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ABSTRACT

The presence of a Precambrian sedimentary basin in the eastern Midcontinent, while suspected
from geophysical evidence for years, was not proven until the Ohio Geological Survey cored lithic
sandstones below the Mount Simon Sandstone in Warren County, Ohio, in 1988. This sandstone,
the Middle Run Formation, was deposited in a fault-bounded basin herein named the East Continent
Rift Basin (ECRB). Gravity and magnetic data, well samples, cores, geophysical logs, and seismic
reflection data have been used to interpret the extent, origin, evolution, and economic potential of
the basin.

The known distribution of the Middle Run Formation extends from Putnam County, Ohio, in the
north, to Jessamine County, Kentucky, in the south, and to Fayette County, Indiana, in the west.
Middle Run clastics are unconformably overlain by the Cambrian Mount Simon Sandstone in most
areas. The age of the Middle Run Formation is interpreted to be Precambrian, based on its strati-
graphic position and lithologic similarity with known Precambrian sandstones in the Great Lakes re-
gion. Sandstones are red-gray lithic arenites containing abundant volcanic rock fragments, and were
deposited in an arid continental setting. Basalt overlies and is interbedded with Middle Run clastics
in two wells. Trace-element geochemistry of these associated basalts is similar to Keweenawan con-
tinental flood basalts in the Lake Superior area.

The basin in which the Middle Run Formation was deposited is bounded on the east by the Gren-
ville Front and on the west by normal block faulting. Gravity and magnetic data suggest that the basin
is connected on the northern end with the Midcontinent Rift System (MR S) in southern Michigan. The
southern boundary is poorly defined, but the basin may extend into northern Tennessee. Magnetic
modeling and seismic interpretation indicate that the basin deepens eastward, reaching depths of
27,000 feet below sea level on its eastern side under the Cincinnati Arch. The sedimentary and volca-
nicfillis as much as 22,500 feet thick. Structural interpretations of seismic data indicate that the basin
predates the Grenville Orogeny, and has been overridden in part by Grenville thrust sheets.

1 Kentucky Geological Survey
2 Ohio Department of Natural Resources, Division of Geological Survey
3 Indiana Geological Survey



2 The East Continent Rift Basin: A New Discovery

Based on the association of basalt flows with continental red beds, geophysical continuity with the
MRS, block-faulted boundaries, and a pre-Grenville timing, the ECRB is interpreted to be an eastern
branch of the MRS. Rifting is interpreted to be middle Proterozoic (Keweenawan) in age, but reliable
dates are presently lacking. Structures associated with the ECRB were reactivated at various times
during the Phanerozoic, and may have influenced Paleozoic stratigraphy. No evidence of hydrocar-
bon source or reservoir rocks has been found within the basin to date, although most of the basin

remains undrilled.

INTRODUCTION

This report presents the resuits of a multi-disciplinary
study of Precambrian rocks in the tri-state area of west-
em Ohio, central Kentucky, and eastern Indiana. This
research was conducted by the Cincinnati Arch Consor-
tium (CAC), a group consisting of the Ohio, Kentucky,
and Indiana Geological Surveys with funding from pri-
vate industry. The primary result of this study is the defi-
nition of a previously unrecognized rift complex, which
is herein named the East Continent Rift Basin (ECRB).
The basin is a regionally extensive feature, extending
from northwestemn Ohio to central Kentucky, and west-
ward across Indiana. It is interpreted to be an extension
of the middle Proterozoic (Keweenawan) Midcontinent
Rift System (MRS).

This initial publication summarizes the main conclu-
sions of the project and illustrates the major features of
the basin. More extensive discussion of data and inter-
pretations resulting from the project will be published in
1993 by CAC, and will be available from each state geo-
logical survey involved in the study.

This investigation began after the discovery of an
anomalous sedimentary unit in the subsurface of south-
western Ohio in 1988 (Shrake and others, 1991). An
Ohio Geological Survey research borehole in Warren
County (ODNR DGS No. 2627) was predicted to reach
crystalline basement at a depth of approximately 3,500
feet, but instead a distinctive red sandstone was pene-
trated below the Cambrian Mount Simon Sandstone.
This new stratigraphic unit was named the Middle Run
Formation (Shrake and others, 1990; Shrake, 1991).

The discovery of the Middle Run Formation gener-
ated widespread attention, and as a result of this inter-
est the Cincinnati Arch Consortium was formed to study
the new basin. The potential for hydrocarbon source
rocks or reservoirs in the basin attracted oil industry in-
terest, and six companies funded the project (see Ac-
knowledgments). The projectbegan in September 1990
and was completed in December 1991.

PREVIOUS WORK
Regional Precambrian Geology of the
Tri-State Area

Phanerozoic sedimentary rocks in the study area
outlined in Figure 1 were previously thought to be entire-
ly underlain by Proterozoic rocks of the igneous Granite-
Rhyolite Province in the west (Denison and others,
1984; Bickford and others, 1986), and the metamorphic
Grenvilie Province in the east (Bass, 1960; Lucius and
Von Frese, 1988; Hoffman, 1989).

The Granite-Rhyolite Province has been mapped
from western Ohio and Kentucky westward to Missour,
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Figure 1. Index map showing relationship of Precambrian
tectonic provinces and structural features in the United
States Midcontinent to the study area (modified from Deni-
son and others, 1984). FWR=Fort Wayne Rift. GF=Gren-
ville Front.
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Kansas, and Oklahoma (Denison and others, 1984).
These rocks consist of rhyolite, trachyte, and fine-
grained, micrographic to granophyric granite of exten-
sional tectonic origin (Bickford and others, 1986). Ra-
diometric dates for Granite-Rhyolite Province rocks
range from 1.3 to 1.51 Ga (Hoppe and others, 1983;
Bickford and others, 1986; Hoffman, 1989). The Gran-
ite-Rhyolite Province lacks significant mafic volcanic
rocks, which Bickford and others (1986) attributed to
shallow extensional tectonics.

The Grenville Province of the study area is an exten-
sion of the Grenville metamorphic terrane exposed in
southern Canada. Rock types identified in basement
wells in the study area include granite gneiss, schist,
amphibolite, charmokite, and marble (Bass, 1960;
McCormick, 1961; Gonterman, 1973; Keller and others,
1983; Black, 1986; Lucius and Von Frese, 1988). Gren-
ville Province rocks have been interpreted as regionally
metamorphosed igneous and sedimentary lithologies
formed during a Proterozoic plate collision, the Grenville
Orogeny (Moore and others, 1986; Hoffman, 1989).
Subsurface Grenville rocks in the study area are signifi-
cantly younger than the adjacent Granite-Rhyolite ter-
rane, and metamorphic minerals have been radiometri-
cally dated at 0.880 to 1.1 Ga (Lidiak and others, 1966;
Keller and others, 1981; Hoppe and others, 1983; Van
Schmus and Hinze, 1985; Lucius and Von Frese, 1988).
In the exposed Grenville terrane in Canada, metamor-
phic dates of 0.920 to 1.02 Ga have been obtained from
rocks nearest the front (Hoffman, 1989).

