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STRUCTURE OF THE BANE DOME, GILES COUNTY, VIRGINIA - A GRAVITY TEST

Michael J. Moses and Edwin S. Robinson

ABSTRACT

The Bouguer gravity field, determined from 395 meas-
urements in Giles County, Virginia, exhibits a broad positive
anomaly approximately 12 mgal in amplitude situated over
the Bane dome, and several smaller anomalies of a few
milligals amplitude. For the most part they are produced by
the distribution of relatively high density carbonate rocks and
lower density clastic rocks within the dome.

These anomalies can be explained by two contrasting
interpretations of the structure of the Bane dome. One inter-
pretation indicates the relative abundance of high density
carbonate rocks transported within the dome by overthrusting.
Because the gravity anomalies can be entirely explained by
sources confined to the Narrows thrust sheet, this interpreta-
tion precludes the existence of significant lateral density
contrasts associated with deeper structure beneath the décol-
Iement zone in the Rome Formation.

The contrasting interpretation indicates a smaller pro-
portion of carbonate rocks and a larger proportion of lower
density clastic rocks cut by imbricate faults in the core of the
dome. This interpretation also includes high angle faults with
associated lateral density contrasts in the deeper rocks under-
lying the décollement. Because sources within the Narrows
thrust sheet are insufficient to completely account for the
gravity anomalies, the density contrasts associated with deeper
structure are required.

The Bouguer gravity field can be separated into regional
and residual parts. The regional field is attributed to changes
in crustal thickness inferred independently from the seismic
measurements. The remaining residual field can be ex-
plained in terms of anomaly sources within the upper 10 km
of the crust.

INTRODUCTION

The Bane dome is located in Giles County, Virginia in
the Valley and Ridge province of the southern Appalachian
Mountains as well as within the Giles County seismic zone.
It is a doubly plunging anticline situated in a folded and
thrust-faulted terrane (Figure 1). This clearly defined struc-
ture invites speculation. For more than three decades the
Bane dome has been a focal point in discussions about the
relative importance of low angle thrust faulting within the
Paleozoic sedimentary sequence compared with high angle
basement faulting in the tectonic development of the southern
Appalachians (Rodgers, 1949; Cooper, 1964; Perry and oth-
ers, 1979). Interpretations of recently acquired seismic
reflection data (Edsall, 1974; Gresko, 1985) state that the
structures in the area are related mainly to thrust faulting with
little or no involvement of basementrocks. This thin-skinned

tectonic interpretation asserts that the thrust faulting origi-
nates along amajor decollementin the relatively incompetent
Cambrian-age Rome shale.

However, the location of the Bane dome within the Giles
County seismic zone raises the questions about deeper base-
menttectonics. Seismicity within Giles County is believed to
occur on reactivated normal faults which originally were
formed by rifting during late Precambrian time (Bollinger
and others, 1985). They suggest that these faults lie within the
basement beneath the Valley and Ridge province, and due to
reactivation under the current compressive stress regime,
now appear 1o be undergoing strike-slip displacement within
the Giles County seismic zone.

Reflection seismic surveys in this area (Figure 1), while
clarifying the concept of thin-skinned tectonics, have not
completely resolved questions concerning the subsurface
distribution of rock units within the dome; nor have these
surveys fully clarified the nature and extent of basement
faulting. Because of karst terrane and the abundance of high
velocity carbonate rocks, conventional P-wave seismic re-
flection surveys give somewhat unclear results. Although
shear wave seismic reflections (Gresko, 1985) appear to give
better resolution, they were recorded only along three short
sarvey lines on the northwest flank of the Bane ome which
do not cross the axis of the structure.

In an effort to contribute to the resolution of questions
about the structure of the Bane dome, a gravity survey was
undertaken. A total of 395 gravity stations were established
in four 7.5-minute quadrangles, Narrows, Pearisburg, White
Gate, and Staffordsville, which include the region of the Bane
dome. Interpretation of gravity anomalies involves the
comparison of Bouguer gravity measured along selected
profiles with gravity profiles calculated for different two-di-
mensional models. These two-dimensional models of den-
sity distribution are based upon three geologic cross sections
that display different interpretations of the structure of the
dome. The discussion of gravity anomalies also addresses
questions concerning separation of regional and local anoma-
lies, and the density values used in gravity reduction.

GEOLOGY

The Valley and Ridge province of the southern Appala-
chians is characterized by folded and thrust faulted sedimen-
tary rocks. The structures within the area trend N60°-65°E
(Schultz and others, 1986), which is the dominant trend in the
southern Appalachians. The Bane dome (Figure 1) is a
doubly plunging anticline located within the Narrows thrust
sheet, which is bounded on the surface by the Narrows fault
on the northwest and by the Saltville fault on the southeast. It
is bordered to the north by the Wolf Creek and the Butt

Department of Geological Sciences, Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061
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Mountain synclines, and along strike to the southwest is the
Kimberling basin.

Knowledge of the stratigraphic units in the region of a
gravity survey is of central importance in the interpretation of
gravity anomalies. Variations of Bouguer gravity are related
to the contrasting densities of the rock units present, and to the
relative abundance of these units. Among the many sources
of information about the stratigraphy in this part of the Valley
and Ridge province are Butts (1942), Cooper (1961), and
Schultz and others (1986). For purposes of this study, rock
density information determined by Edsall (1974) and Kolich
(1974) was used. These rock density values were determined
from laboratory measurements on representative wet and dry
samples of rock units exposed in the area. The values
expressed as grams per cubic centimeter are noted in paren-
theses following the formations named in the discussion
below.

Oldest in the stratigraphic sequence of Paleozoic rocks is
a sedimentary package dating from Early Cambrian time,
which consists of the Unicoi Sandstone (2.67), the Hampton
Shale (2.71), the Erwin Sandstone (2.59), and the Shady
Dolomite (2.84). Based upon density information in Edsall
(1974) the average density of this package is approximately
2.73 gmfcm® (Gresko, 1985).

Nextin the stratigraphic sequence is the Lower to Middle
Cambrian Rome Formation which consists of mudstone with
some minor interbedded dolomite. Within the relatively
incompetent Rome Formation is the décollement zone where
most of the thrust faults in the southern Appalachians appear
to originate (Perry and others, 1979). Within the study area
this formation is fault bounded at the base (Gresko, 1985).
The dolomite beds have a density close to 2.83 gm/cm3, while
the much more abundant shale facies have an average density
of 2.67 gm/cm?,

Overlying the Rome Formation is the Middle Cambrian
Honaker Formation, which consists of massively bedded
dolomite. This formation has the highest density within the
study area, which is close to 2.85 gm/cm?®. Above it is the
Nolichucky Formation containing dolomite and shale.

The Upper Cambrian-Lower Ordovician Knox Groupis
also primarily massively bedded dolomite. This light- to
dark-gray dolomite contains bios tratigraphically useful cono-
dont which were used by Perry and others (1979) inreevalu-
ating the earlier interpretation (Cooper, 1964) that the Rome
Formation at the core of the Bane dome overlies Lower Cam-
brian Shady Dolomite. The interpretation of Cooper sug-
gested basement involvement in the thrust faultin g, however,
later discovery of conodonts in cuttings from a well drilled on
the crest of the dome indicates that the Rome Shale is
underlain by the Knox Group. This latter interpretation is
consistent with thin-skinned thrusting and folding unrelated
to local basement tectonics. The Knox Group is poorly
exposed within a window at the crest of the dome. It is made
up of the following units: the Copper Ridge Formation which
is mostly dolomite (2.81); the Chepultepec Formation con-
sisting of dolomite (2.83) and sandstone (2.72); the Kingsport
Dolomite (2.79); and the Mascot Dolomite (2.82). The Knox
Group has an average density of approximately 2.80 gm/cm?
(Kolich, 1974).

The youngest rocks associated with the Bane dome

include the Late Ordovician Reedsville, Trenton, E ggleston,
and Moccasin Formations which consist of limestone, dolo-
mite, and shale units. Average density of this sequence is ap-
proximately 2.7 gm/cm®. Younger sedimentary rocks rang-
ing in age from Late Ordovician to Mississippian do not
appear to exist in the Bane dome, although they are exposed
in the bordering synclines.

Several geologic cross sections have been published that
present different interpretations of the structure of the Bane
dome. For purposes of this study, the three recently compiled
cross sections in Figure 2 have been selected for further
analysis. Gresko (1985) modified an earlier cross section of
Perry and others (1979) to obtain a balanced cross section that
incorporates features evident on SH-wave seismic reflection
profiles recorded over the northwest flank of the Bane dome,
He showed that the gravity variation over the model was
consistent with gravity anomaly patterns presented by Sears
and Robinson (1971).

