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NATURAL HISTORY OF 
IFALUK ATOLL: 

Physical Environment* 

By JOSHUA I. TRACEY, JR., DONALD P. ABBOTT, 
and TED ARNOW 

lXTRODuCTlO.\" 

SETTI:\"G 

Ifaluk is a small atoll in the \\'estern Caroline islands. 110\\' part oi the Trust 
Territory of the Pacific Tslands. The atoll lies at latitude 7° 15' i\. and longi
tude 14+0 27' E. in the western equatorial Pacific and about 360 nautical miles 
due south of Guam. lt is 435 miles due \\'CSL of Truk and 400 mile~ clue south
east of Yap. the nearest high island formed of rnlcanic rocks. J7ais. an upraised 
limestone island 117 feet high. is about 275 miles to the northwest. Jfaluk's 
nearest neighbor. \\'oleai . \toll. is about 35 nautical miles to the \\·est; and 
five other atolls lie within a radius of about 100 nautical miles (fig. 1 ). 

Geologically. lfaluk is a coral island. rising from a submarine ridge south 
of the -:\fariana Trench and north\\'CSt of the l•'.ast Caroline "Rasin. Oceano
graphically. it is in a region of eddies which are influenced on the north by 
the \\'est\\'ard-flo\\·ing :-:orth Equatorial Cmrent and on the south by the 
eastward-flowing Equatorial Counter Current ( U. S. :'\. Hydrographic Office. 
1944). 1 The atoll consists of a subcircular reef about 2.5 mile;; long and 1.5 
mile,; \1·ide. surrounding a nearly circular lagoon only a mile in longest diameter 
( figs. 2. 3). The dimensions are shown in table l. where they are compared 
with those of Bikini. a large atoll in the northern ;.larshall lslands ( E111ery 
ct al .. 195-1. p. 22). and lfaroia. a large atoll in the Tuamotu Archiprlago 
(J\e\1ell. 1956. p. 329). 

The four islands on the reef at Ifaluk arc here designated by the names 
used hy the inhabitants and follo\\' the phonetic spelling propo.~ed by Sarfert 
( 19,38) and moclifled by Burrows and Spiro ( ]953). These names and their 
equivalents accepted by the 1,;nited States Board on Ceographic .\" a mes ( 19:iS), 
art> as follows: 

• Reproduction in whole or in part is permilted for any 1mrpose of the United States Coverumcnt. 
1 Dates in partnthe~c,; refer to Literature Citc-J, page i l. 
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PRESENT PAPER 

Ifaluk Atoll 
Falarik Island 
Falalap Island 
Ella Island 
Elangalap fsland 

BOARD OF GEOGRAPHIC NA:llES 

Halik Atoll 
Tfalik Island 
Flalap Island 
Ella Island 
i\foai lsland 

Falarik, Falalap, and Ella, which occupy most of the eastern half of the 
peripheral reef, are fringed to seaward by a reef flat 100 to 600 feet wide. The 
western sweep of the reef is almost wholly awash except for tiny Elangalap 
Island and ranges in width from 1,000 to 1,700 feet. One pass nearly 500 
feet wide and about 30 feet deep cuts through the reef just east of Ella Island. 
It is blocked by several strategically located coral knolls, but a small ship of 
the AKL class, 177 feet long and 936 tons displacement, can enter under 
favorable conditions. Falalap Channel, a narrow waterway separating Falarik 
and Falalap Islands, is much smaller and is shallow enough in places to be 
waded across at high water. 
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FIGURE 1.-Map of western Caroline Islands and southern :'.lfariana Islands. 

The four islands are almost completely covered by vegetation above the 
high water mark. The flora an<l fauna are typical of the wetter low-lying 
coral islands of this region which are not close to high islands or larger 
land masses. Along with native species, there occur a number of animals and 
plants introduced by man for food, decoration, or other purposes. About 260 
persons live in four villages on the larger islands of Falarik and Falalap, but 
neither Ella nor Elangalap is regularly inhabited. In culture and physique the 
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F1GCRE 2.-Ifaluk Atoll, aerial photo from 2,500 feel by l:. S. :'\avy. 

inhabitants are :.Iicronesians, though occasional inclivicluals show evidence of 
mixture with Oriental, Caucasian. or l\'felancsian stocks. These people liYe a 
largely traditional atoll existence, little disrnpted by more than a century and 
a half of intermiltent and usually fleeting contacts \\'ith the world beyond the 
Carolines. '!'he ethnology of lfaluk has been dealt with by Damm and Sarfert 
(1938) and by Burrows and Spiro (195~), while further background informa
tion on the region is summarized by Gressitt ( 195-t) and in the Trust Terri
tory handbook CC. 8. Kavy Dept., 19..J.8). 

Table ] .-Dimensions of Tfaluk. Bikini, and Raroia Atolls 

lFALl.'K R11<IXI RAROIA 

l.ength of atoll (miles) .......................................................... .. 
Breadth of atoll (miles) .......................................................... . 
Area of a(oll (square miles) .............................................. .. 
Arca of lagoon (square miles). . ............... .. 
Area of reef, a\\·ash ( s(]uare miles) ................................. . 
Arca of islands, \·egetatcd ( square mile,) .................... . 
::0.faximum depth of lagoon (fathoms) .......................... . 

2.5 26 27 
1.5 15 9 
2.5 273 155 
1.l 243 131 
O.Q 27 15 
0.5 2.4 2.:l 

11 :l2 35 

THE EXPEDITIO~ 

The field work on lfaluk in 195.1 was carried out as parl of a fi.ve-year 
Coral .-\toll Program sponsored by the Pacific Science Board nndcr the ?'-Ja
rional Academy of Scienccs-Xalional Research Council. This program also 
included studies on Arno Atoll. the l\Jarshall Islands (in 1950). Onotoa Atoll. 
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the Gilbe1·t ls lands ( in 1951). Raroia !\toll. the Tuamotu A rc.:hipelago ( in 
1952). and Kapingamarangi A toll. south of the eastern Carolines ( in 1954). 

