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INTRODUCTION

Appalachian geology, because of its complexity, has always
been a subject of controversy. Probably nowhere is this more true
than in those theories centered around the structural history of
the Valley and Ridge province of the Appalachians (Figure 1), which
is characterized by folded and thrust-faulted, but generally unmeta-
morphosed, sedimentary rocks. The Paleozoic from the Cambrian to
the Pennsylvanian is represented in this province and occurs in
thicknesses that total about nine to twelve km (King, 1950).

During the past half century, two major schools of thought
have developed regarding the mechanics of deformation of the Valley
and Ridge sediments. One of these, the décollement or no-basement-
involvement hypothesis, postulates thrust faults along incompetent
beds of shale or evaporites whioh merge at depth with a master sole
fault. The involvement of the basement with the deformation is
insignificant in this hypothesis. The other hypothesis states that
the basement has been the dominant influence on Valley and Ridge
structure and that the surface folds and faults reflect tectonic
activity in the basement. In discussing the evolution of the modes
of thought on Appalachian structure, John Rodgers (1949) called
these the "thin-skinned" and "thick-skinned" hypotheses, respec-
tively.

The décollement hypothesis has generally found more support

and is championed by many prominent geologists, among whom are
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Gwinn (1964), King (1950, 1964), Miller (1945), and Rodgers (1949,
1953, 1964). In defense of basement-involvement are B. N. Cooper
(1961, 1964, 1968, 1971) and Lowry (1957).

Both hypotheses are supported by good evidence on a regional
basis and in specific areas, which led Rodgers (1953) to concludes

« « « proof [of the correctness of either hypothesis)

is not yet forthcoming. Perhaps it can be obtained

by further geologic mapping or by detailed geophys—

ical work, either magnetic or seismioc, or perhaps it
can be obtained only by drilling.

Unfortunately, as King (1964) points outs

Cur trouble is that we possess an embarrsssing rich-

ness of information on the surface rocks, and an em-

barrassing poverty of information on the rocks beneath

the surface. Hence, most of our speculations and re-

constructions have been based on surface data, supple-

mented in a few places by the records of drill holes.

The Bane Dome, a doubly-plunging anticline in Giles County,
Virginia (outlined area in Pigure 1), may be a critical structure
for both theories. Along with the Burkes Garden Dome, it is the
structurally high part of the folded Appalachians in this part of
Virginia northwest of the overthrust belt. The oval area outlined
in Giles County in Figure 1 represents outoropping Cambrian forma~
tions of Rome shale, Honaker dolomite, and Nolichucky shale. The
axis of the anticline sirikes approximately N 70° E, and Rome shale
crops out in the core of the dome on Virginia State Route 100,
about eight km south of Pearisburg. In 1948 the Strader Test Well

#1 was drilled by the California Company to a depth of 418 meters



at a site located on the Rome shale. Since everywhere else in
southwest Virginia the Rome shale was bordered on one side by a
thrust fault, "thin-skinned" geology predicted that here the Rome
would be very thick and would overlie a sequence of younger Paleo-
zoic rock, possibly as young as Devonian. The well showed other-
wisey it drilled through only about nine meters of Rome shale. 1In
fact, the entire Rome at Bane is only about 107 meters thick, and
nost of that is exposed. Even more surprising than the thinness
of the shale was the faoct that it was underlain by what appears to
be Shady dolomite. The well bottomed in a welded quartzite that
may be the Erwin, the uppermost unit in the Lower Cambrian Chil-
howee Group (Cooper, 1971). If a master thrust fault exists in the
Valley and Ridge, it must also pass under the Bane Dome, according
to décollement theory. The most likely place for the fault would
be in the Rome shale, but it is not there, as the test well showed.
In fact, this event was the beginning of Cooper's disenchantment
with "thin-skinned" geology (Cooper, 1964). Any thrust fault pass—
ing under the Bane anticline must then be in a lower unit. Other-
wise, serious consideration must be given to the "thick-skinned"
interpretation that the Bane Dome is an "ordinary" anticline caused
by upwarping in the basement and that the basement has had a sig-
nificant effect on Valley and Ridge tectonics, since the Bane Dome
is one of the largest topographic features in this part of Virginia.
If this is so, the depth to basement beneath this structure must be

less than it would be if a repeated sedimentary section were pres-



ent. Cooper (1968) sums up the problem and the significance of the
Bane Dome when he says:

» « « the Bane anticline looms as a particularly

fine location for settling the controversy over

the nature and cause of Appalachian deformation.

With the thougl;ts of Rodgers, King, and Cooper in mind, a
seismic reflection study was undertaken to itry to determine the
depth to the basement under the Bane Dome., If successful, it was
hoped that this information would shed some light on the problem,
or at least add fuel to the controversy.

