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EARLY MESOZOIC BASIN STRUCTURE AND TECTONICS OF THE SOUTHEASTERN
UNITED STATES AS REVEALED FROM COCORP REFLECTION DATA AND THE
RELATION TO ATLANTIC RIFTING

J. H. McBripe2, K. D. NELsONZ, AND L. D. BRowN!

ABSTRACT

Recent seismic reflection profiling by COCORP (Consortium for Continental Reflection Profiling) provides the first detailed view of the
internal structure of the Triassic-Jurassic South Georgia Basin beneath the coastal plain of the United States. This basin is the southernmost
and largest of the onland Triassic-Jurassic rift basins of eastern North America. The reflection data indicate that the South Georgia Basin is a
composite feature, which includes several large half-grabens separated by intervening regions where the Triassic-Jurassic section is much
thinner. The largest of these individual half-grabens has an apparent width (along the north-south profile) of 110 km, and contains up to 6 km
of basin fill sediment.

The COCORP profiling further indicates that the interior of the South Georgia Basin is vertically divisible into two distinct seismic
stratigraphic intervals beneath the Cretaceous-Tertiary cover: a lower, thicker graben-filling (“syn-rift”) sequence exhibiting structural
truncation combined with stratal tilting, and an upper, thinner basin-overlapping (“post-rift”) sequence characterized generally by less
faulted, concordant reflectors. This two-part division, typical of continental rift basins, is akin to the Mesozoic development of the western
North Atlantic margin and the North Sea. As seen on COCORP profiles in the South Georgia Basin, the two sequences are separated by a
prominent Lower to Middle Jurassic basalt/diabase interval, which is traceable across most of the South Georgia Basin as far east as offshore
South Carolina. The basalt interval is analogous to that observed in exposed Newark-style Triassic basins as far north as the Fundy Basin and is
probably the extrusive equivalent of diabase dikes exposed in the Piedmont. This correlation, together with the separation by the basaltic
interval of the syn-rift and post-rift phases of the basin, would support the hypothesis that the major diabase intrusive- extrusive event in
eastern North America postdates the formation of onland Triassic basins and possibly marks the initiation of Atlantic seafloor spreading.

INTRODUCTION

Approximately 1180 km of new, deep, seismic reflection
data were collected by COCORP (Consortium for Conti-
nental Reflection Profiling) over the coastal plain and adja-
cent Southern Appalachian Piedmont of the southeastern
U.S. during the periods November, 1983 to May, 1984 (Nel-
son et al., 1985a, 1985b) and December, 1984 to April, 1985.
Together with previous Southern Appalachian survey pro-
grams (Cook et al., 1979, 1983), these data make up two
transects, each over 300 km long, across the Georgia Coastal
Plain (Fig. 1). This region is underlain by a broad area of
Triassic-Jurassic subcrop, as shown in Figure 1, defined
previously on the basis of scattered well penetrations and
potential field data. For the most part, wells have been
drilled only into the upper part of the Triassic-Jurassic
section, leaving the internal and boundary structure of the
basin as well as total volume unknown.

The South Georgia Basin is the southernmost and largest
of the series of narrow, elongate onland early Mesozoic rift
basins of the eastern margin of North America. In areal
extent, it is ten times the size of the Newark-Gettysburg-
Culpeper system (Chowns and Williams, 1983). All along

the eastern edge of North America, the rift system is char-
acterized by asymmetric basins each usually bounded by a
single master normal fault. Where these fault boundaries
have been studied in the Appalachian Piedmont, they ap-
pear to have reactivated the antecedent Paleozoic compres-
sional structure (Lindholm, 1978; Swanson, 1986). In this
report we describe the COCORP data over the South Geor-
gia Basin, and analyze in greater detail the development of
early Mesozoic rifting in the southeastern United States in
the context of kindred development of Atlantic rifting along
the eastern on- and offshore margin of North America.
Figure 2 shows summary cross-sections through the
western and eastern Georgia-Florida transects, which serve
to illustrate the main results of COCORP profiling in the
South Georgia Basin and adjacent terranes. Drillhole and
surface geological observations (e.g., Maher, 1971; Chowns
and Williams, 1983; Williams and Hatcher, 1983) indicate
that the basin separates Piedmont metamorphic strata and
locally exposed Grenville basement rocks to the north, and
the Paleozoic Suwannee Terrane of African affinity to the
south. The South Georgia Basin thus lies above, and ob-
scures the Alleghanian suture in the Southern Appalachian
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Fig. 2. Schematic cross-sections of the COCORP data showing generalized line drawings of prominent mid- and lower crustal
reflections. Sections displayed with no vertical exaggeration using a conversion seismic velocity for “basement” rocks (6 km/s). Numbers
refer to COCORP lines.
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Orogen. The new COCORP profiling has revealed a broad,
complex zone of generally south-dipping reflections, which
penetrates the entire thickness of the crust beneath the
coastal plain in western and eastern Georgia. This zone,
which is approximately 70 km wide in western Georgia and
widens to over 80 km in eastern Georgia, is interpreted as
marking the Alleghanian suture between North America
and Africa (Nelson et al., 1985a, 1985b). The new reflection
data also reveal that the main body of the South Georgia
Basin rests over the southern, down-dip flank of the broad
dipping zone (Figs. 1, 2 and 3).

