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SUMMARY

South Carolina earthquakes can be interpreted as
forming a NW-SE trending zone of seismic activity that extends
from Charleston to the Appalachians. Prior to the occurrence
in 1971, and 1972, of a sequence of four intensity III or
more earthquakes near Bowman, South Carolina, the area
between Columbia and Charleston represented a significant
apparent gap in this proposed zone.

From August, 1972, to March, 1973, microearthquake
reconnaissance surveys near Bowman recorded six micro-
earthquakes. Three were located to within +3 km. These
microearthquake epicenters were insufficient to define a
specific fault plane through the Bowman area. However,
other recent microearthquakes near Lexington, South Carolina,
and in the Charleston-Summerville area lend support to a
hypothesized zone of seismic activity which passes through
Bowman.

Three hundred and forty-four new points of gravity
data in the vicinity of Bowman suggest that a nearly linear
high density basement structure trending NE-SW underlies
much of the Bowman microearthquake epicentral area. Magnetic
data indicates that the structure also exhibits a higher
magnetic susceptibility than the surrounding basement

material. Using data from a geophone array which recorded
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one of the Bowman microearthquakes, a basement velocity of
6.3 km/sec + 0.7 km/sec was computed for the epicentral
area. The high values for density, velocity and suscepti-
bility of the basement structure imply that it is possibly
diabase.

| Irregularities in the gravity contour lines defining
the linear anomaly appear to strike NW-SE. Analysis of a
line of dense gravity data indicates that a steep 1.3 mgal
gravity anomaly may be responsible for the NW-SE trending
perturbations. Theoretical gravity profiles generated by
two dimensional fault models closely approximate the steep
anomaly observed in the profile of the detailed gravity line
provided the modeled fault is placed at a depth of 0.32 km

or less.



CHAPTER 1
INTRODUCTION

The seismic history of South Carolina is dominated
by the Charleston earthquake of August 31, 1886, its fore-
shocks and its aftershocks. The 1886 August 31, event
initiated a period of increased seismic activity that lasted
for approximately thirty years (Bollinger, 1972). This
earthquake was felt over an area of approximately 2,000,000
square miles, including the undersea area, and it was felt
with an intensity II (Rossi-Forel) as far away as New York
and Bermuda. Savannah and Columbia, two cities approxi-
mately 90 miles from Charleston, experienced intensities of
VIII and VIII to IX (Rossi-Forel), respectively (Dutton,
1889). In both cities, many chimneys were damaged, and some
buildings suffered minor structural damage. In Charleston,
the earthquake caused extensive damage and was rated as an
intensity X on the Rossi-Forel scale.

Between 1754 and 1971, a total of 438 earthquakes
have been reported as occurring in South Carolina (Bollinger,
1972). Of these, 402 have been located in the Charleston-
Summerville area. Figure 1 shows the distribution of
earthquakes in South Carolina through 1971. In the neigh-

boring states of Alabama, North Carolina and Tennessee,
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epicenters generally trend NE-SW, paralleling the Appalachian
structure. Multiple zones of seismic activity may parallel
these zones in South Carolina. Many, for example Taber
(1914), believe that the Charleston event of August, 1886,
lies in a NE-SW trending zone near the coast.

| Bollinger (1972) has interpreted the South Carolina
events as forming a NW-SE trending zone of seismic activity
that extends from Charleston to the Appalachians. This
proposed belt of earthquake epicenters is perpendicular to
the regional structure, but it parallels the numerous NW-SE
oriented Mesozoic diabase dikes which are found in Alabama
and South Carolina (Bollinger, 1972).

Prior to 1971, few earthquakes had been reported as
occurring in central South Carolina. The region between
Columbia and Charleston represented a significant apparent
gap in the proposed NW-SE trending zone of seismic activity.
Prior to May 19, 1971, Bowman, South Carolina, which is
roughly midway between Columbia and Charleston, had no
record of seismic activity within a radius of 50 km (Long,
1972). At 12:53 GMT on May 19, 1971, a maximum intensity IV
(Modified Mercalli) earthquake occurred near Bowman. Within
a period of eighteen months threeladditional events occurred.
The largest and most recent event in the sequence was felt
with an intensity V on February 3, 1972, Two aftershocks
were felt with an intensity III on February 7, 1972. Several

additional microearthquakes have subsequently been recorded



by portable smoked paper seismometers and interpreted as
occurring within five kilometers of Bowman. These events
are located approximately 60 kilometers northwest of the
presumed epicenters of the August, 1886, Charleston
earthquake.

| The February 3, 1972, earthquake was the largest
event which has been recorded in the Southeast since the
installation of seismic station ATL in 1963. It was felt
with an intensity of II to V (Modified Mercalli) over an
area of 26,000 square miles, and Long (1972) computed its
magnitude (ML) to be 4.7. If it occurred along a previously
active fault zone, the cumulative displacement could be
large enough to be detected by geophysical survey methods.
The continuing intermittent microearthquake activity also
suggested that seismic data might provide enough epicenter
locations to define the fault plane.

The purpose of this thesis study has been to investi-
gate, using geophysical survey techniques, the nature and
cause of the microearthquake activity near Bowman, South
Carolina. Recently acquired microearthquake reconnaissance
data and gravity data have been combined and correlated with
existing geologic and seismic data. An attempt has been
made to relate the Bowman microearthquake activity to the
NW-SE trending zone of seismic activity hypothesized by
Bollinger (1972) to extend across South Carolina from

Charleston to the Appalachians.



CHAPTER II
GEOLOGIC SETTING AND VELOCITY MODEL

Bowman is located in Orangeburg County. Geologically,
Orangeburg County is classed as the Lower Coastal Plain,
and topographically it is essentially flat and featureless.
Virtually all of the area's relief is due to sinkholes and
the numerous NW-SE trending creeks and swamps. Elevations
in the epicentral area vary from approximately 34 meters to
almost 52 meters.

Figure 2 shows the distribution of major strati-
graphic units present in the area of interest. According to
Pooser (1965) the epicentral region is underlain by the
Duplin Formation, the Santee Limestone and the Black Mingo
Formation. The Black Mingo Formation underlies an extensive
area, and it consists of quartzose sand, thin layers of
silty clay and dark gray unctuous clay with small particles
of Fuller's earth and pyrite. This layer ranges in thickness
from 9 meters to as much as 38 meters. Much of the Black
Mingo Formation was deposited in estuaries and littoral
environments.

The Santee Limestone is a calcilutite to calcirudite
that varies in color from creamy white to yellow. It is

consolidated but not well indurated and is very fossiliferous.
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Near Bowman, it is overlain by a thin veneer of the Duplin
Formation. The Duplin Formation is difficult to distinguish
from the overlying surficial material. It is composed
primarily of noncalcareous and calcareous quartzose sands
with numerous shells (Pooser, 1965).

| A refraction survey at Carn's Farm (see Figure 9) was
conducted in an attempt to determine near surface velocities.
The equipment used consisted of a portable tape recorder,
amplifiers and 15 Hz exploration geophones. One geophone
was used as a '"'shot break'" and was moved progressively
closer to the recording geophone beginning at a distance of
110 meters. A total of six "shots'" were recorded. The
energy source was a heavy object dropped from a height of
nearly 2 meters. A first arrival corresponding to the direct
P wave and a Rayleigh wave arrival were observed on each of
the six records. Analysis of the data yielded apparent |
velocities of 0.81 km/sec + 0.08 km/sec and 0.24 km/sec +
0.02 km/sec for the P and Rayleigh waves respectively
(Figure 3). Using the equations of White (1965, p 102), the
velocity of the S wave was computed to be 0.25 km/sec *
0.03 km/sec. The uncertainty in these numbers is due to
uncertainty in interpreting the phase arrival times; however,
these velocities are typical of sandy soils and unconsoli-
dated formations such as the Duplin Formation. The velocities
are representative of the surface layers (approximately 15

meters) only.
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Seismic refraction work by Woollard et al. (1957) was
used to define the deeper velocity structure for the Bowman
area, Data from refraétion lines located north and west of
Bowman in Orangeburg County and one southeast of Bowman in
Dorchester County were used to interpolate the velocities
and fhe depth to basement in the epicentral region. Both
the depth to basement and the velocities of the surface
layer appear to increase linearly to the southeast. The
interpolated values for the depth to basement and the surface
layer velocity are 460 meters and 2.4 km/sec respectively.
The basement velocities show more variation and a linear
interpolation is not justified. However, on the basis of
the surrounding refraction data, 6.1 km/sec was considered
for a first estimate for the basement velocity. Figure 4
shows the velocity structure and travel time curves
computed for basement velocities of 6.9 km/sec. Standard
time-distance relations for the two layer case were used in

computing these curves (Dobrin, 1960).
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CHAPTER III
MICROEARTHQUAKE RECONNAISSANCE

Long (1972) computed the location of the epicenter of
the 1972 February 3, event to be approximately 14 km north-
east of Bowman. Subsequent to this, four microearthquake
reconnaissance surveys were conducted in the vicinity of
Bowman, resulting in approximately 20 days of noise-free
recordings by three or more instruments. Additional data
were obtained from a single smoked paper seismograph which
recorded in Bowman for a ten week period from May through
July, 1973.

