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FOREWORD

The design of shore protection measures, including the artificial
nourishment of beaches, is governed to a significant degree by the
characteristics of the beach material in the problem area. These
characteristics usually vary with time at any given point and also vary
from point to point along and across the beach face, The securing and
interpretation of a set of beach samples can be done more intelligently
if the cause and probable extent of these variations in beach character=
istics are understood,

This report presents a summary of sand sample data obtained at one
beach over a year®s period, and a type of statistical analysis of this
data., To supplement the data and analysis in this memorandum, the user
would probably find it to be of interest to refer to prior reports by
other workers in the field of statistical interpretation of beach
parameters, €.g., Krumbein on Statistical Significance of Beach Sampling
Methods, Beach Erosion Board Technical Memorandum No. 50; Trask and
Johnson on Sand Variation at Point Reyes, California, Beach Erosion Board
Technical Memorandum No, 65; and Krumbein on Relative Efficiency of
Beach Sampling Methods, Beach Erosion Board Technical Memorandum No, 90,
The report in addition presents certain data on beach cut and fill over
this period, and also, as an appendix, over the previous 18-month period.
This latter portion was prepared a vear before the main body of the
report, and is included (unrevised in light of later findings) as an
appendix to afford ready reference and to extend the period of published
data,

The report was prepared at the Waves Research Laboratoxry of the
Institute of Engineering Research at the University of California
in Berkeley in pursuance of contract DA-49-055-eng-8 with the Beach
Erosion Board which provides in part for the study of beach materials,
The author of this report, Parker D, Trask, is a Research Geologist at
that institution. The appendix was prepared under the same contract by
P, D, Trask, C, A, Johnson, and T, Scutt, all Geologists with the Uni~-
versity of California,

Views and conclusions expressed in this report are not necessarily
those of the Beach Erosion Board,

This report is published under authority of Public Law 166, 79th
Congress, approved July 231, 1945,
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CHANGES IN CONFIGURATION OF POINT REYES BEACH, CALIFORNIA
1955-1956

by
Parker D, Trask
University of California

ABSTRACT

Point Reyes Beach is a highly variable beach, character-
ized by steep slopes, high berms and prominent cusps. It has
been surveyed in the present study B times between August 1955
and June 1956, The sands are coarse, ranging from a mean of
560 microns (0,38 phi units) in February to 770 microns (0,84
phi units) im October, Intervening months have intermediate
grain sizes, The general variation or standard deviation of
the samples on the beach ranges generally from 0,30 to 0,35
phi units, which indicates that the median diameter of two-
thirds of the samples on the beach at any one time ranges with-
in 20 to 25 percent on either side of the mean for the beach,
At times the beach is more variable than indicated above, and
gravels with phi diameters of minus 3 (8 millimeters) are
found on the beach, The sediments at all times are more poorly
sorted than normal beach sands, as the mean coefficient of
sorting ranges generally between 1,27 and 1,30, in contrast
with 1,20 or less for many beaches, No distinctive difference
in sorting is observed between seasons, The sediments are
evenly skewed,

The sediments on the lower foreshore are more coarse
grained and better sorted than the sediments on the upper
foreshore or berm, The deposits in the swales or bays between
cusp points are more fine grained than on the foreshore or on
the berm adjacent to the cusp points, The cusps range in
height from 12 to 17 feet above mean low water and average
15 feet, The horizontal interval between cusps ranges between
60 and 250 feet, with an average of 160 feet. The cusps change
location on the beach from time to time., The average position
of the cusps ranges within an interval of 50 feet measured
normal to the coast line, and the maximum variation in position
occurred within a period of 6 weeks between May and June 1956,
Individual cusps or parts of the beach may advance or retreat
a maximum distance of 160 feet, The cusps are actively eroded
at times, particularly when low berms form on which the waves
cut scarps as much as 5 feet in height in the preceding berm,
At other times the cusps and beach are built up rapidly., As
much as 8 inches of fill in 4 hours and 12 inches in 18 hours
has been observed, The maximum fill at any one place in an



interval of 6 weeks is 7 feet and the maximum cut is 10 feet,
The winter months are periods of active cutting and summer
months a period of fill, The slcpes on the beach are gemerally
steep., In the swales between cusps the slopes are commonly

4 to 8 degrees, and on the slopes off the points of the cusps,
from 6 to 15 degrees, with an average of about 10 degrees on
the upper foreshore near the '"Reference Point", Where the
berm is being actively eroded slopes greater than 45 degrees

or 100 percent have been observed,

INTRODUCTION

Point Reyes Beach is a highly variable beach on the Pacific coast
of California, 35 miles northwest of San Prancisco (Figure 1), The
beach continually changes in configuration and in grain size. At times
each succeeding wave brings up sand of appreciably different dimensions
than that brought up by the preceding wave, The sand is coarse, rang=-
ing mainly in grain size from 500 to 750 microns., The foreshore is
steep, commonly sloping 10 degrees and in places where cusps are
being eroded, slopes as steep as 45 degrees have been observed, The
beach outline is irregular, though the general beach trend is remarkably
straight for a distance of 10 miles. The beach at times is characterized
by a series of alternating protuberances and embayments 1500 to 3000
feet in length and ranging up to 200 feet in width, Superimposed on the
protuberances and embayments are a series of cusps 60 to 250 feet apart.
Both the cusps and protuberances change position with time, Rip tides
are observed opposite many of the embayments, The beach is =xposed to
the full force of the waves, which strike it straight on. One or more
bars lie off-shore, The prevailing drift is from north to south, The
general location and setting of the beach are shown in Figures 1 and 2,

The variability and irregularity of the beach have lead to an
intensive study of it by the Waves Research Laboratory of the University
of Californmia in cooperation with the Beach Erosion Board, Since June,
1953 the beach has been occupied at intervals of 4 to 15 weeks, except
for a period between March, 1954 and May, 1955, In the first 18 months,
of the investigation, two stations 5 miles apart on the beach were studied,
but owing to the poor accessibility of one of the stations and the
general similarity of the beach at this station to the beach at the other
station, only one station has been investigated during the past 18 months,
The results of the first 18 months investigation have been reported in
two articles(1,2)*  Reference 2 is included as appendix A to this report,
The results of the second 18-month period form the basis for the present
papeEr,

The two previous reports show that the texture of ihe beach is
highly variable, The standard deviation, sigma, of the groups of samples
taken at each sampling interval ranged from 0.15 to 0,41 phi units,
Series of samples collected within ¢ circle with radius of 15 feet on

*Numbers in parentheses refer to References listed on page 49,
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the average had 60 percent of the variation of the total area sampled
on the beach. This area had a lineal extent of more than 500 feet

and a width of more than 200 feet (See Figures 3 to 10), The sediments
were distinctly finer in the early fall (October) at the end of the
summer season than at other times, The lower foreshore was consistently
more coarse-grained than the upper foreshore or berm. The coefficient
of sorting was moderately high for an ocean beach, averaging 1,28 at one
station and 1.45 at the other, The position of cusps changed between
sampling intervals, such that some places on the beach had been cut or
filled as much as 6 feet between intervals of study. No relationship
between grain size and amount of cut or fill was indicated by the
studies made,

In order to understand better the nature of the variations on
Point Reyes Beach, the beach has been occupied at intervals of 6 to 8
weeks from August 1955 to Jume 1956, The beach was visited 8 times in
this period, At each time a plane table map was made with alidade,
stadia, and chain, The survey was made at Station A, 3 miles north of
Point Reyes (Figure 2), The same sampling interval as in the first 18
months® study and the same sampling stations were occupied. These
stations are located along five lines normal to the beach on a center
line and at a distance of 64 and 256 feet on either side of the center
line (Rigures 3-10), Sample intervals along the individual lines are
1, 4, 16, 32, 48, 64, 96 and 128 feet north (seaward) and south (landward)
of the zero point, which was arbitrarily picked at the time of the first
sampling in June 1953, Occasional samples were taken at other places,
notably, on the crests of cusps and in places where particularlv coarse
or fine sediments had been laid down, During the August, 1955-period
of sampling, lines of samples were taken at right angles to each of the
cusps and in the embayments between the cusps if one of the regular
sample lines did not pass through such positions, The zerc point lies
103 feet seaward from a reference stake, which is taken as the point of
reference for the beach survey, This stake is 19 feet east (parallel
to the beach) from the fence corner, just west of the mouth of the
creek that lies west of the old Coast Guard building, In March, 1956
this reference stake was washed away in a storm and it has been replaced
by a new stake lying 2 feet north of the old stake., The elevation of
the ground at the point of the reference stake has arbitrarily been
taken as 30 feet, The basis for this elevation is readings taken of
water level during the first occupation of the station,

The individual times studies are indicated by letter symbols., Thus
A represents the samples collected in August 1955, B, those collected in
October, 1955 and so on through H, representing those procured in June,
1956, The letter X refers to samples collected in March, 1954 and reported
in the previous publication on sand variations at Point Reyes Beach(lg.
The letter Y represents a small suite of samples collected on May 31,
1955 along the same sampling grid as the other samples, but at this time
no contour map of the beach was made, The individual samples are designated
by a coordinate system, Thus sample 25W, 64N represents the samples
taken on the line of samples 25 feet west and 64 feet north (seaward) of
the zero point, as indicated on the accompanying contour maps of the beach.



MECHANICAL ANALYSES

The mechanical analyses of the samples were made by the customary
procedure of sieving with approximate ratio beiween sieves of one-half
the square root of two, The samples were sicved for 10 minutes in the
standard rotap sieving machine, and the samples were dried before
sieving. The entire sample of 100 to 250 grams was sieved, The usual
parameters were computed from the weight accumulation curve, The
basic results are presented in Table 1 which shows median diameter in
phi units, coefficient of sorting, logjg of the skewness, and the 10
and 90 percentiles. Dy and Dgg, measured in microns. The data are
grouped according to date of sampling aml to sample station, starting
with line 256 west and going from north to south, The analyses were
made by J, Peter Berge and Patrick O'Malley, The statistical studies
of the results have been made by Sigrid Woodson,

The standard deviation of the method of analysis is 0,02 phi
unit, which for the range in grain size generally found on Point Reyes
Beach corresponds to about 10 microns. BEach of two samples was analyzed
9 times to determine the variation inherent in the method of analysis,
The average median of one sample was 711 microns and of the other 522
microns, The standard deviation of these two samples was 0.020 and
0,022 phi units, respectively, corresponding to standard deviations of
11 and 7 microns, As the standard deviation of the samples as distri=-
buted on the beach ranges generally between 0,30 and 0.35 phi units,
the variation caused by the method of measurement is small, about 6
or 7 percent of the total variation,

STATISTICAL PROCEDURES

The statistical methods used in this report are based upon the
assumption that the various paramete:rs examined are taken for a normally
distributed population and, in particular, that the median diameter
(D5g) expressed in phi units is normally distributed. Many statistical
comparisons among groups of samples have been made, The results of
the great majority of such calculations do not appear in the tables but
have been used as a guide in writing the text., All of the tests and
procedures used in this report are described in greater detail by Hoe1(3).
If, in making a statistical study of a group of samples we let x; be
the value of the parameter for the it sample and let n, be the number
of samples in the group under consideration, the mean, or arithmetic
average is given by x = x;/n,. The standard deviation of the group,
Oy is given by ¢ = 2 (x;, - x)%/n_, This is the interval on
either side of the mean value thich coﬂ*ains approximately 68 percent
of the sample values (that is, on the average, 34 percent on either side
of the mean), It is therefore a measure of the spread of the data about
the mean, The standard deviation of the mesn,o, //n_, is a measure of
the reliability of the mean, If 2z groups of fandom samples from a
population, x, are averaged, yielding =z means, the chances are even
that 68 percent of these means will lie witkin the interval of o,/./ ng



from the mean of the entire population,

The significance of a relationship between two variables x and y
is determined by the standard method using the symbol t where

t = — Y

Vs =S L
n n
X Y

Tn the above equation the probability that the difference in means is

real and not due to random variations, or in other words, the probability
that both groups of samples could have been taken from the same population
is indicated by

. ¢ 2
[1- fjt d}(t)d{‘ where ¢ (1) = —=— et /2

Ve

and is the normal curve of error, The probabilities as calculated by
this equation are computed in terms of ratios, but are reported in Tables
3 and 5 in terms of percent, or 100 times the ratio. Thus a probability
given as 5 percent, which corresponds to a value of "t" of 1,96 means that
the chances are 5/100 or one in twenty that the difference is due to
random causes, In other words, the probabilities are 20 to 1 that the
difference between the two means is real and not anomalous owing to
vagaries of sampling. A probability of 1 percent, corresponding to a

"¢ of 2,58, indicates the chances are 100 to 1 that the difference is
real, Pigures given in Tables 3 and 5 as 0,00 indicate a percentage
probability of less than 0,005; that is, the chances are greater than
20,000 to 1 that the difference is real.

