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MEVTV WORKSHOP ON THARSIS
--Roger Phillips
The Tharsis province of Mars, by virtue of its large
scale and its complex and extended volcanic history, is a
focal point for discussions of martian geological evolution.
Approximately 8000 km in diameter and occupying an
area equal to 25% of the surface area of Mars, the Tharsis
region is marked by a broad topographic rise standing as
much as 10 km above the surrounding terrain. Associated
with the Tharsis province is a substantial free-air gravity
anomaly. Swarms of extensional features and grabens
extend outward from Tharsis in a crudely radial array.
There are also compressional and extensional features in
the very oldest Tharsis terrain that are approximately
circumferential to Tharsis. The crest and flanks of the
Tharsis topographic rise consist generally of volcanic
plains, capped by a number of volcanic shields and other
constructs. The ages of faulting and volcanism in the
Tharsis region range from Early Noachian time to lava
flows so young that they have no discernible impact
craters on their surfaces. The Tharsis province represents
a major episode of partial melting of the martian mantle
following fractionation of a primary crust.
In 1977, 1978, and 1979 workshops were held in
Vail, Pasadena, and Providence, respectively, to discuss
models for the origin and evolution of Tharsis. These
workshops led to a plethora of papers and laid the foundations for our current ideas about Tharsis.

Even though a decade has passed since the original
Tharsis workshops, significant recent progress has been
achieved. This progress results from the gradual digestion of the wealth of spacecraft and Earth-based
observations received over the past two decades. Particularly important are the Viking-based geologic map of the
western equatorial region of Mars, detailed planetwide
stratigraphy, and tectonic histories of local provinces in
the Tharsis region. Geophysical modeling has benefited
from improved global gravity models and better estimates of global topography. The modeling has become
more sophisticated in its ability to predict stress type,
magnitude, and direction. Additionally, petrological information has been introduced into the geophysical
modeling as an additional constraint.
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The 1989 Tharsis workshop, held in Estes Park,
Colorado, October 4th through 6th, was therefore both
timely and appropriate. Attendance was limited to those
who have actively participated in Tharsis research. Sixteen
scientists met around a table in an informal setting that
allowed a free and spontaneous exchange of thoughts and
concepts. The setting at the foot of Longs Peak, with the
aspens near the climax of their fall color, provided an
ideal setting for creative thinking.
The workshop discussions were divided into several
themes. Each theme had a discussion leader, who
presented a summary of current thinking in the particular subject or discipline. The presentations were freely
interrupted by questions from the enthusiastic participants, and a wide-ranging discussion followed each
presentation.

Recent convection modeling has
shown that a nearly pathological
model of core size and core concentration of heat-producing
elements is required to generate
only a few plumes (e.g., Tharsis,
Elysium) ...
Two levels ofTharsis models were considered at the
workshop. The most fundamental model, and the most
difficult to test, is concerned with the origin of Tharsis. Is
Tharsis directly associated with mantle plumes? Recent
convection modeling has shown that a nearly pathological model of core size and core concentration of heatproducing elements is required to generate only a few
plumes (e.g., Tharsis, Elysium), although it is possible to
obtain clustering of plumes with more reasonable models. Could Tharsis be the result of a primordial inhomogeneity in the mantle? What about the effect of a giant
impact? Because of the great duration ofTharsis activity,
the impact might be called upon to simply fracture the
lithosphere at a time when the upper mantle is highly susceptible to partial melting. Subsequently, volcanism would
be maintained by a passive mechanism analogous to the
passive model for the evolution of terrestrial rift zones. A
novel suggestion made at the workshop was that Tharsis
was the result of subduction to the northwest of and
approximately parallel to a line joining Ascraeus Mons,
Pavonis Mons, and Arsia Mons, with the Early Noachian
faults and grabens mapped in Claritas Fossae providing
evidence for back-arc extension.

