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SAN FRANCISCO MOUNTAINS AND VICINITY,
SOUTHWESTERN UTAH

by James W. Schmoker!

ABSTRACT

Regional geologic structures in the San Francisco
Mountains vicinity, southwestern Utah, are investigated
using aeromagnetic and gravimetric data.

Aeromagnetic data indicate a buried Tertiary
pluton whose north boundary runs east to west across
the study area and which extends beyond the coverage
of the aeromagnetic map to the east, south and west.
Local cupolas extend upward from the main igneous
body. A three-dimensional model is developed with a
digital computer for the distribution of the magnetic
rocks in the area. These model studies show that the
pluton is tabular, about 5 miles thick and has a near-
vertical and linear north edge which may have resulted
from the structural control exerted by an east-west
trending fault zone,

The Bouguer gravity anomalies reflect horst and
graben structures typical of the Basin and Range
Province and indicate a density contrast of +.10 grams
per cc is associated with the local intrusive cupolas.
Three interpretive east-west geologic cross sections are
developed which reproduce observed residual gravity
anomalies.

The regional gravity data are interpreted to show
the effect of three regional structures:

1. An underlying intrusive body.

2. An east-west fault zone bounding the intrusive
body on the north.

3. A continuvation of Basin and Range structure
at depths exceeding two miles.

INTRODUCTION

The United States Geological Survey published
the “Aeromagnetic map of the San Francisco Moun-
tains and vicinity, southwestern Utah” (USGS, 1966a)
and placed on open file the “Complete Bouguer gravity
anomaly map of the San Francisco Mountains vicinity,
Beaver and Millard counties, Utah” (USGS, 1966b). In
this paper, an interpretation of the regional geology of
the San Francisco Mountains vicinity is developed,

1 Atlantic Richfield Company, P.O. Box 2819, Dallas, Texas
75221.

based largely on the geophysical data provided by
these two maps.

The San Francisco Mountains district is a
980-square-mile rectangle bounded by the north lati-
tudes of 38°15" and 38°45' and the west longitudes of
113°100’ and 113°30’. The area covers parts of Beaver
and Millard counties in southwestern Utah (figure 1).
Base maps for the 30-minute rectangle are the four
U.S. Geological Survey 15-minute topographic quad-
rangle maps of Frisco Peak (1960), Beaver Lake Moun-
tains (1960), Frisco (1959) and Milford (1958). The
Utah Geological and Mineralogical Survey sponsored
several exploration and mapping projects in this area,
results of which are available as published reports.

GENERAL SETTING

The San Francisco Mountains area lies near the
‘east margin of the Great Basin and the physiography
of the area is similar to that of other parts of the
Basin and Range geologic province. Elevations range
from 4,500 feet along the north central boundary to
9,600 feet in the San Francisco Mountains. Except for
the easternmost portion near Milford, human habita-
tion is almost completely lacking. From west to east
the study area includes the east edge of the Wah Wah
Mountains, the San Francisco Mountains and a chain
of north-south aligned ranges consisting of the Beaver
Lake Mountains to the north, the Rocky Range and
the Star Range.

The complex structural and stratigraphic history
of the Great Basin has been investigated by many
authors: Butler (1913), Butler and others (1920),
Boardman (1954), Roberts and others (1958), Harris
(1959), Jaffe and others (1959), Mackin (1960a and
b), Roberts (1960), Eardley (1962) and Armstrong
(1968).

Surface features reflect in large part the block
faulting and igneous activity characterizing the present
Basin and Range Province. The nature of Basin and
Range structure was first properly described by Gilbert
(1874) and was discussed in detail by Davis (1925),
Gilbert (1928), Nolan (1943), Moore (1960) and
Mackin (1960a).

Figure 2 shows the generalized geology of the
area, modified from Hintze’s (1963) Geologic Map of
Southwestern Utah.
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Tigure 4. Portion of a ground magnetic traverse over a quartz
monzonite intrusive exposure showing the irregular nature
of the magnetization. Station spacing was 100 feet.

ROCK DENSITY

Densities of 2.70 and 2.25 grams per cc for con-
solidated Paleozoic and unconsolidated Cenozoic rocks,
respectively, have proven applicable in the Basin and
Range Province (Mabey and Morris, 1967). Cenozoic
voleanic rocks have average densities of 2.45 grams per
ce and Tertiary intrusive rock densities range from
2.600 to 2.80 grams per cc (Carlson and Mabey, 1963).
Mectamorphosed Early Precambrian rocks have densities
averaging 2.86 grams per cc (Mabey, 1963), but such
rocks are not exposed in the study area. Late Precam-
brian rocks exposed in the northern San Francisco
Mountains are not highly altered and have little if any
density contrast with the Paleozoic rocks (Mabey,
1963 Carlson and Mabey, 1963).