Personnel of the lfaluk expedition included Edwin C. Burrows, anthro
pologist of the Universit:-- of Connecticut. who was on I foluk from June 22 to 
September 12. and was leader of the expedition during this period: }lar~ton 
Bates. biologist. of the University of l\Iichigan. June 22 to September 12; 
Donald P. Abbott. marine biologist, of the Hopkins ·Marine Station of Stan

ford University, J unc 22 to :'\oycmber 9, and leader of the expeditiou from 
September 12 to the encl: Josl111a l. Tracey. Jr .. geologist. of the U.S. Geolog
ical Survey. September 12 to 26: Teel Arnow. hydrologist. of the t_;_ S. Geolog
ical Sun·ey. June 22 to 24 and September 12 to 26; Frederick M. Bayer. 
zoologist. of the C. S. \'.ational 11useum. September 12 to :t\ovember 9; and 
l~oherl R. Hoft:n. ichthyologist. of the George \'andcrbilt ]foundation, Septem
ber 12 to t\' ovember 9. 

Frc:L'RE 3.-lfaluk Atoll. 1mco11trollcd photo111osaic by U. S. !\avy. 

It was the J)llrpo,c of the expedition to carry out a natural history survey 
oi the atoll and. in particular. to study the natural history of ;,lieronesian man 
in his island environment. ln broad. this program involved: (a) a survey of 
the physical environment of the atoll. including its geography, geology. hy
drology. and climate: (b) a smvey of the fauna and Aorn of the land and 
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adjacent sea. including its co111position. distribution. and s0111ething of its gen
eral ecology: and ( c) a study of man and his \l'ay of life. with e111phasis on 

human utilization of. interaction with, and effect on. the physical and biological 
ern·iron111ent. I faluk Atoll \\·as chosen for the study primarily because its in

habitants adhere more closely to traditional ways than do the peoples of most 
Pacific atolls. and because Burrows ,,·as already familiar ll'ith the local peoµle 

and conditions through an earlier study ( IYS.3). 

The expl'rlition leit (~ua111 on C. S. Coast Cuard shiµ :\'l'ffle on June 20, 
195.3, arri,·ing at lfaluk on June 22 with 13urroll's. Bates, .-\bhott. and Arnow. 

1\rn days later Arnow departed on the .\'ctt/c. The period June 25 to Septem
ber 12 was del'oted primarily to studies of the people and their tenestrial en

vironment. Projects included a complete census of the population; qualitative 

and quantitative studies of human diet: plane-table mapping of the two larger 
island,, for vegetation zones. trails. houses. and agricultural areas: and the 
systematic collecting of specimens of the land Rora and insect fauna. A pre
liminary survey of the reefs and lagoon ll'as made to determine general physical 
and biological zones and to SC'lect represemati,·e areas for fuller study later. 
Bmrows deYoted considerable tirne to the colkction of song texts. Finally. 

ll'ells ,1·ere dug at sites selected earlier by .-\ rnoll' for hydrological and geolog
ical studies. 

The Trust Territory ship .\lcto1J1ki11. which arrived September 12, picked 
up Burrows and Rates and landed . \ rno\\', 'J'racey, Hayer, and l-:.ofen. The 
next two \\'eek~ were de,·oted primarily to geological and hydrological work. 

\ \"ater-level recordings ll'erc niade in the lagoon and in representative wells. 
and well-water samples were taken for analysis: Falarik J sland was surveyed 
and 111:1pped for contours and composition: a rough geologic:tl reconnaissance 
of the reefs, lagoon, and other islands ll'as made: and the serious collecting of 
fishes and marine invertebrates ll'as begun. On Seµtemher 26 the .11 efo111ki11 

arrived to pick up Tracey and :\rnow. The remaining me111bers of the e:-.pedi
tion concentrated their efforts on the environment. biota. and general ecology 

of the reefs and lagoon 11ntil the expedition left lfaluk for Gua111 on Xovember 
9, aboard the C. S. Coast Guard ship P/a11ct rec. _ \ more complete account of 
the expedition and some of it's findings is gi,·en by Bates and 1\bbott ( 1958). 

The present report is the first to he ptthlished in the Hishop ;\Juseum Bul
letin series under the title ":-.:atural 1 listory of Ifaluk Atoll." Later reports 

in the set will deal with the fauna and flora. the general ecology, and the hu
man ecology of 1faluk. In this volume· :\ hhott is primarily responsible for the 
introduction. the section on climate. and the general editing of the report: 
:-\rnow. for the hydrology and the section on tides: and Tracey. for the geology. 
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Tatogoetil (Tom). Yaniscman. Bakalima1·, Tac:hiwelimeng, Tewajiliaro, Yaro
falimal, Talimeira, Sagolimar. Sepemal, and GaYileisei: and to visiting Ulithi 
islander Antonio Taidau. lfalukian knO\declge oi many aspects of the natural 
history of the atoll is both extensive and intensive: if these men served as our 
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It is with profound regret that ll'C record the death of E<lll'in G. Burrows, 

expedition leader, in July 1958. 

PHYSICAL EX\'IROX:.IE~T 

CLT:lf..\TE 

The expedition obtained measurements of atmospheric pressure, air tem
perature, ocean and lagoon water temperatures. rainfall, and relafr\'e humidity 
for a perio<l of approximately fottr months. Readings \\Tre taken daily between 
0800 and 0900 hours local time (Greem,·ich time plus 10 hours). All observa
tions on land were made at ele,·ations not exceeding 10 feet above mean sea 
level. The data, collected by Bates and Abbott, are tabulated in tables 2 to 6 
and are shown graphically in figure -L 

The atmospheric pressure (table 2) ranged from 1.00-1-to l.011 millibars 
(29.65 to 29.86 inches) ; 85 percent of the readings fell bet\\'een 1,007 and 
1,010 millibars. On June 27. 1953, a strong gale \\'ith winds up to Beaufort 
force 9 ( -1-1 to 47 knots) struck the island. and during its passage the barometer 
reading dropped to a loll' of 995 millibars. 

The daily range in air temperature (table 3) was measured in the school 
building. an elongate thatched shelter open on two sides and located in a large 
clearing near the south end of Falarik J sland. The extremes we1·e 73°F. and 
91 °F. 'I'he maximum daily range was 15°. the mininrnm <laily range was 5°, 
and the average daily range during the four-month period of observation was 
11 ° between a mean daily high of 87.5° and a mean nightly low of 76.5°F. 
Temperature means and ranges recorded on lfalnk corresµond fairly closely 
to those reported from Yap and Truk (lJ. S. Dept. Commerce 1956: U. S. 
Navy Dept., 19-1-8). 

