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ABSTRACT

Nelson, K.D. and Zhang, J., 1991. A COCORP deep reflection profile across the buried Reelfoot rift, south-central United
States. In: A.F. Gangi (Editor), World Rift Systems. Tectonophysics, 197: 271-293.

A COCORP deep reflection survey across the northern Mississippi Embayment reveals essential features of the late
Precambrian (?)/early Paleozoic Reelfoot rift. Stratified reflections delineating the sedimentary fill of the rift basin are of
variable thickness, the base ranging from 2.0 to a maximum of 3.5 s twt (~4 to 8 km depth). In contrast, the base of
Phanerozoic the sedimentary section immediately east of the rift is at 1.4 s (~ 2.8 km depth). Correlation with a
basement-penetrating well indicates that the base of the Upper Cretaceous,/Holocene Mississippi Embayment Supergroup,
base of the Cambrian—-Ordovician Knox Group, and the lower Upper Cambrian(?) Bonneterre Formation are basin-wide
seismic stratigraphic markers. Clastic sedimentary strata of the Lamotte Formation, which immediately overlie Precambrian
basement, show clear angular discordance with the overlying subhorizontal Bonneterre Formation indicating that the base of
the Bonneterre marks the transition from active extension to passive subsidence within the Reelfoot rift. Palinspastic
restoration of the basement suggests relatively modest extension associated with rift formation (~ 17%). The Blytheville Arch,
an axial antiformal feature, as well as a number of lesser structures indicative of multiple episodes of fault reactivation, are
also evident on the COCORP profile.

The crystalline basement beneath the Reelfoot rift is relatively devoid of reflections down to ~ 5.0 s (12-15 km depth),
beyond which it passes gradationally into a complexly reflective /diffractive middle and lower crust. The lower crust, however,
does not exhibit the distinctly laminated character commonly observed in Mesozoic/Cenozoic extensional provinces. The
crust-mantle transition beneath the rift is characterized by a gradational downward cessation of crustal reflectivity at 12-13 s
(~ 40 km depth), followed by an unreflective zone, which in turn is followed by a distinct horizontal reflection at 14.5 s. The
latter is not observed on existing profiles outside the rift. At present it is not possible to determine strictly whether the deep
horizon represents Moho or alternatively a discrete feature (sill?) within the uppermost mantle; however, its spatial association
with the Reelfoot rift suggests that the two are genetically related.

Regional relations, together with the existence of dipping fabric in the deep crust beneath the rift, suggest the possibility
that the Reelfoot rift formed along the southern extension of the circa 1 Ga Grenville Front.
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Introduction

As part of an ongoing effort to study the deep
structure of continental rift zones, the Consortium
for Continental Reflection Profiling (COCORP)
recently acquired deep seismic reflection data
across the late Precambrian(?)/early Paleozoic
Reelfoot rift, which lies buried beneath Creta-

* Currently at Center for Lithospheric Studies, University of
Texas at Dallas, Richardson, TX 75083, USA.

ceous to Holocene sedimentary strata of the
northern Mississippi Embayment (Fig. 1). The Re-
elfoot rift was first delineated on the basis of
regional potential field data, and is generally
thought to be a late Precambrian aulacogen that
formed during the supercontinent rifting event
that led to the formation the Paleozoic lapetus
ocean (Ervin and McGinnis, 1975; Kane et al.,
1981; Thomas, 1985; Hildenbrand, 1985). The rift
is known to have been structurally and magmati-
cally reactivated in late Paleozoic and late Creta-
ceous time, and is seismically active today as
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manifest by the destructive 1811-1812 New
Madrid earthquakes and contemporary micro-
seismicity (Nuttli, 1973; Herrman and Canas,
1978; Andrews et al., 1985). In recent years the
area has been the subject of a number of geophysi-
cal /geological investigations aimed at elucidating
the large-scale crustal structure of the rift (Moo-
ney et al., 1983; Hildenbrand, 1985), and related
to that, controls on modern seismicity (Crone et
al., 1985; Andrews et al., 1985). The region has
also been subject to intermittent petroleum ex-
ploration activity (Howe and Thompson, 1984).
In this paper we describe and interpret the new
COCORP deep seismic reflection data within and
adjacent to the Reelfoot rift. Our interpretation of
the sedimentary section filling the rift follows
largely from the work of James Howe (Howe and
Thompson, 1984; Howe, 1985) who has interpre-
ted a large body of proprietary seismic reflection
data in conjunction with key petroleum explora-
tion wells in the region. Part of that proprietary
seismic data has also been purchased and de-
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scribed independently by personnel of the U.S.
Geological Survey (Crone et al., 1985; R. Ham-
ilton, pers. commun., 1988) and has been viewed
by us. For the basement, we compare and contrast
the reflection “image” of the crust and upper
mantle given by the new COCORP data with the
velocity structure deduced from refraction/wide-
angle reflection date (McCamy and Meyer, 1966;
Mooney et al., 1983; Ginzburg et al., 1983). We
also qualitatively compare the reflection character
of the crust beneath the Reelfoot rift with that of
extensional and cratonic regions elsewhere for
which deep seismic data are available.

