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Tho 1ithilied dume cands of Ookw, Huwall consist of fine to mediume
grained, yellowlsh browim, carbonatoe, sand grains indurated by a calcar-
eous comonte Tho Individual porticlos are primarily fragments of

wmollusk sholls, echinoids, corcl, algee, and foraminifera. Foraminifora

aro the wost easily recognizable blological componeats of the lithified

-
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dune sandse. Amphisitecsinag modagosearionsis d° Orbigny, Marginopora

vortebralis Blainville, and the Miliolidae represent a large percentage
of the foraminiferal populatiocn. Non=-calcarsous material comprises less
than one percent.

Tho data obteined in this study indicate that the lithified dune

sand contains no fragments lergor than 2 ma in diametere. Eoachrock

U

=

samples all contadin scme grains largor than 2 mme Thus, 2 mm is a con=
venient limit for distinguiching the two onvircmments in the field,

In general, the lithificd dune sands aroc bastiter sorted than the
beachrock sands and have a smaller woon grain sizoe

Analysis of tho internal structurs of the dune deposits indicates
that rcanonts of longitudinal, pyramidal, and transverso dunes are
present on Ochue

Longitudinal dunes cxhibit sobs of strate dipping anay from the
crost of the ridge and awey from each otheor, with separation angles
approaching 180°, Thoese strata are generally dipping to the north and
south at angles excecding 20°, The longlitudinal dunes are elongate
primarily eas“c,-.:ost.

Pyremidal dunes are evolutionary forams from transverse dunes to
longitudinal dunes. They are less elongabte than longitudinal dunes and

have sets of strata with seoparation angles of approximately 120°-150°,



Transvorso dunos aro porpondicular to tho wind and have sets of
strata dipping in a wosterly Jiwcetion. Tho sots of strata have average
dip directions with sepsraticn angles loss than 120°,

Thoso duno forms dovolop, in somo croas, at tho leoeward margins of
tho coastal plain as a rosult of the complex wind conditions and loss of
transpoxrting ebility due to wvegetaticn, change of slope, and increased
rainfall at the base of the Koolau Range. In other cases they occur
near the presont day beach cud may roproseant depositlional ridges formed
at thoe seaward margin of a proviously vegetated area.

Exomples of possible sand chadow deoposits are also present on Ozhu.
One of these exists on a r»idgoe 330 feet aibove Kahana Bay. Another pos=-
sible sand shé.dow is present in the Kailua area. A third type of aeolian

deposit, a sand drift, is exposed aloanz the southwestern flank of

Diamond Hoade
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Tho Hawallan Islands aro a serlcs of volcanic islands extonding
northwest to souwthoast in tho wid-Poclifices Oczhu is thoe third largest of
the eight wajor islands, ' The island of Ozhu has boen divided into four
major goomorphic provinces by Stearns (1966). These have boen designat-
ed as the l. Koolau Range; 2. Waianzae Range; 3. Schofield Flateau; and
L, Coastal Flaine Of the four the Coastal Flain Province is the most
important in reference to this studys

Tho Coasgtal Plain Province is dovelopod mainly along the north and
south shorcs of the islands The plein is couposed chiefly of marine

deposits waich have sccumtlated ab verlous stages of sca levels A large

3
Y
Jo
.

b of the cily of Honolulu and its suburbs is situated on a large

f

'g

porition of this coastal plain, 4T the oxtreme northern ond of the

island is a large seoction of coastal picin known as the Kehuku Plain,.
On the coastal plain ovidence of higher stands of sea level is

founde Rammanlts of 1ithificd sand dunes are a commoa feature of the

plain, especislly along the windward ccast of the islande These

-

coastal

w

and dunes reprecont one of the fow sedimentary rock types exposed on
tho island. Although the presence of thosc deposits has been noted by
Stearns and Vaksvik (1935), little work concorning them has been dones
Puornose

The prinmary objoctive of this investigation is to doterwmine the
typo of sand dune formu reprosonted by these deposits using internal
structure and areal morphologys The study also involved an analysis of

the texture and forawiniferal assemblages present in the dunes.



Moasurcments of tho striko cnd dip of the strata (McKoe and Woir,
1953) exposed in outerops wore made wsing a Erunton compasse. Vhenever
possibleo, rcadings woro made on the exposed bedding plenes. In some
cases only apparent dips wore exhibited in the outecrops and pleces of
1/8" or 1/4" plywood were inserted "bé'bt-mcn the strata To provide extend=
od swrfaces to moasures Using this mothod, the true dip was measured.

The irreogularly wocthered bedding plane surfaces prosent in the
carbonate dunes of this areca rogulred seoveral readings to be taken for
each sobt of bedding. These moasuremonts wore thon averaged to obtain an

o

of stratae

(4

average dip direction for each sei
Grain size deoterminations wore made using the size scale proposed
by Wentworth (1922)s The rock colors wore detommined using the Rock=

Color chart distributed by the Goologic Socicty of America in 1963.



PIL:JL;..‘ WIND COIIDITTONS AS REIATED TO DUNE FORMATION
In zs;:cr:lg tho winds vhich deminateo tho Howaiian Islands are
airly constant In speed and directicn. This genorally uniform flow is
disrupted by topographic fecaturos and in many sections local wind

The .leo. nd of Cohu hos provailing east~northoast tradewinds,

-

Records of tho UsSe Marine Corps Air Station, Kanoohe Bay, Cahu, over an
oleven yoar poriod indicate that almost 609 of the winds are from the

east-northeast or cast (fige 1)o Occasionally winds from the northeast,
south=-southcast and scullwest are experienced which disrupt the custo-
maxy flow patiorn. Theso disruptions, espocilally those from southerly
directions, are associated with cold fronts which tead to move from west
to east in the areca. Theo cold fronts and asscciated southorly winds are
more fieguent during the wintor montl

According to MeKeo®s (1988) work with gypsum sands of White Sands,
New Mexdco, only t-;'ind veleceitics exceeding 15 knots are offective in
dune dovelopment with sand of that deunsity. This oflective velocity is
probably sligatly less for Hawailan sand dunes bscause of the porous
charactor of many of the carbonate particles., Plotting only for winds

effective in duno developmont yields the diagram in Figure 2.
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Figure 1. Eleven ycar sumary of monthly wind records for
the Us S, Marine Corps Air Station, Kaneone Bay, Oahu,

Hawaiie.
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Figure 2. Eleven year summary of wind velocities greater
than 13 knots for U. S. Marine Corps Air Station,
Kanecohe Bay, Oahu, Hawaii. Those are effoctive in
duno dovelopment,



DIFFERCNTIATION OF DUNES FROM BEACH DEPOSITS

: S .
Distincuishing Dune Sond from Baach Sand

There have boon attempts by numorous workers to distinguish beach
une sandse. Theso studies involved both a comparison of
textural characteristics and mineralogical differences. Some of these
investigations concluded that there is no textural parameter for distine
guishing between these two enviromments. This conclusion is based on
the fact that the range of parameters for each enviromment overlapped
(Waskom, 1958; I:ttax, 1955)e Some studies have been more successful
and a brief discussion of these is warrantod.