Ocean-\\'ater temperatures ( table 4) \\·ere recorded daily on the windward 
reef and in the lagoon. Reef temperatures \\'ere taken off the eastern coast of 
Falarik island, about 0.3 miles north of the southeast tip of the island. The 
observer waded out on the reef Aat to the sea\\'arcl reef margin or e,·en beyond, 
the exact position depending upon the state of waycs and tide. usually to 
water at least knee deep but occasionally shallower. ancl sampled the bottom 
water. At the lo\\"est tides. temperature~ were measured in surge channels. 
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Lagoon shore temperatures were measured similarly off the southwest shore 
of Falarik. ,tbo11t .1.000 feet north of the cxtn:mc southern tip of the island. 
The windward reef temperatures recorded showed a mean of 83.7°F. and ex
tremes of 79.2° and 86.2°F. Lagoon temperatures were closely similar, with 
a mean of 83.8° F. and a range of 80.6° to 86.-+ °F. during the period of 
observation. These temperatures are slightly lower than shore temperatures 
recorded earlier at Yap, Palau, Truk, and Guam ( C'. S. Dept. Commerce, 
1952). 

Table 2.-.A.tmospheric pressure at ffaluk Atoll ( 1953) in millibars, 
observed bet ween 0800 and 0900 hours 

]t.:1,Y AuccST SEPTE~IBER OCTOBER 

1 ............................................ .. 1008 1008 1010.5 
2 ......................................... . 1009 1008 1010.5 
1 .............................................. . 1009 1009 1008.S 1010 
-! ................................. . 1009 1007.S 1008.S 1010 

1010 1009 1009 1009 
6 .............................................. . 1010 1009 1010 1009.5 
7 .............................................. . 1010.5 1009 1010 1009 
8 ......................................... .. 101 I 1006.5 1008 100') 
9 ........ ······································ 1010 1007.S 1008.5 1008 

10. ·········----·--.......... . 1009 1006 1009 1010 
11 ............................................ . 1010 1008 1008 
12 .......................... ···················· 1010 ]007 1008 
13.. ... .. .. 1010 1008 1007 
14 ..................... ··············--······· 1009 1007 1008.5 1006 
15 .............................................. . 1008 1007 1008 . .'i 1006 
16 ......................... . 1008 1008 1008.~ 1007 
17 .......................................... . 1009 1009 1008.5 1007 
18 ............................................. . 1008 1009 1006 1007 
19 .............................................. . 1008 1009 1005.5 1007 
20 ................................. . 1007.5 1009 1007 1008 
21 ............................................. . 1007 1008 1008.5 1009 
2? .......................................... .. 1009 1007 1009 1008 
2.3 ......................... . 1007.5 1006 1008 1007 
24 1008 1006.5 1008 
25 ......... ······· .. ··"" ........ .. 1008 1006 1008.5 1009 
76 ............................................. . 1008 1005 1009.5 
27................ ······················· 1006 1004 1009.5 1007.5 
28 ..... . 1007 1006 1009.5 1008.5 
29 ......................... . 1007.5 1008 1010 1008 
30 ........................ . 1007.5 1008 1010 1008 
31 ............................................ .. 1007 1008.5 1008 

Max ............. . 1011 1009 1010 1010.5 
l\lca11. .................................... . 1009 1008 1009 1008 
·;,.. r in.····················••··•·•·····--······ .. 1007 1004 1005.5 1006 
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Table 3.-Daily 111axunu111 and mm1mu111 air temperatures ( ° F.). 

DAY 

)t·Ly 

:--r.1x. )lin, 

1 ............................. . 
2 ......................... 86 
L ....................... 87 
4 ......................... 89 
5 .... ..................... 87 
6 .......................... 90 
7...................... 88 
8....... 90 
9.................... 90 

10 .......................... 88 
11 .......................... 90 
12........... .. 89 
13. .................... 89 
14 ....................... 89 
15 .......................... 90 
16 .......................... 80 
17 ........... ,...... 88 
18 ........................ 81 
19............. 88 
20 .......................... 82 
21 ..................... 88 
22 .................. 89 
23 ........................ .ss 
24 86 
25 ......................... 89 
26 .......................... 87 
27..................... 90 
28 .......................... 89 
29 ........................ 91 
30................... 91 
31 .......................... 88 

\lonthly 
11ax. <)( 

\lean ............ 88 
1[in. ............. 80 

Daily variation I' F.) 

:\lax............. 15 
\lean....... .. 11 
Min.............. 6 

76 
76 
76 
76 
77 
77 
78 
78 
77 
76 
78 
77 
78 
75 
73 
76 
73 
75 
76 
77 
76 
78 
76 
76 
i7 
78 
77 
77 
77 
78 

78 
76.S 
73 

Falarik l sland ( 1953) * 

At:GL'ST 

;1Jax. J\Iin. 

91 
90 
88 
84 
82 
82 
82 
86 
80 
82 
8-l 
84 
87 
88 
82 
83 
88 
86 
89 
89 
88 
88 
86 
86 
85 
88 
88 
85 
88 
89 
()() 

91 
86 
80 

IS 
10 

76 
77 
7-l 
73 
75 
76 
77 
75 
7-1 
74 
74 
76 
78 
76 
76 
74 
78 
77 
76 
77 
7i 
77 
75 
77 
80 
75 
77 
74 
78 
80 
78 

~(l 

76 
73 

SEPTDJOER 

:\lax. \lin. 

90 
90 
90 
9() 

89 
8H 
85 
88 
91 
88 
86 

91 
86 
89 
84 
87 
88 
82 
86 
84 

89 

88 
87 
88 
90 
90 
91 

91 
88 
82 

15 
J l 
7 

77 
80 
80 
76 
77 
75 
77 
78 
76 
76 
76 

76 
76 
7-l 
7-l 
76 
73 
75 
76 
76 
76 
79 

77 
77 
77 
77 
76 
78 

80 
76 
73 

0CTOHF.R 

:-fax. ;11i11. 

