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Aeromagnetic Map of Burney and the Surrounding Area,

Northeastern California

By Victoria E. Langenheim

Abstract

An aeromagnetic survey was conducted to improve
understanding of the geology and structure in the area around
Burney, northeastern California. The new data are a substantial
improvement over existing data and reveal a prominent north-
northwest-trending magnetic grain that allows extension of
mapped faults, delineation of plutons within the Mesozoic
basement in the northern Sierra Nevada, and linear anomalies
that limit the amount of strike-slip offset along various faults in
the area.

Introduction

An aeromagnetic survey was conducted to promote further
understanding of the geology and structure in the area of Burney
in northeastern California, serving as a basis for geophysical
interpretations and supporting geologic mapping, water-resource
investigations, and volcanic- and seismic-hazard assessments.
Although this area is sparsely populated, it contains some of the
largest fresh-water springs in the United States (Meinzer, 1927).
These springs contribute more than 50 percent of the peren-
nial flow of the Pit River (Davisson and Rose, 2014), which is
the largest tributary to Shasta Lake, which in turn is the largest
reservoir in California. The Pit River is a substantial tributary
of the Sacramento River, which is the largest and longest river
in the state. The springs are hosted within the areally extensive
volcanic rocks of mostly Tertiary and Quaternary age that blanket
the survey area (fig. 1). The volcanic rocks are of tholeiitic and
calc-alkaline affinity, reflecting the influence of Basin and Range
extension and the Cascade Subduction Zone in this area (Clynne
and Muffler, 2017). A couple of the flows are young, with flows
of the Hat Creek Basalt and the basalt of Giant Crater dated at
24+6 (thousand years ago) ka (Turrin and others, 2007; refined to
23.8+1.4 ka by Rood and others, 2015) and 12,430 years before
present (yr B.P.) (Donnelly-Nolan, 2010), respectively.

Seismic hazards are a concern in this area, as many of
these Quaternary volcanic rocks, including the Hat Creek and
Giant Crater flows, are offset by faults (fig. 1). Despite the
area’s low population, substantial infrastructure, including dams
along the Pit River, are at risk. Although seismicity is generally

dispersed, three historical earthquakes of about M6.2 in the late
1800s between Honey and Eagle Lakes produced widespread
shaking (as much as Modified Mercalli Intensity (MM) 6; Cali-
fornia Geological Survey, 2019). More recently, the 2013 M5.7
Canyondam earthquake near Lake Almanor (see fig. 1 for loca-
tion) produced more damage than expected for the magnitude of
the earthquake (Chapman and others, 2016).

This area is of interest to geologists because it lies at or
near the intersection of multiple geologic provinces in northern
California (Langenheim and others, 2016). The southern part of
the aeromagnetic survey encompasses the northernmost expo-
sures of the Sierra Nevada Batholith, which is part of the larger
Sierra Nevada—Great Valley Block. The aeromagnetic survey
covers the area east of Lassen Peak and Mount Shasta, located at
the south end of the Cascade arc, and possibly across the poorly
delineated south end of the Oregon Coast Block. The survey
also extends across the westernmost part of the extensional
Basin and Range geologic province. The Walker Lane, a zone of
right-lateral shear east of the Sierra Nevada—Great Valley Block,
encroaches into the area of the survey. The amount of right-lateral
offset for the shear zone is unknown in this area, although faults
in the northern Walker Lane have been suggested to have as much
as 30 kilometers (km) of displacement (Wesnousky, 2005; Faulds
and others, 2005). A linear, uninterrupted acromagnetic boundary
in the eastern Klamath Mountains was used to preclude substan-
tial, discrete right-lateral offsets along individual faults in that
area (Langenheim and others, 2016), but the existing acromag-
netic data at that time lacked sufficient resolution to address that
question in the main survey area.

