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FOREWORD 

The de sign of shore protect ion measures, inc luding t he artificial 
nour i shment of beache s, is gove r ned to a significant degree by the 
character istics of the beach material in the problem area. These 
characteristics usual ly vary with time at any given point and a lso vary 
from point to point along and acr os s the beach face. The securing and 
interpretation of a se t of beach samples can be done more intelligent l y 
i f the cause and probable extent of these variations in beach character
istics are understood. 

This repor t presents a summary of sand sample data obta1ned at one 
beach over a year' s period, and a type of stat i stical analysis of this 
data. To suppl ement the data and analysis i n this memorandum, the user 
would probably f ind it t o be of i nterest to r efer to prior repor t s by 
other workers in the f ield of statistical interpretation of beach 
parameter s, e.g. , Krumbein on Stat i st ical Signif icance of Beach Sampl ing 
Methods, Beach Erosion Board Techni cal Memorandum No. 50 ; Trask and 
johnson on Sand Variat ion 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 oyer 
t his per iod, and also, as an appe ndix , over the previous l8-month period. 
This latter portion was prepared a year before the main body of the 
report, and i s included (unrevised i n light of later f indings ) as an 
appendix to afford ready ref erence and to extend t he period of published 
data. 

The report was prepared at the Waves Research Laboratory of the 
Institute of Engineering Research at the University of California 
in Berke ley in pursuance of contract DA-49-05S-eng-8 with the Beach 
Erosion Board which provides in part for the study of beach materials . 
The author of th is report, Parke r D. Trask, is a Re search Geologist at 
that inst i tution. The appendix was prepared under the same contract by 
p. D. Trask , C. A. johnson, and T. Scut t , all Geologists with the Uni
versity of California. 

Views and conc lusions expressed in this repor t are not necessar ily 
those of the Beach Erosion Boa rd. 

This repor t is published under authority of Public Law 166, 79t h 
Congress, approved july 31, 1945. 
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CHAt«;ES IN CONFIGURATION OF POINT REYES BEACH, CALIFORNIA 
1955-1956 

by 
Parker D. Trask 

University of California 

ABS'IRACT 

Point Reyes Beach is a highly variable beach, character
ized by steep slopes, high berms and prominent cusps. It has 
been surveyed in t he present study 8 t imes between August 1955 
and June 1956. The sands are coarse, ranging from a mean of 
560 microns (0. 38 phi unit s) in Pebruary to 770 microns (0.84 
phi units) in October. Intervening months have intermediate 
grain sizes. The general variation or standard deviation of 
the samples on t he beach ranges generally from 0. 30 t o 0.35 
phi units, which i ndicates that the median diameter of two
thirds of the samples on t he beach at any one time range s with
in 20 to 25 percent on eit her side of the mean for the beach. 
At t imes the beaCh is more variable than indicated above, and 
gravels with phi diameters of minus 3 ( 8 millimeters) are 
found on the beach. The se.diments 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 fore shore are more coarse 
grai ned and better sorted than the sediments on the upper 
f oreshore or berm. The deposits in the swales or bays between 
cusp poi nts are more fine grained than on the foreshore or on 
t he berm adjacent to the cusp points. The cusps range in 
he ight f rom 12 to 17 feet above mean low water and average 
15 feet . The horizontal interval between cusps ranges between 
60 and 250 fee t, with an average of 160 feet. The cusps change 
location on t he beach from time to time. The average position 
of the cusps range s within an interval of 50 feet measured 
normal to t he 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 t imes, part icularly when low berms form on which the waves 
cut scarps as much as 5 f eet in height in the preceding berm. 
At other times t he cusps and beach are built up rapidly. As 
much as 8 inches of fil l in 4 hours and 12 inches in 18 hours 
has been observed. The maximum fill at anyone place in an 



interval of 6 weeks is 7 f eet and t he maximum cut is 10 feet . 
The winter months ar e periods of active cutting and summer 
months a period of fi ll. The slopes on the beach are generally 
s teep. In the swales between cusps the slopes are commonl y 
4 to 8 degrees, and on the s l ope s off the points of the cusps, 
f r om 6 to 15 degree s, with an average of about 10 degrees on 
the upper f oreshore near the l'R.eference Point" . Where the 
berm is being act ive ly eroded slopes greater than 45 degrees 
or 100 percent have been observed . 

INTRODtI:TION 

Point Reyes Beach is a hi ghly var i able beach on the Pac i fic coast 
of California, 35 miles northwest of Sar Francisco (Figure O . The 
beach continually changes in configuration and i n grain s i ze. At time s 
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 f rom 500 to 750 mi crons. The fore shore is 
steep, commonly sloping 10 degrees and in places where cusp; are 
being eroded , slopes as steep as 45 degrees have been obser·~d . The 
beach outline is irregular , though t he genera l beach trend is remarkably 
straight f or a distance of 10 mi l es . The beaCh at t imes i characterized 
by a serie s of alternating protuberances and embayment s 1500 to 3000 
fee t in length and ranging up to 200 f eet in width . Superimposed on t he 
protuberances and embayments are a ser i es of cusps 60 t o 250 feet apart . 
Both the cusps and protuberances change position wi t h t ime. Rip tides 
are observed opposite many of the embayments . The beach i., exposed to 
the full force of the waves, wh i ch strike it straight on. One or more 
bar s l i e off-shore . The prevai ling drift is from nor th to 30uth. The 
general location and setting of the beach are shown in f igures 1 and 2. 

The variability and irregularity of the beach have lead to an 
i ntensive s t udy of i t by the Waves Re search Laboratory of the Univers i ty 
of Calif ornia in cooperat ion with t he Beach Erosion Board. Since June, 
1953 the beach has been occupied a t i ntervals of 4 to 15 weeks , except 
for a per iod between March, 1954 and May, 1955 . In the first 18 months, 
of the investigation , two stations 5 miles apar t on the beach were studied, 
but owing t o the poor accessibi li ty of one of t he stations and the 
general similarity of the beach at t his station to the beach a t the other 
station, onlv one station has been i nvestigated during t he past 18 months. 
The r esults of the f irst 18 months investigation have been repor t ed in 
t wo ar ticle s{ 1, 2)* . Reference 2 i s included as appendix A to this r eport . 
The r esults of t he second 18-month pe iod form t he basis f or the present 
pape~ . 

The two previous repor ts show tb t t he texture of the beach is 
highly var i able. The st andard deviat on, s igm , of t he groups of sample s 
t aken at each sampling interval r anged fro 0 . 15 to 0.41 phi units. 
Series of samples col lected within t circle with radius of 15 feet on 

*Number s in parentheses refer to References listed on page ' 9. 
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FIGURE I. LOCATION OF POINT REYES BEACH 
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the average had 60 percent of the variat ion of the total area sampled 
on t he beach. This area had a lineal extent of more t han Soo feet 
and a width of more than 200 feet (See Figures 3 to 10). The sed~ents 
were distinctly finer in the early f al l (October) at t he end of the 
summer season than at othe-r times. The lower f oreshore was consistently 
more coarse-grai ned than the upper f oreshore or berm. The coefficient 
of sorting was moderate ly high f or 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 
fil led as much as 6 feet between intervals of study. No relationship 
between grain size and amount of cut or fill was indicated by t he 
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 June 1956. The beach was visited 8 time s in 
this period. At each t ime a plane tab le map was made with alidade, 
stadia , and chain. The survey Was made at Stat ion A, 3 mile s north of 
Point Reyes (Figure 2). The same sampling interval as in the first 18 
months' study and t he same sampling stations were occup ied. 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 
l ine (Figures 3-10). Sample i ntervals along the individual lines are 
I , 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 part icularly coarse 
or fine sediments had been laid down. During the August, 1955-period 
of sampl ing, lines of samples were taken at right angles to each of the 
cusps and in the embayments be tween the cusp s if one of the regular 
sample l ines did not pasS through such positions. The zero point lies 
103 feet seaward from a reference stake, which is taken as the point of 
r eference 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 a t the point of the reference stake has arbitrarily been 
taken as 30 fee t. The basis f or this elevation is readings taken of 
water level dur ing 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, t hose 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(l). 
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 samp l es are designated 
by a coordinate system. Thus sample 25W, 64N represents t he 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. 
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MECHANICAL ANALYSES 

The mechanical analyse s of the samples were made by the customary 
procedure of sieving with approximate rat io between sieves of one-half 
the square root of two. The samples were sieved or 10 minute s in the 
standard rotap sieving machine, and the samples were dried before 
sieving. The entire sampl e of 100 to 250 grams was sieved. The usual 
parameters were computed from the we i ght accilIILulation curve. The 
basic results are presented in Table I which shows median diameter i n 
phi units, coefficient of sorting , 10g10 of the skewness, and the 10 
and 90 percentiles ~ D10 and D90 ~ measured in microns. The dat a are 
grouped according to date of sampling and 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 Sigr id Woodson. 

The star.dard deviation of t he method of analysis is 0.02 phi 
unit, which for the range in grain siz e generally found on Poi nt Reyes 
Beach corresponds to about 10 microns. Each of two samples was analyzed 
9 t imes to determine the variation inherent i n the method of analysis. 
The average median of one sample WaS 711 microns and of the other 522 
microns. The standard deviation of these t wo sample s was 0.020 and 
0 .022 phi unit s. respectively, corresponding to standard deviations of 
11 and 7 microns. As the standard deviation of the samples as distr i
buted on the beach ranges generall y between 0.30 and 0. 35 phi units, 
the var iation caused by the method of measurement is small , about 6 
or 7 percent of the total v4riation. 

STATISTICAL PROCEDURES 

The stat istical methods used in this report are based upon the 
assumption that t he various parameter s examined a r e taken for a normally 
distributed popUlation and, in particular, that the median diameter 
(DSO) expre ssed in phi units is nQrmally distributed . Many statisti cal 
compar isons among groups of samples have been ~de. The results of 
the great majority of such calculations do not appear in t he tables but 
have been used as a guide in writing t he t ext . All of the tests and 
pr ocedures used in this report are described in greater de tail by Hoel( 3). 
If , in making a stat istical study of a group of samples we let Xi be 
the val ue of the parameter for the ith sample and let nx be the number 
of samples in the gr oup under consideration, the mean. or arithmetic 
average is given by x = x·/n. The standard deviation of t he group. 
u x is given by U . ~ (x . - x) In .. This is t he interval on 
either side of theXmean v~lue ihich con~ains approximate ly 68 percent 
of the sample values (that is, on the average, 34 percent on e i ther side 
of t~e mean). It is therefore a measure of the spread of the data about 
the mean. The standard deviation of the IIleRn, (j X!JDX' is a measure of 
the r eliability of the mean. I f z groups of tanaom samples f rom a 
population, x, are averaged, yielding z means , the chances are even 
that 68 percent of these means will lie within the i nterval of uxl J nx 
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fr om the mean of the entire population. 

The significance of a relationship be tween two var iables x and y 
is determined by the standard method using the symbol! where -t _ x - y -/0..2. (j 2 

~ + ~ 
n n x y 

In t he 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 i ndicated by 

where cP (t) 

and is the normal curve of error . The probabilities as calculated by 
this equation are comput@d 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 Itttl of 1.96 me ans that 
the chances are S/I00 or one in twenty that the difference is due to 
random causes. In other words , the probabilities are 20 to 1 that the 
diff erence between the two means is real and not anomalous owing to 
vagaries of sampling. A probability of I percent, corresponding to a 
tlt" of 2.58 , indicates the chances are 100 t o I that the difference is 
real. Figures 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 t o 1 that the difference is real. 

It should be borne in mind that the s tatistical th~ory for investi
gating groups of samples t aken from a normally distributed population 
can be deve l oped for the case in which the number of sample s in the 
group is small, as well a8 for the more commonly used t echniques in 
which t he number of sample s is supposed to be essential ly infinite; 
i.e ., the entire population has been incl uded. For ordinary purposes 
small sample and large sample theor ies give ident ical r esults where the 
number of sampl es is equal to or greater than 30. In the pr esent paper 
the significance of a difference has been developed for the large sample 
theory and the number of sample s usually ranged between 30 and 50. 

A method of detecting the significance of the diff erence between 
two means is available in both theories. For a qualitat ive measuremen~ 
of "Signif icant" or tlnonsignif ic an t" the large sample test is far 
e.si er to apply where large numbers of such tests must be performed. 
For this reason large sample theory has been used throughnut 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 
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higher degree of significance than that given by small sample theory. 
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 
pre sented in Table 1. In some places the sand was distinctly stratified 
and two samples, an upper and a lower sample were t aken. The lower 
samples are given first in the table and parentheses are placed around 
the medi an 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 enti re 
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 mean presented in the lines 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 
reader s 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 
"t" 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 t~es X and A indicates that the chances are 100/0.29 or 340 to 
I against the means being drawn fratn the same population. The large 
difference between the se means indicates a considerable significance. 
The significance be~een 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 t he 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 previ ous 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 f rom Table 2 and are 
given in order to belp readers appraise the significance of differences 
between means. 

