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Introduction

To investigate the velocity structure of the crust and upper mantle 
beneath southwest Oregon and the Cascade Range, I have used the 
teleseismic compressional-wave traveltime residual method, described by 
Steeples and lyer (1976), Reasenberg et al. (1980), lyer et al. (1981), 
and Stauber (1982a), to name a few. The primary purpose of the study is 
to characterize the configuration and structure of the subducting Juan de 
Fuca plate beneath the Cascade Range in Oregon. Segmentation and changes 
in dip and curvature are thought to characterize the subducting Juan de 
Fuca plate in Washington and northern Oregon (Weaver and Michaelson, 
1985; Michaelson and Weaver, 1985). The dip of the slab also varies 
laterally between the coastal thrust zone and the Cascade Range volcanic 
arc (Langston, 1981; Leaver et al., 1984). Since most of Oregon lacks 
the subcrustal seismicity observed near Puget Sound and in parts of 
northern California (Taber and Smith, 1985; Bolt and Miller, 1971; 
Chandra, 1974), and at most convergent plate boundaries, little is known 
about the plate configuration and structure in southern Oregon (Hill, 
1978; McBimey, 1978; Hughes et al., 1980; Rite and lyer, 1981; Kollmann, 
1984).

Teleseisms have steeply plunging rays for stations more than 25° 
from the event's epicenter. For an array that is small compared to delta 
(the distance between a station and an event), the paths of the rays to 
different stations are subparallel and only weakly dependent on structure 
between the array and the source (e.g. Aki et al. , 1977). Traveltime 
residuals across the array are attributable mainly to crustal and upper 
mantle velocity anomalies below the array, and thus yield information 
about the corresponding compressional wave velocity structure.

Twenty of the U.S. Geological Survey's "five-day recorder" seismic 
instruments (Criley and Eaton, 1978) were deployed in a 366-km-long 
northwest-southeast profile extending from the Coast Range in southern 
Oregon across the Cascade Range at Crater Lake to the Modoc Plateau in 
northern California (see Figure 1 and Table 1). Data collected 
simultaneously at some of these same stations using the U.S. Geological 
Survey's intermediate-period seismic system (Stauber, 1982b) is currently 
being analyzed and will not be discussed here. The stations, with an 
average spacing of 20 km, recorded continuously for eight weeks in 
September and October, 1982. In the western United States, most 
teleseisms arrive from southwest, northwest, or southeast azimuths. Few 
events from other directions can be recorded in a timespan of several 
months. In anticipation of this, the array was deployed in the 
northwest-southeast direction, to function as a reversed profile, even 
though this direction does not follow regional structural trends.

P arrivals from 40 teleseismic events, PKIKP arrivals from 2 events 
at distances of about 123°, and P arrivals for 3 regional events about 
3-8° from the profile were clearly recorded by our network (Table 2).



Twenty-two of these teleseisms came from the northwest and 16 were from 
the southeast. Only two southwest events are included in the data set, 
since information from that direction is not reversed and therefore can 
not be interpretted.

Methods

The five-day recording instruments each have one vertical and two 
horizontal 1-Hz seismometers. They record data in FM analog form on 1/2" 
magnetic tape, along with time signals from an internal clock and from 
the WWVB radio signal. To facilitate identification of useful 
teleseismic events, a smoked paper drum recorder with a 1-Hz vertical 
seismometer was operated near the Crater Lake station ("spal" in Figure 
1). The smoke drum record showed clear arrivals from many teleseismic 
events with magnitude m^ > 5.0, and from several regional events with 
m^ > 4.0. All clear events were played back and digitized using the 
U.S. Geological Survey's Data General Eclipse S/200 computer system. 
Hypocentral information used is from the U.S. Geological Survey's 
Preliminary Determinations of Epicenters bulletins for 1982.

Digitized events were picked using an interactive computer program 
written by John R. Evans (written communication, 1982). Traveltimes were 
picked at a large feature, such as a peak or a trough, in the first 
cycle of motion. Picks were visually correlated for all stations 
recording an event. Systematic errors due to variations in waveform 
across the array are expected to be less than 0.1. s using this method 
(Steeples and lyer, 1976). Coherency between stations improved when 
teleseismic traces were filtered with a 0.5- to 2.0-Hz bandpass filter. 
The reading uncertainty in each pick was noted by assigning a pick 
quality as follows: "a" quality for +_ 0.05 s uncertainty; "b", +_ 0.125 
s; "c", +_ 0.25 s; and "x", +_ 1.0 s. The "x" quality picks were not used 
in subsequent data analysis. For three teleseismic events, the PcP phase 
could also be timed. Typical seistnograms are plotted in Figures 2a-f.