The boundary between the Grenville and Granite-
Rhyolite Provinces has been interpreted by many work-
ers on the basis of lithologic, potential field, and seismic
data (Bass, 1960; Rudman and others, 1965; Muehl-
berger and others, 1967; Lidiak and Zietz, 1976; Deni-
son and others, 1984; Lidiak and others, 1985; Bickford
and others, 1986; Green and others, 1988; Lucius and
Von Frese, 1988; Culotta and others, 1990). This
boundary, the Grenville Front, runs north-south through
the study area (Figs. 1-3). It is not a true metamorphic
front, but rather a structural contact (Green and others,
1988; Hoffman, 1989).

Gravity Studies

The study area shown in Figure 1 encompasses sev-
eral distinct features visible on gravity and magnetic
anomaly maps (Figs. 2-3). Of particular relevance to
this study is a chain of positive gravity anomalies that
extends from southwestemn Michigan to north-central
Tennessee (Fig. 2). This gravity feature was named the
East Continent Gravity High (ECGH) by Bryan (1975),
and has also been interpreted by Mayhew and others

(1982) and Keller and others (1983). The ECGH cross-
es the Grenville Front in western Ohio and continues
east of and parallel to the front through Kentucky into
Tennessee. In Michigan, the ECGH is roughly parallel to
the Mid-Michigan Gravity High (Fig. 2) (Hinze and oth-
ers, 1975; Dickas, 1986), and includes the Fort Wayne
Rift (Fig. 2) of McPhee (1983) in northeastern Indiana
and central-western Ohio. Bryan (1975) interpreted the
ECGH as a possible rift zone, but the presence of a rift
in this area was first suggested by Rudman and others
(1965). Others have since proposed the existence of a
rift zone, primarily on the basis of gravity and magnetic
data, but also on the basis of seismic and lithologic data
(Keller and others, 1975, 1981, 1982, 1983; Halls, 1978;
Mayhew and others, 1982; Green, 1983, Fig. 1; Cable
and Beardsley, 1984; Denison and others, 1984; Prezio-
si, 1985; Couch, 1986; Gordon and Hempton, 1986;
Shumaker, 1986; Lucius and Von Frese, 1988; Prattand
others, 1989; Ullom, 1989). These rift models for the
ECGH associate gravity highs with blocks of presumed
mafic igneous rocks (Keller and others, 1982; Couch,
1986; Lucius and Von Frese, 1988; Ullom, 1989). Grav-
ity modeling by these authors supports the presence of
deeply rooted, dense rock in the upper basement. This
mafic material is thought to represent the volcanic core
of a Proterozoic rift zone. Another feature of significance
on the gravity map is the Kentucky-Ohio Trough (Fig. 2),
defined by Black (1986) as a late Precambrian/Cam-
brian basin. This linear negative gravity anomaly rough-
ly parallels the ECGH in southwestern Ohio and central
Kentucky. Similar unnamed gravity lows parallel both
the Grenville Front in northwestern Ohio and the MMGH
in southern Michigan.

Magnetic Studies

Distinct magnetic anomalies are also present within
the study area. Magnetic anomaly patterns are largely
controlled by lithologic changes, and along with drill hole
and seismic data, have been used to interpret the posi-
tion of the Grenville Front and rift-related volcanics in
the study area. The Grenville Front (GF on Fig. 3) has
been defined on the basis of a distinct north-south-
trending line of high-amplitude magnetic anomalies ex-
tending from eastem Michigan through westem Ohio
into central Kentucky and Tennessee (Lidiak and Zietz,
1976; Mayhew and others, 1982; Denison and others,
1984; Lidiak and others, 1985). This magnetic inter-
pretation agrees fairly well with mapped metamorphic
basement lithologies (Bass, 1960; Keller and others,
1982; Lucius and Von Frese, 1988).

Magnetic anornalies coincide with some of the posi-
tive gravity anomalies, indicating deep-rooted bodies of
mafic composition, possibly emplaced during rifting
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Figure 2. Regional isostatic residual gravity anomaly map of the east-central United States. Major positive and negative grav-
ity anomalies are shaded (modified from Jachens and others, 1985). GF=Grenville Front.
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(Keller and others, 1982, 1983; Mayhew and others,
1982; Denison and others, 1984; Lidiak and others,
1985). Mafic volcanic basement lithologies have been
found associated with some of these anomalies, partic-
ularly in wells in the west-central Ohio area, and in north-
eastern Indiana (Fort Wayne Rift) (Denison and others
1984; Lucius and Von Frese, 1988).

The magnetic signature of the ECGH becomes less
distinct east of the Grenville Front. This fact has been
used to infer a pre-Grenville timing for rifting, with rift-
associated volcanics subsequently metamorphosed
during the Grenville Orogeny. Metamorphism of basalits
has been used to explain the origin of amphibolites in
basement wells east of the Grenville Front in Ohio and
Kentucky (Bass, written communication, 1970; Keller
and others, 1982; Lidiak and others, 1985).

BASIN MODELS AND HYPOTHESES

The presence of a pre-Mount Simon basin in the
study area has been suggested for a number of years.
Wasson (1932) discussed the “red sandstones and
shales” overlying possibly Keweenawan “arkose and
dolomite” in an Ohio well. Pre-Mount Simon sediments
have also been reported in regional Precambrian geolo-
gy studies, but were never integrated into a regional
model (e.g., Denison and others, 1984; Lidiak and oth-
ers, 1985; Black, 1986). The discovery of a thick red-
bed sequence below the Mount Simon Sandstone in
Warren County, Ohio, provided new data to test pre-
vious models that were based primarily on gravity and
magnetic signatures. The Warren County well and sub-
sequent seismic data acquired across the well location
proved the existence of a major sedimentary basin, but
its origin remained speculative (Shrake and others,
1990). The complexity of Proterozoic geology in the tri-
state area allowed a variety of working hypotheses to be
proposed for the new basin. These included (1) a rift ba-
sin, perhaps associated with Proterozoic or Early Cam-
brian extension, (2) a Grenville foreland basin, or (3) a
polyphase basin with two or more phases of develop-
ment (Potter and Carlton, 1991; Potter, 1989; Wolfe and
others, 1989; Drahovzal, 1990; Drahovzal and others,
1990; Shrake and others, 1990).

Fourtypes of data have been used to test these mod-
els: (1) stratigraphy and composition of the basin fill, (2)
geochemistry and petrology of associated basalts, (3)
regional gravity and magnetic data, and (4) structural
relationships interpreted from seismic refiection and
well data. Interpretation of these data is summarized in
the remainder of this report.

