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INTRODUCTION 
Determinations of continental crustal structure by 

seismic-refraction surveys are summarized on the accom
panying maps at a scale of 1:1,000,000. This is an interim 
compilation prepared in cooperation with the Advanced 
Research Projects Agency. It covers the United States 
between latitude· 35°N and 39°N (the area of the Trans
continental Geophysical Survey) and does not extend 
into the adjacent ocean basins. 

Several recent publications summarize seismic studies 
of the crust of the continental United States. Hamilton 
and Pakiser (1965) utilized seismic data in making a 
cross section along the 37th parallel on a horizontal scale 
of 1:2,500,000. Review articles include those by Healy 
and Warren (in press), James and Steinhart (1966), 
Pakiser and Zietz (1965), and Pakiser and Steinhart 
(1964). A comprehensive analysis and compilation is 
given by Steinhart and Meyer (1961); and a recent com
pilation is given by McConnell and others (1966). 

Sources of data for this compilation are listed in the 
section entitle~ Data References. Interpretations from 
unpublished sources are preliminary, and profiles that 
have been shot but not interpreted are shown to indi
cate the extent of coverage. 

METHOD OF COMPILATION 
The selection of data has been subjective. Where a 

newer, more detailed refraction survey has been avail
able, older work in the same area has not been included. 
Surveys generally have not been included unless they 
penetrated to the Mohorovicic discontinuity, designated 
on the profiles by the letter M. 

Many surveys of this compilation show the major 
features of the "normal" continental crust. At the top 
of the crust is a veneer of varying thickness of sedi
mentary, volcanic, and metamorphic rocks (in many 
places too thin to show on the scale used) in which the 
velocity is usually less than 5.5 km/sec. The upper part 
of the earth's crust is presumably granitic in composi
tion, and shows a remarkably uniform veloeity of 5.9-
6.1 km/sec. 

The lower part of the earth's crust, called the "inter
mediate" layer, probably is of more mafic composition. 
It is less well delineated, and apparently is not uniform 
in either velocity· or thickness. Available evidence indi
cates a velocity range for the lower crust from about 
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6.5 km/sec. to as high as 7.4 km/sec. near the bottom 
of the crust in some places. The transition to lower 
crust may be either abrupt or gradual. In the western 
U.S. a number of surveys have found a relatively sharp 
transition that has been called the Conrad discontinuity. 
In the eastern U.S., little evidence for a sharp discon
tinuity has been found. Some of the published sources 
include a~ alternate interpretation showing a single
layered crust. Where this was done the two-( or more) 
layer interpretation is given here. This was done to 
provide a more uniform comparison of data from many 
sources, and because it provides a better approximation 
of the true velocity distribution. Thus, although a dis
continuity within the crust has been indicated from one 
end of the continent to the other, a sharp boundary is 
not necessarily implied. 

An abrupt increase in velocity does occur at the M 
discontinuity, marking the transition to the upper mantle. 
Beneath the discontinuity, the velocity in the upper 
mantle varies from 7.8 to 8.4 km/sec. The differ
ences in this velocity, between large areas of the 
U.S., seem to be significant. 

The data are shown in a manner that results from 
standard assumptions in the interpretation of refrac
tion surveys, which are: (1) sharp boundaries be
tween layers, (2) layers of constant velocity, and 
(3) increasing velocity with depth. Because these 
conditions may in reality not be met, the refraction 
results give only an approximation to the velocity struc
ture of the earth's crust. (For a brief discussion of 
the limitations of' the refraction method, see Stein
hart and others, 1962; a more exhaustive discussion is 
given by Steinhart and Meyer, 1961.) The ac~ur~cy 
depends upon the coverage obtained and, to some 
extent, upon the judgment involved in the interpre
tation. In spite of this subjective factor, one may 
assess the accuracy of the results by. investigating how 
much the interpretation can be changed without vio
lating the traveltime data. Based upon the author's 
experience along these . lines, a high quality survey 
can result in depth measurements good to 10 percent, 
and velocity measurements accurate to ±0.1 km/sec. 

