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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 



CHAPTER I 

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, 



gure 1. Seismicity Map for South Carolina (after Bollinger, 1972). 
Numbers Indicate Multiple Events. 
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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 three additional 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 
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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 (M^) 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. 
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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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Figure 2. Geologic Cross Section A-A* Showing the Disposition of the 
Major Stratigraphic Units in the Bowman Area (after 
Pooser, 1965). 
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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 Cam'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 refraction 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 the 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). 



Figure 4. Velocity Structure and Travel Time Curves for a Basement Velocity of 
6.9 km/sec. Travel Time Curves are Plotted for Focal Depths of 
0.46 km and 1.52 km. 
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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 (S-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 

Date - Time (GMT) 
M 

Maximum XL ATL 
Intensity (from ATL records) Amplitude Latitude Longitude Remarks 

1971 May 19, 12h52m60s IV 

1971 July 31, 20hl6m52s III 

1971 August 11, 03h50m I-II 

1972 February 3, 23hllm08s V 

1972 February 7, 02h46m III 

1972 February 7, 02h53m III 

4.3 

4.3 

3.9 

4.7 

3.1 

2.0 

20.8 

20. 

9.26 

69.3 

3.1 

2.0 

33.3°N 

33.4°N 

33.46°N 
33.476°N 

33°.46°N 

33°.46°N 

•80.6°W 

•80.7°W 

•80.58°W 
-80.434°W 

•80.58°W 

-80.58°W 

NOAA 

NOAA 

ATL and BLA 
records indicate 
Orangeburg area 

Long (1973) 
NOAA 

Long (1973) 

Long (1973) 
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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, 08h00m 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 »W+2km 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, ,8fN-80°40. 5 •W+lkm recorded by four 
stations near Bowman 

1973 March 25, 04h29m 33°04, ,2»N-80°06. 9 »N NOAA--three detections 
1973 March 27, 08h00m Lexington, South Carolina felt in Lexington 
1973 March 27, llhOOm 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, 10h06m 33°02. 4'N-80°16. 7' »W NOAA--four detections 
1973 May 4, 02h39m 33°02. O'N-80°10. 2' »w NOAA--five detections 
1973 May 27, 01h56m 33°20. ,8fN-80°40. 6" 'W_+5km recorded by one instru­

ment in Bowman 
1973 June 9, 19h24m 32°55. .7fN-80°09. 8" 'W N0AA--four detections 

also recorded in Bowman 
1973 July 1 , 08h20m 33°20. .8fN-80°40. 6' 'W recorded in Bowman by 

one instrument, recorded 
at St. George, South 
Carolina (NOAA) by one 
station. 



MEYERS FARM 

AUGUST 8, 1972 
MICROEARTHQUAKE 

I i f 1 ~~l 
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Figure 5. Photographs of the Smoked Paper Records of the 1972 August 8, and the 
1972 December 16, Microearthquakes. 



Figure 6. Recording Station Locations and Epicenter of the 1972 December 16, 
Microearthquake. The Array Insert is Centered at Walnut Grove 
Church. The Angle is the Azimuth from Walnut Grove Church to the 
Epicenter. 
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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 951 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 



1973 MARCH 22, 06h42m GMT MICROEARTHQUAKE 

Figure 7. Photographs of the Smoked Paper Records of the 1973 March 22, 
06h42m GMT Microearthquake. 
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Figure 8. Recording Station Locations and Epicenters of the 
Two 19 73 March 22, Microearthquakes. Array-
Insert is Centered at Carn Farm. The Angle is 
the Azimuth from Carn Farm to the Epicenter of 
the 14h42m GMT Event. 
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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 
1972 December 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. 



1973 MARCH 22 1 14h42m GMT MICROEARTHQUAKE 

Figure 9. Photographs of the Smoked Paper Records of the 1973 March 22, 14h42m GMT 
Microearthquake. 
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Table 3. List of Microearthquakes 
Recorded by Arrays 

Event: December 16, 1972 Time: 06h52m GMT 
Location (Error-Grid): Lat. 33° 22.5' Long. 80° 41.3' 
Location (Do-All): Lat. 33° 22.57' Long. 80° 41.26' 

T =0.02 (sec) o v 

Recording Station Latitude Longitude (S-P) (Seconds) 
Island Cemetery 33.426 80.573 1.39 
Meyers Farm 33.375 80.606 0.94 
Walnut Grove Church 33.408 80.626 0.86 
Providence School* 33.392 80.540 

Event: March 22, 1973 
Location (Error-Grid): Lat 
Location (Do-All): Lat 

Time: 09h42m GMT 
33° 28.5' Long. 80° 43.0' 
33° 28.44' Long. 80° 43.11' T = 0.05 (sec) o v J 

Recording Station Latitude Longitude (S-P) (Seconds) 
Walnut Grove Church 33.408 80.626 
Carn Farm 33.335 80.657 
Shiloh Church 33.399 80.709 
Bowman Cemetery* 33.363 80.689 

1.33 
1.88 
1.04 

Event: March 22, 1973 
Location (Error-Grid): 

Time: 14h42m GMT 
Lat. 33° 22.8' Long. 80° 40.5' 

Recording Station Latitude Longitude (S-P) (Seconds) 
Walnut Grove Church 33.408 80.626 
Carn Farm 33.335 80.657 
Shiloh Church 33.399 80.709 
Bowman Cemetery* 33.363 80.689 

0.69 
0.61 
0.45 

*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 + 0.005 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: 

D., cos(B)-D7cos(A-B) 
Vap = -i — £ (1) zl 

D, cos(B) 
Vap = -i-y (2) 

z2 

These equations are satisfied when B = 3.9° and Vap = 
6.3 km/sec. Since the errors in , D 2 and A are very small 
compared with the errors in t-̂  and t^t the errors for AV 
and B can be computed by applying standard error analysis 



T I M E ( S E C ) 

Figure 10. Digitized and Filtered Trace of the Carn Farm Array Recording 
of the 1973 March 22, 14h42m GMT Event. 
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techniques to equation (2). The errors for AV and B were 
computed as follows: 

(Vap)(t2) 
AV = - y ( ^ E ) 2 A t 2 B = arc cos [ ^-^-J 

AV = 0.7 km/sec AAZ = AB ="YC^|p) 2 (AVap) 2 + C^-j) 2 (At2) 2 

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 12. Regional Simple Bouguer Anomaly Map. Epicenters are Indicated and the 
Area of the Smaller Scale Bouguer Anomaly Map is Outlined. ^1 
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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 
models representative of basement density contrasts which 
could be responsible for the observed anomaly (Figure 14). 
A model varying in width from 6 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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Figure 13. Simple Bouguer Anomaly Map of the Principal 
Epicentral Area. Epicenters are Located and 
the Gravity Profiles 1 and 2 are Indicated. 
Solid Line Along the Axis of the Linear Anomaly 
is the Line onto which the Detailed Gravity 
Line Data were Projected to Produce the Profile 
in Figure 15. 



Figure 14. Comparison of the Theoretical Gravity Profiles of Two Basement 
Structure Models to the Profiles Along Gravity Lines 1 and 2. 

o 
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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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Figure 15. Comparison of the Theoretical Gravity Profile 
of Two Fault Models to the Steep Anomaly 
Observed along the Line of Dense Gravity Data. 
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Figure 16. Elevation, Free Air Anomaly, and Plots of the 
Simple Bouguer Anomaly of the Detailed Line 
with Different Values for the Bouguer 
Reduction Density. 
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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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Figure 17. Contour Plot of Aeromagnetic Data Taken from 
Map of the Savannah River Plant Area. Ridge 
of Positive Magnetic Values is Crosshatched 
and Bowman Microearthquake Epicenters are 
Indicated. 
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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, is approximately 12 km north of 
the two other epicenters. The (S-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 along 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. Indeed, 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 19, 
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 



igure 18. Plot of Bowman and Lexington Events which Occurred from March to July, 
1973. Also Included, NOAA Events which Occurred in the Same Time 
Interval and for which Epicenter Locations were Computed. Size of 
Open Circles Indicates Uncertainty of Location. 
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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 place 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. 
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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 response 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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o r i g i n a l s e i s inograms. F o r l o c a t i o n o f t h e e v e n t s , s t a n d a r d 

t i m e - d i s t a n c e r e l a t i o n s w e r e u s e d t o c o m p u t e a t h e o r e t i c a l 

( S - P ) t i m e f o r a g i v e n e p i c e n t e r l o c a t i o n . T h i s was done 

f o r a l l s t a t i o n s w h i c h r e c o r d e d t h e e v e n t and a t o t a l 

s t a n d a r d d e v i a t i o n was c o m p u t e d b a s e d on t h e d e v i a t i o n o f t h e 

o b s e r v e d ( S - P ) t i m e f o r e a c h r e c o r d i n g s t a t i o n . A g r i d o f 

e p i c e n t e r l o c a t i o n s was p r o j e c t e d o v e r t h e e p i c e n t r a l a r e a 

and a t o t a l s t a n d a r d d e v i a t i o n v a l u e was c o m p u t e d f o r e a c h 

g r i d l o c a t i o n . G r i d i n t e r v a l s o f 1 km E-W and 0 . 3 km N-S 

w e r e u s e d . The e p i c e n t e r c h o i c e r e p r e s e n t i n g t h e s m a l l e s t 

t o t a l s t a n d a r d d e v i a t i o n o f t h e o r e t i c a l ( S - P ) t i m e s f r o m 

o b s e r v e d ( S - P ) t i m e s c o u l d be c h o s e n t o a p r e c i s i o n o f l e s s 

t h a n one g r i d i n t e r v a l . C o n f i d e n c e e l l i p s e s w h i c h w e r e 

d e r i v e d f r o m t h e p r i n t e d g r i d v a l u e s w e r e u s e d t o d e t e r m i n e 

t h e p r e c i s i o n o f e a c h m i c r o e a r t h q u a k e e p i c e n t e r l o c a t i o n . 

A l l t h e c o m p u t a t i o n s w e r e p e r f o r m e d by a f o r t r a n p r o g r a m 

" E r r o r G r i d . " The e p i c e n t e r s p l o t t e d i n F i g u r e s 5 and 7 a r e 

t h e l o c a t i o n s c a l c u l a t e d by t h e " E r r o r G r i d " p r o g r a m . A 

p r i n t o u t o f " E r r o r G r i d " i s p r o v i d e d i n t h i s a p p e n d i x . 

A f o r t r a n p r o g r a m " D o - A l l , " w h i c h was d e v e l o p e d by 

D r . L . T . Long t o compute t h e l o c a t i o n o f S o u t h e a s t e r n 

e a r t h q u a k e s , was m o d i f i e d t o p r o v i d e a c h e c k f o r t h e " E r r o r -

G r i d " l o c a t i o n s o f t h e Bowman m i c r o e a r t h q u a k e s . The p r o g r a m 

was w r i t t e n t o employ t h e t e c h n i q u e o f W i g g i n s ( 1 9 7 2 ) t o 

f i n d an o r i g i n -time and e p i c e n t e r c o r r e s p o n d i n g t o t h e l e a s t 

mean s q u a r e s f i t o f t h e o b s e r v e d t r a v e l t i m e s t o t h e o r e t i c a l 
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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. 



Printout of the "Error Grid" Program 

C * * » * * T H I S ^ R O G R H M C A U S E S T H E E R R W S U B R O U T I N E 1 0 P R I N T O U T A N E R R O R 

C * * * « * M A T I U X F U R B T V E K - V L D L F F E R E - U P . 3 S S I . J L E F O C A L D E P T H S . U A T ^ F O R M A T 

L » * * * * * S A M C / . < J F O R U O - A L L . 

D I M E N S I O N D T K T H ( J ) 

C O M , I O N L P N < 2 0 > » U ( ? . 0 ) , I ) ( 2 0 ) 

D A T « U < - * ^ r H / C I . O P , 2 ' - 9 » , ' + B 7 / 

C * # » « * I P H = P H - S E , X Z = F O C « L P E P T H R 1 D = S T A T I 0 N I D E N T I F I C A T I O N N U M B E R 

N = L 

<* R E A J ( 5 , 1 0 2 ) I P H ( . N > ) » S I » £ 7 » I D ( N ) 

1 0 2 F 0 R T - I / * T ( 2 X , I 1 ' 2 ( 2 X » F 7 . 3 ) , 2 X » F 5 . 3 » 2 X » 1 1 ) 

I F U P H ( N ) . E U . U ) G'-> T O 5 

N S N + 1 

6 0 T O + 

5 C O M T L M J D 

D O 6 L = L » 3 

E Z = D E P T H ( I ) 

6 C A L L £ R R T O R ( T ^ , N ) 

S T O P 

E N D 

C * * * * * S U 3 R 0 I J T I N E E R R O R P R I N T S O U T A E R K O R G R I D F O R E A R T H Q U A K E E P I C E N T E R 

C * * * * * L 0 C A T I 0 M 5 . G R I D A P P R O X I M A T E L Y T U T H T - S C A L E O F A 1 5 M I N . Q U A D . M A P . 

