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Analysis of California Coastal Dune and Beach Sand Samples
Dylan McKevitt, Department of Science and Mathematics, Cedarville University, Cedarville, OH

Abstract

Samples of dune and beach sand from four locations along the California coast were collected and analyzed through sieving, XRD, and thin section. The mineralogy, average grain size, sorting, and average rounding values of feldspar and quartz grains were studied. The small sample selection and resulting data field do not allow significant conclusions to be reached, yet suggestions based on the data about processes affecting coastal sand are discussed. It was determined that further study and experimentation in each of these areas is needed: eolian depositional processes
may preferentially retain quartz and lose feldspars; an increase in sorting and decrease in grain size from beach to dune locations may be due to eolian processes; there may exist a sorting “threshold” beyond which eolian processes will not increase sorting; preferential transportation of
rounded sand grains may occur within a few feet of the waterline, even on the beach, and continuing movement to the dunes might result in no further change in rounding; there may be a rounding “threshold” for different mineral grains beyond which abrasion and possibly preferential
transportation become insignificant; chemical solution or deposition, depending on the amount of moisture and its composition, may factor into shaping sand grains along coastal dunes and beaches; and eolian transportation of mica grains over relatively short distances (hundreds of
meters) may result in a decrease in concentration and long-axis length.

Purpose: This study’s purpose was to analyze samples of dune and beach sand from along the California coast, and then to compare the data to draw possible conclusions about the effect of coastal eolian processes on sand.
Methods

Discussion

Bulk sand samples were collected from four locations along the California coast (Fig. 1,2), including at least one
beach (labeled CAB) and one dune (labeled CAD) sample from each location. Dune samples were taken between
80m and 700m inland from the shoreline. All dune locations had moderate vegetation, with the exception of
Pismo Beach sample CAD-8. XRD analysis was conducted on the samples. Sieve analyses were also performed.
Samples massing between 100 and 200 grams were dried for over a week at temperatures ranging from
100-110°C. They were then massed, sieved through ½ phi size trays at 40 cycles/minute, and then the contents of
each tray were massed. The results were entered into GRADISTATv.7 (developed Dr. Simon J. Blott, 2008) to determine average grain size (φ) and sorting following Folk and Ward’s (1957) method, where decreasing numerical
values correspond with increased sorting (<0.35, very well sorted; 0.35-0.50, well sorted; 0.50-0.70, moderately
well sorted; 0.70-1.00, moderately sorted). A thin section of each sample was made, stained for K-feldspar, and
analyzed using a Nikon Eclipse 50i Pol microscope (Fig. 3,4). Rounding values for a number of 2.5 phi (about 200
µm) sized quartz and feldspar grains (between 70 and 120 of each) from each slide were recorded using a point
count method on the computer screen, saved to a spreadsheet, and averaged. Rounding values follow the rho
scale by Powers (1953) and modified by Folk (1955), with a value of “0” being most angular, “3” halfway between
sub-angular and sub-rounded, and “6” perfectly spherical. Long axis lengths of all micas from each slide of the
Pismo Beach samples (the only locality with a significant amount of mica) were recorded and averaged.

Mineralogy
In each locality the dunes are believed to be composed of aeolian deposited beach sand, due
to the consistent onshore winds and dune morphology. This may account for the change in
mineralogy of the Tolowa Dunes, where ferrohornblende was present in the beach samples
(2-6%) but not in the dune sample. Ferrohornblende has a specific gravity of 3.20, while quartz
(2.65), plagioclase (2.63) and k-feldspar (2.58) are lighter and more likely to be transported by
wind. The consistent increase in quartz percentage from the beach to dune areas and subsequent decrease in feldspar is attributed to the fact that quartz (Mohs hardness of 7) is more resistant to alteration than feldspar (Mohs hardness of 6.5).