The balanced cross section compiled by N. B. Woodward
and D. R. Gray (Woodward, 1985) is also a modification of
the earlier cross section of Perry and others, which was
constrained by the gravity data of Sears and Robinson (1971)
and by information from the F. P. Strader No. 1 test well. This
well was drilled to a depth of 440 meters at the crest of the
Bane dome by the California Co. in 1948. Conodonts from
near the bottom of the well indicate that Rome shale is in
thrust contact with the underlying younger Knox Group
(Perry and others, 1979).

The third cross section was prepared by M. J.
Bartholomew (personal communication, 1987). He modified
the earlier cross section of Butts (1933) by extending the rock
units to greater depths in a manner consistent with décolle-
ment tectonics associated with the incompetent Rome For-
mation.

The three cross sections in Figure 2 are similar to the
extent that they represent the Bane dome as a structure
confined to the Narrows thrust sheet. The lower boundary of
this thrust sheet is a zone of décollement in the Rome
Formation. These cross sections differ from one another in
regard to folding and faulting within the Narrows thrust sheet.
Forexample, Gresko (1985) includeda sectionof Martinsburg
and Moccasin rocks cut by imbricate thrusts in the core of the
dome. This feature, which is based upon interpretation of
seismic reflection profiles, does not appear in the other two
cross sections. These latter cross sections display a larger
total volume of high density carbonate rocks than is shown by
Gresko. Furthermore, Gresko includes structural features in
the deeper basement rocks that are not seen in the other cross
sections. He presents seismic evidence of these high angle
faults. The present study examines these differences in terms
of the gravity anomalies they would be expected to produce.

GRAVITY

Gravity measurements were taken at 395 sites between
February, 1984 and February, 1986. These sites are indicated
in Figure 3. They were located at bench marks, landmarks
where elevations are known to within 1 foot, or at locations
where elevations can be interpolated to within 10 feet from
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Figure 2. Geologic cross-sections along profilesindicated in Figure 1 which cross the Bane dome. The top cross section, following
profile C, is redrawn from Gresko (1985). The middle cross section, following profile B, is redrawn from Woodward (1985). The
bottom cross section, following profile A, is redrawn from Bartholomew (personal communication, 1987). Symbols are as
follows: M-Mississippian, gr-Greenbrier Formation, mcc-MacCrady Formation, p-Price Formation; D-Devonian, b-Brallier
Formation, ch-Chemung Formation, ml-Millboro Formation; S-Silurian; O-Ordovician, c-Chickamauga Formation, m-Martinsburg
Formation; OCk-Cambro-Ordovician Knox Group; C-Cambrian, bf-broken formation (Rome, Elbrook, breccia), c-Conococh-
eague Formation, e-Elbrook Formation, hk-Honaker Formation, r-Rome Formation; eC-C-Eocambrian-Cambrian rocks; pCg-
Precambrian Grenville rocks; earthquake hypocenters, o ->5km, * - <Skm. SCF = St. Clair fault; NF = Narrows fault; SF
= Saltville fault; PF = Pulaski fault.
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Figure 3. Location of gravity observations: (0) benchmark, elevation accurate to better than 1 foot; (+) landmark, elevation ac-

curate within + 1foot; (*) site where elevation was interpolated from topographic contours.
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topographic contours. To distinguish between these sites of
varying elevation accuracy, different symbols are used to
indicate the station accuracy on the map. All gravity readings
were made using Lacoste-Romberg gravimeter No. G-612.
Gravity measurements were made at approximately 0.25
mile intervals along roads across the Pearisburg, Narrows,
Staffordsville, and White Gate 7.5-minute quadrangles ex-
cept where difficultaccess on the mountains made proper ele-
vation control difficult. These mountain areas, including
Walker, Brushy, and Sugar Run Mountains, are primarily to
the south and west of the Bane dome.

Gravimeter readings were converted to relative gravity
values by using the instrument calibration table provided by
the manufacturer. Instrument drift was determined by
occupying the Virginia Tech Gravity Base Station at Derring
Hall in Blacksburg, Virginia before and after each day’s
survey. The instrument drift was found to be less than 0.1
mgal on most days and was removed by applying a time
dependent linear drift correction toeach reading. Corrections
for lunar-solar tidal forces were made using the equations of
Longman (1959) and a solid earth tidal gravity factor of 1.16
(Robinson, 1974).

The relative gravity values were converted to observed
gravity using the Derring Hall base value of 979719.33 mgal.
This value was determined from ties to the National Geodetic
Survey absolute gravity base station in Blacksburg, Virginia
where falling mass measurements were made in July 1987
and May 1988.

Gravity data were reduced using the standard formulas
for free air gravity Ag, (Robinson and Coruh, 1988):

Ag, =g, - (g - 0.09406h) )

and complete Bouguer gravity Ag, (Robinson and Coruh,
1988):

Ag, =g, - (g - 0.09406h + 0.01278ph - TC)  (2)

where g_,_ is observed gravity (mgal), gt is normal gravity
(mgal), h is elevation (ft), p is density (gm/cm®), and TC is
the terrain correction (mgal). The normal gravity was com-
puted using the GRS-67 formula (Woollard, 1979). The
elevation, h, in feet was taken from the topographic map and
a standard density, p = 2.67 gm/cm?®, was assumed for
Bouguer plate corrections and for terrain corrections, TC.

Two procedures were used to calculate terrain correc-
tions necessitated by the rugged relief in the study area. For
some stations the well known but time consuming method of
Hammer (1939) was used. More suitable for computer
calculations is the vertical line approximation method (Stovall
and others, 1989) which involves representing the terrain by
a square grid of elevation values. The mass of terrain within
each square grid increment is projected to a vertical line at the
center of that increment. A simple formula is then used to
calculate the gravitational attraction of each vertical line
mass. Theresults are summed to obtain the terrain correction,
TC.

Terrain corrections were calculated using a FORTRAN
program and elevations on a 0.33 km by 0.33 km grid
covering the study area. These elevations were extracted

from a larger data set covering the entire state of Virginia,
which was compiled in the School of Forestry and Wildlife
Resources at Virginia Polytechnic Institute and State Univer-
sity (Blair Jones, personal communication, 1986). The ter-
rain corrections were computed using the elevations withina
15,000 foot radius of each station. These values were then
checked by computing the Hammer (1939) terrain correction
to the J ring for various stations. The results of this compari-
son gave generally good results (within .05 mgal). For 40 of
the stations where the terrain was inadequately sampled by
the elevation grid, the vertical line approximation method
produced unacceptable terrain correction values. In those
cases where the terrain correction exceeded 5 mgal, an
alternative value determined by the Hammer graphical method
was used. The terrain corrections for the region range from
0to 4.88 mgal. The lower values are found in the southeast-
ern portion and the higher values in the central part of the
study arca. The average terrain correction of 2.3 mgal shows
the significance of terrain corrections in this area.

The accuracy of the Bouguer gravity values is largely
dependent on the accuracy of the station elevations. As can
be seen from Equation (2), for a density of 2.67 gm/cm?, an
elevation uncertainty of 1 foot produces a Bouguer gravity
uncertainty of 0.06 mgal. On the basis of this and other
sources of error, the Bouguer gravity values at stations where
elevation is known within one foot are considered accurate to
within + 0.1 mgal. At stations where elevations were inter-
polated from contours the Bouguer gravity precision is closer
to 0.75 mgal.

A Bouguer gravity map of the study area was prepared
using the terrain corrected Bouguer gravity values included
in Appendix A. These values were contoured using the
GCONTOUR routine available from the Statistical Analysis
System (SAS) Institute, Cary, North Carolina. The results in
Figure 4 show that Bouguer gravity varies in the range of -62
mgal to -82 mgal. Anomaly patterns indicate alignments
trending approximately N60°E which s close to the principal
structural trend in the area.

REGIONAL FIELD

The complete Bouguer gravity map indicates the super-
position of a broad regional field and a residual field of local
anomalies. For purposes of this study the regional field is
assumed to result from variation in thickness of the earth’s
crust. The basis for this assumption is the seismic survey of
crustal thickness reported by James and others (1968). In-
cluded in their study is a calculated gravity field that repre-
sents the variation in gravity related to crustal thickness.

The Bane dome is situated on the periphery of the area
surveyed by James and others (1968) in a region where their
calculated gravity field indicates a gradient of approximately
0.3 mgal/km increasing in the direction of N75°W. Near the
Bane dome this regional gradient could be closely expressed
by a plane polynomial of the form:

g(xy)=Ax+By+C 3

where g is the regional gravity value at longitude x and
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37°07'30" ,
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Figure 4. Bouguer gravity map with 2-millj

gal contour interval. Bouguer gravity values used to prepare this map were computed
using the standard density of 2.67 gm/cm?.
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latitude y (degrees), and A, B, and C are constant coefficients.

