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Abstract

The Jackson Purchase region in extreme western Kentucky is within the northeastern part of the
Mississippi Embayment physiographic region. The Mesozoic and Cenozoic sediments within the region
occur in a shallow structurbbsin (PaducaMemphis Basin) with an axis gently plunging to the seuth
southwest. Unconformably underlying the Mesozoic sediments are Lower and Middle Paleozoic rocks
oriented as a structural arch with an axis plunging to the -mortineast. This structal arch is redefined
as the Pascola Arch. The unusual structural relationship between the Paleozoic rocks and the post
Paleozoic sediments is a form of structural inversion.

The genetic term "aulacogenic structural inversion" is coined for this relaifioinsthe Jackson
Purchase region. Mesozoic aulacogenic development is thought to have formed the Pascola Arch and the
subsequent overlying Padueltemphis Basin. This paper introduces the aulacogenic cycle and its
structural responses. Aulacogenic cyatesy help to explain some of the structural inversions in other
areas around the world. In addition, structural arches, hidden by overlying basins, may hold unrecognized
hydrocarbon resources.

The alternating marine and terrestrial sediments (Mesozoi€andzoic) within the basin were
once regarded as being wholly the result of tectonic activity; however, a eustatic origin for some of these
regressive and transgressive sediments should be considered.

Introduction

Kentucky's Jackson Purchase Region is a part of the Mississippi Embayment physiographic
region of the Gulf Coastal Plain (Fig.. Theextremely low topographic relief and lack of good
exposures of surface sediments mask a very interesting subsurface structural feature. This paper attempts
to describe this structure in terms of an aulacogenic cycle.



Figure 1--The Mississippi Embaymen
physiographicegion. The Jackson
Purchase region, a physiographic
and geographic term used in
Kentucky, is the part of the
embayment that occurs in
Kentucky. Structural contours are
depth to Paleozoic bedrock
(adapted from Cushing and others,
1964; Crone and Brockmah982).
The PaducatMemphis Basin,
identified by the contours, is
outlined by the Mississippi
Embayment.

Basinal Setting

A schematic cross séan, shown in Figure 2, is based on information from a variety of published
cross sections and other data (Schwalb, 1969; Olive, 1972; Kentucky Geological Surveyin1983)
Kentucky the surface sediments and rocks in the Jackson Purchase are LateuGre&tanedern in age.
These largely unconsolidated sediments fill a concave bedrock depression or basin with an axis located
near the western tip of Kentuckijhe sedimentary basin is, herein, BeducakMemphis Basin; the
term, Mississippi Embayment, sHdbe restricted to physiographisage The axis of this elongate
depression is gently plunging to the sestituthwestAlthough the upper surface expression of the
bedrocksediment contact is basin shaped, subsurface cross sections show that thecRmdoztks
form a truncated structural arch redefined here as the Pascola Arch (Eigd&jlying the Paleozoic
strata are Precambrian and Cambrian structures associated with the Reelfoot Rift (see McKeown and
others, 1990)For brevity, the early Paleoir and Precambrian structures are not discussed in this paper,
although they weakened the crust and probably caused the younger structures to form there.

The sediments and rocks underlying the Mississippi Embayment may have undergone incipient
tectonic rifting during Mesozoic times in addition to late Precamiiambrian imes. Normal tectonic
rifting may develop over a hot spot where the crust is buoyed by a heat source in the mantlespbie hot
uplift causes extension of the lithosphere and actual rifting of the crust may eventually develop. The
separation of North anflouth America from Europe and Africa began as a long rift similar to the Rift
Valley of east Africa and the Red Sea. An aulacogen is a failed rift in which a crustal rift was initiated by
some means such as a hot spot development, but that died out éores@mon (such as the crust drifting
away from the hot spptUnderplating of the crust by buoyant material may accompany aulacogen
formation and contribute to the structural development of the overlying crust.