MacCarthy (1935) indicated that beach sand might be distinguished
from duwne sand by using average grain size and average degree of round-
ing for each environmeat. Ko found thal in general dune sands are more
rounded than beach sands end that each type of sand occupied a certain
zone when average roundness was plotted against each size class. The
rolationship was besi observed in the coarsoer and finer fractions of
éach sample,.

Kellexr (19%45) attempted t fferentiate beach and dune sands by
applying the ratio boltween the fine and coarse samples, FiC ratlo, as
determined by sieve analysis. The samples were classed as fine or

oarse, F or C, depending on the relationship of the proximate admix-
tures to the chief ingredient or maximum (Udden, 1914). If the proxi-
mate acdmixture was coarser than the maximum, the sample was designated

as coarso. JIf it was finer than the maximum, the sample was designated



a&s finoe. Ho found that the ratio for rccent duno sand was 2.5 or morc,
A
For boach sand, his rcsults indicated F:iC ratios of 1l.) or loss.
iko MacCarthy, Boal and Shepard (1956) tried to distinguish beach

sands from dunc sands using roundness values. They used the term round-

ess as cuwrvaturc or roughness of the surface of a grain and noted that

s

dune sands gonerally are moro rounded than boach sands. DBecause of some
ovorlap in tho valucs obtainoed for boaches and dunes, tho authors con-
cluded that the difforonce was rolative rathor than absolute, making the
stratigraphic uso of the criterion impossiblc.

Mason and Folk (1958) tried to distinguish boaches from dunes by
plotting skewness against kuxrtosis, as the difforencos botween environ=-
monts aro reflocted only in the tails of the grain size curves. Skew=
ness is tho quality, of a frequency distribution, of being asymmotrical
with reclation to tho moan, modo znd modiane Kurtosis is a moeasure of
tho poakcdnoss of a sizo distribution curvo. For a more dotailod dis-
cussion of thoso paramctors sce Mason and Folk (1958) or Folk (1966).

Friedman (1961) suggostcd that duno sands may be distinguished from
beach sands on the basis of the skouness of curves dorived by plotting
frequoncy ageinst grain size. Dune sands aro generally positively
skowed, whoreas boach sands tend to be nogatively skewed. The mineral-
ogy of tho sand does not affect tho sign of tho skewnoss.

Shopard and Young (1961) found that dune sands are usually rounder
than boach sands, particularly if thers are predominant onshore winds.
Thoy suggosted that the chief reason for this difforence is that the

wind moves moro of the rounder grains from the beach than the angular

and flat grains



Thoe techniquos cilted above were doveloped in studies on unconsoli-
dated duno and beach sands in which textural parameters were detormined
by sieving the samples,. ittle work has been done on comparisons

beach sands and dune sands. Existing sieving

(J
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botween con
tochniques are impossiblo on lithified carbonate sands, thus textural
paramcters must be derived from thin section studics,.

Mattox (1955) feols that tho use of shape characteristics, as pro=-
poscd by some authors to discriminate beach from dune sands, is of
littlo value bocause waves and long shore currents are continuously
modifyling and altering boach deposlits in short periods of time.

fcKee (1957) proposed tho use of strabtification and cross-stratifi-
cation as a means of identifying beach sands from dune sands. Beach
deposits can be recognized by the low angles and long, flat surfaces of
the bedding planes, which usually dip toward the sea at angles up to
12°, The writer has observed similar attitudes in cross-sections of the
beach at Waimea Bay on the island of Ozhu. Dune deposits, on the other
hand, consist almost wholly of steeply dipping cross-stirata that have
formed on the lce slope or slip face of the dune. The gently inclined
cross-strata, which dip in the opposite direction on the windward side
of the duno, are rarely preserved. The majority of the slip face planes

the dune dip at 30° or greater although dips as low as 16° have been
found in scme cross—strata (McKee, 1957).
Adcitional features which may be useful in distingulishing between

beach and dune deposits are the gross shapes of the sand bodies, ripple

marks, and inclusions of large pebbles or shells.
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The nature of the dune sandstone, calearcous fragmonts indurated by

teristics of tho rock from thin section measurements. Some of the
samplos wore only looscly comented and these were impregnated before
thin sections wore made.

There have been several aticupts to convert thin soction size dis-
tributions to those of siove anslyses (Friedman, 1958, 1962, Rosenfeld,
1953). A limitetion of Friedman’s mothed, is that it applics only to
woll=-sorted sandstones with a high porcentago of quartz. As most
Hawaiian sandstones are predominantly calcarenites, Friedman's method
camnol bo applieds Rosenfeld concluded that there is no gonerally ap-
plicable correction factor.

In this study size porameters woro determined through measurement
of the short axis of the grains in thin section. Short axis values were
solected ovor long axis measurcments bocause the short axis appoars to
more closoly approach the dimension which determines the separation of

grains in sicving. This tendoncy is shown in Table I,

TABLE I. COMPARATIVE MEASUREMENTS OF SIEVED AND SECTIONED SAND

Short Axis Long Axis

Sample Noe 13 1L 18 13 14 18

Percentage of grains
within known size limits 55 58 68 18 24 24
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A knowa excoption to this is foraminifora, which compose up to 11%
of the grains., DMany forcminifera aro somcwvhat disc-shaped and these aro
not soparated according Lo thoe shortost axis whon they aro sieved.

The figuros prosonted in Toble I wore obtained by sicving a sand
sample, Iimprognating a portion of a known sieve size, grinding a thin

soction from the sample, and thon measuring long and short axes using an
ocular micrometer.

