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SUMMARY

Approximately 2000 new gravity measurements were made near
Charleston, South Carclina, in the suspected epicentral zone of the
1886 earthquake. These data were used to construct a simple Bouguer
gravity map. The data were contoured at 1 milligal intervals. The
contours delineate several major features. In the central western
quadrangle, a large positive anomaly exhibits a steep gravity gradient
of 2 to 3 milligals per kilometer on both its northern and southern
sides. This positive anomaly is interpreted to result from a large
basic plug which extends upward to within 1 kilometer of the surface.
To the east of this anomaly the gradient becomes less steep and the con-
tours begin to spread, forming a nose-like, low-magnitude, positive
anomaly. This anomaly is considered to result from basic flows inter-
mixed with coastal plain sediments. Surrounding the nose-like anomaly
there are large negative anomalies which are interpreted to be repre-
sentative of deep sedimentary basins. The northern quadrangles contain
several low-magnitude positive and negative anomalies which are inter-
preted to represent, respectively, small basic plugs and shallow basins.
The map also suggests the presence of a linear anomaly which trends
approximately N 45° E and passes 6 kilometers to the southeast of
Summerville, South Carolina., This linear anomaly is observed in a
residual Bouguer gravity anomaly map as well as in a two-dimensional
spectral analysis of the residual gravity.

Three-dimensional modeling of the simple Bouguer gravity data
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shows that the linear alignment of anomalies can be interpreted to
result from basic flows which are down-faulted to the southeast. The
throw on the interpreted fault would be on the order of 1.5 kilometers.
The magnitude of this throw agrees with that determined by two-
dimensional modeling of a pair of detailed gravity profiles which
traverse this lineation.

Cross correlation coefficients between gravity and topography
were computed for each of eleven detailed gravity profiles and their
residuals. Four of the five traverses crossing the linear anomaly show
close correspondence between gravity and topography. This may indicate
that structural features in the basement rocks are paralleled by the
surface topography. Similarly, close correspondence between two resi-
dual gravity profiles and topography may indicate that these basement
structures locally extend inte the sedimentary beds above the basement,
which in turn, may be indicative of recent vertical movement.

Based on five detailed gravity profiles, the northeastern termi-
natien of this linear anomaly, which is interpreted as a fault, is just
north of the northeastern sedimentary basin observed on the simple
Bouguer gravity map. The southwestern extent of this feature is un-
certain, but it is not considered to terminate within the area of
investigation.

In general, it is not unreasonable to expect that such a fault
exists under the Atlantic Coastal Plain because many such buried grabens
have been found. However, it is suggested that well loggings should be
concentrated within this area to determine the validity of this inter-
pretation, If a graben is present, isostatic readjustments within such

a down-faulted block may explain the earthquake activity in this area,



CHAPTER I
INTRODUCTION

Within recorded history, several damaging earthquakes have
occurred in the area of Charleston, South Carolina. The most disastrous
of these was the August 31, 1886, earthquake which resulted in the loss
of several lives and considerable damage to various structures in the
city of Charleston and the surrounding area.

Although many events have been felt in the region since 1886, no
fault to which the activity can be definitely attributed has been lo-
cated, nor has any other satisfactory cause for the seismicity been
determined. The probable reason that no tectonic cause has yet been
agreed upon is that the structure responsible is not only apparently
quite complex, but also is hidden by approximately 2500 feet of Post
Paleozoic sediments and basalts. The surface of these sediments shows
no evidence of displacements related to the earthquakes. Woollard,
et al., (1957) were among the first to approach the problem of the
structure of the Coastal Plain basement rocks through geophysical
methods. They obtained regional gravity data at an average station
spacing of 5 kilometers and ran seismic refraction profiles in most of
the eastern states adjoining the Atlantic Ocean. However, they obtained
very little data in the Charleston-Summerville area. The lack of de-
tailed regional data prevented detailed structural analysis of the
crystalline basement in this area.

Cooke (1936) after logging a deep well near Summerville, South



Carolina, reported that the well bottomed in basalts after passing
through an 800-foot layer of Triassic sediments. This report led many
to believe that there might be a relationship between the Florence
Triassic basin and the Charleston area,

Mansfield (1936} also studied these well cuttings. He reported
that the cuttings contained no Triassic sediments and dated the material
which Cooke had called Triassic as Cretaceous. Woollard, et al., (1957),
assuming that Mansfield was correct, suggested that the epicentral area
near Charleston, South Carolina, might be related to some structure
other than the Florence basin, and suggested the Yamacraw Ridge and the
associated basement valley to the north of it.

Pooley (1960} studied the Yamacraw uplift in detail (Figure 1}.
He concluded that his seismic information did not preclude the possi-
bility that the earthquakes to the north of this ridge resulted from
faulting and folding due to this uplift.

Sheridan (1974) suggested that extensive block faulting has con-
trolled the shape and location of major marginal basins. Wrench fault
motion within these basins may have produced tensional faults along
hingements. Sheridan also suggested that this faulting would be com-
patible with the rifting of the North American and Afro-European plates
during the Jurassic. Associated with such tensional faulting of the
continental margins, lithospheric density changes may have caused
drastic subsidence.

Long (1975) has suggested that the earthquake activity in the
South Carolina Coastal Plain may result from crustal flexing in response

to isostatic readjustments of neighboring crustal rock having different
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elastic characteristics. Under this assumption, earthquakes should be
associated with more rigid rock such as basalts and diabases. Such
rocks have been identified in the Charleston-Summerville area.

The purpose of this study was to obtain detailed gravity data in
the Charleston epicentral region to be used to construct a structural
model of this region which might aid in the search for a geclogic cause

of the region's tectonic activity.



CHAPTER 11

GEOLOGIC SETTING

The stratigraphy determined for the Charleston-Summerville, South
Carolina, region is based primarily on two well logs. A deep well near
Summerville (Figure 2) passed through 2500 feet of Post Paleozoic sedi-
ments before reaching basalts at the bottom of the well. Cooke (1936)
interpreted this well log. He identified the top 40 feet of sediments
as Duplin Marl, which is a white sandy marl, and possibly the Hawthorn
Formation, which consists of a gray clay, medium to fine grained sand,
and a hard "shell rock'. The Duplin Marl and the Hawthorn Formation
are Miocene sediments. The Eocene beds, Cooper Marl, and Santee Lime-
stone, lie below the Miocene beds and extend to a depth of approximately
300 feet. The Cooper Marl is a granular marl containing Foraminifera
fossils. Santee Limestone is a soft cream-colored limestone. The Peedee
Formation and possibly the Black Creek, or Tuscaloosa Formation, were
logged between the depths of 300 feet and 1500 feet. This Upper
Cretaceous material consists of dark gray, gritty clay and marl con-
taining Inoceramus and Beleminitella fossils. Positive identification
of the Tuscaloosa Formation was not possible, but was considered to
comprise the region between 700 feet and 1580 feet, The material be-
tween 700 feet and 1500 feet contains a coarse quartz sand and a gray,
rusty sand. Any fossil fragments found in the well cuttings from this
depth were considered to be derived from fossiliferous beds above the

700 foot depth. At depths below 1580 feet, Cooke (1936} found material



consisting of a reddish sandstone and shale, intermixed with diabase
which he interpreted to be Triassic. These Triassic sediments were
thought to be of the Newark group. Crystalline basement, consisting of
basalt, was encountered at 2550 feet, the bottom of the well. If
Cooke's interpretation is correct, the region around Summerville, South
Carolina, may have been a hill during the Triassic upon which no
Tuscaloosa sediments were deposited.

