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WESTERN CAROLINE ISLANDS*®
S. (. SCHLANGER and J. W. BROOKHART

ABSTRACT. Falalop Island, triangular in plan and saucershaped in cresssection, i
e wp wf coleareaus reaf deiritne Six |.il|‘.a-u||||.|i.r wnils ol the detritus were mapiped, as
follows: reel conglomerate; beach conplomerste: ledded sand, pravel, and houbders:
howlder ramprte; hesch sand; and mived beack sel, pravel, and boulders. Foraminiferal
ussemblages from the bedded samil, grovel sml boslders indicate that a shallew 1o inter-
tidal reel existed in the near vicinity of Fulalop ssheequent to the thermal maximum but
prise o the f-foot stond of the ees, &sor ldland on Ulithi Atsdl displays conglomerate
cliffs as much os 23 ferr sliove ses bevel inte which a bench & o T feet alave sea bevrel
has been cut. This beneh is taken gs evidence thet present-day Assr Iedand I= & remmani
of a larger island thay gredated the 6foot stand of the sea, On both Falalop and Asor,
henches and emerged besch rock indicate that & 2. d0 Sdoot stillstand sccurred hetween
the f-foat samil snd presesl e level. The seaward reel fronis of Ulithi Asoll have been
classified on & morphological hasis inte two Irpes that shiw a definiie disiribution patcern
an the acoll, Warter having & chlocile comtent of 48 fo 1240 panis per million can be ob-
tained in limared guantities Irsan wells on Falalop.

EELGIONAL SETTING

Ulithi Atoll is located at latitude 10° N, and longilude 1397 E., approsi-
mately 300 miles southwest of Guam and 500 miles northeast of the Palaa
Islands (g, 3.

The atell 1= 16 miles long in a nonherly direction, 12 miles broad in an
easterly direction at ils northern end. and 4 mules broad at its southeri end
(hg 4},

* The regional bathymelry is complex. The 2000-Tathom line in the vicinity
of Ulithi encloses most of ithe Eastern Caroline Islands, However, the 10810
fathom line closes completely around Ulithi Atoll and the adjacent islands
of Gielap and Losiep, The S00-[athom line eloses around Ulithi Atoll proper,
Thus it s seen thay Ulithi Atsll rises sharply from the northwest bank of the
Caroline Swell and Basin provinee (hg. 3).

Hesz (1948} placed the Caroline Swell and Basin province in the Pacific
Basin proper and interpreted the major physiographic fealures of the Pacifc
Basin as siructural features. The Pacific Basin province iz bounded in the
Ulithi region by the andesite line on the north, west, and south {hg, 3).

Ulithi Atoll lies near the boumdary between the North Equatorial Current
and the Equatorial Counter Current, Thus the Atoll receives currents [rom the
nartheast as well ps from the west and southwest, The surlace temperatare
of the waters nround Ulithi ranges from 27% 10 28° C., and the surface salinity

* Pahlicaifon nutherized by the Director, U. 5 Geological Survey, Baged om field work
dane by persanmel of the L. 5, Geological Servey while on tempsesry duty s the Office
i the Emgl:ﬂf, Headgquariers, L. 5. &rmy Forces. Far Fa=1.
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Femains hiﬂf constant at 345 parls eer thousand (Sverdrup e al, 19420,
During winter and spring the northern trade winds blow over the atell from
the northeast, Through the summer and fall. winds Trom the south and west
predomingte, Six of the ten typhoons that passed between Guom and the
Palan lzlands in 1951 and 1953 pdu:ﬂ-'li o the north of Ulithi. Two of these
ten passed directly over the atoll and the remaining two passed 1o the zouth
of Ulithi {Dinger and Fisher, 1953) .

FIELD Wik aND AaCENOWLEDGMENTS
Ficld siudies were conducted from November 23 to December 1, 1952,
A continnous woler-Jevel recorder was insdalled in a sunken LCM on the
western side of Falalopg in order 1o obtain a tidal record, As chown on figure
1 the tidal range at Falalep from 7 A0 1o 2 P, MNovember 25, 1952, was 2.0
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_ Fig. 1. Graph of tide level im the ovean and water level in well oo, | from 4 e,
New, 24 to b gy, Moy, 25, 1952,

feet. The U, 5. Coast and Geodetic tide 1ables for 1952 give 2.6 fect as the
mean range and 3.4 feet as the spring range for Ulithi, Un the basis of the
tidal record [rom Movember 24 1o 29, a sen-level datum was established and
wsed for determining well elevations and in (opographic mapping. This datum,
referred to as sea level in this paper. is an average of the midheighis of each
daily cyele recorded. A second water-level recorder was set up on well no, 1
(fig. 2) and maintained until February 1953 by the 11, 5 Coast Coard
detachment,

Ten wells, ranging in depth from 4.3 to 104 feet. were dug to procure
wiler and lithalogic samples, 10 observe tidally induced waterlevel fluctun-
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ticns, and to study the geologic section. All wells were measured for depth
to waler level and were sampled, at the same time, at high and again at low
lide. All samples were analyzed for chloride. which ranged from 4 to 1240
arts per million.