S U B R O U T I N E E R R O R ( E Z » N ) 

D I M E N S I O N S L A T ( 4 ) » S L O H G ( H ) , E R ( S I ) U ) 

C O M M O N I P R L ( 2 0 ) , Q ( 2 0 ) , I D ( 2 ( 1 ) 

C * * * * » S L A T A N D S L O N G A P E T H E L A T I T U D E A N D L O N G I T U D E O F R E C O R D I N G S T A T I O N S 

D A T A S L A T / 3 3 . I | 0 3 3 » 3 3 . 3 9 F T B , 3 3 . 3 6 3 U » 3 3 . 3 3 5 0 / » S L O N G / 8 0 . 6 2 6 3 » 

C « 0 . 7 C 9 2 • B O . 6 8 9 0 » 8 0 . 6 5 7 2 / 

1 = 0 

SDELf=0 
SDELr.=0 

C * * * * * E L A A M D E L O A R E T H E T O P L E F T C O O R D I N A T E S O F T H E G R I D . 

E L A = 3 3 . F T 3 3 3 

£ L O = 8 c . 7 L B 7 
C * * * * * X I N C / - A N D X I N C O A R E T H E G R I D I N C R E M E N T S , 

X I N I : ^ = 0 . 0 U 2 * T L 7 

X I N C O N O . 0 1 0 4 5 

• A ' R I ^ E < 6 » 9 1 ) 

9 1 F 0 R V / T ( 1 H 1 » 2 9 X , ' E A R T H Q U A K E L O C A T I O N T R R O R G R I D ' ) 

W R I T E ( 6 » 9 2 ) 

9 2 F O R \ : T ( / 2 J X . ' G R I D C O O R D I N A T E S , L ^ N G ; 8 0 « M I N 8 0 3BMINM 
W R L T T ( 6 » 9 3 ) 

9 3 F 0 R M T C + 1 X » » L A T : 3 3 2 6 M 1 N 3 3 1 9 M J . N I ) 

W ' R I T ! ( 6 » 9 1 ) E ? 

9 H F O R M T ( 2 3 X » ' D E P T H O F F O C U S = • t F 6 . 3 ) 

D O 1 L A = 0 » 1 8 

D O 1 L O = 0 » r 

E L A T : E L A - L A + X I N C A 

E L O N C = E L 0 - L 0 * X 1 N C 0 

D O 1 C 1 N N = 1 . N 

L L = I : ( N N ) 

A = ( ( E . A T - S L A T ( I I ) ) * 1 1 1 . 1 1 ) 

ri=( ( E . O N G - S L O N G D L ) ) * 1 1 1 . 1 1 * 0 . B 3 S > 

D = A + * > + B * * 2 

K = S ( ) F S - ( D ) 

X F ( 1 P H ( M N ) . E 0 . 5 ) G O T O 3 U 3 

C * * * * * E G U A I : 0 N S F O R T S A N D T P ^ R E G O O D F O R F O C A L D E P T H S F R O M 0 T O . H B 7 K M . 

T P = R * ( , I ( + 6 - r z * o . 3 B M o . 3 ^ y 

D E L P = G ( N N ) - T P 

G O T O 1 0 1 

http://19MJ.Ni


Printout of "Error Grid" (Concluded) 

3U3 TS=r!*0.255-E2*0.664 + 0.60b 

DELS=Q(NN>-TS 

SDELP=SDELH+DELP**2 

SDEL5=S0ELS+0ELS**2 

101 CONTINUE 

304 SUM=(SOELS+SUELP)/N 

SDELP=0 

53ELF. = 0 

1 = 1 + 1 

ER(I)rSORT(fU 1 ) 

IF(I.E0.9) GO TO 305 

iO V. 10 

305 writF<6»90)tER(11),11 = 1#9) 

1=0 

9~0 FOR'1/ T(17X»9F6.3) 

10 CONTINUE 

RETURN 
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Printout of the "Do-All" Program 

( . • ^ • • T E C H N I Q U E T A K E N FROM R M L P H A . W I G G I N S — T H t G E N E R A L L I N E A R I V N E R S E 
t * * » * * P R O n L E M . R E V I E W S OF G E O P H Y S I C S / .NU S P A C E P H Y S I C S ' F £ H , 1 9 7 2 » V O L 1 0 — N O , 1 
U * * * * * O B < J t : C T I S 70 F I N D ( T 0 » E L A T » E L O N . G » E Z ) C O R R t S P O N O I N b TO L M S F I T OF 
L * * * * * T H L O B S E R V E D TO T H E O R E T I C A L T R r t V E L T I M E S . 

D I M E N S I O N C I S ) .DC(m> »S<1<+) » A ( 1 4 » 4 ) #W(«*> » U P U > » F D > ' U ) ' S T A T U ) » 
C P H A S ( b ) » L A B E L ( 8 ) 

C * » * » * D A T A L I S T S K t C O R D i N G S T A T I O N S AND P H A S E S . 
D A I A S T A T / 3 H W G C 13*SHC ' 3 H R 0 W » 3 ' H C F M / 

C P H A S / 2 H P G . 1 H K , 2 H P N » 2 H S G . 1 H S . ? H S N / 
U * * * * * D A T A R E A D UNDER S T A N D A R D E A R T H U L M K K L I S T FORMAT 

R E A D ( 5 » 1 0 0 ) I Y R . M 0 . I D A , I t 1 R » M I N . S E C » E L A T » E L O N G » I N T » B M A ® » 
C I S T . I Q . S P , ( L A B E L ( J 3 ) » J n = l » 0 ) 

1 0 0 F 0 F < - 1 A T ( I * + » 1 I 2 » F 3 . 1 » 2 F 7 , 4 . : 2 . F : » . 1 . 2 A 1 » A « . . 8 A 5 ) 
U * * * * * F 0 L L 0 K I N 0 C A R D R E ' O S S O L U T I O N W E I G H T S 

R E A D ( 5 » 1 0 1 ) W X t W Y » * ' T . W Z 
L * * * * * T H E S E I F S T A T E M E N T S ALLOW I N P U T W E I G H T S TO D E T E R M I N E WHETHER THE C O M P U T E D 
L***»*MATRlx I S U X 4 » 3:<3. OR 2 X 2 . 

I F l W T . L T . 0 . 0 0 0 1 ) S O TO 2 2 

GO TO 2 3 
2 2 M = 3 

I F U Z . L T . 0 . 0 U 0 1 ) M = 2 
2 3 C O N T I N U E 

1 0 1 F O R M A T ( 2 X . U F 8 , 3 ) 
T O = I H R * 3 6 0 U . + M I N * 6 0 . + S E C 

4 N = 0 
W R I T E ( 6 » 1 0 5 ) M O » 1 D A . I Y R . I H R . M I N , S E C # E L A T . E L 0 N S , < L A » £ L < J 8 ) • J 8 = l » 8 ) 

1 0 5 F 0 R M A T ( 2 X » I 2 r l H / . I 2 » l H / , I t t / . i t H H=» 1 2 » 2 X » I 2 » 2X »F4» 1 / » 6 H LAT=« 
C F 7 . 3 / . 7 H L O N G = , F 7 . 3 / . 2 X - . A 4 . » A 5 / / ) 

W R i r E ( 6 , 2 0 0 ) WXrWY»,vT»WZ 
2 0 0 F O R M A T ( / 2 X » ' W X = ' . F f l . 3 » i W Y = ' » F 8 . 3 » ' W T = f » F 8 . 3 > ' W Z = ' ' F 8 . 3 / / / ) 

W R 1 T E ( 6 » 1 0 6 ) 
1 0 6 F O R M A T ( 5 X . » S T A T I O N • • 5 X , ' P H A S E ' • 5X» * A R R I V A L T I M E ' ) 

C * * * * * I P H = P H A S E I D t N T I r l C r t T l O N . G = P H A S E T I M E * S l = D A T A W t l G H T r E Z s D E P T H OF F O C U S * 
C » * * * * I D = S T A T I 0 N I D E N T I F I C A T I O N 

6 R E f c D ( 5 ' 1 0 2 » E N D = 5 ) I P H » 0 . S I « E Z » I D 
1 0 2 F 0 R M A T ( 2 X , I 1 ' 2 ( 2 X ' F 7 . 3 ) , 2 X » F 5 . 3 . H X » I 1 ) 

W R 1 T E ( 6 » 1 0 7 > S T A T 4 I D ) » P H A S U P H ) .Q 
1 0 7 F O R M A T ( / / / / 7 X » A 3 > f l X . A 2 » 9 X » F 7 . 1 / ) 

I F d D . L T . l ) ttO TO 5 
N = N U 
C A L L A T l M E ( I P - U T O » I D , E L A T » E L O N G . E Z » C ) 
D C « ' O = 0 - C ( l ) 
A ( N » 1 ) = C ( 3 ) 
A ( N » 2 ) = C U ) 
A ( N » 3 ) = C ( 2 ) 
A ( N . U ) = C ( 5 ) 
S ( N ) = 1 . 0 / S « R T ( S I ) 
GO TO 6 

5 W U ) = S Q M T ( W X > 
W ( 2 ) = S Q R r ( W Y ) 
W ( 3 ) = S Q R T ( W T ) 
W ( « + ) = S Q R T ( W Z ) 
C A L L M A M A N ( A » D ( . » S » W » N » D P » M ) 
DO 14 I 6 = i » H 

m F 0 P ( I 6 ) = U P U 6 ) * W ( I 6 ) 
T 0 = T 0 + F D P ( 3 ) 
E L A T = E L A T + F U P U ) / l l l , H 
E L O N G = E L O N O + F D P ( 2 > / l l l . l l 
E Z = f c Z + F D P ( 4 > 
W R I T E ( 6 » 1 0 8 ) TO E L A T . E L O N t t . E Z 

1 0 8 F 0 R M A T ( 1 M 1 » ' R E S U L T S A R r . : ' » 2 X » ' T O = ' » F 8 , 2 t 2 X t ' E L A T = » » F 9 . 4 , 2 X » 
C ' E L O N G = ' » F 9 . 4 , 2 ) t 1 E Z = ' . F f > . 3 ) 

S T O P 
E N D 

http://IYR.M0.IDA


Printout of "Do-All" (Continued) 

SUBROUTINE A Ti:C (I PH. TO»115,ELAT, tLONG, EZ.C) 

DIMENSION CIS) ,liLAT<4) »Sl-ONa(<4) 

C»****DATA IS LATITUDE «ND LONGITUDE 0»" RECORDING STATIONS 

DATA SLmT/33.401*3'33.3985, 33.3630*33.3350/,Sl.ONG/80.6263* 

C80.7092»8U.f>»90» 00.6572/ 

CALL CXY(ELOIJG,r.LATiSLAT( ID) ,SL0NG<IU) ,A,B) 

Q=A**2+B**2 

K=S3RT(D) 

IF(IPH.E0.5) GO TO 303 

C*****C<1)=THE0RETICAL ARRIVAL TI'IF OF P PHASE DERIVED FR()M TRAVEL TIME CURVES 

C(l)=TO+R*(0.1'+b)-E^*(0.3(54)+0.3'*y 

C(2)si .o 
C(3)=( ( (F.LAT-Sl.ATdD) ) * 111.11) *0. 14f,) / o 

C(4)=( ( (fcLOrjU-Sl.ONG(ID) )*111.11)*0.1<46*0.635)/R 

C*****0.835=COS(33.6) LATITlJUE CORRECTION 
C(5)=-0.3b4 
fiO TO 304 

C*****C(l)=THLPKb.TICAL ARRIVAL TIME OF S PHASE 

303 C (1)=T0 + R*( ,D.2b3)-E7*(n.b64) +0.6»b 

C(2)=1.0 

C(d) = ( ( (ELAT-SL'TdD) )*113 ,H)*0«253)/R 

C(4) = ( ( (ELONG-f.l.ONGf ID) )*l l l . l l )*0.pS3*n,835)/R 

C(5)=-U.664 

304 WRITE(6»3Uii) SL*T< ID) ,SLONG(ID) , K 

Wf<lTE(h»3Ul) 

305 F"CRvAT(2X»'STATION LATITUDE:'»F7«4,;»X»'STATION LONGITUDES'. 

CF7.4»PX»'DIST.=«,F5.2) 

301 F0RV-.T(tV» • C11) C(?) C(3) C (ii) C(5)') 

WRITE (E-» 302) (C( 10) »10=1 »b) 

302 F0RviAT<2X»F11.3»4(3X»F8. J) ) 

RETURN 

END 

SUBROUTINE CXY(XOpYO.ALAT.ALONG,X»Y) 

C*****(XO,YO) Iii ORIGIN IN D E G I < E E S < 5 0 0 * M F r O M qaTA FOR < . iKM ERROR 

C * * * * * U L A T , / , L O N G ) L A T I T U D E AND LONGITUDE OF TATA POINTS 

C*****KROv RILHTLR—ELEM SFIS-USINQ CLAKKE SPHEROID 

DIMENSION r j A 7 Q U A C ( 7 0 ) 

DATA (H(I) »I=3G»39 ) /1 .847495,1 .8477p1»1.848073,1 ,848372, 

CI. 846673, i . G4«';.ii'j» t. 8 4 9 2 * 0 , 1 . p4Qb05,1. R49922,1.850242/ 

CUC (I) , I =30* 3 9 ) / l . 856937»1.85703-i* 1.857132 »1.857231,1.857331* 

C1.0574.J5,1. P5.75:n8 11. 85764;*, \ . R57 /bO, 1.857858/ 

DLAT=ALAT-fO 
'JLONG=(i,LONi»-XO 

1A=(YO+ALAT)/,?.0 

AA=(AC( 1A) + (AC{ IA + 1 )-AC t IA) ) * { (YO+AL.AT)/2.0-IA) ) 

AA=AA*60.0*COS (0 .01745329*ALAT) 

X=»«A*0LC»N6 

HB=(B(IA) + ( B (IA + 1 i - P ( I A ) J * ( ( Y 0 + A L « T ) / 2 . 0 - I A ) ) *f>0.0 

r=bB*DLAT 

RETURN 

SUbROuTIf.E '̂INVPTt X •ri'J.MM) 

c*****,iatrlx inversion sjrroutjme, a lb the input matrix, x is the output 

c****-iv-nn+i 

jimensicm a ( d » 5 ) , x ' 4 , 4 ) 

8 JO 9 1 = 1 , N N 

D O 9 J=1,NN 

9 Mi , J)rx( 1 1 J) 

DO 16 n=i,nn 

MJ,Mv)=l. 

