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     Introduction:  The Tyndall Dome Field (TDF)* in 
the western Arcadia Planitia region of Mars, possesses 
hundreds of small domical structures (diameters ~ 0.5 
– 6 km).  [1] presented a brief review of the area, ob-
serving that the structures possess a “strong resem-
blance” to the rhyolite domes of Mono Craters, Cali-
fornia.  Using shadow-length measurements derived 
from Viking orbital imagery, [1] estimated height to 
basal diameter (H/D) ratios of selected domes to be on 
the order of 0.04 and observed that this value is com-
parable to the range of H/D ratios of the Glass Moun-
tain and Little Glass Mountain, California, obsidian 
flows (0.04 to 0.13).   
     Additionally, [1] noted the existence of a series of 
crescentic “ridges” on the surface of a lobate flow 
body, presumably a lava flow, near the area in which 
the domical structures occur.  These are spaced 700 – 
800 m apart, with a ridge/trough relief of ~ 100 m.  [1] 
remarked that the crescentic ridge pattern resembles 
that seen on terrestrial felsic lava flows, such as those 
associated with the Medicine Lake Highlands caldera 
in California, USA and that of the Chao dacite flow in 
Peru.   
     The ridged flow described by [1] was further exam-
ined by [2], who performed a quantitative analysis of 
its morphometry, using ridge spacing and height meas-
urements,  in an attempt to estimate the viscosity of the 
flow material.  [2] derived viscosity values he 
concluded were within the range measured for anhy-
drous rhyolite at emplacement tempeatures of 850 – 
9500 C and for hydrous (0.5 wt % H2O) rhyolite at 800 
– 9000 C.   
     Although strongly dependent upon accurate edifice 
size data, these analyses were made using crude spac-
ing and height measurements, a restriction dictated by 
the limitations of the then state-of-the-art imagery.  In 
the case of the work of [2], a rhyolite lava density 
value was assumed and used in the calculations.  These 
uncertainties severely limit the value of the conclu-
sions drawn.  If, however, it could be demonstrated 
that felsic volcanism occurred on the surface of Mars 
then the current, poorly-differentiated, basic to inter-
mediate crust model would have to be discarded in 
favor of a more magmatically diversified one.   
     This study:  We tested the occurrence and nature 
of putative felsic lava bodies in the TDF.  Mars Orbiter 
Camera (MOC), Mars Orbiter Laser Altimeter 
(MOLA), and Thermal Emission Imaging System 
(THEMIS) orbital imagery data are used to study the 
morphologic, morphometric and thermal inertia char-

acteristics of the TDF domical structures and a 
“ridged” flow feature located within the TDF area, 
comparing them with possible Earth analogue volcanic 
features.  Thermal Emission Spectrometer (TES) spec-
tral data are deconvolved with reference to whole-rock 
and mineral end-member spectral libraries developed 
by [3] and ourselves, in order to directly assess the 
compositions of the target object materials.   
     Results:  Each individual domical structure consists 
of a steep-sided and frequently sub-circular core or 
central body, which is surrounded by a debris apron.   
     Core areas are commonly blocky and occasionally 
display areas of apparent massive material [Figure 1].  
Rare, large (up to ~ 1 km long), summit fissures are 
seen.  Sub-circular, caldera-like summit pits also oc-
cur. Lobate bodies of material are found, trending 
away from summit regions.  Concentric ridges or 
lineations are seen on many core summits.  Cores have 
thermal inertia (TI: units Jm-2s-1/2K-1) values ranging 
from 420 to 639, with a mean of 503, consistent with a 
presence of surficial coarse sand, or gravel and fines.   
     The debris apron is a body of apparently disaggre-
gated material that lies adjacent to and partly covers 
the core.  Debris apron shape closely reflects the shape 
of the perimeter of the core.  No examples of aprons 
that were elongate, or dispersed in a particular direc-
tion from the core, were found.  Debris aprons are 
commonly composed of relatively high-albedo, blocky 
material, similar in appearance to that of the cores, that 
is covered by an often thick (up to ~ 50 m) blanket of 
very low albedo sand-sized material, which is in turn 
covered by a thin layer of pale dust. Rare, apparent 
individual debris falls or slides are seen superposed on 
the apron material.  Lineations are seen in the debris 
material, radial to the perimeter of the visible portion 
of the core, which are possibly the tracks of material 
that has moved down-slope from the core across the 
apron.  Debris aprons have TI values ranging from 273 
to 315, with a mean of 283, consistent with a presence 
of surficial fine sand (average grain size  < 1 mm).  By 
comparison, TI values of the plains materials that sur-
round the debris aprons range from 165 to 216, with a 
mean of 187, consistent with a presence of surficial silt 
or fine sand, about 100 micron average grain size. 
     Of a set of 40 measured TDF domical structures, 
core heights (H) range from 35 to 417 m, with a mean 
of 183 m.  Core radii (R) range from 319 to 3844 m, 
with a mean of 1021 m.  On a graph of the relationship 
H/R, the TDF domical structures are seen to lie in a 
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field that is defined by a “tallness” limit of H/R = 0.67 
and a “flatness” limit of H/R = 0.063. 
     Linear deconvolutions (technique from [4] using 
endmembers from [3] of TES emissivity spectra from 
three geographically disparate groups of TDF domical 
structures yielded the following results (surface end-
members normalized to 100%):  
 