Although neither short axis nor long axis measurcments result in
close agreecment with the known siove size, the short axis measurcments

ore closoly approach the known size than do the long axis determina=-
tionse

Twenty=-three dune samples and seven beachrock samples, fige. 3, were
analyzed in this study to detormine any textural parameter which would
pormit identification of Hawaiieon lithified dune deposits. The results
aro prescnted in Table II. The dune samples all represent deposits

aving dip angles excecding 20°, The boachrock samples all were taken
from deposits of consolidated sand slightly sbove sea level and in some
cases extending below sea level with dip angles not exceeding 10°,

Measurements of the longest apparent axis of the largest observable
grain in both the lithified duno samples and beachrock samples were made
to dotormine if this criterion could be used to distinguish between the
two environmments. The results are presented in Table II.

Student®s © test, for a small number of variants (Alder, 1962), was

applied to detew swine if the moans woro of two separate popwlations. The
dune samplecs were found to have a largest grain mean of 1.1 mm + 0.1 mm

with 95% confidence. The beachrock samples had a largest grain mean of
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Figure 3, Index map showing the areas of lithified dune deposits discussed in the text,
Beachrock sample localities are shown along northern coast.
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TAELE II. SUMMARY OF TEXTURAL PARAMETERS DETERMINED BY
FEASURING THE SHORT AXIS OF 300 GRAINS
IN THIN SECTIONS.

Largost Average of
Moan  Sorting  Skewness  Kurtosis Grein 10 largost
o) o) 0] o) wim Grains (m)
2,04 0.51 ~0.02 0,97 1.1 0.77
20‘]‘5'1 Ool\""ﬁ” -!-0..01." 1509 :’..O 0057
1.89 0,46 +0.05 0,94 1.2 0.81
2.68 0.4 +0,15 1,05 0.8 057
101‘}5 0052 '!'0025 0088 103 0098
2:73 0.48 40,19 1.21 0.6 0.50
2438 0.50 ~0.,03 1,00 0.9 075
2,05 0.65 +0.19 1.15 1.7 1.10
1.92 0.46 0,00 1,00 1.5 0.88
1.92 0648 -0.03 0.99 1.4 0.77
1984 004’7 "0001 1001 103 0.8?
1.62 0,41 0,00 1,01 1.7 0.90
1.85 0.4 +0,02 0.4 1.2 0.90
2,34 0443 40,02 0.99 1,0 0,58
2,44 0ot 0,00 0.98 s 0.66
2.2 043 40,07 123 0.9 T 0.73
2,20 Qo2 +0,19 1.15 0.9 0.68
2933 0938 ':‘0.2'!"/ :-908 On9 0070
2057 0037 ':"Oalo 1.15 066 0150
2.10 045 +0o11 1.18 1e2 0.86
2617 0.7 +0,Cl 113 1el 0.80
2,41 0.l2 -0,02 Lel2 0.8 0.61
1.83 0.57 ~0.1% 0.97 g 3 1.08
LER
l Oel:’l 0987 ‘;‘0026 19&(1 5.5 2064
2 1ol 0,80 -0,12 0.93 7ol 2.52
3 -_'...36 006&' e -0.08 . 0088 2»8 1942
b 1,63 0.67 ~0.07 1,09 2.3 1423
5 1907 0059 '!'0025 1.07 15"09 ch’fB
6 143 0,67 +0:29 134 2.0 1.16
7 4.2 1,81

0,96  0.63 0,19 1,17
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Lol + 1.7 mm with 95% confidence. Tails moans that if the largest
grains in samplos of Hawaddan lithified duncs are measured, the mean of
theso measurcments will probably £all between 1.0 mm and 1.2 mm 95% of
tho time. Using the sawo tochnigue, the largest grain mean for beach-
rock will probably bs botwoon 2.4 mm and 5.8 nm. The data here then
indicate that ﬁho moasurement of the largest grain in a sample can be
used to distinguish between the two types of deposits on Cahu.

The largest grain mean for the dune samples was less than 2 mm and
for beachrock was greater than 2 mme Thus, the figure of two milli-
neters was selected as a convenient limit for distinguishing between
the two deposits in the field.

Similar results wore obtained when this same technique was applied
to the moean values of the average of the 10 1argost)grains measured in
2 thin section. This separation between the means held true when the
tochnique was also applied to the population mecan and the mean sorting
for each enviromment (See Table III). VWhen student's t test was applied
to the mean skewness and kurtosis for each environment, a definite over-
lap in these parameters existed (See Table III).

The date here indicates that, in general, the lithified dune sands
are better sorted than beachrock sands and have a smaller mean grain
size. Skeuwness and kurtosis values overlap between the two environ=-
montse

In this study, the high angle of dip of the bedding planes, the
internal structure of the deposit, and the lack of inclusions of large

pebbles or shell fraguents greater than 2 mm have been used as evidence

that the sand structures are of an acolian origin.



TABLE III., CONFIDENCE INTERVALS (95%) FOR STUDEUT'S t TEST
FOR TEXTURAL PARAVETERS.

Averago of
Largest 10 largest Population Sorting Skewness Kurtosis
grain (nm) grains (um) Mean [0 4 )

dune beach dune beach dune bezech  dune beach dune bzach duna beach
X (Mean) 1.1 4.2 0.8 1.8 2,10 1.18 046 0.70 40.05 0,10 1,01 1,13
95% Confe Lime _':{'_0.1 ilo? iocl i‘_0°6 iO:lS 10038 iOOOB :!;0.09 iO.OLP iO.l? i‘OcOS 10.18
Rﬁnge 1.0= 2914“" 037'-" 1e2- 1095"" 0,80~ 0.11"3“ 0061"‘ 0,02~ ooo?"’ 0095"' 0095‘"
l.2 5.8 0.9 2.4 2:25 156 0.9 0,79 0,10 0.27 1.06 1.31




CHARACTER OF THE LITHIFIED DUNE SAND
Composition
The lithified dune material consistis of fino to medium-grained,
palo yellowish brown carbonate sand grains bound by a calcarcous cemont.
The reock weathers to & dark gray color. The individual particles are
for the most part fragments of mollusk shells, echinoids, coral, algae,

and fo

H

aminifera, with occasionel whole foraminiferal tests. Non-cal-
carcous material is rare, usually comprising less than one percent. The
carbonate grains appear to be of two different types: some appear as
distinct grains with definite margins, whereas others have less definite
borders and appear only as ghost grains surrounded by coment.

