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Data from Mars missions have revealed that the
planet has a very active igneous history and that it may
still be volcanically active. To improve and understand
the hypotheses regarding the formation and evolution
of Mars a model for its interior must be developed.
This requires a knowledge of the physico-chemical prop-
erties of Martian magmas that control their dynam-
ics. Two different simple Fe-bearing systems have been
studied to date: (i) anorthite-diopside eutectic com-
position (AnDi) with variable amount of Fe (up to 30
wt%) as a basalt analogue and (ii) sodium disilicate
(NS2 up to 10 wt% Fe). In addition, the compositional
range has been extended to include the more complex
SNC meteorite composition (more relevant to Mars).
The high-T viscosities (1594-1200◦C) have been mea-
sured using the concentric cylinder method in air. The
low-T viscosities (817-711◦C) have been measured us-
ing the micropenetration method in an Ar atmosphere
for samples that could be quenched to glasses. High-
T density measurements (1026-1567◦C) have been per-
formed on investigated Fe-bearing melts using the Pt-
based double-bob Archimedean method. The oxidation
state of Fe has been determined on quenched glasses
at regular T steps by wet chemistry method. Differ-
ential scanning calorimetry (DSC) measurements have
been performed on glassy samples at heating and cool-
ing rates of 5, 10, 15 and 20 K/min in order to de-
fine the glass transition temperature (Tg). Isothermal
viscosity decreases from 0.15 to 0.22 log Pa.s (high-T)
and from 0.8 to 1.2 log Pa.s (low-T) with the addi-
tion of each 5 wt% Fe into the AnDi eutectic system.
The viscosity of all these melt compositions shows non-
Arrhenian behaviour across the whole T-range investi-
gated. The density of the melts increases by about 0.05
g.cm−3 with each addition of 5 wt% of Fe. Fe3+ con-
tent decreases with increasing T (i.e., about 10% be-
tween 1300-1600◦C). The DSC measurements suggest
that the Tg decreases about 19◦C with the addition of
each 5 wt% Fe at a given cooling/heating rate. Low
viscosities, which result from the high Fe content of
Martian magmas, promote highly fluid lava behaviour,
with implications for lava runout distances, eruptive
styles and the landforms produced.
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The cooling of the terrestrial planets from their pre-

sumed hot initial states to the present situation has
required the operation of one or more efficient cool-
ing mechanisms. In the recent history of the Earth,
plate tectonics has been responsible for most of the
planetary cooling. The high internal temperature of
the early Earth, however, prevented the operation of
plate tectonics because of the greater inherent buoy-
ancy of thicker oceanic lithosphere (basaltic crust and
depleted mantle) produced from a hotter mantle. A
similar argument is valid for Venus, and also for Mars.
An alternative cooling mechanism may therefore have
been required during a part of the planetary histories.
Starting from the notion that all heat output of plan-
ets is through their surfaces, we have constructed two
parametric models to evaluate the cooling character-
istics of two cooling mechanisms: plate tectonics and
basalt extrusion / flood volcanism. We have applied
these models to the Earth, Mars and Venus for present-
day and presumed early thermal conditions. Our model
results show that for a steadily (exponentially) cooling
Earth, plate tectonics is capable of removing all the

required heat at a rate comparable to or even lower
than its current rate of operation during its entire his-
tory, contrary to earlier speculations. The extrusion
mechanism may have been an important cooling agent
in the early Earth, but requires global eruption rates
two orders of magnitude greater than those of known
Phanerozoic flood basalt provinces. This may not be
a problem, since geological observations indicate that
flood volcanism was both stronger and more ubiquitous
in the early Earth. Because of its smaller size, Mars is
capable of cooling conductively through its lithosphere
at significant rates. As a result may have cooled with-
out an additional cooling mechanism during its entire
history. Venus, on the other hand, has required the op-
eration of an additional cooling agent for probably ev-
ery cooling phase of its possibly episodic history, with
rates of activity comparable to those of the Earth.
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Magellan images of Venus show extensive faulting

