S

Gravity Profile Evaluation of
Geological Cross-sections through the
Southern Appalachians
in Frederick County, Virginia
by
Captain Michael Rando!ph Mason

United States Army Corps of Engineers

Thesis submitted to the Faculty of the
Virginia Polytechnic Institute and State University
in partial fulfillment of the requirements for the degree of
Masler of Science, Geophysics
in

Department of Geological Sciences

APPROVED:

} Edwing. Robinson, Chairman

John K. Costain " Cajrit Coruh

June 1, 1989

Blacksburg, Virginia




Gravity Profile Evaluation of
Geological Cross-sections through the
Southern Appalachians
in Frederick County, Virginia
by
Captain Michael Randolph Mason
United States Army Corps of Engineers
Edwin S. Robinson, Chairman
Department of Geological Sciences

{ABSTRACT)

The geology of Frederick County, Virginia is known mostly from surface mapping. Based
on this work are interpretations of the subsurface geology including cross sections which have
been constrained by the surface geology and by the method of area balancing based upon
palinspastic reconstruction. With the intent to further constrain these cross sections, gravity
measurements were made at 422 sites in Frederick County. Then, gravity ancmalies were
compared with theoretical gravity profiles calculated from two dimensional models of density
distribution based upon the cross sections.

Using the cross section geometry and densities published for the known and inferred rock
units, the theoretical gravity profiles did not compare favorably with corresponding Bouguer
gravity profiles. However, by modifying the geometry of the model units and adjusting the
model unit densities, a reasonabie fit between theoretical and Bouguer gravity profiles was
obtained. Although the geometrical modifications adhered to the structural style, no attempt
was made to area balance these modifications within the model. lLack of balancing is not
necessarily a shortcoming in view of the possibility that volume balance may exist in the third
dimension, or that area balance may be possible by modification of other parts of the larger
geologic cross section. If the modified model correctly represents the known surface geology

and subsurface structural style and produces a profile which reproduces the character of the




Bouguer gravity from the field, then the model represents a viable interpretation in the ab-
sence of more focused subsurface information.

It is possible to explain the Bouguer gravity variations in Frederick County in terms of
upper crustal features less than 6 km in depth. This is not proof that deeper density contrasts

are insignificant or nonexistant, but only shows that they might not be significant.




Acknowledgements

| am thankful for the guidance and encouragement of Dr. Edwin S. Robinscn in the con-
duct of this study and in the pursuit of the academics associated with my graduate studies in
geophysics.

Drs. John K. Costain and Cahit Coruh assisted me in the soluticn of various technical
difficulties and development of computer programs. Dr. Costain and Dr. Coruh also reviewed
the manuscript and made suggestions for enhancement of my work. | wish to express my
appreciation to my fellow graduate students who were helpful every step of the way and at
all hours of the day.

Dr. Blair Jones of the Virginia Polytechnic Institute and State University Forestry Depart-
ment provided the digital terrain elevation data for use in the terrain correction program.

I am especially thankful to my wife, , for acting as navigator/recorder
during the field work, for assisting me in digitizing data point locations, for editing this manu-
script, and for being patient with the time, expense, and occasional frustration.

t wish to acknowledge the United States Army Advanced Civil Schooling program under
which | was afforded the opportunity for my graduate education. This research was fully

funded by the United States Army in accordance with Army Regulation 521-1.

Acknowledgements iv




Acknowledgements v




Table of Contents

ItroduUChion ...t e e e e e e e e 1
GROlOgY ...t e e e e e e e e 3
Stratigraphy .. ... 3
StrUCtUre 5
L = T 9
Regional Field . .. .. 12
Upper Crustal Anomaly Sources ... ... 14
ANALYSIS . e e et s 15
Analysis of Bouguer Gravity Anomalies ... ... ... .. ... 15
Line 3 17
Line 4 19
LN S L, 19
L ONC S ONIS . . i i e e e e e e 21

Table of Contents vi




B bliography . e e et e e e e e e ceea. 23
Figures and Tables . ...ttt s i ettt e e e 26
Appendix A. Bouguer Gravity Data Set ... ........ .. ittt 45
L T 58




List of Figures and Tables

List of Figures and Tables

viii




Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

Figure

1.

4a.

4b.

10.

11,

13.

14.

Geological map of Frederick County.................... 27

Geological cross sections through Frederick County....28
Bouguer gravity contour map of Frederick County....... 29
Regional field calculated from a plane polynomial..... 30

Regional field calculated from a quadratic polynomial 31
Bouguer gravity profiles a, b, and ¢.................. 32
Bouguer vs model gravity profiles, Line 3,
published cross section and densities from literature 33
Bouguer vs model gravity profiles, Line 3,
published cross section and densities as required...., 34
Bouguer vs model gravity profiles, Line 3,
modified cross section and reascnable densities....... 35
Bouguer vs model gravity profiles, Line 4,
published cross section and densities from literature 36
Bouguer vs model gravity profiles, Line 4,
published cross section and densities as required..... 37
Bouguer vs model gravity profiles, Line 4,
modified cross section and reasonable densities....... 38
Bouguer vs model gravity profiles, Line 5,
published cross section and densities from literature 39
Bouguer vs model gravity profiles, Line 5,
published cross section and densities as required..... 40
Bouguer vs model gravity profiles, Line 5,

modified c¢ross section and reascnable densities....... 41

List of Figures and Tables ix




Table 1.

Table 2.

Table 3.

Table 4.

Density values for sedimentary rocks in

the southern Appalachians.......... i, 42
Model density values for Lime 3.......00tiirrinnnnnnnn 43
Model density values for Line &......vuivirnnnnnnnnsan 44
Model density values for Line 5....... ... i vnnn... 45

List of Figures and Tables X




Introduction

Frederick County is the northernmost county in Virginia. Although there is one short
seismic line north of Winchester (Evans, 1989), the geology of the county is known mostly from
surface mapping, (Butts and Edmundson, 1963). The stratigraphic units and structural features
{Figure 1) appear to be typical of the folded and thrust faulted Valley and Ridge terrane in
Virginia.,

important structural features that are evident from rocks exposed at the land surface in-
clude the Little North Mountain fault which separates the county into two geologically different
parts. West of the fault is the Great North Mountain anticlinorium and the Mount Pleasant
syncline, and o the east is the Massanutten synclinorium.

Interpretations of the subsurface geology inciude cross sections {Woodward, 1985) that
have been constrained by the surface geology and by the method of area balancing based
upcon palinspastic reconstructions. The structural style presented in these cross sections is
consistent with that of imbricate thrust faults originating along major decollements within the
Cambrian-age Rome Formation. These ideas have been confirmed by seismic reflection sur-

veying in the Valley and Ridge province (Evans, 1889). Within Frederick County, there is

Introduction 1




seismic reflection data along a line, which passes to the north of Winchester, and crosses the

Little North Mountain fault and Massanutten synclinorium,

The purpose of this study is to constrain further the interpretations of subsurface geology
by means of gravity field measurements. To this purpose, gravity measurements were made
at 422 sites in Frederick County. Gravity anomalies calculated from these measurements
were then compared with theoretical gravity anomalies calculated from two-dimensional
models of density distribution based upon cross sections from Woodward (1985). Then, by
means of trial calculations involving changes in the density and geometry, models were ob-
tained with theoretical gravity anomalies which more ciosely reproduce the measured gravity
anomalies. These models provide insight about the constraints on geometry and density of

units in an interpretative geologicai cross section that are imposed by gravity measurements.
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Geology

Frederick County is in the Valley and Ridge Province of the southern Appalachians. This
province is dominated by folded and thrust faulted sedimentary rocks. The trend of the
structures in this region is generally northeast/southwest. In the county are two large struc-
tures, the Massanutten synclinorium, on the east, and the Great North Mountain anticlinorium,
on the west. The Massanutten synclinorium is thrust onto the Great North Mountain
anticlinorium along the Little North Mountain fault, which is exposed along Little North Moun-

tain.

Stratigraphy

The densities of the rock units in the study area are an important factor in the analysis
of gravity measurements. The exposed rock units in this area have been mapped and de-
scribed (Figure 1) by Butts and Edmunson (1963, 1966). The densities of rocks similar to those

exposed in the study area have been measured by Edsall (1974) and Kolich (1974) and are
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presented in Table 1. The following is a discussion of rock units present in Frederick County
and how they correlate with rock units elsewhere in the Valley and Ridge Province that were
tested by Edsall {1874) and Kolich (1974).

Opeguon Creek forms the eastern border of Frederick county. Westward from Opequon
Creek to Interstate 81, a distance of 7-10 km, the surface exposures are almost entirely
Ordovician age Martinsburg shale (Omb) {Butts and Edmundson, 1863). The Martinsburg
shale was deposited in the clastic wedge of a foreland basin formed during the Taconic
orogeny of middle to late Ordovician time {Thomas, 1983, and Glover, 1989),

Older rocks bordering the Martinsburg shale on both eastern and western limbs of the
Massanutten synclinorium are rocks of the Upper and Lower Knox Groups. From the Upper
Knox Group are the Edinburg (Ce) and Lincolnshire (Ol) formations which are dark gray.
compact limestones with nodules of black chert and variable amounts of black shale. In the
Upper Knox, they are above the New Market {On), Bellefonte {Obe), Nittany (Oni), and
Chepultepec (Och) formations of thick bedded limestone and dolomite. (Butts and Edmundson,
1963) Although none is indicated, there may be an unconformity between the Bellefonte and
the Martinsburg formations which would represent passage of a peripheral bulge which
presaged the oncoming continent of Carolinia and the Taconic orogeny as envisaged for the
southern Appalachians by Read, (in press). (Note: Carolinia is also referred to as Avalonia in
some interpretations.) The Upper Knox is early Ordovician in age, 505-430 Ma {Read, in
press).

The Cambrian time, 570-505 Ma, is represented in the column by the Conococheague (Co)
formation of the Lower Knox group and the Elbrook (Ce) formation. The Conococheague for-
mation is mostly limestone with some interbedded gray dolomite and a few beds of coarse
grained friable sandstone. The Elbrook formation is composed of thin-bedded, impure
limestone and delomite. (Butts and Edmundson, 1863) The Little North Mountain thrust fault
truncates the bottcm of the Elbrock formation on the west, Immediately to the west of the
Little North Mountain fault is a narrow strip of Martinsburg shale which may indicate that the

fault surface is in or on the Martinsburg. There are small fragments of the Juniata and
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Oswego sandstones (Qjos) intermittently along the western edge of this outcrop of the

Martinsburg. (Butts and Edmundson, 19563)

Lying above the Cambro-Ordovician sequence, are formations that represent the shaliow
water deposition of the Taconic clastic wedge (Glover, 1989). The Silurian age, 438-408 Ma,
Tuscarora (Stu), Clinton (Scl), McKenzie (Smk), Bloomsburg (Sb), and Wills Creek (Swc) for-
mations are interbedded sandsiones and shales. {Butts and Edmundson, 1963) The Tonoloway
formation (St) of thin bedded limestone with sandy layers represents the beginning of an
epicontinental sea following the Taconic orogeny, 430-440 Ma (Glover, 1989).