Mansfield (1936) reinterpreted the well log near Summerville,
Using paleontological data, he reported the region below 1600 feet to
contain the Upper Cretaceous Tuscaloosa Formation. This region con-
tained reddish sandy clay with inclusions of coarse quartz grains which,
according to Stephenson (1926), suggests a delta or terrestrial deposit
rather than a Triassic or deep water sedimentation. Mansfield states
that the basement basalt is of an undetermined age.

Woollard, et al., (1957) gives a brief account of a 2000-foot
well at Charleston, South Carolina, which was initially logged by
Stephenson (1926). The strata encountered between the depths of 450
and 750 feet yielded no discernible fossils, but the area was thought
to be Upper Cretaceous or Eocene. Foraminifera fossils which are con-
sidered characteristic of Cretaceous rock were found at 750 feet.
Neither c¢rystalline basement rock nor the Tuscaloosa Formation were
reached.

Woollard, et al., {1557) used the formation from these two wells
and his seismic refraction data to extrapolate a crystalline basement
slope between Summerville and Charleston, South Caroclina, of approxi-

mately 1°. However, Woollard's data were too general to be used to



determine detailed structural trends in the Charleston-Summerville

area.
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CHAPTER III
REGIONAL GRAVITY

Based on gravity measurements made at approximately 2000 locations
in the Charleston-Summerville, South Carolina, region (Figure 3) a simple
Bouguer gravity map was constructed (Figure 4). The borders of the area
investigated are defined by the corner locations N 32° 37.5', W 80° 00';
and N 33° 7.5', W 80° 22.5'. The area includes a major portion of the
suspected epicentral zone of the 1886 earthquake as well as the epi-
centers of more recent.seismic events such as the November 22, 1974,
earthquake. The maximum estimated error in the gravity data is 0.20
milligal (Appendix I). The data were contoured at 1 milligal intervals.

There are several major features delineated by the isogals. In
the central western quadrangles, a positive anomaly having a peak value
of 15 milligals exhibits a steep gravity gradient of 2 to 3 milligals
per kilometer on both its northern and southern sides. To the east of
this feature, the gravity gradient becomes less steep, and the isogals
spread to form a nose-like feature. To the south and to the northeast,
negative anomalies appear to form an arc about the nose-like feature.
The northwestern quadrangles are characterized by a reasonably constant
negative gravity anomaly field of approximately -3 milligals. Dispersed
throughout this region, small zones of slightly more positive and nega-
tive anomalies are observed.

Three prominent zones of alignment of contour lines and anomalies

can be observed. The trend of the strongest alignment of gravity



MONCKS CORNER

{ BERKELEY CO.

o
-~ o
hY o
\\ i
OUNT HOLLY
MMERmeEI33°

COTTAGEVILLE

\ WALTERBORO
y /
5 N\ COLLETON CO.
.V \
%
© %
~\\. 2 GREENPOND,
\..; ! ©
<\""~ //’<\\ Q/ ‘
\I
|
! TLAND WN
7 Po
\ g OF STUDY
RIDGELAND ,ngﬁB {:::)
JASPER
ST HELENA
Co. fl ISLAND
- BEAUFORT CO.
)
¢P
OC
(\
o
pl
3
=
3XN

Figure 3.

Index Map Showing the Location of the Region of Study
(portion of State of South Carolina Map published by
U.5.6.S., 1970}.

10



T

SIMPLE BOUGUER GRAVITY MAP OF SUMMERVILLE, S.C. AREA
IN 23 7.5 N33* r.;s;

N32* 525

I 32 525

. N32045]

(KILOMETERS]
Contour Intervel L.O miliigal

oy
Lelfand Timorhy lLong
vohn Wesiey Chompion

GEQRGIA INSTITUTE
OF TECHHOLOGY

(1974}
RESEARCH SPONSORED BY
US. GEOLOGICAL SURVEY
GRANY NG 14-08-000)- G127

e

1 N32*375

WwBO 00

[
~
*

=]
@
E3

W B0t IS

Simple Bouguer Gravity Map of Summerville,
South Carolina, Area. (It is contoured at
1 milligal intervals.)

Figure 4.

11



12

contours is approximately east-west and is formed by isogals south of
the central positives. Another alignment of contours is defined by the
trend of the isogals north of the central positives and bears approxi-
mately N 50° W. These two contour alignments appear to be a conse-
quence of the shape of the central positive anomalies. A third align-
ment is defined by the western termination of the northeastern and
southern negative anomalies. The northwestern edges of these negative
regions defines an alignment of anomalies trending N 40° to 50° E

which intersects the central positive anomalies in the region where

the isogals begin to spread to form the nose-like positive anomaly.
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CHAPTER IV

ANALYSIS OF GRIDDED GRAVITY DATA

Residual Gravity Anomalies

The gravity data were gridded at 1 kilometer intervals encom-
passing the area defined by the simple Bouguer gravity map. A regional
gravity grid was determined from the gridded gravity data by a two-
dimensional smoothing operator devised by Shapiro (1970). It consists
of the application of a one-dimensional smoothing operator to the entire
data set, first in one direction and then in the other direction. The

one-dimensional operator in the ith direction has the form:

Zij = Zij + S/Z(Zi-l,j + Zi+1,j - 2Zij)
Zij = Smoothed value of the i,j grid point in the ith direction
Zij = Unsmoothed i,j grid point
S = Damping constant (usually 0.5 or -0.5)

Z(x,y) 1s considered to be composed of the sum of two-dimensional

Fourier components of the form:

Zij = C + A cos k(xi - d))co:-_:(h(y.l - 0))
k = wave number in x direction
h = wave number in y direction
¢ = phase displacement in x direction
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phase displacement in y direction

>
H

spectral amplitude

The ratio of the smoothed to unsmoothed spectral amplitudes, R(k,h),
is defined as the two-dimensional response function of the smoothing

operator.

