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Introduction: Global data sets returned by the 
Mars Global Surveyor (MGS), Mars Odyssey, and 
Mars Express spacecraft and recent analyses of 
Martian meteorites suggest that most of the major 
geological events of Martian history occurred within 
the first billion years of solar system formation.  This 
period was a time of heavy impact bombardment of 
the inner solar system, a process that strongly 
overprinted much of the Martian geological record 
from that time.  Geophysical signatures nonetheless 
remain from that period in the Martian crust, and 
several geochemical tracers of early events are found 
in Martian meteorites.  Collectively, these 
observations provide insight into the earliest era in 
Martian history when the conditions favoring life 
were best satisfied. 

Planetary formation and differentiation.  The 
presence of  182W in Martian meteorites indicates that 
the Martian core formed within the first 10-15 My of 
the formation time of the oldest solar system objects 
[1].  Core-mantle differentiation would have warmed 
the average interior temperature by up to 300°C [2], 
with superheating of the core and widespread melt 
production in the mantle as possible outcomes.  The 
correlation of excess  142Nd [3] with excess 182W [1] 
and the combined 142Nd-92Zr [4] systematics support 
the formation of distinct crust and mantle reservoirs 
within 50-100 My of solar system condensation and 
little or no remixing subsequently.  This earliest 
crustal material remains part of the present crust in 
the absence of significant subsequent crustal 
recycling [e.g., 5].  

The Early Crust.  The topographic identification 
of numerous partially buried impact basins suggests 
that much of the present Martian crust had formed by 
the early Noachian [6].  In particular, there cannot 
have been subsequent large-scale crustal recycling 
[5], and thermal history models [e.g., 7] are strongly 
constrained by limits to additions to at least the upper 
crust after the early Noachian.  Large impacts were 

important during the Noachian in redistributing 
crustal material [8].  Gravity/topography admittance 
values for the southern highlands indicate that the 
elastic lithosphere of the early to middle Noachian 
included at most only the upper crust [9]. There is a 
crustal thickness dichotomy on Mars [10].  In the 
southern crustal province, crustal thickness tends to 
thin progressively northward, a consequence of a 
south-to-north topographic slope.  In the northern 
crustal province, crustal thickness is approximately 
uniform.  The boundary between provinces can be 
smoothly varying to step-like in character.  Generally 
thicker crust in the southern province may have 
arisen from heterogeneous magma ocean evolution 
[11], early mantle dynamics and melt generation [12], 
or impact excavation and transport [13].  
Distinguishing among these ideas is possible, if 
challenging, in that some mechanisms predict north-
south differences in crustal chemistry or early heat 
flux.  On the basis of gravity/topography admittances, 
the lower crust in the early to middle Noachian was 
likely ductile [9].  The earliest crustal thickness 
heterogeneities would therefore drive channel flow of 
the lower crust, a process that would favor retention 
of longest-wavelength crustal thickness variations 
[14].  In particular, such flow, if arrested by 
subsequent crustal cooling, could leave the 
pronounced pole-to-pole variations in crustal 
thickness and topography presently observed [10]. 
Magnetic field.  Two scenarios have been put 
forward for the timing of the core dynamo implied by 
magnetization of the Martian crust [15].  In the first, 
the dynamo was active in the early to middle 
Noachian and ceased prior to or near the end of 
heavy bombardment [15].  In the second, dynamo 
onset postdated the youngest impact basins [16].  
Arguments favoring an early Noachian dynamo 
include the pronounced concentration of regions of 
high magnetization in the ancient southern uplands 
[15], a lack of correlation of magnetic anomalies with 
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late Noachian or younger volcanic units or impact 
structures, and the observed magnetization of 
carbonates at least 3.9 Gy old in Martian meteorite 
ALH84001 [17].  A postulated link between the end 
of crustal recycling [5] and the cessation of the 
dynamo [18] is tenable only if both events occurred 
in the early Noachian. While neither the strength nor 
spatial scale of magnetic anomalies correlate strongly 
with other geophysical observations, the maximum 
anomaly magnitude increases with crustal thickness.  
One interpretation is that magnetization was acquired 
very early, during cooling of an early crust, and 
subsequently was heterogeneously removed by 
thermal or chemical processes. Alternatively, if the 
dynamo postdated the formation of large-scale crustal 
structure, regions of thicker crust may have been 
cooler than regions of thinner crust, contributing to 
their preservation and permitting a greater vertical 
extent of later magnetization of intrusive bodies or 
chemical remanence.  The sparse magnetic anomalies 
of modest amplitude in the northern plains might be 
the result of the northern crustal province postdating 
the dynamo, a predominance of anomalies having 
wavelengths < 200 km, reheating by volcanism and 
intrusion, burial by sediments and postdynamo lavas, 
or hydrothermal alteration.  The fourth explanation is 
only a partial contributor, the third can be discounted 
if volcanism occurred primarily in thin flows, and the 
second is testable with future lowaltitude or surface 
magnetic observations.  

Tharsis.  The Tharsis province was the site of 
voluminous magmatism and concentrated 
deformation by the middle Noachian [19, 20].  It is 
likely that Tharsis originated after the establishment 
of the crustal thickness dichotomy and S-to-N slope, 
on the basis of observed patterns of crustal thickness 
and magnetization and the location of the center of 
Tharsis near the dichotomy boundary.  Geological 
observations at Syria Planum and Thaumasia [e.g., 
21] and evidence from admittances for widespread 
crustal underplating [9] are consistent with the 
interaction of an early Noachian plume with the 
Martian lithosphere.  Stress modeling supports the 
inference that the lithospheric load of Noachian 
Tharsis was of a size and scale similar to those at 
present [22].  Late Noachian valley networks formed 
after the S-to-N slope was established and after much 
of Tharsis magmatism had occurred [20].  

Water.  Abundant evidence for pervasive water-
surface interactions on Mars during the Noachian 
includes large areas displaying extensive erosion 
[e.g., 23] and widespread Noachian resurfacing of the 
northern hemisphere inferred from the superposition 
of younger impact basins on Utopia basin fill [6].  

The atmospheric D/H ratio indicates that Mars has 
lost perhaps two thirds of its water inventory over 
solar system history [24].  Early climate was strongly 
influenced by early atmospheric loss via impact 
ejection, solar wind sputtering, and formation of 
carbonates, but the relative importance and timing of 
these mechanisms and even the differences in climate 
between the Noachian and later periods are not 
known [25].  Recent upward revisions in the probable 
water content of Martian magmas [26] suggest that 
early to middle Noachian construction of Tharsis 
released substantial quantities of magmatic volatiles 
to the atmosphere, with possible influences on 
climate [20].  Deep hydrothermal circulation of water 
in the Martian crust likely accelerated crustal cooling 
and the preservation of crustal thickness variations.  
Such circulation would also have chemically altered 
the carriers of crustal magnetization, likely rendering 
any residual crustal magnetization beneath the lowest 
areas of major drainage basins undetectable from 
orbit, which if this occurred, could be consistent with 
the persistence of a dynamo for as long as one billion 
years. [27].  
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