REsuLTs oF CocorRP PROFILING

CoAsTAL PLAIN SEQUENCE

On all the seismic sections south of the fall line (landward
edge of the Cretaceous-Holocene overlap), strong and highly
continuous reflections occur in the upper 0 to 1 s (two-way
time). This sequence of bright, subhorizontal reflections
thickens gradually southward from the fall line (Fig. 3),
reaches a maximum thickness at about the southern end of
line 11 of 1400 m (0.90s) (Fig. 4), and then thins gradually
southward into northern Florida. These and all other calcu-
lations of depth or thickness are based on interval velocities
derived from stacking velocities. Well data from throughout
the coastal plain area indicate that this sequence originates
from repeating series of poorly to moderately consolidated
beds of sand, clay, and limestone ranging from Early Creta-
ceous to Late Tertiary (Late Jurassic locally) in age (Cramer,
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etal., 1981, 1983). The well layered and uniform character
of the coastal plain seismic stratigraphic sequence through-
out the region distinguishes it from the underlying pre-
Mesozoic basement or buried South Georgia Basin sedi-
ments. Laboratory and seismic refraction velocity studies
(Bonini and Woollard, 1960) of rocks in the southeast indi-
cate that Coastal Plain Sequence sediments fall into a dis-
tinct low-velocity category compared with the underlying
Triassic basin strata or Piedmont rocks. This velocity con-
trast is manifest on the seismic sections as a smooth, promi-
nent reflection marking the base of the Coastal Plain Se-
quence. The structural configuration of the base of the
Coastal Plain Sequence, as indicated by reflection profil-
ing, generally corroborates the structure of the fall line
unconformity (Popenoe and Zietz, 1977), as determined
from drilling.

SouTH GEORGIA BASIN

Beneath the base of the Coastal Plain Sequence, the new
COCOREP data reveal a thickened and prominent series of
layered reflections extending as deep as 4 or 5 s locally. The
areal extent of this series generally coincides with the limits
of the Triassic to Early Jurassic South Georgia Basin as
defined by scattered drilling (Chowns and Williams, 1983)
and potential field analysis (Daniels et al., 1983). This se-
quence is generally highly reflective in contrast to the rela-
tively unreflective Suwannee Basin Paleozoic strata in north-
ern Florida and the Piedmont metamorphic and igneous
rocks to the north. Shallow drilling within the South Geor-
gia Basin indicates that this reflective package directly

1969; Gohn et al., 1978; Chowns and Williams, 1983). Known—_beneath the Coastal Plain Sequence represents continental

as the Coastal Plain Sequence (Chowns and Williams, 1983),
this package has been similarly mapped by previous reflec-
tion programs in the southeast, onland (Cook et al., 1979;
Hamilton et al., 1983; Schilt et al., 1983; Behrendt, 1986)
and continuing out onto the continental margin (Behrendt

clastic deposits (Maher, 1971; Gohn et al., 1978; Chowns
and Williams, 1983). Well indurated arkosic sandstone
interbedded with red shale and siltstone as well as basaltic

igneous rocks have been described from cuttings taken
from drillholes in the basin (Chowns and Williams, 1983).
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Gohn et al. (1978) and Schamel et al. (1986) among others,
have inferred that the sedimentary rocks of this package
are equivalents of the Middle Triassic to Middle Jurassic
Newark Supergroup (Van Houten, 1969; Froelich and Olsen,
1985). Fluviolacustrine mudstone, sandstone, and coarse-
grained arkosic sandstone and conglomerate are the three
principal sedimentary rock types composing this group all
along the east coast (Marine and Siple, 1974). Newark
Supergroup sediments are in general often interlayered
with basalt flows and diabase sills, although these tend to be
concentrated near the upper part of the section (Faust,
1975; Lanphere, 1983). Isotopic age-dating of basalts be-
neath the Coastal Plain Sequence in South Carolina (Lan-
phere, 1983) and Georgia (Gohn et al., 1978) gives an age of
184 +3.3 Ma implying that the deeper, basinal sediments
are pre-Middle Jurassic. Palynological age-dating indicates
that some Newark equivalent sediments are as old as Mid-
dle Triassic (Cornet et al., 1973; Schamel et al., 1986).

