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Abstract

Hypervelocity meteor impacts create circular orlayraters and fracture the subsurface. This
fracturing has been associated with geothermaluress, metallic ore deposits, and even oil and gas
fields. These practical targets give the studyneteor impacts importance aside from the severaé mo
basic scientific reasons for impact crater researfim examination of the worldwide distribution of
known impact crater locations shows that very featers appear on or near the magnetic equator.
Although this could be mere chance, it is possibl some low latitude impact craters are buried or
hidden by heavy vegetation and are overlooked Isecdheir magnetic anomalies do not appear
particularly ring-like. Magnetic anomalies frompacts are variable, but three main categories captu
the majority: (1) simple ring anomalies createdtbhg uplifted rim of the crater, (2) complex crater
anomalies consisting of an outer ring and a ceatemaly, and (3) a simple crater filled with non-
magnetic debris in modestly magnetic bedrock. dd Imagnetic latitudes, each of these types can
produce induced magnetic anomalies with sufficreagnitudes for detection by aeromagnetic surveys,
but which are not decidedly ring-like in appearantew latitude rings usually show sizeable anossali
only at their north, south, east, and west extiesiit The east and west anomalies may not be large
enough spatially to detect with wide line spaciogf, the north and south anomalies are usuallyapati
broad. Most of the remainder of the ring is of lslow magnitude as to be almost undetectable.
Complex craters produce sizeable magnetic lowkerncenter. Craters filled with non-magnetic debris
may produce detectable magnetic highs. The alidifgredict what types of anomalies may be formed
by low magnetic latitude impact craters may be wisief identifying these structures in areas such as
West Africa or Brazil, where dense vegetation ambrpaccess make detailed initial inspection
problematic.

Introduction

Although there is no good reason to believe thangi Earth has received markedly fewer
meteor impacts than other inner Solar System pdaoetmoons, we know of only about 175 meteor
impact craters on the Earth’s surface. The digtidm of these craters is shown in Figure 1. The
distribution of known impact craters follows a @us pattern. Rather than the distribution beingnev
over the Earth’s land surface, most of the knowatess are found in either Europe or North America,
with several more found in the Sahara Desert anstrAlia. From this distribution, it appears tHae t
density of craters is greatest in populated Westetmtries where the density of scientists is &igh,
or in arid areas where craters are somewhat gadied.

Of the areas without many known impact cratersei&bstands out, as does Amazonia, and sub-
Saharan Africa. The identification of impact craten these areas is hindered by problems withsz¢ce
and by dense vegetation. However, there is anathrez with few or no known impact craters which is
not so readily identifiable, but can be seen iruFég2. The region around the Earth’s magnetic iqua
is effectively devoid of known impact craters. 3hs no doubt in part because of the previously
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mentioned issues of access and vegetation. Howkseggest another factor may come into play; that
is, the magnetic anomalies of craters in the Mgimf the magnetic equator do not appear to be
especially ring-like, as so many appear in northatitudes. Could it be that we are overlookingauat
craters at low magnetic latitudes because their llmtude magnetic signatures are so different from
what we expect at high latitudes?

In this expanded abstract, | examine some of tiferdnt ways impact craters cause magnetic
anomalies, and model what these anomalies migktlik® at magnetic equatorial latitudes.
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Figure2. Magnetic equator overlain on locations of known impact cratersshown in Figure 1.
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How Meteor s Cause M agnetic Anomalies

When large bolides travelling through space intetrdee Earth, their speed is hardly affected,
and they crash into the Earth at speeds of tekBavheters per second. These impacts are termed
“hypervelocity” impacts, and they often leave owatircular features that are manifested by chairges
topography, by circular lakes, and by subsurfa@ngbs that can be detected by geophysical methods.
Changes in seismic velocity and rock density makensic reflection and gravimetry useful methods for
studying impact craters, but these methods are aftest used when there is already a strong suspicio
of the existence of a crater. In contrast, aeroraig data has been collected over large swaths of
almost every continent for various reasons, ansktliiata can be accessed and examined for the
magnetic anomalies that could indicate impact csate

The magnetic anomaly of impact structures may lneptex. There are four basic processes that
produce magnetic anomalies in and around impacttsires:

» the formation and deposition of magnetized impacks;

» the displacement of magnetized rocks in the impeatering process;

» the decomposition of existent rock magnetizatiorsiyck; or

» the formation of new magnetic phases in rocks.

