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ABSTRACT
Lankston, Robert Wayne, PheDe., April 1975 Geology

A Geophysical Investigation in the Bitterroot Valley, Western
Montana (112 pe) ’
Director: Anthony Qamar 2

A map of the complete Bouguer ancmaly for the Bitterroot Valley
in western Montana is produced and interpreted to yield the general
geometry of Cenozoic valley fill sediments. Various steps in pro-
cessing the gravity data are discussed including lowpass, frequency
domain filtering and two and three dimensional modelinge.

Refraction and reflection seismic data are analyzed for the area
north of Stevensville to verify the models generated from the gravity
data and to investigate the possibility of using seismic methods
to gain meaningful data for ground water prospectinge

A map of the total magnetic intensity is presented for the area
north of Stevensville. Depth estimates based upon the magnetic data
indicate anomalies originating from several levels in the subsur-
face in the vicinity of Ambrose Creeke Three dimensional modeling
of the magnetic field verified the existence of a multilayer
anomalous bodye.

Integrated geophysical analysis combining gravity and magnetics
models, downward continuation of the magnetic field, and seismic
refraction data indicates the existence of a continuous surface
which exteiids from the eastern face of the Bitterroot Range and
intersects the anomalous magnetic body in the Ambrose Creek area.
This surface may be a gravity glide surface.

The study introduces a set of basic geophysical data which can be
used for further studies in groundwater, economic geology, or re-
gional structural geology in western Montana.

ii
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Chapter 1
INTRODUCTION

Purpose and Scope

The Bitterroot Valley in western Montana is an area undergoling
rapid growth (Montana Almanac, 1957). Related to the growth are prob-
lems of planning, zoning, and resource management., Groundwater and
surface water are two resources intimately involved in these problems.
Only two hydrogeologic studies have been conducted in the Bitterroot
Valley (McMurtry, et ale, 1959, and Nolan, 1973).

Although the present study was undertaken with the intention of
providing geophysical data relevant to groundwater resources, problems
which developed during the course of the research limited direct data
on the amount of groundwater in the valley. On the other hand this
study does present basic geophysical data collected in the Bitterroot
Valley which allow large scale structures observed around the valley
to be mapped in the subsurface and which subsequently act as a basis
for more detailed studies of groundwater and regional geologic struc-~
ture. This study provides an example of some of the geophysical
programs and procedures which can be useful in valley fill studies in
western Montana.

In addition to providing relevant geophysical data on groundwater
resources, a second intention of this study was to investigate the utili-
zation of basic, inexpensive surface geophysical techniques. Engineering
methods of seismic exploration can provide direct data on groundwater
conditions in the Bitterroot Valley. Gravimetric and surface magnetic
methods yield data on regional geologic structure. The engineering

1
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2
seismic and potential field methods of geophysical exploration are
relatively inexpensive and, when they are coupled with proper computer
processing of the field data and synergistic evaluation, models of the
subsurface can be constructed which are useful to the groundwater
hydrologist, stratigrapher, and structural geologist.

No attempt is made in this study to relate the calculated geophysi-
cal models of the Bitterroot Valley to all of the known structures in the
region surrounding the valley. The only previous geophysical study in
the valley (Manghnani and Hower, 1962) is so limited that no attempt
has been made to relate its results to the results of the present study.
The three parts of this study, 1) potential field surveys, 2) seisnmic
surveys, and 3) computer modeling and analysis, provide data on forma-
tion densities, magnetic susceptibilities, porosities, seismic velo-
cities, and water storage volume and provide supporting data for re-

gional structural geologic studies.

Geologic Setting

The Bitterroot Valley, south of Missoula, Montana, is approxi-
mately fifty miles (80 km) long and up to twelve miles (19 km) wide
with the long axis extending in a generally north-south direction. The
valley is bounded on the west and south by the Bitterroot Mountain
Range and on the east by the Sapphire Mountain Range. The Bitterroot
Mountains comprise the Idaho Batholith in the southern two thirds of
the range, metamorphosed Precambrian sediments in the northern third
of the range, and the Frontal Zone Gneiss along the entire eastern

edge of the range. The Idaho Batholith is a complex late Cretaceous
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3
to early Tertiary granitic intrusive (Ferguson, 1972). The Frontal
2one Gneiss which bounds the west margin of the valley may represent
a gravity glide "plane" along which rocks now comprising the Sapphire
Mountain Range slid off of the rising Idaho Batholith (Ron Chase, per-
sonal communication)s The Sapphire Mountains are composed largely of
Precambrian Belt Group sedimentary rocks.

The surface of the Bitterroot Valley is generally flat and is
mantled by a veneer of less than 500° (153 km) of Quaternary alluviume.
The present course of the Bitterroot River trends northward with a
gradient of approximately 30'/mile (5.6m/km). Under the Quaternary
sediments is a section of valley fill sediments up to 4000 feet (1220 m)
thicks

The Bouguer gravity anomaly map of the entire valley is interpreted
to yield valley fill thicknesses for most of the valley (Plates 1 and
2). However, this study concentrates the geophysical field investigations
and computer analyses in the area between Ambrose and Kootenai Creeks
north of Stevensville. The geology of the concentrated study is pre-
sented in Figure 1. This area was selected for detalled investigations
on the basis of the relatively flat gravity anomaly and the strong mag-
netic anomaly observed in reconnaisance surveys over the area and the

ready access to the area.
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Chapter 11

DATA COLLECTION AND REDUCTION

Gravimetric Survey

The gravimetric survey of the Bitterroot Valley was conducted as
outlined by Dobrin (1960) using a Worden gravimeters The survey
covered the surface of the valley within the bedrock boundaries on a
grid of approximately one mile (1.6 kn) intervals. Only a few (approxi-
mately 5%) of the more than 400 gravity stations were occupied in
the side canyons off of the main valleye The rationale for this will
be discussed in later sectionse.

Reductions of the field data to the Bouguer anomaly were made with
respect to the established gravity station at Johnson-Bell Airport in
Missoula (980 443,844 milligals, Jesse Douglas, personal communication,
1972). Station elevations and latitudes were taken directly from pub-
lished USGS topographic mapse Instrumental and diurnal drifts were
determined by reoccupying daily base stations at intervals of two to
three hours.

The Bouguer gravity anomaly was evaluated with the aid of a pro=~
grammable desk calculator and a program written by Sidney Prahle The
program evaluated the complete Bouguer anomaly (gB) for each station

using the relationship

8y = & + elevation correction + terrain correction - &7

where 8o is the observed gravity defined as the difference between the
gravity value at the Johnson-Bell Airport base and the gravity difference
between the base and the station and &p is the calculated theoretical

5
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6
gravity at the station calculated from the international gravity

formula

gp = 978.049(1 + 0.005288 sin’f - 0.0000059 sin®2f) gals

(Grant and West, 1966) where ¢ is the station latitude. The free air
and Bouguer effects were combined into the elevation corrections The
datum was sea level and the density was assumed to be 2.67 grams/cubic
centimeter. The elevation correction was 0.060 mgals/ft (0.183 mgals/m)e
Terrain corrections were obtained using templates after Hammer (1939)
and tables presented by Douglas and Prahl (1972). The terrain correction
was determined to Zone K (32,490 feet, 9.903 km).

The Bouguer anomaly map of the Bitterroot Valley (Plate 1) has
several known uncertainties. These arise as a result of the‘quality of
the topographic maps available and the necessity of making terrain
corrections. Problems of gravimetric surveying in western Montana are
discussed in detail by Burfeind (1967) and Smith (1967).

The greatest problems in gravimetric surveying in the Bitterroot
Valley and, consequently the greatest uncertainties, are caused by the
elevation and terrain corrections. Minimum station elevation uncertainty
along the eastern margins of the valley is + 50 feet (1644 m) on the
Sapphire (30 minute) quadrangle and + 40 feet (13+1 m) on the Cleveland
Mountain (15 minute) quadrangle where the contour intervals are 100
feet and 80 feet respectively. These elevation uncertainties alone may
contribute an error of + 3 milligals in the Bouguer anomaly in areas
where the expected residual anomaly is between zero and five milligals.

Though three milligals is small compared to the total anomaly across

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



7
the valley of up to 30 milligals (Plate 1), this possible error reduces
the reliability of the calculated valley fill thicknesses in the
eastern areass Calculated thicknesses in the central and western
portions of the valley are more reliable because the locations and
elevations can be interpolated more precisely from the available 7%
minute maps (contour intervals between 5 and 20 feet).

A second problem in gravimetric surveying in western Montana and
particularly the Bitterroot Valley area is the uncertainty introduced
into the Bouguer anomaly because of the necessity of making terrain
correctionse Although care was exercised in selecting gravity station
locations to reduce the effects of Zones A through D (Hammer, 1939)
(distances up to 558 feet, 170 m from the gravimeter), the rugged
terrain surrounding the valley, the poor quality maps along the east
edge of the valley, and the subjectivity inherent in generating a
terrain correction allowed the introduction of an uncertainty of as
much as + 0.1 milligal in the center of the valley and * 5 milligals
near the valley margins with the possible error increasing with distance
into the mountains until the probable error exceeds + 20 milligals.
These ranges were determined by two methods: a) having the terrain
correction calculated at a point by more than one person and b) calcu-
lating the terrain correction at a point by using only the highest or
only the lowest elevation in each of the terrain correction template
segments.s The combined problems of location, elevation, and terrain
correction discouraged establishing gravity stations outside the bed-
rock boundaries of the valley., Numerical modeling produced gravity

anomalies which indicated that no usable information for the scope
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8
of the study of the Bitterroot Valley was lost by having so few stations

in the mountainse

Magnetic Survey

Reconnaisance magnetic surveying with a Barringer total field pre-
cession magnetometer (+ 10 gammas) through the northern third of the
Bitterroot Valley indicated a magnetic high near the mouth of Ambrose
Creek canyon on the east side of the valley north of Stevensville.
Detailed magnetic surveying with a Geometrics Model G-816 total field
precession magnetometer (+ 1.0 gamma) delineated a relative anomaly
of more than 500 gammas (Figs. 2 and 14), The reconnaisance survey
and the detailed survey were tied together by the reoccupation of sta-
tions with both of the recording instruments.s The ground level survey
agrees very closely in anomaly shape with the aeromagnetic maps pre-
sented by Douglas (1972), USGS (1966), and Zietz, et ale, (1971)

No latitude or longitude corrections were applied to the data be-
cause of the small size of the study area. Diurnal variations were de-
termined by repeated occupation of base stations at intervals of two to

thiee hours.

Seismic Survey

Seismic surveying of the Bitterroot Valley was conducted using an
Independent Exploration Company 24 channel analog recording system which
incorporated an Electro-Tech oscillograph and a Southwestern Industrial
Electronics (SIE) analog magnetic tape recorder and playback unite 4
single channel Bison Model 1570 englneering seismograph was also used.

The seismic survey was undertaken to check the large scale geologic
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10
models generated from the potential field data. In addition, the en-
gineering refraction seismic method is a basic exploration technique
which provides a fast and economical means for developing groundwater
information along continuous profiles or at isolated locationse. Refrac-
tion and reflection seismic data can be correlated directly to existing
Well data for extrapolation of groundwater conditions throughout a
large area.

Both refraction and reflection seismic techniques were used to
collect data from the areas near Ambrose Creek and Kootenai Creek north
of Stevensville (Figs. 3 and 4). Problems in equipment condition and
design reduced the ability of the seismic experiments to conclusively
demonstrate the value of exploration seismic techniques for groundwater
prospecting.

The Bison seismic system is limited in that it is designed for
shallow refraction investigations with a hammer signal source (Axel
Fritz, personal communication). Several of the problems described in
a California Division of Highways report (Stevens, 1973) were encountered
while using the Bison system in the Bitterroot Valley. In comparing
the Bison system to other systems including a multichannel Electro-
Tech analog system, the California researchers found problems in non-
uniformity of time scales from one sweep rate to another, different
arrival times when hammer and explosive sources were used, and different
travel time plots from data generated with the Bison and a multichannel
systems Though these problems were encountered in the survey in the
Bitterroot Valley, no concerted attempt was made to duplicate the

results of the Stevens (1973) report.
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13

For the seismic investigations in the Bitterroot Valley, the
Bison system was used to measure near surface velocitles by refraction
techniques. Spread lengths up to 550 feet were attained with a
sledge hammer as a signal source. However, signal return at more
than 300 feet was minimal. The signal enhancement feature of the
instrument had little effect because of the weak signal source and the
generally poor transmissivity of the near-surface materials. For
spread lengths greater than 300 feet, a pattern of ten geophones was
used instead of a single geophone for signal reception. The ten-
geophone pattern increased the signal-to-noise ratio by partially
cancelling random high frequency noise near the pattern while adding
the more coherent seismic signal. The ten-geophone pattern was usually
arranged in a circle with a diameter of 10-15 feet (3-5 m)« The Bison
system was not used for any reflection experiments because its amplifier
and filter circuits are not designed to record reflected seismic energye.

The 24 channel permanent recording system was used for refraction
lines up to 2000 feet and for reflection experiments. One test using
the Bison and the multichannel system simultaneously checked the repro-
ducibility of the California tests in the Bitterroot Valley. Figure 5
indicates a difference of 20-30% between the velocities measured with
the Bison and the multichannel systeme A similar difference between
calculated layer thicknesses suggests that care should be taken in
interpreting Bison data gathered when using the hammer as a signal
source.

Recording seismic reflections from the base of the valley fill

section was limited by two basic problems. The condition and age of
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the University of Montana multichannel seismic system 1s such that
considerable work needs to be done to restore it to an "on line"
status. Unfortunately little information is now available on operating
and maintaining the systems The second problem is energy coupling
to the ground. The Kinepak explosives used in this study when detonated
at the ground surface have the disadvantage of expense, extreme noise,
and at best moderate energy transfer Lo the ground. The present stuwdy
was tied to surface charges because of the expense of drilling blast
holes. Stevens (1973) reported the same disadvantages to Kinepak
explosives.

The general field procedure for multichannel refraction surveying
is to lay the geophone cable out to its full length, place one geophone
per channel, and record at fairly high gain with the filter and mixer
circuits out. For reflection recording the geophone cable is extended
to various lengths ranging from 500 feet (150 m) to 2400 feet (730 m),
the channel take-outs being evenly spaced along the total length of the
cable. A pattern of eight geophones was connected to each channel
take-out and each pattern was set in a small circle near the take-oute
Best reflection records were obtained when the amplitude modulation
level of the SIE tape recorder was set at 30% using the recording
system's internal oscillator as a reference signale The galvonometer
level controls were set at 50 and the amplifier gains at 20-30 on the
Independent Exploration Company amplifierse In addition to paper
oscillograph records, magnetic tape records were produced with the
filters and mixers out.

Standard procedures for analyzing the seismic data (Appendix 3)
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were employed. Travel time plots were made and analyzed (Henbest, et
als, 1969) for the forward and reverse refraction lines. Depths to
interfaces and angles of dip were calculated with the aid of a program
presented by Mooney (1973). Reflection data were analyzed with the

aid of xz-t2

plots (Grant and West, 1966, and Dix, 1555)s Few of the
field oscillograph records showed clear reflection arrivals. The
reflections were in general picked from playbacks of the magnetic
tape records which were filtered and mixed to enhance each reflection

arrival, (As many as three distinct reflection arrivals were seen

on some records.)
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CHAPTER III

COMPUTER ANALYSIS OF GRAVITY AND MAGNETIC DATA

Three FORTRAN programs were utilized in this study to analyze the
gravity and magnetic data gathered in the Bitterroot Valley. An itera-
tive program for determining the thickness of the valley fill section
from the Bouguer gravity anomaly was modified from its original form
(Bott, 1960) while the Talwani and Bwing (1960) algorithm for calculating
gravity and vertical magnetic anomalies over irregular three dimen-
sional bodies and the Henderson (1960) algorithm for continuing poten-

tial fields were followed exactly as presented.

The Bott Program

The Bott program was modified for application to the study of the
Bitterroot Valley. As originally presented by Bott (1960) the program
assumes a flat valley surfaces This is reasonable only in the center
of the Bitterroot Valley. Because of the desirability of analyzing the
gravity data from the ground surface (Burfeind, 1967), the program was
modified to account for irregularities in the topography of the present
valley surfaces This modification provided considerable improvement
in endpoint agreement at the valley margins (Fig. 6).

As originally presented, the computer program calculates the thick-
ness of the valley fill by iteratively applying the eguation for the
gravitational attraction of a vertical sheet of mass presented by
Heiland (1940), A cross section of the valley is divided into a series
of vertical, two dimensional sheets (Fige. 7)e The Bouguer anomaly
over each of the sheets in the series is calculated. The program cal-

17
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Pi Reference Line

Reference
Line

Figure 7. Assumed sedimentary valley configuration for applica-
tion of the Bott programe (A) Original version of the program
assumes a flat valley surface. The vertical thickness of
each sheet is calculated at the sheets® centerpoints (P, ).

The calculated anomaly at each P, is the sum of the effécts of
each of the n sheets. The difference between the calculated
and observed anomalies is used to adjust the calculated

sheet thickness. The calculation, comparison, and recialcula-
tion proceeds through eight iterations. (B) Modified version
of the progran corrects for surface topography. All the steps
in the original version are followed. In addition, the
gravitational effects of the shaded areas are calculated and
subtracted from the calculated effect in the original version.
Thus, the adjusted sheet thickness is based upon anomalies
that are related to a geometry of sheets that is more

correct giving a more correct subsurface profile.

19
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culates the mismatch between the observed anomaly and the calculated
anomaly and modifies the thickness of each sheet in an effort to reduce
the mismatche The calculation of the anomaly and modificatlion of the
thicknesses continues through eight iterations as suggested by Bott
(1960)s To account for surface topographic variations, the vertical
sheet equation is applied twice in each iteration; once for the valley
fill material which is below a horizontal reference line through the
point under consideration as in the original version, and second for
the excess valley fill material that is above the reference line
(Fige 7).

For calculating sediment thickness in the Bitterroot Valley, the
Bouguer gravity anomaly map was initially digitized at one quarter mile
intervals along west to east trending profiles. The profiles were
visually inspected, and an anticipated geologic cross section was
imagined bearing in mind that to a first approximation the gravity
anomaly was directly reflecting the bedrock topography multiplied by
a constante The geologic cross sections resulting from executions of
the modified Bott program were difficult to interpret in light of the
anticipated geologic results because of high amplitude irregularities
(noise) in the calculated bedrock profiles (Fig. 6)e The smooth
Bouguer anomalies (Plates 3a-3f, for example) were expected to yield
smooth bedrock topography profiles. In addition to not agreeing with
the anticipated results the calculated profiles led the interpreter
to a geologic conclusion which was not reasonable. The two dimensional
assumption required by the Bott program would force the conclusion that

the pre-Tertiary floor of the Bitterroot Valley is a series of sheer
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cliffs with faces as high as 5000 feet (1.52 km) and extending for
distances of several miles in directions perpendicular to the plane
of the profile. Although such a geometry is a geologic possibility,
it was dismissed in this case because of the preliminary inspection
of the gravity anomaly profiles and because no correlation of the
irregularities could be found between parallel lines as little as
one mile apart.

The noise was assumed to be inherent in the Bott algorithm.

Bcth the original and modified Bott programs yielded noisy profiles
(Fig. 6)e 1In attempting to solve the noise problem, the program was
changed to allow more than the eight iterations Bott suggested in

1960, It was assumed that more iterations would improve convergence

of the algorithm and thus provide a smoother profile. However, more
iterations increased the amplitude of the irregularities while fewer
iterations reduced the amplitude of the irregularities (Fig. 8). No
attempt was made to solve this problem, though the following discussion
illustrates one approach toward the solution which is analogous to

one published by Oldenburg (1974).

The Bouguer anomaly above each of the vertical sheets of mass into
which a profile of the valley was subdivided for application of the
Bott program is the sum of the gravity effects of all the sheets of
mass in the profile. Thus the calculated elevatlion at each point is
related to the calculated elevation at every other point. Any attempt
to remove the noise from one elevation point must take into account
the effect the removal at that point has upon all the other points

in the profiles, It is assumed, therefore, that a noise function
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exists which is the noise amplitude at each point in the profilec
The assumption is made, based upon the shape of the Bouguer anomaly
profiles, that the desired, true topography function is a low fre-
quency function while the noise is a higher frequency function. The
calculated bedrock topography is thus the sum, point for point, of
the noise and the true topography functions.

One method of separating low frequency components out of a func-
tion is by the application of a lowpass filter to the function. A
very sharp, one dimensional, frequency domain, zero phase-shift, low-
pass filter was designed for application to the topographic output of
the Bott program (after Bendix, 1966, Dean, 1958, Fuller, 1967, Seismo-
graph Service Corp., 1969, Nettleton, 1973, Cooley and Tukey, 1965,
and Zurflueh, 1967).

