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Tho l:U.:u:icC: d::.:10 c.::.::d.:; d ' OX::.iJ ::.:.':·;a ::..i concist o'Z fine to medium-

aous ccrr;on'c:.u Tho i ndiviC.u::i.l i:;o.:.."'c.iclo;;; c:i.ro pr:lm.:::i.:;.~ly fr.'.lgmonts of 

are the r11ost 0a.sily l"'Gco3:.1iz~~l0 biolozi c&'.l ccropon0nt.s of the 1i t.lrl.fied 

of the ~o~ruuinif oral populo.tionu No~-c~-c~reous material comprises less 

than one poroent. 

s~r.d cont~~ no r~~g:nonts J2.rgo~ than 2 miu in diameter. &:>achrock 

samples D.11 co~1·(..a:ln som0 g-rains l.:::.l"g6::.... thc.n 2 mu 'I'hus P 2 mm is a con-

bcachrock sands and lulvo o. sr.''"' ·ii 0l" i.;c.:.::1 z-~dl'l siz0. 

Jl.nalysis of tho i:::.·::.o:r·.w...... st::,,...ict.u;.. .. o of "t.b.e ciun0 deposits indicates 

present on Oa.huu 

longitudil'l.al dunes oxhibit sots 0£ st1 .. c.ta. dippL.""lg mw.y from the 

crest of the ridge c.nd aw::.y from. ea.ch oth0:r, with separation o.ngles 

approaching 180°. Those stT~·c.a a:re generally dipping to the north and 

south at. anglos exceod.U1g 20° o The longitudinal dunes are elongate 

Pyr~dal du.nos D.l"e evolutional"Y f orl.is from transve~sa dunes to 

longitudinal dunes" Th0y al ... G less elongate than longitudinal dunes . and 

have sets ot st.rat.a with separation angles of approximately 120°-150°. 
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:·::.o sots of strata have average 

dip diroctio11::; witb s09~r~tio::. c.r.~los los~ th;:i.n 120°. 

Those <lune :fo:rzas doYolop 0 :ln so.-r.o .:u~oas 0 at. tho looward nui.rgins o-£ 

the co~stnl plain a.s a. l"Osult of tho complex tlind. conditions and loss of 

rainfall at t.he base of t.he Kcol.iu P...:::.~se" In other c~sos they occur 

near the proso1'ri7. cb.y bo:J.ch c.:-.d rr~y l"'opros0n·;:. deposi t:lo;ri.111 ridges formed 

Ex:amples of pos~iblo sDX.d sh~dcw doposits are also present on Oahu. 

One of these exists on a i-"'idg0 330 feet .;:i.oove ~'lam Bay. Another pos-

sible sand shadow is pr0sen·;:, i.11 tho K.'.lilua area. A third type of a.eolian 

deposit, a sand drift, is expos~d alo~1g ·i:J:":.0 sou·i:J:lwesteri1 .flank of 

Diamond Heade 
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'I'ho E.::i..~mii~ I::::lo.nc.l:::; aro ~ ce>l"ics of volco.n:ic i:::l.:l.n& oxtor.din~ 

northwost to sou.t.hoas"t in ·t..1.o ..:::d.- P.:?.c::.f .:c.. Oi.'riu is t.ho third largest of 

the eight. Yn.'.ljo:i." islands~ The i~la.nd of Orum has bo0n divided into four 

LlG.jO:i."' g0omorphic Pl"OVincos by St0~rns (1966 ). These have ooen designat

ed as t .. "rJ.e lo Kool.:l:u. Ra.1100; 2o Wo.ian:lo P..c11ge; 3. Schofield Plateau: · and 

4.:. Coastal Pla.ii··ic. 0-1 t.he fem· ·c:i0 Coo.st.al Plain P.~ov:ince is the most 

Teo Coo.st.al Pla.~"'l P' ... "'ovinc0 is dovo_o:.;.::id. ll'.:i.i..-tly along the nol"th .md 

south shoros of th0 isla.nd.1 '.the plain is co:.:.~::_:;os~d chiefly of marina 

deposits w}lich have ~ccuru.ulo.t0d ~t V.:!.J:.":lous st.a.gos of .. oa 10v0le A large 

p;ll"c. of the cit.y of Ho1•oluJ:.i .r.nd its sumwbs is si·tU.::J.t.cd on a large 

pol--t.ion of t:.tls coas·cl pkin'o l°l:C. the ox'cr000 nol."thel"~'l Gl"..d of t..h.0 

islar.d is o. l~: .. gia sGc-Cion of coasts.I pJ ···il1 knovm as tho Kal1~1<:u Pla.in.t 

On tb.0 co<lstc.J. plain 0vid0~1ce of hizh0J..• stands of sea levol is 

found\j P..z.im:~ . .l~ts ot li·;:JUfiod sar~d dm10s a.:.:•a a common f0a.tura of the 

coastcl. plaing osp6ciully along tb.0 tri.r.Q.-c·;~d coast, of t.he island. These 

sD.nd dui1os r-apl"esont one of ·L~e f cw sedilJ:o~'rt..:li7 rock types exposed on 

tho islando .Although the p:r0S0~'1CO of ·these deposits has ooen noted by 

Stearns and Va.k.svik (1935) 11 lit:C.10 wo:i:-k concori'ling them has been done. 

Pu.-mose 

The primacy objective of this investigation is to d0tel"l.Uine the 

type of sand dur .. •a fo:rra r~pi-es0nt.0d by these deposits using internal 

structm."0 and a.J:"eal mo:!'phology11 'l'he study also involv0d an analysis of 

the tc:ud:.ure and fo:r::-winiferal a.ssEllllblages present in the dunes. 
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}';,:::·CJ1.o:'.s of s·::.:: ~hr ----

19 53) e:cposctl il1 ou-cc1·ops wcco r.i..:.de \:Si:.1,:s a B:."Ul'lton comp::i.ss. Whenever 

cas0s only nppo,:;,•0nt. clips w01•0 e:i::hibitcd i.."'l the· outcrops and pieces of 

1/8" 01• l/L~ " ply;·rood w01"0 i ?.so1"'"c0d bet~·rocn the strata t.o p:rovide extend-

ed surfaces to moasura·" Usi.."lg this method, t...tie t.rue dip was measured. 

carbon.3.te dunes of this ~?oa required sover.:W. roaclings t.o ba taken for 

e.:i.ch set. of b0dd.i11g"a 'l"'a.0se moasure:monts w0z-e then ava:::ragod to obtain an 

average dip di.1.-ect,ion for each set. of si:.rat.~o 

<aain size dct.er;:irlrn:.tions wol'"e nu:.C!.o usjj'lg the size scale proposed 

by Wentworth (1922)0 The rock colors ll0:"0 de·co:;.""J>.incd usi..""'lg the Rock-

Color chart dist:dbuted by t.he Geologic Society of J.raerica in 1963. 



f.'.l.ll-ly co:r.sJ.:.::.nt. i11 speed ancl cli1--0otiono Tltis e:;0n0:1."ally ~form flow is 

disrupted by topogi .. .::i.phic :fc.1turos ru1d :i:a m::i:t:;:y sect.ions local wind 