Falalop lsland was mapped geologically and topographically, and all
wells were beveled in and located by a plane-table traverse, The vertical closure
of this traverse was such that the elevations of the wellz as given in this paper
may be in error by as much o= 05 fool in reference to the datum established.

Reach and rampart profiles were measured on Falalop, Asor, Fassarai,
and Mogmaog izlands,

The writers wish to thank Brig, Gen. K, W. C, Wimsatt of the U, 5, Air
Foree and '[-:n]sniain W. I. Swanston and Licutenant F. Hermes, of the 17, 5.
Coast Guard. for their aid in transporting and maintaining the feld party
throughowt the study. Joshua 1. Tracey, Jr.. of the U, 5, Geological Survey.
rchecked zome of 1he lllrJ'EJIIIZII. observations in the field,

CEOLOCY OF FALVLOP 1ELANIE

Falulop lsland. situated on the submarine promontory off the northeast
corner of Ulithi Atoll, is roughly an isosocles triangle in plan (hg 2).
The base, ar southwest side. is u.]rlrrnx:lmalr'l'l. 00 feet lu-r.lE* and the north
amd cast sides are .:1||-||rn:|1:|m.:|lr'|} W feet bong,

The highest elevation sn the island. 23 feel above the sea-level datum, is
on a shghtly Hattened sand ndge that trends parallel 10 and approximately
H0F [eet inland of the ssulhwes sude of the sland. The north and east coasis
are berdered by boulder ramparts. which range in height from 3 1o 16 feet
above =ea level, The southwes) side of the island is bordered by a sand beach
which i= a comtinuation of the sand ridge, The interior of the island is saucer-
!ha.]z-ul:] !.]nln'ng downward from the houlder ramparis nnd the sand [[d!;r
Earth-moving operations performed |']|n'.||1;.r World War Il obsrure eome of
the geology of the island. The peclogic map of Falalop [Eg 2y is, there-
fore, partly reconstrected from pholographs, Six peologic units were mapped
o :Fi:ilﬂllllll- e follows: reef :'u-ll_]r]lhmtr.:lr (re), beach cnnghmrrall: (beh.
bedded sand, gravel, and buulders {bagh). boulder ramparts (hr}, beach
sand (bs). and mixed beach sand, gravel. and boulders (mbsgh).

U'XIT DESCRIFTIONS

ﬂl!‘t"f canglomerafe |(re).—Resfl r-lmslumnr.:llg 1= e up of an ansliratis
hed, well-lithified. coral-boulder conglomerate in a matrix of mediom: 1o
coarse-grained algal, foraminiferal. and coral sand. This unit feorms most of
the shoreline around the eastern and norihern coasts of the island. Al present
the surface of this unit is littered with loose coral boulders, That part of the
unit above high-tide level is undergaing =olution as evidenced by the pitted
surface developed on it {pl. 1§, The floinezz of the surface defined by accord-
ant pinnacke bevels. I;‘l:lEIII'I‘d with the truneation of the haulders imbedded in
it, indicate that this unit was planed after it was lithifed,

Beack conglomerate (be)—Made up of a well- 1o poarly stratified, cornl-
boulder fnnglumrr;lg inm a malrix of mediom- 1o eon nI-E-E'I'I]I-I'I-I'f].l farnminiferal.
algal, and coral sand and gravel, thiz unit is found in patches overlying the
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Fig. 3. Hathymetric chart of the Ulithi Atoll region, Costowr interesl 1000 fai o
{ Froma B3, OO, Cham 54055,

reef conglomerate along the northern coast of Falalop at elevations of 2 to
3 feet above sea level. This unit probably represents a former beach deposit.

Bedded sand, gravel, and bowiders (bsgh) —This unit forms volumetric-
ally the greater part of Falalop, It is made up of interstratibied and lensing
beds of foraminiferal and algal sand. coarse-grained algal sand and gravel,
and coral gravel and boulders. The following stratigraphic sections are
describied from wells (see hgure 2 for the wel| locations ) .

Well mo, 9
Elevation-—10 feet abave zea-level datum
Diepth in feet Lithalogy [zee pl. 2-A)
01 Pussibly Gl Well-roanded coral cobbles and gravel, avernge sime 1-2

imches, wome gz larpe as 6B inches in digmeles, in 5 matric of leram-
imileral sand and slgal fragmenis.