Table 1 lists felt events which were recorded by
station ATL and were located in the Bowman area. The times
and locations of microearthquakes which were located in
Bowman or immediately adjacent areas of the proposed NW-SE
trending belt of seismic activity are given in Table 2. The
list includes events from August 8, 1972, through July 1, 1973.

On August 8, 1972, a single portable seismograph
located at Meyers Farm recorded a microearthquake (Figure 5).
Analysis of the (S5-P) time indicated the distance to the
epicenter of the event to be 4.5 km + 0.5 km, In December,
1972, a four station rectangular array was established with

Meyers Farm as the southern corner of the rectangle (Figure 6).



Table 1. List of Felt Earthquakes Located near Bowman, South Carolina
and Recorded by ATL and other Stations ’

M

Maximum L ATL

Date - Time (GMT) intensity (from ATL records) Amplitude Latitude Longitude Remarks

1971 May 19, 12h52m60s 1V 4.3 20.8 33.3°N -80.6°W NOAA

1971 July 31, 20hlem52s 111 4.3 20. 33.4°N -80.7°W NOAA

1971 August 11, 03h50m I-1I 3.9 9.26 -- -- ATL and BLA
records indicate
Orangeburg area

1972 February 3, 23h1llm08s \Y 4.7 69.3 33.46°N -80.58°W Long (1973)

33.476°N -80.434°W NOAA
1972 February 7, 0Zh46m ITI 3.1 3.1 33°.46°N -80.58°W Long (1973)
1972 February 7, 02h53nm I11 2.0 2.0 33°.46°N -80.58°W Long (1973)

T
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Table 2. List of Events which Occurred Between
August 8, 1972 and July 1, 1973 and
were Located in Bowman or Adjacent
Areas of the Proposed NW-SE Trending
Zone of Seismic Activity

Date -~ Time (GMT) Location Remarks

1972 August 8, 08h0Om 33°22.5'N-80°36.4'W+6km recorded by one instru-
ment near Bowman

1972 December 16, 06h52m 33°22.5'N-80°41.3'W12km recorded by three
stations near Bowman

1973 March 22, 06h42m 33°28.5'N-80°43.0'W+3km recorded by three
stations near Bowman

1973 March 22, 14h42m 33°22.8'N-80°40.5"W+1km recorded by four
stations near Bowman

1973 March 25, 04h29m 33°04.2'N-80°06.9'N - NOAA--three detections

1973 March 27, 08h00Om Lexington, South Carclina  felt in Lexington
1973 March 27, 11h00m Lexington, South Carolina  felt in Lexington

1973 April 1, 13h26m 33°02.4'N-80°08.9'W NOAA--four detections
1973 April 1, 13h44m 33°02.2'N-80°07.0'W NOAA--three detections
1973 April 1, 18h30m 33°00.7'N-80°09.0'W NOAA--three detections
1973 April 18, 10h0O6m 33°02.4'N-80°16.7'W NOAA--four detections
1973 May 4, 02h39m 33°02.0'N-80°10.2'W NOAA--five detections
15673 May 27, 01lh56m 33°20.8‘N-80°40.6’W:§km recorded by one instru-
ment in Bowman
1973 June 9, 1Sh24m 32°55.7'N-80°09.8"W NOAA--four detections

also recorded in Bowman

1973 July 1, 08h20m 33°20.8'N-80°40.6'W recorded in Bowman by
one instrument, recorded
at S5t. George, South
Carolina (NOAA) by one
station.
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Figure 5. Photographs of the Smoked Paper Records of the 1572 August 8, and the
1972 December 16, Microearthquakes.
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At Providence School the record of the event was hidden in
background noise, but the smoked paper records of the other
stations were sufficiently distinct for the identification
of both P and S phases. A small geophone array at Walnut
Grove Church recorded the event on magnetic tape and pro-
vided'azimuthal control for the location of the epicenter,
The azimuth from Walnut Grove Church to the epicenter of the
event, measured clockwise from north, is 235° + 10° (preci-
sion based on 95% certainty).

Using a basement velocity of 6.1 km/sec, efforts to
locate the epicenter for this event failed to achieve
convergence (see Appendix I for epicenter location techniques)
suggesting that a higher basement velocity was required.
With an assumed basement velocity of 6.9 km/sec, the epicenter
was located west of the array at 33° 22.5'N-80° 41.3'W with
a precision of +2 km,

In March, 1973, two additional microearthquakes were
recorded. The first event was recorded on 1973 March 22,
06h42m GMT by portable seismographs at Walnut Grove Church,
Shiloh Church, Carn Farm and Bowman Cemetery (Figure 7).
Three records were of good quality, but at Bowman Cemetery
the event was barely recorded due to the low operating gain
of the instrument. An interpretation of the (S-P) times of
the event located the epicenter 18 km to the north of Bowman
at 33°28.5'N-80°43.0'W with a precision of *3 km (Figure 8).

This location was based on an assumed focal depth of 0.46 km
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and a basement velocity of 6.9 km/sec,

The interpretation of the records of this event was
made difficult by the low amplitude of the refracted P
phase. The weak character of the refracted P phase could
not be entirely attributable to recording distance. The
19721December 16, event and the 1973 March 22, 06h42m GMT
event were recorded at equivalent distances by seismographs
at Island Cemetery and Walnut Grove Church respectively.
The records of the events, however, showed refracted P
phases of considerably different character. It is possible
that differences in source mechanism, depth of focus or
basement velocity structure could contribute to the vari-
ation. There were insufficient data to determine if there
was any consistent azimuthal variation in the recorded
character of the refracted P phase.

A second event was recorded at Walnut Grove Church,
Shiloh Church and Bowman Cemetery by portable seismographs
and at Carn Farm by both a portable seismograph and a small
geophone array (Figure 9). The small array at Carn Farm
recorded the microearthquake on magnetic tape. The event
occurred on 1973 March 22, 14h42m GMT. Using a basement
velocity of 6.9 km/sec and a focal depth of 0.6 km, the
epicenter was located at 33° 22.8'N-80° 40.5'W with a
precision of +1 km. Table 3 lists the origin times and
epicenters of the three events recorded by arrays as well as

the locations of the recording seismographs.
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Table 3. List of Microearthquakes
Recorded by Arrays

Event: December 16, 1972 Time: (06h5Zm GMT

Location (Error-Grid): Lat. 33° 22.5' Long. 80° 41.3'

Location (Do-All): Lat. 33° 22.57' Long. 80° 41.26'
' To = 0.02 (sec)

Recording Station Latitude Longitude (S-P) (Seconds)

Island Cemetery 33.426 80.573 1.39
Meyers Farm 53.375 80.606 0.94
Walnut Grove Church 33.408 80.626 0.86
Providence School*® 33.392 80.540 --
Event: March 22, 1973 Time: 0%h42Zm GMT
Location (Error-Grid): Lat. 33° 28.5' Long. 80° 43.0'
Location (Do-All): Lat, 33° 28.44' Long. 80° 43.11°

T0 = 0.05 (sec)
Recording Station Latitude Longitude- (S-P) (Seconds)
Walnut Grove Church 33.408 80.626 1.33
Carn Farm 33.335 80.657 1.88
Shiloh Church 33.399 80.709 1.04
Bowman Cemetery* 33.363 80.689 --
Event: March 22, 1973 Time: 14h4Zm GMT

Location (Error-Grid): Lat. 33° 22.8' Long. 80° 40.57

Recording Station Latitude Longitude (§-P) (Seconds)

Walnut Grove Church 33.408 80.626 0.69
Carn Farm 33.335 80.657 0.61
Shiloh Church 33.399 80.709 0.45
Bowman Cemetery#® 33.363 80.689 --

*Records from these stations were of poor quality and,
therefore, were not used in locating the epicenters.
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The array at Carn Farm was a tripartite array with a
three component geophone cluster at one corner. Five
channels of data and one of time were recorded on a seven
channel Honeywell tape unit. The data from the analog tape
was filtered with a 100 Hz low pass filter, digitized and
plotted (Figure 10).