In goneral, tho lithified sand is quite porous, having a porosity
visually ostimated at 15-25%. Solution cav&ties are common and in many
cases they have been filled by reprecipitated calcite probably derived
from the upper portion of the dune by percolating ground water. Ancther

cature frequently found is a thin coating of calcite covering some

Hy

portions of an outerop. Shortly after a rain shower, water can be seen
dripping on these deposits from overhanging ledges in the upper section
of the dune., Individual strata range in thickness from a few milli-
notors to as large as 18 cm,
Texture

The short axis mean for each sauple was determined graphically
using the relationship proposed by McCarmon (19622). The range of mean
size is 1.450 (0.43 vm) to 2,739 (0.15 mm). The sand comprising the

lithified dunes is fine to medium-grained (Wentworth, 1922).
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Tho degroe of sorting was doteraincd using the moasure proposed
also by McCamnmon (19562a). Using this mocasurs, a perfectly sorted
sediment would have a value of zoro. The dune sands are in general well
sorted, if the values for sorting of the dune sands, found in Table II,
arce applicd to a scale proposcd by Folk and Ward (1957).

Skewness and kurtosis were doterwmined as suggested by Folk and Ward
(1957)s Friedman (1961) found that recont dune sands in general are
positively skewed. Thore is an indication that this is true for the
Hawaiian lithified dunes (Table II). Positive values up to a limit of
+1,00 are found in cumulative distribution curves with tails in the
fines. Porfectly symmetrical cwives have a skewness value of 0.00. The
measure varies from =1.00 to +1.00 although Folk and Ward (1957) contend
that natural sediments with skewness values exceeding +0.80 are very
rarse.

The measure of kurtosis is 1,00 for normal curves. Bimodal distri-
butions or distributions with flat curves have values less than 1.00,
whereas excessively peaked distributions have values 1.5 to 3 or even
greater. Values obtained for Hawaiian lithified dunes deviated somewhat
from 1.00, some being slightly less, some slightly more. No trend is
indicated (Table II).

Foraminiferal Analvsis

Foraminifera, the most easily identifiable biological components of
the lithified dune sands and beachrock samples, were examined in thin
section. Tho individuals present in each sample and their relative

abundances are given in Table IV,



TABLE IV. FORAMINIFERA PRESENT IN THIN SECTIONS
AND THEIR RELATIVE ABUNDANCE

Amphistegina VMargino- Cibicides Total

Sample madagascar~  pora ver-  Milio-  Soriti= lobatulus Heterost~ Textu- Foramin-

Number ionsis % tebralis % 1lidac $ dac % % egina $ laria $ ifera %

ISD

1 77 8 13 i1 - 8.7
2 38 7 34 4 17 33
6 L2 2 17 9 29 L7
7 63 30 3 2 2 1.7
8 42 10 30 - 18 2.0
Kahuku- 12 70 5 32 L 9 8.0
Iaje 13a 30 55 15 - - 93
Area 13b 27 Ly 2% 7 - 2 i 6.3
18 61 32 7 = - ll?
20 76 8 6 2 8 9.3
15 89 - 11 - - 2.3
21 86 - 6 - 8 6.3
22 61 8 15 - 15 1.3
Kahana 101 63 L 15 L 14 7:3
Kailva 201 34 L2 24 - - 3.7
Ares 202 L6 12 Lo - 2 2.7
Waiman= 301 20 24 56 - - 2:3
alo~ 303 L9 36 10 Al 3 11.0
Bellows 304 Ly 32 16 1 7 k.3
Kahala 601 70 6 12 6 6 53
Area 603 60 16 8 2 14 L7

gL



TABLE IV. (Continued) FORAMINIFERA PRESENT IN THIN SECTIONS
AND THEIR REIATIVE ABUNDANCE

Amphistogina Margino- Cibicides Tot=1l

Semple madagascar—-  pora ver- Milio-  Soriti~ lobatulus Hoterost- Textu~ Foramin-
Mumbor densis ¢ toebralis $ lidaec $ dac % % egina $ laria $ ifora ¢
LBR

1 90 10

2 70 30

3 82 10 8

L Ly 38 16 2

5 75 20 5

6 73 25 2

7 62 22 12 L

LT
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In general, the foraminifora in both the beachrock and lithified

dune sand are ropresented by the same species. JAmphistesina madapgase

cariensis d'Crbigny, Marginopora vertebralis Blainville, and the

Miliolidae ropresent a large porcentage of the population (Plate I).

Amvhisteaina is usually the most abundant foraminifer in both the beach-

rock and lithified dune samples. In a fow instances, however, the
lithified duno samples have higher frequencies of Marginopora and in one
case, the Miliolidae occur most frequently of the three types.
Differences in population may be attributed to several factors.
The high percentage of the Miliolidae in Sample 301, from Waimanalo, may
reflect a source area which contains an abundance of the Miliolidae.
The samples with more abundant Marginopora are primarily those which are
closer to the source area and the present day shoreline. Shepard and
Young (1961) believe that the wind is solecctive for rounder grains which
are easily transported inland from the beach. Therefore, the large
disc-shaped test of Marginopora might be more difficult to transport
than other, nmore rounded forms.
A constituvent of the lithified dune sections, but rarely present in

the beachrock sections, is Cibicides lobatulus (Walker and Jacob) (Flate

II). Cibicides is smaller in size than Amphistegina and Marginopora.

This may indicate that Cibicides, along with other fine particles, is re-
moved from the beaches by the wind. A similar relationship is found in

roference to the Soritidae.



Aside from this limited vardation, no major differences in the
areal distribution of foraminiferal spocies were noted. Furthermore,
individual dunes were romarkably consistent in their relative percent-

ages of component species.
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DUNE FORMS AND STRUCTURES

Bagnold (1933) proposed that only two truo sand duno forms exist.
These he designated as the barchan, or crescontric dune, and the seif,
or longitudinal dune. Hack (1941) additionally suggested parabolic and
transverse dune forms from studies he éonducted in the Navajo country of
Arizona.

A barchan is a crescentric-shaped dune form which has its tips or
horns extending downwind. It is convex on its windward side and concave
to the leeward. The slip face is generally transverse to the provailing
wind direction. The internal structure of a barchan dune, as reported
by McKoe (1966) from sections cut parallel to the wind direction, con-
sists of steeply dipping strata inclined to the leeward at 26=~34°, - In
cross=-sections perpendicular to the wind direction, strata with apparent
dips of 12-23° were observed sloping outward from the center. These
strata were enclosed by bounding surfaces which dipped at only a few
degrees. To test the fairly consistent dip direction suggested by the
apparent dip exhibited in the walls of the trenches in the dune, several
moasurements of true dips were made. The reosults gave a spread of 60°
with a mean in the approximate direction of the prevailing wind.