Data acquisition and processing

COCORP’s Arkansas line 6 (AR-6) and the
western part of Tennessee line 3 (TN-3) traverse
the buried Reelfoot rift, which in the region crossed
by the survey is approximately 70 km wide. AR-6
begins 20 km east of Newport, Arkansas, over the
northwest boundary of the rift as defined by
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Fig. 1. Location map of COCORP profiles crossing the Reelfoot rift (AR-6, TN-3). Heavy barbed lines show rift boundaries as

inferred from potential field data (Hildenbrand, 1985). Fine lines: U.S.G.S. and Dow Wilson seismic lines in U.S.G.S. collection.

Open circles: earthquake epicenters (Andrews et al., 1985). White: area covered by Upper Cretaceous/Holocene Mississippi

Embayment Supergroup. Brick pattern: area of exposed Lower Paleozoic strata. Stipple: mafic/ultramafic plutons in subsurface
inferred from potential field and drill data (Hildenbrand, 1985). DW = Dow Wilson well.
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Hildenbrand (1985) on the basis of gravity and
magnetic data. From there it continues 100 km
east to the Mississippi River. The beginning of
TN-3 is offset 40 km north from the end of AR-6
along the Mississippi River. (due to logistical con-
straints). From there it extends southeastward
crossing the southeast boundary of the rift at
vibrator point (VP) 200 near Ripply, Tennessee.
From there it continues southeastward beyond the
rift.

All of the data comprising the COCORP survey
are nominal 60-fold vibroseis deep seismic reflec-
tion data collected with a 120-channel recording
system and 100 m station spacing. Near and far
offsets for the recording spread were nominally
0.3 and 12.3 km respectively, and a 10-48 Hz
upsweep was employed throughout.

Processing of the reflection data included the
normal sequence of demultiplex, Vibroseis correla-
tion, elevation statics, trace amplitude balance,
pre-stack deconvolution, frequency—wavenumber
(F-K) filter, CMP-gather, velocity analysis, nor-
mal moveout correction (NMO), mute, CMP stack,
and post-stack coherency filter. The stacked sec-
tions contain 20 s of data, though due to space
limitations only 16 s are displayed in Fig. 3. Wave
equation migrations of the entire data set, as well
as the shallow sedimentary part specifically, were
also produced.

As is typical of many deep seismic reflection
profiles, the stacked sections exhibit several verti-
cally bounded “panels” extending downward
through the entire section within which the crust
appears relatively less reflective than in the sur-
rounding regions (most notably between VPs 380
and 610 on AR-6). Amplitude decay plots gener-
ated for the entire data set demonstrate that these
less reflective panels correlate with regions of high
ambient noise encountered recording (traffic
and /or poor source/receiver coupling), and hence
are not of geologic significance.

Rift basin

Stratigraphic interpretation of the major reflec-
tors within the Reelfoot rift basin (Fig. 4) is based
on correlation with the section penetrated in the
Dow No. 1 Wilson well, which lies 14 km north-

east along regional strike from VP 820 on AR-6
(Fig. 1). To facilitate correlation of the seismic
data with the penetrated stratigraphy, a synthetic
seismogram was derived from an integrated veloc-
ity log of the well (Fig. 2). The stratigraphic
assignments of the principal reflections generated
by the synthetic follow those of Howe (1985).
Despite the fact that the Dow Wilson well lies at a
considerable distance from the COCORP profile,
there is excellent correlation between the major
reflections generated by the synthetic and those
observed on the seismic profile. In particular the
reflections associated with the base of the Upper
Cretaceous /Holocene Mississippi Embayment Su-
pergroup, base of the Cambrian Ordovician Knox
Group, and the Bonneterre Formation are promi-
nent basin-wide seismic stratigraphic markers. The
prominent reflection associated with the base of
the Embayment Supergroup results from a large
positive impedance contrast produced by low-
velocity, poorly consolidated, Upper Cretaceous
clastic sediments of the Embayment Supergroup
lying unconformably on high-velocity Lower
Ordovician dolomites of the Knox Group. The
reflection associated with the base of the Knox
Group is produced by the transition from high-
velocity carbonates above to lower-velocity shales
of the Upper Cambrian Elvins Formation below.
The prominent reflection associated with the Bon-
neterre Formation results from constructive inter-
ference of reflections from the top and bottom of
the Bonneterre dolomite, which is a relatively thin
high-velocity unit sandwiched between lower-
velocity Elvins shale above and Lamotte arkosic
sandstone below. In general, the top of the Pre-
cambrian basement does not produce a prominent
reflection because of the lack of significant imped-
ance contrast between it and the immediately
overlying Lamotte arkoses. The interpreted top of
basement shown in Fig. 4 is placed at the base of
obviously stratified rocks. Question marks indi-
cate areas where the interpretation of the top of
basement is ambiguous due to the obscuring effect
of multiple reflections produced in the overlying
strata.

