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In a continuing effort to better understand the subsurface nature and evolution of the North
American continent, the Consortium for Continental Reflection Profiling (COCORP), recently
recorded approximately 200km(124 mi)of deep seismic reflection profiles across the Ouachita
Mountains in western Arkansas. The Late Paleozoic Ouachita orogenic belt forms a sinuous pattern
across the south-central United States, stretching from central Mississippi to west Texas (Flawn,
1961). Paleozoic strata at the core of the belt are exposed only in the Ouachita Mountains of Arkan-
sas and Oklahoma, and in the Marathon Mountains of West Texas (Figure 1). Borehole and geo-
physical data demonstrate that the remainder of the belt is buried beneath Mesozoic and Cenozoic
strata of the Gulf Coastal Plain. Many recent workers (Briggs and Roeder, 1975; Viele, 1979;
Walper, 1977) interpreted the Ouachita belt as the remnants of a collisional orogeny in which an
exotic terrane (‘‘Llanoria’’) was sutured to the North American continent in Late Paleozoic time.
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Figure 1: Generalized geologic map of south-central United States showing the approximate location of the
COCORP traverse across the Ouachita Mountains in western Arkansas. The Late Paleozoic Ouachita orogenic belt
extends in the subsurface around the Llano Uplift in central Texas, connecting the Marathon Uplift to the Devils
River, Waco, Broken Bow, and Benton uplifts. Parts of the belt can also be traced beneath Mesozoic and Cenozoic
cover into southeastern Arkansas and central Mississippi.
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The data shown on the accompanying panels are unmigrated time sections for the upper 8.5 secs

of the north-south dip lines (that is, a composite of lines 1 and 3 shown on Figure 2). Detailed inter- -

pretations of the data, emphasizing regional geological and geophysical constraints, are found in
Nelson et al (in prep.) and Lillie et al (in prep.). A brief discussion of gross structural features inter-
preted from the data is presented here. The line drawing (Figure 3a) schematically portrays promi-
nent events observed on the unmigrated time sections for lines 1 and 3. Figure 3b is a preferred
interpretation of the data in which tectonically thickened Paleozoic sediments (and metasediments)

overlie crust of North American affinity. Alternative interpretations, in which crust exotic to North ——

America extends as far north as the Southern Ouachitas or the Benton Uplift, are discussed in the
Nelson et al, and Lillie et al papers. Major structural boundaries are shown in their approximate
migrated time positions in Figure 3b. The approximate depth scales assume that 1.0 sec of two-way
traveltime represents 2.5 km (or 8,000 ft) of section. Note, however, that depth conversions given
below utilize stacking velocity functions and may differ from these approximations.

The seismic lines on the north end of the survey (Figure 4a) cross the Frontal Thrust Zone, which
is a foreland fold and thrust belt related to the Carboniferous Ouachita orogeny (Viele, 1979). Well
data near the northern parts of the survey suggest that prominent reflections beneath the north end
of line 1 represent the top of thin platform carbonates known to floor the Arkoma basin (events at
3.0 secs beneath VP 200). These Lower-to-Middle Paleozoic *“Arbuckle Facies’ rocks are shown by
the reflection data to continue their southward dip to at least VP 300 on line 1, where they appear
to be offset by one or more normal faults. Analogous offsets beneath the Arkoma basin to the north
are documented by Buchanan and johnson (1968). Farther south, less prominent events are inter-
preted to represent the subsurface continuation of the carbonates to the end of line 1 and the begin-
ning of line 3. As the carbonates were deposited on North American crust, the reflection data
indicate that the mid-Paleozoic craton (or south-facing shelf) of North America extends southward
in the subsurface to at least the northernmost portion of line 3.

Above the carbonates a Carbonifetous flysch sequence, cut by numerous north-verging thrusts,
thickens dramatically southward within the Frontal Thrust Zone (Berry and Trumbly, 1968). The
wedge-shaped zone of prominent reflections in the upper few seconds of the seismic sections demon-
strates that the flysch is at least 12 km (40,000 ft) thick in the southern parts of the Frontal Zone
(that is, the wedge thickens to about 4.5 secs beneath VP 100 on line 3). Geometry in this zone indi-
cates broad folds and truncated interfaces within the flysch wedge which can be closely related to
surface geology. Beneath VP 340 to 370 on line 1, a series of thrust faults are mapped at the surface
(Haley et al, 1976). These correlate with a series of fairly steep, south-dipping reflections which flat-
ten out with depth. Other prominent, but more gently, south-dipping events extend for several kilo-
meters beneath the thrusts (see Figures 3b, 4a). Apparently, major north-verging thrusts within the
more interior parts of the Frontal Thrust Zone are listric at depth, analogous to those in the subsur-
face to the north noted by Berry and Trumbly (1968).