At the end of the Taconic orogeny a shallow epicontinental sea collected sediments in a
low energy environment (Glover, 1988). The rocks which record this pericd are in the
Oriskany sandstone and Helderberg limestone (Dsch). These rocks are further subdivided into
the Silurian Keyser (Sk) and Devonian New Scotland (Dns) formations which are limestone,
and the Oriskany formation (Do) which is a coarse grained, thick-bedded sandstone. (Butts
and Edmundson, 1963)

In early Devonian time, the Acadian orogeny, 408-350 Ma, produced a second clastic
wedge {Glover, 1989). The rocks which reccrd the Acadian crogeny are the Onondaga (Don)
and Marcellus {Dmr) shale formations. The filling of the Acadian foreland basin is recorded
tn the Hamilton {Dha), Brallier {Db), Chemung {Dch), and Hampshire {Dhs) formations which
are alt interbedded sandstones and shales. There is a small exposure of the Mississippian
age chono {Mpo) shale, sandstone, and conglomerate formation near Shockeysville on the
Northern border of the county. (Butts and Edmundson, 1563)

Using stratigraphic columns and tectonic sequences for the Valley and Ridge Provinces
of southwestern Virginia of Glover (1989) and Read (in press), equivalent formations tested
by Edsall (1974) and Kolich {1974) (Tabie 1) were chosen to obtain density values for use in
analysis of gravily measurements. Where no equivalent was found in Edsall {1974) and Kolich
(1974), density values were taken from Kulander and Dean {13872), Byerty (1973), Dean {1966),

or Knotts (13984),
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Structure

The obvious structures are a major anticlincrium separated from a major synclinorium
by the Littte North Mountain thrust fault. These three features will be described in the order
in which they were formed.

The Massanutten synclinorium is a foreland basin formed during the middle Ordovician
(490-440 Ma) and filled with clastic wedge sediments eroded from the Taconic melange and
adjacent oncoming continent of Carolinia. The sediment scurce would have been from the
direction of what is presently east. The foreland basin was the closing lapetus Qcean. The
sediments and basin were subsequently folded and thrusted by the Alleghanian {340-310 Ma)
orogeny. {(Glover, 1989)

The Great North Mountain anticlinorium is composed of sediments accumulated in an
epicontinental sea (440-408 Ma) following the Taconic orogeny, and in the clastic wedge re-
sulting from the Acadian orogeny {408-350 Ma). The folding of the Great North Mountain
anticlinorium came about during the Alleghanian orogeny {Glover, 1989).

The Little North Mountain fault must be Alleghanian in age as it cuts both depositionai
environments recorded in the Great North Mountain anticlinorium and the Massanutten
synclinorium. The Little North Mountain fault is believed to extend downward into a
decollement situated in the Rome shale which is a drift sequence deposit laid down following
the opening of the lapetus Ocean (570-490 Ma). The Rome shale, which is not exposed in
Frederick County was deposited on the continent side of a rimmed basin. Therefore, ils
sediments came from what is presently west (Read, in press).

Deeper structural features inferred from the surface geology in Frederick County are
shown on three geologic cross sections (Figure 2) published in Wocodward {1985). In the
compilation of the three cross sections the geologists used palinspastic reconstructions to
balance the cross section areas. In a palinspastic section, the geological structures repres-

ented have been restored insofar as possible to their original geographical positions, before
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the crust was deformed by tectonic activily (Bates and Jackson, 1987). Seismic reflection data
has been used by Evans (1989) to support palinspastic reconstruction. The three cross
sections illustrate a tectonic style consisting of imbricate faults and folds which are area bal-
anced to be consistent with the palinspastic sections with regard to the total cross-sectional
area cccupied by each stratigraphic unit. This tectonic style has been verified by seismic re-
flection profiles in the Valley and Ridge Province. One seismic profile in Frederick County
tends to confirm the structural style of the cross sections (Evans, 1989),

The two cross sections prepared by T.H. Wilson (1985, Lines 3 and 5 from Woodward,
1985} display basal Cambro-Ordovician blocks displaced along imbricate thrusts which control
the draped surface west of the Litlle North Mountain Fault. According to Wilson, the presence
of these large blocks is inferred from surface exposure and basement depths in this area. The
exposures are certainly in other areas as the cross sections show the imbricate blocks ap-
proaching no closer than 1.5 km to the surface. Either the Cambro-Ordovician blocks or the
Silurian-Devonian units may be thicker; either case could be the result of internal detachment.
Both possibilities have been represented on seismic sections in other areas. It is also noted
by T.H. Wilson (1985) that gravity anomalies over the western part of the study area are not
as high as might be expected. This is attributed to excessive amounts of low density
Martinsburg shale obscuring duplications of the Cambro-Ordivician blocks. The lenticular
formation in the subsurface east of the Little North Mountain fault is indicated as conjecture
based on the shearing off of the Great Valley block, {Wilson, 1985)

The cross section, Line 4, prepared by Knotts and Dunne (1985) does not show the
structure in Frederick County to be controlled by imbricate faulting of the Cambro-Ordovician
complex. Rather, the North Mountain anticline and its adjacent structures west of the Little
North Mountain fault are chiefly the result of imbricate thrust faulting of the Devonian-
Ordovician unit. Here the Massanutten synclinorium is thrust upon the Little North Mountain
fauit by an encroaching wedge of the Blue Ridge Mountain block. This wedge has been forced
between the Cambro-Ordovician block of the overlying Massanutien structure and the

Cambro-Ordovician Biue Ridge blocks below as if to exploit a weakness within the Rome
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shale upon which it has been displaced. When compared with lines 3 and 5, it is seen that line

4 represents an alternate interpretation of Valley and Ridge structures in Frederick County

which is also consistent with the constraints of surface geology and area balancing.
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Gravity

Gravity data used in this study are the results of measurements taken at 422 sites in
Frederick County between 7 June, 1988 and 6 July, 1988. The site locations are plotted on
Figures 4a and 4b. The latitude and longitude for each site are listed in the appendix. Gravity
reading stations were determined from elevations marked on USGS 7.5 minute quadrangles.
These locations were mostly road intersections or benchmarks where the elevation accuracy
is estimated to be ¥ 1 8 { ¥ 0.3 m). Where elevation was marked at a bridge abutment or on
fili material, the gravity measurement was made nearby on firm ground and an elevation ad-
justment was estimated. At these sites elevations are estimated to be accurate within F 2 ft
{ = 0.6 m). The gravitly readings were taken using LaCoste-Romberg gravimeter No. G-612
with an accuracy of 0.02 mgal.

Frederick County is 433 sq mi {1121 km?) in area. Therefore, the coverage is close to one
reading per square mile, with an average separation of 5400 ft (1646 m). The coverage is
denser in the northern and eastern portions of the county and sparser in the southwestern
guarter where mountainous terrain and few roads limit accessibility.

A temporary base station was established at the corner of West Whitlock Avenue and Ivy

Street in Winchester, Virginia by means of gravimeter ties to the established Virginia Tech
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Gravity Base Station at Derring Hall in Blacksburg, Va. At all observation sites, relative
gravily values were calculated from gravity meter dial readings using the instrument cali-
bration table in the instrument user’s manual,

A reading was taken at the temporary base station at the start and end of each day of
field surveying. Using the base station readings, instrument drift was removed from each field
station reading through application of a time dependent linear drift correction. Lunar/solar
tide corrections were applied using the equations of Longman (1959) with a solid earth tidal
gravity factor of 1.16 (Robinson, 1974). After making these corrections, the relative gravity
values of the field stations were adjusted to the observed gravity value at the Winchester base
station.

The temporary Winchester base station gravity value was calculated to be 979985.94
mgal. This value was determined from gravimeter ties to the Derring Hall station in
Blacksburg, Virginia which, in turn, was tied to the National Geodetic Survey absolute gravity
base station in Blacksburg, VA, where falling mass measurements made in July, 1987 and
May, 1988 indicated an absolute gravity value of 973715.723 mgat {Moses, 1988).

Gravity measurements were reduced using conventional methods to obtain values of
free-air and Bouguer gravity. The formula used to calculate free air gravity, Ag,,, is as follows

{(Robinson and Coruh, 1988);

AGrs = Gops — (gp ~ 0.09406h) (1)

and the formula for complete Bouguer gravity, Agg. is (Robinson and Coruh, 1988):

Agg = Gops — (G — 0.09406h + 0.01278ph — TC) (2)

where:

J.s: i the observed gravity in mgal
g, is normal gravity in mgal

h is elevation in feet above mean sea level (MSL)
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p is density in gm/cm?

TC is the terrain correction in mgal.

Nermal gravity, g, was calculated using the GRS-67 formula (Woolfard, 1979). Following
common convention, a density, p, of 2.67 gm/cm® was applied in the Bouguer and terrain
corrections. Gravity values and positions of observation sites are given in the appendix.

The vertical line approximation method was used to calculate terrain corrections {Stovall
and others, in press). Blair Jones of the VP! & SU School of Forestry and Wildlife Resources
provided an elevation grid which covered the study area with additional surrounding cover-
age. The grid intervals were 1/3 km {1034 ft). This grid is part of the coverage of the entire
Commonwealth of Virginia. The terrain is represented by the average elevation within each
grid cell. The mass of the terrain within the grid cell is reduced to a vertical line at the center
of the ceil. The gravitational attraction at the gravity measurement site of that vertical line is
calculated, and the attractions of all ceils within an effective distance are summed to yield the
terrain correction, TC, The effective distance was chosen to be 15000 ft (4,572 m).

The accuracy of the station elevation is of central importance to the accuracy of Bouguer
gravity values. Using a density of 2.67 gm/cm® in Equation (2), it can be determined that an
elevation uncertainty of 1 foot yields a Bouguer gravity uncertainty of 0.068 mgal. Since the
expected error in elevation for the field survey in this study is F 2 feet, the effect of elevation
on the precision of the Bouguer gravity values is + 0.12 mgal.