The island of <h.'1.u hc.s preivo.iling e.:i::;t-l'lolvthoast 'c.1 .. adowinds • 

Records of tho U .. So 1-b.ri11e Co1"'ps Ai-r St,3.tionp Kanoohe fu.yp Oahu, over an 

oleven y.:x1::.." po::.. .. iod :indicat0 t.b ::c almos·::-. 60~ of the wir.ids are from the 

east-no:..."'tilGas·(. or o~st (fig o 1) o Occ~sio;:ully wi11ds .f':rom t.he northeast, 

south-sout.ho.:i.st. ~'1d sout.hw0s·;;, .::.l' O 0A"p0r .:.c::mcod uhich disrupt tha custo

m.:.ry flow IXl/C.W:i'no 'I'h0S0 di~::-up-~iOl"'lS ~ 08p3ch1J.y those from SOUthal .. ly 

directions P ai .. e associated ·with cold i':i.."on,.~s wb:lch to1'ld to :move from west 

to east :L.--i tho m-o~" ?.ne cold i'1 .. onts c:ad associated southe...-ly winds are 

Accm.--.:iing to :f-bIU;;0°s (1966) ·woi·k 't·6:lli gypsur.i s~ds of White Sands, 

New 1·~0::dco 11 011ly 't·ri.nd vclccitio::> a::<:c0cding 1.5 knots ~1"0 effact.ive in 

dunG dovelop;:u011t with sa.nd of th.at. dcnsit .. yo This efi'ec·'-ive velocity is 

pl'"obably slign·i:J.y less foi- Haw1iian sa..°'ld d1Ltes bsc.1use of the porous 

character of many of the caz-bo:nate particleso Plotting only for winds 

eff ectivo in dune clevelor....;:uent yields the diagram in Figure 2. 
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DL"?l."Elilll·;·rI.A'l'ION OF DUNES :-'RO!~ BEACH DEPOSITS 

Dis t i 

There hav0 boon a.tto:npts by nur.-:.o:i .. ou::; workers to distinguish beach 

sands .from dune sandso Th cso s tudios involved both D. comparison ot: 

t.m.-turc.l cha::C"acteristics and mineralogical dif.fer0nc0s. Some of these 

inv0stie;.:itions concluded that there is no to:;d;ural parruneter for distin-

guishing betHeen t.:.'1ese two envi:z-omnen-C.s o This conclusion is oosed on 

the fact that the range of parameters for ea.ch environment overlapped 

(Waskomg 1958; Nattoxg 1955). Some st.ucties have been more successful 

and a b:i.~ief discussion of t.hese is w.:i:r:r.:::.ntod o 

Maccarthy (1935) indicated ~at b8~ch s::i.nd might be distinguished 

from dune sand by using avera go grain size ar.d uvor~ge degree of round-

~1g for each environ.~ento H0 f ou.nd that in general dune sands are more 

rounded t.ha.."l beach sands 2 .. nd that each type of sand occupied a certain 

zone when average ~oundness wcs plotted a~ainst each size class. The 

relationship was best observed in the coa~sor and fi.~er fractions of 

each samplee 

Kellei~ (1945) attempted to differentiate beach and dune sands by 

applyil1g the ratio b;;itween the fn,e ~md coa:rse so.m.ples~ F;C ratio, as 

determined by sieve annlysiso The Sa.lilples were classed as fine or 

coarse, F or Cp dependilig on the relationship of the proximate admix-

tures to the chief ingredient, or max:i."'llm:i (Udden, 1914). If the proxi-

mate admixture was coarse:r than the maximum0 the sample was designated 

as coarse. If it, was finer than the maximum, the sample was designated 



"s fi:;.10. Ho found th:..t tho :.~ctio fo? r(.cont dm10 s~md was ~ or more. 
1 

For bo.ach s.a.nd, his r.::sclt.o indicated F:C ~o.t.io5 of 1.1 or loas. 
l 

Liko }b.cCo.rthy~ fual and. Shc~rd (19.56) tried to distinguish boo.ch 

6 

s.'.ll'lds from dm~o sonds using rolrr.dnoss v~luos . They used the term round-

noss ~s cw.·v~turo or rougill1oss of the surface of a grain and notod that 

duno s~nds gonorally a~e mo~o rounded tncn boach sands. Because of some 

overlap in ~ho v~luos obt~inod for bo~chos and dunes, tho authors con-

eluded th.:4t the diffo1·.:mco was relative r.:i.t.hor than absoluto, making the 

stratigraphic uso of th~ crit~rion impossiblo. 

~.i=lson and Folk (1958) tried to distinrr.ri.sh boaches from dunes by 

plotting sk0wness ag.::dnst kurtosis~ as tho di:fforoncos botwcien environ-

monts arc rofloctod only ii."l tho ~ils of tho gr.:i.in size curves . Skew-

noss is tho qualityp of a frequency distribution, of being asymmetrical 

with rclc.tion to tho mo.:i.n 1 modo .::.nd median. Kurtosis is a moo.sure of 

tho poakodnoss of a sizo di:;;"i:.:dbut.io11 curvo. For a more dot.::.ilod dis-

cussion of t.~oso pcramctors soc Mo.son and Folk (1958) or Folk (1966 ). 

Fl•icdmo.n (1961) suggostod that duno sc.nds may be distil"l.guishod from 

boo.ch s~ds o:.-i tho 'oo.sis of t.ho skownoss of ourvos derived by plotting 

frequoncy ago.inst gro.in size. D..me sands aro generally positively 

skGwod 9 w~1oreo.s bo~ch sands tond to b0 negatively skowod. The mineral-

ogy of the sand ci.oes not af:f ect tho sign of "c..1-io skewness . 

Shops.rd •:md Young (1961) .found that dune sands are usu.:i.lly rounder 

th~n boach s3nds 9 pa~ticularly if thora are predominant onshore winds. 

Thoy suggostod that th~ chief reason for this diffor0nc0 is that the 

wind movos moro of the rounder grains from the beach th&n the angular 

and flat gr~i.l1s. 
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Tl10 tochniquos ci t0d above wore dovolo:..,od in studies on unconsoli-

datod du.."10 n.~'ld bc~ch s<mds iYl which textur~l p!ll·nrnetors wore detol."'Lninod 

by siov-l;1g t.110 s.:imples ~ little work has been done on comparisons 

bo"\:",ween consolidated be.::i.ch sal'lds and d'W'le sands. E:d.sting sieving 

tochniquos aro impossible on lithified c~rbonate sands, thus textural 

parru:loters must be dorivod fro~ thin section studios. 

M.3.ttox (1955) feels that tho use of shapo characteristics, as pro-

littlo value boc~uso wavos and long shore currents are continuously 

modifying and altor~1g beach deposits in short periods of timo. 

HcKea (1957) proposed the use of st:.:·.::d:,ific~tion and cross-stratifi-

cation as a means of identifying beach sandz from cii.L~e s~nds. Beach 

deposits can be i·ecognized by t."7.0 low ~mg_es and longp flat surfaces of 

the bedding planosp which usually dip ·:::.oward tne s0a at angles up to 

12°. The writer h.::is obsa1"'V'0d simila:.:- attitud0s il'l ci-oss-sections of the 

beach at W.:.i.-aea Bay on the islruid of 03.hu. Dune deposits, on the other 

hc.nd, consist almost wholly of steeply dipping cross-strata that have 

formed on tho loe slopa or slip fcce of the dune. The gently inclined 

cross-stra.'.:.a 9 which dip in the opposite direction on the windward side 

of tilc dunop ara ra:rely p1·0se1"'Ved. The majority of the slip face planes 

of t..'lie dlli'le dip at, 30° or greater al-C .. '11ough dips as low as 16° have been 

.found in some c1·oss-strata (HcKeep 1957). 