The lowpass filter smoothed the input topography profile. Output
of the filter showed only the topography related to the low frequency
components whose wavelengths were equal to or longer than the cutoff
wavelengthe Figure 8 shows the results of three different iteration
schemes in the Bott programe Each output from the Bott program was
used as input to the lowpass filter (cutoff wavelength equal to 750
feet, 218 m)s The number of iterations was varied in the second part
of the Bott program which employed an assumption of infinite planes
of mass to make corrections in the calculated valley fill thicknessess

To test the validity of applying the lowpass filter to the
topography calculated by the Bott program, the Bouguer anomaly was
calculated from the topographies input and output from the filter

program. The Bouguer anomalies were calculated using equations and
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nomographs presented by Nettleton (1942). The root mean square (RMS)
error between the observed Bouguer anomaly and the anomaly calculated
from the topography output by the Bott program (filter input) is
1473 milligals/21 stations. The RMS error for the output of the filter
program is 1.76 milligals/2! stations. These are the same number
considering the uncertainty in the Bouguer anomaly. The observed
and the two calculated Bouguer anomaly curves are presented in Figure
9. Because the two methods converge numerically to the same value,
the topographic output of the Bott program versus the output of the
filter program must be weighed on their geologic credibility. Taking
into account the general shape of the anomaly and the two dimensional
assumptions employed by the inversion procedure the filtered topo-
graphy is superior.

Because the Bouguer anomaly data collected in the Bitterroot Valley
should not be used to resolve features with horizontal dimensions less
than one mile (1.6 km), the Bouguer anomaly was digitized at a one
mile (1.6 km) sample spacing and input to the Bott program. A comparison
between the one mile sampled input and the quarter mile sampled input
high cut filtered at one mile is presented in Figure 10. The disad~-
vantage of using one mile digitization is the loss of model detail
that might be available from the Bouguer anomaly mape. However, both
the filtering approach and the one mile digitization approach minimize
problems of using one data point for each model point.

All of the elevations on the bedrock topography map (Plate 2) were
generated by the original Bott program as modified to account for sur-

face topography and by digitizing the Bouguer anomaly map at one
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mile intervals along profiles extending from west to east, the area of
less uncertainty in the Bouguer anomaly to the area of more uncertainty.
The distance between the west-east profiles was one mile (1.6 km)e A1l
of the calculations assume a constant bedrock to valley fill density
contrast of -0.5 gm/ce (Burfeind, 1967, and Cook, et al., 1967).

The above mentioned topographic irregularities appear when the
ratio of the horizontal width of the sheet of mass to its vertical thick-
ness is small., If the gravity data can be digitized reliably at short
intervals, the analysis program should provide a comparably reliable
output. The noise observed in this study should not occur. The Bott
program consists of two parts, of which the second appears to introduce
the irregularities. The second part of the program iteratively applies
the equation for an infinite horizontal sheet of mass to reduce the er-
ror between the calculated anomaly and the observed anomaly by modifying
the thickness of the valley fill., Figure 8 suggests that fewer itera-
tions through the second part of the program would reduce the noise prob-
leme Perhaps the iterations in the second part of the program using the
horizontal sheet equation should be replaced with calculations using the
vertical sheet equation as is used in part one of the programe Initial
tests of this hypothesis indicate it to be correct,though no complete

study was attempted.

The Talwani and Ewing Program

The Talwani and Ewing (1960) program calculates the Bouguer gravity
and the vertical magnetic anomalies over any irregular, three dimensional

body (Fig. 11).
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This versatile program has the ability of summing the effects of
more than one anomalous body. However, the coordinates of the poly-
gonal vertices of each lamina of each body must be read into the program
in the same sense, i.e., all clockwise, because the sign of the calcu-
lated anomaly is dependent upon the direction in which the vertices are
read, Because the program incorporates Simpson's Rule for integration, the
effects of at least four laminae must be summed to begin to obtain a good
numerical solution. The program can generate several forms of output.
The form used in this study assumed all the output data to be on a
flat, horizontal surface. The output surface was a 25X25 point grid.
The grid spacing was varied for different models from 0.1 to 0.5 miles
(0.16 to 0.8 km).

The Talwani and Ewing program was used to generate a gravity field
over a hypothetical valley fill situation (grid spacing equal to 025
miles, O.4 km)e The generated Bouguer anomaly, digitized at one quarter
mile (0.4 km) intervals was input to the Bott program. As was predic-
table from potential field theory, the modeled geologic section output of
the Bott program agreed very closely with a cross section of the three
dimensional Talwani and Ewing model (Fige 12). In addition, 93.7 per
cent of the total gravity anomaly due to the valley fill was seen between
the bedrock boundaries of the model valleys This test 1llustrated that
the Bott program could yield satisfactory geologic cross sections, even
at short digitization intervals if the anomaly is smooth. However, the
test suggested that care must be taken when applying the Bott program to
actual field data in which are compounded the uncertainties of surveying

plus the unknown lateral and vertical density changes in the valley
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Figure 11. A sample lamina for the Talwani and Ewing three-
dimensional modeling programe. Lamina (L) represents one of
the several laminae which would be used to approximate the
cylinder to be modeleds Of course, the more vertices (Vi)
which are incorporated into each lamina, the closer the
lamina will approximate the cross section of the bodye.
Furthermore, the more laminae used in the model, the more
the calculated anomaly will approach the true anomaly of
the body. Output options of the program allow the anomaly
to be calculated on any horizontal plane or at any selected
discrete points in space for which the x-y-z cocrdinates are
given,

29
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f111 and the surrounding bedrock as well as the bedrock topographic
changes.s For the width and thickness of the hypothetical valley (di-
mensions chosen to be similar to the Bitterroot Valley), the length of
the valley had to be twenty miles (32 km) before the anomaly in the
center of the valley showed negligible effects of the ends of the valley.
Application of the Bott program to model data from profiles not in the
center of the model valley yielded valley fill thicknesses that varied
by more than 10 per cent from the expected values. This is also predic-
table because the Bott program is based upon the assumption that the
valley has an infinitely long axis.

Another calculation of the gravity anomaly with the Talwani and
Eving program involved a hypothetical gravel body buried within the
valley fill section (grid spacing equal to 0.5 miles, 0.8 km)s The
gravel body, approximately one mile (1.6 km) long, 1000 feet (305 m)
wide, and 100 feet (30.5 m) thick, was assumed to have a density of
0.1 grams per cubic centimeter less than the valley fill sediments
surrounding ite These calculations vwere necessary to determine the
possibility of finding potential underground water storage aguifers
with gravimetric techniques (Hall and Hajnal, 1962)s The results of
the test are presented in digital map form in Figure 13. Figure 13a and
Figure 13b show the slight differences between the valley fill model and
the valley fill with the gravel stringer in it. The residual map (Fige
13¢c), the difference between Figures 13a and 13b, indicate a 0.41 mgal
maximum anomaly over the gravel body and suggests that for this situation,
gravimetry 1s unable to delineate the potentlial aquifer. Figure 13d is

the total anomaly calculated with the gravel body at the surface. The

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



4747 1535
[ ] L ]
1746 -1535
[ ) [ )
4745 -1534
[ ] [ 3
.17.44 -1533
[ L[ ]
21743 1532
[ ) [
00l -002

-002

L] [ ] [ )
-1291 4022 -736
-I2790 -IOTZI -7.35

L] e L]
-1290 -l0.21 -735

LJ L] L]
-i288 -1020 -7.34

4287 -1019 733
(A)

L . .
-0.0t -003 -0.0I

— -0.02

[ ]
-0.049
[ ] (4
-0.04 -0.04

-004 -004

Figure i3.

Map A -

Location of model

1600 Calculated Bouguer

-0.02
L] . L]
-0.05 -0.04 -0.03

L ] 3 .
-0.04 -0.03 -003
(C)

gravel bar.

-1748
[
4748
17,49
1748

.
-17.47

.
-1840
L)
-i18.44

L]
-18.4

LJ
-18.41

[ 2
-184i

[ ] [ L] L
537 -1292 -1025 -737

Jo -1.37

737
{537 -12.93 -1024 -737
1536 -120 -10.22 -736

(8)

L] L]
-16.29 -1385 -lI16 -829

® ® L L 4
-l629 -1385 -lile -8.30

-629 -13.85 -l.lI6 -829
(D)

fe—1 Mile —

Anomaly in milligais and station location

Digital map output for the gravel bar models.

(4) Model of hypothetical valley without the gravel bar.
"B) Model of valley with gravel bar.

(C) Residual map,

Map B (D) Model with gravel bar at the surface.

and 100 feet (31 m) thick.

The main part of the gravel body is 1000 feet (305 m) wide
The density of the gravel body

was assumed to be 0.1 grams/cubic centimeter less than the
surrounding valley fill sediments.
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calculated anomalies indicate that even the effects of surface stream
gravels are difficult to separate from the anomaly of the whole valley
i1l section. In order to see the anomaly of eitner gravel body, the
field data would have to be generated at 0.1 mile (0.16 km) intervals
and have a reliability of + 0,01 milligals. In addition, the true
thickness of the valley fill sediments would have to be known on a
similarly dense grid to enable the separation of the anomaly due to
variations in depth to bedrock from the anomaly due to the gravel body.

The Talwani and Ewing program was used extensively to find a set
of physical and geological parameters that would yield a magnetic
anomaly map that corresponded closely to the observed field in the
vicinity of Ambrose Creek (Fige. 14).

The assumption was made that the calculated vertical magnetic ano-
maly would be within 5% of an observed total field anomaly because of the
inclination of the magnetic field in the area (71°)(Deel and Howe, 1948).
The observed field is presented in Figure 14. One possible anomalous
body is presented in Figure 15 and its calculated field is presented in
Figure 16. The susceptibilities used in the modeling are not all ob-
served at the surface. The average value of the susceptibilities (Table
1) measured at the surface is 300 X ]O'écgs. This value was used for
the surface layer of the anomalous bodye The lower layers of the body
are assumed to have a magnetic susceptibility of 3000 X 10-6 cgse This
susceptibility was chosen on the basis of depth estimates using Peters’®
(1949) and Nettleton's (1942) methods. In addition to using the
average value of the surface susceptibilities, the polygonal outline

of the surface layer was held fixed to the outline of the igneous body
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Figure 14. Total magnetic intensity map of the Ambrose Creek
area. OStation locations are presented in Figure 2.
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Figure 16, Calculated vertical magnetic field over the
proposed magnetic body in the Ambrose Creek area.
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Table 1o Magnetic susceptibilities from samples collected in the
vicinity of Ambrose Creeke. The susceptibilities viere mea-
sured on a Bison susceptibility bridge. All samples were
rock chips or soil and were measured in standardized sample
bottles. No cores were measured. Sample locations are indi-
cated in Figure 2.

Sample Calculated Rock Type Remarks

Number Susceptibility

SS-1 0 Granodiorite chips Weathered sample

SS5-2 0 Metamorphosed Belt

SS-3 0 6 Metamorphosed Belt

SS-4 52 X 10'6cgs Soil sample

SS-5a 1316 X 10" “cgs Granite

SS-5b 490 X 10-gcgs Granite

SS-5b* 312 X 10" cgs Granite

SS-6a 0 6 Metasediment Float sample

SS-6b 121 X 10" "cgs Granite Fresh sample

SS-6c 0 Amphibolite Weathered sample

SS-6d 177 X 10'6cgs Basic sill Highly weathered

SS-7a 0 Tertiary sediments Sand unit

SS-7b 0 Tertiary sediments Volcanic ash

SS-7b* 0 Tertiary sediments Volcanic ash

SS-7¢ 0 Tertiary sediments Calcite cemented sand

Ss-74° 0 Tertiary sediments Sand below soil

Ss-8 48 X 10" cgs Soil sample

SS-9 0 -6 Soil sample

S5-10 127 X 10 “cgs Soil sample

SS-11 0 Tertiary sediments Volcanic ash

S5-12 0 Tertiary sediments Volcanic ash
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observed at the surface in the vicinity of Ambrose Creek. Nevertheless,
the model presented is nonunique though the observed and calculated
anomalies are very similar in amplitude and contour pattern. Dif-
ferences in the two anomalies can be attributed in part to the dif-
ferent density of data points on the two mapse To eliminate this
possible problem, an output option of the Talwani and Ewing program
could be used that calculates the magnetic field only at the points
where measurements of the total field were actually observed. This
option was not used because of the poor control on subsurface rock types

and magnetlc susceptibilities.

The Henderson Progranm

A third FORTRAN program, employed in analyzing the magnetic data,
followed an algorithm and set of coefficients presented by Henderson
(1960) for upward and downward continuation and first and second
derivatives, Continuation involves the application of a mathematical
sperator to the observed anomaly such that a new anomaly is calculated
at a higher or lower datume The observed magnetic field in the Ambrose
Creek area was continued downward in order to locate the top of the
proposed anomalous body in the center of the valley. The top of the
body was located above the level at which the continued data showed
oscillations (after suggestions by Peters, 1949, and Rudman, et al.,
1971). A limitation of this program is that the field can be continued
up or down only in integer multiples of the input data grid spacinge.

Cross section GG* (Fig. 23) presents the results of downward

continuing the magnetic data observed in the northern Bitterroot Valley
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by one and two grid units, 0.5 and 1.0 miles (08 and 1.6 km),

respectively.
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Chapter IV

RESULTS

Inspection of the Bouguer gravity map (Plate 1) indicates several
general features. The anomaly pattern follows the bedrock outcrop
pattern very closely on the western margin of the valley. The anomaly
pattern along the east margin of the valley is very irregular indi-
cating that the eastern wall of the Bitterroot Valley has a different
structural origin than the western margin. The Bouguer gravity anomaly
map of this study aud the Montana gravity map presented by Bonini, et
al., (1973) generally agree with respect to the north south trend of the
anomaly and the irregular contour pattern on the east side of the valley.

Two geologic features along the east side of the valley probably
account for the large negative anomalies near Ambrose Creek north of
Stevensville and near Willow Creek north of Hamilton. In both areas,
the depression in the Bouguer anomaly corresponds very closely to ig-
neous bodies observed at the surface in the two areas.

Bedrock appears to extend continuously from the exposed face of the
Bitterroot Range under the western half of the valley with no discernible,
high amplitude, high angle normal faults. However, a several mile wide
zone of low amplitude, high angle faults may exist. The gravity data
of this study can not be used to distinguish between a smoothly sloping
bedrock surface and an intricately faulted surface with low amplitude
faults (Fige 17).

The apparent bedrock high north of Victor is probably related to a
thinner section of valley fill rather than a bedrock density change.

Lo
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The high occurs in an area where the gravity data is as precise as
possible in this study. The elevation, location and terrain correc-
tion errors were minimal in this area. A thinner section of valley
i1l is preferred over a denser bedrock because the increase in density
would have to be on the order of 1.5 to 2 grams/cubic centimeters
This increase would certainly place the underlying rocks in a range of
densities not commonly found in crustal rockse The density increase
was calculated using Nettleton's (1940) method.

The calculated valley fill thicknesses along the eastern edge of
the valley have some uncertainty as discussed in a previous section.
This uncertalnty is compounded by the large igneous bodies in Ambrose
and Willow Creeks. The densities of the granite are slightly less
(Presley, 1970) than the 2.67 grams/cubic centimeter density used in
this study to calculate the Bouguer anomaly. Therefore, part of the
depression in the gravity anomaly is due to the lower density in the
igneous body (Bott, 1962) and not to the lower density in valley fill
material., Because the igneous bodies are at the surface, a much
smaller density change can account for the observed anomaly than in
the case above for the Victor area.

The dip of the Frontal Zone Gneiss on the eastern front of the
Bitterrcot Range varies from 20-300. The calculated dip of the bedrock
surface as it continues under the western part of the valley is 10-20°,
This dip is verified both from gravimetric and seismic data (Fig. 18
and 19), In addition to verification of the average dip of the bedrock
surface, the correspondence of the gravity and seismic results indicates

that the assumed average density contrast of 0.5 grams/cubic centimeter
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L5
between the valley fill and the bedrock is an adequate assumption
for the Bitterroot Valley (Figs. 18 and 19).

Refraction data from the Ambrose and Kootenai Creek areas indicate
four formation velocity ranges (Table 2). Though Table 2 appears sim-
plistic, such a tabulation is required if the refraction method is to
satisfy the requirement of being an economical and viable method for
measuring the groundwater reserves. A comparison of seismic refraction
results with existing well data (Fig. 20) inaicates that the wells pene-
trated into the 7000-8000 feet per second velocity zone and appear to
be producing groundwater from that zone. More data is needed to extend

the correlation to other parts of the valley.

Tatle 2. Formation velocities and geologic interpretation, Kootenai and
Ambrose Creek areas.

Velocity Interpretation
700-2000 ft/sec Dry, near surface weathered zone
2000-4000 ft/sec Dry, less weathered Cenozoic deposits
4000-8000 ft/sec Water saturated, possibly Tertiary deposits
above 10000 ft/sec Bedrock

Although the gravity data may be insufficient to resolve structural
features with dimensions less than one square mile (2.56 square kilo-
meters), they can test regional tectonic theories. A popular idea is
that the Sapphire Mountain Range slid off of the rising Idaho Batholith.
The Frontal Zone Gneiss is hypothesized as the zone of deformation
along which the overlying plate of Belt sediments and batholithic rocks
was transported. The face of the Bitterroot Range exposed at the western

edge of the valley may represent the zone of maximum deformation with
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the extent of deformation decreasing westward into the range (Ron Chase,
personal communication). Thus the total thickness of the Frontal Zone
Gneiss may be as much as 1.25 miles (2 km) or more. Such an extensive
unit should be traceable with geophysical techniques. Three lines of
evidence developed in this study allow the surface which comprises the
eastern face of the Bitterroot Range to be continuously traced at depth
beneath the valley fill sediments. A fourth line of evidence verifies
the position of the surface in the western portions of the valley and
suggests a possible thickness for the Frontal Zone Gneiss in that area.

The first line of evidence is based upon the assumption that there
is 1ittle high amplitude, high angle faulting in the western part of the
Bitterroot Valley (Plate 2). Aiso, the assumption is made that the glide
surface can be described by a fairly simple mathematical expression. One
possible expression is based upon a povier curve of the form:

c

where 2 is the vertical position, X is horizontal position and C1 and C2
are twy constants to be determinede The major geologic assumption is
that the surface exposed at the front of the Bitterroot Range extends
under the Bitterroot Valley and is the contact that divides the valley
fill sediments from the bedrocke. By plotting the calculated bedrock
elevations with respect to distance from the mountain front on full
logarithmic scales and fitting a straight line to the points, the re-
lationship between the elevation and distance can be determined. By
extending the line to greater distances from the mountain front, the

position of the surface can be computed anywhere. Figure 21 illustrates
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Figure 21+ Power curve fit of calculated bedrock elevations. This
plot is an average of several such graphs prepared in the
Kootenai-Ambrose Creek areas. The Z-axis is in kilofeet with
respect to an arbitrary datume. The elevations plotted are
bedrock elevatjons calculated by the Bott program and taken
from the topographic map of the area. Figure 22 shows where
the power curve from this approximation would lie along cross
section BB'.
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the plotting procedure and Figure 22 illustrates how the surface would
plot with respect to the western part of the valley and also its loca-
tion relative to the proposed magnetic body in the east. Similar analy-
ses of other cross sections through the magnetic body follow Figure
22 very closely.

The second line of evidence for the existence of the glide surface
is seen in the downward continuation of the observed magnetic field in
the Ambrose Creek area. Figure 23 shows the observed field and tuo
levels of downward continuation, 2640 and 5280 (0.8 and 1.6 km) below
the surface. The observed profile and the profile from the 2640 foot
(0.8 km) level have the same anomaly pattern. The lower profile, how-
ever, has a slightly higher amplitude as expected. The profile at the
5280 foot (1.6 km) level, though, shows some oscillation, an indication
that the field has been continued below the surface of the disturbing
body (Peters, 1949). The 5280 foot (1.6 km) level corresponds to a
plane 100-200 feet (30+5 to 61 m) below the surface of the lower most
layer in the proposed magnetic body.

Though the shape of the calculated anomalous body is nonunique,
the correspondence of the three surfaces, 1) the surface between the
third and fourth layers in the model (elevation = 1200 feet, 366 m,
below sea level), 2) the “"glide surface" from the power curve approxi-
mation (elevation » 1000 feet, 305 m, below sea level), and 3) the
surface from the downward continuation (elevation = 1280 feet, 390 m,
below sea level, indicate that a geophysical discontinuity of some
nature exists in that area.

The reflection seismic data lends limited evidence to the existence
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Figure 23. Comparison of two levels of downward continuation
with observed total intensity magnetic data in the center
of the Bitterroot Valley. The anomaly continued to 1370
feet (418 m) retains most of the character of the original
anomaly. However, the anomaly continued to -1280 feet
(-390 m) shows high frequency oscillations, an indication
that the primary assumption of downward continuation has
been violatedj e.ge, the level of continuation is below the
surface of the anomalous body.
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of the above surface because the reflection experiments were conducted
too far to the west. However, the seismic data collected near the
Bitterroot River between Kootenal and Ambrose Creeks indicates three

reflecting horizons (Table 3, Figure 22, and Appendix III).

Table 3« Results of reflection seismic experiments on the Ravalli
National Wildlife Refuge. Shot location, NE corner, Sec. 3,

T9N, R20W.
Interval Interval Velocity Interpretation
Surface - 2000 ft. 7500 ft/sec Cenozoic valley fill
2000 - 3300 ft. 13200 ft/sec Frontal Zone Gneiss
3300 - 9600 ft. 12700 ft/sec Frontal Zone Gneiss
9600 - 7 Idaho Batholith

The first reflecting horizon is the valley fill-bedrock interfacee.
The depth to this interface agrees within 10 percent of the depth calcu-
lated from the gravity data (Fig. 22). The second reflecting horizon is
presumed to be a surface within the Frontal Zone Gneisse. The lowest
reflecting horizon may represent the base of the Frontal Zone Gneiss.
The total thickness agrees fairly closely to thicknesses of the Frontal
Zone Gneiss measured near the front of the Bitterroot Range (Ron Chase,
personal communication).

