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Abstract

Aeromagnetic measurements made along flightlines oriénted east-
west énd spaced at 1.6-km intervals and along lines oriented north-
south and spaced at 8-km intervals, over approximately 30,000 square
km of northern California, exhibit_cfossing erro}s of less than-S
nanoTeslas. The measurements show .short-wavelength magnetic anoméfies
associated with near-surface volcanics over and east of Lassen Peak
and over and north of Mﬁ. Shasta ;nd'the Medicine Lake High]ands,

longer wavelength anomalies over the Modoc Plateau, and very long

‘wavelength anomalies over the northernmost part of the Great Valley

and the easternmost metamorphic rocks of the Klamath Mountains.
Anomaly patterns.exhibit ‘northwest-southeast trends over the Modoc

Pleteeu and 2 marked change in charagter at the juncture of the

- plateau and the Klamath Mountain and Great Valley complexes.



Research Objective

-Figure 1 outfines an areaz of approximately 30,000 gquare kilometers
that extends from the Oregon-Ca?ffornia border at 42° N. 1atitudé to
south of Lassen Pk. 'at 40°15' N, latitude and approximately between
121%45' and 122%5°' w. longitude. This area-ehcompasses the southern
Cescade Mbuntain Rance, the adjoinféé Modoc P]afeau including the
Medicine Lake Highlands, and the northern terminus of the Grest valley,
and thé easternmost £lank of the Klamath Mountains. The objectives of
this study are: to obiain precise aeromagnetic measurements in the re-
‘gion; to delineate the magnetic anomalies associated with the Cascade
Range and the transition réé;bn betweén the Cascade Range and the basin
and range structures east of the Cascades; to determine the depths to
the magnetic sourcés; and to estimate.the depths of the Curie-point -
isotherm in the regién.l These anaiyses will assist in the geologic and
tectonic interpretation of the régioﬁ and provide data to help assess
the gfe‘othermal resource potentizl of thé regioﬁ. This report describes
fhé 10cation'ahd accﬁracy of the ﬁeromaqnetgc measurements, and

briefly describes the observed- total-field magnetic anomalies.
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Figure 1. Northern California Dhysiographic provinces and

aeromagnetlc survey locaticon (outlined by shading).



Aeromagnetic Measurements

buring June, July, and August 1980,ma9netic meazsurements were
made over northern California in the area between 40°15' and 42° N.
latitude and 120°45' and 122°45' W. longitude. Figure 1 outlines the
deromagnetic survey area,and figures 2, 3,and 4 show the flightlines
2long which over 25,000 km of aeromagnetic data were obtained. The
measurements were made with a twin-engined Piper Aztec aircraft flying
at approximately 240 km/hr (150 mph). A 2-second data sample rate
yielded a data point spacing, along the f]fghﬁ'lines, of approximately
130 meters. The survey yielded over 200,000 measurement:. of the Earths
magnetic field at accurately located pb;itions. |

Figure 3 shoﬁs ine f]ight]ihes ét'2,740 meters (9,000 feet) alti-
tude above sea level (ASL) over the survey area. East-west lines spaced
at 1-mile (1.6-km) intervals and north-south 1ines spaced at 5-mile
(8 - km) intervals were flown over the entire area. In addition, 0.5-
mile (0.8-km) spaced east-west lines were flown overAthe Medicine Lake
Highlands east of Mt. Shasta and in the Lassen Péak area in the southern
part of the survey area. East-west lines spaced 0.5 mile (0.8 km) apart
were also flown over the summit area of Lassen Peak ;t 3,353 meteré
>(11,000 feet) altitude. Figbre 3 shows these 1ines; Figure 4 shows
lines flown at 4,527 meters (15,000 feet) over the summit of Mt. Shasta.
These lines were spaced 0.5 mile (0.8 km) apart. The higher density of
data in these areas o% curréﬁt interest should allow for a more detailed

analysis of these areas in future studies.
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- Data Processing .and Magnetic—Anoma]_y-—l@p_ Preparation

