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Introduction: In this study, we investigated 12 

lava flows on Alba Patera regarding their rheological 

properties and ages. In contrast to previous studies 

regarding Alba Patera lava flows (e.g., [1]), higher 

resolution images and topography data enabled us to 

study these flows in greater detail. The calculated 

rheological properties have been compared to 

terrestrial, lunar, and venusian volcanic features. We 

also performed a correlation analysis to investigate 

possible changes in the rheological properties of the 

lava flows with varying distances to the caldera and 

ages.  The investigations of this study are based on the 

methodology of previous publications, which have 

shown that the rheology of lava flows, such as the 

yield strength, viscosity, effusion rate and eruption 

duration can be derived by remotely sensed dimension 

measurements (e.g., [2], [3]). Like in previous studies 

(e.g., [2], [3]), some fundamental assumptions were 

made: 1) Lava flows behave as Bingham plastic fluids, 

2) Lava flows in a laminar fashion, 3) The lava flows 

did not inflate, 4) The average density ρ of a martian 

lava flow is 2500 kg/m³, 5) The Graetz number Gz has 

a value of 300, and 6) The thermal diffusivity κ is 

3 x 10-7 m²/s. The calculations made in this study are 

based on images obtained by the Context Camera 

(CTX) on board of NASA’s Mars Reconnaissance 

Orbiter (MRO) as well as data from the Mars Orbiter 

Laser Altimeter (MOLA) on NASA’s Mars Global 

Surveyor (MGS). Data from the High Resolution 

Imaging Science Experiment (HiRISE) could not be 

utilized, because only a small percentage of the 

investigated area is covered by HiRISE images. 

Absolute model ages have been derived by performing 

crater size-frequency distribution (CSFD) 

measurements and the buffered crater counting (BCC) 

technique on CTX images. To calculate absolute 

model ages from the CSFD, the production function of 

Ivanov [4] and the chronology function of Hartman 

and Neukum [5] was used. We performed a Poisson 

timing analysis as described by Michael et al. [6]. 

Rheological Properties:  The lava flows 

investigated are located between 65 km and 346 km 

from the volcanic center, between 37-46° North and 

109-116° West. The average yield strengths calculated 

for the twelve lava flows are 1.9 x 10³ Pa on average, 

ranging from 6.9 x 10² Pa to 3.6 x 10³ Pa. Effusion 

rates range between 131 m³/s and 1528 m³/s with an 

average effusion rate of 635 m³/s. The obtained 

viscosities are on the order of 3.7 x 106 Pa s with 

values between 1.3 x 105 Pa s and 1.5 x 107 Pa s. The 

lavas have erupted over a period of 11 to 160 days, 

with an average eruption duration of 57 days. 

Significant correlations between the rheological 

properties of the lava flows and their distances to Alba 

Patera´s center have not been found. 

 
Table 1: Rheological properties calculated in this study. YS is 

the yield strength, ER the effusion rate, VI the viscosity, and 

ED the eruption duration. 

Flow 

Number 

YS 

(Pa) 

ER 

(m³/s) 

VI 

(Pa s) 

ED 

(days) 

1 2,38E+03 732 1,63E+06 50 

2 1,33E+03 131 3,30E+05 11 

3 1,26E+03 503 1,30E+05 12 

4 1,36E+03 1059 8,94E+05 46 

5 1,54E+03 531 5,15E+06 95 

6 6,92E+02 840 5,75E+05 39 

7 1,11E+03 431 1,52E+06 47 

8 3,59E+03 990 9,53E+06 160 

9 2,95E+03 245 1,52E+07 101 

10 1,76E+03 291 7,26E+05 19 

11 1,15E+03 1528 1,92E+05 30 

12 3,54E+03 337 5,01E+06 71 

ø 1,89E+03 634,83 3,41E+06 57 

SD 1,22E+03 408,74 5,48E+06 43 

 

Terrestrial and Extraterrestrial Analogues:  The 

rheological properties derived in this investigation are 

very similar to those of other volcanic regions on 

Mars, especially Elysium Mons at Elysium Planitia [3]. 

