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INTRODUCTION

In September of 1984, the U.S. Geological Survey and the Canadian 
Department of Energy, Mines, and Resources conducted a seismic-refraction 
experiment in Quebec and Maine. This experiment part of a large 
interdisciplinary effort to understand the structure and tectonic 
evolution of the northern Appalachian orogen was designed to sample 
several different tectono-stratigraphic terranes which have been 
identified in the northern Appalachians. A 300-km-long profile crossed 
the land exposure of the Appalachian orogen perpendicular to strike and 
parallel to seismic reflection profiles also recorded in Maine and 
Quebec. Four shorter profiles sampled individual terranes along strike. 
The strike lines were designed to constrain the velocity structure in the 
Chain Lakes, Gander, and Avalon terranes (as defined by Williams and 
Hatcher, 1983) in order to permit a 3-dimensional interpretation. With 
velocities constrained, the character and geometry of the terranes and 
their boundaries may be studied using both the refraction and reflection 
data.

The data from the 300 km-long profile (deployments 1, 2, and 3) have 
been presented by Murphy and Luetgert (1986). This report is a 
compilation of the U.S. Geological Survey refraction data obtained within 
Maine from the four profiles along strike (deployments 4, 5, 6, 7, and 
8). Also included are data from five shots (presented here as fan 
shots), fired broadside into four separate deployments. The data have 
been archived at the National Geophysical Data Center in Boulder, 
Colorado. Tapes are available from

U.S. Department of Commerce
National Oceanic and Atmospheric Administration
325 Broadway
Boulder, CO, 80303

Appendix D contains a description of the tape format. Interpretations of 
these data will be published separately.

Background

Along the boundary of the eastern North American Continent, multiple 
episodes of plate interaction have resulted in the juxtaposition of 
discrete tectono-stratigraphic terranes having differing geologic 
histories prior to their emplacement. Our current understanding of the 
tectonic evolution of the northern Appalachian mountains begins with the 
recognition of their origin as a Paleozoic convergent plate boundary 
along the eastern margin of the North American craton (Bird and Dewey, 
1970). The closing of the lapetus Ocean and! subsequent opening of the



Atlantic ocean provides a conceptual framework within which models of 
tectonic evolution may be constructed. Generally, there is agreement 
that the Precambrian-to-Cambrian oceanic plate east of the North American 
craton (lapetus) was subducted toward the southeast* There is 
disagreement, however, about specific models. Hall and Robinson (1982) 
argue that the final stage of subductlon was a continent-continent 
collision. Others (Rast and Skehan, 1983; Hatch, 1982), propose that 
micro-continents were accreted between the North American and the 
Avalonian cratons. Still others (Lyons et al., 1982; Boudette, 1982) 
propose that the closing of the lapetus ocean involved the collision of 
several mlcroplates with the North American continent.

Geology

The four profiles presented here lie along strike within four 
distinct terranes as defined by Williams and Hatcher (1983): the Dunnage, 
Chain Lakes, Gander, and Avalon terranes (figure 1). While profiles 5 
and 6 lie entirely within the Gander terrane and deployments 7 and 8 lie 
entirely within the Avalon terrane, profile 4 extends northeast from the 
border zone between the Dunnage and Gander terranes across the Chain 
Lakes massif and back into the Dunnage-Gander border zone. The border 
zone traversed by the southern portion of profile 4 is represented by the 
Boil Mountian-Jim Pond ophiolite-mafic volcanic complex (Zen, 1983; 
Boudette 1982). In contrast the northern portion of the border zone 
sampled here consists of a granite and granodiorite pluton. The Chain 
Lakes massif, a Precambrlan metamorphlc block (Naylor et al, 1973), Is 
divided into two units (Boudette and Boone, 1976). The upper unit 
composed of gneissic granofels and metavolcanic and metasedimentary 
rocks, overlies a more homogeneous unit of granofelslc gneiss.

