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Abstract Personnel from the U.S. Geological Survey’s
Cascades Volcano Observatory conducted first-order,
class-II leveling surveys near Lassen Peak, California,
in 1991 and at Newberry Volcano, Oregon, in 1985,
1986, and 1994. Near Lassen Peak no significant verti-
cal displacements had occurred along either of two
traverses, 33 and 44 km long, since second-order sur-
veys in 1932 and 1934. At Newberry, however, the 1994
survey suggests that the volcano’s summit area had ris-
en as much as 97 £22 mm with respect to a third-order
survey in 1931. The 1931 and 1994 surveys measured a
37-km-long, east-west traverse across the entire volca-
no. The 1985 and 1986 surveys, on the other hand, mea-
sured only a 9-km-long traverse across the summit cal-
dera with only one benchmark in common with the
1931 survey. Comparison of the 1985, 1986, and 1994
surveys revealed no significant differential displace-
ments inside the caldera. A possible mechanism for
uplift during 1931-1994 is injection of approximately
0.06 km? of magma at a depth of approximately 10 km
beneath the volcano’s summit. The average magma
supply rate of approximately 1x 10~ km?/year would
be generally consistent with the volcano’s growth rate
averaged over its 600,000-year history
(0.7-1.7 x 1073 km?/year).

Key words Newberry volcano - Lassen Peak volcano -
Leveling - Volcano geodesy - Crustal uplift

Introduction

Vertical displacements near volcanoes, faults, fluid-
withdrawal zones, or other areas of interest can be
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measured by repeating leveling surveys that were com-
monly conducted in past decades to establish elevations
along roadways or railways. This approach has been
used to measure uplift at the Yellowstone caldera in
Wyoming between 1923 and 1975-1977 (72.6cm or
1.4£0.1 cm/year; Pelton and Smith 1982), uplift at the
Long Valley caldera in California between 1975 and
1980 (25 cm; Savage and Clark 1982), and subsidence at
Medicine Lake Volcano in California between 1954
and 1989 (38.9+4.3 cm or 1.1+0.1 cm/year; Dzurisin et
al. 1991). This paper summarizes results of repeated
leveling surveys near Lassen Peak in northern Califor-
nia and at Newberry Volcano in central Oregon, two
active volcanoes in the Cascade Range with their most
recent eruptions in 1914-1917 and approximately 1,300
years ago, respectively.

The leveling surveys

Near Lassen Peak, the National Geodetic Survey
(NGS, formerly U.S. Coast and Geodetic Survey,
USC&GS) conducted second-order leveling surveys
between Mineral and Chester (44 km) in 1932 and be-
tween Viola and Old Station (33 km) in 1934 (Fig. 1).
In 1991 a team from the U.S. Geological Survey’s Cas-
cades Volcano Observatory (USGS/CVO) repeated
those surveys to first-order, class-II standards. The
traverses were not connected in 1991, because most of
the intervening benchmarks had been destroyed. New
benchmarks were established approximately 1 km apart
as a baseline for future surveys (Yamashita and Iwatsu-
bo 1992).

A third-order leveling traverse across the broad
shield of Newberry Volcano (37 km) was first measured
by USGS levelman G.A. Fischer in July to August 1931
(Fig. 2). The traverse began 6.2 miles (9.9 km) north of
La Pine, Oregon, at the junction of The Dalles-Califor-
nia Highway and the road eastward to Paulina Lake.
Fischer started his traverse at a USGS second-order
line measured by L.F. Biggs in 1908 with the intention
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Fig. 1 Leveling traverses near Lassen Peak, California. The trav-
erse between Mineral and Chester is 44 km long and was mea-
sured in 1932 and 1991. The traverse between Viola and Old Sta-
tion is 33 km long and was measured in 1934 and 1991 (see
Fig. 3). Contours in feet (1 foot=0.348 meters)