Add.it.ional features which may be useful in distinguishing between 

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

marks~ and inclusions of large pebbles or shells. 
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a curbon::lto comorrt~ made it nGcossa!'IJ to d0termine the textural charac-

toristics of t ho i·ock from thi11 section ra.0asm--ements. Soi.1e of the 

s .'.llilplos •·m::c0 only loosely cemented and these wol"e irnp:regnated be.fora 

t..'rin soctio1~s were m.:i.d0 .. 

T'neTe havo beon s0v0~~1 attempts to convor-~ thin section size dis-

tributions to those of siove ar.alys0s (Friednuln~ 1958, 1962, Rosenfeld, 

19 53) • A limi to:cion of F-..rieO..-i.:m 0 s method0 is that it applies only to 

well-so1"'tod sandstones with a high pe:.-c0nt<lgo of qu.:l.r'c,z. As most 

H.:i.w~ii.Zl.n sandstones are predomin:lntly calcu::cenites, Friedman's method 

cannot bo applied~ Rosenfeld concluded that th0re is no gonerally ap-

plicable correction f~cto~. 

o:t the short axls of the gr~i..."ls in thin section. Shoi. .. t c:.xis values we:ra 

solocted ove-r long a.-d.s measui•e;:nents bocnuso the short axis appears to 

rnore closely appro~ch the dili1ension which determines the separation of 

gr~'ls in si0ving.. This tend0ncy is shown in Table I. 

TABLE I. COMP.A.RATIVE MEASUREHENTS OF SIEVED AND SECTIONED SAND 

S~pl0 Noia 

Porcentag0 of grains 
wi·c.hil'l knoim size limits 

Short .Axis 

13 14 

.55 . .58 

long Axis 

18 13 14 18 

68 18 24 24 
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A lG-:.o· ... m oxcvl)tion to th:..s .:.s for~,1:'.2li~'c:..·.a, which compose up to 11% 

of tho grains o 1'hny fo:i.."l'-1-:linif 0;..·a aro som0uhat disc-shaped and those a:ro 

not sop~i·.::i.tcd according to tho shortest rods when thoy aro sicvod. 

T'no .figu:ros prosontod in Table I wore obt.a.incd by sioving a s.!l.nd 

SDJllplep improgna.ting s po:;,,¥don of a know.a sieve size, grinding a thin 

section froli1 the sample~ and th0•1 m0asuring long and short axes using an 

Al thm!g:l l'leit.her short, a.xis nor long a;ds meas·l.ll·aments result in 

close ag:reeraent. wi t.11 the knoim siov0 size, the short axis measurements 

~o~e closely approach the known size th2n do tho long axis determina

tions<> 

Twenty-three dune sD.mples and sevon boachrock samples, fig. J, were 

analyzed in this study to c'lot0rt.rl.11e D..l"fY ... .:.c:xtm·al pai·~aeter which would 

permit identification of H11waji.n "1 lithifisd clunc deposits. The results 

are presontcd in Table II" ~ho <lune samples all rapr0s0nt deposits 

having dip a.ngl0s exceeding 20°" The boachrock smnple3 all wore taken 

from deposits of consolidated sund slightly above sea l0vol and in some 

cases ex'cending below sea level wit.h dip angles not oxce0ding 10°. 

Meus\U'omonts of the longest appo.rent axis of the la.rgost observable 

grain in bot.'1 thG lithified dune samples c.nd be.s.chrock samples wore made 

to cfotormine if this crite:rion could ba used t.o dist,inguish b0tween the 

two cnvil•orunants" The results ara presented in Table II. 

St.udontgs t. test1 for a. small nur.;001 .. of variants (Ald0r, 1962), was 

applied to detel~uine if the moans were of two soparate populations. The 

dune samples w01 .. o found to have a hrgest grain mean of 1.1 mm ±. 0.1 mm 

with 95'% confid~mce. The beachrock samples had a largest grain mean of 
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Sarnple 
/ /_ 

Tr 

LSD 
1 
2 
5 
6 
7 
8 

12 
13a 
1:3b 
lL!, 

15 
18 
20 
21 
22 

101 
201 
202 
301 
.303 
JOL.~ 
601 
603 

LBR 
1 
2 
3 
4 
5 
6 
7 

11 

TABU: II. SDrn·ii'LFl.Y OF TZX"l'URf_L PA?..tJ,l.E'r:sP.S DS'!'ER11INED BY 
l·;:F.:1.SU_~LIJG TEE SHOR'".C tJJ.S OF 300 GHAI NS 

IN THIN SECTIONS • 

Lareost Average of 
110 .'.l.l'l Sorting Sk0t-moss Kurtosis Gr.::.in 10 ln.rgost 

¢ ::J rp ¢ rr.:m Grains (nrm) 

2o04 0.51 -0.02 0.,97 lol 0 .. 77 
2o41 Oo44 +o .. ~- 1.09 1..0 0.57 
L89 Oo~-6 +o .. 06 o .. 9Lr 1 .. 2 0.81 
2 .. 68 O,.L!-4· -:-Ool5 1005 o .. 8 0 .. 57 
l.L:-5 0 .. 52 +0 .. 25 o .. ss 1.3 0 .. 98 
2 .. 73 0 0 L;.8 +o.,_9 lo21 o.6 0.50 
2o38 0.50 -Oo03 loOO Oo9 Oo75 
2 .. 05 Oo65 -:-0 .. 19 l .. 15 1 .. 7 1.10 
lo92 Oo46 o .. oo 1 .. 00 1.5 o.88 
1 .. 92 .o .. ~-8 -0.,0J Oo99 1.,4 0.77 
1 .. 84 Oo l.!.·7 -OoOl loOl l.J 0.87 
1..62 oQL;.1 Oo OO -o Ol 1.7 0.90 
1 .. 85 o .. l.!4 +0 .. 02 0.94 ' 1 .. 2 0.90 
2.,34 Oo43 +0.02 Oa99 1.0 0.58 
2,,L:.4 O .. L~ o.oo 0 .. 98 1..1 o.66 
2 .. 2!..r o.43 -:-0 .. 07 l.,23 0.9 0.73 
2 .. 20 O .. L:-2 +Ool 9 1 .. 15 Oo9 o.68 
2 .. 33 Oo38 +0 .. 21-!- 1 .,08 Oo9 0.70 
2 .. 57 0 .. 37 +0.10 1015 o .. 6 0.50 
2 .. 10 O.L:.5 +0.11 1 .. 18 1.2 o .. 86 
2ol7 o.47 +o .. 04 1.13 1.1 0.80 
2.,L!-l O.L!·2 -c .. 02 1"12 0.,8 0 .. 61 
1"83 0"57 -0 .. 14 0.97 1.2 1..08 

0 0 L/l Og87 +0,.26 lo4l 5 .. 5 2 .. 64 
l.,L~l Oo80 -Oo12 0 .. 93 7.1 2 .. 52 
l .. J6 o .. 64 -0 .. 08 o .. 88 2 .. 8 1"42 ,,.,... 
_.,D) 0"67 -0.07 1 .. 09 2 .. 3 1..23 
1 .. 07 Oo59 -ro.25 1.07 4e9 L48 
1"43 0.,67 +o .. 29 1.34 2 .. 0 1.16 
0.96 0 .. 63 +O.J.9 1.17 4.2 1.81 
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4,.1 r:i.r11 ±. 1..7 mm i;dth 95% co?'Sidcr.co.. 1·:.:ds moans th:it if the largest 

those mo~suroi::onts will prob:ibly fall botwaen 1.0 mm a.nd 1.2 mm 95~6 of 

the timo. Using tho samo tochnique, the la.rgost grain moan for boach

rock will probably oo botwoem 2.4 mm and .5 .. 8 m:.n . Th0 d.:i.ta hol"e then 

il1dic.'.l:ce th3.t tho moasurament of the la:rg0st gr.::i.i:n in a sample can be 

used to distinguish bot.ween the two types of deposits on Oahu. 