Bouguer gravity accuracy is also dependent on the precision of terrain corrections.
Comparison of terrain corrections obtained by the method of Hammer {1939) and by the ver-
tical line approximation method (Stovall and others, in press, and Moses, 1988) indicated that
a value obtained by the latter method is generally accurate within 25 percent of the total ter-
rain correction. In Frederick County, the terrain corrections east of the Little North Mountain
fault are mostly smaller than 0.23 mgal which introduces a corresponding uncertainty of ap-
proximately 0.06 mgal in the Bouguer gravity values. West of the Little North Mountain fault,

the terrain is more rugged. Here the average terrain correction is 0.75 mgal, and a few values
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exceed 4 mgal. Therefore the Bouguer gravity values have correspondingly larger uncer-

tainties in the western part of the study area than exist east of the fault.

Using the GCONTOUR routine available from the SAS Institute of Cary, NC, (SAS, 1985),
the complete Bouguer gravity values for all stations were plotted and contoured. The Bouguer
gravity contour map (Figure 3) shows that the Bouguer gravity ranges from -65 to -57 mgal.
The ancmaly patterns are consistent with the NE-SW structural trends of the Appalachians in

the study area.

Regional Field

The Bouguer gravity field consists of superimposed anomalies from many sources.
Anomalies of local extent are produced by relatively shaliow sources, but the broader regional
anomalies can be produced by deep as weil as shallow sources. Ideally, it would be desirable
to separate gravity contributions of deep sources from those of shallow sources. However,
this is impossible to accomplish through analysis of gravity data alone {(Robinson and Coruh,
1958). in the absence of independent information, the judgement must be subjective. In an-
alyses of gravity surveys in other parts of Virginia, Sears and Robinson {1971}, Keller and
others (1985), Stovall and others {in press), and Moses (1988), all concluded that Bouguer
gravity variations in their survey areas could be attributed entirely to some combination of
change in crustal thickness and density contrasts within the upper 10 km of the crust. In each
of these studies, the effect of crustal thickness could be represented by either a plane
polynomial function or a quadratic polynomial function. These polynomial functions were de-
termined from Bouguer gravity vaiues by the method of least squares. Regional gravity vari-
ations represented by the polynomial functions were observed to be consistent with gravity
variations related to crustal thickness changes determined from seismic refraction measure-

ments {James and others, 1968).
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The regional gravity field in Frederick County was investigated by the same method used

in these earlier studies. First it was assumed that the regional fieid could be represented by

a plane polynomial of the form:
glxy) = Ax+By+C 3)

where g, is the regional gravity value at longitude x and latitude y (degrees), and A,B, and C
are constant coefficients (Moses, 1988).

The 422 Bouguer gravity values from Frederick County were used to find the coefficients
of this plane polynomial by means of the SAS plane fitting routine, PROC REG. The routine
interpolates the Bouguer gravity values at intersections on a square grid. The grid interval is
chosen by the user. The methed used is bicubic spline interpofation. Then, using the methed
of least squares, the program fits a plane polynomial function to the grid intersection values.
The fitted plane is returned to the user as a contour map (Figure 4a) of the regional field which
graphically displays the orientation and gradient of that field.

Examination of the contour map showed a gradient of -0.007% mgal/km in a NE5E direc-
tion. Although the direction of this small gradient is quite different from the trend of surface
geologic features, it cannot be necessarily concluded that there is insignificant upper crustal
influence on the gradient. Because the gradient is smail, it would seem that there is nc con-
vincing evidence of any important regional gradient associated with either upper crustal
geology or variations in crustal thickness. That is to say that the pattern of anomalies viewed
on the contour map of Bouguer gravity values in Frederick County (Figure 3) is essentially due
to variations in the upper crust,

Next a quadratic polynomial of the form:

gixy) = Ax+ By +C + Dx? + Exy + Fy2 (4)

was fitted to the grid of Bouguer gravity values by means of the SAS routine PROC RSREG.
The result (Figure 4b) indicates a curved regional field oriented along structural trends in the

study area, which suggests a dominant upper crustal effect. There is no feature of the quad-
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ratic polynomial that clearly can be attributed to variations in crustal thickness or deep crustal
anomaly sources. This tends to confirm that the contoured Bouguer gravity anomalies {Figure

3) are almost entirely related to the structure of the upper crust in the study area.

Upper Crustal Anomaly Sources

The upper crustal structural features in Frederick County appear to be the result of
overthrusting and folding consequential to tectonic stress from what is now east. At depth,
the thrust faults are believed to merge into a master decollement situated in the Rome shale.
Below this is the Grenville complex of the Precambrian continent of Laurentia. Seismic re-
flection studies conducted in northern Virginia support this interpretation (Evans, 1989). The
upper surface of the Grenville complex is shown in Figure 2 at approximateiy 6 km below
present mean sea level along Line 4 and at approximately 5 km along Lines 3 and 5. Seismic
reflection interpretation in Evans {1989) places the top of the Grenville complex at 5-7 km. For
lack of any information about deeper structures, the following analysis of Bouguer gravity is
concerned with possible density contrasts associated with rock units lying above the master
decollement. The three cross sections in Figure 2 are the most current interpretations of the
upper crustal structure in Frederick County. These cross sections provide the basis for pre-

paring interpretive models of gravity anomaly sources.
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Analysis

Analysis of Bouguer Gravity Anomalies

Some qualitative correiations of gravity anomalies and geologic features are evident from
examination of Figures 1 and 3. Along the axis of the Massanutten synclinorium, where the
Martinsburg formation is exposed, Bouguer gravity is relatively high compared with the field
over older rocks exposed along the western limb of the synclinorium. Farther west, the
Bouguer gravity field is relatively high over the Great North Mountain anticlinorium, but di-
minishes to the north where the plunge of the structure increases.

Quantitative analysis of the Bouguer gravity field in Frederick County is concentrated on
anomalies along the profiles of the three geologic cross sections (Figure 2). This analysis
consists of comparisons between the observed gravity variations and theoretical gravity vari-

ations calculated using two dimensional models based upon those geologic cross sections.
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Bouguer gravity profiles were prepared for lines corresponding to each of the geologic
cross sections, and for additional parallel lines offset by 1 km on both sides. Along each of
these lines (Figure 3), Bouguer gravity values at intersections with the contours were plotted
to obtain the profiles in Figure 5. The reason for preparing a set of three profiles parailel to
each geologic cross section is to provide some indication of local gravity variation along the
strike of the principal structural features. The differences between the three parallel profiles
in each set are the result of departures of the actual anomaly sources from idealized two di-
mensional structures used to represent these sources.

Theoretical gravity profiles were calculated from two dimensional models for comparison
with the Bouguer gravity profiles. The calculations were done by means of a FORTRAN pro-
gram based upon the familiar line integration method of Talwani and others (1959).

The two dimensional models were developed by the trial and error method using forward
modeliing. In a series of trial calculations, the densities and shapes of the model units are
altered until a theoreticat gravity profile is obtained that compares favorably with the meas-
ured gravity profiles. This was done in a three step procedure for each set of parailel profiles.

In the first step a model was prepared by choosing polygonal model units with boundaries
closely matching boundaries of units shown on the geologic cross sections. For each polygon
the density was taken from values measured by Edsall (1974) or Kolich (1974) and an estimate
of the proportions of the different stratigraphic units represented by that polygon.

In the second step, the original geometry of the model units was retained, but densities
were changed in a series of trial calculations until a corresponding theoretical gravity profile
reasonably similar to the observed profiles was obtained. In this step, densities were nbt
constrained to conform with measured values.

The third step involved making reasonable modifications to the geometry of model units
to mitigate the largest of the disparities discovered in the first step and then making justifiable
modifications {o the densities 10 achieve correspondence between the measured and theore-
tical gravity profiles. No attempt was made to maintain area balance in making these geom-

etry modifications. Such balancing might be done elsewhere in the total cross section or in
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the strike direction as volume balancing. Typically, three or four iterations of geometry mod-
ification were required to obtain approximate agreement between the profiles, followed by ten
to twenty iterations for density modification. Justifiable density values are those values at-
tributable to a lithology and found in the literature. Tables 2, 3, and 4 give the values and ci-
tations for densities used in the first and third steps of this analysis.

For each set of profiles, after completion of each of the steps, the departure of the the-
oretical gravity profile from the Bouguer gravity profiles was observed at 2 km intervals along
the profiles, From these observations a value for mean deviation was calculated for each set
of profiles. These values are useful for describing how ciosely the theoretical profiles re-
produce the features of the Bouguer gravity profiles.

There was some effort made fo reach a densily correspondence among common
lithological units of the lines. However, this proved to be unmanageable and no correspond-
ence between lines was achieved.

Results of the three step evaluation for each set of profiles are described separately in

the following discussion.

Line 3

In the analysis of profiles along line 3 the results of step 1 (Figure 6) show that, except in
the area of the Great North Mountain anticlinorium approximately 20 km from the west end
of the line, there was poor correspondence between the Bouguer and model profiles. The
initial mean deviation was 1.15 mgal. There appears to be a mass deficiency in the area west
of Great North Mountain, which, under Line 3, has plunged beneath the surface. Above the
Little North Mountain fault, the deviation between Bouguer and model profiles indicates that
the model has a mass excess. Over the Massanutten synclinorium, the model is again defi-

cient in mass.
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In step 2 (Figure 7) increasing the mass of the Cambro-Ordovician blocks {Oe-Ce) be-
neath the Great North Mountain synclinorium did not produce a sufficient gravity increase in
the model profile to achieve good correspondence. Any additionat manipulations of polygon
masses degraded the correspondence directly over the axis of the anticlinorium. The dis-
parity proximate to the Little North Mountain fault was improved by reducing the densities of
the formations labelled Ce, Ch, and O-S. Correspondence in the area of the Massanutten
synclinourium was also improved by increasing the density of the Cambro-Ordovician unit
(Oe-Ce) beneath the Martinsburg shale (Omb). The mean deviation after step 2 decreased to
0.64 mgal.

in step 3 (Figure 8), smoothing of the upper geometry of the Cambro-Ordovician blocks
and the overlying draped syncline, and geologically justifiable manipulation of the densities
tn the area of the Great North Mountain synctinorium resulted in additional improvement in the
correspondence for the western half of the cross section. Slight improvement was made over
the Massanutten synclinorium by increasing the densities of the upper Knox formations
{Oe-Ce) and Martinsburg shale (Omb) and decreasing the densities of the lower Knox forma-

tions (Ce and Ch). The mean deviation after step 3 was reduced to 0.48 mgal.
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Line 4

In the analysis of profiles aloeng Line 4 application of step 1 (Figure 9) resulted the dis-
covery that the model profile was markedly different from the Bouguer gravity profiles. The
mean deviation was 2.10 mgal.

Better correspondence was achieved in step 2 (Figure 10) by increasing the density of the
Ordovician-Devonian unit {(Do-0o} while decreasing the density of the units labelled {Dh-Don).
The reduction of the densities of the lower Knox Eibrook {Ce) and Conoacocheague (Cco) to
2.68 gmjcm?® and 2.65 gm/cm?® respectively, resulted in some improvement, but is difficult to
justify from actuai density measurements. The mean deviation after step 2 was reduced to
0.42 mgal.