1-33 Usbedded algal-faraminiferal geit amid evoarse sand cantaining cobhles
of rounded coral, Approximately 20 percent algae, 20 percent Foram-
inilera, and ol prrcent enral enlilslea

1353 Abermating hede, 25 inches thick, of olgal detrites asd foraminiferal
wamd, striking N, W E., dipping 6 SE. These beds contain o fow
romnided cobblesire frogmens of coral.

53173 Alternatine hands of algal ,rleI:r‘Iius ln-;l coral eelildes. Irregular ﬂ:.lail:-rm:l
lenges ol loraminiferal mnd, Algal beds srike 5, 357 K, dip 25° 53W.
7.3-10.3 Foraminilers] sand and reunded, polishied algal derivus, Algal fragments

average Ly to L inch in length. Bright red Tulipsra fragmenis are
presenid,
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Wiell na, A
Elevation—7.5 lect alsve sea-level datum
0.0-4 Blackened, udlfdltgli algal grit and feraminileral sandd eosiaining o
few angular, grovel-sie 'F:plu-rmn af ceral. Possible black hamus layer

it & feet, Mlba d-loot depth in this well moy be AlL

+45 (Caral gravel in a matrin of algal-leraminifersl grit and =,
$.5-7.5 Aliermating beds of algal grit and lsraminiferal sand, Individual beds ase
proximately 1.3 nﬁl thick, Seversl of theee beds are 1N percent
E;tl detrlies, These mrake 5. 307 E., and dip 107 NE.
Well na. 5
Elesaiion—5.0 feet above sea-level dutum
k3 Poorly hedded algal-loraminiferal prit and gand comlaining semiiered,
mund'i.-d fragmenis of coralline delritus,
335 Bed of coarse-graimed algal deiritus, Fragmemts range from 13 te 3
imeh bn lengihe
1,557 Well-remnded coral houlders and colibles in foraminiferal samil sarrix.
Frw eeattered red Tubipore frepments.
Well ps, 2
Elvagion—8.23 feet sbove ces-levol darim
-5 Blackened hl1,
G- Coarse-gralmed, angalar, algal derrinis eomtabnbng a few coliblia of
raunided coral fragmenis,
LES Ledpe of well-rounded coral ealililes,
2524 Laver of feraminiferal sand contnining o few algal fragments,
2755 Alermuling lavers of olgal dewrdioe snd well-roumsded coral eobdiles,
R Foraminiferal sanids contalning fine algal derrious,
6583 Weall-rownded coral bouldeis bn & matriy &l slgal-formsiii el sand
Wiell nn. M
Elevatbion—=.2 Test abvie sen-love] ditmm
(L[ Mp,.l-[urmlalinr.l st st EniiEnimifg riinded eobliles of coral.
257 Wellmanded cornl bwaulders up o 18 inckes in dismeter in matria of
algal-leraminileral sand,
Well ([18 1
. Ebevatian— 10F feet sliove sma-leve] datii
(Il Poarly hedded alesl grit and fosamlaileral sand,
13 Hed of well-rounded poral peldiles,
1¥45 Hed of foraminiferal rand contelmisg algal decrioe Bed sirikes W, 407
E., dips 12% SE
455 Bed ol El‘dflﬂa’*-.i‘uillﬁq" ul,ﬁi.] il LB
f-0.2 Well-reunded coral ealdiles in & miatriz of '[Irﬂ!ﬂi"jff]‘{l;]]ﬂl samd.

Boulder Rampart (br).—Loozely piled, well-rounded coral boulders and
enbbles make up this unit which forms a rim around the northern and east-
ern coasls of Falalop (pl. 3). The maximum natural height of this rompart
huz been checured by rarth-moving operations, At present, however, these
ramparls range in beight from 16 feet at their highest point on the northern

coast of the island 1o 3 feet on the eastern const, The rampart at the north-
eazt corner of the island, 0z shown on the map, is an interpretation bazed on
the a=sumed position of the struclure prior to earth-moving operations.,

Beach sand (). ~This unit covers the southwest coast of Falalop and
forms n topographic high that parallelz the coast, It is an unlithified, un-
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FILATE 1

Saludion eflects on the reel con plemerais
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surface.
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stratificd, medium-grained sand composed of foraminiferal tests, subrounded
[ragments of branching, calcareous alpse, and olher angular to rounded
calcareous clastic material,

The map delineation of this unit has been interpreted in the arca ol
well no. 9 on the basis of talks with the natives of Falalop and on an extension
of the topographic high along the southeast half of the southwest coast.