Table 5 shows the significance of the difference be tween the averages 
for the different elevation zones . This table is constructed in the same 
way as Table 3. 
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Table 6 presents means of t he coefficient of sor ting for the 
different north-south lines for each interval of sampling . The general 
mean and the standard deviation are included f or benef it of those who 
wish to ascertain the sign~ficance of the difference be tween means. 
Table 7 gives the same thing for the elevat ion zones. No tables for 
s i gnificance of means are given, as the means are so c lose to one another 
that few significant differences are indicated. 

Table 8 presents comparative data on cusps . It gives fir st the 
number of cusps along the stretch of beach studied, f ollowed by data on 
the position and change in position of the cusps . for purpose of 
identification the cusps are designated from lef t to right or west to 
east on the beach by letters (figures 3 to 10), beginning with A on the 
l eft. The position of different series of cusps is recorded with respect 
to distance from three east to west lines, namely , l ines 200 west, 0 
west , and 200 east. The position of the cusps at the individ~l times 
is shown for the nearest cusp to t he west and east of the designated 
lines, respectively . The changes in position of these cusps is thus 
indicated by the difference in distance fr om 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 
posi tion paral lel to the beaCh. The average distance of the cusps north 
of the O-north line is shown, as well as the maximum i nterval 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 l ine 
and the maximum distance any cusp is seaward of another cusp is 59 feet . 
The data thus give information OD the general shi ft in position of the 
beach at the area occupied. Cusp position is taken at the spit or horn 
of t he cusp at the edge of the berm. Data are also presented OD the 
average interval between cusps, and the maximum and minimum interval. 
Likewise information is given on t he height and variation in he ight 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 
fir st 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 i ndentations or bays. Each group in
cludes two series of samples, those within 50 feet of the top of the 
cusp on the down or 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 elevat ion of the cusp 
point itself. The sampl es on the beach or "lower bay" side are within 
a horizontal distance of so feet of the e levation 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 e levation. 
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II <.0. .90 l .~~ . .:()~ )10 81.(, 

J'" IS . 94 1. ":; -014 370 Pob:' 
W'l 4S .8) 1 ... .029 <~5 10'~ 
0"/ 165 l.C9 _ •• 11 - .00.4 2,0 6(" ,;v 32S 1.33 1. ~1 .,)11 360 5i!<J 
0"/ 94S .7B I. .. - .00 ,';0 t:>c. 



Tabl. 1 - Continuo 

Eo.ole paramoter .. or Point Reyo a l!I'edi llloD.t ~ 
(fur o"planation o f pa.rameter s ,e" e nd of Tabl. 1) 

Series A - August 26 . 1955 

IledilUl 
Dl~ni uni t~90 LocB.tion (phi u.!Uta ) So t.o~10gl!: 

a1 Sea. St. - .68 1.31 . 013 1100 2700 
IE ON .67 1.26 -.052 380 820 
411 ON .65 1.31 - .008 270 920 

16B ON 1.00 1.14 . OW ~50 720 
16X 011 ( .84) 1. 13 . 019 515 920 

64E 105l! . 54 1.27 . 002 1000 2330 
6411 BON . 4D 1 . 30 . 013 460 1260 
6411 6411 . 48 1.26 . 002 39 5 910 
6411 6411 (- . 41 ) 1 . 2E . 018 690 2 450 
6411 4811 . 97 1.28 . 001 335 790 

6411 32l! . 85 1 . 31 ·.0 19 360 1120 
6411 16N . -12 1 . 34 .031 410 1290 
641! Oli -. 47 1.54 -.O~ 4.20 2 200 
64E Soa ;S t. - .70 1.19 .007 450 2 200 

128l! 66 !I .17 1. 30- .002 570 2J()() 

128l! Lg~&r 1. 06 1 . 22 - .027 320 570 
128l! 55J! ( ..;\. 13 ) 1 . 26 -.013 5500 15000 
12611: S811 1.09 1. 31 . 057 3 70 760 
128l! 011 . 97 1 . 09 .000 375 680 
1948 7511 . 97 1 . 28 - .O~ 300 850 

1941! 38N . 50 1 . 22 -. 031 U 5 890 
194E 2111 -.14 1 . 31 - .046 590 1570 
19411 ou . 92 1.26 . 000 340 820 
256B 128)1 . 4.2 1 . 3 2 .31 505 1310 
256X 9611 1. 14 1 . 30 . 060 355 720 

2568 6011 1. 37 1.26 . 026 295 560 
25BE 6411 1 . 09 1. 28 . 047 370 740 
256X 4811 1 . 42 1.23 . 0 19 260 630 
2568 32!1 1.22 1.29 . 029 380 670 
256l!: 231/ .65 1.18 - .010 420 810 

256E 2311 ( .56 ) 1. 16 .017 390 1160 
256E 011 .51 1.1 2 - . 013 425 800 
2568 Sea.St . 1.2 9 1.29 . 02i 2S0 730 
352E 10 411 1 . 25 1.~S . 028 280 780 
35211 B7lI 1.06 1.16 . 02Z 320 700 

352E 7111 .95 1. 27 - . 021 320 770 
35211 34.11 . 32 1.38 - .009 420 1300 
25Z11 O. 1.06 1.17 . 030 260 860 

Series B - October 8, 19~5 

! 56"" 64.11 .60 1.31 - . 023 335 626 
25611' 3 2' . 97 1. 25 -.010 325 610 
25611 1 611 . 6~ 1. 31 . 0 13 355 1020 
256lf til . 92 1.30 . 002 330 910 
2 5611 11' . 65 1 . 30 -.004 350 1250 

2561'f all .72 1 . 22 . 015 350 1050 
2561'f lJ! .74 1. 25 . 0 37 310 800 
2 5611 405 . 5 2 1 . 37 . 000 380 1250 
25611 I SS .74 1.25 - . 048 325 1050 
2 5611 328 -. 80 1.26 014 600 2650 

25 G1V 64.5 .69 t. 29 ;046 320 J..()~O 

25611 648 ( . ~2 ) 1. 26 -. 005 540 1150 
6411' 96l! . 25 1 . 41 .040 51f 1250 
641'1 64.l/ 1.06 1. 20 .033 3dO 700 
641t J2 !l 1.05 1.32 . 092 290 1160 

6411 ISU 1.09 1.29 ,002 310 92 U 
64\'1 4.l/ 1.12 1.18 . 052 3 75 740 
6411' 08 1.03 1.28 . 003 315 880 
6'" 4lI 1.03 1. 32 ' .00 2 300 910 
6411 16S . 69 1.28 .005 3 70 1200 

64111 328 .18 1.30 -. 0 24 500 1400 
64!f 6311 ':. .05 1.06 .068 395 800 

111 all . 60 1. 44 .024 370 1350 
(J/ t20R . 91 1.15 . 004 365 900 
(]I 985 .93 1.26 .014 340 980 

cw S4N 1.00 1.12 -.015 335 760 
cw 321/ ( -.1" 1.23 .025 510 1700 
cw 3211 1.01 1.04 . 012 440 640 
C. l e1/ . 96 1.1g .007 380 680 
()t ill . 72 1.26 -.030 420 910 
cw 411 I, .5~ 1.34. . 063 370 870 
ClIf 1:1 .50 1. 4.4 .007 410 1360 
cw ON .74 1.12 .. O~9 430 1700 
ClIf IS . 76 1. 36 . 052 430 2700 
()t 4S . 95 1.47 ,010 390 1380 

II 



'l'abl . 1 - Coptinued 

EB.zlC p&!'lUaDtB)"S of Point Reyes o!8d1me n te-
(For e:tple..nati oo of paramete r s sea end. o f Tabl a 1) 

Serio ~ B - October 6. 1955 

MediAn 
Loretion (phi uni to ) So I.o~oSk: 010 D90 

Phi Units 

CIt'I 16S . 6 9 1 . 42 . 040 445 1035 
00 3 2S . 50 1 . 57 . 049 450 2000 
CIt'I 528 .96 1.47 .057 270 1220 
IB Oll .77 1.22 · . 0 17 426 980 

588 4711 1. 24 1.22 - . 022 SOO 6&0 

648 64.11 l . ll 1. 18 .011 370 690 
648 32U 1. 03 1.25 -. 038 290 920 
648 1511 1 . ll 1. 06 . 009 H O 596 
63 411 1 . 03 1.0 2 -. 005 310 646 
641:: 0/1 . 67 1. 08 -. 019 416 670 

ME Oll (1.15 ) 1. 03 . 010 340 546 
648 45 1.60 1.04 .004 290 496 
548 155 1.15 1. 10 . 013 405 500 
641': 32S 1.00 1. 04 -. 009 360 650 
641': 645 .95 1 .32 . 062 3 7 5 10 00 

266E 96JJ 1.00 1 .48 . 0 72 380 1140 
2SOE 64N . 97 1.U . 007 405 960 
25SE 3211 1 . 06 1 .23 . 0 18 &10 706 
25 SE 15N . 93 1 .08 •• 0 13 302 640 
2561 8U 1.12 1 .11> - . 'll6 285 570 

25611 41i 1. U 1.22 -.003 850 626 
2561 ~ 1 . 06 ) .19 . 001 330 730 
256B 8S . 93 1.2~ . 029 360 9 90 
25BB 168 1. 00 1.~6 . OS4 315 1150 
2568 S2B . 69 1.21 . 01 2 355 lloo 
256E 645 1.00 1.2 ,0 1.2 310 740 

Sor ie::> - NO,,"lD.~r 12, 195 5 

26 61f 11411 . 25 1 .22 -. 003 51 1260 
25611 6411 .56 1. 24 . 001 420 10lD 
26611 32)1 . 60 1.27 . OU 435 1150 
26G!i 1611 . 84 1. 34 . 025 350 1100 
2661r 4l! . 60 1 . 3 1 . 008 390 1120 

2561f ON .74 1.26 . 014 385 1050 
256'11 45 . 6S 1.35 .006 370 1000 
256, 165 . 3 0 1 . 36 -. 0 19 415 1340 
256lf 325 .17 1. 48 - .005 385 1700 
2561t 645 . 32 1.20 . 015 530 1280 

64lf 120:1 . 23 1.15 . 002 880 1800 
64l'1 96!; .12 1.28 · ·. 022 520 !S50 
6411 64li . 67 1.28 . 0 1B 3 90 1000 
6411 32N .52 1.10 . 037 5~ 1030 
8qr 1611 . /t 3 ) . 32 . ool 560 980 

6411 4li .87 1.32 . OO~ 120 980 
6." 011 . 75 1. 3 9 .0';'1 380 10 90 
841f 4S 1 . 0 Q 1. 24 - . 014 325 800 
6Gr 165 . 95 1.18 . 011 445 610 
64IJ 325 . 56 1.41 .022 410 12oo 

6«W 6.5 . 6 7 1. 23 - . ool 106 1030 
CIt'I 94N . 06 1. 36 -.022 500 1550 
<M 841l . 62 1 . 2.4 . 002 435 1020 
t1'I :!2N . 78 1.17 .028 430 910 
(]It 16N . 64 1 . S0 . 000 360 980 

(l7 ill . 60 1 . ~ ,002 420 1230 
Q'I 111 . 50 1.:' :1 - . 002 « 0 1100 
aT 011 . 56 1.51 . 016 405 llOO 
CIY 15 .59 1. 27 . 012 380 968 
CIY 48 .48 1. ' J -.008 408 1230 

O\l 155 . 54. 1. 1' 9 .024 390 lUO 
()'I 325 . 36 l . ~ - . 025 408 1430 
(JI'f 545 .78 1.26 . 009 360 1020 
at 90S .84 1.38 -.001 300 10:1{ 
lB 01; ,66 1.2.9 . 002 420 1150 

3 Oil . 6 5 1 .25 . OOS no 1000 
64B 14811 .03 1.33 .001 620 1460 
64E l 00!1 . 75 ] .25 . DOS S80 990 
641: 6411 . 92 1 . 27 .004 360 900 
54!! 3211 1. OS 1.~ 6 -. Oll. 3 30 no 



Table 1 - Continued 

!hsi c parameters of Point Reyes sediments 
(?or exp l a.na.t1011 Qr par&meters see Elr:.d of Table 1) 

