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INTRODUCTION: 
POTENTIAL FIELD AND ELECTROMAGNETIC STUDIES 

Norman E. Goldstein 
Lawrence Berkeley Laboratory 

University of California 
Berkeley, California 94720 

In this segment of the Symposium, the speakers will concentrate on 
three principal topics: gravity, electromagnetics, and deformation. 
Because of the limited time and the fact that the speakers who follow 
will delve into these topics with clarity and gusto, I will limit my 
introductory overview to two geophysical topics that are not covered 
elsewhere in the Symposium, but deserVe at least a brief mention. For 
the sake of completeness and because of their direct relationship to 
caldera processes, I will try to summarize quickly key aspects of mag
netics and self-potential. 

Aeromagnetics 

Several aeromagnetic surveys have been flown over Long Valley at 
different altitudes and line spacings. The one most often referred to 
was a high level (4 km or 13,200 feet above sea level barometric survey) 
flown by the USGS in 1973 along E-W lines spaced 1.7 km apart. Williams 
et al. (1977) attempted a quantitative interpretation of the data, and 
they suggested that extensive post-caldera hydrothermal activity may 
have drastically altered the composition of the titanomagnetites in the 
Bishop Tuff, causing the magnetic low in the area of the resurgent dome. 
Others have reported in informal conversations, as is now supported by 
holes M-1 and 44-16, that the low in the western part of the caldera is 
the result of lower magnetization of the post-caldera volcanics and a 
large wedge of Paleozoic metasediments that floor the caldera. The true 
nature of the magnetic high on the eastern flank of the resurgent dome 
has been revealed by recent paleomagnetic work (Mankinen et al., 1986) 
and from a detailed aeromagnetic survey flown 400 feet above terrain for 
the USGS in 1979 (Questor, 1980). In Figure 1 we have assembled some of 
these data along one of the NE-SW aeromagnetic profiles. The conduc
tivity profile is the channel 6/channel 3 ratio from the INPUT survey 
conducted at the same time. What we show here is that the principal 
magnetic features can be accounted for by a ~ombinatio~3of topo§raphic 
effects and by the anomalously strong NRM (2 to 4 x 10 emu/em ) in 
some of the rhyolite domes and flows associated with early resurgence 
and later volcanism in the east moat. High remanence, high coercivity, 
high Konigsberger ratio (Q > 5), and the nature of the thermomagnetic 
heating curves for samples of these rhyolites indicate rapid cooling and 
the crystallization of a single low-Ti titanomagnetite species consist
ing of single-domain or pseudo-single-domain grains (Mankinen et al., 
1986). This difference in magnetic rhyolites in the east compared to 
the nonmagnetic rhyolites in the west may be caused by.compositional 
differences in the remelted crustal rocks and/or differences in the 
cooling histories. 
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As the low-level survey was designed to cover only the area of the 
hot water discharges on the east side of the resurgent dome (Fig. 2), 
the amount of information gained from the survey was limited. However, 
the combined aeromagnetic-INPUT data are useful for mapping the extent 
of the magnetic and resistive rhyolites of the east moat; parts of these 
flows are concealed by alluvium and lake sediments. 

It should also be mentioned that Miyazaki (1985) completed a Ph.D. 
thesis at Stanford in which he estimated Curie isotherm depths beneath 
the caldera using the aforementioned high-level aeromagnetic data. 
Using several analysis methods: (a) a least-squares fit to prism models, 
(b) a least-squares fit to continuous models, and (c) spectral analysis, 
he found the Curie isotherm to be 4-5 km beneath the west moat, then 
deepening to 8 km beneath the eastern part of the caldera. Although 
these findings are consistent with what we now know of ages of volcanism 
and present subsurface temperatures, Miyazaki's findings may have been a 
bit fortuitous in light of what we believe to be the main causes of the 
aeromagnetic anomalies. That is, the calculated Curie isotherm depths 
could be influenced by strong near-surface magnetization contrasts. 

Self-Potential 

Since Anderson and Johnson (1976) reported their SP results over 
the central part of the caldera, we know of no other published work to 
extend the survey or to refine the interpretation. To summarize, Ander
son and Johnson found a lar~e (-1 volt) low associated with the caldera; 
they attributed this low to cold water inflow into the basin from the 
surrounding highlands. They also detected an equally large and very 
tantalizing (1 volt p-p) dipolar anomaly cutting through the west moat 
and the keystone graben of the resurgent dome. The anomaly axis strikes 
NNE and does not conform to the direction of previously mapped faults. 
On close examination, the SP anomaly in the western part of the caldera 
actually seems to have two principal components: (a) a high centered 
near Casa Diablo and striking northwesterly parallel to highway 395, and 
(b) the dipolar part centered over the resurgent dome. The Casa Diablo 
SP positive may be caused by the upflow of thermal fluids, which seems 
consistent, at this time, with current hydrogeological models. The 
dipolar anomaly is more difficult to explain. What makes it so 
interesting is that the anomaly shape can be generated by a heat source 
(i.e., a strong thermal gradient) across the contact between two regions 
of large contrast in electrical or thermal resistivity (e.g., a crystal
lized rock and its melt). The shape and location of the Long Valley SP 
anomaly indicate a possible heat source at -4 km; this suggests that 
subsurface temperatures may be hotter beneath part of the resurgent dome 
than one would surmise from the amount of sensible heat detected in the 
Lookout Mountain (LM) drill holes. Mike Wilt, here at Berkeley, has run 
some numerical models using Sill's algorithm (Sill, 1983) to match the 
dipolar anomaly and has obtained some reasonable fits. However, because 
of the general nonuniqueness of the problem and the need to guess values 
for the voltage-coupling coefficients and thermal resistivity contrast, 
the numerical results provide only weakly permissive evidence for a heat 
source. 
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Figure 1. Aeromagnetic and relative conductivity profiles along a SW to 
NE flight line (Fig. 2) over the eastern side of the resurgent dome. 
The data were collected as part of a detailed low-level aeromagnetic
INPUT survey flown in 1979 for the USGS (unpublished data). 
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Figure 2. 
Fig. 1. 

Generalized geology and location of the survey line from 
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