


zonta11y bedded sand beds are preserved. The more than three­
foot (1 meter) long tongue of a sand bed preserved in the
wake behind the boulder, shown in Figure 4, attests to both
high velocity and intensive erosion of the Columbia stream.

Sudden drops in velocities and turbulence in the
Columbia streams, such as those caused by shifts of stream
channels, resulted in almost instantaneous "dumping" of
suspended loads (mixtures of pebbles, sands, and finer
materials). This is evidenced by a lack of grain-size
gradations and absence of any distinct primary sedimentary
structures in such deposits (Figs. 3 and 4).

On the other hand, gradual decrease of velocities and
turbulence in the Columbia streams resulted in gradation of
suspended loads according to grain-sizes, with the coarse
materials becoming concentrated at the bottom of the streams.
When the competency of the stream fell below the critical
velocity, the stream became unable to continue to transport
pebbles and a pebble bed was formed as an openwork gravel
{Fig. 2).

The absence of gradational contacts between the pebble
beds and the directly overlying sands suggests that there
was a time lag between the deposition of pebbles and the
formation of overlying sands. Therefore, the matrix found
in the pebble beds is secondary, deposited after the pebbles
were laid down. How much time elapsed before the matrix
was introduced into the pebble beds is unknown.

Geologic Significance of Pebble Beds

Because the proposed process of formation of the thin
pebble beds requires erosion of sands and finer sediments,
such beds mark erosional unconformities. An attempt was
made to determine the amount of sand which would have to be
eroded to produce a thin pebble bed. The computations are
based on weight percentages. Although the great majority
of pebbles are less than 16 rom in diameter, there are also
those which are larger. In the following discussion only
the average weight percentages of pebbles found in the
collected samples were considered. Table 1 shows the data
used in the computations.

Table 1 shows that the horizontally bedded coarse sand
contains far more pebbles than the cross-bedded sand. This
is not surprising as horizontal bedding in coarse sands is
indicative of great competency and high veo1city streams
capable of transporting pebbles (Jopling, 1960).
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TABLE 1

Amount of pebbles in sands

(in weight percent)

2-4 rom 4-8 rom 8-16 rom >16 rom Total

Cross-bedded
sand

(20 samples)

Horizontally
bedded sand
(8 samples)

0.5

3.3

0.03

1.1 0.2 0.02

0.5

4.6

Table 2 illustrates pebble contribution to thin pebble
beds by equal volumes of cross-bedded sand and horizontally
bedded coarse sand.

TABLE 2

Contribution of pebbles by equal volumes of the two sand types

(in weight percent)

2-4 rom 4-8 rom 8-16 rom >16 rom Total

Cross-bedded
sand 10 0.3 10.3

Horizontally
bedded sand 65.0 21.0 3.3 0.4 89.7

Taking into consideration the relative abundance of
cross-bedded sand (80 percent) and horizontally bedded
coarse sand (20 percent) in the Columbia Formation in the
study area, the data in Table 2 were used to determine the
actual contributions of each of the two sand types (Table 3).

To determine the amount of sand that would have to be
eroded to produce a thin pebble bed, it is necessary to
make the following assumptions:

1. Pebbles are spheres. Pettijohn (1957) points out
that the sphericity of pebbles is usually 0.80 or
higher.
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2. Specific gravity of pebbles is 2.65. Most of the
pebbles are quartzose rock types.

3. Estimated porosity of thin pebble beds is 35
percent.

4. Estimated porosity of sands is 25 percent.

5. Specific gravity of sands is 2.65. Jordan (1964)
has shown that more than 80 percent of the sand
fraction of the Columbia Formation is quartz.

TABLE 3

Actual contributions of pebbles by the two sand types

(in weight percent)

2-4 rom 4-8 rom 8-16 rom >16 rom Total

Cross-bedded
sand 30.3 1.7 32.0

Horizontally
bedded sand 49.5 15.7 2.5 0.3 68.0

The pebble bed occupying an area of one square meter
(10.76 sq. ft.) and 20 rom (0.78 inches) thic~ is considered.
Such a layer would take up a space of 20 dm 3 (1,220 cu. in.);
the pebbles alone would occupy 13 dm 3 (793 cu. in.) and the
remaining 7 dm 3 (427 cu. in.) would be voids. The total
weight of the pebbles would be about 34.5 kg (75.9 lb.). To
produce such a pebble bed it would be necessary to erode
the following amounts of sands:

Cross-bedded sand ••• ca. 1,025 kg (2,255 lb.) or ca.
516 dm 3 (18 cu. ft.)

Horizontally bedded sand ••. ca. 2,103 kg (4,627 lb.) or
ca. 1,058 dm 3 (37 cu. ft.).

This is equivalent to a sand unit occupying an area of one
square meter (10.76 sq. ft.) and about 1.6 m (5.2 ft.) high.

* 1 dm = 10 cm.
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It seems, therefore, that the erosion indicated by
thin pebble beds is considerable indeed, and that the
unconformities marked by such beds are quite real and
significant.

CONCLUSIONS

Thin pebble beds, although quite inconspicuous in out­
crops, bear the evidence of significant erosional episodes
brought about by competent streams of high velocity.
Simple mathematical computations have shown that it is
possible to estimate quantitatively the amount of erosion
necessary for the formation of a thin pebble bed. Although
several assumptions were made, the results of these com­
putations are considered significant enough to warrant care­
ful future study of similar beds in the investigation of
other fluvial deposits.
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