
LAVA DOMES OF THE ARCADIA REGION OF MARS.  M. L. Rampey1, K. A. Milam1, H. Y. McSween, 
Jr.1, J. E. Moersch1, and P. R. Christensen2, 1Planetary Geosciences Institute, Department of Earth and Planetary 
Sciences, University of Tennessee, Knoxville, TN 37996-1410. 2Department of Geological Sciences, Arizona State 
University, Tempe, Arizona, USA. 
 
     Introduction:  It is widely accepted that the vol-
canic rocks present on the surface of Mars are domi-
nantly basic to intermediate in composition [1-4].  This 
restricted range has resulted in a conceptual model of 
the martian crust that involves little magma differentia-
tion, relative to the terrestrial crust.  A few locations 
on Mars, however, have been considered by some 
workers as possibly consisting of silicic (dacitic or 
rhyolitic) volcanic rocks, based primarily on morphol-
ogic considerations [5-7].  If it could be demonstrated 
that silicic volcanism occurred on the surface of Mars 
then the poorly-differentiated, basic to intermediate 
crust model would have to be discarded in favor of a 
more magmatically diversified one.  Past efforts at 
demonstrating the presence of silicic volcanic rocks at 
these locations, however, were thwarted by the lack of 
spatial and spectral resolution of the data available at 
the time. 
     One of these locations, the Tyndall Volcanic Field 
(TVF)* the in western Arcadia Planitia region of Mars, 
possesses numerous (> 600) small domes (diameters ~ 
0.5 – 6 km) that morphologically resemble terrestrial 
lava domes.  [5] presented a brief review of the area, 
observing that the domes possess a “strong (morphol-
ogic) resemblance” to the rhyolite domes of Mono 
Craters, California.  Using shadow-length measure-
ments derived from Viking orbital imagery, [5] esti-
mated height to basal diameter (H/D) ratios of selected 
domes to be on the order of 0.04 and observed that this 
value is comparable to the range of H/D ratios of the 
Glass Mountain and Little Glass Mountain, California, 
obsidian flows and a nearby, unnamed rhyolite dome 
(0.04 to 0.13).  The crudeness of the measuring tech-
nique, dictated by the limitations of the then state-of-
the-art imagery, precluded a more definitive investiga-
tion. 
     This study:  Our work uses presently available, 
higher-precision data to make the first comprehensive 
study of the domes of the TVC.  A main goal of the 
project is to determine the identities of the lithologies 
that make up the material of the domes.  Mars Orbiter 
Camera (MOC), Mars Orbiter Laser Altimeter 
(MOLA), and Thermal Emission Imaging System 
(THEMIS) orbital imagery data are used to study the 
morphologic and morphometric characteristics of the 
domes, comparing them with possible Earth analogue 
volcanic features of known lithologies.  Additionally, 
THEMIS TIR spectral data will be corrected for at-
mospheric interference and deconvolved to provide an 

independent approach to Mars lithologic determina-
tion.   
     Morphometric analyses are used to compare 
height/basal radius (H/R) relationships of the Arcadian 
domes with those of terrestrial lava domes. Mor-
phometry is determined primarily by using MOLA 
data covering the field area at 128 pixels/degree reso-
lution; map scale: 463 m/pixel.  Dome base radii de-
termined using MOLA are subsequently checked with 
measurements taken from numerous THEMIS visible-
wavelength data sets, resolution: 19 m/pixel, and MOC 
image # e0200428, resolution: 9.3 m/pixel.  Only 
domes with equant or nearly equant N-S and E-W axes 
are measured.  Boundaries between dome margins 
and adjacent talus aprons are assumed to be vertical; 
these aprons are not, therefore, included in the meas-
urements of R or D.  Dome heights (thicknesses) are 
measured with reference to a base height determined 
from an averaged value for the elevation of the terrain 
surrounding each dome and located immediately out-
side the talus apron.  
     Morphometric data are also used here to consider 
model bulk yield strengths of the Arcadian domes.  
Yield strength values of martian lavas would be useful 
knowledge in any attempt to identify lava composition 
as it would permit direct comparison with known ter-
restrial values.  The use of morphometric means to 
determine yield strength is a controversial concept, 
however, and it is beyond the scope of this study to 
present the entire argument for and against the tech-
nique.  It is sufficient to state here that, assuming a 
viscoplastic model of lava dome growth, [9] presented 
the following formula for the morphometric calcula-
tion of yield strength: 
 