It should be borne in mind that the statistical theory for investi-
gating groups of samples taken from a normally distributed population
can be developed for the case in which the number of samples in the
group is small, as well as for the more commonly used techniques in
which the number of samples is supposed to be essentially infinite;
i.,e,, the entire population has been included. Por ordinary purposes
small sample and large sample theories give identical results where the
number of samples is equal to or greater than 30, In the present paper
the significance of a difference has been developed for the large sample
theory and the number of samples usually ranged between 30 and 50.

A method of detecting the significance of the difference between
two means is available in both theories, Por a qualitative measuremen*
of “significant”™ or "nonsignificant" the large sample test is far
easier to apply where large numbers of such tests must be performed,
For this reason large sample theory has been used throughout for the
comparison of means, even when the size of the group would indicate the
use of small sample theory, This procedure invariably indicates a



higher degree of significance than that given by small sample thecry.
The cases where this error becomes of importance are those mentioned
above in which only a qualitative measurement has been made,

DESCRIPTION OF TABLES

The basic data on the samples collected for the present study are
presented in Table 1, In some places the sand was distinctly stratified
and two samples, an upper and a lower sample were taken, The lower
samples are given first in the table and parentheses are placed around
the median of the upper sample, Table 2 gives the mean grain size
along the different north-south lines, The number of samples represented
by each mean is given in order to indicate the general reliability of
the mean, The table also shows the mean grain size of the entire
population at each sampling time, This mean is based on all the samples
collected, including those not represented on the main north-south
lines, At sampling time A in August, 1955 several lines of samples were
taken in addition to the standard lines, The general means thus do not
represent the mean of the individual means presented in the 1lines above.
The standard deviation, sigma, of the sample and the standard deviation
of the mean of all the samples are also included in the table so that
readers can more readily appraise the general variability of grain size
and the significznce of the difference in means between samples. Data
for March, 1954 and May, 1955 are also included in Table 2,

Table 3 gives the significance of the difference between means for

the different sampling intervals., These are calculated according to the
"¢" formula described above, The data are presented in terms of percent,
that is 100 times the parameter indicating the probability that the means
are drawn from the same population., Thus the first figure of 0,29 per-
cent for times X and A indicates that the chances are 100/0,.29 or 340 to
1 against the means being drawn from the same population. The large
difference between these means indicates a comsiderable significance,
The significance between the means for times C in November, 1955 and B
in October is 10.10, which indicates the chances are 100/10.1 or 10 to
1 that the difference is not random but is real, Thus the probability
is only moderate that the difference is real,

The data are rearranged in Table 4 to show the average grain size
for the different elevation zones, The previous work on this beach
indicates that the lower part of the foreshore is coarser than the upper,
A similar study of the data was made in the present investigation. The
means presented at the base of the table are taken from Table 2 and are
given in order to help readers appraise the significance of differences
between means,

Table 5 shows the significance of the difference between the averages
for the different elevation zones, This table is constructed in the same
way as Table 3,



Table 6 presents means of the coefficient of sorting for the
different north-south lines for each interval of sampling. The general
mean and the standard deviation are included for benefit of those who
wish to ascertain the significance of the difference between means,

Table 7 gives the same thing for the elevation zomes, No tables for
significance of means are given, as the means are so close to one another
that few significant differences are indicated,

Table 8 presents comparative data on cusps. It gives first the
number of cusps along the stretch of beach studied, followed by data on
the position and change in position of the cusps, For purpose of
identification the cusps are designated from left to right or west to
east on the beach by letters (Figures 3 to 10), beginning with A on the
left, The position of different series of cusps is recorded with respect
to distance from three east to west lines, namely, lines 200 west, O
west, and 200 east, The position of the cusps at the individual times
is shown for the nearest cusp to the west and east of the designated
lines, respectively, The changes in position of these cusps is thus
indicated by the difference in distance from the reference line between
successive intervals of sampling, Below the data indicating position
of cusps normal to the beach, additional data are presented showing the
position parallel to the beach. The average distance of the cusps north
of the O-north line is shown, as well as the maximum interval between
the most seaward and the most -landward cusps, Thus, in August 1955,
the average position of cusps is 46 feet north of the zero north line
and the maximum distance any cusp is seaward of another cusp is 59 feet.
The data thus give information on the general shift in position of the
beach at the area occupied, Cusp position is taken at the spit or horn
of the cusp at the edge of the berm, Data are also presented on the
average interval between cusps, and the maximum and minimum interval,
Likewise information is given on the height and variation in height of
the cusps,

Table 8 also shows the grain size distribution of different parts
of the cusps, Four categories of samples in two groups were taken, The
first group considers the samples on north-south lines passing through
the cusps, and the other group considers samples taken on lines passing
midway between the cusps in the indentations or bays. Each group in-
cludes two series of samples, those within 50 feet of the top of the
cusp on the down oxr beach side and those within 50 feet on the upper or
berm side, Similar suites were taken on the lines between the cusps.,
The dividing line for the latter series is the elevation of the cusp
point itself, The samples on the beach or '"lower bay" side are within
a horizontal distance of 50 feet of the elevation of the crest of
the cusp and those on the up or "upper bay" side are the same distance
on the berm side of the cusp elevation,
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AEN 168 <95 445 B1D
o&n 328 « 56 410 1200
G4N 648 «67 406 1030
o 94X .06 500 1560
W 64N 62 435 1020
av o 32n .78 430 p10
(& S ¥4 .54 360 880
on L =60 420 230
on N «50 “4Q 1100
or on +56 405 1100
ow 18 «689 300 968
W 48 «48 408 1230
&t 168 54 390
o7 3is .35 408
a1 645 .78 360 1020
oY 905 -84 300 103
1B Ox «56 420 1150
4B 3 «65 1000
64B 148% .02 1450
648 100¥% .75 050
G4E 644 292 800
64E s2N 1.03 790




Tablse 1 - Contipued

Basic purameters of Point Reyes sediments
(%or gxplanatlon of persmsters see end of Table 1)

Sariaw ¢ - Novembar 12, 193595
Modian 5
Lasation it units So Log, A3 D
{: ) 10 loP’ni Uuitgo
1,09 340 720
«93 370 1010
.90 330 940
1.0S 320 300
1.15 510 780
1.29 1.21 <004 290 640
«67 1.38 -.010 350 1100
1.09 1.51 .003 295 810
.58 137 .018 400 1100
.60 1,50 2021 410 1180
.89 1,25 350 870
1.12 1.10 290 640
.95 1.2§ 2008 320 840
1.28 1a23 2022 310 720
1.09 1.28 -.008 220 760
2037 290 440
.027 310 810
,002 325 1020
080 515 1400
~.007 520 800
Seriss D - Decembar 28, 1955
.78 L011 370 500
2 -.032 320 1150
-«012 326 810
2021 380 980
1.29 -.010 470 1160
.58 1.28 022 340 1230
.50 1,27 L0000 480 1100
{+80) 1,20 .023 410 1020
.69 1.26 .012 400 1080
.72 1.24 -.020 350 9350
2HEW 648 .COZ 375 810
651 144N 019 265 570
A4V 128N 2015 30 1200
G4 98N ~.014 380 240
87 64N .010 410 1060
518 ag
390 1120
410 1250
450 1140
510 135Q
o 168 .024 510 1050
i2s 2005 330 940
687 48§ -,026 270 950
48W 55N 2006 360 1070
40 25W -,014 320 760
2011 385 1070
-, 001 400 3050
~e009 710 2050
000 260 730
2030 300 930
on 046 380 1020
o ~a022 $90 860
o -.061 440 1360
on -.056 360 1490
o -.012 590 1940
a 18 W36 l.41 -,027 440 1280
o a8 .30 1.33 .06 425 1450
o 168 .84 1.36 -, 001 325 1020
oy 528 .18 1.38 ~.086 400 1480
on 92§ 1,03 1. 40 -,024 202 9C0
I ON .02 1,38 =031 480 1450
188 ON .a7 1.50 .017 350 1030
64E 192¥ 32 2.06 .C02 290 2900
B4E 144N .5 1.41 -,002 220 1180
48 96N 1.06 1.14 -.012 320 €70
64E 4N 1,00 1.20 -.0C6 320 780
84E 32N +97 le24 -.007 320 740
€48 leN 1,0 l.18 -.008 320 710
648 4l 87 1020 -,018 310 780
648 oY .97 1.25 -.011 330 740



Baslc paramsters of Polnt Reyes szedi
o of par

ae snd

Series D - Lseanier 28, 196€

Location

548 45

64E 48

64E 163

G648 328

64E G4

1438 100K .76

1438  BOH 293

212E 163 74

2108 96N .97

25¢R 192r .27

2568

2568

2568

2568 i

266E 32N

2568 16n

2568 AN

256E O

256E 0"

2568 43

2568 .60

2568 o938

419B 1 <78
«40
«98 1.2

Series B - Fanrvary 11, 1056

2r «09 1.10
2 .21 1
z .63 1
J $ 77 1
2 .57 1
2660 32M .57 1.25
266W 16N .60
2560 4N A7
256W  4¥ .a7
2660 OK .60
256W 4S8 .09 1500
256 165 .65 1080
256@ 328 .51 1220
256W 648 .71 1100
o4 170% .06 10
84 126H .63 430 1035
84N 96N .58 380 1260
B4N 64N .65 370 910
4N 32N .51 453 1040
64N 16X .08 493 1670
4 an .17 250 1520
o4 v +45 430 1270
540 48 .59 460 1100
64W 165 o4 195 12
64 328 .24 520 1355
~15 420 1170
~008 465 4400
o .12 640 1230
o 241 500 1220
on ~01 585 1440
oV 16W 0,00 545 1500
o 4xt -.37 ¥ 7886 300
o 1N =236 1.52 014 500 3200
o ON 0,00 1,75 2057 510 3700
o 15 .21 1.78 »057 433 4200
o 28 .85 1.68 080 380 3150
o 13 .87 1434 «040 367 1400
of 188 «67 1.26 -. 001 425 910
oA 325 . <46 1.2 007 500 1135
o7 645 »79 «20 ,044 407 920
oN 89S 1.00 1.27 295
1B ON 513 1.44 525
€4E 126N -.02 1.29 605
648 95N 025 .22 525
54R 64N 051 1.34 380