Parabolic dunes are long U-shaped bodies of sand with the tips, or
hoins, tapering to the windward. This type of dune appears to be a form
developed by sand blowouts rather than a primary form. The horns are
partially anchored by vegotation so that the central area advances more
rapidly. The parabolic dune has boen described as consisting of high=-
angle cross=strata, 20-340, dipping to the leeward in cross—-sections

parallel to the prevailing wind (McKee, 1966). Along sections normal to
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the wind direction, cross-strata had apparont dips at primarily low
angles away from the center, with a few attaining angles of 25°, A
common feature seen in the cross-strata, which may bo characteristic of
parabolic dunes, is the concave-dounward curvature of the high-angle
forosets near the dune front. This concave feature soems to bo rolated
to the dune shape. The extremo frontal margin of the dune exposes the
slip face and permits cross-winds to undercut its base and oversteepen
the lower part.

Transverse dune forms are long, nearly parallel ridges extending
perpendicular to the prevailing wind direction. According to McKee
(1966), the cross-strata in sections oriented parallel to the general
wind direction are inclined at angles of 30-34° o the leeward.
Sections normal to the wind axhibit stratification which is apparently
horizontal or dipping at very low angles.

The longitudinal or seif dune is elongate parallel to the prevaile-
ing wind direction. The structure of tho longitudinal dune has been
analyzed by McKee and Tibbitts (1964), working in Libya. They found
that in sections poerpendicular to the trend of the ridge, laminae dip 3
away from the crest at high angles of 23-33°, excopt near the base where
they dip much less. Bagnold (1941) also postulated a similar structure
for seif dunes.

A structure commonly observed in the strata of all types of dunes
is contorted bedding. It may be associated with small faults and
irregular, small scale, folding. It appears to be caused by partial

slumping on an oversteepened slip face.



LITHIFIED DUNE FORMS OF OAHU
Appfoximately fifty days wore dovoted to field work. More than 900
strike and dip measurements along bedding planes wore taken at 35 dif-
forent localities. To simplify discussion, the data are grouped into
five different rogions: The lLaioe-Kahuku, Kohana Bay, Kaiiua, Waimanalo=
Bollows AFB, and Kahala areas (fig. 3).

Laje=-Kahulu Area

Laniloa Point, or Laie Point, (fig. &), on the northeast shore of
OCahu, east of the town of lale, is undoubtedly the best exposure in the
area. The deposit is approximately 3400 foet long, 500 feet maximum
width, and 50 feet high. The trend of olongation is nearly easi~west.
The material is composed of fragments of calcareous shell and reef,
Foraminifera comprise approximately 6% of the grains by volume. Noncal-
careous material represents less than 1%.

The structure of the deposit is clearly exhibited along both the
northern and southern shores of Laniloa Point. Steep north-dipping
strata comprise the full length of the north shore of Laniloa Point. An
average of 27 measuroments taken along the norﬁhern face of the deposit
resulted in a dip direction of N 21° W at an angle of 23°. Using the
same technique on 65 measurements along the south facing slope resulted
in an average dip direction of S 05° W at 30°. The data are summarized
in Table V.

Steeply inclined strata dipping in opposite directions at high
angles and having opposing dip directions with separations approaching

180° have been described in recent longitudinal dunes by McKee (1964).
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TABLE V. DATA SUMMARY FOR LAIE-KAHUKU AREA.
Numbor Range Avorage Avorage Maximum

. of of dip dip Angle
Location Roadings Roadings Dircction Angle of dip
1 B N50°=N10PE N14CW 20 33°
8 S24°E-S34°W S05°E 26° 36°

16 528%-578°W S48°w 289 359

16 121 °W=-N89°W - N63°wW 712 36°

2 20 S50%W-S84°W S75%u 29° 0¥
3 22 575%0=N59°W N9O°wW 26° 31°
L 20 S58°%W=-N65°W N82%W 270 30°
5 11 518°W-562°W s41%w 250 32°
8 N50°W=-N83°wW N70°W 30° 35°

6 29 S37°W=-176%u S69°W 290 37°
10 N25%W/=N19°E NO1°E 259 36°

74 21 S80°W=-N540 N73° 31° 36°
15 S30%W-S60°W Suliow 30° 3409

30 S35°U=N52°0 S84°W 31° 36°

12 NOLOW=-N22°E NOSOE 27° 340

8 val 505°W-570°W S36%W 299 35°
7 N3 Cp- N1 5%W N25°w 35 -

5 N10°E~-N15°W NO1°E 219 31°

9 - 20 S7LOW-N79°W S83°% 25° 329
10 4 N259W=-N58°w Nu1OW 29° 31°
11 6 N10°W=-N29°w N20°wW 27° 389
12 25 N29%-N82% N50°w 18° 26°
13 65 $25°E~-550°W 505°%u 30° Lo°
27 NO6°W-N33°W N21°W 28° 340

10 N6 5°W-586°W N81°%W 13° 18°

17 L S20°E-SL0°E S25°E 359 5pe
9 S06°%1W=-520°W 513°%W 35° Lo°

6 N72°W-S87°W N81°W 27° 29°

18 34 S01°%W=-861°wW S33°W 32° 39°
” NOO®W-135°W N23% 31° ;1
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TABLE V. (Continued) DATA SUMMARY FOR LAIE-KAHUKU AREA.

Numbor Rango Avorage Average Foxcdimum

of of dip dip Angle

Llocation Readings Readings Diroction Angle of dip
19 15 S15°E-832° S10°W 28° 39°
20 8 S28°1~SL0%W S32°0 259 29°
8 NO1OW=-N65°W N32°W 28° 340
21 6 NO5°W-N41OW N21°W 269 350
b ! S78°0=N70°W N87°wW 30° 340
9 S60°W=-S70°W S64°uW 29° 25
22 10 S17°W-S33°W S24°u 280 . 299
10 N13°E=N24°W NLO°wW 19° 28°
23 7 NO6OW=-N180oW NO9owW 300 340
? SO4CE-S22°E S10°E 24° v o
5 N589W=-N80°W N73°W 300 320
24 9 N86°E-N50°W N23°E 28° 32°
7 S60°E-S15°W S30°E 24° 340
25 6 S76°W-s88°w S81°% 31° 34°
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The rolationship of the cross-stratification and the elongate form of
Laniloa Point parallel to the dominant wind direction strongly suggest
that it is a remnant of a longitudinal sand duno.

