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; INTRODUCTION 

This report contains a summary of the results and interpretations 

of a rigorous quantitative modeling of the magnetic anomalies 

associated with the Long Valley calderai (figure lj. It is designed 

to supplement the more qualitative interpretations reported in Kane 

et al (1976). The data available to constrain the model can be found 

in that report and 13 additional reports which were recently published 

in the Journal of Geophysical Research, Vol. 81, no. 5 and 8- The 

available aeromagnetic maps are shown in figures 2 and 3. 
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; : : , , : : . MODELING SOFTWARE // : }• 

The magnetic modeling conputer program is from J. G. Rosenbaum 

(written cbrmunication, 1976). The program analytically integrates 

Talwani's (1965) two dimensional polygons over the third dimension. 

In very general terms, the technique is simply to sum the; individual 

magnetic fields calculated for a set of right polygonal prisms. Each ' 

prism must be assigned a direction and magnitude of magnetization. The 

output of each of our various modeling attempts was simmed on an 18 by i 
• ; • . • . - • • . • • • - - . - - • • . [ ' 

23 grid, each grid increment being a 2 km square. Then, to facilitate 
• ' • • . ' . " • . . • • . i / 

comparison, these were triple splined and contoured at an elevation 
• • • • . • • ' . • . , , , • . . I 

corresponding to the aeromagnetic map in figure 2. 
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" ; RESULTS OF THE MODEL |; 

The model delineates several major structural and magnetic 

features. The most significant result is to confirm that .much of 

the magnetic field above the caldera is dominated by the magnetic, 

effects; of one major rock type, the Bishop: tuff. 

The source of the magnetic high in the eastern half of the 

caldera. appears to be thick sequence (up to 2.7 km) of Bishop tuff 

bounded on the west by the projection of the Hilton Creek fault. 

Figure 4 illustrates the location and defines its boundaries. It 

! requires a magnetization of about 3X10" emu/cm to fit the data and 

i • 3 ' • • • • • 

i a volume of about 170 km . This volume compares with the estimated 
i - ' • • ' • • • • ' 

\ to ta l volume of the f i l l of 700 km^, of which roughly ha l f (350 km^) 
• ! 3 

I is Bishop tuff. We find that most of the remaining 180 km bf intra-

j caldera Bishop tuff lies beneath the resurgent dome (figure 4) and 
I • " • . 4 ' ^ 3-

j has a magnetizatfon of 7X10 emu/cm or less and leads to the magne-
i • - • • . • • • - • • ' - . . ' • • 

: t i e low in the eastern half of the caldera. 
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Another magnetization contrast in the f i l l is a NE-SW trending 

region of reduced magnetization. I t is the cause for the double 

peaked nature of the Long Valley magnetic high (figure 3). The 

region: rougWy coincides with a gravity frtgh interpreted by Kane et 

al (1976) as a basement ridge. Hydrothermally altered and denslfied 

Bishop tuff would also cause similar gravity and magnetic anomalies. 

Densification, caused by hydrothermal processes, is frequently 

observed in the rocks surrounding hot springs. There are numerous 

hot springs in this region and DC resistivity soundings show this to 

be an area of intense alteration. The rest of the f i l l which, in 

general, lies above the Bishop tuff and consists of volcanics and 

periglacial and lucustrene sediments 

magnetization of less than 1X10" emu/cm . 

has an average 

j We were also able to delineate the structure of two major features 
• I - • • • , • • • • • • • • . • • • • • • . •• I 

I beneath the f i l l . The f irst is under the central and south-central 

I portions of the valley (figure 4). I t roughly coincides with a 

I gravity high reported in Kane et al (1976). We interpret this to be 

1 the downdropped portion of a pre-caldera mountain. Its magnetization 
! • . . . - 2 

j is approximately 8X10 emu/cm , which closely resembles the Round 

I Valley Peak granodiorite, the batholith rock of the mountains immedia^ 

tely south of the valley floor. 
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The second feature is beneath the northeastern valley floor. 

The magnetic model indicates the fill is quite thin in this area, 

whereas the gravity model of Kane et al (1976) shows it as one of the 

thickest parts of the filT. This discrepancy results from the 

Inability of the gravity model to distinguish between low density 

caldera fin and the low density Glass Mountain rhyolite. Glass 

Mountain Is a large pre-caldera mountain and it was apparently cut 

nearly in half by the caldera collapse (figure 4). Its downdropped 
- • 4 -• • * 

portion now lies beneath the f i n . 

The basement rocks beneath most of the western half of the 

caldera have a low magnetization and few discernible magnetization 

contrasts. They could be hydrothermally altered Sierra Nevada 

granites and metavolcanics, hydrothermally altered intrusives associ­

ated with the Long Valley caldera, or as suggested by Kane et al 

(1976), simply a downdropped portion of the belt of low magnetization 

metasediments found both north and south of the Long Valley. 

Similarly, in the eastern half of the caldera, aside from the Glass 

Mountain rocks, the basement showed few observable magnetization 

contrasts. 
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The primary cause of the observed intracaldera magnetization 

differences appears to be related to extensive hydrothermal alteration 

of the resurgent dome Bishop tuff in contrast to unexpectedly high 

magnetization for the remainder of the Intracaldera Bishop tuff. A 

secondary cause could be a present day temperature difference, the 

rocks in the east being cooler. 

From this analysis, the most likely place to find a' hot, permeable 

fluid filled geothermal reservoir Is in and possibly beneath the thick; 
: . ' • • • • • • • ; • . . • • . r 

sequences of Bishop tuff west of, but adjacent to, the Hilton Greek 

fault projection in north-centraT Long Valley. 
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Figure 1. Tectonic map of Long Valley-Mono basin area. Heavily 

6 dotted area is zone of "reverse drag" on Sierra Nevada front. 