DISCUSSION
Stratigraphy of the

Middle Run Formation

The 1,922 feet of pre-Mount Simon clastics that were
cored inthe ODNR DGS No. 2627 borehole are the type
section for a new stratigraphic unit, the Middle Run
Formation, defined by Shrake and others (1990). The
Middle Run Formation in the type section is remarkably
homogeneous, consisting of red to gray, fine- to me-
dium-grained, thickly bedded lithic sandstones. It is esti-
mated to contain less than 10 percent red siltstones and
shales.

Throughout most of the study area, the Middle Run
Formation is unconformably overlain by the Cambrian
Mount Simon Sandstone (Fig. 4). This unconformable
relationship is supported by the presence of a conglom-
eratic sandstone at the base of the Mount Simon that
contains clasts of reworked Middle Run sandstone.
Seismic data from Warren County, Ohio, show a promi-
nent angular relationship between the east-dipping
Middle Run interval and the flat-lying Paleozoic section
(Shrake and others, 1990; Shrake, 1991). In addition,
lithic sandstones of the Middle Run Formation are com-
positionally and diagenetically distinct from quartzare-
nites of the Mount Simon.

Two welis in Kentucky contain basalt associated with
Middle Run clastics (Fig. 5). Basalt overlies the Middle
Run in one well, and is interbedded with clastics in the
other. Sedimentary or crystalline rocks underlying the
Middie Run Formation have not been penetrated to date
by drilling. Within the basin, the thickness of the Middie
Run Formation and associated volcanic rocks can only
be interpreted from seismic or magnetic data. Seismic
data from Warren County, Ohio, suggest that a basalt-
dominated sequence may underlie the Middle Run
Formation. This interval is characterized by seismic re-
flectors with high amplitude and good continuity lying
below an acoustically transparent Middle Run interval
(see ODNR-1-88 line in Shrake and others, 1990). The
highly reflective interval is similar in appearance to the
“layered Proterozoic” of Pratt and others (1989, 1992), .
and possibly represents interbedded voicanics and
clastics.

Regional Distribution of the

Middle Run Formation

After pre-Mount Simon clastics were recognized in
Warren County, other basement wells in the tri-state
area were re-examined for possible correlative sand-
stones. Intervals of pre-Mount Simon clastics were rec-
ognized in seven additional wells, and correlated with
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Figure 4. Pre-Knox unconformity stratigraphic correlation chart for southeastern Indiana, southwestern Ohio, and central
Kentucky. Post-Precambrian unconformity between the Mount Simon Sandstone and the Middle Run Formation is indicated.

No vertical or horizontal scale implied.

the Middle Run (Potter, 1989; Shrake, 1991; Shrake and
others, 1991).

Another seven Middle Run localities have been iden-
tified in this study. Pre-Mount Simon sediments encoun-
tered in these wells are correlated with the Middle Run
Formation on the basis of lithologic similarity and their
pre-Mount Simon stratigraphic position. Previously, the
pre-Mount Simon interval in these wells had been mis-
takenly identified as crystaline basement. These
Middle Run correlations are entirely lithostratigraphic.
No reliable chronostratigraphic data for the pre-Mount
Simon interval are currently available to aid in correla-
tion.

To date, 15 wells have penetrated Middle Run
Formation clastics (Fig. 5). Specific information for
these wells is included in Table 1. The Middle Run
Formation extends from northwestern Ohio (Putnam
County) to central Kentucky (Jessamine County) (Fig.

5). Wells in Fayette and Switzerland Counties, Indiana,
define the known westem limit of the Middle Run Forma-
tion.

Depositional Setting and Provenance

The Middle Run Formation consists of thick- to mas-
sively bedded, red to gray, fine- to medium-grained
sandstones with minor red siltstones and shales. The
red color of the sandstones results from both hematite
grain coatings and abundant lithic grains of rhyolite. Red
siltstones and shales are present in the Ohio DGS No.
2627 core (Warren County, Ohio), but comprise less
than 10 percent of the interval. Sedimentary structures
include large-scale crossbedding, and less abundant
ripple crossbedding. Fining-upward depositional se-
quences are present in parts of the cored interval. Sand-
stones are nonporous because of intergranular com-
paction and cementation by hematite, quartz, feldspar,
and clays.
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Figure 5. Map of the study area showing the location and lithology of Middle Run Formation and related intrabasinal volcanic
rocks in the East Continent Rift Basin. Lithologic identifications are based on core or cutting samples from wells indicated.
Well identifications and Precambrian tops and thicknesses penetrated are listed in Table 1.
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Table 1.—List of Wells Penetrating Middle Run Formation, and Associated Mafic and Felsic Volcanics Within the East
Continent Rift Basin.
Map Well Name County, State Precambrian Precambrian Rock Type
Number Top (Subsea) Thickness
Penetrated
1 | ODNR DGS No. 2627 Warren Co., Ohio 2,433’ 1,922° lithic arenite
2 | SOHIO No. 1 Vistron Allen Co., Ohio 2,261’ § lithic arenite
] SOHIO No. 2 Vistron Allen Co., Ohio -2,290° 20 lithic arenite
4 SOHIO No. 3 Vistron Allen Co., Ohio -2,282’ 32 lithic arenite
5 BP Chemicals No. 4 Fee Allen Co., Ohio -2,279 147 lithic arenite
6 Armco Steel No. 1 Fee Butler Co., Ohio 2,570 61’ lithic arenite
7 Armco Steel No. 2 Fee Butler Co., Ohio -2,557 57 lithic arenite
8 Sun Oil No. 1 Levering Miami Co., Ohio 2,288’ 130 lithic arenite
9 Ohio QOil No. 1 Barlage Putnam Co., Ohio 2,628’ 9’ lithic arenite
10 Gulf Oil No. 1 Scott Fayette Co., Ind. -2,971° 2L lithic arenite
11 Ashland Oil No. 1 Collins Switzerland Co., Ind. -3,062’ 58’ lithic arenite
12 Ashland Oil No. 1 Eichler Switzerland Co., Ind. -3,246’ 11r lithic arenite
13 Ford No. 1 Conner Boone Co., Ky. -2,807° 371 lithic arenite
14 Ashland Oil No. 1 Wilson Campbell Co., Ky. -2,745’ 58’ lithic arenite, basalt
15 Texaco No. 1 Sherrer Jessamine Co., Ky. -2,326’ 2,008’ lithic arenite, basalt
16 Farm Bureau No. 1 Brown Lawrence Co., Ind. -5,850° 156’ basalt
17 |Farm Bureau No. 1 Binegar | Jay Co., Ind. -2,384° 62’ basalt
18 Pet. Dev. No. 1 Binegar Jay Co., Ind. -2,403’ 44 basalt
19 Tecumseh No. 1 Gibson Allen Co., Ind. 2,654’ 41’ basalt
20 NIPSCO No. 1 Leuenberger | Allen Co., Ind. -2,687 188’ basalt
21 Continental No. 1 Wykoff Clermont Co., Ohio -2,485’ 134 basalt, andesite
22 Kewanee No. 1 Barnes Fayette Co., Ohio -2,288’ 78’ basalt, troctolite
23 Friend No. 1 Mattison Clark Co., Ohio 2,279’ 1,281’ basalt, rhyolite
24 NAP No. 1 Walker Miami Co., Ohio 2,218’ 257 basalt, gabbro
25 Sun No. 1 Nelson Shelby Co., Ohio 2,134 ¥ basalt, gabbro
26 Gump No. 1 Fogt Shelby Co., Ohio -2,261’ 62’ basalt
27 | Harner No. 1 Yewey Mercer Co., Ohio —2,263’ 35 rhyolite*
28 West Ohio No. 1 Hoelscher | Auglaize Co., Ohio -2,144° 72 rhyolite
29 Ohio Oil No. 1 Johns Logan Co., Ohio -2,062’ 109’ rhyolite
30 California No. 1 Spears Lincoln Co., Ky. —4,609’ 357 rhyolite
* Data from Lucius and Von Frese, 1988.

