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Introduction: Johnson and Phillips [1] used mag-

netic field observations from Mars Global Surveyor,

the ages of geologic units, and topographic data to

provide constraints on the thermal and magmatic evo-

lution of the Tharsis volcanic province on Mars. They

conclude that Tharsis is underlain by a Noachian crust

that was previously more magnetic than at present.

In this paper we extend this analysis to the ancient

crust in Mars’ southern hemisphere to test for differ-

ences in the distributions of the observed magnetic

field from that predicted by a dipolar magnetic field

model. We examine the portion of crust that has not

been affected by large-scale crustal modification. In

particular, we exclude the Tharsis complex, and the

Hellas, Argyre, and Isidis impact basins because they

have clearly been affected by thermal and magmatic

modification that has occurred since the formation of

the crust. Figure 1 shows the geologic [2], and mag-

netic field [3] maps with the boundaries of the ex-

cluded regions outlined in black.

Figure 1. Geologic (top) [2] and magnetic field [3]

maps (bottom). The black line delineates the southern

hemisphere region analyzed, excluding the Hellas and

Argyre basins.

Methodology: We investigate the distributions of

magnetic field intensities as a function of geological

age, where the latter is assessed via global maps of

surface unit ages [2]. Available global geological maps

have higher spatial resolution (0.125°) compared with

global magnetic field [3, 4] models (2° at best). The

geologic data are grouped into bins of the same size as

the magnetic field data and a modal age is assigned to

the bin. In the analysis shown here we use 1° bins.

Although not shown here, bins of 2° and 3° produce

similar results. We use the radial component of the

magnetic field, since it is least affected by external

fields. The number of magnetic observations, the mean

value, standard deviation, and maximum values are

computed for each bin. The observed distribution of

magnetic field values are compared with the distribu-

tion predicted by a dipolar magnetic field. The pre-

dicted values are analyzed in the same geographical

region as the data. This is done for an array of paleo-

pole positions.

Results: Table 1 summarizes the results of the

analysis for the observations and selected paleopole

positions. Magnetic field values of less than 10 nT

have been excluded. Statistics for cut-offs of 0 and 25

nT have been investigated, but are not shown here.

Table 1 shows that the lowest maximum magnetic field

values occur in the Amazonian crust, and the highest

values occur in both the Noachian and Hesperian

crusts. The highest number of magnetic field observa-

tions occur in Noachian crust, and the lowest in the

Amazonian crust, which is expected since most of the

youngest portions of the crust have been removed from

the analysis. The standard deviation is comparable to

the mean value, but it is an order of magnitude lower

than the maximum value.

Table 1. The number of observations, mean value,

standard deviation, and maximum value for the radial

magnetic field component for 1° bins. The values are

given in the following format: Noa-

chian/Hesperian/Amazonian. The magnetic field model

is given in the far left column.

The histogram and cumulative distribution function

(CDF) for the magnetic field model of Purucker et al.
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[4] are shown in Figure 2 below. Statistics for the

model of Langlais et al. [3] are not shown here, but are

similar.

Figure 2. Histogram (left) and CDF (right) for the

absolute value of the radial component of the magnetic

field from the model of [4] over Amazonian (green),

Hesperian (blue) and Noachian (red) surface units.

Values of Br less than 10 nT are excluded.

The histogram and CDFs for the rotation axis and

equatorial dipolar magnetic field models are given in

Figure 3 below. The statistics for the rotation axis di-

polar magnetic field model do not correspond well

with the observed statistics of Figure 2. The equatorial

dipolar magnetic field model provides a better fit. In

particular, the Amazonian statistics correspond well.

Figure 3. Same as Figure 2, but for rotation axis (top)

and equatorial (bottom) dipolar magnetic field models.

The distribution of the age of geologic units with

latitude is given in Figure 4 below. It shows that most

of the Amazonian units are located near the rotational

pole.

Figure 4. The histogram

for the distribution of the

geologic age of units with

the absolute value of lati-

tude.

Conclusions: The maximum values of the mag-

netic field given in Table 1 for the Noachian and Hes-

perian units are essentially the same. The Amazonian

units have lower magnitude magnetic field values than

that the Noachian and Hesperian units. Possible expla-

nations include signals from underlying Noachian-age

basement (either alone, or via a contribution to secon-

dary magnetization of overlying Amazonian crust);

magnetization by a late, weak field; or a dynamo that

extended beyond the end of the Noachian. The Ama-

zonian statistics for the equatorial dipolar magnetic

field model correspond well to the observed statistics.

Dipolar magnetic field models for other paleopole po-

sitions might yield statistics in better agreement with

the observed statistics of the Noachian and Hesperian

crusts. Future work will systematically investigate an

array of paleopole positions.
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