and fracturing, suggesting movement of the planet’s
crust and the current possibility of frequent Venus
quakes. The high surface temperature and pressure
of the planet is, however, such that a long lived net-
work would be extremely challenging and probably fi-
nancially prohibitive. We propose therefore to use the
strong coupling between the atmosphere and the solid
planet for detecting surface waves generated by quakes
on Venus. After a quake, the surface of a planet is vi-
brating horizontally and vertically. By continuity, the
atmosphere at the surface must move with a vertical
velocity equal to the surface vertical velocity, and this
vibration is then propagated upward. Its kinetic energy
is conserved as long as the atmospheric viscosity does
not produce significant attenuation. Due to the expo-
nential decay of density with altitude, the amplitude of
the wave increases exponentially and produces signifi-
cant perturbations of the electron density in the iono-
sphere. Such signals are now commonly observed on the
Earth for large quakes, both with ground Doppler HF
sounders and space-based GPS satellites. We show that
the dense atmosphere of Venus amplifies this effect by a
factor of about 100 compared to the Earth. Moreover,
the structure of the ionosphere makes radar observa-
tions of these signals from above easier than on Earth.
We present simulations and estimates of the detection
threshold of this new strategy for Venus seismology. A
general concept of the experiment is then proposed.
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Magellan spacecraft images of Venus revealed sev-

eral different types of impact crater related deposits on
Venus. Examples include the hundreds of kilometers
in length parabolic-shaped deposits and the smaller
(tens of km) dark halos. Wind streaks are associated
with some of these features, confirming the presence of
mantling material. These areas on Venus may look sig-
nificantly different at optical wavelengths, since radar
can penetrate several wavelengths into the surface and
reveal underlying terrain. Linear polarization analysis
can be used to investigate whether there is a surficial
deposit in a given region. A circularly polarized wave
can be decomposed into two orthogonal linear-polarized
waves of equal magnitude. If a circularly polarized
radar signal penetrates into a surface that is smooth at
wavelength scales, and is scattered by embedded rocks
or a sub-surface layer, the received echo will have a
linear-polarized component. This linear polarization is
produced because the ”horizontal” and ”vertical” com-
ponents of the incident circular wave have different
transmission coefficients into and out of the surface
layer. If there is no sub-surface reflection, there will
be no linear polarization. We used the 13-cm wave-
length Arecibo radar system to observe Venus during
two inferior conjunctions. We transmitted a circularly
polarized wave and received both of the reflected circu-
lar polarizations. From these data, delay-Doppler im-
ages in all four Stokes polarization parameters were cre-
ated, and a map of the degree of linear polarization was
formed. Our data reveals linear polarization associated
with impact craters, volcanic dome fields, and areas of
wind streaks. In particular, we note significant linear
polarization from areas near 44 craters, including 5 of
the craters with parabolic deposits. The linear polar-
ization signature is usually associated with the diffuse,
featureless radar-bright areas near the crater. In ad-
dition, the craters that show a linearly polarized echo
component often have dark halos or bright floors, and
thus are likely be younger in age. This technique can
be used for other objects as well, including possibly de-
termining whether there is regolith covering the polar
ice deposits on Mercury and searching for regolith on
asteroids.
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The recent geological and hydrological history of the
eastern Sahara is still mainly hidden under large re-
gions of wind-blown sand. The subsurface geology is
generally invisible to optical remote sensing techniques
(LANDSAT, SPOT), but radar images obtained from
the Shuttle Imaging Radar missions were able to pen-
etrate the superficial sand layer to reveal parts of the
paleohydrological networks. However, the incomplete
geographic coverage of the SIR missions did not al-
low regional-scale mapping of the hidden hydrological
and tectonic structures of the eastern Sahara, and sci-
entific interpretations of available data remain partial
and incomplete. Nevertheless, complete L-band radar
coverage of the eastern Sahara exists and can be ex-
ploited: it was obtained by JERS-1, a Japanese satel-
lite for Earth observation that was operated by NASDA
from 1992 to 1998. We have produced the first radar
mosaic of the eastern Sahara covering Egypt, Sudan,
Libya and Chad, from existing archives of JERS-1 L-
band radar images, at a final resolution of 50 meters.
Such a data set will help in discovering unknown sub-
surface structures (river channels, former lakes, faults,
impact craters, etc.) and will contribute to answering
several key questions about the recent climatic, geolog-
ical, and hydrological history of the eastern Sahara. As
the eastern Sahara represents a good terrestrial analog
to Mars, our work may also be applied to the explo-
ration of Mars. Much of the surface of Mars has been
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intensely reworked by aeolian processes, and key ev-
idence about the history of the Martian environment
(paleo lakes and rivers) appears to be hidden beneath a
widespread layer of wind-blown dust. Our results show
that a Mars radar mapping mission, as the one pro-
posed in the MEEM project, would allow imaging of
the near subsurface geomorphology inaccessible to any
other kind of sensor. It would provide unique data to
address the origin of many enigmatic features related
to the history of climate and water on Mars.
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The identification of features on Mars exhibiting