R(k,h} = [1 - S(1 - cos k&x)][1 - S{1 - cos{hAy))]

Ax + grid interval in x direction

Ay » grid interval in y direction

When S is +0.5 the smoothing operator has the property of damping short
wavelengths (high frequencies) in a function. If the operator is ap-
plied '"n" times, each operation decreases the prominence of the short
wavelengths in proportion to the nth power of the response function.
Regional anomalies are determined by using the smoothing operator
six times in succession on the two-dimensional gridded gravity data.
The regional field is then subtracted from the original gravity grid
and the difference is defined to be the residual anomalies. The residual
anomalies are the short wavelength anomalies which are removed by the
smoothing operator from the original gravity field. Since the width of
the smoothing operator is 5.0 kilometers, they are considered to be
representative of crustal features having depths less than 2.5 kilom-
eters. Figure 5 is the residual gravity map which is contoured at a
0.5 milligal interval. Positive anomalies appear in the central quad-
rangles as observed in the original data set. This implies that a

portion of the source of these anomalies is less than 2.5 kilometers
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deep. The westernmost positive exhibits two peaks, and the eastern
nose-like anomaly exhibits only one small peak surrounded by a large
low-magnitude positive region. A negative zone trending N 45° E separ-
ates the two peaks of the westernmost positive from the nose-like posi-
tive. The negative zone corresponds in location and trend with the
western terminations of the northeastern and southern Bouguer negative
anomalies. Another trend is delineated by the north and south edges of
the centrally located positive anomalies. This alignment of isogals
trends east-west. Another trend is evident in the northeastern quad-
rangle, It is defined by a low magnitude negative anomaly zone which
separates two large positive residual gravity anomalies. The trend of

this lineation is approximately N 35° W.

Spectral Analysis of Lineations

In order to determine the limits of resolution where lineations
observed in the residual gravity grid are concerned, a 32 kilometer
square area (Figure 6) was spectrally analyzed using a two-dimensional
Fast Fourier Transformation. Such an analysis allows one to find those
wave numbers which are common throughout the function, since these form
zones of high magnitude in the transformed domain. Lineations observed
in gravity contours are represented in the wave number domain as wave
numbers oriented perpendicular to the orientation of the isogals.
Therefore, the spectrum must be rotated 90° to coincide with the
lineations of the real domain (Figure 7). The area of interest is
defined by a shell which has an inner radius of (4 km)-l. The (4 km)‘1
radius circle contains the wave numbers of gravity wavelengths greater

than 4 kilometers which are not removed in computing the residual. Low
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frequency components of gravity anomalies which are truncated at the
borders of the 32 kilometer square area are also observed within the
circle.

Within the shell several weak lineations are apparent. The
strongest of these trends is directed almost east-west. The crientation
of this trend is parallel to the direction of the apparent alignment of
the central positive residual anomalies. A second trend is directed
approximately N 45° E. This trend parallels the northeastern alignment
of negative anomalies observed in the residual gravity. This lineation
is also observed in the simple Bouguer gravity map to be the trend de-
fined by the western termination of the northeastern and southern nega-
tive anomalies. Another lineation bears approximately north-south and
is the result of the truncation of positive anomalies on the eastern
and western borders of the area. Lastly, a high frequency trend bear-
ing northwest is not easily recognized in the residual gravity map.

The trend may be the result of an alignment of low amplitude short wave-

length anomalies in that direction.

Three-Dimensional Theoretical Gravity Modeling

Grant, et al., (1565) have suggested that two-dimensional gravity
modeling has many drawbacks such as the inherent inability to handle the
effects of regional trends or the effects of truncation of two-dimen-
sional structures. Three-dimensional modeling, on the other hand, has
the ability to reproduce regional gravity fields as well as to determine
nonunique three-dimensional structural solutions. For this reason,
three-dimensional modeling was chosen as the indirect method to be used

to determine a geologically acceptable crustal structure for the
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Summerville-Charleston, South Carelina, area.

Talwani, et al., (1960) showed that gravity anomalies produced
by three-dimensional bodies of arbitrary shape could be calculated by
approximating the irregularly shaped bodies by several stacked hori-
zontal polygons of constant thickness. The thickness of each polygon
is controlled by the effective density contrast. Each polygon's thick-
ness is kept small with respect to its depth. The method of Talwani,
et al. was used to construct the following crustal models for the
Summerville-Charleston, South Carolina, area.

The region modeled was chosen to be larger than the area defined
by the Summerville simple Bouguer gravity map, to allow for accurate
modeling of anomalies that terminate at the western edge of the map.
The region selected for modeling has its origin at the upper north-
eastern corner of the Summerville map and extends 75 kilometers west of
this point and 55 kilometers to the south. The data used for prelimi-
nary modeling were selected from Woollard's regional gravity data and
were gridded at 5 kilometer intervals. The 1 kilometer gridded data in
the Summerville area were used to improve the details of the prelimi-
nary medel. Models No. 1 and No., 2 included the entire area modeled,
but only the region encompassed by the Summerville map was revised by
the utilization of data from the kilometer grid. The densities used
for the anomalous masses were chosen to agree with the density con-
trasts used in modeling, with 2.67gm/cm3 used as the reference density
(Figures 8 and 9).

Model No. 1

Under the assumption that the gravity anomalies in the
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Summerville area are produced by shallow crustal bodies, a three-
dimensional model was constructed. This model consists of three hori-
zontal, 2 kilometer thick layers which lie between the depths of 2.5
and 8.5 kilometers. The Coastal Plain sediments occupying the upper
2.5 kilometers of the crust are not considered to contribute to the
observed gravity anomalies. The top layer, which lies between the
depths of 2.5 to 4.5 kilometers, consists of two central western 2.9
gm/cm3 bodies intruding a less dense 2.8 gm/cm3 irregularly shaped
material. This 2.89 gm/cm3 material is surrounded on all sides by
2.67 gm/cm3 country rock. The eastern termination of this material
lies along a lineation which trends N 30° E. This lineation corresponds
generally in direction and location to the northeastern linear anomaly
observed in the simple Bouguer gravity map and the residual gravity
map.

The second layer, (4.5 to 6.5 kilometers), consists of two regions
having densities of 2.8 gm/cm3 and three lower density 2.4 gm/cm3
regions. The 2.8 gm/cm3 region of the first layer is continuous in this
layer with a similar "nose-like" feature extending to the east. The
nose-like anomalous body is partially surrounded by low density 2.4
gm/cm3 features to the northeast and southeast. The western edge of
this feature coincides with the previously discussed northeastern
lineation. The westernmost extent of the northeastern and southern
low density zones also coincides with this Iineation.