At first it was hoped that a suitable location for a geophone
spread could be found on the Rome shale, but this was not the ocase.
The site that was finally chosen was an undeveloped dirt road be-
tween Rye Valley and Guinea Mountain in the lower center of the
Pearisburg, Virginia, 7é4-minute topographic map. This road had the
advantage of being along the strike of the anticline and near its
crest, as well as being near a source of water, Walker Creek, which
was needed for drilling the shotholes. This location had a major
disadvantage in that it involved difficult drilling in Honaker

dolomite.



FIELD PROCEDURE

From mid-July to early September 1972 eleven shotholes were
drilled by the side of an unimproved road between Rye Valley and
Guinea Nountain. Drilling was done with & Mayhew 500 truck-mounted
rotary drill and mud pumps hole depths ranged from 10.7 to 18.3
meters. Normally, to minimize the generation of surface waves,
it is desirable to drill to depths greater tham thirty meters for
each shothole, but serious problems were encountered when drilling
in the Honaker dolomite. Aside from being extremely hard, which
meant slow drilling, the dolomite was fraotured in places, which
resulted in the pipe string often becoming stuck in the hole; more
serious than this was the frequent loss of water circulation.

A spread consisting of three lengths of cable, each having
twelve geophone take-outs, was laid out in the configuration shown
in Figure 2, which also shows the relative positions of the shot-
points. The overall length of the epread was about one kilometer.
To each take-out was clipped a closely-clustered group of six
geophones, each having a natural frequency of 29 Hz. No attempt
was made to spread the phones out in an array to cancel surface
waves. Recording was done with a truck-mounted 40~-channel seismioc
recording system capable of making paper (photographic) and mag-
netic records simultaneously. The syatem also had the capability
of playing back the analog tapes in the field to oheck the effects

of various instrument settings.
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Each hole was loaded with a 20-pound charge of ammonium
nitrate blasting agent. Table 1 shows the depths of the charges,
the instrument settings, dates that the holes were shot, and other
relevant comments. Energy coupling was usually less than ideal,
since some shotholes bottomed in caves, while others cratered upon

detonation. Eleven records of varying guality were obtained.
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DATA PROCESSING

The analog magnetic tapes were digitized and transferred to
computer tape by GTS Corporation and by the Amoco Production Co.,
using a digitizing interval of 2 ms. Digitization was started at
the tape head pulses rather than at the time breaks. This made
necessary the application of datum corrections in order to begin
the processing at the time breaks. These datum corrections ranged

from 153 to 880 ms.

10
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Frequency filtering

Surface waves are a common type of '"moise' in exploration
seismology that interferes with reflected energy. Other sources
of noise are wind, streams, and 60-cycle electrical energy.

Since the reflected energy of interest has a characteristioc
frequency range, frequency filtering can often be used to elim-
inate some of the noise while retaining the deslired reflected
signal. The filter can be electronic or digital or both. In this
study all electronic filtering was done in the field, usually with a
passband of 12 to 62 Hz, except for the first two seismograms which
were obtained during a heavy rain. The upper cutoff for these
shots was 50 Hz in order to attenuate the severe 60-cycle noise
associated with wet conditions (see Table 1). For all other
records, an electironic notch filter designed to eliminate elec-
trical noise was also used.

Digital filtering was done by taking the Fourier transform of
a seismic trace, multiplying it by a passbénd filter designed in
the frequency domain (Bogert, 1962), and then tramsforming the
filtered trace back into the time domain. In this manner an entire
seismic record could be frequency-filtered one trace at a time.

The filtering was done using the fast Fourier transform (Cooley
and Tukey, 1965; Robinson, 1967).
By itself, frequenoy filtering did not produce impressive

results. Figures 3 and 4 show portions of records #2 (Bane 1-2) and
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#10 (Bane 3-4), respectively, that have been electronically fil-
tered when recorded, but have not been filtered digitally.

Figures 5 and 6 show the same two records after digital filtering
using a passband filter down 6 db at 27.5 end 54.0 Hz. The records
are better, but it is still not possible to discern any reflected
events by visual examination. Processing methods other than

frequency filtering were more effective in enhamcing the data.
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RMS velocity analysis

Since it is often difficult or impossible to pick reflection
arrival times accurately by visual inspection of a seismogram, a
method has been developed {Taner and Koehler, 1969) that scans the

reocord with a "window" that tracks a hyperbolic path defined by

where Tx,n is the total slant—-path traveltime to the base of the
nth layer, TO,n is the vertical two-way tiraveltime to the reflector,
x is the shotpoint-geophone distance, and Vn is the "RMS velocity"
to the reflector. Since there are generally several reflecting
interfaces, each separating different interval velocities, the
scanning velocity, Vn, used to track the reflecting wavelet from
the base of the n'd layer is actually a time-weighted, mean-square

velocity given by (Taner and Koehler, 1969, eq. (7))s

2 En:vﬁtk

n* k=1
Tb,n

where t is the two-way traveltime within the xth layer. The
interval velocity, vy , can be recovered from the above equation

by picking values of V and To,n from the velocity analysis
(Dix, 1955).
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If the scanning window follows the reflected wavelet correctly,
the signals tracked from trace to trace will show a high degree of
correlation; if an incorrect hyperbola is assumed, the adjacent
traces will have a lower degree of correlation. Correlation
coefficients were obtained for a range of velocities and times and
plotted as a contour map. Closed contours around high coefficient
values indicate a coherent event.