Results are shown as perspective fence diagrams 
extending between shotpoints, named for nearby 
towns, aiHi all velocity and depth values are also 
listed in the accompanying table. Each line is com
posed of data from one to sc~eral shotpoints, with 



one vertical plane between any two shotpoints. Layer 
boundaries generally are shown as solid lines; dashed 
lines are used where the interpretation is less cer
tain. In most cases depths are plotted in a southerly 
direction, at a scale of 1 km = 1 mm, the same as 
the horizontal scale. For profiles running nearly 
north-south, depths are plotted in an easterly direc
tion. Altitude above sea level is plotted for each pro
file, exaggerated 5 to 1, on a scale of 1 km = 5 mm. 

The maps and table show depths relative to a sea 
level datum. Most of the surveys do not adequately 
measure the near-surface layering. A detailed pre
sentation of near-surface velocity structure is beyond 
the scope of this compilation. The surficial layer 
thicknesses given in the table are based in some cases 
on assumed velocities. Where the surficial velocity is 
given in the table, it is a measured not an assumed 
value. The surficial layer is plotted on the maps where 
thick enough to show below sea level datum. Com
monly, the topmost layer given is the upper crustal 
layer. If the crust has been approximated by more 
than two layers, the additional layer is shown in the 
central column of the table. In some cases the addi
tional layer is part of the upper crust, and in others 
should be included in the lower crust. All depth and 
thickness values in the table have been rounded off 
to the nearest kilometer. The values apply to shot
point locations. 

Most of the velocity determinations are given to 
the nearest tenth km/sec. Any velocity measurement 
given on the map applies for the entire line in which 
it appears, unless a different velocity is given at an
other portion of the line, in which case a shotpoint 
location marks the change in measured velocity. Velo
cities given are reversed true values unless only one 
shotpoint was used. There is some redundancy in the 
table for the deeper layers on surveys consisting of 
multiple shotpoints along the ·line. In such cases all 
of the velocity values do not necessarily represent 
individual measurements. Determinations of the lower 
crust in many places are not based upon first refracted 
arrivals, but partially upon reflections or later re
fracted arrivals. Where the velocity has been merely 
assumed, it is given in parentheses in the table but is 
not shown on the maps. 

The portion of a layer actually traversed by a seis
mic ray begins at some distance from a shotpoint; 
this is 40 km or more for M. The profiles have all 
been plotted as if the layer interfaces extend back to 
the shotpoint. This affords a comparison of different 
results measured from the same shotpoint. Compari
sons can also be readily made where different lines 
cross. Some of the discrepancies that occur may be 
due to limitations of the refraction method, but in a 
number of cases marked structural changes occur in 
different directions from the same shotpoint (e.g., 
the San Francisco and Mono Lake results in Califor
nia). The disagreement among a number of lines 
which terminate at the Nevada Test Site (NTS) sug-
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gests that there may be structural complications which 
none of the individual surveys have resolved. 

EDITING OF DATA 
Some of the interpretations have been altered from 

their published forms, usually to include an interme
diate layer where none was reported. Each instance 
of alteration is described here and referred to by the 
number in Data References. 

Nevada Test Site (NTS) to Kingman, Arizona. Ref
erences 1 and 14 are reports of two unreversed pro
files each with recording sites that are not far from a 
line connecting NTS and Kingman. The coverage is 
such that the combined surveys do not quite make a 
reversed profile, but the two are here treated as a unit. 
An intermediate layer was not found in either direc
tion. A reinterpretation was made for this compilation 
assuming the presence of a "masked" intermediate layer 
of velocity 7.0 km/sec at the shallowest depth consis
tent with the fact that first arrivals from the layer 
were not observed. The reinterpretation increased the 
depth to M by 2-3 km. A portion of the line from 
Kingman bends more to the north near Las Vegas. On 
this unreversed portion the depth to M was deduced to 
increase abruptly. A constant depth to the top of the 
intermediate layer was assumed. 

Nevada Test Site to Ludlow, California. In refer
ence 4, recordings of events fired at the Nevada Test 
Site (NTS) are reversed by a line of recordings from 
the Ludlow shotpoint. First and secondary arrivals 
from Ludlow delineate a 6.8 km/sec velocity. In the 
published interpretation, the assumed depth of 14 km 
to the top of the intermediate .layer at NTS is not sup
ported because intermediate layer first arrivals were 
not observed from NTS. The assumption of a masked 
layer of apparent velocity 6.9 km/sec results in a mini
mum depth of 18 km at NTS, which is given here. The 
depths to M change by 1 km or less. In reference 4, 
the depth to M was deduced to continue to decrease 
to the south from unreversed arrivals from NTS. The 
depth to the intermediate layer has been assumed to 
be constant to the south. 