of leveling eastward over Newberry Volcano to China
Hat, a distance of 28.5 miles (45.9 km). His plan con-
formed to standards of the day for third-order surveys:
“The grade of work classed as third order should not be
extended more than 30 miles from work of higher accu-
racy” (Birdseye 1928, p 130). Near China Hat, Fischer
tied to a third-order line measured in 1929 by Suther-
land of the Oregon Geographic Board. The closure be-
tween Biggs’ traverse near La Pine and Sutherland’s
traverse near China Hat exceeded the allowable limit
of 0.05-y/L ft, where L is the length of circuit in miles.
Following guidelines set forth by Birdseye (1928),
Fischer continued his traverse northward from China
Hat approximately 13 miles (20.9 km) to Evans Well,
where he tied to a USC&GS first-order line. Closure
between La Pine and Evans Well was 0.208 ft (6.3 cm),
within the allowable limit of 0.323 ft (9.8 cm) over a dis-
tance of 41.7 miles (67.1 km). Fischer ended his trav-
erse and distributed the closure error linearly with dis-
tance between La Pine and Evans Well. Data used here
include this correction plus others described by Bird-
seye (1928).

A USGS/CVO team established a 9-km-long, first-
order leveling traverse across the summit caldera of
Newberry Volcano in 1985 and measured it again in
1986 (Yamashita and Doukas 1987). The caldera trav-
erse includes only one benchmark recovered from the
1931 survey, so the 1985 and 1986 measurements can-
not be compared with the 1931 measurements to deter-
mine vertical displacements. In 1994 a USGS/CVO
team repeated the larger survey from near Highway 97
eastward across the summit caldera to near China Hat.
The 1994 survey conformed to first-order, class-11
standards (Yamashita et al. 1995).
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Procedures and accuracy

Standards and accuracy for leveling surveys, including
changes through time as equipment and procedures im-
proved, were discussed by Vanicek et al. (1980) and by
the Federal Geodetic Control Committee (1984). The
standard deviation of an elevation difference between
benchmarks measured by a leveling survey is given by

i B
(h) WVZ

where B is a constant factor for each order, class, and
vintage of survey, j=1 for single-run surveys or j=2 for
double-run surveys, and L is the distance in kilometers
along the leveling route from a reference benchmark to
the benchmark in question. For surveys that are dou-
ble-run, B can be calculated from observed misclosures.
For single-run surveys, Vanicek et al. (1980) assigned a
value of B for each order, class, and vintage of survey
based on the experience of NGS and USGS.

The standard deviation of a height change measured
by comparison of two leveling surveys is given by

'B_2+_ 1/7

These statistics describe only random errors that re-
main after appropriate corrections have been made and
do not account for uncorrected systematic errors. Both
error types can be minimized by proper field proce-
dures. Values of B8 (from Vanicek et al. 1980), o(h), and
o(6h) for the surveys discussed here are given in Ta-
bles 1 and 2.

o(6h)=

Lassen results

At Lassen the 1932 and 1991 surveys between Mineral
and Chester and the 1934 and 1991 surveys between
Viola and Old Station reveal no changes larger than the

Table 1 Characteristics of lev-

eling surveys Year Order, class Location Length (km) B (mm/km'?) o (h) (mm)

Lassen

1932 Second order, Mineral-Chester 44.1 3.0 3.0-L1
class I1

1934 Second order, Viola—Old Station 33.4 3.0 3.0-L
class I1

1991 First order, Mineral-Chester 441 0.7 0.7-L'?
class 11

Viola-Old Station 334 0.7 0.7-L'?

Newberry

1931 Third order Hwy 97-China Hat ~ 37.5 6.0 6.0-L'?

1985 First order, Summit caldera 9.3 0.7 0.7-L'?
class 11

1986 First order, Summit caldera 9.3 0.7 0.7-LY?
class 11

1994 First order, Hwy 97-China Hat  37.5 0.7 0.7-LY?
class I1

2 From Vanicek et al. 1980
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Table 2 Uncertainty in height change, o(5h)

Survey interval Location o(8h)
Lassen

1932-1991 Mineral-Chester 31-L'?
1934-1991 Viola-Old Station 3.1-L'?
Newberry

1931-1985 Summit caldera 6.1-L1"7
1931-1994 Hwy 97-China Hat 6.1-L'?
1985-1986 Summit caldera 1.0- L2
1985-1994 Summit caldera 1.0-L'?
1986-1994 Summit caldera 1.0- L2

uncertainty in the measurements (Fig. 3). Benchmarks
14 A near Mineral and H196 near Viola were held fixed
for this analysis. Elevation changes are less than o{6h)
for 8 of 13 benchmarks and less than 20(h) for 12 of
13, consistent with the expected statistical variation in
the measurements if no real changes occurred. Appar-
ently, the area was stable from 1932 to 1991.
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Fig. 3 Vertical displacements and topography between Viola and
Old Station and between Mineral and Chester for the periods
1934-1991 and 1932-1991, respectively. Benchmarks H196 near
Viola and 14 A near Mineral were held fixed. Error bars repre-
sent one standard deviation from expected random leveling er-
ror
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Newberry Results, 1931-1994

