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ABSTRA.cr: Use o~ a sma1! corer having a piston controlled by a screw-in drive shaft permits the 
coU.ectton of a senes of thin .(1.67 ~) slices of sand deposits. Several slices are required to penetrate 
~ smgle ~arse- or :me-gr3.11led lamtna on foreshores of beaches. Grain-size analysis of the sand 
tn each s~ce by settling tube was followed by computation of statistical parameters. The resuhs show 
that the slices have a much broader r~e of median diameter, are better soned, and are more positively 
skewed than are those for a compostte core of the same sands. This means that investigations of 
beach-sand sources and of hydraulic conditions of erosion and deposition based upon sand texture 
may be better served by analysis of laminae than of total sample. 

INTRODUCTION 

Beach sands have long been known to 
contain many laminae (Thompson, 1937) that 
differ in grain size and mineral content. 
General observations and laboratory analy­
ses (Sanders, 1965; Clifton, 1969) show that 
the fme-grained laminae contain most of the 
dark heavy minerals (magnetite, ilmenite, 
garnet, etc), and the coarse-grained laminae 
contain most of the light minerals (quartz, 
feldspar, and calcite). The differences in 
mineral composition and grain size appear 
to be due to differences in competence of 
the fast landward rush of wave swash fol­
lowed by the slower oceanward return of 
the water (Emery and Gale, 1951; Clifton, 
1969; Waddell, 1973, 1976). An additional 
important control of erosion-deposition (and 
thus of laminae) is the position where the 
water table intersects the beach surface 
(Emery and Foster, 1948; Grant, 1948; Dun­
can, 1964; Pollack and Humrnon, 1971). 
Landward of the watertable outcrop the 
backwash is lessened by the amount of water 
that escapes into the sand, whereas ocean­
ward of it the backwash is augmented by 
escaped groundwater. In effect, this means 
that erosion by swash is concentrated 
seaward of the water table at the time of 
the swash, and deposition is concentrated 
landward of it. Laminae are to be expected 
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only above the water table on the foreshore. 
Simple hand lens or binocular observations 

of grain size are sufficient to describe vertical 
grading and general structure of laminae 
(Reineck, 1974), but collection of individual 
thin laminae for precise laboratory analysis 
is difficult. First attempts at precise sampling 
were made by Emery and Stevenson (1950), 
who made vertical thick sections (400-500 
microns thick) of beach sands that had been 
cemented naturally into beachrock or were 
cemented artificially by clear plastic. The 
grains encountered during each of 15 to 25 
microscope traverses across the thick-sec­
tions were measured, converted to volume, 
and corrected for small grains obscured be­
hind larger ones. The major technical prob­
lem was that too few grains were encountered 
on each microscope traverse to satisfactorily 
defme the size-frequency curve for that tra­
verse; moreover, the method was far too 
time consuming to be used for routine studies 
of beach sands. A better method developed 
by Clifton ( 1969) consists of planing the beach 
at a slight angle across the bedding to exag­
gerate details of bedding. Samples were ob­
tained by pressing a glass plate coated with 
Canada balsam against the bevelled sand 
surface, and then incremental layers within 
laminae were scraped off with a razor blade 
for grain-size and mineral analysis. Again, 
the number of grains for each sub-sample 
was small. 

The difficulty in measuring the grain-size 
distribution in beach-sand laminae both dur­
ing field and laboratory phases has caused 
most sedimentologists to ignore the problem 
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of depositional factors . Usual procedure is 
merely to collect a handful (literally) of sand 
from each of a series of specified points along 
or across beaches, bag each sample, and 
return them to the laboratory for grain-size 
analysis. Not much better is collection of 
the top I or 2 em or collection above major 
discontinuities, but these methods serve as 
useful compromises between the ideal and 
the easiest methods. Best has been sampling 
of sands deposited under observed conditions 
above sand surfaces marked by dye or by 
careful measurement against calibrated pins 
(Clifton, 1969; Sonu , 1972, for example). 
Grain-size analysis may be by sieving (basi­
cally measuring the two smaller diameters 
of grains) or by settling tube (basically mea­
suring the two larger diameters). Many arti­
cles have been published on the comparability 
of grain-size analyses by sieving and settling, 
but the author considers the settling methods 
more valid because the sediment-water rela­
tionships by settling are more nearly the same 
as those for erosion, transportation, and 
deposition in nature. 