91 
88 
87 
91 
90 
89 
90 
90 
90 
90 

90 
88 
87 

87 
86 
87 
88 
89 
87 
90 

90 
88 
87 
82 
86 

91 
88 
82 

15 
II 
5 

79 
7., 
77 
77 
7i 
78 
78 
78 
77 
7i 

75 
76 
79 
76 
77 
80 
76 
76 
76 
77 
78 
75 
78 
76 

76 
77 
74 
77 
79 

80 
77 
74 

Differences hetwecn this table and that puhlifhe<l in Arnow (1935) reprc-~ent corrected figures.. 

The rainfall measurements at lfaluk ( table 5) were made during the wettest 
season, though rainfall 1s distributed throughout the entire Year. :\t least a 
trace "·as reco1·ded on 83 percent of the days of observation, and the rainfall 
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exceeded one inch on 11 percent of the <lays of observation. A total of 54.25 
inches of rainfall was measured in 131 days. The average annual rainfall at 
Ifaluk is probably between 100 and 120 inches, based on a consideration of 
annual precipitation data from Guam, about 90 inches; from Yap. 122 inches. 
from Truk, 132 inches. and from Koror. Palau, 1-+8 inches (U. S. Dept. Com
merce, 1956); and frolll Lamotrek. 10..j. inches (C. S. N. Hydrographic Office, 
1943). The figures from Yap, Koror, and Truk are normal annual figures 
computed from station records and adjusted to the period 1921 to 1950. The 

Table 4.-Ocean water temperatures (°F.) at J'faluk (1953). 
takeu bet\\'een 0800 and 0900 hours 

JULY AUGUST SEPTEMBEI! 0CTOBEI! 
DAY ----------------- ------

Wind\\"ard V.rindward \Vindward \Vindward 
reef Lagoon reef Lagoon reef Lagoon reef Lagoon 

1... ... . 
2 ....... . 
3. ...... . 
4 ....... . 
5 ...... .. 
6 ....... . 
7. 
8 .. . 
9 ....... . 

10. 
11.. ... .. 
12... .... . 
13........ 84.6 84.4 
14........ 84.2 83.7 
15........ 80.2 81.3 
16........ 83.3 83.7 
17........ 79.7 82.8 
18........ 817 82.0 
19........ 83.8 83.1 
20 ........ 84.2 82.4 
21........ 84.2 84.2 
22........ 83.5 83.8 
23........ 83.7 84.2 
24........ 84.0 84.2 
25........ 83.7 83.8 
26........ 85.5 86.2 
27... .... 85.6 85.8 
28.. 84.4 84.6 
?9........ !i4.6 84.4 
30........ 83.3 83.1 
31........ 86.2 85.6 

Max... 86.2 86.2 
Mean 83.8 83.8 
Min.... 79.7 81.3 

84.7 84.2 
84.0 84.7 
79.2 84.6 
85.6 84.0 

82.0 80.6 
83.5 81.9 
82.8 81.5 
79.7 81.5 
81.0 82.4 
81.S 81.7 
83.5 83.7 
82.8 83.7 
82.8 81.9 
82.4 83.J 
83.8 82.9 
84.6 84.2 
84.2 84.7 
83.5 84.2 
83.5 83.3 
83.S 82.2 
83.7 82.4 
83.3 83.8 
82.4 83.8 
84.2 85.3 
82.0 83.l 
82.4 83.S 
81.3 82.4 
82.9 83.5 
82.9 83.7 
83.3 82.0 

85.6 85.3 
82.9 83.1 
79.2 80.6 

84.4 84.6 84.6 84.3 
83.8 84.7 82.8 84.0 
83.5 84.4 85.6 85.5 
84.0 84.6 85.l 84.8 
84.2 8S.5 83.7 83.5 
83.7 85.3 83.8 85.6 
83.8 83.7 84.2 85.3 
8.5.l 85.6 86 0 85.5 
84.4 84.2 85.6 85.1 
83.1 84.0 85.J 84.9 
84.4 84.7 
84.0 84.4 84.4 85.6 
84.0 84.0 85.8 85.l 
86.2 86.2 83.8 85.3 
82.6 84.0 82.2 81.9 
84.4 84.9 83.1 83.5 
84.2 84.4 83.5 82.4 
83.l 81.3 84.9 84.7 
83.8 83.5 83.3 
81.9 82.2 84.6 84.6 

86.2 86.0 
84.2 83.5 84.0 85.7 
82.0 82.4 82.4 83.1 
81.l 82.2 84.2 84.6 
82.4 83.5 84.7 84.7 
82.2 83.S 
84.6 85 .. 3 85.6 
84.2 84.0 83.3 84.7 
85.7 86..t 83.8 82.9 
84..t 84.6 84.0 84.2 

83.7 83.7 

86.2 86.4 86.2 86.0 
83.7 84.2 84.4 84.6 
81.1 81.3 82.2 81.9 
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Table 5.-Rainfall (in inches) at Jialuk, 1953 

At;GUST SEPTDIBER OCTOBER Ko\·E~rnER 

!... ......................... ··········· ..... 0.00 0.24 0.30 0.01 0.18 
2.. . ........... . ......... 0.54 0.15 0.16 0.55 2.03 
3 .......... ························•· .................. 0.34 1.90 0.00 0.02 
4.............. .... ...... 0.12 0.54 0.19 0.12 1.35* 
5 ...... ·····························--··· ...•.• 0.20 0.18 0.00 0.1-t 0.01 
6 ....................... ···········••····· ............. 0.00 0.95 0.7-t trace trace 
7 ...................... ·················------··· .. 0.00 0.05 0.02 0.00 0.03 
8 ........................................................ trace 2.55 0.39 0.10 0.05 
9...... ....................... .................... trace 3.20 0.00 0.13 

