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ABSTRACT

A vertical intensity magnetic survey of 144 square miles in Chris
tian County, southwest Missouri revealed an 825 gamma anomaly having a 

closure of 9 square miles. A three mile gravity traverse across the 
magnetic anomaly detected a positive gravity anomaly in excess of six 
mllligals.

Calculations showed that a Precambrlan hill large enough to cause 
the observed magnetic anomaly would outcrop at the surface. Because 
Precambrlan rocks are known to be buried under a sedimentary layer, 

this hypothesis was rejected.

Theoretical anomalies of several geometrical bodies at calculated 

depths were visually compared with the measured magnetic and gravity 

profiles. A perldotite plug, depth 4,000 feet, vertical thickness 
14,000 feet, cross-sectional radius 4,200 feet; a diabase plug of the 

same dimensions with heavy non-magnetic sulfide minerals present; and 

a diabase plug, depth 2,400 feet, vertical thickness 15,600 feet, cross- 
sectional radius 4,800 feet produced the necessary theoretical anomalies.

On the basis of present geophysical and geological evidence, the
structure is not of economic importance.
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A. Location

The area of this regional magnetic survey is in the southeastern 
part of Christian County, Missouri. This one hundred and forty-four 

square mile area is twenty miles south of southeast of Springfield. The 
area boundaries extend from Sec. 30, T27N-R20W to Sec. 28, T27N-R18W;

Sec. 30, T27N-R20W to Sec. 31, T26N-R20W; Sec. 28, T27N-R18W to Sec.

33, T26N-R18W; Sec. 31, T26N-R20W to Sec. 33, T26N-R20W (Plate 1).
The United States Geological Survey Topographic Maps of the Ozark, Ford- 

land, Selmore, Chadwick, and Bradleyvllle Quadrangles cover the area 
(Plates 2-6).

B. Purpose of Investigation

This investigation was undertaken in order to study, in detail, a 

large known magnetic anomaly. In 1932, in preparation for the Magnetic 

Map of Missouri, a regional magnetic survey was made, finding this anom

aly. From this survey Plate 1 was constructed. Since 1932, no geophysical 

work had been done until this investigation was initiated. Only at the 

Mary Arnold Mines in the eastern part of the area (Plate 1), has a 

detailed geologic study been made. Several zinc mines and lead diggings 

surround the anomaly. Thus, it was thought that a more detailed regional 

magnetic survey would be helpful and valuable in making an analysis of the 
area.

C. Method of Investigation
The vertical component of the earth's magnetic field was measured 

at Intervals throughout the thesis area. This data was used to construct 

a magnetic map. A gravity profile was made across the anomaly. From the 

combined data a geological interpretation was made of the major anomaly.

I. INTRODUCTION
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II. REGIONAL GEOLOGY

A. Stratigraphy

The stratigraphic column (Figure 1) shows a sequence of formations 

whose ages range from the Precambrlan to Lower Mlsslssippian. This section 

was constructed from a study of two well logs. The Mlsslssippian and Ordo

vician column was taken from M.G.S. log number 19296 at Sparta, Missouri 
section 36, T27N-R20W in the investigation area. The Cambrian part of 

the section was provided by M.G.S. log number 1980 at Monnet, Missouri in 

Barry County section 32, T26N-R27W.
The Lower Mlsslssippian formations occupy the greatest part of the 

outcrop area. On the flanks of the hills and in the low areas along 

river bottoms the Cotter and Jefferson City formations outcrop. The con

tact between the Ordovician and Lower Mlsslssippian lies, in general, 

along the 1200 foot contour line (Hayes, 1960). The Precambrlan basement 

has been established by the Missouri Geological Survey and Water Resourees 

to be about 1250 feet below sea level (Grenia, 1960). This places it to 

be approximately 2400 feet below the surface of the ground.

B. Structure

A structure map using the top of the Cotter formation as a marker 

horizon was prepared by the Eagle-Pitcher Company from water well cuttings 
(Hare, 1961). This indicated a slight regional dip of the formation as 

a whole, towards the west-southwest. Very few well logs are present in 

Christian County, and no drill holes are located either on the flanks 
or directly over the anomaly.

C. Tectonics and Mineralization

Faulting is known in the eastern part of the investigation area
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at the Mary Arnold Mines (Hayes, 1961). It is also known at the Mon-Ark 

Zinc-Lead Mines at the edge of the area (Plate 1). The ore bodies 
extended along these fracture zones striking, in general, north of north 

west.

According to Ballinger (1948, p. 4) "the main ore mineral of 
the upper horizon is galena, occurring as irregular masses in 
the clay-filled cavities of both the Burlington and upp^r Reeds 
Spring formation. Some zinc silicate ore was mined from the 
upper zones, but the main zinc sulfide deposits were not devel
oped until the formations below the Reeds Spring formation 
were explored. These lower zinc sulfide deposits occur in
(a) a chert breccia at the base of the Reeds Spring formation;
(b) a selvage zone at the top of the Pierson limestone; (c)
the Northview shale and Compton limestone where these formations 
have altered and decomposed into a calcareous mud; and (d) the 
Cotter dolomite where it is shattered or broken.

The sphalerite occurs both as minute grains and well- 
developed large crystals disseminated through the "mud" and as 
veins and fissure fillings in the more solid strata of limestone 
or chert breccia. Calcite and pyrite occur sparingly."

These shallow ore bodies produced more than five million pounds of

lead. The mines were first operated in 1857 and were periodically worked

through 1942 and 1943 when they produced around 132 tons of 60-percent zinc

concentrate (Ballinger, 1948). Several other zinc mines and lead diggings

are also present around the flanks of the anomaly.

D. Physical Constants of the Rocks

In a magnetic survey, it is necessary to consider the composition 

of the formations to determine the possible source of an anomalous area.
A search through the literature and well log data revealed no appreciable 

amount of magnetic materials present in any of the sedimentary formations. 
Therefore, the source of the anomaly probably originates from the rocks 

that form the basement complex.

In gravity Interpretation procedures it is necessary to consider 
the densities of the underlying rocks. The densities of the sedimentary
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formations (Scharon, 1961) are listed in the stratigraphic column (Figure !)•
Approximately 60-percent of the basement complex in the State of 

Missouri is composed of granites and rhyolites (Adams, 1959)• The suscep

tibility of the granites vary from 432 to 1,859 x 10  ̂ c.g.s. units* The 
density varies from 2,6 to 2.69 gm./c.c. (Scharon, 1961).

Basic rocks are known in Missouri. Basalts are present and have a 

susceptibility of 2037.9 x 10  ̂c.g.s. units with a density of 3.02 gm./c.c. 