Pigure 7a is the plot resulting from a hyperbolic scan of
Bane 1-2. The window was shifted down the record in increments
of 40 ms. It would appear that separate evenis can be identified
at A, B, C, Dy E, and F. These are examples of the phenomenon
described by Costain and Robinson (1972) that ocours as a result
of the finite width of the scanning window and the finite length
of the seismic source wavelet. If the window is, say, 100 ms wide
and the wavelet is about 300 ms long, then several possibilities
exist for obtaining high values of the semblance coefficient. If
the window tracks the normal moveout of the wavelet as shown for
window A in Figure 8, then a high value of the semblance coeffi-
cient will result, even though the window is at an incorrect record
To—time. In order to line up the reflected event in the window
using the wvalue of TO associated with the window as shown in
Figure 8, it is necessary to use an inoorrect (higher) value of V.
It is only when the Ty of the window ocoincides with the correct
arrival time of the reflected wavelet that the reflection will be

flattened by the correct BRMS velocity. High semblance coefficients
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will also be obtained for windows B and C which track the same
wavelet at the same normal moveout, but using different To-times.
The normal moveout is thus the same at several T,-times, resulting
in several different RMS velocities for the same source wavelet.
This is manifested by a characteristic pattern of closed oontours
on a plot of the semblance coefficients.

Normal moveout is given by the expression:
2  x2.%
NMO’T—TOS(To'F%?) —To

where T is the slant-path traveltime, Ty is the vertical two-way
traveltime, x is the shotpoint-geophone distance, and V is the
RMS velocity associated with the reflected event.

If the normal moveout is the same for all six "events,”

A, B, C, Dy E, and F, in Figure Ta, then it follows that

2
2 x 2 Xk
T —— - T =T + —— -T ™ e e @
(T5, + =) 0, = ¢ 72 Op
A B

2
that is, (TS + 5_2_)% - Ty = Constant
v

By substituting values of To and V, this relationship can be used
to test the validity of picks made from a contoured velocity
analysis. The greatest value of x for a given seismogram is

chosen, since this is where the normal moveout is most pronounced.
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If two or more eventis all satisfy the above relationship, they
probably do not all represent real reflections (Costain and
Robinson, 1972).

Applying the above:relationship to the To-times and RMS

velocities at A, B, C, D, E, and F gives
0.1217 & 0.1204 & 0,1268 * 0.1202 = 0,1261 = 0,1272

These six values agree within about six percent with the average
value of 0.1237, indicating that a single reflection is responsible
for all six "eventis."

If all six events are associated with the same source wavelet,
then a long wavelet must be involved. This will be the case if the
wavelet is reverberating. Examination of the autocorrelation
functions of traces confirmed that the source wavelets are indeed
of long time duration and that reverberations are present. Predic-
tive deconvolution was sometimes successful in shortening the
reverberating source pulse, thereby increasing the resolution on
the seismogram. As shown by a comparison of Figures 7a and 7b,
several of the peaks in the RMS velocity analysis were effectively
removed ﬁy deconvolution, supporting the interpretation that
correlation highs at C, D, E, and F are associated with a rever-
berating source wavelet. In the example of Figure 7a, the separa~
tion of the contours into events at A, B, C, D, E, and F is simply
a consequence of using a relatively large window shift increment

of 40 me.
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Deconvolution was not always successful in shortening the
length of a reverberating wavelet. Interference by surface waves
made an accurate estimation of the autocorrelation function of the
reflected energy difficult or impossible. Attempts to obtain the
autocorrelation function at later record times and use this to
design a deconvolution filter for the early part of the record
were not always successful, indicating that the entire seismic
trace was not a stationary time series. Event B in Figure T7b
remains after deconvolution simply because the autocorrelation
function of the seismic wavelet is difficult to estimate accurate-
ly in the presence of noise such as surface waves. Event B could
very probably have been removed or attenuated with a different
prediction distance when the deconvolution filter was designed, or
by different approaches to determining the autocorrelation of the
seismic wavelet.

The characteristic pattern of a reflected reverberating wavelet
on a contoured velocity analysis is actually helpful in confirming
the identification of a reflected event. The correct values of Tj
and ¥ can be found by noting the value of Ty corresponding to the
first appearance of coherence defined by the contoured pattern of
the reflection. Since the first appearance of correlation on the
contour plot must mean that the leading edge of the wawvelet is just
beginning to appear in the window, then the width of the scanning
window must be added to the value of Ty at which coherence first

appears on the contoured velocity analysis. The correct value of



































































































































































