Planimetric analysis of the calculated bedrock topography map (Plate
2) indicates that the total volume of Cenozoic deposits in the Bitterroot
Valley is of the order of 70 cubic miles {290 cubic kilometers)s Assuming
an average porosity of 20 percent, and assuming that all of that is
filled with groundwater, the valley could potentially hold 14 cubic
miles (57 cubic kilometers) of watere. Of this, four cubic miles (16

cubic kilometers) of groundwater would be within the top 400 feet
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(122 m) of the valley fill section.
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Chapter V

CONCLUSIONS

Basic surface geophysical techniques, as outlined in this study,
are an inexpensive means of generating subsurface information in the
search for groundwater resources. Unfortunately, the volume of data
provided by such methods does not yield any firm information that can be
used entirely as a replacement for actual well drilling. Seismic re-
fraction and well log data can be correlated, and the seismic refrac-
tion method appears to be the best of the geophysical methods investi-
gated in this study for locating groundwater reserves. Gravity and
magnetic techniques do not give direct information on groundwater re-
sources, but they do yield regional structural information. The data
of this study say nothing about how much groundwater is actually con-
tained within the valley fill sediments, nor do they say anything about
the volume of water which can be produced or what percentage of that pro-
duced would be usables Permeability of an aquifer is best evaluated in
downhole tests either by pumping or geophysical logging, and water
quality can be determined only after a sample is obtained.

The seilsmic refraction method offers the best possibilities for
generating subsurface data that can be used as a guide to water well
drilling. Certainly the refraction data from two sites can not be
considered as a guide for groundwater prospecting in the whole valley.
Perhaps a program of reporting all refraction data to the Montana Bu-
reau of Mines and Geology, as is required for driller's data, could be

establisheds This would allow a correlation of refraction data and
5l
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driller’s data to be made and subsequently provide an improved guide
to geophysical groundwater prospecting. A complication might exist,
however, before the correlation of the two sets of data could be con~
fidently undertaken. That is, few of the water well logs submitted to
the state are prepared by trained geologists or groundwater hydrolo-
gists.

In addition to the limited information generated on groundwater
reserves, the seismic data in this study provide two pieces of infor-
mation valuable in regional structural geologic studies. Seismic re-
sults from the Kootenai and Ambrose Creek aresas indicate that the depth
to bedrock calculated from gravity data is very close to that calculated
from the seismic datas. Thus, the assumed average density of the valley
i1l section of 0.5 grams/cubic centimeter less than the surrounding
bedrock 1is correct.

Furthermore, the presence of at least two reflecting horizons in the
western part of the valley indicates that the Frontal Zone Gneiss can be
traced at depth with seismic reflection techniques. The dip of the
gneiss appears to decrease from 20° at the western margin of the valley
to as 1little as 15o three miles (5 km) east of the mountain front.

The average formation velocity of the valley fill sediments ranges
from 6500 to 8500 feet per second. The lowest velocities are observed
in the center of the valley. This is explained by suggesting that the
Bitterroot River has always favored the center of the valley. The less
consolidated and more water saturated sediments there would be expected
to have a lower velocity than the more strongly cemented sediments

outside the central portions of the valleye.
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With the block of geophysical data available through the present
study in the Bitterroot Valley, future studies will have a definite
starting point. The groundwater prospector can combine new and existing
well data and new engineering seismic data to help reduce the number of
dry wells drilled for groundwater in the valley.

The present preliminary geophysical study in the Bitterroot Valley
invites further geophysical research to define the regional geologic
structure. The two best tools for such future studies will be the
reflection seismograph and the magnetometer. Both tools could be com-
bined to define precisely the configuration of the proposed magnetic
body and the Frontal Zone Gneiss at depth. The high precision now
avajlable in airborne magnetometry and digital seismic recording and
processing should allow even subtle tfeatures like low amplitude normal
faults in the valley floor to be interpreted. The answer to the compli-
cated question of the regional geology in western Montana will only be
obtained when synergistic geophysical data are thoroughly integrated

with surface geologic data.
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Appendix I

GRAVITY DATA

The following tabulation contains the information compiled to
present the Bouguer gravity anomaly map (Plate 1) of the Bitterroot
Valleyes The field notes, map of station locations, and preliminary
Bouguer anomaly map are available through the University of Montana
Department of Geologye.

Station numbers in the tabulation between 400 and 500 are in the
Ambrose Creek area and are called AC-1 through AC-99 in the field
notes. Station numbers greater than 500 were incorporated from a
small survey initiated by Gary Crosby. These stations correspond to
stations numbered 390 to 500 in the field notes. Stations 1 through
61 were also incorporated from a survey initiated by Gary Crosby.

Station numbers 158 through 174 are from a survey conducted by Jesse
K. Douglas in the presentation of his master's thesis (1972).

Station numbers not appearing in the following table indicate that
these stations were not used in this study. All field readings have been
referred to the established base station at Johnson-Bell Airport in
Missoulas The column labeled observed gravity is the milligal difference
between the field observation station and the airport station.

Several base stations were carried forward from the airport station
to reduce the necessity of traveling to the airport during the surveying.
All but one of these base stations vwere used in the determination of
the Bouguer anomaly and therefore appear in the following table. It is

not recommended that the field observation stations be used as bases

57
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for subsequent studies because positioning the gravimeter on the abso-
lute location of the base station may not be possible.

The one base station that could be used in future studies is in
the basement of the Science Complex on the campus of the University of
Montana. The gravity value is 980,446,583 milligals in the center of
the north edge of the pier in the Earthquake Laboratory.

The small circles on Plate 2 indicate station locations.
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NUMBER ELEVATION

N -

2l

2l
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3
24
3o

c6
27
28
29
30
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STATION

CMETERS]

1103.4
1033.06
1075.9
1u98.5
114360

125247
1353.3
13895

983.9
1067.4

102147
1057.4
990.0
991.5
395.8

993.0
1090.6
1121.7
1205.5
1243406

1034.8
1u09.2
1004.0
10375
1104.0

113240
11613
97240
972.0
965.0

9647
1003.1
1000.7
1024.1
1021.4

99845
992.4
994 .9
G95.2
104244

59

STATION
LATITUDE
[DEG. N1

465738
4645738
465738
4645738
465760

4645789
465802
4645825
4645738
4656602

4oe«5662
46¢5662
465892
466030
466174

466317
464370
4644370
4645910
4645430

4645300
465300
4645280
4645200
4641590

4645190
4645180
4647570
467480
46.7360

4647230
4645170
4645190
4645130
4645340

4645540
465880
46+6110
46.6310
46.6410

STATION
LONGITUDE
[DEG. W1

114.0925
114.1080
11l4.1242
114.1301
11441427

11441555
114.1761
114.1814
114.0654
114.0546

114.0329
114.0020
114.0884
114.0864
114.0880

114.0784
114.1516
l1l4.1611
114.1792
11441977

114.,1304
114.1115
il4.0867
114.0656
114.0453

114.,0236
114.0018
114.0822
114.0830
114.0801

114.0774
114.0967
114.1183
114.0809
114.0654

114.0654
114.0465
114.0380
114.0385
114.0166

OBSERVED
GRAVITY
LMGALS]

'470281
-53.289
-59.328
-62+555
-59.367

=90.570
=~107.625
=-124.602
-49.883
'550648

-58.281
=-63+.562
=43 462
-414133
-“10852

-41.477
-61e477
=71.625
'910797
~100.375

=57.703
=55.625
-59.086
-660961
-81.930

=-80.344
-800242
-6¢523
-70750
=Qg.414

=16.047
‘600625
-56.891
-650820
=62¢203

-54.,898
-49.789
«46e477
'“20273
-46.258

BOUGUER
ANOMALY
CMGALS]

=176¢3
=173.5
-170.,0
=168.2
=153.9

=159.5
~-152.0
=-161.6
-181.4
~170.2

-181.9
=-180.0
=174.6
=-173.0
=-173.9

=175.2
-160.9
-159,.1
=148.2
=159.9

=173.5
=177.2
-18206
=-183.1
-184.6

=177.7
=-171.0
=156.1
=156.2
-157.8

'16303
=183.0
=179,0
-18400
=-182.7

-181.8
-180.,9
=-179.1
=176.5
=171.8



STATION STATION

NUMBER ELEVATION

41
42
43
e
45

4o
47
4
49
506

51
5c
59
54
59

56
57
58
59
6l

ol
63
oh
65
6b

69
70
71
72
73

74
75
76
77
78

79
80
81
8<
83
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CMETERS]

1u93.9
114340
1240.8
1310.9

9815

1U75.9
1033.3
114647
1195.1
1269.8

124145
122943
117747
1158.8
1143.0

112441
1ugs.1l
1061.9
98646
97249

96047
957 ¢4
963.2
970.8
104647

1097.3
108445
9693
1138.4
9754

9754
97243
8632
97243
9708

9784
1055.2
1u55.5
1115.06

97240

60

STATION
LATLTUDE
[DEGe N1

4646430
46.6470
46.6380
466320
4646750

46.8070
46e 7940
467780
4647530
4647230

L6e7340
4647370
46.7650
467740
46.7800

46.7830
4647830
u6b«7840
46.8030
468060

46.8180
467870
46.7640
467580
4647910

467830
4647790
4647710
Loe7680
4648150

467950
467690
4647480
467030
466880

46+6690
46.6960
46.6810
46.6740
4646690

STATION

LONGITUDE

[DEG. W1

113.9904
113.9699
113.9445
113.9271
114.0812

114.0350
114.0462
113.9570
113.9409
113.9023

113.9161
113.9344
113.9400
113.9444
113.9651

113.9826
114.0022
114.0264
114.0663
114.0814

ll4.0644
114.0925
114.0623
114.0734
114.0565

114.0389
114.0424
114.,0590
114.0455
114.0920

114.0997
114.0792
114.0648
114.0772
li4.0782

114.0789
114.0917
114.0922
114.1045
114.0563

OBSERVED
GRAVITY
[MGALS)

=53 .844
-58.937
-800086
'940187
-23.008

-750414
“650117
-910586
-104.828
=124.500

=-117.281
-112.617
=-100.289
-94,.852
-89.789

-86.172
=89.352
-72039
-58.016
‘520469

-51.141
‘0133
-30305
20578
-16.484

=27.461
-25.734
-50305
-20.641
'20312

-5.125
-30266
-5.805
-25.575
-24.141

-28.875
-41.258
-320813
-48.406
'280031

BOUGUER
ANOMALY
[MGALS)

-16903
-1l64.7
“16“05
'16305
'16101

-159.1
=156.2
-15701
-155.0
=158,.6

=157.7
=156.,0
=154.5
-157.1
=-156.2

=157.2
~-165.6
=155.5
~159,1
-156.4

~-158.9
=155.8
-155.0
=147.1
~154.5

=154,.,3
=154.5
=156.5
=-137,.,0
=156.5

-156.8
-154.1
=155,9
=169.8
~166.6

-167.7
=166.5
=154,.2
-155.2
=170.1




STATION

NUMBER ELEVATION

84

86
87
88

&9
90
9l
9¢
93

94
g5
90

97
90

9y
100
101
loe
103

104
105
louo
107
108

1u9
116
111
112
113

114
11%
lle
117
116

116
1210)
ize
123
124
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STATION

LMETERS]

395.2
977.2
100843
1021.1
1024.1

11643

98640
104069
1115.6
1277.1

142645
9824
9632
963.2
9632

996.1
1072.9
1130.0
1197.9

963.2

11034
1182.6
124947
1170.4
1200.9

11064
10257
1053.1
1u82.U
1112.5

1141.5
120440
123444
129844
1325.9

15564
140201
1216.2
11299
11643

61

STATION
LATITUDE
[DEGs NJ

46.6400
46.6300
4o.0480
466580
46.6690

466760
46.6810
4646950
46.6920
466990

467080
467070
4647350
467280
4647210

4647310
467340
467400
4647400
467160

467220
466990
46.6880
466630
466570

46.6560
465010
4605010
4645010
465010

4645010
46.4840
454790
4644630
4644530

464410
46.4270
4644760
46.4840
4644770

STATION

LONGITUDE

[DEG. W3]

114.0789
114.0535
114.0385
114.0312
114.0257

114.0035
114.0299
114.0334
114.0233
114.0037

113.9980
114.0337
114.0711
114.,0532
114.0478

114.0437
114.0216
114.0017
113.9804
114.,0546

114.0229
11441146
li4.1164
114.1061
114.1075

114.0993
114.0826
114.0654
114.0455
114.0238

114.0018
113.9776
113.9576
113.9387
113.9221

113.9123
i13.9057
113.9929
114.0234
li4.0027

OBSERVED
GRAVITY
LMGALS]

=38¢375
-38.773
‘380531
-34.828
'300781

=57.430
-23.711
‘300195
-43.750
=73.672

=102.906
-19.523
=10.367
-10.828
-12.031

-16.492
-31.102
-43.781
‘570508
=15.016

-38.820
-624273
-77.523
-61.242
=70.547

-51.977
’670039
-710536
-74.086
-76.812

-78+922
«93.,078
~104.625
-114,.,898
-126.172

-1344523
-1484531
=98.375
-84.820
-910289

BOUGUER
ANOMALY
[MGALS]

=173.2
-176.4
=171.6
-166.1
-161.9

-160.4
-163.0
=158.,7
=156.6
-153,1

=153.,0
-160.8
-159,5
-159,2
-159.6

=-158.2
-157.0
-159,0
-15G,.4
=1l62.4

-157.1
-160.0
~-158,9
=156.1
-158.9

-1l61.0
-183.8
-182.7
=179.7
=176.4

-172.1
-172.3
=-177.0
=-173.4
=176.2

“176.4
=179.6
-174.5
=179.4
-178,0



STATION
NUMBER

1o
126
127
126
129

130
131
13e
133
1354

135
130
1357
13y
139

140
141
142
143
144

145
146
147
148
149

15U
151
15¢
153
154

155
156
157
leol
173

174
175
170
177
178

STATION

ELEVATION

CLMETERS]

121642
1231.4
1188.7
1178.1
1103.4

1051.6
1019.0

97949
1012.9
1033.3

1015.0
1027+¢
1143.0
1252.7
1319.48

lo2z.3
103340
1086.6
1133.9
106549

112943
10153
1y22.06
10348
1033.3

1036+3
1021.1
1024.1
1u25.7
lu29.6

1u8l.2
1129.6
1193.3
1059.5
10525

1034.5
1051.9
1U83.43
106747
11278

62

STATION
LATITUDE
[DEG. N1

4644720
464580
46.4570
46.4720
46.4820

464850
46.4850
4oe4720
464570
4644570

4oe4420
46.4420
4644430
4644520
4644520

46e4240
4644240
4644270
46.4270
4o.4420

46.4420
4oel4lt20
464420
4o.4420
46.4270

464130
4644130
4644130
464090
4643970

4643970
4643970
4643970
4645740
465600

465600
46.4137
464287
4644465
46.4658

STATICON

LONGITUDE

[DEG. W1

114.0095
114.0080
114.0299
114.0301
114.0485

114.00664
114.0897
114.0897
l114.0912
114.0777

114.0940
114.0731
114.0536
113.9880
113.9666

11440967
114.0728
11440515
114.0314
114.0528

114.0286
114.1154
114.1349
114.1462
114.1473

11441437
114.1264
1i4.1121
114.,0938
114.0933

li4.0684
114.0508
114.0347
114.0018
114.0018

114.0236
114.1678
114.1678
114.1678
114.2141

OBSERVED
GRAVITY
CMGALS]

-101.836
=101.445
-950667
-9“.859
-82+375

‘710812
=65.445
-64.656
-65.080
-69.766

-65¢539
'68.1“1
-89.187
-112.125
=-122.289

-67.844
-670750
-82.164
-92.148
=72.750

-82.930
-66¢117
-67.180
-69.937
‘700@“8

=73.227
-69.227
-69.977
=70.805
-73.695

-840031
-89.836
=100.242
'S?oUQ?
-540556

=53.086
=77.172
‘800625
=75.875
=97.000

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

BOUGUER
ANOMALY
CMGALS]

-17204
-172.8
=175.9
=178.6
-182.0

=-182.0
-182.0
=-187.9
-181.0
-180,1

=-179.1
=-179,2
=177.2
=178.4
=-175.0

=17843
=176.0
=176.9
-180,.1
-173.4

=173.3
=179.4
=178.8
=-178.9
=178.7

=179.7
=-179.1
-179.2
=179.3
=180.3

-178.2
=176.2
=173.6
-171.0
=-171.4

=-173.4
=180.2
-17707
=176.7
=165.6



STATION STATION

NUMBER ELEVATION

179
lge
183
14
165

180
147
lgs
1§69
lgu

i91
lge
193
194
195

i96
197
198
199
200

col
2ue
209
2064
2uo

200
207
208
209
21l

211
21lc
219
214
215

216
217
218
219
220
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CMETERS]

122843
lo01.7
1u74.4
1106.4
1050.0

10729
1037.5
10025
100443
1ul15.0

10866
1082.0
11171
1152.1
111648

12027
1123.5
11759
1243.06
1089.7

1u85.7
1051.6
1U48.5
10750
1120.1

1147.0
1238.1
1132.0
1082.0
118045

122843
1150406
1u79.0
1u63.1
1056.4

1052.2
1058.4
1061.9
1098.8
1U66.8

63

STATION
LATITUDE
(DEGe N2

4644960
4644370
46.4559
464721
4e.4721

4644903
465008
4645000
46.4885
46.4721

46 45ULY
464175
46.4171
4644155
4643990

4643940
4643810
4603810
4643791
4643854

4639968
463998
463854
LE 3782
46«36060

4643530
4643530
463421
4643415
46333V

4643210
4ee 3240
463124
46+3134
4603283

LoedUcl
46435606
463710
463710
463259

STATION
LONGITUDE
[DEG. W1

114.1920
114.2209
114.1679
114.1674
1141448

11441475
11441463
114.1232
114.1271
114.1296

114.1362
114.1890
114.2093
114.2209
114.1997

114.2209
114.1993
114.2209
114.2405
114.1784

114.1782
114.1462
11441465
114.1678
114.1940

11441942
114.2146
114.,1992
114.1709
114.2209

114.2209
114.1927
11441737
114.1561
114.1560

114.1556
114.1558
114.1558
144.1777
14401729

OBSERVED
GRAVITY
[MGALS]

~96.727
=-173.492
-710906
-74.789
-66¢352

=67« 3544
-62+297
564977
=57.766
-61.719

~-66+391
'780844
-83.391
-87+219
-93.062

=103.250
=-95.969
=99.406
=-108.242
-9“0562

-89.125
'810672
'940836
=-93.766
-98.086

~106¢297
~116.891
=103.539
=-101.000
=105.148

1146523
-108.094
~99,852
=-99,719
=98.336

~96.4430
-95.211
-92.680
-99.008
-98.047

BOUGUER
ANOMALY
CMGALS]

=165.4
-160.8
-171.7
=168.8
=173.5

-170.9
=-174.0
=-177.1
=176.6
=177.2

~166.3
-17403
-170.4
-165.4
-180.9

-172.6
-181.1
=173.0
-163.0
=187.7

'18“02
'18401
'19606
-189.4
-18302

-184.4
=175.6
-183.4
-191.7
-173.6

-172.0
-182.9
~188.5
-192,0
=193.4

=-193,6
=160.8
=190.,5
-18901
=1G80,3



STATION STATION

NUMBER ELEVATION

cel
2z2¢
223
224
225

220
227
228
229
23U

231

e
233
254
235

236
237
238
239
244

241
242
243
244
245

246
247
246
249
250

251
25¢
253
254
255

999
250
257
258
259
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CMETERS]

1033.9
103643
105647
1092.7
1109.8

11674
1107.9
1115.6
1130.8
107246

1u72.9
1041.5
104542
1053.1
1058.0

1057.4
1096.1
1141.8
122840
128943

141743
1341.1
1176.5
111741
1u44.9

1u77.5
1123.2
1181.4
1254.0
122543

1107.9
123144
1155.8
1150.0
1249.7

1109.5
109247
106543
1084.2
10744

64

STATION
LATITUDE
CDEG. NI

463819
4643709
4643709
4643778
46+3888

46.3798
4643620
4643560
4643400
4603460

4643570
463570
463460
46e3255
4643129

4643255
4643255
4643255
4oe3246
4643270

4603393
463266
463130
463130
463132

462986
4603024
4603090
462986
462876

4642876
4642693
462692
4642547
462554

4642692
462550
462887
46.2552
4642690

STATION
LONGITUDE
CDEG, W1

114.1046
1141046
114.0821
114.,0623
114.0615

114.0399
114.0618
114.0608
114.0611
114.0829

114.0830
114.1046
114.1204
114.1196
11441359

114.1030
114.0814
114.0618
114.0336
114.0188

113.9980
114.0086
114.0415
11440615
114.1133

114.1678
114.1890
114.2113
114.2207
114.2206

1141950
114.2209
114.1992
1141993
114.2204

11441779
1141779
114.1628
114.1563
114.1561

OBSERVED
GRAVITY
[MGALS]