The seismic data reveal that the pre-Cretaceous
fill of the Reelfoot rift basin is grossly divisible
into a lower “syn-rift” unit assigned entirely to
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Fig. 2. Comparison of synthetic seismogram produced from velocity log of Dow Wilson well and nearby portion COCORP seismic
profile. Stratigraphic assignments follow those of Howe (1985).

the Lamotte Formation, and an upper “post-rift”
unit composed of the overlying Bonneterre and
Elvins Formations and Knox Group.

Syn-rift sequence

The syn-rift unit is characterized by locally
thick assemblages of gently dipping strata lying
beneath the basinwide Bonneterre reflection. These
assemblages appear to define two asymmetric
half-grabens lying beneath the east and west flanks
of the rift, respectively. The deepest of these oc-
curs beneath the east flank of the rift where
stratified sub-Bonneterre reflections extend as
deep as 3.5 s (~ 8 km total depth, VP 100 on
TN-3). The terminations of these reflections
against unreflective basement to the southeast im-
plies that this sub-basin is bounded on the south-
east by several steep normal faults having an
aggregate throw of about 5 km, down to the
northwest. The location of these normal faults
corresponds approximately with the southeast
boundary of the Reelfoot rift defined previously
from potential field data (Fig. 1). The northwest-
ern feather edge of this half-graben, or an analo-
gous one occurring along-strike to the southwest,
is visible beneath the east end of AR-6 where a
westward thinning assemblage of gently east-di-
pping reflections pinches out beneath the Bonne-
terre reflection (VPs 800-1050). At this locality
there is clear angular discordance between the

graben-fill (Lamotte) reflectors and the overlying
flat-lying Bonneterre reflector, implying that the
base of the Bonneterre is a regional seismic strati-
graphic boundary marking the transition from ac-
tive crustal extension, with attendant basement
block rotation and localized deposition within the
rift, to regional basin-wide subsidence (“rift—drift
transition”). As noted by Howe (1985), and dis-
cussed subsequently, some movement on the rift-
bounding faults clearly continued through deposi-
tion of the Knox Group; however, the major epi-
sode of crustal extension apparently occurred prior
to deposition of the Bonneterre Formation.

The northwest boundary of the rift is also un-
derlain by an inward facing normal fault. On the
west end of AR-6 a gently east dipping reflection
beneath the Bonneterre Formation is traceable to
about 3.8 s (~ 9 km depth) beneath VP 380 (Figs.
3, 4). Stratified reflections lying above this feature
and beneath the overlying Bonneterre reflection
imply that this is a reflection from a southeast
dipping normal fault with a half-graben in the
hanging wall. Correcting for the obliquity of the
seismic profile to the local strike of the rift
boundary (Fig. 1), implies that the true dip of the
fault is between about 18 and 24 degrees to the
southeast. Local downward flexing of the Bonne-
terre Formation (VP 140-260, AR-6) above this
normal fault implies that it continued to be active
subsequent to 'deposition of the Bonneterre For-
mation.
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Post-rift sequence