The values derived in this study are within the range of 

rheological properties calculated for terrestrial lavas, 

although the effusion rates of Alba Patera lava flows 

can be larger. On Earth, yield strengths between 10² Pa 

and 106 Pa can be found for lava flows, viscosities 

range from 10² Pa s to 1013 Pa s, and effusion rates 

between 1 m³/s and 1044 m³/s have been proposed 

[e.g., 7, 8, 9]. The derived properties vary from values 

proposed for lava on the Moon [e.g., 10, 11]. Here, 

yield strengths range from 10² Pa to 104 Pa, calculated 

viscosities are in the order of 108 Pa s, and effusion 

rates are between 5 m³/s and 119 m³/s. Rheologies 

derived for venusian lavas [12], indicated yield 

strengths between 104 Pa and 105 Pa, viscosities in the 
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order of 106 Pa s to 109 Pa s, and effusion rates from 

10² m³/s to 104 m³/s. It is, however, important to 

consider that McColley and Head [12] studied festoon 

deposits, which are different to basalt flows. Based on 

the derived yield strengths and viscosities, the 

composition of the lava flows can be identified as 

basaltic/basaltic-andesitic. The composition is 

analogue to terrestrial basaltic or andesitic a’a lava 

flows [e.g., 13, 14]. 

Absolute Model Ages: Absolute mode ages could 

be derived for ten of the twelve lava flows investigated 

so far, because two of the lava flows (Flow 11 and 12) 

have reached equilibrium. The model ages range from 

130 Ma to 780 Ma. The results indicate a late volcanic 

activity at Alba Patera. Because four of the 

investigated lava flows (Flow 4 to 7) have been cut by 

graben of Alba Fossae, absolute model ages have been 

derived for three of these graben by performing 

buffered crater counts. The average absolute model age 

derived from these counts is 210 Ma, which is 

consistent with the older age of the concerned lava 

flows.  

 
Table 2: Results of the CSFD analysis performed in this study. 
AMA is the absolute model age. The results for Flow 11 and 
12 are excluded, because they have reached equilibrium. 

Flow Area 

(km²) 

N(1)  

(km-1) 

AMA 

(Ma) 

Error 

(Ma) 

1 65.5 9.20 x 10-5 190 ±30 

2 8.15 6.13 x10-5 130 +40 -30 

3 23.7 1.18 x10-4 240 ±40 

4 170 2.25x10-4 460 ±30 

5 96.2 3.81x10-4 780 ±70 

6 112 2.94x10-4 600 ±40 

7 50.8 3.61x10-4 740 ±90 

8 91.8 1.62x10-4 330 ±60 

9 63.8 1.63x10-4 330 ±30 

10 24.2 2.56x10-4 520 ±100 

Graben 177 1.05x10-4 210 ±30 

 

The model ages are younger than the late 

Hesperian to early Amazonian age proposed by Scott 

and Tanaka [15]. A late activity of Alba Patera is 

indeed possible, but two other factors might as well 

contribute to the young model ages derived in this 

study. For example, we found indicators for 

resurfacing events, which can be observed in the form 

of alterations of the rims of various lava flows. 

Resurfacing can also be observed in the CSFD plots of 

multiple lava flows. On the other hand, the young ages 

could also be the result of the small counting areas 

available. Hence, the absolute model ages could 

represent the limits of the CSFD measurement 

technique. However, the model ages of the flows 

correlate with their distance to the center, with older 

model ages further away from the summit. 

Correlations between the rheological properties and 

absolute model ages were not observed. 

Conclusion: The rheological properties calculated 

are consistent with previous studies. Our results 

contribute to a better understanding of Alba Patera and 

the composition of the erupted material, which was 

found to be basaltic/basaltic-andesitic. The absolute 

model ages derived in this study are much younger 

than those proposed in the past (e.g., [15]). Whether or 

not these new findings are indeed the result of a late 

activity of Alba Patera, or rather the outcome of  

resurfacing, must be further investigated, especially 

because the origin of a possible resurfacing event is yet 

to be found. The correlation analysis of the lava flows 

did not show significant correlations between their 

rheological properties, model ages and distances to the 

volcanic center. While this appears to be reasonable, it 

must be noted that only a small portion of the lava 

flows has yet been analyzed. Thus, the analysis might 

be affected by effects that occur when only small 

number statistics are available. By extending the 

number of lava flows, the results of the correlation 

analysis could change. Hence, we will continue our 

investigation of  lava flows on Alba Patera. 
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