In step three (Figure 11), the opportunity for varying geometry was limited by the smaller
number of descrete polygons to choose from. However, approximate correspondence was
achieved by creating an imbricate fault structure in the Cambro-Ordovician block (Oe-Ce) be-
neath the Great North Mountain anticlinorium, replacing the lower density Ordovician-
Dévonian {Do-00) with higher density Qe-Ce material. The density of the Oe-Ce block in the
Massanutten synclinorium was reduced as well as the densities of the lower Knox Ce and Cco.

A mean deviation of 0.57 mgal was obtained for step 3.

Line 5

The step 1 analysis of Line 5 (Figure 12) revealed fairly good correspondence except over
the Little North Mountain fault zone where the model profile departs widely from Bouguer

gravity profiles. The mean deviation was 1.44 mgal.
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Unreasonably low densities above the Cambro-Ordovician blocks were required in step
2 {Figure 13) to attain even a crude similarity in the profile anomalies. The profiles appeared
to be out of phase with each other. A very poor mean deviation of 1.46 mgal resulted from
step 2. No way could be found to reconcile the Bouguer and theoretical gravity profiles while
retaining model units with this geometry.

in step 3 (Figure 14), the entire top of Cambro-Ordovician block Ce-Ce(b) was removed,
replaced with low density Ordovivcian-Silurian {O-8} material, a minimal density for the
Martinsburg shale decollement was selected from Knotts (1984), and a wedge of block Oe-

Ce{c) was removed. The resulting mean deviation was reduced to 0.33 mgal.
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Conclusions

Knowledge of the geology of the Frederick County, Virginia has come mostly from surface
mapping (Butts and Edmundson, 1963). Interpretations of the subsurface geology include
cross sections (Woodward, 1985) which have been constrained by the surface geology and by
the method of area balancing based upon palinspastic reconstruction. These cross sections
present a tectonic style that is consistent with the concept of thin skin tectonics involving
imbricate thrust faults originating aleng a major decollement within the Rome formation.
These ideas are supported by seismic reflection surveying in the Valley and Ridge province
including Frederick County. With the intent to further constrain the area balanced cross
sections with gravity measurements, anomalies calculated frcom field measurements were
compared with theoretical gravity anomalies calculated from two dimensional models of den-
sity distribution based upon the cross sections.

Using the cross section geometry from Woodward (1985) and densities primarily from
Edsall (1974) and Kolich (1874), the theoretical gravity profiles did not agree with Bouguer
gravity profiles from field gravity measurements. However, by modifying the geometry of the
mode! units and manipulating the model unit densities, a reascnable fit between theaoretical

and Bouguer gravity profiles can be obtained. Although the geometry modifications adhered
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to the structural style, no attempt was made to area balance such modifications within the

model. Lack of balancing is not necessarily a shoricoming in view of the possibility that vol-
ume balance may exist in the third dimension, or that area balance may be possible by
modification of other parts of the larger geclogic cross section. In the study area, differences
in the three geologic cross sections indicate significant changes along regional strike. In-
vestigation of the three parallel Bouguer gravity profiles drawn along the path of each cross
section also showed significant lateral variation. It is therefore necessary to consider the third
dimension for volume balancing requirements. Such lateral variations also point out the
impracticability of attempting to manipulate a m;o dimensional model for a perfect fit between
theoretical gravity and Bouguer gravity, which is produced by anomaly sources that are not
ideally two dimensional,

Where there is a mismatch between field and model! profiles, it is commonly accepted
that field data represents the true in situ condition and that the geological interpretation re-
guires moedification. If the modification to the model is consistent with surface geology and
subsurface structural style, comes within reasonable expectations for area or volume bal-
ancing, and produces a profile which achieves acceptable agreement with Bouguer gravity,
then the model represents a viable interpretation in the absence of more focused subsurface
information. It is suggested herein that no geclogic cross section should be considered cor-
rect unless it is also gravity balanced. if there is a significant difference between the geologic
interpretation and the calculated Bouguer gravity that cannot be ascribed to three dimensional
effects, then the geological interpretation is probably incorrect.

It is possible to explain the Bouguer gravity variations in Frederick County in terms of
upper crustal features less than 6 km in depth. This is not proof that deeper density contrasts

are insignificant or nonexistent, but only shows that they might not be significant.
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FIGURE 1. Geological map of Frederick County, Virginia (from Calver and Hobbs, 1963) showing
reference latitude and longitude and geological symbols as follows: Ce = Elbrook formation; Cco
= Conococheague formation; Omuu = Ordovician formations, middle and upper (Martinsburg
formation); Ob = Beekmantown formation; Och = Chepultepec formation; Stc = Clinton and
Tuscarora formations; Scy = Cayga group (McKenzie, Bloomsburg, Wills Creek, Tonoloway, and
Keyser formations); DiImu = Devonian formations, lower and middle (New Scotland, Helderberg,
Onondaga, Marcellus, and Hamilton formations); Db = Brallier formation; Dch = Chemung for-
mation; Dhs = Hampshire formation; Mpo = Pocono formation;
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FIGURE 2. Geological cross sections through Frederick County. Virginia after Wilson, (1985) and
Knotts and Dunne, {1985). See Figure 3 for locaticns of cross seclions. The following are the
symbols taken from Woodward, (1985): pCg = Precambriar- crystaline basement, Grenwiile com-
plex; Cr = Cambrian Rome formation; Ch = Cambrian Honaker formation (inferredi. Ce =
Cambrian Elbrook formation; Cco = Cambrian Conococheague formation; Oe-Ce = Cambro-

| Ordovician compiex: Omb = Martinsburg formation; 0-8 = Ordovician-Silurian complex: Do-Oo
= Ordovician-Devonian complex (Helderburg group); Ch-Don = Devonian complex.
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FIGURE 3 Bouguer gravity countour map of Frederick County, Virginia showing the 'ccation of the
three geologic crass sections from Wilson, (1985) and Knotts and Dunne, (1985). Czatour interval
is + mgal. Lines a, b, and c are locations of Bouguer gravity profiles corresponding tc =ach geologic
cross section. “eference latitudes and longitudes are shown.
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FIGURE 4a. Regional field calculated from a plane polynomial showing locations of data peints,

Contour interval is 0.1 mgal and dip is NB5E.

Figures and Tables

30



o b
=]
£
3
o)
e
o w
wm
o °©
o c
~ o
™ ©
o £
o e
=L 2
< ; 2
O i g
L2
5 = o
w0 1] -
Il © Ww
- e
oo 52
T —r M =z
L o.w
a) oo
o=
=) ‘@
a 2T
o~
o g P 5
sl o~ ™~ oT
[ W o8 o
-~ >E
= o IS . . S
— e » i
Rl —— P 4 ——— s il ._ a
1 - et . T ————— — : [
——— Tk " o Tee {r Ll 5=
e~ e Rt o H N
——— . .
—H—J../ |.-||..l....l.l”.l..a + cO . :..lr'..;l{' . - . _ ﬂ..q % W
—_— T T TR @ o
T -t o "y o) £
al.l.l.l[f’.,.' — tﬂ llllll o~ A ..m:_.\_v o e
—— o 5
. e— ] w w.m
o T o
! [
I —r o
=
Q < v
0 - v g
— _ _ 5 g 25
2 2 3 2 5= % 38
(=] o =) =] o 7 © 3 ]
m v W) 2] vy m Q
o~ ~ ~ r~ . -
o © ) P - Qv -
(1d) 3aNLILvT w -
[ c
20 ©
Q% @
W @
[
3
o
uw