The largost grain mean for the du."'le samples was less trum 2 l1ll7l and 

:f'or b0achrock was g-reater than 2 mm. Thus, the figure of two milli

meters was selected as a convenient limit for distinguishing between 

the t wo doposit.s in the field .. 

Sir.lila.r results wore obtained when this same technique was applied 

to tt~e moan values of the average of Jcl10 10 lcrgost grains measured in 

a thin section. This separation ootwcon the :raeans held true when the 

technique lias also applied to the population mean and the mean sorting 

:for each environment (See Table III). Wnen student's t test was applied 

to the mean skewness and kurtosis for each envil-onrnent, a definite over-

lap in these para.meters existed (See Table III). 

The data here indics.tes ·i:Jw:t1 in general, the lithified dune sands 

are · bett0~ so~ted than beachrock sands and have a smaller mean grain 

size., Skewness and kurtosis values overlap between the two environ-

ments., 

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 01 .. shell fragments greater than 2 mm have been used as evidence 

that the sand structui"'es are of an aeolian origin. 



X (lfoan ) 

95% Conf. Ll.m, 

Range 

TABLE III. CONFIDENCE TI~TERVALS (95;6 ) FOR STUDZL·lT eS t TEST 
FOR TEXTURAL PAP.f'.1':1'..'I'ERS • 

Avero.ge of 
largest 10 largest, Population Sorting Skei-mess 

grain (nnn ) grains (ro..m ) Henn ¢ ¢ ¢ 
-~ ... --.--..--

dune beach dune beach dune b 8£>Ch dune bon.ch dune b3ach 
1.1 4.1 Oc8 1.8 2ol0 1.18 Oo46 0.70 +0.06 +0.10 

±Ool ±1.7 ±_Ocl ±_Oo6 +0.15 j:0.38 ±0.03 ±0.09 ±0,04 +o.17 
, 

leO- 2o~- o.7L, 1.2- L95- 0.80- o.~'3 ..,. 0.61- 0.02- 0.07-
1.2 5.8 0.9 2c4 2.25 l._56 00 L19 0.79 0.10 0.27 