The post-rift sequence, consisting of the Bon-
neterre and Elvins Formations and Knox Group,
is grossly conformable across the entire rift, except
in the immediate vicinity of the Blytheville Arch
(discussed subsequently). The entire post-rift se-
quence is considerably thicker within the rift basin
than on the flanking shoulders (2.7-3.0 km within
the rift vs. 2.1 km on the SE shoulder), and both
the Elvins Formation and Knox Group appear to
thicken slightly from east to west across the rift,
implying some ongoing tilting of the basin floor
during Elvins—Knox deposition. The reflection
character of the Elvins—basal Knox interval also
changes somewhat from east to west across the
rift, suggesting that some lateral facies variation
within the rift was produced in association with
tilting of the rift floor. Thickening of the post-rift
sequence across the rift boundaries, warping of
the Bonneterre reflection in the hanging wall of
the northwestern border fault, and the observation
of several minor offsets of the Bonneterre reflec-
tion within the rift that appear to die out upsec-
tion (e.g. VPs 810, 135, AR-6), constitute the
primary evidence for continued normal faulting in
the rift during deposition of the Bonneterre—Knox
succession. As noted, the magnitudes of normal-
sense displacements during this period were ap-
parently considerably less than that which oc-
curred during deposition of the underlying
Lamotte Formation.

Axial antiform

The Blytheville Arch (Hamilton and McKeown,
1988), a large antiformal upwarp of the Knox
Group and underlying sedimentary strata extend-
ing along the axis of the Reelfoot rift, constitutes
the principal evidence for post Early Ordovician—
pre Late Cretaceous compressional deformation
affecting the rift. ** This structure coincides with
the locus of modern seismicity within the rift

** This structure has also been referred to as “Charlie’s Ridge”
(Howe and Thompson, 1984; Howe, 1985). However, that
terminology is probably inappropriate in that there is no
positive topographic relief associated with the structure.
Indeed, along most of its length it is overlain by a swamp.

implying that it is active today (Zoback et al.,
1980; Andrews et al., 1985) (Fig. 1). However, the
major episode(s) in its formation must have oc-
curred prior to Late Cretaceous time, as manifest
by the pronounced erosional truncation of the
Knox Group along the crest of the antiform.
Northeast of the COCORP survey, pre-Knox shale
subcrops along the axis of the antiform beneath
the Cretaceous unconformity, implying that in
that area erosion entirely removed the Knox Group
(Howe, 1985).

On the COCORP profile the axis of the Blythe-
ville Arch occurs beneath VP 670 on AR-6. Im-
mediately east of this position, reflections defining
the Knox Group can be seen to bend sharply
upward toward the axis of the structure, diverging
from the Bonneterre reflection beneath. The latter
appears to step down toward the west and then be
offset(?) across the axial fault. Structural relief on
the base of the Knox Group at this position is
approximately 1.0 km. The more gentle northwest
limb of the Blytheville Arch, though partially ob-
scured by a vibrator skip (VP 560-610), is also
discernable on the seismic section (VP 490-670)

The axial antiform was first imaged on “shal-
low” seismic reflection profiles collected within
the rift by the U.S. Geological Survey (Zoback et
al.,, 1980; Hamilton and Zoback, 1982), and was
originally suggested by Survey workers to have
resulted from emplacement of an igneous intru-
sion (laccolith) along the axis of the rift, beneath
the Knox Group (e.g. Crone et al., 1985). Subse-
quently Howe (1985), interpreting proprietary
seismic and well data, interpreted the axial uplift
as resulting from late Paleozoic compressional re-
activation of a syn-rift normal fault. We favor the
latter interpretation because (1) a well drilled on
the axial antiform encountered an overthickened
section of shale beneath the Knox Group, rather
than igneous rocks (Dow Garrigan well, Howe,
1985), and (2) there is no obvious gravity or
magnetic anomaly associated with the axial anti-
form, such as are associated with known igneous
intrusions along the margins of the rift (e.g.
Hildenbrand, 1985). The pronounced stratal diver-
gence between the Bonneterre and basal Knox
reflections, which typifies Blytheville Arch, is
characteristic of a “flower structure” (Harding et
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al,, 1983), implying that there may have been
significant transcurrent motion associated with
formation of the axial antiform. At present we
have no way of evaluating this possibility.

Post-Late Cretaceous faulting

Minor offsets of the reflection from the basal
Cretaceous unconformity of a few tens to ~ 100
ms (~ 30-100 m), indicative of post-Late Creta-
ceous faulting within the rift, are a common fea-
ture of seismic sections in the region (e.g. Ham-
ilton and Zoback, 1982). Examples visible on the
COCORP profile (Fig. 4) occur at VP 890 on
AR-6, above the crest of the axial antiform (VP
670, AR-6), and beneath the west flank of Crow-
ley’s Ridge (an actual topographic ridge of ~ 50
m height trending NNE within the embayment;
VP 345, AR-6). The latter is notable because it
suggests that Crowley’s Ridge is structurally con-
trolled, rather than simply being an erosional re-
mnant.