Fié]d processing of the aircraft acquisitioﬁ system date con-
sisted of reading and checking the field tapes for datz errors,
—conQerting eltitudes to feet and filling in any missing altitude
data by linear interpoiation, and making plots of magnetic measure-
ments and radar pressure altimeter-readings; - Field processing of
base station data included checks féé time—seQuédce or data-errbrs,
plots of magnetic and pressurévaltitude variétions, ar_. smoothing
both a]t%tude and magnetic data with & five-point moving average
Tilter.” The filtered bace-stztion data supplied diurna) 5ressure
altitude and-magnetic variation corrections for the flight data. The -
magnetic-and.a]timetric data from each flight were plotted in profile
form to further -check for efrors. Fipally the base reference value
of 53;113‘nanoTeslas (nT) was subtracted from each_maghetic reading
to form a diurnal variztion correction forfthe magnetic measure-
ments taken fn the aircraft. Subsequently a1l the data were processed
to make the data tepes compatible with the-Eclipée systém &t Oregon
 Slate Univérsity(ong;
| At OSU the aircraft data and base-station data from each flight
were merged. The navigation rahges were converted to State Plane
Coordinates (Ca]ifornfa North zone) and subsequently to latitude ana
longitude for each ﬁagnetic reading. Data points missing névigation

points were located by interpolation. Finally, magnetic-anomaly values



were celculeted, using the equation:

Alx,y) = M(x.y.t) - D(t) - R(x,y)

where A is the anomaly vealue, M is the meesurec value of the total

magnetic fieid at time ¢, D is the diurnz] variation zt time i, -

and R is the regionz]l magnetic field. The Fegion&] megnetic fielcd R

wes determined from the International Geomagnetic Reference Field of

1975 (Internationai Associatidn of Geomagnetism and Aeronomy, 1976)

updated to the survey time and then modified to allow anumaly values

in this survey to match apomaly values in the survey adjacent to the

northern boundary (McLain, 1981; R. Couch and M. Gemperle, 1981, unpub. data).
The fo]iowing equations give the regional field ya1ues in n7

used in this survey:

Regionz] (8000 ft ASL) = 50,166.083 + (1.03900598 X

-TO) (XZ) +

1073)(x) - (0.473232 X 10
(1.57310835 % 10°%) (y) -

(0.575790.X 10719 (v%)

Regional (11000 ft ASL) = 50,394.592 + (0.830215 X 10°°) (x)

+ (1.52514 X Jo'3) (y)

3

Regional (15000 ft ASL) = 50,338.478 + (0.855628 X 10™°) (x)

+ (1.47816 X 107°) (y)

where x and y are in State Plene Coordinates.



A simple stetistical analysis of the differences at surveyZ
e . o " (root mean square)
flightline crossings yielded an estimzie of the nghuncertainty o
the final magnetic-anomely values. Figures 5, 6 and 7 ~¢ach show a
graph of the crossing errors for the S000; 11000-anc 15000-ft ASL
surveys,respective]y. Tables 1, 2, and 3 list the corresponding

-

statistics. he RMS uncertainty per line ezttributes one-half of
the mistie to each of the flightlines used in celcuiating the un-

certainty, i.e.,
RMS uncertainty per line = RMS mistie/v2.

The RMS uncertzinties per line for these surveys are 4.7, 4.0, &nd-

1.3 nT, respéétive]y. These Tow values reflect the excellent

navigation control and the careful monitoring of the diurnal changes.

Estimates of the components of the uncertainty are:
InT resclution of the airborme magnetometer
Ant resolution of the base-station megnetopeter
1-2nT diurnal correction
1-2nT  x-y position determination in low-gradient areas .

1-2nT  z position determination in low-gradient areas.

o]
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Graph of 2,885 crossing errors calculated for the northern California

9,000-foot ASL aeromagnetic survey.
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:Tab]e 1.

Table 2.