Twenty-one thin sections of Middle Run sandstone
from three cored wells were point-counted to provide
compositional data for provenance interpretation. After
normalizing framework grain counts to 100 percent,
most samples were classified as lithic arenites, using
the sandstone classification of Pettijohn and others
(1972). Middle Run sandstones averaged 42 percent
quartz, 22 percent total feldspar, and 36 percent total
rock fragments. Monocrystalline quartz is much more
abundant than polycrystalline quartz. Feldspars consist
predominantly of K-feldspar (mainly orthoclase), and

sodic plagioclase is less abundant. Rock fragments
(lithics) comprise a substantial percentage of Middle
Run sandstones. Volcanic rock fragments are the pre-
dominant rock fragment type, and consist of finely crys-
talline felsic grains (rhyolite and trachyte), but mafic vol-
canics grains (basalt and andesite) are also present in
minor amounts. Sedimentary rock fragments consist of
hematite-cemented sandstone and red silty shale. Rare
foliated rock fragments of possible metamorphic origin
were also observed, consisting of either low-grade mi-
caceous schists or volcanic rock fragments that were
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diagenetically altered in situ. These metamorphic(?)
rock fragments were counted as a separate class, but
did not exceed 7 percent of the lithic fraction.

The fine to medium grain size, the lack of coarse con-
glomerates, and generally good sorting and rounding of
Middle Run sandstones all suggest deposition in an en-
vironment distal from source areas. Hematite grain
coatings support an arid alluvial depositional environ-
ment, and fining-upward sequences within the Warren
County core suggest a fluvial channel-fill deposition for
the sandstones. Based on preliminary examination of
the Warren County core, the Middle Run is tentatively
interpreted as a distal alluvial fan or braid plain deposit.
Either depositional setting is consistent with deposition
in a nift basin, but this interpretation is based on a single
core, and may not characterize the Middle Run Forma-
tion in other areas.

The abundance of monocrystalline quartz, feldspar,
and voicanic rock fragments suggests that granitic,
gneissic, or volcanic terranes could have been sources
for the Middle Run (Dickinson, 1985). The source of vol-
canic rock fragments in Middle Run sandstones was
probably a mixture of intrabasinal and extrabasinal ex-
trusive rocks. Rotated blocks of Granite-Rhyolite Prov-
ince rocks probably were the source of much of the vol-
canic and plutonic fraction. Penecontemporaneous
mafic and felsic extrusives also occur within the basin,
and contributed some of the Middle Run lithic fraction.
Mafic rock fragments are not abundant, so this intrabas-
inal contribution was relatively minor. Precambrian
rocks presently east of the basin are high-grade meta-
morphics of the Grenville Province. These rocks are not
a likely source because of the scarcity of metamorphic
rock fragments. These compositional data suggest that
the Grenville Orogeny postdated the basin fill.

DISTRIBUTION AND
GEOCHEMISTRY OF MAFIC
VOLCANICS

Mafic volcanic rocks are associated with the Middle
Run Formation in two wells in Kentucky, the Ashland
Wilson No. 1 (Campbell County) and the Texaco Sherrer
No. 1 (Jessamine County) (Fig. 5). Basalt occurs at the
top of the Precambrian sequence in the Sherrer well,
and overlies the Middle Run Formation. Basalts are in-
terbedded with Middle Run clastics in the Wilson well.
A well in Lawrence County, Indiana (the Farm Bureau
Brown No. 1; 16 in Fig. 5; see Greenberg and Vitaliano,
1962), penetrated more than 150 feet of basalt flows be-
low the Mount Simon Sandstone, but no clastics were
found. Other wells in western Ohio and northeastemn In-

diana bottomed in intermediate to mafic volcanics, and
occur along the trend of the ECGH (Fig. 5). No Middle
Run clastics occur in these wells, but the mafics may
represent a volcanic trend adjacent to sedimentary sub-
basins within the rift.

Extrusive flows of felsic composition (rhyolites, tra-
chytes) also occur in parts of the basin (Fig. 5). An ex-
ample is the California Spears No. 1 well in Lincoln
County, Kentucky (No. 30 in Fig. 5). Trachyte flows and
thin arkosic sandstone were cored in this well (Bass,
written communication, 1969), but no Middle Run clas-
tics were found. These felsic extrusives may be analo-
gous to rhyolitic flows in the North Shore Volcanic Group
of Minnesota (Green, 1989).

Core samples of basalt from the Lawrence County,
Indiana, well and cuttings from the two Kentucky wells
were analyzed geochemically in an attempt to constrain
their tectonic affinity. Abundances of major, minor, and
trace elements for 35 samples were determined by X-
ray fluorescence (XRF) and induced coupled plasma
(ICP) analysis.

Many of the ECRB basalts have amygdaloidal tex-
tures, and most are alkalic in composition. Concentra-
tions of large-ion lithophile (LIL) trace elements (Cs, Rb,
Sr, Ba, Zr, Th, Ta, U) in these rocks appear unaffected
by diagenetic alteration. The distribution of LIL elements
in ECRB basalts is characteristic of documented Tertia-
ry continental flood basalts (Wilson, 1989). Flood ba-
salts occur in cratonic rift zones, and are geochemically
distinct from mid-ocean ridge and related basalts. Geo-
chemistry of basalts from the three wells analyzed in this
study is similar to some Keweenawan basalts from the
Midcontinent Rift System in the Lake Superior region
(Basaltic Volcanic Study Project, 1981), suggesting that
these basalts are compatible with a continental rift ori-
gin, and implying a possible association with the Mid-
continent Rift System in the Great Lakes area.

