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INTRODUCTION

The U.S. Geological Survey conducted a seismic-refraction survey in 
south-central Alaska in June and July, 1984, in order to develop velocity 
models along transects (1) in the Chugach Mountains, within the Chugach 
terrane, (2) on the Glenn Highway west of Glenallen, within the 
Peninsular-Wrangellia composite terrane (see Jones and others, 1981 for a 
description of tectono-stratigraphic terranes in Alaska), and (3) along the 
Richardson Highway from a point east of Valdez to the Denali fault crossing 
the Border Ranges fault terrane boundary (fig. 1). This experiment is part of 
a continuing investigation designed to characterize deep crustal structure 
along a transect extending north from the Gulf of Alaska to Prudhoe Bay.

This report is a compilation of the seismic-refraction data obtained 
perpendicular to structural trend from the South and North Richardson Highway 
deployments. Seismic-refraction data parallel to structural trend from the 
Chugach Mountains and Glenn Highway deployments were presented by Daley and 
others, 1985. An interpretation of the seismic-refraction data along strike 
has been published by Fuis and others (1984) and Page and others (in press).

DESCRIPTION OF SURVEY

The South and North Richardson Highway deployments run roughly from a 
point east of Valdez in the south to the Denali fault; each was approximately 
140 km long. The South Richardson Highway profile extended south from 
shotpoint 7, near Glennallen, to shotpoint 19, in the Tasnuna River valley at 
Woodworth Glacier Lake; it recorded shots 1-8. The North Richardson Highway 
profile extended south from shotpoint 1 at the Denali fault to shotpoint 7 
(Plate 1) and recorded shots 14 - 22. Shotpoints 1, 7, 8, and 19 were used 
for both profiles. Average spacing for seismic recorders on both deployments 
was approximately one km. A total of 17 shots, approximately 25 km apart, 
loaded with 1100-6000 pounds (500-2727 kg) of ammonium nitrate explosive were 
fired in 8 inch (20 cm) diameter, 160 feet (50 m) deep holes. The 
southernmost 18 stations on the South Richardson Highway profile were deployed 
by helicopter over Mt. Billy Mitchell, between shotpoint 12 on the Richardson 
Highway and shotpoint 19 in Woodworth Glacier lake. Recorder and shotpoint 
locations are listed (Tables 1, 2) and shown on Plate 1.

We present record sections for shots 1-2 (shotpoints 8 and 11) and 4-8 
(shotpoints 7, 9, 12, 19) in figures 2-5 and record sections for shots 14 - 
20 (shotpoints 1, 3, 5, 7, 2, 4 and 6) and 22 (shotpoint 8) in figures 6-9. 
Shots 5 and 8 were weak due to incomplete detonation of explosives resulting 
in seismic energy near or below ambient noise levels. Data beyond 30 km range 
for shot 8 are not presented because of this problem. Shot 3, shotpoint 1 
(fig. 10) and shot 21, shotpoint 19 (fig. 11) were offset shots extending the 
profiles to approximately 240 km; the time scales on these record sections are 
extended to accommmodate phases with high apparent velocities at these 
distances.
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INSTRUMENTATION AND DATA REDUCTION 

Seismic Recorders

Field operations Involved the deployment of 120 seismic recorders by six 
observers, each of whom was responsible for 20 Instruments. The seismic 
recorders (Healy and others, 1982) are portable, weigh approximately 40 
pounds, are powered by two 6-volt rechargeable batteries, and contain 
30-minute cassette tapes to record data. Packaged with each seismic recorder 
is a single vertical-component 2-Hz geophone, which is removed, oriented, and 
burled when the seismograph is deployed. Each recorder also Includes a 
chronometer, three independent amplifiers with pre-set attenuation settings, a 
calibrator, a tape deck, and a tape-speed-compensation tone generator (fig. 
12). Ten minutes prior to the expected seismic energy arrival time, a 
pre-programmed microprocessor in the seismic recorder performs a geophone 
release test, an amplification check, and a calibration sequence of 1, 10, 
100, and 1000 mv at a frequency of 10-Hz. The response curve for the system 
peaks at about 20-Hz (fig. 13).

Observers are responsible, before shots are fired, for synchronzing the 
clock in the seismic recorders, preprogramming the microprocessors with up to 
10 distinct recording times, and establishing accurate site locations. For 
this experiment recording locations were surveyed prior to deployment of 
seismic recorders.

After shots have been fired observers retrieve the seismic recorders, 
record chronometer drifts, and remove the tapes.

Data Reduction

Shot times are picked from a paper record on which WWVB, the master clock 
time code, and the detonation pulse are recorded. Shot times are accurate to 
+ 2 milliseconds. Recorder locations and elevations were determined with an 
accuracy of + 25 meters using 1:63,360 orthophoto maps, topographic maps 
and/or color infrared aerial photos.

