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Introduction:  Tyrrhena Patera (22°S, 108°E) and
Hadriaca Patera (32°S, 103°E) are low-relief (<2 km)
central-vent volcanoes with shallowly sloping (<2°)
flanks dissected by radial channels [1,2].  These char-
acteristics, as well as their apparently friable nature,
are consistent with shield materials composed of pyro-
clastic deposits, probably pyroclastic flows [2-4].

Understanding these volcanoes is vital to con-
straining the thermal, chemical, and possibly biological
evolution of Mars.  Hadriaca and Tyrrhena Paterae
erupted explosively in the Late Noachian/Early Hespe-
rian Epochs [4].  During the Late Hesperian/Early
Amazonian Epochs, Tyrrhena Patera experienced a
transition from explosive to effusive activity [4], gen-
erating the largest (~1000 km x 250 km) lava flow
field yet identified in the southern hemisphere of Mars.
Similarly, Hadriaca Patera apparently generated late-
stage lava flows that covered the floor of its summit
caldera complex [5].  Radial channels on Hadriaca and
Tyrrhena Paterae, and outflow channels near Hadriaca
Patera indicate the presence of water in this region.
This environment (heat and liquid water) may have
provided the necessary conditions for life.

Using data from the Mars Orbiter Camera (MOC)
and the Mars Orbiter Laser Altimeter (MOLA), we are
testing hypotheses of the formation and evolution of
Tyrrhena and Hadriaca Paterae.  Here, we present pre-
liminary results of our investigations into the channel
formation on the volcanoes’ flanks, the Tyrrhena
Patera lava flow field, and the stratigraphic relation
between Hesperia Planum and Tyrrhena Patera.

Tyrrhena Patera Lava Flow Field: A large field
of lava flow lobes and channels extends from the Tyr-
rhena Patera summit ~1000 km to the SW.  Recent
analysis using MOLA topography [6] shows a 0.3°
slope for the entire lava flow field, with local varia-
tions from ~0.05° - 0.5° along baselines of tens of
kilometers. Careful correlation of new topography and
high resolution Viking Orbiter (VO) images reveals
that the individual flow lobes within the field com-
monly extend laterally beyond the boundaries observed
in the VO images.  MOLA data also show that many
flow lobes that appeared featureless in the VO images
actually contain central channels.  Using MOLA, we
have identified at least 6 additional lava flow lobes that
were not readily apparent on VO images [cf. 7]. This
has prompted reanalysis of the flow field using a com-
bination of VO and MOC images, and MOLA gridded

and profile data.  The margins of previously identified
lava flow lobes that were only partially identified in
earlier Viking-based analyses are being extended to
provide more complete documentation of flow lobe
morphology, and newly identified flow lobes are being
mapped. Like the other flow lobes in the Tyrrhena
Patera flow field, the newly identified lobes also ap-
pear to exhibit down-flow widening trends [cf. 8];
furthermore, central channels are common.

Flow lobes identified using VO images are ~60 -
90 m thick; the flow lobes found using primarily
MOLA data are ~30 - 60 m thick. Variouslava flow
emplacement models yield effusion rates and flow ve-
locities that are similar to the highest rates observed at
Mauna Loa volcano, Hawaii, and tend to be approxi-
mately an order of magnitude lower than those esti-
mated for other Martian volcanoes [9].  Lower rates at
Tyrrhena Patera may reflect the low underlying slope,
unique eruption conditions, or unique lava properties.

MOC images reveal that the volcano-tectonic rille
that emanates from the summit region of Tyrrhena
Patera and extends into the lava flow field has a raised
rim.  This morphology is consistent with a lava chan-
nel.  However, near the base of the Tyrrhena Patera
shield materials, the rille locally becomes a positive-
relief feature for ~20 km before transitioning to a
negative-relief feature.  This suggests that the rille may
be a collapsed lava tube locally, or perhaps an inflated
flow.  The rille can be followed discontinuously for
~600 km within the flank flow field, and appears to
feed small breakouts along its length.  These observa-
tions indicate that the rille was probably a significant
lava conduit during the emplacement of the flow field.

The flow field, and most of the Tyrrhena Patera
shield materials, are observed to be covered with dunes
in MOC images; this contrasts with pristine lava flows
revealed by MOC elsewhere on Mars [10].  Although
the flow field may be young [4], its surface may reflect
climate and weather patterns that have caused available
pyroclastic materials to be mobilized and redeposited.

