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Abstract 

Aerociagnetic mezsurements made along f l i g h t 1  ines or ien ted  eas t -  

west and spaced a t  1 . 6 - k m  i n t e r v a l s  a n d  along l i n e s  or ien ted  n o r t h -  

south and spaced a t  8-km i n t e r v a l s ,  over approximately 30,000 scyare 

km of northern C a l i f o r n i a ,  e x h i b i t - c r o s s i n g  e r r o r s  of l e s s  t h a n  5 

nanoleslzs .  

associai 'ed w i t h  near-surface volcanics  over  2 n d  e a s t  o f  Lassen Peak 

and over p n d  north o f  M t .  Shasta, and' the  Medicine Lake  Highlands, 

The. measurements show .shgrt-wavel ength magnetic -anonal.ies 

longer  wzvelength anomalies over the Modoc P la t eau ,  a n d  very long 

wzvelength anoma7 i e s  over the northernmost p a r i  of the Great Valley 

a n d  t he  easte,rnmost metamorphic rocks of t h e  K 1  m a t h '  Mountains. 

Anorrialy pzltierns e x h i b i t  'northwest-southeast  t r ends  over  the Modoc 

Ple teau  and  a marked change i n  charaqter  a t  the  junc tu re  o f  the  

p la teau  a n d  the Klamath Mountain a n d  Great Vzlley complexes. 



Research Object ive 

Figure 1 o u t l i n e s  a n  area of approximately 30,000 square kilometers 

t h a t  extends from the Oregon-California border a t  42"  N .  l a t i t u d e  t o  

south o f  Lassen P k .  a t  40°15' N .  l a t i t u d e  a n d  approxirriately between 

121°45' and 122O45' W .  longitude. This area encompasses the southern 

_ -  

. .  
Czscade M o u n t a i n  Range, the ad jo in ing  Modoc P la t eau  inc luding  the  

Nedicine Lake Highlands, and t h e  northern terminus o f  t h e  Gret t  Valley, 

and the  easternmost  f lank  o f  t h e  Klamath M o u n t a i n s .  The ob jec t ives  o f  

this study a r e :  

gion; t o  d e l i n e a t e  t h e  rrtagnetic anoza l ies  cssoc ia ted  w i t h  the  Czscade 

t o  ob ta in  p rec i se  aeromagnetic mezsurenents in t h e  re- 

Range a n d  t h e  t r a n s i t i o n  region between t h e  Cascade Range and the  basin 

and  range s t r u c t u r e s  e a s t  o f  t h e  Czscades; $0 oeterrrtine the  d e p t h s  t o  

. the  magnetic sources ;  and t o  e s t ima te  the  depths o f  t h e  Curie-point  . . 
isotherm i n  t he  region.  

tec tonic  i n t e r p r e t a t i o n  o f  the  region a n d  provide d a t a  t o  help assess  

the geothermal resource- po ten t i  z1  o f  the  reg< on.  

t h i  l o c a t i o n  and accuracy o f  t h e  peromawet ic  measurements, and 

These analyses wi l l  a s s i s t  i n  the  geologic a n d  

This  r epor t  descr ibes  

b r i e f l y  describes t h e  observed- t o t a l - f i e l d  magnetic anomalies.  . _. 
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Figure  1. !Gorthern California Dnysiographic provinces and 
.zero;nametlc snrvey 'locaClon (outlined by shadin?)  . 
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Aeronaanetic Measurements 

i 

During June, J u l y ,  a n d  August l980,magnetic measurements were 

made over northern Cal i forn ia  in the area between 40"15' a n d  42" N .  

l a t i t u d e  a n d  lZO"45' a n d  122"45 '  W .  longitude. Figure 1 ou t l ines  the 

aeromagnetic survey area,and f igures  2 ,  3 , a n d  4 show the  f l i g h t l i n e s  

a l o n g  which over 25,000 k m  of aeromagnetic d a t a  were obtained. The 

measurements were made with a twin-engined Piper Aztec a i r c r a f t  f ly ing  

a t  approximately 240 km/hr  (150 rnph). 

yielded a d a t a  point  spacing, along the f l i g h t ' l i n e s ,  of  approximately 

730 meters. 