Yield strength = 0.323(H2ρg/R) 
 

H = dome vertical thickness              R = basal radius 
g = gravitational acceleration            ρ = dome density 
 
We consider the value of this exercise in relation to the 
Arcadian domes, with reference to this relationship.    
    Results:  Arcadian domes can be seen in MOC and 
THEMIS imagery to possess several key morphologic 
features that are characteristic of terrestrial silicic lava 
domes.  They consist of massive, steep-sided rock bod-
ies surrounded by rock talus aprons.  The massive bod-
ies are frequently partly covered by boulders, occa-
sionally up to their summits.  Crease structures are also 
observed (Fig. 1).  These features are in particular 
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characteristic of the dacite lava dome that formed on 
Mt. St. Helens during the period 1980-1986.   
     Enigmatic features are present as well, in the forms 
of possible dome summit collapse structures and be-
tween-dome lineaments.  The summit features may be 
caldera-like subsidence structures, common to terres-
trial silicic eruptive centers.  The lineaments connect 
individual domes and may be dykes, although prelimi-
nary study shows them to possess negative relief. 
     H/D ratios of a small, preliminary study group of 
domes range from 0.03 to 0.33.  This range is similar 
to that described by [5] for the Californian obsidian 
flows mentioned above.  Arcadian domes have slightly 
higher aspect ratios, on the whole, than do the Califor-
nia silicic lava domes.  H/R ratios of the group range 
from 0.06 to 0.66.  This range is similar to that re-
ported by [8] for the exogenously grown lobes of the 
dacitic “low lava dome” at Unzen volcano, Japan, that 
was extruded in 1993-94 (~0.4 – 0.5).  It is somewhat 
lower than the 0.8 value of the Unzen endogenously-
grown dome [8].   
     Bulk yield strength values for the preliminary study 
group of domes, calculated using the formula given 
above, range from 1.4 x 104 to 4.7 x 105 Pa.  These 
correspond well with the range of yield strengths of 
various terrestrial lava domes presented by [9].  Unfor-
tunately, some of the more mafic examples in his pres-
entation group have higher yield strengths than do 
some of the rhyolite lavas, making correlation between 
increasing yield strength and silica content difficult.   
     Further, a viscoplastic model of dome growth, nec-
essary for this type of yield strength calculation, re-
quires that H/R1/2 = constant for any co-magmatic 
group of domes [9], a condition that the small Arca-
dian data set analysed so far does not fulfill (Fig. 2).  
Bearing in mind that the data set may yet be too small 
to be conclusive, the H/R relationship shown in Fig. 2 
suggests either that the viscoplastic model does not 
apply (making yield strength calculations by this tech-
nique questionable) or that the domes as a group con-
sist of more than one lithology. 
     Further study:  Results neither confirm nor deny 
the possibility of a silicic lava composition for the Ar-
cadian domes.  Expansion of the morphometric data 
set may provide further insight into bulk yield strength 
values and thereby better suggest lava identities.  Ad-
ditionally, deconvolutions of TIR spectra may provide 
an independent means of determining the lithologies of 
the domes.       
     Implications:  At the present time the Earth is the 
only planet known to possess silicic volcanism.  Any 
results that strongly suggest the presence of silicic 
lavas on the surface of Mars have significance in that 
they would not only alter our understanding of mag-
matic evolution on that planet, but also demonstrate 

that Mars’ geology is more similar to Earth’s than pre-
viously thought.  Further implications include suggest-
ing the possibility of the existence of explosive vol-
canic deposits, as yet not definitely demonstrated for 
Mars, since this form of volcanism is a common ex-
pression of the eruption of terrestrial silicic magmas. 
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program, (NASA), 184-186. [6] Fink J. (1980) Geol-
ogy, 8, 250-254. [7] Scott and Tanaka (1982) L. Geo-
phys. Res., 87, 1179-1190. [8] Nakada S. et al. (1995) 
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Fig 1: Domes of the Arcadia region of Mars.  The 

steep-sided, solid-rock edifices are surrounded by talus 
aprons and, in the case of the left dome, possess crease 
structures. Image: THEMIS visible image # 
V03065003, dimensions of scene shown is ~ 6 x 6 km.   

 

      

H vs R for selected Arcadian lava domes.
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Fig. 2:  H vs. R for the Arcadian dome preliminary 

data set with suggested trend line. 
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