Tble 1 - Continued

Bazie paremeaters of Point Reyes sadiments
(Far axplenation af parametors see oad of Table 1)

Series B - February 11, 1956

Madian

Location (phd units) So Logjo& Dyo Dgp
phi uoits
642 32N .033 383 1340
€48 lex »001 640 1300
645 48 -.01% 623 1600
G548 oH 2013 580 1720
G4B 3 .002 520 1600
~e 20 «040 765 2900
l.156 -.Co8 308 690
1.08 -.011 28 705
~.08 000 T80 1460
-84 +C02 376 895
oA 008 538 1090
«47 «O0G 520 1095
-.03 -.002 &80 2025
«02 .00z 535 1480
«50 007 345 1195
1.35 =-.00¢€ 440 1380
1,51 L01¥ 390 1290
1.2 -.006 440 1120
1.2% 000 440 1120
Jeries P - March 24, 1956

2012 210 2510
«0134 420 1340
. -.004 (2] 1100
25 =. 013 488 1500
.78 -.001 375 1000
«84 -+,004 372 830
=76 2011 400 920
) #0068 365 845
o0 - 008 bED] 1C00
«69 «001 348 960
~+020 1070
+00% 1130
2002 1090
-+001 895
=0C% 25
2hew A48 =003 3as 890
G40 130K ~.C06 4355 1260
G 96N -.C01 410 1285
-T2 | -.020 400 1110
aan .012 380 950
328 2002 1130
168 012 1110
4N 2004 a85¢
GAN IR -.004 905
a9 o 007 860
4w .011 396 980
a4 +COL 355 835
B4 .012 3586 1170
a&4m 014 365 925
L] #COZ 388 1060
L | oN -.011 410 -000
M 140N 004 680 2000
oW 9sN -.013 510 1235
o 64N «001 505 1290
o 168 .009 370 939
o 3 2003 430 1010
on 1§ -.021 400 1180
o oH 014 450 1000
(8] 15 +C0O3 348 845
o 48 -.009 440 970
o 158 wdl 1,31 »003 465 1240
oW J28 »29 1.25 002 550 1320
s («28) 1,32 -.003 500 1380
oW 488 of 1.37 ~005 375 1190
o 248 l.11 l.21 013 330 750
* ) B43 1,06 1.21 ~000 295 720
1E on .58 1.20 003 425 980
4ER oN -.08 cedl -+015 575 1950
548 128N .38 1.39 -.019 390 1380
64E  SEN « 43 l.14 -.011 365 1205



(For oxplraostion of parsmaters nem end of Tadle 1)

_Loention

4B
4B
S48
645
64E

G4R
G4E
G4E
048
84E

S48
48
<568
266E
2568

2568
25€E
256E
2568
2568

2588
2668
256B
256E
2568

2568
25BE
256E

266W
256w
2569
2564
256w

256m
2560
256w
256W
256W

Gan
64W
64N

84

G4
5480
64Y
64/

ean

64w

G4W
o
v

o

o]

[oy]

EEEE

o
64E
648

64l
32N
16K
4
1N

ON
18
48
168
328

483
645
1268
6N
84N

481
324
16K
4N
1N

ON
1S
48
168

328
488
648

128N
96N
eaN
azu
16N

Oor
48
168
328
645

160%
128K

32N

168

43
ON

168
328
643
180N
128N

Sel
64N
32K
16N

)

Ix
ox
18

165

3z8
643
963
160X
128N

Serios P - Margh

Taole 1 - Continned
Baslc parameter= of Point Reyes sedimente

Modian

(phi uD;T‘)

«11
.21
27
46
46

.26
«40
33

2

87

1.00
1.00
57
.35

43

.29
46
.34
-.02
-.15

-4
(-.35)

.03
-.18
- 14

o61
92
1.00

.27
-e20
76
«59
+76

«50
62
64
«57
«85

«79
40
0.00
.93
73

.70
.69
(-64)
.88
.85

.88
« 65
68
13
.56

~e 49
.91
+86
33
71

275
+81
78
«69
+76

=48
«25
1.15
~.03
43

1.14
134
1l.14
1.40

1435
L.21

ay
.l

24, 1956

~011
-.006
~-. 004

Sories G - iay 4, 1956

1.39
1,35
1.26
1,23
l.2¢

-.002
-, 009
«009
#021
«002

~.009
~-.017
-.022

»003

Redhl

=004

-.012
~015
-.018
=-.017
2006

1245
1900

1080
890

1085
1050
1100
1240

875

765
1180
1470

1lo00C

1075
1000
1076
900
)

1220
1000

€75
1510
1190



Teble 1 - Continued
Basio paramsters of Point Reyes sedimants
(Por explanation of paremsiers see end of Tble 1)

Series G - May 4, 1956

Fadian
Location {phi und ts) So Log) oSk Dig Dgg
phi urits
648 96N 8 1,30 .0186 505 1380
648 64N oG8 1,20 006 4156 965
648 32N 833 1.25 +002 370 885
64E 18% +80 1.31 «005 370 940
648 4% .77 1,27 +017 374 1000
648 OK «37 1,30 -.017 435 1175
648 48 57 1.32 =-.010 435 1185
648 168 .4 l.4l 026 486 1280
648 328 47 1,34 012 420 1290
648 6485 +88 1.18 =-.006 870 780
20CE 75%W -3.08 1.18 -.001 5430 11000
256E 1280 «10 1.%6 =-.005 500 1800
2868 96N .78 1.32 +»019 345 1070
256E  g4N .89 1., .003 353 1600
2568 32N o4l 1.29 «011 505 1230
CBBR 18w «60 1.30 012 430 1075
2568 4% +76 1,27 001 367 925
2568 o «56 1.30 »001 420 1055
<8R 48 .48 1.31 -.001 440 1115
Z5EE 188 «15 l.51 -.024 500 1110
2G8E 328 13 l.32 =-.005 500 1460
2588 648 =73 l.16 #0022 395 1080
Z56B 968 1.03 l.24 =-.010 294 735
Serivs il - June 18, 1936

2560 64N <83 1.17 -.002 395 820
2560 32N .05 1.36 +010 520 1790
2560 16N .98 1,30 =005 350 1000
25em 88 75 1.32 « 003 37C 1050
256W 4N .80 1.27 -.014 585 930
caew 1N «80 1.25 «008 375 920
25am o8 .73 1.¢3 009 355 1000
el ) 18 71 l.25 +»008 395 1000
26am 4S5 <78 1.25 ~-.005 355 890
Loam 88 -48 1.533 -.002 418 1320
256@ 168 «G67 lo29 010 380 1100
256w 328 «69 1,31 «006 390 1200
256 645 «55 1,36 -+,005 392 1270
2560 908 +98 le22 =.015 3lz 740
64¥ 82y .84 1,10 +009 420 795
64N 64N l.14 1,18 001 313 660
a4 S2N .98 1.36 ~.003 275 915
64y 16N «82 l.26 -.008 345 880
64N 8N 40 1.39 -.015 365 1480
GO 4N «38 l.49 -+0086 356 1600
84W 1N «35 1,36 -.014 425 1366
54 oN «75 1.28 -.007 460 930
san 135 37 1,28 ~.017 350 850
8 43 «87 1,28 2005 340 985
& 83 298 1.27 +013 340 865
4N 168 .71 1.29 «007 40C 1055
64mW 328 87 1.26 -.002 342 905
G40% 648 .56 1,20 -.009 342 760
G4m 768 « 30 1.2 «008 362 856
o 1108 83 1.19 «000 430 880
o 82y -35 1.12 5007 400 690
O 64N l.24 1.16 .00 300 620
42N + 95 1,35 -.001 264 910
o 16X +48 1.27 -.008 430 1120
(o] 8N 37 l.29 007 420 1130
o 4¥ .74 1.26 «0086 390 970
(& B V) 73 1.24 -.004 390 980
(¢ S «80 1,26 2006 380 920
W 18 «67 1.29 -.002 380 1070
o8N 28 «568 1.28 «010 400 1060
o 48 ,58 1,27 «002 4285, 1035
or 83 .78 1.29 -,001 345 1100
" 165 «51 1.21 -.011 415 1100
oW 328 <35 1,31 -.014 426 1250
o az2s 1.15 1,23 -.010 287 680



(For explanetion of parameters soo end of hble 1)

Looation

648
648

648
648

648
648
64R
645
64E

648
648
64E
64E
64E

256E
256E
2568
256E
256E

Z56E
256E
256K
2568
256E

256E
2568
256E

256E
2568
256E

on
15

168
1i0R

88N
64X
32N
16X

8K

1%
OK
1s
48

8s
168
2328
€43
823

96K
64K
45%
32K
163

an
4%
1K
OX
1s

48

163
528
€4S
828

168
38
645

963
o)1

o

Table 1 - Continued
Basic parameters of Point Reyes sediments

Series H - June 18, 1956

lodisn
(pni units)

1.06
76
-.07
«81
B84

«77
74
+50
o 44
42

=46
0,00
.22
«95
.64

l.19
1.09
. B0
W72
«95

+60
+50
«56
44
57

«09
«10
-.48
60
96
«97

Series Y

2

«53
$71
250
«37

+50
+49
«47
+60
~.05

$27
1,17
«91
.27
.06

267

ol N

"
O )

1
1
1
1
1

o e =
to b
e

«27
1.28
1.20
1,35
1l.26

l.24
1.28
1,32
1.30
1.30

1.3
l.25
1.20
l.34
la25
1l.27

= May 31,

1,22
1.20
1.11

+24

1.29

1.26

LogyoSk

-.016
-.009
-+004
~4003
=-.002

=-.008

2009
-.009
-.009
-.010

-.008
-+03Q
~-.008
-.014
-.003

. 008

D1o Dgo
phi units
326 635
338 890
630 1660
383 960
370 940
379 930
415 960
400 1220
44 1155
480 1109
423 1300
£40 1545
430 1660
313 780
436 910
283 715
288 745
386 860
322 1090
362 500
425 1040
455 1275
396 1095
460 1300
420 1200
515 1640
485 1400
880 2040
390 1200
280 880
317 835
530 1185
480 1065
440 875
470 1085
480 1306
460 1105
480 1085
480 1100
510 1295
645 1050
545 1185
340 580
380 800
660 1200
650 1390
430 950
510 1176
560 720
240 765
355 715
520 1036
575 1245
410 1140
240 TAL
340 B8O
355
370
415
430
400
365 1070
365 710
370 755
415 980
430 830



Table 1 - Continued
Baglo pareneterz of Polnt Reyes sodiments
(Por explanation of parameters see end of Table 1)

Series Y - May 31, 1956

Yadi an
Location (phi units) So Log, Sk P10 Pgo
phi upits
1108 328 .71 l.14 -.C05 430 370
1908 ON .92 1,18 =005 370 700
528 W77 1.18 -.303 430 785
2568 48N o8 1.2 =005 450 1085
328 <77 1.18 -.001 410 805
18N 67 1.26 «008 410 980
48 75 1l.24¢ +004 430 895
1N =73 1.17 -.002 450 786
oN 7 1.10 ~.008 450 750
13 T3 1.14 -.002 440 800
45 .78 1,17 «005 430 905
168 T3 1,13 -.011 430 796
328 «66 1,10 <006 560 786
843 .78 1.4l 018 345 1340
368 .56 1.45 ~.004 345 1240

Explanation

Looation is the ocordimmte of the asmmple with reference to the O
rth O West point, in faat North (N) or South (S) mnd West (W) or
Bast (B).