A 2-second d a t a  sample r a t e  

The survey yielded over 200,000 measurement:. of the Earth? 

magnetic f i e l d  a t  accurate1.y located posi t ions.  

Figure 3 shotis the f l i g h t l i n e s  a t  2,740 meters (9,000 f e e t )  a l t i -  

tude above sea level (ASL) over the survey area.  

a t  1-mi72 (1.6-km) in t e rva l s  and  north-south l i n e s  spaced a t  5-mile 

East-west l i n e s  spaced 

(8  - km) i n t e r v a l s  were flown over the e n t i r e  area.  I n  addi t ion ,  0.5- 

mil€ (0.8-km) spaced east-west l i n e s  \;,ere flown over the Nedicine Lake 

Highlands e a s t  of Mt. S h a s t a  and  i n  the Lassen Peak area i n  the southern 

p a r t  of the survey area.  East-west l i nes  spaced 0 .5  *mile ( 0 . 8  k m )  apart  

were a l so  flown over the summit area of Lassen Peak a t  3,-353 meters 

. 

(11,000 f e e t )  a l t i t u d e .  Figure 3 shows these l i n e s .  F i g u r e  4 shows 

l ines  flown a t  4 ,527 meters (15,000 f e e t )  over the summit o f  Mt. Shasta. 

These l i n e s  were spaced 0.5 mile (0.8 krn) apart .  The higher densi ty  of 

d a t a  i n  these  areas o f  current  i n t e r e s t  should allow f o r  a more de ta i led  

analysis of these areas  i n  fu ture  s tud ies .  
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Data Processing .and Magnet i c-Anornal y-Map Preparation 

Field processing of the a i r c r a f t  acqu i s i t i on  system d a t a  con- 

s i s t e d  of reading a n d  checking the f i e l d  tapes f o r  d a t a  e r r o r s ,  

converting a l t i t u d e s  t o  f e e t  and f i l l i n g  in any missing a l t i t u d e  

d a t a  by l i n e z r  i n t e r p o l z t i o n ,  and maki 'ng p lo t s  o f  magnetic mezsure- 

ments ahd radar  pressure a l t ime te r . r ead ings .  

bsse s t a t i o n  data included checks f o r  tirne-sequence o r  d a t a  e r r o r s ,  

p lo ts  of magnetic and  pressure a l t i t u d e  var i i l t ions ,  ar. :  smoothing 

b o t h  a l t i t u d e  and magnetic d a t a  with a f i ve -po in t  moving average 

f i  1 t e r .  . The f i  1 t e red  base-stati  on d a t a  s u p p l  i ed di u rna l  pressure 

Field processing o f  
, .  

- 

a1 t i i u d e  and  .magneii c va r i a t ion  cor rec t ions  f o r  the  f l  i g h t  . d a t a .  The 

magnetic a n d  a l t i m e t r i c  ( l a t a  from 'each f l i g h t  were p lo t t ed  in  p r o f i l e  

form t o  f u r t h e r  check f o r  e r r o r s .  F ioa l ly  the base reference v a l u e  

of 53,113 nanoTeslas ( n 7 )  was subt rac ted  from each magnetic reading 

t o  form a diurnal .  va r i a t ion  c o r r e c t i o n  f o r ' t h e  magnetic, masure-  

ments taken i n  the  q i r c r a f t .  Subsequently a l l  t he  d a t a  were processed 

t o  mke  the d a t a  tcpes  compatible w i t h  the  Ecl ipse  system a t  Oregon 

S t a t e  Universi ty  (OSu). 

A t  OSU the a i r c r a f t  data and  base-s ta t ion data  from each f l i g h t  

were merged. 