10 .. ············· ........................... 0.02 0.81 0.15 0.28 
11. ................................................ 0.02 1.15 0.13 
12.. ......... . .. ········ ........................ 0.20 0.11 0.84* 
13.............. ... ........... .. ................. 0.25 0.25 1.97* 0.53 
14 ............................... ·········--············ 0.08 0.61 0.76 0.01 
15.................... ........... . ...... 0 00 0.50 0.91 0.70 
16 .................................................... 2.98 1.06 0.54 0.40 
17. .. ······· ......... 0.68 0.00 0.15 0.01 
18 ........................................................ 1.44 0.00 2.70 0.92 
19 ........................................................ 0.24 0.00 1.03 0.99 
20............. ......... ..... . .. 0.16 0.02 0.40 0.24 
21... .... ·····································•······•··· 0.16 0.33 0.09 0.35 
22 ........................ ························ .. 0.30 0.15 0.12 0.00 
23. .... ............ 0.00 1.67 0.00 0.32 
24 ..... ············ .... .... ..................... 0.05 0.00 0.04 
25 ... ············· ... ..... .... 0.32 0.00 0.87* 0.51 
26..... ... ················· 0.00 0.59 0.11 
27. ········••··················--··· •. ·••· 0.05 0.25 trace 0.13* 
28 ...................................................... 0.ll I. 16 0.00 0.47 
29..... ... ········· ............................... 0.10 0.09 0.25 3.56 
30 ................... ·················•·•········••·•···• 0.30 0.00 0.00 0.02 
31. ......... ······································ .... 0.06 0.00 0.00 

Total .................................................. 8.72 18.51 11.98 11.39 

Daily: 
l\Iax ........................................... 2.98 3.20 2.70 3.56 
JI [ t'all ......................................... 0.21\ 0.60 0.40 0.37 
l\Iin .......................................... 0.00 0.00 0.00 0.00 

" 48-hour readir1g. 

figure for nearby Lamotrek Atoll is the average for a four-year record . .:,;'ative 
informants have no recollection or legends of a drought on Ifaluk (Burrows 
and Spiro, 1953). 

RelatiYe humidity measurements (table 6) were taken with a sling psy
chrometer under the shelter of the open schoolhouse. Daily relative humidity 
readings made between 0800 and 0900 hours ranged between extremes of 77 
and 100 percent, with a mean daily reading of 86.6 percent. Similar mean 
humidities are reported for Yap and Truk (U.S . .1\avy Dept., 1948). 
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Ifaluk ,\toll is too small and too low to have any marked modifying influ
ence on the climate in its vicinity. and to a great extent the conditions measured 
reflect the climate of the open sea in this region of the western Carolines. For 
interrelationships of the climatic variables measured, see figure 4. The vast 
water mass of the ocean serves to buffer the variations in air temperature at the 
low elevations prevailing. for no point on any islet is more than 15 feet above 
mean sea level or more than 1,000 feet from either sea or lagoon. Daily varia
Lions in air temperature generally bracket the prevailing shore water tem
peratures, which in turn reflect the surface temperature of the open sea. 
usually 83° to 84°F. in the period July to November (U.S. 1\. Hyclrographic 
Office, 1943). 

Table 6.-Relativc humidity (percent) at Ifaluk. 1953. 
observed between 0800 and 0900 hours* 

DAV ]ULY ArcusT SEl-'Tli.\1 BER 

!......................... .. ..................... .. 84 88 87 
2 ........................................ . 88 90 85 
3 ................................................................ . 92 100 88 
4 ............................................................... .. 95 81 89 
5 ......................... . 90 84 80 
6 ................................................................ . 84 85 84 
7 .......................................................... .. 84 86 82 
8 ............................................................. .. 84 88 85 
9 ..................................................... . 83 100 92 

10 ......................... .. ...................... .. 84 88 84 
11. .......................................................... . 92 98 82 
12 ............................................................... .. 85 83 
13 ............................................................ . 81 91 86 
14............ .. ................................ .. 84 85 85 
15 ............................................................ .. 100 90 98 
16.... ..................... .. .................... .. 95 83 84 
17................. .. ...................... . 100 81 89 
18 ............................................................. . 89 8S 96 
19 ............................................................... . 92 84 91 
20 ............................................................ .. 82 82 96 
21. .. ................................. .. 89 88 91 
22 .............................................................. .. 89 89 82 
23 ................................................................ . 85 85 81 
24 ........................................................... . 85 86 
25 ............................................................... .. 90 81 85 
26 ................................................................ . 79 82 88 
27 .............................................................. .. 80 81 77 
28 .......................................................... .. 79 88 86 
29............. ········••·••··· .. ······--· .............. . 85 93 81 
30 ................................................................ . 100 85 85 
31.. ............................. •· .. . 83 83 

Max .......................................... . 100 100 98 
:-1'ean ...................................................... . 87 87 86 
~fin ....................................................... . 79 81 77 

OCTOBER 

89 
96 
80 
96 
92 
85 
86 
82 
85 
95 

83 
92 
83 
79 
79 
81 
83 
95 
84 
84 
81 

96 
86 
79 

.. Differences hetwcen this tahle and that puhlishec.l iu Arnow (1955} represent corrected figure~. 
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Luca) depressions in both air and shore water temperatures are associated 
with rainfall. Shore water temperatures are lowered not only by the direct 
addition of cool rainwater from above, but by the subsurface runoff of fresh 
water throug-h beach sands from the margin of the subterranean Ghyben
Herzberg lens. especially during period:; of low water. Relative humidity over 
the islands is probably slightly higher than that over the surrounding sea. 
owing to increased evaporation-transpiration. Sea winds are rarely saturated, 
and the average night relative humidity over the open sea in this area is esti
mated as 82 to 86 percent (U. S. :,J. Hydrographic Office, 1943). Relative 
humidities of 100 percent were recorded only during showers. 