Ml ic the median grein dismeter D50 of the smmpla, expressed in phi-
usits (£ P is the dismeter in phi-units and M is the diemeter in
millimeters, then ¢ = -~ log, ¥ )-

So is the sorting coofficient . the sample (for grein size in mi-
crons So= D75 25 1.

Logio is ths logaritha of the skewnez- of the sggln (for gruin
size in wiorons log), Sk —_—1._,5_;_10_/([):5 x Dg5)/M50)% ).

Dyp 8nd Dgg mre the 10 and 90 psrceatiles, respeatively. of the size-
distribution of the purticles in the samples, sxpreszed ia miorons.

Bumbera in parenthases refer to the upper of two samples tuken at the
same looali ty.
Iable 2

Averare grain yize along Herthk-South lines in phi units

x Y A B ¢ D E F G
lar. day Auge  Octe Hov. Dea. Fabe dar. ey
1954 1955 1536 1965 1955 1955 1956 1956 1966
256W M3 .71 .49 W52 .59 .51 W69 .50 .60 .54
o8 12 17 12 10 11 14 16 10
64 Md .49 .4z .88 .62 J70 .4l .69 .89
X 6 14 10 11 12 12 14 13
om .38 .73 80 W4 .59 L4232 .53 .61
N 12 11 15 16 13 14 14 15 5
848 Md .51 209,10 .50 .87 .35 44 .53
¥ oS 9 10 12 15 11 14
256R Md .61 .70 .97 1,C0 .96 .69 .37 .23 258
s 12 10 11 12 13 11 18 12
Youn b .46 .86 L6280 s L8 .68 .38 .50 .58
Yeun g T30 536 558  $60 595 885 770 710 870
o_ .38 .27 52 .30 230 35 W34 .33 .30
ISNp .056 2088 .05l  .039 039 L041  L043 L0838 ,03B
Np 46 50 105 6L 50 75 84 78 63

wnntion

phi unita

sontad by mes

phi wni t:
ilerona

ian dismater

n djametar

8 three sampl
1 units and o7

1956

274




Table 3

Significance of meons of entire area

X Y A B 4 D ] P G H
Mar. Uay Aug. Octe Kove. Dac. Fob. MAar. May June
1954 1955 1955 1955 1955 19565 1956 1956 1956 1956

B 0.00 0.08 0,06

¢ 0.00 9.49 4424 10.10

D 0.15 71.88 35,76 0.47 2,14

E 25,86  0.00  0.03 0.00 0,00 0.00

F 54,85  0.23  5.74 0.00 0,00 0,12 3.66

G 7435 13,10 52.87 0.00  0.16 7.35  0.05 11.41

B 0.53 76,42 42.95 1.83  30.30 100,00  0.00 9.30 12.36

B .46 .66 .62 .54 15 .68 .38 W50 458 .68

K, % 50 105 61 60 75 64 78 63 76
o//tip 056 .038  .051 L039  L,039  .041  .043 .038  .038  ,036

See Table 2 for explamation of Md, Fq and 7/fNp

The significance in per ceat iz the parceatage probability that tho dif ference
io mean median diameter could havs arimen from purely random causes. A fimure
of less than 5 per cent indicates that ~the difference is real aand anot dus to
vegaries of ssmpling. A figure of DD wmeans thet the chances ere more than
20,000 to 1 that the difference is real.

Table 4

Averags grain sizs of olevation zones

Zops
feot A B C D E H ¥ean o
Aug., Oct, Nove Doo, Felh. June
1955 1955 1955 1955 1956 1956
3-6 ¥ -.25 -- W27 T8 W17 26 W38 L 96 20 .56
¥ 7 -- 4 4 6 4 2 4 31
6-% M .50 .80 .43 .61 36 .32 .45 1,08 .53 .46
N .19 4 5 2 3 6 5 4 48
9-12 Md .94 1.04 .77 .87 .49 .45 .38 .71 L7133
N 27 5 4 5 3 4 i3 5 60
12-16  Xd .65 1.00 .84 .94 L2 47 W59 LT3 .66 .35
X 26 6 10 5 11 6 7 4 75
15-18 M4 .71 .85 .74 6B L2 AT .62 457 o862 .33
|4 14 40 28 4 20 42 28 47 251
18-21  Md .34 .75 .45 W71 LG5T .88 .77 77 270 .24
N 2 4 2 10 13 13 9 6 57
21+ Md .25 1.00 .89 .74 LT3 .83 .93 .03 L1837
N 3 1 4 2 2 2 4 4 23
Mean W62 B4 75 LD ,38 ~B3
‘T//"T 051 ,039 .039 .043 ,043 3
L 105 51 60 7% 64 78 a3 76

- Monn modisn dlamster 4n phi units
bar of samples mvaraged

! !‘T are from Thla 2

Yeap and O in rows reprasant the wrntire populatioa of tho samples
ropresanted in the row. They ure Laced on the individual s

20



Table &
Signifioancs of means cf elevation zones

Elevation zone

3-6 6=9 9~12 12-15 15-18 18-21 21
Per cent
6=9 4,66
9=12 0,00 0423
12=15 0,07 9,30 5.88
15-18 0.13 19.36 O.14 3735
18=-21 0.01 24,09 18.68 43,54 3424
21 + 0,01 1,11 81,81 13,89 3649 28,46
Phi units
Lisan .29 53 <77 «66 62 «70 79
°3 .58 « 46 33 «35 «33 24 37
o /N . 100 «066 043 040 »,021 2032 .077
11 31 48 60 75 251 57 23

See Table 3 for explanation

The date are basad on the population of each zone for
all 8 times of occupation - A to H, inclusive.

Table 6

Sorting of iorth-Scuth lines

X Y A B c D E FoooG B roan(l)
Mar. May Aug. Oct. Nov. Dec. Febe. lar. My June
1955 1955 1955 1¢55 1955 1955 1956 1956 1958 1956

266W Ms 1.40 1.22 1,24 1,28 1.31 1le24 1029 1.29 1.24 1.28 1.28

N 9 12 17 12 10 11 14 18 10 14
64N Ms 1.33 1.33 1.28 1,26 1,27 1,32 1.28 1,25 1,28 1.29
N 6 14 10 11 12 12 14 13 15

OR s 1432 1.22 1.33 1,30 231 1436 1.39 1.27 1l.26 1,26 1,30

18 13 14 14 15 15 16

6LE Ms 1.7 1.30 1.

1.9 1,32 1,27 1.20 1.28 1.27 1.26
N 5 ] 10 12 13 11 14 12 15

256E iis 1.26 1.26 1.24 1.15 1,28 1,28 1.27 1.29 1.31 1l.28 1.26
N 8 8 10 11 12 13 11 16 12 16
Mean(2) 1.32 1,21 1l.28 1.25 1.27 130 1432 1.29 1.27 1l.27
o 05 .07 120 .12 08 .13 o14 .06 .06 ,06
g/v';-i,l,' .004 ,009 .01l .0l6 ,0l1 .0l5 .O0l8 .0Q06 .0O08 .0O7
Ng 46 50 108 sl 60 75 64 78 83 7€

«s - sean3 sorting of all samples on line

e
1

Nurmber of samples

O - Stendard devietion of all samples on heach
Hp - Total number of samples on haach

(1) - Mean of means

(2) - Mean of all samples on beach

21



Teble 7

Sorting of elevation zonss

Elev.
zone Date
A B C D E F G H HMean
Auge Octe Hove Dece Febe lar. ey June
1955 1955 1955 1855 19565 1956 1956 1956
3-6 Ms 1,27 - 1.26 1,30 1.19 1.33 1.18 1.18 1.25
N 7 -- 4 4 6 4 2 5 7
6=9 Ms 1430 1.33 1.29 1.4l 1l.24 1,31 1.30 l.22 1,30
N 22 4 5 2 3 6 5 4 8
9-12 MS 1029 1'19 1.26 1.23 1.:.11 1e28 1.24 1030 1.26
N 26 5 4 5 3 2 7 5 8
12-15 Ms 1,30 l.22 l.22 1.26 l.27 1.31 1,23 1.29 1.26
N 27 (<] 10 4 12 8 7 4 8
15-18 Ms 1.19 l.25 le32 1.29 1.41 1.28 130 1.27 1.29
N 14 40 29 39 24 42 28 47 8
18=21 Ms 1.17 1.24 1.29 1le25 1.29 1027 1.26 1,28 1.26
N 2 4 4 9 13 13 8 6 8
2L-4 ks 1.24 1.28 1.31 1.39 1.34 1.25 1l.24 1.23 l.29
N 3 1 3 3 2 2 4 5 8
ween(2) 1,28 1.25 1.27  1.30 1.52  1.29  1.27  1.27
NT 108 61 60 75 64 78 63 76
o/"N «011 016 .011 015 «»018 « 006 0008 2007
s ~ Mean sorting of elewvation zone
N - Number of ssmples in elevation zone
_{FT - Total number samples on beach
T//Np” - Standard deviation of mean sorting of samples
(1) - Mean of means
(2) - Mean of all semples on beach

22



Table 8

Charaotaristic features of cusps

Dates
A B c D B 7 G B Ave
Aug. Oct. lNov. Des., fFah, lar. lay June

1865 1935 1858 1955 1966 1956 1956 1956
Xo. of cusps 5 4 4 5 5 6 5 4 5
Position of ousps = east and west

230 wast(l)

wost cusp 13! 62! 58! sg’ g5t 100" 80! 80! -

east ousp 127t 180' 1807 150° 120" 75! 67! 138" -
53¢ 20" a0’ 50" £0! 35" Gat -
75" 110t 172! la5* a3 45" 557 113 -

200 anst

wsst cusp 60 Q! 2Bt 58! 18’ B! 93" a7 --

east ousp 487 10t 1127 103! 45" 50! 70! 103 -

Josition of cusps - north sad south
pRan 2 SEH 425 a4l 2N GBN 48R TEH 295 538
. SN diffg ) 59 gar 4! 103! 100" S67 B5! 13! 68"
Intarwal bstwean ousps

mean 135" 205' 195° 1aa? 135" 115" 165" 1987 161"

mi i aenm 1sor 2507 240! 216" 210" 180" 1467t 230" 208"

ol o sam 110" 191 laoe 125" 50! 75! 10! 175" 123!

ian of cusps

wean 13 16* 14t 157 14! 15! 14! 16" 15"

we. xi mirn 141 16t ls? 18! 15° 16! 16 17t 16

mi aimum 121 15! 1zt 15¢ 13t 13t 13 16* 14!