Information pertaining to the performance of the seismic recorders is 
summarized in the Field Data Tables (Appendix A). After checking for errors 
in time and site locations the field observers digitize the analog data from 
the cassette tapes for a total of 20 seconds at a rate of 200 samples/sec. 
Digitization begins at time * shot time - 2.0 sec. + distance/6.0 km/s. For 
offset shots 3 and 21 digitization begins at time * shot time - 4.0 sec. + 
distance/8.0 km/s.

The record sections are plotted with maximum trace amplitudes normalized 
to a common value and a reducing velocity of 6 km/s.



TAPE

Data included in this report is available on SEGY format tapes recorded at 
1600 BPI (Appendix B) from the following:

National Geophysical Data Center 
NOAA/EGCI 
325 Broadway 
Boulder, CO 80303

Telephone: (303) 497-6123
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Figure 12: Schematic diagram of seismic recorders
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Table 1: The Master Shot List includes the shot number, shotpoint number, 
date (calendar and Julian), and shot time (GMT), latitude and 
longitude, charge size, and notes pertaining to each shot. Shots 9 
through 21 and 23 through 29 were shots from the Chugach Mountains 
and West Glenn Highway profiles (Daley and others, 1985).

Shot Shot Date
Number Point Shot Time

frt,5
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 H
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(0
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 H 
tut
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5

6

7

8
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20

21

22

8

11

1

7

9

12

19

10

1

3

5

7

2

4

6

19

8

JUN 24, 1984
176 10 0 0.011

JUN 24, 1984
176 10 3 57.594

JUN 24, 1984
176 10 6 0.012

JUN 24, 1984
176 12 0 0.009

JUN 24, 1984
176 12 2 0.010

JUN 24, 1984
176 12 3 57.009

JUN 24, 1984
176 12 6 0.008

JUN 25, 1984
177 10 0 0.008

JUL 8, 1984
191 10 10 0.010

JUL 8, 1984
191 10 12 0.009

JUL 8, 1984
191 10 14 0.011

JUL 8, 1984
191 10 15 59.810

JUL 8, 1984
191 12 0 0.011

JUL 8, 1984
131 12 2 0.010

JUL 8, 1984
191 12 4 0.012

JUL 8, 1984
191 12 6 0.008

JUL 8, 1984
191 12 7 59.811

Lati tude
Longi tude

61 56.3303
145 16.7487

61 31.3367
145 13.6217

63 20.8559
145 42.1500

62 9.9422
145 24.9930

61 41.9517
145 9.2683

61 15.3000
145 17.1100

61 1 . 8251
145 15.6821

61 34.5950
145 13.5833

63 20.8559
145 42.1500

62 54.6586
145 29.8132

62 34.9283
145 27.4631

62 9.9422
145 24.9930

63 9.8936
145 32.1771

62 47.4488
145 28.4207

62 29.5123
145 28.0682

61 1 . 8251
145 15.6821

61 56.3303
145 16.7487

Size
(Ibs)

2000

2000

6000

2000

2000

2000

2000

2000

2000

2000

2040

2000

2000

2000

2040

6000

1100

Notes

INCOMPLETE
DETONATION

WOODWORTH GLACIER
LAKE

INCOMPLETE
DETONATION

WOODWORTH GLACIER
LAKE - 2 HOLES
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APPENDIX A

Field Data Tables. These include information related to the seismic 
recorders. Each set of 20 recorders is given a team number under which data 
is stored and referenced. Each table contains shot number, shotpoint numbers, 
team number, and shot time given in Julian day, hour, minute, and second. 
Column headings for the table are explained below:

Loc - location number from the seismic recorder location
(see Table 2)

Dist (km) - distance in kilometers from the shotpoint to the
recorder

Azim - azimuth from the shotpoint to the recorder
(in degrees clockwise from north)

Unit - I.D. number of the recording unit

Chron - chronometer correction for the recorder at shot time
(interpolated from the total clock drift)

Chan - channel number (1, 2, or 3) which was selected to be
digitized by the computer. 1 * high gain; 2   low gain; 
3 = medium gain

Cl, C2, C3 - amplifier attenuation setting (db) for each
data-recording channel

Tape Grade - value used to rate the performance of the
seismic recorder (see Tape Grade Scale)
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TAPE GRADE SCALE

Tape Grade Scale is a listing of all tape grade numbers used on the Field 
Data Tables. Each number corresponds to a specific problem with the recording 
unit.