At Newberry Volcano, comparison of the 1931 and
1994 surveys reveals changes that exceed o(6h) every-
where except at the end of the traverse (Fig. 4). In fact,
the changes exceed 20(8h) along more than half of the
traverse, including the upper flanks and summit area.
Benchmark F1 at the west end of the traverse near
Highway 97 was held fixed. The computed vertical dis-
placements are essentially the same if F12 at the east
end of the traverse is held fixed, because the relative
change between the two marks is only 16 +37 mm. The
largest change, 97 =22 mm with respect to F1, occurs at
A1G near the west rim of the summit caldera, at the
bridge over Paulina Creek. The pattern of changes
mimics the topography in a general way, raising the
possibility of systematic error in one or both of the sur-
veys.

Potential sources of systematic error

The most common types of systematic leveling error
are rod scale error and refraction error. Rod scale error
occurs because the graduations on leveling rods cannot
be perfectly scribed: There is always a discrepancy be-
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Fig. 4 Vertical displacements and topography at Newberry Vol-
cano from leveling surveys in 1931, 1985 (caldera only), and 1994.
Benchmark F1 near Highway 97 was held fixed for the 1931-1994
comparison, and benchmark A1G near the west rim of the sum-
mit caldera was held fixed for the 1985-1994 comparison. Not
shown is a comparison of surveys across the caldera in 1985 and
1986, which revealed no differences larger than 1.9+ 1.6 mm. Er-
ror bars represent one standard deviation from expected random
error. Smooth curve is the vertical displacement profile predicted
by an elastic model (Mogi 1958) in which a volume V' =0.06 km?
of magma is injected at a depth d=10 km beneath A1G
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tween the intended location of a graduation and its true
distance from the base of the rod. The effects of scrib-
ing error can be partly removed by calibrating rods and
using the results to correct readings made in the field.
This introduces a second, generally much smaller
source of error called calibration error. A helpful dis-
cussion and analysis of scribing and calibration errors
are in Strange (1980a).

Scale differences between rods can give rise to syste-
matic error that accumulates with elevation. For exam-
ple, imagine using one perfect rod and one flawed rod
to measure a traverse across a mountain. The gradua-
tions on the flawed rod are too far apart by an amount
that increases linearly with distance from the bottom of
the rod (as if the rod were stretched after scribing). On
the uphill part of the traverse, the effect of the flawed
rod would be to overestimate by a small amount the
true elevation difference between rods whenever the
flawed rod is used at the foresight, and to underesti-
mate by a larger amount the elevation difference when-
ever the flawed rod is used at the backsight. The net
effect would be to underestimate the height of the sum-
mit. On the downhill part of the traverse, the elevation
difference between rods would be overestimated by a
small amount whenever the flawed rod was used at the
backsight and underestimated by a larger amount
whenever the flawed rod was used at the foresight. The
net effect is the same: The true height of the mountain
would be underestimated. This error could not be de-
tected by double running the traverse with the same
rods, because the effect is repeatable. If results of the
flawed survey were compared with those from a subse-
quent perfect survey, the mountain would appear to
have grown in stature even in the absence of any real
movement.

The effect of rod scale error can be mostly elimi-
nated from modern surveys by using rods that have
been accurately calibrated. Calibration establishes the
actual distance from the base of the rod to each gradua-
tion as a basis for applying corrections to height differ-
ences measured in the field. For older surveys con-
ducted with uncalibrated rods, a simple test can be used
to estimate the likelihood that rod scale error is pres-
ent. The test is not definitive, because the possibility of
a real link between deformation and topography can-
not be discounted.