The well developed reflectivity below the coastal plain
seismic sequence in the sections over the basin contrasts
markedly with the relatively non-reflective Suwannee Ba-
sin Paleozoic sequence crossed by Florida lines 1, 2, and 4
and also with the Piedmont basement strata to the north
crossed by Georgia lines 14, 15, 20, 21, 22 and 24. This
important distinction has also been observed in previous
reflection studies in the Riddleville Basin in eastern Geor-
gia (Cook et al., 1983; Petersen et al., 1984) and in northern
Florida (Arden, 1974). Sharp acoustic impedance contrasts
in the interior of the basins would be expected, for example,
from lacustrine mudstone interlayered with coarser sedi-
ment or from basalt flows or diabase sills. Petersen et al.
(1984) interpreted high-amplitude reflections within and at
the base of the Riddleville portion of the South Georgia
Basin as coming from lacustrine mudstone or basalt. High-
amplitude reflections from the interior of terrestrial basins
of the Basin and Range province have been likewise attrib-
uted to fluviolacustrine deposits (Effimoff and Pinezich,
1981; Anderson et al., 1983).

Along the western Georgia transect, the reflection pack-
age beneath the Coastal Plain Sequence reaches its maxi-
mum thickness of about 6 km near the northern end of
Georgia line 11 (VP 450, Worth Co.) (Fig. 4) from where it
thins gradually to the north and south. On the southern end
of line 11, subhorizontal reflections in the lower part of this
package are truncated against a north-dipping set of reflec-
tions, which separates the package from a non-reflective
basement to the south (VP 50, Colquitt Co.). Toward the
northern end of line 13, the reflective package thins to
about 2.8 km (below VP 350, Sumter Co.). Altogether,
between the southern end of line 11 and the northern end of
line 13, the base of this reflective interval is marked by a
more or less continuous line of subhorizontal reflections
(“D”, Fig. 4), which varies in depth below the surface from a
maximum of 7.3 km (VP 450, line 11) to as shallow as 4.0 km
(VP 350, line 13). We infer this boundary between reflective
and unreflective material to be the base of the South Geor-
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gia Basin lower Mesozoic section, although locally it is
possible that some Paleozoic rocks may also be represented.

South of line 11 on the western transect, the reflective
section beneath the Coastal Plain Sequence becomes more
restricted. On Georgia line 12, reflections occur at a maxi-
mum travel time of 2s (2.9 km) below VP 100 (Figs. 3 and 6).
Below this level, most of the seismic sections south of line
11 are relatively transparent. Southward from line 12, both
the coastal plain seismic sequence and the underlying basin
sequence thin nearer the Florida — Georgia border. On the
southern half of line 10 (Fig. 3), beginning below VP 280
(Brooks Co.), the basin section begins to thicken southward
to a maximum depth of 6.4 km on the northern end of
Florida line 1 (below VP 240, Hamilton Co.). At this point,
the south-dipping reflections of the lower part of the basin
seismic sequence are abruptly truncated. This southern
limit of the basin sequence approximately coincides with
the limit of the South Georgia Basin as inferred from dril-
ling (Barnett, 1975; Chowns and Williams, 1983). As in the
case of the southern and northern ends of Georgia lines 11
and 13 (Fig. 3), respectively, the truncation of the lower
basin sequence on Florida line 1 strongly suggests a north-
dipping master normal fault.

Georgia lines 19 (Fig. 5) and 21 comprise a 115-km transect
(Fig. 3) across the northern boundary of the South Georgia
Basin located about 40 km east of the main western CO-
CORP transect (Fig. 3). On Georgia line 19 (Fig. 5), be-
tween VPs 150 and 700, is a prominent reflective zone
beneath the base of the coastal plain seismic sequence.
This package is similar to that described on lines 11 and 13
and extends as deep as about 5 s (about 8 km). The interior
of the sequence is characterized by south-dipping reflec-
tions which terminate up-dip against the base of the Coastal
Plain Sequence at VP 300 (Dooly Co.) and down-dip against
a set of steeper, north-dipping reflections. The steeper set
terminates up-dip against the base of the Coastal Plain
Sequence (VP 650, Crisp Co.). This entire reflective pack-
age, the northern boundary of which approximately coin-
cides with the northern limit of the South Georgia Basin in
this area, is thus interpreted as an asymmetric basin bounded
on the south by a master normal fault. Drilling results north
of VP 150 indicate that the unreflective material immedi-
ately below the Coastal Plain Sequence is Piedmont meta-
morphic rock.

Along the eastern transect, shallow drilling indicates that
the South Georgia Basin is areally more restricted, as shown
in Figure 1. Analyses of drilling results for the southeast
coastal plain (Maher, 1971; Chowns and Williams, 1983)
indicate that the eastern portion of the basin is bordered on
the south by a large basement terrane of Eocambrian (?)