‘800062
-83.211
=86+ 766
-90.586
-93.937

=103.492
=924 344
-96.023
-92.789
-94.4367

-910336
-864992
-93.586
-970695
=100.617

=97.375
-103.180
=109.695
-125.047
-134.383

-165.164
-148.312
-115.828
-109.047

‘990742

~100.578
-104.211
=109.002
-123.187
-116.898

=100.750
=122.422
-111.742
=114.359
=127.523

=107.867
-107.109
~100.141
-109.172
=-103.734

BOUGUER
ANOMALY
CMGALS]

-184.6
=186.2
=185.5
-182.8
-18306

'18007
-180.0
-181.6
-174.0
-18707

=182.0
-187.7
=192.7
-=193.4
=-194,1

-1g2.1
-190.0
=186.9
-183.5
-181.1

=187.5
=184.,6
=183.5
”19&02
=195,6

-188.4
=182.5
=175.4
=172.3
-17005

-18005
=172.6
-180.,6 -
-182.6
=172.6

-186.4
‘18705
=189.7
=192,0
-18906



f
x

STATION STATION

NUMBER ELEVATION

260
2pl
2pe
263
26k

265
266
267
268
269

270
271
272
275
274

275
276
277
270
279

280
egl
282
285
254

2485
286
287
288
289

290
291
2ge
295
294

295
296
297
298
299
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CMETERS]

1067.1
1U062.2
1083.9
1132.6
1185.1

1229.6
125848
1510.0
1386.6
1118.0

1065.9
1085.1
1118.06
114040
120043

12375
1338.1
1088.1
1101.9
1147.6

103045
112147
1ug4.2
1140.0
119448

1243.06
1341.1
1511.8
1658.1
141443

1255.8
1116.8
1084.5
99040
998.2

1033.3

9964
1095.1
113446
1255.8

65

STATION
LATITUDE
CDEGe N1

46.2840
4642986
4643130
4642985
46.2985

46+2980
4642951
462960
462940
4642952

4642985
4602841
4642770
4642770
4602770

46.2770
46.2770
4602681
462547
4be2541

465892
46.6032
465885
465883
46.6035

46.6180
46.6211
46.6015
46.6035
4600100

46.6044
465736
465736
46.5581
46e5412

-

46.5519
465581
4645588
465588
4645430

STATION
LONGITUDE
LDEG, W]

114.1399
11441410
l14.0872
114.0618
114.0412

114.0183
114.0017
113.9816
113.9570
114.0870

114.1146
114.1146
114.0930
114.0714
114.0312

11440297
11440073
114.1354
114.1359
114.0716

114.0234
113.9867
114.0018
113.9679
113.9380

113.9184
113.8954
113.8555
113.8256
113.8741

113.5209
113.9595
113.9806
114.0864
11441005

114.1201
11401026
113.9814
113.9598
113.9183

OBSERVED
GRAVITY
{MGALS]

=103.539
=101.820
=102.789
=110.867
=123.422

-132.789
'1400“06
-15“0203
=171.695
=113.656

=102.578
=107e773
=115.953
=119.,055
=131.000

=138.281
=-153.141
-111.080
-116.758
=-121.672

-57.164
=72+.539
-69:250
-72-164
-78.531

-85.891
«107.523
-1380367
=-171.906
-122.414

‘940047
-67.008
-66¢562
-51.398
-52.477

-55.281
-50.617
-64.969
-760258
-97.312

BOUGUER
ANOMALY
CMGALS]

=192.5
=193.1
~1281.0
-187.9
=188.6

-187.8
-189.1
=192.4
=-194,4
-193.6

=193.2
=191.5
-19“00
-189.2
=192.4

=191.6
=-185.1
-194,9
=196.0
-19107

-180.9
=174,7
-18003
~173.8
-170.7

~-167:2
=170.2
-16504
=168.8
=169.6

=-171.7
-17200
=178.2
=180.3
=177.6

=173.4
=177.5
=173.0
=176.2
=-171.4



STATION
NUMBER

300
301
S0e
303
U4

305
3006
307
Ju8
309

310
311
dle
313
J14

315
316
317
316
319

Sel
321
d2¢
328
ek

3295
326
327
dzb
329

330
331
332
333
334

335
336
337
336
339

STATION
ELEVATION
CMETERS]

1341.1
1536.2
17313
1466.1
1524.0

1423¢4
1240.5
1058.0V
1U98.2
108646

1lo45.9
1798.3
1767.8
170649
1U90.9

1092.7
1100.0
1108.6
111840
lug2.u

114640
1204.0
1216.2
1275.0
1200.9

11317
1149.1
1135.4
1124.7
1109.2

1145.1
11637
12064
12162
1156.7

1173.5
116145
1156.4
1248.2
1181.1

66

STATION
LATITUDE
CDEG. N1

465414
4645339
465220
465472
4645589

4645697
465543
46+5448
4645303
4645337

4642956
46.3129
4643371
4643394
4o.2409

4642265
4642113
46+1968
46.1824
46.1682

4641542
46. 1444
4641388
4641301
46+ 1464

4641968
4641972
462115
4642113
46.2371

4602290
4602262
4642115
4641972
4641535

4641384
4601107
46.0956
460902
46.1064

STATION
LONGITUDE
[DEG, W]

113.8970
113.8756
113.8618
113.8763
113.8756

113.8950
113.9380
114.0234
114.0246
114.0420

113.9199
113.9442
113.9576
113.9676
114.1563

11441563
114.1561
114.1561
114.1561
114.1639

11441375
114.0917
114.0731
114.0480
114.1138

11441347
114.1143
11441143
114.1304
114.1349

114.1113
114.0928
114.0927
114.0927
114.1636

114.1593
114.1694
114.1794
114.2056
114.2053

OBSERVED
GRAVITY
[MGALS]

=117.133
=160.422
-188.477
=143.516
-147.064

-131.711
-95.297
’650078
‘71073“
=-724359

-217.180
-241.087
=252.844
=-257.281
=-111.898

-112.305
-113.492
-115.062
=-116.156
=-114.781

-126+961
-143.977
=153.578
-165.937
=134.422

=121.352
=124.4336
=124.500
=-121.422
=120.414

-1274117
-122.195
-138.359
«138.250
=126.156

-131.773
=132¢359
=129.945
=-147.477
-134.,703
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BOUGUER
ANOMALY
CMGALS]

-173.8
-177.4
-16407
-175.,6
-16906

=-174,0
-173.7
=-179.4
=176.7
-180.0

~18843
=184,0
-203.,7
-221.1
=192,1

=190,7
-18307
-187.5
=-185.1
-180.6

-185.,8
-188.4
-190.1
-189.9
=179.7

-189,.3
-189,.,0
=193,3
=192,3
-196.9

=195,5
=186.5
-192,7
=189,3
-181.8

-181.8
=179.3
-175.0
=-174.3
-182.1



STATION
NUMBER

341
41
3y
343
344

345
340
347
348
349

350
351
3be
353
354

350
356
357
358
359

360
do6l
dee
363
377

376
379
380
d61
e

383
384
385
380
387

386
389
390
401l
40e
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STATION
ELEVATION
LMETERS]

1155.8
1190.9
123649
1143.0
1191.8

1219.2
1127.8
1151.8
1107.9
111642

1122.6
1123.2
1124.1
1130.8
1133.9

1141.5
11360
118643
1120.1
114145

1157.6
120440
1234 .4
1248.2
1252.7

1504.5
154243
1143.0
1268.0
13777

1117.1
10668
1271.U
1706.9
1035.1

103343
9815
379.0

1092.6

1u8s8.l

67

STATION
LATITUDE
{DEG. N1

4641107
46.1207
46.1207
4641244
4641276

4642430
462404
4642265
46.2265
462113

46¢1968
46.1824
461680
461535
46+1384

4641384
461535
46.1682
462442
4oe2h42

462371
461747
46.1718
46+1586
4b6.1623

46.2688
462526
4645422
4645257
46e5l1c2h

465430
4646091
465874
46459069
46.5892

466031
L6+6046
46.6180
4645575
4645582

STATION
LONGITUDE
[DEG. W1

114.1844
114.2038
l14.2242
11441827
114.2038

114.2209
114.,1938
114.,2078
114.1889
114.1781

114.%781
1i4.1842
114.1842
114.1844
114.1772

11441975
114.2023
114.2040
114.1144
114.0930

114.0830
114.0714
114.0503
114.0081
114.,0296

11442415
114.2501
113.9522
113.9520
113.9565

114.0018
114.0136
11401402
114.1646
114.1078

114.1078
114.,0585
114,05651
113.9814
113.9814

OBSERVED
GRAVITY
CMGALS]

~-126+.041
-135.391
=-137.844
-125.484
=135.906

=-123.508
=112.047
-112.312
-109.148
=112.062

=-114.523
-113.187
-114.023
=118.359
=-123.109

=124.297
-1180922
=123.422
=122.125
=125.750

=125¢570
-141.227
-150.695
=165.297
=-1564000

=134.297
=134.617

~77953
-104.383
-118.719

~156.766
=61.687
«90.766
-174.227
-48e375

-““0000
-43.070
-40.789
-67.312
-66.250

BOUGUER
ANOMALY
CMGALS]

-174.6
=178.,3
=172.6
-179.3
-180.3

‘17305
-183.8
~175.5
-184.1
-18408

-182.9
=179,.,6
'17805
=179.2
-18100

-180.7
=1777
=174,.,6
=197,.,1
~196.2

-191.9
-191.8
=192.6
=199,3
=-191.4

=165.0
=-160.4
=-174.7
=174.4
-165.8

=-171.4
-179.8
=-159.8
=152.,5
'16903

=167.9
-177.7
-177.0
=175.5
=175.5



STATION STATION

NUMBER ELEVATION

403
404
405
406
407

408
409
410
411
412

414
414
415
41
417

bie
4io
4eu
bzl
bee

423
beid
425
420
427

426
429
430
431
432

433
434
435

9¢6
527

228
529
236
939
o240
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(METERS]

1083.¢
108848
1095.1
1101.4
1117.06

112447
1132.5
1140.5
1155.1
116440

1172486
118463
11960
120847
1218.0

124744
1101.9
1095.¢
1099.1
110645

11225
1131.4
11275
1u87.45
1u89.6

1095V
1098.7
1106.4
1115.7
111245

11150
1127.8
1149.1
1079.0
1231.4

141443
1527.0
16825
1101.2
1194.8

68

STATION
LAT1TUDE
[DEG. N1

4645588
4645588
465588
465588
465588

4645588
465588
465588
465588
46.5588

4645588
465588
4645588
46.5588
4545588

4645543
465534
46.5526
4645526
465520

4645520
4645526
4b.5526
45.5504
46.5484

465467
465445
4Ge5445
465445
465445

4645445
4645445
4645445
4645165
4645220

4645216
4645125
4645006
4644793
464772

STATION

LONGITUDE

[DEG. W1

113.9614
113.9787
113.9760
113.9733
113.9706

1139679
113.9652
113.9625
113.9598
1139571

113.9544
113.9517
113.9490
113.9463
113.9436

113.9380
113.9814
113.9814
113.9787
113.9760

113.9733
113.9706
113.9679
113.9814
113.9814

113.9814
113.9814
113.9787
113.9760
113.9733

113.9706
113.9679
113.9652
114.1399
11441614

114.1766
114.1727
114.1957
11441561
114.1736

OBSERVED
GRAVITY
[MGALS]

-65¢195
‘65-531
-660016
‘660422
-690625

«71266
=72e547
-73066“
-76+289
—780406

-80+445
-82.4898
-85¢328
=87.227
-88.898

=95.109
-690461
-680289
-68.781
‘700062

-73.164
=74 .656
=73.742
664719
‘670531

-69¢336
=70.664
=72.2159
-7“0242
-71.695

-74,164
‘770852
-800297
-68+156
-920906

-131.055
-153.,570
-184.930
-720547
-88.727

BOUGUER
ANOMALY
LMGALS]

=175.,5
-17407
-173.8
=172.9
-17208

-173.0
-172.6
=172.1
=-171.7
=172.,0

=172.2
=172,3
-17203
-171.1
-17104

=171.3
=175.,5
=175,5
=175.1
-174,9

-174,8
-174 .4
=174,2
-175.1
=175,3

-175.8
=176.2
=176.,2
=176.,3
=-174,3

=176.2
=177.5
=-175.7
-173.1
-16200

=161.5
=162.5
=le2.4
=169,1
=164.,0



STATION

NUMBER ELEVATION

S¢1
o4z
543
S44
o45

o46
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STATION

LMETERS]

130445
14508
1560.06
1284.7
14569

le62.7

69

STATION
LATITUDE
[DEGe NI

4644930
465065
46.4988
46+4685
46.4803

46.4713

STATION
LONGITUDE
CDEG. W)

114.1664
114.1716
114.1774
114.1829
11441830

114.2003

OBSERVED
GRAVITY
CMGALS]

=109.195
=-137.281
‘1610789
=108.203
=141.625

-182.617

BOUGUER
ANOMALY
[MGALS]

=-le4.1
-16108
-16503
-16405
=163.6

=160.5



Appendix II

COMPUTER PROGRAMS

Five FORTRAN programs were used in this study of the Bitterroot
Valley. The Bott (1960) program for iteratively determining the
thickness of valley fill from the Bouguer anomaly, the Talwani and
Ewing program (1960) for calculating gravity and magnetic fields over
arbitrary three dimensional bodies and the Henderson (1960) program
for generating first and second derivatives and continued fields are
fairly well documented within the bodies of the respective programse
Additional information on the Talwani and Ewing program and the Hen-
derson program as used in this study is available through the Indiana
Geological Survey, Bloomington, Indiana 47401. For flow charts of
these three programs, the user is advised to refer to the original
papers from which these programs were written.

The lowpass filter program used in this study is also included in
this appendix. The program requires a Fourier transform subroutine to
complete the filtering process. In general, the program reads the input
signal in the spatial (time) domain, Fourier transforms into the fre-
quency domain, applies the frequency domain filter function, and in-
verse transforms the data to yield the filtered signal. The filter
function is defined to be a very sharp, zero-phase shift filter (Fige
24). The Fourier transform subroutine used in this study followed
the fast transform algorithm of Cooley and Tukey (1965). However, any
Fourier transform program could be used with the filter programe.

The following list of variables and explanations should help the

70
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71

user implement the lowpass filter program.

t.

24

3.

L,

6e

7o

8.
9e

TITLE

N

FREQ

SPACE
A(1)
DATA(I,J)

PLOT(I)

B(1)

(1)

a 72 character title of the data to be filtered

the number of equispaced points in the input signal
the cutoff frequency for the filter functions. This
is expressed as a wavelength and must be in the range
2< FREQ < (N - 1)/2

the distance between the equispaced data points

the input signal array, not complex

the array used in the Fourier transform, complex

the array used for a line printer plot of the power
spectrum ard the filtered and unfiltered time domain
signals

the filtered output signal array, not complex

the distance from the origin of the input signal.

This is related to SPACE.

The fifth program included in this appendix was used to calculate

layer thicknesses and dips from the seismic refraction data. The pro-

gram has been copied (with permission) exactly as it was presented by

Mooney (1973).

self explanatory.

The input is documented in the program and the output is

For a discussion of the theory and a flow chart of

the program, the user should refer to the original paper.
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Amplitude

0 ll1llTlll74§|—l_T—l'—|—‘l

11
123 FREQ N
Frequency (I) ——

Figure 24. Frequency response curve of the lowpass filter.
FREQ is the cutoff frequency as outlined in the text, N
is the total number of frequencies output by the Fourier
transform program and equals the number of equispaced
input data pointse Such a sharp filter can introduce a
"ringing" in the output of the filter. A filter with
sloping sides would minimize the ringing. Future users of
the lowpass filter should consider modifying the filter
response curve to have sloping sides.

72
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START START LOWPASS
Main program
T 1
Read DATA(L,J) = A(l)
TITLE, N, FREQ, SPACE |
1 CALL
Read A(l) forward Fourier transform
| |
PRINT TITLE
CALL LOWPASS sine and cosine trans-
| forms and power spectrum
End J
CALL FILFUN
I
PRINT
filtered signal (frequency
domain)
START FILFUN J
| CALL
Iinverse Fourier
Transform
|
PRINT

A(l1), filtered signal

Return

Amplitude = O Amplitude = |
Phase = O Phase = O
(N
\
Return

Figure 25, Flow chart for the lowpass filter program.

73
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The Lowpass Filter Program

——— DIMENSION TITLE(L2) . e e
DIMENSION A(4D0)
poUBLE PRECISION TITLE .
e INTEGER SPACE . R e e
f 1000 READ (2,3, END=1001) (TITLE(I}),I = 1,12)
i READ(2,2) N,FREQ,SPACE
REAT(2,1) (ALI),I = 1,N) e
TEMP = 0,
FCRMAT(5F) .
FORMAT (1246} . .. e e e e el
FCRMAT(2I,F)
CALL LOPASS (NyA,FREQ,TEMF,SPACE,TITLE)
GO TO 1000 .
1001 CALL EXIT
END
SUBROUTINE LOPASS (NyA,FREQ,TEMPSPACE.TITLE)
OIMENSION TITLEC(12), pLOTC?S)
DIMENSION F(430?
— DIMENSION A€400), DATAC4LCO)Y, NORK(QQG)
OIMENSION 8(400)
DOUSLE PRECISION TITLE
— COMPLEX DATA,WORK e G e -

‘
|
I

N W

INTEGER FREQ, TPLOT
D0 L I = 1N - . P —
DATA(I) = G,

1 DATA(I) = CMPLX(A(I)=-TENP,0.0)

103 CALL FOURT(OATA¢Nel,y~1,1,%WORK)
PRINT 100, (TITLE(I) LI = 1,12)
100 FORMAT (1H1,/7//2X,12A€:/7/5X,s 'FOURICR TRANSFORM OF INPUT SIG”AL’
¥GXe '] !, 'FT/CYCLE? 46X, "REAL 758,
1'IHAGINARY"5X.'AHPLITUDE'.?UX"AMPLITUUF SPENTAUN .7/ 7)
D0 3 I = 1,(N+1)/2
POWER = SORTC(REAL(DATA(INN®**2,.) +(AIMAG(OATA(INI**2,))/M
TI = N*SPACE/Z(I-1)
J = I-1 O ’ e
00 106 JJ = 1,75
106 PLOT(JJ) = 1H
- ' TPLCT = (PCHWER/2) +0.5
00 107 JJ = 1,TPLOT
107 PLOT(JJ) = 1HX
- 3 PRINT 2, J, TI, DATA(I), POMERL(PLOT(JIJ), JJ = 1,75)
2 FCRMAT (1%,I5,FB,1,3F14.2,7541)
CALL FILFUN (DATA,N,FREQ,0ATA)

THETA = Q. . e
00 20 I = 1,N
SyH = 0. )

——— e - FTHETA = 0. R e et ..

D0 22 4 = 2g(N/2)
22 SUM = SUM & REAL(DATA(J)I)I*COSO(tJ=-2)*THETA) +AIMAG(DATALSY)
—_— .4 *SIND((J=-1)*THETA) — - .
THETA = THETA = 3&J./N
FTHETA = ( SUM + REAL(DATALL))/2.)/1(N/2)
— . .. .-20 FtI)» = FTHETA + TEMP e
PRINT 5
S FCRMAT (7//7*' FILTERED DATA, FREAUENCY DOMIAN. */}
—_ - DO 6 I = 1,(N+1)/2 . .
J = I-1
6 PRINT 7, J ,DATA(I)
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75

- 7 FORMAT (2X,15,2F27.42)
WAVE = N®*SPACE/FREQ
CALL FOURT (DATA,N,1, 191'H0QK)
- . PRINT 9, FREQ, WAVE
. 00 8 1 = 1,N
DATA(I) = OATACIV/FLOAT(NY
BtI) = REAL(DATA(I)) 4+ TEWP
D0 23 J = 1,60
23 PLOT(J) = 1H : ) .
PLOT(30) = 1H. . [
TPLOT = ((A(I) + 1500)/‘0.) 4+, 5
PLOT(TPLOT) = {H*
TPLOT = ((A(I) + 15001/50.) +9.5
PLOTITPLOT) = 1H+
102 FORMAT (2XIS543F15e29%40eee’£0AL)
8 PRINT 102, I, A(I),. B(I)C:(I)o(PLOT(J)vJ = 1'60)
104 CONTINUE
9 FORMAT(//7/* FILTZRED NDATA, TIME NCMAIN,*/*' C(CUTOFF FOEQUENCY = ¢
—_ *,1,* CYCLES/PERIAD WAVZLENGTH =. *,F8,2,* FT/CYCLZ*
./" I'y?X’ i
—— T 2957Xe'=1500"9 3%,y *=10G00" 45Xy *=500"48X%s 0.2"48%,
3¢500',5%X,1000°, 5%, ?150G°/7)
. RETURN
_— e END .
. SUBROUTINE FILFUN (CsN FR O F)
DIMENSION S(400,42)5F(400)
COMPLEX F A -
INTEGER FREQ
DIMZNSION C(4007,0¢400)
COMPLEX C,4D
DO 12 I = 14N
IFC(I.LE. (FREQ#1) sORI.GT(N=FREN)) GO TO 13
P=20 R .
R = <AINMAG(C(I))
D(IY = CMPLX (°,R)

.- GO T0 12 e - ' -
13P=1
R=20

D(I) = CMPLX(P,R)
12 CONTINUE

00 16 T = 1,N

oo . A = REALCC(INI*REAL(D(I}Y . . . . .. ... -
B = AIMAG(P(I))+AIVAGIDII)) :
E(I,1) = A

ce e .10 E(I,2) = B R
00 11 T = 1,N

. 11 F(I) = CMPLX(Z(I 1) ,,E(I,2))

e - . .. RETURN . . ... R PR

END
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The Bott Program

LABEL - GRAV1 - .