Clouds were not systematically observed. but even on sunny days cumulus 
cloud cover uscually ranged from 25 to SO pe1·cent. 

lfaluk is so far to the south (lat. 7° l 5')J.) that it is affected by strong 
and steady northeast trade winds for only a small part of the year. The period 
of t\ovember or December to l\Iarch. the season ca11ed •vang on lfaluk, is 
characterized by steady e,1st to northeast trades \\·ith a mean velocity of about 
12 knots and by a lowered rainfall. a scarcity of breadfruit, and an abundance 
of Aying fish. Tn late ~farch and ,\µril the trades become fitful and inter
spersed with calms. and the winds change as summer conditions approach in 
the Korthern Hemisphere. From June through October or November they are 
in-egular. coming from the east. 11·est. or southwest, and average about 6 knots. 
This summer season, called rag on lfaluk, is a time of calms and intermittant 
westerlies. hea.vicr rains. and an abundance of breadfruit. \i\find waves during 
the period we were on the island were mostly low to mode1·ate: 2 or 3 lo 5 feet 
in height. 

i\lany of the tropical storms that develop into large typhoons in the north
western Paci fie start as small disturbances to the east. toward Truk. ::Vlost of 
these pass well north of Ifaluk. but each year the island is aflected by squally 
weather and heavy rains that are the result of small storms nearby or large 
ones at some distance. Full-fledged typhoons strike the island rarely. Burrows 
and Spiro ( 1953) report that the four oldest 111en on the island recalled six 
large storms. During the worst of these, in 1907, all breadfruit trees were 
destroyed and most coconut trees were blown down. This typhoon was men
tioned by Sarfert (1938) as the great storm that struck the atoll t\\'o years 
before he arrived in 1909 with the Hamburg South Sea Expedition. The story 
of this typhoon was told to us by Tom Tatogoetil and by 'foroman. the third 
ranking chief. who 1·ecallecl the event dearly. The first winds blew from the 
northeast, toppling trees but carrying no large waves over the islets. This 
phase was followed hy a lull. presumably when the eye of the storm passed 
over the atoll. Then the winds came again, this time from the south. Waves 
"-hich the informants recalled as taller than the coconut ti·ees swept over 
Ella T sland and the southern reefs. The seas pou,·e<l over Fala lap Island, kill

ing 34 villagers and leaving great sharks floundering in the central taro swamp. 
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Falarik suffered destruction of villages and forest, hut only one life \\"as lost. 
Other effects of this typhoon are discussed in later sections o[ this paper .• ..\s 
it was apparently the only storm in the memory of the oldest men that actually 
put water over the islands, it is probably the only large typhoon that passed 
near or over the atoll in considerably more than half a century. 

In summary. lfoluk has a tropical rainy climate ,,ith relatively small sea
sonal changes. The temperature and barometric pre~sure are monotonously 
uniform throughout the year. \Yind and rainfall, influenced hy seasonal shiit
ing of the doldrum belt, are more variable. The greatest ,·ariations are related 
to the passage nearby of tropical storms or rare typhoons. 

TIDES 

'ride data were obtained by Arnow for the period September 13 Lo 25. 1953. 
by means of a Stevens type-F water-le,·el recorder which ,,·as placed in the 
lagoon near Falarik Island (fig. 7: pl. 1). Part of the actual tide record is 
shown in fig-ure 5. The tide data were analyzed by the U. S. Coast and 
Geodetic Survey. which computed the following ele,·ations shown in feet: 

:\lean higher high water__ __ .............. -------··---·· 
:\lean high water.. ..... ··-·---····-······· ·····--··--· 
:\fean sea level.····-·······----·· . ·······-···-···--····· 
l\J ean lo,,- water__·•····-·-··· 
i\[ean lower low water.--•···············-····--·-··· 

0.95 
0.75 
0.00 

-0.75 
-1.55 

These elevations ai·e indicated on the right side of figure 5. 

The primary benchmark established on lfaluk is an .\' chiseled 111 a lime
stone slab on Falarik island. The slab is embedded in the ground 20 feet west 
of the west end of the Fan =---: ap. which is the men's house ( fig. 7). The altitude 
of the X is 3.57 feet above mean sea le\'el. as determined from the tide data. 
All surveyed elevations on Falarik Island are related to this benchmark. The 
relation of the reefs and shorelines to these tidal lc\'d~ is ,hown in cross 
sections (pl. 2). 

Tide data were not obtained for the ocean. JTowe\'er, a comparison was 
made between the tide data obtained in the lagoon and the predicted ocean 
tides as published by the L'.. S. Coast and Geodetic Sun·cy for \\'oleai Atoll. 
which is about 35 nautical miles from Ifalllk. J\ o direct correlation wa~ noted. 
other than that the obsernd tide in the lagoon preceded the predicted tide in 
the ocean 90 percent of the time. The average calculated precedence of the 
lagoon tides was 4j minutes and the maximum precedence was an hour and 
48 minutes. '!'his sequence is a reversal of \\"hat would normalh· be expected. 
and apparently the tides in the open ocean at lfaluk differ cunsidcrabh- frum 
the predicted tides. 
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The highest spring tides are several tenths of a foot above the computed 
mean higher high w:1ter. The lowest tides are as much as a foot belO\\. mean 
lo\\'er lo\\' wate1·, giving an extreme tidal range of about 3.5 feet. The lowest 
tides during our sta_v on Ifaluk in October 1953 were about I foot below the 
lowest tides recorded on the tide gage in the period of its operation. 

The height of \l'ater on a reef is dependent not only on the stage of the 
tide hut on the head of \l'ater piled on the reef by \1·aves. The head produced 
ranges from less than an inch for very low \l'aYcs to 1.5 feet for strong ( 7-font I 
waves (1lunk and Sargent. 195-1-). lt is much higher for storm waves. 

W~OLOGY :\ :\ D HYDROLOGY~ 

'l'hc geologic and hydrologic field work on which this section of the report 
is based was part ot more extended in\·cstigation~ of the geology. soils. and 
\\·atcr resources of certain l'acific islands by the C. S. Geological Sur\'ey. sup
ported by the Office of Chief of Engineers, "C. S. Army, and by the C S. 
Trust Territory. 

Because of the short time spent by the geologists on the atoll, much of the 
reef \\'Ork reported here includes observations and detailed transects made b~• 
the biologists, particularly Donald Abbott. Lagoon samples were collected by 
Bayer and Abbott with the help of Yaniseman, the native school teacher. 
Detailed observations of the lagoon bottom and outer terrace. to depths of 60 
LO 80 feet, were made at. a number of places by Robert Rofen. who <lived with 
i:lll aqualu11g tu LUllCLl n~11c:,. Tiu.: ~t..:11t::1 ul -:1ulA..lh hiou:, uf the r\::t:i u11Ll lubvv11 

were agreed upon in the field. The manuscript was revie\\·ed by E. D. :\IcKee. 
S. 0. Schlanger. and H. S. Lacki. \\'hose helpinl comments arc appreciated. 