(Scharon, 1961). Large outcrop areas of diabase, up to two to three square 

miles, are known in Madison County in southeast Missouri. From normative 

mineral analyses (C.I.P.W.) of diabases from the Skralnka quarry in Madi

son County (Hayes, 1961), the analyzed samples were found to contain from 

3.25 to 13.46 percent of magnetite. These are theoretical calculations 

from chemical analyses of the rocks. Calculating susceptibilities from 

the percentage of magnetite present (Slichter, 1929), the diabases vary 

from 9,750 to 40,380 x 10  ̂ c.g.s. units. These calculations seem to be 

high for measured susceptibilities of diabases as given in the litera
ture. Birch (1942, p. 297) lists a diabase as low as 2700 x 10  ̂ c.g.s. 

units. Density measurements were made of a hand sample from the Skralnka 
quarry and the average density was found to be 2.97 gm./c.c.

Ultrabasic post-Devonian Intrusive rocks are known in southeast 

Missouri. Most of these are distributed over an area of about 75 square 

miles in St. Francois and Ste. Genevieve Counties. These are peridotlte 

dikes ranging in size from 8 to 200 feet in diameter (Kidwell, 1947).

The susceptibility of peridotlte ranges from 4,800 to 22,000 x 10  ̂c.g.s. 

units (Dobrin, 1960). The density of peridotlte varies from 3.15 to 3.28 

gm./c.c. with a mean of 3.23 gm./c.c. (Birch, 1942).
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III. THE MAGNETIC SURVEY

A. The Magnetometer

A Ruska Vertical Magnetometer was used in making all measurements.

This is a Schmidt type, temperature compensated instrument which measures 

the vertical component of the earth*s magnetic field at a single point in 

relation to another given point. Thus, observations from point to point 

will measure the relative change in the earth's magnetic field.

B. Instrument Adjustments and Corrections
The instrument was adjusted and corrections were applied as outlined 

in the Ruska Field Manual (Ruska, 1957). These follow the standard pro

cedures given in most textbooks. The latitude adjustment was made for the 

area and the instrument was calibrated before and after the survey with a 

Helmoltz Coil. The instrument constant was found to be 10.0 y/S.D. Even 
though the instrument is temperature compensated, an additional correc

tion of -0.3 yTC was necessary for the required accuracy. An auxiliary 

magnet was necessary at the stations over the peak of the anomaly and the 

appropriate corrections were made. Base stations were occupied on an aver

age of every two hours to account for diurnal changes in the earth’s mag
netic field. Straight line variation was assumed during the time away from 

the base station and this was applied to the intermediate readings. The 

normal (latitude and longitude) corrections were calculated from the Mag

netic Charts of 1945 (Deel, et al., 1949) and found to be +11.2 y/mile 

to the north and +2.4 7/mile to the east. The final values were corrected 
to one base station.

C. Field Procedure

During the summer of 1960, one hundred and sixty-six stations were
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read with the magnetometer within the area of investigation. All readings 

are relative to the base station at the intersection of Missouri Highway 
125 and the north-south farm to market road on the N.E. \ of section 31 of 

T27N-R19W.
When possible, observations were made on a mile grid. The readings, 

with a few exceptions, were made on the available roads. In regions 

where there were no available roads, the readings were made by hiking to the 

station. In the area of the anomaly, readings were made on a % mile grid 
(Figure 2).
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IV. THE GRAVITY SURVEY

A. The Gravity Meter

A Magnolia Gravity Meter was used in making all measurements. This 

is an unstable type instrument which measures the vertical component of the 

earth's gravitational field at a single point. Thus, observations from 

point to point will measure the relative changes in the earth's gravita

tional field. X 1 Y

Fig. 3. A Schematic Diagram of the Magnolia Gravity Meter 

A schematic diagram of the Magnolia Gravity Meter is given in Fig

ure 3. The instrument utilizes an L-shaped mass pivoted about the lower 
end point of the L at point 0. The mass has a weight distribution such that 

the center of gravity of the structure is at C. A pretensioned helical 

spring of length 1 joins the mass at Y and is anchored to the instrument 

housing by means of a stiff wire at X. The force provided by the spring 

constitutes the labilizing force. A spring (A) is provided as a method 

of nulling the instrument as a measure of the force required to bring the 

center of gravity in a line horizontal with the pivotal point 0. The 

Instrument has a built in damper and temperature compensator. In addition, 
the instrument is enclosed in an insulated, thermostatically controlled 

electric oven. An external six volt power source is necessary for the oper
ation of the oven. This source also provides the power necessary to oper
ate the lights in the optical system of the instrument.

B. Instrument Adjustments and Corrections

The instrument was adjusted as outlined in the Magnolia Gravity Meter
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Manuals and the scale was reset for the area. A scale constant of 0.07361 
mg./S.D. was used. This was determined by the Magnolia Petroleum Company 

for this particular instrument. Nettleton's Profile Method of density 

determination was used (Nettleton, 1940). A gravity traverse was run across 

a hill in the area. The gravity values were then reduced for different den

sities. A density of 2.5 gm./c.c. was found to give the smoothest gravity 

profile across the hill. This density was then used to give a combined 

elevation correction of 0.06216 mg./ft. Using this correction all stations 

were reduced to a datum of + 1000.00 feet. Due to the nature of the topo
graphy, terrain corrections were applied to all the readings. Hammer's 

correction chart and tables were used (Hammer, 1939). The transparent chart 

was superimposed on the topographic maps of the area and calculations were 

made for zones C through F. Using the average density of 2.5 mg./ft., a 
terrain correction factor of 0.0125 mg./correction was applied to the cor

rections. The latitude corrections were taken from tables (Nettleton, 1940). 
Base stations were occupied on an average of every two hours to establish 

the amount of Instrument drift. Straight line variation was assumed during 
the time away from the base station and this was applied to the intermediate 
readings.

C. Field Procedure

During the spring of 1961, twenty-two stations were surveyed with a 

dumpy level and rod to obtain accurate elevations. In order to minimize 

terrain corrections, the base station and the thirteen stations used for the 

gravity profile were located In as level an area as was possible. The 16 

profile stations were spaced at quarter of a mile Intervals running north- 

south across sections 10, 15, and 22 of T26N-R20W (Figure 2). The remain

ing eight stations traversed a hill. These were used for a density deter-
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mlnatlon. All readings are relative to the base station at the Intersection 

of the farm to market road and the half section fence In the center of sec
tion 10 of T26N-R20W.

Power was applied to the Instrument for a 24 hour period prior to 

the commencement of the survey to stabilize It. The gravity meter was 

then transferred to a Jeep and the vehicle's storage battery served as 
a power source for the Instrument. Before occupying each station the 

Instrument was removed from the jeep. To Insure stability of the Instru

ment, the power source remained connected.
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V. RESULTS OF SURVEYS

A. Magnetic Map and Profile

After the necessary corrections were applied to the measured mag
netic data (Appendix A), a vertical magnetic intensity map of the inves

tigation area was prepared (Figure 4). The contour interval is 50 gammas.