Sub-rift crust

Although several discrete high-amplitude re-
flections occur in the shallow basement beneath
the Reelfoot rift basin (e.g. 3.5 s beneath VP
500-550), in general the upper part of crystalline
crust beneath the basin appears relatively unre-
flective down to roughly 5 s (12-16 km depth),
beyond which it passes gradationally into a com-
plexly reflective middle and lower crust (Fig. 3).
Processing with several alternative parameter sets
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and processor combinations indicates that this is
not a data processing effect (e.g. “AGC shadow™).

Close examination of the seismic reflection pat-
tern in the middle and lower crust indicates that it
is composed of superposed arcuate events (prob-
able diffractions), discontinuous subhorizontal re-
flections, and two opposed sets of dipping reflec-
tions (Figs. 3, 5). Examples of prominent arcuate
events visible on AR-6 occur at 4.5 s beneath VPs
850-910, at 5.8 s beneath VPs 900-1000, and 8 s
beneath VPs 650-770. Upon migration these
arcuate events collapse into bright subhorizontal
reflections, which have a maximum lateral extent
of a few kilometers.

Superimposed on the subhorizontal features of
the middle and lower crust are two sets of in-
wardly dipping reflections that occur beneath the
east and west flanks of the basin, respectively
(Figs. 3, 5). These are best imaged on the migrated
section (Fig. 6). The eastern, west-dipping (15-25°
migrated apparent dip) reflections are visible be-
neath VPs 700-1000 on AR-6 in the depth range
5-11 s. The lowermost reflections in this suite
(10-11 s beneath VPs 780-850) appear to termi-
nate against a set of horizontal reflections below,
suggesting that the horizontal features may be
younger. The east-dipping reflections (20-30°
migrated apparent dip) beneath the west flank of
the basin are visible beneath VPs 50-300 on AR-6
in the depth range 6-12 s. Neither set of dipping
reflections is traceable to the top of the basement,
and hence their interpretation is equivocal. How-
ever, their symmetric inward-facing arrangement
beneath the rift roughly mimics the inward-facing

TENNESSEE LINE 3
VPIOO . 300

0

A !

20 km |

Fig. 5. Simplified line drawing illustrating major reflection features of the crust beneath the Reelfoot rift (unmigrated).
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Fig. 6. Migrated portion of AR-6 showing dipping reflections
in the deep crust beneath the rift.

geometry of the basin-bounding normal faults
above, implying that they might represent the
down-dip “ductile” continuation of the basin-
bounding normal faults. This might be entirely an
extensional fabric produced at the time of rifting,
or alternatively might represent a preexisting
structural fabric that controlled the subsequent
development of the rift-bounding faults.

The complexly reflective crust, both beneath
the rift and outside the rift to the east, grades
downward between about 12 and 13 s (~ 35-40
km depth) into a nonreflective zone beneath. This
downward decrease in crustal reflectivity is gener-
ally similar in appearance to the gradational
“Moho” observed on many deep seismic reflection
sections in cratonic regions (Brown et al., 1983),
Allmendinger et al., 1987). However, beneath the
rift on AR-6, the nonreflective zone is itself
bounded below by a distinct horizontal reflection
at 14.5 s (~ 45 km depth) (Fig. 3). This reflection
is not visible on TN-3 beneath the eastern flank of
the rift, or outside the rift to the east.

The apparent continuity of the 14.5 s reflection
suggests that it represents an essentially continu-
ous geologic “horizon” that extends beneath most
of the rift. Internally the reflection consists of
several wavelets with a total time thickness of
0.2-0.3 s, implying that the horizon is likely to be
a composite of a number of layers having an
aggregate thickness of about 1 km.

Comparison with refraction /wide-angle reflection
results

A reversed long-range refraction profile shot
parallel to and immediately west of the Reelfoot
rift (McCamy and Meyer, 1966), and a series of
wide-angle reflection profiles shot by the U.S.
Geological Survey within and across the rift
(Ginzburg et al., 1983; Mooney et al., 1983) con-
stitute the primary sources of information on the
velocity structure of the deep crust in the vicinity
of the COCORP survey (Figs. 7, 8). Comparison
of these data with the COCORP profile indicates
the following:

(1) There are no simple first-order boundaries
imaged on the COCORP profile within the crys-
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Fig. 7. Map showing locations of regional refraction and
wide-angle reflection profiles in the vicinity of the Reelfoot
rift. Line LR/CG: reversed refraction profile between Cape
Girardeau, Illinois and Little Rock, Arkansas (McCamy and
Meyer, 1966). Circled numbers: shot points in U.S.G.S. wide-
angle reflection study. Number pairs give Moho depth and
corresponding vertical incidence travel time for each shot
point, as modelled by Mooney et al. (1983) (M ), and Ginzburg
et al. (1983) (G).
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Fig. 8. Comparison of COCORP seismic reflection image of the crust beneath the Reelfoot rift with velocity structures interpreted

from refraction /wide-angle reflection data. Note that velocity column for SP 3, like Sp 6, corresponds to the axis of the rift, not the

east side. Histogram shows depth distribution of earthquakes along rift axis composed from profiles A4’, BB’ and CC’ of Andrews
et al. (1985).

talline basement that correspond to the velocity
“boundaries” derived from interpretation of the
refraction and wide-angle reflection data. With the
exception of the top of the basement, all of the
velocity transitions in the crust beneath the rift
must be gradational at the scale imaged by the
seismic reflection profile.

(2) The above caveat aside, the less reflective
upper part of the crystalline basement observed
on the COCORP profile corresponds approxi-
mately with that part of the crust within which an
average velocity of 6.2 km/s has been interpreted
both inside and outside the rift. This is also the
depth range of virtually all of the seismicity asso-
ciated with the axial zone of the rift (Andrews et
al., 1985) (histogram in Fig. 8).

(3) The complexly reflective middle and lower
crust observed on the COCORP profile includes
the depth range where intermediate average veloc-
ities of 6.5 to 6.6 km /s have been interpreted, and
part or all of the depth range beneath where
velocities of 7.3 to 7.4 have been interpreted (“rift
cushion”). There is no obvious feature visible on
the COCORP section that corresponds to the
transition between these two velocity domains (Fig.
3).

(4) The crust-mantle transition, as deduced
from the refraction/wide-angle reflection data,
occurs in the vicinity of the deepest reflections

visible on the COCORP profiles. However, be-
cause of ambiguities discussed subsequently it is
not possible at present to determine strictly
whether the Moho (transition to velocities > 8
km/s) beneath the rift corresponds to the down-
ward disappearance of reflections at 12 to 13 s or
the deep reflection at 14.5 s, or lies somewhere in
between.

The ambiguity in interpretation of Moho stems
in part from the fact that none of the wide-angle
profiles in the U.S.G.S. study coincide precisely
with the COCORP profile, and in part from the
limited precision of the Moho depths derivable
from the wide-angle data. Two different velocity—
depth models calculated for U.S.G.S. shot point 6,
which lies closest to the COCORP survey, both
place the Moho at approximately 40 km depth,
corresponding to a vertical travel time of about 13
s (Fig. 7). This would appear to correspond well
with the downward cessation of reflections visible
on the COCORP profile between 12 and 13 s.
However, the range of Moho depths determined
for the several wide-angle shot points within the
rift varies by as much as 5 km, as does the Moho
depth for different models determined for several
of the same shot points, both within and outside
the rift. This implies that the precision of the
Moho depth determinations from the wide-angle
data is not better than several kilometers, which is
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comparable to the separation between the down-
ward cessation of reflections at 12 to 13 s and the
deeper reflection at 14.5 s on the COCORP pro-
file.

The limited precision of the Moho depths de-
termined from the wide-angle data stems largely
from the fact that the wide-angle profiles were not
long enough to record Pn as a first arrival, which
is crucial for precise Moho depth determination.
Lacking P,, the derived depths were based entirely
on modeling P P, the identification of which is
ambiguous in some areas (see for example Fig. 8
of Ginzburg et al.,, 1983). Furthermore, without
being able to trace PmP unambiguously to zero-
offset on these profiles, it is not possible to com-
pare the Moho travel times on the wide angle
profiles directly with the COCORP profile. An
expanding spread experiment centered on the
COCOREP profile, with an aperture large enough
to record P, might well resolve this issue.

Discussion
»

Figure 9 illustrates two alternative interpreta-
tions of the deep structure of the Reelfoot rift
corresponding to the two possible positions of
Moho discussed above. Both interpretations pre-
sume that the magnitude of crustal extension asso-
ciated with formation of rift was relatively small
(B =1.1-1.2). While we cannot account quantita-
tively for the effects of late Paleozoic transpres-
sion, simple line-length restoration of the base-