Residual Computation

Traveltime residuals at each station for each teleseism (P) and for 
each PKIKP event were calculated by a computer program which subtracts a 
theoretical traveltime computed using Herrin's standard earth model from 
the observed traveltime between the source and the seismometer (J.R. 
Evans, written commun., 1983; Herrin, 1968a&b). The absolute residual 
for the ith station and jth event is:

RAi,- =(TAi}- -TOrf-TEv

where TAj: is the observed arrival time, TO; is the event origin 
time, and TE^: is the expected traveltime predicted by the Herrin 
model (Steeples and lyer, 1976). An early arrival will produce a 
negative residual, while a late arrival will produce a positive residual.



To correct for source and total-path effects, which do not relate to 
the crustal and upper mantle structure beneath the profile, a relative 
residual is calculated for each observed arrival. To avoid introducing 
dependence on a reference station, the relative residuals were calculated 
for each event by subtracting the mean of the absolute residuals for all 
stations from the absolute residual at each station:

where RRj; is the relative residual at the ith station and the jth 
event, n is the number of stations reporting for the particular event, 
and the summation is over all reporting stations.

Alternatively, relative residuals may be calculated using a 
pick-quality weighting factor for each station, as follows: for an 
uncertainty of +_ 0.05 s, the weighting factor W^ is 1.0; for +_ 0.125 s, 
W£ = 0.5; for + 0.25 s, W£ = 0.2 s; and for + 1.0 s, V^ = 0.0 s. 
The weighted relative residuals were calculated by:

RWi}. = RAif -
f ^ *

k

where RW^- is the weighted relative residual for the ith station.
All relative residuals presented here are this latter, more stable, type.

Residuals for PcP phase events were calculated with respect to a 
reference station. At each station i, the absolute residual RA^ for 
that station is:

RAi = (OT,- - OTHf ) - S (A, - Afe/ )

where OT£ is the observed traveltime for station i, OT re f is the 
observed traveltime at the reference station, S is the slowness dT/d A ,
Ai is the distance between the event and the station, and A re f 

is the distance between the event and the reference station, for the 
event in question. By assuming a constant slowness across the array, an 
error on the order of .2-. 3 s is introduced for PcP phase event residuals,

To calculate relative residuals for regional events, a plane wave 
from the northwest or the southeast was fit to the observed traveltimes, 
using least squares. At each station, the difference between observed 
and predicted times is the relative residual. The relative residuals for 
the Kodiak Island event at delta=22° were also calculated in this 
manner. The residuals for regional events are more indicative of local 
crustal anomalies than of deeper structure, and will not be discussed in 
detail. Table 3 presents the traveltimes and residuals for all events, 
teleseismic and regional.

To look for effects of station elevations on residuals we plotted 
relative residuals (s) versus station elevations (km) for all teleseisms 
from the different azimuth groups (Figures 3a-c). Since there is no



apparent linear relationship between the residuals and the station 
elevations in these plots, no elevation correction is used for any of the 
teleseismic residuals.

Residual Plots

This data report does not include a complete analysis of the 
velocity structure giving rise to the relative residuals reported here. 
It may, however, help the reader to visualize a causative structure. 
C.A.Michaelson (oral communication, 1985) is analyzing this structure; 
the major features she reports are schematically illustrated in Figure 
4. The relation between this structure and the relative residuals is 
considered below, in the "Discussion" section.

Figures 5a-p show the relative residuals (Table 3) for all stations 
and all events. The vertical axis shows residuals (s), while the 
horizontal axis is distance in kilometers along the profile, from the 
northwest on the left to the southeast on the right. Station names are 
indicated along the bottom of the plots. All plots are scaled the same. 
The events are plotted in groups by azimuth, delta, and phase. It is 
evident from these plots that the residual pattern shifts with azimuth, 
and that the relative residuals depend strongly on delta and the phase. 
Since the distance to an event and its phase control the raypaths and 
angles of incidence of the rays at the stations, differences in the 
residual patterns for events from discrete distances can be used to 
reconstruct variations in the velocity structure beneath the array.

In the plots for events from discrete delta-azimuth blocks, scatter 
on the order of .2-.3 s results from uncertainties in timing and errors 
due to variations in waveforms across the array. The overall pattern of 
the residual anomaly and its approximate magnitude are apparent, despite 
this scatter. A detailed analysis of the velocity structure, using 
three-dimensional inversion techniques, will be presented in a later 
paper. But a qualitative picture of the velocities can be constructed by 
examining the general pattern apparent in the residual plots.