Coast of California. Reference 2 shows a reinter
pretation of the San Francisco to Camp Roberts por
tion of the survey originally described in reference 7 
and interpreted in terms of a single crustal layer. No 
first arrivals were observed that indicate an interme
diate layer. However, some secondary arrivals were 
found which could be explained in this. way, and in 
reference 6 possible velocity structure within the crust 
~as described in some detail. For the present com
pilation the two-layer interpretation of reference 2 was 
used, and the Camp Roberts to Santa Monica portion 
of the survey was recomputed to include the shallow
est possible depth to the intermediate layer, in a man
ner similar to that used to edit the NTS to Kingman 
results. 
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Table of Seismic Refraction Data at Shot Points 

Reference Shot Point Layering Velocity v(km/sec), Depth d (km), and Thickness h (km) 
No. Name Latitude Longitude Surficial Upper Crust Addtl. Layer Lower Crust Upper Mantle 

v d h v d h v d h v d h v d 

6 Patuxent River t>+ 38°22' 76°30' 6.2 0 22 6.6-7.0 22 8 8.0 30 
5 ECOOE 303 L:> * 37°46' 75°16' 2.1 0 2 5.8 2 8 6.3 10 16 8.0 26 
5 ECOOE 316 L:> * 37°26' 74°31' 2.1 0 2 5.8 2 8 6.3 10 16 8.0 26 

19 ECOOE 126 L:> * 34°03' 76°07' 6.0 0 24 6.7 24 13 8.1 37 
19 ECOOE 132 L:> * 34°28' 77°14' 6.0 0 24 6.7 24 13 8.1 37 
19 Burgaw * 34°32' 77°43' 0 21 21 14 35 
19 Troy * 35°24' 80°02' 6.0-6.10 20 

6.7 
20 14 

8.1 
34 

19 Erwin * 36°09' 82°20' 6.1 -1 31 
6.7 

30 3 
8.1 

33 
19 Burnside * 36°55' 84°25' 

6.1 
0 ( 6) 

6.7 
(6) 28 

8.1 
34 

19 Dahlonega-Gainesville -f' 34°28' 83°52' 
6.1 

-1 12 
6.6 

11 34 
8.0 

45 
19 Chattanooga * 35°13' 85°06' 0 9 9 40 49 
19 Smithville * 36°02' 85° 52' 

6.1 
0 11 

6.6 
11 34 

8.0 
45 

-19 Campbell * 36°37' 87°38' 
6.1 

0 15 
6.6 

15 25 
8.0 

40 
19 Burnside * 36°54' 84°34' 0 6 6 28 34 
19 Crossville * 36°05' 84°55' 

6.1 
0 6 

6.7 
6 33 

8.0 
39 

19 Tullahoma * 35°25' 86°04' 
6.1 

0 15 
6.7 

15 29 
8.0 

44 
19 Moulton * 34°22' 87°11' 

6.1 
0 17 

6.7 
17 34 

8.0 
51 

11 Cape Girardeau + 37°32' 89°28' 
4.7 

0 1 
6.2 

1 6 
6.5 

7 22 
7.4 

29 16 
8.1 

45 
11 Little Rock + 34°46' 92°18' 0 6 6 5 11 21 32 14 46 
17 Ste. Genevieve 38°00' 90°03' 

5.0 
0 1 

6.0 
0 4 

6.3 
4 21 

6.9 
25 19 

8.0 
44 

17 Gladden 37°30' 91 °21' 0 1 1 9 10 
17 Hercules 36°42' 92°54' 

5.0 
0 

6.0 
8 

6.1 
9 22 

7.3 
31 12 

8.1 
43 

17 Hannibal 39°34' 91°11' 
5.0 

0 
6.1 

1 5 
6.2 

6 12 
6.6 

18 20 
8.0 

38 
17 Swan Lake 39°36' 93°12' 0 1 1 4 5 17 22 
17 St. Joseph 39°37' 95°03' 