The topographic and geologic map of Falarik Island ( fig. 7) \\'as made 
with plane table and telescopic aliclade by Tracey and . .\ rnow. The map 1rns 
contoured in the field. \Ve used a 4-foot contour interval and one auxiliary 
2-foot interval. assuming datum to be about mean low water le\·el. .\fter 
tide and well data had been computed. all contours were related to 111ean sea 
level. about one foot higher. :\lean sea le\'el is not only the 1110:;t significant 
level relative to ground-water fluctuation, but it \YaS found to be approximately 
the level of the break in ~lope around the island "·here the h<1se of the beach 
joins the reef ( pl. 2). l t is, therefore, a more significant zero contour for the 
islands than rither mean low water. which is half\\'a)' out on the reef. or mean 
lower low \\'ater-the usual datum of hydrographic charts-which is near the 
edge of the reef. 

The planimctry for the geologic map of Ifaluk .\toll (pl. 1) \1·as traced 
from an uncontrolled photomosaic made from Yertical photographs flo\\'n at 
5.000 feet by the i..;. S. Xa\'y (Utility Squadron fl·G-5) in 1952 (fig. 3). 
A second photographic flight was made in 1953 to obtain both vertical <1ml 

:i Jlublication nuthorizt"d hy the Director, r. S. Geological Sun·l'y. 
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P1GL'Hi'. 6. a, \\'ell 1~, ~laia Cha1111el line, ~ection C-C'. Falarik Island; b, workmen 
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,ho\\ n in plate I ancl h!'urc 7 ( pholog1·aphs by :\I ar,ton Bate,) 
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oblique photographs at 2,000 feet ( figs. 2. 20. 21 ). These photos wen: used 
in the field \\'Ork. Zoning of the reefs, examination of the islands. and contour
ing of the lagoon were do1w irom the photograph:,. 

The outli1w~ oi reef and island~ anc\ the shap(' of the atoll arc rea:-,onallly 
accurate. The dimensions and outline of Falarik Island on the photomosaic. 
compared to the plane-table :iurn:y ( fig. 7). :-ho\\ distortion amounting- in 
places to = 5 percent. Point:-, on Ella anrl Elangalap hlancb \\'ere found hy 
triangulation to be relati\'ely dose to their true positions on the photo1110!-aic. 
The map is as accurate as the Hydrographic Office Chart 5425-C mack from 
a Japanese sketch "un·e) in 1921. 

Reei zone:. that were recognized in the field m:re traced around the atoll 
in the photograph~ ( fig. 18). The lagoon "·as contoured on »tercoscopic pairs 
of lagoon photographs. Contour lines of approximately equal intervals \\'ere 
drawn around shoals and banks. Point~ of kno\\'n depth \\·ere labeled from 
cro"~-lagoon tra\·erses and from soundings plotted from 11. 0. 5-t-25-C. and 
the contours were than adjusted 0\'Cr the lagoon. Depth cannot be judged 
accnrately in aerial photographs. for 1111derwater -.hoals or banks appear to 
chang-c in depth, ;,hape, and rclati\'e position from one pair of photographs to 
the next. depending on angle of incidence \\'ith the \\'ater and on angle of 
sunlight in the photograph. ~o claim is made for great accuracy of the lagoon 
contours. They cannot he u"ed for precise work nr for navigation. The shape 
of the la!{oon bottom is considered reasonably accurate. howe\'er. 

C:l·:OLOGY or, ISLA:-.:Ds 

The principal o.cdimcnb forming the island» are related in their distribu
tion to the broad physiographic di\'i,-ion" of each i,land ( fig. 7: pis. 1-J). 1 n 
general. the !>ea\\'ard. or outer. side of each island is a ridge. or boulder rampart. 
formed of large cobbles and boulder": the lagoon shore is a low sand flat. 
here called the lagoon fl,11. l\el\\"lTll lilt' t\\o i., a11 intcriu, l"':,in. sw11111py in 

places. formed of gra,·el grading into ,and on thl· one side and into cohblcs 
and boulders on the other. Sediments are poorly sorted hut arc crudely to \\'ell 
bedded. They are di\'idecl into 17,·e mapped units ila~ect primarily on grain size. 
~ecumlarily 011 age. Older unit,-, that form i:,lancb proper arc designated Ob. 
older boulder" and cobhle,-, oi the boulder rampart: Oy. oldt·r gra\'el and ,-,andy 
graY(•i of the interior ba,-in: and Os. older :,and and graYelly ~and of the lagoon 
flat. These three units grade into Olll' another. Younger units that for111 the 
shores and very recent additions to the island arc l • b. younger boulders and 
coar,.,e graye) of the sea\\'arcl heaches ( including ,·ery recent addition;,, to the 
boulder rampart) and } ·s. younger »and and gra ,·elly sand of the lagoon 
beaches ( including nry recent additions to the ;;ancly flab). Consolidated 
rocks on the island:, are limitc:d to patches of lithilic:d beach conglomerate on 
the "Ca\\·arcl :,ide ( Ocg I. and remnants oi bedded h<:ad1 conglomerate re111ain
ing on the reef. 
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These units are based on obser\'ations made on surface exposures and in 
pits dug on the four islands ( table 7). l•:le,·ations reier to the ground suriace 
at the top of the pit, or well. and are gi\·cn in feet ahoYc mean sea level. The 
three lines of wells on Falarik Island ,,·ere sur\'eyecl. whereas on the other 
islands the \l'ater leYel in the \\'ell \\'as measured ancl the difference to mean 
tide leYel was estimated. Locations arc sho\\'n on the geologic map ( pl. I), 
and inferred correlations between the geologic units are shown in the cross 
sections (pl. 2). 

FAJ,ARJK lSLAXD 

Falarik Island is about 5.500 feet long IJy 1,200 feet ,,·ide. and covers 150 
acres. The topography and geology are shown in figure 7. The configuration 
of the boulder ramparts indicates that the north encl of the island \\'as formerly 
separnte. The former island i~ still called :-Jaia. and it was separated from 
the main island by a narro\\' channel. called l\faia Channel. that is now filled. 