Km·tos i s 
¢ 

du110 bsach 
1.01 1.13 

i_-0.05 :J_-0.18 

0.96- 0.95-
1.06 1.31 

~~~~~~~~~~~~~~.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I-' 
\,,.) 



CH.A .. 'R.ACTER Ol THE LITHIFIED DUNE SAND 

Co:nt)Os:i. ti on 

Th0 lithificd dune material consists · of fine to medium-grained, 

p.'.lle y0llow:ish brown carbonate sand g:..·ains bound by a calcareous cement. 

Tho rock weathers to a dark gray color. The individual particles are 

for t.~e most pa~t fragments of mollusk shells 0 echinoids, coral0 algae, 

and for~~if~ra, with occasioncl whole forruniniferal tests. Non-cal-

cureous material is rare 0 usually comprising less than one percent. The 

carbonate grains appear to be of two different types: some appear as 

distinct, g:i.4 ains with definite mnrginsp whereas others have less de.finite 

borders snd appear only as ghost grains surrounded by cement. 

In goneral 0 tho lit.hified sand is quite porous, having a porosity 

' visually 0st.illlat0d at 15-25%. Solution cavit,ies are common and in many 

cases they have been filled by reprecipitated calcite probably derived 

from th.e upper portion of the dune by percolating ground w~ter. Another 

feature :frequently found is a thin coating of calcite cove::.."ing some 

portions of an outcrope Shortly after a rain shower, water can be seen 

dripping on these deposits from overhanging ledges in the upper section 

of th0 dune. Individual strata range in thickness from a few milli-

meters to as lai•ge as 18 cm. 

The short axis mean for each sample was determined graphically 

usil'lg t.l-ie relat,ionship proposed by McCammon (1962a). The range of mean 

size is 1.45¢ (Oo43 mm) to 2.73¢ (0.15 mm). The sand comprising the 

lithificd dunes is fine to medium-grained (Wentworth, 1922). 
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Tho dogroo of sorting wa.s dot0rr.;i-.1cd using tl10 moasure p:L'oposed 

also by McCrumnon (1962<1). Using this moasu.ro, a pcrf cctly sorted 

sediment would havo a value of zero. Tho duno sands are in general well 

sorted, if the values for sorting of t he dune sands 1 found in Table II, 

a rc appliGd to a scale proposed by Folk and Ward (1957). 

Skmmess and kurtosis wore detori:nined as suggested by Folk and Ward 

(1957). Friedmn.n (1961) found that recent dune sands in general are 

positively skewed. 'l'hcre is an i ndication that this is true fo~ the 

Hawaiian lithified dui1es (Table II). Positive values up to a limit of 

+leOO are found in cuniulative distribution curves with t.:.ils in the 

fil1os. Perfectly S:Yl1Jmetrical curves have a skewness value of o.oo. The 

measure varies from -1.00 to +1.00 al.~ough Folk and W<:i.rd (1957) contend 

th.at natural sediments with skewness values exceeding +0.80 are very 

rare. 

The measure of kurtosis is 1.00 for norir.al curves. Bi..~odal distri-

butions or distributions with flat curvos have values less than 1.00, 

whereas GXcessively peaked distributions have values 1.5 to 3 or even 

g-reator. Values obtained for Rs.waiian lithified dunes deviated somew.nat 

from l.OO, some being slightly less, some slightly more. No trend is 

indicated (Table II). 

Fora.minif eral Analys:l s 

Foraminifera, the most easily identifiable biological components of 

the lithified dune sands and baachrock samples 9 were examined in thin 

section. Tho individuals present in. each sample and their relative 

abundances ~ro given in Table rv. 



TABLE IV. FORAHL'HFERA PRESENT D~ THIN SECTIONS 
AND THEIR RELATIVE ABUNDANCE 

Amphistcgin'1 }vjm•gino~ Cibicidos Tot-::i. l 
Samplo mo.do.guscar·· por:i.. vor- Hilio~ Soriti- lobatulus Het erost- Textu~ Fomrnin-
Numbar ionsis cJ, tebr-o.lis cp licho <J, <lac % ~ cgina % 1 . ol if era % a.:r:i.a P 

lSD 
1 77 8 13 1 - 8.7 
2 .38 7 34 4 17 3 .J 
6 42 2 l? 9 29 4.7 
5 87 4 - 4 4 1.0 
7 63 JO 3 2 2 1.7 
8 42 10 JO - 18 2.0 

Kahuku- 12 70 5 12 4 9 B.o 
laie 13a 30 55 15 - - 9.3 
Ar0a 13b 27 44 26 

, 
2 l 6.J -

14 26 48 26 - - 2.3 
18 61 32 7 ~ - 1.7 
20 76 8 6 2 8 9.3 
15 89 - 11 - - 2,3 
21 86 - 6 - 8 6,3 
22 61 8 15 ~ 15 l.J 

Kahana 101 63 4 15 4 14 7.3 

Kailua 201 .34 42 24 - - 3.7 
Area 202 46 12 40 - 2 2.7 

Waiman~ 301 20 24 56 - - 2.3 
alo- 303 49 36 10 1 3 11.0 
Bellows JO~· 44 32 16 1 7 4.J 

Ka.hala 601 70 6 12 6 6 5.J 
Aro a 60J 60 16 8 2 14 4.7 I-' 

°' 



TABLE IV. {Continued ) FORANINJFERA PRESENT IN THIN SECTIONS 
AND THEIR RELATIVE ABUNDANCE 

.Amphistogin::i. 
Sample mado.gascar
Nurober i onsis ~ 

l·.ll:u.•gino-
pora ver- ¥..:ilio- Soriti
t ebralis ~ lidae % dao. % 

Cibicidcs 
lobitulus 

d1_ 
p 

Hoterost- Toxt.u
egina ~ larin % 

Tot :-.1 
Formnin
if ora % 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

LBR 
1 
2 
) 
4 
5 
6 
? 

90 
70 
82 
44 
75 
73 
62 

JO 
10 
)8 
20 
25 
22 

8 
16 
5 
2 

12 

2 

10 

4 

...... 
~ 



In general~ the f ora.";tinif c:.:-a in both the beachrock and lithified 

dune snnd ar0 r opr osontod by the samo speci0s. Amphistegina readagas

carionsis d'Orbieny, :Ma.r ginopora y_prtebr alis Blainville, and the 

Hiliolidae r epresent a largo percentage 0£ the population (Plate I). 
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A .. 'lllcilistegi1'la is usu.;i.lly the most abundant £oraminifer in both the beach

rock and lithified dune so.mples. In a f ew instances, however, the 

li tb.ii'ied duno samples have highei- frequonci0s of 11a:L'ginopora and in one 

case~ the Miliolida.e occur roost frequently of the threa types. 

Differences in population :may be attributed to several factors. 

The high percentage of the :t'filiolida.e in Sample 301, from Wai."llSnalo, may 

reflect a source area which contains an abundanco of the Miliolidae. 

The samples with more abundant !v'.'n.rginopo1"a ara pr:i.ma.rily those which are 

closer to the source area and the p:resont, dn.y shoreline. Shepard and 

Young (1961) believe that t.~e 'W°'J.nd is selective for rounder grains which 

are easily transported inland f~om the beach. Thereforo, the large 

disc-shaped test of Ma~ginopora might ba more difficult to transport 

than other, more rounded forms. 

A constituent of the lithified dune sections, but rarely present in 

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

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

This :may indicate that Cibi cides, along with other f'ine particles, is re

moved from the beaches by the wind. A similar relationship is found in 

reference to the Soritidae. 
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Aside from this limited v~~iationp no mAjor differences in the 

areal distribution of for~iniferal species were noted. Furthermore, 

individual dunes were romarkably consistent in their relative percent-

ages of component species. 

: ~ 
' ' 



~ ~ 
I : 

DUNE FORMS AND STRUCTURES 

Bagnold (1933) proposed that only two true sand dune for-ms exist . 

These ha d0sig.tW.t od as the barchan, or or0sccntric dune, and the seif, 

or long:i.:tudinal. dune. Hack (J.941) addi t.ionally suggested parabolic and 

transverse dune f orros from studiGs he conducted in the Navajo country of 

Arizona. 

A barchan is a crescantric-shaped duna 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 gener~lly transverse to the provailing 

wind direction. T'ne internal structure of a barchan dune, as reported 

by McKee (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 

measurements of true dips were made. The results gave a spread of 60° 

with a mean in the approximate direction of the prevailing wind. 

Par abolic dunes are long U-shaped bodies of sand with the tips, or 

horns, 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 vegetation so that the central area advances more 

rapidly. The parabolic dune has been described as consisting of high

angle cross-strata, 20-34°, dipping to the leeward in cross-sections 

parallel to the prevailing wind (McKee, 1966). .Along sections normal to 



" :· 
I' 

21 

the wind diroction, cross-strat~ had 3pp.:i~ont dips at prim.'.lrily low 

angles away from the center, with a few attaining angles of 25°. A 

com.~on feature seon in the cross-strata, which may bo characteristic of 

pcrabolio duneis, is the conca.vo-downw.:u-d curva.'~ur0 of tho high-angle 

f orosets near the dune front. 1'his ooncava feature seems to bo related 

to the dune shape. The extreme frontal margin of the dune exposes the 