Characteristic I'eagures of cusps
¥ean median grein size in phi units

ousp alope'S) (77 .93 .58 .76

44 37 «66 67
oudp crest « 50 «59 L83 «56 47 «76 o 45 252
lawer bay «99 1.06 =78 1.02 b 287 .98 7B .68
upper bay (4).79 l.08 TT » 51 «16 271 «G3 267 75
mean madian .62 <84 W75 268 »38 «50 «58 o33 63
Masn coelficiant
cusp slope 1433 1.23 L% 1.29 1.33 1:23 1,26 1.2
cusp orest 1,33 1«29 1.26 1.21 1.29 1.28 27 1,29
lower bay 1,27 1l.19 1 1.25  1.29 1l.27  1.30 1427
uppar tay 1.17 117 1.28 l.26 1.28 1.28  1.29 1,24
san sorting(3)1.28  1.25 150 1,52 L.29  1.27  1.27  1.28

Zxplanation
Uistancas and elavations are glwven in feot
(1) "200 West, West ousp 13" for August 1955 maesns that the first ousp west of

of line 200 wast is 13 fest west of that line; and "200 Wast 127 2ast" mzeans
thet the firsht ousp east of 1ins 200 West is 127 feet esst of thut line.

(2) ™¥aximum ¢ fference” reprosents distanse measured in feet in seaward di-
reation.

(3) ™Cusp slope™ ropresants samples within §0 feet of point of the cusp on
saaward or down side.

"Cuap orest™, reprasents semplas on the berm within 50 feot of the edpge
ol tha ouspe

"Lower bey™ samples are samplsz from the bay or swals betwsen ousps teken
within a horizontal dista of §) {eet of the slevation of the ousp point:
Upper bay samples are within 50 feet of the ouaps alewation .n the landward
sidae,

(4) Hean madiap and sorting represent meansz for the entire beach, not for the
group of eamples representing the particular parts of cusps.

(5) The sverages in the last column sra of two types. One reprasents the mean
of the 8 means reprssenting the individual timez the beachwas oacupied.
The other, which is rastricted to the laat two categories giving medion
gradin size and sorting for di ffersnt parts of the cusps repressnts the en-
tire suifs of semples in ench catagory for all the 5 timas the beaoh wes
occupled. Such means do not represent the mesn of the meins except in the
last line for each group, where means representing the eatire samplez on
the teach are averagad.
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DESCRIPTION OF FIGIRES

Figure 1 shows the general location of Point Reyes, 35 miles north-
west of San Prancisco, The beach is exposed to the full force of the
waves from the open Pacific Ocean, Figure 2 gives the general features
of Point Reyes Beach, The part of the beach studied in the present
investigation is situated at Station A, 3 miles northeast of Point Reyes,
Station B, investigated in the previous work has not beem oocupied in
the present study. The beach extends in a nearly straight line between
the headland of Point Reyes on the south and the high land extending
southeastward from Tomales Bluff, The land back of Station A rises to
a height of about 250 feet. The cliff at Point Reyes and the highlands
west of Tomales Bay attain a maximum elevation of more than 500 feet,
The bedrock of the area west of Tomales Bay consists of quartz diorite
below, overlain by conglomeratic sandstones and chert of Miocene age
and this in turn by dune sand of Pleistocene and Recent age. In the area
adjacent to Station A, Pleistocene dune sand is exposed in the cliffs
behind the beach, In places this old dune sand is eroded during winter
storms, The San Andreas fault passes northwesterly through Tomales
Bay and separates areas underlain by Pranciscan rocks of Mesozoic age on
the east from the quartz diorite and other rocks on the west,

Figures 3 to 10 show the beach configuration for the 8 times the
beach was occupied between August, 1955 and June, 1956, The cusps are
lettered alphabetically from left to right, The position of the outer
edge of the berm is indicated by a dashed line,

Profiles of the beach are shown in Figures 11 to 14, Profiles are
given for three of the five lines of samples, namely, 256-W, O-W, and
256 B, On Pigures 11 the profile at time X, for March, 1954 is included
in order to show the change in beach after the beach was occupied in the
previous study, Beach characteristics for time X are shown in each of
the two previous publications on Point Reyes Beach,(l) and (2), In
Figures 11 to 14, three profiles are combined together for purposes of
comparison and three series of profiles are shown on each figure, In
order to indicate the differences in elevation between successive periods
of occupation of the beach, the last profile of the series shown above
is repeated in the series given below, Thus the first series in Pigure 11
shows times X, A and B; and the second series indicate times B, C,and D,

Figure 15 shows average median diameter by elevation zones, 1In
preparing this table all the samples for each elevation zone shown in
Table 3 have been averaged for each time the beach was occupied, These
averages are represented by dots placed at the midpoint of each elevation
zone, Three series, each containing three graphs are shown in Rigure 15,
These correspond to the 8 suites of samples, A to H inclusive, and the
average of all samples in series A to H., The average is not the average
of the 8 averages for the suites A to H but is a composite mean of all
the samples collected in suites A to H,
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The areal variation of grain size in August 1955 is shown in
Figure 16, The beach was occupied more fully at this time than at any
other time, The figure is presented as an example giving the general
variation in grain size over the beach at a typical time, As the
statistical studies show that the areal variation is similar each time
the beach was occupied little is gained by showing maps of the areal
variation at the other times, Maps were prepaxed, but they show the
same general variability and trends,

Pigure 17 shows the sorting by elevation zones, The chart was
prepared in the same manner as Pigure 15 and is based on data presented
in Table 7. The general relationship of sorting to median grain diameters
is represented in Figure 18, This figure represents all the samples
collected during times A to H inclusive,

Figures 19 to 26 present maps showing the cut and fill between suc~
cessive times of occupation of the beach, On these figures "cut" means
erosion or scour between successive times of occupation of the beach,
Fill represents deposition, Thus Figure 19 shows the amount of cut and
fill between August 1955 and March 1954, which was the time of the
previous occupation of the beach. The contours on Figures 19 to 26
were prepared by superimposing one beach contour chart upon another and
marking difference in elevations where contour lines cross one another
on the two charts. Contours are then drawn upon the basis of difference
in elevation on the two charts, To give some idea of the configuration
of the beach, 5-foot contour lines on the beach surface are shown for
the later of the two charts used in preparing the cut and fill chart,
Thus in Figure 19 the heavy contour lines show the position of the 5-foot
contour in August 1955, which time was the later of the two times used
in preparing the cut and fill map shown in Figure 19,

Pigure 27 shows the relationship between cusp interval and average

grain size on the beach for the 8 times the beach was occupied in the
present study,
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MEDIAN DIAMETER, in Microns
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CHARACTER OF SEDIMENTS

Grain Size Variation,

The general variation in grain size is shown in Table 2, The
areal variation at a typical time is given in PFigure 16, which gives
the areal variation of the median diameter with respect to beach contours
in August, 1955, The mean grain size ranges from 0.38 phi units in
February 1956 to 0,84 phi units in October, 1955, The mean diameter
shows a progressive change throughout the season, It is 0,38 in February,
the minimum¢ 0,50 in March; 0,58 in May; 0,68 in June; 0,62 in August;
0,84 in October, the maximum; and 0,68 in December, Table 2 shows that
the median is 0,62 in August 1955, This figure of 0,62 excludes three
very coarse samples, two of which have phi diameters of more than minus
3, (See Figure 16), If these three samples, (Samples 68W, 48N; 44W,
55N; and 128E, 55N) are included the average median is 0,52, These
three coarse samples were specially selected to show how coarse the
beach can get, In part they represent places where returning water
flowed in a stream and sorted the pebbles. In other places they seem
to show the effect of wave wash, As shown by the two samples at 128E,
55N they are underlain by normal beach sand, The sediments in these
three places were round, flat pebbles; the median diameter of the
coarsest samples was 8,8 millimeters or one-third inch,

The extreme mean medians of 0,84 and 0,38 phi units oorrespond to
560 and 770 microns, respectively, Similar variations were noted in
the previous study(ls where the medians for October, 1953 and March,
1954 were 0.90 and 0,48 respectively,

The standard deviation of the samples at the individual sampling
times ranged mostly between 0.30 and 0,35 phi wunits, The extremes were
0,27 in May, 1955 and 0,52 in August, 1955, The large figure for August
represents a highly variable condition and is even larger, 0,83 phi
units, if the three coarse samples are included, 1In the previous work
between June 1953 and March 1954 the standard deviation had a similar
range, The extremes were 0,29 in June, 1952 and 0,41 in February 1954,

In November, 1954 a group of 11 samples had a standard deviation of 0,15;
but as shown in the previous report(l) the standard deviation of a small
group of samples tends to be lower than a large group, A standard de-
viation, 0.30 to 0,35 phi units, indicates that 68 percent of the samples
on the beach are within ratios of 5/4 and 4/5 of the mean median diameter;
that is, the median diameter is within 20 to 25 percent of the mean value
for 68 percent of the samples and more than that for the other 32 percent,

A part of the variation in grain size is caused by lamination of
the samples, The samples are taken by scooping up material from the
upper two inches of the sand, At times, the lower layers of sand are
finer or coarser than the upper layers at time of sampling, In a few
instances, upper and lower samples were taken, In such samples, the
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upper layer was first scooped off, and then the lower sample was taken,
Such samples are indicated by appropriate notes in Table 1, No attempt
has been made to study such lamination in the present investigation,
other than to report obviously different sizes in the different layers
as indicated in Table 1,

The pattern of variation in grain size in August 1955, is shown by
Figure 16, The areal variation of the beach was greater at this time
than at any other time the beach was occupied, The figure shows the
generally coarse sediments of the beach,

The differences in grain size from one time of occupation to
another are indicated by Table 3, This table shows the significance
of the difference between mean grain size of the entire beach at dif-
ferent times, expressed in percent, A figure of 5 percent means that
the chances are 100/5 or 20 to 1 that the difference is real and not
anomalous, The data in the table show that between successive oc=-
cupations of the beach the differences between mean grain size range
from a moderate to an extremely great distinctive difference, That is
the beach is continually changing its character, Only between May and
August 1955, where the significance in percent is 52,9 does the dif-
ference seem indistinctive, though significances of around 10 percent
are noted for three other times, October~November 1955, March-May 1956,
and May=June 1956, Certain months are noticeably different from all
other months, October, when the grain size is small and February when
it is coarse, show very little affinity with other months,

The coarser grain size in the lower foreshore is better indicated
by the data presented in Tables 4 and 5 and in Figure 15, In Table 4
the median diameters of the samples are averaged for each three-foot
zone for each time of sampling., Table 5 shows the significance of the
differences between mean grain diameter of the sands in the different
elevation zones, Figure 15 presents graphically the means shown in
Table 4, It is obvious from these data that the sediments in the zone
of 3 to 6-foot elevation are coarser than those in other zones, The
sediments in the 6 to 9-foot zone similarly are coarser than those in the
9 to 12-foot zone; however, above the 9 to 12-foot zome no distinctive
dif ferences are indicated, This distinction in prain size is clearly
portrayed by the data in Table 5, The significance of difference
between the 3 to 6-foot and the 6 to 9-foot zone is 4,7 percent and
between the 6 to 9 and 9 to 12-foot zones it is 0,2 percent, The significance
of differences between other successive zones is much less, The relation-
ship for the lower zones is brought out in another way, In 6 out of 7
of the suites of sediments taken between August, 1955 and June 1956, the
mean phi diameter of the 3 to 6-foot zone is lower than in the 6 to 9-
foot zone, and in 6 out of 8 suites the mean phi diameter of the
6 to 9=foot zone is lower than in the 9 to 12-foot zone, A similar
relationship was found in the previous study(1l), However, in that
investigation the sediments on the berm were observed to be slightly
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coarser than those on the upper foreshore., No such difference is
indicated by the data in the present study.