morphologies consistent with ice/rock mixtures, near-
surface ice bodies and near-surface liquid water, and
the importance of such features to the search for wa-
ter on Mars highlights the need for appropriate terres-
trial analogs in order to prepare for upcoming radar
missions targeting these and other water-related fea-
tures. Climatic, hydrological, and geological conditions
in the McMurdo Dry Valleys of Antarctica are analo-
gous in many ways to those on Mars, and a number of
ice-related features in the Dry Valleys may have direct
morphologic and compositional counterparts on Mars.
We have collected roughly 1,000 line-km of airborne
radar sounding data in the Dry Valleys for Mars analog
studies. A crucial first step in the data analysis pro-
cess is the discrimination of echo sources in the radar
data. The goal is to identify all returns from the sur-
face of surrounding topography in order to positively
identify subsurface echoes. This process will also be
critical for radar data that will be collected in areas of
Mars exhibiting significant topography, so that subsur-
face echoes are identified unambiguously. Using a Twin
Otter airborne platform, data were collected in three
separate flights during the austral summers of 1999-
2000 and 2001-2002 using multiple systems, including a
chirped 52.5 - 67.5 MHz coherent radar operating at 750
W and 8 kW peak power (with multiple receivers) and
1 - 2 microsecond pulse width, and a 60 MHz pulsed,
incoherent radar operating at 8 kW peak power with 60
ns and 250 ns pulse width. The chirped, coherent data
are suitable for the implementation of advanced pulse
compression algorithms and SAR focusing. Flight ele-
vation was nominally 500 m above the surface. Targets
included permafrost, subsurface ice bodies, rock/ice
glaciers, ice-covered saline lakes, and glacial deposits
in Taylor and Beacon Valleys. A laser altimeter (fixed
relative to the aircraft frame) was also used during both
seasons. Post-processing of the positioning data yields
accuracies of 0.10 m for samples at 15 m intervals.
Precise positioning was accomplished through the use
of two carrier-phase GPS receivers on the aircraft and
two at McMurdo Station. Surface and shallow subsur-
face properties are being supplied by glacial geomor-
phologists conducting ground-based studies in Taylor
and Beacon Valleys. Two techniques are being used
in parallel to discriminate subsurface echoes from sur-
face echoes due to surrounding topography. In the
first method, surface returns are simulated using air-
craft position data, the modeled radar antenna pattern,
and surface topography from a digital elevation model
(DEM) recently acquired by the USGS and NASA in
the Dry Valleys with 2-meter postings. These predicted
surface returns are then compared with the actual data
to reveal side echoes. The second method identifies all
echoes in the radar data and maps them into possible
correlative surface features to the sides of the aircraft
through range estimation. This uses the measured time
delay of the echo and known surface topography. We
map the echoes onto the DEM (and optical imagery)
at the appropriate range in order to identify candidate
surface return sources. The two methods should iden-
tify all echoes that are not from the subsurface. The
comparison of different radar configurations and paral-
lel tracks where they are available will also be utilized
to identify the source of any ambiguous echoes.
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Ground penetrating radar (GPR) operating at fre-
quencies generally between 100-1000 MHz can pene-