There are two areas on the map that are characterized by magnetic 

anomalies. Anomaly "A" centers in T26N-R20W south of southwest of Sparta. 

Anomaly "B" centers on the northern edge of T26N-R19W near Oldfield.i
Anomaly "A" is approximately circular and has a maximum value of 938 

gammas with a relative difference of about 825 gammas with the surrounding 
area. The anomaly departs from a circular form by an extension to the south

east .

Anomaly "B" is approximately elliptical in shape, striking, in gen
eral, east of southeast. It has a much steeper gradient to the south than 
to the north with a maximum value of 579 gammas with a relative difference 
of about 425 gammas with the surrounding area.

It was Intended to make a rigorous interpretation of anomaly "A" only, 

with the possibility of outlining any other anomalies in the area. As a 

result, the station spacing in the vicinity of anomaly "B" is inadequate 

for extensive interpretation procedures. The extension of anomaly "A" 
lies in an area accessible only by foot and as a result, few stations were 

occupied. Consequently, there is insufficient data for a thorough inter

pretation.
From the data used to construct the magnetic map, a magnetic profile 

running north-south across anomaly "A" was constructed (Figure 5).

B. Gravity Profile

After the necessary corrections were applied to the measured gravity
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data (Appendix B), a Bouguer Gravity profile was constructed (Figure 6). 

The anomaly Is In excess of six mllllgals. This profile Is fairly symme 

trlcal, closely corresponding to the magnetic profile. It Is, therefore 
a logical assumption that the source of the gravity anomaly Is the same 

as the source of the magnetic anomaly.
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VI. INTERPRETATION

A, General

The interpretation of potential data (magnetic and gravity) has no 

unique solution for the variables number more than the quantities known. The 

only known values are the vertical magnitude of the anomaly and the earth's 

field at the point in question. The unknown values are the depth to the 

structure, the size and shape of the structure, the direction of magnetiza

tion, and the intensity of magnetization.

Several methods for depth determinations have been described in the 
literature. Some of these will be discussed in detail later in this chap
ter. A general idea as to the size and shape of the structure can be obtained 

from a general analysis of the field data. Certain assumptions are usually 

made in the analysis of vertical magnetic field data, one of these being 
that the body is assumed to be vertically polarized. This assumption is 

made where the inclination of the earth's magnetic field is greater than 

60 degrees (Nettleton, 1940) and in the area of investigation, the field has 
an inclination of 68 degrees (Deel, et al., 1949). Another assumption is 
that the body is uniformly polarized and that this polarization is due to 

the earth's present magnetic field. The earth's present vertical compo
nent in the area is 3.516 oersteds. This was determined by extending the 

Magnetic Charts of 1945 (Deel, et al., 1949) to the time of the field survey.
There is one additional requirement and, possibly, the most important 

one in geophysical interpretation. The end result must be geologically 

possible.

B. General Analysis

Anomaly "A" is thought to be a result of two separate sources, the 
one causing the fairly symmetrical part that comprises the major part of
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the anomaly, and the source of the extension of the anomaly to the south

east. The extension, like anomaly "B", is elongate in a general northwest- 

southeast direction. Anomaly "B” and the extension of anomaly "A" reflect 

the same general trend present throughout southwest Missouri (Magnetic Map 

of Missouri, 1943) which could conceivably be an indication of the Precam- 

brian structural control, and could possibly be a reflection of ba ament topo
graphy.

Only the major part of anomaly "A", which is reflected as the northern 

slope of the magnetic profile, is of primary Importance. The extension of the 
anomaly to the southeast is indicated by a more gentle gradient. Therefore, 
analysis of the anomaly by primary use of the northern slope should give 
the most accurate answer.

It is essential to assume that the source of the magnetic anomaly is 

responsible for the gravity anomaly. Upon examination of the densities of 

the overlying sediments, it becomes apparent that the anomaly could not be 

due to a buried hill of granite. The densities of the Immediate overlying 

sediments are approximately equal or even greater than the Precambrian 

granites and rhyolites. The gravity profile does not reflect the more 

gentle gradient to the south as does the magnetic profile. This is to be 

expected if the extension is due to a ridge, for then the ridge would produce 

either no anomaly or a small negative anomaly and would not be apparent in 

the gravity profile.

It can be seen from the very broad profiles across anomaly "A" that 

the source of the anomalies is very large, probably measured in terms of 

thousands of feet. From a general analysis of the gradient of the sides, the 

body should lie quite deep. It is also apparent that the body is fairly 

symmetrical in the horizontal plane.
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C. Buried Hill Calculations

A possibility to be considered is that anomaly is due to basement 

relief. Peters describes a method of calculating basement topography by 
relating it to the observed intensity (Peters, 1949).

By continuing the observed magnetic field downward to the basement 
level, Peters derives the equation;

where

f(x,y)
H (a,3,h)dadpZ

( 1 )

f(x,y) » the basement structure at point (x,y,0) 

a the vertical polarization of the body

H (Ct,p,h) a the observed vertical field at point (Ct,p,h) z

This Integral Is then approximated by:

f(0) d
4fl^I X 10^z

E Cn Hn ( 2 )

where

f(0) a the basement relief above a mean plane

d a the grid spacing in the same units as f

C a an irrational coefficient n
Table I gives the values of C for values of n and the grid with whichn
they are to be used Is shown In Figure 7.

The grid, used to evaluate H , Is constructed and superimposedn
upon the magnetic map. The average value of around the circle n Is 

the sum of the values of the vertical Intensity at the Indicated points 
divided by the number of points. This process is repeated for all values 

of n at one station, before moving to another station.
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TABLE I

COEFFICIENTS FOR CALCULATION OF STRUCTURE

n Cn
0 3.670
1 0.985
2 0.910
3 0.427
4 0.382
5 0.267

(after Peters, 1949)

— IN— .  5 - ^ * -

\ l v ^ /

\

Fig. 7. Grid for Calculation of Structure Using Coefficients of Table I.
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This method of Interpretation was applied to anomaly "A" and the 

theoretical structure was calculated for the northern part of the anomaly 

(Figure 8) by continuing the anomaly downward ^ mile. This places it 

close to the depth of basement predicted by the Missouri Geological 

Survey and Water Resources. Equation (2) was evaluated on the Royal- 

McBee LGP-30 electronic digital computer (Appendix C). Since it is a 

geophysically improbable situation that the buried structure is one com

prised of granite or rhyolite, the susceptibility of basalt was used in 
calculating this theoretical anomaly. The axis of ordinates of the 

theoretical anomaly is measured in feet above the ^ mile plane. Upon 

examination of this axis it is easily seen that the basement would out

crop at the surface. This is an Impossible situation, so the feasibility 

of basement relief is discarded.

