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velocity of around 11,000 fps except at the eastern end
of the profile where the 11,000 fps velocity material
is absent. Extremely high velocities, from 15,000 to
25,000 fps are found beneath the middle section of the
profile and give depth solutions of about 30 feet and
greater. This zone is thought to be fresh crystalline
rock with no major fracturing. Field observations in
the banks of a small stream near station 50+00 later
verified the presence of the high velocity layer which
was described as a massive, dense, quartz, biotite
schist. Exposed cuts, after ripping was completed,
showed that the geophysical interpretations were essen­
tially correct.

Resistivity breaks determined by the Moore cumula­
tive method were rather indistinct and resistivity data
were generally not conclusive enough to be used as the
only means of interpretation. Two resistivity depth
solutions did, however, come within four to five feet of
seismic solutions.

Stations 55+00 to 57+00

Very low first layer seismic velocities, some under
1000 fps are encountered in this profile. The wooded
area through which the profile was run and the loose,
organic top soil are both characterized by abnormally
low seismic velocities. Only a small area of fresh or
nearly fresh rock is inferred to be present from the
seismic work and no velocities approach that of the
dense rock recorded at depth in the previous profile
(stations 43+00 to 48+00). The indication of slightly
weathered rock at station 56+50 may be a large boulder
rather than bedrock. Two deep resistivity breaks were
obtained (see Figure 4) and were tentatively correlated
with fresh crystalline rock. Neither borings or the
later cuts reached to the depth of the breaks and thus
no confirmation was available. However, if the two
deeper breaks are extrapolated back to the solutions
obtained by both seismic and resistivity work at stations
43+00 to 48+00 a rather consistent picture is obtained.
Unaltered bedrock apparently becomes increasingly deeper
to the east and it may be that resistivity methods were
better able to define these deeper lithologic changes
than were the refraction techniques. Ripping later did
expose Wissahickon schist with considerable fracturing
and deformation, possible a fault or fracture zone. This
probably accounts for some of the lower velocities that
were originally attributed to weathered rock.

12
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Stations 72+00 to 76+50

Interpretation of this section showed the greatest
thickness of overburden for any of the areas investigated.
The zone interpreted as weathered rock could again be
consistently picked from the seismic record. Extremely
high velocities were detected only at stations 75+50 and
76+50. The resistivity break at station 73+00 (see
Figure 5) was correlated with the unaltered bedrock. One
resistivity solution and one seismic solution could not
be reasonably correlated with other breaks and were
ignored in the interpretation. Note that at station
74+00 both the seismic and resistivity depth solutions
were in excellent agreement. Investigation of the later
cuts showed the exposed material to be thinly bedded,
moderately weathered Wissahickon schist with some small
pegmatites. At a few locations denser, less altered
schist was observed to protrude into the surrounding
rock. Such an occurrence was interpreted correctly at
station 74+00, although other such occurrences were not
detected from the basic data.

Stations 101+00 to 108+50

At the eastern end of the proposed road-cut four
distinct lithologies were postulated but only two
lithologies could be detected at the western end. Part
of this difference was due to external noise at the
western end of the profile which masked the energy of
the seismic shot. The resistivity correlation with the
seismic data was slightly better for this profile than
for the others. At station 107+00 two deeper resistivity
depth solutions were obtained but could not be correlated
with any known feature. Investigation of the later road­
cuts showed that the "slightly weathered rock" (see
Figure 6) should indeed extend west to station 103+00.
Ripping was reported to be easy in the upper portion of
the road-cut but difficult in the lower part. Again,
some "knobs" of relatively fresh rock protruded through
the weathered material.

CONCLUSIONS

Seven borings were available in the study area.
Lithology as determined by geophysical means agreed
within one to two feet of the drilling records for two
holes, within five feet for one hole, and matched the

14
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general lithology in two holes where only a single
lithology was recorded. Correlation with drilling logs
in the remaining two holes was poor. Part of the diffi­
culty in correlating with driller's logs was due to
terminology. Material having a seismic velocity of about
2000-5000 feet per second and designated as "weathered
rock" in the geophysical studies (see Figures 3, 4, 5, 6)
was often described simply as "rock" on the drilling log.
In general more detail could be inferred from the geo­
physical work but the detail was not always meaningful in
terms of highway construction practices. The trend of
the top of unweathered crystalline rock matched very well
with the trend as defined by drilling and by the later
road-cuts.

It is estimated that a three man crew could run
approximately 1500 feet of seismic line with reversals
(or 3000 feet one way) with shot-points every 50 feet in
an eight-hour day.