30riea C - Uovember 12 , 1935 

l&!i diB.D 
Looe.tion ( phi uni ts) So Lo r;l OSlt.: 0 10 0 90 

Fni Units 

64l! 1611 1.09 1.1S . 004 340 720 
64.X 41! .93 1.29 . O~ O 370 1010 
648 OJI . 90 1. 3 2 . 004 330 910 
6411 48 1.05 1.23 -.001 320 800 
648 15S , 1.15 1.26 . 005 310 760 

64E 32S 1.29 1. 21 .004 290 540 
64E 8411 .67 1.36 -.010 350 1100 
6411 B6S 1.09 1.31 .003 295 610 

2 56B l S01l . 56 1. 37 .016 iOO 1100 
2568 150 11 . 60 1. 30 . 021 410 1160 

256B 96 11 .69 1.23 • COO 360 670 
2568 5411 1.12 1 . 10 . 004 290 640 
256B 321! .95 1.25 . 006 320 640 
256B 1611 1.25 1.23 . 022 310 720 
2568 4N 1. 0 9 1.2B -. 006 220 760 

266E OJI 1.25 1.20 .ocn 290 640 
255E 4S 1 . 03 1.27 . 027 :no 610 
2561S 165 . 89 1 . 34 . 002 325 1020 
25S!: 325 . 64 1.57 . 050 315 1400 
266B 648 1.03 1.26 -.OJ 7 320 800 

Ser i "B D - December 28 , 1955 

2661f 641i . 76 1.24 . 011 370 900 
25811 32B . 12 1. 4 1 -. 032 320 1150 
2 5&'1 1611 . 95 1. 21 '. 012 325 610 
256\'1 1611 ( . 76) 1.27 . 02 1 3,80 960 
256\'1 411 . 42 1. 29 -. 010 470 1160 

256\'1 OK . 56 1. 2B . 022 340 1230 
2561f 'IS .50 1.27 . 000 460 1100 
25E11 4S ( . SO) 1.20 . 023 410 1020 
2S6If 1 6S . 69 1. 26 . 012 40J 1060 
256\1 465 .72 1.24 -.020 360 930 

256"iI 645 . 69 1.20 . C02 375 610 
641' H 4N 1. 49 1.24 . 019 265 570 
641' 12811 . 62 1.34 . 015 3 60 1200 
641'1 95N . 66 1.21 -. 014 380 940 
64n 64N . 67 1. 26 . 010 IalO 1060 

64\1 3 211 . 69 1.16 .065 515 93 0 
6 1611 . 5 2 1.30 . 00 9 390 1120 
641'1 4.11 .25 1.31 . C06 410 1250 
54\!- 011 . 50 1.3 1 • COO 450 1140 
6 48 . 22 1.31 - . 023 510 1350 

64\! 16S . 60 1.29 .024 510 10 50 
6411 325 .92 1.27 . 005 330 940 
6411' 48 5 . 69 1.24 -. 026 270 950 
4 S'11 55 11 . 72 1.31 . 006 360 1070 
46\1 251, .96 1.22 -. 014 320 760 

161f Oll .77 1.30 .Oll 365 1070 
IJ'f InN -.04 1.66 -.001 400 3C50 
011 14411 -.31 1. 26 _.009 710 2050 
Cl'I 14411 (1 .29) 1.34 • COO 260 730 
IJ'f 64N • 9~ 1.2~ . 030 300 930 

(]If 32!1 .B4 1.35 . 0 46 380 1020 
(]If 161! .76 1.19 - .022 390 660 
(Jf 4JI .07 1.37 - . 061 440 1360 
(JIf IN . 02 1.46 -.056 350 1490 
(Jf Oll - .36 1.22 -.012 590 1940 

IJ'f IS .36 1.41 -. 027 440 1200 
(]If 45 .30 1.33 .016 425 1450 
00 165 . 84 1.36 - .001 32 5 1020 
(Jf 3ZS .16 1.38 - .036 400 1460 
(JIf 925 1.03 1.40 - ,02 4 202 9CO 

Ii 011 .02 1.38 -.031 480 1450 
16E 011 .67 1.30 . 017 350 1030 
6411 19211 . 32 2.06 .C02 290 2900 
5411 144N . 56 1. 41 -.002 320 1160 
6411 96!! 1.06 1.14 - .012 320 e70 

64E 64N 1.00 1.20 - .006 320 7BO 
648 3211 . 97 1. 24 -. OC7 320 740 
64£ 18 11 1.00 1. 16 - .006 320 710 
641 411 • 7 1.20 - .OlS 310 7S0 
53 01/ . 97 1.2 5 -. 0 11 330 740 

13 



Table 1 - Continued 

B&.a1 c p&ra.neters of Point Reyes e e dimente 
(For explt\Jl8.t! on o f pa.rameter s I!Iftf! fl bd o f 'IB.blo 1) 

Serie s D - De OO.1.lber 28, 196( 

Wedi8.n 
LJcntion (pM units) So 1.0'1081; 0

10 D90 
Phi Units 

64E 45 1.06 1.Z~ . 000 275 760 
64E 4S (1.09) 1. 25 . 004 320 760 
64E 155 . 97 1. Z6 . 001 320 620 
643 325 . 92 1. 23 . 010 365 660 
61E 645 . 54 1 . 50 . 019 350 HOO 

1438 100lJ .76 1 . 13 -. 030 400 1000 
143E 80' 1 . 93 1 . 29 . 018 460 890 
2lZE 16S .74 1. 40 . 060 370 1460 
216 .. 9611 . 97 1. 45 -. 114 270 900 
?5S .. 19211 . 27 1 . 21 - . 010 505 1300 

25B!! 11411 .60 1.47 -.03S 260 930 
256l!: 112N 1. 06 1 . 29 - .013 300 790 
256E 6411 1 . 06 1. 17 - . 048 285 570 
256E 5411 (1.03) 1.32 - .026 310 7110 
256!! 32!1 . 78 1. 26 .011 365 960 

2568 16N . 73 1. 34 . 036 400 1160 
256l!: 4N .95 1. 16 - . 016 3GO 820 
256E Oll 0. 00 1.16 -. 024 6{10 1520 
256£ Cl1! ( .45) 1. 30 - . 002 470 1130 
256E 45 . 66 1 . 28 . 009 n o HBO 

25SE 325 . 60 1. S9 . 015 360 1200 
256E 645 . 93 1. 28 -. 014 320 910 
4191': 155N . 78 1. 29 - . 004 370 1090 
419& 135N . 40 1. 25 -. 005 500 1130 
419S 64.1 . 98 1. 20 -.007 S50 780 

Series E - Febr \l3.ry I I , 1956 

256W 210N . 09 1 . 10 -. 002 745 1170 
256\'1 16811 . 21 1.26 - . 007 525 1300 
2661'1 1261/ . 63 1. ~1 -. 002 392 1000 
2MW 96N . 77 1. 33 . 011 363 1050 
255ff 64N . 57 1 . 32 . 000 400 1130 

256T1 3211 . 57 1. 25 . 006 455 1165 
256n 16N . GO 1.26 . 006 430 1045 
2561. 411 . ';7 1. 25 . 003 460 1160 
2561'1 4ll . 47 1.26 . 003 480 1160 
26m 011 . 60 1.26 . 014 4.50 1120 

256!f -lS . 0 9 1. 35 -. 032 475 1500 
256!f 165 . 65 1.25 . 010 415 1060 
256lf 325 .51 1. 45 -. 028 335 1220 
256!f 64S .71 1. ~3 . Oll 370 1100 

6411 17011 . 06 1.24 . 004 530 1500 

5411 125N . 53 1 . 24 . C05 'i,30 1035 
5<r.r 9GB .58 1. 37 . 002 380 1260 
S41f 54ft . 65 1.28 -.0 52 370 910 
B4>T 3211 .51 1.24 -. 005 ,153 I MO 
64iI' 16)1 .08 1.39 -.012 1 93 1670 

6n 4Jl . 17 1. 40 - . OS9 250 1520 
641' 011 . 45 1.37 - .002 430 1270 
64W -IS . 59 1 .25 . 015 460 1100 
64l't' 165 .46 1. 29 - .001 495 1280 
64\'1 325 . 24 1.30 -.003 520 1395 

54W 645 .45 1.41 . 030 42 0 1170 
III OX - . OB 1. 88 .076 465 4400 
gf 12611 .12 1.13 - .008 640 1230 
ON 6411 .41 1.25 .006 500 1220 
()II 3211 . 01 1 .3 5 - .046 6B5 1440 

(J/f 1611 0.00 1.30 - .024 M5 1500 
(]If 4li · .37 1.34 .089 786 2300 
()II HI -. 36 1. 52 .014 600 3200 
(Jof ON 0.00 1. 75 .057 510 3700 
()II 15 .21 1 .78 .057 433 4200 

(J/f 25 .65 1.68 .090 380 3 150 
(Jof 4S .87 1. 34 .040 367 1400 
011 165 .67 1 . 26 - .001 425 910 
CJI 32 5 . 46 1 . 23 .007 500 1135 
(Jff 645 .79 1.20 .014 10l 920 

()II 895 1.00 1.27 -.010 295 880 
1£ ON .13 1 .44 -.047 525 2560 

64E 126N -.02 1.2 9 -.007 605 164.0 
64& 9611 .25 1.22 - .on 525 1200 
64Fl 64N . 51 1.H - . 001 380 1250 

i4 



1b.bl. 1 - Continue d 

Basio pa.ramater s or Po int R"Y8 S sed iments 
(For Bxpla,CL\tlon of paramet e rs 80e end ot 1lJ.ble 1) 

Seril!ls E - Februar y 11. 1 956 

MediELn 
Lo o.e.ti on (phi unit s) So LoglO3I, DlO D90 

phi units 

6U 3211 .9 1. 21 . 039 383 1340 
6411 16!! 0 . 00 1.ll . 001 640 1300 
648 U 0.00 1.34 -.014 523 1600 
648 ON -.02 1 .28 . 013 580 1720 
648 48 .13 1. 36 . 002 520 1600 

648 165 - .20 1.32 . 040 765 2900 
648 32S 1 . 15 1.2 1 -. 0;)8 ~08 690 
64& 648 1.0B 1. 25 -. 011 263 705 

25611 11611 -. 05 1 . 16 . 000 750 1460 
256E 9611 . 8·1 1. 25 . C02 376 895 

256E 64J1 . 40 1.22 .006 535 1090 
256£ 1611 .47 1. 22 . 009 520 1095 
256£ 4Ii -. 03 1. 31 -. 002 590 20 25 
261lS ON .02 1. 29 . 00 2 535 1480 
2565 48 . 50 1.26 .007 345 1195 

256E 168 . 34 1.35 -.006 440 1380 
25 1lS 328 .52 1. 31 .013 390 1290 
256E 325 ( . 46 ) 1. 28 -. 006 «0 1120 
2568 648 .56 1. 2 9 . ')0() «0 1120 

Serles , - Uo.r ch 24. 1956 

2561'1 19611 -. 59 1.30 . 012 910 2510 
2SGl'f 12611 . 50 1.37 . 0 1e; 420 1340 
256\'1' 98!! . 46 1. 24 -.O;)~ 500 1100 
2561'/ 6~ . 25 1.25 -. 013 4S8 1300 
25611 46U . 78 1. 36 -.001 ~75 1000 

25SW 32!il . 84 1.23 -.004 372 830 
25619 16N .76 1. 25 . 0 11 400 920 
2561' 411 . 90 1. 27 . 005 356 845 
25611 l!I . 66 1. 28 -. 003 390 lCOO 
2561'/ 011 . 69 1. 28 . 001 346 960 

2561'1 IS . 55 1.31 -.020 4 25 1070 
25SW 4S . 61 1 . 37 . 00., 385 1130 
2 5611 169 . 56 1.28 . 002 413 1090 
256¥l 325 . 85 1.2 '; -.001 355 895 
2 5611 ( 88 . 85 1 .26 . De·i: 365 925 

256lf 648 .BE 1.29 . 003 385 890 
6(1'1 13011 • ~ E 1.33 -. 006 455 1260 
64111 9611 . c!03 1.~5 -.001 410 1285 
6" 6411 . 48 1.32 - .020 400 1110 
641\' 4611 .76 1.25 .012 380 950 

6411 32N . 64 1.38 o OO·~ 375 1130 
8m 16N . 58 1.26 . 0 12 436 1110 
641'1 4If . 93 1.25 . 004 366 85e 
6419 Til . 61 1 . 26 -.004 376 905 
64i1' OJI . 83 1.24 . C07 368 660 

0411 48 . 76 1.22 . 0 11 395 960 
64i1' 169 . 92 1 . 22 .001 355 835 
6411 325 . 58 1. 31 . 012 3 66 1170 
6419 485 . 93 1 . 30 .014 3 55 926 
8(1'1 645 . 80 1. 29 . oos 395 1060 

lW ON . 60 1.29 -.011 410 :000 
cw 14011 -. 25 1 . 29 . 004 680 2000 
CW 96!! . 28 1 . 28 -. 0 15 510 1235 
cw 6411 . 41 1.30 . 001 505 1290 
ar 1611 . 80 1 . 28 .009 370 935 

cw 4li . 62 1.24 .003 43 0 1010 
O\f IN . 52 1 . 30 - . 021 400 1180 
cw ON . 64 1. 22 .014 450 1000 
CW I S . 75 1.26 . 003 346 645 
cw 4S . 60 1.n - .009 440 970 

cw 16S '. 41 1.31 .003 465 1240 
0If 325 . 29 1.26 .002 550 1320 
Otf 325 (.25) 1 .32 - .003 500 1380 
cw 488 . 61 1.3 7 .005 375 1190 
cw 845 1.11 1. 2 1 .O l~ 330 750 

Otf 84S 1.05 1 . 21 .000 295 720 
l!; all .58 1. 20 . 003 425 980 

48l! Olf -.08 .• 36 -. 015 575 1950 
648 1 2611 .38 l. 39 -. 019 390 1380 
648 96!1 .~ 1.14 -. 011 365 1205 
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1I>.bl. 1 - Continued 
Basic pa.ra.n:.eters of Point R8ye s .sediment!! 