AGEOFTHE
EAST CONTINENT RIFT BASIN

Age dates for rocks within the basin are scarce, and
those available are somewhat problematic. A guartz tra-
chyte flow in the basin from the California Spears No. 1
well, Lincoln County, Kentucky (No. 30 in Fig. 5), has
been dated at 1.02 Ga (Bass, written cormmunication,
1969), which is consistent with the timing of Keweena-
wan rifting in the central United States (Halls, 1978; Van
Schmus and Hinze, 1985; Dickas, 1986). Rudman and
others (1965) reported an isotopic date for basement
rock in the Ford Conner No. 1 well, Boone County, Ken-
tucky (No. 13inFig. 5), of 1.0 Ga. Atthe time of the anal-
ysis, the basement cuttings from this well were thought
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to be crystalline rock. They are now known to be Middle
Run Formation, and the date was apparently obtained
from sandstone. No sample information is available in
Rudman and others (1965), and it is difficult to reconcile
this date in light of the new lithologic interpretation. In the
unlikely event that intrabasinal lithic fragments (basalt)
were sampled, it may be a reasonable date. However,
if detrital feldspars were used, the age should represent
extrabasinal sediment source areas. In either case, dia-
genetic alteration may have contaminated the original
composition.

Further information on the age of the rift comes from
gabbros, basalts, and felsic volcanics along the ECGH
in westem Ohio. The Ohio Oil Johns No. 1 well, Logan
County, Ohio (No. 29 in Fig. 5), has felsic volcanics that
have been age dated at 1.284 Ga (Lucius and Von
Frese, 1988). Basalts in the Sun Nelson No. 1 well,
Shelby County, Ohio (No. 25 in Fig. 5), have been dated
at 1.325 Ga (Lucius and Von Frese, 1988). The ages of
these igneous rocks are older than those associated
with the Midcontinent Rift (generally, Middle Keweena-
wan or about 1.1 Ga) (Halls, 1978; Van Schmus and
Hinze, 1985; Dickas, 1986) and the 1.02 Ga age from
the ECRB in Kentucky discussed above. This discrep-
ancy suggests that the older age dates from the ECGH
represent either (1) rocks formed in the early stages of
avery long, 300-million-year rift evolution, which seems
unreasonable, (2) igneous rocks that are an uplifted part
of the Granite-Rhyolite Province that predate the ECRB
fill, or (3) an error. In any event, the age of the rift is Pro-
terozoic, and based on structural relationships to be dis-
cussed later, cannot be as young as Cambrian.

BASIN BOUNDARIES AND
STRUCTURE

Although data are lacking in many areas, this study
attempted to delineate the extent of the ECRB. The
boundaries of the ECRB in the study area have been es-
tablished by the use of well, seismic, gravity, and mag-
netic data. The boundaries of the ECRB are shown in
detail on the map of the Precambrian crystalline base-
ment surface (Fig. 6) and the isopach map of the rift ba-
sinfili (Fig. 7). The basin’s relationship with other tecton-
ic features in the eastern United States is illustrated in
Figure 8.

Eastern Boundary
The eastern boundary of the basin is defined by well
data and two seismic lines. It is coincident withthe Gren-
ville Front (Fig. 6), a distinct structural contact between
metamorphic rocks to the east and ECRB lithologies to

the west. In Jessamine County, Kentucky, this eastern
boundary is precisely defined by well and seismic data.
The Texaco Sherrer No. 1 well penetrated over 2,000
feet of Middle Run clastics, while 3.5 miles to the east,
across the Kentucky River Fault System, the Texaco
Wolfinbarger No. 1 well bottomed in Grenville schists
and mylonites. The Kentucky River Fault System repre-
sents Paleozoic reactivation of Grenville basement
faults that formed the western boundary of the Cam-
brian Rome Trough. Proprietary seismic data from the
Jessamine and Madison County, Kentucky, area indi-
cate that these Grenville basement structures are late
Proterozoic wrench and Grenville thrust faults that were
reactivated by extension primarily during Early to Middle
Cambrian time (growth of the Rome Trough). Our inter-
pretation of the seismic line (located on Fig. 6) shows
east-dipping Grenville thrust structures laterally adja-
cent to, and overlying seismically transparent Middle
Run clastic intervals (Fig. 9). This important structural
relationship suggests that the ECRB and the Middle
Run Formation predate, and were overthrusted by al-
lochthonous Grenville rocks.

Farther north in Ohio, well data are not sufficient to
closely define the eastern basin boundary, but the con-
tact is present on COCORP regional seismic line OH-1
(located on Fig. 6). On this line the Grenville Province
has been interpreted to be thrusted over Granite-Rhyo-
lite Province rocks (Pratt and others, 1989; Culotta and
others, 1990). After reprocessing the COCORP OH-1
line, we interpret the Grenville Province to be adjacent
to the ECRB, and as in Kentucky, to form its eastem
boundary. The overthrust relationship between the
Grenville rocks and the ECRB is not clear on the repro-
cessed OH-1 line. We have interpreted a complex
wrench-fault system at the boundary between the
ECRB and the Grenville Province. Wrenching may have
overprinted the Grenville boundary such that any pre-
viously existing thrust relationship is obscured. Wrench
faulting cuts Grenville structures, as well as Paleozoic
units, and is also present in central Kentucky (Fig. 9).

Northern Boundary

The northern limit of the ECRB is not precisely known
at this time. It is likely that the basin continues to the
north, connecting with the Keweenawan sedimentary
basins associated with the Michigan part of the Midcon-
tinent Rift (Fowler and Kuenzi, 1978; Sleep and Sloss,
1978; Green, 1982; Dickas, 1986). The presence of pre-
Mount Simon sediments (correlated with the Middle
Run Formation) north of the East Continent Gravity High
in both a BP Chemical waste disposal well in Allen
County, Ohio (No. 5 in Fig. 5), and the Ohio Oil Barlage
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Figure 6. Structure contour map of the Precambrian crystalline basement surface. Shaded areas indicate the Grenville (meta-
morphic) and Granite-Rhyolite (igneous) Provinces adjacent to the ECRB, which were mapped using basement well control.
Fault boundaries of the ECRB are shown by bold lines. Areas within the ECRB were mapped using a combination of magnetic
anomaly trends and seismic data. Circles within the basin indicate the location of estimated depths to magnetic basement
derived from magnetic anomaly data.
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Figure 7. Isopach map of the East Continent Rift Basin fill. Thickness of the Middle Run Formation and associated volcanic
rocks is shown for areas within the basin. Thickness was derived by subtracting a map of the Precambrian unconformity sur-
face from the Precambrian crystalline basement map shown in Figure 6. ECRB sedimentary rocks thicken to the east, and
are inferred to extend below overthrusted Grenville Province rocks on the eastern side of the basin.
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wellin Putnam County, Ohio (No. 9in Fig. 5), is evidence
of this probable connection. The continuity of the gravity
and magnetic lows of these areas lends further cre-
dence to this hypothesis (Figs. 2—3). This continuity like-
ly extends beyond Michigan to the central part of the
Midcontinent Rift (Dickas, 1986), which suggests that
the ECRB is an integral part of the entire Keweenawan
rift system. !