0 Good

1 Tape did not run

2 Tape ran, no signal

3 Skipped record time

6 Weak signal - low record level

9 Noise, spike(s)

12 Noise, random

17 Bad time code

21 Geophone disconnected or shorted

25 Bad geophone test

26 One or more channels missing

30 Digitized without calibrations

31 Amplifier out of balance
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APPENDIX B

Archive Tape Data Format

Archive data tapes are written in SEGY standard format 
(Barry et al, 1975). Recording density is 1SOO bpi, phase 
encoded (PE>. In order to accomodate seismic refraction data, 
some minor changes have been made to the tape header fields. A 
complete list of header fields is provided in the card image 
portion of the reel identification header, shown below:

C 1
C 2
C 3
C 4
C 5
C 6
C 7
C 8
C 9
CIO
Cll
C12
C13
C14
CIS
C16
C17
CIS
C19
C20
C21
C22
C23
C24
C25
C26
C27
C28
C29
C30
C31
C32
C33
C34
C35
C36
C37
C38
C39
C40

REEL
3217
3221
3225
3255

TRACE
1
5
9

29
37
41
45
49
69
71
73
77
81
85
89

115
117
121
157
159
161
163
165
167
181
183
185
191
193
195
197
201

IDENTIFICATION HEADER BYTES :
-3218
-3222
-3226
-3256

SAMPLING INTERVAL (MICROSECS).
NUMBER OF SAMPLES PER TRACE.
DATA SAMPLE FORMAT CODE.
MEASUREMENT SYSTEM (1 = METERS; 2 = FEET)

-

IDENTIFICATION HEADER BYTES :
4
8

- 12
- 30
- 40
- 44
- 48
- 52
- 70
- 72
- 76
- 80
- 84
- 88
- 90
- 116
- 118
- 122
- 158
- 160
- 162
- 164
- 166
- 168
- 182
- 184
- 186
- 192
- 194
- 196
- 200
- 204

TRACE SEQUENCE NUMBER WITHIN REEL.
TRACE SEQUENCE NUMBER WITHIN REEL.
STATION LOCATION NUMBER.
TRACE ID CODE (1 = SEISMIC DATA).
SHOTPOINT-RECEIVER DISTANCE <M).
STATION ELEVATION <M>.
SHOTPOINT ELEVATION <M>.
SOURCE DEPTH <M>.
SCALAR TO BE APPLIED TO ALL ELEVATIONS.
SCALAR TO BE APPLIED TO ALL COORDINATES.
SHOTPOINT COORDINATE - X.
SHOTPOINT COORDINATE - Y.
RECEIVER COORDINATE - X.
RECEIVER COORDINATE - Y.
COORDINATE UNITS (1 = METERS; 2 = SECONDS OF ARC)
NUMBER OF SAMPLES IN THIS TRACE.
SAMPLE INTERVAL IN MICROSECONDS FOR THIS TRACE.
INSTRUMENT ATTENUATION IN DB.
SHOT TIME - YEAR.
SHOT TIME - DAY OF YEAR.
SHOT TIME - HOUR OF DAY (24 HOUR CLOCK).
SHOT TIME - MINUTE OF HOUR.
SHOT TIME - SECOND OF MINUTE.
TIME BASIS CODE (2 = GMT).
SHOT TIME - MILLISECONDS.
SHOTPOINT LOCATION NUMBER.
RECORDING INSTRUMENT UNIT NUMBER.
DISTANCE WEIGHTING EXPONENT < HUNDREDTHS) .
SHOT SEQUENCE NUMBER (SHOT NUMBER).
SHOT SIZE (KG).
SHOTPOINT - STATION AZIMUTH (SEC OF ARC).
TIME OF FIRST POINT MINUS SHOT TIME (MSEC)
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The data point format is "32 bit floating point", and the 
appropriate bytes (3225-3226) of the binary reel id header 
contain a value of 1. The trace amplitudes have not been 
adjusted for instrument gain, but the gain correction factor can 
be estimated from the instrument attenuation value (att) 
specified in bytes 121-122. To correct for gain, the data should 
be demeaned and then multiplied by

(att/20) 
10

The measurement system (bytes 3255-3256 of the binary reel 
header) is set to 1, meters.

Shotpoint and receiver coordinates are in seconds of arc (byte 
field 89-90). The coordinate scalar multiplier (bytes 71-72) is 
set to -100, so the coordinates (bytes 73-88) are in hundredths 
of a second of arc.

Bytes 157-166 and bytes 181-182 refer to the shot detonation 
time. The time of the first data sample is found by adding the 
shot detonation time to the time specified in bytes 201-204.

Since there is no weighting of amplitudes with distance for 
archive tapes, the distance weighting exponent (bytes 191-192) is 
not used.

Shot sequence number (bytes 193-194) refers to the order in which 
shots were fired during the field campaign.

REFERENCE
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