At the extrome western ond of the dune (location 14, fig. 4),
sirata dipping almost due west are exposed. Another set of strata with
a similar orientation is exposed in thoe central interior portion of the
duno at tho eastern end. A nose or anticline-like structure associated
with this unit at the eastorn end of the dune is oriented with the crest
of the structure parallel to the direction of elongation of the dunc.
It also plunges at a high angle, 26°, in the direction of elongation.
Provailing westerly dips of the strata and the anticline-like structure
are interpreted as possiblo romnants of a slip face formed at the lee=
ward end of the elongate dune as it was oxtended inland.

South of laniloa Point, at location 20, fig. &4, similar structures
are found, Although the elongate pattern is lacking, opposing dip
directions occur. Also exhibited at this location is an anticline-like
structurc like tho one at laniloa Point, fig. 5. The average dip
directions for this location are S 32° W on the south side and N 32° W
on the north. The angle of separation of the two units does not
approach 180° but the two sets diverge from the crest at 116°. The
structure here is similar to that suggested by McBride (1962) as an
asymmetrical pyramidal dune. An asymmetrical pyramidal dune is an
evolutionary form between a transverse dune and a longitudinal dune.
The trend of the anticline-like structure was determined as N 78° E.

At location 23 also, wost of Laniloa Point, opposing cross-strati-

fication is exposed. Here, at approximately 90-100 feet above sea
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level, about 15 feot of steeply inclined strata occur. At the crest of
this exposure two major sots of strata dip away from each other and away
from the crost. Average dip directions for these two units were calcu~-
lated and resulted in N 09° W and S 10° E. Dip angles for the two sots
averaged 30° and 24° respectively. Here, as at Laniloa Point, a third
sot of sitrata, dipping in a westerly direction, was found. As before,
these strata may be representative of the advancing leoward end of the
dune ridge;

Other interesting festurcs seon on lLaniloa Point, but better ex-
hibited at location 23, are circular holes about 1-1% feet in diameter
and several feet deecp, superimposed upon the main structure. These are
molds of tree trunks which wore covered by the dune as it was extended
inland. Subseguent decay and removal of the material by rainwater has
loft only the mold of the former trunk. Ancther feature commonly seen
in many exposures but especially well displayed at location &4, fig. 6,
is contorted bedding. Similar features have been described in recent
dunes by McKeo (1966).

Other locations exhibit cross=-stratification relationships similar
to those described above. The average dip directions, dips, and ranges
of roadings for these locations are presented in Table V.

Several other deposits having elongate forms and resembling elong-
ate dunes on aerial photographs are present in the area, but outecrops
are insufficient for a compleote structural analysis. Strata exposed
in the available outcrops dip generally in a westerly direction, but
sets of strata with average dip directions separated by angles approach=-

ing 180°, were not detected (See Table V). The writer believes that



29

At S N SR A ey A o s v

%1~ 8 =location and number

i zaverage dip direction

> =dune margin 5

Kahuku

0 3000 feet
I N = T |
SCALE™ 1:24000

{ . ”
i ~ o’ 3

Figure 6. Map of dunes, locations, and dip directions for Kahuku
arca.



30

these dunes reprosont evolutionary stagoes of dune development from
iransverse to longitudinal forms, as proposed by McBride (1962). The
inland extensions of most of those ridges begin to lose their identity
and gradually morge with tho slopes of the Koolau Rangoe, so that the
inland contact between the dunes and the range is difficult to
determine. This made it nocessary to estimate the positions of many of
the inland contacts,

Approximately 15 miles along the highway, WNW of the town of
Kahuku, at location 8 on the map, an exposure of long, consistent strata
is displayed in a cliff faco. The general trond of this cliff, as
measured from a topographic map, is N 80° E, almost parallel to the
provailing wind. Tho strata are strikingly continuous, some extending
an ostimated 50 foet up the cliff face. Seventy-one measurements were
takeon in a distance of about 600 foet along the base of the c¢liff. The
average dip direction calculated from those measurements was S 36° W.
Two minor sets of cross—strata, less than thirty feet wide, were obser-
ved. These rescmble scour and fill structures described by lMcKee
(1966).

Measurements takon approximatoly 0.6 mile south of location 8,
(localities 9, 10, 11) gave similar results. As seon from Table V,
average dip directions of S 83° W, N 41° W, and N 20° W were obtained.
These measurements were made at small outcrops exposed on the upper
surface of the deposit. At location 22, in this same area, two major

sets of strata with average dip directions of S 24° W and N 10° y

flanked the base of the cliff. Although the angle of separation between
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the two units approaches 180°, tho typical elongate form is lacking.
West of these localitics, at location 12, an average dip direction of
N 50° W was measured (fig. 6).

The general olongation of the deposit perpendicular to the present
prevailing wind, and the direction of dip semi=-parallel to the provail-
ing wind, suggest that this deposit may be the remnant of a transverse-
iype dune. Such a dune may have migrated inland as a transverse ridge
across the flat coastal plain in this aroa, or could have assumed
several small parabolic or barchanoid forms in transition. An alternate
explanation is that this deposit is the remnant of a depositional ridge
caused by the loss of competency of the wind to transport sand. The
prevailing wind would thus sweep sand along corridors between longitu-
dinal dune ridges, irregwlarities in vegetation, or topographic lows,
and deposit the sand at the inland margin of the coastal plain. This
loss of transporting ability could‘be due to a combination of the effects
of vegetation, topography, and increased rainfall at the base of the
Koolau Range.

The two units measured at locality 22 indicate the possibility that
this is a remnant of an asymmetrical pyramidal dune form covered later
by the depositional ridge.

South of the Church College of Hawaii, location 7, a complex dune
structure is exposed (fig. 4). Four fairly large and consistent sets of
cross-strata are observable. Although the internal structure is clearly
exposed, the orientation of the cross-stratification makes interpreta-

tion difficult. A summary of the data is presented in Table V.
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A ¢liff perpendicular to the prevailing wind, oriented north-south,
approximately 300 feet long and estimated to be 50 feet high, revealed
two sets of long, continuous strata (fig. 7). Most of the strata extend
from the base of the cliff to the top. The southern 200 feot is com=-
posed of stratification with an average dip direction of N 73° W. The
northern 100 feot consists of strata dipping S 44° W. An exposure ap~-
proximately parallel to the prevailing wind, along the southern portion
of the deposit, displays strata dipping S 84° W. Another set exposed on
the upper surface of the hill, and also composing the upper 10 feet of a
cliff along the north side of the deposit, has an average dip direction
of N 08° E, This upper unit has a lower margin which is concave upward
and is approximately 30 feet wide. This is clearly a scour and f£ill
feature resulting from a later cross-wind from the south. The relation-
ship of the other units, with dips toward each other, is suggestive of
atﬁitudes which might be attained on the slip face of a barchanoid form;
or perhaps this is a remnant of an area which experienced converging
dune slip faces from separately migrating dunes.

