New COCORP profiling in the southeastern United States.

Part I: Late Paleozoic suture and Mesozoic rift basin
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ABSTRACT ]

New COCORP profiling in the southeastern United States has revealed a broad zone of
dipping reflections that extends downward through the crust beneath the coastal plain in
western Georgia. The zone is over 50 km wide, and most of the reflections dip moderately
steeply toward the south, Regional considerations suggest that this feature marks the late
Paleozoic suture between North America and Africa. Where crossed by the COCORP
survey, the suture occurs beneath the north flank of the Triassic-Early Jurassic south
Georgia basin. The main depocenter of the south Georgia basin occurs about 90 km to the
south and is formed by a large half graben containing more than 5 km of rift basin fill.
Farther south, the Paleozoic Suwannee basir sequence beneath northern Florida is poorly
imaged on the COCORP profiles. However, weak reflections suggest that these strata
(including basal felsic volcanics) may have an aggregate thickness of about 6 km in north-
central Florida. At the northwest end of the COCORP traverse, a prominent horizon imaged
in the upper crust beneath the inner Piedmont probably marks the southern Appalachian
detachment. The detachment appears to be cut off by the Towaliga fault, implying that the
Towaliga fault is in part a down-to-the-north normal fault. Intermittent Moho reflections
occur at 11-12-s two-way time along the length of the COCORP survey, indicating that the
crust in the region has a roughly uniform thickness of about 33-36 km (assuming an average
crustal velocity of 6 km/s).
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Figure 1. Map showing location of COCORP lines in southeastern United States. Florida lines
1,2, and 4 and Georgia lines 10-15 are new lines described in this paper. Georgia lines 1-9
and short lines near Charleston, South Carolina, have been described previously (Cook et al.,
1979, 1981; Schilt et al., 1983). Stipple = area of Triassic-Early Jurassic subcrop beneath coast-
al plain (south Georgia basin, after Chowns and Williams, 1983); cross pattern = Pine Mountain
beit.
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INTRODUCTION

In 1966 Tuzo Wilson made the then-
speculative suggestion that northern Florida
was underlain by a fragment of African conti-
nental crust sutured to North America in late
Paleozoic time. Wilson’s hypothesis was based
on the recognition that early to middle Paleo-
zoic strata encountered in wells drilled through
the coastal plain in northern Florida are fau-
nally and lithologically distinct from strata of
equivalent age in the Appalachian foreland, yet
are faunally and lithologically similar to Pa-
leozoic strata exposed in West Africa (e.g.,
Whittington and Hughes, 1972; Cramer, 1971,
1973; Pojeta et al., 1976). Although Wilson’s
hypothesis is now generally accepted (e.g., Pin-

. dell and Dewey, 1982; Williams and Hatcher,

1983), the precise location and character of the
late Paleozoic suture beneath the coastal plain
have remained enigmatic. Scattered well pene-
trations through the coastal plain in northern
Florida and southern Georgia serve to outline
the northern subcrop limit of the African (Su-
wannee basin) Paleozoic sequence (Chowns
and Williams, 1983; Smith, 1982). However,
to the north Triassic-Early Jurassic red beds
and associated mafic igneous rocks subcrop in
a broad northeast-trending belt (south Georgia
basin), obscuring the location of the Paleozoic
suture (Fig. 1). Although some attempts have
been made to interpret crustal structure in this
region on the basis of aeromagnetic data (e.g.,
Popenoe and Zietz, 1977; Higgins and Zietz,
1983; Daniels et al., 1983), in general, little de-
tailed information has been available concern-
ing the internal structure of the Mesozoic rift
basin in southern Georgia, or the nature of the
crust beneath it. Recently, the COCORP proj-
ect recorded a series of deep seismic reflection
profiles, which together compose a deep seis-
mic reflection traverse across this region (Fig.
2). Although processing of the data is still at an
interim stage, the main features are already ap-
parent. In particular, it appears that both the
Paleozoic suture and Mesozoic rift basin have
been imaged on the profiles.
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Figure 2. Top: Summary line drawing of new COCORP seismic reflection profiles in southeastern United States (unmigrated). These are conven-
tional Vibroseis 48-fold CDP stacked sections with a record length of 16 s (14 s shown). Bottom: Preliminary geologic interpretation incorporat-
ing well data for region covered by coastal plain (primarily from Chowns and Williams, 1983), and surface geologic information for southernmost
exposed Appalachians (Schamel et al., 1980). UB = Uchee belt; PMB = Pine Mountain belt; IPB = inner Piedmont. Scale = 1:1 assuming average

crustal velocity of 6 km/s.