-felsic volcanic rocks, which extends southward approxi-

mately to the Florida-Georgia border. North of the basin,
Piedmont metamorphic rocks are penetrated in wells dril-
led through the Coastal Plain Sequence. Georgia line 16
begins on the south in southeastern Georgia over buried
Suwannee Basin Paleozoic rocks and then transects the
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Fig. 4. Upper portion of Georgia line 11 unmigrated stacked section. Annotation shows Tertiary-Cretaceous Coastal Plain Sequence
(CPS), inferred post-rift and syn-rift seismic stratigraphic sequences, and “J” reflector. Dashed lines indicate interpreted normal faults. No

vertical exaggeration at 3 km/s.
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GEORGIA LINE 19

Fig. 5. Georgia line 19 unmigrated stacked section. Annotation shows Tertiary-Cretaceous Coastal Plain Sequence (CPS), syn-rift
seismic stratigraphic sequence, inferred master normal fault, and the possible deep projection of the master fault. No vertical exaggera-

tion at 3 km/s.

subsurface felsic volcanic terrane (Fig. 3). On this line, no
sub-Coastal Plain Sequence reflections attributable to sedi-
mentary strata are visible, and analysis of shot record re-
fractions indicates that Coastal Plain Sequence sediments
rest directly over a high-velocity (=6 km/s) basement.

In contrast, on Georgia line 17 (Fig. 3), the Coastal Plain
Sequence begins to thin northeastward and is underlain by
a weakly resolved package of slightly southwestward-dipping
reflections attributed to the South Georgia Basin sequence.
This reflection package reaches a maximum thickness of 1

km at the southern end of line 17 where it appears to be
abruptly terminated. To the northwest, this package thins
and disappears at about VP 380 below the base of the
Coastal Plain Sequence.

The new reflection data for the South Georgia Basin
therefore indicate that the maximum thickness of the re-
flective pre-Middle Jurassic basin section is about 6 km in
the north-central area where crossed by Georgia lines 11
and 19 (Fig. 3). This figure is close to that given for the
maximum possible thickness of the Newark Supergroup in
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the Newark Basin of 6100 m (Van Houten, 1969; Marine
and Siple, 1974). In the South Georgia Basin, only one
known drillhole (near Riddleville, Georgia) has penetrated
an entire section of the basin, revealing 2200 m of redbeds
and diabase (Chowns and Williams, 1983). Previous CO-
CORP profiling in this portion of the South Georgia Basin
suggests a maximum thickness of about 3 km (Petersen et
al., 1984). In eastern Georgia, northwest of line 17, mag-
netic field modelling has been used to infer a total thickness
of 3500 m (Daniels et al., 1983) and in the northern Florida
panhandle over 1800 m of basin fill can be estimated from
industry reflection data (Arden, 1974).

“J” BASALT REFLECTOR

The overall seismic stratigraphic sequence of the South
Georgia Basin in western Georgia is divisible into two
distinct reflection sequences separated by a very prominent
high-amplitude, two-cycle reflection (e.g., Fig. 4). On Geor-
gia lines 11 and 12 this prominent reflection correlates with
Lower to Middle Jurassic (Gohn et al., 1978; Lanphere,
1983) basaltic flows or diabase sills in nearby wells. The
reflection can also be recognized on part of the eastern
transect. Shot records indicate that this reflection is associ-
ated with a high-velocity refractor yielding velocities at or
above 5.5 km/s. This is distinctly higher than average
velocities associated with sedimentary rocks of the basin
sequence. A similarly strong, smooth reflector is mapped
over the basin sequence on Georgia line 19 and on line 17 of
the eastern COCORP transect, which also shows a high-
velocity refraction beneath the Coastal Plain Sequence.

A similar reflector, termed the “J” reflector, was previously
mapped on COCORP and U.S.G.S. reflection profiles (Schilt
et al., 1983; Yantis et al., 1983; Hamilton et al., 1983) in
southeastern South Carolina. The “J” reflector was also
found to extend offshore onto the continental shelf (Dillon
et al., 1983; Behrendt et al., 1983). This reflector correlates
with Lower to Middle Jurassic tholeiitic basalt flows en-
countered in the Clubhouse Crossroads wells (Gottfried et
al., 1983). The new COCORP data suggest that essentially
the same basaltic sequence may extend throughout the
South Georgia Basin in Georgia and as far away as offshore
South Carolina (McBride et al., in press) (Fig. 1). This
reflector is a prominent structural marker within the basin
and separates the thinner, upper interval of the basin below
the Coastal Plain Sequence from the thicker and more
complex lower interval. This relationship is well expressed,
for example, on Georgia line 11, as shown in Figure 3. On
lines 19 and 17, however, the uppermost part of the basin
sequence between the base of the Coastal Plain Sequence
and the “J” reflector is missing due perhaps to erosion,
reduced subsidence, or nondeposition. As discussed in the
previous section, drilling indicates that basalt or diabase is
absent beneath the coastal plain south of line 17.

