to a well-known shield volcano on the Earth (eg. Mauna Loa), Sapas Mons has 

a low height (2.4 krn above the surrounding plains) and long flows (10's-100's of km). The estimated volume of 8.8 
x ldl km3 for Sapas is more voluminous than the largest Hawaiian shield (Mauna h a ,  42.5 x lo3 km3), but it is 
much less than an estimated volume for the entire Hawaiian-Emperor (H-E) chain of 1.08 x lo6 km3 [2]. There is 
an asymmetrical distribution of both lava flows and radial fractures and small shields on the flanks of Sapas Mons. 
The lava flow distribution is likely the result of original topography (local highs to the SW and NE restricted flows, 
and local lows to the NW and SE enhanced flow distances). The fractures and shields, which are dominantly early- 
stage, are predominantly observed where flows are relatively swce,  suggesting that there may have been an original 
radial pattern that was partly preferentially buried to the NW and SE. The Magellan data permit the identification of 
6 stratigraphic flow units ( from oldest to youngest these are identified as units 1 through 6 respectively). Although 
there are distinct differences between the flow units [I], in general they can be divided into two types. Type 1 flows 
(units 1-5) are similar to each other in that the flows are long (10's of km), narrow (1-5 km), with very little evidence 
for breakouts, extensive fingering, or channeling. The majority of type 1 flows appear to be cooling limited [3] and 
radial to a single point that is near the topographic summit of the volcano. On the basis of their simple outlines [4] 
and radar backscatter cross-sections [S], the majority of these flows likely have pahoehoe surfaces. There is a 
systematic decrease in lava flow distances with younger age. Estimates of the volumes of type 1 flow units are 
remarkably similar: the average volume is 5720 km3 (except for unit 2 flows, which are somewhat more than three 
times the volume). In contrast, type 2 flows (unit 6) are short and broad, with steep flow fronts, small volumes, 
hummocky radar-texture, and possibly an a'a surface texture. In addition, type 2 flows are closely associated (and 
seem to source from) the two summit scalloped margin domes (SMDs) 

Discussion: The above observations provide important constraints on the magma reservoir characteristics and 

magma flux with time. Magma Reservoir: Using Blake's [6] relationship which suggests that in a closed or buffered 
system the volume of material erupted is proportional to (about 1% of) the volume of the chamber, the average 
volume for the flow units implies a spherical chamber of approximately 100 km in diameter. Although this chamber 
is huge by terrestrial standards, there is additional evidence to suggest a large chamber under Sapas. It is frequently 
argued (eg. [7] ) that the size of collapse at the summit is a good approximation of the size of the chamber at depth. 
Near the summit of Sapas is a discontinuous ring of fractures and graben that is 75-100 km in diameter. We suggest 
that this region represents an area of collapse over a chamber, similar to the sag depression observed at Pavonis 
Mons on Mars [8]. A chain of pits on the outer edge of the graben appears to be a source for some lava flows, 
suggesting a connection at depth to a source of magma. Although the radial fractures are observed on the upper 
flanks of the volcano, none are observed within the ring of graben, consistent with an origin for these fractures as the 
surface expression of dikes propagated laterally from a chamber. And finally, at the elevation of Sapas Mons, 
magma chambers are predicted to form, to be relatively large, and relatively shallow, but likely not within the edifice 
itself [9]. Magma Flux: The systematic decrease in lava flow distances suggests a decrease in eruption rate and/or 
duration with time. The similar volumes for four of the five type 1 flows, however, suggests that the volume of 
material supplied to the chamber from depth was relatively constant. The three-fold increase in volume associated 
with unit 2 flows may indicate a period of enhanced magma supply. The distinctive morphological change to type 2 
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flows and the construction of the SMDs suggests that supply waned or ceased, allowing volatile exsolution and/or 
chemical evolution of the magma remaining in the chamber to produce flows of apparently greater viscosity. 

C o n c l u w :  Reservoir evolution: These observations and inferences allow us to characterize the reservoir 
beneath Sapas Mons as one in which we interpret the following conditions to have prevailed: buffered conditions 
for the majority of eruptions, producing flows of similar volumes but decreasing flow lengths; unbuffered conditions 
during the eruption of the voluminous unit 2 flows and possibly the emplacement of many of the lateral dikes and 
small shields; final chemical evolution producing the morphologically distinct unit 6 flows and final summit 
asymmetry (two SMDs). This suggests that the majority of eruptions at Sapas were triggered by the episodic influx 
from depth of similar volumes of magma into the chamber and the resulting overpressure of that chamber. A period 
of enhanced supply led to sustained eruptions during emplacement of unit 2 flows. As supply from depth waned or 
ceased, the latest eruptions were likely caused by chemical evolution and pressure increase by volatile exsolution. 

Sapas as a type volcano The similar properties of large volumes of magma over the total history of the 
volcano as well as a prolonged period of magma supply from depth with an episode of enhanced flux and gradual 
waning are consistent with an origin as a mantle plume or hot spot. This type of magma source has been proposed 
for many large volcanoes on Venus, particularly those associated with rift zones. Preliminary observations of other 
large volcanoes on Venus confirm that they share many important characteristics and could be classified as shield 
volcanoes, similar to those seen associated with hotspots on the Earth. We would argue, therefore, that the following 
characteristics make Sapas Mons a "type" shield volcano on Venus: low heights and broad diameter; large volume; 
long, narrow, overlapping radial flows (that can often be grouped into units); close association on the flanks and 
surrounding plains of small shields; circumferential summit structure (a sag depression at Sapas, but calderas are 
observed elsewhere); and presence of radial fractures. A few characteristics are unique to Sapas including the 
absence of complex flow morphologies (channels, breakouts etc.), the presence of the summit SMDs, and the 
concentration of the radial fractures and shields into two zones (although this may be an artifact caused by the 
asymmetric flow distribution). 

Comparison to Earth: This typical shield volcano on Venus differs from hotspot volcanism on the Earth in 
several important ways. These differences, however, can generally be understood when considered in the context of 
the Venus environment. The low heights and long flow distances observed at Sapas and other Venus volcanoes can 
be attributed to a variety of factors including high surface temperature, predicted large volumes of chambers, and, 
possibly, low viscosity magmas [9,10,11, 121. The absence of well-developed flanking rift zones on Venus may be 
a result of the low heights achieved by Venus volcanoes; finite element modelling of volcanoes suggests that the 
preferential migration of magma laterally rather than vertically within an edifice only happens when a certain edifice 
height is achieved [13]. The lack of repetition of stages of development that are seen in individual volcanoes along 
the H-E chain is likely the result of the absence of significant plate motion on Venus; these stages at Hawaii may be 
related to the need to penetrate 'fresh' lithosphere between successive volcanoes. The smaller volume (compared to 
the total for the H-E chain) and absence of broad-scale topographic swell observed at Sapas may be indicating the 
presence of a relatively smaller plume at Sapas; other volcanoes on Venus (eg. Theia Mons) are more voluminous 
and associated with large topographic swells. 
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