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Introduction:  The current successes of and 
immediate future prospects for spacecraft science 
instruments afford exceptional opportunities to assess 
our global view of the long-term geological and 
hydrological evolution of Mars.  Is it possible to 
present a self-consistent, physically coherent 
conceptual model that integrates all new discoveries, 
particularly those most anomalous in regard to the 
currently prevailing paradigms?  Our attempt to do 
this combines earlier concepts of episodic, short-term 
hydro-climatic changes (MEGAOUTFLO - Mars 
Episodic Glacial Atmospheric Oceanic Upwelling by 
Thermo-tectonic FLood Outbursts) with global 
geophysical and geological syntheses (GEOMARS - 
Geological Evolution Of Mars and Related 
Syntheses).  An important purpose of this exercise is 
to stimulate discussion of key issues that will guide 
ongoing analyses of the new data.  The latter will 
lead to the regenerative successors that will surely 
replace these less-than-perfect tentative theories. 

Anomalies in Need of Explanation: Perhaps 
most surprising are the linear anomalies of remnant 
crustal magnetization of unusually high intensity in 
portions of the southern highlands [1].  The relevant 
active magnetic field probably operated prior to 3.9 
Ga [2].  Other important anomalous discoveries 
include the following: 

Crustal dichotomy: Mars has a global bimodal 
hypsometry with discrete highlands in the south and 
low-lying plains in the north.  The latter seem to be 
underlain by relatively thin crust (~30 km), while the 
highlands are associated with much thicker crust (~60 
km), a dichotomy analogous to that of Earth, but 
currently explained differently [3]. 

Andesites:  TES results [4] show that the southern 
highlands are surface type 1 (ST1), interpreted as 
basalt, while the northern lowlands are surface type 2 
(ST2), interpreted as either andesite or altered basalt.  
The data are consistently explained as both ST1 and 
ST2 indicating igneous rocks that formed in a 
hydrous fractional crystallization series typical of 
terrestrial subduction zone settings [5].  In contrast, 
the SNC basalt compositions are consistent with dry 
fractional crystallization, and probably represent 
relatively young surficial lavas derived from upper 
mantle sources that are depleted in volatiles. 

 Layered upper crust: The Martian crust is 
extensively layered to the depth of several kilometers 
[6,7], possibly indicating an early history of extensive 

fluvial denudation [8] and/or volcanic activity 
contemporaneous with heavy bombardment cratering. 

Tharsis history: Volcanism and tectonism became 
concentrated at Tharsis and Elysium, episodically 
operating through most of Martian history, extending 
from the later Noachian to the present [9]. 

Hematite: Areas of gray crystalline hematite 
mineralization probably indicate an ancient phase of 
aqueous activity [10]. 

Carbonates: The ‘carbonate conundrum’ holds 
that the very weak TES spectral signatures [11] imply 
(a) minimal amounts of carbonate on Mars, and (b) a 
lack of long-term aqueous activity (weathering).      

Olivine: Extensive outcroppings of unaltered 
basalt and (surprisingly) olivine imply very little 
aqueous weathering over the geological history of 
Mars [12]. (Both the carbonate and olivine 
interpretations rely upon questionable presumptions.) 

Persistent, ancient-to-young, water-related 
activity: Water-related activity on Mars has persisted 
to the present day, with extensive evidence of very 
recent hillslope gullies [13], glaciers [14], and 
outlflow channels [15, 16], and other phenomena. 

MEGAOUTFLO: This model [17] holds that 
Mars experiences long periods in which the 
atmosphere is extremely cold and dry.  Nearly all its 
lithospheric water is trapped as ground ice and 
underlying ground water.  This generally stable 
climatic state is punctuated by relatively short-
duration (104 to 105 years) episodes of quasi-stable, 
warmer/wetter intervals, one of which occurred in 
very recent geological time (last 106 to 107 years).  
All major warm/wet episodes seem to have been 
associated with outflow channel activity and 
extensive volcanism [18].  The outbursts of water on 
to the planet’s surface resulted in extensive ponding 
on the northern plains [19, 20].  During the great 
Hesperian outbursts, this process resulted in the 
emplacement of the Vastitas Borealis Formation, as 
sediment-charged flood flows created hyperpycnal 
conditions upon entering the temporary mega-lake 
(Oceanus Borealis) that occupied the northern plains.  
Smaller lakes occupied the northern plains during 
Amazonian time. 