Lined area is resurgent dome in Long Valley caldera. Solid lines 

represent faults (ball on downthrown side). From Bailey et al 

(1976). 
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Figure 2. Conblned generalized geology and low-level total magnetic 

;map of Long Valley Caldera. From Kane et al (1976). ^ 
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Figure 3. Combined generalized geology and high-1evel residual | 

: rnagnetic intensity map of Long Valley area. From Kane e t al 

' %916) , •- C . . f • / z \ 

g,... 

lo:-

11 

12 

13 

14 

1 5 ^ 

16 

17 

IS -

15 1 

- 2 0 -

22 

23:, 

U; 3. (X)VEH^•^.I£^(T riMSTlNC L F F H ' B • 1072 O ; 4:i7-0M-, 
•• d , ' •• z : .- •- . . • - ' . : • . ' ^ ^ r . I'^iv 



Figure 4. Isometric drawings; showing the location of the major 

magnetic contrasts: (a) view looking nprthwest from 45° above 

the horizontal; (b) view lookihg northwest from 45° below the 

horizontal. 
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cent ji»s-7.s>.T>-î »rni<."fi' fi-it.'.- [ ' -^ ' - ]T— . : • • • . . • 

Magnetic low 

• " * T^Jr^#?»^»*7^^<ff»w;i^it'*»' • " < * r 'Tti^^wT?' ••K'*'»;frf7><"*^ ty^TfyffWTj " ^ T ^ Tr*'-rv*vr^'? -.-•»^r:» ^•*^ ; '< ' fcir:': 



0 
I -t I 

5 
_i_J_ 

10 15 
I 

20 KILOMETRES 

EXPLANATION 

. . . 1 , ' "i 

Postcaldera sediments 

Postcaldera igneous rocks 

Precaldera and caldero-related 
ignecus rocks 

Precolderc mefomorphic rocks 

-JOO-

• Approximate subsurface caldera 
boundory 

Magnetic contour— Interval 10 
gommaS} datum, 51,895 gammas. 
Regionol trend removed using 
1965 I.G.R.F (updated fo 
1973); Flown at 13,500 feet 
.borometrtc .oUitude 

( ^ ^ Mognetic low 

Figr.i. Combined generalized geology and high-level residual magnetic intensity map of Long Valley area iUiSi, Gtoiogi. 
(_^a/^ '.^ii.t e i ^ l . ^ n - . , ^ tal.Suiwyr:i9--i4h-



( ' . ' • • . i ( ; / , . , i , • . ) . I I 

y4ivr-''''^-^i'44) 
- • ' l ' . ' .' f l l ' ' I p ' ' • " ' ' 

: x::•^••';'. ' • ^ ^ W . ^ f ' . . ) : / ' 4 

4-m4\4 7mŷ , -'m 
' •y^4i4 ' .it'^fyM4i44'. 

7zZ7 7Tzi'M,'im: i-m 
• - • • . • , • „ , ' i V > - > % i , : ' % ' - • • ' . 

i 'T II - r ' . l 'T i^ ih ' i i . • 

'^T^P-- , r - T V ' 

-•pP.-- ' '77\ •ll - '• '•J4 7 z ,, 
• 'C p ?. ' / • ' ' i - " r ' ' ' ' 

• • 4 3 . . \ \ / ^ c y •> 

• ' - , ; , . .> I . , I 

-.:4 17' 7 ' 

•: Pc4lii,,,4) V/» *' 
^ • C " 4 4 ''' 7"l-^'uZi-7c -.-. 

• • • • ' " , ' • " i - 1 1 1 , ' , 1 • ' 1 ' • ' - . ' • • • • • • • • , • • • ' 

• •. ' . . . i i . n ' ' i J ' i . .' . ' ' f l l . • • • • 

:v','t?'|,'A''i':'?i: 

: / i ' ' , .»„/ ' \."I I •'.•I'Z, '• y ^ - p T 
•,•••', • 7,-'i^ < • P ' U i ..• ' I , ' p ^ z p p 

••..•-i\'^W^^' l̂> <-4 .'^^PCP 
y . 3 4 7 , ' ' \ j ( C , ' > i . ; , y C C 

Unolterad Bishop Tuff 

i z C;} 6'ats Mtn, Rhyolite 

f::;i:;;i::l Round Volley GroAodloril* 

^ii'M4ll\ AHpred Bishop Tuff .. • i.: • 

•I : » I ' I i i l Zt '• I Z : 



n i M t l ' l l i n - . * i t» '< t • / . -^ . . . i I I, n " .f ) .rt.J i t v t- l*",*! • * > • • * - - \ " l ' j f i - ' 

-.1 | l ' i' 

" • ' P i p ' X :: 

• '•" ' , .,1' lie*. 4 . 

• : . ' " ' - ' " f „ • : ' • 
, I ' t ' 11 I ' l l 

• i ll " i . . . . I ' i I ' , 

[ } Unoltered Bithop Tuff 

^ J Gloss Min. Rhyolite 

( 1 1 1 I I I ' l l 

I Roupd Volley Granodiorite 

i I Altered Bishop Tuff 

\C ,j other precaldera rocke 

I . I . ' I . I . ' J ' ''M'I 
I ' ' • I I ' '• '' . ^ 

' . , ' ' 1" I ' / i I 1 

I : " i / i I | . " 

. '. ' 1 1 ' I ' l , . • t ' I '" ' , 
1 l " 1 , 1 1 , 

. I' J I ' I 

\ l \ ' , . I . • * ' ' ^ • 

: . 7 ' 4 ' m } y " ^ 
' 1 ' ' , I ' r I " , 

' 11 ' ' '1 .1 ii 

' \ < , ' . . ' I ' ' . % i ' ^ ' ' 