The array size was measured to a precision of *2
meters (Figure 11), Arrival times across the array relative

to channel 4 were:

Ch 4 0.0 + D0.0D5 sec
Ch 5 0.037 + 0.005 sec = t; + 0.005 sec
Ch 1,2,3 0.048 * 0.005 sec = t, + 0,005 sec

In the computations of the velocity and azimuth, the
seismic wavefront was assumed to be a straight line as it
crossed the array. If the wavefront makes an angle B with
the line from Ch 4 to Ch 2, an analytic expression for the

apparent velocity across the array is:

chos(B)—chos(A-B)
Vap = (1)

- (2)

These equations are satisfied when B = 3.,9° and Vap =
6.3 km/sec. Since the errors in Dl’ D2 and A are very small
compared with the errors in t; and t,, the errors for AV

and B can be computed by applying standard error analysis
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techniques to equation (2). The errors for AV and B were

computed as follows:

(Vap) (t,)
AV = (Eg%BJZAtZ B = arc cos[-———ﬁ——g—]
1

1

AV = 0.7 km/sec AAZ = AB =-\ﬁ§%)2(AVap)2 . (z—B—Z—JZ(Atz)Z
t
2

AAZ

2.1°

Therefore, the apparent velocity across the array at Carn
Farm was 6.3 km/sec + 0.7 km/sec. Using the refraction
lines of Woollard et al. (1957) located nearest Bowman, an
approximate value of 0.1° to the southeast was computed
as the local dip of the basement. The maximum effect of
this dip on the velocity across the array was computed to be
+0.1 km/sec. Therefore, the apparent velocity may be taken
as a valid basement velocity.

Measured clockwise from the north, the azimuth (AZ)
from the south corner of the array to the seismic source of
the 1973 March 22, 14h42m GMT event was 343.5° + 2.1°

(Figure 8).
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CHAPTER IV

GRAVITY DATA

Excluding base stations, 344 new gravity readings have
been obtained in the vicinity of Bowman, South Carolina.
These have been combined with existing data (courtesy of
Dr. G. P. Woollard) and contour plotted to produce a regional
Bouguer anomaly map (Figure 12). The most distinctive feature
of the regional map is a 20 mgal high northeast of the epi-
central area which extends into a +12 mgal linear anomaly
and runs through the epicentral region and to the southwest,.
The location of the epicenters of microearthquakes near the
linear gravity high contradicts the proposal of Taber (1914)
that South Carolina coastal plane earthquakes are the result
of movement along existing faults in Trassic basins. In
addition, the regional gradients are seen to be much too
gentle to represent large faults in the basement. Since the
observed gravity highs probably are not caused by variations
in the depth to basement, they are most likely the expres-
sions of density contrasts in the basement. The existence
of a basement rock of high density which is responsible for
the linear gravity anomaly is compatable with the apparent
velocity observed at Carn Farm.

The epicentral region is mapped in greater detail in
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Figure 13. There are irregularities in the NE-SW trending
linear gravity anomaly. Near the epicentral region the
width of the anomaly is constricted and its magnitude
decreased. Two gravity profiles (Figure 13) perpendicular
to the strike of the linear anomaly were used to develop
modelé representative of basement density contrasts which
cduld be responsible for the observed anomaly (Figure 14).

A model varying in width from é km to 7 km and extending
downward for 10 km to 12 km produces a gravity profile the
shape of which agrees well with the shape of the profiles
along lines 1 and 2. The gravity values of the theoretical
profiles closely resemble the observed values along profiles
1 and 2, provided the models, which represent hypothesized
structures, are assigned positive density contrasts with the
surrounding basement material of 0.1 gm/cc to 0.09 gm/cc.
With the exception of Shiloh Church, all of the smoked paper
seismograph recording sites were over the modeled structure.
This lends support to the 6.9 km/sec basement velocity
required to achieve convergence for the epicenter location
computed for the 1972 December 16, microearthquake,.

The models discussed above can not explain the pertur-
bations observed along the 0 mgal anomaly lines of Figure 12
nor the smaller perturbations observable in the 1 mgal
contours of Figure 13. These irregularities (see Profile 2,
Figure 13) in the contour lines defining the linear gravity

anomaly appear to strike NW-SE, running essentially
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perpendicular to the modeled structure and passing very near
the epicentral region. The perturbations may reflect
changes in thickness of the structure responsible for the
linear gravity anomaly or may be the result of a basement
feature unrelated to the source of the anomaly,

| A line of closely spaced (on the order of 150 meters)
gravity readings were made along a portion of the axis of
the linear gravity anomaly in an attempt to specifically
identify the nature of the NW-SE trending perturbations. The
location of the gravity line is delineated by the closely
spaced data points in Figure 13. A very sharp 1.3 mgal jump
in gravity values occurs along the detailed line near its
intersection with interstate 26 (Figure 15). The validity
and effect of the Bouguer reduction density was tested by
comparing a series of Bouguer gravity profiles of the
detailed line with the elevation profile. Each profile in
the series was calculated after assuming a different value
for the Bouguer density within the range of 2.0 gm/cc to
3.0 gm/cc (Figure 16). The profile which has the least
correlation with the sharp irregularities of the topography
is preferable (Grant and West, 1965). Since all of the
profiles in Figure 16 show equal correlation with the topog-
raphy, the standard choice of 2.67 gm/cc for the Bouguer
reduction density is as appropriate as any other.

If there was a density contrast between the faulted

bed and the overlying material, a horizontal bed having a
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normal fault would produce a similar anomaly along a profile
perpendicular to the vertical edge of the fault. This
situation can be modeled using a semi-infinite horizontal
slab of uniform thickness which ends with a vertical edge on
one side. The depth to the top of the slab represents the
depth to the fault and the density assigned the slab
represents the density contrast between the faulted bed and
the overlying material,

Using the density-velocity curves of Woollard (1959),
a surface layer with a velocity of 2.4 km/sec would have a
density of 2.1 gm/cc. Similarly, for a basement rock with a
velocity of 6.9 km/sec the density would be 3.0 gm/cc.

The technique of Talwani, Worzel and Landisman (1959)
was used to compute the gravity profile of a two dimensional
model representing a fault. The density of the slab was
taken to be 0.9 gm/cc and the top of the slab was placed at
0.46 km which is the assumed depth to basement in the Bowman
area. When the two dimensional model was given a thickness
of approximately 46 meters, the amplitude of the gravity
profile of the model closely approximated the 1,3 mgal jump
observed in the profile of the detailed line. The gravity
profile of the model was much smoother than the observed
jump. Since the shape of the theoretical profile was
dependent only on the depth of the model, the top of the slab

was raised above the basement so that the theoretical profile

would more nearly match the observed profile. This strongly
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suggests that the structure which is responsible for the
sharp anomaly in the detailed line extends above the base-
ment into the surface layer material.

A second derivative simple Bouguer anomaly map which
includes the first detailed line data exhibits some evidence
of a NW-SE trending feature. There is no topographic
evidence of the high ridge or of the possible fault line in
a second derivative elevation plot of the same area. This
is not surprising since the surface geology of the area is
such that any elevated features would be subject to rapid
weathering and erosion,.

If the sharp anomaly of the first detailed line is
taken to be the expression of a fault, the continuity of
the linear anomaly across the fault plane suggests that
there has been less than 2.0 km cumulative horizontal

movement along the fault.
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CHAPTER V
MAGNETIC DATA

Magnetic data for Bowman and the surrounding area
were taken from an aeromagnetic map of the Savannah River
Plant area (Petty, et al., 1965). The data (Figure 17),
contour plotted with an interval of 100 gammas, show a
+2,500 gamma ridge which correlates with the positive ridge
shown on the gravity plots and tends to support the possi-
bility that a diabase structure in the basement is responsible
for the anomalies. The magnetic data end a few kilometers
east of Bowman. The flight lines along which the data
were taken run NW-SE, therefore, the data can not directly

observe NW-SE trending structures,
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CHAPTER VI
DISCUSSIONS AND CONCLUSIONS

The location of the 1972 February 3, earthquake near
Bowman suggests the presence of an active fault and micro-
earthquake reconnaissance data shows a continuing sequence
of microearthquake activity in the area.

The epicenters of the 1972 December 16, microearth-
quake and the 1973 March 22, 14h42m GMT microearthquake are
very near each other. The location of the 1973 March 22,
06h42m GMT event, however, 1is approximately 12 km north of
the two other epicenters. The (5-P) time of the 1972
August 8, microearthquake indicates that its epicenter does
not agree with either of the previously discussed locations.
This indicates either that seismic activity is occurring at
several points aleng a single NW-SE trending fault or that
more than one fault is responsible for the microearthquake
activity near Bowman.