The third layer, (4.5 to 6.5 kilometers), contains only a 2.8
gm/cm3 Ynose-like" feature. The western termination of this feature

strikes approximately N 50° E. Again, this correlates with the
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northeastern lineation observed in the other analyses.
Model No. 2

Under the assumptiqn that the large positive gravity anomaly
observed in the western central quadrant of the Summerville map origi-
nates at a crustal depth of 16.5 kilometers and extends upward to within
2.5 kilometers of the surface, a second three-dimensional, four layer
model was constructed. The top layer, which lies between the depths
of 2.5 and 3.5 kilometers, consists of two centrally located 3.0 gm/cm3
bodies intruding a lower density, 2.4 gm/cm3, region. No feature in
this layer corresponds to the 2.8 gm/cm3 structure found in the first
layer of Model No. 1. The second layer, (3.5 to 4.5 kilometers), con-
tains three 3.0 gm/cm3 bodies. The westernmost centrally located body
corresponds to the westernmost 3.0 gm/cm3 feature of the first layer.
To the east of this feature, another 3.0 gm/cm3 body lies beneath the
easternmost centrally located high density body of the first layer .
A third 3.0 gm/cm3 nose-like feature extends to the east of this body.
To the northeast and south of the nose-like feature lie lower density
2.4 gm/cm3 regions. The western edge of the nose-like feature forms
a lineation which includes the westernmost extent of the northeastern
and southern low density zones. The trend of this lineation is
N 45° E. The third layer, (4.5 to 7.5 kilometers), contains the two
centrally located 3.0 gm/cm3 bodies which continue downward to a depth
of 7.5 kilometers. The low density zones of the second layer and the
nose-like 3.0 gm/cm3 feature continue to this depth, also. However,
the northeastern section of the easternmost centrally located 3.0

gm/cm3 body terminates at a depth of 6.5 kilometers. The western edge
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of the nose-like appendage forms a lineation which trends N 45° E.
The fourth layer shows the downward continuation of both centrally
located positives to a depth of 16.5 kilometers.

Both models suggest the presence of a vertical offset of the
nose-like appendage with respect to the eastern central high density
bodies. 1In both models, the offset appears to be associated with the
northeast lineation. In the first model, the nose-like appendage of
2.8 gm/cm3 density is observed only in the second and third layers,
and thus appears to be unconformably offset 2 kilometers downward from
the first layer. The second model shows the nose-like feature to be
present in the 3.5 to 4.5 kilometer layer. This feature extends down-
ward to a depth of 7.5 kilometers, while the northeastern edge of the
eastern central positive extends to a depth of only 6.0 kilometers.
This observation, as well as the fact that the nose-like feature is
not modeled in the top layer, may indicate an uncomformable offset in
the model of 1 to 1.5 kilometers.

The two preceding three-dimensional models produced gravity
anomalies which agreed to within 10% with the gridded Summerville
gravity data. Other models, which did not contain a vertical offset
were constructed, but the effective density contrasts required for

these models were not realistic.



Figure 8.

Three-Dimensional Model No. 1. (The model consists
of three, 2 kilometer thick layers which give evi-
dence for vertical offset of the nose-like feature
along a N.E. lineation.)
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Figure 9.
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Three-Dimensional Model No. 2. (This model

also suggests a vertical offset of the nose-
like feature along a N.E. lineation.)
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CHAPTER V

DETAILED GRAVITY PROFILES AND

TWO-DIMENSIONAL GRAVITY ANALYSIS

Two-Dimensional Thecoretical Models

Theoretical anomalies are calculated for 'step model' faults
for comparison with observed anomalies. The method of Talwani, et al.,
(1959) is used to compute the anomalies resulting from faults at depths
of 0.5, 1.0, and 2.0 kilometers which vary in throw from 1, 2, or 3
kilometers. These depths are based on estimates by Cooke (1936) and
Mansfield (1936) for the depth to the crystalline basement. As would
be expected, the anomalies resulting from the fault models are asym-
metric about the edge of the fault. As depth to fault increases, the
sigmoidal anomaly becomes extended, producing lower gradients. Increas-
ing the throw on the fault has a similar effect, but it primarily deter-
mines the radii of curvature in the profile on either side ¢f the fault
location. In general, the wavelength of the anomaly increases with
both depth to the fault and throw of the fault. Since the shapes of
the anomalies are determined by structural shape and not density, the
theoretical curves were normalized and compared to normalized observed
profiles (Figures 10, 11, and 12). However, once the depths are deter-

mined, the density can be computed.

Cross Correlation Coefficients

In order to determine and quantify any relationship between
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observed gravity and topography along detailed profiles, cross corre-
lation coefficients between elevation and gravity are computed for
each profile. The coefficients are calculated using the method
described by Pick, et al., (1973). One usually attempts to pick a
reduction density which removes all the topographic masses. However,
in the Summerville area, the necessary reduction densities to remove
correlation between the topography and gravity are unrealistic.

There are advantages, however, to having a correlation between
elevation and gravity. This relationship can add information concerning
the control of surface topography by basement structure. For example, a
strong positive correlation in a region where faulting is suspected may
show the response of the surface to faulting. On the other hand, a
negative correlation may result from inaccurate determination of
station elevation in an area, or the structural contrel of a river
which channels a region showing a large positive gravity gradient.

In general, correlation coefficients in the following detailed
gravity profiles are used to see if topographic features might indicate
the presence of faulting along the northeast lineation. Both residual

profiles and observed gravity are compared with elevation (Table 1).

Detailed Gravity Profiles

Eleven detailed gravity profiles have been established utilizing
most of the major highways in the area of investigation (Figure 13).
Along each profile, the average station spacing is 0.3 kilometers.
Five of the profiles traverse the northeast-trending linear anomaly.
Residual profiles were obtained by subtracting the regional profile

from the observed gravity profile. In this instance, the regional
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Table 1. Cross Correlation Coefficients Between Gravity
and Elevation for Each Profile
Correlation Coefficient
Designation

Bouguer + Elevation Residual + Elevation
AA! .70 .78
BB! .86 -.02
cc .56 -.20
Db! -.05 -.14
EE' .48 .25
FF! ~-.24 -.28
GG' -.89 -.30
HH -.49 07
I1! -.60 -.22
JJr -.26 -.22
KK' .29 .12
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profile was determined from a four-times smoothed, 1 kilometer interval
grid. Each regional line point was calculated by determining a curved
surface which best fit the nine nearest regional grid points. The
contribution of each grid point was determined with respect to distance
from the line point and the effects of all nine points were totaled to
give the regional point value. The residual profiles are considered to
result from the effects of bodies lying at depths no greater than 1
kilometer. Descriptions of the locations for the eleven profiles are
given in Appendix I (Table 2).

Profile AA'

Profile AA' exhibits negative anomalies which indicate the
existence of low density material in this region. At approximately
5.5 kilometers from the eastern end of the profile, a steep negative
gravity gradient of -0.8 milligal per kilometer is observed. The
location of this gradient is coincident with the northeastern lineation
seen in the two-dimensional residual data set (Figure 14).

Examination of the theoretical anomaly curves for idealized
faults suggests that the anomaly is produced by a fault having its up
side at a depth of 1 kilometer, and its down side 1 kilometer deeper.
There is a discrepancy consisting of a positive bump at the onset of
the negative slope which is considered to be due to the additive
effects of two regional positives, one to the north, and the other to
the southeast of the line. The two positive anomalies are expected to
counteract the more gradual slope which would be expected for a fault
at this depth, producing a positive discrepancy.