Coordinates (Ca l i fo rn ia  North zone) and subsequently t o  l a t i t u d e  and  

The navigation ranges were converted t o  S t a t e  Plane 

longitude for  each magnetic reading. 

points  were located by in t e rpo la t ion .  

Data po in t s  missing navigation 

F i n a l l y ,  magnetic-anomly values 



& 

were cc lcu lc ted ,  using the equztion: 

wnerk A i s  the anomaly value: K i s  the mezsured viiue of the  to t a l  

magnetic f i e i d  a t  time t ,  D i s  the d i u r n i l  var ia t ion  et t i m e  t, - 

and R i s  the regional magnetic f i e l d .  The regionel magnetic f i e l d  R 

wzs determi nea from the  in t e rna I i  onal Geonagneti c Reference Fie1 d o f  

1975 ( I n t e r n i t i o n a l  Association o f  Geomapetisrn a n d  Aeronomy, 1976) 

updated t o  the survey time and  then modified t o  zllow z n h a l y  values 

i n  t h i s  survey t o  rrtatch agomaly values in  the survey zdjacent  t o  the 

northern boundary (McLain, 1981; R. Couch and M. Gemperle, 1981, u n p u b .  da t a ) .  . 

The following equatjons give the regional f i e l d  vzlues in n 7  

used i n  this survey: 

Regionel (9000 f t  ASi) = 50,16k.083 ‘+ (1.03900598 X 

10-3)1X) -(0.473232 X lo-’’) ( x 2 )  + 

(1.57310835 X ( y )  - 
(0.575790 X lo-”) ( y  2 ) 

Regional (11000 f t  A S L )  = 50,394.592 + (0.830215 X ( x )  

+ (1.52514 X (y )  

Regional (15000 f t  ASL) = 50,338.478 + (0.855628 X ( x )  

+ (1.47816 X (y )  

where x 2nd y a re  i n  S t a t e  P l 2 . n e  Coordinztes. 
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A sim?le s t a t i s t i c a l  analysis  of the differences a t  survey2 
* ( root  mean square) 

f l i i h t l i n e  crossings y i e lded  an estimate o f  the RI<S,,uncertainty o f  

t h e  f i n a l  macnetic-znomaly values.  Fiaures 5: 64 and 7 <esch:show a 

graph o f  the  crossing e r ro r s  f o r  the 9000; i1000-ani 1500O-ft  ASL 

surveysp respec t ive ly .  Tables 1 2 ,  a n d  3 l i s t  the corresponding 

s t a t i s t i c s .  The RMS uncertainty per l i n e  z t t r i b u t e s  one-half of  

the miytie i o  each o f  the f l i ~ h t l i n e s  used i n  ce lcu iz t ing  t h e  u n -  

c e r t a i  nty i .e .  , 

RMS uncertainty per l i n e  = RMS rnis-tie/&. 

. .  The RMS uncer ta in t ies  per l i n e  f o r  these surveys are  4 . 7 ,  4.0,and 

1 . 3  nT, respec t ive ly .  

n a v i g z t i o n  control a n d  the czreful monitoring o f  t h e  d i u r n a l  changes. 

Estimates o f  the components o f  the  uncertainty a re :  

. .  
These low values r e f l e c t  t he  excel l e n t  

1 nT 

'lnT 

resc lu t ion  o f  the airbormmaanetometer 

resol uti'on of the base-station magnetopeter 

1 -2nT  di urnal correct ion 

1-2n.; 

1 - 2 n ~  

x-y pos i t ion  determination in  low-gradient a r e x  

z posi t ion determination i n  low-gradient a r eas .  
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Figure 6.  

Graph of 19'1 c ross ing  e r r o r s  ca l cu la t ed  f o r  t h e  Lassen Peak 11,000-foot 
ASL aeromagnetic survey. 
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Figure 7 .  