(For CI~ l!inlltioll or pa r l1..1DO:t er o e.eB end or 1I>.bl. 1 ) 

Seri es l' - Karoh 24, 1956 

liB<Uall 
Lo cution (phi units ) So LollIif!' DlO D90 

phi units 

~4E 6411 . 11 1.32 - .009 565 1550 
G411 32Y .21 1.31 - .012 510 1400 
MIl 15N . 27 1.28 -. 008 430 1340 
5 45 411 . 45 1 . 26 . 011 515 1180 
54E 111 . 46 1. 2B . 007 495 1050 

64£ ON . 26 1.~6 - .007 480 1400 
64£ IS . 40 1. 29 - .001 155 1180 
64£ 4S . 33 l . 28 - .007 520 1280 
54E 155 . 21 1 . 29 - .007 510 1~80 
54£ 325 . 67 1.42 .001 345 1370 

64E 485 1. 00 1.28 .001 326 830 
8 4E 645 1 . 00 1.25 .015 336 BI0 

256B 12611 . 57 1 . n -. 003 3B3 1135 
2 56B 95N . a5 1 . 41 - .003 310 1030 
256! 64:, . <;3 1.30 .015 495 1350 

2561> 48;, . 29 1. 28 -. 007 460 1240 
25 SE 32:1 . 46 1.29 - . 007 420 1120 
256E 16N . 34 1 . 2B .003 525 12BO 
256E 411 -. 02 1 .31 - . 02.3 575 1500 
2561 IN -.15 1. 2 9 -.026 575 1580 

25SE 011 -.14 1.32 -. 025 590 1610 
2S SE 0'- (-. 35) 1 . 14 -.006 890 1620 
2S6E IS . 03 1. 34 -.027 HO 1500 
256! 48 -.lB 1 . 14 .006 7 60 1580 
255E 165 -.14 1.40 -.040 490 1650 

256B 325 .61 1.35 .011 390 1200 
256E 185 . 92 l . in -.006 3 55 8B5 
256E 645 1.00 1.22 -. 004 37 5 755 

Sories G - ~,fl:l.y 4, 1955 

25SW 12811 . 27 1 . 23 .005 5 95 12 45 
256'.' 9511 -. 20 1. 26 .006 730 1900 
2561' 64N . 76 1. 18 .017 ~30 900 
2561'1 32 . 59 1 . 23 .002 485 1080 
256lf 1511 .75 1. 21 -.003 400 690 

25611 OJ; . 50 1. 25 -. 002 435 1095 
25SW 4S . 62 1.26 -. 00 9 415 1050 
2561'1 165 . 64 1.2B . 009 405 1100 
2 5611 32S .57 1.52 . 021 420 1240 
25 6"" 64S . B5 1. 27 . 002 350 B75 

641'1 160;; .79 1.12 - . 009 HO 765 
6 4W 12BI. .40 1.30 -. 017 425 1180 
64rf 9611 0 . 00 1. 24 -. 022 560 1470 
641f 64Ii . 93 1. 23 -. 00'.1 555 800 
54\1 S211 .73 1.2Z. . 003 395 1000 

64\'i 151/ . 70 1. 30 . 022 405 1075 
641'1 411 . 69 1.30 . 008 3 55 1000 
541'1 411 ( . 64) 1.31 . 007 400 1076 
54~1 OK . 8B 1. 23 . 014 400 900 
641'1 4E . 85 1 . 27 . 001 347 915 

6«1 16S . BB 1.22 . 003 360 855 
6411' 32S . B5 1. 29 . 013 357 945 
54W 645 . 58 1.19 .006 432 940 

Oil 180K -.13 1.21 - .003 715 1530 
(J(/ 128K . 55 1. 25 .015 510 1100 

01'1 9611 ". 19 1.16 . 002 1090 1900 
0/1 5411 . 91 1.22 - .003 338 820 
c.t 32N . 86 1.20 - .OOS ~56 625 
c.t 15N . 33 1. 31 . 003 525 13BO 
Ql 411 .71 1.28 . 009 S58 1000 

Ql IIi .75 1.27 11 385 1000 
OW 01: . 81 1.27 . 001 370 B85 
~ 18 . 78 1.22 . 000 368 B85 
OIl 4S . 69 1.28 .004 385 970 
<Xf 165 .76 1.31 .004 359 985 

(XI 328 .48 1 .. 39 - .012 370 1220 
c.t 64S . 95 10 35 .015 320 1000 
c.t 96S 1.15 1. 26 - .018 252 675 

64£ lS0K -. 03 1. 23 -. 017 580 1510 
64E 12811 .43 1.2€ . 006 505 1190 
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'lab Ia I - Continued 
Basi 0 pa.rameterB of Point Reyes sediments 

(For e;wlana,t lotl of p8.rnmet6r ~ 5ee end of 'lllble 1) 

Serie s G - May 4, 1956 

¥e dian 
Location (phi unit.) So LoglOSk: DlO D90 

phi un1 to 

6.;0: 96N .;58 1.30 .016 505 1380 
64R 64!! . 6 5 1.20 .006 415 965 
5 .;0: 3 211 . 83 1.25 .002 370 885 
5g: 15 N . BO 1.31 .005 370 940 
54R 411 . 77 1.27 .017 374 1000 

648 011 . ~ 7 1.30 -.017 435 1175 
6411 4S . 01 7 1.32 -.010 435 1185 
648 158 . 44 1.41 .026 485 1280 
6411 32S .47 1.34 .012 420 1290 
648 045 .88 1.18 -.006 370 780 

lOCE 7511 - 3.08 1.18 -.001 54;30 llOOO 
2 56E 12811 . 10 1 .36 -.005 500 1600 
2DSR 9611 . 78 1 . 32 .019 3·15 1070 
256E 6411 . 8 9 1.34 .003 333 1600 
256& 3 211 .<11 1 .29 .011 505 1230 

2568 1611 .60 1.30 .012 430 1075 
l5SE 41/ .76 1.27 .001 367 925 
l 5SE ON .56 1.30 .001 420 1055 
25611 4S .48 1.31 -.(XJl 140 1115 
l 56E 16S .1-5 1.51 -.024 500 1110 

256E 32S .13 1.32 -.005 500 1460 
2568 64S .73 1.16 .022 395 1060 
2 5611 958 1.03 1.24 -.010 294 735 

Serit.lc; H - Juno 18. 1956 

2-56U 6411 .83 1.17 -.002 395 820 
25 51'1 32N . 06 1.36 .010 520 1790 
25619 1611 . 89 1.30 .005 330 1000 
256l'f 8 N .75 1.32 .008 370 1050 
2 56l'1 411 . BO 1.27 -.014 355 930 

25611 111 .80 1.20 .008 375 920 
256lf OS .73 1 .29 .009 355 1000 
256V1 IS .71 1.2 5 .005 395 1000 
266lf 4S .78 1. 25 -.005 355 890 
256IJ 8S _48 1. 33 -.002 418 1320 

2 56'11 16S .67 1 . 29 .010 380 noo 
2551'1 32S .69 1 . 31 .006 390 1200 
256\1 648 .55 1.36 -.005 392 1270 
26611 90s .98 1.22 -.015 312 740 

6411 8211 .84 1 . 10 .009 420 795 

64lt 64l! 1.14 1.18 .001 313 660 
64lf 32N .98 1.36 -.003 270 915 
6. 1611 .82 1.26 -.006 345 880 
64W "811 .40 1.39 -.015 365 1460 
6411 411 .38 1.49 -.006 355 1600 

6411 IN .:15 1. 36 -.014 425 1366 
6411 ON .75 1.28 -.007 360 930 
64I'J IS .87 1.26 -.017 350 850 
B411 4S .87 1.28 .005 340 935 
5411 8S . 98 1.27 .013 340 865 

6411 163 .71 1 .29 .007 40C 1055 
6 411 325 . 87 1.26 -.002 34~ 905 
64I'J 648 .95 1. 20 -.009 343 760 
6411 76 5 . 90 1 .23 .008 362 856 
at llOIi . 63 1. 1 9 .000 430 880 

at 82. .95 1 . 12 ,007 400 690 
r;M" 8411 1.24 1.18 .006 300 620 
at 32N .95 1.35 -.001 264 910 
IJrf 1611 .48 1.27 -.008 430 1120 
at 6N . 57 1 . 29 .007 420 1130 

at 4Jl .74 1 . 26 .006 390 970 
at l l1 .73 1 . 24 -.004 390 980 
at Oll . 80 1.26 .006 380 920 
(}If L3 .e7 •• 29 -.002 MOl 1070 
cw 2S .68 1.28 .OLO 400 1060 

at 4S .58 1.21 .002 425, 1035 
(]if 83 . 78 ] .29 ~.OO I 345 1100 
at 16S .51 1.31 -.011 411:\ 1100 
(](f 32S .35 1.31 -.014 425 1250 
at 82S 1.15 1.23 -.010 287 680 
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Table 1 - Continued 
Basic p9..ramaters of Point Reyes sediments 

(For explnna ti on of parameters 500 end of Th.ble 1) 

Series H - Juno 18, 1956 

Modi an 
Location (phi uni to) So Logl0Sk DI0 D90 

phi units 

6411 8611 1.06 1 . 22 -.016 325 636 
64B 64N .76 1.04 -.009 338 690 
6.41! SZli -.07 1.26 -.004 630 1660 
6411 161! .81 1 .U -.003 385 960 
64E ell .84 1. 33 -.002 370 940 

648 4N .77 1.24 -.008 379 930 
64B IN .74 1. ZZ .009 415 960 
64E OK .50 1. 33 - . 009 400 1220 
64E IS .44 1. 29 -. 009 44e 1155 
64E 4S .42 1.24 -.010 480 1100 

64E 88 .46 1. 22 -. 006 423 1300 
64E 16S 0.00 1 .32 -.030 540 1545 
64E 3ZB .22 1.43 -.008 430 1660 
64E 643 .95 1 .24 -.014 313 780 
64E 828 .64 1. 22 -.003 435 910 

2S6E 9 611 1.19 1.27 .009 283 715 
256E 54\{ 1.09 1. 28 -.003 288 745 
256E 46li .80 1. 20 . 002 3B6 860 
256E 32N .72 1 .33 . 003 322 1090 
256E 161, .95 1. 26 .027 362 900 

2S6E BI! .60 1.24 .014 425 1040 
256E 411 .50 1.28 .013 455 1275 
256E 11[ .56 1. 32 -.OlD 396 1095 
256E 01/ .44 1. 30 . 0 11 460 1300 
2568 IS .57 1 .30 .014., 420 1200 

25SE 45 .09 1. 33 .004- 515 1640 
2568 85 .10 1.25 - .O2~ 485 1400 
256E 165 -.48 1.20 -. 001 880 e 0 40 
256E 325 .60 1.34 .053 390 12 00 
256E 6 45 .96 1.29 -. 004- 280 860 
256E 82S .97 1.27 -.004 317 835 