Tyrrhena Patera and Hesperia Planum: Tyr-
rhena Patera deposits were originally mapped as fully
contained within Hesperia Planum [11]; recent map-
ping [2,4] reveals that the boundary between Hesperia
Planum and Tyrrhena Patera is complex.  Within the
MOLA data, a continuously sloping surface is ob-
served from the summit of Tyrrhena Patera for ~500
km to the west and north.  This suggests that Tyrrhena
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Patera shield materials extend hundreds of kilometers
farther than previously observed, covering several
thousand square kilometers of what was originally be-
lieved to be ridged plains of Hesperia Planum [11].
Hesperia Planum deposits embay Tyrrhena Patera
shield materials to the east, but investigations of
MOLA topography suggest that portions of Hesperia
Planum adjacent to Tyrrhena Patera are significantly
higher than the rest of Hesperia Planum.  We interpret
this to be caused by local mantling of Hesperia
Planum, possibly by Tyrrhena Patera shield materials.
The mantling material may be juvenile volcanic prod-
ucts, suggesting prolonged explosive activity at Tyr-
rhena Patera, or reworked shield materials.

Paterae Flank Materials: Morphologic charac-
teristics of the flank materials of Tyrrhena and
Hadriaca Paterae have been attributed to erosion of
pyroclastic deposits by a combination of groundwater
sapping and surface runoff [1-5,12].  From analyses of
Viking images, flank valleys were described as trough-
shaped depressions lacking tributaries that are continu-
ous for large distances (100+ km) with relatively con-
stant widths (~3-6 km).  Earth-based radar analyses
indicate that the valleys at Tyrrhena Patera are 200-300
m deep [13]. Scarps within valley walls suggest lay-
ered volcanic materials, and nested valleys and theater
heads indicate progressive headward erosion.  MOLA
topographic profiles and gridded data are being used
with Viking and MOC images to examine the nature of
potential layering within the paterae, to estimate the
volume of material eroded from the paterae, to assess
the roles of potential valley-forming processes
(groundwater sapping, mass-wasting, and surface run-
off), and to constrain the internal structure and strati-
graphy of these volcanoes.

Initial results included analyses of MOLA profiles
of the southwest flank of Hadriaca Patera near the cal-
dera (30-32°S, 90.8-92.3°E) and of the northwest flank
of Tyrrhena Patera (19.5-21.5°S, 104.5-105.8°E) [14].
Recent studies have focused on the morphology and
erosional history of the Hadriaca Patera flank deposits.
Detailed mapping shows the presence of numerous
mesas of volcanic flank material extending from the
summit caldera.  To the north, these mesas are broad
and continuous for significant distances.  To the south,
the mesas are smaller, sometimes isolated, remnants of
presumably what were once larger features.  In some
places, these mesas have a digitate form, with elon-
gated extensions forming ridges between erosional
valleys; away from the summit caldera on Hadriaca
Patera's southwest flank, the mesas occur exclusively
as elongate ridge crests, which are commonly discon-
tinuous.  In MOLA profiles, ridges are peaked, have
rounded peaks, or are flat-topped to irregular hills.

Ridges are locally the highest points on the flanks,
consistent with erosional models for the flank mor-
phology, and ridge elevations decrease consistently
toward the southern margin of the volcano, which is
truncated by Dao Vallis.

The southwest flank of Hadriaca Patera exhibits
well-developed valley forms.  In plan view, most of
these are straight or curved, but more sinuous segments
are evident.  Valleys show a variable degree of conti-
nuity and vertical dissection.  Some valleys extend
from near the summit caldera across the southwest
flanks for 100s of kilometers.  Other valleys appear to
emanate from local topographic highs within the flank
materials.  Layers or benches are observed within val-
ley walls, and MOLA data are being used to correlate
these around the volcano. These features could reflect
layering of the flank materials, perhaps due to welding
and compaction of pyroclastic deposits [3].  V-shaped
valley interiors are evident within some of the trough-
shaped valley forms; these presumably represent sites
where erosion has been more extensive due to the ac-
cumulation of fluids on the surface for at least short
time intervals. Valleys floors are V-shaped to more
rounded, with larger valleys exhibiting more complex
floor profiles.  V-shaped valley interiors may be dis-
continuous within the same valley form, suggesting
highly permeable surface materials.  Preliminary esti-
mates of valley depths range from 50 to 300 m.  On-
going analyses using MOLA data are examining down
valley changes in slope and morphology, and valley
modification by mass-wasting and aeolian processes.

Conclusions: Mars Global Surveyor (MGS) data
are revealing previously unknown complexities re-
garding Tyrrhena and Hadriaca Paterae.  However,
many of the interpretations of VO image data continue
to be supported by MGS data, and the combination of
VO and MGS data can provide critical new informa-
tionfor deciphering the evolution of these volcanoes.
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