00 10 J-P.p'V-

10 MI,M/,)=r'. 

î o i l l,= i»nn 

11 A(N,m,J)=;. (1, J + D / A ( ,1) 

DO 1 2 1 = 2 , f-H 

< X = A ( 1 , 1 ) 

" > 0 1 2 J=1,NN 

12 M 1 - 1 » J )=A ( I . J+l ) - X > * A ('•'•'» J) 

•-'U i t ^=1 ,NV 

lb -*;nm#j>=a(.••*•,.i) 
1 <l'Ti 'RN 



Printout of "Do-All" (Concluded) 

S U B R O U T I N E : V A M A M A . D C » S » I « # N . D P » M > 

C * * * * * M A M A N P E R F O R M S N I / I T R I X C O M P U T A T I O N S 

D I M E N S I O N A ( J D . T ; ) » D C ( 1 4 ) » S ( 1 4 ) I W U I , A N ( 1 4 , 4 ) , A T A ( 4 , 4 ) # A V R T ( 5 » 5 ) # 

C A T D C ( H ) » D P U ) 

D O 7 I = 1 # N 

U O 7 J = 1 » M 

7 A N ( I » J ) = S L L ) * A ( I . J ) * W ( J ) 

W H I T E ( 6 » 2 0 1 ) ( ( A N ( I A , J A ) , 1 A = 1 , N > t < " ^ ] , 4 ) 
2 0 1 F 0 R M A T ( L H L » 4 T L > ' R F 1 2 . 2 ) / ) 

D O 0 L = L » 4 

D O o L . L = L »**• 

8 A T A ( L » L L ) = 0 

D O 9 I 1 = 1 » M 

D O O J 1 = 1 » M 

D O 9 K 1 = 1 » N 

9 A T A ( 1 1 > J 1 ) = A N ( K 1 » 1 1 ) * A N ( K 1 , J D + A I A ( J L , J I ) 

. . ' R L T E ( B « 2 0 2 ) ( ( A T A ( I B » J U > » I " , = . 1 . » 4 > » J H = 1 » 4 ) 

2 0 2 F O R M A T ( 1 X / / / # ( 4 C X F F 1 2 . 2 ) / ) ) 

1 L = M + L 

C A L L M I N V R T ( A V R T » A T A . M # M 1 ) 

W R I T E ( 6 » 2 U 3 ) ( ( A V R ' I ' D C . J C > » I C = 1 » 4 » » J C = 1 , 4 ) 

2 0 3 P 0 R " A 7 ( 2 X / / / » ( 4 1 1 X , F 1 2 . 2 ) / ) ) 

D O 1 0 I 2 = 1 • 4 

1 0 A T D C ( I 2 ) = U 

D O 1 1 I 3 = I » M 

D O 1 1 K 3 = 1 » N 

1 1 A T D C ( T 3 ) = < \ N \ K 3 , 17,) * O C < K 3 ) * S ( K 3 ) + « T D C D 7>) 

' . V R I T E ( 6 » 2 0 4 ) U . T D C D E ) D E = 1 . 4 > 

2 0 4 F 0 R I . L A T ( 2 X / / / » ( 4 ( 1 , ( # F 1 2 , 2 ) / ) ) 

D O 1 2 I 4 = I , 4 

1 2 D P ( 1 4 ) = IJ 
D O 1 3 I 5 = L R M 

J O 1 3 J 5 = L » ' « I ' 

1 3 O R < I 5 ) = A I / ! - < T ( L 5 » J S / * A T D C ( J 5 ) + D P D » > 

V R I T E ( 6 » d J B ) ( D : 3 D < > ) » I G = 1 » 4 ) 

2 1 1 5 F O K F L A T ( Z X / / / » ( » ( L X R F 1 2 . 2 > / ) ) 

R E T U R I L 

E N D 
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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 . 1 9 km so that the maximum deviation that can 
be attributed to such errors is 0.14 mgal. Station eleva­
tions obtained from 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 program 
used the eight nearest data points to compute grid values. 
Grid intervals were chosen commensurate with the density of 
the gravity 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. 



DATE CODED SOURCE NO 

0|0 
1 

1 

2 2 

3|3 3 

o o o o o:o 
4 I I 7 I I 

1 1 1 1 1 1 1 1 1 1 1 1 1 1 

2 2 2 2 2 2 21212 2 2 2 2 2 2 212 

5 5 5 5 5 5 5 5 

7 7 7 7 7 7 7 

8 8 8 t 8 • 8|8 

9 9 9 9 9 9 9 9 
4 I • 7 I • I I 

4 4 4 4 4 4 4 4*4 4 4 4 4 4 4 4 4 4 4 4 4 

5 5 5 5 5 5 5 5 

6 j 6 | 6 S I S S 6 6[6|6 6 6 S 6 S S 6 I 6 

7 7 7 7 7 7 7 7 

8 8 8 8 8 8 1 8 

0 0 0 
12 13 14 IS II 17 II 

0 o oft olololo 0 
H|20|21 

1 

3 9 9 3 3 9 3 3 3 3 3 3 3 3 3 3 

9 9 9 9 9 9 9 9 9 
12 1) 14 IS H 17 I I II 

2|2|2 

3 

0 0 0 0 0*0 0 
24 25 21 27 21 » 30 

1 1 1 1 1 1 1 1 

3 3 

4 4 

5 

6|6 

7 

8 8 

9 9 
to n » 2$ a 27 a also 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

Q. U 
0. 
3 U 

0 0 0 0.0 
31 32 33 34 35] 30] 

1 1 1 1 1 

3 3 3 3 3 

5 5 5 

6 6 6 6 6 

7 7 7 7 7 

8 8 8 8 8 

9 9 9 9 9 
31 32 33 34 35 

010 0 0 0.0 0 
37 » » 40 41 42 

1 1 1 1 1 1 

3 3 3 3 3 3 3 3 3 3 3 3 

4|4 4 4 4 4|4|4 4 4 4 4 4 4 4 4 4 4 4 

5 5 5 5 5 5 515 5 5 5 5 5 5 5 

6 6 6 6 6 6 6 616 6 6 6 6 

7 7 7 7 7 7 

8 8 8 8 8 8 

9 9 9 9 9 9 9 9 9 9 9 9 
37 » » 40 41 42(43144 43 40 47 41 U | 

u Z 111 O K Z 
U. < 

0 0 0 0.0 
44 45 4* 47 41 

1 1 1 1 1 

7 7 7 7 7 

8 8 8 8 8 
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o j z 
ID < Ul 

0 0 0 04) 
50 51 52 53 54 

1 1 1 1 1 

50 51 52»54b5 M 

2 2 2 

3 3 3 

0 0 
51 M M II 

1 1 1 1 

0 0 0 
I2I I3M 

9 9 9 9;9 
5) M i l 82 

2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

6 6 

0 0 0 0 
n m 

1 1 1 1 

3 3 3 3 3 3 

4 4 4 4 4 4 

0 0 

9 9 9 9 9 
63 (4 IS K 17 

6 6 

0 0 0 0 
M 71 71 72 

1 1 1 1 

3 3 3 3 3 

4 4 4 4 4 

9 9 9 9 9 9 9 9 9 9 
MJM7I71 77173 74 71 71 T7HlH» 

> > 
u c O 
c ! 6' H < *- 3 
1 / 1 UJ . o H "J 
</• IT yn O UJ u. 

0 0 0 
7i v\n 

1 1 

3 3 

4 4 4 4 

5 5 

6|6 6 

0 0 

1 1 

CODES USED IN AMOVE 
S E C U R I T Y C L A S S (Co l . 1) 
U- UNCLASSIFIED MATERIAL 
f - FOR OFFICIAL USE ONLY 
C - CONFIDENTIAL 
S " SECRET 
S E C U R I T Y C O N T R O L ( C o l . 2) 
1 - LIMITED DISSEMINATION, TO FULL-TIME EMPLOYEES 

OF DEPT OF DEFENSE, CIA AND AEC 
2 - NOT RE LEASABLE TO FOREIGN NATIONALS 
3 - LIMITED DISSEMINATION, NOT RELEASABLE TO 

FOREIGN NATIONALS 
4 - SPECIAL RELEASE FROM ORIGINATING AGENCY 

REQUIRED FOR DISSEMINATION TO A 3RD PARTY 
5 - MODIFIED HANDLING AUTHORIZED (INCLUDES 

FOREIGN "RESTRICTED" , NATO, CENTO, SEATO, ETC.) 
G E O G R A P H I C U N I T S (Co l . 3) 
BLANK OR 0 - DEGREES AND MINUTES TO .01 MINUTE 
1 - DEGREES, MINUTES AND SECONDS 
2 - DEGREES TO .0001 DEGREE 

T Y P E O F E L E V A T I O N ( C o l . 21) 
1 - LAND 
2 - SUBSURFACE 
3 - OCEAN SURFACE 
4 - OCEAN SUBMERGED 
5 • OCEAN BOTTOM 
6 - LAKE SURFACE 1 ABOVE SEA LEVEL) 
7 - LAKE BOTTOM (ABOVE SEA LEVEL! 
8 - LAKE BOTTOM (BE LOW SEA LEVEL! 
9 - LAKE SURFACE (ABOVE SEA LEVEL) 

WITH LAKE BOTTOM BE LOW SEA LEVEL 
A - LAKE SURFACE (BELOW SEA LEVEL) 
B - LAKE BOTTOM (SURFACE BELOW SEA LEVEL) 
C - ICE CAP (BOTTOM BELOW SEA LEVEL) 
D - ICE CAP (BOTTOM ABOVE SEA LEVEL) 
E - TRANSFER DATA GIVEN 
E L E V A T I O N U N I T S ( C o l . 22) 
BLANK OR 0 - METERS 
1 - FEET 
2 - FATHOMS 

E L E V A T I O N OF S T A T I O N ( C o l . 23-29) 
NOTE: THIS FIELD WILL CONTAIN DEPTH 

OF OCEAN (POSITIVE DOWNWARD) IF 
COL 21 CONTAINS 3, «, OR 5 

S U P P L E M E N T A L E L E V A T I O N ( C o l . 31-35) 
DEPTH OF INSTRUMENT, LAKE OR ICE; 
POSITIVE DOWNWARD FROM SURFACE 
B O U G U E R A N O M A L Y ( C o l . 50-54) 
SIMPLE BOUGUER ANOMALY WITH A MEAN 
DENSITY OF 2 67. NO TERRAIN CORRECTION 
I S O . OR T . C . C O D E ( C o l . 56) 
INDICATES IF ISOSTATIC ANOMALY OR TERRAIN 
CORRECTION IS GIVEN IN DOCUMENT: 
0 - NO ISOSTATIC ANOM. OR T.C. IN DOCUMENT 
1 - TERRAIN CORRECTION GIVEN IN DOCUMENT 
2 - ISOSTATIC ANOMALY GIVEN IN DOCUMENT 
3 - BOTH ARE GIVEN IN DOCUMENT 

Format (Standard DOD) of Gravity Data 
Ul 



List of Gravity Data 

* 3 I . B 6 7 O 9 ' I U 3 4 - » 6 7 > V A 1 ZSn*>t7 1 2 3 4 5 F T 7 " , Q J 1 2 3 4 5 6 7 " > 9 ( ) L - > 3 4 5 F T ' 8 9 0 1 2 3 4 5 J 7 8 9 U 1 2 3 4 5 6 * 8 9 0 
3 3 2 4 5 J TTOJ/TJ'J 1 < 9 6 4H160^4 L R ^ - B 1 1 7 3 G T " + L F»A I 1 8 1 

J 3 T 6 2 I } 9 H I O I " > 2 L 9 1 2 9 . 3 8 5 1 G T 2 3 5 A 1 1 1 

3 3 2 5 I - > _ I N » 3 0 ' I B I 3 7 ? 3 H I B O 7 * 1 4 4 2 1 . 0 2 7 G J ^ 3 ' I A 1 2 6 

3 3 I B T > J _ FLU J U T - - ' 1 3 F I L 7 3 F I 7 1 4 9 B 1 0 8 3 G T 2 3 5 ^ 1 3 6 

3 3 2 B U L _ M . O U ' X - ' 1 M><, 3 B I - I > 4 3 1 6 * 0 1 1 3 ? G T ^ 3 3 A 1 4 6 

3 3 2 B 3 I _ O O ' • 1 3 * 9 ) > « . < I : > 3 4 1 2 2 3 3 T 2 3 I 5 6 

3 3 2 B O I - hoiiyj': I 371 V O L 1 '3 3 1 3 0 4 G T 2 3 S A 1 6 6 

3 3 2 7 U J _ ! > U 3 1 3 E 1 J7-.-» 3 : > L 7 » . N 1 3 4 5 G T 2 3 3 A 1 7 6 

3 3 ^ 7 9 J _ F > O 3 1 ' » 9 1 • T 3 F , Mil? J ° ? . 1 9 4 6 1 4 6 0 G T 2 3 O A 1 8 3 
3 3 2 8 * 5 _ - 0 3 2 I B 1 4 7 ? I 1 6 3 1 4 3 B G T 2 3 G A 1 9 3 
3 3 2 9 1 ' _ 8 0 3 2 2 9 1 4 7 2 3 O J. 3 3 3 3 1 9 L , 9 1 4 7 2 G T 2 3 S \ 1 1 0 6 