COCORP RESULTS
Coastal Plain

The most prominent feature visible on the
COCORP profiles is a zone of bright subhori-
zontal reflections, visible in the upper 0- to
about 1-s two-way time on all but the north-
ernmost profile (Figs. 2, 3). These reflections
undoubtedly originate from the Cretaceous to
Holocene coastal plain sequence. Well data in-
dicate that these strata are flat lying and have a
thickness of about 1 km in the vicinity of Flor-
ida line 2, thickening to about 1.5 km in the
vicinity of Georgia line 11, and then thinning to
a feather edge at the fall line, which occurs in
the gap between Georgia lines 14 and 15 (Bar-
nett, 1975; Popenoe and Zietz, 1977). The re-
gional thickness variation and undeformed
character of the coastal plain sequence are
clearly apparent on the COCORP profiles and
serve to distinguish it from older strata beneath.

Moho

Discontinuous “patches” of subhorizontal or
gently dipping reflections at 11- to 12-s two-
way time are also common to each of the
COCORP sections. These are the deepest
reflections seen on the survey, and on the basis
of their apparent depth and laminated charac-
ter, they are interpreted as Moho (see Oliver et
al., 1983). Although these patches of reflections
do not define a continuous horizon on the
COCORRP profiles, their apparent uniformity of
travel time implies that the Moho is approxi-
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TWO-WAY TIME(S)

Figure 3. Part of Georgia line 11 (unmigrated CDP stacked section). Horizontal reflections from
0 to about 1.0 s = Cretaceous to Holocene coastal plain sequence. Prominent two-cycle reflec-
tion at 1.2 s = Lower Jurassic(?) basalt. South-dipping reflections from 1.2 to about 3 s = Trias-
sic-Early Jurassic rift-basin assemblage. Note small half graben within larger basin

assemblage (VP-180-VP-240).

mately flat along the length of the survey and
occurs at a depth of about 33 to 36 km (assum-
ing 6 km/s average crustal velocity). The dis-
continuous nature of these deep reflections is
probably due to varying signal-to-noise ratio
along the survey. Unfortunately, refraction de-
terminations for depth to Moho do not exist in
the immediate vicinity of the COCORP lines.

Suwannee Basin

Well data indicate that the coastal plain se-
quence, south of approximately VP-300 on
Florida line 2, lies directly on Paleozoic Su-
wannee basin sedimentary strata (Chowns and
Williams, 1983; Smith, 1982). Reflections from
the Paleozoic strata in this region are sparse.
This may be due in part to the lithologically
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monotonous nature of the Suwannee basin se-
quence and in part to the difficulty of getting
coherent seismic signals through the cavernous
coastal plain sequence in northern Florida.
Where reflections do occur in the Paleozoic
sequence, they tend to be flat lying or gently
dipping, suggesting only minor deformation.
Unfortunately, the data quality does not allow
us to define the internal structure of the Su-
wannee basin sequence in any detail. On
Florida line 2 a relatively continuous zone of
reflections at 2.5 to 3.0 s can be traced most of
the length of the profile. This zone appears to
mark the base of layered (sedimentary?) reflec-
tions on the profile and is thus tentatively inter-
preted as marking the top of crystalline
basement. This interpretation would imply that
the Suwannee basin sequence (probably includ-
ing basal felsic volcanics) is about 6 km thick
in the vicinity of Florida line 2. Farther north
we are unable to define the base of these strata.

South Georgia Basin

North of approximately VP-300 on Florida
line 1 Triassic-Early Jurassic red beds and as-
sociated mafic flows and/or sills are encoun-
tered in wells drilled through the coastal plain
sequence (Chowns and Williams, 1983). The
northern subcrop limit of these strata occurs on
the southern half of Georgia line 14. The CO-
CORP data suggest that this rift sequence is
relatively thin beneath the north end of Florida
line 1 and Georgia lines 10 and 12 (less than
0.5 s thick) but thickens dramatically in a large
half graben centered beneath VP-200 on Geor-
gia line 11. From there it appears to thin to-
ward the north.