slip face and permits cross-'Winds to undercut its base and ovarsteepen 

tho lower part. 

Transverse dune forms are long, nearly parallel ridges extending 

psrpendicular to the prevailing 'Wind diraction. According to McKee 

(1966)P tho cross-strata in sections oriented parallel to the general 

wind direotiol'l are inclined at angles of .30-34° to the leeward. 

Sections normal to the wind exhibit stratification which is apparently 

horizontal or dipping at very low angles. 

The longitudinal or seif dune is elongate parallel to the prevail-

ing wind direction. The structure of the longitudinal dune has bean 

analyzc;id by McKee and T-lbbitts (1964), working in Libya. They found 

that in sections perpendicular to the trend of the ridge, laminae dip 
) 

away from the crest at high angles of 2.3-.3.3°, except near the base where 

they dip much less. Ba.gnold (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 ba associated with small :faults and 

irregular, small scale, folding. It appears to be caused by partial 

slumping on an oversteeponed slip face. 



LITHIFIED DUNE FOill1S OF OAHU 

Approximately fifty days woi·e devoted to field work. Hore than 900 

strike and dip measurements along bodding planes wore taken at 35 dif

ferent localities. To simplify discussion, the data are grouped into 

five diffGrcmt rogio11s: The l.aio-Kahuku, Kahana Bay, Kailua, Waiman.alo

Bellows fu.4'B, and Kabala ar0as (fig. J). 

~-Kahuku~ 

Laniloa Point, or Laie Point, (fig. 4), on the northeast shore of 

Oahu, cast o:f the town o:f Laie, is undoubtedly the best exposure in the 

area. The deposit is approximately 3400 feet long, 500 feet maximum 

width, and 50 feet high. The trend of elongation is nearly east-west. 

The material is composed of fragments of calcareous shell and reef. 

Forrunin:ifera comprise approxima.t0ly 6% of the grains by volume. Noncal

careous material represents loss 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. .A:n 

average of 27 measurements ta.ken along the northern face of the deposit 

result~d in a dip direction of N 21° Wat an angle of 23°. Using the 

same technique on 65 moasu:rements along the south facing slope resulted 

in an average dip direction of S 05° Wat 30°. Tho data are summarized 

in Table V. 

SteGply 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 SUl<HARY FOR LAIE-KAHUKU AREA. 

Nu.11b<Dr It::.ngo Avoro.ge Avor:J.ge M.~.Y..imum 

of of dip dip Anglo 
location Ro.:.dings Ro.'.ldings Direction .Angle of clip 

l 12 N50°vl- Nl0°E Nl4°w 29° 3J0 

8 s24°E-SJL~0w so5°E 26° J60 
16 s28°w-s78°w S48°l>l 28° 35° 
16 N21 °W- N89°W · N63°w 31° 36° 

2 22 s50°w-s84°w s75°w 29° 33° 

3 22 S75°'1'1-N59°Vl N90°W 26° 31° 

4 20 s58°w-N65<>i.; N82°i'1 27° 30° 

5 ll s1s0 w-s62°w S41°W 25° 32° 
8 N50°W-N83°W N70°W 30° 35° 

6 29 s37°w- N?6°w s69°w 27° 37° 
10 N25°vl-Nl9°E N01°E 25° 36° 

7 21 S80°'1v-N.54°W N73°W 31° 36° 
15 s300-w-s60°w S4L~ow 30° 34° 
JO s35CVJ- N52°w s84°w 31° 36° 
12 N04°w-N22°E N08°E 27° 34° 

8 71 so5°w-s70°w s36°w 29° 35° 
7 l\141°w- I-.i'l5°W N25°w 17° 210 
5 Nl0°E-Nl5°W N01°E 210 31° 

9 20 S74°W- N79°v1 s83°w 25° 32° 

10 4 N25°i-1-N58°vl N4l°W 29° 31° 

ll 6 NJ.O°w-N29°w N2o0w 27° 38° 

12 25 N29°W-N82°W N50°w 18° 2.60 

13 65 s25°E-s5o<>w so5°w JOO 40° 
27 N06°W-N33°W N2J.0W 28° 34° 
10 N65°w-s86 °w N81°W 1.30 18° 

17 4 S20°E-s40°E S25°E 35° 37° 
9 so6°w-s20°w SlJ°w 35° 40° 
6 N72°W-s87°w N81 °irl 27° 29° 

18 34 SOl°W-S6loW SJJ°W 32° 39° 
7 N00°W-N35°W N23°w 31° 37° 
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TABLE V. (Continued ) DATA SW1NARY FOR IAIE-KAHUKU AREA. 

Nu.-.ibo:r fun go Aver:;, go Aver:J..ge l"'.o.x:irnum 
of of dip dip Angle 

Loc.ition Ro~dings Hc.'.l.dings Diroct,ion Anelo of dip 

19 15 s15°E-s32°w SlO°W 28° 39° 

20 8 s28°w-sL}o0 w s32°w 25° 29° 
8 No1°w-N65°w N32°w 28° 34° 

21. 6 No5°w-Nln °w N21°w 26° 35° 
17 s78°W-N70°w N87°W 30° 34° 
9 s6o0 w-s7o°W s64°w 29° 32° 

22 10 Sl7°W-S33°'..V S24oW 28° 29° 
10 Nl.3°E-N24°W NlO°W 19° 28° 

23 7 N060W-Nl80W N09°w 30° 340 
7 s04-0 E-s22°E Sl0°E 24° 27° 
5 N58°W-N80°W N7J°iv 30° 32° 

24 9 N86°E-N50°w N2.3°E 28° 32° 
7 s6o0E-s15°W s30°E 24° 34° 

25 6 s76 °w-s88°w S8l°w 31° .340 



The rolationship of t.~e cross-stratification and tho elongate form of 

Laniloa Point ~ra.llol to the dominant. w1.i'ld direction strongly suggest 

that it is a remnant of a longitudiruil sand dune. 

26 

At the extrome western ond of the dune (location 14, fig. 4), 

strata dipping alrnost duG west a.re exposed. Another set of st;i;-ata with 

a similar orientation is exposed in tho central interior portion of the 

duno at tho e.::i.st0rn end. A nose or anticline-like structure associated 

·with this unit at the eastern end of the dune is oriented with the crest 

of the structui~a parallel to the direction of elongation of the dune. 

It also plunges at a high angle, 26°, in the direction of elongation. 

Prevaili."'lg westerly dips of the strata and the anticline-like structure 

aro interpreted as possible remnants of a slip face f ormod at the lee

ward end of the elongate dune as it w.:is extended inland. 

South of Laniloa Pointp at location 20, fig. 4, similar structures 

are found. Although tho elongate pattern is lacking, opposing dip 

directions occur. Also exhibit0d a.t this location is an anticline-like 

structuro like t.110 one at Laniloa Point, fig. 5. The average dip 

directions for this location ara S 32° W on the south side and N 32° W 

on tho 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 a.symmetrical pyramidal dune is an 

evolutionartJ 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, west of Laniloa Point, opposing cross-strati

fication is exposed. Here, at approxima.tely 90-100 feat above sea 
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level, about 15 foet of stoeply inclinGd strata occur. At th0 crest of 

this exposure two major s0t.s of str3.b dip away .from e:i.ch othor and away 

from the crest. Average dip directions for these two units were calcu-

lated and rosult.od in N 09° W and S 10° E. Dip angles for th0 two sots 

averaged 30° and 24° respectively. Hera, as at I.aniloa Point, a third 

set of strata, dippL~g in a westerly direction, was found. As before, 

these strata. may be representative of tha advancing leoward end of the 

dune ridgei. 

o+...her interesting f oaturGs seon on I.aniloa Point, but better ex:-

hibitcd at location 23, are circular holes about 1-lt feet in diameter 

and several feet deep, superi.~posed upon the main str"Ucture. These are 

molds of tree trunks which wore covered by the dune as it was extended 

inland. Subsequent decay and removal of the nw.terial by rainwater has 

left only the mold of the f orme:r trunk. Another feature coramonly seen 

in many G:>...1>osures but especially well displayed at location 4, fig. 6, 

is contorted bedding. Similar featuxes have been described in recent 

dunes by l".c Ko(!) (1966). 

0-'-~er locations exhibit cross-stratification relationships similar 

to those described above. The average dip directions, dips, and ranges 

of readings for these locations are presented in Tabla V. 

Several other deposits having elongate forms and resembling elong-

ate dunes on aerial photographs are present in the area, but outorops 

are insufficient for a compl0te 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 (Sea Table V). The writer believes that 
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th0so dunos represent ovolution.:i:ry sUigos of dune development from 

trAnsverse to longitudinal forms, as proposed by McBride (1962). Tho 

inland ro...-tonsions of most of thoso ridges b~gin to lose their identity 

and gradwi.lly merge with tho slopes of tho Kool~u Rc.ngo, so that the 

inland contact between the dun0s 3.nd the range is diff'icul t 'c.o 

dotermino. This made it necessary to estimate the positions of :rrw.ny of 

the inland contacts • 

.Approximately lt miles a.long tile highway, WNW of the town of 

Kahuku, at location 8 on tha mAp, an OA'"Posure of long, consistent strata 

is displayed in a cliff faco. The general trend of this cliff, as 

me~sured from a topographic xn.:a.p, is N 80° E, almost parallel to the 

provailing wind. Tho strata are strikingly continuous, some extending 

an ostimated 50 fe~t up the cliff face. Seventy-one measurements were 