Essentially all the information of short wavelength nature is
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contained in the residual profile. The slight negative trend to the
east may be indicative of a thickening of the low density zone. The
more positive portions of the residual may indicate the biasing effects
of the two regional positives.

The cross correlation coefficients determined for this profile
show strong positive relationships between elevation and both gravity
and residual gravity profiles. Comparison of the elevation profiles
with the gravity profiles shows the elevation to have a more gradual
negative slope to the southeast than that of the gravity. This gradual
slope in the elevation may show the type of response which would be
expected at the surface of a blanket of unconsolidated sediments if
basement faulting took place. The strong correlation between the resi-
dual profile and elevation possibly shows the extension of the faulting
into consolidated beds above the basement which could be evidence for
recent faulting along the northeast lineation. A similar effect would
be expected for differential compaction.

Profile BB' -

Detailed gravity profile BB' is similar in shape to profile AA'.
The steep negative gradient of profile BB' is -0.7 milligal per kilo-
meter and is coincident with the residual northeast lineation (Figure
15). Comparison of this profile with the theoretical "simple fault"
model curves shows that the best fit to the observed profile is a fault
with its upthrown side 1 kilometer deep and its downthrown side 2
kilometers deeper. While the "noisy" nature of this profile makes
accurate throw determination difficult, the curvature of the profile

is still best fit by a 1.5 kilometer throw which is interpolated from
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the curves for faults having 1 and 2 kilometer throws at a depth of
1 kilometer (Figure 16).

The residual profile shows the noisy character cf the actual pro-
file. There is a slight negative gradient indicative of thickening
sediments to the southeast, but the noise in the residual makes inter-
pretation of structure difficult.

Cross correlation coefficients determined for this profile show
a strong positive correlation between the gravity and the topography.
Examination of the elevation change with respect to the gravity shows
the elevation to begin to drop prior to the corresponding decrease in
the gravity profile. This may show surface response to previous fault-
ing. No such correlation is seen between the residual profiles and
topography. Lack of such correlation may indicate that there is no
fault extension into the consolidated beds above the basement. It
should be noted that the resolution depth for the residual profiles 1is
strongly related to the nature of the surrounding regional field. TFor
example, if the regional field is constant, then undulations upon that
field are essentially nondistorted in the residual. However, if the
regional gravity field changes rapidly, the shape of the short wave-
length anomalies produced by near surface structures are distorted in
the residual. This may be the case along this profile. However, it
suffices to say that the residual gives no evidence for fault extension
into the sedimentary layers above the basement, but that this lack of
evidence is not conclusive.

Profile CC!

Detailed gravity profile CC' shows the effect of three regional
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features. The southeastern end of the profile shows the cumulative
effects of the southern negative anomalous zone and the central positive
anomalous nose-like feature. The anomalies observed across the ''mose"
have a flat character. As the profile crosses the northeast lineation,
a slight dip is observed prior to the increase in the gravity field due
to the edge of the west central positive (Figure 17).

Since the profile is not perpendicular to the isogals throughout
its traverse, no attempt was made to obtain depth information. However,
it is interesting that the northeast lineation intersects this profile
coincident with the slight dip. Qualitatively, such a dip in the pro-
file would be expected if the two features producing the positive
anomalies were at different depths. The magnitude and width of the
regional nose-like positive anomaly may indicate that it is deeper in
the crust than the western central positive. Therefore, the dip may
indeed represent an offset in the basement whose strike is northeast.

The residual profile is reasonably flat. There are short wave-
length anomalies of low amplitude which oscillate about the 0.0 milli-
gal line. Little structural information is contained in this profile.

The correlation coefficients for profile CC' show a positive
relationship between actual gravity and topography. Observation of the
elevation profile shows the elevation to drop off just prior to the
slight dip in the gravity profile. Profile CC', as did AA' and BB',
may imply that the basement structure is paralleled by the topography.
The coefficient computed for the residual profile and elevation is

weakly positive.
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Profile DD'

Detailed gravity profile DD' is 44 kilometers in length. The
length of this traverse, as well as the widely varying regional field
along the profile, makes discussion of this profile more informative
if done in three sections. The sections are marked on the profile and
are referred to as the northwest, central, and the southeastern sec-
tions (Figure 18).

The northwestern section of this profile, aa', traverses the
northwestern edge of the west central positive. The section deces not
cross the peak of the regional positive anomaly, nor is the traverse
normal to the isogals. This results in distortion of the apparent
anomaly with respect to its width and magnitude. Therefore, reason-
able depth determinations are not easily obtained. Examination of the
relationship between gravity and topography along this profile showed a
strongly negative correlation., This negative correlation is also
shared to some extent by the residual gravity profile.

The central section of profile DD', bb', shows a similar dip to
that observed in profile CC'. This dip again corresponds to the north-
eastern lineation observed in the two-dimensional residual. The
residual profile for this section also exhibits this slight dip. The
elevation profile shows a gentle negative slope to the southeast which,
to some extent, is paralleled by the gravity. This correlation is not
nearly as positive as observed in the previously discussed profiles.
The residual profile alsc parallels this decrease in gravity and ele-
vation. Apparently, the correlation between gravity and elevation

weakly suggests the presence of basement offset as well as the extension
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of this offset into the lower density region above the basement.

The southeastern section of profile DD', cc', shows both the
residual gravity and the observed gravity to decrease in response to
the southern basin. The traverse of this section is essentially per-
pendicular to the regional isogals and is used to obtain a depth to the
nose-like positive feature (Figure 19). The effects of the gravity
field of the surrounding high and low density regions may distort the
gravity anomaly in such a manner as to bias the minimum depth upward.
Using the empirical formula for depth to a buried horizontal cylinder,
the minimum depth to the center of the body is determined to be 4.2
kilometers. The effective radius of the cylinder is found to be 2.1
kilometers for a density contrast of 0.3 gm/cms. The estimated depth
to the top of the nose-like positive is therefore approximately 2.0
kilometers.

Profile EE'

Detailed gravity profile EE' traverses the regional isogals con-
siderably off normal. The profile crosses the northeast lineation, but
does not show the pronounced depression or "simple fault' anomaly ob-
served in the other profiles. This is not thought to indicate that the
suspected offset truncates north of this profile, but that it is the
result of the location and direction of the traverse (Figure 20}.

Study of the profile with respect to the northeast lineation
shows a slight change in positive gradient near the intersection. The
residual profile shows a sharp change from positive to negative
anomalies at this location. This may indicate that the area south
of the western central positive is of lower density. The profile tra-

verses the edge of the nose-like appendage, producing the positive
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residual anomaly, and then enters the lower density region. If this
sudden change in density contrast is caused by faulting, the direction
of fault motion is difficult to determine unless offset of the higher
density rock about the lineation is established.