Bouguer gravity values obtained in the present study
were used to determine the coefficients of a plane polyno-
mial. This was done with a software package prepared at the
Statistical Analysis System (SAS) Institute in Cary, North
Carolina. In a two step procedure Bouguer gravity values
were first interpolated at points on a square grid by means of
a bicubic spline interpolation. Then a plane polynomial
function was fitted to the grid values by the method of least
squares. The following coefficients were found:

A=-17.1434
B =4.8570
C=-1636.4274

By substituting these values into Equation (3) an expression
for the regional gravity field is obtained.

This regional field exhibits a gradient of approximately
0.2 mgal/km increasing in the direction of N76°W. This
gradient is remarkably similar to that calculated independ-
ently by James and others (1968) from seismic measurements
of crustal thickness. This excellent comparison is the basis
for concluding that the plane regional gravity field obtained
from gravity measurements over the Bane dome is produced
for the most part by variation in crustal thickness.

Other efforts to separate aregional field from the Bouguer
gravity values included fitting a biquadratic polynomial and
calculating upward continuations. Patterns of gravity vari-
ation resulting from these calculations were too complicated
to attribute simply to variation in crustal thickness. It was
concluded that these regional fields resulted from combina-
tions of this source and upper crustal anomaly sources.

UPPER CRUSTAL ANOMALY SOURCES

The principal purpose of this study is to examine gravity
anomalies associated with the Bane dome, These anomalies
canbe presented more clearly by subtracting from the Bouguer
gravity field (Figure 4) the variation of gravity related to
crustal thickness. The result is the residual gravity anomaly
map in Figure 5.

The most prominent feature of the residual field is the
broad gravity high situated directly over the Bane dome,
which has a relative amplitude of approximately 12 mgal. In
addition, there are several local anomalies that can be attrib-
uted mainly to the distribution of high density carbonate
rocks of the Knox Group and the Honaker Formation, and the
contrasting lower density clastic rocks within the dome. The
contacts of these rock units, as mapped by Schultz and others
(1986) are included in Figure 5 for qualitative correlation
with gravity anomalies. The geologic cross sections of Figure
2 show different interpretations of the subsurface distribution
of these rocks. These geologic interpretations are tested by
comparing residual gravity anomalies observed along these
profiles with the theoretical variation of gravity calculated for
two-dimensional models that conform to these three cross
sections.

The residual gravity variation over the. geologic cross
sections is shown in Figures 6, 7, and 8. Gravity values at
contour intersections with the profile lines in Figure 5 were
plotted and connected by dashed lines. Also, residual gravity

values at all points within 1 km were projected to the profile
lines and plotted at those locations.

Theoretical variation of gravity over two-dimensional
models was calculated by the well known method of Talwani
and others (1959). The models were prepared from the
geologic cross sections by reading depths to contacts between
rock units at 0.25 km intervals along the Gresko (1985) and
the Woodward and Gray (Woodward, 1985) profiles, and at
0.40 km intervals along the Bartholomew profile in Figure 2.
Density values assigned to the two-dimensional model units
are consistent with values cited in the earlier discussion of
stratigraphy. These two-dimensional models and the corre-
sponding theoretical gravity profiles are shown in Figures 6,
7,and 8.

The gravity variation predicted by the Gresko model
Figure 6) compares favorably with the observed residual
anomalies. The broad high of approximately 12 mgal is
properly reproduced, and local anomalies of the same charac-
ter are evident. The average difference between the observed
and theoretical gravity profiles is -1.6 mgal, and the standard
deviationis 1.9 mgal. Because the actualanomaly sources are
of finite dimensions, it is not practical to attempt to reproduce
all features by means of a two-dimensional model. The
results show that the main features and the general character
of the theoretical gravity profile are consistent with the
observed profile.

The interpretation of Woodward and Gray (Figure 7)lso
predicts a broad gravity high over the Bane dome. The
average departure of the theoretical gravity profile from the
observed residual profile is -1.5 mgal, and the standard
deviation is 2.1 mgal. The largest departure is over the crest
of the dome where the theoretical gravity is between 2 and 3
mgal higher than the residual gravity field. Otherwise, the
theoretical gravity profile reproduces the main features of the
residual gravity profile.

The gravity profile over the Bartholomew model (Figure
8) is scen to be consistent with the principal features of the
observed residual gravity profile. The average departure is -
0.8 mgal, and the standard deviation is 2.2 mgal. The largest
departure occurs near the center of the profile where a local
high anomaly is notreproduced by the gravity valuesover the
two-dimensional model. This local high perhaps could be at-
tributed to an anomaly source of finite dimensions which is
not included on the more general cross section.

The three models used in this study produce similar
patterns of gravity variation. Despite the similarities in the
general gravity patterns over the models there are some
important differences between the models. The Gresko
model shows imbricate thrusts of low density Middle Ordo-
vician rocks at the core of the dome while the other two
models show more high density dolomite at the core. The
other important difference between the Gresko model and the
other models is that the Gresko model is the only one to
include structure below the décollement in the Rome Forma-
tion. The similarities in the overall character of the gravity
variations over the three models indicate that low density
rock in the core of the dome coupled with deep basement
structure can produce the same overall gravity variations as
high density rock in the core and no basement structure. The
results in Figures 6, 7, and 8 show that these two contrasting
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Figure 5. Residual gravity map with 2-milligal contour interval. Residual gravity values were obtained by subtracting from

Bouguer gravity values the corresponding regional gravity values calculated using Equation 3. Shading indicates the surface
exposure of the Knox Group according to Schultz and others (1986).
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Figure 6. Gravity profiles and a two-dimensional density
model corresponding to the geologic cross section from
Gresko (1985) in Figure 2. The gravity profile shown by the
solid line connects residual gravity values at intersections of
contours and line C in Figure 5. The dashed line indicates the
theoretical variation of gravity over the two-dimensional

density model. Points plotted along the profile represent:

residual gravity values projected from observation sites within
1 km of line C. Numbers on the density model refer to the
following density values expressed in gm/cm?; 1-2.67;2 -
2.70;3-2.80;4-2.85,5-2.67,6-2.80; 7-2.73;8-2.77. The
elements of the model do not necessarily correspond to
specific stratigraphic units.

interpretations are consistent with the gravity constraints.

In this study a regional field was separated on the basis
of independent knowledge of crustal thickness. The residual
gravity field remaining after subtraction of that regional field
from the Bouguer gravity field can be explained in terms of
density contrasts within the upper 10 km of the crust. There
is no compelling evidence of anomaly sources deeper in the
crust,

AVERAGE DENSITY INVERSION

Results presented in the previous sections indicate that
Bouguer gravity variation in the region of the Bane dome can
be explained in terms of crustal thickness and structure within
the upper 10 km of the crust. This conclusion can be tested
by means of a density invérsion analysis. The idea is to use
the gravity measurements to obtain estimates of average
density in a zone extending from the land surface to an

'
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Figure 7. Gravity profiles and a two-dimensional density
model corresponding to the geologic cross section from
Woodward (1985) in Figure 2. The gravity profile shown by
the solid line connects residual gravity values at intersections
of contours and line B in Figure 5. The dashed line indicates
the theoretical variation of gravity over the two-dimensional
density model. Points plotted along the profile represent
residual gravity values projected from observation sites within
1 km of line B. Numbers on the density model refer to the
following density values expressed in gm/cm?® 1-2.67;2 -
2.70;3-2.73;4-2.70; 5-2.80; 6 - 2.76; 7 - 2.85; 8 - 2.78; 9
- 2.67. The elements of the model do not necessarily corre-
spond to specific stratigraphic units.

arbitrary depth T below sea level. Insofar as the average
density values are consistent with the densities of rocks
known to exist in that zone, it can be concluded that gravity
anomalies can be explained by sources within that zone.

A modification of Equation (2) provides the basis for
estimating average density values. In that equation the
purpose of the term 0.01278ph is to account for the gravita-
tional attraction of mass extending from sea level up to the
height of the gravity station (Robinson and Coruh, 1988). To
account for the gravitational attraction of mass in a zone
extending from a depth T below sea level to height h of the
land surface at the gravity station this term can be replaced by
two terms labelled A and B in the following expression (4):

A B
Agy=8,,,- L8, - 0.09406h - 0.01278p,T + 0.012785(T +h) - TC]

where p, is the density assumed for the outer shell of the
normal ellipsoid, and p is the average density in the zone of
the earth reaching from depth T to height h. The purpose of
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Figure 8. Gravity profiles and a two-dimensional density
model corresponding to the geologic cross section from
Bartholomew (pers. comm.) in Figure 2. The gravity profile
shown by the solid line connects residual gravity values at
intersections of contours and line A in Figure 5. The dashed
line indicates the theoretical variation of gravity over the two-
dimensional density model. Points plotted along the profile
represent residual gravity values projected from observation
sites within 1 km of line A. Numbers on the density model
refer to the following density values expressed in gm/cm3; 1
-2.67;2-2.70;3-2.80;4 - 2.85; 5 - 2.67. The elements of
the model do not necessarily correspond to specific stratigra-
phic units.

term A is to remove the gravitational attraction of the outer
shell of the normal ellipsoid, which extends from its surface
todepth T. The purpose of term B is toreplace this mass with
a plate reaching from depth T below the ellipsoid surface to
height h above it. The density of this latter plate can be found
be rearranging Equation (4) to obtain:

_ Agy- g, +g,-0.09406h - 0.01278p,T - TC
P= ®)
0.01278(T + h)

Then by substitution from Equation (1) the expression be-
comes:

_ Agy-Ag,-0.01278p,T - TC
p= ©)
0.01278(T + h)

To the extent that term B in Equation (4) adequately
expresses the gravitational attraction of the mass beneath a
gravity station the Bouguer gravity at that station should be
the same as the Bouguer gravity at all other stations, if all
gravity anomaly sources lie above the depth T. If the depth
T is chosen so that the zone above it does not contain regional
field sources, but does contain all other anomaly sources, then
the Bouguer gravity computed for any station using Equation
{4) should be the same as the regional gravity g atthat station.