Another indication that the microearthquakes recorded
near Bowman may not share a common origin is the difference
in character of the seismograms of the various events. The
Meyers Farm record of the 1972 Agusut 8, event exhibits a
fairly high amplitude refracted P phase. The record of the

1972 December 16, microearthquake which was recorded on the
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same site by a similar instrument, shows a very low ampli-
tude refracted P phase. This implies that the events
either did not share a common raypath or that their focal
mechanisms differ.

Other evidence indicates that the three located
events may have occurred at different depths. The refracted
P phase of the 1973 March 22, 14h42m GMT event was greater
than or equal to the amplitude of the refracted S phase on
all records of this event. This characteristic, unique to
the records of the 1973 March 22, 14h42m GMT event, may be
indicative of a deeper focal depth. 1Indeed, the epicenter
of this event is most precisely located when a depth of
focus of 0.61 km is assumed. The two other events are most
precisely located when a focal depth of 0.46 km is used in
the travel time computations. However, these depths may be
no better than order of magnitude estimates of the actual
focal depths.

The data obtained during the microearthquake recon-
naissance surveys near Bowman are insufficient to locate a
fault plane in the vicinity of Bowman. However, recent
seismic activity in areas adjacent to Bowman have served to
define more clearly the hypothesized NW-SE trending belt of
seismic activity that passes through the Bowman area. Two
events were reported felt in Lexington, South Carolina on
March 7, 1973, at 08:00 GMT and 11:00 GMT. Portable smoked

paper seismographs were operating in Bowman at the time but
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the ratio of signal to noise was too small to permit a
positive identification of these events. Additional micro-
earthquakes were recorded by a seven station NOAA seismic
array which was operating in the coastal region of South
Carolina. Events which were recorded and located by the NOAA
array in the period from March to July of 1973, have been
plotted in Figure 18 (data courtesy of Art Tarr). Other
events which were recorded but which could not be located
have been omitted. Figure 18 also shows the location of the
Bowman and Lexington events which occurred in the interval
from March to July of 1973. Whereas the Columbia-Lexington
and Summerville-Charleston areas have histories of seismic
activity extending over many years, the Bowman area was
apparently seismically inactive prior to the 1971 May 18,
event and its successors. The linear alignment and close
proximity in time of the events plotted in Figure 18 suggests
that the events may be related in some manner. Data are
insufficient to conclude that these events occurred along a
common fault zone but the possibility warrants investigation
by future seismic surveys.

The apparent basement velocity of 6.3 km/sec +
0.7 km/sec which was obtained from the Carn Farm array data
lends support to the basement velocity of 6.9 km/sec which
was used in the epicenter location computations for the
Bowman microearthquakes. Velocities in the range from

6.1 km/sec to 6.9 km/sec have been measured in diabase
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(Anderson and Lieberman, 1966). Seismic refraction work by
Pooley (1960) shows that velocities in the range of 6.4 km/sec
to 7.0 km/sec have been observed at other locations in the
Coastal Plain. Pooley has attributed these high velocities
at least in part to the presence of diabase.

| The positive linear gravity anomaly suggests that the
velocities used in the analysis of the seismic data are
appropriate. The linear anomaly that passes through the
epicentral region may be the expression of a dense structure
at the basement which varies in width from 6 km to 7 km and
which extends downward for 10 km to 12 km. Such a structure
would explain the high basement velocities that are indicated
by the seismic data. The magnetic data which is compatible
with the gravity data, also suggests a basement structure
composed of material with a greater susceptibility than the
surrounding basement material. Diabase appears to be a
reasonable material for the basement structure and the
presence of such a diabase structure would simultaneously
explain both magnetic and gravity anomalies. This possibility
will remain unproven until deep well data is obtained for the
epicentral region.

The Bouguer profile of the detailed gravity line

shows a steep 1.3 mgal jump which can be simulated by a model
of a normal fault with a throw of approximately 46 meters.
Perturbations in the gravity field of the linear anomaly
suggest that the feature responsible for the sharp anomaly in

the detailed line strikes NW-SE.
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CHAPTER VII
RECOMMENDATIONS

If more microearthquakes were recorded by arrays of
seismographs having good time control, the additional seismic
data might lead to the successful definition of the fault
plane through the Bowman area. Microearthquakes recorded by
arrays of sufficient size would also yield much needed
focal depth information which would aid in determining the
vertical extent of the hypothesized fault. A spectral
analysis of the taped records of the 1973 March 22, 14h42m
GMT event could possibly yield some information about the
focal mechanism of that event. Since events have been
reported to the NW and SE of Bowman, it would also be
interesting to piace portable seismographs between Bowman
and these reported events, thus serving to better define the
extent and width of the belt of seismic activity which
passes through Bowman.

Additional lines of detailed gravity data taken
parallel to the first detailed line but displaced to the
NW-SE should indicate whether the sharp anomaly is due to
an extended feature or to a local perturbation in the
subsurface structure. The configuration of the structure

could also probably be investigated by carefully executed
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refraction lines through the epicentral region and along
the axis of the linear anomaly. In addition, high altitude
photographs of the Bowman area might serve to locate any

faults having surface expression.



45

APPENDIX I
ANALYSIS OF SEISMIC DATA

The seismic systems used in the microearthquake
reconnaissance surveys were Sprengnether portable smoked
paper seismographs, two of which were on loan from Virginia
Polytechnical Institute, courtesy of Dr. Gilbert Bollinger.
Two types of geophones were used with the recorders. When
possible, a Hall-Sears HS10-1A 1 Hz geophone was used, but
in a few cases an array of 15 Hz exploration geophones was
used. Typically, the systems were operated with voltage
gains of from 1,000 to 25,000. At 30 Hz, displacement gains
generally ranged from 50 k to 100 k at night but these had
to be reduced to 25 k to 80 k during the noisier daylight
hours. System résponse curves for the combination 1 Hz
geophone and amplifier system and 15 Hz exploration geophone
and amplifier system were developed using the technique of
Espinose, et al. (1962). The acceleration response curves
and particle velocity curves for the systems are plotted in
Figure 19,

Smoked paper records of microearthquakes were contact
printed on 35 mm film and then enlarged by a factor of 15
with a microfilm printer. This permitted a more accurate

measure of (S-P) times than is generally practical from the
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original seismograms. For location of the events, standard
time-distance relations were used to compute a theoretical
(S-P) time for a given epicenter location. This was done
for all stations which recorded the event and a total
standard deviation was computed based on the deviation of the
observed (S-P) time for each recording station. A grid of
epicenter locations was projected over the epicentral area
and a total standard deviation value was computed for each
grid location. Grid intervals of 1 km E-W and 0.3 km N-S
were used. The epicenter choice representing the smallest
total standard deviation of theoretical (S-P) times from
observed (S-P) times could be chosen to a precision of less
than one grid interval. Confidence ellipses which were
derived from the printed grid values were used to determine
the precision of each microearthquake epicenter location.
All the computations were performed by a fortran program
"Error Grid." The epicenters plotted in Figures 5 and 7 are
the locations calculated by the "Error Grid' program. A
printout of "Error Grid" is provided in this appendix.

A fortran program '"Do-All," which was developed by
Dr. L. T. Long to compute the location of Southeastern
earthquakes, was modified to provide a check for the "Error-
Grid" locations of the Bowman microearthquakes. The program
was written to employ the technique of Wiggins (1972) to
find an origin time and epicenter correspondihg to the least

mean squares fit of the observed travel times to thecretical
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travel times. The least mean squares technique requires an
initial guess with a small error. The location computed by
"Error Grid" was used as the first guess for the "Do-All"
program. If the location computed by '"Do-All" was very near
the "Error Grid" location and the adjustment to the origin
time computed by "Do-All" was small, this was accepted as a
confirmation of the "Error Grid'" epicenter location., A
printout of the '"Do-All" program is included in this

appendix.
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Printout of the "Error Grid" Program

LaerxaTHIS pROGRAM CAUSES THE ERR0T SUSRQUTINE 10 PRINT OUT AM ERROR
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DIMENCION QEFTH( )
COM 0N IPR(2D)yuididd s (20}
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Printout of "Error Grid" (Concluded)
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RETURN
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Printout of the "Do-All" Program
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IFUWT, LT+0.0001) 50 TO 22
M=4
GO TO 23
22 M=3
IFtWZ,LT.0.0UD1}) M=2
23 COMTINUYE
101 FORMATI2X 4F8,3)
TO=IHR#3630 ¢+ *MINKSD . +5EC -
4 N=0
WRITE (60105)MO» IDA) IYRyITHRMIN,SEC/ELATELONG, (LADEL (JB) 0 JB=1,3)
105 FORMATIZ2X ) IdrlK/ 0 l2 )1/ I/ 040 HZ2 122X 122X 0Flel/yBH  LAT=
C FT.37+7H  LONGZ FT7,3/:24, A4 rBASLS)
WRLITE(Ar200) WX WTrwTeWZ
200 FORMATL/2Xr "WXS ' »FB, 30 1 WY ' bFH B *HT=V 1 FBa3s 1 WZT 1 eFB 3/27)
wRITZ (601086)