This study generally showed that geophysical refrac­
tion methods can be quite successful in determining the
depth of overburden and the distance to unaltered rock in
the Piedmont Province of Delaware. Electrical resistivity
techniques gave poor to fair results when interpreted
without benefit of other data. However, when viewed in
light of the seismic results, it was possible to make some
correlations. In both techniques some degree of famil­
iarity with the area and some control such as outcrops or
test borings are needed as a basis for interpretation.

In future work it is recommended that an energy
source greater than that provided by an electric blasting
cap be used in situations where external noise is a factor
or where overburden is relatively deep. The full capabil­
ities of the instrument used for this study cannot be
realized unless this change is made. With prudent inter­
pretation the use of geophysical methods should reduce the
number of test borings needed in highway projects.
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APPENDIX A

DERIVATION OF GENERAL EQUATION FOR FINDING DEPTH TO FIRST INTERFACE
A F

c

ray path of refracted wave

E

According to Snell's Law, a seismic wave will travel
along the interface, BC, when the angle of incidence (I)
is such that the angle of refraction (R) is 90 0 to the
normal of the interface.

For the refracted wave: Sin I = CD
CE

Where: V1 = velocity of first layer (Top)

V2 = velocity of second layer

T1 - time in first layer

T2 - time in second layer

Therefore: Sin I =

When T1 = T2: Sin I = V1

V2

The total refracted wave travel-time to the surface at F

is:
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OR

T - Z + X-2Z Tan I + Z

VlCoS I V2 VlCoS I

and by trigonometric identities:

T = 2Z + 2Z Sin I + X
VlCoS I V2 Cos I V2

T = 2Z 2 X X 2ZCos I
VlCoS I (I-Sin 1) + = +

V2 V2 VI

At the critical distance: T (direct wave,AF) = T (refracted wave,ABCF)

OR

X = X +

z=l Xc VI V2 ~l - 1 )
Where: Xc = critical distance

2

JV2
2 VI V2- V 2 Z = depth to interface

1

Xc

\I
V - VZ=-

2 2 1

~ V2 + VI
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APPENDIX B

DESCRIPTION OF EXPOSURES ALONG LINDEN HILL ROAD

(By J. C. Miller)

Stations 10-15:

Station 20:

Station 40:

Station 50:

Stations 53-57:

Station 60:

Stations 73-77:

Wissahickon schist, thinly laminated,
moderately weathered, contains lens­
like quartz bodies 2-3 feet in length
and 3-6 inches thick. Minor pegma­
tites follow the strike of the schist.
Overburden: +5-10 feet thick.

Wissahickon schist, thinly laminated,
less weathered than at stations 10-15.
Strike N62E, dip N78. Dominant joints
are N5W, near vertical.

Wissahickon schist, thinly laminated,
slightly weathered, contains quartz
pods and lenses 2-3 feet long and 2-4
inches thick. Strike N65E, dip N82.
Dominant joints are N54W, S80.
Between stations 40 and 50 schist is
soft and easily ripped. Hardness
increases with depth.

Wissahickon schist, very hard, thickly
laminated quartz biotite schist.
Strike N70E, dip S75. Dominant joints
are N7W, S79; N50W, N82.

Wissahickon schist, less weathered
than at preceeding stations except at
station 50, considerable fracturing
and deformation, possibly a fault zone.

Wissahickon schist, thickly laminated,
moderately weathered. Joints are N2E,
vertical.

Wissahickon schist, thinly bedded,
moderately weathered, small chevron
folds and discontinuous pegmatites.
Strike N70E, dip S75. Joints are
NIOW, vertical.

21



Appendix B (Continued)

Station 83: Wissahickon schist, thickly laminated,
weathered, easily ripped. Several
joint sets.

Station 96: Wissahickon schist, weathered,
contains pegmatites.

Stations 102-104: Wissahickon schist, highly contorted,
moderately weathered. Strike N70E,
dip near vertical. Cut by pegmatites,
several joint sets. Upper part ripped
quite readily, lower part hard and
resistant to ripping.

Station 122: Wissahickon schist, contorted and cut
by pegmatites, ripping easy.

22



APPENDIX C

SEISMIC REFRACTION TIME - DISTANCE GRAPHS

VI = velocity of first layer in feet per second (top)

V
2

= velocity of second layer in feet per second

V3 = velocity of third layer in feet per second

43-48, 55-57, 72-76, 101-108: surveying station
numbers
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