For purposes of this study a standard density of p,=2.75
gm/cm?® was chosen for the zone above the depth T. Then,
average density (p) was calculated for each gravity station
using values of T equal to 0, 2, 4, 6, 8, and 10 km in Equation
(6). In each calculation the elevation, free air gravity, and
terrain correction at the station were used, and the regional
gravity g was substituted for Bouguer gravity Ag,. Maxi-
mum values of p, minimum values of p, and the ranges of p
are plotted with the corresponding values of T in Figure 9.
Average density values corresponding to T = 10 km are
contoured in Figure 10.
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Figure 9. Graphs showing the maximum value of p, the mini-
mum value of p, and the range of p for values of T between
0 and 10 km. Values calculated from the two-dimensional
density models are plotted using the symbols (+) for Figure
6, (A) for Figure 7, and (o) for Figure 8.

Atpoints along the profiles in Figures 6,7, and 8 average
density was calculated from the density variation along
vertical lines extending down from the land surface to depths

‘below sea level of 6 km for the Woodward and Gray model

and the Bartholomew model, and 10 km for the Gresko
model. The maximum and minimum values of average
density, and the average density ranges for these profiles are
plotted in Figure 9.

The average density values and density ranges deter-
mined from gravity station data are seen to be comparable
with the similar values and ranges found from the two-
dimensional models. These comparisons confirm the conclu-
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Figure 10. Average density contoured at an interval of 0.005 gm/cc, corresponding to valucs of p,=2.75 gm/cm* and T=10 km.
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sion that the residual gravity field (Figure 5) can be attributed
to anomaly sources within the upper 10 km of the crust.
Figure 10 shows an estimate of the variation in average
density in this zone that is associated with the residual gravity
field.

CONCLUSION

A broad gravity anomaly approximately 12 mgal in
amplitude is associated with the Bane dome. Superposed on
this anomaly are several smaller anomalies with amplitudes
of a few milligals. For the most part they are produced by the
distribution of relatively high density carbonate rocks and
lower density clastic rocks within the dome.

Two contrasting interpretations of the structure of the
Bane dome are consistent with constraints imposed by grav-
ity measurements. One interpretation, represented by the
geologic cross sections of Woodward and Gray (Woodward,
1985) and Bartholomew (personal communication, 1987)
indicates relative abundance of high density carbonate rocks
within the dome, and situated entirely in the Narrows thrust
sheet. Because the gravity anomalies can be entirely ex-
plained by sources confined to the Narrows thrust sheet, this
interpretation precludes the existence of significant lateral
density contrasts associated with deeper structure beneath the
décollement zone in the Rome Formation.

The contrasting interpretation represented by the cross
section of Gresko (1985), indicates a smaller proportion of
carbonate rocks in the Narrows thrust shect, and more lower
density clastic rocks. This interpretation includes high angle
faults with associated lateral density contrasts in the deeper
rocks underlying the décollement. Because sources within
the Narrows thrust sheet are insufficient to completely ac-
count for the gravity anomalies, the density contrasts associ-
ated with deeper structure are required.