Tolowa Dunes
Little River State Beach

Morro Beach
Pismo Beach

Sieving
Arens et al. (2002) show that as sand is blown from the beach into dunes the turbulent air flow
over vegetated foredunes leads to a change from saltation on the beach to modified saltation
and suspension on the foredune, subsequently allowing small grains to be preferentially transported landward. A similar process is believed to occur in the areas of this study, explaining
the consistent decrease in grain size from the beach to dune locales. The trend towards better
sorting on the dunes (excepting the Little River State Beach location) may also be the result of
this preferential transportation of smaller grains, while a mix of coarse and fine grains are left
on the beach. Thus, zones of eolian erosion may be less well-sorted than areas of deposition.
The similarity in sorting of the Little River State Beach beach and dune samples, and considering they were the best-sorted of this study, suggests that a sorting “threshold” may exist
beyond which eolian processes will not increase sorting.

Figure 1. Image of California, showing sample locations.

Figure 2. Photographs of sample locations. From left to right; Tolowa Dunes, Little River State Beach, Morro Beach, and Pismo Beach.

Results

Mineralogy (Table 1)
All samples contained trace minerals including k-feldspar, kaolinite, and/or illite. The main constituents were quartz, feldspar (potassium and/or plagioclase), and some ferrohornblende in the
Tolowa Dunes beach samples. In each of the four locations, the
dune sample(s) contained more quartz than the beach samples
(from 2-19%, averaging 6% more). In every location the amount
of feldspar (potassium and/or plagioclase) decreased from beach
to dunes 1-14%, averaging 4% less.

Table 1. XRD results for CA dune and beach samples: volume fraction
Tolowa Dunes
Little River State Beach
Morro Beach
CAB-1
CAB-2
CAD-1
CAB-7
CAD-2
CAB-8
CAD-3
CAD-4
CAB-9
0.50
0.66
0.69
0.67
0.69
0.79
0.82
0.81
0.37
0.45
0.32
0.31
0.33
0.31
0.19
0.18
0.19
0.30
0.00
0.00
0.00
0.00
0.00
0.02
0.00
0.00
0.32
0.06
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00

Pismo Beach
CAD-5
CAD-8
0.43
0.46
0.28
0.28
0.30
0.26
0.00
0.00

CAD-9
0.45
0.27
0.28
0.00

Table 2. Sieving results of CA dune and beach samples, after the Folk and Ward method (φ), from GRADISTATv.7
Tolowa Dunes
Little River State Beach
Morro Beach
Pismo Beach
Sample
CAB-1
CAB-2
CAD-1
CAB-7
CAD-2
CAB-8
CAD-3
CAD-4
CAB-9
CAD-5
CAD-8
Mean grain size (φ)
-0.414
1.371
1.591
2.258
2.290
1.299
1.868
1.735
1.996
2.250
2.125
Sorting
0.850
0.935
0.604
0.218
0.235
0.766
0.400
0.458
0.533
0.312
0.391

CAD-9
2.311
0.360

Sample
Quartz
Plagioclase Feldspar
Potassium Feldspar
Ferrohornblende

Sieving (Table 2)
Analysis shows a consistent increase in average phi size (decrease in grain size) from the beach sample(s) to
the dune sample(s) in each location. Dune samples were consistently better-sorted than beach samples,
with the exception of the Little River State Beach locale where the two values were very similar. The sorting
values for the Little River State Beach samples were the lowest (best-sorted) of this study.

3.5

Average Rounding

Roundness (Figure 3)
Quartz appeared significantly less rounded than feldspar in all samples. Feldspar grains were consistently
about half a rounding value more rounded than quartz grains in both beach and dune samples. No major
difference was observed in rounding of grains between the beach and dune samples for the Tolowa Dunes,
Little River State Beach, and Morro Beach locales. However, samples from Pismo Beach showed an increase
in rounding of quartz and feldspars from the beach to the dunes. Comparing all samples, when the beach
grains initially had certain rounding values (feldspar, 3+; quartz, 2.5+), then there appeared no significant
change in rounding upon moving to the dune samples. However, when the initial beach rounding values
fell below this threshold, there was a noticeable increase in rounding upon moving to the dunes.
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Figure 3. Average rounding of 2.5 φ feldspar and quartz grains in CA dune and
beach samples (after the Folk and Ward method)
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Thin sections