AEROMAGNETIC DATA
Introduction

An aeromagnetic survey of the San Francisco
Mountains and adjacent areas compiled by the U. S.
Geological Survey (USGS, 1966a) covers an area of
about 980 square miles—28 miles in an east-west direc-
tion and 35 miles in a north-south direction. It was
flown 9,000 feet above sea level along east-west flight
lines with an average separation of 1 mile. Total-
intensity magnetic-field contours are given at 20-gamma
intervals.

A plane regional field corresponding to the gra-
dient of the earth’s main magnetic field of 7.6 gammas
per mile, increasing in the direction N 26° E (U. S.
Coast and Geodetic Survey, 1955), was removed from
the original data. Figure 2 shows the resulting magnetic
field superposed on the geologic map of the area. After
removal of this gradient, the north 9 miles of the map
showed only an increasing magnetic gradient of about
10 gammas per mile toward the north, corresponding
to a slow recovery from the large magnetic low to the
south. Because this part of the magnetic map was es-
sentially featureless, subsequent interpretations deal
mainly with the south 26 miles of the original map.

Figure 3 shows the south three-fourths of the
aeromagnetic data contoured at 40-gamma intervals
with the gradient of the earth’s main field removed.
This map was machine-contoured from a digitized data
set.

Regional and Residual Maps

The separation of gravity and magnetic maps into
regional and residual components long has been an
accepted step in the interpretation of potential field
data. The basic ambiguity of such separations (for
example, Skeels, 1947 and Nettleton, 1954) has led to
the development of numerous techniques for the
extraction of regional fields. The final selection of a
method to obtain regional and residual separations
must be based on subjective judgment of the geological
significance of the maps produced and the cost of the
method in terms of labor and facilities. After consid-
ering and testing three methods for regional-residual
separations—least-square polynomial fitting, wave-length
filtering and running averages—the running average
method was judged most suitable for this particular
investigation.

In the running average method of obtaining
regional surfaces, mean values for specified overlapping
portions of the observed data are determined. For the
gridded data of figure 3, the data in a square about a
given point of application with sides of N data points
were summed and divided by N? to obtain regional or
smoothed values. The notation N*N running average
indicates that data in squares having sides of N data
points were averaged.

Of the various running average operators applied
to the aeromagnetic data, the 15*15 operator appears,
subjectively, to produce the most meaningful separa-
tion of the data. Figures 5 and 6 present the 15%15
running average regional and residual maps of the
aeromagnetic data. In subsequent analysis, geological
explanations are provided for both the regional and
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alluvial fill on the west edge of the Milford Valley
graben, The graben is about 12 miles wide and con-
tains 5,500 feet of fill at its deepest point (Cook and
Mudgett, 1966).

Interpretation of
Selected Residual Gravity Profiles

The geologic structures represented by the
residual gravity data (figure 14) have pronounced
north-south alignments, Three east-west residual gravity
profiles extending across the map were selected as
representative of the region. The locations of the pro-
files—AA’, BB’ and CC'—are shown on figures 2 and
14.

Gravity profiles computed over two-dimensional
geologic models (after the method of Talwani and
others, 1959), were compared to the data. In keeping
with the reconnaissance nature of the data, the models
used were geometrically simple. Models were developed
to reproduce the residual profiles to within 2 milligals,
the approximate precision of the gravity data.

Along a typical east-west profile across the study
area, the topographic relief could exceed 3,500 feet. If
computed data are to be compared to observed data,
the computed gravity effect of a model should be
calculated on the actual topographic surface and not
on a plane. This is especially important when the
causative body extends above some points of obser-
vation. Consequently, Talwani’s method was modified
to compute the gravity effect of a two-dimensional
model on the actual topographic surface.

Figure 16 shows the residual gravity profile AA’,
the surface geology along the profile and a scale
drawing of a two-dimensional model which would
explain the residual gravity profile. Also included are
the regional gravity profile taken from figure 15 and
the residual gravity values (shown by dots) at all
gravity station locations within 1.5 miles of profile
AA'.

Profile AA’ includes the Wah Wah graben, the
Big Wash graben and the west part of the Milford
Valley graben. An assumed density contrast of -0.45
grams per cc for these grabens is sufficient to explain
their gravity anomalies. This density contrast is con-
sistent with that used in other gravity studies in the
Basin and Range Province (Mabey and Morris, 1967).