PROGRAM FCR DIRZCT GRAVITY INT RPQETATION OF SEDIMENTARPY BASINS.
AFTER BOTT, GEOPHYSICAL JCURNAL 2.

FORTRAN 4H APRIL 1972 8Y PRAHL. = .

FIRST DATA CARD SPECIFIES OPT, FLAT, SYSTEM, NUM, AND DIN,

IF FLAT=0, BASIN IS ASSUMED TO BE FLAT ANO IF FLAT=1, INPUT
ELEVATIONS OF TOFS OF BLOCKS - ELEV(I) IN FEET 0P METERS,

SYSTEM = 0 FOR ENGLISH OR SYSTEM = L FOR METRIZ,

DEN=DEZNSITY CONTRAST IN GRAMS PER CUBIC CINTIMZITER,

NUM=NUM OF ANOMALIES OR BLOCKS. .. N

|
[

IF OPT=0, HALF WINDTH OF BLOCKS IS CONSTANT - W.IMN FEFT OR MITERS,
OBSERVED ANOMALIES MUST BE EVENLY SPAGEG ( 2W BZTHWIZN CONSECUTIVE
OBSERVEN ANOMALTES ARZ AT CENTER OF RLOCKS«

ANOMALIES ) AND MUST 8E AT CENTER OF 8LCOKS,.

SECOND DATA CARD CONTAINS TITLE OF INPUTTSD PATA,

FOR OPT=0 THIRD DATA CARD CONTAINS HALF WIOTH - W AND LAST PATA
CARDS CONTAIN THE ELEVATIONS,ELEV(I),AND/Q? THF QPSFRVED ANQMALTSS,
AOBS(+), AT CENTE- OF SACH BLOCK.+N CONSECUT#VZ Q-DE~- F-0OM LEFT,

|
]
1

!
!
OO0 000O0DONNOODOOO0N00N00000000000

IF OPT=1, HALF WIDTHS OF QLOCKS ARZ WM(I) IN FEST 0 METERS,
SECOND DATA CARD CONTAINS TITLE OF INPUTTED DATA.

FOR OPT=1 NEXT ODATA CARDS CONTAIN HALF WINTH,WW(I)yAND E{LFVATIONS,
ELEV(+), AND/O~ OBSE-~VED ANOMAL+ES,A03S(+), AT CENTE- NF EACH
..... BLOCK FOR EACH BLOCK IN CCNSECUTIVZ .0°DER. FROM LEFT.
ADBS(I)=0RSERVED ANOMALIZS IN MILLIGALS--0RMER 17.

BE CAREFUL WITH THE ALGESEAIC SIGNS OF DSEN AND AQ?S(I).

PROGRAM CAN HANOLE ANY NUMREP OF DATA SETS IN ANY ORnNco,

QUTPUT IS NEPTH OF BLOCKS FROM SURFACT,

DEPTHS AT END OF PROFILES WILL BE ANOMALOLS BICAUSS OF INL EFFECTS,

1
'
i

DIMENSTON T(100),A0BS(100)ACALCI10G),AX(23),TTH(L00), XY (100, W (1)
10)4SYSTN (L) ,ELEV (10D) . - .
DIMENSION SLSL(10D), TfMpi(iﬂn)y TEMP2(100|
DATA SYSTN/'FEET % * *, IMETE?, RS ¢/
- INTEGER OPT,SYSTEM,FLAT, SET
FELEVIX oW SLDIFFI=ELDIFF* (ATANC(X-WI/ELDIFF) -ATAN((X¢W) Z7ELDIFF))

c
3 READ {5,200,END=30) (AX(I}, I=1,20)
) READ( 5,103) OPT FLAT,SYSTEM,NUM,0OZN
335 WRITE( 8,203)(AX(I),I=1,20)
- G SEDIMENTARY INTERPRETATIGA -
c PART 1

IF(OPT.EG.3)GO TO 31
e .. IF(FLAT.EC.0)GO TO 32
READ(S,100) (HU(T),ELEV (I} ,A0RS(I),I=1,NUM)
60 TO 18
—— .32 READ (€ 5,103) (WH(I),A0SSII)4I=1,NUM) _
18 XX(11=0.0
: D0 34 J=1,NUM-1
30 XXCJ1)=XX L) W LD EHH L)
G0 TO 33
31 READ( 5,100) W _
e .. IF(FLAT.E0.0)GO TO 19 . - L
READ (5,100) ( ACBS(I), ELEV(I), I = 1, NU¥)
60 10 20
.19 READ( 5,100) (ACBS(I},I=1,NuM) ..  _ .
320 DO 69 I=1,NUM
69 ELEV(I)=0.2

etk
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77

—_ 20 XX(1)=0.0 4 .
00 50 I=1,NUM-1
50 XX(I+1)=XX(I)+2. %M )
- DO S1 I=1,NUM L
t 51 WH(I)=W
| 33 IF(SYSTEM.EQ.01G0 TO 25
. . KK=3 e
CONi=4,1915-02
CON2=1.3345-02
—_— 60 TO 26 e
25 KK=1
CON1=1,2775-02
CON2=4.0662-03 e
26 00°1 I=1,NUV
. T(I1=9.0
- 1 ACALCUI)=0.0 T
HM=0
7 00 8 I=1,Nu¥
- TH=(AOBS(I)=ACALC(I))/(CONL .. *DEN)
TUII=T(I)+TH
c TII)=-THICKNESS CR DEPTH
e 8 ACALCI(I)=0.,0 . .
c CALCULATICN OF ANOMALY USING EXACT FORMULA
DO 2 I=1,NUM
00 2 J=1,NUM . ..
ABCALC=0,0
IF(OPT.EQ.71G0 TO 35
36 X=ABS(XX(J}=XX(I]) .
H=WW (J)
.60 TO 37
358=J-1
. X=2.%ABS(BI*H
37 IF(FLAT.£Q.1)G0 TO 66
ELOIFF=0.0 [
G0 T0 61
66 ELOIFF=ELEV(I}=ZLEV(J)
. IF(ELDIFF.GE.0.Q) GO-TO 61
60 TEMP=T(J)
T(J)==ELOIFF
ABCALC=CON2 FDEN*ABS ((X~W)/2,¥ALOGL(T(J)*¥ 2+ (X=U)3%2)/ (X=1) >
12)=(X+H) 72 FALOG (T LII**2(X+HI**2) /7 (XEWI *¥*¥ 2V +T (P * (ATAN(IX~W) /T 1Y
Z))=ATAN ((X+H) /T (N )
e .. TUI=TEMP
60 TO 62
61 IF(ELDIFF.EQ.0.01G0 TO 62
e FELL=FELEV (X, W,ELDIFF)

G0 7O 63
62 FELL=0.90
—— — .. 63 AACALC=CON2 FOEN*ABS (IX=W) /2. *ALCG LT (JI*#2+ (X=-W)*¥2)/ (X=W)**
‘ . 12)=(X+WI /2., %ALOG UUT LI #2246 (X+WIP¥2) 7 IX#N) # ¥ 2) + T () ¥ (ATAN((X=-M)/T ()

2)YI=ATANCIX+H) /T LU IV=-FELL)
... 2 ACALC(I?=ACALC(I)+AACALC-ABCALC
IF (MM, LE. 0) GC TO 10
: c OUTPUT SECTION
—e w-a--. DO 12 I=1,NUM . L
ELSL(I) = ELEV(I) - T(DI)
12 ACALCI(I)=A08S(I)-ACALC(D)
— GO TO 42 e e - e
42 WRITE( 8,204)05 Ny ((SYSTNIJ) yJ=KKoKK#1) 4 T=1,0L3, (XX(T),HWW(I),ANS(T
1)ACALCII) s TUIV 4 ELEVIIIHLELSLITI) » I = 1,NUM)

.
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) c
C.
- C
10
5
i IR
39
38
c
40
i 3
c
c
30
g
100
103
200

203

204

78

GO 70 9 . . . .. .

PART 2

IN PART 2 THE THICKNESS OR UEDTH IS ADJUSTED T0O GIVEZ A VERY SVALL
RESIDUAL ANOMALY - .-

D0 3 K=1,8

DO & I=1,NUM

TT(I)=(A0BS(IV~ACALCLI) )/ (CON2 *NEN)Y
T(I)=T(IN+TTH(D)

00 3 I=1,NUM ’ )

00 3 J=1,NUM A
IFLOPT.EQ.0)60 TO 38

X=ABS{XX(JY=XX(I))

W=HW(J)

GO TO 40

8=J-1 .
X=2,*ABS(B) *HW R
APPROXIMATION=---HORIZONTAL S“EfT OF MASS

AACALC=CON2 POENETT(II*ABSIATANCIX=RY/T{II)=ATANLIX+WY/T LI
ACALCUI)=ACALCII)+AACALC
MM=1 + MM

RETURN TO PART 1 FOR FINAL STZPS--CALCULATICN OF RESIONAL HITH
CORRECTED DEPTH 0R THICKNESS e .

Go T0 7

CONTINUE

CALL EXIT e e

FCRMAT (10F)

FORMAT(4LILF) -

FORMAT( 20A4)

FORMAT ( *4 PROGRAM FOR NIRECT GRAVITY INTIRPRETATION OF SEQTHENT

1A-Y BAS+NS?//728A4//)

FCRMAT (2X, 'OENSTTY CONTRAST = '.FS.Z//ZY:'WISTANCE OF ANNMALY!,2Y

1 *HALF WIDTH’,2X, fOBSERVED ARNCMALY?,2X,° ERRO? ?497X, NTOTH
Z'.QX,’ELEVATION'/?X.'VALUSS FROM CRIGIN',3IX,70F BLOAGK ', 8Y, 'MILLTGA
3LS?,9%y "MILLIGAL S y1X,2(0%,2AL) /2%, AT LEFT OF PPOFILT #4LY,2847/93Y

Ge2A8/7 19X s FBels7 XsFBaly7X FARG341IX9FBa343XyFBalybXyFR.1, 4Y,FR,72})
END .
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The Talwanl and Ewing Program

. MhbbETlc ANOMALlLS ASSUC.ATED &ITh AN ARSITRAHLLY SHAPED THREE
e DIFENSICHAL nCuY (GIVENL  SUSCERTIRILITY AND A DENSITY CONTRASY WITH
C The SURROUNDING MATERIALS). THIS TASK IS FACILITATED oY THE USE OF
& SGLID AnGLE TECHNIGUES.  ThE ALY S DIvIGED INhTO | AMINAE AMD FACH
C LamINA I> APPnUXIHATEd 8 AN N=SIbcD POLYGON. THE MAGNETIC AMOMALY
. 1 . (<47

¢ Al dOTTUM OF LACH LAYtR AHD THEM MULTIPLYING 1HIS DIFrERENCE BY THE
C PRODUCT OF THE YeRTICAL oacuETIC FIELD aND THE SUSCERTISIIITY
C  COWNTRAaSTe THE GRAVITATI-WAL AnlOMALY PEr LAMINA IS ORTAINED 3Y

e MR Ty G- Thid SOLI0—adltb CONTRIBUTIQON -FROM THAT LAMINA RBY THE -
C DLiSITY CUNTRAST aild) TrnE GHAVITATIONAL CONSTANT., THE TOTAL AMOMALY
L S ThEr (ol CULATED Y It CORATING CUER THE EMTIRE THICKNESS AQF THE
L

BOOY. THe RESULTS FRQd nU]H THE GRAVITATIONAL ANuU MAGIRETIC

, : RLE—FORMALD—ON-A-25-X-25-#AP
WwHICH Caiv WE CONTOURED

C
—
C .
TnE 1oE  TIETCATION FOR T E EYRST DATA CaARD IS aS EOLL QuS
C ;
C_cALuMps  FORMAT . 1TEM.
“
C A=z Feol 2T emma., 00RDINATE _FOR _YPPER LIET HAMA MAR _CORNER
¢ 9-16 Fg.0 YidIsm==Y QURIINATE FOR yPPER LEFT HAMD MAP CORLER
I 17=22 Etiedl ERZmealE H OF EIELu PATTS
¢ 23-es Foe0 Dr_LTAl-—-WCR;..&r'T FOR GENERATING FIELD
- )= Eo.0 SCALSEMa= THE c LUE IS UL TIBLIES cal

b;FORE EEILNG PRINTED UM MAP
_L_—l§.§D____En¢Q___SCAL;Eﬁ___Squ_AS_SCALhEa_£XCEEl_EDR_ERAMIII_MALUES__
L 4l1=-b5 F15.0 CONVERTl- *COHVLPTS (XvY) COORDL?ATES FOR PROGRAM USE

COWVERT1 ND COWVERT2=~=aLL COOKDINATES MUST BE InN
KILONETCRS FOR PROGRAM USE,  THrREFORF, IF TUEY ARE

READ IN w+TH DIMENSICNS
MILES, COLVERT (12} = 1.5093487219
. FCETe CONVERT(1¢2) = U.,00030u486096

pe Tebine COMVERTI122) = 0,001

KILOMETERSy COLVERT(102) = 1,0
—4~—Ji_l2—____¢2-___£Za._.5,1—£n== EChZERO,-—2-COCROIMATES OF FIELD—
’ POLNTS AKE REApC IN

TCponenc

C
¢ ;
'L_ Ine 1penTIFICATICH FOR T £ SECCHD LaYA cARD IS AS EQLLOKS

_L_anumms, EOrMAT . ITEM
C
. 1=-2 12 SULINOUT= =SalTCH==1F NQ#,ZERQe SOLTIO ANGLES ARFE
¢ PRINTED FoRr EACH LAMINA
[ S=y 12 FPOUT===S ITCH==IF I.0!'2E30, GEiwRATEN EIFLD POTNTS
¢ © ARE PRINTED OuT
€ 5=14 FAG.0_ VMFl Ne==V_rRTICAL HMAGNETIC FIFLD

€ 15-24 Flu.0 DELTaK=== USCEPTIBILITY CONTRAST
L 2%=Cc6 12 = PUNCHG=== iITCH=-=IF INONZERG, GRAVITY VALUFS ARF =

79
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C. PunCHED G CARDS.

L PUNCHEL Of. CARDS

ol Qv CARNS

o

[

¢ THE THIRLV CARL Rean Ih IS A TITLE CaRD FOK THE MODEL. 1T IS READ 1IN
o Lafier 4 72H FORMAY PECIFICATION .

C

o . X

C IDENTIFICATION FOR THE F URTH DATA CARD IS AS FOLLOWS

C
¢ COLUMMS  FOGKMAT ITEM

C .

C 1=3 13 Kh==aidUm3 R OF FIELD POINTS (=625)

foll Yoy 13 Vimewtnia R OF Lo AYLAE In MODEL

C 7 I1 Jm==SulTC==IF HCHZEROr» THE COMTRIBUTION FROM MORE

[ ITHAN O BoNY cTAEN Ol THE SAME MAP

C 8=y i2 AUX=a=SuITCHn=~IF NONZERQO, THE VALUES OF TEKMS AsB AMD
C . C_GIviNh EGR-EACH SIDE.0F EACH POLYGON

¢ 10-11 12 Ur=eQuITChr==IF NONZEROr TOP OF ©ODY ENUS IN A POINT

~ - 4 jo 3T TO TuE {OP OF THE 800Y

G 24=35 Flz.0 VU=~ GRAVYTATIOLAL -ATTRACTION GF TOP POINT IF MODEL
C oS I N ROIY

¢ 36=37 12 To=agy I TChn==1IF HONZEROry3OTTOM OF BODY ENDS IN A POINT
380 Ficel Z = wDERT TO InE-8CTT0N OF THE g00Y

C 50-cl Flz.0  VI=——GRAV.TATICHAL ATTRACTICMN OF 8CTTOM OF BCDY IF '
G - ElS- - Iiv—h—RPOLINT

¢ 62=-03 12 6GG===Su1 CH==1F NONZERQ,GG(M) Is PRINTED UNDER 9E12,.
C

C
ummmmumamwumﬁ_
Cc

O CoblumtS  FORMAT ITEx

[ %3

i A=2 1o Iy e o0 IDENTIEICATICN HWUMBER

) " 3=-1z Fl0.0 RRu () === ENSITY CONTRAST FOR THAT LAMINA

O 132y 16,0 ZEF (M) ma= cETH TG THAT LAMINA

¢ 29=36 18 I1I(a) === UMBER OF POLYGON VERTLICES FOR THAT LAMINA
C COUNTING THE FIRST Olar TwICE

v 37=u42 F6.0 QUAe==S ITCH==1F NONWNZERG, THIS LAMINA HAS THE SAME

£ MERTICE CQORDIL ATES LS PREVIOUS t AMIMA

&

C .

C Tnt VEKTICE COORULINATES FOLLOW £ACH LAMINA ID CARD AMD HAVE THE

C _ FOlLOJING_FORuAT

(o
o Cobuvng  FORAAT 1TE 4

C
S J=l2 £12.0 @ X(M,])

C 13-2z4 Fle.0 Y{del)

C___25=3¢ gl12.0 XA{Mel)

C 37-4g Fl2.0 Y(Ms1)

G 49=-6¢ gi12.0  X{M.T)

C 6l-72 Flz2.0 Y(MeI)
—

C

— UIMENSION EX(T00} LEY(T 0 FZ2 (7003 [11(160)+RROL100)L,2EEL100) o MIDLL
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— ®LC)eN (200U el (2C0)eOEL P(20LY, X(020, 20)eY(u20,020),SIGMAL200) .66

x(200) +PREV(0Z5) » ANIM(625) »SUA(625) 0 FFA(T00) oFFY(700)oFFZ2(70
e #0200 i Zis L7002 o M (2001 2ZEE (200}

COMMUNZE/ZRPMaFXoFYPFZer oYo ILLyPREVIANIOMZrAUAPSFELZyALPHL,BETAL,

1|El]a].G!']tJ|IS‘ﬁ IEE 2 E!lEEL’IZEEIZZ:ElsEA‘:EIDH“

LLTEGFK AUX!bLlUOd
ENL=ILs0) Xl e YMLi e FP2eDEL TAL1 o SCLFM SCLEG., VERT1, VFRYD,
* FZR

20 FORMAT(FRL04F6 . Le2F1 1212}
400 FCRMAT(BISXIF1c.5))
- JFE(FGE(RN)) 1820, 30
wk1Te(o »230)
— 30 4PIYF(o (40 XTI, YMIN FP2:DELTA14SCLEMSCLEG,VERTILVERT2
1l WF2K ’
) FORMAT(LSX e I =taF]l o220 lakstYaIN =1 eFl0.2018XetFDZ V.3 24//,1
*5Xs 'DELTAL =0, Fb5.2,18X% 'SCALEFM Z1IF10.50 15X *SCALEFG -nF1o Se//e
— 15X, QIE = ' ; = U
READ( 5950) Sclncu oFuOUTM:uFLD DnLTK:PUNG PUNM
850 FORMAT (2I242ElU0Re2]2

L aase o e 25

WRITE( ©000) SLINOU #FPOUT VMFLD»DELTK» PUNG» PUNM

PR PN s~ T L X, [} - Ax, 0 -

*2DELTar SPoF10.503x9 'PU..CHG =9, 12+3Xe "PUNCHM =14124/7)

Ll =1

NK2 = 625

nl =1

Kz = 25
ARINL S XMty

IF(Fzr) 709110270
2o a1 o= YeLS
LUC 8u K = K1.K2
_ FyY(K) = XMIN
FY(K) = YMIN
e XMIN -z AMIN + DELTAL
Az0.V
a0 ConTL. UE
AmIl = XMIN1
_ K1 =K1 + 25
R2 = K2 + &5
YuIN = YMIN 4+ el TAl
g0 CCNTINUE
KeaDl S,100) (Fzer) e K oo WK1,01KD)
100 FURMAT(6(F12,7))
110 ¢ 133 4 = 1,25
L0 120 K = Klok2
‘ _ _Fx(K} = xMIN
FY(K) = YMIN
__FZ(K) = FPZ -
XMIN = XMIN + DELTAL
A=0.0
120 CONTInUE
XMIN o XMIL
Ki = K1 + 25
K2 = v2 3+ 25
YMIN = YMIN + UELTAL
130 ConTIUfE
LF(FPCUT) 140,100,140
140 WRITE(E »190)
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150 FoRAATLLLUSH Ex( ) EY{x) FZ{(K) yA)
160 DG 200 K = 1K19hK2 )
LECEPQUT)Y 1720,140,17
170 wKITE(6 »loU) FXI¥)eFY KR)oF2(K)
160 FOREAT(3ELS71
19U FFX{K) = FX(K)
EEY(KY = FY(K)
FFe(Ky = FZIK)
EX{K) = FEX(KIsVERTL
FY(K) = FY(K)*VERTI
[t] yERT?
Nkl = 1
k2 = 6289
U0 21n K= NR1,NK2
SUMAK =0
219 FREV(R) = O
220 REAGL Y9250 FHD=1uB1)
230 FORMAT(1H1)

- LELe QR 480) 316802040

2uf) WRITE(6 »250)

250 FORMAY(Z2H

: * )