Missouri Kentucky

Jackson Purchase region

Figure 2--Schematic cross
section through the upper

) N level Phanerozoic rocks
Mesozoic and Mississippi Tuscaloosa Formation Paleozoic rocks

Cenozoic sediments River gravels and Sediments Of the
\ \ \ upper Mississippi

Embayment region of
western Kentucky and
southeastern Missouri.

Although the Mississippi Embayment regiorshieen regarded as aulacogenic in origin, the
stratigraphic and structural framework of the Jackson Purchase and surrounding regions have not been
adequately described in terms of an aulacogenic tectonic sdttisgoaper associates the Jackson
Purchasesediments and structures to the development of this aulacogen.

Stratigraphic Framework of PeBaleozoic Strata

A time-expansion diagram is shown in Figure 3. A summary of the Mesozoic and Cenozoic
sediments is given in Olive (1972, 1980) and Self (1993), whereas the subsurface Paleozare rocks
described by Schwalb (1969 catalog of subsurface data on Paleozocks of the Mississippi
Embayment is available in Dart (1990)

The most significant stratigraphic feature to note in the-8rpansion diagram (Fig. 3) is the
unconformity between the underlying latsnd midPaleozoic strata and the overlying Latei@ceous
and younger sediments. The Cretaceous and Tertiary strata are as thick as 2,050 feet in the western part of
the Jackson Purchase and thin to zero along the eastern margin of the Purchase (Olive, 1980).

Tuscaloosa FormatiarThe Tuscaloosa Formation (Late Cretaceous), from 0 to 180 feet thick, is
composed of very coarse gravels of chert with sandyrailtsome clay (Fig. 3l is restricted to a belt
along the eastern edge of the Jackson Purchase and extreme westefritedgreposed Paleozoic rocks
in Kentucky (McDowd, Grabowski, and Moore, 1981from its outcrop belt, the Tuscaloosa only
extends laterally about 3 or 4 mildswn dip(southwest) into the subsurface winé pinches out (Olive,
1980)

Chert gravelsrad cobbles in the Tuscaloosa are largely derived from Devonian and some
Mississippian strata. A concentration of such large grain size suggests a local source for the cobbles.
Regional cross sections indicate that Mississippian, Devonian and older atrataglen extensively
eroded in the Jackson Purchase and might be the local source of thesgredaesesediments. The
regions surrounding the Jackson Purchase are largely composed of Mississippian and younger strata with
little exposure of Devonian stea The bekshaped occurrence of the Tuscaloosa and the very coarse grain
size suggest a fluvial environment, possibly braided, perhapstigtidant debris flows, alluvial fans,
etc. An overabundance of cobbles gmnavels indicates proximity to an ufpéid area.



Figure 3--Time-
expansion diagram of
the Mesozoic and
Cenozoic strata in the
Jackson Purchase. Tim
scale adapted from
Harland and others
(1989).

Unconformably overlying the Tuscaloosa and Paleozoic rocks aowéhlging later Cretaceous
and younger strata. These strata are ragtensively distributed than the Tuscaloosa. The McNairy and
overlyingstrata are largely unconsolidatedg(R3), and composed of sand, silt, ckmyd mina lignite
beds (McDowell, 1986)Although these units are mappediingeologic quadrangles in the Jackson
Purchase, a detailed surface anbisurface stratigraphic framework has not been developed. Tkerefor
only generalized interpretations of their depositional environments cdedoeibed.

McNairy Formation--The Upper Cretaceous McNairy Formation (Fig. 3) contsamsl, silt, clay, ah
some gravels (McDowell, 1988)ignites have beedescribed in Howeand others (1990) and were
deposited in terrestri@nvironments. The vertical trace fos€liphiomorphas locally common irsome
sands and indicates shallow open marine to estuarine environifelisd and others, 1993)jaken
altogether, the evidenseiggests that thdcNairy was situated in a coastal setting with varying relative
sea levels.