trate up to 10-20 m to reveal information regarding the
dielectric properties of the subsurface. This informa-
tion provides insight into subsurface geologic structure
and setting. The ability to remotely sense the subsur-
face structure of an area without drilling or excavating
has proven economical and, in some cases, invaluable in
civil engineering and geological applications on Earth.
In recognition of the benefits of a GPR on potential
future rovers and landed missions to the Moon, Mars,
or other solar system body, fieldwork has been con-
ducted to assess GPR data of volcanic, cratered, and
other analog settings in northern Arizona. Measure-
ments were made at Sunset Crater, Meteor Crater, and
the 2002 FIDO rover test site near Cameron, AZ. At
each site, data were collected using commercial GPR
antennas at 400 MHz, 500 MHz, and 1.5 GHz as well
as a 600 MHz prototype planetary GPR antenna. For
comparison, shallow seismic data were also collected
along some of the GPR tracks, In these Mars analog
terrains, GPR data reveal subsurface interfaces that are
useful for understanding the geologic history at those
sites. Interfaces in the data collected at Sunset Crater
help delineate several episodes of cinder deposition that
mantle the surface of a lava flow. At Meteor Crater, the
thickness of distal portions of the ejecta blanket can be
estimated where the GPR penetrated through to the
pre-impact surface. At the FIDO site, data indicate
local fluvial systems are incised into coherent bedrock
rather than older channel fill, thereby highlighting the
stripped nature of the setting. GPR data collected in
these three different geologic settings demonstrate the
ability of ground penetrating radar to provide infor-
mation about subsurface geology through non-invasive
techniques. The ability to remotely sense the shallow
subsurface is especially desirable for Mars rover mis-
sions planned for the next decade because direct sam-
pling via drilling to depths up to 20 m may not be pos-
sible.
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Low frequency sounding radars on Mars can probes
the subsurface layers to varying depths depending on
the sounding geometry and the geoelectrical and ge-
omagnetic properties of the soil at the sounded sites.
Hence a good knowledge of the electric and magnetic
properties of the rocks and sediments constituting the
investigated media is crucial for any future data anal-
ysis and interpretation. We have undertaken a com-
prehensive investigation of the potential electrical and
magnetic losses that may be encountered on Mars based
on three steps: The first is the laboratory characteriza-
tion of Mars-like volcanic and sedimentary materials in
the low frequency band of 1-30 MHz, which covers the
frequency range of the MARSIS experiment onboard
the Mars Express orbiter (ESA-2003), the SHARAD
shallow sounder that will be flown in 2005 (NASA-
ASI) and possible ground penetrating radars that may
be flown as part of future rover and geophysical net-
work missions. The electromagnetic properties of these
analog Mars materials will be presented as a function
of various important geophysical parameters, such as
porosity, bulk density and temperature. The second
step is the integration of these measurements into a
series of frequency dependent geoelectrical models rep-
resenting the distribution and state of subsurface water
under variety of geologic conditions, with the intent of
identifying those locations on Mars that offer the best
opportunity for an unambiguous detection of subsur-
face liquid water. We then use the Finite Difference