taken in ::i. distance of about 600 feet a.long the base of tho cliff. The 

average dip diroction cnlculAtod from these measuromGnts was S 36° W. 

Two minor sots of cross-stra~, less tha.n thirty feet wide, wor~ obser-

v~d. These resemble scour ~nd fill structures described by McKee 

(1966). 

Measurements taken ~ppr<h"d.raately 0.6 mile ·south of location 8, 

(localities 9g 10, ll) gave s~r results. As seen from T~ble V, 

nverage dip directions of S 83° W, N 41° W, and N 20° W wel'"e obtained. 

These measurements wera ma.do 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° w 

flanked the base of the cliff. Altliough the angle of separ.;i.tion between 



the two units approaches 180°, tho typical olongaf,() form is lacld.ng. 

West of these loca.litios, at location 12, an average dip direction of 

N 50° W was moasurod (fig. 6). 

.31 

The general elongation of the deposit perpendicular to the present 

prevailing wind, and the diraction of dip s~mi-parallel to the pr0vail

ing wind, suggest that this deposit may be the rem.viant of a transverse

type dune. Such a duno :may have migrated inland as a transverse ridge 

across the flat coastal plain in this arcia, or could ha.ve assur11C">d 

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 

provailing wind would thus sweep sand along corridors between longitu

dinal dune ridges, irregularities in voget:ltion, or topographic lows, 

and deposit the sand at tho inland ~rgin 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. 

Tho two units measured at locality 22 indicate the possibility that 

this is a rem."lant of an asymmetrical pyramidal dune form covered later 

by the depositional ridge. 

South of the Church CollegG of Hawaii, location 7, a complex dune 

structure is exposed (fig. 4). Four fairly large and consistent sets of 

cross-strata a.re 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 cliff perpendicular to tho prevailing wind, orientod north-south, 

approximately JOO feet long and estimated to be 50 feet high, revealed 

two sets of long, continuous str~ta. (fig. 7), Most of the strata. extend 

from the base of the cliff to the top. The southern 200 £eot is com

posed of st.ratii'ication with an average dip d:i,rection of N ?JO w. The 

northern 100 feet consists of strata. dipping S 44° W. A:n 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 surf aco of tha hill, and also composing the upper 10 feet of a 

cliff along the north side of the deposit, has an aver.ago dip direction 

of N 08° E. This upper unit has a lower margin which is concave upward 

and is approximately .30 feet wide. T'nis is clearly a scour and fill 

feature resulting from a. later cross-wind from the south. The relation

ship of tho other units, with dips toward each other, is suggestive of 

attitudes which might bo attained on the slip face of a. oorchanoid form; 

or perhaps this is a remnant of an area which experienced converging 

dune slip faces from separately migrating dunes, 

Kahana Bay~ 

.Approximately 1000 feet due south of Ha.hie Point, fig. 8, at an 

elevation of about JJO feet, another sand body is exposed, The deposit 

is nearly 120 faet long, 40-50 feet wide and about 30 feet high. It is 

situated in a saddle of a north-south trending ridga. Directly to the 

south, the ridge extends up into thG Kool.au Range. Just north of the 

deposit is a knob, which is at the end of the ridge, and extends about 

70 feet above the saddle area. The east .and west :margins of the ridge 
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are steop cliffs, tho eastorn being almost vertical and the western 

margin baing more gontly inclinod, approximately 50° (fig. 9). 

The sand particles which compriso the deposit are calcareous frag-

ments of shell and reef material and occasional tests 0£ forrunini£era. 

Foram:ini£era compris~ approximately 7% of the rock by volume. 

Two major sets of stratification are observed in this doposit. In 

the central portion of tha sand body these two sets, each from 3 to 5 

feet thick, are in nn alternating sequence. These sets 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 0£ 

S 56° Wand S 53° E, with average inclinations of 22° and 29°, respac-

tively (Table VI). 

The character 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 ~n interesting problGm. Certainly the source was a beach or 

exposed re0f ar0a. The source could have been at a high elevation due 

to a higher stand of sea level. Another possibility is that Kahana 

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, 
WAIHANALO-BELI.OWSw AND KAH.ALA AREAS. 

Number R.J.nge Avora.go .Avcr:igo Maximum 
of of dip dip Angle 

Locc.tion Readings Roa.dings Direction Angle o:f dip 

101 14 · s30°E-s8.s0 E S53°E 29° Jlj.O 

5 S30oW-S78oW s56°w 210 260 

201 8 N49°H-N87%l N66°w 28° 34° 
3 s18°E-s22°E s200E 300 34° 

202 5 SL/-6 °W-S6 3 °W s50°w .320 34° 
5 N35°W-N740i..; N6loW 17° 22° 
3 s57°w-s72oW s63°w 31° 33° 

301 11 s30°w-s79°w s61°w 31° 34° 
26 Sl0°E-N25°w S82<1v 31° 41° 
9 S.35°E-N64°w s16°w 29° 35° 
6 s78°E-s90°w s04°w 31° 35° 

302 6 s27°w-N49°w s87°w 27° 34° 

303 5 N61-1. 0 w-s86 °w N78°w 25° 30° 
8 sooo.~.,r-s 59°w s23°w 25° 31° 
5 N50°w-N73 °v-T N63°W 32° 40° 

304 9 S600i.-J-S90oW s72°w 31° 33° 
9 N25°W-N67<>i.-1 N46°w 29° 33° 
6 so;0 E-s23°E S09°E 32° 36° 

601 10 S09°'.'1-S40°E Sl3°E 32° 34° 
10 NOJOE-NJ4oiv N16°w 28° 35° 

602 3 N65°W-N59°W N620iv 29° 32° 

603 s N2S°vl-N65°w N.53°w 29° 32° 
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A third oxplanation prosumes a fault in the a.reo:i. of Knharu:i. Bny. In 

this case> tho oo.storn m.'.l.rgin of K.?.hana Bay would represent the upthrown 

block romovod from tho original sUl.nd of tho sea. A geomorphic support 

!or this hypot.hosi::i liei~ :in tho :raot thAt tha K.'.l.huku Pl.Ain is woll 

devoloped on the coast until it reaches tha northwest ?1U1rgin of Ka.hana 

&y. Across the b.:l.y on the southoa.st margin practically no coastal 

plain e.."d.sts • 

A fourth altern:i.to explanation is tho possibility that at tho ti.mo 

of .formation of the duns, the lava .flows from tha Kool.au Range extEindod 

!urthor seaward. Sand from the b~ach and reef area was th~n driven up 

the slopes of tha nows by the wind and accumulated at the present dD.y 

JJO foot level. 

Keil ua Ar on 

Approxinw.tely 1800 f0ot south of Alal.a Point (location 201, fig. 8) 

is a small exposure of consolidated calonreous sand. The deposit is 

situated on tho southwest edga of ~ gap formed betwoon Puu H.:ilo and 

K.:l.iw'l Ridg~. The sand body is ~bout 200 feet long and 200 feet wido, 

although its boundaries aro i ndistinct. 

Diroctly bolow the clubhouse facilities of tho Hid P4oific Country 

Club t wo sets of strata are exposed. .Measurements of tho ~jor unit 

resulted in an average dip diroction of N 66° W inclined at 28°. 'fne 

minor set have o.n average dip direction of S 20° Eat J0° (Table VI). 

The rela.tionship bGtween these two sets of strata may be interpre

ted :ls a result of the effect of the topography on the prev:i.iling winds. 

Deflections of the wind current as it passed through the gap would 
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account for the wide angle of seiparation between the two units. Another 

obvious possibility is that this is a remnant of a longitu.dirull dune 

similar to those occurring in t.ho Kahuku-laie area. 

Almost dir~ctly west of Puu H.'.ilo and extending some 1800 feet from 

its slopes, anothGr sand 'dune deposit is present, The dune is about 600 

feet across at its widost point and ext0nds ne~rly 160 f oet above sea 

level. The sand consists of fr~gments from shells and roef lll3.teri<a.l. 

Fora.minifera are present, but not abundant, comprising only 4'f, of total 

volume. 

Neasurements at locations 202 and 203 indicate that possibly 2 or .3 

units of stratification exist. Because the readings have a small spread 

it is difficult to determine if each is a distinct sat or if there is a 

transition frpm one to the other. Average dip directions for the two 

most diverging sets are only ~bout 70° apart, with possibly a third set 

present which is intermedi~to between tha two, Table VI. In general, 

these units all dip in a wosterly direction. 

Although the deposit is elongate gensr~y east-west, no strata 

dipping north or south were observed. The absence of north and south 