To the southeast of the Dunnage and Chain Lakes terranes lies the 
Gander terrane consisting of metamorphosed early Paleozoic clastic rocks 
lying on a slallc gnelssic substrate; shallow Devonian granitic 
intrusions are common. In the area of this study, Silurian and Devonian 
shallow marine deposits exposed in the Merrimack synclinorlum overlie the 
majority of the Gander terrane. Along the southeast border of the Gander 
terrane lies the Avalon terrane which is composed of late Precambrlan and 
Cambrian volcanic and sedimentary rocks overlying a gnelssic basement. 
Compared to the Gander terrane, these rocks show little deformation.

Geophysics

This seismic-refraction study is part of a broad-based geophysical 
investigation of the northern Appalachian orogen that Includes 
seismic-reflection, gravity, and magnetic studies. Seismic reflection 
data have been collected In three studies along a 1000-km transect 
extending from the North American craton to the continental slope. The 
northwestern 150 km of the craton-to-ocean reflection profile was
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obtained by the Mlnlstere de 1'Energie et des Ressources, Quebec (MERQ). 
Reflection sampling continued southeastward with the Quebec-Western Maine 
profiles collected by the U.S. Geological Survey (USGS). These profiles, 
parallel to the seismic-refraction profiles reported by Murphy and 
Luetgert (1986), extend approximately 330 km from Lac Megantic, Quebec, 
to the Maine coast at Penobscot Bay (Stewart et al., 1985). In 1985, 
marine reflection and refraction data were collected in the Gulf of 
Maine, connecting the Quebec-Western Maine profiles with USGS Marine Line 
19 at the continent-ocean margin, completing the craton-to-slope transect.

The MERQ profile has been interpreted by St-Julien et al. (1983) and 
Ando et al. (1983) to Indicate extensive northwestward overthusting. 
Green et al. (1985) conclude that the Grenville basement extends beneath 
a southeastward-dipping detachment surface at least to the Chain Lakes 
massif in northwestern Maine; the boundary of the North American Craton 
would thus be further east than was previously assumed in the northern 
Appalachian mountains.

Complementary studies of gravity and magnetics have been completed in 
the area of this study and Bouguer gravity anomaly and magnetic anomaly 
maps have been compiled along the land portion of the transect (Stewart 
et al., 1985).

DESCRIPTION OF THE 1984 SURVEY

Four profiles, consisting of five separate deployments, traversed 
each terrane in roughly north easterly transects (figure 2). Deployment 
4, designed to study the Chain Lakes Massif, extended from Rangely across 
the massif to Jackman Station. Four shots fired at shot points 8, 9, 10, 
and 11 were recorded along this profile. Along the strike of the 
Merrimack synclinorium, deployments 5 and 6 were laid out in a continuous 
end-to-end pattern. In-line shots fired at five locations (shot points 
12, 13, 14, 4, and 17) were recorded between Norway and Skowhegan 
(Deployment 5) and another five in-line shots fired at shot points 12, 4, 
15, 16, and 17 were recorded between Skowhegan and Millinocket 
(Deployment 6). Furthermore, fan shots fired at shot point 1 were 
recorded by both deployments.

Deployment 7, situated in the Avalon terrane, extended from South Bristol 
to Bucksport. Four in-line shots fired at shot points 18, 19, 20, and 21 
were recorded along this profile. Two fan shots fired at shot points 1 
and 3B were also recorded. An additional deployment in the Avalon 
terrane, deployment 8, was laid out in an easterly direction. Six 
in-line shots fired at shot points 6, 22, 23, 24, 25, and 26 were 
recorded between Bucksport and Lubec. During this deployment, a fan shot 
fired at shot point 17 was recorded.

Station spacing varies for each deployment. The closest station 
spacing, along profile 4, is approximately 500 meters and the widest
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Figure 2. Deployment map of study area. Numbers refer to shot 
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spacing, along deployment 8, is approximately 1000 meters. Deployments 
5, 6, and 7 have an approximate station spacing of 800 meters. Locations 
and elevations for instruments and shot points were determined using USGS 
1:24,000 and 1:62,500 topographic maps and USGS 1:24,000 orthophoto 
maps. All the locations (Appendix A; plates 1, 2, 3, and 4) are 
estimated to be accurate to within 50 ft.