Graph  of  44 crgssing e r rors  calculated f o r  the Mt. Shasta 

15,000-foot ASL aeromagnetic survey. 
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Table 1. Northern Cal i fornia  9000 f t  ASL surveyccrossing 
e r r o r  s t a t i  s f i c s .  

Total Crossings 

Mean 

Median 

Mode 

RMS 

RMS uncertainty per l i n e  

2885 

OnT 

-1 .nT 

-1 nT 

6 . 6 n T  

4 . 7 c T  

Table 2. Nor"thern Cal i fornia  11,000 f t  ASL survey crossing' 
error s t a t i z t i c s .  

Total Crossings * 191 

Mean ' 0 nT 

Median 0 nT 

Mode -1 nT 

RMS 5.7nT 

RMS uncertai  nty per 1 i ne 4.0nT 



i z b l e  3. Northern Cal i forniz  15pOO f t  ASL survey crossing 
e r r o r  s t a t i s t i c s  . 

Tot; 1 Cross i ngs 44 

Mean . I n T  

Median 1 nT 

Mode ’. 2 n T  

RNS uncer ta in ty  per line . 1 . 3 .nT  
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Nagneti c horn21 i es  of to r thern  Cz1 i f o r n i  e 

Figure 8 shows 2 topoSrEphic map o f  T ~ E  northern Czliforfiia aero- 
* 

nagnetic survey are;. The contour interv61 i s  1 ,OOC f e e t  a n d  heavy 

contours occur a t '  5 ,000  a n d  10,000 f ee t  e leva t ion .  

f e e t  in  e l eva t ion ,  near-41"15' N. 1 s t .  a n d  122'15' K .  lon.  res t s  on 

elevate;  t e r r zne  t h ? t  extends east-northecstwzrd a n d  forms t h e  Medicine 

K t .  Shasta, 1 4 , 1 6 2  

Lake Hiahlands and northward towards the Oregon border a long  the axis 

o f  the Cascade Range. I n  the southwestern p a r t  o f  the survey area,  

the Sacramento River flows through R e d d i n g  a n d  i n t o  the north end o f  

the Great Valley of Cel i iorn ia .  Shasta Lake, between Redding a n d  

Ht. Shzstz ,  occupies par t  of the dendr i t i c  drcinagE t h a t  flows south- 
. .  

westward from the  highlands about and nor th  a n d  e e s t  o f  Kt. Shasta. 

The ax is  of  the Czscade Range s t r i k e s  - approx ima te ly  south-southeast 

jus t  e a s t  o f  fit. Shcsta and  t h r o u g h  Lassen Pk. near 40"30' ti. l a t .  

and 121'30' h'. 10t-g~ The Modoc Plateau,  w i t h  elevat ions generally 

between 4,000 and-5,000 f e e t ,  shows only r e l a t ive ly  subdued r e l i e f  

w i t h  t general northwest-southwest o r i en ta t ion  (Macdonald-, 1966). . 

. Paleozoic and Mesozoic sedimentary and volcanic rocks,  i n  places 

s t rongly  metamorphosed , form the deeply dissected s t ruc tu res  o f  the 

K l a m a t h  Mountain complex between Redding and M t .  S h a s t a  i n  the western 

p a r t  of the survey area .  

trude the o lde r  sedimentary a n d  volcanic rocks. Cenozoic volcanic 

rocks t h a t  fo rm the Modoc Plateau overlap the o lder  Klamath t'iountain 

Grani t ic  rocks,  mzin ly  of Mesozoic age, i n -  

rocks inrnediztely n o r t h  a n d  east  o f  M t .  Shasta a n d  west of  Lassen 

P k .  'Cenozoic cont inental  sedimentary rocks a n d  a l ' l u v i a l  deposits of the 

* 
Figures 8 and 9 are available a t  1:250,000 scale  i n  U.S. Geological Survey 
Open-Fi l e  Report 82-1 98 Kouch, 1982).  
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See U.S. Geological SGrvey Open-File Report 82-198 



G r e z t - V a l  ley overlap the Paleozoic and.Nesozoic rocks o f  the K l a m t h  

Complex s o u t h  o f  Redding, Cal i fornia .  -The old rocks o f  the  K l a m z t h  
I 

b e l t  d i p  ezstwzrd beneath the Moaoc P l a i e z u  a n d  t h e  Great-Valley a n d  

are .  thought t o  extend northezstward i n t o  Oregon a n d  southeastwzrd 

toward the S ie r r a  Nevada (Irwin,  1966). 

