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INTRODUCTION 
The length and volume of lava flows on Mars (1) and the Moon (2) have led to the inference 

that eruption rates for the magma were very high, perhaps several of orders of magnitude greater 
than the already high lo5 to lo7 kg s-I inferred for large Quaternary basaltic eruptions on Earth 
(3). If these planetary eruption rates are correct, then they place significant constraints on the 
plumbing system of the source region, the duration of activity, and magma flux rates. Recently, 
the high volume eruption rates for the Columbia River Flood Basalts have been questioned, based 
on field observations of many compound flow units and tumuli (4). Such features suggest that 
large volume flows may have formed slowly (years to decades) at eruption rates much lower than 
previously believed (3, 5), and that flows advanced as relatively thin units that acquired their 
thickness by subsequent lava injection and accretion. Similar post-emplacement inflation of lava 
flows has also recently been identified for Hawaiian pahoehoe flow fields (6, 7), raising the 
possibility that the emplacement characteristics of Martian lava flows may have also been 
misinterpreted. To explore this situation on Mars, a series of well preserved lava flows north of 
the volcano Elysium Mons have been studied in an attempt to mfer their mode of emplacement. 

OBSERVATIONS 
1. Viking Orbiter images of N. Elysium Mons 
(frames 541A28-30,651A07-14, and 844A15) 
enable five long lava flows to be mapped (Fig. 
1). These flows originate on the northern flank 
of the volcano at 29ON, 214OW. Although the 
source area is relatively poorly imaged (-150 
mlpixel), there are graben just up-slope from 
the flows that suggest circumferential 
fissure-fed eruptions occurred -250 km from 
the volcano summit. The longest of these lava 
flows is on a slope of -lo (8) and exceeds 200 
km in length. 
2. Where the Viking coverage is best (-50 
mlpixel), rather than being a single flow unit, a 
series of flow segments can be identified 
wherein the downslo~e uart of flow alwavs 
appears from benea* pr6ximal part (Fig. i). 
For flow "B" (Fig. 2), 13 individual flow 
segments can be-identified, and 10 flow 
segments exist within flow "C". 
3. Lava channels are associated with two 
longest flow segments over 150 km from the 
vent. These long flow segments are 34 and 41 
km in length. 
4. The flows are typically narrow (-6 - 10 
km) compared to typical examples on Mars (2), 
and have almost uniform width irrespective of 
the distance from the up-slope edge of the 
flow. New flow segments have almost the 
same width .as the up-slope segment from 
which it originates. 
5. The lava flows have little surface structure or 
tubes (crestal rises or lines of pits along the lengtl 

Fig. 1: Location of five major lava flows on 
northern flank of Elysium Mons (stippled). 
Direction of flow is towards top. Impact craters and 
ejecta are also shown, as are the boundary with 
northern plains (top) and the flanks of Hecates 
Tholus (right). Box gives location of Fig. 2. The 
summit of Elysium Mons is at 2S0N, 213OW. 

deformation. No morphologic evidence of lava 
I of the flow) can be seen on any of the flows. 
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INTERPRETATIONS OF LAVA FLOW 
EMPLACEMENT 

The lack of surface deformation on the flows implies 
that there was a central active core feeding the leading 
edge of each flow. This may explain why almost 
linear, narrow, flows evolved rather than complex 
flow fields. The younger part of the flow continues in 
the same direction as the earlier segment, so it can be 
inferred that there were no topographic obstacles that 
caused the flow to stop and then remobilize. Lava 
channels appear to have promoted the formation of 
longer than normal flow segments, perhaps because 
the channelized flow enabled the segment to travel a 
greater distance before leading margin froze. The 
long-term existence of an active central tube system is 
different from activity on Earth such as the 1984 
Mauna Loa flows (9) and Mount Ema flow fields (10) 
where branching occurred close to the vent. On 
Elysium Mons, flow edges may have been cooled so 
rapidly that new break-outs could only take place at the 
leading edge of the flow, thereby inhibiting the 
development of a compound lava flow field. 

There appears to be a characteristic area (i.e., Fig. 2: Detailed map of lava flows A, B and 
volume?) for the flow segments (25 - 140 km2). It may C. where individual flow segments 
be that each segment represents a typical volume of (numbered) canbe identified. Ej-blanka 
magma that was erupted (i.e., the volcano was pulsing of impact are stippled* lava ~h-els 
during the eruption). Assuming a thickness of 20 m, me shown with dashed lines. Boundary with 

the flows segments have volumes of 0.96 - 2.92 km3. plains at top left 

Were the eruption rate close to the high terrestrial values of lo7 kg s-1, then (assuming a mean 
density for the erupted magma of 2.5 x 103 kg m-3) this would imply an eruption duration of 
-2.75 days to form an individual lobe segment. This places a minimum constraint on the cooling 
rates of the flow edges, which must become sufficiently rigid to withstand the internal pressure of 
additional new lava just before the initiation of a new flow segment. Assuming certain 
characteristics for lava flow emplacement and cooling (1 1,12), it is unlikely that these flow edges 
would have chilled a sufficient amount during this short time period, thereby suggesting a longer 
duration for the activity. A longer duration also implies that the estimates for the effusion rates for 
the flow segments are too high, since only a f f i t e  volume of magma was erupted. Even at an 
eruption rate of lo7 kg s-1 and an average flow thickness of 20 m, the Flow "B" in Fig. 2 (1250 
km2) would take 72 days and Flow "C" (1038 km2) would take a minimum of 60 days to form. 
The lower effusion rates (perhaps 104 - 106 kg s-1) necessary to permit the cooling of the flow 
margins would imply that the source fissures may have been active for at least a couple of years, 
perhaps significantly longer. As has been inferred for terrestrial eruptions (13), such activity 
might have appreciable effects on the Martian atmosphere due to the protracted discharge of 
volcanic gases. 
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