Figures 5a-c show how the residual pattern changes with azimuth, 
regardless of delta. The most obvious feature of Figure 5a (all 
southeast events) is that stations in or bordering the Western Cascades 
(sp41, sp51, sp61, sp71, and sp81) are 0.5 to 1.0 s earlier than the 
stations near the ends of the profile. In the plot of the residuals for 
all northwest events (Figure 5b), a similar pattern is evident, but is 
shifted slightly to the southeast. For the northwest events, residuals 
at stations in or bordering the High Cascades (sp71, sp81, sp91, spal, 
and spbl) are about 0.75 s earlier than residuals for the other 
stations. Figure 5c shows the residuals for two southwest events. 
Because we did not record any events from the northeast, the southwest 
direction is unreversed and the residuals from these events will not be 
discussed further.

Grouping the events by delta as well as by azimuth reduces scatter



in the plots and highlights the shifting anomalous residual patterns. 
Figures 5d-i plot residuals for the southeast events in groups by delta, 
and Figures 5j-p plot the northwest event residuals. We will first 
examine the residuals for the southeast events.

Figure 5d shows the residual pattern for a regional event at delta = 
4-7° . Stations sp41-sp81 in the Western Cascades are all early, 
relative to stations farther to the southeast, by a maximum of 0.6-0.7 s 
at station sp51. (The method used to calculate the residuals for this 
regional event did not take local crustal structural variations into 
account, so this plot can only be used to give a very general idea of the 
residual pattern for events with nearly horizontal angles of incidence). 
The plot of southeast events 30-42° from the profile, Figure 5e, 
similarly shows early arrivals for Western Cascades stations sp41 through 
sp81. The early-arrival pattern is a symmetric trough with a maximum 
amplitude of 0.8-1.1 s, at station sp51, relative to stations at the ends 
of the array. The plot for southeast events 42-60° away, Figure 5f, 
has to few readings to be interpretted. The plot for the southeast 
events 60-80° away (Figure 5g) shows a steep trough for early stations 
in and on the east edge of the Western Cascades, between sp41 and sp91. 
The trough has an amplitude of about 0.8 to 1.1 s, but centers on station 
sp71. For more distant events, 80-100° from the profile (Figure 5h), 
the trough has a noticeably asymetrical shape, a smaller amplitude, and 
is again centered on station sp51. This station is about 0.5 s earlier 
than stations sp41 and spal. For these distant events, station sp41 is 
no longer early and stations sp91, spal, spbl, spcl, and spdl appear to 
be slightly early. The trough is steep to the northwest and spreads out 
to the southeast, gradually dying out somewhere southeast of the High 
Cascades.

PcP arrivals for two Guatemalan events are plotted in Figure 5i. 
The plot is similar to the plot for southeast events 80-100° from the 
profile. The earliest station, sp71, is about 0.9 to 1.0 s earlier than 
surrounding stations outside of the Cascade Range. At the edge of the 
Western Cascades, the residuals jump abruptly from about -0.1 s at 
station sp41 down to about -0.8 s at station sp51. The Western Cascades 
stations sp51, sp61, sp71, and sp81 are all early.- The early arrivals 
gradually die out in the High Cascades and bordering stations, sp91 
through spdl.

Now looking at the plots of residuals for the northwest events 
(Figures 5j-p), we see a pattern similar to the trough seen in the 
southeast event plots, but shifted southeast by 30 km. The residual 
pattern for events from the northwest is less sensitive to delta, and is 
about the same for all northwest events from 22° to 100° away. A 
few readings from a Kodiak Island event (Figure 5j), 22-25° from the 
profile, show residuals at stations sp71 and sp91 to be about 0.5-0.6 s 
earlier than the residual for station sp61. Plots for delta = 25-100° 
(Figures 5k-n) show a steep asymmetric trough of about 0.6 to 0.8 s 
amplitude, centered on stations sp71 and sp81.



The PKIKP and PcP-phase residual plots (Figures 5o-p) differ 
slightly from the other northwest event plots in that stations sp51 and 
sp61 are early for these events. These plots show a 0.8 to 1.1 s low 
centered on stations sp71-sp81 and extending from stations sp51 to spbl.

Table 4 summarizes the dependence of the residual on azimuth and 
delta, as discussed above.

Discussion

Linear inversion and forward modelling using raytracing are required 
to quantitatively model the velocity structure indicated by the residual 
patterns discussed above (Figure 4). This modelling is in progress and 
will be presented in a later paper. The pattern of residuals, however, 
can be used to qualitatively describe the P-velocity structure of the 
crust and the upper mantle beneath the profile.

If the negative residuals observed beneath the Cascade Range 
stations result from rays which pass through the high velocity material 
of a subducted Juan de Fuca plate, the strong dependence of the observed 
residuals on delta and azimuth can yield information about the depth, 
location, and dip of the proposed slab.

The crustal thickening under the Cascade Range (Leaver et al., 1984) 
would produce positive residuals for the Cascade Range stations, yet the 
opposite effect is observed. Thus the early arrivals are not produced by 
any known crustal structure, which may in fact mask part of the observed 
high velocities.