In southern Georgia the base of the rift se-
quence is marked py a prominent two-cycle re-
flection. This reflection is particularly well
displayed on Georgia line 12, where it occurs at
about 1.2 s across the length of the section

S GEORGIA 13

(1.7-2.0 km depth). Correlation of the reflec-
tion data with a well occurring immediately ad-
jacent to VP-310 on Georgia line 12 indicates
that the two-cycle reflection originates from a
sequence of early Jurassic(?) basalts interca-
lated with clastic sedimentary strata.! Although
this well did not penetrate through these ba-
salts, the reflection data suggest that they lie at
or near the base of the Mesozoic rift sequence.
Two-cycle reflections similar to those on Geor-
gia line 12 occur intermittently southward on
Georgia line 10, Florida line 4, and the north
end of Florida line 1. On Florida line 1 the
two-cycle reflection merges with the base of the
coastal plain sequence at the position where re-
gional well data indicate that the Mesozoic rift
sequence pinches out in the subsurface (about
VP-300). On all of these lines reflections from
immediately beneath the two-cycle reflection
are scattered and weak, analogous to the reflec-
tions from the Paleozoic Suwannee basin se-
quence to the south. This character is not due
to a lack of signal penetration, for prominent
Moho reflections are observed on Georgia line
12 and locally on Georgia line 10 and Florida
lines 4 and 1.

The bright two-cycle reflection on Georgia

' line 12 can also be traced northward on Geor-

gia line 11. North of VP-25 on line 11, promi-
nent generally south-dipping reflections are
observed beneath this horizon (Fig. 3). These
reflections are clearly distinct in terms of ampli-
tude and geometry from the very weak “Pa-
leozoic” reflections to the south. They define a
large half graben, the base of which lies at
about 3 s (6 km depth) beneath VP-200 on line
11. This deep graben appears to mark the de-

'Houston Oil and Minerals, Horace Parker #1,
Colquitt County, Georgia; Georgia Geological Survey
Open-File Report. :
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positional axis of the south Georgia basin in the
region crossed by the COCORP profiles. The
geometry of the graben fill suggests that the
main basin-bounding fault occurs on the south
side of the graben and is listric, dipping toward
the north. A distinctive smaller half graben oc-
curs within the fill of the larger basin between
VP-180 and VP-240 on line 11. In general, the
floor of the main graben shallows northward
on Georgia lines 11 and 13. However, the in-
ternal structure of the basin is complicated in
this region, and it is possible that some prerift
strata are included within what is interpreted as
rift fill in this area on Figure 2.

Alleghenian Suture

A broad internally complex zone of dipping
reflections and probable diffractions extends
through the entire thickness of the crust on
Georgia line 14 and the north end of line 13
(Fig. 4). This feature is more than 50 km wide
and is grossly wedge-shaped in appearance,
tapering toward the south. Regional relations
suggest that this feature marks the late Paleo-
zoic suture between Africa and North Ameri-

* ca. This interpretation is based on the following

considerations: (1) The zone of dipping reflec-
tions/diffractions on Georgia lines 13 and 14 is
the only major crustal-penetrating feature im-
aged on the COCORP survey between known
African basement, underlying the Suwannee
basin Paleozoic sequence of north Florida, and
known North American basement (Grenville),
exposed in the Pine Mountain window of west-
central Georgia. (2) The position and dominant
orientation of reflections defining this feature
are appropriate for it to represent the root zone
for the inner Piedmont nappes. (3) The zone
lies distinctly north of the depositional axis of
the Triassic-Early Jurassic south Georgia basin
and is thus not obviously related to post-
Paleozoic rifting. (4) It coincides with a promi-
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nent aeromagnetic anomaly (Brunswick
anomaly) that extends across Alabama and
Georgia and that previously has been recog-
nized as separating two distinct regional mag-
netic terranes (Daniels et al., 1983). (5) A well
drilled on this anomaly in Alabama encoun-
tered serpentinite beneath the coastal plain.?
Most of the reflections defining the inferred
suture zone dip moderately steeply toward the
south, though several discrete, apparently cross-
cutting features dip in the opposite direction. At
least one of these north-dipping reflections ex-
tends into the upper crust on Georgia line 13
and appears to offset the top of basement(?) in
a south-vergent thrust sense. The predominant
south-dipping reflections project upward into
the southernmost exposed Appalachians
(Uchee belt, Pine Mountain belt). Toward the
south these reflections intersect subhorizontal
Moho reflections, visible on both Georgia lines
13 and 14, at a moderate angle (unmigrated
sections). This geometry is particularly well
displayed beneath the northern one-third of
Georgia line 13 (Fig. 5). Although migration of
these lines has not been completed, preliminary
analysis indicates that the south-dipping reflec-
tions in the lower crust on Georgia line 13
have a migrated dip of 20° to 25°, and project
downward toward the Moho at an acute angle.
This geometry implies that the dipping crustal
fabric defining the inferred suture zone is cross-
cut by, and thus predates, the subhorizontal
Moho fabric defining the base of the crust. This
inference is also supported by the fact that the