Data

The acromagnetic survey (fig. 1) was flown over parts of
the McArthur, Burney, Eagle Lake, Susanville, Alturas, and
Lake Almanor 1:100,000-scale quadrangles, totaling an area of
approximately 13,190 square kilometers (km?). Data-collection
and -processing to total-field anomalies was carried out by
New-Sense Geophysics Ltd., on contract to the U.S. Geologi-
cal Survey. Total-field acromagnetic data were collected along
east-west-oriented flight lines, spaced 800 meters (m) apart, from
October to December 2017. Distance between measurements
along a flight line was about 8 m. North-south-oriented tie lines
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Figure 1. Simplified geologic map of area surrounding Burney, California (modified from Jennings and others, 2010), showing location
and focal mechanism of M5.7 2013 Canyondam earthquake discussed in text. White line shows extent of aeromagnetic survey in this
report. Red lines show faults (from U.S. Geological Survey and California Geological Survey, 2006). Offset pairs of half arrows show
location of magnetic anomalies that are not disrupted by strike-slip offset discussed in text. Magnetic anomalies (a, b, c) are discussed
in text. Abbreviations: BB, Bogard Buttes; Br, Brush Mountain; BS, Burney Spring Mountain; CM, Chalk Mountain; RM, Roop Mountain;
SM, Saddle Mountain; WPP, West Prospect Peak. Shaded-relief base, drainage, and roads from U.S. Geological Survey (2019).

were spaced 8,000 m apart. Although the specified survey height  considerations due to steep slopes and inclement weather, most
of the aircraft above the ground was 305 m, the average height of ~ notably south of latitude 40°20' (fig. 2). In this area, and in other
the aircraft was approximately 430 m (fig. 2); locally, the aircraft ~ areas adjacent to steep slopes, anomalies are smoother because of
was flown substantially higher than 305 m because of safety the higher flight elevation.
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Figure 2. Map of area surrounding Burney, California, showing heights of magnetic sensor above ground surface measured by radar altimetry.

Faults (red lines) are from U.S. Geological Survey and California Geologica

The aeromagnetic measurements were collected using a
cesium-vapor magnetometer (Scintrex CS-3) mounted in the
tail boom of the aircraft. Measurements were corrected for
the magnetic effect of the airplane using a triaxial fluxgate
magnetometer. The measurements were adjusted so that the
resulting magnetic field shown in the map and in figure 3 is
relatively free of artifacts owing to the plane itself. Data were

| Survey (2006). Drainage from U.S. Geological Survey (2019).

adjusted for tail sensor lag and diurnal field variations. The base
magnetometer used to correct the diurnal field variations was a
Scintrex CS-3 magnetometer located in magnetically quiet areas
at the Fall River Mills and Susanville Municipal Airports (lat
41.024782° N., long 121.427823° W. and lat 40.375920° N

long 120.574952° W., respectively). Further processing included
microleveling using the tie lines and correction for the Earth’s
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Figure 3. Colored shaded-relief-aeromagnetic maps of area surrounding Burney, California (nT, nanotesla[s]); shaded
relief highlights the grain of magnetic anomalies. Thick white line shows extent of aeromagnetic survey in this report. Red
lines show faults (from U.S. Geological Survey and California Geological Survey, 2006). Offset pairs of half arrows show
location of magnetic anomalies that are not disrupted by strike-slip offset discussed in text. Magnetic anomalies (a, b,

c) are discussed in text. Abbreviations: BB, Bogard Buttes; Br, Brush Mountain; BS, Burney Spring Mountain; CM, Chalk
Mountain; RM, Roop Mountain; SM, Saddle Mountain; WPP, West Prospect Peak. Drainage and roads from U.S. Geological
Survey (2019). A, Aeromagnetic map that is based on previous surveys (North American Magnetic Anomaly Group, 2002). B,
Aeromagnetic map from data collected in this report and, in southwest corner (thin white outline), from Langenheim (2015).

Fault —— Highway



0 5 10 15 20KILOMETERS

EXPLANATION 0 5 10 MILES

T
-1,200 -1,050 -900 -750 -600 -450 -300 -150 0
‘.\ Maijor springs

Figure 3. Continued

Fault —— Highway

main magnetic field (International Geomagnetic Reference Field;
see Langel, 1992), updated to the period during which the data
were collected (October 3 to December 1, 2017).