3 3 2 9 4 - > _ 
3 0 3 2 n 1 

' , 0 - 5 3 - B 2 4 9 3 0 2 1 4 4 G T 2 3 3 A 1 1 1 3 
3 3 2 9 9 : * - • ; > 0 3 2 < I B 1 ' , 2 1 3 . - , Y » 7 5 0 1 9 9 5 1 5 2 5 G T ? - 3 3^ 1 1 2 6 

3 3 3 C 4 1 , 1 0 3 2 ^ 1 4 3 3 L T V J . 7 R 3 H 2 3 " 3 . 1 5 6 1 G T 2 3 3 A 1 1 3 6 

3 3 3 0 / 1 _ J 0 3 2 B B 1 4 7 ? •>527*ftfi 2 L B S 1 6 3 1 G T 2 3 3 ^ 1 1 4 1 

3 0 3 1 U + - 8 0 3 3 3 ^ I 4 7 2 3 6 2 7 1 1 7 2 0 ^ 8 1 5 2 1 G T 2 3 3\ I 1 5 6 

3 3 3 1 4 0 _ O U 3 3 8 2 1 4 5 7 3 > / V * L = > 1 2 1 4 U 2 G T 2 3 G \ 1 1 6 6 

3 3 3 L 7 > _ ^ U 3 ' + 2 L 1 4 9 4 3 6 2 5 3 3 5 1 3 3 5 1 ? 8 4 G T 2 3 5 A 1 1 7 b 3 3 J 2 U T _ . • I U 3 4 D B 1 sn 3 O . " 5 2 1 0 T 3 5 9 1 2 8 1 C - T 2 3 S A I 1 8 6 

3 3 3 2 3 . 1 
_ 8 0 3 4 / 9 1 5 2 4 3 6 2 5 1 3 9 1 6 2 2 1 2 3 7 G T 2 3 3 A 1 1 9 6 

3 3 3 2 J 3 _ 8 0 3 5 1 8 I 5 3 3 3 6 2 4 5 ^ 4 1 7 5 1 11 5 6 G T 2 3 3 A 1 2 0 1 

3 3 3 2 9 * - 6 U 3 5 ' - > 9 1 5 1 3 3 5 2 4 0 1 6 1 6 U 9 1 0 3 1 G T 2 3 3 A 1 2 1 6 

3 3 3 3 3 1 _ B 0 3 6 J » 1 4 8 S 3 6 2 3 / 5 0 1 4 4 4 9 0 0 GT'23 '5 A 1 2 2 6 

3 3 3 3 O T J _ 8 0 3 6 5 B 1 5 0 6 3 6 2 * * U 4 1 4 1 5 FLBL G T 2 3 5 A 1 2 3 1 

3 3 3 4 2 1 _ 3 0 3 6 9 0 1 4 9 4 3 6 2 1 4 0 F T 1 1 0 4 5 5 3 G T 2 3 ^ A 1 2 4 6 

3 3 3 4 0 1 _ 8 0 3 4 4 B 1 5 B 2 I B I ^ B I N 1 0 3 5 4 2 1 G T 2 3 3 A 1 2 5 3 
3 3 3 5 0 2 _ 8 0 3 7 ' U ' 1 5 5 5 3 0 1 3 0 1 7 9 U 0 ? A I S T 2 3 S . T 1 2 6 1 

3 3 3 5 3 2 - 6 0 3 8 2 ' J I 5 5 5 L B ) 7 8 9 8 7 « A 1 6 9 G T 2 3 1 2 7 6 

3 3 3 5 0 3 - O 0 3 9 C B 1 4 8 . , 3 6 1 6 3 9 5 4 9 7 - 4 7 G T 2 3 3 ^ . 1 2 8 6 

3 3 2 5 9 * _ A U 2 B U I 1 4 0 2 3 6 1 5 2 1 9 1 3 3 9 8 9 0 G T 2 4 R A 2 2 6 

3 3 2 6 2 2 - 0 0 2 6 3 V 1 4 0 2 3 6 1 5 9 3 0 1 3 / 9 9 3 0 3 T 2 4 G A 2 3 6 

3 3 2 5 9 5 _ H C 2 F T * ' r i 1 4 0 2 3 6 1 5 9 3 0 1 4 1 6 9 6 7 6 T 2 4 G A 2 4 6 

3 3 2 5 * 8 _ 8 0 2 7 2 1 1 3 9 0 3 6 1 5 6 1 3 1 3 9 0 L B 5 G T 2 4 3 A 2 5 6 

3 3 2 5 6 0 _ 6 0 2 7 2 B L 3 8 1 3 6 1 6 0 3 1 1 4 U 9 9 8 4 G T 2 4 G A 2 6 6 

3 3 2 5 5 1 _ 8 0 2 3 5 6 1 3 7 5 3 6 ^ 6 4 3 0 1 4 4 3 1 0 2 5 G T 2 4 3 A 2 7 6 

3 3 2 5 5 ' J _ F > 0 2 9 C D 1 3 6 9 3 6 1 6 4 3 0 1 4 2 5 1 0 1 3 G T 2 4 G A 2 8 3 
3 3 2 5 B . ) _ 

8 0 2 9 6 B I 
3 8 1 3 5 J 6 5 3 1 1 4 7 3 ! 0 4 0 G T 2 4 3 A 2 9 6 

3 3 2 5 2 V _ 6 U 3 U 2 B J 3 7 2 3 3 1 6 0 3 6 1 4 3 7 1 0 2 2 G T 2 4 G A 2 1 0 6 

3 3 2 4 8 9 8 U 3 0 8 H ; 3 5 7 3 6 1 . 5 8 ^ 1 1 4 1 7 1 0 1 9 G T 2 4 3 A 2 1 1 6 

3 3 2 4 5 J _ » J 3 1 2 « L 3 3 5 3 6 1 5 6 2 8 1 3 8 9 1 0 1 5 G T 2 4 G A 2 1 2 6 

3 3 2 4 3 J _ B 0 3 L 6 4 1 3 3 5 3 6 1 5 5 0 0 1 3 9 5 1 0 2 1 G T 2 4 3 A 2 1 3 6 

3 3 2 4 U 5 _ O O I I Y U L 3 5 3 3 6 . 1 4 4 0 6 1 3 & 6 175 G T 2 4 G A 2 1 4 6 

3 3 2 3 6 J - 6 1 ) 3 2 5 4 1 3 5 1 3 6 1 3 1 ' U 1 3 U 3 9 1 2 G T 2 4 G A 2 1 5 6 

3 3 2 3 1 3 _ 8 0 3 2 9 5 I 3 B J 3 6 1 2 1 3 3 1 2 B P E E > R G T 2 4 G A 2 1 6 6 

3 3 2 2 6 ' J - A - J 3 3 1 B I 3 3 2 3 6 1 0 2 8 1 1 0 ^ 3 6 9 2 G T 2 4 G A 2 1 7 3 
3 3 2 1 9 5 _ £ I J 3 . I 4 3 1 3 0 5 3 6 C 9 1 4 8 9 7 7 6 3 7 G T 2 4 G A 2 1 8 6 

3 3 2 1 H 3 A 0 3 ^ 9 5 I 2 9 H 3 6 C 8 4 F T I 9 1 9 5 9 0 3 T 2 4 G A 2 1 9 6 

3 3 2 1 4 6 - 5 U 3 ' - . 4 J L 2 9 3 3 6 U F U 7 ? 9 U 7 5 8 0 G T 2 4 G A 2 2 0 1 

3 3 2 1 1 O - A^tbv I 3 2 6 3 6 Q 7 B 4 7 9 7 4 6 1 0 G T 2 4 R,A 2 2 1 6 

3 3 2 1 B - 8 0 3 6 3 B 1 3 3 5 3 F V : 8 1 B 8 1 C 3 5 6 8 1 G T 2 4 <=A 2 2 3 6 

3 3 2 1 3 ^ _ 6 U 3 6 9 9 I 3 3 5 3 6 ' . 8 2 5 0 1 U < = 3 6 8 9 6 T 2 4 3 A ? 2 4 6 

3 3 2 H 2 _ £ U 3 7 > B I . " 5 6 6 3 6 D 8 5 3 9 1 2 2 1 « 1 3 G T 2 4 3 A 2 2 5 6 

3 3 2 1 2 7 - 8 3 3 0 ! V 1 3 8 Q 3 6 0 R - B 5 B 1 3 3 5 ° 2 4 G T 2 4 3 A 2 2 6 6 

3 3 2 1 3 . ' _ 0 0 3 B » > 9 1 3 F I « 3 6 1 U : P 1 . 1 4 ^ 3 1 0 7 1 G T 2 4 G A 2 ? 7 6 

3 3 2 1 4 9 R ; 3 9 . 9 1 3 0 H 3 6 1 2 1 9 5 1 3 8 7 1 0 2 4 G T 2 4 3 A 2 2 8 6 

3 3 2 0 8 5 O J 4 U L B L 4 « ' : 7 J O 1 0 5 3 9 1 6 5 5 1 1 7 9 G T 2 4 G A 3 1 6 

3 3 3 3 5 ; ) _ 8 0 4 2 7 ' J 1 5 4 9 
3 6 C 9 tnn 

1 ^ 7 - 4 1 5 G T 2 4 3 A 2 33 1 

3 3 3 3 2 A 3 J 4 2 4 1 1 5 0 3 3 6 1 0 7 1 . 1 L ' * 5 - 3 8 6 G T 2 4 3 A 2 3 4 6 

3 3 3 2 0 ^ . _ 8 0 4 2 0 3 1 4 9 1 3 6 1 1 ' ) 5 9 3 3 . 3 - 2 1 4 G T 2 4 G A 2 3 5 6 

3 3 3 2 4 8 0 4 1 7 J 1 5 0 0 3 6 1 2 2 1 . 9 4 M 3 - 1 1 5 G T 2 4 G A 2 3 6 6 

3 3 3 2 L O 
8 U 4 1 4 1 1 

4 2 7 3 6 1 4 4 2 0 4 « 4 0 G T 2 4 C-\ 2 3 7 6 

3 . 3 3 1 H 8 8 . ? . 4 I 2 . . 1 5 1 5 3FT.L 2 8 0 5 6 3 3 5 8 G T 2 4 3 A 2 3 8 3 

3 3 3 1 3 ; - * RTUI+OBI' 1 U H H 3 6 1 4 < N I 9 7 B Y 2 1 4 G T 2 4 G A 2 3 9 6 

3 3 3 UU.< _ A U N 0 4 ( 1 4 8 5 3 F T L 5 1 F > 4 ? 1 1 3 7 1 5 T 2 4 G A -> 4 0 6 

3 3 3 0 B - ) _ O I . » 4 0 I - C 1 4 6 3 3 - J I 5 9 7 7 9 B 9 4 ' * 3 5 A 4 1 6 

3 3 I G 2 ^ - • ' J J 3 9 ; T L J 4 2 4 I 5 I 7 - J " 5 I r,'->2 F . 2 1 C.A ^> 

4 2 6 

3 3 ; 9 0 - I ) - • J N 3 P 4 B 1 4 9 \ 3 6 1 5 5 ^ 7 1 2 3 9 6 9 2 G T 2 4 3 A 2 4 3 6 

3 3 2 9 3 J _ 8 1 1 3 - 9 0 0 1 4 - 2 1 6 1 6 / I 9 1 ? B / 7 - > N G T * 4 1 A 2 4 4 6 

3 3 2 6 9 _ 
rt0 3 8 H ' J 1 •; f: f\ -*,f, I . R I 4 3 8 

1 3 2 3 7 / 9 L L T ? 4 ISA 2 4 5 6 

3 3 2 F L B A - ; H 3 8 4 1 L 4 . ^ 5 1 6 . 1 9 7 7 8 G T 2 4 P 4 6 6 

2 3 4 B O 7 B 9 0 U : 3 4 B O 7 8 9 0 : 2 3 4 * ^ 6 7 4 9 0 L 2 3 4 5 R > / ' « 9 0 L 2 3 4 5 6 7 - ' I L ' J 1 2 3 ^ 5 6 / ^ 9 0 1 2 ' V - ; 5 R , 7 8 9 ' J 1 2 3 4 5 6 7 8 9 0 



Gravity Data (Continued) 

O H 5 6 7 6 9 0 . 1 , 3 4 - > O 7 8 * , L L . 3 > V , 7 1 2 3 4 J V 7 : I « ; 1.23<45673*0 1 2 ? 4 5 B '89n 123 *567890123456 769n 
3 3 2 8 1 J ' V J ? 7 9 B l : F 6 O } 6 ! L " U ' > 5 1 7 6 5 0 4 7 6 

3 3 L 7 - > > - ••»-«:, / • • B i 4 t 7 5 N 1 5 1 6 4 ; . » C B 7 7 8 G T ? U 9 L \ 2 4 8 3 

3 0 2 7 U > - B U J / 2 B i <•'. 3 H I 4 7 5 I I 3 .rtp 7 8 4 S T 2 4 : ^ 2 4 9 6 
3 . 3 2 6 0 j _ > J ^ 7 1 ' F 1 I 6 F > 3 R > I ' , < . : 7 3 L , - ' 4 F I K 3 2 . 7 T *4 • ^ 5 U 6 