Time Domain method to simulate the radar wave prop-
agation across those models and hence getting a possi-
ble preview of the backscattered echo corresponding to
different geological context and radar characteristics.
These simulations will be compared with the data re-
turned by MARSIS and SHARAD in an effort to better
understand the nature and characteristics of the sub-
surface Martian environment. Finally, these analyses
will be supplemented by field investigations of simple
terrestrial analogue sites using 2-30 MHz GPR instru-
ments. Recent soundings conducted in the West Egyp-
tian Desert by a 2 MHz GPR demonstrated the abil-
ity of this technique to detect the Nubian Aquifer at
a depth around 900 m beneath thick layer of marine
sedimentary quaternary and tertiary structures consti-
tuted mainly of dry porous dolomite, illinite, limestone
and sandstone, given a reasonable knowledge of the lo-
cal geoelectrical properties of the crust. In this talk we
will summarize our efforts date and discuss their impli-
cations for the interpretation of data from future Mars
radar sounding investigations.
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In December 2003, the Mars Express spacecraft will
be inserted into orbit around Mars. One of the sci-
entific instruments is a radar sounder named MARSIS
(Mars Advanced Radar for Subsurface and Ionosphere
Sounding). Its main objective is to detect the presence
of water, liquid or solid, in the upper crust of Mars
down a depth of 5 km. MARSIS is a nadir looking radar
with four operative modes of bandwidth 1 MHz and
central frequency 1.8 MHz, 3 MHz, 4 MHz and 5 MHz.
The maximum penetration depth is obtained for the
lowest altitude (250 km) and with the lowest frequency.
Unfortunately the clutter from the off-nadir direction
may dwarf the subsurface echo return. To characterize
the clutter and the subsurface return level according to
the surface roughness and the subsurface geology (lay-
ering and composition), we simulate the backscatter-
ing of a pulse from the surface and the subsurface to
the antenna. The Martian surface consists of a random
rough surface described statistically by 3 parameters:
the RMS height, the correlation length and the Hurst
exponent. Each parameter may be adjusted according
to the requirements of the simulations. The subsurface
is composed of different geological layers with a com-
plex permittivity which is function of the composition
and the depth of the material (Maxwell Garnet model).
Each layer is divided in sub-layers with constant permi-
tivities. Different subsurface models (2 layers, 3 layers)
with different compositions (porous basalt, andesite,
basalt + water...) were used. The interface between
two layers is not flat. The backscattered field from the
surface is analytically computed using the scalar Kirch-
hoff approximation whereas the subsurface return con-
sists of simple transmission and reflection through the
different sub-layers along the nadir direction (i.e. we
did not consider the 3D volume scattering because it
is too expensive in term of computation) . The signal
reaching the radar is then compressed by the matched
filter and we also investigate the clutter reduction by
Doppler filtering. We present map of power returns
in function of the nadir point position of the radar
through the surface and the time delay for the signal
to reach the antenna.
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The Mars Exploration Rover, Spirit, was launched
on June 10, 2003, and is scheduled to land on the floor
of Gusev Crater in January 2004. The close opposition
of Mars in the summer of 2003 provided a final oppor-
tunity to observe the Gusev Crater landing site using
Earth-based radar telescopes prior to the Rover’s ar-
rival. Similar observations of the Terra Meridiani site
in 2001 demonstrated the capabilities of delay-Doppler
radar interferometry in mapping the radar properties of
planetary surfaces. The 2003 observation suite includes
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data from four nights in which the observation’s sub-
radar track was within five degrees of latitude of the
planned landing site. High resolution, approximately
five kilometers per pixel, radar imaging of the landing
site indicates a site that will be of low risk to the rover
and provides testable predictions of the local surface
roughness that the rover will encounter.
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The icy moons of Jupiter (Europa, Callisto, and
Ganymede) are of similar overall composition but show
different surface features as a result of different sub-
surface processes. Furthermore, each of these moons
could have a liquid ocean of water buried underneath
the icy crust, but their depth can only be speculated.
For Europa, estimates put the thickness of the ice shell
anywhere between 2-30 km, with a few models predict-
ing up to 100 km. Much of the uncertainties are due to
the largely unknown temperature gradients and levels
of water impurities across different surface layers. One
of the most important geological processes is the pos-
sible transportation of heat by ice convection. If the
ice is convecting, then an upper limit of about 20 km
is set for the depth of the ocean underneath. Convec-
tion leads to a sharp increase in temperature followed
by a thick region of nearly constant temperature. If
ice is not convecting, then an exponentially increasing
temperature profile is expected. The crust is thought
to be a mixture of ice and rock, and although the ex-
act percentage of rock is not known, it is expected to
be low. Additionally, the ice crust could contain salt,
similar to sea ice on Earth. The exact amount of salt
and how that amount changes with depth is also un-
known. In preparation for the Jupiter Icy Moons Or-
biter (JIMO) mission, we performed simulations for a
surface-penetrating radar investigating signatures for
different possible surface and sub-surface structures of
these moons in order to estimate the applicability of
using radar with a frequency range between 1 and 50
MHz. This includes simulations of power requirements,
attenuation losses, layer resolutions for scenarios with
and without the presence of a liquid ocean underneath
the ice, cases of convecting and non-convecting ice, dif-
ferent impurities within the ice, and different surface
roughnesses.