The proposed subducted plate can be located by noting which stations 
see negative residuals, and at which delta and azimuth. All plots for 
all events show a trough-shaped pattern of early arrivals, varying in 
magnitude and symmetry but generally centered in the Cascades. Events 
from the southeast azimuth show early arrivals for stations sp41 through 
sp81 for events at delta = 30-80° , and early arrivals at stations sp51 
through sp81 for steeper rays from PcP events and events at delta = 
80-100° . The center of the trough is between stations sp71 and sp51 
for all southeast events. For northwest events between 25° and 80° 
distance, stations sp71 through spbl show early arrivals. In addition, 
the steeper rays (PcP, PKIKP phases, or delta = 80-100° for P) from 
northwest events arriving at stations sp51 and sp61 also seem to be 
slightly early. The early arrivals from northwest events are earliest 
between stations sp71 and sp81 in the Western Cascades. Keeping in mind 
that rays from the southeast push the residual pattern to the northwest 
while rays from the northwest shift the trough to the southeast, and that 
steep rays (from PKIKP, PcP, or delta = 80-100° events) from either 
azimuth do not shift the trough very much, we can infer the slab's 
approximate location. Residual patterns from steep rays, from both 
northwest and southeast azimuths, show that the anomaly is probably 
strongest beneath stations sp61 and sp71, and that the slab may plunge 
steeply beneath station sp51, the abrupt northwest edge of the residual 
trough in figures 5h-i and 5n-p. The southeast edge of the residual



trough pattern changes less abruptly, which implies the high-velocity 
anomaly dips to the southeast, as expected if it is associated with the 
subducting Juan de Fuca plate. Stations as far southeast as spel may be 
early, but the most significant part of the anomaly seems to extend from 
beneath station sp51 in the Western Cascades to beneath station spbl in 
the High Cascades. The plate anomaly ends or substantially weakens below 
the High Cascades near station spbl.

The change in the residual pattern with delta, i.e. with ray angle, 
can be used to estimate the slab's dip. Since rays from southeast events 
travel up the proposed slab, we will look at the residuals from southeast 
events to see which rays travelled the greatest distance within the 
slab. The earliest arrivals for southeast events between 30° and 
42° away are .75-1.05 s early (see Table 4). For southeast events at 
delta = 60-80° , the arrivals are about 0.85-1.1 s early. Arrivals 
from a regional event are only about 0.6-0.7 s early, and arrivals from 
the more distant events at delta = 80-100° are only 0.5-0.65 s early. 
This decrease in the magnitude of residuals for closer and further events 
implies that rays from events 30-80° away travelled further within the 
slab than rays from regional or very distant events. Thus the slab 
parallels rays from southeast events 30-80° away, and dips at about 
44-60° (Table 4). This dip estimate is the apparent dip in the 
northwest-southeast direction, rather than true dip, which may be more 
easterly.

Some of the steeper rays from PcP events have large residuals, but 
because the PcP anomaly is quite broad, the proposed slab probably does 
not dip as steeply as these PcP residuals might imply. Again, the 
inversion is being used to resolve these complications in the structure.

If the top of the slab is placed at the Moho, 44-km deep according 
to Leaver et al. (1984), and if the slab dips at an angle between 40° 
and 60° from beneath station sp51 to beneath station spbl, the 
inferred slab length is 130 +_ 30 km, with a maximum depth of about 130 +_ 
30 km. If the slab is allowed to extend further to the southeast so 
that it ends below station spel, the slab length would be about 180 km 
and the maximum depth would be 160 km. Then a reasonable estimate for 
the slab length is 130 +_ 50 km, and for the maximum depth, 130 +_ 30 km. 
This is consistent vith estimates of the slab depth beneath the Cascade 
Range in Washington (Langston, 1981; Tabor and Smith, 1985; Weaver and 
Michaelson, 1985) and with estimates of slab depths beneath volcanoes in 
other regions (Jachens and Griscom, 1983, figure 11).

These estimates of the slab length can be used to estimate the 
velocity contrast between the slab and the slower surrounding mantle. 
From Steeples and lyer (1976), the distance a ray travels through an 
anomalous body to produce a given residual is the path length L_ :

~

where At is the observed residual in seconds, V^ is the normal 
velocity of the surrounding rock, and ^2 is the anomalous velocity.



For a normal upper mantle velocity of about 8.25 km/s (Herrin, 1968b) , 
and a residual of At = 1 s, a velocity contrast of 5% requires a path 
length of 173 km. A velocity contrast of 10% requires a path length of 
91 km through the anomaly. For the 130-km-long slab, the velocity 
contrast would be about 7%. These estimates assume a constant contrast 
throughout a uniform slab. A better picture of the velocity structure is 
being developed by raytracing and by three-dimensional inversions.

