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Geologic Interpret~tion of Seismic Dnta 

Relocation Route 1, Cut, Stations 34-52 

Copper Mine Road area and Northern Portion of Ballard Estate 

in Topsfield, Mass. 

by 

James E. Maynard, Geologist, u. s. Geological Survey 
e.nd 

Rev. Daniel Linehan, s. J., Seismologist, Weston College 

General Statement 

Relocation of the NeVIburyport Turnpike, Route 1, in Topsfield, 1.1ass. • 

will require a long relatively deep out between stations 34 and 52. In 

order to obtain preliminary information on the depths to bedrock and on the 

nature of the subsurface materials at this site, reconnaissance seismic work 

was performed in October 1949. Because this reconnaissance work indicated 

that bedrock rni~ht be relatively near the surface over an extensive area 

where cuttings were to be made, a more detailed seismic study of the area 

was made in November 1949. The results of both the reconnaissance and de-

tailed seismic work are included in this report. The work was done as part 

of a cooperative program of the l:assachusetts Department of Public Works 

and the u. s. Geological Survey. 

Surface Geology 

At this location the base line of the proposed road traverses an area 

of moderate relief with many small irregular knobs and depressions. The 

surface forllV3.tion ovar most of this area is fb.e wind-blown sand fro:n a few 
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inches up to a few feet 1n thiclme&s. This material ia underlain by till 

that in many places c ontains numerous a:aall angule.r fragments or rook. 

~ediuc to large boulders occur sporadically an the surface or the ground. 

Some of the small depressions in the vicinity of the base line contain 

stratified sand and are probably small kettles. Bedrock ia not exposed 

along or in oloce vicinity to the base line. 

The surface geology of the site and the surrounding area, and the sur-

faoe configuration of the location, suggest that most of the site ie underlain 

at shallow depth by an irregular bedrock surface. The geology or the region 

suggests that this bedrock is largely a tough, finely orystalline dark-colored 

rook (u:elanite) with minor amounts of granite. 

Seiacic Traverses 

The plan of the seiamic traverses is shown on sheet 2. With the exception 

of traverses GG-~, II-JJ, XX-YY, and C•D, the traverses for the more detailed 

survey v;ere each approxi:aately 220 feet long. Traverses GG-Illi, 11-JJ. and 

XX•YY were each 110 feet long, and traverse C•D was 345 feet long. 

The shot points for each of the traverses were located as follawsa 

A., station 50+60 
B, • 47+30 
al, .. 47+35 
c, 70 feet to the right (east) of station 51+30 
D, 70 • • • • • • • 47+85 
nl. 70 " .. " .. .. .. .. 47+90 
E, 60 • • • left (west) • • 50+30 
F, 60 .. • • " • • • 47+00 
Fl, 60 " • .. • " .. .. 47+05 
G station 44+05 
Gi, .. 44+00 



H, 10 feet to the right (east) of station 44+60 
I, 60 • • II lett (west) 11 • 43+76 
Il, 60 • II • • • II .. 43+80 
J, 60 • • II II • • • 40+50 
K• station 40+70 
GG, 55 feet to the right (east) 11 • 34+60 
HH, 65 II • • left (west) • • 34+60 
II, 55 • II • right (~at) " • 36+80 
JJ, 65 • II • lett (west) 11 II 36+80 
KK, 105 • • II • • • II 34+60 
LL, 106 • • • • • • • 36+80 
MM. 80 • • .. .. • • • 39+00 
NN, 55 .. .. • II .. II II 39+00 
00, station 39+00 
pp, 25 feet to the • • II .. 41+15 
QQ,, 35 • .. • right ( 86. '3t) • • 41+15 
RR, 35 • II • II • II II 43+35 
ss, 25 • • • left (west) • • 4~35 
uu, 15 • • • II • .. .. 45+55 
TT, 30 • • • right (east) • • 45+55 
vv, 20 .. .. • • • • • 47+75 
ww, 25 • II • left (west) " II 47+75 
XX, 55 • • • right (east) • • 49+96 
YY, 65 • • • left (west) • II 49+95 

Depths to Bedrock 

The approxiuAte depths to bedrock below the shot pointe area 

A, 10 feet I 8 feet oo, 14 feet 
B, 1 • Ii, 8 • PP, 18 II 

Bl, 8 • J, 8 • ~. 8 • 
c. 9 • K, 15 • RR• 1 • 
D, 8 • GG, 14 • ss. 4 II 

nl, 8 • HH• 18 II uu, 8 • 
E, 8 • II, 9 II TT, 11 • 
F, 1 • JJ, 11 • vv, 8 • 
Fl, 8 • KK, 13 • ww, 10 • 
G~ 8 • LL, 14 • (minimum) XX, 10 • 
G ' 9 • m~. 12 • YY, 8 II 

H, 5 • NN, 13 • 
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The depth values to bedrock for shot pointe A to J inclusive are based 

an an average till vqlooity of 2500 feet per second. a value that was 

obtained when the shorter linea of the more detailed survew were rune The 

value for shot point K represents accurate time-travel data. The till 

velocities appear to range from 2500 to 3000 feet per second• using a till ~ 

velocity of 3000 fe t per second would yield depth values one to two feet 

greater for the J. to J ahot pointe. 

Geologic InterPretation of Sei&Ddc Data 

The geologic sections aa interpreted from the surface geology. the 

calculated depths to bedrock at the shot points. and the velocity curves are 

sh own on 6heets 1 and 2. 

The ~eneral contour of the bedrock surfaces. aa shown by sections A-B 

to I-J inclusive. sheet 1. is based on good aeismio velocity data. However. 

because the depth values at the shot points. as mentioned above. may be from 

one to two feet deeper than those shown on the section. the bedrock profiles 

~Y be one to two feet lower on the sections. The positions of the bedrock 

surfaces on the geologic sections are shown by smooth curves. These curves 

show only the :uajor configurations . for the detectors were too widely spaced 

to pick up many small knobs, points and ridges. 

Geologic sections GG-HH to XX-YY inclusive, sheet 2, show only the very 

~eneralized broad configurations of the bedrock surface. Undoubtedly many 



small ridges, knobs, pinnacles and depressions occur at altitudes above or 

below those represented by the smooth curves. In the vicinity of shot 

points LL the bedrock surface is represented by a dotted line; here the 

bedrock surface is probably at a somewhat greater depth, but the velocity 

data ·were too \.Ulcertain to ple.ce it more accurately. Indicated bedrock 

velocities along the shorter (220 foot) tr~verses are appreciably l~er 

(12.500 feet per second) than those along the longer (330 foot) traverses. 

end are also lower than chould be expected for the kinds of rock involved• 

such crystalline rocks commonly have seismic velocities of 15.000 to 

16,000 feet per second. The apparently anomalous low velocities along the 

shorter traverses suggest that the upper part of bedrock may be in an 

appreciably 1;.ore shattered condition than the lower part. For the shorter 

traverses, the upper part of the bedrock would tave greater influence an 

determined apparent velocities than the deeper portion would have. 
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