Kahana Bay Area

Approximately 1000 feet due south of Mahie Point, fig. 8, at an
elevation of about 330 feet, another sand body is exposed. The deposit
is nearly 120 feet long, 40-50 feet wide and about 30 feet high. It is
situated in a saddle of a north-south trending ridge. Diroctly to the
south, the ridge extends up into tho Koolau Range. Just north of the
deposit is a knob, which is at the end of the ridge, and extends about

70 feot above the saddle area. The east and west margins of the ridge
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are steop c¢liffs, the eastorn being almost vertical and the western
margin being more gontly inclined, approximately 50° (f£ig. 9).

The sand particles which compriso the deposit are calcareous frag-
monts of shell and reef material and occasional tests of foraminifera.
Foraminifera comprise approximately 7% of the rock by volume.

Two major sots of stratification are obsorved in this deposit. In
the central portion of the sand body these two sets, each from 3 to 5
feet thick, are in an alternating sequenco. These sols generally dip
away from the crest of the deposit and away from each other. Calcula-
tions of average dip directions for each'set resulted in azimuths of
S 56° W and S 53° E, with average inclinations of 22° and 29°, respoc-
tively (Table VI).

The charactor of the cross-stratification is suggestive of that
seen in the elongate or pyramidal dunes of the Kahuku-laie area. It is
possible that this is a remnant of one of these dune forms. However,
another possibility is that this is a remnant of a sand shadow deposit
which accumulated to the lee of the knob directly north of the saddle.

The location of the source of the sand comprising this dune
presents an interesting problem. Certainly the source was a beach or
exposed reef area. The source could have been at a high elevation due
to a higher stand of sea level. Another possibility is that Xahana
Valley once extended further north or seaward and the valley floor in
the area of the deposit was at a higher elevation. The'valley would
then serve as a channel for sand to be blown inland and deposited at a

-higher elevation.
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TABLE VI,

DATA SUMMARY FOR KAHANA BAY, KAILUA,
WAIMANALO-BELLOWS, AND KAHALA AREAS.
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Numbor Range Avorago Avorago Maxcirmam

of of dip dip Angle

Location Reoadings Roadings Dirocction Angle of dip
101 14 -S30°E-S85°F S53°E 29° 340
S30°W-S78°%W S560W 210 26°
201 8 N4GOL-NB7OW N66°W - 289 340
3 S1895E-S22°K S20°E 300 340
202 5 SLEOT-S630u S500W 320 340
5 N3 50U-N74°W N61°W 17° 220
3 S57°W=S72°W S63°W 319 339
301 11 S30%W=-579°W S61°W 31° 340
26 S10°E-N25% S82° 319 1°
9 S35°E-N6LOW S16°W 29° 35°
6 S78°E-590°%W SO4°W 31° 359
302 6 S27°W=N49°W S87°% 27° 340
303 5 N64CH=-S86°W N78%W 25° 30°
8 S00%W~S59°W s$23% 250 31°
5 N50°%W=-N73°wW N63°W 499 Lo°
304 9 S60°W=S90°W S72°%0W 31° 33°
9 N25%u=167°W N4BOW 299 1
6 S039E-S23°E SO9°E 320 36°
601 10 S09°W=-SLOOE S13°E 320 340
10 NO3OE~N34°W N16°W 280 350
602 3 N65°W=N59°W N62°%W 29° 32°
603 5 N25%W-N65°W N53°W 29° 329
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A third explanation prosumos a fault in the area of Kahana Bay. In
this caso the eastorn margin of Kahana Bay would represent the upthrown
block romoved from the original stand of tho sea. A geomorphic support
for this hypothesis lies in tho fact that tho Kahulu Plain is well

devoloped on the coast until it reaches the northwest margin of Kahana
Bay.' Across the bay on the southeast margin practically no coastal
plain exists.

A fourth alternate explanation is the possibility that at tho time
of formation of the dune, the lava flows from the Koolau Range extended
further scaward. Sand from the beach and reef area was then driven up
the slopes of the flows by the wind and accumulated at the present day
330 fooé level,

Approximately 1800 feot south of Alala Point (location 201, fig. 8)
is a small exposure of consolidated calcaresous sand. Tho deposit is
situated on tho southwest edge of a gap formed betwocn Puu Halo and
Keiwa Ridge. The sand body is about 200 feet long and 200 feot wide,
although its boundariss aro indistinct.

Directly below the clubhouse facilities of the Mid Pacific éountry
Club two sets of strata ars exposecds Measurcments of the major unit
resulted in an average dip direction of N 66° W inclined at 28°, The
minor set have an average dip direction of S 20° E #t 30° (Table VI).

The rolationship between these two sets of strata may be interpre-
ted as a result of the effect of the topography on the prevailing winds.
Doflections of the wind current as it passed through the gap would
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account for the wide angle of separation between the two units. Another
obvious possibility is that this 4s a romnant of a longitﬁdinal'dune
similar to those occurring in tho Kahuku-laie area.

Almost directly west of Puu Halo and extending some 1800 feet from
its slopes, another sand dune deposit is present. The dune is about 600
feot across at its widest point and extends nearly 160 feet above sea
lovel. The sand consists of fragments from shells and reef material.
Foraminifera are present, but not abundant, comprising only 4% of total
volume,

Measurements at locations 202 and 203 indicate that possibly 2 or 3
units of stratification exist. Bocause the readings have a small spread
it is difficult to dotermine if each is a distinct set or if there is a
transition from one to the other. Average dip directions for the two
most diverging sets are only about 70° apart, with possibly a thir& set
present which is intermediato between the two, Table VI, In general,
these units all dip in a wosterly direction.

Although the doposit is elongate generally east-west, no strata
dipping north or south wore observed. The absence of north and south
dipping strata and the lack of a separation angle approaching 180°
suggests that this dune is not a remnant of an elongate dune. Its
position directly to the leeward of Puu Halo presents the possibility
that this may be a dune form resembling a sand shadow.

Waimanalo=-Bellows AFB Area

Southwost of Waimanalo Beach is a large elongated dune deposit.

The trend of elongation is about N 45° W, nearly parallel to the present
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beach. The dune is woll oxposed around much of its margin. The deposit
is almost 0.7 of a mile long, about 1200 feet wide at its widest point,
with a maximum elevation of 162 feet (fig. 10).