Sorting

The coefficients of sorting of the different suites of samples are
summar ized in Tables 6 and 7 and Pigures 17 and 18, The average sort-
ing ranges mainly between 1,27 and 1,30 with extremes of 1,31 in
Pebruary 1956 and 1,21 in May 1955, The general average f{or this beach
is 1,28, In the previous series for the period, June 1953 to November
1954, the sorting ranged between 1.23 and 1,33, with an average of
slightly less than 1,29, The coefficient of sorting in the recent series
is a little higher in December and March than at other times, but the
differences are hardly enough to be distinctive. A similar relationship
was observed in the previous samples(l).

The standard deviation of the samples ranges between 0,06 and 0,14
phi units, The maximum deviation was observed in the winter months,
The range in standard deviation in the present series of samples is
similar to that of the earlier series(1),

The sorting of the samples as arranged by individual elevation
zones shows no distinctive differences except for the sediments in the
3 to 6-foot zone, in which the sorting seems better than in higher
zones, The general overall average of the sediments in this zone is
1.25 compared with 1,30 in the 6 to 9-foot zone and 1.27 for the higher
zones,

As shown by Inman(4) sorting is crudely related to grain size,
Marine and beach sediments tend to be best sorted for grain diameters
between 150 and 200 microns, Por greater and smaller grain size the
sorting is poorer; that is, the coefficient of sorting is larger., This
relationship was found in the previous study(l of Point Reyes Beach,
In the report describing the results of that work a table showing the
coefficient of correlation between sorting and grain size was presented.
A similar relationship has been found in the present study, the results
of which are shown graphically in Figure 18, Though the scatter is
high a generally increasing degree of sorting is shown for increasingly
smaller grain size,

Skewness

The sediments in the present suites of samples are so evenly skewed
that no distinctive differences are indicated, Perhaps more detailed
analyses, using screens with closer ratios between successive sieves,
might give more reliable measures of skewness than the sieves used in
the present invesgigation, However, the weight accumulation curves
give such consistent results that the conclusion is reached that
the sediments on this beach are evenly skewed.
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CONF IGURATION OF BEACH

The configuration of the beach is shown by Figures 3 to 10, Pro-
files of the beach slopes are given in Figures 11 to 14 and the charac-
teristic features of the cusps are presented in Table 8, The beach has
a variable outline, characterized by cusps. These cusps are more or
less crescentic in shape, Most of them have fairly sharp pointed flat=-
topped promontories at their extremeties and more or less gently sloping
swales or bays in the indentations of the shore line between cusps.

The top or crest of the cusp forms a part of the berm, and is nearly
level, Swales between the cusps gradually merge into the berm, The
interval between cusps ranges from 60 to 250 feet, The average is 161
feet, The interval varies roughly with the season, being large in the
summer and fall and small in the winter and spring, The maximum

average interval is 205 feet in October and the smallest is 115 feet

in March, Thus the long intervals tend to be associated with fine sedi=
ments and short intervals with coarse sediments., This relationship is
subject to exceptions because the interval between cusps is small in
August,

The relationship between cusp interval and grain size is more
clearly brought out by Pigure 27, On this figure the average cusp inter=-
val is plotted against average grain size of the beach for each of the
8 times it was occupied in the present series, The data indicate a
general trend from a large interval with fine sediments to a short
interval with coarse sediments, Whether such a trend is real or anomalous
can hardly be established with 8 times of occupation., The general
relationship cannot be as straight as indicated, because extrapolation
of the graph to zero phi units, or one millimeter, indicates a cusp
interval of zero feet,

The elevation of the crest or point of the cusps varies mainly
between 14 and 16 feet, Extremes are 12 and 17 feet, The elevation
changes from time of one beach occupation to another, No seasonal trend
in height is indicated. The position of the front of the cusps with
respect to the zero-line parallel to the beach likewise changes from
one time of occupation to another, The total range in average position
of the cusps parallel to shore is 44 feet, from 29 North to 73 North,
This maximum range in position took place between successive occupations
of the beach in May and June 1956, No seasonal trend is indicated by
the data. The beach may be out or in during summer or winter,

The large swales or indentations of 1500 to 3000 feet in lineal
extent along the beach and up to 200 feet at right angles to the beach,
noted in the previous su:vey(l) were not observed during the current
series of occupations, In the former study the cusps had approximately
the same interval as in the current series, but they were superimposed
upen the larger indentations of the coastline, In the current series
the general coastline was more irregular, The large indentations were
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associated with rip tides, Evidently the rip tides vary in magnitude
and extent from one period of time to another, as they were not so
evident during the cu rent series of occupation as in the preceding
series,

In an effort to determine the pattern of migration of the cusps
a series of measurements showing position of the cusps with respect
to arbitrary reference lines at right angles to the beach are shown in
the first part of Table 8, Three reference lines are given, 200 West,
0 West and 200 Bast, The distance of the nearest cusps to both east
and west of these reference lines is shown in the table,

The data presented on Rigures 3 to 14 and in Table 8, do not in-
dicate whether the cusps have moved up or down the beach, The maximum
lateral change in position of cusp points from one time of occupation
to another is about 60 feet, which is something less than one-half
interval between cusps, This is a significant change in position, but
whether it is one-half cycle to the east or west, or more than one
cycle in either direction is not indicated by the data.

At intervals during the visits to the beach, cusps were in the active
process of being eroded, At one time, May 1956, three levels of cusps
were observed at elevations of 10, 14 and 17 feet., The ones at 10 feet
appeared to be in the process of formation, At another time, a series
of small cusps with a short interval of spacing were noted at an elevation
of atout 8 feet, When the beach was occupied in August 1956, no cusps
were present and the existing berm was being actively eroded by waves
washing over a new berm at an elevation of 10 to 12 feet. A scarp,

5 feet in height lay at the rear of the new berm where the old berm was
being eroded. That the cusps can form at a rapid rate is shown by the
rapid rate of fill noted during the preceding August, when in the course
of 4 hours as the tide came in, 8 inches of fill were deposited on the
middle foreshore in one place, Stakes placed in the beach were used as
means of measurement, The maximum fill observed was 12 inches from 2 p.,m,
in the afternoon to 9 a,m, the next day.

The slope of the beach at Point Reyes beach is steep, On the swales
or bays between cusps the slope is commonly 4 to 8 degrees and on the
upper part of the foreshore on the cusp points the slope is 6 to 15 degrees,
At times the slopes immediately below the crest are high; 17 to 20 degrees
have been noted frequently and on the day just mentioned when the cusps
were being eroded, the slope was greater than 45 degrees, or 100 percent,
on the scarp at the rear of the lower berm,

The grain size seems to vary with position on the cusps, but the
sorting does not, In making a study of grain size variation on the cusps,
the cusps were divided into four parts, Two of them were on the promontories
or projections of the cusps on the boundary between one cusp point and
the other; and two were in the swales or bays between the cusps., Each
category was further divided into two groups, one for samples within 50
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feet seaward of the elevation of the crest of the cusp and the other
within 50 feet landward of this elevation., The summaries thus made

are presented in the lower part of Table 8. The data indicate that

the grain size in the lower part of the bays between cusps is distincly
more fine grained than the general average for the beach and for the
samples on the points of the cusps. The general average median diameter
in the lower part of the swale is 0.86 phi unit compared with 0,63

for the overall average for the beach and 0.52 for the crest of the
berm and 0,67 phi unit for the cusp slope. This general trend seems

to hold for most of the times the beach was occupied, It perhaps is
associated with the lower slope of the bays compared with the cusps and
thus with slower velocity of return water, The relationship also may
be anomalous, owing to the small number of times the beach has been
sampled, though the probable errors of the means as indicated by the
standard deviation suggest the differences are moderately distinctive,
The upper part of the foreshore in the bays above the elevation of the
berm crest is slightly coarser than the sediments below, which suggests
that the results are anomalous, because if the grain size is controlled
by velocity of return water it should be lower on the upper part of the
beach than on the lower part, All that can be interpreted at present
is the suggestion that the sediments in the swales are finer than on
the cusp points,

No general differences came out of the sorting study of the cusps.
The only trend suggested by the data on sorting is a crude relationship
between coefficient of sorting and cusp interval, The better the sort-
ing, that is, the lower the coefficient of sorting, the greater is the
interval between cusps, As the scatter of the points, when the data are
plotted, is high, the relationship may be more apparent than real., How=-
ever, it is in line with the relationship between grain size and sorting
mentioned above (Figure 18), The fine-grained sediments in the present
suite of samples are better sorted than the coarse-grained sediments and
the finer sediments have a greater cusp interval than the coarse sediments
(Figure 27),

CUT AND FILL

Point Reyes Beach cuts and fills at a remarkable rate, This
feature is shown by Figures 11 to 14 which show beach profiles for each
time the beach was occupied; and by Figures 19 to 26 which show the cut
and fill over the beach at each time it was surveyed, Similar profiles
and cut and fill maps were presented in the previous report on this
beach(z).

Rigures 19 to 26 show that the maximum amount of cut in any one inter-
val between occupations is 10 feet between December and February (times
D and E, Rigure 23), and the minimum 1 foot, between August and October
and between November and December (Figures 20 and 22), The maximum
fill is 7 feet, between August and October and between December and
February (Figures 20 and 23), and the least is 2 feet between May and
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June (Figure 26), These figures are for the maximum and minimum cut

and fill shown upon the area mapped, The shaded portion on the maps in-
dicates the area which was filled, The maximum time of fill was between
August and October and November and December, when 90 percent of the map
area was filled, The maximum times of cutting were between December and

Pebruary and between May and June (Figures 23 and 26) when more than
70 percent of the area was cut,

The cut and fill represents two processes; one, removal and formation
of cusps which cause the local areas of large cut and fill, and the other,
general accretion over the beach, The period from August to December was
largely a period of fill and the time between December and June was
largely cut, though a large amount of fill took place between March and
May, The fill is thus mainly associated with the time that fine deposits
are forming in the beach and the cut with the period when coarse sediments
are being deposited, As the waves are generally high in winter and low
in summer, wave energy thus may be a contributing factor in determining
whether the beach cuts or fills,

Pigures 11 to 14 give a picture of the horizontal and vertical cut
and fill between successive occupations of the beach, PFor example,
along line 256 West the zero contour shifted a maximum of 100 feet in
the course of the investigations, and the maximum shift between any two
successive occupations is 65 feet, Along the l4-foot contour the maximum
shift for the entire time is 160 feet and the greatest shift between
successive times of investigations is 70 feet, At the 20-foot contour
the ghifts are less as this contour marks the crest of the storm berm,
The beach at the 20-foot mark, however, is subject to erosion, particularly
during the winter months,

Figures 11 to 14 also give information on the average slope of the
beach, At the seaward end of the profiles the slopes range mainly from
4 to 8 percent, Slopes of 6 to 15 percentare commonly found between
the 10 and 15-foot elevation, The steeper slopes are on the point of
Ccusps.

