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The regression line possesses an ordinate intercept of 2.21 gm/cc and a slope of
.0039 gm/cc/percent, with a significant correlation coefficient of .62.

Theoretical Densities

In order to obtain an idea from a theoretical viewpoint of the drift densities
as a function of percentage of sand and gravel, the systematic packing of spheres
and its influence on porosity were considered. Large spheres in the following dis-
cussion are assumed to play the role of sand and gravel; small spheres are assumed
to take the place of silt and clay.

In general, six cases of simple, systematic packing of spheres are recog-
nized (Graton and Fraser, 1935, p. 785). These six cases represent various en-
ergy levels at which spheres can be packed geometrically. The highest energy
level corresponds to Graton and Fraser's Case 1 (cubic packing). In this type of
packing, the unit cell (the smallest portion of a body that gives complete repre-
sentation of the manner of packing and distribution of the voids throughout that
body) is composed of eight spheres with the two sphere rows of each square four
sphere layer intersecting at 90°, and the spheres in the second layer placed verti-
cally over those in the first layer. The lowest energy level corresponds to Graton
and Fraser's Case 6 (rhombohedral packing). In this type of packing, the unit
cell of eight spheres has the two sphere rows of each rhombic four sphere layer
intersecting at 60°, and the spheres in this second layer are offset with respect
to those of the first layer in a direction bisecting the angle between the two sets
of rows and by a distance of 2R/N3 where R is the radius of a sphere.

In the determination of the theoretical densities, it is assumed that the
material is composed of two groups of spherical particles. The group of spheres
with the larger diameters represent the gravel and sand; the group of spheres with
the smaller diameters represent the silt and clay. In reality, tabular-shaped
particles are a more accurate representation for the clay. However, as a first
approximation in the determination of drift densities, the assumption of spherical
particles must suffice.

In the lowest energy level situation, a complete unit cell composed of
eight larger spheres has a porosity of 25.95 percent (Graton and Fraser, 1935,

p. 805). In order to compute the maximum saturated density for the lowest energy
level till, the void spaces in a complete unit cell are assumed to be filled with
very small, but finite, diameter spheres, which also take on the lowest =znergy
level. This results in a porosity of 25.95 percent in the total space allowed the
smaller spheres. This is not a true physical representation of drift materials since
all the empty space left by the larger spheres is not equally accessible to the
smaller spheres. However, the assumption is valid for minute smaller spheres.

A density of 2.67 gm/cc is assigned both sizes of particles. Grim (1953, p. 312)
gives a wide range of densities for clay particles, with the most representative
figure near the 2.67 value. It also is assumed that sand and gravel particles
have densities near that of clays. The maximum saturated density for such a
material is 2.56 gm/cc. The corresponding percentage by weight of large grained
material of the solids is 79 percent.

To compute theoretical maximum saturated densities for material with less
than 79 percent large spheres, the scheme is as follows. One large sphere
is removed from the original unit cell at the lowest energy level, and the void is
filled with the maximum amount of lowest energy level small grained material. The
remnant voids are filled with water, and the density and the percentage of large
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