In the rift basins of the east coast, a similar concentration
of basalt flows or diabase sills stratigraphically above the
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majority of the basin fill is well documented (e.g., Faust,
1975; Lindholm, 1978; Manspeizer et al., 1978; Swanson,
1982). Faust (1975) has noted that most (80-90%) of the
Newark Supergroup sediments in the Newark Basin were
deposited before the first major basalt flow. Farther north
in the Fundy Basin, marine seismic reflection profiling has
revealed an interval of Lower Jurassic tholeiitic basalt flows
(North Mountain Basalt) stratigraphically above as much as
9 km of lower Mesozoic fill (Brown, 1986; Grierson, 1986).
In these surveys, the basalt horizon produces a bright re-
flection, similar to the “J” reflector, and has been similarly
interpreted to rest atop or above the post-rift unconformity.
Manspeizer et al. (1978) report that basaltic volcanism in
general along the east coast of North America and the
northwestern margin of Africa followed the accumulation
of 3-5 km of basin fill, about 75 My after initial crustal
thinning. This interval of basaltic volcanism also probably
produced most of the diabase dikes exposed in the Appala-
chian Piedmont (Dooley and Wampler, 1983). The new
COCORP data therefore confirm the occurrence of volcan-
ism late in the rift sequence in the South Georgia Basin at or
just before the onset of uniform subsidence.

LowegR “RIFT” INTERVAL

Along the western Georgia transect over the South Geor-
gia Basin, the “J” reflector rests over a thick, lower basin
interval of layered reflections. This lower interval is best
developed on lines 11 (Fig. 4), 13, and 19 (Fig. 5). On the
southern end of Georgia line 11 this lower basin interval
begins at about 1.3 s (1200 m) just below the “J” reflector.
The lower interval is characterized by structural truncations
and displacements of interior basin reflectors, which are
interpreted as representing normal faulting associated with
early-stage rifting (Fig. 4). In this area, the lower basin
interval is limited on the south by a prominent north-dipping
reflection, which truncates and separates prominent dip-
ping reflectors from the non-reflective basement to the
south. We therefore interpret this dipping reflector as a
basin-bounding normal fault. A similar interpretation is
applicable to Georgia line 19 (Fig. 5) on which a set of
north-dipping basin-bounding reflections beneath the base
of the Coastal Plain Sequence (i.e., at 2.5 s beneath VP 533)
appears to truncate subparallel, south-tilted reflections.
The interpretation that the lower reflective interval corre-
sponds to initial basin formation (“syn-rift”) and not to
older structure or stratification (“pre-rift”) is supported by
the progressive upward-shallowing of the reflector dip on
the southern portions of the reflective interval on lines 19
and 11. This consistent upward-shallowing of dip implies
that the strata formed in a single subsiding basin and are not
relict. Basin reflectors located immediately next to the
inferred faults on each line dip basinward, not into the fault,
but away from it. Farther to the north in the basin, the dip
reverses and reflectors dip toward the fault. This pattern is
not uncommon for rifted terranes and indicates that subsi-
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dence proceeded asymmetrically — reflectors dipping away
from the fault forming in the basin moat, and those dipping
toward the fault forming over the basin ramp (Anderson et
al., 1983).

The above interpretations imply that Georgia lines 11
and 19 each define a large asymmetric graben within the
lower basin interval having a depocentre on the south
bounded by a north-dipping master normal fault, and
shallowing northward. The migrated dips of the master
faults of these two grabens are between 10° and 15°; how-
ever, because the survey lines may trend oblique to the
basin strike, these values are only apparent and the actual
dips may be higher. In general, east coast basin border
faults dip from 60° to 90°, although many are thought to
flatten with depth (Odom and Hatcher, 1980). Where these
border faults have been studied in detail (e.g., Marine and
Siple, 1974; Gohn, 1983; Kaye, 1983) the fault appears to be
defined by a zone of cataclasis or microbrecciation, which
could possibly produce a significant acoustic impedance
contrast. Low-angle faults in the Basin and Range also have
intensely brecciated contacts capable of producing imped-
ance contrasts, as observed by (Armstrong, 1972). The
northern border fault of the early Mesozoic Fundy Basin in
Nova Scotia is the thrust-component of the Minas Geofrac-
ture (Brown, 1986), a highly deformed deep crustal shear
zone with transverse motion recorded from the Middle
Devonian to Early Jurassic (Keppie, 1982). Where this zone
forms the master normal fault of the basin half-graben, it is
expressed as a prominent reflector on marine seismic pro-
files (Brown, 1986).

The portion of the lower basin interval as mapped on
Georgia lines 11 and 13 has a width of 110 km and a
maximum thickness of 5800 m (or maximum depth of 7000
m below sea level) and on Georgia line 19 a width of 38 km
and a maximum thickness of 6000 m (or maximum depth of
7500 m below sea level) (Fig. 3). The approximate cross-
sectional area of each is 480 km? and 120 km?, respectively.
The cross-sectional area of the basin on line 19 is shown
schematically in Figure 7 and is compared with selected
other early Mesozoic basins of the east coast. Note the
relatively large size of this basin in the context of other
syn-rift basins.