1086 FORMAT(SX,*STATION?,S5X, 'PHASE" ,S5X» 'ARRIVAL TIMEY)
Capen s JPH=PHASE IDENTIFICATION, QJ=PHASE TIMEs SIZDATA WEIGHT, EZ=DEPTH OF FOCUS
Loe*xa]DFSTATION IDENTIFICATION

6 READ(S»102+END=5) IPH»0»STEZID
102 FORMAT(EX,I1r202X0F7,3)2XsF5.3:2%I1)
WRITE(Br 107 STATIIO) »PHASLIPH)
107 FORMATL///7/TXeASBXs 02,9%XFT.1/)
IFLID,LTel) GO TO S
=N+]1
CALL ATIME(IPA,TO»10,ELAT.ELDHG,EZ+C)
petN)=Q=~C11)
A(Ns1)=CED)
A(Nr2)=CLy)
Ay 3y=Cipy
AlNsu)SCLS)
SINI=1,0/50KT(S])
GO TO 6
5 W{L)=SQRT (WX)
WI2)ZSQRT (WY}
Wi3)=sGRT (Wi}
W{k)=SORT (Wi}
CALL MAMAN(APDL »SeweNeDP8)
DO 14 16558
1y FOPUIGIZUP(IO 4 W(Is)
TOSTC+FIP (3}
ELATSFELAT+FLPIL} /111,11
ELONGZELONL+FDP(2) /111,11
ZEEZ+FDP W)
WRITE (6:108) TO ELAT,ELONGIEZ
108 FORMATULIML *RESULTS ARE:I ¢, 2Xo*TOZt4FB, 2¢2X 0 tELATS 4 FI, 442Xy
CrELONG=*1F9uty2; ¢ TEZ2=Y,FR,3)
STOP
END
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Printout of "Do-All" (Continued}

SUBROUTINE ATIE{LPHeTO» 1D ELATELONG,EZ,C)
UIMENSION Cin)»ulaT(4)»SLONG ()
CraaasJATA IS5 LATITUDE »ND LONGITUDE Or RFCORDING STATIONS
UATA SLAT/3%.06003¢33,393933,363Ur 33,3350/ ¢SLUNG/BY, 6263
CUDTO92+8U.HUDJ A, BST2/
CALL CXY(ELDOHNG,ELAT+SLATIID) ,SLONG(IUI ,A,8)
DzAgsleBaxe
R=S3RT(O)
IF(IPH,EN.5) GO TO 303
CHsasaC{1)=THEORETICAL ARRIVAEL TIYF OF P pHAGE DERIVED FROM TRAVEL TIME CURVES
ClLISTO4R® (0106 -E7% {0, 384) +0.34Y
Ciay)=1,n
CU3)=(((ELAT=SLATIIDI ) #111,11)%Deltg) /P
Cl) S ELONGan L ONGIID) ) #2111, 110 %1, 196%0,8351 /R
Cxaurx0,8352005(33.6)-==LATITUUE CORRELTIAN
C(D)Emi, 304
GO TO 304
CeapexC(1)=THEORETICAL ARPIVAL 1IME OF S pHASE
363 CULI=TO+R®(17.253)~FE7 %N, bBH) 4.6
cita)=1,0
CUA) = (((ELAT=SL/TUID) ) %11Y,11) 502531 /R
ClLy=( (ELONG=SLONGIID) ¥ #111,31)%0,253%0,835}1 /R
, CIB)E~G,hb4
304 WRITE(6r3US) SLATUID) »SLUNGITD) K
MRITE (me3UL)
305 FCRUATI2X» *STATION LATITUDE= 1 F7+4%,2X, 'STATION LONGITUDESY,
CFTatr DX 'DIGT, =1 ,F5,2)
301 FORWETEEX ! £l cel c{3} Ciy) cis)t)
SRITE (693021 (C(10),TOS145) :
302 FORWAT (22X F11,3,413X,F8,8))
RETURHM
EHiD

SUBROUTINE CXY (D YDy ALAT, 0L D MG e Xr Y)

Crexxx (X0, Y0) 15 ORIASIN IMN DEGREES{SODAMFROM DATA FUR < ,1KM ERROR
Crasrn (ul AT, ALONGY LATITUDE ati) LONGITUDE OF NATA PUINTS
CoraxpxFRO" RICATER-ELE SEIS-USING CLARRE SPHEROLID

QIMENSIGH  HITGYs AC{T?M)

DATA (BT} eIZ3039Y/1.R47T405, 10477011 .848075,1.848372,
CleBYbuTIri e LHADI 1, B492%0, 1, P40D0G5,1,84992241,850242/
CUACII)»I=30939) /L REE93791,35703001 ,85713%2,1.857251,1,857331¢
Cl,057430¢1P875000e1,8576% 4 1,.897/50,1,R57858/

ULATSALAT=YD

JLONG=HLONG=X0

LAS{YD+ALATI/ ™, 0

ARSLAC IR HIAC(IL4II=ACTIAY ) u L (YURALAT) /2,0~ )]

ARSAL260, N#COS (2, D1 TSRV ALAT)

AThADL (0

HES(BIIA)+ (B lIA+I 1 =R {TA % { (YO+ALAT)/2,0=TAY]I%[0,1

Yoby*DLAT

RETURN

Bl

SUBRDUTINE VANVETE N X birje ki)
LaewsxLTRIX INVERSION SIMROUTIME, A I® THE INPUT MATRIX. X IS THE OUTPUT
Cakmmy onhNey
JIMENSIGCY A{GeSi s X Lok}
8 U0 g Izlenh
00 9 Jzl.00
9 Aliyd)zatled)
Do 16 Hzyene
ALY p¥vyZ,.
0010 I=oam
10 AlT,vayzn,
LO 1L ozlebt
11 Athar ) mrllsdetdzhl 1)
DO 12 1=2eM
XEAlY 1)
RICES F- ALY RIS
12 ML) s d)sAiTede ) =2 &AM )
PR § LN PR RS
16 “ihtyr ) sadi®ve
AT NR T

52



Cruxs

201

202

203
10

1l
20%

12

13
205

Printout of "Do-All" (Concluded)

SUBRDUTINE “ANAL.{A+DCeSrkeNsDP M)
«¥AMAN PERFORMS “nTRIX COMPUTATIONS
DIMENSION ALIgeL) e DCL14) rSELN) e lt) AN LU sG] s ATA(Y 4} sAVRT(SeS) s
CATDC () eGP L)

GD 7 I=1+h

LD T Jslek

AN(I e ¥ESULIAALed)wl{ D)

VEITE(Gr 2O (AN IIASIA) » LASL N pUAZ] v i)
FORAAT(1HL s 4 LY P FL2.2)/)

DO B L=ieg

Lo g 1L=1rls

ATA(L LLIED

00 g9 I1=1eM

U0 o J1=1+M

DG g Ki=1eN
ATA(L1,J11SANIKL,11)R8R(K1, J1)+AIA(TL U1}
JRITE Lbe202) ((ATA(IBJB) pInz b rdasl,y)
FORMAY 1K/ /7 IHLIXPF12.20/))

1124

CALL MINVBTUAVRTATA,M,M1)

ARITE (e 203 LIAYRTLIC,JCI o ICZ1 e ) e UDTL 4 4)
FORUAT2X// /v (43 14eF 12,2070}

Ny 10 12=1.4

ATDCIZ2)Y=Y

J0 11 13=00

VO 11 K33ieM

ATDE CI3YZANIKA, T35 #NCIKE) 2S5 IK3) +ATIC LT
ARITEL6e 204 LATOCLTIE Y P 122104

FORMAT (Y 2 /v I 0L FL12,20/0)

DO 12 I4=le4

PiIH)zu

HO 13 I5=ieM

30 13 UBTLeN

OP{TIB =axT (15, Js 1 «ATOC (IS +0PITIR)
ARITE(Br209) (02 {12} s IG5 r4)

FOIAAT (X770 LA FL2, 20 /7))

HETUR;|

EHD

53
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APPENDIX II
ANALYSIS OF GRAVITY AND MAGNETIC DATA

The gravity data were taken with a North American
Geophysical Company gravity meter model AG-1, number 68,
This meter can be read to a precision of approximately
+0.01 mgals. Traverses were closed at least once every six
hours, the drift usually being of the order of 0.05 mgal/hr.
The Bowman 15 minute Quadrangle map (USGS) which has 10 ft
contour intervals provided the elevation data.