3 3 , 1 6 3 , - 8 O C , 6 7 B I ' I 3 : >T->< 57*1 1 4 33 9 5 9 F I T ' ^ 4 <M\ 2 5 1 6 

3 3 2 5 7 . - O U J J M B 1 4 3 ' ^ b l M ^ ' I L I - U N 1 3 5 2 W T 2 4 3<V 2 5 2 6 

3 3 2 5 4 * _ ' I I ; 3 3 3 i 1 n i b > ' . ? . L ' > 5 1 9 ' + 3 1 4 8 1 S T 2 4 r,r\ 2 5 3 B 

3 3 T 5 2 , - M I I B O B i 3 9 6 > 6 « - > . 0 3 9 V 9 1 2 1 1 7 3 3 T 2 4 '7 \ 2 5 4 U 

3 3 2 4 9 1 _ H 0 3 4 O 5 1 o 9 1 3 6 1 . 4 4 5 5 1 - ) 7 5 . 1 4 4 0 ( J T 2 4 « A 2 5 5 6 
3 3 2 4 7 1 _ ' « 0 3 4 . ' D O 1 S * 0 . ' , 6 1 " . 2 5 0 I 7 0 2 1 3 4 7 G T 2 4 2 5 B 6 

3 3 2 4 3 5 _ - > 0 3 3 / 9 1 3 9 0 3 6 1 6 4 3 n 1 6 5 0 1 2 1 5 S T 2 4 3I\ 2 5 7 6 

3 3 2 4 0 9 - 6 U 3 3 4 I - 1 3 <>r, 3 6 L 5 0 C P 1 4 * ' 8 1 0 6 0 G T 2 4 ' » A 2 5 8 6 

3 3 2 6 0 / . _ 6 D £ 4 8 B l 4 C 5 3 0 1 5 1 , 3 2 1 3 ^ 8 8 7 6 r i T ? . 6 3 A 3 2 6 

3 3 2 5 M _ B 0 2 4 L B 1 ' , I B 3 6 1 4 B 3 9 1 3 1 9 r \63 S T 2 6 3 A 3 3 6 

3 3 2 5 6 B - T ^ U 2 3 7 . 1 3 9 7 3 6 V ' » B » * 1 3 0 5 M66 S T ^ B G A 3 4 6 

3 3 2 5 5 1 _ •VJ^ay.. i 3 7 8 V . 1 4 ' 4 C 6 1 2 * 9 P 7 F L G T 2 6 G A 3 5 1 
3 3 C B 4 . - < * 0 2 2 5 . ' 1 369 3 6 1 5 0 1 6 1 2 * 7 P H 5 S T 2 6 G A 3 B 6 

3 3 2 5 0 , - 8 0 2 2 0 a 1 3 6 3 3 6 1 4 5 0 4 1 2 * 1 8 6 7 3 T 2 6 •3 A 3 7 6 

3 3 2 4 9 . - A J 2 . 1 3 b 1 I 3 R » 3 6 1 4 T > R G 1 2 2 9 3 T 2 6 3 A 3 8 1 
3 3 « J 3 D ' J - B 0 3 3 - L B 1 3 6 , - ! 3 6 X 4 * 4 5 1 4 2 6 1 0 2 5 G T 2 6 3 A 3 9 6 
3 3 2 3 4 - 5 0 3 2 2 0 1 3 3 5 3 6 1 2 4 7 7 1 2 1 7 8 4 3 3 T 2 6 3 A 3 10 6 

3 3 2 3 0 A - 6 0 3 1 7 5 1 3 ^ 5 3 6 I , ' ' 5 3 9 3 I C O B 4 0 G T ? . 6 GA 3 11 6 

3 3 2 2 9 . - 0 0 3 1 3 J 1 0 .99 3 6 1 2 0 8 6 1 1 3 2 7 9 9 C T 2 6 3 A 3 1 2 6 

3 3 2 2 9 A - B ^ O O ' T B 1 3 C 5 3 6 1 1 5 2 3 L O B G 7 4 9 S T 2 6 G A 3 1 3 6 

3 3 2 2 8 . , - 8 0 3 0 1 B 1 'TP, 3 6 1 0 7 3 4 1 0 3 9 6 9 6 3 T 2 6 3 A 3 1 4 6 

332262 - O 0 2 9 7 2 1 3 " 2 3 6 1 0 7 5 0 1 0 4 7 7 1 0 G T 2 6 '3 A 3 1 5 6 

3 3 2 2 9 - 6 3 2 8 9 B 1 3 U 3 6 3 * 5 1 6 9 1 3 5 6 6 G T 2 6 3 * 3 1 6 6 

3 3 2 0 / 1 - 6 U 4 1 C 3 1 4 5 1 3 6 0 9 6 0 9 1 6 B 2 1 1 5 9 9 T 2 6 3 A 3 1 7 6 

332 C 4-3 - 8 0 4 1 3 7 1 4 4 2 3 6 0 9 . V 5 1 6 3 1 1 1 3 8 3 T 2 6 3 A 3 18 6 

3 3 2 C 1 * _ - 3 9 4 1 0 5 1 4 5 4 3 6 3 * 0 8 3 1 6 B 8 1 1 5 1 5 T 2 6 G A 3 1 9 6 

3 3 1 9 9 5 - 8 0 4 2 2 4 1 4 5 1 . 3 6 0 7 9 9 2 1 6 2 9 1 1 . 2 6 S T 2 5 3 A 3 2 0 3 

3 3 1 9 4 - 6 0 4 2 6 0 1 ( + 4 5 3 6 0 7 1 3 3 1 5 7 1 1 0 7 5 G T 2 6 3 A 3 2 1 3 

3 3 1 9 B - •D FJ 4 2 . V . 1 1 4 B E 3 6 0 6 0 7 3 1 4 86 9 7 3 G T 2 6 3 A 3 22 6 

3 3 2 4 2 : , - 6 0 3 7 5 , - l 3 9 : 3 6 1 6 0 6 2 1 7 U 6 1 2 7 0 G T 3 1 G A 2 3 

3 3 2 3 3 5 - 8 0 3 8 3 0 1 4 1 1 3 6 1 4 8 5 1 1 6 * 4 1 2 3 5 G T 3 1 G A 3 6 

3 3 2 1 7 7 - 5 j 3 7 3 1 1 3 9 3 3 6 0 A 9 6 9 1 2 7 0 8 3 1 G T 3 1 G A 8 6 

332223 - U J 3 7 3 U 1 ' + 0 2 3 6 1 1 1 2 4 . 1 4 5 0 1 0 0 1 3 T 3 1 3 A 9 3 

3 3 2 2 7 9 - D J 3 6 9 4 1 3 * C 3 6 1 2 9 3 0 1 5 1 5 1 0 8 0 G T 3 1 3 A 1 0 6 

3 3 2 3 3 6 _ 8 0 3 7 1 2 1 3 ^ 4 3 6 1 . 5 7 7 3 1 6 * 9 1 2 7 1 G T 3 1 3 A 1 1 3 

3 3 2 4 O 3 - a 0 3 7 6 6 . I 3 9 6 3 6 1 . 5 : > 3 8 1 5 5 6 1 1 1 4 G T 3 1 G A 1 2 6 

3 3 2 5 0 5 - 3 0 3 A I A i 4 2 4 3 6 X 3 0 3 1 1 3 1 4 8 4 2 G T 3 1 G 1 1 3 6 

3 3 2 5 4 ^ A O 3 « O < + I 4 . 5 ' I . 3 6 1 2 - + 8 4 1 3 0 5 7S )8 O T 3 2 I3 A 2 6 

3 3 2 5 9 . 2 -
8 . 1 3 8 2 4 I • + 6 3 3 6 1 1 3 5 9 1 1 5 0 6 3 3 G T 3 2 G A 3 6 

33262. - 8 0 3 8 4 2 1 4 6 9 3 6 1 1 1 8 8 1H6 5 9 2 G T 3 2 G A 4 6 

3 3 2 6 9 6 - 0 C 3 9 2 8 1 4 6 6 3 6 1 2 9 1 4 1 1 7 3 6 5 3 G T 3 ? _ GA 5 3 

3 3 2 7 3 4 - A - ; 3 9 5 9 i 4 7 5 3 B J. 3 3 2 0 1 1 * 9 6 5 8 G T 3 2 3 A 6 3 

3 3 2 5 1 2 -
8 C 3 8 7 9 I 4 5 1 3 6 1 1 3 5 2 1 2 ^ 3 7 2 0 G T 3 2 SA 7 6 

3 3 2 4 7 9 - B C 3 3 7 B L 4 6 3 3 6 1 2 2 5 1 1 . 3 9 8 8 8 2 G T 3 2 SA 0 3 

3 3 2 5 ' 2 - B 0 3 9 O L 1 4 7 2 3 6 0 9 9 1 4 1 3 6 3 5 3 6 G J 3 3 3 A 2 3 

3 3 2 5 1 5 - 80 3 * 2 2 I 1+8 8 3 6 1 0 3 6 7 1 2 3 3 6 8 9 3 T 3 3 GA 4 6 

3 3 2 3 9 5 - D O U J 4 2 1 4 6 3 3 6 3 1 5 8 7 1 1 4 5 6 2 9 G T 3 3 G A 5 6 

3 3 2 3 7 , : _ B U 3 9 B L I 4 5 7 3 6 X 0 5 0 0 1 3 5 0 R 4 , 3 3 T 3 3 •3 A 6 6 
3 3 £ 3 4 o - 8 0 1 9 0 6 1 4 4 2 3 6 1 2 1 3 2 1 4 * 9 1 0 0 6 S T 3 3 GA 7 6 

3 3 2 3 8 3 - I O , B O * i 4 2 7 3 6 J . ? - > 7 7 1 4 3 9 9 6 3 G T 3 3 3 A 6 6 

3 3 2 4 0 - B O I 1 U 4 1 4 6 3 3 6 C 6 2 7 3 9 0 7 3 9 0 G T 3 3 3 A 9 6 

3 3 2 3 9 . ) - RIJI 2 5 4 i 4 6 3 3 6 0 6 5 - 3 1 J Q 3 1 4 1 4 3 T 3 3 GA 1 0 3 

3 3 2 4 6 7 - 8I.)t-2»bl 1 5r;o 3 6 3 5 9 9 2 8 * 3 3 3 5 G T 3 3 3 A 11 3 

3 3 2 5 2 4 - O 0 4 2 B I 1 5 2 1 3 6 0 6 2 9 7 9 1 9 3 3 7 G T 3 3 3 A 1 2 3 

3 3 2 3 9 D - 8 0 3 A L B 1 3 9 6 3 6 1 4 9 7 7 1 5 7 4 1 1 3 2 G T 3 4 3 A 2 6 

3 3 2 4 2 5 - D I > 3 3 4 6 I 3 9 B 3 6 I . 4 3 ? N 1 4 ' 7 4 1 0 3 2 G T 3 4 3 A 3 6 
3 3 2 6 9 R > - T V . V - U O O 1 5 2 1 3 6 0 ^ 1 4 1 9 6 2 3 8 Q & T 3 4 3 A 4 3 

3 3 2 7 4 7 - ' 3 0 4 ?*b i I * V U 3 6 3 7 0 5 2 6 « 0 1 2 9 G T 3 4 3 A 5 3 

3 3 2 6 7 9 - • 3 0 4 1 3 2 1 5 C 6 3 6 ? 6 > 9 2 6 7 ( 1 1 0 6 5 7 3 4 GA 6 3 

3 3 2 6 X 4 - 8 0 4 . 1 5 0 6 3 5 j ' ^ 7 3 6 * 5 1 3 1 3 T 3 4 :;a 7 3 

3 3 2 5 0 9 - O 0 3 F 3 1 1 4 2 7 3 0 x 0 5 3 6 lMt'7 1 3 9 1 S T 3 5 ' > I \ 2 3 

3 3 2 4 J ^ - J U 3 ' 5 5 1 40 5 3 R ) L 9 2 5 R » 1 9 " 0 1 4 4 8 3 T - 3 5 3 A 3 3 

3 - 3 2 4 ^ 7 - A R ' 3 C 4 7 I 40 Q 3 5 I . ' U 1 7 1 f t " 3 1 3 4 ' * 5 7 3 5 GA 4 6 

3 3 < ; 5 < J > - • I L 3 L 6 J I 4 4 ; ? • 5 6 1 ^ 3 1 . 3 L I U . 7 1 3 9 4 J T 3 3 T \ 5 6 

3 - 3 2 7 2 L - N ; . I 3 ; 3 B l 4 6 . 3 3 6 1 .To 9 4 l 7 ' » 7 1 2 7 3 3T35 G A 6 3 
3 3 1 9 9 7 - 8 U 3 6 F > i , L - , 6 0 3 6 , " > " 6 9 4 4 1 . 1 6 5 1 3 7 9 A 2 3 

2 3 4 5 B 7 F C Y ) I , 3 4 5 6 7 0 i-;l«I.}<•->&7 .•'1-J 2 3 4 : ^ 7 • R I „ 1 2 3 4 5 6 7 * V J ( ) 1 2 3 4 5 i S 7 8 b : 1 2 3 4 5 6 7 0 9 0 1 2 3 4 5 6 7 8 ' 
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Gravity Data (Continued) 

« J 3 4 B 6 / B 9 ' U R 3 ' + 5 O 7 R T 9 , ' L 2 3 4 . > - : . > 7 

3 3 1 9 ' + > 

3 3 1 F N * 

3 3 1 9 U 7 

3 3 1 7 B . 