Mixed beach sand, gravel, and boulders {Iii“'ll.lisb:l.,‘ Thie ﬂr]mdlit 18 1M
lithifked and unstralified and consists of well.rounded coral boulders in a
matrix of foraminiferal and algal sands (see pl. 3-A ). The unit forms a veneer

i1 i}
RN
R
”ll[ |

ULITHI ATOLL amp ADJACENT ISLANDS
IFROM KO CERAT 839

Fig. 4. Index map of Ulithi Azoll asil sdjscent islands showing known distribution
of wawanl reef types (from H. (. Chart 6055 ).
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on the reel conglomerate at the foot of the boulder pampart, Tt ie probably
a deposit formed by storm waves that piled losse detritus an the shore.,

FORAMINIFERAL ASSEMBLAGES FIROM FALALGPE 1SLAND

Sample preparation and identification.—Foraminifera from 11 samples
were identified in order to make comparisons belween preseni-day beach
assemblages and assemblages [rom various kevels in the dug wells. Sumples
9, 1L, and 13 are [rom the beach sand (hz) and samples 1. 2. 4. 5. 6, 7. &,
and 14 are from the wells, All the samples were washed on a fine silk . ——
and studied under a binocular LT T

Ruth Todd of the 17, 8, Geological Survev aided the writers in the identi.
fications, Table 1 lists the Foraminifera identificd and iheir occurrences in
the zamples studied,

Comparison and sighifeeance of the foraminiferal ausemblages—A com-
parizon betwern the foraminiferal assemblages and the sediments associated
with them vields datn that are useful in interpreting the palesecology of the
deposils. The beach sand azsemblages, samples @, 11, and 13, are dominated
by tesls of Calesring speaglert, Becwlogypsing sphaerdate, and Warginopora
rertebralis, all of which are characlerigtic of shallow water and intertidal reels,
Sumple 1 from the upper part of well no. & and samples 6 and 7 from well
na. 2 conlain only these three genera, The Foraminilera from (hese Lhres
samples were, Tor the most part, well worn and polished.

Samples 5, 8. and 14 contain penera characteristic of a shallow-reel en-
vironment plus other genera which are represeniative of deeper water, off-reef
deposits, The Foraminifera from these samples were, in general, well preserved
and have retained such features as delicate epines, The sediments associated
with samples 5. B and 14 are well worn, rounded, bedded zand, gravel, and
boulders composed of reel deteituz. It is thought by the writers that thees
sediments accumulated in an off-reel envirenment that received detritus from
a nearby recl. The present elevalion of sample site B, which iz 535 10 7 feet
above sea level. indicates the possibility that thie reel existed in the vicinity
of Falalop prior to the 6-Toot stand of the sea,

An alternate explanation of the elevation of =sample site 8 i= that the
sediments represented by this sample are storm-tossed deposits laid down
cubsequent to the 6-foot sand. The degree of bedding and zorting displayed
by the beds in well no, 7 tend, however. to belie a storm-wave origin for these
sediments.

GEOMORPIHGLOGY OF FALALOP

The shape of Falalep is a reflection of the oceanagraphic and meleoro-
logical forees acting upon it. Storm winds and waves from the north and north-
east have formed the boulder rampart which extends around the windward
two-thirds of the island, The sand ridge which occupies the southwestern
part of the icland was probably a product of the prevailing winds and waves
of past geologic lime as well as present-day forees, The windward reef on
Falalogr 15 a wide expanse of reel conglomerate (pl. 3-A), Wind and waves
pile boulders on the windward reef thus preventing vigorous coral growth
on the reefl flat. The constantly submerged beeward reel supporiz a luxurious
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PFLATE 2

Well No 9

A, Dne wall of well no, 9 on Falslop showing the bediding and texture typical of

thie bedded sand, gravel, amil |= salibeam | begh b

B. Aeria] view ol Bolabel Island, an the Pas-Losiep reel, showing reel tvpe A fo
the northeast, and recf type B to tbe mailthwest of the sland.
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Emwlh of voral, The distribution of these two reef Iypes around Fﬁl]l{h;l- iz
shown on hgure 6. This leeward reef extends 30 to 60 yards out from the
beach at a depth of 3 10 4 feet, The reef platform then terminates in a =ab-
marine chifl which drops vertically 1o a depth of 90 0 100 fect and then
slopes sharply downward at an angle of approximately 607 1o depths of more
than 63 feet, Ar approximately 25 feet below sea level on this chifll face.
corals diminizh greatly in abundance and appear 1o ke almast completely ale
gent al spproximalely 75 to Bl feet below sea evel.

In contrast te this leeward clifl, the windward reefl on Falalop displavs
gentle seaward slopes. the 100-fathom conteur being approximately 10 times
s far from the northeast coast az il i from the soothwes) coast I:Eg. 4).