D. Depth Calculations

Several definite rules have been given in the literature for esti

mating the depths to certain shaped magnetized bodies from the widths of 

their magnetic anomalies. If the anomaly is derived from a single pole, 

the depth to the pole is 1.305 times the horizontal distance from the 

center of the anomaly to the point where the anomaly has half of its max

imum value. For a sphere, the depth to the center is two times this 

horizontal distance (Vettleton, 1940). It is pointed out by Peters 
(1949, p. 310) that these hal£»width formulas lack precision because 

it is difficult to obtain isolated anomalies.

A more general technique is described by Peters (1949, p. 311-312) 

which he calls the "error curve" method. He observed that if continua

tion of the observed magnetic intensity was carried downward to a depth 

h and then back again, fairly accurate results were obtained until the
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depth of burial was approached. Beyond this depth the error increased 

rapidly. Application of this method is given in the following procedure.

is the recalculated surface intensity from continuation down
ward at depth h. Then

H = C H(b h) (3)a n n
where H(b^h) is the average value of the observed magnetic intensity around

a circle of radius b h, b is a specified constant and C is an irrationaln n n
coefficient.

The error in continuation is then

E » H - H = H - E C H(b h) (4)o a o n n
where is the maximum observed magnetic intensity.

The coefficients for the calculation of error in continuation are 
given in Table II.

The point of maximum curvature on a vertical Intensity contour map 

is first selected. About this point, a series of circles is drawn 
having radii of b^h where h is the estimated depth of the anomaly based 

on one of the short-cut methods. This estimate need not be better than 

507. accurate. The average values around these circles are multiplied 
by the appropriate value of and E is calculated. The process is 

repeated for h/2, 3h/2, and 2h. E is plotted against h, and for all 

values of h less than the depth, the error will be small but will diverge 

rapidly with increasing h as h becomes greater than the true depth of 

burial. The true depth of burial is at the value of h where E shows a 

sharp inflection.
This method was applied to anomaly "A". Equation (4) was evaluated 

on the Royal-McBee LGP-30 electronic digital computer (Appendix D) and 

the depth to the structure was determined to be approximately 4000 feet
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TABLE II

COEFFICIENTS FOR CALCULATION OF ERROR 

IN CONTINUATION FOR USE IN ESTIMATION OF DEPTHS

n bn cn
1 0.1 0.3001
2 0.3 0.5102
3 0.5 0.2622
4 0.7 0.0311
5 0.9 -0.0378
6 1.1 -0.0348
7 1.3 -0.0190
8 1.5 -0.0087
9 1.7 -0.0035
10 1.9 -0.0011
11 2.25 0.0000
12 2.75 0.0007
13 3.25 0.0003
14 3.75 0.0003

(after Peters, 1949)

Fig. 9. Error Curve Obtained by Means of Coefficients of Table II.



www.manaraa.com

25

(Figure 9). This would place the top of the structure approximately 1600 

feet below the surface of the Precambrian complex.

E. Vertical Cylinder Calculations

A procedure often used in the interpretation of potential data is 
to compare an observed magnetic or gravity profile with a theoretical 

one that would result from a body having a simple geometrical shape.

An idea can be gained as to the shape of the body by analyzing the plan 

view of the anomaly. It was determined by general analysis, that the 

source of anomaly "A" would be symmetrical in the horizontal plane. A 
geologically significant case included in this category is that of a 
burled vertical cylinder. Nettleton (1942, p. 303) has approached the 

solution of the attraction of this body by means of solid angles.
For a vertically polarized vertical cylinder, the polarization 

throughout the body can be considered as being concentrated by a surface 

magnetization of its upper and lower faces. For each face the magnetic 

effect at the point in question is proportional to the solid angle sub

tended by the boundary of that face. Therefore, the magnetic effect 

of a vertically polarized cylinder is proportional to the difference 

between the solid angles subtended by its upper and lower faces.

The vertical gravitational attraction of a thin horizontal disk 

at the point in question is directly proportional to the solid angle 

subtended. For a disk with a thickness less than half its mean depth, 

its gravity effect can be approximated by considering its mass to be con

centrated along its median plane and calculating the effect by means of 

the solid angle subtended by the boundary of this mean plane. If the 

effects of several disks, in a stack, are added together, the effect 

of a vertical cylinder is produced.



www.manaraa.com

26

A chart giving solid angles for circles over a considerable range 
is given by Nettleton (1942, Fig. 4). This chart is reproduced in Figure 10.

Nettleton's method of solid angles was applied to determine the source 

of anomaly "A". In all cases, the host rock was considered to be a granite. 

The first consideration was a vertical cylinder whose upper face was at 
a depth of 4,000 feet. This was the depth determined by the error in con

tinuation. It was found that a body with a 4,200 foot cross-sectional 

radius, a thickness of 14,000 feet, a susceptibility of 9,750 x 10  ̂c.g.s. 

units and a density of 3.20 gra./c.c. would closely match the profiles 

across anomaly "A" (Figures 11 and 12). The physical constants of such 

a body match those of a large peridotlte plug. No bodies of perldotite 

this large are known in Missouri although it is not an impossible situa

tion. If enough heavy accessory sulfide minerals (galena, sphalerite, 
pyrlte, etc.,) which have a negligible susceptibility were added to the con

stituents of a diabase plug of the above dimensions to raise the density 

about 0.3 gm./c.c., then the same magnetic and gravity effect would be 

produced as that produced by the perldotite. It is of interest to note 

the possible correlation between a body of this nature and the lead- 
zinc prospects in the area.

Another possibility that was considered was the effect of a body 
which outcropped on the Precambrian surface, i.e. at depth of 2,400 

feet. Using the same method of interpretation, it was found that a 

vertical cylinder with a 4,800 foot cross-sectional radius, a thickness 

of 15,600 feet, a susceptibility of 4,560 x 10~^ c.g.s. units, and a 

density of 2.97 gm./c.c. would closely match the same profiles (Figures 

13 and 14). This would correspond to a large diabase plug. Diabase 

bodies of this areal extent are known and are quite common in Missouri 

as mentioned in Chapter II.
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V r

Fig. 10. Solid Angle Chart for Calculating Gravitational and
Magnetic Effects for Discs and Cylinders, Respectively, (after Nettleton, 1942).
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VII. RESULTS AND CONCLUSIONS

The results and conclusions are as follows:

1. The known major vertical magnetic anomaly in the area of inves 

tigation was outlined in detail. The survey revealed a rather large, 

broad, nearly circular shaped anomaly. This magnetic survey was supple 
mented with a gravity traverse which resulted in a positive symmetrical 

anomaly across the major magnetic anomaly.
2. It was shown that it is unlikely that the structure causing 

the major anomaly found in the investigation area is the result of a 
buried Precambrian hill of either granite, rhyolite or basalt.