Series Y - /Uy 31, 1955 

256':1 48N .28 1.22 -.00 9 530 1195 

256;, S21! .53 1 .20 - . 004- 480 1065 

25M 16N .71 1 .11 .007 HO 875 

256;, 4l! ,50 1 .24 . 007 410 1085 

256\i 11/ .37 1 . 29 -.008 480 U05 

256'11 ON .50 1.26 . 00& 460 1105 

256rl IS .49 1.27 . 016 4BO lOB5 

250l'/ 45 .47 1. 25 - . 001 480 1100 

2561'1 1 6S .60 1 . 13 . oo~ 510 1295 

256:'/ 32~ -",05 1. 21 -. DO; 645 1050 

256':1 648 .27 1.21 -. 006 545 1185 

256rl 96S 1.17 1.19 - .00f> 340 5 80 
16CW 0 11 .91 1.21 .012 380 800 

1601T ~ZS .27 1.22 -. 0 15 660 1200 
9(l1f ;\ 21i ,06 1 . 21 -. ooz 65Cl 1:390 

90W Oll .67 1 .26 . 009 430 950 

901'1 323 .35 1.27 - .004 510 1176 
1 6W 011 .8lJ 1 . 1 7 -. 006 360 no 
~ 00 1 .06 1.24 .0011 340 755 
11'1 (!l . 94 1. 19 -. 006 355 715 

cw 4Bli .45 1. 22 - .003 520 1035 
OIY 3211 .23 1. 21 . 004 575 12 45 

Oil I BN . 62 1. 113 . 012 410 1140 

O'lf l.)! .99 1.23 -.013 340 740 
OW 01~ 1. 0~ 1 .22 -. Oll5 340 ego 

0\1 IS ~ 93 1 . 20 .on 355 710 

OW 4S . 94 1 .2 2 . 002. 370 740 

ow 1 68 . £9 1 .21 ,000 415 930 

ow 3 28 .72 1 . 1 7 - . OOZ 430 9&0 
cw 645 .80 1 . 18 -.oOB 400 780 

(ill 963 .67 1 . 28 - .020 365 1070 
III ON .90 1. 12 .006 ~65 710 
4S ON .94 1. 18 .004 370 755 

l eE 0llI .7:3 1. 28 . 0 12 415 980 
llOE Oil .69 1.20 .012 430 9~D 
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25611 !.!d 
II 

6'" lid 

(Jf :ld 
X 

648 !>!d 
N 

256B !!d 
:1 

L!e.u.n rp 
L~ellll fL 

r7 

cr/.fN i 
HT 

1!ible 1 - Continued 
Ba:fl 0 ptU"8D.eter.s or Point Reyes s ediments 

(For explanation of parameter!! soe end of Ta ble 1) 

Serie s Y - !lAy 31. IS 55 

. di a.n 
Loco.ti on (phi unit.) So Log lOS!<: D DSO l~hi units 

llOE 323 .71 1. 1~ -.005 430 570 
19<13 Olf .n 1.18 -. 005 370 700 

323 .77 1.15 - .003 430 785 
258& 48H .'18 1 .27 -.005 460 1085 

~2 N .77 1. 19 -.001 410 805 

16N .67 1.2.6 .008 410 980 
4lI .75 1. 21, .004 430 895 
I N .73 1.17 -.002 450 785 
ON .77 1 .10 -.008 450 750 
IS .13 1.14 -.002 440 800 

4S .75 1.17 .005 430 905 
168 .13 1 .13 - . 011 430 795 
323 .66 1 .10 . 006 550 785 
54S .78 1.41 . 0 18 345 1340 
96S .56 1.45 -.004 345 1240 

Explanat,ton 

Locati on is the oQord,inatti or the tl&lllp le with reterence to the 0 
Hor th a ·,'lest point. in Coot North (H) or South (S) and \Vest (If) or 
g"..t (I'l l. 

IIkl i fj: t h e medi an grAi n di8.JMter IliO of the Sl!lJ:lpl& . expressed in phi
unit.. (it rp is tho di ..... t..r in phi -unit, and \I 18 tIuI diameter in 
1Id. lllmetors. thon '" =. - 10g2 II ). 

So is the ~cooffioieot , .. :t the sample (for graiJ1 si ze in mi
crollO So: J 075fDZ5 ). 

Lo glOSit i. tho lo l!,M"1 tb.at of t tl • • ke"" .... ot the , ,,,!!!, le (tor grain 
.h. i n m orons 10g10 Sk =10g10 J (025 x ~5)/(050)~ ) . 

DiO and D90 lire the 10 and 90 percont1uu , r e llpe ctively ~ of the "' ize
dis tribution of the pa.rticle a i n the samp leB, e xpres!Jod in mioron:s. 

Numb8rs 1n. parenthe.se a refer t o the upper of two 8amples taken e.t the 
.""", 10",,11 ty. 

1l>blo 2 

~\v€lra. ::;G Ui!lin :JizG: a lonl Uorth-South 110.0"' in phi l.!nits 

x y A- S D E F G 
liar . iA!Ly AuS' Oot. ~:ov. Deo. I'ob. Uar. Y.a;f 

1654 1955 1955 lS55 1955 1955 1956 1956 1956 

.71 .49 . 52 .59 .51 .69 .60 . 60 .54 
8 12 17 12 10 11 14 16 10 

.49 .42 .86 . 52 .70 .41 .6 9 .69 
6 14 10 11 12 12 14 13 

.38 .73 . 80 .7<1 ~59 .42 .32 . 53 .61 
12 11 15 15 13 14 14 15 15 

.51 . 09 .10 .90 . 87 ,35 .44 .. 53 
5 9 10 1 2 13 11 14 12 

. 61 . 70 .97 1.00 . 96 .69 . 37 . 28 ,.58 
e 12 10 11 12 13 11 18 12 

.46 .66 .S2 ( 1) . 84 .75 .68 .38 .50 .58 
730 835 1355 560 595 62 5 770 710 610 

.38 .27 . 52 . 30 .30 .35 .34 .33 .30 

.056 .039 .051 . 039 . 03 9 .041 . 043 . 038 .038 
46 50 105 61 60 75 64 78 63 

Expl.a.nat1on 

Md - Wsan media n d1ame~r i c phi u.ni ts 
N - Number of GB.llIple.s r epr,,~ented by 'ttlBan di9.mt!ltor 
lMan tP - L!&~ median diameter in phi uni ts o f all sa.mplos on b~Je.ch 
~an fl Sa.0l8 med.ie. di9.nteter in nicr oJl.3 
/ a- - StandArd devi(l.ti on of ind:ividUB.l :;aJ:np16.l5 on bea.ch 

aiv'NT - Sta.ndard devia.tioll of' mean. ~ i n phi ulli ts 
Yf - lb tal m1m.oor o f nwnples on bel1ch 

H 
Juno 
1956 

,69 
14 

,79 
15 

, 74 
16 

· 57 
15 

,60 
16 

,68 
62 5 

. 31 
. 036 

76 , 

(1) ~x.cludelJ three 1loe.rS6 &amplo3. If ihtt:!l6 three samp l ea 8.1"6 incl ud,ed 
_a n 1.:1 0 .. 52 phi unit:l , cr is 0 , 63 phi units andC1IJ'l.l'T.is . 0 130 
phi wtl t. 
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To.b1e 3 

S i gni f'i cancEl of means of anti rs area 

X y A B D E F H 
Mar. May Aug. Oct. Nov. Dec. Fob. :,!ar. !.lay June 
1954 1955 1955 1955 1955 1955 1956 1956 1956 1956 

Y 0.29 

A 4.55 52.87 

B 0.00 0.08 0.06 

0.00 9.49 4.24 10.10 

D 0.15 71.88 35.76 0.47 2.g 

g 25.85 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 7.35 13.10 52.87 0.00 0.16 7.3 5 0.05 n.41 

H 0.53 76 .42 42.95 1.83 30.3 0 100.00 0.00 9.30 12.36 

lid .46 .66 .62 .84 .75 .68 .38 .50 .58 .68 

liT 46 50 105 61 60 75 64 78 63 76 

(]-; Jiii .056 .038 .051 .039 .039 .041 .043 .038 .038 .036 

See Tabl. 2 for .xplanation of lid, liT a nd ~IJNT 
Aha si gnificance 1n per cent i s the peroente.ge probability that tho di.frerenoe 
in mean median diaIMIter could have ILri geD. f'rom purely randOID causes. A fi~r9 

of le8s tha..n 5 per c e nt indicat&& t ha.t.""'tbe ditft!lrenoe is real and no t due to 
V8.Gf:lI'iea of 8amplln~. A figur8 of ODO mea.Ds "that t he cha.ncee are more than 
20.000 to 1 that the dirrerenoe i 5 real~ 

Zone 
feet A 

Aug. 
1955 

Tab1. 4. 

Avera~e ~rain dze o f ele-vation zones 

B C 
Oct. Nav. 
1955 1955 

D Il F G 
Doo ~ Feb. 1iIu" .. !Jay 
1955 1956 1956 1956 

H 
Juno 
1956 

3-6 lid -.25 .27 .76 .17 .,26 . 36 . 96 
II 7 4 4 6 42 4 

6-8 lid .50 .80 .43 .61 .36 . 32 .45 1.08 
N .19 4 5 2 3 6 5 4 

9-12 !.!d .94 1.04 .77 .87 .49 .45 .38 .71 
N 27 4 4 7 5 

12-16 lld 
N 

15-18 !old 
Ii 

16-21 lid 
Ii 

21-t lid 
Ii 

. 65 1.00 
26 6 

.71 .85 
14 40 

.34 .75 
2 4 

.2" 1.03 
3 

.62 

.051 
105 

.84 

.03 9 
61 

.84 
10 

.74 
28 

.45 
2 

. 89 
4 

. 94 
5 

.68 
4 

.71 
10 

.74 

. 75 .68 

. 0 39 .043 
60 75 

. 34 .47 
11 6 

.28 .~7 

20 42 
.57 .86 

13 13 
. 13 .. 83 

.38 

. 043 
64 

. 50 

. 038 
78 

.59 
7 

. 6 2 
26 

. 77 
9 

.93 
4 

. 58 

. 0aB 
63 

Wd Vee-n mediilD. di BJI. l!!l t e r i n phi uni tl! 
N,. - lhullber of 8~ph 8 av~r &.ged 

.73 
4 

.57 
47 

. 77 

.93 

. 65 

.036 
7" 

!lenn 

.29 .56 
31 

.53 .46 
48 

.77 .33 
60 

.66 
75 

.62 
251 
.70 

57 
,79 
23 

.35 

. 33 

. 24 

. 37 

!oIn,u~ and NT a ro l'rom labl e 2 
Moa.n a nd ()" 1 n rows r epresent the ontir'e population of' the s BJnpleu 
r a preBented in t he row. 'Dlay are base d on the ind i vi dua l sa.mples 
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6-9 
9-12 
12-15 
15-18 
18-21 
21 -t 

~!ean 

CT 

CT/v'N 
II 

256\,1 Us 
N 

64W MB 
H 

CW :.:s 
N 

64E Ms 
N 

256E ;.ls 
N 

:.:ean(2) 
CT 

CTlJNT 
NT 

Table 5 

5i gni ficance of ~~acs of elevation zones 

Elevation zone 

3-6 6-9 9-12 12-15 15-18 18-21 21 

Per cent 

4.66 
0.00 0.23 
0.07 9.30 5.88 
0.13 19.36 0.14 37.35 
0.01 2. 09 18.68 43.54 3.24 
0 .01 1.ll 81.81 13.89 3.49 28.46 

Phi units 

.29 .53 .77 .66 .62 .70 .79 

.56 .46 .33 .35 .33 .24 .37 

.100 .066 .043 .040 .021 .032 .077 
31 48 60 75 251 57 23 

See Table :3 for explanat ion 

'!he data are based on t :-,e population of each zone for 
all 8 timos of occupation - A to H, inclus ive. 