GEOLOECY (FF ASOR, FASSARAL AND MOS-MOG TSLANDS

Asor Idand —Aszor lsdand, on the northeast side of Ulithi Aoll. 12 ap-
proximately 3500 feet long in a northwest direction, 1100 feet wide in o north-
east direction ot ite northwest ende ood GO0 feer wide ot 112 southenst end
ifig. 4}.

The central and eastern gections of the lagoonal coast of Asor show the
greateal development of beach conglomerate zeen on Ulithi Atoll. This con-

Baach and Rampart Profiles on Fololop |s. and Asor [s.
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glomerale is composed of well-rounded coral boulders and cobbles in a matrix
of feraminiferal sand and caleareous algal gravels. Red, unbleached Tubipora
is present in the rock, Approximately a 6.fom stratigraphie thickness of this
conglomerate is present, In general the beds strike N, 707 W, parallel 1o the
beach, dip 5° to 8% SW.. and are jointed in directions bath parallel and per-
pendicular o the strike of the beds. The northwest end of Asar displayz well-
developed foraminiferal sand beaches which slope gently upward inland 1o
heights of approximately 12 feet,

The southeast end of Asor is charocterized by slightly lithified coral con
glomerate cliffs, which reach heights of 16 feet on the lagoonal side and 23
[erel on the seaward side of the island [fg. 5. section TRI¥)_ Section D-IF was
measured by hand level perpendicular 1o the northeast const of Asor, ap-
proximately 600 feet northwest of the southeast end of the istand, The central
platean on Asor is several [eet lower than the crest of the lagoonal rampart,
As shown on section D-1Y, a bench of reefl conglamerale at an elevation of
2 to 3 fewt above high-tide level extends inlamd 1o the base of the high con-
glomerate oliff, A pitted karrenfeld surface has developed on this bench, The
seaward edge of the bench slopes sharply down 1o sea level. The present reel
to the seaward is planed coral conglomerate similar to the northern and
eastern reels on Falalop Island,

The high conglomerate chill shown on section DRIV js made up of coral
boulders that are held wepether by a matrix of nlilhll}' lithifed gand and
gravel. A bench has been cut into this clill at an elevation of approximately
G o 7 feet above highaide level, The zouth coast of Asor alza displays o =t
of benches similar 1o those shown in section IR, Unlike the massive present-
day boulder rampartz. which line the coasie of Falalop Island. the face of
this cliflf shows crude stratifceation, Thus the ¢liff face shows evidence of
sorting, Thiz stratiheation tends to dizrount a sterm arigin for the malerial
l'ﬂrminE thie ¢liflzs, The stratifeation. e hEiE]'ll aof the olill, and the & @ 7-
font hench lead the writers o helieve that the zouthenstern end of Asor s
prebably a remnant of an island that existed belore the G-foot stand of the
EE,

Mogmog fdand.—Mogmog Island. which iz approximately 2000 feet long
in an easterly direction and 100 feet wide in a pnorthedy direction, lies on
the north side of Ulithi Awll (fig. 4}. The highest poinls on Mogmog are an
the boulder ramparts along the sorth coast of the island. These ramparts
attnin heights of & 1o 10 feet above sea level and are composed of closely
packed coral colbles and boulders. The boulder ramparts on the lagoonal
side of the i=zland are, on the average, 2 10 3 [eat lower than the seaward
ramparts, The center of the island i several [eet lower than the lagoanal
rampiaris.

Beach conglomerate, which sirikes east parallel to the beach and dips 5°
o 107 5. is well developed on the logoanal side of the island. This rock s
a bedded, coral boulder conglomerate in a matrix of foraminiferal and algal
sand and gravel. In some areas the coral boulders are lacking, and the rock
is made up of lithihed algal gravels and [oraminileral sands, Red, unfaded
Tubipora fragments are common in the rock. The beach conglomerates an
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the lagoonal side of the island are jointed in twe directions, one set of joints
parallel 1o the strike of the beds, the second set perpendicular 1o the strike.
There is unly one small exposure of beach conglomerate on the northern side
of the island. Foraminiferal beach sand fringes the southern coast and forms
ciizps on the eastern and western ends of the izland,

The reel on the northern side of Maogmog is similar 1o the northern and
eastern reefs on Falalop lsland in that it i= made up of reefl conglomerste
litered with loose coral boulders, This reef is several hundreds of foel wide
on Mogmag,

Fasserai fsland.—Fassarai Island is approximately 5000 fect long in a
northerly direction and 300 feet wide in an easterly direction, It lies on the
east side of Ulithi Atall (hg. 4).

The only rock seen on Fussarai wos a small patch of beach rock on the
lagoonal side of the fsland. This rock sirikes roughly north and dips o few
E]l'gl'l'ﬁ: ta the west, The beach reck on Fassarai does nol contnin any haulders
bt is made up entirely of [oraminiferal sand and calearecus nlgal graovel. The
seaward and lagoonal braches are made wp of Toraminileral sand coversd
with disconnected patches and veneers of coral and ealecareous olgal gravel.