26l HKEACL _Se270) Yk oA Lalle 2 Ve T o 2T VT L6606

270 FCORMAT(2I3011s21092F12 UrI202F12.0012)

— W ITE( O 260) KK e UX e e 2U e VL » T2 2 T 0 VT G606

280 FORMAT(//99X» "KK =% 213 13Xe'MQ =9,13213X0'J =09 I3016X0'AUX ='91201
XS 3 120 L L e G e 0 2 L aF 12 6 el e AV R s FLC e o 4 X e 2T 20, 1D 16X 02T

* SIF10e608X0'WT =vsF12 60 /705X 0G6G =10120//)

2z24 = i
22T = 2T
Zu = zLxyFRI2

21 = 2T»VvERTZ
290 dh=nvQel
300 Leu2u Ms2eMM )
LRITE (A _23110)
310 ForMAT(/7//790H  nIDliG) KRO(M) ZEE (M) II14(M) DUM
* £y
KREAD( 5,320} MID(M) e, (i) e 2EZIM) ¢ I11(M) ¢ DUN
— 320 Feabiarl  12,F1a UeFl LurlseFB,0)
- WRITECO 03302 MIDIM) o RROLUMA) pZEE(M) e 111 (M) rDUM

330 FopmMaTl rs.cui.u. 10,82 180F10a2027)
LEE(M) = ZEE(M)*VvFRT2
1I=I1x(m)
MUM= M=1

lE (03403702300

340 IF(M=2)35003700350
3650 P 26 1111

X(Mely = X(#MUM,I)

— 350 Y(ra3y = Y(MUM,T)

GCTO420
03 (A(N Y)Y telde 1 2 1011
380 FORMAT(6(F12.0))
WEITE (6 »390)
390 FOURMAT(37X»'X ANL Y COnNRDINATES CF LAMINAE v/ TXo tX (Mo I) 011X Y (M
I TR SR IS TR TS ORI STV A ACTRSANE RN TR L TBARNIS ) VAA AL TRARNYA!
#RITE(E »s4U0) (X(mol)e (MeI)y I = 101I1)
Lﬁ lkln I=1:11
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X(iapl) = X(MeT)ayeiTy

410 Y(Mel) = Y(MeI)avyrnTi
420 CONT 1N Ub
430 IF(U)G4UI450s44Y
4l MO
LEE(LY=2U
Viliayl

GOUTO uwol
350 MO=2

880 LF(T)u70,u800070
420 MPaMuigp]
CEE(MPISZT
¥y (MP)=NT .
GCTO 490 .
wnl op=pMM
490 NGO=ip=iMu+1
NA\ﬁEC-mr 2
NGG=NGO=2

25 0
510 wRITE(E »520) ’
520 FCRMAT (7241 FIELD _POINT COORDILATES
* . /)
wRITELR 2S30)
530 FCRMAT(1u0H LatINa X Y z
*__SGit aNGLE LL)
540 LC 870 K = NK1rNK?
590 _DCRAN. M22 oMM
SIGA = ¢
SEFLZz = 0
560 IF{AUX)S570¢59G2570
ST _whITei (b 858C) MIn(ml, 11{M)s ZEE(M)s RHOIM)
- 580 FORMAT (1H ///12,12H VERTICES=129SH DEPTH=F7.2¢11H DENSITY=F
. x9.2//1001 1 X(I) Y(1) Xx(I+1) Y{I+1)

* R C D PARFEZ //7%H 1}
8Qi SEACE = 10.0
CallL SLULAN
SIGMA(M)=SIGA
IF ( sLIDOU ) 600.620U2.00
" o)y EX{K)e FEY(K), FFEZ(K), SFE! 27
610 FORMAT(18¢3F15.7,F15.6)
020 V() = AT*RHQ(NIFSEE 7
630 CONTInUE
640 IFC SLIpold ) 650,272066- 0
650 wWRITE(6 ,660)
el FCRMATLIHO)
‘670 IF(U) 680+690+680
60 MOz
MID(1)=0
111121
¢EE(1)=2V
RHO(1}=KHO (2}
SIGMa(1)=0.
Yy ul
GO TO 700
£90 MO=2
700 IF(T)7100720,710
710 _MP_ =hat]
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SIDANEL=MTO M)+,
111 (M)l
LEEINLI=ZT
RO (Mp) =RHO (MM)
SIGHALMPI=0 .
V(NPT
GC_Tu 730
720 MPz=M4
230_LCEL{MA)=0
VELP(i.0)=0.
LDELP(0+411)=0,
vel(Mp)=0.
ANOM (220
Mhz=pP=2
1F (1408.68.3)_ 30 Ta 760
740 LO 750 M=2rMMe2
CAERT = (FLIx aVoF DY /(h A7xRBHO{MY)
SUM(K) = (Vi) = v(M+1.)* CVERT + SuM(K)
259 CONTI-UE
760 CO 770 M = MO,MN ' :
LEL(MaLl) = (v} ((ZFE(N) =2FF(43))7 (ZEE(14) = ZEE(M+2))) x

#(3.0 x 2EE(M+2) — 2. *x ZEE(M) = ZEE(#41)) + VI(M+1) = ((ZEE(NM) - Z2E

AE (A3 VIL(2EE (Lt y m ZE (n#2)}Y k (R & ZEE(M42) = D x Z2EE(N4+1) -

*LEE(M) ) + VI(u42) o ((Z E(M) = ZEE(M+1)) *x 3 )/(( ZEE(M+1) - ZEE

(N2} )} & (LEc{d) ZebME2))1 )V 26,0

LELP(n+2) = (VM. * ((ZEE(M+L) = ZEE(M42)) *x 3 ) / ((2EE(M
—— k) o ZebAMELY) ¥ ¢ 2E( ) = 2EE(M42)))34 VE4]) x ((ZEE({M41) = ZEE

*(M42)) / (ZEE(M) ~ ZEE . M+1))) * ( ZEE(M+2) + 2+ *Z2EE(M#]1) ~ 3.%Z2FE
2(NVY) 4 V(M42) * ((ZEZ( $1) = PFF(e42)) / (ZEF(M) = ZFE(M$2)}) 1% (ZF
*E(M+1) + 26 ¥ ZEF(MH2) = 3. * ZEE(M)))/6.0
7220 _ConT iUk
ANOM(K)=0.5% (CEL(MO+1) DELP(MP))
(072800 e NP
AlOM (K ) ZANOM(K )+ . 5% (0 L{M)+CELP(M))
GGIMY=ANOMIKI =0, 5c0EL P MPY
789 CONTINUE
Ge(MOy=.0
GG(M0+1)=0.0
GGAMPISGGIMP)I +D,54NELP (P}
790 FREV(n )=PREV(K)+at.0M(K
800 1r(Goal 3d1flea30eplu
610 wRITE(E® »820) (GG(M)e =MOWIMP)
820 FORMATILIH 9F12.4)
830 LIM = MG-1

. IEMQ LE.2) GO To 87y
DO 840 M = 29 LIM
val = M+

2ZEE(M) = ZEE(MAD) = 0 00030486096
8l CONTILeE

Z2EE(MQ) = ZEE (Mm)

DO 850 .M = 2eMQ

SIGA = u

SEFLZ2 = 0

SPACE = 20.0

Call _<ciDan

S1GMA(M) = SIGA

VM= 6o 67ERAAIASE-LZ
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— 850 COUTInLUE
C Sum(Ky = 0
UG 8N M = 2, M
LVERT = (DELTK *VuF_L)/(6.674RHO(M))
SQEIMIK) = (V(w) = ;:0) &% CVFERT & SuwiK)
860 COnNTiLtULE
B720_CCTi> UL
880 IF(J)220,890+220
8290 1F(PuLM) 90093,1.,900
900 WRITE(7+250)
N W ITE(7.910)
910 FCRMAT(aX» 'VALUES OF T E MAGNETIC ANOMALY'»/)
WRITE(70920) (SUIK)s wm12623)
923 FORMAT(17X»F7.2)
930 MNxi=1
NKk2=2%
abITE Lo 212701
WRITE (o ¢#940)
MM&L—*_JMMMMW%

*UNDOFF /7)
My =
M2 = 25

Lo ary J = 1025

wRITE(E ¢950) J
950 FCORMAT(AXe *ROy O MAP Y 13./)

WRITE(L »900) (SLr(K)e K = M1y M2)
[<TX¢] FQQ&AL(&{EJSAJnuzLL

WRITE ( 60970)
Q70 F(Rwmaz(1r0)

mi = Ml + 25

N2 =2 4+ 25

D2R(J) = 0.0
gaf_ CONTIHUE

WKITE(6 »990)
990 _FCRMAT(INT)

WwRITE(O -250)

Mo, 220Ue LT VEEL DL DELTK

WRITE(b »100U)
1000 _FokMaT(1Xe tLANINA oF SITY*, /)
-~ G0 1020 M = 2¢MM .
WRITE (O 10G10Y M1:- (M) e RHD(4A)
1010 FOrwAT(3Xe I30FLln.4)
1020 COouYIt UE
wkITE(o 01030)
1030 ForMAaT (100 VERTICAL MAGMETIC
sFIELD IN GaMMAS : /)
aRITE 6 _21040) Scy FM
1040 FORMAT(30X» *OUTPUT HAS beEN MULTIPLIED BY SCALE FACTUR = *9F10.54/
x ]
IF( VERTL «GTe 145 o NDo VERT1 «LTe 2.0} GO TO 1050
3 w0 JAND.. VERT31.1T, 0.0004) S0 TO 1070
IF( VERT1 +G6Ts ne000 «ANL VERT1 LT, 0,0012) GC ¥O 1090
IE¢ YERTY GT. 0.9 o fUa VERTY o1 Ta 1.1) GO TO 1110
G0 TO 1130 .

_ 1050 wrITE(Hh »10640)
1060 FORMAT(3SX¢'THIS AP H S THE X AiD Y DIMENSIONS OF MILESt,//)
GO_T0_-1130
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10720 A4RITE(H »10840)
1040 FORMAT(S5Xe *THIS AP H S THE X AHD Y DIMENSIUNS OF FEET*9//)
G0 T0 1140
1090 wRITE(6 »1100) ‘
1100 FORMAT(AGX tTHIS 4P H .S THE X Aun Y QIMENSIONS QF tFTERS1.//)
60 TO 1130
1110 _sRITE (L »1120G)
1120 FORMAT(35X» *THIS maP H S THE X AND Y DIMENSIONS OF KILOMETERS'r//)
1130 L0 11,0 K= 13825
SUNM(K) = SUM(h)*:CLFM
1180 CONTIUF
1=y
1180 1 = 1 + 285
WRITE ( 601840)
e R ITE s 1160 () K= KL —
1169 FORMAT(2X125(F4en21X) /)
L laiiv 1428
NKk2=nKke+25
LE(NKL = 625)1150,11720 1170
1170 wrITE(o #1180) (FFX(I) 1 = 1, 25, 2)
1180 FORMATIZ 41X F el X212 F3,102X))

G0 Tu 1190

110 di1—-1

NK2z=258
1 (PLNG) 1200,1226+1200

12090 wRITE(70250) '
u.;!‘[Cz'I.'l?‘lIl)

1210 FCRMAT(SXo'VALu;q OF TE GRAVITATIONAL ANOMALY ' /)

pRITE(Z2e4920) (PRow{Kle KZ1262€)

1220 WRITE(® »1230)

1230 FORMATI(Z22H1 VALUES FOR GRAVITY MAP REFQRE _ROUNNO
#FE , //)
Al =1
L2 = 25
LO 1260 4 = 1.9

wrl1TE(S +950) J
ukITE(O 2120L0) (ROEV(K » K = 11, L2)
1240 FCRMAT(S(ELS.7r4Xx))
: wi1TEcb $1250)
1250 FORMAT(1HO)
Mlo= 11l o+ 25
L2 = Lz + 25
Bz0(u) = 0.0
1260 CONTLr.UE
MATC(IHTY
WRITE (6 01270)
NRITE (o »250)
WRITE(6 +1280) MR.ZZUrAZTeVMFLDPLELTK

1280 FGRMAT(IHO» 84X, *NiiRER  F LAMIMAE =ty 13r/+5X,+DEPTH TO TOP OF B0ONY

* Zt)F12.60715X0 ' ,EPTH O BOTTOM OF BONY =t9+F12.60/ 95X *VERTICAL MA
% GNETIC INTENSITY =veF3) .4¢/95Xe'SUSCEPTIRILITY CONTRAST ='9F10a4,
* / )
WRITE:6 210069)
CO 120 M = 2,MM
MIn(M)» RHO(M)

1260 CONTIAUE
RRITE (6 »1300) R
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1300 Feimat(laud VERTICAL . _GRAVITY
AP TN MILLIoALS /)
— hR1TE(a 213103 SCLES
1510 FORMAT(30X» 'WUTPUT HAS 0EEN MULTIPLIED oY SCALE FACTUR = *¢F10.54/
* b :
IF ( VERTL «GTe 1.5 & NO VERT1 .LTes 2.0) GO TO 1320
_______lEL___lﬁﬂll_AnL;_Q;ﬂuﬂ__AAND4____MERI4‘LIL_QLDQﬂ&l~ﬁualﬂ_llkﬂ~____
IF ¢( VERTL «GTe 0000~ «AND. VERT1 oLT. 0,0012) GO TO 13560
_IE¢( _VERT] .GT. 0.9 . WD, VERTL 1. Ta 1.1) GO TO 1380
G0 To 1400
1320 ikITE (6 ¢ 1330)
1330 FORMAT(35XKe 'THIS MAP H S THE X AND Y DIMENSIONS OF MlLES'o//)
GO0 Y0 1400
1340 wrITE(O 11350)
—1350 FORMAT(3SXetTHIS MAR H S THE X% AND-— Y- DIMENSIONS OF FEET1, 22y
00 TO 1400
1360 i ITE (o 213701

1370 FORMAT(35X»*THIS AP H S THE X aAlD Y DIMENSIONS OF METERS's//)
WRITE (6 1270)

60 TO 1400
1360 WRITE (o -+ 1390)
1390 FORMAT(35Xs *THIS mAP H S THE X AlD Y DIMENSIONS OF KILOMETERS'+//)
dad o 18180 £ = 1:6286
PREVI(K) = PREV(K)*SCLF .
1410 ConTINUE
1 =&
1420 1 = [ 4+ 25
’ WRITE (6 »1440)
1830 ARITE (4 o1450) e topbvul YKo iK1 ahi2)
hK1=NK 1425
Kk 2=tiketh
14460 FORMAT(G4X 24 (1Hx,04X) 91 *12X)
1480 FORMAT(2Xe25(F8 .0, )1X)/
LF (NK1=625)1420r1460,1 60
1400 Lel1TE (& o1870) (FEX{T) 1 = 1.29.2)
1470 FORMAT(/ ¢ LXeF6ale2X012 Foele2%)0/7//71//77)
Lo TQ 1lu
1460 CaLL ¢XIT
SURROUT INE SLDAN
DIMENGSION FX{TO0UYFY(7 D) oFZ(T700)2II1(100)eRNC(L00)LEE(LIGO) #MIL(L
UG e\ (200 DEL (20 e lE P(200), XIN20, 20}, Y(120,020) 2 SIGMA(200),86G
#{ZUU) yPREVIO25) #8120V (6 5) e SUI(025) » FFX(700) »FFY(700)sFFZ(70
$BLn{200) 2 020(700), Y (200),228E(200y
INTEGFR AUX
‘ — e COMMON/E LK e M EXEY s F 2y 2 Y TIT,PREV e AINGMe Ze AUXZSFEL 22 AL PHIL3ETAL,
ADELTAL»GAMMI»SIGa,FFXy FYrFFZy2EE»22EE¢SPACEPRHO
_lE(SpPsCE  FG. 14 1 Q0 TG 26400
IF(SPaCE +EQs 20.n) sO TO 2010
2000 72 = 2E(M) = FZ(K)
G0 TQ 2020
2010 2 = Z272FFE(M) = F2(K)
2020 ALPH1 = X(Ms1l) = FX(R)
GETAL = Y(Mel) =~ FY(K)
R1 = SQRT (ALPH1 =¥ 2 BETAL *x 2)
IF (Ry) 2030.2040,2030
2030 GAMM1 = ALPH1 / R1
~LUELT1 = BETAL /Z R1 .
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2uul 13 = 11i(M)

U0 2420 I = 2, 17
e ALPH2 T XAMeL) mEalk )

PETAZ = Y(MeI) = FY(K) :
e = QUKL (aliriy *rg 4 ACTAZ xx 2 )

IF (Ko) 2050¢ 2340 20 O
_ 2050 _GaMN2 = ALPHZ /R2

LELT& = RETAZ / w2

2070 SS*SLRT ((ALPHI-ALPHZ) %2 +(BETAL=BETR2)*%2 )
LGz (alPHI=ALPH2)Y /SS

T1AUS(RETAL-BETA2) /SS
P = Tau x AlLPH] EG.— % BE Al

IF (ABS (P)=«U00u1)2340 2340,2080
2080 _1F{P) 2090223402100

2098 S = =1,
GG T #2110

2100 5 = 1.

_ 2110 FyvyM = EETAL * ALPL2 = HETA2 % ALPHIL

2120 iF (ExM) 2130, 2340r 2140
2130 4 = =y

Go TU 2150

M
2150 &F(Z)2190v2170'2160

2170 ALA=GAWMIXGAMM2HLFLT14D LT°

e PSS z-leE=lC

velLA = ABS (AA)=1.
1E(need Gla Ga oMl EL A LE. £pS) AL 1.

iF (Aa) 2190¢ 21any 22 0
2180 A = we 1.,57(07956327

60 TO 2210
2190 4 = w x (ATAM ((SeRT (14 = 44 *x 2 )} / AA) #+ 3.14159265L)
60 TO 2210
220U A =« ¥ ATAN ({(SoeT (1 - Ai xk 2 ) s AAY

2210 (F(2)2230+222002230
— 2220 =0

C=u
G0 _T0-2330

2230 bR (PSI*(EGA*GAMM1+TaU CELT1))
IE (g = 1.) 2290, 224 , 22850

22410 & = 1.570790327
GG 102230

2250 1F ( RB + le¢) 22700226 02270
2260 1 = =1.5707903.7

60 TO 2e80
2220 B = aTade (RBLZISORT (1, = R xx 2 }))
2280 CC = (PSI = ( FGA x GAMMZ2 + TAU * DOFLT2 ))

IFE _(CC = 1,) 23D0,2290,2500

2290 C = 1.,570766327
GO Y0 2330

2300 1F(CC + 1.) 2320,231ur~320
2310 Co-1,5870790327

Go TO 2330
2320 C~aTas: (CC/ZLSQORY ¢1a=C *%2 )))
2330 u=C~n )

EELZ=44D
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Lo JO 2350

2340 FzlLz=n
A=0

b=0
C=0

L=0
2350 _1e(aux) 3602480042360

2360 PARFEZZ 6e07ARHO(M) *F LZ
23790 UGG = ALPHI+EX (K}

LGGS = bETAL+FY (K)
LOGGac LPH2+FA (K]

DOGGS=bETA24FY(K)
lepa=T~1

c wr1TE(6 2239u) IKvar0O vDOGS-DOquDQGGS' AvBeCrDIPARFEZ
e WRITE(O 2380 5SS, TALU+-—GAsP

2380 FORMAT(4EL847)
—2300 ECRMATLIN 10 3F 0 20F) L20UF12.70F12+6)

2400 SFELZ=SFELZ+FELZ
— e S16A=SIGA+A

2410 ALPH1zALPHZ

— bETALsublTA

GamM1=CAmMM2
LTzl i 12

r1zR2
2420 Cor {1, Ut

2430 IF:S1GA)28400257n,2460
240 IFiSIGA+.00001)1247012U050,245)

2450 SFELZ=SFELZ~SIGA
GOYIN2870

2460 lF(S1GA=.00001) 2450024702520
2470 IE(SIGA+0.283175432510 2910.24L40

2460 IF(SIGA+3.1416027)2570 250002490
_ 2490 1F(SIGA+3.1415822125,0_2500.2570

2500 SFELZ=SFELZ=5I0A=3.14l 927
GOTA 2070

2510 SFELZzSHELZ~SIGA=6,2831854
GCT028720

25290 IF(SIGA=0.2631754)2530 256012560
2530 1 (SIGA=3,141582712570 25902540

2540 IF(SIGA=3.1416027)2550 ¢550,257¢
2881 SEFIZ=SFEIZ=S1Ga43.141 637

LOTO 2570
2560 SFELZ-SEELZ=STGu+6.283 454

2570 RETUR!:
END
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The Henderson

Program -

ODO0ODOOODODOOOOOO0O0OO0

OO0OOOOO

[T Y I R S R E R Y R Y P R YR R P R R Y R R R R R RS R PR R R RS S RS RS2 I 22 2 4

THIS PROGRAM FOLLOWS HENCEPSINS ONCE=-ANN-FNO ALL
TECHNIQUE FOR USWARD ANMD COWNHARD COMNTINMUATION AMP

FIRST AND SECOND NERIVATIVES,

THIS PROGRAM HAS 8ETM REZVISID FOR USIKG FTN QN THE fAR
6600 SERIES COMSUTER. THEZ OUTPUT MAPS ART NOT LIX4i M~
ARE THE SIZE OF THE INPUT DATA ARRAY. THE “AYIMUM TS

A 4OX40 OUTPUT MAP,
YT Yy Y Yy Y e Y Ry

THESE DIMENSION STATEMENTS PRESUME A MAXINUM “AF
ARRAY CF 40 X 4C

2SRRI E RS PRS2SR RS SRR 2SS P2 A RS R R R SR A R R R RS R R RS R R

DIMZINSION HEAN(L0)
DIMENSION ISLECT (20), C(11,19), P(80,80), R(37,30,11)
DIMENSION QUTLEV(19) P

00UBLE PRECISION GUTLEVs FEAD

COMMON P

DATA OUTLZV(16) /7 BHSECONC / .

