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INTRODUCTION 

In November 1976, the U.S. Geological Survey (USGS) in conjunction 

with the Hawaii Institute of Geophysics (HIG) of the University of Hawaii 

established a seismic refraction line perpendicular to the southeast 

coast of Hawaii (Fig. 1). The purpose of the experiment was to define 

the crustal structure of the southeast coast and its relationship to the 

tectonics of Kilauea volcano. This open-file report describes the 

experiment and presents the data without interpretation. 

The experiment consisted of 43 shots oriented in a line roughly 100 

km long (Fig. 1). The shots were of two sizes: twenty-three 300-lb 

shots fired at about 5 km intervals, and twenty 5 lb shots interspersed 

with the large shots. The charges, which consisted of the commercial 

explosive Tovex, were deployed from the fantail of the USGS research 

vessel "Samuel P. Lee". The shots were detonated by a fuse which burned 

about 80 seconds allowing the charges to sink to a depth of roughly 60 

meters before firing. 

Shot locations were obtained using minirangers. This is a system of 

accurately located land-based transponders that communicate on demand 

with a ship-based device. Slant ranges accurate to 1 part in 50,000 can 

be obtained in this fashion. For this experiment, four transponders were 

used (Fig. 1). Slant ranges to at least three transponders were taken at 

the point where the charge was dropped overboard and at the point where 

the water wave from the explosion arrived at the boat. The separation 

between these two points averaged about .4 km. The ship's location at 

charge-drop positions was obtained by minimizing residuals of the set of 

miniranger distances in a least-squares manner using the algorithm in 
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HYP071 (Lee and Lahr, 1975). The most distant shot subtends an angle of 

30 degrees with the transponder array on shore. The shots are located 

within an error ellipse whose short axis is about .1 km long and oriented 

perpendicular to the southeast coast. 

The water wave from the explosion was used to estimate the deton-

ation time of the shot. The water-wave arrival.at the ship was detected 

by a hydrophone mounted in the hull. The signal from the hydrophone was 

transmitted to the Hawaiian Volcano Observatory (HVO) on the rim of 

Kilauea volcano, where it was recorded on the same time-base as the 

telemetered seismic network (described below). By knowing the distance 

between the point where the shot was deployed and the point where the 

water wave arrived at the ship, the velocity of sound in water, and the 

charge depth, the firing time can be estimated by adding a correction to 

the water-wave arrival time based on these parameters. Relative timing 

between shots to + .05 was obtained through this method; however, the 

absolute shot times may be systematically off by as much as .2 s due to 

errors in knowing the depth of detonation and location of the ship. 

Table 1 is a listing of the shot locations, sizes, and detonation times. 

The energy from the explosions was recorded on three different 

seismic systems (Fig. 1): 

1. USGS Permanent Hawaii Seismic Station Network 

2. USGS Portable 5-Day Recorders 

3. HIG Ocean Bottom Seismographs (OBS). 

The data from each system will be presented and described separately. No 

corrections have been applied to the data for station elevation or water 

depth beneath the shot points. 

https://arrival.at
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USGS PERMANENT STATIONS 

The USGS operates and maintains a network of some 40 seismographic 

stations on the island of Hawaii designed to study the seismicity of the 

island and its relation to volcanic processes (Koyanagi and others, 

1978). Figure 1 and Table 2 give the locations of the stations that 

recorded signals from the shots that were clear enough to warrant the 

construction of a record section. The stations shown all have vertical 

seismometers with 1 second free period. The data are telemetered from 

the field site to HVO on the rim of Kilauea caldera. Here it is recorded 

both on 1 inch analog magnetic tape and a Develocorder system. The 

magnetic tape containing the data recorded from the shots was taken to 

Menlo Park where it was played back and digitized at 100 samples/sec. 

Record sections (Figs. 4a-4dd) were then constructed from the digital 

data using a computer. 

The record sections are plotted in a fixed-receiver format. Thus, 

the seismogram written from each shot at a particular station is plotted 

in one record section where the horizontal axis represents distance from 

the shot to the station. The distance from shot to receiver was calcu-

lated using Richter's short-distance formula (1958). The vertical axis 

is time-reduced to 8.0 km/sec where the relationship is: T = t - A/8.0 

where T = reduced time, t = total travel time, and A = distance. The 

horizontal axis is in kilometers and the vertical axis is in seconds. 

Only the data from the large 300-lb shots are plotted and individual 

seismograms are sometimes omitted if the data are particularly noisy. 
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USGS TEMPORARY STATIONS 

In addition to the permanent stations, five portable 5-day seismic 

recording units (Eaton and others, 1970) were deployed. Stations OPK, 

NLU, and KMA (Fig. 1) recorded three components (only the vertical 

component is plotted in the record sections presented here). Station ANO 

(Fig. 1) consists of two recording units which recorded three vertical 

components each. The data from these recording units combine to form a 

short linear array of stations about 3.5 km long, spaced at roughly .6 km 

intervals intentionally oriented at about a 30 degree angle with the line 

of shots. These stations have been named, from north to south, AR6-AR1 

(Fig. 3). Table 3 lists the location of these units. 