Southern Boundary

The boundaries of the rift on the south are poorly un-
derstood, but the basin is interpreted to narrow consid-
erably into northem Tennessee (Fig. 8). This interpreta-
tion is based mainly on interpretation of gravity and
magnetic data, and is supported by widely scattered
well control. A recent interpretation by Nelson and
Zhang (1991) suggests that the basin could terminate
along a Grenville cross fault in northem Tennessee, but
this relationship remains speculative.

Western Boundary

Delineation of the westem boundary of the ECRB is
hampered by a lack of available seismic data and scarce
well control. The basin is bounded on the west by the
Granite-Rhyolite Province, as constrained by granites
penetrated in several wells in Indiana (Rudman and oth-
ers, 1965; Lidiak and others, 1966). The basin extends
as far west as Lawrence County, Indiana, as docu-
mented by basalt flows cored in the Farm Bureau Brown
No. 1 well. The basin apparently extends beyond the
study area in part, and it may continue west beneath the
lllinois Basin. This interpretation is supported by the
presence of “layered Proterozoic” rocks noted by Pratt
and others (1989, 1992). These layered Proterozoic
rocks may be equivalent to the lower basaltic part of the
East Continent Rift sequence. Our present understand-
ing of the western boundary is based primarily on the in-
terpretation of gravity and magnetic data. Abrupt gravity
or magnetic gradients have been interpreted as normal
extensional faults, while more gradual trends have been
mapped as thinning of the Middle Run onto tilted blocks
of the Granite-Rhyolite Province. Block faulting is also
evident on the western part of the OH-1 seismic line.

Precambrian Crystalline

Basement Structure
The top of crystalline basement has been mapped
using sparse well data, magnetic gradient models, and
scattered seismic data (Fig. 6). For the purposes of this
map, crystalline basement is defined as pre-riftigneous
rock. Voicanic rocks interpreted to be part of the rift-fill

sequence are not considered crystalline basement. No
wells have penetrated pre-rift crystalline basement be-
neath the basinfill sequence; therefore, the mapping of
this surface is highly speculative. Regional surface and
subsurface faults that exhibit evidence of deep control
were projected to extend to the top of crystalline base-
ment, and brittle failure was assumed to characterize
this crystalline surface. This mapped area consists of
three structurally distinct regions: the top of the Gren-
ville Province east of the Grenville Front, the top of the
Granite-Rhyolite Province below the ECRB fill, and the
top of the Granite-Rhyolite Province west of the ECRB
(Fig. 6).

West of the Grenville frontal thrust, the top of crystal-
line basement changes lithologically, and abruptly deep-
ens to depths as great as 27,500 feet below sea level.
These basement depths are independently supported
by magnetic models (Gibson, 1991) (Fig. 6) and seismic
interpretation. Crystalline basement below the basin is
inferred to be Granite-Rhyolite Province. The overall
structure varies from a deep basin immediately adjacent
to the Grenville Front (7,500 to more than 25,000 feet
below sea level) to a much shallower surface in the west
(2,500 to 12,500 feet below sea level). A broad, south-
east-plunging arch extends southeast from an upthrown
block of Granite-Rhyolite Province rock in eastern Indi-
ana into southwestern Ohio, dividing the basin into
deeper portions both to the north and south (Figs. 6-7).
The Fort Wayne Rift trend defines another northwest-
oriented high area in eastern Indiana and westem Ohio
that also separates deeper portions of the basin.

Thickness of the

East Continent Rift Basin Fill

The isopach map of the ECRB shows the outline of
the basin-fill sequence as currently understood (Fig. 7).
The basin-fill sequence includes the Middle Run Forma-
tion, interbedded volcanic rocks, and the inferred lower
basalt-dominated sequence, which may include inter-
bedded siliciclastics. Because the map is derived from
the top of the Precambrian crystalline basement and
Precambrian unconformity maps, it is subject to the
same data limitations and should also be considered
speculative. The overall configuration is very similar to
that of the top of the Precambrian crystalline basement.

The thickness of basin-fill sequence ranges from O at
the block-fauited edges along the southern and western
edges of the study area to more than 20,000 feet at sev-
eral places along the leading edge of the Grenville
Front. Maximum mapped thicknesses are greater than
22,500 feet in Kentucky and central Ohio. Distinct areas
of thinning extend southeast of an uplifted fault block in
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southeastern Indiana, and across a structural high inthe
vicinity of the COCORP OH-1 line in Ohio, along the
trend of the Fort Wayne Rift. At the northern edge of the
study area, the section thickens to more than 20,000
feet. Such thicknesses are common in the flanking sedi-
mentary basins associated with the Midcontinent Rift. A
maximum thickness of more than 45,000 feet was re-
ported in the Keweenawan Peninsula of Michigan
(Bomhorst and others, 1983), while more than 32,000
feet of syn-ift sedimentary rocks occur in the Defiance
Basin of lowa (Palacas and others, 1990).

ORIGIN OF THE
EAST CONTINENT RIFT BASIN

Evidence from this study shows that the basin is a
Proterozoic (1.27-1.0 Ga) rift basin that is likely a con-
tinuation of the Keweenawan Midcontinent Rift System
farther to the north and west. This evidence includes the
association with basalts, composition of the sedimenta-
ry fill, geographic continuity with the Midcontinent Rift,
block-faulted boundaries, and tectonic relationships.

Basalts and Other Igneous Rocks

Key evidence in support of the rift origin is the pres-
ence of continental flood basalts within the ECRB. Such
basalts are associated with continental crustal stretch-
ing and the attendant emplacement of basaltic intru-
sions into the upper crust and flows to the surface. The
association of mafic volcanic rocks and clastics pre-
cludes the possibility that the Middle Run represents
sediments of a foreland basin, as basalts are not known
to be associated with such basins (Allen and Home-
wood, 1986; Ingersol, 1988; Wilson, 1989).

The marked positive gravity anomalies of the East
Continent Gravity High have been interpreted as the
central mafic core of a rift zone (Keller and others, 1982,
1983). The close association of sedimentary basins with
presumed mafic central cores also strongly indicates a
rift origin for the basin.

Sedimentary Fill
The stratigraphy and lithology of the sedimentary fill
inthe ECRB also suggest a rift origin. The red lithic are-
nites were likely deposited as alluvial fan or distal facies
equivalents in an arid continental climate. Such deposi-
tional environments are common within continental rift
basins. The paucity of metamorphic rock fragments in
the Middle Run Formation precludes the Grenville ter-
rane as a source for the sediments, and suggests that
the basin was not a foredeep associated with the em-

placement of the Grenville allochthon.