Group A: surface type 2 (ST2):  100% 
Group B: surface type 2:  71 % 
  avg. high albedo surface: 29 % 
Group C: surface type 2:  27 % 
  surface type 1 (ST1): 38 % 
  avg. high albedo surface: 36 % 
 
     A lobate, flow-form body of dimensions ~ 80 x 50 
km, possessing a series of  surficial, arcuate “ridges,” 
apparently similar to the one described by [1] and ana-
lysed by [2], occurs in the central region of the TDF.  
This deposit is a positive relief feature relative to the 
plains material by which it is surrounded.   Ridge spac-
ing is ~ 0.8 – 1 km.  Average ridge height is < 50 m 
above the troughs. 
     Deconvolutions of TES emissivity spectra from 
several locations on the flow-form body surface show 
that it’s a mixture of ST1 (31%), ST2 (25%), and high 
albedo surface dust (44%).  
     Discussion:  We interpret core features as being 
massive lava bodies, endogenously-formed as indi-
cated by the frequent lack of visible superposed flow 
units. Concentric ridges or lineations often seen on 
dome cores are likely evidence of ramp structures or 
foliations developed by multiple injections of magma 
into an endogenously growing core.  Lobate bodies 
that trend away from core summits we interpret as be-
ing lava flows, indicating examples of exogenic 
growth.  TI values for the core bodies are consistent 
with a rubbly surface.  Rare, surficial fissures on cores 
we interpret as being crease structures. Debris aprons 
we interpret as consisting of talus blocks and smaller 
grain size material that formed from gravitationally-
induced slides and rock falls produced during and sub-
sequent to the emplacement of the core bodies.  Meas-
ured TI values of the talus are possibly diminished by 
the nearly ubiquitous, surficial layer of fine dust.  The 
presence of a significant proportion of low-albedo, 
apparently sand-sized material in the debris apron re-
mains difficult to explain, however, and may point to 
an exotic mode of formation, such as fragmentation of 
hyaloclastitic materials during submarine dome extru-
sion.  These sands do not form dunes and show no 
evidence of aeolian transport or deposition. We sup-
port the identification of the Arcadian domical struc-
tures as being “low lava domes,” of the morphologic 
type defined by [5], as the best explanation of the ob-

served characteristics. The presence of a massive, 
block-covered core, possessing summit crease struc-
tures and surrounded by a talus apron, is in particular 
characteristic of the lava dome that formed on  Mount 
St. Helens during the period 1980-1986 [6].     
   The H/R range of the set of Arcadian domes meas-
ured is similar to that described by [1] for the Califor-
nian obsidian edifices mentioned above. Arcadian 
domes have slightly higher aspect ratios, on the whole, 
than do California domes.  The range is similar to that 
reported by [7] 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).  Nevertheless, 
TES analyses suggest that the dome materials are of 
both intermediate (ST2) and mafic (ST1) composi-
tions. The domes analysed appear to be the first point 
source occurrence for ST2 identified in the northern 
plains. 
     Morphologic characteristics of the ridged, lobate, 
flow-form body suggest that it is a lava flow, super-
posed upon the necessarily older plains materials.  The 
ridges are ogives, common to terrestrial lava flows of 
all compositions.  TES analyses suggest that the flow 
is a mixed body composed of materials (lavas) of an-
desitic and basaltic compositions.  
     Conclusions:  The TDF domical structures are 
most likely lava domes.  The TDF “ridged” flow-form 
feature is most likely a lava flow that possesses ogives. 
Spectral evidence does not support the presence of  
felsic magmatism in the TDF. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
Figure 1.  A TDF domical structure core and debris apron 
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* informal name not accepted by the Int. Astronomical Union (IAU) 
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