BOUGUER GRAVITY PROFLES; UNE 3
QUAMATIC REGIONAL FIELS

R IVA

£-
A }
wat S
PLAME REGIDNMAL FIELD
—n [
oA

-8

- 1. . e ) o s Y

BOUGLER GRAVITY PROFLLES; LINE 4

QUADRATIC REGIOWAL FIELD

PLANE REGIDNAL FIELD

BOUGLUER GRAVITY PROFLES; UNE 5

QUADRATIC RESIONAL FIELD

.\ S BR Y

—
5

/ WAL
- N ! <
§-a¢-} -\ 2
: . ::5 |
1
st PLANE SEGIONAL FIELD
.
< 3 = v M

e B ar

DIFTANCE PR WESTERIN BB, K

FIGURE 5 Bouguer Gravity Profiles a, b, and ¢ for each line shown on Figure 3. Alsc shown, are
the profiles of the plane and quadratic fields along each line.
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FIGURE 6. Bouguer versus Model gravity variations along Line 3 using published cross section
geomelry (Wilson, 1983) and densities from the literature for calculation of the model profile.
Bouguer gravity profiles are calculated from field data. The deviatiorns of profiles a, b, and ¢ il-
lustrate third dimension variations along strike. Densities shown an the digitized cross section are
in gmjcm?. Explanations for geologic symbols on the geoiogical cross section are found on Figure
2 and in the text. Horizontal scale is shown on the upper figure and is the same for all figures on
this page.
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FIGURE 7. Bouguer versus Model gravity variations along Line 3 using published cross section
geometry (Wilson, 1985) and densities madified as required for calculation of a model profile which
agrees with the Bouguer gravity profites. Bouguer gravity profiles are calculated from field data.
The deviations of profiles a, b, and ¢ illustrate third dimension variations along strike. Densities
shown on the digitized cross section are in gmfcm?.  Explanations for geologic symbols on the
geolagical cross section are found on Figure 2 and in the text. Horizon-al scale is shown on the
upper figure and is the same for all ficures on this page.
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FIGURE 8. Bouguer versus Model gravity variations along Line 3 using modified cross section
geometry and reasonable densities for calculation of a model profile which agrees with the Bouguer
gravity profiles. Bouguer gravity profiles are calculated from field data. The deviations of profiles
a, b, and c illustrate third dimension variations along strire. Densities shown on the digitized cross
section are in gmfcm?. Exp!anations for geologic symbols an the geclogical cross section are found
on Figure 2 and in the text. Horizontal scale is shown on the upper figure and is the same for all
figures on this page.
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FIGURE 9. Bouguer versus Model gravity variations along Line 4 using published cross section
geometry (Knotts and Dunne, 1985) and densities from the lterature for calculation of the modei
profile. Bouguer gravity profiles are calculated from field data. The deviations of profiles a, b, and
c illustrate third dimension variations along strike. Densities shown on the digitized cross section
are in gmfcm?® Explanations for geologic symbols on the geological cross section are found on
Figure 2 and in the text. Horizontal scale is shown on the upper figure and is the same for ali fig-
ures on this page.
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FIGURE 10. Bouguer versus Model gravily variations along Line 4 using published cross section
geometry (Knotts and Dunne, 1985) and densities modified as required for calculation of a model
profile which agrees wilh the Bouguer gravity profiles. Bouguer gravity profiles are calculated from
field data. The deviations of profiles a, b, and c illustrate third dimension variations along strike.
Densities shown on the digitized ¢ross section are in gm/fcm®. Explanations for geologic symbals
on the geological cross section are found on Figure 2 and in the text. Horizontal scale is shown
on the upper figure and is the sams for all figures on this page.
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FIGURE 11. Bouguer versus Model gravity variations along Line 4 using modified cross section
geometry and reasonable densilies from the literature for calculation of a model profile which
agrees with the Bouguer gravity profiles. Bouguer gravity profiles are calculated from field data.
The deviations of profiles a, b, and c illustrate third dimension variations along strike. Densities
shown on the digitized cross section are in gmjcm?. Explanations for geologic symbols on the
geological cross section are found on Figure 2 and in the text. Horizontal scate is shown on the
upper figure and is the same for all figures on this page.
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FIGURE 12. Bouguer versus Model gravity variations along Line 5 using published crass section
geometry (Wilson, 1985) and densities from the literature for calculation of the model profile.
Bouguer gravity profiles are calculated from field data. The deviations of profiles a, b, and ¢ il-
lustrate third dimension variations along strike. Densities shown on the digitized cross section are
in gmfem?®. Explanations for geclogic symbols on the geological cross section are found on Figure
2 and in the text. Horizontal scale is shown on the upper figure and is the same for all figures on
this page.
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FIGURE 13. Bouguer versus Model gravity variations along Line 5 using published cross section
geometry {Wilson, 1985) and densities modified as required for for calculation of a model profile
which agrees with the Bouguer gravity profiles. Bouguer gravity profiles are calculated from field
data. The deviations of profiles a, b, and c illustrate third dimension variations along strike.
Densities shown on the digitized cross section are in gm/cm?  Explanations for geologic symbols
on the geclogical cross section are found on Figure 2 and in the text. Horizontal scale is shown
on the upper figure and is the same for all figures on this page.
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FIGURE 14. Bouguer versus Model gravily variations along Line 5 using modified cross section
geometry and reasonable densities from the literature for calculation of a model profile which
agrees with the Bouguer gravity profiles. Bouguer grzvity profiles are calculated from field data.
The deviattons of profites a, b, and ¢ illustrate third dimension variations along sirike. Densities
shown on the digitized ¢ross section are in gm/cm?®. Explanations for geologic symbols on the
geological cross section are found on Figure 2 and in the text. Horizontal scale is shown on the
upper figure and is the same for all figures on this page.
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TABLE 1.

Density values for sedimentary rocks in the southern Appalachians

(Edsall, 1974 and Kolich, 1974).

Age Formation Density Age Formation Density

Mississippian Price 2.67 Kingsport 2.79
sandstone dolomite
post-Cloyd 2.72 Longview 2.71
ciaystone limestone
Cloyd 2,58 Chepultepec 2.72
conglomerate limestone
Parrott 2.62 Chepultepec 2.83
sandstone dolomite

Devonian Chemung 2.61 Cambrian Copper Ridge | 2.71
sandstone sandstone
Miliboro 2.74 Copper Ridge | 2.81
shale dolomite

Silurian Keefer 2.64 Eibrock 2.80
sandstone dolomite
Rose Hill 3.07 Honaker 2.85
sandstone dolomite
Tuscarora 2.64 Rome 2.67
sandstone shale

Ordovician Juniata 2.62 Rome 2.83
sandstone dolomite
Martinsburg 2.70 Shady 2.84
shale dolomite
Eggleston 2.85 Shady 273
conglomerate limestone
Moccasin 2.7 Erwin 2.59
shale sandstone
Bays 2.68 Hampton 27
sandstone shale
Witten 2.68 Unicoi 267
limestone sandstone
Liberty Hall 2,89 Precambrian Augen 2.70
shale gneiss
Lincolnshire 2.70 Amphibolite 3.00
limestone Lynchburg 2.97
Five Qaks 2.70 amphibolite
limestone Lynchburg 2.64
New Market 272 gneiss
limestone Grenville 2.66
Elway 2.68 gneiss
limestone
Upper Knox 2.82
dolomite
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froa
literatyre

Oab 2,708
Dh-Don  2.74°
Do-0o 2.64%

De-Cca  2.70°
Le 2,808
Ch 2.85%
Oab 2,708
Db 2,70%
Onb 7,708
Cr 2678
g-§ 2,648
Oe-Ceca) 2.70%
Oe-Celhy 2.70%
De-Ce(c)y 2.70%
De-Ce(d) Z.70"
. De-Cete) 2.70*
Qe-Ce(f) 2.70
Cr 2.87¢
olg 2.£85"

TABLE 2
Model densily values for Line 3

19 bodies
(gl/(|3]
required
for fit reasonable
2.70 2,72
2,74 2.76%
2.62 2,708
.74 2,74¢
.75 2.74%
2.78 2. 1bY
7,70 2.72¢
270 2,708
2,70 2,708
2,87 2,67
235 2,540
27 7,728
2T 2,728
270 2,700
i 2,700
272 2,700
173 72
157 2,678
2,58 2. 6880

Sources: ¢ Dean, (i966)

® - Edsall, (1974) arg

bY _ Byerly, (1973)

KN ynotts, (1984)

Kolich,

Figures and Tables

(1374)

- Xulander and Dean,

- cosposite estimate

Koirch, (1974)
(1T

based on Edsall, (1974) ane




TABLE 3
Model density values for Line 4

15 bodies
(gnlcna}
fros reqeired
literature for fi: reasonable
Dh-Don  2.74E 2.66 2.66%Y
Dh-Don  2.74% 2.69 2. 708
Do-0o 2.648 2.68 2.65¢
Cab 2,708 2.75 2.70%
CCo 1 2.65 2,708
Ce 2.80° 7.68 2,7080
De-Ce  2.70 2,71 2,67%0
Cr 2,678 267 2678
Cote 2t 287 248
:Cq 2,68k R 2,68
Cab 2,708 L 2. 708
Oe-Cela) 2,70 oL 2,70K0
Oe-Ce(t) 2,700 .74 2.71kn
Cr 2,678 167 2,67¢
plo 2,68K" LY. 2,68K0

Sources: - Bdsall, €1974) and Keiich, (1974}
bY . Byerly, (1973)

¥ - Xulander and Dean, (1572)
K0 fnotts, (1984)
[ ]

- composite estimate pased on Edsall, (1374) and
Kolich, (15742
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Dh-Qon
Dh-Don

Dab
Qe-Ce
De-Ce
Ce

Ce

Ch

Ch
Do-Do
Do-0o
0-5
Cr
CpCe
pCq
Cr
Jab
0-§
Oab

De-Cete} 2.70%
Ge-Cefd) 2.70%
De-Ce(cy 2.70%
Oe-Ce(b) 2.70%
Ge-Cefa) 2.70%

Cr
pCy

Sources:

e

oy

k

k
n
1

TABLE 4
Model density values for Line 5

26 bodies
(gllcna)
from required
literature for fit reasonable

2,748 2.61 2.66
2,748 2.61 2.66
2.70% 2.60 2.63
2.708 .71 2.1
2.70% 2.71 2.68
2.80° 2.71 2.71k0
2,808 2.7 2.71kn
2.85¢ 2.71 Oab  2.65%"
2.85¢ 2.7 Oab 2,65
2,648 2.68 2,62
2.64® 2.68 2,62
2.64" 2.61 2,61
2.67° 2.67 2,57
2.71% 2,74 2,808
2,680 2,68 2.68
2,678 2,67 2,67
2,708 2.60 2.60%0
2.64* 2.72 2.58%
2,708 2,60 2, 6057

2.75 .75

2.75 2.75

2.75 2.75

2.75 2.75

2.75 2.75
2.67° 2,67 2.67
2.68%" 2.68 2.68

- Edsall, (1974} and Kolich, (1974)
- Byerly, (1973)

- Yulander and Dean, (1972}

Knotts, (1384)

- coaposite estisate based on Edsall, (::74) ang

folich, (1974)
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STA = Station number; format = ddnnn

dd + 150 = 1988 Julian date of reading

rnn = reading number

dd000 = morning base station

dd299 = evening base station
XPLOT = X state grid coordinate, in feet, of the station
YPLOT = Y state grid coordinate, in feet, of the station
ELEV = Station elevation in feet above mean sea level
FA = Free air gravity in milligals
SBG = Simple Bouguer Gravity in milligals
CBG = Complete Bouguer Gravity in milligals
TC = Terrain Correction

Appendix A. Bouguer Gravity Data Set

Appendix A. Bouguer Gravity Data Set
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STA

8000
8001
8002
8003
8004
8005
8006
8007
8008
8009
8010
8011
8012
8013
8014
8999
9000
9001
9002
9003
9004
9005
9006
9007
9008
9009
9010
9011
9012
9013
9014
9015
9016
9017
9018
9019
9020
9999
15000
15001
15002
15003
15004
15005
15006

XPLOT

2092115.
2089073.
2088260.
2087704,
2087288.
2085109.
2082509.
2081323.
2077505.
2073707.
2078814,
2077387.
2071831.
2080763.
2086627,
2092115,
2092115.
2081627.
2084963,
2089031.
2084886.
2080640.
2075906.
2073043.
2071406.
2073736.
2073787.
2074595.
2077929,
2076697.
2080722,
2077192,
2085542,
2085021.
2084235.
2090141.
2091739.
2092115,
2092115.
2098679.
2099821.
2101812,
2097415.
2103193.
2105244,

Appendix A. Bouguer Gravity Data Set

YPLOT

548871.
543069.
540043.
536945.
533884.
541162,
538021.
536633.
532761.
531475.
540887,
543796.
542906.
543406.
544991,
548871.
548871.
548071.
551141.
555198.
557151.
555498.
555520.
555658.
553067.
561087.
563090.
567937.
571042,
575883.
565515.
561607.
564583.
567932.
574632.
570244,
575058,
548871.
548871.
574937,
572356.
570469.
564443,
565084.
562387.