Fiaure 9 shows the t o t a l  f i e l d  magnetic-anomly map of the 

nor thern  Cal i forn ia  survey area.  T h e  contour in te rva l  i s  100 

nanoTesl a 3  and heavy contours occur a t  593 nT 'intervals. 

Nt- Shas-ta and Lassen pk. extend above the  9,000-foot f1'.3nt 

e leva t ion  of the map ana generete ' 'holes" i n  the map. Figure 10 
- _ -  

shows the-magnetic-anomaly map o f  Lassen Pk. and the  a rea  i.mmediately 

about Lassen Pk. based  on measurements made a t  a f l i g h t  e levat ion o f  

11,000 f e e t .  The contour in te rva l  i ' s  50 n?, and heavy contours occur 

a t  0 , I  250; - SOO'and, - 750 nT. Figure 17 shows the  magnetic anomaly 

map o f  the  M t .  Shzsta area based on.measure-rnents a t  a f l i g h t  Elevation . 

feet. 
o f  15,000, The contour in te rva l  i's 25 nT, and heavy contours occur 

TWO prominent c i r c u l a r  pos i t ive  anomalies occur i n  the v i c in i ty  

of Mt. Shzsta.  The westernrnost pos i t i ve  anomaly, w i t h  an amplitude 

g r e a t e r  than 175 n T ,  occurs near the peak o f  M t .  Shasta whereas the  

easternmost pos i t i ve  anomaly, w i t h  an amplitude g rea t e r  than 325 n T ,  

occurs over a secondary cone near the base of M t .  Shasta on the e a s t  

side ( f i g .  1 ) .  

e levat ion,  as  shown i n  f igure  9 ,  i s  

The amplitude of th i s  anomaly a t  the 9,000-foot f l i g h t  

grea te r  than 2,300 nT'.. 

A marked negative anomaly o f  less  t h a n  800 n T ,  as observed a t  

9 ,000  f e e t  e l eva t ion ,  occurs imtnediately northeast  o f  the  large - 



TOTAL FIELD AEROMAGNETIC ANOMALY MAP 
G d  Mountain Raw. Northem California 

i "' 

F i y r e  9. 

T h i s  tnap i s  available at 1:250,000 scale. See U . S .  Geological Survey Open-File Report 
82- 198 (Couch, 1982). 
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amplitude,  nearly c i r c u l a r ,  posiiive.anoma1y on the e z s t  s ide  o f  Mt. 
- Shastz .  

t h a n  the neoztive anomly when the f l i 'gk t  e levzt jon increzses  frorri 

ihe pos i t ive  anomaly shows a grea te r  decresse i n  ampijtude 

9 ,000  f e e t  ( f i g u r e  9 )  t o  15,000 f e e t  ( f igu re  1 1 ) ;  hence, the source 

o f  the n e q t i v e  anomaly i s  deeper than the source o f  the  pos-iiive 

anomaly. 

i s  normally polarized a n 6  d i p s  northezstwzrd c t  l e s s  than 64': the  

I f  the anomaly pair  i s  due t o  a dipole source body, tne body 

n . .  

approximate a i p  of t he  Earth: dipole f i e l d  i n  nor thern Cal i fornia .  