The Bouguer gravity field can be separated into regional
and residual parts. The regional field can be attributed to
change in crustal thickness known independently from the
seismic measurements of James and others (1968). The
remaining residual ficld can be explained in terms of anomaly
sources within the upper 10 km of the crust.
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Station Latitude  Longitude Elevation Gravity Free Air Bouguer Terrain Complete
Value Anomaly  Anomaly  Corr. Bouguer
Anomaly
10001 37.3336 80.7499 1650.0 979763.19 -14.38 -70.60 2.74 -67.86
10002 37.3313 80.7425 1815.0 97975469  -7.37 -69.20 0.54 -68.66
10003 37.3264 80.7389 1920.0 979748.62  -3.55 -68.97 0.18 -68.79
10004 37.3279 80.7483 1960.0 97974425  -4.17 -70.94 042 -70.52
10005 37.3223 80.7364 1915.0 979748.19  -3.52 -68.77 0.17 -68.60
10006 37.3268 80.7278 1790.0 97975587 -8.53 -69.51 1.31 -68.20
10007 37.3201 80.7184 1880.0 97975087 -4.13 -68.18 0.24 -67.94
10008 37.3262 80.7196 1790.0 97975581  -8.59 -69.58 251 -67.07
10009 37.3197 80.7096 1965.0 979745.00  -2.01 -68.96 0.08 -68.88
10010 37.3265 80.7082 1901.0 979749.75  -4.22 -68.98 0.12 -68.86
10011 37.3207 80.6940 1975.0 979743.25  -2.82 -70.11 0.04 -70.07
10012 37.3221 80.6995 1985.0 979743.56  -1.57 -69.19 0.08 -69.11
10013 37.3283 80.6991 1880.0 979748.06  -7.88 -71.93 0.09 -71.84
10014 37.3296 80.6957 1850.0 97974831 -1045 -73.48 0.14 -73.34
11015 37.3348 80.6882 1855.0 979751.19  -7.10 -70.30 0.30 -70.00
11016 37.3391 80.6836 1810.0 979753.25 -10.21 -71.88 0.64 -71.24
11017 37.3347 80.6791 1655.0 97976244 -14.66 -71.05 3.79 -67.26
11018 37.3270 80.6751 1765.0 97975756  -9.19 -69.33 3.55 -65.78
11019 37.3323 80.6748 1655.0 979762.62 -14.48 -70.86 3.66 -67.20
11020 37.3363 80.6696 1780.0 97975481 -11.47 -72.11 3.75 -68.36
11021 37.3404 80.6644 1800.0 979749.69 -14.72 -76.04 3.86 -72.18
11022 37.3469 80.6630 2000.0 97974175  -4.78 -72.92 3.82 -69.10
11023 37.3511 80.6593 2170.0 97973262  2.08 -71.85 3.73 -68.12
11024 37.3567 80.6624 2190.0 979731.62  2.96 -71.65 3.72 -67.93
11025 37.3620 80.6642 2050.0 97973994  -2.83 -72.67 3.87 -68.80
11026 37.3683 80.6557 2475.0 97971344  9.77 -74.56 3.57 -70.99
11027 37.3642 80.6552 2395.0 979718.87  8.55 -73.04 3.25 -69.79
11028 37.3322 80.7300 1790.0 979755.715  -8.66 -69.64 1.77 -67.87
11029 37.3372 80.7219 1870.0 979754.12  -3.69 -67.40 0.09 -67.31
11030 37.3596 80.7057 1650.0 979763.06 -17.32 -73.54 1.60 -71.94
11031 37.3560 80.7033 1720.0 979758.62 -14.24 -72.84 1.03 -71.81
11032 37.3527 80.7049 1795.0 97975531 -10.50 -71.65 0.74 -70.91
11033 37.3499 80.7097 1945.0 979749.12  -2.58 -68.84 0.19 -68.65
11034 37.3442 80.7132 1876.0 97975181  -5.44 -69.36 0.15 -69.21
11035 37.3397 80.7188 1840.0 979759.37  -1.27 -63.95 0.10 -63.85
11036 37.3213 80.6656 1835.0 979748.25 -10.99 -73.50 0.24 -73.26
11037 37.3196 80.6552 1800.0 979751.19 -11.34 -72.66 0.19 -72.47
11038 37.3185 80.6472 1725.0 979758.12 -11.46 -70.23 0.73 -69.50
11039 37.3194 80.6384 1655.0 979760.44 -15.73 -72.11 2.64 -69.47
12040 37.3651 80.7092 1890.0 979747.62 -10.19 -74.58 1.39 -73.19
12041 37.3666 80.7040 1945.0 979744.19  -845 -74.72 0.67 -74.05
12042 373718 80.7015 1940.0 979744.69  -9.30 -75.39 1.06 -74.33
12043 37.3692 80.6941 1955.0 979751.75  -0.83 -6743 0.97 -66.46
12044 37.3685 80.6838 1943.0 979746.31  -7.39 -73.59 3.81 -69.78
12045 37.3714 80.6680 1835.0 97975269 -11.17 -73.69 3.86 -69.83
12046 37.3724 80.6728 1730.0 979758.94 -14.80 -73.74 3.89 -69.85
12047 37.3668 80.6729 1775.0 979756.75 -11.88 -72.35 381 -68.54
12048 37.3620 80.6802 1670.0 979761.62 -16.88 -73.77 3.67 -70.10
12049 37.3578 80.6826 1665.0 979762.06 -16.91 -73.64 291 -70.73
12050 37.3526 80.6937 1605.0 97976744 -16.24 -70.92 293 -67.99
12051 37.3509 80.6992 1595.0 979766.75 -17.87 -72.21 2.87 -69.34
12052 37.3510 80.6827 1790.0 979756.15  -9.53 -70.51 2.72 -67.79
12053 37.3408 80.6725 1805.0 97975331 -10.62 -72.11 3.12 -68.99
12054 37.3255 80.6275 1845.0 97975094  -8.30 -71.15 177 -69.38
12055 37.3257 80.6381 1700.0 97975769 -15.18 -73.10 397 -69.13
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Station Latitude  Longitude Elevation  Gravity Free Air Bouguer  Terrain Complete
Value Anomaly  Anomaly  Corr. Bouguer
Anomaly
12056 37.3322 80.6352 1770.0 979755.06 -11.22 -71.53 3.85 -67.68
12057 37.3361 80.6323 1819.0 97975294  -9.68 -71.65 3.77 -67.88
12058 37.3398 80.6295 1915.0 979747.87  -5.71 -70.95 3.65 -67.30
12059 37.3533 80.6408 2540.0 97971125  15.50 -71.03 3.18 -67.85
12060 37.3480 80.6387 2435.0 97971744 11.82 -71.14 1.25 -69.89
12061 37.3410 80.6364 2090.0 97973725  0.12 -71.08 3.74 -67.34
12062 37.3319 80.6505 1945.0 97974262  -7.20 -73.47 0.85 -72.62
12063 37.3420 80.6437 2170.0 97973262  3.02 -70.91 1.09 -69.82
12064 37.3443 80.6558 1923.0 979746.50  -6.33 -71.85 297 -68.88
13065 37.3146 80.6363 1680.0 979760.37 -13.44 -70.67 3.46 -67.21
13066 37.3125 80.6315 1775.0 97975469  -9.25 -69.73 1.13 -68.60
13067 37.3071 80.6393 1830.0 979749.75  -9.02 -71.37 0.11 -71.26
13068 37.3139 80.6453 1675.0 979760.94 -12.41 -69.47 227 -67.20
13069 37.3108 80.6557 1860.0 979746.00  -9.95 -73.32 0.06 -73.26
13070 37.3050 80.6597 1740.0 97975544 -11.80 -71.08 0.40 -70.68
13071 37.3133 80.6744 1745.0 979755.25 -11.51 -70.96 0.24 -70.72
13072 37.3073 80.6656 1930.0 979743.37  -5.99 -71.74 0.07 -71.67
13073 37.2989 80.6652 1820.0 979750.69  -8.08 -70.09 1.43 -68.66
13074 37.3004 80.6543 1810.0 979750.62  -9.09 -70.75 0.14 -70.61
13075 37.2964 80.6489 1955.0 97974137 4.0 -71.31 0.05 -71.26
13076 37.3203 80.6301 1695.0 979759.12  -13.28 -71.02 3.40 -67.62
13077 37.3050 80.6462 1625.0 979761.75 -16.30 -71.66 0.69 -70.97
13078 37.2909 80.6285 1810.0 979750.12  -8.65 -70.31 0.28 -70.03
13079 37.2895 80.6341 1920.0 97974319 524 -70.65 0.12 -70.53
13080 37.2909 80.6465 2220.0 979725.37  5.16 -70.47 0.29 -70.18
13081 37.2890 80.6559 2105.0 979732.12 1.09 -70.62 0.04 -70.58
13082 37.2912 80.6644 2115.0 97973269  2.60 -69.46 0.03 -69.43
13083 37.2920 80.6755 2165.0 97972994 455 -69.21 0.04 -69.17
13084 37.2919 80.6830 2120.0 979733.31 3.69 -68.53 0.03 -68.50
13085 37.2930 80.6928 1965.0 979744.56  -0.57 -67.52 2.33 -65.19
13086 37.2965 80.7000 1840.0 979751.00  -5.89 -68.58 3.25 -65.33
13087 37.2935 80.7077 1655.0 979761.25 -13.4 -69.42 3.75 -65.67
13088 37.2896 80.7053 1650.0 979762.19 -11.63 -67.85 3.78 -64.07
13089 37.2848 80.7050 1695.0 979760.19  -9.40 -67.15 430 -62.85
13090 37.2750 80.7093 1830.0 979750.50  -5.46 -67.80 0.08 -67.72
13091 37.2683 80.7118 1690.0 979758.62  -9.56 -67.14 0.38 -66.76
14092 37.3184 80.7312 1855.0 97975256 479 -67.99 1.56 -66.43
14093 37.3109 80.7290 1875.0 97975156  -2.97 -66.85 1.05 -65.80
14094 37.3062 80.7256 2065.0 979739.81 3.14 -67.21 0.06 -67.15
14095 373063 80.7106 1990.0 97974425 053 -67.27 0.03 -67.24
14096 37.3104 80.7385 2070.0 979739.25  3.05 -67.47 0.19 -67.28
14097 37.3037 80.7459 2275.0 979728.37 1146 -66.05 0.32 -65.73
14098 37.3047 80.7383 2020.0 979743.31 241 -66.41 0.19 -66.22
14099 37.3000 80.7395 2075.0 979739.06  4.27 -66.42 0.17 -66.25
14100 37.2971 80.7311 1950.0 979746.69  0.14 -66.29 0.11 -66.18
14101 37.2955 80.7223 1805.0 97975475  -543 -66.93 0.18 -66.75
14102 37.2962 80.7135 1720.0 97975894  -9.24 -67.84 2.19 -65.65
15103 37.2636 80.7491 1831.0 97975125  -3.67 -66.05 0.36 -65.69
15104 37.2630 80.7399 1795.0 97975387 -443 -65.59 0.21 -65.38
15105 37.2671 80.7288 1755.0 97975637  -5.70 -65.49 0.17 -65.32
15106 37.2665 80.7203 1730.0 97975775  -6.67 -65.61 0.30 -65.31
15107 37.2626 80.7229 1755.0 97975487  -7.20 -66.99 0.40 -66.59
15108 37.2586 80.7283 1785.0 97975275  -5.56 -66.38 0.16 -66.22