3. Depth calculations indicate the source of the major anomaly 
to be at a depth of 4,000 feet below the surface of the area, 1,600 
below the burled surface of the Precambrian complex.

4. The magnetic and gravity profiles were matched with theoreti

cal curves over buried vertical cylinders, which correspond with the 

following geological bodies;

a. a large peridotite plug, at a depth of 4,000 feet, a 

thickness of 14,000 feet and a cross-sectional radius 

of 4,200 feet,
b. a large diabase plug of the same dimensions and depth, 

with heavy sulfide minerals (galena, sphalerite, pyrite, 
etc.) present which would increase the density of the body 
but not the susceptibility, and

c. a large diabase plug outcropping on the Precambrian sur
face, at a depth of 2,400 feet, with a cross-sectional 

radius of 4,800 feet, and a thickness of 15,600 feet.
5. On the basis of present geophysical and geological evidence, 

the structure is not of economic importance.
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IX. APPENDICES
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APPENDIX A
CORRECTED MAGNETIC FIELD DATA
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32
-35o1

-98
177

166
-52

-128
169

Avg. 
Read.
7

189oo00

36
-3100
-9300

171
-A7

-123
174

Temp.
Corr.
7

1
1

1
1

1 m1
m1

in1
in1

m1
m1

i
• o

S to
 

liSV

12.0
13.0
14.0
14.0
14.5o•mr-J owinr-t

15.0
15.0O'fil

15.0

i
a a 
Cd IS 
4> d> o 
X fH o

32.0
33.0
34.0
34.0

1 34.5
35.0
35.0

35.0
35.0
35.0
35.0

l‘

Mean
Time

1005
1035
1052
1106r-4CM

1135
i 1158

1214
1237
1251
1311

1

Avg. 
Read. 
S.D.

18.90000

3.6rH«cn1

0*0

mCTN1

18.2

r-*r-4

-4.7
-12.3
17.4

;

Sta
tion

144
156
157
158
159091 1

<rI—'
fO

|l61

CMVOr-4

Il43
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APPENDIX B
CORRECTED GRAVITY FIELD DATA
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Miles
X k

1

+0.26
-0.10
-0.43r-HvO4?

1

Miles 
N or S

1
00rH•

-0.07
-0.30

CM•
1

)
Ref. 
Lat.

•
\omovX>m

vOm0vOro VOm0vOro

VOm0vOm
1

Corr. g

1

112.57
111.53
110.7800mrHrH

•

Total
Corr.

Terr.
Corr.

1

0.47
0.42
0.45
0.301

Lat.
Corr.

1

1.48
1.12as•o

1.83•

Elev.
Corr.

1
vO•rH

1.28
1.02

CM•CM
1

Elev.

104A.0
1026,9
1020.6
|1016.4
1043.7o•rH

Obs g

114.21
111.91
110.9501*011

113.39

-2.30

VOCM«CO1

-4.11

CM00*01

o

-31.2CO:S1 00•in

-11.1O

Read.

1143.0
1111-2
1097.8
1086.1
11130.4
1141.2

sta
tion

M
X

M
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APPENDIX C
PROGRAM FOR THREE DIMENSIONAL STRUCTURE CALCULATIONS

f(o) =. — 5-^---r C H, 2, ,-5 n n 4n I xlO z
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APPENDIX C

PROGRAM FOR THREE DIMENSIONAL STRUCTURE CALCULATIONS

f(o) d
2 54ti I xlO z

E C H n n

The three dimensional structure calculation was programmed for 

the Royal-McBee LGP-30 electronic digital computer in the floating 

point interpretive system 24.2. The words **floating point" imply that 

the numbers in a problem are represented in two parts, occupying two 

addresses. The first part represents the significant digits of the 

number, and the second part represents the location of the decimal 

place.

The program is set on track 48. The constants and coefficients

are stored on track 50 and the values of H are stored on track 51n
as follows:

Address Data #1 Address Data #2

5000 H xlO^ 5100 Station
02 02 «0
04 4 04 Hi
06 jt 06 «2
08 d 08 H3
10 0 10 H4
12 % 12 H3
14 c.
16
18
20
22 s

Note: The first sequential location is specifi-d 
word on the tape, therefore place 5 0 0 0 ’ o n  

to H xlO and 5100* prior to the statiom 
firsi set of data by g* and the second set

b y  the first 
the tape prior 
Follow the 
by f * .
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THREE DIMENSIONAL STRUCTURE CALCULATION_____________
____________________________ Page 1 of 2

Program Input Codot o.sV) Location Inotruction 
Oporotion | Addrtts

aotm
Contonto of Addrtts Notts

ii0|0|0|4|8|0|0 1
1|0|0|0 |0 |0|0|01
1 1 1 1 1 1 t oH , 1 ir|6|3|0|0 • enter 2^.2
i 1 1 1 1 1 i 1 iO,l 1 1 |U|0|4|0|0 f enter 24.2
i l l  1 1 1 1 1 i0 i2 1 1 ini|0|0|0|0 1 carriage return
1 1 1 1 1 i i . i0i3 __i 1 iljO|0|0|0 t enter data
_l 1 1 1 1 1  1 1 1 014 1 1 1 U| 01 0 101 0 1 enter alpha num.
•lOiOiOiOiOiOiS 1 i0i5 4i0i4i0|2i0|5i4 f print headings
1 1 1 1 1 1 i 1 1 01 6 Ii0it|4|2i4i .i1 1 print headings1
1 1 1 1 1 1 1 1 i0i7 6i Oi f 1 8| 2i 0i ( 1 8 X print headings
1 1 1 1 1 1 1 1 1 01 8 1|0|0|8|2|0|)|8 1 print headings

1 i0i9 li 0|4| 0|4| 0| 0| 0 t print headings
1 1 1 1 1 1 1 1 iliO 1 1 li C| 0i 0i 0| 6 1 set counter
1 1 * 1 1 1 1 j 1111 .1 ilie|0j PiOiO I set counter
1 1 1 1 1 1 1 1 1 li 2 1 11| 1| 0| 0| 0| 2 t set counter
1 1 1 1 1 1 1 1 ill 3 1 1 1 b| 5i Ot 0| 6 t 7t
1 1 1 1 1 1 1 _ 1 ill 4

1
1 1 im|5|0|0|6 I 2jt1

1 1 1 1 1 1 1 1 1 li 5 1 1 1 mj 5i 0i 0i 4 X 4 A . _ . ....
_ 1 1 1 1 1 1 1 1 1 li 6 . 1 1 1 «>[ 5| 0| 0i 2 I k 4n\
_._1 J 1 1 1 1 1 _i i ll? 1 1 1 mi 5i 0i 0i 0 t H x 1Q5z 4tt2Iĵx10^
II 1 1 1 1 1 1 i ll 8