ELEV

745,
756.
775.
746.
756.
810.
813.
850.
759.
§09.
792.
823.
828.
812.
797.
745,
745,
835.
782.
780.
874.
851.
B97.
841.
907.
899.
952.
885.
957.
898.
865.
944,
897.
900.
896.
902.
921.
745,
745,
765.
731.
726,
716,
702.
684,

Fa

-38.
-37.
-35.
-36.
-34,
-36.
-35.
-34,
-38,
-36.
-36.
-37.
=35,
-35.
-35.
-38.
-38.
-35.
-36,
-36.
-33.
-33.
-32,
=34,
-32,
-31.
-30,
=32,
=30,
-32,
-32.
-30.
=32,
-32,
-32.
=32.
-30,
=38,
-38.
-37.
-37.
-37.
-37.
=37.
-37.

SOV WLWRERNEFERPRODOORR NWSTOOPFFUMWOVWNULdFR GO O WSO WRE PO~ WomWLo o

SBG

-61.
-62.
~60.
-60,
-58.
-62.
-61,
-61.
-62.
-62.
-61.
-63.
-61.
-61.
-61.
-61.
-61.
-61.
-61.
-61.
-61,
-60,
-61.
-61.
-61.
-60.
-61,
-60.
-60.
-60.
-60.
-60.
-61.
-61.
-61.
-60,
-60.
-61,
-61.
-61.
-60.
-60.
-60.
-59.
=59,

O O

Ll e PO EeEITANOYYNWLWANOVOWLVMO-NY O PEREAROOOUL WWWOWARNWYW

CBG

1
o)
-

-61.
-60.
=59,
-58.
-61,
-61.
-61.
-61.
-61.
-60.
-63.
-60.
-61.
-60,
-61.
-61.
-61,
-60.
-61.
-61,
-60.
-61,
-56.
-58.
-60.
-60.
-60.
-60.
-60.
-60.
-59.
-61.
-60.
-61.
-60.
-53.
-61.
-61.
-61.
-59.
-60.
-59.
~59.
-59.

MU OLYWWSNSN~SNN PP oW OoOULELOO PNV~ W WO WO O~

COOOCCOOOC OO0 COoOCCOCCOOWFOOOODODOO0OOCCCOOCCOOOOOOODOOOC

TC

. 185
. 157
.031
.359
.095
462
.059
. 665
.377
.673
.763
. 084
.727
.044
.515
.185
. 185
.035
L412
.053
.075
.283
. 107
.758
.158
.275
. 156
.195
.213
.170
.315
.637
.111
.064
L147
.076
.617
. 185
. 185
.313
.635
.024
.457
.016
.015

47




STA  XPLOT

15007 2099180.
15008 2097521.
15009 2094911.
15010 2094592.
15011 2097478,
15012 2098102.
15013 2101530.
15014 2104995.
15015 2101525,
15016 2096201,
15017 2101350.
15018 2105880.
15019 2096445,
15020 2096770,
15999 2092115.
16000 2092115.
16001 2076369.
16002 2074931.
16003 2073464,
16004 2107117.
16005 2108799,
16999 2092115.
17000 2092115.
17601 2081191.
17002 2084144,
17003 2085848.
17004 2091076.
17005 2093283.
17006 2096105.
17007 2098386.
17008 2102880,
17009 2100825,
17010 2098967,
17011 2094192,
17012 2091246.
17013 2089665.
17014 2087494,
17015 2083805.
17016 2084051.
17017 2085461.
17018 2088732,
17999 2092115,
18000 2092115.
18001 2072270.
18002 2077235.
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YPLOT

562155.
558725.
559662.
553651.
555119.
547654.
548250.
546698,
542386.
540217.
536157.
531477.
535592,
532060,
548871.
548871.
552280.
549799.
547172,
527330.
525297.
548871.
548871.
515144,
515044.
514831.
513428,
507499.
512317.
509995.
507827.
503339.
499034.
491878.
497367.
502643.
506314.
505683.
499892.
494142,
493170,
548871.
548871,
486746,
489564,

ELEV

696.
725.
747.
712.
736.
726.
636.
686,
665.
733,
712.
585.
726.
723,
745,
745.
913.
897.
873.
601,
670,
745.
745,
754,
769.
752.
738.
686.
708.
713.
672,
691.
665.
548.
676.
694,
737.
661.
714,
700.
670.
745.
745,
695,
664,

FA

-38.
-36.
-37.
-37.
-36.
-36.
-39,
-37.
=37,
-35.
-36.
=40.
-36.
-36.
-38.
-38.
-32.
-32.
=33,
=40,
-37.
-38.
-38.
-35,
-34,
-35,
-36.
-37.
-36.
-36.
-37.
-37.
-38.
-43,
-38.
-37.
-36.
-39,
-37.
-37.
-38.
-38.
-38.
-38.
-39.

SN AN ORNWLUN POV UVO WO WNE R PR NANN O PRSP OO RN DO

SBG

-60.
~60.

L L R N T N N T Y N N O T N TN Y N DY S A N N N T Y I N Y N N S Y RO T N TR R R T
oo bnnn G nbnbnnbninnbnL ARSI LTULLLULLLILTLITLL LWL G
H OO O0OW OO O O D DD DD D W W WD WO WD W W0 WD WD DO

O WYUWOoORHRWOULOWYMRD®MEPFWLWUWMWYPFEWLWNSOVOENEPOORENEESEEPERNDD WL~ WL =W

CBG

-59.
-60.

L I N N TR T S N I T R N N T S NN TR TR TN T N RN NN N N N Y Y Y N TR SN T N N T NS T N R R B
oo Unninaubbnn e bnnlbnbninntnnnt UL O RRRWLIWLLUBWLTLLLLLnnn b
OO OO OOWYWOOWWW W WOAWWWRF— 00WPRs e b == W00 WD 000000 WO

D e o W 00 R0 O R U PO s b B e S 00RO W S NI RN N e s 0 W WO OO

C OO O OO0 O OO0 COOCOO OO OCOOOODOO0OCOoOC OO0 OO

TC

.387
.113
. 135
.806
.023
.054
561
.063
.308
041
022
.859
.015
.010
.185
. 185
.068
.061
.066
L254
.014
.185
. 185
.051
. 104
.270
.013
.038
.012
.080
.055
.188
.126
.227
025
.061
.025
157
.084
.291
.124
-185
. 185
.692
.040
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STA  XPLOT

18003 2080381.
18004 2078864,
18005 2078425,
18066 2076532.
18007 2075207.
18008 2072143,
18009 2072700.
18010 2071362.
18011 2074394,
18012 2073876.
18013 2072361.
18014 2073770.
18015 2072037.
18016 2078546.
18017 2079184,
18018 2380360.
18019 2093280.
18020 2095311.
18021 2097662.
18022 2102661.
18023 2104227.
18024 2100152.
188999 2092115.
22000 2092115.
22001 2104664.
22002 2099745,
22003 20587035.
22004 2093210.
22005 2089119.
22006 2086584.
22007 2083741,
22008 2085180.
22009 2081327.
22010 2082363.
22011 2076282,
22012 2073670.
22013 2076720.
22014 2069779.
22015 2066580.
22016 2060432.
22017 2076974,
22018 2053028.
22019 2046192.
22020 2047764,
22021 2047190.
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YPLOT

492524,
496016.
500239.
506498,
503289.
502078.
495670.
507212,
509442,
511808.
515519.
518128.
519670.
516884.
512370.
508513.
516277.
519927,
521210.
520282.
51i875.
515902.
548871.
548871.
530488.
525843.
529585.
520210.
521252.
523793.
525569.
528050.
526217.
530663,
523907,
524373,
519902.
504294,
500425.
493817.
491384.
488083.
496993,
507267.
510216.

ELEV

677.
701.
671.
734,
734,
727,
658.
737.
784,
747.
810,
762,
795.
714,
753.
732.
724,
7124,
686.
697.
677.
695,
745.
745,
690.
695,
705.
734,
729.
737.
698.
740,
730.
793,
781,
827.
760.
764,
720.
714,
717.
561.
746,
772,
722,

FA

=39.
-37.
=39.
-36.
-36.
-37.
=39.
-35.
-35,
-36.
=34,
-36.
-36.
-37.
-36.
-37.
-37.
-36.
-37.
-36.
-39.
-37.
-38.
-38.
-36.
-36.
-36.
-36.
-36.
-36.
-36.
-36.
-35.
=34,
-35.
=35,
=35,
-35.
=37.
-37.
=37.
42,
-37.
-36.
-38.

SNO O P RPN UO U e 0N R WS SN R RO N0 OO N0 W O =N e

SBG

[ I A T I R N N I Y I N I S Y T E N N Y R N IO N N N S N B N R [ T N N IR N N T N R TR B R B |
oot bninn LALLM O
H =2 OO0 0O0OWHOQOEWOUWLWOOUOUOYYXMESEFEFOUVUODWOLVUOYLORLOCONOOODOQWO OQWWQO W M

~ 0 O

PR WL OO O R P W SN OO N SR W WO 0~ D0~ NS

(=2 e )

[o B SN S Yy ]

CBG

-60.
-59.
-60.
-59.
-59.
-60.
-60.
-59,
-60,
-60.
-60.
-60.
-62.
-59.
-60.
-61.
-60.
=59.
-59.
~59,
-60.
-59.
-61,
-61.
-58.
=59.
=59,
-59.
-59.
-59.
=59,
=59,
-58.
-59.
-60.
-61.
-59.
-60.
-60.
-60,
-60.
-60.
-61.
-61,
-61.

SN W WL NI OO WO NN, MO N WO OO OSSN W OO WO

OO O C OO CCOCC OO O C OO OO0 0C 00000 O OO OO0 C OO0

TC

.159
041
.039
.016
.049
.015
.018
.023
066
064
.071
.172
.047
L4601
.026
.012
.010
.015
. 143
.020
. 040
.046
. 185
. 185
.010
.092
.021
.003
.077
183
.131
.020
.162
.131
.258
.067
.258
.159
.110
.116
.084
. 097
.132
L4633
.068
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STA

22022
22023
22024
22025
22026
22027
22028
22029
22999
23000
23001
23002
23003
23004
23005
23006
23007
23008
23009
23010
23011
23012
23013
23014
23015
23016
23017
23018
23019
23020
23021
23022
23023
23999
24000
24001
24002
24003
24004
24005
24006
24007
24008
24009
24010

XPLOT

2049998,
2054063.
2055403.
2057139.
2062269,
2058608,
2054224,
2050474,
2092115.
2092115.
2067880.
2062397,
2064278,
2061860.
2062846,
2063716,
2060361.
2066032,
2066335.
2069966,
2068221.
2069319,
2071779.
2064140,
2061423,
2058127.
2058305,
2061033.
2055500.
2052304,
2050379.
2043596.
2041154,
2092115,
2092115.
2107660.
2110756.
2106667,
2109589.
2115631.
2118299.
2115724,
2113141.
2107304.
2107179,
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YPLOT

511933.
508792.
507246,
505210.
497865,
495962.
500469.
515431.
548871.
548871.
492088.
491892,
489529,
502598.
505951.
510033.
512210.
515028.
518635.
519227.
524686.
527930,
530923.
522199.
519388.
520582.
517304,
527946.
528188.
522973.
520602,
520189.
521169.
548871.
548871.
533159.
532189.
540185.
539978.
539677.
533133.
544303,
544984,
543903.
546670.