15109 37.2556 80.7337 1855.0 979748.56  -3.17 -66.37 0.27 -66.10
15110 37.2538 80.7408 1886.0 97974637  -244 -66.69 192 -64.77
15111 37.2673 80.7443 1964.0 979743.31 0.90 -66.02 0.13 -65.89
15112 37.2704 80.7396 1935.0 97974594  0.79 -65.13 0.07 -65.06
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15113 37.2545 80.7090 1695.0 97975531 -11.46 -69.21 421 -65.00
15114 37.2614 80.7127 1695.0 979756.75 -10.96 -68.71 424 -64.47
15115 37.2738 80.7210 1785.0 97975394  -6.25 -67.06 1.69 -65.37
15116 372742 80.7382 1841.0 97975094  -3.98 -66.71 0.53 -66.18
15117 37.2817 80.7396 2145.0 979739.12  12.79 -60.28 0.10 -60.18
15118 37.2526 80.6802 1880.0 97974325 -6.13 -70.18 3.88 -66.30
15119 37.2556 80.6745 1925.0 979740.00  -5.15 -70.73 3.19 -67.54
15120 37.2602 80.6659 2035.0 97973425  -0.55 -69.88 375 -66.13
15121 37.2633 80.6574 2075.0 97973287 090 -69.80 245 -67.35
15122 37.2667 80.6579 2018.0 979736.25  -1.09 -69.84 038 -69.46
15123 37.2658 80.6624 2010.0 979737.00  -1.09 -69.57 0.39 -69.18
15124 37.2664 80.6750 1860.0 97974556  -6.63 -70.00 391 -66.09
15125 37.2642 80.6845 1775.0 97975100 -9.19 -69.66 221 -67.39
15126 37.2660 80.6865 1745.0 979752.56 -10.45 -69.90 2.12 -67.78
15127 37.2681 80.6932 1695.0 979755.00 -12.71 -70.46 3.07 -67.39
15128 37.2757 80.6901 1665.0 979758.15 -12.72 -69.45 3.31 -66.14
15129 37.2771 80.6826 1710.0 979756.50 -10.74 -69.00 2.78 -66.22
15130 37.2790 80.6756 1755.0 97975331  -9.70 -69.49 232 -67.17
15131 37.2808 80.6718 1780.0 97975175  -8.91 -69.55 221 -67.34
15132 37.2855 80.6638 1870.0 97974594  -7.19 -70.90 1.09 -69.81
15133 37.2755 80.6541 1970.0 979739.56  -3.23 -70.34 0.35 -69.99
15134 372821 80.6460 1885.0 97974337  -8.35 -72.57 0.13 -72.44
15135 37.2817 80.6392 1837.0 97974744  -1.86 -7045 0.73 -69.72
15136 37.2785 80.6300 1790.0 979749.69 -10.03 -71.01 0.50 -70.51
15137 37.2837 80.6266 1755.0 979752.50 -11.45 -71.24 1.68 -69.56
16138 37.3625 80.7152 1925.0 97974644  -8.08 -73.67 0.56 -73.11
16139 37.3571 80.7190 1795.0 979754.81 -11.94 -73.09 0.61 -72.48
16140 37.3512 80.7209 1665.0 979762.87 -15.16 -71.89 1.02 -70.87
16141 37.3474 80.7265 1615.0 979766.81 -15.93 -70.95 1.67 -69.28
16142 37.3431 80.7314 1595.0 979767.12 -16.56 -70.90 1.72 -69.18
16143 37.3400 80.7381 1595.0 97976744 -16.24 -70.58 1.77 -68.81
16144 37.3453 80.7442 1575.0 979765.50 -20.06 -13.72 1.34 -72.38
16145 37.3491 80.7412 1630.0 979762.19 -19.14 -74.67 1.03 -73.64
16146 37.3528 80.7447 1755.0 97975344 -16.13 -75.93 1.00 -74.93
16147 37.3559 80.7412 1755.0 97975237 -17.20 -76.99 1.18 -75.81
16148 37.3630 80.7426 2005.0 97973937  -7.62 -7593 442 -71.51
16149 37.3642 80.7461 2090.0 979734.69  -4.32 -75.52 3.90 -71.62
16150 37.2988 80.7464 2199.0 979731.81 8.68 -66.23 0.25 -65.98
16151 37.2922 80.7458 2041.0 97974200  4.95 -64.58 0.22 -64.36
16152 37.2903 80.7414 2005.0 97974406  3.63 -64.68 0.17 -64.51
16153 37.2853 80.7309 1950.0 97974475  -0.86 -67.29 0.21 -67.08
16154 37.2884 80.7288 1835.0 979752.00 -4.42 -66.94 1.24 -65.70
16155 37.2676 80.7024 1785.0 97975787 -1.38 -62.19 045 -61.74
16156 37.2687 80.6518 1970.0 979740.37  -1.48 -68.59 0.44 -68.15
17157 37.2694 80.8738 3615.0 97964194 54.79 -68.37 032 -68.05
17158 37.2731 80.8653 3635.0 979639.12 5292 -70.92 0.35 -70.57
17159 37.2762 80.8536 3545.0 979645.69 51.02 -69.75 0.31 -69.44
17160 37.2760 80.8488 3525.0 97964750  50.95 -69.14 0.31 -68.83
17161 37.2708 80.8410 3453.0 979655.56  53.18 -64.46 0.36 -64.10
17162 37.2941 80.7543 2218.0 979730.50 . 9.16 -6641 034 -66.07
17163 37.2895 80.7617 2278.0 97972725 1249 -65.12 0.39 -64.73
17164 37.2868 80.7676 2177.0 979733.00 8.74 -65.43 0.56 -64.87
17165 37.2826 80.7734 2110.0 979737.06.  6.50 -65.38 0.79 -64.59
17166 37.2799 80.7788 2148.0 97973500 895 -64.23 0.63 -63.60
17167 37.2757 80.7823 2195.0 979732.12 10.50 -64.29 0.58 -63.71
17168 37.2716 80.7864 2205.0 979731.56  10.87 -64.25 044 -63.81
17169 37.2689 80.7890 2205.0 979732.06 1231 -62.81 043 -62.38
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17170 37.2664 80.7957 2215.0 979731.62 1281 -62.65 0.54 -62.11
17171 37.2627 80.7956 2235.0 97973044  13.51 -62.64 0.45 -62.19
17172 37.2565 80.7997 2161.0 979733.87 10.92 -62.70 0.82 -61.88
17173 37.2527 80.7870 2035.0 979739.37 457 -64.76 0.79 -63.97
17174 37.2551 80.7818 2005.0 979741.37 3.75 -64.56 1.50 -63.06
17175 37.2518 80.7722 1940.0 979745.31 1.58 -64.52 1.50 -63.02
17176 37.2544 80.7644 1896.0 979747.94 0.06 -64.53 2.86 -61.67
17177 37.2581 80.7566 1864.0 97974962  -1.26 -64.76 0.50 -64.26
17178 37.2692 80.7550 1890.0 979748.56  -0.81 -65.20 092 -64.28
17179 372714 80.7637 1982.0 979744 .87 321 -64.31 0.49 -63.82
17180 37.2721 80.7748 2243.0 97972837 11.26 -65.16 0.25 -64.91
17181 37.2739 80.7786 2295.0 979727.12 1490 -63.29 0.31 -62.98
18182 37.2559 80.8622 3210.0 979668.94  44.64 -64.72 1.69 -63.03
19183 37.3004 80.8635 1650.0 979759.25 -15.51 -71.72 3.31 -68.41
19184 37.2956 80.8640 1635.0 97975994 -16.23 -71.94 3.27 -68.67
19185 37.3041 80.8536 1612.0 979762.31 -16.96 -71.88 3.20 -68.68
19186 37.3070 80.8477 1615.0 97976194 -17.05 -72.07 3.18 -68.89
19187 37.3002 80.8423 1820.0 979752.00 -6.77 -68.78 2.77 -66.01
19188 37.2940 80.8383 2085.0 979737.50 3.65 -67.38 2.51 -64.87
19189 37.2951 80.8304 2175.0 979731.00 5.61 -68.49 234 -66.15
19190 37.2994 80.8267 21220 979735.00 463 -67.66 2.31 -65.35
19191 37.3145 80.8397 1585.0 979762.69 -20.06 -74.06 342 -70.64
19192 37.3180 80.8320 1570.0 979764.12  -20.03 -73.52 345 -70.07
19193 37.3097 80.8616 1765.0 979751.06 -13.82 -73.95 1.00 -72.95
19194 37.3146 80.8486 1590.0 979761.50 -20.78 -74.95 2.90 -72.05
19195 37.3203 80.8304 1545.0 97976494  -21.57 -74.21 3.57 -70.64
19196 37.3238 80.8207 1530.0 979764.00  -23.92 -76.05 3.61 -72.44
19197 37.3281 80.8200 1585.0 979762.56 -21.12 -75.12 2.28 -72.84
19198 37.3284 80.8136 1545.0 979764.19  -23.26 -75.90 3.10 -72.80
19199 37.3209 80.8162 1780.0 979753.75 -10.66 ~71.30 323 -68.07
19200 37.3216 80.8089 1910.0 97974537  -6.81 ~71.88 3.72 -68.16
19201 37.3158 80.7942 1895.0 97974444  9.16 -73.72 2.67 -71.05
19202 37.3214 80.7967 1790.0 97975175 -11.72 -72.70 2.82 -69.88
19203 37.3299 80.7973 1890.0 979745.00 -10.00 -74.39 1.45 -72.94
19204 37.3303 80.8053 1625.0 979760.06 - -19.86 -75.22 4.85 -70.37
19205 37.3340 80.7947 1600.0 979760.94 -21.34 -75.85 1.57 -74.28
19206 37.3301 80.7895 1870.0 97974756  -9.32 -73.03 4.35 -68.68
19207 37.3312 80.7803 1925.0 979744.87  -6.83 -72.42 1.50 -70.92
19208 37.3347 80.7718 1910.0 979745.81  -7.31 -72.38 0.81 -71.57
19209 37.3382 80.7641 1660.0 979759.06 -18.51 ~75.06 1.12 -73.94
19210 37.3376 80.7903 1560.0 979764.81 -22.16 -75.31 1.58 -73.73
30211 37.3418 80.7710 1595.0 979763.37 -20.31 -74.65 1.16 -73.49
30212 37.3420 80.7818 1570.0 979763.19 -22.85 -76.33 1.41 -74.92
30213 37.3354 80.7579 1610.0 97976287 -18.46 <7331 1.53 -71.78
30214 37.2558 80.8063 2215.0 979730.00 12.13 -63.34 1.13 -62.21
30215 37.2554 80.8142 2337.0 979722.56 16.16 -63.46 0.95 -62.51
30216 37.2553 80.8212 2468.0 97971444 2036 -63.72 0.99 -62.73
30217 37.2541 80.8279 2620.0 979704.31 2453 -64.73 1.08 -63.65
30218 37.2533 80.8414 2991.0 979682.44 3754 -64.36 0.87 -63.49
30219 37.2536 80.8477 3145.0 97967231 41.90 -65.25 1.18 -64.07
30220 37.2558 80.8558 3380.0 979659.75 51.44 -63.71 443 -59.28
20001 37.2486 80.7097 1720.0 979754.56  -8.93 -67.52 297 -64.55
20002 37.2432 80.7103 1731.0 979753.06  -9.39 -68.37 2.66 -65.71
20003 37.2402 80.7087 1726.0 97975231 -10.61 -69.41 291 -66.50
20004 37.2422 80.7161 1877.0 97974562  -3.10 -67.05 0.15 -66.90
20005 37.2422 80.7267 1994.0 979739.50 1.78 -66.15 0.07 -66.08
20006 37.2401 80.7362 2150.0 979729.87 6.83 -66.42 0.12 -66.30