Relative latitude errors between scattered stations
were responsible for location errors which were certainly
less than +0.19 km so that the maximum deviation that can
be attributed to such errors is 0.14 mgal. Station eleva-
tions obtained ffom the Bowman Quadrangle map were probably
in error by a maximum of +2.0 meters so that the maximum
gravity deviation due to elevation errors is 0.3 mgal.

Two base stations were used in the gravity surveys.
The state base station at Vance was used to establish a
base station at Walnut Grove Church. Two gravity meters
were used to relate Walnut Grove Church to Vance, South
Carolina. This precaution insured a precision of +0.02 mgal.

During the Bouguer correction to the gravity, a

density of 2.67 gm/cc was assumed. The simple Bouguer
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gravity values were plotted and contoured on a Calcomp
Plotter by the General Purpose Contouring Program (California
Computer Products, Inc., 1968). The contouring progranm

used the eight nearest data points to compute grid values.
Grid intervals were chosen commensurate with the density of
the g?avity data. A listing of the newly acquired gravity
data for the Bowman, South Carolina area is included in this
appendix.

Theoretical gravity profiles were computed by a
program which used the technique of Talwani, Wortzel and
Landisman (1959). The program, "GPROF', computed and plotted
the theoretical gravity profile of two dimensional models.

A printout of "GPROF" is listed in this appendix.

Aeromagnetic data were taken directly from the
Geological Survey map of the Savannah River Plant area
(Petty et al., 1965). The data were plotted and contoured
by the General Purpose Contouring Program in the same way as

the gravity data.



SOURCE NG TITLE CObED BY DATE CODED

» 1976000
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H[F 5 18 E s 28 £z <3 : 3 NE'GE g ,‘: eyl [ag]
& . @ = CR L
glagE z ¥ e z : ¢ o RIS
wwnl Bin - 7 . r 7w - b @ ] u| |ww wo
ﬂoonwﬂnfnﬂnnnnﬂwfﬂouunUIJOM-IJnllnIJ-IJMMMUMMMMMMUUUullutltltltlnuuuuu
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(5[5 5955555(555555555/5(5{5|5555555(5[55555/5(555555(5[55555(5(55555(5/5(5/5555[5/55585(5/5/5585 5|5(5[5(55/5/55
G66BOBGEH55665666CE(66)65666656(6]68666/6/5656566|6/65666/6(6666066/6(6/66606/6/6666|66/566E|6/6(s]s6/6/66]
HUUIRRR R R R R R R R R R R R IR R R R RI IR R R RN R R AR
Q0828803000000 RR(B(E a2 RbREaR(BiBaO BB SiBatRE(b2(st sa(ajaosnssionnniajainlasiojae
919|9(9999999(999999999(9/9;918998999¢% 99999999999999999999!9’!59959!555599999-!!5!5!!5552]
llzllc1lOllnnulll!nn'll!lan 3133 33 3 33 30{27 20 30 40 40 424344 43 48 47 a0ian (o0 8182 33 54 3|37 156 99 60 o1 62ls) 4 o ke jsalen 0 | e o el
CONES USED IN Al

SECURITY CLASS (Col 1)
U~ UNCLASSIFIED MATERIAL

£ - FOR OFEICIAL USE ONLY

C - CONFIDENTIAL

$- SECRET

SECUR ITY CONTROL {Col. 2

= LIMITED DISSEMINATION, TO FULL- TI\IE EMPLOYEES

QOF DEPT OF DEFENSE, CIA AND AE

2-NOT RELEASABLE TO FOREIGN NATIQNALS

3+ LIMITED DISSEMINATION, NOT RELEASABLE 10O
FOREIGN NATIONALS

4 -SPECIAL RELEASE FROM DRIGINATING AGENCY
REQUIRED FOR DISSEMINATION TCO A JRD PARTY

5 - MODIFIED HANDLING AUTHDRIZED {INCLUDES

E
FOREIGN “RESTRICTED™, NATO, CENTO, SEATO, ETC.}

GEOGRAPHIC UNITS lCol 3)
BLANK OR 0

- DEGREES, MINUTES AND SECONDS
z OEGREES TO 0001 DEGREE

-DEGREES AND MINUTES TG .01 MINUTE

TYPE DF ELEYATICN (Col. 21)

2 SUBSUHFACE

3 - OCEAN SURF ACE

A - CCEAN SUBMERGED

% - OCEAN BOTTOM

6 - LAKE SURFACE 1ABOVE SEA LEVEL)

7 - LAKE BOTTOM |ABOVE SEA LEVEL}

8- LAKE BOTTOM {BELOW SEA LEVEL}

9 - LAKE SURFACE {ABOVE SEA LEVEL]
WITH LAXE S0TTOM BELOW SEA LEVEL
A - LAKE SURFACE (BELOW SEA LEVEL}

B - LAKE BOCTTOM {SURFACE BELOW SEA LEVEL}
C - ICE CAP [BOTTOM BELOW SEA LEVELI
D - ICE CAP [BOTTOM ABOVE SEA LEVEL}
E - TRANSFER DATA GIVEN

E

a

e

2

LEVATIDN UNITs (Cel. 22)

LA
F
- FATHDHS

ELEYATION OF STATION (Col. 23-29)

NOTE: THIS FIELD WILL CONTAIN DEPTH
OF OCEAN IFOSITIVE DCWHWARD) IF
COL 20 CONTAINS 3, 4, OR §

SUPPLEMENTAL ELSVATION (Col 31-25)
DEPTH OF INSTRUMENT, LAKE O
POSITIVE DOWNWARD FROM SURFACE -

BOUGUER ANOMALY (Col. 50-54)
SIMPLE BOUGUER AMOMALY WITH A MEAN
DENSITY OF 2 67. NO TERRAIN CORRECTION

150. OR T.C. CODE (Cel. 56}

INDICATES IF ISCSTATIC ANOMALY OR TERRAIN
CORRECTION IS GIVEN {H DOCUMENT:

“NO ISOSTATIC ANOM. OR T.C. IN DOCUMENT

= TERRAIN CORRECTION GIVEM IN DOCUMENT
= ROSTATIC ANOMALY GIVEN iN DOCUMENT

= BOTH ARE GIVEH IN DOCUMENT

UN—

Format (Standard DOD) of Gravity Data
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List of Gravity Data