Northern Ca]1forn1a 9000 ft
error statistics.

Total Crossings
Mean

Median

Mode

RMS

RMS uncértainty per line

Northern California 13,000 ft ASL ‘survey crossing

error statictics.

v

Total Crossings

" Mean

Median’
Mode
RMS

RMS uncertainty per line

ASL survey crossing

2885
OnT
-1nT
-1nT
6.6nT

4.7n7

191 -
OnT
onT

-1nT
5.7nT
4.0nT



Table 3.

Northern California 15p00 ft ASL survey crossing

error statistics.

Totel Crossings
Mean
Median

Mode

~ RMS

RMS uncertainty per line

4z
InT
InT
enT
1.9nT

1.3nT
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Magnetic Anomezlies of Horthern Celifornia

Figure & shows & topogrephic map of the nmorthern Californiz aero-
magnetic survey arez.” The contour intervel is 1.000 feet and heavy
con%ours occur at 5,000 and 10,000 feet elevation. Mt. Sheste, 14,162
feet in elevation, near-41°15' N. lat. and 122°15' ¥. lon. rests on
e]evateé terrane thet extends east-northezstward and forms the Medicine
Leke Highlands and northward ;owards‘the Oregoﬁvbbrder along the axis

of the Cascade Range. In the southwestern part of the survey area,

the Sacramento River flows through Redding and into the north end of =~~~

the Great Valley of Celivornia. Shasta Lake, between Redding and
Mt. Shasta, occupies part of the dendritic dreinage that fTows south-
westward from the highiands.about qnd north and eastlﬁf Mt. Shaste.
The agis of the Cascade Range strikes approximately south-southeast
Just east-of Mt..Shasta and through Lassen Pk.. near 40°30' N. le&t.
and 121°30' W. long, The Modoc Piaieau, with elevations general]y
between 4,000 and 5,000 feet, shows only relatively subdued relief
with & general northwé§t~southwest orientation (MaCJonalq, 1966) .
-Paleozoic and Mesozoic sedimentary and volcanic rocks, in places
strongly metamorphosed, form the deeply dissected structures of the
Klamath Mountain complex between Redding and Mt. Shasta in the western
part of the survey area. Granitic rocks, meinly of Mesozoic age, in-
trude the older sedimentary and volcanic rocks. Cenozoic volcanic
rocks that form the Modoc Plateau overlap the older Klamath Mountain
rocks immediztely north and east of Mt. Shasta and west of Lassen

Pk. Cenozoic continental sedimentary rocks and alluviel deposits of the

* Figures 8 and 9 are available at ]:250,000 scale in U.S. Geological Survey
Open-File Report 82-198(Couch, 1982).
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Greazt-Valley overlap the ba]eozoic and.Mesozoic rocks of the Klamath
Complex south of Redding, Ca?ifornja. “The old rocks of the Xlamath
belt dip eestwerd beneath the Modoc Plateau and the Great-Va]iey and
are. thought to extend northeastward into Orggpn and southeastward
toward the Sierrz Nevada (Irwin, 1966).

Figure © shows the total field magnetic-anomaly map of the
northern Celifornia survey area. The contour interval is 100
nanoTés]ag and heavy contours -occur at 500 nT intervals..

Mt. Shasta and Lassen Pk. extend above the &,000-foot f173nt
elevation of the map and génerate "holes" in the map. Figure 10 7
_shows the magnetic-anomaly map of Lassen Pk. and the zrea immediately
about Lassen Pk. based on measurements made at a flight elevation of
: 11,000.feet. The contour interval is 50 nT, and heavy contours occur
at 0, 250, - 500 and, - 75b nT. Figufe 11 shows the magnetic anomaly
map of the Mt. Shasta area based onvmeasufqments at a'flight elevation
of 15,0&Eftﬁhe ﬁontour interval is 25 nT, and heavy.cohtours occur
atoo, 125, * 250, and - 375 nT.

| Two prominent circular positive anomalies occuf.in the vicinify
Of Mt. Shasfa. The westernmost positive anomaly, with an amplitude
greater than 175 nT, occurs near the peak of Mt. Shasta whereas the
easternmost positive anomaly, with an amplitude greater than 325 nT,
occurs over a secondary cone near the base of Mt. Shasta on the easi
side (fig. 1). The amplitude of this anpmaly at the 9,000-foot flight

elevation, as shown in figure 9, is greater than 2,300 nT..