Continuity

Physical continuity with a Keweenawan rift basin in
central Michigan (part of the Midcontinent Rift System)
also supports a rift interpretation. Because two wells
north of the ECGH contain pre-Mount Simon lithic are-
nites, continuity may exist between northwestern Ohio
and central Michigan (McClure Sparks No. 1-8 well,
Gratiot County, Michigan) (Fowler and Kuenzi, 1978;
Fowler, 1979; Catacosinos, 1981). This continuity is
also suggested by gravity and magnetic signatures.

Our work also suggests that the general stratigraphy
and thickness of the ECRB fill is similar to that in other
parts of the Midcontinent Rift. The Midcontinent Rift fill
in Michigan is characterized by an upper Keweenawan
arenite sequence (Jacobsville and Freda Sandstones)
that overlies a thin sequence of shale (Nonesuch Shale)
and a basal conglomerate (Copper Harbor Conglomer-
ate). Below this siliciclastic sequence is a Middle Ke-
weenawan sequence of volcanics (Portage Lake Volca-
nics) (Dickas, 1986). The sequence is several tens of
thousands of feet thick. Remarkably similar lithologic
sequences and thicknesses are present elsewhere in
the Midcontinent Rift (Catacosinos, 1981; Daniels,
1982; Dickas, 1986; Steeples, 1988; Chandler and oth-
ers, 1989; Anderson, 1990). Interpretation of seismic
data in the ECRB suggests a very similar thick se-
quence of upper siliciclastics overlying deeper volcanic
rocks.

Block Faulting

Geophysical evidence for basement block faulting in
and along the westem edge of the basin also suggests
that a rift origin is likely. Block-fault interpretations in the
basement are inferred largely on the basis of sharp
magnetic gradients, many of which are associated with
mapped surface faulting in the Paleozoic section of Ken-
tucky (McDowell and others, 1981), and interpreted
faulting at several horizons in the subsurface of Indiana.
In addition, the western part of OH-1 and other propri-
etary seismic data support a block-faulted westerm mar-

gin.

Tectonic Relationships

The overthrusted nature of the Grenville block with
respect to the basin, as interpreted from seismic data in
Kentucky (Fig. 9), also indicates that the basin, whatev-
er its nature, must at least in part predate the Grenville
compression. Further evidence of this age relationship
is the apparent Grenville folding of basin sediments
shown on the COCORP OH-1 seismic line in Ohio and
an interpreted thrust fault cutting the clastic fill on
ODNR-1-88 seismic line (Shrake and others, 1990).
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Association of the ECRB with the Rome Trough and the
Rough Creek Graben of Kentucky is preciuded on the
basis of structural data, the disparity in depositional set-
tings, and inferred age differences. The westem bound-
ary fault of the Rome Trough truncates the Middle Run
Formation in Jessamine County, Kentucky. The east-
west-trending Rome and Rough Creek features are
filled with Cambrian marine limestones, shales, and
sandstones in contrast to the red lithic arenites and
shales of the Middie Run Formation.

Another hypothesis on the origin of this area is that
of collision-induced rifting (Gordon and Hempton,
1986). This hypothesis suggests that the rifts of the
MRS and the ECRB, as well as rifts in the Grenville hin-
terland, formed passively as pull-apart basins related to
strike-slip faulting induced by Grenville compression.

GEOLOGIC EVOLUTION OF THE
EAST CONTINENT RIFT BASIN

The evidence discussed above makes a strong case
that the ECRB has a continental rift origin, is genetically
associated with the Midcontinent Rift, and predates the
Grenville Orogeny. The hypotheses thatthe ECRB is re-
lated to Cambrian rifting or to Grenville foreland basin
formation have been shown to be highly unlikely. A poly-
phase origin is possible, but based on current data, it
seems unlikely.

Based on the data discussed, the geologic evolution
of the ECRB can be sequentially outlined. This evolu-
tionary sequence is illustrated in Figure 10, and is based
on all data interpreted in this study.

1. Emplacement of the Granite-Rhyolite Province: The
Granite-Rhyolite Province, whose extent to the east
is unknown, was emplaced by intrusion and extrusion
of igneous rocks (Fig. 10A). This event likely took
place 1.5to0 1.4 Ga (Lidiak and others, 1966; Denison
and others, 1984; Van Schmus and Hinze, 1985;
Bickford and others, 1986).

2. Keweenawan rifting. Apparent extensive crustal ex-
tension in the Granite-Rhyolite Province resulted in
the development of a complex of rift basins with sev-
eral axes or arms of rifting. Rifting likely began with
initial continental doming, normal faulting forming
tilted fault blocks, deep mafic dike emplacement, and
felsic volcanic activity (Fig. 10B). As extension con-
tinued, central mafic plugs were emplaced along the
axes of original rifting, and basalt flows covered the
surface. Clastic sediments were derived primarily
from erosion of tilted fault blocks and to a minor de-
gree from intrabasinal volcanics. Much of this sedi-
mentation was in the form of an alluvial fan deposited

in half-grabens. At about 1.0 Ga, extension waned,
volcanic activity slowed, and the basin began to sub-
side. At this point the basin became an aborted rift.

. Emplacement of the Grenville allochthon: With conti-

nent-continent collision during the Grenville Oroge-
ny, the Grenville allochthon was emplaced (Fig.
10C). This compressional event may have termi-
nated prior extension, resulting in rift abortion.
Thrusting cut the north-south part of the Keweena-
wan rift basin complex, possibly transporting the
shallower parts of the basin to the west in allochtho-
nous sheets and leaving only the deeper parts of the
basin in the autochthonous and parautochthonous
blocks. Folding also accompanied thrusting in the rift-
basin sediments. Grenville foreland basin sediments
were likely deposited over Keweenawan rocks at this
time. The emplacement of the Grenville allochthon
and development of the foreland fold and thrust belt
occurred 990 to 880 Ma, based on age dates of sub-
surface Grenville rocks (Lidiak and others, 1966; Kel-
ler and others, 1981; Hoppe and others, 1983; Lucius
and Von Frese, 1988).

. Late Proterozoic erosion and wrench faulting. Sub-

sequent to the emplacement of the Grenville rocks
and before the deposition of Early Cambrian rocks,
the area was deeply eroded (Fig. 10D). This erosion
occurred during the late Proterozoic, and its magni-
tude is indicated by exhumation of high-grade meta-
morphic rocks in the Grenville Province at the Pre-
cambrian subcrop. The erosion is thought to have
removed the foreland-basin sediments and the upper
parts of the rift basin sequence. However, as shown,
several downfolded remnants of foreland-basin sedi-
ments may be present west of the Grenville Front.

In addition to erosion, extensive strike-slip fauiting
took place near the Grenville Front during the late
Proterozoic. Wrench faulting is evident on both the
reprocessed COCORP OH-1 seismic line in Ohio
(Wickstrom and others, 1991) and the proprietary
seismic line in central Kentucky (Fig. 9). Some of this
faulting was reactivated at a later time, but the age of
the erosion and the oldest wrenching can be brack-
eted as post-1,000 to -800 Ma and pre-570 Ma, since
Cambrian rocks are not cut by many of these faults.