Table 6 

Sorting of "orth-South line s 

X y A B C D E F G H ;.:oan (1) 
Mar. May Au g. Oct. Nov. Dec. Feb. :)!a.r. ~hy June 
1955 1955 1955 1955 1955 1955 1956 195 6 1956 1956 

1.40 1.22 1.24 1.28 1.31 1.24 1.29 1. 29 1.24 1.28 1.28 
9 12 17 12 10 11 14 16 10 14 

1.33 1.33 1.26 1.26 1.27 1.32 1.28 1.25 1.28 1.29 
6 14 10 11 12 12 14 13 15 

1.32 1. 22 1. 33 1.30 1.31 1.36 1.39 1.27 1.26 1.26 1.30 
12 11 15 15 13 14 14 15 15 16 

1. 29 2- . 30 1.11 1.19 1.32 1.27 1. _;0 1. 28 1.27 1.26 
5 9 10 12 13 11 14 12 15 

1. 26 1. 26 1.24 1.15 1. 28 1. 28 1. 27 1. 29 1.31 1.28 1. 26 
8 8 10 11 12 13 11 16 12 16 

1.32 1.21 1. 28 1.25 1. 27 1.30 1.;)2 1.29 1.27 1.27 
.05 .07 .12 .12 . 08 .13 .14 .06 .06 .06 
. 004 .009 .Oll .016 . Oll .015 .018 . 006 .008 .007 

46 50 108 61 60 75 64 78 63 76 

. 's ~ean 5 sort i ng of a ll sample s on line 
11 - Number o f samp l e s 
CT - Standard devi a tion of a ll samp les on beach 
NT - Total n umber of slllI1p l~ s on bea Gh 
( l) - Mean of means 
( 2 ) - Me~~ of a ll samp le s on bea ch 
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Th.ble 7 

Sorting of elevation zones 

Elev. 
zone Date 

A B C D E 1<' G H Mean (1) 
Aug. Oct. Hov. Dec. Feb. Mar. May June 
1955 1955 19!5 5 1955 1956 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 1.30 1.33 1.29 1.41 1.24 1.31 1.30 1. 21. 1. 30 
N 22 4 5 2 3 6 5 4 8 

9-12 Ms 1.29 1.19 1.26 1.23 1.:31 1.28 1.24 1.30 1.26 
N 26 5 4 5 3 2 7 5 8 

12-15 Ml; 1.30 1.22 1.22 1.26 1.27 1. 31 1.23 1.29 1.26 
N 27 6 10 4 12 8 7 4 8 

15-18 Ills 1.19 1.25 1.32 1.29 1. 41 1.28 1.30 le27 1.29 
N 14 40 29 39 24 42 28 47 8 

18-21 Ms 1.17 1.24 1.29 1.25 1.29 1.27 1.26 1.28 1.26 
N 2 4 4 9 13 13 8 6 8 

21· + Jl.i.s 1.24 1.28 1.31 1.39 1.34 1.25 1.24 1.23 1.29 
N 3 1 :3 :3 2 2 4 5 8 

Mean (2) 1.28 1.25 1.27 1.30 1. 32 1.29 1 . 27 1.27 
NT 108 61 60 75 64 78 63 76 

a/.JN .Oll .016 .Oll .015 .018 .006 0008 0007 

I','i s Mean sorting of elevation zone 
N - Nlunber of samples in elevation zone 
NT - Total number samples on beach 

(r/",/NT - Standard deviation of mean sorting of samples 
(1 ) - Mean of means 
( 2) - Mean of all sample s on beach 
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rable 8 

Chll..l"B..oter istic f tte.tut'ea of cusps 

Date . 

.\. C D Ii ? G H Ave 

"u~ . Oo·t. Nov . Dec. ~h. :,:llr. :~y June 
1955 1955 1955 19 , 5 1956 1956 1956 1956 

;;;0. of cusps 4 4 4 

Po.e1t1oc. of ou.sps - east and west 

200 ... 51; (1) 
.. "s't ouap 13 ' 62 I 58 ' 52 ' 85 ' 100' 80' 80' 
eas t ou sp 127 ' 180' 180 ' ).50 ' 120 ' 75 ' 67' 136 ' 

o we st 
""es t cusp 63 I 20' 20 ' 50' BO' 35' 133 ' G4' 

e o-a t cu~ p 75 ' 110 t 112 ' 1 45' 103 ' 45' 55 ' 113 I 

200 all st 
l'I'e::o- t OU8p 60' 0' ZB ' 55 ' 18' 85 ' ~3 I ~ 7' 

&Elst cusp 48' 110 ' 1 12' 103' 45' 50 ' 70' 10-3 ' 

.Jo s1 tion of Guspa - nor th aud. :south 

"", .. n 
d.iffl 2 ) 

~6N ~·2 6411 72N 5811 48N 73N 2ell 53:1 

"""'. 59 ' 52' 94' 103 r 100 ' 35 ' 65 ' 13 ' 68' 

I n~rV\!. l be't1l'l!len cusps 

JOOan 135t' 205 ' 195' 140 ' 135' 115' 165 ' 198' 161' 

'D:a::d..mtllll 150 ' 250' 2 4.Q ' 215 ' 210 ' 180' 190 ' 230 ' 208 ' 

mi ni.tJRllD. 110' 150 ' 140 ' 1 25 ' 60' 75 ' 150' 115 ' 1 23 ' 

Ell!!lwtion or cusps 

rceo.n 13 ' 16 ' H' 16 ' 14' 15 r 14' 16 ' 15 ' 
rrexiImJm 14' 16' 16 ' 18 ' 15 ' 16 ' 16 ' 17' 16 ' 
minimum 12 ' 15 ' 12 ' 15 ' 1.3' 13 ' 13 ' 16 ' 14' 