10



References

Aki, K., Christoffersson, A., Husebye, E.S., 1977, Determination of
the three-dimensional seismic structure of the lithosphere: Journal 
of Geophysical Research, v. 82, p. 277-296.

Bolt, B.A., and Miller, R.D., 1971, Seismicity of northern and central 
California, 1965-1969: Bulletin of the Seismological Society of 
America, v. 61, p. 1831-1847.

Bullen, K.E. , 1963, An introduction to the theory of Seismology (3rd ed.) 
Cambridge University Press, 381 p.

Chandra, U., 1974, Seismicity, earthquake mechanisms, and tectonics along 
the western coast of North America, from 42° N to 61° N: 
Bulletin of the Seismological Society of America, v. 64, 
p. 1529-1549.

Criley, E., and Eaton, J., 1978, Five-day recorder seismic system: U.S. 
Geological Survey Open-File Report 78-266, 85 p.

Herrin, E., 1968a, Seismological tables for P: Seismological Society of 
America Bulletin, v. 58, p. 1196-1219.

Herrin, E., 1968b, P-wave velocity distribution in the mantle:
Seismological Society of America Bulletin, v. 58, p. 1223-1225.

Hill, D.P. , 1978, Seismic evidence for the structure and Cenozoic
tectonics of the Pacific Coast states, in Smith, R.B., and Eaton, 
G.P., eds., Cenozoic tectonics and regional geophysics of the 
Western Cordillera: Geological Society of America Memoir 152, 
p. 145-174.

Hughes, J.M., Stoiber, R.E., and Carr, M.J., 1980, Segmentation of the 
Cascade volcanic chain: Geology, v. 8, p. 15-17.

lyer, H.M., Evans, J.R. , Zandt, G., Stewart, R.M., Coakley, J.M., and
Roloff, J.N., 1981, A deep magma body under the Yellowstone caldera, 
Wyoming: Delineation using teleseismic P-wave residuals and 
tectonic interpretation: Geological Society of America Bulletin, 
v. 92, p. 792-798 and 1471-1646.

Jachens, R.C., and Griscom, A., 1983, Three-dimensional geometry of the 
Gorda Plate beneath northern California: Journal of Geophysical 
Research, v. 88, p. 9375-9392.

Kollmann, A., 1984, Oregon seismicity  August 1980 to October 1982: U.S 
Geological Survey Open-File Report 84-832, 32 p.

11



Langston, C.A., 1981, Evidence for the subducting lithosphere under
Southern Vancouver Island and Western Oregon from teleseismic P-wave 
conversion: Journal of Geophysical Research, v. 86, p. 3857-3866.

Leaver, D.S., Mooney, W.D., and Kohler, W.M., 1984, A seismic refraction
study of the Oregon Cascades: Journal of Geophysical Research, v. 89, 
p. 3121-3134.

McBirney, A.R., 1978, Volcanic evolution of the Cascade Range: Annual 
Review of Earth and Planetary Sciences, v. 6, p. 437-456.

Michaelson, C.A., and Weaver, C.S., 1985, Upper mantle structure from 
teleseismic P-wave arrivals: Journal of Geophysical Research 
(in review).

Reasenberg, P., Ellsworth, W., and Walter, A., 1980, Teleseismic evidence 
for a low-velocity body under the Coso geothermal area: Journal of 
Geophysical Research, v. 85, p. 2471-2483.

Rite, A., and lyer, H.M., 1981, Oregon Seismicity: 1981 (abs.): American 
Geophysical Union Transactions (EOS), v. 62, p. 966.

Stauber, D.A., 1982a, Two-dimensional cotnpressional wave velocity 
structure under San Francisco volcanic field, Arizona, from 
teleseismic P residual measurements: Journal of Geophysical 
Research, v. 87, p. 5451-5459.

Stauber, D.A., 1982b, A portable, long-period seismic recording system: 
U.S. Geological Survey Open-File Report 82-836, 51 p.

Steeples, D.W. , and lyer, H.M., 1976, Low-velocity zone under Long Valley 
as determined from teleseismic events: Journal of Geophysical 
Research, v. 81, p. 849-860.

Tabor, J.J. , and Smith, S.W., 1985, Seismicity and focal mechanisms
associated with the subduction of the Juan de Fuca plate beneath the 
Olympic Peninsula, Washington: Bulletin of the Seismological 
Society of America, v. 75, p. 237-249.

U.S. Geological Survey and California Division of Mines and Geology, 
1966, Geologic map of California: U.S. Geological Survey 
Miscellaneous Geologic Investigations Map 1-512.

Walker, G.W., and King, P.B., 1969, Geologic map of Oregon: U.S.
Geological Survey Miscellaneous Geologic Investigations Map 1-595.

