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Abstract. Geophysical studies of the major
boundary fault(s) in eastern Long Valley caldera
have led to significantly different models being
proposed for the subsurface structure of this
area. Pakiser originally interpreted gravity data
to propose a steep vertical offset across the
eastern boundary fault(s) which may be as great as
5 km. On the other hand, Hill employing seismic
refractior data, and Abers, who reinterpreted the
available gravity data in the light of the "hard"
geismic comstraints of Hill, suggested that the
offset across this fault may be much more gentle.
However, new magnetotelluric data may call for a
revision of these models. Based on these recent
MT results, offsets along the eastern boundary
fault appear to be somewhat steeper than recent
models would suggest. Our current thinking would
favor a model more in keeping with the one origi-
nally envisaged by Pakiser, but with less throw
(approximately 2 km) across the faults.

Introduction

The character of the major boundary faults of
Long Valley caldera (Figure 1) has been the sub-
ject of geophysical investigations for several
decades. Early work was reported by Pakiser
[1961], with the latest studies being described by
Hermance et al. [1984], Abers [1985] and Hill et
al. [1985]. Work along the eastern caldera margin
is of particular interest because of significant
differences in models which have been proposed for
this area (Figure 2). Pakiser [1961] originally
interpreted gravity data to propose that the ver-
tical offset across the eastern boundary fault may
be as great as 5 km. On the other hand, Hill’s
[1976] seismic refraction data suggested a more
gentle offset. This latter model was supported by
Abers [1985] who reinterpreted the available grav-
ity data employing the "hard" seismic constraints
of Hill [1976] in conjunction with limited bore-
hole data from elsewhere in the caldera. On the
other hand new magnetotelluric (MT) data may call
for a revision of recent models. Based on results
summarized below, offsets along the eastern bound-
ary fault appear to be somewhat steeper than cur-
rent models would suggest.

Data Base
Magnetotelluric data at a period of 20 sec is
shown for our survey area in the form of normal-
ized telluric ellipses in Figure 3. We propose to
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interpret the MT data from the eastern section of
Long Valley caldera in the light of the same grav-
ity data employed by Abers [1985]. One practical
problem that is often encountered in acquiring
magnetotelluric data is the fact that access to
high quality field sites may be limited either by
rough topography, forests, land-owner restrictions
and so forth. Thus, it is often difficult to find
suitable field sites where one can deploy an
orthogonal array of 100 m long electric wires to
record natural telluric field variations. In
order to minimize the impact of this problem on
our present data set, we assume that both the tel-
luric data and the gravity data are largely
reflecting the effects of the caldera structure.
Hence we seek a set of model solutions which sat-
isfy both data sets simultaneously. This allows
us to use the gravity data to interpolate our tel-

" luric field constraints between field sites.

We employ data from the three radial profiles
in the eastern caldera shown in Figure 3. Gravity
data are taken directly from contours transected
by these profiles, and the telluric field data
represent the projection onto this profile of the
major axes of the telluric field ellipses deter-—
mined at nearby sites. Unfortunately the telluric
field sites were not deployed with such a refined
analysis in mind, so that our data are somewhat
sparse. Nevertheless one can obtain some prelimi-
nary idea of the information that the telluric
field data contain, and perhaps identify some
problems that future work might resolve. Ten per-
cent error bars are attached to all the MT data
points as being representative of the precision of
data acquired throughout Long Valley caldera
[Hermance et al., 1984]. This, of course, does
not account for such errors as local geologic com—
plexities which violate the simple model we employ
to interpret these data.

The major axes of the telluric ellipses at 9
representative sites well inside the caldera
boundary were arithmetically averaged to provide a
mean intracaldera value. The value of the
telluric field at infinity is approximated by the
arithmetic average of the major and minor axes of
the telluric ellipse at the first site outside the
edge of the caldera along Profile C (Figure 3).
The magnitude of the major axis of each telluric
ellipse is then divided by the value at infinity
and the resultant normalized value is then pro-
jected onto the corresponding radial profile.

The Models

For the preliminary study described here, grav-
ity values are calculated using the 2-D algorithm
of Hubbert [1948]. Abers [1985] showed that 2-D
gravity models are adequate to delineate the local
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faulting at the caldera boundary along each pro-
file. If anything, the 2-D assumption will tend
to underestimate the magnitude of any inferred
fault offset. The 2-D assumption, of course,
would break down if one wanted to delineate base-
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Fig. 2. Various proposed models for the subsur-

face structure beneath the eastern section of Long
Valley caldera [after Pakiser, 1961; Hill, 1976;
Abers,’ 1985]. The location of these sections is
shown by the profile line on the map in Figure 1.
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Generalized geology of Long Valley caldera after Bailey and Koeppen [1977].

ment structure over the interior of the basin at
some distance away from the boundary faults. How-
ever, this is not our intent. We restrict our
interest to the caldera "walls".

A 2-D algorithm (Hermance, 1982) 1is also
employed for interpreting the telluric field data.
Whereas one must be cautious in employing such an
approach when dealing with a structure which is
clearly three-dimensional, our results should be
adequate to interpret features close to the bound-
ary fault(s). As in the gravity case, we would
expect the 2~D approximation to underestimate,
rather than overestimate, the maximum throw on the
boundary faults. Similarly there will be a ten-
dency to underestimate the resistivity contrast
between the caldera fill and the surrounding coun—
try rock.