Characte ristic fftatUl"'81$ of cusps 

Wean median gra.in size in. phi um ts 

cusp ii l ope l3} .77 .93 .58 . 76 . 56 .44 .37 .66 .67 
aus p cr est • .50 .59 .6~ . fi6 . 42 . 4 7 .75 . W .52 
l ower bay .99 1.00 • 7~ 1. 02 . 39 . 57 .81; .78 .86 

~~~~r ~ran(4):~~ 1 .00 .71 . n .16 .n . 68 . 67 .75 
. 84 . 75 . 68 .38 .50 .58 . S8 . 63 

Uoan co& f f'1ci&nt of liorti c..g 

C'.lSp slope 1.33 1.2~ 1. 23 1.27 1.29 1.33 1.23 1.26 1. 2g 
Ct<Bp m"8s-t 1.33 1.29 t. n 1.25 1. n 1.29 1.28 1.27 1.29 
lO'We r be)' 1.21 ).19 1 .27 1.~ O 1. 28 1. 2 9 1.27 1 . 30 1.27 
u pper be)' 1.17 1.17 1.25 1 . 26 1.28 1.26 1.28 1.2 9 1.24 

_an sort1n g(3)1.28 1.25 1.27 1. 30 1. 32 1.29 1.27 1.27 1.28 

Erp I llnfLtion 

Di. !ita.;CO$S and. e lovatioWi are given in fect 

(1) " 200 We~t, We ;:; t cus-p 13" for August 1955 malUls that t h,g fir st ousp west of 
of line 200 'M!Ist is 13 feat was t of tha. t 11M ; s...nd " 200 We st 127' .!ast ll means 
1;;hll t tho fir st ou.sp east af line 2.00 'l19st is 12 7 foet e6.st of th!:1t line. 

(2) -ltB.:x:im:mn di r!'8 l"'iI!I mf3- r6pr(l,.sents d.1 trtano a Ilileasured i 0 feet in seawar d di
reoti 00. 

(3) ·Cusp slope" represents !J&.DJ.plt!l s om th.in SO feet of point of the cusp on 
~6awa.r d or down side. 

·CUsp crsBt· , r epr 6 !50nt s .sa..mpl"~ on the berm .... -1 thin 50 feot of the ed~ 
o f the ous p. 

-Laweor bs.y" sampl eo:!J a r e f:I.'&t1Ip l es. f'.rom "\::he ba.y or swa l oa between ousps taken 
wi thin Q. hori .!:.onta l di s tancl!!i of 50 feet o f' fue elevation af the ousp poiotl 
Upper bay :!8.mp l eB 8..I"o! w-tthill 50 foot of the 01.t:!lJ8 e le'7&tian .n the lrmdy.-ard 
Side. 

(4) Mea n mll!!ldi n.n and !;jor ti ng r epre311!!1nt fManB for the entire beach, not for the 
group of SR.mp11!ls I'" l!tpl"8'B8nting the particular parts of cusps. 

(5) The Ilvera ge s i n t h e l a. st l u.mn. fire of two types.. One repr ~ sents the mea.n 
of t he 8 JQe a n.1 r:" e~r eae nt lr:::L !; the i o.di '"1idual time s the beach w fl.:! ocaupi od .. 
lha atha-r, which i t; :r"1!!!.s tl" iot., d t o the last two cat8 gorieHf giving ~di 9Jl 

gr'ai n 51:::;13 and s ar ti q f or d1 f forsn t parts of tho cu sps re pre sents the en
tire suite af 5a.mp l lB.9 in ea.ch cate gor y for a ll ti':Le 8 tilM s the boo.oh WflS 
occupied. Such me&D.S do not r'epr l!!!l56nt the mi!!llo. :o. of th" IIJ!ID..n:s: e xcept ill tho 
last line for each group, wher e :means representing the entire s6J!lples on 
the beach a.re average d. 
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DESCR IPTION OF .P IGUlES 

Figure 1 shows the general location of Point Reyes, 35 miles north
west of San Francisco. The beach is exposed to the full force of the 
waves from the open Pacif ic 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 At 3 miles northeast of Point Reyes. 
Station Bt investigated in the previous work has not been 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 l and 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 cher t of Miocene age 
and this in turn by dune sand of Pleistocene and Recent age. In the area 
adjacent to Station At Ple istocene dune sand is exposed in the cliffs 
behind the beach. In place s this old dune sand is eroded during winte r 
storms. The San Andrea s fault passes northwesterly through Tomales 
Bay and separate s areas underlain by Franciscan rocks of Mesozoic age on 
the east from the quar tz diorite and other rocks on the west . 

Figures 3 to 10 show the beach configuration for the 8 time s the 
beach Was occupied between August, 1955 and june, 1956. The cusps are 
let t ered alphabetically from l eft to right . The position of the outer 
edge of the berm is indicated by a dashed line . 

Profi le s of the beach are shown in Figuzes 11 to 14. Profile s are 
given for thr ee of the five lines of samples, namely. 256-W, O-W, and 
25 6 E. On Figuzes 11 the profile at time X. f or March. 1954 is included 
in order to show the change in beach after the beach was occupied in the 
previous study. Beach characterist ics for timp. X are shown in each of 
the two previous publications on Point Reyes Beach,( l) and (2) . In 
Figures 11 to 14, t hree profiles are combined together for purpose s of 
compari son and three ser ie s of prof iles are shown on each figure. In 
order t o indicate the differences in elevat i on between s uccessi.ve periods 
of occupat ion of the beach, the last profi le of the series shown above 
is repeated in the series given below. Thus the first ser ies in Figure 11 
shows time s X, A and Bi and the second series indicate times B, C,and D. 

Figure 15 shows average median diameter by elevat ion zones. In 
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 i n Pigure 15. 
These correspond to the 8 suites of samples. A to H inclusive, and the 
average of all samples in serie s A to H. The average is not the average 
of the 8 aver ages 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 
Pigure 16. The beach was occupied more fully at this time than at any 
other t ime. The f igure i s presented as an example giving the general 
variation in grain size over the beach at a typical t ime . As the 
statistical studie s show that the area! variat.~on is similar each tiJne 
the beach was occupied little is gained by showing maps of the areal 
var iation at the other times. Maps were prepared, but they show the 
same general var iability and trends. 

figure 17 shows the sorting by elevat i on zones. The chart was 
prepared in the spe manner as figure 15 and is based on data presented 
in Table 7. The general relationship of sorting to median gra in diamete rs 
is represented in Pigure 18. This figure represents all the samples 
collected dur ing times A to H inclusive . 

figures 19 to 26 present maps showing the cut and fill be tween suc
cessive times of occupation of the beach. On these f igures "cut" me ans 
erosi on or scour between successive t imes of occupation of the beaCh. 
Pill represents deposition. Thus figure 19 shows the amount of cut and 
fill be tween August 1955 and March 1954, which was the time of t he 
previous occupation of the beach. The cont ours on Pigures 19 to 26 
were prepared by super imposing one beach contour char t upon another and 
marking d ifference in elevations where contour lines cross one another 
on the two charts. Contours are then drawn upon the basis of difference 
in e levation 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 Pigure 19 the heavy contour lines show the position of the S-foot 
contour in August 1955 , which time was the later of the two times used 
in preparing the cut and fi ll map shown in Figure 19. 

f igure 27 shows the re lat i onship between cusp interval and average 
grain s ize on the beach for the 8 times the beach was occupied in the 
present s tudy. 
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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 Figure 16 , which gives 
the areal variation of the median diameter with respect to beach contours 
in August , 1955. The mean grain s ize ranges from 0.38 phi units in 
febr uary 1956 to 0.84 phi units in October, 1955 . The mean diameter 
shows a progressive change t hroughout the season. It is 0.38 in February. 
t he 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 Decembe r. Table 2 shows that 
the median is 0.62 in August 1955. This f igure of 0. 62 excludes three 
very coarse sampl es, 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, S5N) are included the average median is 0.52. These 
three coarse samples wer e special ly selected to show how coarse the 
beach can get. In part they represent places where returning water 
flowed in a stre~ and sorted the pebbles. In other place s they seem 
to show the effect of wave wash. As shown by the two samples at 128E , 
55N they are under lain by normal beach sand . The sediment s in these 
three places were round, f lat pebbles; the medi an diameter of the 
coarsest sample s was 8.8 millimeters or one-third i nch. 

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( 15 where the medians for October, 1953 and March , 
1954 were 0.90 and 0. 48 r espect i vely. 

The standard deviation of the samples at the individual sampling 
times ranged mostly be tween 0. 30 and 0.35 phi units. The ext remes were 
0 .27 in May, 1955 and 0.52 in August, 1955 . The large f i gure for August 
represents a highly var iable condition and is even larger, 0.83 phi 
units, if the three coarse samples are included. In 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 r eport(l ) the standard deviation of a smal l 
group of samples tends to be lower than a large group. A standard de
viat ion, 0~30 to 0.35 phi units, indicates that 68 percent of the samples 
on the beach are within rat ios 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 t imes , the lower layer s of sand are 
finer or coarser than the upper l ayers at t ime of sampling. In a f ew 
instances, upper and l ower sample s were taken. In such samples, the 
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uppe r layer was f irst scooped off, and then the lower sample was taken. 
Such samples are indicated by appropriate note s in Table 1. No attempt 
has been made to study such lamination in the present investigat ion, 
other than to report obviously different sizes in the differ ent layers 
as indicated in Table 1. 

The pat t ern of var i ation in grain size in August 1955 , is shown by 
Figure 16. The areal var iation 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 t able shows the significance 
of the difference between mean grain size of the entire beach at dif
ferent times, ex~ressed 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 be t ween successive oc
cupations of the beach the differences between mean grain s ize range 
f rom a moderate to an extr emely great distinctive difference . That is 
the beach is continually changing its character. Only between May and 
August 1955 , where the s ignificance in percent is 52.9 doe s the dif
ference seem i ndistinctive , though significances of around 10 percent 
are no ted for three other times, October-November 1955, March-May 1956, 
and Nay-June 1956. Certain mont hs are noticeably different from all 
other months. October, when the grain size is small and Febr uary when 
i t is coarse, show very little affinity with other months. 

The coarser grain size in t he lower foreshore is better i ndicated 
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 f or each time of sampling. Table 5 shows t he signif icance of the 
dif f erences between mean grain diameter of the sands in t he different 
elevation zones. Figure 15 presents graphically the means shown in 
Table 4. It i s obvious from these data that the sediment s in the zone 
of 3 to 6-foot e levation are coarser than those i n other zones. The 
sediments in the 6 to 9-foot zone similarly are coar ser than those in the 
9 to l2-foot zone ; however , above the 9 t o l2-f oot zone no distinctive 
differences are indicated. This distinction in grain size is clearly 
portrayed by the data in Table S. 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 q and 9 to 12-foot zones it is 0.2 percent. The s ignificance 
of differences between other successive zones is much less. The re l at ion
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 suite s the mean phi diameter of the 
6 to 9-foot zone is lower than ;n the 9 to 12-foot zone. A simi lar 
relationship was found in the previous study( l). 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 coefficient s of sorting of the different suite s of samples are 
summar ized in Tables 6 and 1 and Figures 11 and 18. The average sort
ing ranges mainly be tween 1.21 and 1.30 with extremes of 1. 31 in 
Pebruary 19.56 and 1.21 in May 1955. The general average for 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 
slight ly less than 1. 29. The coeffi!:J.ent of sorting i n 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 sanples is 
similar to that of the earlier series(l). 

The sorting of the samples as arranged by individual elevation 
zone s 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 i s poorer : that is, the coeffiCient of sorting is larger. Thi s 
re lationship was found in the previous study ( 1) of Point Reyes Beach. 
In the report describing the results of that work a table showing t he 
coefficient of correl at i on between sorting and grain size was presented. 
A similar re lationship has been f oUnd in the present s tudy . the r esults 
of which are shown graphically in Pigure 18. Though the scatter is 
high a generally increasing degree of sorting is Shown for increasingly 
small er grain size. 

Skewness 

The sediment s in the present suites of samples are so evenly skewed 
that no distinctive differences are indicated. Perhaps more detailed 
analyses, using screens with closer atios between succe ssive sieves , 
might give more reliable measures of skewness than tIle sieves used in 
the present invesgigation. However , the weight accumUlati on curves 
give such consistent results that t ht conclusion is reached that 
the sediments on this beach are evenly skewed. 

44 



CONF IGmATION OP BEACH 

The configuration of the beach is ~own by Pigures 3 to 10. Pro
files of the beach s~opes are given in Pigures 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 extremetie s 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 i s 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 smal l 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 l arge 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 t imes 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 fee t. 

The elevation of the crest or point of the cusps varies mainly 
be tween 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 paralle l to the beach likewise changes from 
one time of occupation to another. The total r ange 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 l arge swales or i ndentations 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 survey(l ) were not observed during the current 
series of occupations. In the former study the cusps had approximately 
the same 1nterval as in the current series, but they were superimposed 
upon the larger indentations of the coastline. In the current ser i es 
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 dur ing the c~ rent series of occupation as in the preceding 
series. 

In an effort to de termine the pa t tern of migration of the cusps 
a series of measurements showing po s ition of the cusps with respect 
to arbitrary reference l ines at r i ght angles to the beach are shown in 
the first par t of Table 8. Three reference lines are given, 200 West, 
o West and 200 East. The distance of t he nearest cusps to both east 
and we st of the se reference l ines is shown in the table. 

The data presented on Figures 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 t ime, May 1956, three levels of cusps 
were observed at e levations of 10, 14 and 17 feet. The ones at 10 feet 
appeared to be in the process of formation. At another t ime, a series 
of small cusps with a short interval of spacing were noted at an elevation 
of about 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 f ill noted during the preceding August, when in the cour se 
of 4 hour s 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 f ill observed was 12 inche s 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 swale s 
or bay s between cusps the slope is commonly 4 to 8 degrees and on the 
upper part of the foreshore on the cusp point s the slope is 6 to 15 degrees . 
At t imes 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 div ided into four parts. Two of them wer e on the promontories 
or projections of the cusps on the boundary between one cusp point and 
the other; and two were in the swale s or bays between the cusps. Bach 
category was further divided into two groups, one for samples within 50 
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feet seaward of the elevat i on of t he crest of the cusp and the other 
within 50 f eet landward of this elevation. The swrunaries thus made 
are presented in the lower par t of Table 8. The data indi cate 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 l ower par t of the swa1e is 0.86 phi unit compared with 0.63 
for the overall average f or 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 t i mes the beach was occupied. It perhaps is 
associated with the lower slope of the bays compared with the cusps and 
thus with slower veloci ty of r eturn water. The relationship also may 
be anomalous, owing to the small number of t~es t he beach has been 
sampled , though the probable er rors of the means as indicated by the 
standard deviation suggest the differences are moderately dist inctive. 
The upper part of the f oreshore in the bays above the elevat i on of the 
berm crest is slightly coarser than the sed~ents be low, which suggests 
that the results are anomalous, because if the grain size is controlled 
by velocity of return water it should be lowe r on the upper part of the 
beach than on the lower part . All that can be interpreted at pre sent 
is the suggestion that the sediments in the swales are finer than on 
the cusp point s. 

No general differences came out of the sort i ng study of the cusps. 
The only trend suggested by the data on sor ting is a crude re l at ionship 
between coefficient of sorting and cusp interval. The better the sort
ing, that i s, the lower the coefficient of sorting , the greater is t he 
interval between cusps. As the sCatter of t he 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 be t ween grain size and sorting 
mentioned above (Figure 18). The fine-gra ined sediments in the pr esent 
suite of sample s are better sorted than the coars~-grained sediment s and 
the finer sediments have a greater cusp interval than the coarse sediments 
(F igure 27) . 

CUT AND fILL 

Point Reyes Beach cuts and fills at a remarkable rate. This 
f eature is shown by figures 11 to 14 which show beach profile s for each 
t ime the beach was occupied; and by figures 19 to 26 which show the cut 
and fill over the beach at eacb time i t was surveyed. Similar profile s 
and cut and f ill maps were presented in the previous report on this 
beach(2) • 

f igures 19 to 26 show that the maximum aIIlount of cut in anyone inter
val between occupations is 10 fee t between December and February (time s 
D and E, Pigure 23) , and the minimum 1 foot, between August and Octobe r 
and between November and December (Figures 20 and 22) . The maximum 
fill is 7 feet, between August and October and be tween December and 
February (Figures 20 and 23), and the least is 2 feet between May and 
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June (P igure 26). The se figure s 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 f i ll waS between 
August and October and November and December, when 90 percent of the map 
area Was filled. The maximum t imes of cutting were between December and 
February 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 f ill took place between March and 
May. The fi ll is thus mainly associated with the t ime 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 cut s or fill s. 

Pigures 11 to 14 give a picture of the horizontal and vertical cut 
aad fill between successive occupations of the beach. Por 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 14-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 shifts are less as this contour marks the crest of the storm berm. 
The beach at the 20-foot mark, however, is subject to erosion, particul&rly 
during the winter months . 

Figures 11 to 14 also give information on the &verage 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 IS-foot elevation. The steeper slope s are on the point of 
cusps. 

COtCLUDl1'(; REMARKS 

Point Reyes Beach is a highly variable beach. It erodes in the 
winter and builds up in the summer . At t imes of erosion relatively coarse 