A marked negative anomaly of less than 800 nT, as observed at

9,000 feet elevation, occurs immediately northeast of the large -
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~emplitude, nearly circular, positive, znomaly on the east side of Mt.
Shesta. The positive anomaly shows & greater decreese in amplitude
than the negztive anomely when the flight elevation increzses from
©,000 feet (figure ¢) to 15,000 feet (figure 11); hence, the source
‘0ot the negetive ahoma]y is deeper than the source of the positive
anomaly. If the anomaly pair is due to & c¢ipole source body, the body
is normally polarized and dips northeastward gt Tess than 64°, tﬁe

~

approximate dip of_ the Earth%_dipo]e sield inmorthern California.
- Alternatively the anomalies reflect a positively polarized SSL}EE“ N
body on top of & reversely polarized regional base.

A very broad, lTow-amplitude, negative magnetic anomely loceted
in the vicinj;y of Redding and the arez east o7 Redding extends qorth
toward Shastz Lake and then toward the northeast nofth of the lake.
The anoma]y genera]]y cointides with the mzpped Mesozoic sedimentary
and volcanic rocks of the K]améth'Mountain complex, and the long wave-
1ength cohponents of the anomaly abpsar to be present “beneath“_the
short-wavelength tompohents of the Cascade Mountains southeast 6f
M. Shasta. The west;rn edoe of the negative anome¥y appears to
'idélfneate-the eastward extent of the intrusive granitic and ultra-
mafic rocks. of the Klamath Mountains.

Two lineaments are apparent in the magnetic-anomaly map of figure
9. One lineament strikes northwest from near 41°00' N. lat., 120°45'
W. long- to 42°00' N, Tat., 122°00' W. long and separates the interme-
diate¥wave1ength magnetic anomalies of the northeastern lodoc Plateau
from the short-wezvelength anomzlies of the Cascade Range and southern
Modoc Plateau. The second lineament strikes northwest from near

40°15' N. lat., 120°55' W. long toward Mt. Shasta. Both lineements
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suggest changes or discontinuities in the basement structure. The
‘southern }ineétion may be due to an extension of the Honey Lake Fault
toward the northwest beneath the young volcanics of the Modoc Plateau.
The magnetic anomalies also suggest several northeast-southwest line-
ations between Mt. Shasta and Mt. Lessen that may be related to trends
of the Klamath Mountain Complex beneath the Cenozoic vo]cani;s of tﬁe
Cascade Range.

The Klamath Mountain Complex west-of Mt, Shasta is a region of
predomiqant]y positiye @agneti; anomalies. The anomalies are large
in ampiitude and exceed 2,200 nT southwest of Mt. Shasta. The Mesozoic
and Paleozoic age and degree of metamorphism of the rocks in this

region suggest that a large part of the magnetic character of the

The Medicine Lake High]ands'apﬁear as an area of_reﬁative]y 10Q
amplitude positive anomalies (with respect to the flight elevetion
above the volcanic rock) supefimposed on a region of negative anomalies.

- The Cascade Mountain Range appears on the magnetic anoma]y.map
of figuré 9 as composéd'of numerous short-wavelength, high-amplitude
somewhat circular positive and neéative anomalies. These small high
amplitude anomalies mafk the Tocations of volcanic vents, intrusions
and hyabyssal bodies of Tertiary to Recent age. The anomaly pattern
of the Cascade Range appearé diminished near 41° N. 1atifude where

the Klamath Mountain Complex and the northern extension of the Great

Basin extend eastward.
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