In order to emphasize which features of our
resulting models(s) are most required by our data,
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Fig. 3. MT data at a period of 20 sec. and the

location of the profiles in eastern Long Valley
caldera used in the present study.
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Fig. 4a. Comparison of 2-D electrical and density
models to the observed telluric and gravity data
along Profile A.

we use as few modelling parameters as possible.
We assume a homogeneous basin fill and a homogene-
ous surrounding basement, each of which is charac-
terized by an arbitrary resistivity and demsity.
We then solve for the model geometry, the resis-
tivity contrast, and the demsity contrast which
best satisfies the telluric field and gravity data
simultaneously.

Profile A

Model A (Figure 4a) best-fits both the MT data
and gravity data along Profile A. This model sug-
gests an overburden of 350 meters, a rather steep
boundary fault and a caldera basin about 2 km
deep. The only constraint on the steepness of the
boundary fault is the MT site close to or at the
boundary. There is some discrepancy between the
MT data and the gravity data, as the gravity meas-—
urements suggest a wider, less steep transition
zone. But both data sets are fairly consistent in
determining the location of the subsurface caldera
wall. The resistivity contrast between the basin
£fill and basement is approximately 1:40 for this
model, and the gravity suggests a density-contrast
of -800 kg/m.

Profile B

The gravity data and MT data along this profile
(Figure 4b) could not be fit simultaneously by a
model having a simple geometry. The model that
best-fit the MT data (Model Bl) needed to be dis-
placed systematically to the left of the gravity
model (Model B2) by approximately 1.5 km. The
results for this profile suggest an overburden of
50 m, a boundary fault less steep than in Profile
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A, and a caldera basin 2 km deep according to the
gravity model (B2). The only constraint on the
displacement of 1.5 km for the MT-model is the MT
site closest to the boundary. The resistivity
contrast for this model is 1:20, and the density
contrast is -750 kg/m3.

Profile C

The best-fitting model of Profile C is shown in
Figure 4c. This profile is the only one that has
MT sites both outside and inside the caldera.
Model C is also the best fitting model to both the
MT data and the gravity data of all three models
(A, B and C). The model suggests an overburden of
100 meters outside the caldera boundary, a fault
zone a little less steep than in Profile B, and a
basin 2.2 km deep. The resistivity contrast for
this model is 1:25 and the basin has a density
contrast of -675 kg/m”.

The difference in resistivity contrast between
the basin fill and the surrounding basement for
the three profiles (25-1000, 25-500, 20-500,
respectively), as well as the difference in the
density contrast. for each profile (-800, -750,
-675 km/m’, respectively), suggest that lateral
variations may be present either in the basin fill
or in the surrounding country-rock. Refining our
model, however, to account for such effects is
beyond the scope of our present study.

Sensitivity of Model Parameters to Data
Constraints

Since the data and model-fit for Profile C is
significantly better than the other two profiles,
we choose this model as representative of the
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Fig. 4b, Data and model results for Profile B.

Model Bl fits the telluric data best, whereas
Model B2 fits the gravity data best.
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Fig. 4c. Data and model results for Profile C.

class of fault structures in the eastern caldera.
We can now ask how sensitive are the parameters of
our best-fitting model to the actual data  con-
straints? We have explored this question through
systematically varying each model parameter inde-
pendently while keeping all other model parameters
fixed, and comparing the results to the observed
data.

To summarize the results of this exercise we
have found that if all other parameters are held
fixed then the resistivity contrast for Profile C
may be constrained to within 25%, the density con~-
trast to within 207%, the maximum vertical offset
across the fault(s) to within 500 m (at a depth of
2000 m), the lateral position of the fault to
within 500 m, and the depth to the top of the
fault step to within 50 m (at a depth of 100 m).

Discussion and Conclusions

This study underscores the synergism of using
several types of geophysical data to study the
same geologic structure. In a case where telluric
field sites are too sparse to be used in more than
a semi-quantitative way, the gravity data have
allowed us to interpolate (and to extrapolate)
structures with some degree of confidence. Our
sensitivity analysis suggests that if all other
parameters are well-known, then the maximum offset
along the boundary fault is the least determined
parameter of our study if one relies on telluric
data alone and may be uncertain by 500 m or more.
On the other hand the gravity data help signifi-
cantly in resolving this parameter, providing a
density contrast can be reasonably well-deter-
mined. If we accept a value of -675 kg/m” from
Abers [1983], then the depth to basement appears
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to be about 2 km beneath the caldera’s surface. A
number of the parameters of our model are coupled,
however, so that one might satisfy the data with a
smaller (larger) maximum offset along the boundary
faults if the resistivity contrast or the density
contrast were higher (lower). On the other hand
the location of the subsurface boundary fault (or
fault zone) is relatively well determined by these
data, particularly along Profile C, where the
structure appears to be much steeper than recent
seismic and gravity models seem to suggest [Hill,
1976; Abers, 1985]. Thus one is inclined to
reconsider the steep bounding fault(s) model pro-
posed some years ago by Pakiser [1961], but the
analysis presented here suggests a vertical throw
across this boundary of approximately 2 km, rather
than the 5 km originally proposed by Pakiser.
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