Once the grain-size distribution has been 
measured, the data often are treated by 
sophisticated statistical methods usually re­
quiring a computer. The simple fact is that 
if the original sample of beach sand is poor, 
no amount of statistical treatment can satis­
factorily measure what was not sampled. To 
illustrate, size distribution frequency curves 
of the fme-grained and coarse-grained lami­
nae would be expected to have log-normal 
Gaussian shapes with peaks at different grain 
diameters. For composite samples these 
curves should be broader with peaks at 
intermediate positions and shapes that are 
distorted according to the total volumes and 
grain-size distributions of fme and coarse 
laminae in the sample of beach sand that 
was collected. The literature of beach sands 
is replete with illustrations of bimodal and 
skewed grain sizes in samples (e.g., Tanner, 
1958; Friedman, 1967; Sonu, 1972; Chakra­
barti, 1977). Explanations have centered 
around different sources of the grains and 
changes in eroding, transporting, and depos­
iting processes, but another cause of bimodal 
and strongly skewed sands may be the sam­
pling of various ratios of contrasting coarse­
and fme-grained laminae . 

Need for a simple fast method to obtain 

thin layers of beach laminae led to renewed 
effort during July and August of 1977. Most 
of the methodology was developed on 
beaches of Cape Cod that are widest and 
sandiest at this time. A speaking tour during 
late August provided an opportunity to sam­
ple some beaches of California and Hawaii, 
increasing the variety of beach environments 
for the study. 

METHODS 

Grain-size measurements by weight or vol­
ume require several grams of sediment, so 
if the samples are to represent a thin depth 
range they must be from a large area . Experi­
mentation resulted in development and use 
of a short corer, 4.7 em in diameter and 
containing a freely moving teflon piston 
whose position along the core barrel could 
be controlled precisely by turning a piston 
rod screw-threaded through a hole at the 
closed end of the core barrel (Fig. 1). In 
operation, the open end of the corer with 
the piston retracted about 5 em was pushed 
into the sand, dug out, and inverted. Succes­
sive slices 1.67 mm thick (about 4 .5 gm) were 
ejected, each by one full turn of the piston 

F10. I.- Two views of small core sampler for col­
lecting thin (1.67 mm) layers of sand for analyses of 
beach laminae. Inside diameter is 4. 7 em and length 
of steel barrel 15.0 em. 
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rod judged by a mark on the core barrel. 
The individual slices were scraped into plastic 
bags and returned to the laboratory for anal­
ysis. 

Grain-size analysis was made with the 
settling tube developed by Zeigler et a/., 
(1960) and modified by Schlee (1966). This 
method can handle small samples, and the 
weight of sand deposited from the water 
column is automatically recorded on strip 
paper from which weight percentages of 
grains at any desired time (size) intervals 
can later be measured. The high degree of 
sorting of the sands required measurements 
at 4- 0 intervals in order to define the shapes 
of the cumulative curves. 

Statistical measures of median diameter, 
sorting, skewness, and kurtosis may be 
computed in several ways: the simple quar­
tiles used by Trask (1932, p. 70-76) or the 
complex computer-determined moments of 
Schlee and Webster (1967) at the extremes, 

or by approximations from a few points of 
cumulative curves (Inman, 1952; Folk and 
Ward, 1957). Comparisons of the various 
statistical methods (Folk, 1966; Jones, 1970) 
reveal no overwhelming superiority of mo­
ment measures over graphical ones based 
upon enough percentiles to outline the grain­
size frequency distributions. The simple 
method of Inman was chosen, based upon 
the 5, 16, 50, 84, and 95 weight percentiles 
of the cumulative curves. ~ 