ment in Fig. 4 suggests that the total extension
across the rift in the vicinity of the COCORP
survey is only about 17% (10 km). This relatively
modest figure is consistent with the observation
that crustal thickness varies by at most a few
kilometers from outside the rift to inside, regard-
less of which of the two Moho interpretations is
chosen. Minimal extension is also qualitatively
consistent with the lack of prominent subhorizon-
tal lamination in the lower crust beneath the rift.
Such lamination is a distinctive feature of seismic
sections from a number of extended terranes (e.g.
Basin and Range province, North American and
European Atlantic margins), and while its precise
origin is problematic, it is generally thought to be
produced during crustal extension (e.g. Al-
Imendinger et al., 1987; McCarthy and Thomp-
son, 1988). Both of the interpretations in Fig. 9
also incorporate the presumption that lower crustal
rocks of >7 km/s average velocity represent
mafic magmatic additions to the crust during rift-
ing (underplate and /or “inplate” e.g. Furlong and
Fountain, 1986). Similar anomalously high-veloc-
ity units have been found in the lower crust of
several continental rifts (Mooney et al., 1983), and
at a number of localities at the base of transitional
crust beneath Atlantic-type margins (LASE Study
Group, 1986; White et al., 1987; Trehu et al.,
1989). _

In both interpretations, Moho outside the rift is
placed at the downward cessation of reflectivity at
12-13 s visible on TN-3. This is consistent with

GRP

Fig. 9. Alternative interpretations of crustal structure beneath the Reelfoot rift (see text for discussion).
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the interpretation of Moho from many cratonic
regions throughout the world (Allmendinger et al.,
1987). In the “A” interpretation, however, Moho
inside the rift is considered to be an entirely new
(early Cambrian) feature, corresponding to the
deeper reflection visible at 14.5 s on AR-6. In this
scenario the ~ 7.3 km/s material deduced from
the wide-angle studies is suggested to be com-
posed of a massive magmatic underplate (unre-
flective material between 12-13 s and 14.5 s),
which passes upward into heavily injected preex-
isting crust (reflective upper portion of the 7.3
km/s zone). The top of the 7.3 km/s “layer” is
suggested to represent a gradual upward decrease
in the proportion of high-velocity magmatic
material in the crust, which would not have ex-
pression on the near vertical incidence COCORP
profile.

In the alternative “B” interpretation Moho,
both inside and outside the rift, is placed at the
downward cessation of reflectivity at 12-13 s. The
deeper 14.5 s reflection is suggested to represent
some discrete feature, perhaps a sill complex,
within the upper mantle beneath the rift. While
relatively rare, discrete mantle reflections are
known from several areas (e.g. Flannan “fault”,
Warner and McGeary, 1986). The Moho in this
interpretation, while perhaps modified somewhat
during the rifting event, essentially coincides with
the pre-rift Moho, and the 7.3 km/s lower crust is
composed only of magmatically injected preexist-
ing crust, with no massive underplate beneath.

Superimposed on both these scenarios is the
possibility that the magmatic material represented
by the 7.3 km/s layer beneath the rift is currently
in the garnet granulite or eclogite facies, and the
transition to lower-velocity material above marks
the transition to amphibolite facies in these rocks.

A major uncertainty in both interpretations
depicted in Fig. 9 is the age of the magmatic
addition(s) to the crust. While the preceding dis-
cussion ascribes these to the rifting event, in real-
ity no igneous rocks of late Precambrian or
Cambrian age have been found in the vicinity of
the Reelfoot rift, and hence the existence of such
rocks in the deep crust is entirely conjectural.
Conversely, mafic/ultramafic plutonic rocks of
Permian and Late Cretaceous age are well known
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from boreholes in the region (Zartman, 1977;
Hildenbrand, 1985), and therefore part or even all
of the magmatic material hypothesized in Fig. 9
could have been added during these subsequent
reactivation events. Lacking a method to “date”
deep reflectors, this issue will remain unresolved.

Time of initial rifting and rift / drift transition

While the Reelfoot rift is generally thought to
have initiated in late Precambrian/Early
Cambrian time (e.g. Braile et al., 1986), in fact the
time of both the initiation of rifting and the rift—
drift transition are poorly constrained. A K/Ar
whole-rock age of 845 + 42 m.y. has been reported
for the basement in the Dow Wilson well (Howe,
1985). Although the interpretation of this date is
problematic, it presumably places a lower limit on
the time of the initiation of rifting. The Elvins
Formation, from which trilobite fragments of early
Late Cambrian age have been recovered (Grohs-
kopf, 1955; Howe, 1985), is the oldest overlying
biostratigraphically dated unit in the rift. Hence,
at this time it can only be inferred that the ini-
tiation of rifting occurred sometime between 845
Ma and early Late Cambrian time. The rift—drift
transition, while necessarily postdating the ini-
tiation of rifting, is similarly poorly constrained to
lie between these bounds. While lacking tight con-
straints, the relatively small thickness of the Bon-
neterre Formation and lack of evidence for a
significant time gap at its base suggests to us that
the rift—drift transition probably occurred in late
Medial to early Late Cambrian time. If correct,
this would be some 30 to 50 m.y. younger than the
rift—drift transition of the Iapetus margin pre-
served in the Appalachian miogeocline to the east
(Bond et al., 1984; Williams and Hiscott, 1987).