South of line 11 (Fig. 3), the lower seismic sequence is less
well expressed. As noted previously, an individual seismic
stratigraphic sequence of south-tilted reflections was map-
ped below the “J” reflector on the southern half of Georgia
line 10 continuing onto Florida line 1. On the basis of the
position of this lower sequence below the “J” reflector,
together with its unconformable relationship with overly-
ing basin reflectors, it is interpreted as equivalent to the
lower basin “syn-rift” interval as described above for lines
11, 13, and 19 (Figs. 3, 4, and 5). Reflections within this
sequence on Florida line 1 terminate down-dip at a position
approximately coincident with the southern limit of the
South Georgia Basin and are interpreted as defining an
asymmetric graben bounded on the south by a north-dipping

master fault. The position and orientation of the fault, as
shown in Figure 3, are based on the geometry of truncated
reflections. On the southern end of line 17, the reflective
interval beneath the “J” reflector is also made up of south-
dipping reflections, which are truncated up-dip. This seis-
mic stratigraphic sequence can, in a like manner, be related
to the lower “syn-rift” interval of the basin.

UpPPER “UNIFORM SUBSIDENCE” INTERVAL

An upper, thinner reflection interval can be recognized
between the “J” reflector and the base of the Coastal Plain
Sequence (i.e., between 1.3 and about 1.0's, respectively, in
Fig. 4). Because this upper interval, where mapped by
COCORP surveys, lies above the “J” horizon of Early to
Middle Jurassic age, and below the Lower Cretaceous fall
line unconformity, it is inferred to be Middle to Late Jurassic
in age. This persistent saucer-shaped interval extends from
the northern part of Florida line 1 to about the middle of
Georgia line 13 and is distinctive in being characterized by
weaker, but internally concordant, reflections. Including
the “J” reflector, the upper interval generally rests with
angular unconformity on dipping reflectors defining the
lower basin interval (e.g., Fig. 4). We interpret this angular
unconformity or bevel surface, therefore, as the post-rift
unconformity. This feature has been recognized previously
on the offshore continental margin as a surface separating
“syn-rift” grabens from “drift phase” (or “post-rift”) Jurassic
sediments above (Dillon et al., 1983). Where studied off-
shore from seismic data (Hamilton ef al., 1983; Behrendt et
al., 1983), the post-rift unconformity appears as a smooth
surface dipping regionally seaward with little vertical dis-
placement. Where the “J” reflector extends offshore, it
rests just above, but not exactly on, the post-rift unconform-
ity (Behrendt et al., 1983).

Because the “J” reflector represents a structural (i.e.,
chronostratigraphic) marker just above the post-rift uncon-
formity, it can be used to observe the amount of displace-
ment, if any, in the overlying upper sequence (e.g., Behrendt
etal., 1983; Hamilton et al., 1983; Schilt et al., 1983). In the
South Georgia Basin, the upper basin interval shows evi-
dence of only minor and restricted deformation. This de-
formation occurs in two places, first on the southern half of
Georgia line 11 (near VP 200) in the form of a small half-
graben about 6.5 km wide with a minimum displacement of
1000 m (Fig. 4). Second, on the southern half of line 12 two
half-grabens have developed with widths and minimum
displacements of 5 km and 500 m, respectively (Fig. 6). In
each case, deformation is defined on the basis of disruption
of the “J” reflector. The small sub-basin on line 11 shows
rather dramatic evidence for ponding of possible basaltic
lava. In addition to the strong suggestion based on geome-
try, detailed velocity inversion for this portion of the data
(Xianhuai Zhu, pers. comm.) indicates that the interior of
the sub-basin is composed of high-velocity (>6.5 km/s)
layers. In the Culpeper Basin of Virginia, Lindholm (1977)
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reported field evidence for possibly similar ponding of lava
against a fault scarp. The implication of this relationship is
that later, Early to Middle Jurassic normal faulting of lesser
magnitude may have been in some places coincident with
volcanism. Over most of the basin, however (e.g., line 12,
Fig. 6), reflectors immediately above the faulted “J” hori-
zon appear horizontal and concordant.

North of these two smaller, localized grabens, the upper
basin interval thins gradually and pinches out beneath the
Coastal Plain Sequence near the middle of line 13 (Fig. 3).
On all the COCORP profiles north of this point, including
line 17 and line 19 to the east and possibly line 5 over the
Riddleville Basin, the upper basin interval is likewise ab-
sent. The portion of the South Georgia Basin south of the
main depocentre, on Georgia lines 12 and 10 and the
northernmost portion of Florida line 1, shows a much thinner
lower reflection interval below the “J” reflector. The broad,
upper interval does, however, persist across the western
survey as depicted in Figure 3. The upper basin interval
continues southward into Florida on Florida line 1 for a few
kilometres beyond the limit of the lower interval, where it
finally pinches out beneath the Coastal Plain Sequence (VP
300, Hamilton Co.).