1
L 1 1?| 5i 0| 0| 8 1 d d/4it^l2xl0^

II 1 1 1 1 1 i ili 9 1 i 1 hj 5i l| 2i 0 1 hold
I 1 1 1 1 I 1 1 i2i0 1 xll^ 5i Pi 1| 2 1 Pn _ _
1 1 1 1 1 11 1 1 2i 1 1 1 li tn| 5i li Oi 2 I Hn CnHn.... .....
II 1 11 11 1 i 2i 2 1 1 ia|5l0ili0 1 _____

__1 1 1 1 1 1  1 i i2 l3 1 1 1 h| 5i Oi li 0 X hold
1 1 1 II 1 1 1 i2i4 1 iliz|4i8i2i0 1 ' loop
1 L I I I  1 1 1 i2i 5 1 1 1 b| 5| 1| 0[ 0 1 point
1 1 1 1 1 1 1 1 i2i6 1 1 1 2j 0| 0| 0| 1 • print point
1 1 1 I I I  1 1 i 2i 7 1 1 1 d| 0| 0| 0| 0 1 tab
1 1 1 1 1 1 1 1 1 2i 8 . 1 .11 5i Pi 1| 0 1
11 1 1 1 1 1 i_ i 2i 9 1 1 1 m| 5| 1| 2| 0 • f(o)
1 1 1 1 1 1 1 . 1 Jjl Q .11 1 Z( Oi Pj Pj .P 1 print f(o)
_1_1_l_J_UJ_1_ 1 1 ̂ 1 1 J_1_1 nil 0| 0| 0| 0 X

------------ ------- -
carriage return
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THREE DIMENSIONAL STRUCTURE CALCULATION

Progrom  Input Codes
IXo
a

Location Instruction 
Operation | Address

cx
o
5)

C ontifttt 
o f A d d ru *

No IM

I

1 1 1 1 i 1 1
1

1 1 1 1 i 1 1 X
 ̂ 1 1 1 1 1 1 I 1 i 3 i 2 1 1 | Z | 0 | 0 | 0 | 0 1

s t o p

1 1 1 1 1 1 1 1 i 3 i 3 1 , , 6 | 5 i 0 , l , 0
1 y  C H ^  n n

j 1 1 1 1 1 1 . i 3 i 4 , , , s  , 5 , 0 , 1 , 0 1 ^ Crflxi -  0  ......... . .

1 1 i 1 1 1. 1 L _ i 3 i 5 , , , h | 5 , 0  1 1 , 0 1 h o l d

1 t 1 1 1 , 1 J 1 i 3 i 6 i 1
1 t o  n e x t  p o i n t

. , 0 , 0 , 0 . 4 , 8 , 0 , 0 1
1 i 3 i 7 1 1 1 1 1 1 1

1

1 i 1 1 1 1 1 1 i 3 i 8 1 1 1 1 1 1 1
1

- 1 1 1 1 1 1 1 1 i 3 i  9 1 1 1 1 1 1 1 X
_i  1 1 1 1 1 1 1 1 4 1 0 1 1  1 1 i l l

1

1 1 1 j 1 , 1, J . I 4 I 1 I I I I 1 1 1
1

'

1 1 1 - 1 1 1 1 1 1 1 1 1 1 1 1
1

I i 4 i 3 1 1 1 1  1 1 1
1

_ 1 ,J 1 i 1 1 1 1 i 4 1 4 1 1 1 1 I 1 1
1

' ' ' ' ■‘f '

1 i 4 i 5 1 1 1 1 1 1 1
1

1
1 14i  6 1 1 1 1 1 1 1

1

I 1 1 1 1 1 1 1 i 4 i 7 1 i 1 1 1 ) 1 X
- ' ' ■ ' 'i !■ i.»« i pr 1

1 1 1 1 1 1 1 1 14 i  8 1 1 I 1 1 1 1
1

1 1 1 1 1 1 1 1 14 i  9 1 1 1 1 1 1 1
f

1 1 1 1 1 1 1 1 i 5 i 0 1 1 1 1 I L 1
f

1 1 1 1 1 1 1 1 15i  1 1 1 1 1 i 1 1
1

1 1 1 1 1  I I . i 5 i 2 1 1 1 1 1 1 1
1

1 1 J 1 1 1  1 . . 5 , 3 1 1 1 1 1 1 1-
1

1 1 1 1 1 1 { 1 , 5 , 4
1

1 1 1  1 1 1 1
1

1 1 1 1  1 1  1 , , 5 , 5 A 1. 1 1 1 > 1 X
1 1 1 1 1 1  1 , , 5 , 6 1 1 1 1 1 1 1

1

1 1 1 1 1 1 1 , , 5 , 7 1 1 1 1 1 1 1
1

I I 1 1 L 1 1 , , 5 , 8 1 1 1 1 1 1 1 _
1

i 1 1 1 1 t 1 . . 5 ,  9 1 1 1 1 1 1 i__
1

1 1 1 1 1 1 L  ̂ 1 6| 0 1 1 1 1 1 1 1
1

1 1 1 t J  1 1 , , 6,  I 1 1 i  1 1 1 1 -
1

1 1 1 1 1 1 1 , , 6 , 2 1 f 1 1 1 1 1
t

_ i  1 1 J , , 6 , 3 1 1 1 1— .
1 X

------
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APPENDIX D

PROGRAM FOR CALCULATION OF DEPTH

BY ERROR IN CONTINUATION

E - H - Z C H(b h) 
o  n  n
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APPENDIX D
PROGRAM FOR CALCULATION OF DEPTH

BY ERROR IN CONTINUATION
E = H - E C  H(b h) o n n

The calculation of depth by error in continuation was programmed 

for the Royal-McBee LGP-30 electronic digital computer in floating point 

interpretive system 24.2.