The highest elevations on Fassarai lie on the seaward sand ﬁdgr.. which
rises 1o a height of approximately 15 feet above sea bevel, The lngoonal sand
ridges are approximately 10 feet high, The land slopes downward inland
[rsm ench [i:lg-r, thiesr slnpﬁ merting IEIIIIﬁIimﬂIE‘]}’ 1060 feet from the
lagosnal ridge, Thus in prohle the island iz asymmetrical, sloping pently
lagoonward,

CEOLOCIC HISTORIES OF FALALOP AND 4200 1514 %08

The late geologic histories of Falalop and Asor iclands are intimately
eonnected with sea-level changes that teok place subsequent ta the “climatic
optimum,” Trowbridge (1954) estimated that at the end of the thermal maxi-
mum (“climatic optimum”), which he dated at approximately 4000 years
ago, the sea stond roughly 30 feel above the present sea level, Alter this 30.
foot stand, sen level fell o slightly below the present sea level and is pow
rising slightly.

Hough (1953}, in an interprelation of core zamples from the south-
eastern Pacific, postulated that a warm peried, which he correlated with the
“climatic optimum,” ook place [rom about 5000 1o TOOD years ago. Between
this warm peried and the present. Hough also postulated two brief cold periods
which ook place 3200 and 2800 years ago and two briel warm periods which
took place 1900 and 1100 years ago, Hough believes that the overall trend in
the last G000 years has been from warm to cooler conditions,

(On both Falalop and Asor islands distinct tepographic levels are present
(fig. 5). One of these i= represented by the bench cut into the conglomerate
eliffl on Asor al an elevotion of 6 to 7 feet above high-lide level. A second
bevel ia the upper surface of the reel conglomerate (re} which is present along
the northern consts of both Asor and Falalop at an elevation of 2 to 3 feet
above high-tide level. The lowest level is the surface of the reel conglomerate
that forms the seaward, intertidal reefl flats on the windward coasts of Falalop,
Aszar, and .\lugmug ialamals,
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In thiz paper the G-foot stand is considered 1o be a stillstand between
the high level of the “climatic aptimum™ and present csea bevel. As shown on
section [-D° of hgure 5 Asor Islond displays benches eut into 8 mass ol
ightly lithubed. poorly siratibed, coral conglomerate. The writers believe
that this mass represents the remnant of an island that existed prior to the
O-foot stand of the sea and that the - 1o T-foot bench on Asor iz the result
of & partial planation of this island mas= during the 6-fost stand. Thiz 6. 1o
i-lootr bench 1= well developed around southeastern and northepstern Azor,

As discussed previcusly, the foraminileral asemblames from wells 5, 5.
and 14 indicate that a reel was present in the vicinity of present-day Falalop
prior to the G-foat stond, However. high «liffs of conglomerale such as those
o Asor have no counterparts on Falalop, The writers are at a loss to explain,
eonsidering the closeness of the two jzlands and their similar positions in
respect to wind and wave effects, this dissimilarily between Asor and Falalop,
Thusz, there is no evidence that Falalop exizted az an izland, as did A=or. prior
to the G-font stand, Subsequent to the G-foat stand the histories of Falalop and
Azor are parallel,

Between the 6-foot stand and present-day eea level there was a stillstand
at approximately 3 feet above present zea level. The bench around Asor and
paris ol Falalop. at an elevation of 2 10 3 feet above zea level, was cut during
this stillstand. This bench, cul into lithified coral conglomerate, i= at present
undergoing solution as evidenced by the decply pitted karrenfeld surface which

FALALOP 1SLAND

Saubrrarged bemg dodoi-ogal feed

m Resf songlamarals sagsbed a1 bow Gl

Fig. 6. Hee distribution armend Falslop Tslamd.
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it now displays. Beach conglomerale (be) on Falalop now at elevations of 2 10
3 fert above sea bevel may be aserilbed to this sillstand.

The writers believe that Lthe possibility of the 6-foot and the 2- 1o 3-foot
stands of the =ea correlating with the two pest-“climatic oplimum” warm
periods postulated by Hough (1953) should be considered, 1T this corvelation
iz assumed then the 6-foot stand and the 2- to 3-fost sand ook place ap-
proximately 1900 and 110} years ago respectively.

A final planation, al a level elose to the present sea level, produced the
wide expanse of reef conglomerate (re) present around much of Falalog and
Asor as well as the north coast of Mogmog. It is probable that previous Lo
the plunations mentioned above these islands extended further scaward than
they do al present.