Shot points were 20 cm X 40 m drill holes. They were filled with an 
ammonium nitrate explosive which was detonated by electric caps, 
detonating cord, and boosters. The cap signal and two time-code signals 
, WWVB and IRIG E, were recorded on paper strip-chart records, as 
described by Healy et al. (1982). The shots were fired automatically and 
the origin times were read from the cap break on the paper record. The 
reported shot times (table 1) are accurate to within + 2 milliseconds, 
assuming that the explosives detonated at the exact time of;the cap break,

INSTRUMENTATION AND DATA REDUCTION

Seismic Recorders

The instruments used in the seismic-refraction surveys have been 
described by Healy et al. (1982) (figure 3). Each instrument contains a 
2-Hz vertical-component geophone. The signal from this geophone passes 
through three parallel amplifiers, each with an adjustable gain setting. 
The three seismic signals plus an internally generated time code (IRIG E) 
and a fixed reference frequency are recorded as a multiplexed signal on 
analog cassette tape. A programable memory board in each unit allows 
data to be recorded during ten predetermined time windows. Prior to 
recording the seismic data, the instrument records a geophone pulse, an 
amplification step, and 10-Hz sine-wave calibration signals at 1, 10, 
100, 1000 mv. The displacement frequency response curve for the system 
peaks at about 20 Hz'(figure 4).

Prior to deployment, field technicians program the memory and 
synchronize the clock unit of each instrument with a USGS master 
reference clock
(Healy et al., 1982). After the shots have been recorded, the clock unit 
of each instrument is compared to the master reference clock and a clock 
drift time (in milliseconds) is recorded in the field notes. USGS master 
clocks, which drift approximately one millisecond per week, are 
periodically checked against the standard WWVB time signal.

Data reduction

Information pertaining to the operation of each instrument was 
entered on team data sheets (Appendix B). Chronometer corrections at 
shot time were calculated from each clock drift time assuming a linear 
drift rate. Attenuation settings of every instrument have been checked
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against the calibration signals. Where calibration signals indicated a 
different dB setting than listed on the field sheets, the correct 
settings were calculated and entered into the computer. After checking 
for errors in clock drift and site locations, the analog data were 
digitized for 20 seconds, starting
(X/8 - 1) or (X/6 - A) seconds prior to shot time, where X is the shot 
point to recorder distance in km. The sampling rate for digitizing was 
200 samples per second.

First-arrival times relative to shot time were determined for each 
shot (Appendix C). The arrival times were picked from record sections 
plotted with a reduction velocity of 6.0 km per second, and absolute 
arrival times were subsequently calculated from the reduced times.

10
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APPENDIX A 

SHOT POINT AND SEISMIC RECORDER LOCATIONS

With the exception of shot points 3B and A, shot point location are identical 
to the shot point numbers. Shot point 3B is given location number 33 and shot 
point A was given location numbers A, 34, and AA. The various numbers given 
to shot point A correspond to separate drill holes.
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U.S.G.S. Seismic Station Locations 

SHOT POINT LOCATIONS

Location
number

1
6
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
33 (3B)
34 <4)
44 (4)

Latitude
(d*g,min)

45 23 .'536
45 7.552
45 16.360
45 29.491
45 40.039
44 11.380
44 23.219
44 33.819
44 58.602
45 6.419
45 16.918
43 55.020
44 8.105
44 21.882
44 34.387
44 29.363
44 31.827
44 35.742
44 40.591
44 44.135
44 53.556
44 45.825
44 45.849

Longi tude
(d*g,min)

70 45.128
70 47.194
70 38.170
70 33.285
70 21.188
70 35.609
70 20.187
70 2.711
69 35.574
69 22.938
69 5.628
69 29.514
69 21.237
69 4.957
68 53.566
68 45.684
68 27.462
68 1.970
67 39.731
67 15.606
69 56.443
69 47.781
69 47.794

El w
Cm)