P31C MCC: 2008 Wednesday
1020h

Faulting and Fault-Related Processes
on Planetary Surfaces I (joint with T)

Presiding: D A Ferrill, Southwest

Research Institute; R A Schultz,
University of Nevada, Reno; R T
Pappalardo, University of Colorado,
Boulder

P31C-01 1020h

The Mechanics of Pseudotachylite
Formation in Impacts

H. Jay Melosh (520 621 2806;
jmelosh@lpl.arizona.edu)

Lunar and Planetary Lab, University of Arizona, Tuc-
son, AZ 85721, United States

Geologist James Shand first recognized pseudo-
tachylites near the Vredefort structure in 1916. They
appear to be black, glassy veins that often contain bro-
ken fragments of country rock. The veins range from
millimeters thick to masses many meters in extent.
Since this discovery they have puzzled several genera-
tions of geologists. Pseudotachylites are evidently due
to rapid melting of rock in place and seem to be asso-
ciated with environments, such as faulting, landslides
and impacts, where rock is put into rapid motion. I ex-
amine the basic constraints controlling the formation
of pseudotachylites in the rapidly sheared rocks in the
vicinity of a large meteorite impact. The prevailing
opinion among many geologists is that pseudotachylites
are formed by friction melting of rock. The principal
mystery of pseudotachylite formation is not that fric-
tion can cause melting, but that it seems to form thick
masses of it. Yet such thick masses ought to preclude
melting by reducing the friction between sliding rock
masses. I propose that a solution to this conundrum
is that the melt produced by sliding on narrow shear
zones is extruded into the adjacent country rock, thus
keeping the sliding surfaces narrow while thick masses
of melt accumulate in pockets opened by slip on faults
oriented at large angles to the sliding plane.
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Graben on Mars have often been interpreted to re-
sult from dike intrusion. On Earth field observations,
geodetic data, and numerical models show that dike in-
trusion and normal faulting typically result in graben
subsidence. Topography across the Krafla rift zone in
Iceland has been successfully fit to the combined effects
of subsurface dike inflation plus slip along two inward-
dipping, dike-induced normal faults. Topographic pro-
files of graben in the Tharsis and Elysium regions on
Mars show similar morphometric features. This mor-
phologic similarity suggests a similar process at depth.
Quantitative mechanical models of dike-induced graben
topography on Mars have been elusive. We have now
developed a boundary element model capable of pre-
dicting the topography of graben that have evolved
through the combined processes of dike intrusion and
related normal faulting. By analogy with the Krafla
rift zone example and the previous model results, we
calculate the amount of surface displacement expected
on Earth for a vertical dike with a height of 4.5 km
(dike top depth = 1.5 km, and dike bottom depth = 6.0
km), accompanied by two faults 6.0 km apart dipping
toward the graben center at 55 degrees with a down-
dip length of 6.0 km. The horizontal stress gradient
is equal to the vertical lithostatic gradient (principal
stress ratio = 1.0) for Earth assuming magmatic den-
sity of 2200 kg/m3 and crustal density of 2600 kg/m3,
and the shear modulus is 24 GPa. We find that if grav-
ity is the main factor affecting graben-related topog-
raphy, Martian graben would produce topographic dis-
placements that are 25% less than that of a terrestrial
counterpart. Our models predict approximately 4 m
and 3 m of maximum vertical displacement on Earth
and Mars, respectively. Larger dikes suggested for Mars
could produce uplifts of 10’s of m. This relief is within
the vertical precision of the MOLA data and will pro-
vide a direct test of the volcanic hypothesis of Martian
graben.
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Devana Chasma is a rift system on Venus that
formed due to extensional stresses from the Beta Re-
gio and Phoebe Regio mantle plumes. Devana has of-
ten been compared to the East African Rift system on
Earth. Here, we focus on the portion of Devana in the
lowland plains between Beta and Phoebe, 20 North - 4
South, a distance of 2500 km. Over this region, Devana
is typically 150 to 250 km wide. Recent gravity mod-
eling (Kiefer and Peterson, Geophys. Res. Lett., Jan.
2003) demonstrated that most of this segment of the
rift is presently underlain by hot, low density mantle
material. The rift has a 600 km lateral offset near 8