SEAWARD REEF FRONT TYMER OF UTITI0 ATOLE AND ATRIACEST [BLANDS

O the bazie of field work om Ulithi Atoll and studiez of aerial photo-
graphz of the atoll and the islands adjacent to it, the writers have clossified
the seaward reefz of the atoll and the islands into two types, designated by the
letters A and B ifiz. 4). These clozely parallel the two main recl ivpes st
forth by Tracey. Ladd, and Hoffmeister (1948) in their classification of the
reefs of Bikini Atoll.

Reef front tvpe A iz characterized by [airly regularly spaced, subparalicl
grooves which cut the reel [ront and sre. in general, nearly perpendicular 1o
it, These grooves vary widely in size but are generally 5 to 10 feet wide, ns
deep as M feet, and cut the seaward =lopez of the reef for distances as great
as 1000 feet. The grooves are sinuons to almost straight in plan and disploy
bath landward and seaward forks, Intersection of these grooves at low angles
is also commaon (pl, 2-K),

The zeaward slopes on which tvpe A have developed are gentler than
those an which tvpe B have developed, as shown by the position of the 1L
fathom contour on ﬁ;mrt 4.

Heef fromt type B iz characterized by coralalgnl buttresses, which are
laliate in |:1|Jn and in which ETOuYes are |M.|-||-H1. -rlt"n-'-l:h.l‘ml Trn.-Fu|ur re=erlranis
Are Comman, 'T'Lru: H iz amaciated with sleep stawari :Iiunprs I'|1-| 2.B).

Disteibution of reef fromt types—The above-described reel Tront types
aceupy well-defined posiions on the reels around Ulithi Atell and the ad-
jucent island= (hg, 4).

Type A is present around the northern edge of the lar Island reel, The
Puu Island-Losiep Island reel displays well-developed type A front all along
its northeastern [uce, Around Ulithi Atoll proper iype A iz developed on the
eastern, northeastern, and northern reels, The western extremity of the reef
all along the southern coast of Asor also fall= in the type A category.

Type B reel frontz occupy the northwestern face of the lar lsland recf,
the southwestern half of the Pau ldand-Losiep Island recf. the southwesterly
facing re-entrant on the west side of Ulithi Aloll ar Pogel lsland, amd the
snuthwesterly faving reels on Falalop l=land.

Thiz distribution i= similar to the reel [ront tvpe digribution found at
Bikini Atoll by Tracey, Ladd, and Hoffencister (1948). However, at Bikini
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much evidence was found of slorm damage 10 the seaward facing reefs on
the southern and southwestern sides of the Atoll, This storm damage Llook the
form of rectangulur re-cntrants, the Jonger dimensions of which were parallel
to the ceef front. and the bottoms of whirh were linered with eollapee blocks
from the pre-existing continuows reel front.

Aerial photographs of Ulithi Atell and the adjavent izlands show only
one such re-entrant, Thiz is on the reel front along the southwest coast of
Falalop Island. Therefore, it seems probable that the storm damage 1o the
lee reels on Ulithi Atoll. which receives mao=t of its storm waves from the
northem quadrants, iz less than that oo Bikini, which bears e brant of tv-
pHhwon eliects from the =outhern quadrants=.

WATEH RESQURCES F FALALOD 1SLANTY

Pre-invesiigation warter supply.—Prior 1o the present investization the
native population of Falalop depended during the rainy seazon eniirely on
rain water for washing, bathing, cooking. and drinking. During the dry sea-
st the liquid of the coronul was wsed Tor drnking and cosking: the natives
washed and balled in the sea. Aller the natives discovered Lhe existence of
fresh water in the wells dug during the investigation. they diug twa wells near
Heeir village 1o augment the water supply, Inasmuch as these two wells were
lfll.l{.j‘ alter the writers left the island they are not shown on ligure 2,

Al the Coast Goard station wells 1 and 2 and twa distillaiion wnilz are
wsed 1o augment the supply obtained by rain catchment. During most of the
vear the stalion has adequate woler Tor all requirements, but during dry
seggons well waler i= uzed for washing and bathing, and the rain waler is
coiiseryed [or 1=|:-|ﬂr.ing andd drinking.