-
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20007 37.2419 80.7445 2168.0 979729.37 8.02 -65.84 0.05 -65.79
20008 37.2478 80.7486 2076.0 979735.94 593 -64.80 0.16 -64.64
20009 37.2386 80.7471 1991.0 979740.06  3.00 -64.83 047 -64.36
20010 37.2282 80.7402 1789.0 97974944  -6.62 -67.57 2.85 -64.72
20011 37.2178 80.7400 1808.0 97974706 -6.34 -67.93 0.57 -67.36
20012 37.2085 80.7392 1797.0 97974525  -8.25 -69.47 2.11 -67.36
20013 37.1971 80.7351 1832.0 97973844 -10.83 -73.24 3.15 -70.09
20014 37.1946 80.7351 1841.0 979738.19  -9.30 -72.02 332 -68.70
20015 37.1783 80.7158 2167.0 97971419  -1.70 -75.53 0.16 -75.37
20016 37.1681 80.7042 1936.0 979727.00  -9.67 -75.63 0.95 -74.68
20017 37.1641 80.7001 1983.0 979721.87 -10.38 -7794 0.08 -717.86
20018 37.1618 80.6967 2041.0 979716.87  -8.99 -78.52 0.02 -78.50
20019 37.1587 80.6938 2050.0 97971581  -9.20 -79.04 0.02 -79.02
20020 37.1437 80.6506 2087.0 979711.81  -8.79 -79.89 0.0 -79.89
20021 37.1388 80.6863 2041.0 97971469  -9.30 -78.83 0.20 -78.63
20022 37.1383 80.6809 2091.0 97971144  -7.85 -79.09 0.0 -79.09
20023 37.1317 80.6869 2105.0 979712.44  -5.53 -77.25 0.0 -77.25
20024 37.1278 80.6941 2116.0 979711.25  -4.75 -76.84 0.0 -76.84
20025 37.1941 80.7292 1847.0 979737.81  -9.11 -72.03 2.65 -69.38
20026 37.1499 80.7191 1953.0 979721.12 -12.08 -78.61 0.23 -78.38
20027 37.1460 80.7129 1946.0 979721.06 -12.80 -79.09 0.27 -78.82
20028 37.1368 80.7018 1993.0 979717.50 -11.00 -78.90 0.72 -78.18
20029 37.1338 80.6934 2100.0 97971094  -7.50 -79.05 0.0 -79.05
20030 37.2289 80.7332 1860.0 97974462  -4.76 -68.13 0.73 -67.40
20031 37.2371 80.7208 1743.0 97975225 -8.14 -67.52 231 -65.21
21032 37.2460 80.6280 2000.0 97973294  -4.22 -72.36 2.05 -70.31
21033 37.2483 80.6329 1840.0 979743.37  -8.83 -71.52 4.08 -67.44
21034 37.2467 80.6358 1860.0 979740.50  -9.82 -73.19 3.61 -69.58
21035 37.2446 80.6407 1900.0 97973712 944 -74.17 3.67 -70.50
21036 37.2422 80.6503 2016.0 979734.00  -1.65 -70.33 3.64 -66.69
21037 37.2412 80.6585 2127.0 979725.75 0.54 -71.93 0.58 -71.35
21038 37.2408 80.6633 2000.0 97973356  -3.59 -71.73 1.52 -70.21
21039 37.2406 80.6654 1980.0 97973525  -3.79 -71.24 1.69 -69.55
21040 37.2441 80.6737 1888.0 979741.62  -6.06 -70.39 4.28 -66.11
21041 37.2442 80.6770 1872.0 97974275  -6.44 -70.22 3.96 -66.26
21042 37.2377 80.6786 1931.0 979738.25  -4.46 -70.24 393 -66.31
21043 37.2355 80.6808 1980.0 979735.50  -2.60 -70.06 423 -65.83
21044 37.2366 80.6838 1982.0 97973469  -3.22 -70.75 334 -67.41
21045 37.2360 80.6866 1955.0 979736.75  -3.70 -70.31 338 -66.93
21046 37.2306 80.7059 1769.0 979748.06  -9.88 -70.15 347 -66.68
21047 37.2238 80.6966 2000.0 97973394  -141 -69.54 3.58 -65.96
21048 37.2181 80.7072 2040.0 979731.50  -0.08 -69.58 349 -66.09
21049 37.2160 80.7119 1940.0 979736.00  -4.05 -70.14 343 -66.71
21050 37.2140 80.7194 2000.0 979733.81  -0.59 -68.73 3.39 -65.34
21051 372192 80.7184 1900.0 979739.00  -5.75 -70.48 2.88 -67.60
21052 37.2434 80.6839 1827.0 979746.00  -7.43 -69.67 3.86 -65.81
21053 37.2412 80.6979 1800.0 979746.31  -9.65 -70.98 3.21 -67.77
21054 37.1632 80.6813 2027.0 979717.56  -9.62 -78.67 0.04 -78.63
21055 37.1703 80.6702 2002.0 979720.00 -1047 -78.67 0.02 -78.65
21056 37.1701 80.6646 1994.0 979720.00 -11.22 -79.15 0.06 -79.09
21057 37.1728 80.6602 1956.0 979722.00 -12.79 -7943 0.02 -71941
21058 37.1710 80.6556 1937.0 979723.19 -13.39 -79.38 0.02 -79.36
21059 37.1684 80.6524 1939.0 979722.19 -14.20 -80.26 0.02 -80.24
21060 37.1648 80.6459 1832.0 979727.87 -18.58 -80.99 202 -71897
21061 37.1718 80.6379 1781.0 979731.56 -19.69 -80.37 143 -78.94
21062 37.1772 80.6294 1767.0 97973250 -21.01 -81.21 1.72 -79.49
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21063 37.1638 80.6310 2018.0 97971706 -11.90 -80.65 0.01 -80.64
21064 37.1526 80.6465 1942.0 97972169 -12.55 -78.71 0.12 -78.59
21065 37.1458 80.6581 2027.0 97971794  -8.30 -77.36 0.09 -711.27
21066 37.1380 80.6572 2013.0 979716.69 -9.93 -78.51 0.02 -78.49
21067 37.1331 80.6606 2047.0 97971344  -9.98 -79.72 0.0 -719.72
21069 37.1303 80.6347 1899.0 979719.50 -16.90 -81.60 0.14 -81.46
21070 37.1587 80.6401 1856.0 979726.81 -16.45 -79.68 3.52 -76.16
22071 37.1332 80.7424 1976.0 979718.19 -1191 -719.23 0.74 -78.49
22072 37.1350 80.7435 1978.0 97971869 -11.22 -78.61 1.00 -77.61
22073 37.1379 80.7449 1980.0 97971831 -1141 -78.87 0.17 -78.70
22074 37.1423 80.7521 2060.0 97971500 -8.14 -78.32 0.06 -78.26
22075 37.1307 80.7468 2027.0 979715.81  -8.55 -77.61 042 -77.19
22076 37.1352 80.7593 2012.0 979717.37 934 -77.89 0.09 -77.80
22077 37.1323 80.7666 2007.0 97971769  -9.50 -71.87 0.24 -77.63
22078 37.1278 80.7744 2024.0 979716.31  -8.34 -77.29 0.79 -76.50
22079 37.1279 80.7920 2120.0 97971081  -4.81 -77.03 0.11 -76.92
22080 37.1315 80.7959 2160.0 979713.06  0.27 -73.32 0.24 -73.08
22081 37.1398 80.7980 2460.0 979696.62 12.04 -711.77 0.16 -71.61
22082 37.1429 80.8005 2835.0 979672.37 22.12 -74.46 0.22 <7424
22083 37.1441 80.8075 2560.0 979692.31 16.20 -71.02 1.95 -69.07
22084 37.1506 80.8055 2180.0 97971625 440 -69.87 1.12 -68.75
22085 37.1567 80.8061 1960.0 979731.06 -242 -69.19 1.17 -68.02
22086 37.1594 80.8050 1920.0 979732.00 -5.24 -70.65 1.29 -69.36
22087 37.1594 80.8089 2000.0 97972762  -2.09 -70.23 1.09 -69.14
22088 37.1549 80.8143 1940.0 97973087 449 -70.58 136 -69.22
22089 37.1518 80.8184 1989.0 979728.69  -1.13 -68.89 131 -67.58
22090 37.1486 80.8240 1958.0 97972944  -3.29 -70.00 201 -67.99