GEOMARS:  If Mars initially accreted from 
water-rich planetesimals [21], then very rapidly 
differentiated to a liquid metallic core and solid 
mantle [22], it would have rapidly generated a steam 
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atmosphere, rich in CO2 and H2O [23].  At the 
interface between the intense greenhouse atmosphere 
and the hot planetary interior, the surface of an early 
magma ocean would rapidly develop a solid crust.  
This crust would accumulate a global ocean of water 
condensed from the steam atmosphere, and it would 
also initiate the subduction of proto-lithosphere.  The 
resulting temporary, very ancient phase of plate 
tectonics (PT) [24] had the following characteristics: 
(a) PT was a natural consequence of the progressive 
decline in heat flow [25] and the evolution of the core 
[26]. (b) It occurred during the early part of the 
extremely intense heavy bombardment, not in later 
Martian history, as proposed by Sleep [27]. (c) It was 
associated with a remarkably intense core dynamo 
and consequent magnetosphere, leading to intensely 
magnetized oceanic plateaus that accreted to proto-
continental terrains now in evidence as the linear 
anomalies of remnant magnetism in the Martian 
southern highlands [28]. (d) It conveyed, via 
subduction, water, carbon dioxide, and sulfates to the 
core-mantle boundary zone, thereby depleting the 
reservoir of these materials from the surface to the 
upper mantle. (e) Its whole-mantle subduction 
processes cooled the evolving core, thereby 
terminating the dynamo during the heavy 
bombardment, prior to 4.0 Ga. (f) After at most a few 
108 years, PT ended with focused  subduction, 
perhaps localized by late bombardment mega-impact 
structures, and also generating the observed planetary 
dichotomy.  The focused subduction led to the 
Tharsis superplume, with its massive late Noachian 
volcanism [29], with magmas derived from the 
hydrated zone of the lower mantle, in analogous 
manner to Earth-like superplumes [30].  Episodic and 
long-term activity (decreasing in magnitude to the 
present day) are readily explained as direct 
consequences of the above scenario. 

       Volatile-rich magmas [31] that emerged 
during post-PT, post-heavy-bombardment Martian 
history were probably derived from the deep-mantle 
reservoir that had been charged by very early 
subduction processes.  In later Mars history, water 
delivered to the surface by volcanism eventually 
concentrated as ground ice and ground water in the 
near-surface crust, where it is still present [32].  This 
water was episodically returned to the surface by 
outflow channel activity and valleys [18], as outlined 
in the MEGAOUTFLO theory.  The various channels 
are cut into the deeper silicic crust of the highlands, 
which was partly derived from ancient PT- 
accretionary processes [28].  The silicic sediments 
were delivered to the northern plains, while the 
highlands and Tharsis became mantled by relatively 

young, volatile-poor basalts, derived from the more 
depleted upper mantle.  The Martian surface has 
remained essentially cold and dry since at least the 
late Noachian, but its very recent water-related 
episode and past episodes reflect short-term 
excursions that can be explained as natural 
consequences of the ancient legacy of a very early 
aqueous history and associated plate tectonics. 

Conclusion: A general theory, comprised of the 
MEGAOUTFLO and GEOMARS models, tentatively 
explains various anomalies in the geo-hydrological 
history of Mars.  Because of the important 
implications of these tentative theories for critical 
Mars questions, including the distribution of water 
and the origin of life, they should be thoroughly 
evaluated in the light of new mission data. 
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