The field tapes from the portable seismic units were played back and 

digitized at 100 samples/second in Menlo Park. Record sections (Figs. 

5a-5i) were constructed in the same manner as described for the permanent 

stations. In addition, the data from AR1-AR6 are plotted in a fixed-shot 

format (Figs. 5j-5ff). This is the inverse format of the record sections 

previously discussed. Here the seismogram at each of the AR1-AR6 

stations is plotted relative to a particular shot. The distance axis is 

now distance from the shot instead of from the station. The time axis is 

as in the previous record sections: T = t - t/8.0. 

Inspection of Figures 5j-5ff shows a time offset between stations 

AR3 and AR4 which varies in magnitude but can be as much as 0.5 sec on 

some record sections. This offset is suspect as a timing error because 

stations AR1-AR3 and AR4-AR6 were recorded on different units. Further-

more, preliminary inspection of geologic maps for the area show no 

surface feature between stations AR3 and AR4 that could cause such an 
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effect. However, a check for timing errors in the data uncovered none; 

therefore either there is some aspect of the timing that is being 

overlooked, or the offset is a real effect associated with the structure 

along the array. 

HIG OCEAN BOTTOM STATIONS 

Off-shore, the energy from the shots was recorded on University of 

Hawaii HIG pop-up ocean-bottom seismographs (OBS). A description of the 

system can be found in Sutton, et al. (1977). Four OBS's were deployed; 

however, one did not pop up, and one did not record. The locations of 

the two that operated are shown in Figure 1. Figure 2 is a profile of 

the bathymetry under the shot line also showing the location of the 

OBS's. The exact location of the instrument on the ocean floor cannot be 

known since the OBS is deployed from the water surface and must fall 

several kilometers to the ocean floor. Each OBS was located by looking 

for the two shots with shortest water-wave traveltimes and then placing 

the OBS midway between those two shots. The depth of the instrument 

could then be read off the bathymetric profile. The slant range from 

shot to OBS was found through the traveltime of the direct water wave; 

and horizontal distance was then determined by solving for the unknown 

side of the triangle using the range and the depth for the known sides. 

In the two record sections (Figs. 6a-6b), the vertical geophone channel 

is plotted in a fixed receiver format as before, except the data are 

reduced by a velocity of 6.0 km/sec. Some traces have been omitted due 

to unresolvable timing errors. Refer to Figure 2 for recording 

geometry. 
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FIGURE CAPTIONS 

Fig. 1. Locations map. 

Contour interval: 2000 feet, Small solid triangles: 

permanent stations of the USGS Hawaii Net, Small hollow 

triangles: temporary USGS 5-day recorders AMP, Large solid 

triangles: HIG ocean-bottom seismometers, Solid circles: 

300 lb shots, Hollow circles: 5-lb shots, Hollow squares: 

transponder locations. 

Fig. 2. Bathymetric profile under shot line. 

Solid circles: shot points, Solid triangles: seismometer 

locations marked with depth below sea level. Note that the 

average slope of the volcano flank can be approximated by a 

slope of about 5.5 degrees. 

Fig. 3. Blow-up of area around station ANO of Figure 1 showing location 

of temporary stations AR1-AR6. 

Fig. 4a-4dd. Record sections for stations in the permanent HVO 

seismograph network with the time axis reduced according to 

T = t - A/8.0. See Figure 1 for station locations. 

Fig. 5a-5i. Record sections for the temporary 5-day recorder seis-

mograph stations with the time axis reduced to T = t - A/8.0. 

Fig. 5j-5ff. Record sections for AR1-AR6 plotted in fixed-shot format. 

Fig. 6a-6b. Record sections for the University of Hawaii Ocean Bottom 

Seismograph units with the time axis reduced to T = t -
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LIST OF TABLES 

Table 1: Shot Point Locations. 

Longitude and latitude are given in degrees and fractional 

minutes; origin times given in hours, minutes, seconds (local 

Hawaiian time). 

Table 2: Permanent Station Locations. 

Longitude and latitude are given in degrees and fractional 

minutes. 

Table 3: Temporary Station Locations. 

Longitude and latitude are given in degrees and fractional 

minutes. ANO has been broken up into ARl to AR6. 
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ELEVATION(METERS) 

19 
195 
58 
799 
838 
890 
925 
960 
973 

NAME LATITUDE 

KMA 19N 18.50 
NLU 19N 03.81 
OPK 19N 26.14 
AR1 19N 19.95 
AR2 19N 20.36 
AR3 19N 20.68 
AR4 19N 21.05 
AR5 19N 21.43 
AR6 19N 21.82 

LONGITUDE 

155W 05.21 
155W 34.90 
154W 53.55 
155W 13.47 
155W 13.49 
155W 13.73 
155W 13.73 
155W 13.63 
155W 13.50 

TABLE 3 
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