The program is set on track 48. The coefficients are stored on track 

50 and the values H(b h) are stored on track 51 as follows:

Address Data #1 Address Data #2

5000 0 5100 h
02 C, 02 H1 o
04 S 04 H(b^h)
06 s 06 HCb^h)
08 s 08 H(b^h)
10 s 10 H(b^h)
12 ^6 12 HCbjh)
14 14 H(bgh)
16 S 16 H(b^h)
18 s 18 H(bgh)
20 "lO 20 H(bgh)
22 ^11 22 H(b^oh)
24 ^ 2 24 H(b^^h)
26 "l3 26 HCb^^h)
28 =̂14 28 H(b^3h)

30 H(b^^h)

Note: The first sequential location is specified by the first
word on the tape, therefore place 5000' on the tape prior 
to 0 and 5100' prior to h. Follow the first set of data 
by g' and the second set by f'.
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CALCULATION OF DEPTH BY ERROR IN CONTINUATION
Page 1 of 1

Program Input Codes

S
to

p

Location Instruction 
Operotion | Address

a
o Contents 

of Address
Notes

1
ii0|0i0|4|8i0|0 1
1|0|0|0|0 |0|0|0 X
1 1 1 1 1 1 1 4, 8,0,0 1 1 |1T|6|3|0|0 1 enter 24.2
1 1 1 1 1 1 1 1 i0 ,l 1 1 1 U| 014 1 0,0 f enter 24.2
1 1 1 1 1 1 1 1 ,0,2 1 1 1 TDi 0 1 0 1 0 1 0 • carriage return
1 1 1 1 1 1 1 i 1 01 3 1 1 |i.i0|0|0|0 f enter data
1 1 1 1 1 1 1 1 1 014 1 1 |ii|0|0|0|0 t enter alpha num.

I

,i0i0i0|0i0i0i3 1 lOiS 4,0,4i 0| h, 4i 6i 0 f print headings
- 1 1 1 1 II 1 1 1 016 2|0|6|4|1|0|4|0 f print headings
1 1 1 1 1 t I 1 i0i7 4i0i0|0|0i0i0|0 print headings
1 1 1 J 1 1 1 1 1 01 8 1 111 Cl 0i 0| 11 4 1 set counter

1 i0i9 1 1 li ei 0| 0| 0| 0 t set counter
_1 1 1 1 1 1 1 1 iliO 1 1 li 1| 0i 0i 0i 2 1 set counter
1 II II 1 1 1 ilil 1 1 li 6i 5i 11 0i4 • H(b„h)
1 1 1 1 1 1 1 1 ili2

1
1 |l|in|5|0|0|2 t C n

C n  H ( b n h )

- 1 1 1 1 II 1 _i ill 3 1 1 1 E C n H ( b n h ) Z C n H ( b n h )

1 1 1 1 1 1 1 1 ili4 1 1 11i| 51 01 01 0 1 hold
1 1 1 1 1 1 i 1 1 li5 1 1 li Z| 4| 8| 11 1 X loop

1

1 1 1 1 1 1 1 1 1 li 6 1 1 1 6| 5i 11 0i 0 I h

11 1 1 1 1 1 1 1 1,7 1 1 I Z| 0| 0| 0| 1 1 print h
1 1 1 1 1 1 1 1 ill 8 1 1 ,d|0, 0,0, 0 1 tab

- 1 1 1 1 1 1 1 1 ill 9 I , ,b|5, 1,0, 2 1 Ho
1 i II 1 1 1 1 i2i0 , I , 8. 5, 0 , 0 , 0 I E C n H ( b n h ) E

1 1 1 1 1 1 1 I i2il 1 1 1 Z| 0| 0| 0| 2 1 print E
1 1 1 1 1 1 1 1 i2i2 I I 1 n>| 0l 0| 0l 6 1 carriage return1
1 1 1 1 1 1 1 __i i2i3 1 1 1 Z| 0i 0i 0i 0 X stop
11 11 1 1 1 1 1 2i 4 1 1 1 bi 5i 0i 0i 0 1 E C n H ( . V h )

_ 1 11 1 1 1 1 1 i2i5
1

1 1 1 81 5i 0i 0i 0 1 E C „ H ( b n h )  »  01
J 1 1 1 1 1 1 1 1 2i 6 1 1 1 111 3| 0| 0| 0 1 hold
11 1 1 1 1 1 1 i2i7 1 1 1 U| 4) 8| 0| 3 1 to next case
• 1 0i 0i 0| 4i 8i 0| 0 1 1 2i 8 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 1 2i 9 1 1 1 1 1 1 1 1

1 1 1 1 1 1 1 1 i3i0 1 1 1 1 1 1 1 1

— j _ j __ 1__1__ i _ i __ 1__ ■ J 13] 1__1__1__1__ _________ 1__ 1 X
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X. VITA
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Missouri, the son of Edwin J. and Grace M. Ballantyne. He received his 

elementary and high school education in Springfield.

In September 1951 he enrolled in the University of Missouri 
School of Mines and Metallurgy, He entered the United States Navy as 

a Naval Aviation Cadet in November 1953. In June 1955 he graduated 

as a Naval Aviator and was commissioned a Second Lieutenant in the 

United States Marine Corps Reserve. After serving a tour in North 

Carolina and one in the Far East, he was discharged from active duty 

as a First Lieutenant in November 1957.

In February 1958 he returned to the School of Mines and Metallurgy 

and completed the requirements for a B.S. degree in Mining Engineer
ing, Mining Geology option, in January 1960. At that time he enrolled 

in the graduate school in the Department of Mining Engineering. During 

the school year of 1960-61 he was employed as a graduate assistant in 

the Mining Department.
On September 19, 1959 he was united in marriage to Evelyn E.
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of Exploration Geophysicists, and Lambda Chi Alpha, an associate mem

ber of Sigma Xi, and a student member of the Society of Exploration 
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THE TOPOGRAPHIC MAPS OF THE UNITED STATES

The United States Geological Survey is making a series of 
standard topographic maps to cover the United States. This 
work has been in progress since 1882, and the published maps 
cover more than 47 percent of the country, exclusive of outlying 
possessions.

The maps are published on sheets that measure about 16| by 
20 inches. Under the general plan adopted the country is 
divided into quadrangles bounded by parallels of latitude and 
meridians of longitude. These quadrangles are mapped on 
different scales, the scale selected for each map being that which 
is best adapted to general use in the development of the country, 
and consequently, though the stsmdard maps are of nearly uni
form size, the areas that tliey represent are of different sizes. 
On the lower margin of each map are printed graphic scales 
showing distances in feet, nietera, miles, and kilometera. In 
addition, the scale of the map is shown by a fraction exjjressing 
a fixed ratio between linear measurements on the map and cor
responding distances on the ground. For example, the scale 
5^  means that 1 unit on the map (such as 1 inch, 1 foot, or 1 
meter) represents 02,5(X) of the same units on the earth’s surface.

Although some areas are surveyed and some maps are com
piled and published on special scales for special purposes, the 
standard topographic surveys and the resulting maps have for 
many year’s been of three types, differentiated as follows:

1. Surveys of areas in which there are problems of great 
public importance— relating, for e.xani])ie, to minei’al develop
ment, irrigation, or i-eclamation of swamp areas— are made with 
sufficient detail to be used in the publication of maps on a 
scale of gj^ (1 inch =  one-half mile) or (1 inch =  2,000 feet), 
with a contour interval of 1 to 100 feet, according to the relief 
of the particular area mapped.