Hypervelocity impact craters come in a wide varigftgizes, but most of them have a somewhat
circular shape. Craters can be classed as eithplesor complex, as illustrated in Figure 3. Sienp
craters are circular features having the centrelggogouged out. The edge of the crater may be
upturned, and debris may be scattered some diskayoand the crater. Rarely does a significant
amount of the impacting bolide survive intact. Mitldle to high magnetic latitudes, simple crateesym
form ring-like magnetic anomalies simply becauseupturned rim is closer to the magnetometer in an
aeromagnetic survey. In other instances, sim@lers appear because they disturb the magneterpatt
in the surrounding bedrock by their absence of reagmaterial. Figure 4 shows this type of simple
crater in magnetic data from northeast South Qaad[Talwani et al, 2003).

Complex craters are formed when the impact ismmgtthat it produces wave-like undulations in
the bedrock. Complex craters usually have anteplitone in the center and may have one or more
rings. The Yallalie structure in the Perth Badiestern Australia, shown in Figure 5, is an exemp
of a buried complex crater with an easily discdmibhagnetic signature showing the central uplitt an
multiple rings.
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Figure 3. Cross-sections of ssimple and complex impact craters. (Image extracted from web site
http://cr ater s.gsfc.nasa.gov/assests/image/cr ater structur e.gif)
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Figure 4. Magnetic anomaly formed by the absence of magnetic material in a buried crater in a
mar shy area in northeast South Carolina (extracted from Talwani et al, 2003).
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Figure5. The aeromagnetic anomaly of the Yallalie structurein West Australia clearly shows the
main elements of a complex crater. The dotted circle has a diameter of 15 km. (Extracted from
Hawke, 2003)

Magnetic Anomalies of Impact Cratersat Low Latitudes

To get an idea of the magnitudes and types of ahesnproduced by low magnetic latitude
impacts, | computed the induced magnetic anomdtias might be produced by simple and complex
craters in a gneissic bedrock having a magneticemiibility of 0.004 Sl units. For the high latke
case, | used a magnetic field intensity of 46820 aTmagnetic inclination of 60 degrees, and a
declination of O degrees. For low magnetic lagsidl used a magnetic field intensity of 33000 aT,
magnetic inclination of 5 degrees, and a declimatibO degrees. | modeled an aeromagnetic survey i
which the magnetometer altitude was 30 m abovergrdevel, the line spacing was 100m, and the lines
were surveyed north-south. To get an order of miag@ estimate of what anomaly might be expected
from a volcanic or sedimentary setting, one cantipiyl or divide the gneissic response by 10,
accordingly.

The induced magnetic anomalies produced by a sienalier are shown in Figure 6. For the
model, the ring is 200m high and 1000m wide (oweéius-inner radius), and 10 km in diameter. & ha
the same susceptibility as the gneissic bedro€lO#SI). For the high latitude model, the ringistare
is clearly delineated as a circular magnetic high.magnetic S-N profile through the center of the
anomaly produces two 95 nT peak-to-peak magnetimahes over the edge of the rings (Figure 7, left
panel). The low latitude anomaly is very differemtharacter. It has broad negative anomalies e
north and south portions of the ring, and the aast west extremes produce locally small but high
magnitude dipolar E-W anomalies. However, becaisheir small size, these latter could be easily
missed in a survey with a wider line spacing. Tdmainder of the ring produces such small magnitude
anomalies as to be undetectable in a reasonabjyngabackground. The north and south magnetic
lows are the most reliable feature to indicate ghesence of the ring, and as shown in Figure hi(rig
panel), the anomaly magnitudes, though only abalitthe peak-to-peak magnitude of the high latitude
model, are still easily detectable.