Roundness
Rounding of grains can occur in two ways; through abrasion or preferential transportation
(Mazzulo et al., 1986). As concluded by Mazzulo et al., “eolian shape sorting transports preferentially spherical and rounded grains and can concentrate a suite of such grains in coastal
dunes after only a few feet of transport,” and “subsequent to this initial sorting across the backbeach, however, no further significant shape sorting occurs.” This may explain the relatively
similar rounding of dune and beach samples studied, as eolian transportation a few feet onshore during periods of low tides may have preferentially deposited rounded grains, and subsequent eolian transportation to the dunes resulted in no further significant shape sorting.
Mazzulo et al. also state that when grains are transported long distances (tens of kilometers),
abrasion can increase their roundness. Due to the relatively short distance between the beach
and dunes in this study, abrasion probably has not significantly affected the dune sands.
Kuenen and Purdok (1962) state that mechanical eolian abrasion is limited to corners and
edges, and angular quartz is quickly abraded while well-rounded grains are much more resistant. Margolis and Krinsley (1971) also note abrasive forces in quartz falling off with increased
roundness. If abrasion had affected the sands of this study during their eolian movement to
the dunes, the observed sub-rounding of most of the beach samples may have rendered it insignificant, except for the Pismo Beach locale where beach grains were more angular and
rounding was seen to increase upon transportation to the dunes. This study suggests there
may be a rounding “threshold” for different mineral grains beyond which abrasion and possibly
preferential transportation become insignificant. Kuenen and Purdok (1962) and Margolis and
Krinsley (1971) have shown that chemical solution and redeposition of silica by the action of
desert dew, along with experimental solution and regrowth in a non-reaction solution, can
lead to rounding of sand grains. The presence of moist beaches and vegetation (and thus significant moisture) on all of this study’s dunes poses the possibility that chemical solution
and/or deposition may factor into shaping the sand grains, depending on the moisture’s chemical composition.
Micas
The observed decrease in amount of mica and average grain length from the beach to dune
samples of Pismo Beach may be due to the fact that mica is easily weathered and broken-down
through chemical and mechanical processes. Its low Mohs hardness of 2.5 and thin, platy crystal habit allows relatively easy mechanical reduction in size. According to another study (A.
Struble, 2011, personal communication), mica grains in an aeolian setting undergo significant
reduction in size in a relatively short time and are completely gone after 96 hours.

Conclusions

Figure 3. From thin section CAD-3, showing diagnostic properties of quartz and feldspars in
plane-polarized and cross-polarized light.

Figure 4. From thin section CAD-8, showing plagioclase, quartz, and mica grains in plane-polarized and
cross-polarized light.
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Micas (Table 3, Fig. 5)
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number of mica grains observed in each thin section were;
30 (CAB-9), 10 (CAD-5), 15 (CAD-8), and 9 (CAD-9).
Table 3. Pismo Beach mica grains observed in thin sections
Sample
CAB-9
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Avg. long axis length (µm)
353.96
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Figure 5. From thin section CAB-9, showing biotite
mica grain.
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Based on the small selection of samples and resulting small data field, no significant conclusions can be drawn between the depositional environments of beaches and nearby dunes.
However, the obtained data suggests the following;
• Eolian depositional processes may preferentially retain quartz and lose feldspars.
• An increase in sorting and decrease in grain size from beach to dune locations may be due
to eolian processes.
• There may exist a sorting “threshold” beyond which eolian processes will not increase sorting.
• Preferential transportation of rounded sand grains may occur within a few feet of the waterline, even on the beach, and continuing movement to the dunes might result in no further
change in rounding.
• There may be a rounding “threshold” for diﬀerent mineral grains beyond which abrasion
and possibly preferential transportation become insignificant.
• Chemical solution or deposition, depending on the amount of moisture and its composition, may factor into shaping sand grains along coastal dunes and beaches.
• Eolian transportation of mica grains over relatively short distances (hundreds of meters)
may result in a decrease in long-axis length and concentration.
Each one of these suggestions requires further study and experimentation.
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