The second type of model is associated more with
evolution and, ignoring the genesis question, consists of
generating density models of the interior that are in
mechanical equilibrium (e.g., isostatic, flexural) and
produce stresses near the surface that are in agreement
(type, magnitude, direction) with mapped tectonic fea-

... evolutionary models of
Tharsis might be possible if the
age relationships of stresscorrelated tectonic features can
be worked out.
tures. With the caveat that one can only deal with the
current boundary conditions of topography and gravity,
evolutionary models of Tharsis might be possible if the
age relationships of stress-correlated tectonic features
can be worked out. At the workshop it was concluded
that the geophysical models presently do not have sufficient resolutic,n and accuracy to carry out these kinds of
studies. Tectonic features can be found that match the
predictions of three types of stress models: flexural uplift, isostatic, and flexural loading. While it appears that
flexural uplift may be the earliest of these three processes
in Tharsis, the order of the other two mechanisms is not
clear. It was argued that the observation that some uplift
has taken place at Tharsis requires that most of the
magmas generated beneath Tharsis ended up as intrusive
bodies.
The workshop was treated to an excellent review of
the tectonic historyofTharsis. Recent geologic mapping

Was volcanism an outstanding
feature of Tharsis during the
intense period of tectonism? The
answer seems to be no ...
and focused fault-history studies ofvolcanotectonic provinces have yielded more precise and detailed age data for
fault sequences in the structurally complex Tharsis region. Detailed fault histories have been worked out for
the following provinces: Syria Planum,Tempe Terra/
Ulysses Patera, Alba Patera/Ceraunius Fossae, and Valles
Marineris. Our present knowledge of the tectonic history of the Tharsis area shows that this region is a composite of central (Tharsis Montes and Syria Plan um) and
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Stress prediction in the Valles Marineris regi.on from Tharsis flexural loading model:
Stresses are extensional and approximately orthogonal to Vallis Marineris. Stress magnitude is contoured in kilobars.
peripheral volcanotectonic provinces, which were associated with local to regional stress fields. The separation
of regional and local stress fields, as inferred from mapped
tectonic features, is an important step in assessing the
predictive capabilities of regional geophysical models.
Was volcanism an outstanding feature of Tharsis
during the intense period of tectonism? The answer
seems to be no, and this had generally not been appreciated by most of the workshop attendees. Although much
of the Tharsis rise and associated tectonic features had
been developed by the Hesperian period, Tharsis began
to account for about half the planet's volcanic production
during the Late Hesperian and continued to do so
during the Amazonian. Prior to Late Hesperian, it is
speculated that igneous activity may have resulted in
intrusions that contributed to the rise.
The origin of Valles Marineris was also reviewed at
the meeting. It is generally agreed that Valles Marineris
is related to the evolution of Tharsis, but the exact relationship is not obvious. Overall, the Valles Marineris
troughs show a clear influence byTharsis circumferential
extensional stresses that predisposed trough location
and may have contributed to their formation. Other

mechanisms that may have been responsible for, or contributed to, their formation could include (1) incipient
and aborted tectonic rifting in the terrestrial sense,
(2) collapse along the crest of a bulge, and (3) subsurface
withdrawal of material.
A number of interesting conclusions emerged from
this meeting. Perhaps most important is that some of the
models for the origin and evolution ofTharsis, which predict specific differences in magma composition as a function of geologic age, can possibly be tested by the geochemical remote-sensing instruments on Mars Observer.
It remains to be seen whetheror not lateral differences in
chemical and mineralogical composition are obscured by
a global layer of homogeneous dust. Also, while the geologic mapping of the Tharsis region has reached a high
level of maturity, there are major areas of geophysical
modeling yet to be carried out including time-dependent
thermoelastic modeling of the interior and stress modeling with the majority of loading from the interior. The
resolution and accuracy of the stress models will undergo
considerable improvement from the gravity field ~nd
topography data to be obtained by the Mars Observer
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SPECIAL MEVTV
SESSIONS AT LPSC
--Sean C. Solomon, Chairman
MEVIV Steering Committee
The MEVfV project is in its third and final year. The
principal objective of the project has been to integrate
spacecraft obsetvations, Earth-based remote-sensing data,
and laboratory and theoretical studies to improve our
understanding of the volcanic and tectonic history of
Mars and the relationship between martian volatiles and
volcanic and tectonic processes. Much of the scientific
interaction among project participants to date has been
achieved through a series of small topical workshops.
The last of these special workshops is to be held in San
Diego, California, January 15-17, 1990, and will be devoted to the evolution of magma bodies on Mars. Topics
to be addressed will range from magmatic differentiation
to lava dynamics and from the origin of magmas on Mars
to the structure and eruptive styles of martian volcanoes
(see MEVTV Newsletter No. 6).
To mark the close of the MEVTV project, there will
be a set of dedicated sessions at the 21st Lunar and
Planetary Science Conference this March. Each session
will be anchored by an invited overview talk on one of
the MEVfV themes, and each MEVfV investigator is