22091 37.1472 80.8318 1971.0 979728.87  -2.63 -69.78 1.50 -68.28
22092 37.1430 80.8387 1980.0 979727.37  -3.29 -70.74 147 -69.27
22093 37.1403 80.8469 20120 97972587 -0.84 -69.39 1.27 -68.12
22094 37.1376 80.8506 1980.0 979726.81 -291 -70.37 1.47 -68.90
22095 37.1321 80.8546 2000.0 979726.00 -1.84 -69.98 222 -67.76
22096 37.1281 80.8612 2000.0 97972569  -1.22 -69.36 2.04 -67.32
22097 37.1310 80.7763 2080.0 97971431  -5.07 -75.93 0.08 -75.85
220098 37.1338 80.7778 2120.0 979713.50  -3.06 -75.28 0.09 -75.19
22099 37.1358 80.7791 2153.0 979711.56  -1.89 -75.24 0.10 -75.14
22100 37.1632 80.7934 1908.0 97973406 -4.31 -69.31 1.31 -68.00
22101 37.1637 80.7848 1920.0 97973281  -537 -70.78 249 -68.29
22102 37.1665 80.7801 1900.0 979733.87 -6.18 -70.92 3.30 -67.62
22103 37.1693 80.7766 1900.0 97973431  -5.75 -70.48 325 -67.23
22104 37.1708 80.7708 1920.0 97973331 487 -70.28 297 -67.31
22105 37.1740 80.7696 1880.0 97973450 -7.44 -71.49 244 -69.05
22106 37.1776 80.7619 1900.0 979734.75  -6.06 -70.79 3.53 -67.26
22108 37.1838 80.7524 1900.0 979735.00  -6.00 -70.73 240 -68.33
22109 37.1851 80.7496 1926.0 97973381 474 -70.36 3.01 -67.35
22110 37.1865 80.7480 1880.0 979735.75  -8.07 -72.12 3.68 -68.44
22111 37.1899 80.7456 1900.0 97973337  -8.56 -73.29 1.28 -72.01
22112 37.1920 80.7410 1900.0 979734.19  -7.75 -72.48 0.88 -71.60
22113 37.1923 80.7371 1840.0 97973762  -9.95 -72.64 2.50 -70.14
23114 37.2131 80.7636 1983.0 979737.50 1.50 -66.06 032 -65.74
23115 37.2190 80.7687 2200.0 979724.81 8.28 -66.67 0.27 -66.40
23116 37.2204 80.7688 2275.0 979719.31 9.83 -67.68 024 -67.44
23117 37.2192 80.7727 2320.0 979714.75 9.50 -69.54 0.52 -69.02
23118 37.2187 80.7772 2380.0 979711.81 1221 -68.88 042 -68.46
23119 37.2114 80.7720 1851.0 979743.69 -4.73 -67.79 2.15 -65.64
23120 37.2084 80.7695 1820.0 979746.19  -5.15 -67.15 1.32 -65.83
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Station Latitude  Longitude Elevation  Gravity Free Air Bouguer  Terrain Complete
Value Anomaly  Anomaly Corr. Bouguer
Anomaly
23121 37.2127 80.7762 1940.0 97974337 3.33 -62.77 1.74 -61.03
23122 37.2123 80.7814 1940.0 979742.87 2.83 -63.27 1.64 -61.63
23123 37.2096 80.7842 1960.0 97974325  5.08 -61.69 0.96 -60.73
23124 37.2086 80.7914 1916.0 979740.19 -2.12 -67.39 1.38 -66.01
23125 37.2078 80.7975 1900.0 979741.12  -2.68 -67.42 1.58 -65.84
23126 37.2077 80.8010 1901.0 979740.75  -2.97 -67.713 1.80 -65.93
23127 37.2055 80.8074 1980.0 97973650  1.15 -66.31 122 -65.09
23128 37.2050 80.8142 2020.0 97973281 123 -67.59 1.20 -66.39
23129 37.2040 80.8170 2020.0 97973237  0.79 -68.03 1.16 -66.87
23130 37.2012 80.8222 1971.0 979736.06  -0.13 -67.28 1.55 -65.73
23131 37.1981 80.8231 1920.0 97973969 -1.30 -66.72 1.80 -64.92
23132 37.1955 80.8193 1900.0 979740.12  -1.81 -66.54 1.32 -65.22
23133 37.1956 80.8142 1920.0 97974037 032 -65.09 1.51 -63.58
23134 37.2003 80.8238 1960.0 979736.25 -0.98 -67.76 2.90 -64.86
23135 37.1983 80.8272 1920.0 97973769  -3.30 -68.72 222 -66.50
23136 37.1976 80.8305 1921.0 97973737 -3.52 -68.97 2.15 -66.82
23137 37.1982 80.8358 1920.0 979737.19  -3.80 -69.22 2.10 -67.12
23138 37.1945 80.8383 1920.0 979736.81 -3.24 -68.65 1.09 -67.56
23139 37.1923 80.8381 1926.0 97973700 -2.49 -68.11 0.97 -67.14
23140 37.1892 80.8349 1920.0 97973794 -2.12 -67.53 1.87 -65.66
23141 37.1881 80.8298 2000.0 97973462  2.09 -66.04 1.66 -64.38
23142 37.1884 80.8247 2080.0 979730.50 549 -65.37 0.88 -64.49
23143 37.1872 80.8327 1920.0 979739.19  -0.87 -66.28 3.29 -62.99
23144 37.1851 80.8255 1940.0 979738.75 151 -64.58 1.88 -62.70
23145 37.1800 80.8260 2020.0 979733.56  3.85 -64.97 1.65 -63.32
23146 37.1781 80.8324 2040.0 979732.19  4.36 -65.14 4.14 -61.00
23147 37.1756 80.8373 2040.0 97973244  4.61 -64.89 2.30 -62.59
23148 37.1698 80.8388 1960.0 97973381  0.60 -67.38 2.88 -64.50
23149 37.1692 80.8454 1960.0 97973525  0.83 -65.94 2.67 -63.27
23150 37.1672 80.8480 2120.0 97972544  6.07 -66.16 1.19 -64.97
23151 37.1640 80.8514 2100.0 979726.50 525 -66.30 1.43 -64.87
23152 37.1607 80.8544 1980.0 979733.00 140 -66.06 2.58 -63.48
23153 37.1601 80.8595 1980.0 979733.19  1.59 -65.87 4.88 -60.99
23154 37.1620 80.8609 1980.0 979734.12  2.53 -64.93 2.39 -62.54
23155 37.1603 80.8680 1980.0 97973400 240 -65.06 0.97 -64.09
23156 37.1579 80.8667 2000.0 97973150 178 -66.36 1.31 -65.05
23157 37.1538 80.8695 1980.0 979731.75  0.15 -67.31 3.38 -63.93
23158 37.1518 80.8719 2020.0 979729.19 229 -66.53 3.26 -63.27
23159 37.1647 80.8598 2080.0 97972625 3.12 -67.75 0.60 -67.15
23160 37.1703 80.8599 2080.0 97972725 412 -66.75 0.54 -66.21
23161 37.1734 80.8633 2300.0 979716.69 14.25 -64.11 0.16 -63.95
23162 37.1721 80.8658 2280.0 97971794 13.62 -64.06 0.18 -63.88
23163 37.1672 80.8703 2220.0 979721.31 11.35 -64.29 0.21 -64.08
23164 37.1620 80.8718 2000.0 979733.69  3.97 -64.17 1.38 -62.79
23165 37.1762 80.8567 2160.0 979725.12  8.58 -65.01 0.37 -64.64
23166 37.1806 80.8488 2140.0 97972662  8.20 -64.71 0.33 -64.38
23167 37.1786 80.8468 2220.0 97972131 1041 -65.22 0.38 -64.84
23168 37.1731 80.8462 2040.0 97973231 542 -64.08 2.19 -61.89
23170 37.1827 80.8451 2040.0 979732.12  4.29 -65.21 0.50 -64.71
23171 37.1843 80.8374 2000.0 97973537  3.78 -64.36 1.27 -63.09
23172 37.1887 80.8464 2000.0 97973344 091 -67.23 0.65 -66.58
23173 37.1866 80.8519 2040.0 97973125 248 -67.02 0.58 -66.44
23174 37.1844 80.8572 2100.0 97972844  6.25 -65.30 1.07 -64.23
23175 37.1796 80.8701 2172.0 97972406  8.65 -65.35 0.46 -64.89
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