Walker, G.W., 1977, Geologic map of Oregon East of the 121st meridian: 
U.S. Geological Survey Miscellaneous Investigations Series, 
Map 1-902, 2 sheets.

Weaver, C.S., and Michaelson, C.A., 1985, Seismicity and volcanism in the 
Pacific Northwest: Evidence for the segmentation of the Juan de Fuca 
plate: Geophysical Research Letters, v. 12, p. 215-218).

12



TABLE CAPTIONS

Table 1. Station locations for the Oregon South Cascade Range 1982
teleseismic experiment. Also see Figure 1. USGS trace names 
used in Figures 2a-f and Table 3 are shown along with the 
corresponding station names.

2. Event origin times and locations for the 1982 Oregon South 
Cascades teleseismic experiment. Latitude, in degrees and 
minutes, is positive North, longitude in degrees and minutes is 
positive West. The Julian day of each event is given along 
with the calendar day. Origin times in hours, minutes, and 
seconds refer to Coordinated Universal Time (UTC). Locations 
are from the U.S. Geological Survey National Earthquake 
Information Service (NEIS) Preliminary Determinations of 
Epicenters bulletins for September and October, 1982.

"*" indicates less reliable hypocenter solution, "?" indicates 
a poor hypocenter solution, "&" = hypocenter determined by UC 
Berkeley, "%" - hypocenter determined by dense local network 
and local crustal model, according to NEIS.

3. The first line for each event shows a six- (or fewer)
character abbreviation for the event location, a two-character 
description of where the seistnograms were picked, and the event 
origin time and location (positive North and West) as shown in 
Table 2. The two-character descriptions of pick locations 
are as follows: fb indicates a first-break was picked on an 
unfiltered trace; pi = first peak, unfiltered; tl = first 
trough, unfiltered; pa indicates that a first peak was picked 
after using a 0.5-2.0 Hz bandpass filter; ta = first trough, 
0.5-2.0 Hz bandpass filter; and ca = first peak or trough, 
0.75-1.25 Hz bandpass filter.

The next group of lines for each event .tells 
which stations recorded the event (USGS trace names), the 
distance, delta, between the event and the station, the 
azimuth from the station to the event, the arrival time picked 
(in hours, minutes, and seconds, UTC), the observed traveltime 
(s), the theoretical traveltime (s) (from Herrin, 1968a&b), 
and the difference between observed and theoretical traveltime, 
which is the absolute residual. The next two columns show the 
ray parameter dT/dA and the pick quality, which is related 
to the uncertainty in the pick time (see text). The phase 
picked is P unless otherwise indicated.
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TABLE CAPTIONS, CONTINUED

The last columns for each event show the relative residuals. 
The "MEAN" column is simply the absolute residual at that 
station minus the mean of the absolute residuals for all the 
stations for that event. The "WT. MEAN" column subtracts a 
weighted average absolute residual from the absolute residual 
at each station (see text). In the "MEDIAN" column, the 
median absolute residual of all the station residuals for the 
event has been subtracted from the absolute 
residual at each station. These three types of relative 
residual usually differ by a few hundredths of a second for 
good quality picks (a,b,c). The plots in Figures 5a-p 
use the weighted relative residuals because these take into 
account the quality of the data, and are more stable than 
the other types of relative residual.

Residuals for each PcP phase event were calculated with 
respect to a reference station, as indicated (see text). 
The slowness (s/ ° ) used to calculate the residuals is 
indicated (Herrin, 1968a&b). The relative and weighted 
relative residuals are calculated as for other events (see 
text).

For regional events and the Kodiak Island teleseism, the 
relative residuals were calculated by a least-squares fit to a 
plane-wave solution for the data. The residual to this fit is 
the relative residual. The slope (slowness) of the linear fit 
is shown. Weighted relative residuals were calculated as for 
other events. See plots in Figures 5a-p.

This table summarizes the observations that can be made by 
comparing the plots in Figures 5a-p. See text for discussion. 
All residuals are from P phase events, unless otherwise 
noted. The angles shown were calculated by using the Herrin 
tables (Herrin, 1968a&b) and Bullen's (1963) formulae:

rsint   . dTand p =   .
V

0=90-i is given, rather than i, so that comparisons can be 
made to dip of structure (see text).