If one or both leveling surveys being compared are
contaminated with rod scale error, measured elevation
changes between adjacent benchmarks (tilts) will corre-
late with elevation differences between the benchmarks
(slope). The present author explored this possibility for
the Newberry surveys using a linear regression tech-

nique described by Stein (1981). Regression coeffi-
cients m, Y intercepts b, and correlation coefficients r
for the equation r=m#6+ b, where 7and 6 represent tilt
and slope, respectively, were calculated for each section
along the traverse. Two weighting functions were used:
(a) equal weight for all data points (“nonweighted”);
and (b) 1/0(6h)? The second approach takes account
of the fact that tilt is better determined for long sec-
tions than for short sections. Results are given in Ta-
ble 3. For comparison, see a similar analysis for Medi-
cine Lake Volcano by Dzurisin et al. (1991).

The results for Newberry Volcano permit the inter-
pretation that most or all of the changes measured by
the 1931 and 1994 surveys are a result of slope-depend-
ent error. However, this interpretation implies an unu-
sually large relative rod scale error (160 ppm; see be-
low). Tilt-slope correlation coefficients are 0.716 (non-
weighted) and 0.637 (weighted), corresponding to less
than 5% likelihood that tilt and slope are uncorrelated.
Of course, correlation does not necessarily imply cause;
real uplift and subsidence profiles at volcanoes com-
monly correlate with topography. If the 1931-1994 ele-
vation changes are “corrected” using the regression
coefficients in Table 3 (i.e., the correlated portion of
the signal is removed), the remaining changes are with-
in measurement uncertainty. This means that the
changes could be due entirely to slope-dependent er-
ror, presumably relative scale error between the rods
used for the 1931 and 1994 surveys.

Strange (1980a) analyzed data from 64 leveling sur-
veys over 17 profiles (i.e., 47 repeat surveys) in south-
ern California for evidence of relative rod scale error.
In general, scale errors were less than 30 parts per mil-
lion (ppm). In 44 of the 47 cases analyzed, scale errors
were less than 80 ppm; only 3 cases had scale errors of
140-160 ppm. If the 1931-1994 changes at Newberry
Volcano were entirely a result of relative rod scale er-
ror, the error would be 97 mm over 615 m of elevation
difference, or 160 ppm. The rods used for the 1994 sur-
vey were calibrated several times, and the resulting
scale corrections were less than 30 ppm. Therefore, if
differences between the 1931 and 1994 surveys are en-
tirely caused by relative rod scale error, the rods used
for the 1931 survey were unusually poor in this re-
spect.

In an attempt to assess this possibility, this author
obtained a copy of the original field notes for the 1931
survey from the USGS archive in Denver, Colorado
(D.P. Benson, pers. commun.). Levelman G.A. Fisher
noted that level Y 167 and New York rod 543 were
used for the survey. New York rods are 6.5 ft (198 cm)
long and extendible to twice that length. Following

Table 3 Linear Regression
Statistics, 1931 and 1994 level-

Nonweighted Weighted

ing surveys, Newberry Volca-

o Regression coefficient

Correlation coefficient
Y intercept

1.066£0.456 x 10~
0.637
-1.243£1.829x10*

1.260£0.434 x 10~
0.716
-1.225+19.689 x 10~*




guidelines set forth by Birdseye (1928, p 129), Fischer
noted that rod 543 was tested, presumably by the Bur-
eau of Standards, on 29 January 1926. The rod was
short 0.001 in. at 11 ft, which corresponds to approxi-
mately 7 ppm. This is remarkably good, even by mod-
ern standards, especially when compared with the re-
sults of Strange (1980a) described previously. Thus, it
seems unlikely that relative rod scale error is a domi-
nant cause of the differences measured by the 1931 and
1994 surveys.

Another potential source of systematic error is re-
fraction error. This arises when air in the first few me-
ters above the ground is poorly mixed and therefore
temperature stratified. The resulting change in the in-
dex of refraction with height causes the line-of-sight
from the level instrument to the rod to be bent in a
systematic way. The effect is greatest in steep terrain,
where a typical setup involves the lower part of one rod
and the upper part of the other. Refraction error can-
not be removed by double-running, because atmos-
pheric conditions change between runnings and tem-
perature stratification is repeatable in a general way
(i.e., the ground is usually colder than the air immedi-
ately above it in the morning, and warmer in the after-
noon).

A correction for refraction error can be made if the
difference in air temperature at two heights near the
ground is measured either during a survey or estimated
from regional and seasonal climate information.
Strange (1980a) showed that good results are obtained
from a simple formulation by Kukkamaki (1938):

R=-4x10"-yL2AhAt

where R is the refraction correction, 7y is a function of
certain physical constants of air and the value of the
constant c¢ in the equation below, L is the distance from
the level instrument to the rod at a setup with the in-
strument midway between the two rods, Ah is the
height difference measured at the setup, and At is the
difference in temperature between two points 0.5 and
2.5 m above the ground.