CONCLUDING REMARKS

Point Reyes Beach is a highly variable beach, It erodes in the
winter and builds up in the summer, At times of erosion relatively coarse
sediments are deposited and, with times of fill, relatively fine sediments
are laid down, though the beach almost always consists of coarse sand,
that is, with median diameter between 500 and 1000 microns,.,- At times
finer and coarser sand than this size is found, The configuration of
the beach is irregular, and is characterized by cusps which shift position
both laterally and perpendicularly to the shore line along the beach, some
times at a rapid rate, The wave pattern on the beach invariably is
irregular, At times each succeeding wave brings in sand of different
grain size. At other times the pebbles at the edge of the swash mark

48



are several millimeters in diameter, These pebbles are round and flat

and consist mainly of Franciscan chert and greenstone in varying degrees
of metasomatic metamorphism,

The configuration and grain size distribution of the sand upon the
beach undoubtedly is a result of the wave pattern, but the wave pattern
in turn is influenced by the shape of the beach, because the beach con-
figuration determines the pattern of downrush of water which in turn
affects the uprush pattern. The bars off shore, which probably are
irregular in outline give the waves a complicated pattern and varying
velocity distribution, which in turn affects the grain size and the
processes of erosion and deposition, The water offshore generally is too
rough to attempt studies of the bottom with a boat or DUKW, Furthermore
to understand the processes of erosion and deposition of the beach, one
would have to make daily observations on the beach, The shortest
interval between visits in the present study has been 6 weeks, and in this
time invariably the beach had changed greatly in configuration and
moderately in grain size. Further study of this beach at closer intervals
is needed.
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APPENDIX A

CUT AND PILL ON POINT REYES BEACH, CALIPORNIA*
(June 1953 = March 1954)
by
Parker D, Trask, Charles A, Johnson & Theodore Scott
University of California

ABSTRACT

The beach at Point Reyes, 35 miles northwest of San
Francisco, California, cuts and fills in an irregular manner,
as indicated by contour maps of the beach made at different
seasons of the year. Maps of this beach have been made at
two stations, 5 miles apart, at three seasons of the year;
one in June 1953 at the end of the winter season, one in
October 1953 at the end of the summer season, and one in
February and March 1954 in the middle of the winter season,
In the intervals between sampling, the beach was locally
cut and filled as much as 6 feet, Point Reyes Beach is a
long straight beach between two headlands exposed to the
full force of the waves of the north Pacific, It is character-
ized by cusps 60 to 200 feet apart, averaging 125 feet, The
cusps are superimposed on large embayments or undulations of
the beach which seem to be associated with rip tides. The
embayments are 1500 to 3000 feet apart and extend up to 200
feet inward from the protuberances that separate them from
one another, The patternm of cut and f£fill on Point Reyes
beach is irregular and is associated with the migration or
destruction of the cusps and embayments as they change
position in the course of time, The beach in general does
not prograde or retreat from season to season; just the
individual parts of the beach change position, and in so
doing the beach locally cuts and fills, The cause of the
migration of the large embayments seemingly is change in
position of the rip tides, The cause of movement of the
cusps is not apparent, The variation in grain size with cut
and fill was also investigated, but no relationship was found,

*Originally prepared September 1955, this report has been added as an
appendix to afford ready reference from the body of the main report,
As this report was prepared a year earlier than the main report, con-
flicts in qualitative statements between the two reports may occur;
no effort has been made to revise or bring this appendix up to date.
The report was prepared at the Waves Research Laboratory of the
Institute of Engineering Research at the University of California in

Berkeley in pursuance of contract DA-49-055-eng=-8 with the Beach Erosion
Board,



INTRODUCTION

Point Reyes beach, 35 miles northwest of San Francisco, California,
is a variable beach, The grain size on this beach changes greatly with-
in a short distance for given times, and from time to time at given
places. The average median diameter during different times of the year
ranges between 600 and 750 microns, Variations of 150 to 250 microns
from these averages are of common occurrence, The beach also cuts and
fills extensively from one season to another, This cut and fill is
more of a lateral phenomenon along the course of the beach than an
advance and recession of the general shore line, as happens on numerous
pther beaches, The beach is exposed to the ocean for a distance of
2500 miles offshore. The waves thus beat upon it with full force,

The beach is remarkably straight over a distance of 10 miles between
two headlands,

In connection with a study of grain size variation on this beach* ,
data were obtained which permitted the making of charts and statistical
studies of the cut and fill at two stations, 5 miles apart along the
beach, These stations were occupied at three times during the year,
June and October 1953 and Pebruary or March 1954 and are designated as
Station A and Station B, Station A is three miles northeast of the
headland of Point Reyes; Station B is 5,2 miles northeast of Station A,
The graphs and statistical compilations of these studies form the basis
for the present paper,

The paper on grain size variation to which reference has just been
made contains tables and figures that show the location of the samples
and summarize the results of the mechanical analyses that were made,
The median diameter and sorting of these samples are also presented in
Pigures 9=20** of the present report, These figures also show the
profile of the beach along the lines from which samples were obtained,
The primary purpose of the investigation was to determine the grain
size variation among samples taken according to a rectangular grid at
Station A and B, 1In the sampling program, samples were taken on 5 lines
normal to the shcre - namely, along a centerline and on lines east and
west on either side of the centerline, Samples were taken on these
lines at regular intervals of 16, 32, 64, 96 and 128 feet, and at a few
other positions as well, As the samples were taken at equal distances
from a zero line parallel to the beach, profiles parallel to the beach
can also be drawn. Two such profiles are shown in Figure 21, %%

*Trask, Parker D, and Charles A, Johnson, Sand Variation on Point Reyes
Beach, California, Beach Erosion Board Tech, Memo, No, 65, 1955,

**Figs., 9-21 of present report are same as Figs, 9-21 of previous report
published as Tech. Memo, No, 65 of Beach Erosion Board; Figs, 10-21
are not reprinted in this appendix,



The samples are numbered according to coordinates from a zero point,
Thus, sample 256W 16S represents a sample on the line 256 feet west of
the zero point at a position 16 feet south of the zero line parallel to
the beach, The mechanical analyses of the samples were made by Gerald
Grabe, using standard procedure, The sieves differed in size by geometric
ratio, The samples were sieved in a rotap for 10 minutes.,

METHODS OF STUDY

The general geographic setting of Point Reyes Beach is indicated on
Figures 1 and 2*, Detailed analysis of the cut and fill is shown on
Figures 3 to 8, A typical chart showing beach contours and the sample
grid is presented on Figure 9, A summary of the statistical compilations
is given in Tables 1 and 2. The grid lines for February 1954 shown in
Figure 9, are at an angle of about 15 degrees to the lines for June and
October, The beach slopes, as shown on Figures 9-21%*, are based on the
beach contours shown in Figures 3-9 of the report on grain size variation
just cited, The lines of cut and fill shown on Figures 3-8 in the present
report are also based on the beach contour lines presented on Figures 3-9
of the grain-size report, The contour lines on these charts are based
on surveys made with transit and tape. The contours were drawn in the
office after the data were taken,

In preparing the contour lines showing cut and fill upon the beach
between periods of sampling, the procedure was to superimpose the beach
contour charts for the individual times of sampling and mark off difference
elevations where the contour lines cross one another, Cut and fill
contours were then drawn upon the basis of the difference elevations,

Lines of fill during the interval between the two times of sampling are
indicated as positive, and lines of cut as negative, Areas of fill are
marked by hash-lines. Heavy contours show topography of the beach at
the later of the two time intervals,

In preparing the data for Table 1, showing average cut and fill
between intervals, the area between individual lines of cut and fill
(i,e,, between the cut and fill isopleths) was computed by planimeter for
each foot difference in cut or fill, These unit areas of cut and fill
were then averaged., In view of the fact that the sampling and survey
points occupied at the time the beach was studied were not designed for
studies of cut and fill, some of the lines showing equal cut and fill are
based on relatively few data,

A statistical study of the average median grain diameter of samples
between the individual cut and fill lines is presented in Table 2, The
averages presented in this table are based on 1 to 10 samples, Averages

* See Figures 1 & 2 of main text; not reprinted in this Appendix.

** BRigures 10-21 not printed; see Technical Memorandum No, 65 of the
Beach Erosion Board,
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based on 1 or 2 samples are indicated by asterisk, The probable error
of the averages thus is large, particularly in consideration of the
inherenmt variability in grain size.

In making planimeter studies of cut and f£ill, the same area on the
beach is covered for each time interval., This area forms the central
part of the general map area covered on the charts. Owing to insufficient
control, the exterior parts of the map area were not used. The areas
for which planimeter control was made for Stations A and B are shown on
the charts for Jjune for each area (Figs. 3 and 6). In compiling statistics
on variation in grain size between cut and fill contour lines over the
entire map area were used, Thus the data in Table 2 represents a larger
area than those in Table 1, which were restricted to the area blocked out
on Figure 3 and 6 for planimeter studies,

RESULTS

Station A, The pattern of cut and fill varied at each station. At
some times the areas of cut and fill were normal to the beach, at others
parallel, and at still others in a transverse or circular direction. 1In
the interval between June and October at Station A the lines of equal cut
and fill tend to be normal to the shore. That is, the cut and fill iso=-
pleths exhibit a trend at right angles to the coast for part of their
course, The period between June and October, at Station A was a period
of general fill for this part of the beach. The average fill as indicated
in Table 1 is 1.78 feet. The maximum fill was 6 feet on the upper part of
the berm in the central part of the area. Two areas were cut, one with a
center 30 feet seaward from the point of maximum fill, where the beach was
cut 2 feet, and the other about 100 feet east of this place where the beach
likewise was cut 2 feet., Between these two areas of cut was an area of
fill, the maximum being 2 feet. The cut and fill pattern at Station A
between June and October 1953 thus is irregular., The rate of change in
cut and fill, that is, AT/AS, where AT is the difference in elevation
between successive time intervals, and AS is the horizontal distance on
the beach, is large, In one place this slope line (AT/AS) is 8 feet in
80 feet, or 10 percent,

The main causes of the differences in cut and fill between June and
October are the disappearance and change in position of the cusps at that
season, and a seaward advance of the shore of 30 or 40 feet, The alterna=-
tion of areas of cut and fill parallel to shore is the manifestation of
loss of cusps between June and October, North of the area of planimeter
control, that is, in the area of the lower foreshore, the average fill
is 2 or 3 feet in response to the advance of the shore seaward.

