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offshore carbonate platform resulting from
seismic energy from the Chicxulub impact. This
was followed by the deposition of K/T ejecta
through slower atmospheric transport. The
upper part of the ejecta deposit was later
reworked by the action of impact-related
tsunamis crossing the Gulf of Mexico. Subse-
quent dolomitization and Tertiary tectonics
served to form the seal and trap for migrating
Jurassic hydrocarbons, resulting in an oil field
that produces more than 60% of Mexico’s daily
production and has reserves in excess of the
entire onshore and offshore hydrocarbon
reserves of the United States, including Alaska
(Donofrio 1998). This oil field also accounts for
the bulk of the current US$16 billion gross value
of hydrocarbons produced from North
American impact structures per year.

Other impact structures also produce hydro-
carbons. For example, the 25 km diameter Steen
River structure, Canada, produces oil from two
wells on the northern rim. Oil and gas are
produced from beneath the c. 13 km diameter
Marquez and Sierra Madera structures, USA
(Donofrio 1997, 1998). Newporte, which was
noted earlier (Clement & Mayhew 1979), and
Viewfield, Canada (Sawatsky 1977) also
produce hydrocarbons. These are simple bowl-
shaped craters. Viewfield has approximately 50
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Fig. 20. Thickness of rim facies at Viewfield impact
structure (Table 2). Black dots are hydrocarbon
producing wells. Black dots with crosses are service
or dry wells. Modified from Sawatzky (1977).

wells (Fig. 20) producing some 600 barrels of oil
and 250 million cubic feet of gas per day. The
recoverable reserves associated with Viewfield
are estimated to be 10-20 million barrels of oil
(Donofrio 1997, 1998). More than 500 000
barrels of oil have been produced since 1978
from the Calvin structure, USA, which is most
likely an 8.5 km diameter complex impact struc-
ture (Milstein 1988).

Qil shales are known at Boltysh (25 km, 88 +
3 Ma), Obolon (15km, 215 + 25Ma) and
Rotmistrovka (2.7 km, 140 + 20 Ma) in the
Ukraine (Masaitis et al. 1980; Gurov & Gurova
1991). They represent the unmatured equivalent
of the hydrocarbon reserves at Ames. The most
significant reserves are at Boltysh, where there
are an estimated 4.5 billion tonnes (Bass ef al.
1967). The oil shales are the result of biological
activity involving algae in this isolated basin.

Concluding remarks

The total gross direct worth of natural resources
from impact structures in North America alone
is estimated at in excess of US$18 billion per
year. Given the relatively small number of
known impact structures, as a class of geological
features, impact structures have considerable
overall economic potential. There are areas of
the world where the numbers of known impact
structures are well below those expected from
the known cratering rate, indicating that there
are impact structures yet to be found. For
example, the average cratering rate suggests
that approximately 17 + 8 structures with
diameter of 20 km or more should have been
formed in an area the size of Africa (approxi-
mately 30 X 106 km?) in the last 100 Ma. The
known impact record in Africa indicates no
impact structures of the appropriate size and
age. However, the c. 80 km diameter 145 Ma
Morokweng impact structure in South Africa
has approximately 500 ppm Ni in its impact-
melt rocks. The nickel and other PGEs occur as
Ni-oxides, Ni-sulphides and as high Ni content
in silicates, e.g. 0.2% NiO in orthopyroxene
(Hart et al. 2002; Koeberl & Reimold 2003).
Unlike Sudbury, the metals appear to have
come from the impacting body, which was an
ordinary chondrite (McDonald et al. 2001).
Although high Ni and PGE concentrations have
been found in drill core associated with thin
zones containing highly altered projectile frag-
ments (Hart ez al. 2002), the available evidence
suggests that the impact melt failed to produce
immiscible sulphides and, thus, large concentra-
tions of metals in ore deposits.

The largest impact structures have the
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greatest probability of having significant
economic resources. These are the most energetic
events; they affect the largest volumes of target
rocks, have the largest post-impact hydrothermal
systems and form the largest topographic basins.
It is estimated that ten impact structures in the
size range of Sudbury were formed on the Earth’s
land surface in the last 2 Ga. At present three are
known: Chicxulub, Sudbury and Vredefort.
Chicxulub is buried beneath 1km of post-
impact sediments and is unlikely, therefore, to
have economically viable mineral deposits;
although, it has exerted considerable control
over the local hydrology (Perry et al. 2002) and
resulted in a world-class oil field at Campeche.
Both Sudbury and Vredefort are major mining
camps, with world-class syngenetic and pro-
genetic ore deposits, respectively.

Impact structures do have a general property
that is an advantage in the exploration for
natural resources. They have relatively fixed
morphometric and structural relationships for a
given diameter. Once a structure is known to be
of impact origin, and its diameter established, it
is possible to make considerable predictions as
to the structural and lithological character of the
structure as a whole. This scale-depending
characteristic is generally lacking in most endo-
genic geological structures. The development of
an exploration strategy based on these relation-
ships is most notably illustrated, in hindsight, by
the drilling for hydrocarbons at Ames. Similarly,
one can only speculate how the level of current
knowledge on the origin and evolution of
Sudbury as an impact structure will guide future
mineral exploration there.

For progenetic types of deposits, the central
uplift area and annular trough of complex
impact structures are the most promising
targets. They result in environments where
buried ore deposits are structurally brought
close to the surface or near surface deposits are
down-dropped and protected from erosion.
Syngenetic deposits are less associated with the
physical redistribution of lithologies and struc-
tural changes and more closely associated with
the effects of shock metamorphism through
phase changes. They are, thus, more likely to be
concentrated in and around such lithologies as
impact melt sheets and suevitic breccias.
Secondary syngenetic associations are also to be
expected due to hydrothermal processes in
areas above and below such lithologies. Epi-
genetic deposits are most closely linked with the
crater form itself; generally as an isolated basin
with localized sedimentary and geochemical
activity not present in the area or as a set of
structures controlling the migration of fluids.

The brecciated and fractured rocks of the
central uplift also provide an environment for
the structural repetition of beds and increased
porosity and permeability and are targets for
hydrocarbon exploration.

Reviews of the manuscript by R. Davies, W.U.
Reimold and A. Therriault are appreciated. Geological
Survey of Canada Contribution 2004024.
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