Measurements were taken both perpendicular and parallel to the
olongation of the dune., Average dip directions obtained are plotfed on
fige. 10 for four different arcas of the dune. The data for these areas
are summarized in Table VI. In general, tho strata dip to the south-
wost approximately parallel to the prevailing winds and the dune is
primarily elongate porpendicular to the wind direction. The structure
and direction of olongation of the dune sirongly suggest that this
deposit is a remnant of a transverse dune form.

A similar feature is found on Bellows Air Force Base (location 303,
fig. 10). As at Waimanalo, tho deposit is approximately perpendicular
to the prevailing wind direction. Two seots of stratification are re-
vealed at this location. Those are plotted on fig. 10. Generally, they
are inclined in a westerly direction. Hore, as at Waimanalo, this pos=
sibly ropresents a remnant of a transverse type dune.

East of the town of Waimanalo (location 304, fig. 10), is another
dune. Unlike the other dunes in this area, it is elongate parallel to
the prevailing wind. Average dip directions for this dune are sum=-
marized in Table VI and plotted in fig. 10. The structure and elonga-
tion of this dune are strikingly similar to that seen at laniloa Point
in the Kahuku-Iaie area. The obvious conclusion is that this dune re-
presents a remnant of a longitudinal dune.

A difficulty on Bellows Fiold which hampered complete structural

analysis of some of the dunes was military construction. Many of the
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dunes had beon excavated for airplane hangers and the walls of the
hangoers had been cemented. This completely obscured any structure pre-
viously exposed in the excavations. In some cases, most of the dune was
coverod and analysis of the structure was impossibleo.

In the town of Waimanalo (location 302, fige. 10), an average dip
direction of S 87° W was obtainod. This figure is based on only a few
moasurements taken on a very small outcrop (Table VI). No other out~
crops wore found on this dune, so interprotation of the dune form will
not be attempted. The only statement possible is that the dip azimuth
obtained at location 302 is in general agreement with measurements made
on transverse dunes in the arca.

North of Kupikipikio Point, or Black Point, on the south shore of
Oahu (fige 11), is a dune which extends from the base of Diamond Head
eastward approximately 0.7 of a mile. The margins of the dune are dif-
ficult to locate in many sections because of the recent residential
development in the area. For this roason some of the margins of the
dune had to be estimated and are dotted on fig. 1l.

Here the general form of the dune appears to be elongate approxi=-
mately parallel to the prevailing wind direction. Moasurements of the
dip directions of the bedding planes were difficult to obtain, as flower
beds, gardens, vines, and rock walls obscure many outcrops. The average
dip directions for the moasurements taken are summarized in Table VI and
plotted on fig. 1l.

The relationship of the two sets of strata at location 601 suggests,

as it did at laniloa Point in the Kahuku-Iaie area, that this dune might
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roepresent a remnant of a longitudinal dune. The elongation of the dune
generally parallol to the provailing wind also. supports this conclusion.
The dip directions at localities 602 and 603 are possibly continuations
of the northwesterly dipping set seen at location 601.

Along the southwest flank of Diamond Head at an elevation of ap-
proximately 50 feet t§ 80 feet is an outcrop of calcareous wind-blown
sand., The sitrata dip generally in a southwest direction approximately
parallel to the slopes of Diamond Head. Fragments of tuff from Diamond
Head, as large as 10 cm in diameter are incorporated in this aeolian
sand. The sand is reosting on the tuff beds of Diamond Head and is over—
lain by talus breccia from the tuff deposits of the upper slopes.

The sand was probably originally transported up the flanks by
southorly winds to form a sand drift deposit. Tuff debris from the
upper slopes then moved downward and was deposited on the upper surface
of the sand deposit. The calcareous sand and its included tuff debris
was then partially covered by later debris from the upper portion of

Diamond Head.



EVOLUTION OF DUNE FORMS

It has generally been agroed by those who have studied longitudinal
dunes that cross winds are essontial for the development of the longi-
tudinal form (Bagnold, 1941, Madigan, 1946, McKee and Tibbitts, 1964).
The angle between the cross winds determines the rate of extension and
the massivenoss of the ridge. If the angle is wide the dune ridge tends
to be massive and built upward more rapidly than it is extended. The
narrower the angle, the more effective the wind will be in extending the
ridge forward at the expense of the bulk of the dune. Finally, as the
angle becomes smaller and smaller and the wind approaches unidirection,
the lateral winds become too weak to offectively concentrate sand along
the ridges. This leads to the development of a transverse dune form.

McBride (1962) has suggested that longitudinal dunes are end pro-
ducts of an evolutionary sequence beginning with a transverse ridge.
Probably the beginning of the formation of a longitudinal dune is
governed by more than cross winds alone. A sequence of events similar
to those suggested by McBride seem Justified on Cahu.

Sand derived from existing beaches and newly exposed reef areas was
blown inland by the wind. This sand would move forward and acquire a
transverse~ridge form if there were nothing to hinder its advance. But
the ridge probably encountered obstacles such as vegetation and topo=-
graphy which would create modifications in the dune pattern.

If vegoetation in the form of trees were encountered, a depositional
ridge, parallel to the seaward limit of the wooded area, would form.
Deposition would not be uniform along the depositional ridge. Sand

would accumulate in excess in different locations along the ridge



L6

because of irregularities in the wooded area. More rapid advance would
be favored in portions where the ridge was low. The mound of lag sand

would slowly be converted from a formless mound into an elongate ridge

with its flanks open to tho oblique impact of shifting winds,

Winds from the northeoast would cause the mound of sand to develop a
slip face to the southwest. Shifts in the wind to a southeasterly
direction would favor the development of a slip face on the northwest
facing side of the mound. The prevailing east-northeasterly trades
oxtend the ridge inland while the cross winds concentrate sand along the
ridge. At the extreme inland portion of the ridge a slip face would be
formed approximately perpendicular to the provailing wind direction due

to oversteepening of the slope by the cross winds.
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SUMMARY

The ovidonce presented suggests that the dune deposits on the
coastal plains of Oahu represent portions of sequences from transverse
ridges to longitudinal dunes. An additional type seen on Oahu is the
pyranidal form. In some instances they develop at the extreme leeward
edge of the coastal plain as a result of the complex wind conditions and
loss of transporting ability due to vegetation, change of slope and
increased rainfall at the contact with the Koolau Range. In other areas
they occur just inland from the beach and may represent depositional
ridges formed at the seaward margin of a previously vegetated area.

It has also been shown that 2 mm is a convenlient grain diameter for

distinguishing beachrock from lithified dunes in the field.