Relationship to preexisting structure

Prominent zones of dipping reflections pene-
trating deeply into the crust have been observed
on seismic sections across a number of major
crustal-penetrating high-strain zones (e.g. several
Appalachian terrane boundaries, Nelson et al.,
1987; Penninic-zone of the Alps, Pfiffner et al.,
1988; Grenville Front Tectonic Zone, Green et al.,
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1988). Hence the presence of the two zones of
dipping reflections extending into the deep crust
beneath the Reelfoot rift suggests the possibility
that the rift formed along a preexisting crustal
high strain-zone, This inference is at least cir-
cumstantially supported by regional magnetic
anomaly data, which show opposing anomaly
trends across the rift (Hildenbrand et al., 1982;
Hildenbrand, 1985). Here we suggest that the Re-
elfoot rift may have formed along the southern
extension of the Grenville Front.

The Grenville Front, extending from northern
Canada to Mexico, is arguably the most extensive
Precambrian tectonic feature in North America. It
is both a structural and metamorphic boundary
that separates rocks on the east and south, de-
formed and metamorphosed in the circa 1.0 Ga
Grenville orogeny, from older terranes to the west
and north (Hoffman, 1988). Within the eastern
United States it lies hidden beneath Phanerozoic
sedimentary strata; however, its position is rea-
sonably well known as far south as north-central
Tennessee on the basis of borehole penetrations,
magnetic field data, and seismic reflection studies
(Lucius and Von Frese, 1988; Lidiak and Hinze,

1992; Pratt et al.,, 1989). South of north-central
Tennessee, however, the magnetic signature of the
Front becomes indistinct, and borehole penetra-
tions unequivocally constraining its location are
lacking. Previous interpreters have tended to ex-
tend it southward, more or less along trend with
its better located segment to the north, thus plac-
ing the Reelfoot rift well within the 1.4-1.5 Ga
Eastern Granite Rhyolite Province, which bounds
the Grenville Province to the west (e.g. Denison et
al., 1984; Bickford et al., 1986). This was done at
least in part because silicic igneous rocks have
been encountered in several basement penetra-
tions in northern Alabama and western Tennessee
(Thomas, 1988). However, this is not a compelling
constraint because silicic igneous rocks also occur
within the Grenville Province to the north (Lucius
and Von Frese, 1988) and crystallization ages re-
quiring these rocks to lie within the older
Granite /Rhyolite Province are lacking. More crit-
ically, this position for the Front is not easily
reconciled with the recent observation that the
Reelfoot rift is floored by amphibolite-grade
metamorphic rocks (basement in Dow Wilson well,
Denison, 1984), not unmetamorphosed granite or
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Fig. 10. Proposed southern extension of the Grenville Front beneath the Reelfoot rift. Heavy barbed line: Grenville Front. Solid line:
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south-central Tennessee from Wasserburg et al., (1962). Square: unmetamorphosed silicic volcanic. Triangle: granite gneiss defining

location of Grenville Front in north-central Tennessee (Lidiak and Hinze, 1989).
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rhyolite. As noted, this metamorphic basement
has yielded a suspiciously Grenville-like K/Ar
whole-rock uplift age.

As an alternative we suggest that the Grenville
Front does not continue southward across central
Tennessee and northern Alabama, but rather is
offset westward, perhaps along the Rough Creek
fault zone, and continues southward along the
Reelfoot rift (Fig. 10). This would provide a ready
explanation for the occurrence of metamorphic
rocks in the floor of the rift, and for the dipping
fabrics observed in the deep crust beneath. It is
also consistent with the fact that prominent
stratification of the upper basement, which is
characteristic of much of the Granite/Rhyolite
Province to the north (Pratt et al., 1989), is not
observed on COCORP seismic sections within or
southeast of the rift in Tennessee or northern
Alabama. More basement penetrations in the re-
gion, coupled with appropriate radiometric age
studies are needed to test this hypothesis. If cor-
rect, it would lend support to the view that con-
tinental rifts commonly nucleate along preexisting
crustal weakness, and would yield insight into the
shape of the pre-Grenville margin of southern
North America.
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