dipping strata and the la.ck of a. sepa.ration angle approaching 180° 

suggests that this dune is not a remn.ant of an elongate duns. Its 

position directly to the leeward of Puu Halo presents the possibility 

that this may ba A dune form resembling a sand shadow. 

Waimanalo-Bellows AFB Area 

Southwest of Waimanalo Beach is a large elongated dune deposit, 

The trend of elongation is a.bout N 45° W, nearly parallel to the present 
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beach. The duno is woll ox:posod a.round much of its margin. Tho deposit 

is almost 0.7 of a mile long, about 1200 feet wide at its widost point, 

with a maximum elevation of 162 feet (fig. 10). 

:t·foasuremants were taken both perpcmdicuJ..ar and parallel to the 

elong.:l.tion of the dune. ·Average dip directions obtained are plotted on 

fig. 10 for four different ~r0as of tho duno. The data for these are.as 

are summarized in Table VI. In gonera1, tho strata. dip to the south

west approximately ~rallel to the prevailing winds and the dune is 

prima:t'ily elongate perpondicula:r to the wind direction. The structure 

and direction of elongation of the dune strongly suggest that this 

deposit is a remnant of a transverse dune form. 

A similar feature is found on Bellows Air Force Base (location JOJ, 

fig. 10). As at Waima.na1o, tho deposit is '1.pproximately perpendicular 

to the prevailing wind direction. Two sets of stratific~tion are re

vealed at this location. Those ara plotted on fig. 10. Generally, they 

are inclined in a westerly direction. m~re, as at Waimanalo, this pos

sibly represents a remnant of a transverse type dune. 

East of tha town of Waimanalo (location 304, fig. 10), is another 

dune. UnlikE) tha 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 a.re strikingly similar to that seen at Laniloe1. Point 

in the Kahuku-La.ie 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 o! the dunes was military construction. Many of the 
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dunes had been excavated f o~ airplane lw.ngors ~nd the walls of the 

h~ngors had boon cemonted. This completoly obscured any structure pre

viously exposed in the oxca.vations. In some cases, most of the dune was 

ooverad and analysis of the str-ucture w~s impossib1o. 

In the town of Wa~nalo (location )02, ~ig. lO), an average dip 

direction of S 87° W vr.i.s obtainod. This figure is based on only a few 

measurements taken on a very slll.7.11 outcrop (Table VI). No other out

crops wore found on this dune, so interpretation of the; dune form will 

not be attempted. T'ne only statement possible is that the dip azimuth 

obtained at location 302 is in general agreement with measurements made 

on transverse dunes in the area. 

Kaba.la Area 

North of Kupikipikio Point, or Bl.a.ck Point, on the south shore of 

Oahu (fig. ll), 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 loc~te in many sections because of the recent residential 

development in tha are.:i.. For this reason some of the margins of the 

dune had to be ~stimated and o.re dotted on fig. 11. 

Here the general form of the dune appears to ba elongate approxi

mately parallel to the prevailing wind direction. Mo•surements of the 

dip directions of the bedding planes were difficult to obtain, as flower 

beds• gardens, vines, a.nd rock walls obscure many outcrops. The average 

dip directions for the measurements taken are summarized in Table VI and 

plotted on fig. 11. 

The relationship of tile two sets of strata at location 601 suggests, 
:: 

as it did at Laniloa Point in the Kahuku-J..Q.ie area, that this dune might 
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rGpresent a romnant of D. longitudinal dune. The elongation of tho dune 

g~nerally parallol to tho provailing wind also . supports this conclusion. 

The dip directions at loc~lities 602 ~nd 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 to 80 feet is an outcrop of calcareous wind-blown 

sand. The strata. dip generally in :a. southwest direction .i.pproximately 

parallel to the slopes of Dirunond He.ad. Fragments of tuff from Diamond 

Hea.d, as largo as 10 om in d.iamater are incorporated in this aeolian 

sand. The sand is resting on tho 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 

southerly winds to form a sand drift deposit. Tuff debris from tho 

upper slopes then moved downward and was deposited on the upper surface 

of the sand d~posit. The calcareous sand and its included tuff debris 

was then partia.l.ly covered by later debris from the upper portion of 

Diamond Head. 
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E."'VOLUTION OF DUNE FORMS 

It has generally boon agreed by those who have studied longitudinal 

dunes that cross winds .aro essential for the development of the longi

tudinal form (Bagnold, 1941, M~digan, 1946, McKee and Tibbitts, 1964). 

The anglo bGtwean the cross winds det~rmines the ratG of extension and 

the massiveness 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 moro ef.fective tho wdnd will be in extending the 

ridge forw:::.rd at the expense of the bulk of the dune. Firul.lly, .as the 

angle becomes smaller and smaller .and the wind approaches unidircction, 

the lateral winds become too weak to ef.fectivcly concentrate sand along 

tho ridges. This leads to the developmont of a transverse dune form. 

McBride (1962) hAs suggested that longitudinal dunes are end pro

ducts of an evolutionary sequ~nce beginning with a trAnsverse ridge. 

Probably the beginning of tho fo:rm.'l.tion of a longitudinal dune is 

governed by mor~ than cross winds alone. A sequence of events similar 

to thoso suggested by McBride seem justified on Oahu. 

Sand derived from existing beaches and newly exposed reef areas was 

blown inland by the wind. This sand would move forw-.rd and acquire a 

transverse-ridge form if thero were nothing to hinder its adv-.noe. But 

tha ridge probably encountered obstacles such as vege~tion and topo

graphy which would oreato modifications in the dune pattern. 

If vegetation in tho form of trees were encountered, a depositional 

ridge, parallel to the seaward limit of tho wooded area, would form. 

Deposition would not be uniforzn along the depositional ridg"• Sand 

would accumulate in excess in di.ff erent locations along the ridge 
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because of irrogularitios in the wooded area. Moro rapid advance would 

be favored in portions where the ridgo was low. Tho mound of l:ig sand 

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

with its fi:l.nks open to tho oblique impact of shifting winds. 

Winds from the northeast would cause the mound of sand to develop a 

slip face to tho southwest. Shifts in the wind to a southeasterly 

direction would favor the dovolopment of a slip face on the northwest 

facing side of tho mound. The prevailing east-northeasterly trades 

extend the ridge inland whilo the cross winds concentrate sand a.long the 

ridge. At the extreme inland portion of tho ridge a slip face would be 

formed approxilr..ately perpendicular to the provailing wind diroction due 

to oversteepening of the slope by the cross winds. 

i i 
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Photomicrograph of Cibicides lobatulus (Walker and Jacob) 
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_____ ,,., -Photomicrograph of Marginopora vertebralis Blainville X6o. 
Imperf orate f oraminif er appear brownish in thin section. 
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SUMMARY 

The ovidonce presented suggests that the dune d~posits on the 

coastal pl~ins of O:Uiu represent port ions of sequonces from transverse 

ridges to longitudinal dunes. An additional typa seen on ~u is the 

pyramidal form. In some .instances they dovalop at the extreme leeward 

edgo of the coastal plain a.s a r esult of the complex wind conditions and 

loss of tr.a.nsporting ability due to vogetation, change of slope .a.nd 

increased rainfall at the contact with the Kool.au Range. In other areas 

they occur just inland from the beach and may represent depositional 

ridges formed at the seaward margin of a previously vogetated area. 

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

distinguishing beachrock :from lithi.fied dunes in the :field. 