Altogether, 28 cores were collected from 
beach foreshores, nearly all of which con­
sisted of laminated sand. Seven cores were 
from beneath the surface water-below low 
tide level, and none of these were laminated, 
although a few contained coarse layers per­
haps left from previous storms. One other 
core was of sand homogenized or well stirred 
in situ for estimation of the errors in mea­
surement of statistical parameters in natural­
ly deposited sands. These 36 cores provided 

TABLE I.-Position of cores from beaches 

Elev. re 
Core Low Tide No. 
No. General Locality em Slices Relative Positions 

I Saconesset Hills, W. Falmouth, MA. -25 15 North end of beach 
2 Saconesset Hills, W. Falmouth, MA. -25 18 South part of beach 
3 Saconesset Hills, W. Falmouth, MA. +5 20 15m from 2 
4 Saconesset Hills, W. Falmouth, MA. +13 20 I m from 3 
5 Saconesset Hills, W. Falmouth, MA. +21 20 I in from 4 
6 Sippiwisset Highlands, W. Falmouth, MA. -25 17 South part of beach 
7 Sippiwisset Highlands, W. Falmouth, MA. 0 25 9 m from 6 
8 Sippiwisset Highlands, W. Falmouth, MA. 0 26 15m from 7 
9 Sippiwisset Highlands, W. Falmouth, MA. +90 21 15m from 8 

10 Sippiwisset Highlands, W. Falmouth, MA. +170 27 12m from 9 
II Sippiwisset Highlands, W. Falmouth, MA. -+100 24 Homogenized 
12 Gansett, Woods Hole, MA. +15 21 East part of beach 
13 Gansett, Woods Hole, MA. +35 25 2m from 12 
14 Gansett, Woods Hole, MA. +55 20 2m from 13 
15 Gansett, Woods Hole, MA. +75 20 2m from 14 
16 Fay Beach, Woods Hole, MA. +20 10 Middle of beach 
17 Surf Drive, Falmouth, MA. +10 20 East end of beach-groin 
18 Surf Drive, Falmouth, MA. +25 14 2mfroml7 
19 Surf Drive, Falmouth, MA. +40 14 2m from 18 
20 Surf Drive, Falmouth, MA. +55 13 2m from 19 
21 Dowses Beach, Osterville, MA. -25 II Middle of beach 
22 Dowses Beach, Osterville, MA. +20 24 8 m from 21 
23 Dowses Beach, Osterville, MA. +40 24 2112 m from 22 
24 Dowses Beach, Osterville, MA. +60 23 2m from 23 
25 Dowses Beach, Osterville, MA. +80 26 2m from 24 
26 Point Gammon, W. Yarmouth, MA. +30 24 Middle of beach 
27 Coast G)lard Beach, Eastham, MA. -25 23 Middle of beach 
28 Coast Guard Beach, Eastham, MA. +10 23 6 m from 27 
29 Coast Guard Beach, Eastham, MA. +50 25 6 m from 28 
30 Coast Guard Beach, Eastham, MA. +80 22 9 m from 29 
31 Coronado Hotel, San Diego, CA. +20 23 North end of beach-breakwater 
32 Santa Monica, CA. +30 27 2 km north of breakwater 
33 Sunset Beach, Monterey, CA. +20 27 Middle of beach 
34 Lanakai, Oahu, HI. +25 27 Middle of beach 
35 Kahala Hotel, Oahu, HI. +10 27 East end of beach-imported II.II 
36 Keauhou Bay, Hawaii, HI. +40 27 North end of beach-rocky 
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FIG. 2.-Plots with depth below sand surface of phi median diameters, deviation measures, first phi skewness 
measures, second phi skewness measures, and phi kurtosis measutes for slices from cores I to 12, whose 
locations are given in Table I. Dashed lines denote the second phi skewness measure and the phi kurtosis 
measure, both of which are based upon commonly imprecise 5% and 95% phi percentiles. Parameters computed 
by hand or with a small electronic calculator. Diagonal hatching on core logs to right of plots indicate visible 
fme-grained (usually dark) laminae. Arrow-like symbols denote average parameters for all slices (vertical line 
at point of arrow) and parameters for reconstituted cores (butt of arrow). 