14



	TABLE 1

OREGON SOUTH CASCADE RANGE 
1982 TELESEISMIC STATION LOCATIONS

station name USGS trace name North Latitude West Longitude elevation
	deg min deg min m

spll spll 44 02.49 123 38.34 443
sp21 sp21 43 54.75 123 24.44 555
sp31 sp31 43 47.37 123 18.10 341
sp41 sp41 43 37.44 123 02.05 808
sp51 sp66 43 31.00 122 48.81 1222
sp61 sp61 43 25.93 122 43.52 1506
sp71 sp71 43 17.47 122 30.85 914
sp81 sp64 43 10.34 122 26.73 1759
sp91 sp91 43 04.82 122 15.60 1548
spal spal 42 53.86 122 08.05 1975
spbl spf2 42 53.11 121 58.74 1902
spcl spf4 42 45.58 121 47.47 1743
spdl . spf6 42 34.24 121 36.53 1487
spel spel 42 28.33 121 24.70 1376
spfl spfl 42 19.66 121 16.16 2176
spgl spgl 42 13.52 121 08.71 1512
sphl sphl 42 03.36 120 57.74 1597
spil spil 41 58.96 120 48.52 1611
spjl spjl 41 50.00 120 34.45 1577
spkl spkl 41 42.81 120 27.92 1448

15



TABLE 2

LOCATIONS OF EVENTS RECORDED DURING THE 1982 
OREGON SOUTH CASCADES TELESEISMIC EXPERIMENT

DATE JUL ORIG TIME LAT +N LONG +W DEP MAG REGION 
MO/DA DAY HH MM SS.S DEC DEC KM

09/03
09/03
09/03
09/04
09/05

09/05
09/05
09/06
09/06
09/06
09/08
09/09
09/10
09/11
09/11
09/12
09/12
09/12
09/13

09/15
09/17
09/17
09/18
09/20
09/20
09/24
09/25
09/26
09/26
09/29
10/01
10/04

246
246
246
247
248

248
248
249
249
249
251
252
253
254
254
255
255
255
256

258
260
260
261
263
263
267
268
269
269
272
274
277

03
08
20
07
02

11
12
01
07
11
02

:40
:28
: 14
:56
:36

:42
:07
:47
:48
: 13
:37

15:42
10
14
14
09
11
16
09

20
05
06
07
08
13
07
08
01
04
05
16
07

:20
:12
:27
:22
:59
:50
:19

:22
:56
:32
:31
:23
:48
:40
:48
:09
:46
:50
:53
:46

:11.
:35.
:30.
:06.
:34.

:54.
:25.
:02.
:54.
:26.
:32.
:22.
:37.
:14.
:29.
:23.
:52.
:37.
:28.

:55.
:27.
:09.
:33.
:18.
:32.
:24.
:43.
:28.
:37.
:32.
:50.
:52.

8
8
3
2
9

2
2
7
9
2
4
1
6
5
6
1
0
7

+43.
+43.
-23.
+ 15.
+ 14.

+ 15.
+ 15.
+ 29.
+ 56.
-32.
+27.
+ 15.
+ 55.
-24.
-24.
+ 52.
+ 52.
+ 5?.

2*+49.

2
2
2
5?
2
4

-14.
+ 1.
+ 1.
+43

-26.
-26.

3&+37.
6
5
8
2
8
Q9/

+ 15.
+ 50.
+47.
+ 14.
+ 37.
"*" .? X  

815
766
859
559
130

639
633
325
844
138
060
530
178
173
185
640
642
819
090

493
763
675
.57
631
886
852
744
053
015
487
718
435

-148.
-148.
+66.

-147.
+ 91.

-147.
-147.
-140.
+ 151.
+ 71.

-140.
-147.
-161.
+66.
+66.

+ 166.
+ 166.
+ 167.
+ 128.

+ 70.
+90.
+ 90.
+ 127
+ 70.

+ 175.
+ 118.
-147.
-158.
-152.
+ 89.

-139.
+ 176.

420
427
605
581
765

596
561
360
588
456
193
558
698
996
985
941
848
053
648

785
676
856
.18
553
873
123
608
798
289
121
621
620

33
33

183
46
62

38
33

176
33.
73

440
33
33

150
152
33
33
33
10

128
10
10
10
46
33
5

55
44
112
12

145
38

5
5
5
5
5

5
5
6
5
5
5
5
5
5
5
5
5
5
4

6
5
5
4
5
5
5
5
5
5
5
5
5

10/07 280 11:02:17.3 +32.345 -137.513 386 5

8 Kuril Islands
7 Kuril Islands
5 Jujuy Argentina
5 Mariana Islands
4 Guatemala (PcP and P 

phases picked)
3 Mariana Islands 
,3 Mariana Islands 
,5 Honshu 
,7 Kodiak Island 
,3 Central Chile
3 Bonin Islands 
,4 Mariana Islands
0 Kamchatka
1 Salta Argentina
0 Salta Argentina
7 Fox Islands
2 Fox Islands
5 Fox Islands
5 Vancouver Island 