The resulting data from the survey were transformed to a
Universal Transverse Mercator projection (base latitude, 0°; central
meridian, 123° W.) and interpolated to a square grid, using a grid
interval of 200 m and the principle of minimum curvature (Briggs,
1974). Accuracy of these survey data is 1 nanotesla (nT) or better.

T T
150 300 450 600 750 900 1,050 1,200 1,350 1,500 1,650 nT

The new data provide a considerable improvement on
preexisting data (fig. 34), which consisted of profiles flown 1.6
km apart at a constant altitude of 2,740 m (Couch and Gemperle,
1982). The dataset was compiled from information collected
at too high of an elevation over valley areas to measure short-
wavelength anomalies associated with near-surface or exposed
sources, such as volcanic rocks. Although aecromagnetic profiles
were flown closer to the ground (120 m) by the National Uranium



Resource Evaluation Program (Hill and others, 2009), these lines
were flown too far apart (4,800 m) to effectively map the magnetic
field between the lines. The map (on map sheet; see also, fig. 3B)
reveals substantially more short-wavelength magnetic anomalies,
which are associated with Cenozoic volcanic rocks.

Filtering and Magnetization Boundaries

To help delineate structural trends and gradients expressed
in the magnetic fields, a computer algorithm was used to locate
the maximum horizontal gradient (Cordell and Grauch, 1985;
Blakely and Simpson, 1986). Faults beneath valley areas or thin
basalt flows can be mapped using horizontal gradients in the
magnetic fields, particularly where Cenozoic volcanic rocks are
offset by faults. Magnetization boundaries were calculated on a
filtered version of the magnetic field to isolate anomalies caused
by shallow sources (Blakely, 1995). First, the magnetic field was
upward-continued in elevation by100 m and subtracted from the
original magnetic field. This procedure emphasizes those parts of
the magnetic field that are caused by the shallow (generally, in the
uppermost 1 km) parts of the magnetic bodies, which are most
closely related to the mapped geology. This residual magnetic
field emphasizes more subtle features (fig. 4), which may not
be readily apparent in the unfiltered aeromagnetic map. Second,
the resulting residual aeromagnetic field was mathematically
transformed into magnetic potential anomalies (Baranov, 1957);
this procedure effectively converts the magnetic field to the
equivalent “gravity” field that would be produced if all magnetic
material were replaced by proportionately dense material. This
procedure also removes the dipolar effect of the Earth’s magnetic
field and shifts the anomalies over their sources, using an inclina-
tion and declination of the main magnetic field of 64° and 15°,
respectively. The horizontal gradient of the magnetic potential
field was then calculated everywhere by numerical differentia-
tion. The locations of the locally steepest horizontal gradient
(see map sheet) were determined by numerically searching for
maxima in the horizontal gradient grid (Blakely and Simpson,
1986). Gradient maxima are present approximately over steeply
dipping contacts that separate rocks of contrasting magnetiza-
tions. For moderate to steep dips (45° to vertical), the horizontal
displacement of a gradient maximum from the top edge of an
offset horizontal layer is always less than or equal to the depth to
the top of the source (Grauch and Cordell, 1987).

Preliminary Results

Magnetic anomalies are generally caused by magnetite-
bearing rocks, which are often igneous. Much of the area is
characterized by short-wavelength, narrow, north-northwest-
trending magnetic anomalies (parallel to the structural and topo-
graphic grain) that are present over extensive areas of volcanic
rocks. The structural grain is interrupted locally by prominent
semicircular magnetic highs and lows. Several of these highs
and lows are ascribed to young lava cones or shield volcanoes,
such as Bogard Buttes, West Prospect Peak, Brush Mountain,

Burney Springs Mountain, Chalk Mountain, and Saddle Moun-
tain (figs. | and 3); the magnetic polarity of the rocks that form
these volcanoes determines whether the edifice is marked by a
positive or negative anomaly and may help constrain the age
of the feature (Langenheim and others, 2016). Another semi-
circular low at Roop Mountain (figs. 1, 3) is consistent with a
nearby age of 3.9+0.2 millions of years ago (Ma) (Grose and
others, 2014). However, a prominent volcano does not always
correspond to a simple magnetic high or low, which perhaps is
indicative of complexity within the volcanic stratigraphy that
makes up the volcano.