Because no apparent reverse offsets of the Lower-to-Middle Paleozoic carbonate sequence are
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Figure 2: Geologic map of west-central Arkansas (generalized from Haley et al, 1976) showmg Vibrator Point (VP)
locations along the COCORP seismic reflection lines. Wavey Pattern: Lower-to-Middle Paleozoic (Collier Shale
through Arkansas Novaculite) deep marine sediments; Fine Stipple: Mississippian Stanley Shale; Coarse Stipple: Lower
Pennsylvanian (Morrow) Jackfork and Johns Valley Formations; Dash-Dot Pattern: Lower-to-Middle Pennsylvanian

(Atokan and younger) formations; White: Cretaceous and Cenozoic Gulf Coastal Plain onlap. Exploratory Boreholes
(1) El Paso No. 1 Cheesman, Sec. 2, T3N, R28W; (2) Pacific, No. 1 Gamner, Sec. 29, T5N, R26W.
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LULBELVEU WILILLLL UE NIOIUNETN dNa central parts of the rrontal 1 hrust Zone, a major detachment is
inferred to lie above these rocks. Above the detachment the Carboniferous flysch is deformed into a
series of folds cut by north-vergent thrusts. A thrust fault apparently ramped up along the normal
fault offset occurring beneath VP 300 on line 1, forming a hanging-wall anticline within the overly-
ing flysch sequence. Because north-verging thrusts are exposed north of the survey, detachments at
some level must continue beyond this structure.

South of the Frontal Thrust Zone reflection quality deteriorates, due at least in part to rugged ter-
rain and rapid changes in near-surface velocity (south end Figure 4a; north end Figure 4b). The pau-
city of prominent reflections in the upper few seconds of the sections, however, may also be related
to intense deformation of the Paleozoic sedimentary sequences in the subsurface beneath the
Maumelle Chaotic Zone and the north flank of the Benton Uplift. Structures indicative of poly-
phase deformation have been observed at the surface in these areas (Viele, 1974). Though these fea-
tures are beyond the resolution of the reflection data, structural complexity within the upper few
kilometers of Carboniferous flysch and Lower-to-Middle Paleozoic deep-marine strata exposed in
these areas is schematically shown on the cross section (Nelson et al, in prep.).

Below this deformed zone, a lineup of low amplitude, north-dipping reflection segments is
observed (south side Figure 4a). These rise from about 4.0 secs (11 km; 36,000 ft) beneath VP 380 to
about 2.8 secs (7 km; 23,000 ft) beneath VP 550, where they appear to flatten out across the mapped
center of the Benton Uplift (north end Figure 4b). Further to the south (2.8 secs at VP 750), events
at this level gradually curve into south-dipping reflections. The Benton Uplift is therefore a surface
anticlinorial feature (Figure 2) which displays a broad antiformal structure at depth on the unmigra-
ted (and migrated) seismic section.

Without subcrop data from the Benton Uplift, it is not possible to make an unequivocal interpre-
tation of the subsurface antiform. However, analogy with similar structures that were drilled along
the Ouachita trend in Texas suggests the interpretation shown in Figure 3b. Like the Benton Uplift,
the Waco and Devils River uplifts (Figure 1) have similar deep antiformal seismic expressions and lie
on the same steep Bouguer gravity gradient. Nicholas and Rozendal (1975) suggested that crystalline
basement rocks encountered beneath thin (metamorphosed) carbonate sequences in wells on the
uplifts are of (Late Precambrian) North American affinity. Most workers correlate the carbonates
with strata which floor foreland basins to the northwest (for example, Lower Ordovician Ellen-
burger Dolomite). Hence, the mid-Paleozoic continental margin of North America is inferred to
extend in the subsurface at least as far southeastward as the basement uplifts and coincident Oua-
chita gravity gradient.