sediments are deposited and, with times of fiU, relatively fine sediments 
are laid down, thDUgh the beach almost always consists of coarse sand, 
that is, with median diameter between 500 and 1000 microns. ' At times 
f iner and coarser sand than this size is found. The configuration of 
the beach is i rregular , and is characterized by cusps which shif t position 
both laterally and perpendicularly to the shore line along the beacb, some 
t imes at a rapid rate. The wave pattern on the beach inVariably is 
irregular. At t imes each succeeding wave brings in sand of different 
grain size. At other times the pebbles at the edge of the swash mark 
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are several millimeter s 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 si~e distribution of the sand upon the 
beach undoubted l y 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
f iguration determines the pattern of downrush of water which in turn 
affects the uprush pattern. The bars offshore, 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 . Purthermore 
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 

ctrr AND PILL ON POINT REYES BEAm, CALIPORNIA* 
(June 1953 - March 1954) 

by 
Parker D. Trask, Charles A. Johnson & Theodore Scott 

University of California 

ABS'lRACT 

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 JW1e 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 nbrth 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 
embayment s are 1500 to 3000 feet apart and extend up to 200 
feet inward from the protuberances that separate tbem from 
one another . The pattern of cut and 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 t ime. 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 f ills. 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 t o afford ready reference from the body of the main report . 
As this report was prepared a year earlier than the main report, con
f licts 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. 
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INTRODUCTION 

Point Reyes beach, 35 miles northwest of San Francisco, California, 
is a variable beach. The grain size OD thi s beach changes greatly with
i n a short distance f or given times, and from t ime 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 fr~ 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 f orce . 
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 apar t along the 
beach . These stations were occupied at three times during the year, 
June and October 1953 and February or March 1954 and are designated as 
Station A and Station B. Stat i on A is three miles northeast of the 
headland of Point Reyes; Station B is 5.2 miles northeast of Station A. 
The graphs and stat i stical compilations of these studies form the basi s 
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 
Figures 9-20** of the present report. These f igures al so 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. In the sampling program, samples were taken on 5 line s 
normal to the shere - namely. along a centerline and on lines east and 
west on e ither side of the centerline . Samples were taken on these 
lines at regular interval s of 16, 32, 64, 96 and 128 feet, and at a few 
other positions as we ll. As the samples were taken at equal distances 
from a zero line paralle l to the beacb, profiles parallel to the beach 
can also be drawn. Two such prof i les are shown in Figure 21.** 

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

**Pigs. 9-21 of present r eport are same as Figs. 9-21 of previous repor t 
published as Tech . Memo. No . 65 of Beach Erosion Board ; Figs. 10-21 
are not reprinted in this appendix. 
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The samples are numbered according to coordinate s from a zero point . 
Thus. sample 256W 165 represents a sample on the l ine 256 feet west. of 
the zero point at a position 16 feet south of the zero line paralle l to 
the beach. The mechanical analyses of the samples were made by Gerald 
Grabe , using standard procedure . The sieves differed in size by geometr i c 
rat io. The sample s were sieved in a rotap for 10 minutes. 

ME1HODS OF STUDY 

The general geographic setting of Point Reyes Beach is indicated on 
Fi gures 1 aDd 2*. Detailed analysis of the cut and f i l l is shown on 
Fi gures 3 to 8. A typical chart showing be ach contours and the sample 
grid is presented on Figure 9. A summary of the s tatist i cal compilat i ons 
is given in Tab l es 1 and 2. The grid lines for february 1954 shown i n 
Fi gure 9. are at an angle of about 15 degrees to the line s for June and 
October. The beach slopes, as shown on Figure s 9-21**, are based on the 
beach contours sho~~ in Figures 3-9 of the report on grain size varia t ion 
just c ited . The line s of cut and f ill shown on Figures 3-8 in the present 
report are also based on the beach contour lines presented on Fi gures 3-9 
of t he gr ain-size r e por t. The contour lines on t hese charts are based 
on surveys made with transit and tape. The contours we r e drawn in t he 
off i ce af t er the data were taken. 

In pre paring the contour lines showing cut and fill upon the beach 
be t ween periods of sampling, the procedure was to superimpose the beach 
contour charts f or t he i ndividual t ime s of sampling and mark off difference 
elevations where t he contour lines cross one another. Cut and fill 
cont ours were then drawn upon the basis of the difference elevations. 
Lines of fil l during the in terva l between the two times of sampling are 
i nd i cated as posit ive , and l ines of cut as ne gative. Areas of fill are 
marked by hash-lines. Heavy contours show topogr aphy of the beach at 
the later of t he t wo time inter val s . 

In prepar ing the data for Table 1, showing average cut and fill 
be tween i nterval s, the area between individual lines of cut and fill 
( i .e ., be tween the cut and f il l isopleths ) was computed by planimeter for 
each f oot diff erence in cut or f ill . These unit areas of cut and fill 
we r e t hen averaged. In view of the fact that the sampling and survey 
point s occupied at the time the beach was studied were not designed for 
studies of cut and f ill, some of the lines showing equal cut and fill are 
based on relat ively few data. 

A statist ical s tudy of the average median gr ain diameter of samples 
between t he i ndividual cut and f ill line s is pr e sented in Table 2. The 
ave r age s pre sented in this table are based on 1 to 10 samples. Ave rages 

* See Pi gure s 1 & 2 of main text; not reprinted in this Appendix. 

** Figure s 10-21 not printed; see Technical Memorandum No. 65 of the 
Beach Eros i on Board. 
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based on 1 or 2 samples are indicated by asterisk . ~he probable error 
of the averages thus is large , particuiarly in consideration of the 
inherent variability in grain size. 

In making planimet er studies of cut and fill. 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 June 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 I, which were restricted to the area blocked out 
on figure 3 and 6 for planimeter studies. 

RES UIX S 

Station A. The pattern of cut and fill varied at each station. At 
SOdle 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. In 
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 fil l 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 80 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 
f ill, 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, 6T/~S, where ~T is the difference in elevation 
be~een successive time intervals, and ~S is the horizontal distance on 
the beach, is large. In one place this slope line ~T/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 shor e of 30 or 40 feet . The alterna
t ion 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 111ain 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, 
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though one area of cut of 2 feet is shown in the central part. On t he 
whole the area neither gained nor lost sediment . as the average difference 
in elevation between March and October is only 0. 16 fee t of f ill. 

The l ines of equal cut and fill are more perpendicular than parallel 
to the coast 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 r ip 
currents, in which the beach is cut back toward the c liffs. A compar ison 
of the beach contour s for March and October shows the erosion of the 
west part of the map area and t he 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 june . had 
cusps, but the cusps were not at the same position at successive t imes. 
Also, in March the west part of the beach had been cut back toward t he 
cliffs. The result was 5 feet of cut on the west s ide of the map area 
and a general area of f ill in the east par t, 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 isople ths trend 
normal to the beach f or 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 than at A. The cut and fill i sopleths 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 gene ral has eroded 
1 to 2 feet except at the east end, where it has been fi lled to a maxilnum 
of 5 feet. Slight changes in the berm of 1 or 2 feet are also observed . 
In general the area has been neither fil led nor cut. The average 
difference in the area of planimeter control, according to Table I, is 
0 .16 feet of f ill. Comparison of contours of the beach sur face be tween 
june and October shows the development of prominent cusps in the east 
part of the map area in October, which accounts for the 5 f eet 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 
Figure 7, the east half of the area was extensively cut and the west 
was filled. Both the cut and f ill attained a maximum of 6 feet . The 
beaches as a whole, however, changed rela tively little. as the gener al 
change in the map area studied i s a cut of only 0.13 feet (Table 1). 
The variation in amount of cut and fill is a ssociated with shift in 
post tion of cusps, A t ongue of erosion runs we stward across t he outer 
part of t he berm more or l ess parallel to t he shore line. Inspection 
of beach contour s for the two periods suggests that in October the map 
area was on the east edge of one of the large embayments of t he COast
l ine, which caused the beach contour lines to be bent inward toward 
the west, whereas in February 1954 the map area was on t he we !:lt edge 
of one of the embayments and the beach contour lines trended inward toward 
the east. 
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Between february 1954 and June 1953 the map area shows little gain 
or loss of sediment . The average i s 0.03 feet of fill . As shown by 
Figure 8, the east half of t he map area has lost sediment and the west 
side has gained sediment, tho'Jgh irregularities exist in this pattern. 
The maximum gain on t he 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 inf l uenced by the large embayment 
t hat had deve loped in that are a in February 1954. 

Cut and fil l along pr ofiles. Profile s normal to the beach along 
the east-west lines of the sampl ing grid are presented in Figure 10 
to 20* . Three lines are shown on e~ch f igure . Por Figures 10 to 19* 
the l ines for June. October and February or March are given. For Figure 
20*, wh ich shows the beach at Station B f or February 1954, the profiles 
are presented in t wo halves. One hal f shows profiles for the grid lines 
O-W, 64W , and 256W , and t he other for the l ines O-W, 64E, and 256E. 
Figure 21* present s prof i les for Stations A and B along the O-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 mi crons 
and in phi units. In Table 2 which presents data on the relation of 
gra i n 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 we s t end of the map ar ea is in essential ly the same position 
for June and October, but is pushed back in March. At the zero point 
(O- W, O-N) the cut between October and March is mor e than 5 f eet . The 
general decrease in grain size up the foreshore is well shown in this 
fi gure . The sorting is approximately 1. 25, which is the general average 
f or Station A. The irregularity in grain size di stribution of the 
different samples is we ll shown by this figur e. 

Along line 64W, Station A (F igure 11*), littie change is noted 
between June and MarCh . On the profile for October the upper part of the 
f oreshore near the ber~ is very steep and the back end of the berm 64 
f eet south of the zero line is also steep . The zero west l i ne at 
Stat ion A shows considerable change in the crest of the berm between 
all three t ime intervals (Figure 12*). The grain size and sorting are 
r ather irregular from sample to sample . Similar re lations are shown 
for line 64E (F igure 13* ) . The 256E line (Figure 14*) shows continual 
fi ll between June and March . The sediment s along t he different 
profiles are irregular in grain s ize . 

An essential charact eristic of all profi l es at Station A is the 
uniform slope of the fore shore from season to season. At Stat ion B 
similar relationships prevail. Along line 256W, Stat ion B, (Pigure 15* ) 
t he fill between October 1953 and March 1954 is rather pronounced . This 

*Not printed ; see Tech. Memo No. 65 of the Beach Erosion Board. 

A- 6 



f ill seemingly is associated with the change in flank of one of the 
embayments presumed to be associ ated with r ip tide s. The grain size 
variation is more regular along this profile t han on some of the other 
profiles. Along line 25 6W the grain size decreases up the for eshore 
and then increases on the .berm, as is the general habit for Poi nt 
Reyes beach. The sorting tends to become poorer shoreward, whi ch like
wise seems to be a characteristic of this beaCh. The profile along line 
64W at Station B is essentially the same for all t hree seasons , but the 
grain size distribution varies greatly from place to place. The zero 
west line (O-W), Figure 17*, shows the fi l l assoc i ated with the develop
ment of a cusp during February . The berm exhibits relatively litt le 
change. The median diameter of the sand on t his prof ile during February 
and June is highly irregular, but not in October , when it varies at a 
regular r ate from coarse on the lower foreshor e through f ine on the 
upper foreshore. to coarse again on the berm. 

The 64E profile (figure 18*) varies relatively little in shape 
froc season to season, but the grain size variat ion i s 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 
sediaents 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 Pebruary 
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 Pigure 21* . The line 
of the profile is the zero north line , which passes through the upper 
part pf the foreshore near the berm. Stati on 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 Pigure s 10 t o 20*, one should note that 
the vertical scale is greater in Pigure 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 Pebruary 
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 f i nd much variation. 
The samples represent the upper two inches of sediment. Thus, con
sidering that the fi ll between intervals of sampling commonly a~ountsto 
several feet, and assuming that grain size variation might be related to 

*Not printed; see Tech. Memo. No . 65 of the Beach Erosion Board. 

A-7 



the same proce sses that cause the cut and fill, in order for a relation
shi p be tween grain size and f i l l t o be apparent , the grain size distr i 
but ion t hroughout the entire column of sediment that has been eroded 
or depos ited must be known. furthermore, the variations in cut and 
f ill represent the tota~ variation during the four or five months 
between sampling interva ls. Actual ly the beach may have been cut or 
f ill ed in an i rregular manner dur ing that interval of time . Thus the 
f inal end product can hardly be expected to exhibi t any relationsh ip 
to deta i ls of the processe s of cut and fill, granted that such a 
relationship might exist. f urthermore . the average grain size for the 
whole population of sample s 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 compi lation in Table 2 is the 
ent ire par t of the general area sampled . Thus considering the 
variability in grain size dis tribution on the beach, the respective 
averages shown in Table 2 do not necessarily agree with the general 
average f or 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 pre sumably are more apparent than real. At Station A the sediments 
in the area of cut during the period of October to March are generally 
more fine grai ned 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 
f ill from 0 to 6 feet (5 60 microns compared wi th 700 microns) . The 
reverse trend is noted for t he sediments in the same zones for October 
at the beginni ng 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 
t hey are f ine , and vice versa for the areas of fill. No such difference 
between areas of cut and fill is noted for the other tLme intervals for 
which data are available. The question merits further study, but if it 
is investigated core sample s should be t aken and the beach should be 
occupied at shorter interva ls. In passing, the comment might be made 
that in areas of cut the sediments exposed at the sur f ace might represent 
material deposited sometime previously and only recently exposed by erosion. 
Thus the grain s ize would have l i ttle connection with the conditions 
of sedimentation prevail i ng at the time of survey . 

In this connection it should be pointed out that the average 
medi an diameter of the s ediments i n 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 microns for the areas of fill between 
March and October . This relat ionship is the reverse of the one j ust 
described, which suggests t hat perhaps the relat ionship is anomalous. 
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Another matter that should be considered is t he grai n size variation 
with respect to position on the beach. As shown in Pigure s 10 to 20* 
the median diameter i n general decreases upwar d on the foreshore to the 
edge of the berm. wher e i t 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 order ly 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 point s in space t he 
grain size will . or may. be different, depending upon the wave patter n 
and the position of the beach surface at the par ticular 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 invest i gation. 

CO!'CLUS IONS 

The main result that arises from this work is the presentation in 
a somewhat detailed way of the cut and filIon a highly variable beach. 
The grain size distribution varies greatly within a short dis tance at 
any given place. It also varies with position on the beach. The shape 
of the beach is irregular and general ly 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 
clear ly that the cusps do change their posi t i on. The cusps are super
imposed upon much larger undulations of the beach line, 1500 to 3000 
fee t in length and up to 200 feet in width. These large undulat ions 
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 
t 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 support ed 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 carr ied out 
for another purpose. Specific lines of attack were not planned. The 
data that are presented thus are those that arose in the cour se of 
other work. In the future a special study should be made of the variat i ons 
in the shape of the beach, particular ly with the object of endeavoring to 
determine the cause of the variations. To achieve this purpose a 
detailed sampling program should be undertaken. The b€ach shoul d also 
be sampled at shorter intervals than in the past, and with be t ter topo
graphic control. Such a program should throw light upon the regimen 
of Point Reyes beach. 

I 

~ Not printed ; See TeCh. ~e~o. No. 65 of the Beach Erosion Board. 
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