. . . each MEVTV investigator is
encouraged to contribute a paper
summarizing his or her research
progress ...
encouraged to contribute a paper summarizing his or her
research progress during the project. At the same time,
the sessions are open to other contributions on the
general topics of martian volcanism, tectonics, and the
influence of volatiles. These special sessions will provide
an opportunity for an integrated discussion of all the
diverse scientific research stimulated by the MEVTV
project and a mechanism for scientific feedback from a
broad segment of the planetary science community.
The MEVTVSteering Committee encourages all interested members of the planetary science comm unity to
participate in these special sessions, either by contributing papers or by entering into the discussion that will

follow. Abstract preparation guidelines are identical to
those for other papers submitted for presentation at the
LPSC; an indication that a paper is for one of the "MEVIV
Sessions" should be made on the Information Form
accompanying the abstract. The deadline for receipt at
the LPI of abstracts for the MEVfV special sessions is
January 17, 1990. Further information is available from
the LPI Program Development Office (713-486-2150).
We look forward to a spirited assessment of our
collective progress toward understanding the volcanic
and tectonic evolution of Mars.

NEWSLETTER
CONTRIBUTIONS
In an effort to keep the Study Group informed about the latest meetings, activities,
and other news relevant to MEVfV's goals
and Mars in general, contributions to the
MEVTV Newsletter are cordially invited.
Contributions should be brief and written in
newsletter style. Submissions may be either
typewritten or transmitted as standard ASCII
text files either over the telephone or by
sending a standard DSDD diskette (along
with a hard copy of the article) to: MEVTV
Newsletter, LPI Publications, 3303 NASA
Road 1, Houston, Texas 77058-4399.
To send contributions via electronic mail,
your modem should be set to either 300 or
1200 baud; to reach the LPI VAX dial 713486-8214 or 486-9782. The username is
"MAILBOX," the password is "LPI" (after
each entry hit RETURN). When the prompt
"$" appears on your screen, type "MAIL."
All contributions should be addressed to
"SHARPTON." When you complete your
message hit CTRL-Z and then type "EXIT''
in response to the prompt ">." When the
symbol "$" returns to your screen, type "LOG"
and then hang up. For electronic mail, any
PC or terminal will theoretically work; however, best compatibility is achieved by using
or emulating a DEC terminal.

.•
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MARS REPRINTS/PREPRINTS
A Mars reprint/preprint announcement service, started during the MECA Study Project, will
be continued as part of the MEVIV Study
Project. Any paper whose scope is encompassed
by the research objectives of the MEVIV Study
Project, and whose authorship includes at least
one member of the Study Group, is a candidate
for inclusion. Preprint and reprint information
should be submitted by the author, and titles will
be added to the list of publications. Requests for
copies should be addressed to the senior author.
Current Holdings: (R) - reprint, (P) - preprint
Burns R. G. (1987) Ferric sulfates on Mars. Proc.
Lunar Planet. Sci. Conf. 17th, in .T. Geophys. Res.,
91, E570-E574. (R)
Burns R. G. (1988) Gossans on Mars. Proc. Lunar
Planet. Sci. Conf.18th, pp. 713-721. (R)
Burns R. G. (1989) Spectral mineralogy of terrestrial planets: Scanning their surfaces remotely.
Mineral Mag., 53, 135-151. (R)
Burns R. G. and Fisher D. S. (1990) Evolution of
sulfide mineralization on Mars . .T. Geophys. Res.,
in press. (P)
Clifford S. M. (1987) Polar basal melting on Mars.
J. Geophys. Res., 92, 9135-9152. (R)
Greeley R. (1987) Release of juvenile water on
Mars: Estimated amounts and timing associated
with volcanism. Science, 236, 1653-1654. (R)

Greeley R. (1987) The role of lava tubes in Hawaiian
volcanoes. In Volcanism in Hawaii, pp.1589-1602.
U.S. Geol. Surv. Prof. Paper 1350. (R)
Greeley R. and Spudis P. D. (1981) Volcanism on
Mars. Rev. Geophys. Space Phys., 19, 13-41. (R)
Mouginis-Mark P. J. (1985) Volcano/ground ice interactions in Elysium Planitia, Mars. Icarus, 64,
265-284. (R)
Mouginis-Mark P. J. (1987) Water or ice in the
martian regolith: Clues from rampart craters seen
at very high resolution. Icarus, 71, 268-286. (R)
Mouginis~Mark P. J., Wilson L., and Zimbelman
J. R. (1988) Polygenic eruptions on Alba Patera,
Mars. Bull. Volcano~ 50, 361-379. (R)
Solomon S. C. and Head J. W. (1990) Heterogeneities in the thickness of the elastic lithosphere of
Mars: Constraints on heat flow and internal dynamics. J. Geophys. Res. (in press). (P)
Theilig E. and Greeley R. (1986) Lava flows on Mars:
Analysis of small surface features and comparisons with terrestrial analogs. Proc. Lunar Planet.
Sci.Conj. 17th, in.T. Geophys. Res., 91, E193-E206.
(R)
Wilson L. and Mouginis-Mark P. J. (1987) Volcanic
input to the atmosphere from Alba Patera on
Mars. Nature, 330, 354-357. (R)