DATA(OUTLEVI(L)»L=1,10)/710HUPHARD 1 L1CHUOWAPN 2 L1(QHUPHARD
13 »10HUPHARD &4 L10HUPWARD 5 L10HNCWNWASD 1 ,1]HJOWNWAPD 2
2 s 10YDOWNWARD 3 » 10HDOWMWARD 4 4 L10HDOWNWARD £/

DATA OUTLEV(11)/ S8HFIRST / :

DATA(OUTLEV(L)Y yL=124155/6H0O0WN 1,6HNOWN 2,64N0UN 2,6HDPIWN &/
DATA(OUTLEVI(L) 4L =17 413)/6HDQHN 1, EHNOHN 2,HHDOWN 2/

.!'5"“"!"“{.‘l'¥¥¥¥‘l*“"‘lll¥‘¥‘§l¥$¥¥lll“l‘l##“!‘l'#!lll

READ IN HEAD CARD. READ IN TSLECT CART WHICH CAONTATMS

T HE CODED LIST OF THE MAPS DESIPEN
Py Ty Ty R R Y]

READ 1, (HEAD(IV, I=1,101}
FCORMAT (1048)

READ 2, ( ISLECT(L), L=1,19)
FCRMAT (1911)

Dy Ry O R T TR LY
READ IN MAXIMUM vALUS OF T(=TMAY), CERINS AT 25 4NN
THMAX MUST B8E 65 0OF LZSS. SIMILARLY FAS JMAX, 2Fan IN
. ON SAME CARD THE VW LUE (BASZ) TO 8E SU2TRACTED FROM
MAP VALUES PI(I,JN

L2222 S 2 L X 2 R 22 R R R 2 R XX RS R R R RS RS R S R S R R E R R S A AL AR RS RS

READ 3, IMAX, JMAX, BASE

FORMAT (2I,F)

Yy Yy Yy Y Y Yy
READ IN P(I,J) CATA, SU3TPACT BASZ, PRINT HTANTAR
weee e -AND PLCT ON MAP TYPE QUTPUT..
MAP IS PRINTSD FROM P(26,26) TO 2(IMAX,gMAYY, THI ALRAN
RITHN IS SUCH THAT EACH SECTION OF THE ¥A4° IS FRINTZN
e« ... BETHEEN THE LIMITS OF J = 26h,JYAX AHN T = TMINI, TMXT,
IMINI IS NOT ALLOWED TO BE GRIATIO THAN IMAYX,

22X IR R SRS RIS R ARSI SRS R RS RR R RS R R SRS RS R R RS X R R XL R 2

TREAD 4y ((P(I,J), 1226, INAX), J=26, JYAX)
4 FORMAT (F)
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—— D0 6 I=26, IMAX .. . - -
D0 5 J = 26y JMAX
S P(I,3)=P(I,J)~-BASE -
o 6 CONTINUE . . — e e
h PRINT 11
| PRINT 4101, (HZAD(I) o, I=1,1)
—— 101 FORMAT(20X,10A287) e e
PRINT 8, BASE
8 FORMAT(/20X, *INPUT DATA LESS BASE OF *F6.2/71)
e DO 9 J=26,4,JMAX - - . -
9 PRINT 1C,(P(I,Jd), I= 25'35)
10 FORMAT ((1X,10F10.,2710(3X,1H*)Y//7/7))
PRINT 11 - e e = e,
11 FORMAT (1HD)
DO 12 IMAXI=45,65,10
IMINI = IMAXI-1D . e
IF(IMAXLE. IMINIY GO TO 1629
IFCIMAXLT.IMAXT) 1500,1600
- 1500 DO 1520 J = 26, JMAX [, R
IMAXX = IMAX + 1
- DO 1510 I = IMAXX, IMAXI .
—— 1510 P(I,J) = -999999.99 _ e e e e
1520 GONTINUE
IMXTI = IMAXI
GO TO 1610 U e e
1600 IMXI= IMAXI
1610 PRINT 101, (HEAD(I), I=1,10)
PRINT 8, 2ASE . R - P
80 113 J= 26K,JMAX
113 PRINT 13, (P(IyJ)s I= IMINI,IMXI) '
PRINT 11 . . . DR
12 CONTINUE

T Y Ty Py PPy Py Yy P E R P R I R R Y
NEXT SECTION PREPARES REGIONS REYQND TG QF “AF TO
BE USED IN ANALYSIS, AFPRQACH IS TO FILL THF CURSCUNTTMG
SPACE B8Y EXTEMDING SACH E0GI VALUE NORMAL TO THE “AP
FOR 25 UNITS.

PPSBPPERFEFES P L FAFIE VIR S RCU RS SFFEIF SR RSER SIS ERFFEFIRIRNIFNEFERIEE

i
Q000000

1620 IMAXL = IMAX + 1
IFAX25 = IMAX + 25
o JHAXL = JMAX ¢ 1
JMAX25 = JMAX # 25
D0 14 J=26,JMAX
U DO 15 I=1,25
15 P(I,J1=P(25,J)
DO 16 I = IMAX1, IMAX2S
e e 16 PUI JIEPIMAXS I
14 CONTINUE

c
—— C . e e
DO 17 I= ZG,IFAX
00 18 J=1,25
e — 18 PUIZII=PLINR26) . e e
D0 19 J = JMAX1, JMAX2S
19 PUI, N =P(I,JMAX)
. - 17 CONTINUE. . e~ o — -
c
c
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o D0 20 I=1,25 e e e
00 21 J=1,25
21 P{I,J)=P(26,26) ‘ .
23 CONTINUE . [, R

00 22 I = IMAXL, IMAX25 = S
00 23 J=1,25

23 P(I4J1=P(IMAX,26)

22 CONTINUE .

- .. DO 24 I=1,25 _ e - e
DO 25 J = JMAX1, JMAX2S
25 P(I J)=P(25,JMAX)
imm .. . 24 CONTINUE e e e

—_—— e - 00 26 I = IMAX1, IMAX2S .. e e e e e
00 27 J = JMAX1, JUMAX2S
44 P(I.J’=P(IHAX'JqAX)
—— 26 CONTINUE . . e e e e -

CPERPO RIS IR EEN SR TR FA NS GRS R RRRFENF SR XEB SR N R SRS R R REBREXEN KX X BEE
CALCULATION OF AVERAGE VALUT QF DATA ON RIMGS CINTERCH
AT EACH MAP POINT, CALL THESE R (T,J,K), WHEPE
K=1 T0 11

EXREREZEERE RS FFEF PEF SRR SR IIEFFIRPL IR LEIFIRIFIFLEFLFEFRRERNESF XRREEY

OO0O000OO00

M=0
- D0 28 I=2R,IMAX . __ ... .
- M=M#i
N=0
00 29 J=264JMAX _ o o e e e
N=N+1
R{H Ny L)=P(I,J)
RIMsNy2)=(P(TI,J+1)4P(I,J-21)4P(I+1,0)4P(I-1,4))7%.1
R{MyNy3)=(PIT#+L, J+ 1) 4+P(T41,U-2)+P(I=1,J41)¢P(T=1,J=-4))/4,7
R{MyNy G)=(P{I#2,J#L1)4P (I #2,J=1) 4P (I=2,J+1)+P(T=2,J~1)
14P(I41,U42)14P (141,0-2)4P(I=1,042)¢P(2=-1,U-2))/8.C
RIMgNgS)IZUIP (I 42, J42)4P (T 42,0=2Y¢P(I=2,J42)42(T=2,U"2))/0L,"
R{MyNe BI=(P{T42,J+3) ¢P(1+2,J=3)¢P(T=2,J¢3)+P(I=-2,0=3)
14P(I43,J42)14P(143,4-21¢P(1-3,342)¢2(T1-2,4-211/78.8
RIMyNg 7I=(P(TI+54J) $P(I=5,J)+P(I,J+5140(]1,J=5)
14P(T439J4 01 4P (T4 3,J=-L)+P (146,431 +2(T#4,J=3)
24P UI=34 % L) 4P (I-LoJ+3)#P(1=3,J=04}+P(I~L4,J=-3))/12.0
R(MgNgBI=(P{TI+74J¢1)4P(T21,J¢7)4P(T47,J=-11+P(T4+1,J=7)
L4P(I=~79J41) +P(I~1,J47) 4P (I=7,0=1)+0O(I=1,0=7)
e 24P (IS5, J45) 4P (T45,J=5) 4P (1=5,U¢5) +P(I-5,0=-5))/12.0
‘ R(MyNy )= (P(T+10 3J46) +P(I+6, JH1L3)V+P{I¢10,J=6)+P(T+H,J-12
1+P(I-104J46) 4P (1B, J+10)+F(I=10,4J=6) 4P (IR, J=-10))/R,"
e RIM N1 0= (PUI47 4 S+ 151 4+P (1415, Je 7)1 4P (I =74 Jt15) ¢P(I=~15,4+7)
L4P(T+79J=15)40(I1#15,d=T7)#F(I=74J=15)42(T=15,0=7)) /R,
' RIMgNy11)=(C(1,J#25)¢P(I,J=25)4P(I=20,J+15)+P(I=15,J¢22) ¢
i AP (T =20 9 J=15) #P(T =15 ,J=15) +P(I+20,J#15)+P(I#15,J427)
24P LI420,J=15)+P(I¢15,0-20)¢P (1425,J)4°(T-25,J)1/12.3
29 CONTINULE -
e - 28 CONTINUE e

C ‘!l'.“.‘..”i..'l.".."""#lllt‘ll#l'l;l&‘ll!l!l'l!ll".¥¥!¥¥¥¥
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FOR EACH MAP THERES IS A SET OF COZFFICICMTS flv,L),
WHERE K IS THE RING NOS ANO L IS THE CONZN INTFGE?
FOR THE DESIRED MAP,

SOV VSTV SENFSES P SIS PPV SIS FUERIRLIIF SIS PILUSTIITXEICRERABBILSFEES

BEGIN FIRST WITK UPWARD CCNTINUATION 2 COFFICTERTS,
CODE L=1

LI YIRS R R R R R 2SS R RS SIS RSS2SR SRS S S A R AR S S X2 22 X

——p
OO OOO0O0O0

. Cli,4)=.111933 - e e - - -

'C(241)=,32193

Ct3,1)=,06062

Cl4y1)=,15208 e

C(5,1)=.05335

C(6,11=,06586

Cl7+1)=,06650 - - - -

Cl8,1)=.0563%

€(9,1)=.03955

- - . Cl10,19=,02273 . . . e
C(11,1)=.03015

L Ry Yy R Py Ty ey R TS R Y
COEFFICIENTS FOR UPWARO COMTINUATION 2, £ONT L=?

2222222 XSRS S S RIS R RS R A X R RS RS A PSS S SIS SR RS 2SS 22 R RS 2 R 2 2

OO0

C(1,2)=,04134

C(2,2)=.12988

C(2,2)=.07588 e o o - C e
Cl4y2)=,14559 :
C(5,2)=,07651 |

C(64+2)=.07390C2 B -
C(7.,2)=.11100 ‘

C(842)=,10351

C(342)=,07372 e e e e =
C(10,2)=.04464

€(11,2)=,05993

XX 22T R RIS RIS R R R LRSS RIS R RSS2 2 RS RS S SRR RS R RS R R 2 R A LR ]

COEFFICIENTS FOR UPWARD CCNTINUATIONMN 2, £N0E L=7? .
Ly Ty Yy Yy Yy Y R R R )

OO0

C(1,31=,01961
- .. Cl2+3)=.06592
C(3,3)=.,05260
- Clta3)=.10563

C(5+3)=.0714E . -
Cley3)=410226
Ct7,31=,12921

B . GClBs3)=412635 . . - -
C(9,3)=.10322
C(1093)=006500

—— .. ... Ct11,3)=.08917 e e = -~

E X2 I YRS RIS R R R L 222 S R S SR S E R SRR RS R RS SRR RS R RS S R R R R L R X R

- COEFFICIENTS FOR UPWARD CONTINUATION 4. CONF L=t

2T 2SR RS RIS RIS RS R R R R R RS R 2SS S S R A2 R R RS R R AR R RS E RS R R L 2 4

|
H
ocoonoo

e . - Cllgl)=.011061. o . e -
C(244)=,03928
C(3441=.03566
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— Clay4)=,07450 -
C(5,4)=,05841
Cl6y4)=,09173

_ C(?7,4)=,12915 . e
C(8y4)=.15474

! C(9,y4)=,12565

—— C(10.4)=,08323 .- .
Cl1i,4)=,11744

(222322 RS RSP 22 R S RS RS2 2 SR R RE RS SRS RS R RS R RIS IR R R SRR R E RS R X RN 8

COEFFICIENTS FOR UPWARD CONTINUATION S. £79% L=¢
Y T T Ty Yy TP I R IR eNY

O0000

Cl1,5)=,02742
£(245)=.02566

_____ ct3,5)=.02509 . e
Cl4,45)=.05377
C(5,51=,04511 .

—— . CU6,5)=.07784 . . o e eee
C(7,5)=,11986 :
C(8,5)=.16159

— - C(9,5)=,14106 . _.. ... e
C(19,45)=.09897 ’
C(11,5)=,14458

222 S S R3S RS S I RS P R SRS RIS RS RS R RS R TS R St R RS RS RS X L R R LR

COEFFICIENTS FOR DOWNWARD CONTINUATION 1, £OND L=A

X I 2R SRR R SR R IR R SRR R R SR R 2 R R S RS 2 2 R RS S R R SR R R NSRS S R R S X 2 2

OO0

C(1,6)= 4,.8948 .
C(2,6)=-3.3113 . - '
C(3,6)= 0,0081
Clhy6)==0,5604
- C(5,6)==0.03376. .. _ .. ool
C(6,46)=-0.3689
Cl746)=-0.3605
C(8,6)=-0,3534 e el e e -~
C(9,6)=-0.03890
C(10+61=-0.0227
- . C{11,6)=-0(,0302 o I

"""'4!"’.l'l5!“'l‘l'll!l*‘.'l¥4¥‘l‘¥#l‘¥¥!##‘llll“‘#“;lll"

COEFFICIENTS FOR JOWNWARD COMTINUATICN 2. €007 L=7

PSS TV FESSF P PR FFFFFBEINAR S S F L ER ISR FFFRIRRFFFERFFIERRFEINRERREERER

OO0

C(1,7)= 16.1087  _. .. _ . SR
C(2,71=-13,2299
C(3,7)=  0.4027

e . Cle7Y==01,9459 . ___  _ _ . . ..

C(5,7)= 00.0644 :

4 C(6,7)==00.0596

e CA?47Y==00.0522 . .. .
C(8,7)=-00.082%
C(9,7)=-00,0703

. C{10471==0040463 . . .. . . ___
C(11,7)=-00.0600

_4__3“ . BB SUBISFISVIITL IV FVITIIIFVFFFFARBELFILFLEIFERIFSLFFENSIRRIEREES

C COEFFICIENTS FOR DOWNWASD CONTINJATION X, CNN7 =R

c IR RS RST S S RIS ARSI RS R SSSI RS S AR SRS RS RS R RS E R S RS R X R AL R R XA Y
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Ct1,8)= 41,7732
C(2,8)=-38.2716
. C(3,8)= (01.7883

i Cl4,48)=-04,7820

i C(5+8)= 00.5357

— C(5+8)= 00.17933 . . R
C(7,8)= 00.1242
C(848)=-083.0560

I . Cl9.8)=-00.0920 —— e s
C(13,9)==-00.04639
C(11,8)=-00,0891

[T Y Yy Yy Y P R Y Y I I R R S R R SR RS S

COEFFICIENTS FORP DOWNWA®SD CONTINUATION 4, CPNE L=9
L Yy Y Y Y Yy R TR S TR

0000

Cl1,9)= 92,5352
- - . C(249=-89,7433 . JE.
C(3,9)= 05,1383
C(4491==-09,9452
Cl5+9)= 01.7478 ; e - .-
C(643)= 00.8903
C(749¥= 00.6655
C(8y9)= 00.0713 - I
€(9+9)=-00.6892
C(10,9)=-00,.0802
C(11,93=-00.1173 . . -

SRIISSFEESEFERNY SR I AR SR RXE R R FE RPN R FXF SRR A S NEFXR K KX FEERRL ¥ 22N

COEFFICIENTS FOR DOWNWARD CONTINMJATION S. €ONT L=13

I XXX I RS SR T R R R R R R R R R R R S R R S R R RS S R R R R L R

1
" oooo0o

C(1,10)= 133,2600 ..
C(2,10)=-183.933¢
C(3,10)= C11.881%4
Cluy13)==-018.6049 ' . -
C(5,10)= 004.2324
C(6,10)= 002.4237
C(7+100= 304.7777
C(8,10)= 000.350¢
Ct(9,10)=-900.0571¢
C(10,13)=-000.0924
C(11,10¥=-000.144b

SISV LB VSR EFAE PR R RBYFE RV IR FRE VRS SRSV IR SRR ERRSR SRR IEFINERTRFRRET R

COEFFICIENTS FOR FIRST DERIVATIVE ON SUPFARL,NCPE L=1t
Py Yy Y Yy T Yy R e R R R R

0OO0O0O0

Cli,11)= 1.87282
C2,11)=-1,.123825
—— - C(3y12)==0e865949 . - — -
Cluy11)==0.30210
C(5,111=-0.05857
— e = G641 == 07597
C(7,11)=-0.,37972
Cl8,11)==0.05758
e s L£(9,11)=-0.039085 . .. . . . L~
C(10,11)=~0.0228€
C(11,119=-0.05320

.
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.“""”.".l"‘0'."....l“"ll"‘."l."'l#'ll¥.¥.li#"".!i..l

COEFFICIENTS FOR FIRST DEQIVATIVZ DOWN 1, AN"Z L=12

'.'.‘C““ll"".‘l“l#...l."!“'ll.".}l.‘l..‘lilli'!“l‘."'lll

OO0O0O00O0

i Cl1,12)= 6.6239%
C(2412)==5.62445 - _—
Ct3,12y= 0.12727
Clby12)==0.88750 _
C(5,12)= 0.06361 o e -
Cl6,12)=-0.04307
C(6,12)==0,04856

—_ C(7,12)=-0.04L337 . I
c(8112,=‘0-03575

. C(9,12)=-0.03615 .

—— Cl10,12)=-0,02232 - e e e e

C(11,12)=-0.35000

L2322 RE SRS RS LRSS S SRR RES SR SRS SR RS RS R RS S RS S R RS AR RS L X B8 2

COEFFICIENTS FOR FIRST JERIVATIVE NOWN 2, FON= L=17
Y Yy Y e Yy R Ty Ry I Y N

Q0000

Cl1,13)= 16.98074
. Cl(2,13)=-16,05517
- . C(3,13)= 00.76135 . . _ B
. Cll4y131=-01.93701
Ct5,13)= 03.2382¢
C(6,13)= 008.09219 s S -
C(7,13)= Q3.0747¢ ’
C(8,13)=-02,00768
e C(9,12)=-03.02726 -
C(10,13)==-00.02077
C(11,13)==-00.04934

222X RS RS RIS RSS2SR 22 EX RS A S R S R LS RS A X R RS R R R S S S R L X RS R 2R

COEFFICIENTS FOO FIRST DERIVATIVE NOWN 3. AMNT L=fa
"""’"““‘."‘”"‘."'."'"'.‘l¥'~‘ll‘-§¥l'~'~“¥¥‘ll‘$*"¥""‘l.l‘¥‘

OO0

C(1,14)= 36.11116
-~ - C(2,14)=-35.96237 . .. — . Ce e e e
Ct3,14)= (G2.17080
Clu,14)=-03,83054
—— C(S,14)= 02.767LS ... o
C(6y14)= 00.4264E
Cl7,14)= 03.32573
e ieeeee - G891} = 00406859
C(9,14)=-C0.01084
C(10,14)=-00.01812
—_— .- . Ct11,14)==00.04832 -
c

FPVPSPSS S ESERFRERR RV SIS S LR F S SUREE R PSS ER RN EFABEFFFFEXER KR FEER

c
R .- . ... COEFFICIENTS FOR_FIRST DERTVATIVZI DOWN &4, 0077 L=15
c

c L2 22 22 P2 PSS X PR EIL L RS RIS RS2 S22 2 22 X X S R R L R R R EEE TR EE L R

L

. .. Cl1415)= 67.88049 . — . R e
C(2,15)=-69.68032
C(3,15)= 04.76Ah51
—_— .. Clhe15)==08.69006 — . . .
€(5,15)= 01.74330
Ct6415)= (1.05352

’
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—_ C(7,15)= 00.77613
C(8,15)= 00.19599
C(9,15)= 00.01469
- €(10,15)=-00.31433
' €011,15)==00.045693

I XXX RSS2SR R 222 S22 22X S RSS2 IS SRS A S RS RS RS RS R RS R 2 2 2

COEFFICIENTS FOR 2ND DERIVATIVE 9% THE SHRFACE,
cone L=1s,

PUBPSPRIS SIS SVS S S SRS SR ST LR LS SFNSESERS SR T IIR PRSI FLBEFXAIEFEEIRESR

AODOOOO

C(1,16)= 2.82994

_— C(2,16)=-2.49483 .  __ e
C(3,16)= 9.05173
Cl4,16)==0.39646
C(5,16)= 0.0C932 . . L
C(6416)=-.00732
C(7,16)=,00304 ‘

. C(8y18)= 0.00219 _ _ ... . ...
C(9,16)= 0.00040
C(10,16)= 0.009C4
C(11,16)= 0.00000 e

XX I SR R T I P R R R R R N S R R RS R I AR R R R R L Lkl

COEFFICIENTS FOR 2ND DERIVATIVE NOWN 1. COPZ L=17,

PNSESSERIE S PSR PR CSFIREFEB SRRSO SRS ST ERFFEIFPFIRNERRERP AR

t
[ XeNeXeNe BN

C(1,17)= 7.08408 . . _ . e
C(2,17)=-6,93715
Ct3,17)= 0.36265
Cl4y17)=-0,80764 Ce e . . . '
C(5,17)= €.13735¢
Cl6y17)= 0.07231
- Cl7,17)= 0.06592 . _ o ..
cl8,17)= 0.02312
C(9,17V= 0.00565
C€20,17)= J.001G2 .  _ . e e
Cl11,17)= (0.00043

[ I I XX TSRS RIS RS2SRSS S S RIS S S S R EL S SR S S S R R KX R R R L L B L E R K

COSFFICIENTS FOR 2N0 DERIVATIVE NOWN 2. CONE L=18 |

.‘.lll.’l.¥"¥l.‘¥&¥¥"¥!l‘l¥‘l"l‘lt"lli¥l¥!¥‘.$l¥¥'ll!‘¥l¥U¥¥¥!