. Tectonic stability. During the Early and Middie Cam-

brian, regional extension occurred. The area of the
ECRB near the Grenville Front in central Kentucky
remained stable, while the areas to the west and east
subsided to form the Rough Creek Graben and the
Rome Trough (Fig. 10E). This relative tectonic inver-
sion apparently limited the propagation of Cambrian
extensional tectonics across the region, splitting the
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rifting. C: Emplacement of the Grenville Allochthon. D: Late Proterozoic erosion and wrench faulting. E: Tectonic stability.
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area of major subsidence into two parts. A similar
stable area occurred over part of the basin in Ohio
(based on the OH-1 seismic line), but the apparent
extent and degree of associated Cambrian subsi-
dence was markedly less than in Kentucky.

After the Cambrian, several periods of tectonic reac-
tivation occurred along and near the Grenville Front
onold Proterozoic faults (not illustrated on Fig. 10). In
Ohio, reactivation occurred during the Cincinnatian,
post-Cayugan, and possibly the Cenozoic along the
Bowling Green Fault Zone (Wickstrom, 1990;
Onasch and Kahle, 1991). Evidence from the repro-
cessed COCORP OH-1 seismic line and current bed-
rock mapping activities in Ohio suggests reactivated
faulting during the post-Late Devonian in the Belle-
fontaine Outlier (Hanson, 1991; Wickstrom and oth-
ers, 1992). In Kentucky, interpretation of the propri-
etary seismic data (Fig. 9), together with surface
mapping (McDowell and others, 1981), suggests that
Proterozoic faults have experienced several periods
of renewed tectonic activity along the Kentucky River
Fault System. In addition to the major Cambrian
reactivation, post-Ordovician activity (including
possibly the Early Mississippian) occurred along the
system. Later tectonic adjustment also occurrred
along parts of this fault system during the post-Plio-
cene (VanArsdale and Sergeant, 1987, 1992). The
coincidence of the ECRB with the axis of the Cincin-
nati Arch suggests that the basin and its associated
faults have had an influence on the location of this re-
gional positive feature.

ECONOMIC SIGNIFICANCE

This work has primarily defined the structural and
stratigraphic framework of the ECRB. Evaluating its
economic potential was not a main objective, but a few
observations regarding hydrocarbon and mineral poten-
tial are included.

Existing data from the ECRB are minimal, and a vast
area and stratigraphic interval remain unsampled. The
genetically related Midcontinent Rift System contains
rocks with both source and reservoir potential. The
Nonesuch Shale is an organic-rich lacustrine facies and
has generated liquid hydrocarbons on the Keweenawan
Peninsula of Michigan (e.g., Daniels and Elmore, 1988;
Elmore and Daniels, 1988). The Amoco Eischeid well,
drilled in the MRS in lowa, had small shows of gas and
zones of bitumen staining (Schmoker and Palacas,
1990). Some of the associated alluvial facies could form
reservoirs, since porosities of up to 6 percent were
found in sandstones in the Eischeid well (Schmoker and
Palacas, 1990), and up to 20 percent were found in the

Lake Superior region (Ojakangas, 1986). However, no
rocks with organic content sufficient to have generated
hydrocarbons have been found to date within the ECRB.
In addition, no Middle Run sandstones with significant
porosity have been penetrated. Primary porosity in
Middie Run sandstones has been occluded by caicite,
quartz, and feldspar cements, and by intergranular
compaction. No appreciable secondary porosity has
been observed in these sandstones despite their unsta-
ble mineralogy.

Perhaps the most important contribution to hydrocar-
bon expioration that recognition of the ECRB will have
may lie in understanding and defining associated Paleo-
zoic plays. Reactivated Precambrian structures may be
significant in the development of Paleozoic structural,
stratigraphic, and diagenetic traps.

The economic-mineral potential has not been ex-
plored, although sulfate and sulfide mineralization oc-
curs above the ECRB in the Ordovician of north-central
Kentucky (Anderson and others, 1982).

CONCLUSIONS

The integration of available lithologic, stratigraphic,
geochemical, gravity, magnetic, structural, and seismic
data has resulted in recognition of an eastern arm of the
Midcontinent Rift System named the East Continent Rift
Basin. While geologic and geophysical data are pres-
ently lacking for much of the rift basin, parts of the basin
have been sampled by drilling, and imaged with reflec-
tion seismic profiles. Interpretations made on the basis
of these data are summarized below:

1. An elongate, north-south-trending Precambnian rift
basin is present from southeastern Michigan,
through Ohio and Indiana, into central Kentucky; it
may continue to the south into northern Tennessee.
The basin-fill sequence lies unconformably below the
Cambrian Mount Simon Sandstone.

2. The East Continent Rift Basin is filled with red conti-
nental lithic arenites, minor red siltstones and shales,
and volcanics that range from mafic to felsic in com-
position. A lower sequence characterized by a highly
reflective seismic character is interpreted to consist
of interbedded extrusive flows and clastics, while an
upper poorly reflective sequence is composed pri-
marily of sedimentary rocks.

3. Gravity, magnetic, and seismic data indicate that the
basin is composed of several sub-basins, some of
which are as deep as —27,000 feet, and are filled with
thick wedges of sedimentary and volcanic rock up to
22,500 feet in thickness.

4. The basin is bounded by the Grenviile Fror:at to the
east and by normal block faults to the west. The rift
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narrows to the north, but likely continues into south-
em Michigan. The southern boundary is not well
constrained, but the basin appears to narrow into
northemn Tennessee.

5. Based on lithologic and stratigraphic similarities,
geochemistry of associated basalts, structural style,
and gravity/magnetic continuity with a known rift se-
guence, the basin is interpreted to be Keweenawan
in age, and associated with the middle Proterozoic
Midcontinent Rift System.

6. The ECRB predates the Grenvilie Orogeny, and the
basin was subsequently overridden by allochthonous
Grenville rocks. This compressional event resulted in
folding and faulting of the rift-fill sequence. Post-
Grenville erosion, Paleozoic inversion, and wrench
faulting resulted in the present configuration of the
basin.

7. Existing data for the vast areal extent and depth of
the basin are minimal, but no hydrocarbon source or
reservoir rocks have been found to date within the
ECRB. Mineral deposits of potential economic signif-
icance have not been encountered, but basin struc-
tures may have had an influence on the distribution of
overlying mineralization in some areas.

B. Structures associated with the ECRB have been
reactivated during the Phanerozoic, and may have
influenced Paleozoic structure, stratigraphy, diage-
nesis, and hydrocarbon migration and entrapment.
The possible effects of ECRB fault reactivation
should be considered in future Paleozoic studies.
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