This formulation is based on the assumption that the
temperature variation near the ground has the form:

t=a+bZ°,

where ¢ is the temperature, Z is the height above the
ground, and a, b, and ¢ are constants to be derived from
measurements.

Strange (1980b) gave justifications for using as an
approximation for At in California values that are twice
those found by Best (1935) in England. This corre-
sponds to At=0.5-1.5°C. Under this assumption, and
by assigning a value of 70 to vy (based on the results of
Kukkamaki 1939), Strange (1980a) estimated the mag-
nitude of R for a range of conditions (Table 4). His re-
sults emphasize that sight length, L, is the dominant
factor affecting R (a consequence of the L? depend-
ence). For example, if 20-m sight lengths were used
along a traverse with 1 km of relief and the average val-

89

Table 4 Approximate value of refraction correction (cm/100 m)
for differing sight lengths (L) and temperature differences (Ar).
(From Strange 1980a)

Temperature Sight length (m)
difference (Af)

20 25 50 60 100
0.5 0.11 0.17 0.7 1.0 2.8
1.0 0.22 0.35 1.4 2.0 5.6
1.5 0.33 0.52 2.1 3.0 8.4

ue of Ar changed by 1.0°C between two levelings, the
refraction correction R would be 2.2 cm. Using 100-m
sight lengths instead increases R to 56 cm.

The present author found no information about
sight lengths for the 1931 survey at Newberry, but they
were undoubtedly limited by relatively steep topogra-
phy along the traverse. Standards for third-order sur-
veys of the day allowed for sight lengths up to 300 ft
(Birdseye, p 132). However, our experience during the
1994 survey was that the terrain restricted most sight
lengths to less than 30 m, typically approximately 20 m.
Therefore, even though much longer sight lengths
would have been tolerated for the earlier, third-order
survey, the terrain serves to limit any difference in the
average value of L. This assumes that backsight and
foresight lengths were balanced for the 1931 survey, as
called for in the standards for third-order surveys
(Birdseye 1928, pp 132-133). Lacking more specific in-
formation, the present author assumed that L,,. was
20 m for both surveys and At between the surveys was
1.0°C. From Table 4 the cumulative refraction correc-
tion between the low and high points on the Newberry
traverse (A4h=820m) is R=18cm. If L,.=25m,
R=29cm. If L,,o=25m and Ar=1.5°C (worst case?),
R=42cm. Given the steepness of the terrain, any
larger value of L,,. is implausible. Thus, it seems un-
likely that uncorrected refraction error accounts for a
large portion of the difference between the 1931 and
1994 surveys.

In summary, neither rod scale error nor refraction
error can easily account for all of the difference be-
tween the 1931 and 1994 surveys. Both types of error
presumably exist in the 1931 survey and, to a lesser de-
gree, in the 1994 survey, but they are unlikely to ac-
count for more than half of the maximum displacement
measured along the traverse (97 £22 mm near Paulina
Lake).

Newberry Results, 1985-1994

Results from the 1985, 1986, and 1994 leveling surveys
across the summit caldera at Newberry Volcano are
identical within measurement uncertainty (Fig. 4). The
largest vertical displacements anywhere along the trav-
erse with respect to benchmark A1G near the west cal-
dera rim are 19*x1.6mm (1985-1986) and
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-3.3+2.3 mm (1985-1994). Therefore, any differential
movement that might have occurred inside the caldera
during 1931-1994 had stopped by 1985. This result is
ambiguous, however, because the 1931-1994 uplift pro-
file spans the entire volcano and differential displace-
ments inside the caldera are relatively small (Fig. 4).
Another leveling survey of the entire Newberry trav-
erse (or measurements using another geodetic tech-
nique such as GPS) is needed to determine if the sum-
mit area is actually rising.

The Newberry leveling results are also equivocal
with respect to geologic evidence for ground deforma-
tion during the past few millennia. Jensen and Chit-
wood (1996) reported differential uplift of terraces at
Paulina Lake, which occupies the western part of New-
berry caldera, by 4-6 m since a large flood lowered lake
level approximately 2,000 years ago. They speculated
that several intracaldera eruptions during Holocene
time were accompanied by episodes of uplift, subsi-
dence, and tilting of the caldera floor and recom-
mended that results of repeated leveling surveys be ex-
amined for any evidence of historical ground deforma-
tion.