TOOO00

C(1,18)= 14.15751

C12,18)=-14.51327 :
C(3,18)= 00.95018 . . e
Cl4,18)=-01.42970

C(5,18)= 00.35907

—— Ct6,18)= 00.2225€ . _ . . . e
C{7,18)= 00.17330

Ct8,18)= 00.05501

€(9,180= 00.0123¢ . . ... .. .. .
C(10,18)= 00.00210

C(11,18)= 00.09085

!
!
I
!

PP T PR P PR R PP
COEFFICIENTS FOR 2ND DERIVATIVE NOWN 3., £13F L=1i09

C(1,19)= 24,74755S
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_— €(2,19)=-26.02351
C(3,199= 01.92719
Cl4,19)=-02,.3326¢

e C(5,1N=
i Cl6,19)=
! Cl7,1N=
C(8,19)=
C(9,19)=

Ct10,1

00 30

IPAGE
______ LEVEL=
PRINT
PRINT
IPAGE
IFC L.
IF (L.
IF (L
IF €L
IF (L
PRINT
GO TO
PRINT
G0 TO
PRINT
GO TO
PRINT
GO 10
171 FCRMAT

1.,12/7)

71
- 72
73
75

00.72674
00.46253
00.33920
00.09995
00.6237¢0
9)= 00.00322

C{11,191)= Q0.00122 . N

SEEEPLRITIVREFE I BFEAIFVERE RSP FERREF SR FLES SRS FAB R LSRR AR SETFFREIEREEDS

THIS SECTION MAKES THE FIMAL CALCULATICNS FOP THOSE
MAPS SELECTEN BY THE USER IN HIS ISLEGT £9n0:=.

L= 1,19
=0

L

IF CISLECTIL).LT. 1) 30,31

i1
101,
IPAGE + 1
LE. 10 ) GO TO 71
EQ. 11 ) GO TO 72
« LE. 15 ) GO T0 73
« EQ. 16 ) 6O TO 72
e« LE. 13 ) 75, 90
171, OUTLEVIL)y IPAGE
320
172,
320
173, OQUTLEVI(LY,
320 S L
175, OUTLEV(L), IPACGE
320
(20X, *MAP CONTINUER

OUTLEVILYy TPAGE

IPAGE

(HEAD(I), I = 1,400 .. .

38410, GPIN UNIT

1720%, !

172 FORMAT(20X,’ MAP OF‘’,48,* DERIVATIVET ON SURFACEI* /20X,

1R ¢, I

27)

SH

L2 X I I 2 S S ST SR PR S S RS S A SRS SRR RSS2 S RS SRS R RS S S S R RS S S 2 X R 2

33 SIRLEEY

SHEET Nywas

173 FORMAT(2GX,* MAP OF FIRST DERIVATIVE ;’AS" GRIDJ UNTT!/20¥, ' SuIIT

1 NUMBE

175 FORMAT(20X,’MAP CF SECOND DZRIVATIVE®.AB," GRID UNIT'/23¥,¢ SHIT

R ¢y I27)

1NUMBER *,12/)

320 DO 33
D0 34
Pl(I,J)
00 35

I = 26, IMAX
J=26,JIMAX —
=0.0

K=1,11

e _ 35 PUIsJI=CK LI *RUI=25,J=25,K) ¢2 (1,00 . _ .
. 34 CONTINUE
33 CONTINUE

-_ .

enoapoa

00 36

|

=

JMAX

J 26,

- -NEXT SECTION PRINTS THZ VARIOQUS MAPS
MAPS ARE PRINTED AS SURFACZ MAP,.

SEE PRCYIOUS COWMENT,
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36
13

1000

1010
1040

1100
- 520

710
720
730

750
3200

39
1020
30
1030
98
91
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PLI,N

99

PRINT 10, (P(I,J)y I= 26,35} »
FORMAT (€(1X,11F10.2/711(9X41H*)////))
PRINT 1t

DO 1020 IMAXI = 45+65,10
IMINI = IMAXI - 10

IF ( IMAX, LE. IMIND) GO To 319
IF(IMAX.LT.IMAXI) 1000,1100 . R
00 1040 J = 25, JMAX

IMAXX = IMAX + 1

00 1010 I = IMAXX,
= =9939399,.99
CONTINUE

IFXI = IMAXI

GO0 TO 520
IMXT=IMAXI

PRINT 101, (HEAD(I),
IPAGE = IPAGE + 1
IFC L. LE. 10 ) GO TO 710

IF (L. EQ, 11 ) GO TO 720

IF ¢ Lo LE. 15 )} GO TO 730

IF (L. Ef. 15 ) GO TO 727

IF (L. LE. 13 ) 750, 40 .-

IMAXT . ..

I = 1,10

PRINT
GO TO
PRINT
GO TO
PRINT
GO 1O
PRINT

171, OUTLEV(L)Y, IPAGE
3200

172, OUTLEV(L),
32400

1734 OUTLEVIL),
3200 ..
175, OUTLEV(L)}, IPAGE

IPAGE

IPAGE

CONTINUE .
DO 39 J = 26y JMAX
PRINT 134 (P(I,J),
PRINT 11

CONTINUE o
CALL EXIT

PRINT 91
FORMAT(1X, 'EROR, TOO LARGE L VALUZ?")
CALL EXIT

END

I= IMINI,IMXI)



The Mooney Program for Analyzing Seismic Refraction Data

—— DIMINSION WC100,V(L20)sVAL10)sALPHILL) +3ETA(L),0120),
1 A(10),8(13),TAT €10),TATI(10),HA(10),43¢10},0A(13),NR(LD),
2 P(10), TITLE(S8)
.. DIMENSION VS(10)
' DOUBLE PRECISION TITLE
: SET M = 1 IF INTERCEFT TIMES ARS IN METLLISECONDS, M=1 IF TN SFCONDS
N=NUMSER OF LAYERS OR TRAVEL TIME SEGMENTS .
X=PRCFILE LENGTH FROM A TC 8, IN METERS, KILOMSTERS, QR FECT
VA(I) = APPARENT VELCCITIES FO0Y ZNC A
VB(I) = APPAREINT VELCCIYIES FROM END 8 _. . .. _ .
TAI(I) = INMTERCEPT ITMES FRCM END A
TBICI) = INTERCEPT TIMES FPCM END B

QOO0 OO0O0O0

... 400 READ (2,405, END = 1000) MsNeXs (TITLEC(I), I = 1,FR)
405 FORMAT (21,F,6A8)
IF (N) 640, 643y 407 : .
— .. - 407 REAI (2,410) (VA(I), I.= 1,N} . -
410 FORMAT (9F)
READ (2,410) (VB(I), I = 1,N)

- o REAT (244201 (TAI(I)y I = 24M} —
READ (2,417) (TRI(I), I = 2,N)
TATI(1) = 0.
- T8It = §. -
»X PRINT 411, (TITLE(I}y I = 1,6)
L11 FORMAT (2X, £A8, 15HSPREAD LENGTH = sFRe2y/7)
- PRINT 412

412 FORMAT (2X,1CHINFUT DATA //1GXsS5HLAYER,10X,3H4090825NT , 29V,
18HAPPARENT, 10X94 INTERCIPT,9X, IHINTERCEPT / 23X, 1FHVEILOCITIFS, 8
25X 13HVELOCITIES o B,7X,BHTIMES, A410X,3HTINES, 3 /7) '

IF (M) 616,417,416
W14 PRINT 415, (I,VACT),VR(I),TAT(I),TRI(I),I = 1,N)
. 415 FORMAT (I12,F22,2,F18.2,F17.2,F18.2) _ ...
00 416 T = 2,N
TAI(I} = TAICT)/1000.
416 TBIC(I) = TSI(I)/1300. - e
GO TO 419
417 PRINT 418, (I,YA(I),VR(I),TAI(T),TRI(I),I = 1,N)
418 FORMAT (112,F22.2,F1842,F47.45F1844)
419 CONTINUE
421 00 430 1 = 2,N
TBB = TAICI) + X*(1./VA(I) - 1./VR(I))
IF (TBICIN) 422,422,423
422 TBI(I) = TBB _
~. . GO TO 430 - R
423 TAEND = TAT(I) + X/VA(D)
TBEND = TBI(I) + X/VBI(I)
. ERROR = ABS{TASNC/TBEMD =1.) -
IF (ERROR = 0.10) 430,624,424
424 PRINT 425, I

o _ 425 FCRMAT (5X,74HAPPATENT VELOCITY AND TIME INTEPCZPT NATA A% I
1CONSISTENT AT LAYSR NUMBER s124/7X,SEHEND-TO=3NR TOLYZL
2TIMES DIFFER BY MORE THAN 10 PERCENT. 1)

—— . 430 CONTINUE e e

VE1) = (VA1) + VB(1))%.5
00 570 M = 2,N
T " L
ALPH (1) = ASIN(V(1)/7Va(M))
BETA (1) = ASIN (V(1)/VA(¥))

0wt n

- i - - ._‘__.. 100 . - . R - .
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.- IF (M -2) 500,500,510

500 A(1) = (ALPH(1) + BETAti))' 5
H(2) = (ALPH{1) =BETA(1))%,S
- V(2) = V(1)/SIN (At1)) - e
i GC TC 55¢C
: 510 A(1) = ALPH(L) - W(2)
8(1) = BETA(1) + W(2} R

520 K = K ¢+
VV = VIK)/V(K=-1)
PIK) = ASIN (VV*SIN(A(K=1))) e e .-
Q(K) = ASIN(VVESIN(BI(K=11))
IF (K+#1-M) 530,540, 540
530 A(K) = P(X) =H{K+1) + WX} . . - e
B(K) = Q(K) #+H(K+1) =-W(K)
ALPHIK) = A(K) + HW(K+1)
BETA(K) = 2(K}) =-%H(K+1l) e
G0 TO0 520
540 A(K) = (P(K)+Q(K))*.5 ]
— e B(K) = A(K).. . R o i e
WIK+1) = HIK) + (PIK) = Q(K))I*,5
ALPH(K) = A(K) #W(K¢+1)
BETA(K) = B{K) - HW{K#1) e e e o ..
VIK#1) = VIK)/SINIA(K))
550 KK = K=1
R HHA = 0. I e e = e e
HHB = 0.
IF (KK) 561,561,551
551 00 561 I = 1,KK
HH = COS(ALPHIIV) + COS(RETA(I))
HH = HH/VI(T)
HHA = HHA + HH®*YA(I)
560 HHB = HHB + HH*HE(I)
561 CONTINUE
R = V(K} /(COSC(ALFH(K)) + COS(BETA(K)))

HALK) = R*(TAT(K+1) - HHA)
HB(K) = R*(TBT(K+1) = HHB)

- DA(1) = HA(1) - : A B
0B{1) = HAR(L)

IF (K=1) 570,573,559
- 569 DA(K) = DA(K=1) & HAIKY .. . _ . ... .__
08(K) = 0B(K=1) + HB(K)
570 CONTINUE
- 00 580 J = 2,N _ _ ___. e e e e
580 WJ) = H{J)I®*57.,2G58 +. 001
PRINT 620
o .. . 620 FORMAT (///2X+18HCOMPUTED STRUSTURE // 9X,SHLAYER, BX,3HVILOCITY
1 y6Xs11HTHICKNESS A, 4X,11HTHICKNESS B8,8X,3HNIP,10X,7HIZFTH 1,

2 8X,7HDEPTH B /77)
e = e e ..
’ PRINT 6251 I.V(I).HA(I),HE(I).OA(I)'DQ(I)

625 FCRMAT (I12,3F15.2415%X42F15,.2)
______ - .. IF (N=2) 632,832,627 . — . ¢
627 NN = N-1
: PRINT 630-(1.V(I),HA(I)vHP(I)'H(I) DALT),N3(I), I=2,NM)
. - 630 FORMAT (I12,6F15.2). . e e e e e
632 PRINT 635, N.V(N),H(N)
635 FCRMAT(I12,F15.2+439X4F15.2)
—— .. - . PRINT 538. _- S
638 FORMAT (° DECIHAL PLACES DC NOT NEC SSAQILY HAVc SIGNIFICA“F"‘
GO TO 6400
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. 64D CONTINUE
1000 CALL EXIT
ENOD

-
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Bison Data

Ambrose Creek #B

Distance

5
10
20
30
L0

fte
ft.
ft.
fte
fte

Time
«0036 sec.
00085 SecCe
0175 sec.
00175 SecCe
00225 SeCe

50
75
100
150
200

ft.
ft.
ft.
fte
ft.

00253 SeCe
00323 SecCe
«0386 sec.
«0522 sec.
00606 SeCe

250
300

ft.
fte.

00754 SecCe
00866 SecCe

Ambrose Creek #2B

Distance

Time

10
15
20
30
40

ft.
ft.
ft.
ft,
fte.

«0085 sec.
«01 30 sec.
«0175 sec.
+0230 sec.
0245 sec.

50
75
100
150
200

ft.
ft.
ft,
ft.
ft.

00272 SECe
«0325 sec.
«0365 sece
.0&35 SeCe
00495 SecCe

Sheep Creck #B

Distance

10
20
50
100
150

ft.
ft.
ft.
ft.
fte

Time
«009 sec,
016 sec.
«028 sec.
048 sea.

.063 sec,

200
250
300
350
Loo

fto
ft.
ft.
ft.
ft.

0069 SEeCe
2098 sec.
«108 sec.
118 sec.
.128 sec,.

Appendix IIT

SEISMIC DATA

T9N, R19W, NWENW;SEL Sec. 24

Interpretation
(Two layers)
Velocity Thickness Geology
v, = 1300'/sec. 8" Dry recent colluvium
v, = 4000* /sec >75'  Dry Cenozoic deposits

TON, R19W, on road near section line between
Sections 12 and 13

Interpretation
(Three layers)
Velocity Thickness Geology

1e 1100%/sec. 10° Dry recent colluvium
2. 5200'/sec. 35° Water saturated
alluvium
Fractured igneous
bedrock

3o 8400'/sec. >40*

T9N, R19W, NWESW4SEE Sec. 15

Interpretation
(Three layers)
Velocity Thickness Geology
1. 1200'/secs 27° Dry recent colluvium
2. 4700*/sec. 110°* Dry Cenozoic deposits
3. 8500'/sec.  >75° Water bearing Ter-
tiary sediments

103
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450 ft.
500 ft.
560 fte

136 sece.
J142 sece
196 sece

Sheep Creek #2B

Distance Time
_—mf_f’.. 0013__5600
20 ft. «025 sec.
50 ft. 0045 SeCe
100 ft. 0058 SecCe
150 fte 4066 sece
200 ft. 4068 sec.
250 fte 0074 SeCe
300 fte 080 sec.
350 fte +084 sec.
400 ft. 0089 SeCe
&50 ft. 0099 SeCe
500 ft. 102 sec.

Sheep Creek #3B

Distance Time
10 ft. QOOSS—EQC.
20 fte .01U9 SeCe
50 fte 40262 sece

100 fte o042 sece
150 ft. .054 S€Ce
200 ft. 0056 SeCoe
250 fte 0068 SeCe
300 fte 0075 SeCe

Kootenai Creek #B

Geophone 2 at west end of survey.

TON, R19W, NWNE$SWE Sec. 22

Velocity Thickness
1. 800'/sec. 13
2. U4100%/sec. B
3. 11800*/sece >100°

T9N, R19W, NWiNWiSWi Sece 15

104

Interpretation

(Three layers)

Geology

Dry recent colluvium
Dry Cenozoic deposits
Metamorphic bedrock

Interpretation

(Three layers)

Geology

Dry recent colluvium
Dry Cenozoic deposits

Velocity Thickness
1. 1000%/secs 3¢
2¢ 3300%/sec. 559
3. 8500*/sec. >50°

T9N, R20W, SEiSWiNW% Secs 17
Geophone 1 265' east of Geophone 2.

Water bearing Ter-
tiary sediments

Distance with respect to Geophone 1 (- is east, + is west).

Distance Time(1) Time(2)
-100 ft. 00478 SecCoe 0095 SeCoe
- 80 fte +O414 sece 00925 SeCe
- 60 ft. +0366 sece +091 sece
- 40 fte 40315 sece +087 sece
- 20 fte 0183 secse +087 sece
" - 10 ft. 00093 SeCoe -
- 5 fte. 00043 SecC. -
0 ft. - 084 sec.
+ 5 ft. 0053 sec. «086 sec.
+ 15 fte 40140 sec, -
+ 25 fte 40255 sece 079 sece
+ 40 ft. 40321 sece o077 sece
+ 60 fto 40391 sece +0754 sece
+ 80 fte. .0426 S€eCoe 00718 SeCe

Interpretation

(Four layers)
Thickness

(1)

Velocity

1. 800'/sec. 9°*
2+ 3300°/sec. 40°

3¢ 7750%/sece
4,10600° /sec.

(2)

9'
47e

69°*

Geology

Dry colluvium
Dry Cenozoic
deposits

Water bearing
Tertiary deposits
Frontal Zone
Gnelss
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+1 00 fte. oOb‘Sé SeCe 00690 SeCe
+120 fte o0558 sece +0662 sece
+140 fto 40580 sece +0610 sece
+160 fte 0646 sece 00538 S€Ce
+180 fte +0662 sece 0482 sece
+200 fte 0069}4' SeCoe 00418 SeCe
+220 fte 007113’ SeCoe 0035“ SeCe
+2L0 fte 0730 sece 0302 sece
+260 fte 0762 sece +0070 secs
+280 ft. 00790 SeCe -
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Ambrose Creek 3T f

TON, RIOW, 1320' west of section
corner on section line between
Sec. 2 and N

Gain = 30
Filters - Broad
LC = 20
HC = 48

Interpretation is in Fig. 1.

Ambrose Creek 3T r

Shot point 180" west of AC3T
forword

Gain = 30
Filters - Broad
LC = 20
HC = 48

Interpretation is in Fig. 19.

Ambrose Creek 4T f

Same shot point as AC3T reverse

Gain = 30
Filters - Broad
LC = 20
HC = 48

interpretation is in Fig. 19.

Kootenai Creek IT f
TSN, R20W, SE1/4SWI/ZANWI1/4
Sec. I7

- Line location same as KCIB.

Gain = 20
Filters out

interprefation is in Fig. I8.

10
~ 170
1058

nce
2
H o

722
610

Geophone distanc:
- N WD

LN ®©O

[a XTI

TB
. Do
~ 1018 ‘/W'V\/\—Mn ?« v
AU s S A VL. Lf—-—-—--

828

Geophone distance (ft.
o
L ¥
. >

570

hone distance (ft.)

pl
=8
N O
S\

Geo
n
3%

T.B.

170 4—#—MJ

~1058 1
946 1
834 1
722 1
610 1
498 1
386 4
274 1
162 )

Geophone distance {(ft
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T8

Kootenai Creek 2T A
2 - 2 /‘“N“'/\““/\'"\/\“’\“‘\NMW\M/"‘ﬂﬁﬁg’\"
TON, R20W, Sec. I7 g .'.';3 %‘N?"ML:
:gotl;oiuhon N70" east of §IOOB H ) "',: ~
' o 896 :
Gain = 20 ;é 784 W
Filters out 672
2 560 .
2 448
S 336
S 224
112

Kootenai Creek 3T f. 172

Same shot point as KC IT r. g‘
Gain = 20 g
Filters out [
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o

Interpretation is in Fig. I18.

Timing lines on seismic records on pe. 106 and 107 are 10
milliseconds apart.
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Variable area presentation of three reflection records filtered

at 10-45 Hz., Event A. Reflection from base of Cenozoic sediments.
Event B. Intra-Frontal Zone Gneiss reflection. Event C. Reflec-
tion from base of Frontal Zone Gneiss (?). Calculated depths
below surface in parentheses.
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