Cross correlation coefficients obtained for this traverse indi-
cate a strong positive relationship between gravity and topography. The
relationship between the residual gravity and topography is weakly posi-
tive. The elevation profile shows that the elevation rises suddenly in
the southeast and decreases gradually to the northwest. The sudden ele-
vation change does not appear to be related to the northeast lineation.
As the profile progresses out of the southeastern flood plain of the
Edisto River, the topography rises. The decrease in elevation to the
northwest is also thought to be related to the Stono River valley.
Therefore, this profile is considered to give little evidence for base-
ment control of surface topography, but may instead indicate a poor
choice of reduction density.

Profile FF'

Detailed gravity profile FF' crosses the most northeastern posi-
tive as well as the northeastern lower density region modeled as part
of the vertically down-faulted region in profile AA' (Figure 21).

The empirical formula for depth to a buried horizontal cylinder
was applied to the northeastern positive. The depth to the top of the
body, based on a 0.3 gm/cm3 density contrast, was determined to be 1.2
kilometers. The effects of the positive anomalies on either side of
the basin made depth determinations difficult, and the basin depth

calculated using a cylinder density of -0.2 gm/cm3 does not agree with
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the depths of 2 to 3 kilometers estimated by profiles AA' and BB'.

The correlation coefficients between elevation and gravity com-
puted for this profile were weakly negative. Examination of the ele-
vation with respect to residual and actual gravity shows that the ele-
vation rises from north to south. There was a sudden increase in
elevation near the beginning of the gravity low. This slight negative
correlation may indicate that terrain corrections are necessary for
sections of this profile. The variations in the elevation could pro-
duce terrain effects on the order of 0.25 milligal.

Profile GG

Detailed gravity profile GG' is 38 kilometers long and traverses
somewhat parallel to the northeastern linear anomaly (Figure 22). 1In
the northeastern quadrant of the Summerville gravity map, the profile
traverses a small feature which was observed as a small positive anomaly
in the low density sedimentary region. The residual profile shows this
peak more clearly than the observed gravity profile. The empirical
formula for depth to a buried horizontal cylinder was used to approxi-
mate the anomaly. The center of the body was computed to be 1.6 kilo-
meters beneath the surface. A density contrast of 0.3 gm/cm3 was used
to determine the effectiveness radius of 0.5 kilometers. The top of the
feature was determined to be approximately 1.0 kilometers beneath the
surface. The continuation of the profile to the southwest distorts the
western central anomaly because the profile crosses the anomaly at a
45° angle with respect to normal.

The correlation coefficients between elevation and gravity for

this profile are strongly negative. The surface feature thought to have
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produced this effect is the Edisto River channel, which crosses the
western central gravity positive. There could be a structural reason
for this. Differential weathering on the Pre-Cretaceous surface of the
unstable high density material which is now at a depth of 2500 feet may
be related to the entrenchment of the river. However, this hypothesis
is not well supported by the data.

Profile HH'

Detailed gravity profile HH! shows one broad peak resulting from
the orientation of the traverse with respect to the isogals. This dis-
tortion curtails the information which can be obtained concerning depth
and shape. The southern end of this profile traverses the northeastern
lineation. At this location there is very little evidence cbserved for
the continuation of this trend southward. Traverse HH' crosses the
northeastern trend near the intersection of the intersection of the
northeastern lineation and profile EE'. Profile EE' did not strongly
suggest the presence of faulting either. This may indicate that the
hypothesized fault trace terminates, or changes direction, north of
these profiles. The direction change is considered to be the more
likely because the southern low density zone appears similar to the
northeastern basin (Figure 23).

The coefficients computed between the elevation and gravity for
profile HH' are negative. As seen in profile GG', the positive gravity
anomaly was in a region of lower elevation.

Profiles II', JJ', and KK'

Detailed gravity profiles II', JJ', and KK' are not considered

to give valuable structural information and will not be described.
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Figure 23. Composite Profile HH'. (The topographic profile sug-
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However, the locations and plots of the observed gravity along the

profiles are given for completeness of text (Figures 24 and 25).

52



JJ'

PROFILE

PROFILE

30—

(KILOMETERS)

o . =) | 2
. - > ©
’ o
_ T |9
ou
|- — l&m
T
us
_ | =
Q
. ..lu..—
» . o
o o
| ] I I | | | | (]
o o | o _ a o 9 <9 o e <
0 ~ et - o + o ¥ @O
5100y (sioby)
(S1a10) NOILYA3A WwWnais3iy SIATIYWONY YINones
1 : L.Q
—_ .m.l [0+]
N e
— =
— _— -l || OI
1 1 T °
' o 6 o 9 9o o o o
™ - = o T © o ¥
(ss3l2N) NOLLYAZ 13 GieBwiTvnais3y (SI06W) S3ITYRONY H3N9nog

Composite Profiles II' and JJ'.

Figure 24.

53



{Meters)

RESIDUAL ELEVATION

ANOMALIES(Mgals) (Mgak)

BOUGUER

54

PROFILE KK’
30
Ko e e \
e T e T e K
20
] l | 1 | [ | |
1.O—
.. K
0O_ttee o
1 | T | B ; 1 [ 2 i
-1.0_
B0
| P ey, r KI
~5.0 I | I T i ] I l
0.0 4.0 8.0 12.0 160

(KILOMETERS)

Figure 25. Composite Profile KK'.



55

CHAPTER VI
DISCUSSION AND CONCLUSIONS

Examination of the Charleston-Summerville, South Carclina, epi-
central zone by detailed analysis of gravity reveals probable existence
of a linear alignment of gravity anomalies oriented N 40° E. This
lineation is observed in the simple Bouguer gravity map as a feature
defined by the western termination of the northeastern and southern
negative gravity anomalies, which imply low density crustal rocks. The
lineation intersects the positive gravity anomalies in a region where
the isogals spread to form a nose-like positive anomaly protruding to
the east. This northeastern alignment of anomalies is observed as a
linear zone of negative anomalies in the two-dimensional residual
gravity map and as a strong trend in the two-dimensional spectral
analysis of the residual gravity map.

Three-dimensional modeling of this linear feature in the Summer-
ville area supports the interpretation of this feature as a vertical
fault having an offset of 1 to 2 kilometers. The central high density
regions in the first gravity model are interpreted to be basic plugs of
density 2.9 gm/cmS. The surrounding 2.8 gm/cm3 material is considered
to be basic flows. These flows appear to have been down-faulted to the
east about the northeast lineation. Thus, the nose-like appendage
modeled at a depth of 4.5 kilometers, having a thickness of 4 kilo-
meters, is interpreted to have once been at a depth of 2.5 kilometers.

The low density zones to the northeast and southeast are considered to
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be sedimentary basins containing beds of average density 2.4 gm/cms.
These low density zones appear to be associated with this northeastern
lineation. Assuming this lineation is representative of a fault, the
down-faulted flows, as well as the sedimentary basins, may be elements
of a graben. The second three-dimensional model also supports this
vertical offset.