‘3%567n901;3u!07“31la3uUC?qUF125#3“7Wq)IEFHSOTﬁqHl"ubﬁ13901211q37ﬂ9U12545ﬁ?590

532400 = HUATDG ) (T 4R14u84  ImlS 1179 GTHL G5A L 18 1
Q9B w JU2BH L [uTS iminild Lav) R91 GT43 a1 1 1
232509 = nuduAh oy 377 ShlagTA  L4%2  1né7  GTLN A 2 -]
Adc500 = Sudiget 1 3bé, IHLTAAT My 1a43 0 G743 38 1 3 6
352Ul = oudune | by 3614043 Lhsd 1152 6T<43 A1 u 6
33lbDL = 03070 L shy FH072 0 1a3n 123 572 A1 5 [-)
32601 = nudes ) 37" ARILTT L0 136y GTAS sA L ) 6
3327u) = nullon 1 e $ot20ds LT7HA 1AWR GTEI AL 7 6
SIETH = nudlhd L I 3527092 19% 1460 GT23 GA L 8 3
332877 = 2UIziS 1 072 3474332 L3t 1ndn GTAS 6A 9 3
33.910 = 03229 ) w72 3240%3 0 19k 1472 5T23 30 1 10 6
A32Y4n = Jud2/li L wu FyuaIn 2144 1893 GTZ3 34 1 11 3
ISEYZA = 205200 1 w21 35307900 19950 1576 GTA3 54 1 12 &
335G%L = Al L R S4T30 25 1Rbl 6T4R 54 ) 13 [
3330671 = U320t 1 [T 4] 52T IAA 2193 1631 6T23 354 1 14 1
351U+ = 3I330v | nT2 S3527017 0 208 18521 GTZ3 534 1 15 6
3331480 = URSHS ] 457 Sy 73w 1a9kg 1au2 5GTES GA ] 16 &
335170 = U542 L 59y 557580%  1338%  12H4 6TE3 %A1 17 b
333200 = suluny 513 3505419 1hg 1281 6723 5n 1 18 -]
33350 = 0udyTY ] 1A IaABLI0 1ade 1237 6T#3 Ba 19 =]
333273 = 303518 i 533 3A2u5 1751 1156 6TZ3 Sa 0l 290 i
333297 = BudLob 1 nid ARA214 0 16UY 1031 LTE2T 381 21 5
333331 = BJ3GIN L 485 3523750 Lndy g0 GT23 54 1 22 [}
333300 = CU3GLY 1 536 3623414 1415 ab1 G6GT23 na 1 23 1
333421 = J23GYD 49y 35.2140A 1104 5593 GTZ3 SA 1 24 -]
Ba340l = d0340D ] Ho2 1519990 10dh 421 6TE3 54 L 25 3
333502 = BU3ITHU 1 £55 3580017 9upo P81 BT23 5A 1 26 1
333532 = GUIBEL 4 555 56173308 7HA 166 5T23 G4 1 27 &
33350 = LU29TL ] whBA 371 6HH95 497= &7  5TZ3 Ga 1l 28 a
33g597 = BULbwl 1 452 26152419 1339 RID GTZ24 B 2 2 6
33zpde = UURBIY 1 Lb2 SH10930 1379 930 ST24 BA 2 3 6
33595 = HO2RHE L wun 3415930 1uels Y4n7  BTZe LA 2 [ [
352570 = BO27Z1 1 399 3614513 13Y0 %5 GT20 5A 2 5 &8
332560 ~ HO27ED L 8] 3nlhL3L  14LY Qdy  GT24 GA 2 -] 6
332851 = 402356 1 A7R 3h:R438 1443 1025 GTEG 5A 2 7 &
332550 = HUE9CO L 369 3516430 1u2% 1003 GF24 GA 2 8 3
33z26hs = BG296D 1 E{al 3316931 1473 1048 GT24 SA 2 g &
332024 = bUB0EY } arz 3516038 1437 1022 GTZ24 GA 2 10 2]
T42489 = HBUANHH 3 157 IHTSLT1 1817 1919 GTZ4 RA 2 11 6
332453 - BUSIPL ) 235 16156268 1789 1015 GTZ4 GA 2 12 6
342441 - HEILHY 1 335 3516500 1395 1021 6T24 5A 2 13 6
332505 - QL3190 1 a5 314406 1386 aTs  GT24 5A 2 14 6
33236 = BU32DLY 1 k3 3AR1XINML LBUD 912 GTZ24 GA 2 15 )
IIEF1S = pusWL 351 3612133 1259 g6R  GTZL4 GA 2 16 [
33260 = 4J331D 3 332 316106291 "10h3 rY92  GT24 G 2 17 3
332195 = DU3445 1 305 ZALOLHR al7 (3T ET24 GA 2 18 &
3321b3 = Bu3L9D 1 29 3HTRLAL 919 540 GT24 GA 2 19 )
332 14H = budtu.s ) 293 3hLPLT2 qu? SHO  GT24 GA 2 20 1
4321150 =~ 853569 2 325 AHLTHUT gly 610 GTZH GA 2 21 &
33210 = G369 L 135 ARCALAR 1GAG Akl BT24 A 2 23 ]
33213+ = Lu36I9 ) 335 I6LANSN 1g0) AHT  GT24 A 2 24 6
332112 ~ EL37D L 266 S36IA83Y 1281 H13  GTEN BA 2 28 6
32127 - BI3BY 1} IkQ A6N0ESe 1334 o2y GT24 %A 2 26 )
33233 = Dudbn 3 EQ AALISPY I3 INT1 BT24 GA 2 27 6
JA2143 = 1UA90W 1 ITR 36121945 1367 1026 GT24 SA 2 28 6
332000 = olutd 1 we? 5510579 16DLH 11Y9 GBT24 6A 2 3 [
3353350 = 2ay2iY ) nua BELYAY 197~ 4l5 6T24 6A 2 33 1
333323 = o4l ) 503 HLa711 1'45=  3ba  GTH6 34 2 34 6
355282 = Agn203 ) N9y An110599 13%= 214 GTAH Gn 2 15 6
3332488 = 804173 ) 5300 KLIFAE WA~ 115 GT2H BA 2 36 [
335212 = Auglld sy ey 361 H4I0 Gy 8 GT24 GA 2 37 [
333185 = Boglg. 1 515 IR12605 [Tk} BA  OTen 54 2 8 3
333135 - duagbl L uhi 3AL4219 7ha 214 6724 GA 2 39 6
333080 = BULCH 1 e Ialhley iy I GTA4 nA 2 40 [
3330b7 - o0ulue 1 463 Yyt 7Y aha Hyuy G124 GA D 41 [
3350ee & sJIFIL 4illy 241790 F 1nY3 0 R2L HT24 LA 2 42 )
33; QLD = supunt ) R ShLIHYNT 124 /Y2 6T24 6GA 2 43 6
332955 -~ Guz9LU 3 Wz WGLRAIO 1phY 720 GTHY AN P 4y &
33249 = AU3HHY ] Sfen, ET RIS R L Sk T LTPu ha 2 us 6
232800 = AL Anel o e NITTUTR B TS TT3 GTEG Ha P 46 [}
230 TuY0tE3abn T80 234 R TaUE 1R, Pt LEBBATAY DL 2 TUSG FHANLDSL5.,T7AD11 234557800



Gravity Data (Continued)

€36H6TB9.. 39onTaY . 1L o437 9 L5 a57 48 112545673590 123050 749012 3456 TR0 1234567690

3328l = wuldfiu ) vB9 LRIV T IO ) 7HS  GTAL GA 2 n7 &
332793 = ell+d 1 w7 3 iDLAL L nk TIR GTAL A2 %) 3
JA£Tv s = huafe | i LTSN L e IE RS B At 3 THA  GT2n 58 2 Wy ]
332B00 = 2071 ) sk RITULATSY 5 T Bl T ¥ F32 o744 A 2 auU &
32£H3, = BULhID L [P WTGTAY 183 OLg  GTYD4 A 2 51 &
35067 . = ouldond 1 TCrs Shirasil o 1931 13%0 GTHy a2 52 6
33uhdy = diZhow ) wlh 3 LTH tunly fudl Braw a2 53 [
IIeBE . = Ll3bou | PEIN wewwdd L9lZ2 16TY GTAG A 2 sS4 a
IZLLYL - hi3soL 1 19N 351485 1475 1e40 5T24 GA 2 55 &
Il = g 1 e AlteRY ITL2 13WT GT2Y SA 2 Sb 6
3IZUID - 2U3IBIYV L Rt 316630 1o 1215 3TA4 34 2 57 6
I =~ BUBSH L 300 315000 Lab#d 10RO BGT24 GA 2 54 ]
3326UH = LULULD 1 Bk 3A0L00 0 1348 A7a GT2R G54 3 2 6
332573 = 552410 1 i Lt Anlaw39 1319 ne3  GT26 54 3 3 [
332560 ~ U237, 1 3 Jninena 130Y HbSs GTH0 GA 3 4 -]
3526591 - ug2Y 1 374 $auinHtn 1299 A78 GT#é GA 3 9 1
Gdghb4. = uypobhl 1 360 36016 1297 ABS  G5T4nR GA D3 b [
33250 . = BUz2lo 1 b3 ARth0CY R 2Y] AT 5T2h GA D3 7 6
33209 = 302105 1 155 IniLalG 10EY 895 572 G003 8 1
332385 = ulBSLL 1 R 35144485 1446 1025 G126 5A 3 9 6
33234 0 = 503280 1 335 351P077 1217 D43 GTR20 GA 3 10 6
332300 = GudlTo 1 s EYRO-RAC IS Uiy A4 GT2H (A 3 11 &
38229, = 0BIsLd0 ) 299 IpIPURG 1192 799 UT2h 403 12 6
352295 = BL3UH9 ) 3.5 3611523 10bQ 749 STHH GA 3 13 6
33228, = #03012 1 ioR IH1LTR4 1059 696  BT26 A X 14 6
352265 = uig9fd 1 32 I61LTB0 1047 710 GT#R 5A 3 15 6
33229 . = 592MY5 1 311 360140 a1 S04 GTZ2A 31 3 16 6
33207l = L0417 1 wh 3R0GAN 1a82 1159 BTZH GA 3 17 &
3320%0 = LBuYaal 1 an M0TA0S LRIl 1138 ST2R 58 3 18 [
352013 = ounlis ) yhip 36IBGR3 14598 1151 5T26 6L 3 19 6
331990 = Bou22h 1 L5t A60TI02 1429 1126 HT2S B4 3 20 3
35194% = L4200 1 R 35,7133 1571 1075 6T#G 5A 3 21 3
33196 - 308240 1 Y SHJEUTA  13bBg a73  GT2H M3 22 6
332425 = AJ3TLC L 30 361352 17006 1270 GTSL GA L 2 3
332335 = BIZATY L 411 351851 1oYy 1235 GTAL 54 1 3 &
332377 ~ BuHTIL L 397 MALEIRA 121D 631 S5T31 GA 1 a 6
332223 ~ ©U375u 1 452 3611124 Tadn 1001 3TSL 541 9 3
332273 ~ Su3569% ) 160 36127930 1515  10d0 OGTAL 5A 1 10 6
332335 - 853712 1 pYa IH1ETTI 1AY9 1271 GTS1 SR 1 11 3
332403 = 333780 1 190 3R15,98 1526 1114 GT31 %A 1 12 [
352505 = 3238ls | 42t 3613031 13ty Az GTSL 541 13 ]
dA2842 ~ BI3HLE ) B Jgnl2+8Y 1348 TYIR GT42 B5A 1 2 6
332592 = BIJZHEAY | ub3 3511459 11599 633 GT32 GA 1 3 6
35262, - Bi3BuE 3 w9 3611188 1116 592 5TS2 Ga ) 4 6
332695 ~ BLAY=E ) LBA Ag129te 1173 693 G732 AA L 5 3
332734 = 303909 1 475 3013320 1148 AHB  GTI2 54 1 [} 3
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Printout of the "GPROF" Program