773 slices for measurement and computation. 
In addition, the sand from all slices of a 
given core were collected from the bottom 
of the settling tube, combined, dried, and 
several aliquot parts were analyzed for com­
parison with the data from the separate slices. 
Possible losses during collection of the 86 
aliquots caused some undesirable error, so 
instead the original cores· were "reconstitut­
ed" by averaging the percentages for 1/40 
intervals in every slice in each core, drawing 
a new cumulative curve, and determining new 
statistical parameters for the core. The medi­
an diameters of reconstituted cores proved 
to average 0.08 phi unit finer than those of 
the aliquots, a satisfyingly small difference. 

Specific localities for the 36 cores listed 
in Table 1 shows that m,any of them are from 
profiles intended to reveal changes in sand 
texture across the beaches and at various 
elevations above low tide. 

RESULTS 

Phi median diameters, phi deviation mea­
sures, first phi skewness measures, second 
phi skewness measures, and phi kurotosis 
measures for all slices of each core are 
presented as vertical logs for easy compari­
son (Figs. 2, 3, 4). Arrangement of the panels 
also permits comparisons of results for suc­
cessive cores within a series across the beach 
at several localities. In addition, horizontal 
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Fw, 3.-Same as Figure 2, but for cores 13 to 24, 

arrow-like symbols denote the difference 
between parameters averaged for all slices 
in a core and parameters for the same com­
posite reconstituted core (Fig. 2, core 6; Fig. 
3, core 18). 

Most fine-grained (usually dark) laminae 
observed at the coring sites correspond well 
with the finer median diameters of slices 
within the laminae and usually with other 
parameters as well. The second phi skewness 
measures and the phi kurtosis measures 
(shown by dashed lines) are more erratic than 
the phi median diameters, phi deviation mea­
sures, and first phi skewness measures, be­
cause they are based partly upon the 5 and 
95 weight percentiles. These percentiles are 
particularly subject to error in analysis be­
cause their small weights represent only the 
tails of the main grain-size distributions. 

Notably, the largest variations in all pa­
rameters occur along the lengths of most 
cores from the foreshore, and, they corre-

spond with the light and dark laminae that 
were observed. Least variations are in the 
cores from offshore (under water at low tide) 
and in the homogenized core (Fig. 2, core 
11). The original texture at the site of core 
11 must have been about the same as at the 
nearby core 9 (Fig. 2). Thus the variations 
along the lengths of core 9 (and probably 
those along the lengths of most offshore 
cores) are more measures of error in collec­
tion, analysis, and computation than mea­
sures of actual textural variations in the sand. 

Parameters from the averaged slices and 
the reconstituted cores (arrow-like symbols 
of Figs. 2, 3, 4) were further compared in 
X-Y plots of Figure 5. Clearly, the phi median 
diameters of all slices and of total (reconsti­
tuted) cores are nearly identical. The phi 
deviation measures of most averaged slices 
are smaller than those of corresponding re­
constituted cores, with most points lower and 
right of the line of perfc;:ct correspondence. 

----- - ______________________________________ ___. 
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FIG. 4.-Same as Figure 2, but for cores 25 to 36. 

Th~ differences are much greater for the 
foreshore. cores than for offshore cores and 
the homogenized core. Similarly, the two 
measures of phi skewness are more positive 
for averaged slices than for reconstituted 
cores. Note also that both measur.es of phi 
skewness are dominantly positive (especially 
the set for averaged slices). These measure­
ments contrast with those made by many 
other workers, who found dominant negative 
s.kewness for beach sands (Friedman, 1961), 
or. more negative skewness for beach than 
dune sands (Mason and Folk, 1958). Analyses 
of a few beach sands from Cape Cod by 
sieving showed negative skewness whereas 
analyses by settling provided positive 
ske.wness values, according to Schlee, 
Uchupi, and Trumbull (1964). Phi kurtosis 
measures in Figure 5 are best described as 

randomly symmetrical-probably typical 
anyway for that parameter. 