2. Surveys of areas in which there are problems of average 
public importance, such as most of the basin of the Mississippi 
and its tributaries, are made with sufficient detail to be used in 
the publication of maps on a scale of (1 inch =  nearly 1 
mile), with a contour interval of 10 to 100 feet.

3. Surv'eys of areas in whidi the problems are of minor 
public importance, such as much of the mountain or desert 
reg’ion of Arizona or New’ Mexico, and the high mountain ai’ea 
of the northwest, are made with sufficient detail to be used in 
the publication of maps on a scale of (1 inch=nearly 2 
miles) or (1 inch =  nearly 4 miles), with a contour interval 
of 20 to 2o0 feet.

The aerial camera is now being used in mapping. From tlie 
information recorded on the photographs, planimetric maps, 
which show only drainage and culture, have been made for some 
ai’eas in the United States. By the use of stereoscopic plotting 
apparatus, aerial photographs are utilized also in the making of 
the regular topographic maps, which show relief as well as 
drainage and culture.

A  topographic survey of Alaska has been in progress since 
1898, and nearly 44 percent of its area has now been mapped. 
About 15 percent of the Territory has been covered by maps 
Qn a scale of (1 inch =  nearly 8 miles). For most of the 
remainder of the area surveyed the maps published are on a 
scale of (1 inch =  nearly 4 miles). For some areas of par
ticular economic impoi'tance, covering about 4,300 square miles, 
the maps published are on a scale of ^  (1 inch — nearly 1 mile) 
or larger. Iir addition to the area covered by topographic maps, 
about 11,300 square miles of southeastern Alaska has been 
covered by planimetric maps on scales of and

The Haw’aiian Islands have been surveyed, and theTesulllug 
maps are published on a scale of

A  survey of Puerto Bico is now in progress. The scale of 
the published maps is gg^.

The features shown on topographic maps may be arranged in 
three groups— (1) water, including sea ,̂ lakes, rivera, canals, 
swamps, and other bodies of water;! (2) relief, including 
mountains, hills, valleys, and other features of the land surface; 
(3) culture (w’orks of man), such as towms, cities, roads, rail- 
I'oads, and boundaries. The symbols used to represent these 
features are shown and explained below. Variations appear on 
some earlier maps, and additional features are represented on 
some special maps. ■

A ll the water featui'es are representejd in blue, the smaller 
streams and canals by single blue lines and the larger sti-eams 
by double lines. The larger streams, lakes, and the sea are 
accentuated by blue w’ater lining or blue tint.. Intermittent 
streams— those whose beds are dry for a large part of the year—  
are show’n by lines of blue dots and diusljes.

Relief is show’ii by contour lines in brown, which on a few 
maps are supplemented by shading sho\ving the effect of light 
thrown from the northw’est across the afea represented, for the 
purpose of giving the appearance of relief and thus aiding in 
the interpretation of the contour lines. : A  contour line repre
sents an imaginary line on the ground! (a contour) every part 
of w’liich is at the same altitude above sea level. Such a line 
could be drawn at any altitude, but in practice only the con- 
toui’s at certain regular intervals of altitude are shown. The 
datum or zero of altitude of the Geological Siu’vey maps is mean 
sea level. The 20-foot contour w'ould be the shore line if the 
sea should rise 20 feet above mean sea level. Contour lines 
show the shape of the hills, mountains, and valleys, as well as 
their altitude. Successive contour lines that are far apart on 
the map indicate a gentle slope, lines that are close together 
indicate a steep slope, and lines that nui together indicate a 
cliff.

The manner in which contour lines express altitude, form, 
and grade is show’n in the figure below.

The sketch represents a river valley that lies betw’een two 
hills. In the foreground is the sea, with a bay that is partly 
enclosed by a hooked sand bar. On each side of the valley is 
trterrace nito W’hich small streauis Imve cut nai’row aulhes. 
The hill on the right has a rounded summit and gently slop

STANDARD SYMBOLS

ing spura separated by ravi(ies. The spurs are truncated at 
their low’er ends by a sea cliff. The hill at the left terminates 
abruptly at the valley in a steep scarp, from wdiich it slopes 
gradually aw’ay and fonns an inclined tableland that is trav- 
eraed by a few’ shallow gullies. On the map each of these 
features is represented, directly beneath its position in the 
sketch, by contour lines.

The contour interval, or the vei’tical distance in feet between 
one contour and the next, is stated at the bottom of each map. 
This interval differa according to the topography of tlie area 
mapped: in a flat country il| may be as small as 1 foot; in a 
mountainous region it may l|e as great as 250 feet. In order 
that the contoui’s may be read more easily certain contour lines, 
every fourth or fifth, are made heavier than the othera and are 
accompanied by figures showing altitude. The heights of many 
points— such as road intersections, summits, surfaces of lakes, 
and benchmarks— âre also given on the map in figures, which 
show altitudes to the nearest foot only. ]\Iore precise figures 
for the altitudes of benchmarks are given in the Geological Sur
vey’s bulletins on spirit leveling. The geodetic coordinates of 
ti'iangulation and transit-trai’erae stations are also published in 
bulletins. |

Lettering and the works of man are shown in black. Bound
aries, such as those of a State, county, city, land grant, town- 
ship. or reservation, are shown by'continuous or broken lines of 
different kinds and weights. Public roads suitable for motor 
travel the greater part of the year are show n by solid double 
lines; poor public roads and private roads by dashed doable 
lines; trails by dashed single lines. Additional public road 
classification if available is showui by red overprint.

Each quadrangle is desigiiated by the name of a city, town, 
or promijient natural feature within it, and on the margins of 
the map are printed the names of adjoining quadrangles of 
which maps have been published. More than 4,100 quad
rangles in the United States have been surveyed, and maps of 
them similar to the one on the other side of tliis sheet have 
been published.

Geologic maps of some of the areas shown on the topographic 
maps have been published in the form of folios. Each folio 
includes maps showing the topography, geology, underground 
structure, and mineral deposits of the area mapped, and several 
pages of descriptive text. The text explains the maps and 
describes the topographic and geologic features of the country 
and its mineral products. Tw’O hundred tw’enty-five folios have 
been published.

Index maps of each State and of Alaska and Hawaii showing 
the areas covered by topographic maps and geologic folios pub
lished by the United States Geological Survey may be obtained 
free. Copies of the standard topographic maps may be obtained 
for 10 cents each; some special maps are sold at different prices. 
A  discount of 40 percent is allow’ed on an order amounting to 
$5 or more at the retail price. The discount is allowed on an 
order for maps alone, either of one kind or in any assortment, 
or for maps together with geologic folios. The geologic folios 
are sold for 25 cents or more each, the price depending on the 
size of the folio. A  circular describing the folios Avill be sent 
on request.

Applications for maps or folios should be accompanied by 
cash, draft, or money order (not postage stamps) and should be 
addressed to

November 1937.
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