426
357
509
545
441
156
140
121
161
146
100
48
73
106
91
46
53
79
73
54

172
115
115
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APPENDIX B 

TEAM DATA SHEETS

Team data sheets contain all the Information related to the 
performance of the seismic recorders. The recorders are 
grouped into six teams of twenty instruments, and information 
for each team is given for each shot. Numerical values were 
asigned to all shot points. Shot point 4, which had multiple 
drill holes, has multiple shot point numbers corresponding to 
different drill hole locations. These are listed below the 
column headings. The column headings are as follows:

LOG - location number from the seismic 
recorder location file

DIST (KM) - distance from the shot point to the 
recorder location in kilometers

AZIM (DEC) - azimuth clockwize north from the
shotpoint to the recorder location

UNIT - I. D. number of the recording unit

CHRON - chronometer correction in milli­ 
seconds for the recorder at shot

(calculated from the total drift 
assuming a linear drift rate)

CHAN - channel number (1, 2, or 3) which 
was digitized

Cl C2 C3 - attenuation settings (dB) for 
channels 1, 2, and 3

TAPE GRADE - number used to code the instrument
performance, the data quality, and/or 
the reason for omitting the trace 
from a record section

time

SHOT POINT

3B 
4

LOCATION NUMBERS

33
4, 34, 44

52



DIRECTORY OF TAPE GRADE CODES

0 - Digitized

1 - Tape did not run

2 - Dropout in data

3 - Skipped record time

5 - Time code translator read time but detected error

6 - Time code translator cannot read time. 

12 - Random noise 

17 - Bad time code 

21 - Geophone disconnected or shorted

32 - No seismic arrival

33 - Trace deleted from record section; 
Deployed off line

34 - Trace deleted from record section; 
Overlapping traces

35 - Clipped record

36 - Trace deleted from true-amplitude record section; 
Noisy trace.

37 - Filtered data plotted
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APPENDIX C 

FIRST-ARRIVAL TIMES

For each shot, first-arrival times (In seconds) are listed In 
order from the most distant southwestern station (negative 
distance, In km) to the most distant northeastern station 
(positive distance, In km).
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APPENDIX D 

Archive Tap* Data Format

Archive data tap** ar* written in SEGY standard format 
(Barry et al, 1975). Recording density is 16OO 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, shovn belov:

C 1
C 2
C 3
C 4
C 5
C 6
C 7
c a
C 9
CIO
Cll
C12
C13
C14
CIS
C16
C17
CIS
C19
C2O
C21
C22
C23
C24
C25
C26
C27
C2S
C29
C3O
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
61
65
69
115
117
121
157
159
161
163
165
167
161
163
165
191
193
195
197
201

IDENTIFICATION HEADER BYTES :
-3216
-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
6

- 12
- 3O
- 40
- 44
- 46
- 52
- 7O
- 72
- 76
- 60
- 64
- 66
- 90
- 116
- 118
- 122
- 158
- 160
- 162
- 164
- 166
- 168
- 182
- 184
- 186
- 192
- 194
- 196
- 2OO
- 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 i* "32 bit floating point', and the 
appropriate byte* (3225-3226) of the binary reel id header 
contain a value of 1. The trace amplitude* have not been 
adju*ted for instrument gain* but the gain correction factor can 
be estimated from the instrument attenuation value <att) 
 pecified in byte* 121-122. To correct for gain, the data *hould 
be demeaned and th«n multiplied by

(att/20) 
10

Th» m»aaur»m«nt  yatvm (byt»« 3255-3256 of th« binary r««l 
h«ad«r) ia «»t to 1, mvtvra.

Shotpoint and r*c*iv«r coordinate* ar« in   conda of arc (byt* 
fivld 89-9O). Th* coordinate acalar multiplier (byt»« 71-72) i«
  t to -1OO, mo th« coordinate* (byt«* 73-88) ar« in hundredth* 
of a   cond of arc.

Byt»« 157-166 and byt«* 181-182 r«f«r to th» *hot detonation 
time. Th« time of th« firat data  ampl* !  found by adding th«
 hot detonation time to the time specified in byte* 201-204.

Since there i* no weighting of amplitude* with distance for 
archive tape*, the distance weighting exponent (byte* 191-192) i* 
not u*ed.

Shot sequence number (byte* 193-194) refer* to the order in which
 hot* were fired during the field campaign.
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