3 3 1 8 9 J 

3 3 1 9 1 j 

3 3 1 9 T > 9 

3 3 2 0 6 7 

3 O 2 L ) L 3 

3 3 K 0 3 I 

3 3 1 9 B O 

3 3 1 9 0 * 

3 3 L B 2 7 

3 3 1 7 / 9 

3 3 1 7 1 ? . 

3 3 2 L 3 O 

3 3 2 2 1 2 

3 3 2 3 1 9 

3 3 2 3 6 7 

3 3 2 4 6 J 

3 3 2 5 1 N -

3 3 2 6 0 - + 

3 3 2 6 6 6 

3 3 2 3 0 3 

3 3 2 2 9 2 

3 3 2 2 4 0 

3 3 2 I B 5 

3 3 2 1 6 9 

3 3 2 1 6 6 

3 3 2 2 2 7 

3 3 2 1 6 3 

3 3 2 0 B O 

3 3 2 0 8 4 

3 3 1 8 7 5 

3 3 1 8 1 0 

3 3 1 8 1 7 

3 3 2 0 0 8 

3 3 1 9 8 2 

3 3 1 9 2 2 

3 3 1 0 2 2 

3 3 1 7 6 J 

3 3 2 2 3 + 

3 3 2 2 7 9 

3 3 2 2 9 5 

3 3 2 3 2 0 

3 3 2 2 9 3 

3 3 2 3 O U 

3 3 2 3 1 8 

3 3 2 3 4 4 

3 3 2 3 B 5 

3 3 2 3 1 * 

3 3 2 2 9 I 

3 3 2 3 6 3 

3 3 2 3 9 9 

3 3 2 2 1 9 

3 3 2 2 5 , 

3 3 2 2 6 3 

3 3 2 3 4 B 

3 3 2 3 9 ^ 

3 3 2 4 2 

3 3 2 4 4 U 

3 3 2 4 5 , 

3 3 2 4 5 9 

3 3 2 2 9 3 

3 3 2 2 B < : 

3 3 2 1 9 5 

3 3 2 2 4 B 

3 3 2 0 4 3 

3 3 ^ U 7 - * 

3 3 2 1 0 J 

2 3 U 5 6 7 6 9 0 U 

- - , 0 3 5 O ; > 
_ .A0 3 5 5 0 

- 8 0 3 B 4 7 

- B > 3 7 ' 0 

- D O 3 7 4 9 

- O J J S ' 2 . -

- B 0 3 * « F : 

- O D M 0 4 ' . 1 . 

- & 0 3 Y 2 3 ; 

- O 0 3 I / H 

- 8 0 4 P B C , 

- ( , 0 3 9 9 O 

- 5 U 3 9 7 4 

- 8 0 3 9 6 2 

- 6 0 3 9 " 2 

- O 0 4 0 9 C 

- 8 0 4 0 5 0 

- O 0 4 3 H L 

- B 0 4 4 C C 

- O O 4 4 O B 

- B 0 4 3 4 B 

- B 0 4 L 7 0 

- B J 3 9 G 4 

- 6 0 4 1 7 0 

- B 0 4 1 ' 0 0 

- 6 0 3 9 9 9 

- 8 0 4 1 7 B 

- 6 0 4 2 4 1 

- B J 4 3 2 I I 

- 6 0 4 3 * B 

- 6 0 4 4 4 6 

- 6 0 4 2 C 0 

- 5 0 4 3 1 3 

- 6 0 4 3 7 2 

- 8 0 4 2 5 / 

- 6 O 4 0 7 B 

- 8 0 3 5 9 B 

- 3 0 3 4 6 / 

- T ' . 0 3 4 2 / 

- C 0 3 4 1 C 

- 8 0 3 3 C O 
- D 0 3 9 1 I > 
- 8 0 3 9 4 0 

- 8 0 3 9 4 1 

- 8 0 3 9 3 7 
- B 0 3 3 7 3 

- 8 0 3 ) 9 5 

- 8 0 4 5 1 9 

- 6 0 4 0 2 9 

- D 0 4 D B L 

- M 0 4 L ' 9 2 

- . - J U 4 : 3 ; . 

- 8 0 4 1 5 0 

- O 0 4 3 1 9 

- 8 ( 1 3 9 3 ^ 
«. 8 0 4 0 7 4 

- 8 0 4 0 i'( 

- 6 I , 4 0 / L 

- 8 0 4 0 > 2 

- R ) U 4 1 2 

- 8 0 4 0 L > 9 

- B U 4 0 > ' B 

- D U 4 0 I 5 

- D J 3 7 L i> 

- ri.JI/4 5 
- 8 0 3 5 7 - 2 

- 8 I . > 3 B 4 L 

- 8 0 ^ 5 9 '. 

- O J . I B B > 

- 8 0 3 5 3 

: 3 4 J O 7 8 9 l 

H * , : 1 2 3 4 5 6 

5 5 7 

3 6 3 

3 6 O 

v n 

4 7 * 

4 . ^ 1 
4 2 4 

4 0 5 

4 1 8 

3'-"'4 

4 3 B 

' • 2 1 

4 I F , 
4 0 2 

4 G 5 

3 7 - » 

4 2 1 

4 6 6 

4 9 7 

5 1 5 

5 2 1 

4 9 1 

5 1 5 

4 6 3 

4 7 5 

4 3 9 

3 9 9 

4 5 4 

4 6 9 

4 9 1 

4 0 2 

4 4 8 

4 6 3 

4 4 8 

4 2 4 

4 3 0 

3 6 1 

3 3 6 

3 3 2 

3 3 2 

3 C 2 

4 3 0 

4 6 0 

A 6 0 

4 . 5 4 

4 4 8 

4 5 7 

4 5 7 

4 6 C 

4 6 5 

4 5 7 

4 6 6 

4 5 7 

4 5 7 

4 2 7 

4 2 7 

4 5 7 

4 7 5 

4 7 2 

4 7 9 

4 5 7 

4 6 8 

4 9 7 

4 3 R 

4 2 4 

3 4 1 

3 7 5 

3 1 1 

: V J 5 

7 . . 9 0 1 2 3 4 5 6 7 W O I 2 3 " 6 6 ' 6 9 0 1 2 : 

3 6 0 - 9 V I 

V V > M I : 1 1 

3 5 I L U B " 8 

3 5 0 7 / N N 

3 6 0 ] B 4 I 

L B I 4 
. V Y J ' - C O B 

J B I O B G O 

J » 6 J H 2 ] 1 

3 N C U R 2 

4 6 3 8 0 5 9 

3 O U O T J " 4 3 

5 6 0 3 1 £ 5 

3 6 0 M O M 

3 5 F - * 7 O P 0 

3 6 1 I 7 5 3 

3 6 1 1 6 K 1 

3 6 0 6 1 4 8 

3 6 0 5 3 8 3 

3 O 0 5 2 6 6 

3 6 3 2 * 3 0 

3 6 0 « 5 3 9 

3 6 C F < 0 6 3 

3 O 0 7 2 5 « 

3 5 3 0 4 7 7 

3 6 1 1 6 0 9 

3 6 1 C 3 5 9 

3 6 0 8 0 2 3 

3 6 C 6 9 6 9 

3 6 3 4 7 5 3 

3 6 3 3 5 0 5 

3 6 3 8 7 5 8 

3 6 0 7 1 5 6 

3 6 3 5 3 2 0 

3 6 3 6 4 6 1 

3 6 3 6 8 6 7 

3 6 3 3 4 1 4 

3 6 . 0 1 7 " . 9 

3 6 3 0 2 1 1 

3 5 9 7 6 4 1 

3 5 9 7 1 7 2 

3 6 1 1 7 M 

3 6 1 1 6 7 0 

3 6 1 1 3 9 1 

3 6 1 1 2 9 7 

3 6 1 3 0 6 3 

3 6 1 V ' 0 Q 4 

3 6 0 9 6 < U 

3 6 0 ^ 1 0 2 

3 6 3 » ' , B 0 2 

3 6 3 8 5 7 0 

3 6 3 ^ 1 6 4 

3 6 0 6 5 2 3 

3 6 0 7 2 7 3 

3 6 1 1 7 4 2 

3 5 1 0 3 2 0 

3 6 0 0 2 6 0 

3 6 3 8 1 7 2 

3 6 3 7 5 0 6 

3 6 0 7 U 9 1 

3 6 3 7 9 9 2 

3 6 3 F C L L 
3 6 1 3 . . ' 3 4 

3 6 1 C - J 6 7 

3 6 0 ' » » J O 5 

3 6 1 0 9 0 6 

4 B O 5 0 1 6 

4 6 3 6 1 0 2 

4 6 J 6 J 5 6 

5 7 1 

5 3 B 

6 5 9 

5 / 9 

0 / 3 

1 2 5 9 

L ' L O O 

1 0 2 B 

1 4 * 1 

] 2 5 4 

1 6 ' B 

1 5 0 0 

1 , " 3 4 

1 2 6 3 

R . 4 I 

L T B 5 

I R - 7 6 

I P 1 6 

9 4 0 
R , 8 3 

6 0 0 

9 3 6 

8 C O 

1 1 3 9 

1 3 1 4 

1 6 6 7 

1 4 4 3 

1 3 7 3 

1 2 * 2 

I F ) / 9 

9 9 4 

1 5 " 2 

1 4 3 2 

1 4 9 0 

1 6 1 8 

1 6 B 8 

0 1 6 

6 4 2 

5 5 7 

4 3 8 

3 8 3 

1 5 7 H 

1 5 * 6 

1 5 5 3 

1 4 9 4 

1 4 8 7 

1 4 ' I 2 

1 3 4 0 

3 2 5 9 

1 1 * 0 

1 2 3 3 

1 2 - 6 

9 6 5 

9 9 1 

1 5 V 1 

1 4 0 7 

1 3 / 8 

1 2 1 7 

1 1 2 8 

1 0 5 8 

9 8 7 

L A I O . 7 

1 1 2 3 

1 6 ' * 9 

1 6 0 0 

1 1 3 / 

3 3 0 9 

7 * 8 

8 4 5 

9 3 4 

2 7 3 

1 3 3 

2 4 8 

1 9 8 

4 5 2 

7 * 0 

1 1 3 6 

1 1 7 4 

1 0 2 5 

" 6 0 

1 1 9 ? 

1 0 3 0 

7 7 2 

£ 1 9 

3 8 9 

1 1 3 3 

L L U 7 

4 9 6 

3 8 6 

3 0 9 

1 8 

? 8 9 

3 0 6 

6 2 2 

7 8 4 

3 0 9 8 

9 9 E 

B 6 7 

7 6 9 

5 3 2 

4 5 7 

1 0 4 2 

9 1 5 

9 9 1 

1 1 4 5 

1 1 B R 

4 2 5 

2 6 8 

1 8 7 

6 7 

4 6 

1 0 * 8 

1 0 8 3 

1 0 4 0 

9 8 7 

9 5 8 

8 9 2 

0 3 0 

7 4 5 

6 7 3 

7 2 3 

7 3 5 

4 5 5 

4 8 1 

1 1 1 5 

9 3 1 

8 6 8 

6 T 6 

6 0 1 

5 2 4 

H 7 7 

6 U 3 
5 6 9 

1 1 7 0 

1 1 3 6 

7 7 6 

0 9 0 

4 6 1 

6 0 5 

6 7 0 

G T 3 7 

9 T 3 7 

3 1 3 7 

G T 3 7 

G T 3 7 

G T 3 7 

G T 3 7 

G T 3 7 

G T 3 0 

G T 3 0 

G T 3 8 

G T 3 3 

G T 3 3 

G T 3 8 

G T 3 8 

G T 3 8 

G T 3 0 

G T 3 9 

3 T 3 9 

G T 3 9 

G T 3 9 

G T 3 9 

G T 3 9 

G T 3 9 

G T 3 9 

G T 4 0 

G T 4 0 

G T 4 0 

& T 4 0 

G T 4 0 

G T 4 0 

G T 4 0 

G T 4 & 

G T 4 0 

G T 4 0 

S T 4 0 

S T 4 0 

G T 4 0 

G T 4 C 

G T 4 0 

6 T 4 C 

G T 4 1 

G T 4 1 

G T 4 1 

G T 4 1 

G T 4 1 

G T 4 1 

3 T 4 1 

G T 4 1 

3 T < U 

G T 4 1 

G T ' U 

G T 4 1 

6 T 4 1 

S T 4 2 

G T 4 2 

& T 4 ? 