In summary, the contrasting character of the upper and
lower basin intervals suggests that the lower interval repre-
sents the early, rift stage of basin formation accompanied
by significant normal faulting and possibly crustal exten-
sion, whereas the upper interval represents the later uniform
subsidence stage (see, e.g., Keen et al., 1986). This subdivi-
sion is, however, not evenly distributed throughout the
South Georgia Basin. In particular, the syn-rift phase is
more fully developed in the northern and western portions
of the basin and the post-rift phase is best developed in the
southwest. Along the eastern COCORP transect (Fig. 3) the
South Georgia Basin is areally more restricted and less
developed with only the syn-rift phase present. The se-
quence in the South Georgia Basin is analogous to the
development of the offshore Atlantic margin, which in-
volved an initial phase of block faulting followed by an
Early Jurassic phase of uniform subsidence (Klitgord et al.,
1983). This analogous development suggests that the evolu-
tion in time and space of the South Georgia Basin may have
been linked to that of the early Atlantic Ocean.

CONCLUSIONS AND DIscUSSION

RELATIONSHIP OF SOUTH GEORGIA BASIN TO
ATLANTIC MARGIN

The South Georgia Basin is the southernmost of a series
of inland rift basins, which formed early in the Mesozoic rift
sequence that ultimately led to the opening of the Atlantic
Ocean. These basins have been well studied where exposed
in the Piedmont; however, the largest area of Triassic-
Jurassic subcrop, centred in southern Georgia, has remained
generally unexplored. The new COCORP profiling sug-
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Fig. 6. Small portion of Georgia line 12 stacked section showing
disrupted “J” reflector. No vertical exaggeration at 6 km/s.

gests that an unusually complete record of early inland
rifting and subsidence is preserved in the South Georgia
Basin. Because of this more complete record, the structure
of the basin can illustrate a link between the early inland
Triassic rifting and the ultimate Jurassic Atlantic opening.

The reflection data reveal that the South Georgia Basin
is vertically divisible into distinct lower and upper intervals,
which represent initial Newark rifting and later regional
uniform subsidence episodes, respectively, in the formation
of the entire basin. This two-part division is typical of many
rift basins (e.g., the Michigan Basin, McKenzie, 1978, Hinze
and Wold, 1982; Central North Sea Basin, Pegrum and
Mounteney, 1978, Sclater and Christie, 1980) and suggests
that development of the South Georgia Basin followed a
cycle connected to that along the Atlantic passive conti-
nental margin. All along the North Atlantic margin, as in
the North Sea, this division between rifting and uniform
subsidence corresponds in time to the beginning of active
seafloor spreading offshore (Pegrum and Mounteney, 1978)
and the drastic subsidence and marine flooding of the
entire continental margin. Seaward of the hinge zone of the
Carolina Trough, Baltimore Canyon Trough, and Georges
Bank Basin, the post-rift section thickens dramatically. Land-
ward of these hinge zones, however, the offshore section is
extensive but relatively thin (Hutchinson et al., 1986).

In the South Georgia Basin, the rift and subsidence inter-
vals are separated by a widespread basalt-diabase reflector
at the post-rift unconformity. The implied areal extent of
this horizon as shown in Figure 1 is over 100,000 km?2,
placing it on the same scale as the Deccan Traps of India
and the Columbia Plateau basalts (Williams and McBirney,
1979). As mentioned earlier, an apparently similar basalt
flow has been described from the Fundy Basin and covers
an area of about 13,000 km?2 (Brown, pers. comm.). The
basaltic interval in the South Georgia Basin is probably
correlative with the phase of tholeiitic volcanism recog-
nized along the east coast and occurring at about 200 Ma
(Sutter, 1985). Diabase dikes in the Southern Appalachian
Piedmont are thought to be no older than 195 Ma on the
basis of isotopic age dating (Dooley and Wampler, 1983)
and are probably equivalent to diabase dikes elsewhere in
the Appalachian Orogen and in West Africa (Manspeizer et
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al., 1978). As pointed out above, it is well known that this
magmatic phase postdates the majority of rift-basin filling
as evidenced by cross-cutting of dikes through basins (Faust,
1975). The basalt horizon in the South Georgia Basin is also
probably equivalent to Piedmont diabase dikes. The posi-
tion of basalt flows or sills atop rift-basin fill in the South
Georgia and other exposed early Mesozoic basins supports
the hypothesis that the major diabase intrusive-extrusive
event around the North Atlantic margin postdates the for-
mation of onland basins and probably marks the initiation
of seafloor spreading offshore together with the cessation
of crustal extension onshore.