The panels of Figure 5 omitted the ob­
served variations of the parameters for each 
slice in the interest of simplicity. However, 
the ranges for phi deviation measures and 
first phi skewness measures are shown in 
Figure 6. The large ranges support the logs 
of Figures 2, 3, 4 in showing that beach sands 
are much more variable than would be in­
ferred froni analyses of single composite sand 
samples. The same sort of information about 
variability of beach sands is illustrated by 
a comparison of phi deviation measures 
versus phi median diameters (Fig. 7). The 
impression of wide scatter of data is reduced 
whet;t one considers that the plot represents 
only a small part of the total expectable 
ranges for most kinds of sediment (insert 

FIG. 5.-X-Y plots of parameters derived from averages for slices versus parameters for reconstituted cores. 
Each point represents a single core: 
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FIG. 6.-Same plot for phi deviation measures and first phi skewness measures as in Figure 5, except that 
bars show measured ranges of parameters for all slices in each of the foreshore cores only (same relative 
scales as in Fig. 5). 

in upper right corner). A mean curve of phi 
deviation measure against phi median diame­
ter would rise upward and outward from the 
small lined square in the insert. Much of 
the variation of points within the body of 
Figure 7 comes from individual cores of the 
36-core set, as though due to special condi­
tions such as derivation from artificial fill 

1.0 

• Q 
. 9 

0.5 

·SLICES 
o RECONSTITUTED CORES . 

FIG. 7. -Scatter plot of phi deviation measures versus 
phi median diameters for all slices and all reconstituted 
cores. 

of sand (core 35), protection from large waves 
(core 31 ), nearby cliffs of glacial till (core 
16), etc. As others (Nordstrom, 1977, for 
example) have found, the statistical parame­
ters of beach sands are controlled by more 
than just degree of exposure to waves. The 
concentration of points in the lower right 
part of Figure 7 reflects previous observa­
tions that the best sorted sands are those 
having median diameters between 2 and 3 
phi units (Hjulstrom, 1939; Inman, 1949). 
Note that the circles (representing reconsti­
tuted cores) denote poorer sorting for the 
reconstituted cores than for the individual 
slices. 

CONCLUSIONS 

The results of this study, as expressed in 
the illustrations and verified by field ob­
servations, permits several conclusions re­
garding laminated beach sands: 

1. Lamination due to swash appears to be 
restricted to the foreshores, absent in the 
offshore, and generally absent on berms. 

2. Differences in textural parameters be­
tween coarse laminae and fine laminae are 
great enough to (a) require better sampling 
of foreshores than is permitted by previous 
methods, particularly when the intent is to 
investigate sources of the sands or hydraulic 
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conditions of deposition, (b) influence pat­
terns of textural parameters in grids or along 
lines of beach sand samples, (c) cause aniso­
trophy in permeability of the sand, and (d) 
permit depth variation of total heavy minerals 
(and microfossils) and the ratios between 
minerals or microfossils of different specific 
gravity or shape. 

3. Phi skewness measures for most lami­
nae are positive, and for composite foreshore 
samples slightly less positive. Earlier findings 
of typical negative skewness for beach sands 
may have been based upon samples from 
beaches containing dominantly fine-grained 
laminae as well as upon analysis by sieving. 

Sedimentologists who may believe that the 
above results are different from those ob­
tainable by sieving or by other statistical 
treatments are encouraged to test their pre­
ferred methods on new samples. In the 
process they will broaden and extend geo­
graphically the inquiry into laminae within 
beaches and other sedimentary deposits. 
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