G T 4 2 

& T 4 2 

5 T 4 2 

G T 4 2 

G T 4 2 

& T 4 2 

G T 4 2 

0 - T 4 2 

5 T 4 3 

G T 4 3 

3 T 4 3 

? T 4 3 

5 T 4 3 

2 3 4 9 6 7 0 9 3 1 2 3 4 3 6 7 , N 3 I , J 3 4 5 6 7 0 * 0 1 ' 3 4 1 > 6 7 8 9 0 1 2 ' 

4 5 O 

G A 

9 A 

G A 

G A 

G A 

O A 

G A 

G A 

G A 
r-\ 
G A 

G A 

G A 

G A 

G A 

G A 

G A 

G A 

G A 

G A 

O A 

G A 

3 A 

G A 

G A 

G A 

G A 

G A 

G A 

G A 

G A 

5 A 

G A 

G A 

G A 

G A 

G A 

G A 

G A 

G A 

G A 

S A 

G A 

G « 

C4A 

G A 

G A 

G A 

G A 

G A 

G A 

3 A 

G A 

G A 

3 A 

G A 

G A 

G A 

G A 

G A 

G A 

G A 

3 A 

G A 

G A 

G A 

3 A 

G \ 

9 A 

3 A 

' 4 5 6 

8 9 J 1 2 3 4 5 6 7 8 9 0 

3 

4 

5 

6 

7 

8 

9 

1 0 

3 

4 

5 

B 

7 

8 

9 

1 0 

1 1 

2 

3 

4 

B 

6 

6 

9 

1 0 

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1 

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

5 

6 

7 

6 

9 

1 0 

1 1 

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

2 

3 

4 

5 

6 

7 

8 

9 

1 0 

1 1 

1 2 

2 

3 

4 

5 

6 

O D 0 1 2 3 4 S 6 7 8 9 0 
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Gravity Data (Continued) 

2 3 < : I W « 9 0 I 
3 3 2 1 2 4 
3 3 2 1 ^ > • 
3 3 2 1 0 I 
3 3 2 U f> 
3 3 2 1 U 
J O I O B / 
3 3 2 0 2 ' 
3 3 2 0 2 ) 
3 3 2 1 * + ' 
3 3 2 1 ' ! . : 
3 3 2 1 9 6 
3 3 2 2 3 1 
3 3 2 1 0 / 
3 3 2 2 J I 
3 3 2 2 6 1 
3 3 2 3 2 i 
3 3 2 3 ' ' I 
3 3 2 3 6 
3 3 2 3 B / 
3 3 2 4 2 / 
3 3 2 6 4 J, 
3 3 2 6 2 3 
3 3 2 5 6 1 
3 3 2 5 1 B 
3 3 2 4 6 2 
3 3 2 5 5 4 
3 3 2 5 O 7 
3 3 2 0 ^ 2 
3 3 1 9 5 
3 3 1 8 7 5 
3 3 1 8 2 7 
3 3 1 7 9 3 
3 3 2 0 9 8 
3 3 2 1 3 , 
3 3 2 1 7 J 
3 3 2 2 4 3 
3 3 2 2 8 1 
3 3 1 9 8 5 
3 3 1 9 3 . 
3 3 1 8 0 8 
3 3 2 4 1 7 
3 3 2 4 1 , , 
3 3 2 4 0 2 
3 3 2 3 9 8 
3 3 2 3 9 3 
3 3 2 3 8 J 
3 3 2 3 7 5 
3 3 2 3 6 8 
3 3 2 3 5 9 
3 3 2 3 4 9 
3 3 2 3 4 1 
3 3 2 3 1 9 
3 3 2 3 X 2 
3 3 2 3 0 5 
3 3 2 3 U . 
3 3 2 2 9 4 
3 3 2 2 0 9 
3 3 2 2 7 9 
3 3 2 2 O 9 
3 3 2 2 5 J 
3 3 2 2 5 , ' 
3 3 2 2 * 2 
3 3 2 2 3 4 
3 3 2 2 2 ; * 
3 3 2 2 2 1 
3 3 2 2 1 3 
. • J 3 2 2 0 - J 
3 3 2 2 0 1 
3 3 2 1 9 4 
3 3 2 1 9 

2 3 4 B 5 7 8 9 0 I . 2 

3 4 ' , K » 7 8 9 . 1 

- M M 3 5 O / 
- O N 3 5 J 2 
- 4 O 0 Y . 

- I I I J J ' . ' . . 
- - L U ^ Y . 0 
- • > J J 6 9 . 
- ' J D J 7 4 ' ' - ••yj-jff'i 
- . S O 3 3 3 1 
- O ; J 3 O 4 J 
- B 0 3 ' 3 ! . ' 2 
- J 1 3 5 3 2 
- H 0 3 9 1 O 
- 1 4 2 1 6 
- 8 U 4 2 3 3 
- 0 0 4 2 3 B 
- OF. 4 2 3 2 
- < I 0 4 2 8 / 
- 5 0 4 . 3 7 4 
- U J 4 3 3 7 

- { . • • • , 4 4 1 3 
8 4 5 H / 

- S I , 4 9 4 B 
- 8 U H 9 3 8 
- ' . I 0 4 3 C 3 

- D 0 4 2 " 6 
- 6 U 4 0 4 ' . . 

- 0 0 4 0 1 O 
- B 0 3 9 O O 

- 0 0 3 0 9 3 
- 8 4 3 8 4 L S 
- 6 0 5 6 ^ 2 
- 0 0 4 0 9 9 
- 6 0 4 1 3 5 
- B O 4 1 3 4 
- 0 6 4 2 7 0 
- 3 0 4 3 1 B 
- 6 0 4 1 0 8 
- 8 0 4 1 5 0 
- 8 0 4 1 6 4 
- B O 3 7 5 B 
- B 0 3 7 O I D 
- 0 0 3 7 7 - . : 
- 8 0 3 7 7 B 
- 8 8 3 7 7 - 1 
- B I I 3 7 0 4 
- B O 3 7 8 5 
- B 0 3 7 O ' 
- 5 O 3 7 8 . 
- 6 U 3 7 6 < . 
- 6 0 3 7 9 3 
- 8 0 3 6 1 B 
- 6 0 3 0 2 3 

- 8 0 3 8 3 3 
- O 0 3 8 4 B 
- 8 ' , ) 3 8 5 9 
- 3 J 3 8 O 9 

- B U 3 I 5 5 9 
- 6 C 3 8 O 8 

- H O O F I O S 
- 8 ^ 3 8 6 4 
- 6 6 ) 3 8 0 0 
- 8 O 0 8 / 6 
- 6 J 3 6 3 2 
- 8 0 3 8 9 0 

- 8 T 3 6 9 7 
- < - ;039 
- - I L J J Y V . ) 

- 0 0 3 9 1 4 
- L.0 3 9 2 5 

0 4 6 0 / ' 1 2 > > 5 ' 

J O B 

5 2 3 

3 9 T 
4 2 1 
4 2 7 

4 2 7 
3 6 3 
4 4 2 
3 9 6 
4 5 7 
4 OF, 
4 5 7 
4 6 ? 
4 F 5 
5 C 3 
5 0 3 
5 0 3 
4 5 7 
I ; 8 6 
5 1 6 
5 C O 
4 0 5 
4 2 1 
3 9 3 
3 ? 6 
\ 6 I 

4 2 ' I 
4 1 5 
4 *^2 
4 6 3 
4 6 3 
4 5 1 
4 4 2 
4 3 6 
3 9 C 
3 9 6 
3 9 6 

3 9 3 
4 O 5 
4 0 5 
3 9 9 
4 C 2 
4 0 2 
4 C 8 
4 2 7 
4 3 3 
4 3 C 
4 3 C 
4 ^ 3 
4 3 3 
U 3 J 

4 - 0 u5(, 
4 3 9 
4 4 2 
4 0 9 
4 3 3 
4 2 7 
4 2 7 

• 4 2 7 
I 4 ? 4 
1 
1 4 18. 

3 4 5 O 7 8 9 U L 2 5 4 6 6 / , ; 9 , J 1 2 S 4 6 6 

I P . 1 2 V * 5 B 7 ' » L ' 0 1 

J R , V / ' W 9 8 9 
3 6 ) 3 0 9 4 1 0 
3 6 J " ' - ; ^ L>) ->7 

3 6 V > * T L . ) 3 [ ; 
> 6 "iV.-136 
jn • • / 7 3 9 ' K ? 
3 N J 6 8 3 H L . | 4 I J 

3 6 - I M 5 8 6 1 L ' J 4 
3 0 ; V 3 5 " > 1 4 2 7 
3 6 1 : 5 3 6 ' 1 5 ' ' 0 
3 6 3 " -«99? 1 4 4 7 
3 N ! 1 2 4 2 1 6 I - -B 
3 6 1 1 RI4U 1 5 5 " 
3 O 8 R - 6 1 4 3 5 
3 6 : " / ? 7 1 1 . 3 8 
3 6 > ' . ' J 4 6 1 0 - 5 4 

3 6 : . 6 , , 7 2 1 0 2 3 
3 6 3 6 8 0 ^ 9 U 3 

3 6 3 5 4 4 5 9 ' » 2 
3 6 ' 6 2 6 6 9 3 5 
3 6 3 4 5 6 3 5 2 4 -
O B ' J B B O O 4 4 0 -
. 3 6 3 4 3 7 5 6 1 8 
3 6 C 0 2 6 6 7 2 9 
3 6 0 6 I 8 N Q O N 
3 6 3 7 2 5 8 9 6 2 
3 6 0 8 7 3 3 1 0 2 5 
3 B V 9 9 1 4 1 0 1 6 
3 6 , , 6 0 6 7 L U B O 

3 0 3 2 6 6 3 3 0 7 7 
3 6 3 1 , 4 3 8 9 1 ' 9 
3 5 9 9 2 6 B 7 9 0 
3 6 1 C 5 3 9 1 6 2 9 
3 6 . 1 C 4 9 2 1 5 B , ? 
3 6 1 1 0 5 5 1 5 1 ! 4 

3 6 3 6 8 2 8 1 1 / 9 
3 6 3 6 2 0 1 1 0 7 3 
3 0 3 6 5 1 6 1 6 6 0 
3 6 3 ° C 5 5 1 6 6 0 
3 6 C 7 0 1 6 1 6 3 2 

3 6 1 6 4 2 2 1 6 / 4 
3 6 1 6 3 0 * 1 6 L J 0 
3 6 1 . 6 0 4 7 1 6 / 6 
3 6 J 5 9 4 5 L B / 0 
3 6 ? . 5 B 0 B 1 0 3 4 
3 6 1 5 4 1 4 ] 6 D 4 
3 6 1 5 2 2 7 1 & 6 ( ) 
3 6 1 5 3 4 4 1 6 " 2 
3 6 1 . 5 2 6 6 1 6 / 5 
3 6 1 . 6 1 3 3 1 5 7 7 
3 6 1 5 0 0 8 1 6 9 3 
3 6 J . . T 3 ? S 1 . 6 1 2 
3 6 1 . 3 U 8 6 1 6 1 6 
3 6 1 2 8 4 4 1 5 9 0 
3 6 1 2 5 4 7 1 5 7 ( 1 
3 6 1 2 3 9 6 1 5 / 2 
3 6 1 2 3 0 3 1 5 7 7 
3 6 1 2 3 1 3 1 5 8 4 
3 5 1 . 2 0 4 7 1 3 * U 
3 6 1 2 0 2 3 1 5 9 4 
3 6 1 1 9 7 7 1 6 ' ! 8 
3 6 1 1 6 7 5 3 6 2 0 
3 6 1 1 / 8 1 1 6 1 2 
3 6 1 1 7 8 1 L O V O 
3 6 1 ; / 3 4 1 5 6 0 
3 5 1 1 7 9 7 1 0 ' 5 
3 6 I : A 6 2 1 6 1 6 
3 6 1 1 9 1 4 1 6 2 5 

3 6 1 1 7 9 7 1 6 1 2 
3 6 1 ! / 4 2 1 6 1 ' 3 

7 O 9 . J 1 2 3 4 5 6 7 5 ^ 0 1 

? 3 4 B 6 / « 9 0 L ? " | , 4 5 U 
6 2 1 & T 4 3 G A 
6 6 6 G T 4 3 3 A 
6 6 6 3 T 4 3 S A 

6 7 7 G T ' + ' J 3 A 
7 0 3 « T M 5 A 
6 0 2 G T L + 3 G A 
6 4 9 G T 4 * <i\ 

7 1 3 G T 4 3 G A 
« 6 P 3 T 4 3 3 A 

U ) 3 0 G T 4 3 G A 
O 7 T G T 4 3 GA 

1 8 4 9 G 7 4 3 3 A 
1 1 5 5 S T 4 - " } GA 

0 4 3 G T 4 4 5FT 
6 9 6 G T 4 4 3 A 
6 2 4 0 T 4 4 G A 
5 0 3 G T 4 4 3 4 
4 8 8 G T ' - * 4 5 A 

4 0 4 G T * + 4 G A 
3 9 4 G T * + 4 3 A 

3 7 6 T L + 4 G H 
1 1 5 3 T 4 4 G A 

5 7 G T 4 4 3 A 
2 3 9 G T 4 4 G ^ 
3 4 4 G T 4 4 G A 
3 8 4 G T 4 4 G A 
4 6 0 G T 4 4 GA 

3 1 6 4 G T 4 4 5FT 
9 6 7 G T 4 4 GA 

6 3 8 G T 4 4 GA 
U 6 7 G T 4 4 GA 
3 6 7 G T 4 4 G A 

5 . 1 5 7 G Y 4 4 R A 
0 8 9 G T 4 5 5 A 
C 5 5 G T * 5 3 A 
6 6 2 G T ' + 5 G A 
5 5 6 G T 4 5 G A 
1 6 3 G T 4 5 G A 
1 7 6 S T 4 5 3 A 
3 . 4 6 G T 4 5 G A 
2 3 9 G T 5 0 GA 
? 4 S G T O O 3 ^ 
2 3 4 G T B O G A 
2 2 8 G T B O G A 
3 9 6 G T B O 3 A 
2 1 2 G T B O GA 
? 0 7 3 T 5 0 G A 
2 1 6 G T B O G A 
2 2 6 & T 5 0 O A 
2 2 8 G T B O GA 
, ? 3 8 G T B O GA 
1 3 6 G T B O 3 A 
1 3 3 G T B O G A 
1 1 0 G T 5 G 3 A 
0 9 1 G T B O G A 