ELEV

735.
798.
714,
689.
662,
660,
649,
714,
745.
745,
684.
700.
681,
764,
774,
830.
752.
796.
859.
838.
915.
922.
860,
829,
815.
920.
842.
960.
822,
796.
831.
705.
693.
745,
745,
663.
581.
605,
583.
556.
623.
619.
659.
670.
687,

FA

-38.
-36.
-37.
-38.
-39,
-39,
=40,
-39,
-38,
-38,
~38,
-37.
-39.
-35.
-35.
~34.
-38.
-37.
-35.
=34,
-32.
-33.
=34,
-33.
-35.
=33,
-36.
=31,
-36.
-36.
-36.
-39,
-39.
-38.
-38,
-37.
-40.
-40.
-40.
-41.
-39.
-39,
-37.
-37.
-37.

LM O SOOI, PR OORWLWRNO WV WW S = E WO S WHE P WHERNWS,D

SBG

-62.
-62,
-60.
-60.
-60.
-60,
-61.
-62.
-61.
-61.
-60.
-60.
-60.
-60.
-60.
-61.
-62.
-62.
-62.
-€0.
-62.
-62.
-62.
-60.
-61.
-62.
-62.
-61.
-62.
-62.
-62.
-62.
~62.
-61.
-61.
=58,
-59.
-59.
-59.
-59.
-59.
-58.
-58.
-59.
-59.

LML PPN WODOOEME QOO PRPNOANS®™ OOV WWERERHEWDOMNMNWOVOYNMNORNWWLWWL W

CBG

-62,
-62.,
-60,
~60.
-60.
-59.
-60.
-62.
-61.
-61.
-60.
-60,
-60.
-59.
-59.
-60.
-62.
-62.
-62,
-60.
-61.
-62,
-62.
-60,
-61.
-61.
-62.
-60.
-60.
-61.
-61.
-58.
-58.
-61.
-61.
-58.
-58.
-58.
-58.
-59,
-59.
-58.
-58.
-59.
-59.

NN SN0~ IO~~~ YU PaFRERCWWRHRWRDOULO VLU MNO OC LYWW EQO

OO0 00000000 WWOONRFLOHOOOOODODOOOOODOO0OOo COoOOOoOCOO00O00

TC

.201
.128
.072
.044
.026
.308
.193
.101
.185
. 185
041
.055
.035
.518
.550
.559
.034
.059
.320
.034
.622
.530
.025
.079
.324
.598
. 080
.833
. 145
.929
.991
L242
.850
. 185
.185
.083
.594
.910
L772
.450
.052
.026
.065
.038
.017
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STA

24011
24012
24013
24014
24015
24016
24017
24018
24019
24020
24021
24022
24023
24024
24025
24026
24027
24028
24029
24030
24031
24999
25000
25001
25002
25003
25004
25005
25006
25007
25008
25009
25999
26000
26001
26002
26003
26004
26005
26006
26007
26008
26009
26010
26011

XPLOT

2108577,
2113430,
2120088,
2124912,
2120147,
2118913.
2117759.
2115107.
2114201,
2113870.
2110813,
2106889.
2108239,
2109305,
2106664,
2108498.
2114538.
2119470.
2121839.
2110839.
2111369.
2092115.
2092115.
2114435,
2119588.
2122652,
2125376.
2124965.
2127309.
2130490.
2137177.
2126255.
2092115,
2092115.
2108999.
2111272,
2106965,
2116031.
2117254,
2121245,
2120362.
2118847.
2113983.
2113201.
2109829.
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YPLOT

551411.
550230.
351024,
550064,
556670.
560016,
564563.
562002.
555296,
553182,
558741,
562003,
564376,
567076,
568376.
570241,
568883.
568468.
570738,
572655,
574697.
548871.
548871.
579336.
579578.
578463.
577384,
574431.
575972.
574203.
584509.
582961,
548871,
548871.
579277.
S84094.
584914,
583605.
588491,
588692.
583807.
593015.
592192.
596159.
590462.

ELEV

580.
560,
525.
583.
518.
561.
520.
640.
585.
571.
668,
665.
630.
591.
662,
647,
623,
548,
531.
606,
618.
745,
745,
624,
616.
591.
601.
589.
561.
500.
531.
584,
745,
745.
698.
683.
671.
622.
626.
598.
635.
638.
658.
681.
756.

FA

-40,
-40.
=42,
-39,
=42,
-4,
-42,
-38.
=40,
=40,
=37.
-38.
-38.
=40,
-37.
-38.
-38.
-4l
=42,
=38,
-38.
-38.
-38.
-38.
-37.
-40.
-39.
-39.
-40.
=42,
=41,
-39.
-38.
-38.
-37.
-37.
=42,
-39.
-39.
-39.
-38.
-39.
-38.
-38.
-36.
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TC

. 306
.917
.512
.125
.689
.282
.324
.016
.131
.770
.010
.075
.095
.642
.084
.099
.212

.076
.530
.187
.068
. 185
. 185
.020
.052
.014

.027
.073
.066
.083

.009
.023
. 185
. 185

.024
.070
.762
. 041
.017
.034
.027
.011
.172
. 152
.022

5%




STA

26012
26013
26014
26015
26016
26017
26018
26019
26020
26021
26022
26023
26024
26025
26026
26027
26028
26029
26030
26031
26032
26033
26999
29000
29001
29002
29003
29004
29005
29006
29007
29008
29009
29010
29011
29012
29013
29014
29015
29016
29017
29018
29019
29020
29021

XPLOT

2108763,
2110838.
2106437,
2104295,
2101681,
2099322,
2096429,
2094550.
2099115.
2102304,
2090919,
2093821.
2093951.
2093344,
2096422,
2091182,
2088157.
2089299,
2082746.
2081648.
2081347.
2082755,
2092115,
2092115.
2094241,
2093258,
2098947,
2103538.
2103670.
2104839.
2103151.
2095366,
2095580,
2091227,
2089489,
2088031.
2086570.
2080486.
2081194,
2081695.
2083293.
2086014,
2085372,
2083715,
2082249,
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YPLOT

594865.
599427,
- 603233.
601112,
596694,
591877,
593505.
596449,
601492,
603763.
599022.
602274,
605589.
609084,
610516,
612682,
612417,
617484,
615022.
613452,
619279.
621287.
548871,
548871.
580275.
578050.
578836.
578089.
580348,
585415.
589998,
590150,
585817.
583688.
586815.
582585.
579265.
577789.
586715.
589557.
584370.
593287.
599258.
604097,
602417,

ELEV

742.
700,
843,
830.
858.
864,
739.
728.
875,
770.
843.
657.
618.
635,
752.
624,
551.
575.
682.
784.
882.
875.
745,
745.
888.
958.
766,
713.
742,
786.
811.
764.
B80.
869.
B42.
780.
820.
777.
923.
930.
835.
704.
880.
671.
557.

FA

-35.
-36.
=31,
-32.
-32.
-32.
=37.
-37.
~-32.
-34,
-33.
=40.
=42,
=41,
-37.
=42,
=44,
-44,
=40,
-36.
-33.
-33.
-38.
-38.
-32.
-31.
-36,
-38.
-36.
-35.
-34,
=37.
-33.
-33.
«34,
-36.
-35.
-36.
-30.
-32.
-34.
-38.
-33.
~40,
~44,
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-58.
-58.
-58.
-59.
-59.
-59.
-60.
-60.
-60.
-58.
-60,
-60.
=59.
-60.
-60.
-61.
-61.
-62.
-61.
-61.
-60.
-61,
-61.
-61.
-60,
-60.
-60.
-61.
-60.
-60.
-60.
-61.
-61.
-61.
-61.
-61.
-61.
-60.
-60.
=59.
-61.
-60.
-59.
-61.
-62,
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TC

. 385
404
L242
.041
111
. 100
.436
. 347
.973
.183
067
. 640
.533
.903
.879
.610
.322
<126
.778
.550
.375
.281
.185
. 185
.154
.778
.269
.089
.027
.075
.048
.230
. 157
.135
. 150
.373
.276
.685
.242
.113
.198
.536
. 387
.342
421

52




STA

29022
29023
29024
29025
29026
29027
29028
29999
30000
30001
30002
30003
30004
30005
30006
30007
30008
30009
30010
30011
30012
30013
30014
30015
30016
30017
30018
300619
30020
30021
30022
30023
30024
30025
30026
30027
30028
30029
30030
30999
31000
31002
31003
31004
31005

XPLOT

2078456,
2076185.
2078013.
2075446,
2076478,
2075211.
2G73182.
2092115,
2092115.
2084290,
2083322,
2073078.
2066488,
2068538,
2069493.
2069785.
2072206.
2072530.
2076505,
2070897,
2068702,
2068597.
2067589.
2069538.
2063476,
2060740,
2060330.
2060650,
2058454,
2054603.
2048883.
2044786,
2043435,
2042450,
2043956,
2051142,
2056437.
2062205,
2064025,
2092115.
2092115.
2058267.
2060018.
2055291.
2048831.
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YPLOT

602915,
605604,
609106.
597078.
592383.
590303.
586946.
548871.
548871.
583847.
585265.
583558.
580845.
587297.
590287.
597172.
601950.
607451.
612016,
615059,
610574,
607841.
603868.
615638.
619994,
617146,
610917,
607202,
602280.
603801.
606485,
603637,
599336.
596421,
392744,
594251.
593096.
595550.
592094,
548871.
548871.
584759.
586912.
586173.
589220.

ELEV

660.
826.
597.
667,
583.
595.
635.
745,
745.
761.
774,
630.
746.
635.
611.
611.
904.
777.
656.
817.
739.
831.
947.
877.
7179.
913.
937.
733.
971,
945,
1006.
965,
1038.
964.
1018.
995.
750.
669.
740,
745,
745,
724,
671.
661,
1034.