The three-dimensional models do not extend upward to the depth of
known crystalline basic basement rock. However, both theoretical models
indicate faulting along the northeast lineation. Distortions in the
depth and shape of structural bodies are difficult to aveoid in gravity
models. Differences in depth of two bodies of similar densities are
more reliable. Peter Popanoe of the United States Geological Survey
(personal communication) found the density of the basaltic basement rock
to be 2.72 gm/cm3 at a depth of 2800 feet. This density is nearly the
same as the Bouguer reduction density, and would not produce a Bouguer
anomaly. The depth at which both these models predict dense basalts
may be more reasonable.

On the basis of two-dimensional theoretical curves for a simple
fault, two detailed gravity profiles (AA' and BB') which cross this
lineation, show a fault which has a depth of 1 kilometer and a throw of
1 to 2 kilometers to best fit the observed profiles. This throw is
supported by the determination of the depth to the top of the nose-like
positive in profile DD'.

Four of the five gravity profiles which traverse the suspected
fault suggest a strong direct relationship between the gravity and

topography. Examination of the elevation profiles suggest that basement
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faulting may control the surface topography. In general, this relation-
ship only appears to be true if the density contrast of basement rock
remains similar in sign throughout the traverse. In profiles which
cross both low density and high density rock, the correlation functions
show an inverse relationship between gravity and topography. Again,
this may suggest basement control of topography. Positive gravity
anomalies are generally found in regions of low elevations. This may
indicate that the differential weathering of unstable basic basement
rock was more rapid than the surrounding sedimentary sequences, produc-
ing small basement valleys which contribute to the channeling of the
rivers from the Cretaceous to the present.

The residual gravity map, as well as the gravity profiles, sug-
gests that the northeast lineation truncates near the northern edge of
the northeastern basin. The southwestern extent of this suspected
fault is not as obvious. It is possible that this fault is related
to the southern basin and therefore extends out of the area of investi-
gation. It is also possible that the northeastern and southern basins
are the same basins (S.C. Gravity Map, in preparation).

It is not unreasonable to expect to find such a graben fault in
the Coastal Plain basement. Sheridan (1974) predicted such major grabens
might result from Protoatlantic continental rifting. Mayhew (1974) sug-
gested that volcanics were common in the rift zones and were concen-
trated in the outer part or the cuter shelf, adjacent to the locus of
continental breaching. The amplitude of the throw on such a fault is
also reasonable and is comparable to that of the Deep River Basin in

North Carolina (Reinemund 1955). Such a down-faulted block also has
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tectonic implications. Isostatic readjustment of such a block could
reactivate old faults or create new ones within the graben. The
November 22, 1974, event was located near this northeast lineation
within the proposed graben (Tarr, personal communication). The depth
of the event was calculated to be approximately 10 kilometers, which
is near the base of the down-faulted basic material in the graben ob-
served in three-dimensional Model No. 1.

Gravity analysis does not, of course, yield unique solutions.
Justification of the presence of faults such as that postulated here,
would require additional geophysical study. Seismic reflection studies,
as well as more detailed well loggings, are the logical toels for the
determination of the validity of such an offset in the basement surface.
It is hoped that these methods will be applied and that the cause of

the earthquake activity in the Charleston area will soon be determined.
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APPENDIX I

GRAVITY DATA AND DATA REDUCTION

Gravity measurements were obtained and reduced by standard tech-
niques. The data consists of approximately 2000 measurements, 1000 of
which are observations along 11 detailed gravity profiles. The location
of these profiles are described in Table 2. The remaining 1000 measure-
ments are regional data having an average station spacing of 1 kilometer.

Thr gravimeters used in this study were both of Lacosta-Romberg
design. The meters were loaned to this project by Peter Popenoe of the
United States Geological Survey and Dr. Al Erickson of the University of
Georgia. Both meters, when read by a single operator, have a reading
precision of +0.02 milligal. Instrumental drift over an eight-hour
period is typically 0.15 milligal, but may be as high as 0.4 milligal
for the same period. Both meters have internal temperature controls
and are maintained at a constant temperature of 49°C to eliminate
mechanical drift due to temperature change. The uncertainties in drift
and reading precision combine to give a total measurement precision of
+0.15 milligal.

Five new gravity base stations were established from the state
base of Branchville, South Carolina. These base stations were estab-
lished at either benchmarks or controlled intersections and were used
to correct for drift during surveys. Information concerning the location
and value of these bases is given in Table 3.

Observed survey drifts are listed in Table 4.
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The effect of latitude on gravity measurements was compensated
for by using the international gravity formula of 1931 (Dobrin, 1960,
p. 187). Drift corrections for each of the surveys were made by assum-
ing linear drift between base station readings after removal of tidal
effects. The data were reduced using the standard Bouguer reduction
density of 2.67 gm/cms.

The data, in standard Department of Defense computer and format,
are listed in Table 5 (Figure 26).

Eight 7.5 minute topography maps and two 15' topographic sheets
were used for location centrel and some elevation control. The 7.5
minute United States Geological Survey maps were Summerville (1971), Mt.
Holly (1971), Stallsville (1971), Ladson (1971), Johns Island (1971),
Ravenel (1971), Legerville (1971), and Wadmalaw (1571). The two 15'
quadrangles were Cottageville (1943) and Ridgeville {1943). Elevations
of regional stations' locations were determined by interpolation between
topographic controus and are estimated to be +3 feet on the 7.5 minute
sheets and +5 feet on the 15' quadrangles. It is important to note that
in some areas, the topography has been altered since the 15' quadrangles
were published. Due to rapidly varying barometric conditions in the
coastal regions, the barometric altimeter proved less than satisfactory.
Profile measurements in most instances were obtained by recording ele-
vation differences obtained by level sighting. The accuracy of these
elevations is estimated to be +1 foot. The estimated uncertainty in
the regional gravity due to elevation is +0.15 milligal, but may be as
high at +0.3 milligal. The uncertainty of profile measurements due to

elevation is estimated to be +0.05 milligal. The total maximum



uncertainty of the regional data obtained by combining the measurement
precision and the uncertainty due to elevation control is estimated to
be +0.20 milligal. The maximum estimated uncertainty of the profile

data is +0.15 milligal.
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Table 2. Description of Profile Location

Profile
Designation

Profile Location

AAl

BB!

ccr

DD!

EE!

FF!

GG!

The profile is established along U.S. Highway 176,

It begins at the intersection of U.S. Highway 176 and
Berkeley County Road 276, and ends at the intersection
of U.S. Highway 176 and Berkeley County Road 45.

The profile is established along U.S. Highway 78 and
Berkeley County Road 29. It begins on U.S. Highway 78
at Jedburg, South Carclina, and continues along U.S.
Highway which changes to Berkeley County Road 29. The
profile ends at the intersection of Berkeley County
Roads 29 and 136.