(regional)
0 Peru
3 Galapagos Islands 
,1 Galapagos Islands
0 Oregon Coast (regional) 
,1 N Chile
,2 South of Tonga Islands 
,0 Cal-Nev Border (regional) 
,3 Mariana Islands 
,5 Kuril Islands
6 Kuril Islands
5 Guatemala 

, 1 Honshu Japan 
,5 Andreanof Is. (PcP and P

phases picked) 
, 1 Honshu Japan
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TABLE 2, CONTINUED

10/14 287 21:40:18.2 +27.300 -139.934 487 5
10/17 290 08:35:25.3 -15.674 +73.042 114 5
10/17 290 18:12:09.0 +49.632 -155.892 47 5
10/18 291 12:56:58.4 +13.847 +90.847 78 5

10/20 293 20:01:57,
10/26 299 03:24:30,
10/26 299 12:44:21,
10/28 301 12:29:01,
10/28 301 12:45:19,
10/29 302 00:42:16,
10/31 304 02:48:13,

10/31 304 06:03:04.5 +14.086 +90.274 98 5

2 +23.825
9 -29.683
9 -7.403
5*+14.155
7*+13.983
2 -4.506
6 +2.967

-121.836
+71.367

-108.744
+91.601
+91.825

-152.453
-96.100

33 5
71 5

153 5
44 5
50 5

105 5
62 5

1 Bonin Islands Region
2 Southern Peru 
,5 Kuril Islands
3 Guatemala (PcP and P 

phases picked)
4 Taiwan 
,5 Central Chile 
6 Java (PKIKP phase picked) 
0 Guatemala 
0 Guatemala
4 New Britain Region
5 Northern Sumatera

(PKIKP phase picked) 
3 Guatemala
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TABLE 4

AZ 

SE

DELTA

4 -

42 - 
60 -

7 deg
30 - 42

60
80

80 - 100

PcP 37 - 40

EARLIEST 
RESIDUAL

-0.35 s (sp51)
-0.75 (sp51)

-0.85 (sp71)

-0.85 (sp51)

-1.1 (sp71)

EARLY
STATIONS

sp41 -
sp31 -
sp61 -
sp41 -
spal -

sp51 -
sp91 -

sp51 -
sp91 -

sp81
sp81
spel
sp91,
spel?

sp81,
spel

sp81,
spdl

RESIDUAL ANGLE
ANOMALY

.6

.75

.85

.5

.85

- .7 s?
-1.05

-1.1

- .65

- .95

  

44 deg
49
60

64

74

NW 22 -
25 -
40 -
60 -

80 -
PkikP
PcP 36 -

25 deg -0.05 s (sp71)
40
60
80

100
123
39

-0.45
-0.65
-0.65

-0.45
-0.6
-0.65

(sp71)
(sp81)
(sp71)

(sp81)
(sp81)
(sp71)

sp71,sp91,?
sp71 -
sp71 -
sp71 -
sp51 -

sp81 -
sp51 -
sp61 -

spbl
spbl
spbl,
sp61?

spbl
sp91
spbl

.55 s?

.6 - .8

.8

.7

.65

.8

.9 -1.1

32 deg
41
51
61

66
80
75
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FIGURE CAPTIONS

Figure 1. Map of Oregon South Cascade Range teleseismic stations. 
Geology is from the U.S. Geological Survey and the 
California Division of Mines and Geology (1966), 
Walker and King (1969), and Walker (1977).

2a-f. Seismograms for events from various azimuths and distances as 
annotated. See Table 2 for event locations and Table 3 for 
traveltimes and residuals. Seismograms are aligned at the pick 
times to show coherence. Pick qualities are shown in 
parenthesis next to station names. Second ticks are displayed 
along the bottom of each figure; 0.1 and 0.25 s ticks bracket 
the longer second mark used to align traces.

3a-c. Weighted relative residuals (s) vs. station elevations (km)
for all events, grouped by azimuth. See text for explanation 
of weighting.

A. Schematic diagram of proposed velocity structure beneath 
southwestern Oregon and the Cascade Range, in a northwest- 
southeast cross-section beneath the profile of teleseismic 
stations shown in Figure 1. Schematic is from C.A. Michaelson 
(oral communication, 1985). Zero depth is at sea level, 
and the horizontal and vertical scales are the same. The 
shading indicates anomalously high and low velocity regions. 
Arrows indicate incident rays from teleseisms,

5a-p. Weighted relative residuals (s) vs. distance (km) along the
profile for all events, grouped by azimuth and distance to the 
event, for P and PKIKP phases. PcP phases are plotted 
separately. Northwest events are defined as those events 
with a station-to-origin azimuth of 270-360° . Southeast 
events have a station-to-origin azimuth of 90-180° . In 
the plots, northwest is to the left, and southeast is to the 
right. Station names are at the bottom of each plot. All 
plots are scaled the same.
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