North latitude, where the gravity results show no evi-
dence for hot mantle. This lead Kiefer and Peterson to
propose that Devana is actually two propagating rifts,
one propagating southward from Beta Regio and the
other propagating northward from Phoebe Regio. As a
test of this hypothesis, we have examined the detailed
structural geology of this section of the rift using topo-
graphic profiles and radar imagery from the Magellan
mission. We constructed a series of topographic tran-
sects spaced at approximately 50 km intervals along the
rift and measured the average flank height and the max-
imum rift depth. We measured the total vertical offset
along faulted surfaces and converted this to horizontal
extension assuming a characteristic normal fault dip
of 60 degrees. Plots of these quantities as a function
of distance along the rift reveals several characteris-
tic zones. Average flank height has maximum values
near the edges of Beta Regio (3.5 km) and Phoebe Re-
gio (2.75 km) and decreases rapidly as the rift crosses
the intervening plains. This is consistent with the rift
forming due to thermal anomalies centered at Beta and
Phoebe. The virtual absence of elevated rift flanks in
the offset region near 8 North is consistent with the
absence of hot mantle in this region, as inferred from
the gravity model. The horizontal extension decreases
strongly with increasing distance from Beta Regio (20 -
10 N), whereas the horizontal displacement shows little
trend with distance from Phoebe Regio (4 S - 7 N).
The horizontal extension has a minimum in the off-
set region (8 N), consistent with the observed decrease
in fault density in this region. Both the flank height
and horizontal extension results appear to be consis-
tent with the propagating rift model. The maximum
depth along the rift is typically between -1 and -3 km,
with no strong trend along the rift.

URL: http://www.lpi.usra.edu/science/kiefer/
home.html
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Wrinkle ridges are very abundant on the plains of
Venus, and thus they constitute an important source
of kinematic information. Wrinkle ridges generally are
inferred to be related to thrust or reverse faults. We
can address some of the kinematic issues with a set of
questions: Can the presence of wrinkle ridges be used
to define stratigraphic material units? Can the forma-
tion of wrinkle ridges be used as a rough time line?
Can wrinkle ridges define kinematics by determining
temporal sequences of stress states? Intersection rela-
tionships of wrinkle ridge sets with each other and with
other structures, and the ages of wrinkle ridge sets rel-
ative to the impact crater population provide the data
needed. The area studied includes the 20 quadrangles
bounded by 60 west and 90 east longitude, 50 north
and south latitude, slightly less than one-third of the
total surface area of Venus, and it includes 314 im-
pact craters, slightly less than one-third of the total
global population. Throughout most of the area stud-
ied wrinkle ridges occur as 2 or more sets with differ-
ent orientations. Wrinkle ridges can be used to define
a stratigraphic material unit only if it can be shown
that wrinkle ridge formation was coeval with the pro-
cesses forming the material unit. Relationships with
older fracture fabrics and with the impact crater pop-
ulation effectively rule out formation of wrinkle ridges
coeval with material emplacement. In the area stud-
ied, east-west trending wrinkle ridges appear to be the
oldest set, and these probably formed quickly enough
to define a regional time line. If one can unequivo-
cally determine the relative ages of wrinkle ridge sets,
the temporal sequence of stress states in the plains can
be determined. Commonly, the earliest structures to
form after plains emplacement are radar-bright linea-
ments inferred to be fractures or small faults. East-
west wrinkle ridges formed after these lineaments, and
after formation of a small but significant fraction of
the impact crater population. A larger fraction of the
impact crater population formed before wrinkle ridges
with other orientations, and these commonly terminate
at intersections with east-west wrinkle ridges. Thus at
least a regional scale north-south contraction of plains
materials was followed by rotation of the maximum con-
traction direction into various other directions, depend-
ing on locality.
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