For a complex crater, | modeled a single ring wiith same parameters as | used for the simple
ring, but also included a central magnetic zonehe Eentral block is 600m thick and has lateral
dimensions 3km x 3km. Figure 8 shows the high lamd latitude magnetic responses for the same
survey parameters as were used in the simple eraddel. The anomaly produced by the high latitude
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model appears very familiar to most of us, butltwve latitude model is trickier to interpret, andght
go unrecognized as a complex ring-structure. Emral dome in both models produces the maximum
peak-to-peak anomaly. For the high latitude madel160 nT and for the low latitude model it isoat
60 nT. The south-to-north profile of the low latie anomaly is shown in Figure 9. Note that the
central dome anomaly is largely negative over el with positive anomalies at the north and south
outside edges of the dome.

The final example | show is the low latitude anomptoduced by a crater hole in gneissic
bedrock with magnetic susceptibility of 0.004 $i.this instance there is no uplifted rim, simpl@km
x 3km hole filled with non-magnetic debris. Figu@ shows the anomaly produced by the hole in plan
view (left panel) and in south-to-north profilegint panel). The anomaly produced is positive, \&ith
magnitude of more than 50 nT. Although this mighpear normal to, say, a Brazilian or an Ethopian
geophysicist, it may seem counterintuitive to songewith little experience in low latitude magnetics
that a non-magnetic hole can produce a strongipesihomaly.
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Figure 6. Magnetic anomalies produced by the magnetized ring of a ssmple impact crater at high
magnetic latitudes (left) and low magnetic latitudes (right).
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Figure 7. South-to-north profiles through the centers of the magnetic anomalies shown in Figure
6.
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Figure 8. Magnetic anomalies produced by the magnetized ring and central uplift of a complex
impact crater at high magnetic latitudes (Ieft) and low magnetic latitudes (right).
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Figure9. South-to-north profile of the magnetic anomaly produced by the complex impact crater
at low magnetic latitudes.

DISCUSSION AND CONCLUSIONS

The dearth of impact craters in the vicinity of tBarth’s magnetic equator might simply be a
matter of chance. However, many of the countriesugh which the magnetic equator passes are
heavily vegetated (e.g. Brazil) and/or has poorastfucture development (e.g., Somalia). Bothehes
factors make discovery of impact craters more diffi Geophysics can help in the effort to disecove
buried or obscured craters, and airborne magnate id particular can be useful, so long as onavkno
what kind of anomalies to look for. At low magmetatitudes, north-south trending structures may
produce only very small induced magnetic anomaltbs; largest anomalies come from east-west
boundaries. In searching magnetic databasesviolaiitude simple ring-line impact craters, oneddo
look for modest negatives coincident with the ramgthe north and south sides. Complex craters may
also have a strong negative anomaly associated twéhcentral uplift. Simple craters formed in
modestly magnetic bedrock may be filled with nongmetic debris, and at low magnetic latitudes, these
may produce a positive magnetic anomaly.

As some commonly used reduce-to-pole transformd terbe unstable in the presence of noise
at very low magnetic latitudes, | believe the ipteter needs to develop an intuition as to what
equatorial anomalies look like “in the raw.”

I have intentionally not considered the effectsr@ihanent magnetization in this study, even
though it may be fairly common. Remanence addegred of complexity that | feel is unwarranted
until a clear understanding of the induced anoradles been achieved.
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Figure 10. Anomaly produced by a low latitude crater hole filled with non-magnetic material in a
dlightly magnetic host rock. Top panel: Plan view of the anomaly. Bottom panel: South-to-north
profile of the low latitude magnetic anomaly produced by the non-magnetic crater.
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