If the deformation rate were constant, which seems
unlikely, the terrace information would imply an aver-
age differential uplift rate inside the caldera of 2-3 mm/
year. A rate that high would have been detected by the
1985 and 1994 leveling surveys; thus, either the uplift
stopped before 1985 or the uplift rate varies with time.
The suggestion by Jensen and Chitwood (1996) that
most of the deformation inside the caldera is associated
with eruptive or intrusive events, and therefore defor-
mation rates during quiescent periods are likely to be
low, is both plausible and consistent with the available
data.

The meaning of the 1931-1994 leveling results is un-
clear. Firstly, the possibility of systematic error in the
1931 survey cannot be dismissed entirely, although it is
unlikely to be a dominant factor. Secondly, the terrace
information pertains only to deformation inside the cal-
dera, and no other geologic information is available to
evaluate the possibility of volcano-wide deformation.
Finally, there are few mechanisms to account for broad
uplift of the entire volcano.

Discussion

Newberry Volcano is located in a zone of crustal exten-
sion adjacent to the Basin and Range tectonic province.
Crustal thinning as a result of extension would facilitate
subsidence, not uplift. Loading of the crust beneath the
volcano, which is likely to be hot and weak as a result
of repeated magmatic intrusions and fracturing, might
also cause subsidence. Dzurisin et al. (1991) attributed
edifice-wide subsidence at Medicine Lake Volcano,
which is geologically similar to Newberry Volcano, to a
combination of these two processes. MacLeod et al.
(1995) showed broad downwarping of subvolcanic

rocks in their interpretive cross sections of Newberry
Volcano, based on geologic mapping and drill hole re-
sults. Historical uplift at Newberry runs counter to this
long-term trend.

The only reasonable explanation for edifice-wide
uplift at Newberry, other than uncorrected leveling er-
ror, is pressurization of a source volume beneath the
volcano. To cause surface uplift, the pressurization rate
must be high enough to overcome the effects of crustal
thinning and loading. A simple elastic model (Mogi
1958) that fits the general form of the leveling results
includes a volume increase of 0.06 km® at a depth of
10 km (Fig.4). Moving the inflation source to 5 or
15 km depth produces a fit to the data that is obviously
worse. More detailed modeling is probably not justified
by the limited amount and quality of leveling data
available. If uplift was caused by inflation of a magma
body at 10 km depth, the average magma supply rate
during 1931-1994 was approximately 1x10~> km?/
year.

For comparison, the volume of the Newberry vol-
canic edifice above the surrounding plain is 400-500
km?, and the total volume erupted may be twice as
great (MacLeod et al. 1995). The volcano began its
growth about 600,000 years ago, so the average magma
supply rate to the surface has been 0.7-1.7 x 10~ km?/
yr. The point of this comparison is not to support mag-
matic inflation as the mechanism for historical uplift,
but only to demonstrate that the average supply rate
derived from leveling results is reasonable within the
context of the volcano’s long-term eruptive history.

There is no evidence from very limited seismic cov-
erage in the Newberry area for any historical earth-
quake swarms that might have marked the occurrence
of magmatic intrusions beneath the volcano. Local seis-
micity has been monitored only since 1987 with a single
station on the volcano’s east slope (Norris 1991). An-
other station was operated at Pine Mountain, 25 km
northeast of the caldera, from December 1979 through
1981. Owing to apparently low seismicity and sparse,
discontinuous station coverage, very few earthquakes
have been reliably located in the region. A search of
the University of Washington’s Pacific Northwest Seis-
mic Network earthquake catalog turned up no earth-
quakes larger than magnitude 2 in the region bounded
by 43.0°-44.5°N and 120.5°-122.0°W, centered on the
volcano, for the period 1931 to the present; however,
smaller earthquakes could have gone undetected, espe-
cially before 1987.

Additional geodetic measurements will be necessary
to evaluate the intriguing possibility that Medicine
Lake Volcano is subsiding while Newberry Volcano, in
a similar tectonic setting, is rising, and to better deter-
mine the causes of ground movements at both volca-
noes.
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