0 9 0 G T B O 3 A 
0 9 4 G T B O G A 
3 . C 1 G T B O GA 

0 9 5 G T B O 5 A 
1 0 8 G T B O 
3 1 8 3 - B O 3 A 
1 2 7 G T B O 3 A 
1 2 3 G T B O S'V 
3 1 7 H T 6 0 R A 
3 1 ? G T B O 5 " 
1 2 9 G T B O R A 
3 4 ? G T 6 0 5 A 
1 5 2 G T B O G'\ 
1 4 3 G T B O 3 A 
3 3 7 G T B O OA 
4 5 6 / 8 9 0 1 2 3 4 5 6 

5 9 J L 2 3 4 5 O 7 8 9 N 

7 6 
8 6 
9 3 

1 0 6 
1 1 3 
1 3 3 
1 4 3 

1 5 6 
1 6 6 
1 7 6 
1 8 3 
1 9 3 
2 0 6 

2 6 
3 3 
4 3 

5 6 
6 3 
7 6 
8 6 
9 6 

1 0 6 
1 1 3 
1 2 3 
1 3 3 
1 4 3 
1 5 6 
1 7 B 
1 0 6 

1 9 3 
2 0 3 
2 1 6 
2 2 3 

2 3 
3 6 
4 6 
5 6 
6 6 
7 6 
8 3 
2 6 
3 6 
4 6 
5 6 
6 6 
7 6 
8 6 
9 6 

1 0 6 
1 1 6 
1 2 6 
1 3 3 
1 4 6 
1 5 6 
1 6 6 
1 7 6 
1 8 6 
1 9 6 
2 0 6 
2 1 6 
2 2 6 
2 3 3 
2 5 6 
2 6 B 
2 7 B 
2 8 3 
2 9 6 
3 0 6 

3 1 6 
3 2 3 

« 9 0 1 2 3 4 5 O 7 6 9 0 



Gravity Data (.Concluded) 

3 4 5 0 7 6 9 , - 1 J 3 / - . 9 - 1 2 

- N O 3 9 3 / I 4 L B 
3 A I L 7 . I - 0 I L , 9 4 J 1 4 1 1 
3 3 2 1 7 I - O U 3 9 N T 1 4 U H 

3 3 2 L O / - 8 0 3 9 T > 0 I 3 9 3 
L B . . ' - 3 ' > 7 

B O ? , L B 7 - 8 U 3 9 7 7 1 3«' . I 
3 3 2 1 4 9 - BU39B£R. 1 ' . 7 2 
3 3 2 1 4 4 - M O 3 9 8 I 1 3 6 9 
3 3 2 1 3 i - RTUO/Y-M 1 3 6 6 

3 3 2 1 3 1 - M U 4 U 0 2 I 3 B 6 
3 3 2 1 2 4 - 6 0 4 0 C 1- 1 1 3 6 6 
3 3 2 1 1 9 - OI.»4 0 L B 1 5 7 2 
3 3 2 1 6 9 - 0 0 4 0 2 3 1 V > 7 
3 3 * 5 0 5 - C»L' '4LVI I 1 5 1 5 
3 3 2 5 4 A - 8 9 3 9 7 2 ] 5 0 C 
3 3 2 5 2 * - 6 0 3 9 7 5 I 6 ^ 0 
3 3 2 7 3 5 - 8 0 3 9 B ' - ' 1 4 7 5 
3 3 2 7 3 3 - B U 3 9 8 O 1 T(> 2 
3 3 2 7 3 1 - U O 4 O 0 9 1 4 9 ] 
3 3 2 7 3 5 - 8 0 4 0 3 ' - 1 4 6 3 
3 3 2 7 4 ' - 3 0 4 0 5 " 1 4 8 R . 

3 3 2 7 4 1 - 8 0 4 0 R > B 1 4 9 C -

3 3 2 7 4 3 - 8 0 4 0 9 ' . 1 4 6 6 
3 3 2 7 4 6 - 8 0 4 1 1 1 1 4 9 ] 
3 3 2 7 B , - 8 0 4 1 B ' - ' 1 4 6 5 
3 3 2 7 4 9 - 8 0 4 1 6 1 1 5 O U 
3 3 2 7 4 7 - 6 0 4 1 9 1 1 5 C 0 
3 3 2 7 4 O - 8 0 4 2 1 6 1 4 9 1 
3 3 2 7 4 5 - 8 C 4 2 4 < S 1 4 4 ? 
3 3 2 7 4 4 - 6 0 4 2 6 0 1 4 9 4 
3 3 2 7 4 1 - 8 U 4 2 8 0 1 4 9 ) 
3 3 2 7 4 J - 8 0 4 3 ' . B 1 4 8 8 
3 3 2 7 5 1 - 8 0 4 3 3 0 1 5 1 2 
3 3 2 7 5 , - 8 0 4 , J 6 9 L 5 2 1 
3 3 2 7 4 1 - 8 0 4 4 1 0 1 5 1 8 
3 3 2 7 4 1 - 6 . J 4 4 . 4 3 1 5 2 4 
3 3 2 7 5 1 - 6 G 4 4 B B 1 5 3 3 
3 3 2 9 4 : - B O 4 0 9 1 1 3 9 B 
3 3 2 9 4 - 8 C 4 H 6 1 4 6 3 
3 3 2 9 3 4 - 6 L 4 1 3 B - 1 4 7 2 
3 3 2 9 3 4 - 8 C 4 1 B B L 4 6 0 
3 3 2 9 3 3 - E J U 4 L 7 9 1 4 7 9 
3 3 2 9 3 4 - 8 0 + 2 C 0 1 4 6 9 
3 3 * 9 3 * - 8 0 1 4 B « 
3 3 2 9 3 3 - 8 0 * 2 4 3 1 4 9 1 
3 3 2 9 2 9 - 8 0 ^ 2 6 9 1 4 * 0 
3 3 2 9 3 . , - TF0<-28N 1 4 7 5 
3 3 2 9 3 . - 6 0 I - 3 C 1 4 7 5 
3 3 2 9 3 . - 3 0 1 . 3 0 0 L 6 : - 3 
3 3 2 9 2 9 - 6 J« 3 7 9 I 5 1 2 
3 3 2 9 2 J - 8 0 4 4 B 6 L 5 3 1 
3 3 2 5 4 6 - 8 0 3 9 / 3 1 B 0 0 
3 3 2 5 3 1 - B ) 3 ) N L 1 4 9 4 
3 3 2 5 5 B - 8 ) 3 3 4 5 L 4 9 7 
3 3 2 5 T > 5 - a J 3 ) 2 4 1 4 & 0 
5 3 2 5 O > < - B O J ' J C 7 1 4 7 2 
3 3 2 5 U I - 8 0 3 8 9 ' . - 1 4 6 3 
3 3 2 5 9 3 - F 0 3 * 7 B 1 « 6 6 
3 3 2 6 0 9 - 8 0 3 * 5 * 1 4 7 9 
3 3 2 6 2 . - C'.9 3 £ 4 B 1 4 7 5 

2 3 4 5 6 7 6 9 0 1 2 3 4 5 6 7 C 9 0 1 2 3 ^ 5 6 7 6 9 J 1 2 3 -

/ 9 . 1 2 3 4 5 6 7 0 9 R , 1 ? 3 4 5 6 / 8 9 R 1 2 3 4 5 B ' 

- > I L J 7 4 2 1 6 1 2 1 1 4 6 O T ^ O G A 

M 1 1 - I ' U 1 6 1 7 1 1 6 0 G T B O OA 

3 6 1 1 - ^ 7 5 1 6 1 5 1 1 6 9 G T B O R.A 

3 6 J 2 0 3 9 1 5 T 9 1 1 5 1 G T 5 0 GA 
3 6 I 2 2 J 9 1 6 " 6 1 . 1 0 4 G F B O GA 
3M 1 2 . , 6 7 1 5 9 J 1 1 7 3 3 T 5 G GA 
3 B 12.- ) 2 0 1 5 7 6 1 1 6 2 G 7 6 O GA 
3 6 1 2 4 4 5 I 5 B 7 1 1 7 5 G T 5 0 G A 
3 0 1 2 5 4 7 1 5 9 / 1 1 8 9 G T 6 0 GA 

1 6 1 2 . 5 6 9 1 5 8 7 1 1 7 0 G T 5 Q GA 
3 F . 1 2 3 5 2 3 5 * R , 1 1 8 8 G T 5 0 GA 

3 6 1 2 3 1 3 1 6 1 7 1 2 0 ? G T 6 0 GA 
3 6 1 2 7 4 2 ] 6 3 3 1 2 0 6 G T ^ O GA 
3 6 C 7 / ^ 3 . 1 0 6 6 6 5 4 G T 5 0 3 A 
3 6 0 6 3 8 . 3 1 0 3 ] 4 7 3 G T 5 0 G A 
3 6 0 8 1 ^ 6 1 0 3 0 4 7 2 G T 5 0 6 A 
. 3 6 1 3 3 4 4 1 1 8 9 6 5 9 G T 5 3 GA 
5 6 I 3 2 0 3 j i9a 6 6 1 G T 5 3 G A 
3 6 1 2 U 7 5 1 1 9 6 6 4 9 G T 5 3 G A 
3 6 1 ? B C 6 . ' . 1 0 9 5 9 2 G T 5 3 3 A 
3 6 1 2 J 5 9 J 1 2 2 5 7 8 G T 5 3 GA 
361 . 1 9 1 4 1 0 9 6 5 4 5 G T 5 3 G A 

3 6 1 1 U R O 1 0 4 3 4 9 9 G T B . 3 GA 
O B I . 1 1 4 1 1 0 0 1 4 5 4 G T 6 3 G A 
3 6 1 0 7 5 0 9 3 9 3 9 8 G T 5 3 G A 
3 6 1 0 1 5 6 9 2 6 3 6 9 G T 6 3 G A 
3 6 0 9 7 1 1 8 8 5 3 2 7 G T 5 3 G A 
3 6 0 9 2 0 3 8 0 7 2 6 0 G T 5 3 G A 
3 6 1 0 0 5 5 7 4 4 2 5 1 G T 5 3 G A 
3 6 0 8 3 2 8 7 3 3 1 8 2 G T 5 3 G A 
3 6 C 02.1 9 7 1 6 1 6 9 G 7 5 3 G A 
3 6 0 7 7 5 0 6 4 9 1 0 5 G T B 3 GA 
3 6 0 7 1 0 8 6 6 5 9 4 G T 5 3 G A 
3 6 J 6 / 5 0 6bl 7 0 G T 5 3 GA 
3 6 0 6 7 U 5 5 1 - 2 7 G T 6 3 3 A 
3 6 0 4 7 1 9 4 7 ( 1 - 1 1 5 G T 5 3 GA 
3 6 C 3 1 0 R 3 3 2 - 2 6 3 G T 6 3 G A 
3 6 1 4 3 1 3 7 6 9 . 3 1 7 G T 5 3 3 A 

. 3 6 1 2 6 5 6 8 0 0 2 6 3 6 7 / 5 3 G A 
3 6 1 1 9 3 8 7 B 6 2 3 9 G R 5 3 G A 
3 6 1 1 5 8 6 6 * 3 1 H 0 G - R B 3 A 
3 6 1 0 9 3 0 6 « 6 1 6 2 G T 5 3 G A 
3 6 1 0 3 9 1 6 0 1 7 7 G T 5 3 G A 
3 6 C 9 0 3 6 6 0 2 5 8 G T 5 3 OA 
3 6 0 9 4 1 4 5 7 1 2 3 G T 5 3 G A 
4 6 0 H 6 7 2 4 9 2 - 5 2 G T 5 3 GA 

3 6 0 8 7 0 1 4 6 3 - 6 7 G T 5 3 G A 
.36 0 5 4 0 6 4 2 6 - 1 0 4 G T 6 3 G A 
3 6 0 7 3 1 3 4 0 2 - 1 6 9 G T 5 3 G A 
3 6 0 6 6 7 2 3 B 8 - 2 0 3 G T 5 3 G A 
3 6 0 4 0 7 0 2 0 5 - 3 9 6 G T B ; J GA 
3 6 J 8 5 3 9 1 0 4 6 4 8 8 3 T 6 3 3 A 
3 6 0 8 8 7 5 1 0 5 3 5 0 2 G T 5 3 G A 
. 3 6 0 9 0 6 3 1 0 7 2 6 1 8 G T 6 3 3 A 
3 6 0 9 5 4 7 1 0 6 5 5 3 9 G T 5 3 GA 
3 6 0 ^ 9 6 9 1 C 7 2 5 4 5 G T 5 3 GA 
3 6 3 C 4 6 9 .1 P 7 8 *,bl G T 5 3 G A 
3 6 1 0 7 ? 7 1 H 9 5 5 7 5 G T 6 3 GA 
3 6 1 0 9 9 ? 1 1 3 0 6 0 5 G T 5 3 3 A 
3 6 1 1 2 9 7 1 1 3 0 6 0 8 G T 6 3 GA 

* < B / * - > . , 1 2 3 4 5 6 7 6 9 0 1 P 3 4 5 « > / 8 9 0 1 9 3 4 5 B ' 



Printout of the "GPROF" Program 
L G R A V I T Y F ' ! ! . O F L T _ I " 0 F O R * 2 - 0 I M E N S I OML<L S I R| J C T I . I R F S 
C. G R , * V U Y F O | ; 2 - D T M D ' I S L O T / A L S T R U C T U R E S I A F T T R - T A L W A N L , W O R T Z T L » L A N D I S M A N > 
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