These semicircular anomalies are considerably sharper in the
new data. For example, the magnetic low associated with Brushy
Mountain is more elongate; furthermore, the filtered data reveal
a very small magnetic high within the low. This small magnetic
high, which was not discernible in the earlier, lower resolution
data, supports the interpretation from paleomagnetic data that the
bulk of the volcano is reversed polarity, except for the top of the
edifice, which consists of normal-polarity flows.

The new data also reveal that some of these semicircular
anomalies are, in fact, more complicated; in this case, they are
bisected by narrow, linear magnetic highs (see, for example,
anomaly b in figs. 3, 4, and Langenheim and others, 2016). The
narrow anomaly is likely fault related and may be related to a
short, mapped Quaternary fault a few kilometers to the south.
Linear, narrow magnetic anomalies are often associated with
mapped Quaternary faults, most notably along the Hat Creek
Fault. Similar linear magnetic highs across Fall River Valley can
be interpreted as faults concealed beneath the young sedimen-
tary deposits.

Sedimentary rocks are, in general, weakly magnetic. A
relatively smooth magnetic field coincides with areas of sedi-
mentary cover, such as Fall River Valley and Big Valley and,
to some extent, the Madeline Plains (figs. 1, 3B). Big and Fall
River Valleys coincide with gravity lows that have amplitudes of
20 milligals (mGal) (Langenheim and others, 2016), indicating
that these areas are underlain by thick sedimentary fill. This is
consistent with the attenuation of the magnetic anomalies in these
areas because the magnetic source rocks are concealed by thick,
nonmagnetic sedimentary fill. A gravity low of about 10 mGal
coincides with part of the Madeline Plains, although the mea-
surements are widely spaced and, thus, the amplitude and areal
extent of the gravity anomaly are poorly constrained. Smoother
magnetic anomalies also coincide with extensive outcrops of
Paleozoic and Mesozoic metasedimentary rocks in the northern
Sierra Nevada and eastern Klamath Mountains, although the
greater height of the survey above both areas also contributes to
the smoothing and broadening of magnetic anomalies. As in the
eastern Klamath Mountains, magnetic highs in the northern Sierra
Nevada generally coincide with Mesozoic metavolcanic rocks.
Granitic rocks in the Diamond Mountains are associated with
broad magnetic highs that are encircled by narrow magnetic highs
of even greater amplitude. These narrow highs may have origins
similar to the intense magnetic highs that encircle other Sierra
Nevada Plutons, such as the Bald Rock Pluton about 60 km to the
southwest, attributed to contact metamorphism and intermingling
of magnetic country rock. The semicircular rings suggest that at
least two plutons are present within the Diamond Mountains.
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Figure 4. Colored shaded-relief-aeromagnetic map of area surrounding Burney, California, filtered to enhance shallow
sources (nT, nanotesla[s]). Red lines show faults (from U.S. Geological Survey and California Geological Survey, 2006).
Offset pairs of half arrows show location of magnetic anomalies that are not disrupted by strike-slip offset discussed in
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Spring Mountain; CM, Chalk Mountain; RM, Roop Mountain; SM, Saddle Mountain; WPP, West Prospect Peak. Drainage

from U.S. Geological Survey (2019).
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The new data also reveal a couple of long, linear, east-
west-trending magnetic anomalies that do not coincide with
topographic and geologic features (figs. 1, 3, 4). The southern-
most of these is not evident in the older data. These anoma-
lies cross several mapped Quaternary faults without showing
substantial (>2 km) apparent right-lateral offset. A possible
exception is the fault zone that cuts across the western part of
the Madeline Plains, where a magnetic high appears to be offset
by about 5 km.
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