5.0 
0 2 

6.1 
2 10 

6.2 
12 12 

6.7 
24 18 

8.0 
42 

12 Chelsea 36°30' 95°29' 
5.95 

0 14 
6.65 

14 16 
7.2 

30 21 
8.3 

51 
12 Manitou 34°32' 98°53' 0 14 14 16 30 21 51 

9 Nee Granda L:> 38°18' 102°45' 4.8-5.2 -1 2 5.8 10 6.1 11 15 6.7 26 20 8.0 46 
18 Gnome L:> 32°16' 103°52' 4.9 -1 4 6.1 3 15 6.7 18 12 7.1 30 20 8.2 50 
13 Chinle 35° 56' 109°34' 3.0 -2 1 -1 25 

6.8 
24 17 

7.8 
41 

13 Hanksville 38°22' 110°56' 3.0 -2 2 6.2 . 0 26 26 12 38 
20 Sunrise 35°34' 109°48' -2 4 

6.2 
2 24 

(6.85) 
26 14 

7.85 
40 

20 Winslow 35°01' 110°38' (4.7) -2 2 0 28 28 12 40 
20 Strawberry 34 °22' 111 °26' (4.7) -2 3 

6.2 
1 25 

(6.85) 
26 10 7.85 36 

20 Carrizo 34°02' 110°18' -1 4 
6.1 

3 21 
(6.8) 

24 16 
7.85 

40 
20 Strawberry 34°22' 111 °26' 2.9 -2 0 5.9 -1 3 2 22 24 11 35 
20 Cottonwood 34°46' 111 °59' 5.8 -1 3 

6.1 
2 22 

(7.0) 
24 13 

7.85 
37 

20 Blue Mountain 35°33' 113°20' 5.9 -1 8 
6.1 •7 19 

(7.0) 
26 9 7.85 35 

14 Kingman 35°19' 114°04' -1 3 2 18 
(7.0) 

20 10 
7.8 

30 
1 Nevada Test Site + 37°10' 116°05' 5.2 -2 2 6.15 0 19 19 10 29 

16 Nevada Test Site L:>+ 37°10' 116°05' 6.0 0 20 6.7 20 4 7.9 24 
8 Eureka 39°36' 115°40' -1 20 19 14 33 
8 Nevada Test Site + 37°10' 116°05' 6.0 -1 20 

6.7 
19 10 

7.9 
29 

4 Nevada Test Site + 37°10' 116°05' 
6.1 

0 18 
6.8 

18 14 
7.9 

32 
4 Ludlow 34°50' 116°11' 1 13 14 13 27 

10 Lake Mead 36°06' 114°48' 2.8 0 1 
6.1.5 

0 24 
7.1 

24 7 
7.8 

31 
10 Lathrop Wells 36°37' 116°14' 24 25 8 33 
10 LidaJunction 37°21' 117°30' 

6.15 1 24 
7.1 

25 9 
7.8 

34 
10 Mono Lake 37°59' 119°08' 2.1, 4.0 -2 2 6.15 

0 31 
7.1 

31 13 
7.8 

44 
15 Lake Mead 0 36°06' 114°48' 1 19 20 8 28 
15 Santa Monica Bay 0 34 °00' 118°33' 

6.1 
3 24 

7.0 
27 7 

7.8 
34 

3 Eureka 39°36' 115°40' -1 23 
6.6 

22 12 
7.8 

34 
2,3 Fallon 39°32' 118°52' 6.0 1 16 17 7 24 

2 San Francisco L:> 37° 36' 122° 42' 6.0,5.6 2 10 6.8 12 9 8.0 21 
2 China Lake 35°47' 117°44' 

6.0 
1 12 

6.4 
13 8 6.9 

21 25 
7.9 

46 
2 Mono Lake 37°59' 119°08' 1 10 11 17 28 24 52 
7 Santa Monica Bay 34°00' 118°33' 

6.1 
2 17 

(7.0) 
19 21 

8.2 
40 

2,7 Camp Roberts 35°47' 120°50' 1 14 15 9 24 
2,7 San Francisco 37°36' 122°42' 

6.0 
1 14 

6.8 
15 9 

8.0 
24 

* Preliminary interpretations. 

+ Average location used. 
0 Depths and thicknesses are average values near the end of the profile-not at shot point. 

L:> Velocity measurements are unreversed. 
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