Profile AA’ also crosses the intrusive outcrop of
the Rocky Range and the intrusive body which out-
crops near the Horn Silver mine in the San Francisco
Mountains. The residual gravity data along this profile
require a positive density contrast of 0.10 grams per cc

between Tertiary intrusive rocks and consolidated
Paleozoic sediments. This implies a density of about
2.80 grams per cc for the Tertiary intrusive rocks,
which is at the upper limit of the density range given
by Carlson and Mabey (1963). Failure to include such
a density contrast for the intrusive rocks results in an
inadequate explanation of the residual profile (figure
16). The geometry of the models for the intrusive
cupolas, as shown in figure 16, is consistent with and
constrained by the residual igneous models developed
in the interpretation of the aeromagnetic data.

Figure 17 shows the data pertinent to residual
gravity profile BB’. BB’ was a complicated profile
requiring six causative bodies in the geologic model.
The model for the Milford Flat intrusive was based on
the residual igneous model of figure 9 and assigned a
density contrast of +0.10 grams per cc, which was
sufficient to explain the residual gravity data. The Wah
Wah and Milford Valley grabens are continuations of
the structures shown on profile AA" and were repre-
sented by models with density contrasts of -0.45 grams
per cc.

The central portion of profile BB’ traverses a
wlcanic plateau about 600 feet higher than the sur-
rounding area. This plateau was represented in the
model by a layer approximately 600 feet thick of
density contrast -0.25 grams per cc (Carlson and
Mabey, 1963), which represented volcanic material and
gave the necessary gravity effect.

A residual gravity minima just east of the Wah
Wah graben may correspond to a thickening of the
volcanic layer to a thickness of about 3,700 feet. An
alluvium-filled graben beneath the volcanic layer also
could cause the gravity low. Similarly, another residual
gravity low over the east half of the volcanic layer
appears related to the south part of the Big Wash
graben and could represent either a thickening of vol-
canic cover or low-density clastic material under the
volcanic layer. Both interpretations imply normal
faulting which created a structural depression prior to
deposition of the volcanics. The models of figure 17
represent clastic-filled grabens under the volcanic layer.
A structural depression was thought most likely to fill
with alluvial material as it was formed.

The data for profile CC' are shown in figure 18.
Only two causative bodies comprise the structural
model: the north part of the Wah Wah graben and the
Milford Valley graben. The profile traverses an expo-
sure of Precambrian rock, but a corresponding model
with a positive density contrast was unnecessary. The
Geological Map of Southwest Utah (Hintze, 1963)
describes these Precambrian rocks as “undifferentiated
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Sevier Orogenic Belt and could possibly be caused, in
some measure, by the deep-seated structure of the
Sevier Belt.

SUMMARY AND CONCLUSIONS

To present the potential field data in a form
more readily associated with geologic causative struc-
tures, the observed data are separated into regional and
residual components by the method of running
averages. Interpretation is aided by machine computa-
tion of the gravity and magnetic fields generated by
models of the proposed causative structures. The
models, which are of simple geometry, provide insight
into the regional geology, but could differ significantly
from the actual configuration of the causative struc-
tures. The gravity or magnetic expression of minerali-
zation or related processes is not recognized on the
data, and such effects, if present, are presumably
within the error limits of model reproduction of
observed data.

On the basis of the aeromagnetic data and model
studies, it is concluded that the study area is underlain
by a large Tertiary intrusive pluton, whose north
boundary runs from east to west across the north
portion of the map, and which extends beyond the
coverage of the aeromagnetic map to the east, south
and west. The elevation of the top of the pluton
decreases from about 2,000 feet above sea level in the
east to about 11,000 feet below sea level in the west,
and local intrusive cupolas extend upward from the
main igneous body. The pluton is distinctly tabular
with a more or less uniform thickness of 5 miles and
has a vertical or near-vertical north edge.

From west to east across the map area, the
gravity data delineate the east edge of the Wah Wah
Mountains, Wah Wah graben, San Francisco Mountains,
Big Wash graben, Beaver Lake-Rocky-Star ranges and
the west edge of the Milford Valley graben.

Three interpretive easi-west cross sections of the
residual gravity data are developed. The Wah Wah
graben has an interpreted maximum thickness of fill of
3,600 feet, while the Big Wash graben has a maximum
thickness of fill of about 3,000 feet. At the east edge
of the map area, the Milford Valley graben has a thick-
ness of fill ranging from 2,500 to 3,500 feet. To
adequately explain the residual gravity data, a positive
density contrast of approximately 0.10 grams per cc
must be assumed for the near-surface intrusive cupolas.
Two small gravity lows along profile BB’ occur over
volcanic rock and are interpreted as representing either
thickening of the volcanic cover or clastic-filled depres-
sions under the volcanics.

The regional gravity map is interpreted, with the
help of a three-dimensional gravity computation pro-
gram, as reflecting the gravity effect of three and
possibly four regional structures:

1. An underlying intrusive body.

2. An east-west fault zone bounding the intrusive
body on the north.

3. Deep-seated Basin and Range horst and graben
structure.

4, Possibly the Sevier Orogenic Belt.
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