Al te rna t ive ly  the  znomalies r e f l e c t  a pos i t ive ly  polarized source 

- 

-- - ~- 

~ - _  

body on top of 2 reversely polarjzed reaional base. 

k very broad, 1 ow-amp1 i tude ,  nega t i  ve maoneti c anomzly 1 oczted 

i n  the  v i c i n i t y  o f  Redding ana the area e e s t  o f  Retiding extencs north 

toward Shasta Lake and t h e n  toward the  northeast  north o f  the lake .  

Tne anomaly generzl l y  coincides w i t h  the mEpped Mesozoic sedimentary 

and  volcani c rocks o f  the K1 amath' Nountai n complex, a n d  the 1 ong wave- 

l e n g t h  components o f  the anomaly appear t o  be present "beneath" the  

short-wave1 e n g t h  components of the Cascade Mountai,ns southezs7 of 

M t .  S h a s t a .  The  wes te rn  edge o f  t h e  n e g a t i v e  anomaly a p p e a r s  10 

deli 'neate the  eastward ex ten t  o f  the in t rus ive  g r a n i t i c  and  u l t r a -  

mafic rocks. of the Klamath Mountains. 

Two 1 ineaments a re  apparent i n  the magnetic-anomaly map of f igure 

9 .  One lineament s t r i k e s  northwest from near 41'00' N .  l a t . ,  120'45' 

W .  l o n g  t o  42'00' N. l a t . ,  122"OO' W .  long. and  separates  the Snterme- 

dizte-wavelength magnetic anomal ies  o f  the  northeastern I4odoc Plateau 

from the  short-wavelength anomalies of the Cascade fiange a n d  southern 

Kodoc Plateau.  The second lineament s t r i k e s  nor?h\:est froz n e a r  

$0'15' N .  l a t . ,  120'55' W. long. toward EX. Shasta.  9 0 t h  lin??ments 



22 

I suggest changes or d i scon t inu i t i e s  in the basement s t r u c t u r e .  The 
' southern l i n e a t i o n  may be due t o  an extension o f  the Honey Lake Faul t  

toward the northwest beneath the young volcanics o f  the Modoc Plateau.  

The  magnetic anomal i e s  a l s o  suggest several  northeast-southwest 1 ine-  

a t ions  between M t .  S h a s t a  a n d  M t .  Lassen t h a t  may be r e l a t ed  t o  trends 

of the Klamath Mountain Complex beneath the Cenozoic volcanics o f  the 

Cascade Range. 

The Klamath  Mountain Complex west of M t .  Shasta is a region o f  

The anomalies a re  l a r g e  predominantly pos i t i ve  magnetic anomal i e s .  

i n  amplitude and exceed 2,200 nT  southwest of M t .  Shasta. 

a n d  Paleozoic age a n d  degree of metamorphism of the  rocks in  this  

The Mesozoic 

region suggest  t h a t  a l a rge  p a r t  of the magnetic charac te r  o f  t he  

rocks-in t h i s  region Ls d_u_e_to- induced magnetization. - - 
- - -____ - - -_ - 

The Nedicine Lake Highlands appear as a n  area o f  r e l a t i v e l y  low 

amplitude pos i t i ve  .anomalies (with respect  t o  the f l i g h t  e l evs t ion  

above the  volcanic rock) superimposed on a region of negative anomalies. 

The Cascade Mountain Range appears on the magnetic anomaly map 
. .  

o f  f i g u r e  9 as composed' o f  numerous sho r twave leng th ,  h i g h - a m p l  i tude 

somewhat c i r c u l a r  pos i t i ve  and negative anomalies. These small h i g h  

amp1 i t u d e  anomalies mark the  loca t ions  o f  volcanic  vents ,  intrusions 

and  hyabyssal bodies o f  Ter t i a ry  t o  Recent age. The anomaly pa t t e rn  

o f  the  Cascade Range appears diminished near 41' N. l a t i t u d e  where 

the Klamath Mounta in  Complex and  the northern extension o f  the  Great 

Basin extend eastward. 
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