PROCEEDINGS OF THE LPSC
The Proceedings ofthe Twentieth Lunar and Planetary
Science Conference is a volume of papers including origi-

nal research and reviews of current interest in the planetary sciences. This book is intended to incorporate, but is
not limited to, material from the Twentieth Lunar and
Planetary Science Conference held at the NASA Johnson
Space Center in Houston, March 1989.
The 20th Proceedings comprises 50 papers, including
9 papers detailing aspects of Mars geology. Other major
topics include lunar resource evaluation and the geology
of the Moon and Venus. There are also papers on the

geochemistry and petrology of the Moon and achondrites; comets; cosmic dust; solar system geochemistry;
and a section on impact cratering studies.
The Proceedings should be of interest to researchers
and their graduate students in all lunar and planetary
programs, particularly workers in petrology, geochemistry, geophysics, geology, and astronomy.
The 20th Proceedings, which is available exclusively
from the LPI, costs $50.00. For information about ordering, please call the LPI Order Department at 713-4862172.
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MSATT UPDATE
--Ben Schuraytz
Analysis of data gathered by the Viking landers and
orbiters has resulted in a tremendous advance in our
understanding of the makeup and history of Mars. As we
eagerly await new data from future Mars Observer and
Mars Rover Sample Return missions, ongoing research
and analysis of existing data continue to play important
roles in addressing unresolved problems and stimulating
new questions about the martian planet and its evolution.
The new NASA-sponsored LPI study project "Martian Surface and Atmosphere Through Time" (MSATT)
continues the long-range plan of focusing data analysis
and research efforts on various high-priority topics.
Following the general format of its predecessors, Mars:
The Evolution of its Climate and Atmosphere (MECA)
and Evolution of Volcanism, Tectonics, and Volatiles on
Mars (MEVTV), the MSATfstudy program will focus
on Mars' surface and atmosphere and their interactions
over time.
Sixty-nine research proposals were submitted to the
MSATT program for consideration prior to the September 1, 1989 deadline. Following the evaluation of proposals by scientific peer reviews, the MSATT Panel, chaired
by Dr. Bruce Jakosky (University of Colorado) met in
October 1989 to make their recommendations to NASA
Headquarters. The MSATT Working Group,comprising
the principle investigators whose proposals are accepted,
will meet after grant awards have been announced. The
first MSATT Working Group meeting will probably be
held at the time of the 21st Annual Lunar and Planetary
Science Conference in March 1990.
In order to keep the community apprised ofMSATT
activities and to provide a forum for the exchange of
newsworthy information about Mars, the Lunar and
Planetary Institute will publish the MSATT Newsletter.
As LPI Project Scientist for the MSATT program, I will
also serve as editor of the MSATT Newsletter. I welcome
your contributions and suggestions and look forward to
a stimulating program in Mars research.
The procedure for sending contributions for the
MSATT newsletter will be the same as for the MEVTV
newsletter, except "SHARPTON" should be replaced by
"SCHURAYTZ" when submitting electronically.