FA

=40,
-35.
=43,
=41,
=43,
-43.
-41.
-38.
-38.
-36.
-36.
=42,
-38.
=41,
=43,
-43.
-33.
-37.
=42,
-35.
-38.
-35.
-31.
-34,
-37.
-32,
-31.
-38.
-31.
-31.
-28.
-29.
-26.
=30.
-28.
-30.
-39.
=41,
-39.
-38.
-38.
-40.
=42,
-44,
-28.
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-60.
-61.
-62.
-59.
-61.
-62.
-61.
-59.
-61.
=57.
-61.
-60,
-60.
-60.
-60.
-59.
-61,
-60.
-59.
-59.
-60.
-60.
-61.
-63.
-62.
-62.
-61.
-61.
-62.
-62.
-84,
-61.
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TC

.150
. 340
.331
.160
.276
. 389
.463
. 185
. 185
. 249
.370
.552
.554
714
. 168
.251
.182
.227
.728
. 240
.313
.057
.811
L4344
.535
.529
.971
.263
.589
. 248
.0582
L244
.363
174
.798
.478
.327
L403
.855
. 185
185
. 104
.060
L4407
.286
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STA  XPLOT

31006 2048307.
31007 2045054,
31008 2042106.
31009 2039402.
31010 2036771.
31011 2039075.
31012 2044041,
31013 2039336.
31014 2047111,
31015 2049561.
31016 2048729.
31017 2054619.
31018 2055790.
31019 2057620.
31020 2057870.
31021 2069451.
31022 2072206,
31023 2072732.
31999 2092115.
32000 2092115,
32001 2056791.
32002 2063002.
32003 2067536.
32004 2069773.
32005 2065058.
32006 2056613,
32007 2061517.
32008 2053726,
32009 2056343,
32010 2057836,
32011 2059467,
32012 2043090.
32013 2054317.
32014 2053672,
32015 2052437.
32016 2051118.
32017 2049795,
32018 2046357.
32019 2050941.
32020 2030544,
32021 2033623.
32022 2023616.
32023 2030409.
32024 2034573,
32999 2092115.
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YPLOT

581461.
579706.
581595,
590479.
589710.
601369.
609463.
615684,
616535.
621821,
613260,
609556,
617427,
621328.
623077.
627149,
632584,
626393.
548871.
548871.
625187.
628699.
635267.
633305,
631545,
629339.
635033,
631082.
636296.
638558.
641986,
653974,
646127,
643466,
639931.
635047.
632713.
627170.
624665,
589119.
594259,
580662.
583400.
582204,
548871.

ELEV

703.
740.
969,
1162.
972.
1253.
1243.
1153.
1313.
1290.
1037.
831.
1074.
1116.
1092.
835.
932,
1208.
745.
745,
1114.
1124,
1674.
1166.
1124,
1077.
1006.
1213.
1191,
1146.
1130.
2313.
900.
858.
914.
900.
g17.
958.
1250.
1126.
1283.
1263.
1005.
1171.
745.

FA

=42,
-40.
-30.
-23.
-29.
-19.
-20.
-23.
-17.
-17.
-26.
-34.
-26.
=24,
=24,
-34.
-31.
-22.
-38.
-38.
-24,
-24.
-26.
~23.
-25.
-25.
~28.
-20.
-21.
-22.
=24,

13.
-32.
-34.
-32.
-32.
-29.
-29.
-19.
-23.
-17.
-17.
-27.
-22.
-38.
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=64,
-64,
-61.
-60.
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-59.
-60.
-60.
-59.
-59.
-59.
-61.
-60.
-60.
-59.
-61.
-61.
-60.
-61.
-61.
-59.
-60.
-61.
-60.
-61.
-59.
-60.
-59.
-59.
-59.
-60.
-60.
-61.
-61.
-61.
-61.
-59.
-60.
-59.
-59.
-58.
~57.
-59.
-59.
-61.
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-63.
-63.
-60.
-58.
-59.
-58.
-60.
-59.
-59.
-58.
-59.
-60.
-59.
-60.
-59.
-61.
-61.
-59.
-61.
-61.
-59.
-60.
-61.
-58.
-60.
-59.
-60.
-59.
-59.
-59.
-60.
-58.
-60.
-60.
-60.
-60.
-58.
-59.
-58.
-58,
-58.
-56.
-58.
-58.
-61.
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TC

.697
.455
.569
.727
.542
.259
.296
.545
.712
.384
. 167
.634
.734
.254
. 145
.365
.398
.150
.185
. 185
. 163
. 545
.223
.530
.068
.231
.158
. 143
.562
.211
425
.234
.392
.797
.638
042
.940
.556
.260
.397
.828
.588
.094
.762
. 185
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STA

33000
33001
33002
33006
33007
33008
33009
33010
33011
33015
33016
33017
33018
33019
33020
33021
33022
33023
33024
33025
33027
33028
33999
36000
36001
36002
36003
36004
36005
36006
36007
36008
36009
36010
36011
36012
36013
36014
36015
36016
36017
36018
36019
36020
36021

XPLOT

2092115,
2007103.
2010112.
2012832.
2013855.
2022803,
2020979,
2022996,
2018451.
2005533.
2000596.
1997275,
2020266.
2023074,
2026106.
2023890.
2029630.
2029367.
2029554,
2033291.
2031599.
2034009.
2092115,
2092115,
2053222,
2056799.
2061358,
2063566,
2067728.
2063919.
2070436,
2066747,
2070108.
2070089.
2064706.
2062481.
2065763.
2060333.
2060962,
2056358.
2057649,
2053605,
2052430.
2048656.
2047164,
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YPLOT

548871.
493494,
499395.
514365.
511670,
506978.
515463.
513534,
517646.
530169.
518623.
516657.
518922.
521074,
526795.
528978.
521918.
528146.
538308.
543739,
535906.
537330.
548871.
548871,
532008.
531178.
534575,
536802,
539727.
542959.
544906.
545952,
551060.
557944,
557093.
551332,
553781.
548705.
546448,
551391.
544255,
539002.
545118.
546495,
540701.

ELEV

745,
941.
1144.
964.
975.
1026.
800.
823.
835.
1550.
1896.
2136.
887.
917.
855.
948.
734,
836.
1088.
1098.
1064,
925.
745.
745.
784,
852.
858.
871.
895.
996.
876.
940.
953.
809.
947,
1084.
900.
1104.
1018.
1053.
1088.
997.
1028.
984,
1126.
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CBG

-61.
-58.
=59.
-56,
-58.
-60.
=59,
-61.
-59.
~59,
-56.
52,
=59.
-60.
-60.
-59.
-61.
-60.
-58.
-57.
-60.
-59.
-61.
-61.
-60.
-60.
-61.
-61.
-61.
-63.
-61.
-59.
-60.
-60.
-60.
-60,
~59.
-59,
-60.
-60.
=59,
-60.
-59.
-61.
=59,
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TC

. 185
.051
.391
.954
154
.303
.351
.348
.250
.051
. 646
.648
.266
L4480
.769
.748
.G65
.517
. 341
.232
742
.Q04
.185
.185
.110
.039
.068
.138
.040
.105
.228
.814
.0486
334
.094
.348
.582
.543
407
. 169
.817
.358
449
.080
.944
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STA

36022
36023
36024
36999
37000
37001
37002
37003
37004
37005
37006
37007
37008
37009
37010
37011
37012
37013
37014
37015
37016
37017
37018
37019
37020
37021
37022
37023
37024
37025
37999
38000
38001
38002
38003
38004
38005
38006
38007
38008
38009
38010
38011
38012
38013

XPLAT

2043655.
2036481,
2034043,
2092115,
2092115.
2069304,
2065341,
2057014,
2061040,
2066590.
2062706,
2058444,
2056288.
2053123,
2051834,
2048769,
2045622,
2038149,
2040157,
2045353.
2042914,
2048217.
2045247 .
2041880,
2043330.
2039900,
2036049,
2056956.
2060326,
2063153.
2092115.
2092115,
2032006.
2026628,
2026115.
2022951.
2017600,
2018625,
2023496,
2025931.
2023011.
2031423,
2032105.
2037625,
2037900.
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YPLOT

535669.
534347,
532449.
548871.
548871.
565518.
564124,
575104,
573401.
574180.
575846,
569207,
570695.
566500.
559541.
561829.
562588.
556967.
560103.
554575.
555299,
553888.
5506131.
545864,
543353.
542947,
539008.
562793,
563675,
566413,
548871.
548871.
574515.
570684.
574326.
564708,
558001.
552175.
556658,
559793.
560883.
564826.
562860.
566546.
572374,

ELEV

1112.
967.
957.
745.
745,
909.
713.
887.
764.
652.
762.
763.
810.
944,
803.
973.

1492,

2308.

2225.

1027.

1183.
831.
908.
944,
984.
944,
920.
752.
700.
684.
745,
745,

1171.

1318.

1412.

1364.

1395.

1178.

1128.

1037.

1202.
896,
974,

1167,
789.

FA

=24,
-22.
-29.
-38.
-38.
-31.
-38.
-33.
-37.
-41.
-37.
-36.
-36.,
-31.
-35.
-31.
-14,

12.

-28,
=24,
=34,
-31.
-30.
-29.
-31.
=32.
=37.
-39,
-40.
~38.
-38.
=22,
~17.
-13.
-15.
-14.
-22.
-23.
-27.
-20.
-33.
-31.
-23.
-37.
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SBG

-60.
=53.
=59.
-61.
-61.
-60.
-61.
-61.
-62.
-62.
-61.
-61.
-62.
-61.
-61.
-62.
-62.
-61.
-62.
-61.
-61.
-60.
-60.
-61.
-60.
-61.
-61.
-61.
-61.
-62.
-61.
-61.
-59.
=59,
-58.
-58.
-59.
-59.
-60.
-60.
-59.
-61.
~-62.
-60.
-62.

WHrUNu = OO N YO OYOoOWULedPPRNUEHEEOENODERARNUVMOOOCWRHNDNDSNEWWYWOYWOIW

CBG

-55.
=53.
-59.
-61.
-61.
=59.
-59.
-58.
-61.
-61.
-61,
-60.
=59,
-60.
-59.
-58.
-57.
-57.
-58.
-60.
-58.
-58.
~58.
-60.
-60.
-60.
-60.
-61.
-60,
-61,
-61,
-61.
-59.
-58.
-56.
-58.
-58.
-58.
-57.
-57.
-58.
-58.
-59.
-59.
-60,

s O WMLV UMY NV WUWUNDNOEWEFEUENWRNEFWOLWOWWON SN - W

MNOMNWOSWLWRNEFEFOOMNMOOOODOOOOOOOOOOOHRHFHWRFRPRPRLULUEBERRDPERDEREODOSONDMNDOOOOOWL

TC

.027
. 306
.827
. 185
. 185
.505
.190
.813
.246
.614
.259
044
.621
.164
.222
. 343
.379
.948
.256
.161
.375
.985
.929
.118
.360
.986
.912
.428
.660
. 268
. 185
. 185
.445
.524
.500
.192
.451
484
L746
L824
.250
465
.634
770
177
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YPLOT

548871,

ELEV

745,

FA

-38.1

SBG

-61.9

CBG

-61.7

TC

0.185
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