The main change between October and March, as shown on Figure 4, is
the erosion of the west part of the chart area, where a maximum of 6 feet
of cut is recorded. The east half of the map area is essentially fill,



though one area of cut of 2 feet is shown in the central part, On the
whole the area neither gained nor lost sediment, as the average difference
in elevation between March and October is only 0,16 feet of fill,

The lines of equal cut and fill are more perpendicular than parallel
to the ccast line, though the pattern is somewhat irregular, The data
presented in Figure 4 suggest that Station A was opposite one of the
large indentations or areas of erosion, believed to be caused by rip
currents, in which the beach is cut back toward the cliffs. A comparison
of the beach contours for March and October shows the erosion of the
west part of the map area and the development of cusps in the east part,

The cut and fill between June 1953 and March 1954 shown in Figure 5
forms a complex pattern, The beach, both in March and in Jume, had
cusps, but the cusps were not at the same position at successive times,
Also, in March the west part of the beach had been cut back toward the
cliffs, The result was 5 feet of cut on the west side of the map area
and a general area of fill in the east part, amounting to as much as
5 feet at the east edge, The shore line was in much the same general
position in March as in June, Many of the cut and fill isopleths trend
normal to the beach for considerable distance, The beach area showed
a net gain of 1,54 feet of fill between June 1953 and March 1954,

Station B, The pattern of cut and fill at Station B, 5 miles north
of Station A, is different tham at A, The cut and fill isopleths for
the period of June to October 1953 trend parallel to the coast line,
as shown on Figure 6, The area of the foreshore in general has eroded
1 to 2 feet except at the east end, where it has been filled to a maximum
of 5 feet, Slight changes in the berm of 1 or 2 feet are also observed,
In general the area has been neither filled nor cut, The average
difference in the area of planimeter control, according to Table 1, is
0.16 feet of fill, Comparison of contours of the beach surface between
June and October shows the development of prominent cusps in the east
part of the map area in October, which accounts for the 5 feet of fill,
In general, Area B changed relatively little between October and June,

At Station B between October 1953 and February 1954, as shown by
Pigure 7, the east half of the area was extensively cut and the west
was filled, Both the cut and fill attained a maximum of 6 feet, The
beaches as a whole, however, changed relatively little, as the general
change in the map area studied is a cutdf only 0,13 feet (Table 1),
The variation in amount of cut and fill is associated with shift in
post tion of cusps, A tongue of erosion runs westward across the outer
part of the berm more or less parallel to the shore line, Inspection
of beach contours for the two periods suggests that in October the map
area was on the east edge of one of the large embayments of the coast-
line, which caused the beach contour lines to be bent inward toward
the west, whereas in Pebruary 1954 the map area was on the weut edge
of one of the embayments and the beach contour lines trended inward toward
the east,



Between February 1954 and June 1953 the map area shows little gain
or loss of sediment, The average is 0.03 feet of fill, As shown by
Figure 8, the east half of the map area has lost sediment and the west
side has gained sediment, though irregularities exist in this pattern,
The maximum gain on the west is 5 feet and loss on the east is 4 feet,
The effect of shifting cusps is indicated by circular patches, The
net loss on the east is presumably influenced by the large embayment
that had developed in that area in February 1954,

Cut and fill along profiles, Profiles normal to the beach along
the east-west lines of the sampling grid are presented in Figure 10
to 20%, Three lines are shown on each figure, For Figures 10 to 19~*
the lines for June, October and February or March are given, For Figure
20*, which shows the beach at Station B for Bebruary 1954, the profiles
are presented in two halves., One half shows profiles for the grid lines
0-W, 64W, and 256W, and the other for the lines 0O-W, 64E, and 256E,
Pigure 21* presents profiles for Stations A and B along the 0=-N line
through the zero point parallel to the shore, The figures also contain
data on median diameter and sorting, The median is given both in microns
and in phi units, In Table 2 which presents data on the relation of
grain size to cut and fill, the median diameters are presented in phi
units, Corresponding grain diameters in microns are readily determined
by consulting the scales on the two sides of Figures 10 to 21*,

At Station A, as shown by Figure 10*, the foreshore on grid line
256W at the west end of the map area is in essentially the same position
for June and October, but is pushed back in March, At the zero point
(0-W, O-N) the cut between October and March is more than S feet, The
general decrease in grain size up the foreshore is well shown in this
figure, The sorting is approximately 1,25, which is the general average
for Station A, The irregularity in grain size distribution of the
different samples is well shown by this figure,

Along line 64W, Station A (Figuxe 11%), little change is noted
between June and March, On the profile for October the upper patt of the
foreshore near the berm is very steep and the back end of the berm 64
feet south of the zero line is also steep, The zero west line at
Station A shows considerable change in the crest of the berm between
all three time intervals (Figure 12*), The grain size and sorting are
rather irregular from sample to sample, Similar relations are shown
for line 64E (Figure 13*), The 256E line (Figure 14*) shows continual
fill between June and March, The sediment s along the different
profiles are irregular in grain size,

An essential characteristic of all profiles at Station A is the
uniform slope of the foreshore from season to season, At Station B
similar relationships prevail, Along line 256W, Station B, (Figure 15*)
the fill between October 1953 and March 1954 is rather pronounced, This

*Not printed; see Tech, Memo No, 65 of the Beach Erosion Board,
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fill seemingly is associated with the change in flank of one of the
embayments presumed to be associated with rip tides, The grain size
variation is more regular along this profile than on some of the other
profiles, Along line 256W the grain size decreases up the foreshore

and then increases on the berm, as is the general habit for Point

Reyes beach, The sorting tends to become poorer shoreward, which like=
wise seems to be a characteristic of this beach, The profile along line
64W at Station B is essentially the same for all three seasons, but the
grain size distribution varies greatly from place to place., The zero
west line (0-W), Figure 17*, shows the fill associated with the develop-
ment of a cusp during February, The berm exhibits relatively little
change, The median diameter of the sand on this profile during PFebruary
and June is highly irregular, but not in October, when it varies at a
regular rate from coarse on the lower foreshore through fine on the
upper foreshore, to coarse again on the berm,

The 64E profile (Figure 18%) varies relatively little in shape
from season to season, but the grain size variation is great, Station
256E (Figure 19*) shows considerable fill in October, during the period
when the west part of the map area was being extensively eroded, The
sediments on this profile also are variable,

Figure 20* indicates how the beach slope changes from profile to
profile from west to east across the beach at Station B in PFebruary
1954, It should be recalled that the grid lines on this section are at
an angle of 15 degrees to the grid lines of Figure 10 to 19*,

Profiles parallel to the beach are shown in Figure 21*, The line
of the profile is the zero north line, which passes through the upper
part pf the foreshore near the berm, Station A is shown in the upper
part of the figure and Station B in the lower part. The figure shows
very clearly the change in position of the cusps from season to season,
In comparing this figure with Figures 10 to 20*, one should note that
the vertical scale is greater in Figure 21* than in the other figures,
The variations in elevation between cusps thus are accentuated,

Grain size variation, A statistical study of grain size variation
is presented in Table 2, This table shows the average median diameter
for each interval of one foot difference in cut or fill between the
periods October and June, February or March and October; and February
or March and June, The individual averages are based on 1 to 10 samples,
The averages thus have a fairly high probable error, particularly in
consideration of the variability in grain size, No general relationship
is indicated by the variation in grain size with the amount of cut and
fill, On theoretical grounds one would not expect to find much variation,
The samples represent the upper two inches of sediment, Thus, con-
sidering that the fill between intervals of sampling commonly amountsto
several feet, and assuming that grain size variation might be related to

*Not printed; see Tech, Memo, No, 65 of the Beach Erosion Board,
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the same processes that cause the cut and fill, in order for a relation-
ship between grain size and fill to be apparent, the grain size distri-
bution throughout the entire column of sediment that has been eroded

or deposited must be known, Furthermore, the variations in cut and
fill represent the total variation during the four or five months
between sampling intervals, Actually the beach may have been cut or
filled in an irregular manner during that interval of time., Thus the
final end product can hardly be expected to exhibit any relationship

to details of the processes of cut and fill, granted that such =z
relationship might exist. Purthermore, the average grain size for the
whole population of samples taken at each station at each time interval
is included in Table 2 to show the general grain size distribution of
the area under consideration, It should be pointed out that the area
that forms the basis for the statistical compilation in Table 2 is the
entire part of the general area sampled. Thus considering the
variability in grain size distribution on the beach, the respective
averages shown in Table 2 do not necessarily agree with the general
average for the entire station.

A few interesting relations come out of the data in Table 2, but
owing to the vagaries of sediment variation on this beach the relation-
ships presumably are more apparent than real, At Station & the sediments
in the area of cut during the period of October to March are generally
more fine grained than those in the areas of fill during the same period,
The average median diameter of the samples for March in areas of cut
of 1 to 7 feet is 0,84 phi units compared with 0.52 for the area of
fill from O to 6 feet (560 microns compared with 700 microns), The
reverse trend is noted for the sediments in the same zones for October
at the beginning of the period of cut and fill, It might thus be
interpreted that the processes leading to erosion of the sediments might
also lead to the deposition of fine materials, That is, at the beginning
of the period of erosion the sediments are coarse and at the end
they are fine, and vice versa for the areas of fill, No such difference
between areas of cut and fill is noted for the other time intervals for
which data are available, The question merits further study, but if it
is investigated core samples should be taken and the beach should be
occupied at shorter intervals. 1In passing, the comment might be made
that in areas of cut the sediments exposed at the surface might represent
material deposited sometime previously and only recently exposed by erosion,
Thus the grain size would have little connection with the conditions
of sedimentation prevailing at the time of survey.

In this connection it should be pointed out that the average
median diameter of the sediments in the areas of fill between March and
June shown in Table 2, column 3, is about 1,0 phi unit, or 500 microns,
compared with 0,52 phi unit or 700 microms for the areas of fill between
March and October, This relationship is the reverse of the one just
described, which suggests that perhaps the relationship is anomalous,



Another matter that should be considered is the grain size variation
with respect to position on the beach, As shown in Figures 10 to 20*
the median diameter in general decreases upward on the foreshore to the
edge of the berm, where it begins to increase in size again, Thus for
any given interval of time the conditions of sedimentation prevailing
at that interval of time should vary in a more or less orderly fashion
across the beach, Granting the same general conditions of deposition
at a later time, but with different configuration of the beach or a
different location of the cusps, then at given points in space the
grain size will, or may, be different, depending upon the wave pattern
and the position of the beach surface at the particular time, If at the
same time the general conditions of sedimentation change so that the
general grain size is larger or smaller over the entire area, the grain
size distribution on the beach becomes further complicated., All in all,
the relation of grain size distribution to beach morphology is a
complicated subject, It warrants further investigation,

CONCLUSIONS

The main result that arises from this work is the presentation in
a somewhat detailed way of the cut and fill on a highly variable beach,
The grain size distribution varies greatly within a short distance at
any given place, It also varies with position on the beach, The shape
of the beach is irregular and generally contains cusps 60 to 200 feet
apart, These cusps migrate or are destroyed in a manner not yet understood,
The variations in beach shape presented in this paper indicate very
clearly that the cusps do change their position, The cusps are super-
imposed upon much larger undulations of the beach line, 1500 to 3000
feet in lengih and up to 200 feet in width, These large undulations
also change their position, The beach itself as a whole, however, does
not seem to change its position, The water line on the average appears
to be at about the same place throughout the year, in contrast with other
beaches which build out and retreat with the season. This generalization
that the Point Reyes beach in gross is constant, is not supported by
sufficient data to be substantiated; rather, it is a concept that comes
out of the work done to date.

The present report is a by=product of an investigation carried out
for another purpose, Specific lines of attack were not planned, The
data that are presented thus are those that arose in the course of
other work, In the future a special study should be made of the variations
in the shape of the beach, particularly with the object of endeavoring to
determine the cause of the variations, To achieve this purpose a
detailed sampling program should be undertaken, The beach should also
be sampled at shorter intervals than in the past, and with better topo-
graphic control, Such a program should throw light upon the regimen
of Point Reyes beach,

¥ Not printed; See Tech, Memo, No, 65 of the Beach Erosion Board,
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