UPCOMING MEVTV
WORKSHOP:
EVOLUTION OF MAGMA
BODIES
A workshop on the evolution of magma bodies on
Mars will be held in San Diego, California,January 15-17,
1990, aboard the "William D. Evans," at the Bahia
Resort Hotel on Shelter Island.
Mars displays abundant evidence of constructional
and plains volcanism, and it is likely that landforms produced by explosive volcanism and volcano/ground-ice
interactions also exist. The magma bodies that produced
these landforms most likely varied in both space and time
as a consequence of the petrologic, tectonic, and thermal
evolution of Mars. The goal of this workshop is to bring
together experimental petrologists, geochemists, physical volcanologists, and geomorphologists interested in
the evolution of these magma bodies on Mars.
The following themes will be discussed in the context
of the evolution of Mars:
1) Modeling of lava and magma rheologies: The
rheological properties of lava flows based on geomorphology; chemical and physical characteristics of primary
martian melts; rheologic studies of analog martian magmas; morphologic evidence forsilicicvolcanism on Mars.
2) Martian magma chambers: The role of tectonism in the distribution, size, and evolution of martian
magma bodies; inferred internal structure of martian
volcanoes; experimental, and analytical studies of SNC
magmas; implications for the styles of volcanism from
SNC meteorites.
3) Tectonism and geophysics: The relation of
magmatism to global thermal evolution and local structure; tectonic setting and timing of martian volcanism as
inferred from geologic mapping; constraints on the
composition and tectonics on Mars from analysis of the
moment of inertia.
4) Geochemical models for the evolution ofMars:
Primordial differentiation of the crust-mantle system of
Mars; effects of giant impacts on mantle contamination
within early Mars; depth of origin for martian magmas;
CO2 solubility and its implications for degassing ascending magmas; spectroscopic constraints on the evolution
of magma bodies on Mars.
If you have any questions about the workshop, please
call Pam Jones in the Program Development Office at
the Lunar and Planetary Institute at 713-486-2150.
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EVOLUTION OF MAGMA BODIES: PRELIMINARY PROGRAM
Mondaya.m.

Schultz P.H. - Contamination of the Martian Mantle by

Overview of volcanological problems on Mars - P. J.
Mouginis-Mark
Overview of petrology/geochemistry problems on Mars J. Holloway

Jones J. H. - Isotopic Relationships among the Shergot-

Introduction to Posters:

Tuesday a.m.

Aubele J.C. -Preliminary Analysis ofArsia Mons Geology

Thematic Talks.(2)

as Characterized by Phobos 2 Termoskan Instrument
Baloga S. - A Comparison of Theoretical Inferences for
Magmatic Supply on Mars
Burns R. G. - Magmatic Sulfides on Mars
Crumpler L. S. - Cal.deras on Mars: Implications of Style
and History for Subsurface Magmatism
Francis P. - Is Alba Patera an Analogue ofAfrican "Hot
Spot" Volcanoes?
Lopes R. M. C. - Emplacement and Growth ofLava Flow
Fields on Earth and Mars
Lucchitta B. K - What if Deposits in the Valles Marineris
are Volcanic?
Mouginis-Mark P. J. - Basaltic Volcanoes on Earth
Pan V. - CO2 Solubility and its Implications for Degassing
Ascending Magmas
Robinson C. - Water and Evolving Magma Bodies on Mars
Scott D. H. - Tectonic Setting of Martian Volcanoes and
Deep-Seated Intrusives
Wichman R. W. -A Model ofCrustal Subduction by Large
Impacts and the Implications for Subsequent Mantle
Evolution
Mondayp.m.
Thematic Talks (1)
Bertka C. M. - Martian Mantle Primary Melts
THE MEVTV NEWSLETTER is published by
the Lunar and Planetary Institute, 3303 NASA
Road 1, Houston, Texas 77058-4399. The Institute
is operated by the Universities Space Research
Association under grant number NASW-4066
from the National Aeronautics and Space
Administration. This newsletter is distributed free
of charge to those interested. To obtain a copy,

Basin-Forming Impacts

tites, the Nakhlites and Chassigny: Implications for Volcanism on Mars
Barlow N. G. - Relative Ages of Martian Volcanoes

McGovern P. J. - State vf Stress and Eruption Character-

istics of Martian Volcanoes

Zuber M. T. - Constraints on Magma Chamber Depth of

the Olympus Mons Volcano, Mars

Wilson L. - Numerical Modeling of Magma Transport
Longhi J. - Complex Magmatic Processes on Mars
Johnson M. C. -Intensive Parameters ofSNC Petrogenesis
Cro~ D. A - Hadriaca Patera: Evidence for Pyroclastic

Volcanism in the He/las Region of Mars

Tuesday p.m.

Thematic Talks (3)
Spera F. J. - Rheological Properties of Martian Magmas
Crisp J. - Constraints on Eruption Rates and Cooling of

Three Lava Flows at Alba

Wednesday a.m.

Thematic Talks (4)
Stolper E. - Discussion on the Evolution ofMagma Bodies

on Mars, Issues, New Directions and Results

Closing Comments - P. J. Mouginis-Mark
contact the Editor at the LPI at the phone
numbers listed below.
Buck Sharpton, Editor
Publications Services Dept.

713-486-2111
713-486-2143
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