MoDbE oF BASIN FORMATION

The lower rift basin intervals on line 19 and on lines 11
and 13 (Fig. 3) appear to be defined by two styles of reflec-
tion geometry. The basin mapped on line 19 is more re-
stricted and displays a more pronounced asymmetry than
that on lines 11 and 13. The asymmetry of the basin on line
19 is accentuated by the colinearity of the inferred position
of the border fault on the south and a deep planar reflection
at about 6.5s (19 km) (Fig. 5). The inclined reflector on the
down-dip trend of the inferred border fault may represent a
steep and more deeply penetrating master fault. This deep
reflector appears to disrupt southward-dipping reflectors of
the inferred Alleghanian suture in an antithetic sense. A
smaller, but similar, asymmetric rift basin, also bounded by
a steep border fault, was previously mapped by COCORP
(Cook et al., 1983) to the east near Riddleville (Fig. 1) and
occupies an equivalent on-strike position with respect to
the line 19 basin (Fig. 3). Analysis of reflection data over the
Riddleville Basin suggests that it subsided along a border
fault that merges at depth, in a synthetic sense, with the
down-dip extension of the Augusta Fault, a major, south-
dipping, low-angle, Paleozoic thrust (Petersen et al., 1984).
The available reflection data therefore demonstrate that in
two places along the northern margin of the South Georgia
Basin, asymmetric and relatively narrow and confined sub-
basin depocentres each subsided along a single master
normal fault, which appears to extend to mid- or lower
crustal depths.

In contrast to line 19, the overall shape and asymmetry of
the lower basin interval on lines 11 and 13 are not as sharply
defined. On the southern end of line 11 it is not clear
whether the inferred master normal fault penetrates deeper
below the base of the reflective zone or merges with it. The
bottom of the entire reflective package here appears to be
marked by a generally sub-horizontal reflector (“D”, Fig. 4),
which can be traced northward onto line 13 for approxi-
mately 90 km. Below this level, the sections are remarkably
unreflective. The fact that the reflector does not show
significant offsets, in spite of evidence for major structural
displacements in the section above, raises the possibility
that this persistent basal reflector may represent a major
subhorizontal detachment, similar to those described in the

Basin and Range province (Anderson et al., 1983). Some
workers (e.g., Odom and Hatcher, 1980; Behrendt et al.,
1983) have hypothesized that high-angle Mesozoic faults
bounding east coast rift basins may in general flatten with
depth and merge with a subhorizontal “ductile” fault at
depth.

A somewhat similar dual style of basin geometry has also
been recognized from deep reflection data over the Meso-
zoic Grand Banks Basin, offshore Newfoundland (Keen et
al., 1986), in which relatively narrow and confined basins
appear to be bounded by steeply dipping and possibly
crustal-penetrating normal faults, whereas broader areas of
subsidence are underlain by subhorizontal detachments.
The detachment underlying some of the basins is interpreted
as representing a brittle/ductile transition. Analogous in-
terpretations of subhorizontal detachments as brittle/ductile
transitions have been made for other extensional areas
(e.g., by de Charpal et al. (1978) for the Bay of Biscay and by
Gans et al. (1985) for the northern Snake Range Detach-
ment in eastern Nevada). In the case of the subhorizontal
reflector beneath lines 11 and 13, it is not clear whether this
surface would represent a relict brittle/ductile transition or
a normal-slip detachment. What does seem clear from the
above models is that the two styles of basin reflection
geometry in the South Georgia Basin may be related to two
different modes of extension.

ON-STRIKE DISPARITY WITHIN BASIN

As noted, the South Georgia Basin is composed of sev-
eral partially isolated rift basins each representing a sepa-
rate depocentre. These individual rift depocentres occupy
a complex composite structure characterized by disparate
basin geometry along strike. This disparity is evident from
the cross-sections in Figure 3. If other, better studied, on-
shore east coast basins were used as a model (Fig. 7), the
South Georgia Basin might be expected to be internally
complex (Cloos and Pettijohn, 1973; Marine and Siple,
1974; Ackermann et al., 1976; Wise and Robinson, 1982;
Chowns and Williams, 1983; Smith et al., 1986). A number
of workers have attempted to explain the on-strike disconti-
nuity observed in general within rifts. Observations from
seismic reflection profiling over lakes of the East African
Rift valleys by Project PROBE (e.g., Rosendahl et al., 1986)
indicate that as border normal faults die out along strike on
one side of the rift, equivalent faults gradually develop on
the opposite side. Asymmetric grabens formed in this way
are often observed to be separated by a large intrabasinal
upwarp. Lister et al. (1986) have formulated a model to
postulate that passive margins extend by either low-angle
“lower plate” (broad shelf) or high-angle “upper plate”
(narrow shelf) detachments. These two extension regimes
can form in alternating blocks, which divide the extending
terrane into segments. It is certainly intriguing that the new
COCORP data for the South Georgia Basin indicate that
broad basin areas are possibly underlain by a low-angle
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detachment (lines 11 and 13) and narrower basins are
bounded by a steeper, crustal-penetrating normal fault
(Riddleville Basin and line 19). Although data from the
South Georgia Basin support the observation of on-strike
disparity in rift structure, a more complete picture of this
structure awaits more detailed and three-dimensional stud-
ies of reflection data from east coast early Mesozoic basins.
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