In the interpretation shown in Figure 3b, the Benton Uplift is also cored by North American crys-
talline basement. The faint north-dipping events beneath the north flank of the feature (south end,
Figure 4a) are interpreted to represent the form of the Lower-to-Middle Paleozoic shelf carbonates
(Arbuckle facies) as they continue southward in the subsurface. This interpretation requires that
the Lower-to-Middle Paleozoic, deep marine strata (Ouachita facies) exposed at the center of the
Benton Uplift are allochthonous, since they now structurally overlie the coeval shelf strata. The
decollement separating these two units is schematically shown to continue northward in the subsur-
face as a major detachment within the Carboniferous flysch. Arching of the basement and cover
beneath the Benton Uplift is suggested to be due to movement along one or more deeper thrusts
that actually cut into basement in this region. The deeper thrust zone is inferred to continue to the
north as the lowest decollement surface within the Frontal Thrust Zone. Alternatively, the deep
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seated reverse offset may cut across earlier, higher thrusts and actually crop out within the
Maumelle Zone (Nelson et al, in prep.). At least one reverse fault with considerable stratigraphic
throw is mapped in this region (Haley et al, 1976).

Reflections have pervasive south dips on the south side of the Benton Uplift (Figure 4b). These
project to the surface in zones of south-dipping Lower-to-Middle Paleozoic deep-marine sediments
cropping out on the Benton Uplift (Ouachita facies) and thrust imbricated Carboniferous flysch
within the Southern Quachitas (e.g., Walthall, 1967). The continuation of these events to at least 5
secs two-way traveltime on the section suggests that at least 14 km (45,000 ft) of tectonically thick-
ened, Lower-to-Middle Paleozoic deep-marine strata and Carboniferous flysch underlies the South-
ern Ouachitas and northernmost Gulf Coastal Plain (Figures 3a, 3b). Possibly, gently north-dipping
events occurring at about 7.6 secs beneath VP 1250-1300, represent reflections from crystalline base-
ment at the bottom of this sequence. If so, then the total structural thickness of the Paleozoic strata
(or metamorphosed equivalents) may be about 22 km (72,000 ft).

Below 3 secs beneath the south flank of the Benton Uplift, another prominent, south-dipping
wedge of layered reflections is observed (Figure 4b). The top of the wedge extends from about 3.0
secs at VP 800 to about 4.0 secs at VP 950. While interpretation of these events is not constrained
by surface or well log information, their layered nature and position relative to that of the inferred
Lower-to-Middle Paleozoic shelf sequence might suggest an off-shelf clastic sequence. Similar events,
which lie near the palinspastically restored shelf edge of the (Early Paleozoic) East Coast of the
United States, are observed on the Southern Appalachian COCORP profiles. These in turn lie on
steep Bouguer and magnetic gradients, which are interpreted by Cook and Oliver (1981) to mark
the buried passive margin of the (Early Paleozoic) North American continent. The analogous
sequences observed on the Ouachita profiles lie on similar potential field gradients (see maps of
Woollard and Joesting, 1964; and Zietz, 1981) and may mark a southwestward continuation of this
ancient margin in the subsurface (Lillie et al, in prep.).

Thus, the COCORP traverse across the Ouachitas reveals a southward-thickening wedge of
Paleozoic strata interrupted by the (basement cored) Benton Uplift (Figure 3b). Because these strata
probably represent a negative density contrast within the upper crust, the observed gravity data
require high densities at lower crustal levels south of the Benton Uplift (Lillie et al, in prep.). These
high densities are reasonably interpreted in terms of a southward shallowing of the Moho by about
10 km (30,000 ft) across the Ouachita Mountains. The resulting crustal section can be interpreted as
the remnants of the Early Paleozoic (Atlantic style) passive margin which was subducted beneath
the thick (accretionary) wedge of Paleozoic strata in Carboniferous time (see Briggs and Roeder,
1975; Walper, 1977). The Frontal Thrust Zone represents the evolution of the accretionary wedge
into a foreland thrust belt as the margin entered the (south-dipping) subduction zone. The Benton
Uplift is interpreted as a late-stage uplift along the margin as reverse faults cut deeply into the under-
lying crystalline basement.
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Figure 3: .(a) Line d@wing schematically showing major reflection events from the upper 10 secs of lines 1 and 3. (b)
Prefeneq interpretation of (a). The cross section uses the same time scale depicted in (a) but incorporates geometric
information from migrated time sections. Generalized surface geology and formation symbols from the state geologic

111163,85)5 ;t};:el:)z.aley etal, 1976. Section one-to-one vertical exaggeration for a seismic velocity of 5.0 km/sec (about
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Detached Sediments / Decollement Tectonics (A-Subduction)
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