GRAVITY PROFILLG FbR'ZJHINEHHIOHLL STRNCTHIRFES
BRAVLTY FOI 2=DTMENGIURAL STRUCTUPEGUAFTER-TALWANL, WOHTzek, LANDISMAN)
ILVUTI2T 1Y, 5F 10,30 CRRD 1Y, ANE
LLzho, OF PDLYSCHS NGXIHO, DR LGHAYITY VALUEY, UX=5:PARATINN UF
GRIVITT VALUES, ARZROSTHION PR FLRsT fRAVITY YALUE, SCALE=PLQY
SLALE=Fmt izRAy
IF gUaLe=d, PROGELY CALCULATES SCALE
IF SCALE=13. NO bRAPH IS [HRAVN
INCUITIFREE FLELDY L. CAPDS
UX7=M0,410F COPNERS OF FOLYAROM VAKEN CLOCKWISE, URHO=DENSITY
CONTRASTy XiJ o} 7 il IZCORDINANRS OF CORNERS-JTH CcOINER OF XITH
POLYSON
REVEAT SEGUENLE Foit ADODITIUVHAL PHOrILES
BLANK CARD AT ERD TO TERMIKATE CHLGULATION
LGINERSION DYRGISG v (5020 2 (U0 20) v HVAS0) o XA (200 221200+ GAL(DOO)
25 HEA™ (5500 LLeEI¥eDX %0 » GLALE
ARETEABIBUSY LL eSOV e DX, X0
S5u3 FORMAT(IHLr #BHVERTICAL GHAVITY ANOMALY FOR.ISer GH POLYONS/2Xe
19RTHE TS LoH-GRAVITY VALUEG b FLlDeHrt9H Y GPART, BEGIN ATSF1U,4)
1F(LL) 2he2be27
27T D 103 1=1l.L0
Suu FORWAT (2110r3F1Ge5)
READ(B,501)  HXZyIRMOII v 0ACTpJddn ZLT e ) vd=1 o NXZ)
CuRLTE RSV MAZeTRAD(T )y IX{Led) 74T ed) rJTLeNX2)
S01 FOR-AT( ) ’
502 FORVAT(16d MO OF POINTS = »I110r24H DENSITY DIFFERENCE = /(1Xr1UF)O
< 3/)) '
100 NHIIY = NXZ
UG 101 IzlaLL
Nl = NMIL)
4o 1014 = 1HNI
101 X(I,J) = X(Ted) =X0O
5O 1L2IzyrNDX
G=z0,G
40 103 J=l.LL
MM = MH{J)
D0 106 K = 1eiN
XX(KY =x({JrK)
o4 ZZIKY=7z4drk)
Carl Tul.ZINMEJ)Y e XXp 22 DRHO{J) 1 GA)
103 U= G+OA
valk(l) = 53
JOO110 Mz=lslbl
WM = MHOMY
2O 110 H = 1 NN
110 XO(MyNI = X(¥eN)=0OX
lu2 LOLTINUE
PR ITE LGB SuD) {GALLT )Y »I=irHDY)
505 FORMAT(LIX//24H GRAVITY AROMALY IN KGAL,/{S5F15.8)}
15L=5CALE
LF(ISCL,EN.L13) 50 TO 25
IF{GCALEY 1ZUs133s130
131 Call “XSCLUIDY, &AL, SCALE)
136 CALL DRAWMENDX»1eGALeSCALE)
ol TO 24
26 STUP
| Ao

SUBNOUTING TRy {3TOTy INC, Fr SLALFE

L NTUTETOTAL NU«BER OF POIMYS 1M F. F 1y THFE DATA (ONE UDIMENSINNAL)
C Tu B FLOTTR, TNZ 15 THE SAYOLE INTERVAL FOR PLOTTING F,
C SCALE 1% THE +MPLITUNE OF OMNE FpLL SCALE OFFLECTION

DL MTHNG T O FrTom)

DAY DR LZLr ZaAn2/1HE P NS/ HSE

SITE o LYY STALE e (T 1==8,y10) v AAR2, 010 2))
1011 FORMATLEALIFLG, e LPH=MGLG FIILL SUALE/2X, 2075/2%, 22A%)
10 421501 = 1 NTOTe INE

FK = Sp,aF(K) /RIALF
n]l 2 FK/ZS1
A 2 F% e RTRSRLEN0S

CHATE (BeS11) SN2 {ah1s1Z1,FK Y RAZ
H11 FOROAT (14210010
Ibnl SonTlhue

HE LRS!



Printout of "GPROF" (Concluded)

SULRODUTIMNG TWLF (€ Ly ¥ X7 rDRHDGAY
USEY WETHLD OF Tal:file wWORZELS ARD LANDISHAN (JBR 1959 PP 49=5Y)
TO PI1vE LRAVITY ARCHALY AT XS0»2=0, AN M5aL FOR (w0 JINENSTONEN
BOGY Th VERTICAL FL*E DESCRIBET FY A POLYCON (LM KILOMETERS
QIMENSION XY (X1} r22(K1)

HI = 3.1luloepnts
KK = Ki=1

A 3 L,

YU 100 kZirrR

e = Kel

JF{XX IR )2l IR2)=XX(K2)w UM Y)  JUrigt, 30
3y AF{XAIR) =X (R2) ) a50200 KD

20 XZ = (XX {42 w2l + ZZIK2Va®2) 200X {K)n*D 4 ZZ{ximn2)}
D0 = 0,B#L00 Lizpad¥ (K}
SO Soa-tT)

35 iF(2Z2IK)=22lK2)} 235,72¢235
T2 UG = ZZ O+ LATAR2(ZZ{K2) v XXIK2) J=ATANZ2 (ZZ{K) + XX{K} ]}
@0 TC vy
235 A SUXN{K2)=YXI{RPIZHZZIK2)=ZZ(K))
d = {ARIKI*PZIKE) = XX(K2I*ZZ(RIIA{ZLV2I=Z2(K}}
© CIF(yXIKY)Y 2G0s201.200
201 UG = (B/(le+asf) )l S5l 0B (XX K2 eXY K21 422 (K2) w2Z{K2II/{Z21K)*
1 ZZA¥))) = Ra(ATANZ(ZZ(F2)»¥YIREN) =PI/ 2,0}
200 LF(xxKPY)  31,210,31 -
210 UG 5 (BE/(Le+P28) )k ( SeLDE(Z7UN2IRLZRII 7 (aX (K XX(K)+
1 LZ(KYs7el 1)) + Ba{ATAF 2U(ZP(K}IXX(K}) = PI/Z2.))
31 UESLOG({r A2 XY K2 422 (K2 #ZL(R2) )7 LXK %XNAK)+2ZUK)ZZ(X}))
O3z (B/{1.0+40%R ) % {0,54D5"AR [ATHNELZZ(KD) o XXAKZ) ) =ATANZ(ZZ (K
1AXIKI D))
9y GAS(13,34) sDNHID6 4 LA
100 COLNTINMUE
= Tuk
Enp

SUBRUUTINE FASCLIN A AT AR)
DIMENSICN RN}
Auay = 0
pe 26 1 = 1.N
IF (FBSIALLII=AVAX) 26.200125
25 MMAY = ARS(ALI))
26 LONTINUE
: RETUFN
D
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