Tarii 2
Rainfall Data in Inches for Falalop Tlasd and Yap lslands
Falalop lelamd, LUlichi Azall® Yap lsland**
1952
Novemlhwr oo G
Mevemler e, 161000
1953

T R ¥ T — .
Foliriary e rrereenereesenes T T o ; L
“arch cerssireermnenensss 1D Mareh e ss— i)
[T — 044 I [T |
May ... I ¥ ) | Maw ———— T}
B LTI [ i T T O 1
| R — - B Il e— — DD
Amgus S 1285 TSV — PP—— -
L ] 1= — B SepiembeT micmmm— 125
Ohctuber oo 1074 T 2 R | B
November ... 1766 Novemler mmumm— 100
December — i 13T LT O —— ol

TOTAL s 11254 1190

* Hecord ahtpined from raim gaige i indai md b the L. %, Cha=t Guegrd deagehment,

il .inqg rrmillll'll?]. rainfall based on a i".-\-n’.l:' |’r=|'*|.lll'-|'|I daies I.lil.ﬁl.!ﬂ:"ill‘d, i‘tﬂﬂpﬂleﬂ. (3
Japanese sheervers,

t Nain gaupge hlsws over during the 1vphooss aof May 30, 1951 An esiimated 1 inch of
eakn fell while the gampge wos ovesticried.
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Rainfall,—Table 2 shows the rainfall on Falalop from November 1952
through December 1953 and. for comparison, the average monthly rainfall
for a 27-vear period on the islands of Yap. which are about ™ miles south
and west of Ulithi Aroll.

Ground water.—The ||-e'rr:1|:=ﬂ|'.|||'|1]| of the sands. gravels, and conglom-
crales that make up F.J.|n|u|r iz high. and all rain thar falls on the island, ex-
ceplt that los ll'lmth Ha.].l-u-rnhnn unad rra.ruiur.ltmrl Imrmhlﬂ. ra!mi“} dawn
to the waler table, The fresh rainwater Boats on top of the denser sra water
and forms a lens EIFMTI.'IIHF ta the Ghyben- H-rl'::h-uq'g principhe 1Hrﬂ=u.r| 19251,
Thi= |:nnr'|p|lf which is fthat af the I stube, is that the rotio, in feet, of the
elevation of the togp of the lens above =ea level to the depth of the bottom of
the lens below sea level is equal to the difference in density between the =ea
water and the fresh water, Thus il the density of the rain water equals 1006
and Lhe dle-iI:}’ af the een waler ﬂ.'q‘l]..ll:l 1.025, the ratio would be 1:300: that
is, if the top of the fresh-water lens were | foot above zea level the hotiom
wonld he 40 feer helow.

Un Falalog the [resh-water surlace lay measurably above sea level, but
the lack of good verlical control in the planetable traverse precluded the
making of a piezometric map that would have shown the conhguration of the
upper surfoee,

T:"Jﬂllff induced waterdevel flucteations in the wells.—Records obtnined
with n rontinnowg water-level recordes in well no. | dhow thot the water level
in the well fluctoated from 1 o 2 feet with aboumt a Zhour log behind the
ocean tide (hg, 1], The greatest tidal Auctuation in all the wells occurred
1IL:I:I'II’IE spring |1E|H and the aminlleag clnurulp: neap tides. In the 10 other wells
on the island changes in water levels. which were periodically measured with
a tape, followed the pattern in well no. 1.

The large amount of tdally induced Dctuation in all the wells confirm=
the impression that the water-bearing materials are highly permeable,

Chaeality of ground water.—Water samples were token from all wells at
both high and low tide on November 30 1952, December 1. 1952, and March
7. 1954, Tahle 3} shows the chloride contemt of the waler, in paris per million,
from the wells, »

According to the Ghyvben-Herzberg principle the contact between the
lower surface of the fresh-water lens and the underlying sea water takes the
form of a zone of mixing. Thiz zone fellowe the upward-curving bower surfare
of the lens and intersects the upper surface of the kens around the margin of
the island, Therefore. the chloride content of the sater in the lens shoold.
theoretically, increase outward from the center of the 1sland, On Falalop the
lateral yoriation in chloride content i® ercatic and does not follow the theoret-
ical pattern, This wide lateral variation in chleride conlent may be due to
minor lecal differences in permeability in the aquifer. There is also the possi-
bility that chanmeled indurated rock below the depth reached by the wells
permils the local flow of sea water, which upsets the lens,

The high chloride content of the water from the March 7, 1953 sampling
of well no. 11 was probably coused by natives taking water [rom the well 1o
water n mearby sweel polato paleh, The high chloride content resulting from
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Tanee 3
Chloride Content in Parts per Million of Water in Wells on Falalop Island
Well November 30, 1052 December 1, 1952 March 7, 1953

1 ang EEL LK)

i Th T w2

1 —* 48 TH

1 ha? = sl

i R4 8 94

1 i) 430 Tih

H 652 Bl Rz

4 0 348 —
1 221 216 aln

I Lo 138 1240

* Bmmple bolile broken.
** Well caved in before March 7 sampling,

this removal is indicative of how easily the lens can be contaminated by
eall water.

Concliugions on grownd water.—A small supply of potable water can be
obtained Trom wells on Falalop., However, pumping [rom each well should
be at a low rale and rn:quenl chloride determinations should be made to
detesrt conlaminniion,
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