The profile is established along South Carolina High-
way 642. It begins at the intersection of South
Carolina Highway 642 and U.S. Highway 12A, and ends
at the intersection of South Carolina Highway 642 and
South Carolina Highway 62 just outside Charleston,
South Carolina.

The profile is established along Colleton County Road
30 and South Carolina Highway 61. It begins at the
intersection of Colleton County Road 30 and Colleton
County Road 19 and continues along County Road 30 to
the intersection with South Carolina Highway 61. The
profile ends along South Carolina Highway 61 approxi-
mately 1.5 km southeast of its intersection with
South Carolina Highway 7.

The profile is established along the Gld Dorchester-
Charleston County Line Road. It begins at the inter-
section of County Line Road and U.S. Highway 17, and
ends at the intersection of County Line Road and
South Carolina Highway 38.

The profile is established along old U.S. Highway 52.
It begins at the intersection of U.S. Highway 52 and
Berkeley Road 50, and ends at the intersection of
U.S. Highway 52 and the Charleston Municipal Airport
Road.

The profile is established along U.S. Highway 17-A
beginning at the intersection of Berkeley Road 50 and
U.S. Highway 17-A, and ends at the U.S., 17-A Edisto
River bridge.
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Table 2. Continued

Profile
Designation

Profile Location

I.H_I!

I

JJ

KK'

The profile is established along South Carolina High-
way 165. It begins at the intersection of South
Carclina Highway 165 and U.S. Highway 17-A, and ends
at the intersection of South Carolina Highway 165 and
U.S. Highway 17.

The profile is established along South Carolina High-
way 27. It begins along Highway 27 at Ridgeville,
South Carolina, and ends at the intersection of South
Carolina Highway 27 and South Carclina Highway 61.

The prefile is established along Dorchester County
Road 58. It begins at the intersection of County Road
58 and Dorchester County Road 22, and ends along
Berkley County Road 22, a continuation of Dorchester
County Road 58, 2.4 km north of New Hope Church.

The profile is established along Berkeley County Road
275, It begins at the intersection of County Road
275 and U.S. 17-A, and ends at the intersection of
County Road 275 and U.S. Highway 176.




Table 3. Base Stations Used and Established

Name of Descrintion of Station Location Elevation Value
Station CIip Long. Lat. (Feet) (Total)
Branchville, Established by AMS-(1929) at Rail- 80° 49.0' W  33° 150' N 126.601 979590.786
S. C. road station at BM "M25 1934
126.630"
*Lotts Corner Controlled intersection-- 80° 14.96 W  33° 3.25 N 62. 979574, 383
5.C. Base Summerville Quad
*17-A Base Established at BM on U.S. 17-A in 80° 7.17' W 33° 2.60 N 81. 979576.627
yard of Mrs. Williams, Mt. Holly
Quad
*642 Base Established at BM on S.C. 642, 28 80° 11.82' W 32° 57.97' N 48. 979574,077
mile S.E. of intersection of S.C.
642 & 165. BM is on telephone
pole, Stallsville Quad
*Ashley Established at controlled inter- 80° 3.06' W 32° 55.9' N 29, 979567.485
Phosphate section in Ashley Heights .26 N.E.
Base of railroad crossing in front of
a Quick Shoppe on Ashley Phosphate
Rd.
*U.S. 61 Base Established at controlled inter- 80° 3.20' W 32° 50.37' N 1leé. 979560.659

section on U.5., 61, .2 mile S.E. of
railroad crossing at Springfield
Estates. The base is in front of a
Quick Shoppe

*Base stations which were established in this study.

¥9



Table 4. Survey Drift
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Georgia Tech Station Numbers Drift Time Between
Survey Number (Mgals/hr) Base Stations
115 1-48 .05 6.7 hours
116 1-15 .001 3.9
116 15-34 .06 3.0
117 1-25 .01 3.3
117 25-50 .02 2.9
118 1-15 .05 3.0
118 15-46 . 004 4.0
119 1-48 -.02 6.4
120 1-28 .01 5.4
121 1-16 .03 1.8
122 1-18 .03 4.0
122 18-46 .02 3.3
123 1-48 02 5.4
123 48-68 .02 1.7
124 1-27 .07 2.5
124 22-55 .01 3.3
125 1-30 .003 4.5
126 1-26 .06 2.9
126 26-73 L005 4.6
127 1-16 07 1.1
127 16-35 004 2.5
128 1-61 -, 005 5.0
129 1-40 .03 6.4
130 1-43 .02 5.1
130 43-62 .01 2.7
131 1-49 .01 4.4
131 49,83 .03 3.0
132 1-55 .04 4.8
132 55-100 .05 3.7
133 1-48 .04 5.6
134 1-43 -.03 6.2
135 1-36 . 005 7.6
136 1-30 .001 7.0
137 1-42 .000 10.4
138 1-33 002 10.0
139 1-24 L030 7.0
140 1-44 .004 8.9
141 1-17 -.10 5.0
142 1-11 .03 4.1
142 11-27 .06 3.1
143 1-31 .005 5.9
143 31-52 .01 5.6
144 1-47 .009 11.1
145 1-19 .01 7.2
153 1-25 .004 9.5



Table 4. Continued
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Georgia. Tech . Drift Time Between
Survgy Number Station Numbers (Mgals/hr) Base Stations
154 1-40 .01 10.1
155 1-22 01 7.5
155 22-38 .09 1.5
156 1-27 .009 3.8
157 1-8 -.02 1.4
157 8-31 .004 6.9
158 1-51 .003 8.8
159 1-35 01 5.0
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APPENDIX II

COMPUTER PROGRAMS FOR GRAVITY

ANALYSIS AND MODELING

A computer program was developed for the calculation of the two-
dimensional residual gravity data using a smoothing function defined by
Shapiro (1970). A listing of the subroutines necessary for calculation
of the regional gridded data, as well as line printer plotting of the
data in grid form, is given in Table 6.

A computer program was developed for computation of the Fast
Fourier transformation of the residual data to allow for lineation analy-
sis. The necessary subroutines for the spectral calculations are given
in Table 7.

A third computer program was developed for the calculation of
vertical gravity anomalies of arbitrarily shaped three-dimensional
structures using the procedure outlined by Talwani, et al., (1960).
This program, including the subroutines necessary for line printer
plotting, is given in Table 8.

A fourth computer program was developed by George H. Rothe, III
(1973) for the computation of vertical gravity anomalies caused by two-
dimensional structure. Rothe used the method of Talwani, et al.,
(1959) for this computation. A copy of this program, including the
necessary subroutines for lone printer plotting, is given in his

thesis.



Table 6. Smoothing Subroutine Used in the Calculation of the
Regional Gravity Data
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Table 7.

Fast Fourier Transform Subroutine Used in Computing the
Spectrum of the 32 Kilometer Square Area in the Residual
Gravity Map
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Table 8. Three-Dimensional Gravity Modeling Program
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