2Getty Oil Corp.. #1 Rufus Garrett, Monroe
County, Alabama (Neathery and Thomas, 1975).
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Moho reflections are themselves essentially flat
(i.e., undeformed) across the suture zone. An-
nealing of the base of the crust in this region
might reasonably be related to crustal extension
and/or igneous activity associated with Meso-
zoic rifting.

The actual origins of both the Moho and
suture-zone reflections remain unclear. In a
general sense, the suture-zone reflections appear
to originate from within the down-dip exten-
sion of the highly deformed and metamor-
phosed eugeoclinal assemblage exposed in the
southernmost Piedmont. However, whether
these reflections are caused by primary litho-
logic boundaries, ductile high strain zones, or
some other type of geologic feature within this
assemblage is unknown. COCORP is planning
more work in the vicinity of Georgia lines 13
and 14 in order to better define the internal
geometry of these reflections and, we hope,
trace some directly to outcrop.

Pine Mountain Belt

Georgia line 15 extends from the fall line
northward across the Uchee belt, the Pine
Mountain belt, and part of the inner Piedmont.
Crustal reflections beneath the Uchee belt and
Pine Mountain belt are limited to scattered,
weak, south-dipping reflections that probably
represent the northward continuation of the
more prominent south-dipping reflections oc-
curring on Georgia line 14. North of the Pine
Mountain belt a prominent horizon of lami-
nated reflections, about 0.5 s thick, occurs in
the upper crust beneath the inner Piedmont.
The southern termination of this horizon occurs
at 2.4 s (7-km depth) beneath VP-600 on
Georgia line 15. Toward the north this horizon
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describes a gentle synform and then continues
off the north end of the section, shallowing
gently toward the north.

Although more profiling is needed to trace
out this horizon, its character and position
strongly suggest that it marks the southern Ap-
palachian detachment, previously recognized
on COCORP profiles in Tennessee and north-
ern Georgia (Cook et al.,, 1979, 1981). The re-
flections that define the southern Appalachian
detachment on those profiles are thought to
originate from early Paleozoic miogeoclinal
strata in the lower plate of the detachment,
which in turn overlie Grenville basement
(Cook et al., 1981). A critical feature of the .
proposed detachment reflections on Georgia
line 15 is that they do not continue southward
beneath the Pine Mountain belt. Rather, they
terminate abruptly on the north side of the Pine
Mountain belt, against the down-dip projection
of the Towaliga fault. Grenville basement and
overlying metamorphosed cover are exposed in
the Pine Mountain belt (Schamel et al., 1980),
implying at least 7 km of structural relief on
basement across the Towaliga fault. This relief
might be due to thrust imbrication of basement
during Appalachian orogenesis, post-thrusting
down-to-the-north normal fault motion on the
Towaliga fault, or some combination of both.
Surface mapping indicates that both processes
were probably involved. The basement and
cover in the Pine Mountain belt are imbricated
in several north-vergent sheets; in addition the
Towaliga fault, which bounds the north side of
the Pine Mountain belt, dips steeply north and
appears to have been reactivated as a brittle
normal fault subsequent to Appalachian thrust-
ing (Schamel et al., 1980). The COCORP data

Figure 5. Part of Georgia
line 13 showing south-
dipping reflections in
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deep crust (unmigrated
CDP stacked section). Dif-
fuse subhorizontal reflec-

tions between 11 and 12 s
probably represent Moho.
Note that south-dipping

reflections project
downward toward Moho
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at moderate angle. Migra-
tion accentuates this an-
gular discordance.
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suggest that this normal fault actually cuts the
southern Appalachian detachment. More profil-
ing is needed to determine what the actual
offset on this fault is and what role it played in
creating the large basement relief evident across
the north flank of the Pine Mountain belt. Res-
olution of these questions will have important
implications for how interior basement massifs
in the Appalachians formed and will also shed
light on the extent to which Mesozoic extension
has affected the southern Appalachian
Piedmont.
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