The seaward beach throughout most of its length is a cobble or boulder 
beach, Yb. consisting of boulders re\\'orked from the sea\\'ard slope of the 
Loulder rampart. .Along parts of the shore the intertidal zone is a truncated 
conglomerate, Oc,q. that cannot he di !Terentiated from rock under the boulder 
flat on the reef. At the north end of the island several concentric lines of eroded 
beach rock are on the reef flat as much as 100 feet from shore, indicating that 
the present shoreline has been eroded back. 171e boulder rampart is prominent 
along the coast for most of its length. and at its maximum is more than 15 
feet above mean sea level ( fig. 7). The crest of the rampart is generally 75 
to 150 feet from the si1oreline. aml in sc\'eral places consists of L,,·o luw ridge~ 
not shown on the topographic map. Rounded cobbles and boulders. containing 
little or no gravel or sand matrix. and scattered massiye angular blocks 1 to 3 
feet in length form thC:' steep seaward face and the crest of the rampart. The 
size of boulders and the number of large blocks decrease down the gentle 
hackslope of the rampart to merge with the pebble gravel of the interior basin. 
Soil is limited to black leafmold. thin in crevices and hollo\\·s on the crest and 
thicker on the hackslope. The absence of sand and gravel on the crest and sea
\\'arcl slope is apparently a surficial fratnre, for all wells through the rampart 
showed boulders nnd cobbles packed in gravel and sand (table 7, well 13: also 
well 19 on Falalap Island). The loose boulders at the surface appear to be a 
"lag- concentrate" caused by the washing clO\rnward of loose sand and fine 
grm·el. 

The ends o[ the boulder rampart of Falarik Island curve lagoonward and 
become subdued in height and shape. The honlcler gravel thal forms the ends 
of the arcs grades to pebble gravel and locally to gravelly sand with few 
boulders. The break in slope at the foot of the backslope of the boulder ram
part is in some places well defined, and scn·cs as a dividing line bet "·een the 
rampart and the interior basin as well as a grnclational contact hetwet'n boulder 
and cobble gravel (Oh) and pebble gravel ( Og). l n other places long flat 
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F1r.1·nE 8.-Boulder Aats on reef: a, rock bar at east end of Ella Island: boulders 
and gravel piled up by 1907 typhoon form extension of boulder rampart (photograph by 
Abbott). b, blocks on reef flat off southern shore of Ella Tsland thrown up by 1907 
typhoon; largest block. to right of pliotoi:-;raph near reef edge, is a l'oritcs colony 18 
feet in diameter: slight nip near its base forrned by intertidal solution in less than 50 
years (photograph by i\Jarston Bate5). c, loose coral rubble on reef flat southwest of 
E!angalap fsland (photograph by ,\bbott). 
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trains of cobbles extend 100 feet or more beyond lhc break in slope onto the 
interior basin. \\'here the division is indefinite. the contact is taken along the 
5-foot auxiliary contour. 

The interior basin of Falarik lsland is less than 3 feet above mean sea 
le\'el in most places. Some small areas are naturally swampy or ponded. and 
many large pits have been dug for taro cultivation. Coconnt palms grow over 
much of the basin; breadfruit trees, on the better drained parts. The entire 
area is underlain by dark-gray sanely gravel ( Og). ranging from sanely cobble 
gravel \Yith a few scattered uoulders near the boulder rampart to a very 
sandy pebble gravel or gra,·elly sand at the lagoon flat. \\'ell 11 (table 7) is 
typical of this llnit. Black hu11111s or leafmold covers most of the gravel of the 
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interior ba;;in. and black carbonaceous matter is found in the top 6 inches of 
the gravel. Swampy :ind ponded ::ireas are covered with rotted leaves and 
with a thick dark-brown muck of finely divided organic material containing a 
small amount of Jim_v sand and silt. The soil of this unit appears to correspond 
to Stone's A mo Series ( 1951). later renamed the Arno 1\toll Series by F Os
berg ( 1954). Phosphate has been reported from Ifaluk /\toll by Haneda 
( Foster. 1956, p. 2 l 6). l\ o confirmation of the presence of phosphate was 
found in this investigation. Phosphatic soils in this region are called ''Jemo 
soil" by Fosberg (1954). and attributed by him to a forn1er Pisonia forest. 
Although Ifaluk has no Pisonia forests now. they may have grown on Ella 
lsland until comparatively recently. 

Table 7.-Descriptions of material in dug wells on lfaluk Atoll (from surface 
to. or a little below, water level at time of examination) 

FALARIK lSLAND 

\\'el.LS OK F,1x Nt1t' TRAJL_. nm$S SH'TTON A-A' (r1,. 2) 

01::l'TH (FEET) \\'ELL J EU':\IA'l'IOX 4.5 FH:T 

0-0.5 

3.5-4,5 

0-1.6 
l .6-2.4 

2.4-7.5 

0-0.5 

0.5-2.5 

2.5-5 

0-1.2 

1.2-3.8 

Gravel, sandy, dark broll'n carbonaceous, containing rootlets: abundant small 
pebbles 1-3 cm. 
f:.anr-1, '\.vl, it:e 7 fine to c-o:-trsc-

1 
Ltn~ot"i£i:d, not h,,i:_.ddt::c-1, <,"nnt;:i.ining :"'lbt.11"ld.:-nt ,vorn 

f'oraminifcra 0.5-1 mm. 
Gravel, coarse, ll'ilh coarse sand matrix: thin brown humus or fine silt at 
lop of un't. either a former soil profile or. more likely, an accumulation hy 
percolation of fine material at high \niter level 

WF.LL4 F,LF.VATJO:N 8.3 FEE'r 

Sand, light bro\\'n, medium Lo ct•arse, contammg rootlets 
Gravel and sand. dark brown carbonaceous, containing roots, probably a 
former soil layer 
Sand, light broll'n, coarse. fell' rootlets, grading near Lase to gravelly sand 

WELL 5 ELF.VATTOX 5.1 l'EET 

Sand, broll'n, moderately carbonaceous, coarse, containing scattered small 
pebbles and abunda11L rootlets 
Gravel. sandy, light broll'n, gray or huff, grading down to gravelly sand 
\\'ith about 10 percent pebhlc-s 1-5 c,n .. rarely 15 cm. diameter; sand very 
coarse to coarse \1·ith abundant Foramiui[era 
Sand, buff, very coarse wilh fell' pebbles. gradatio11al from unit above 

\\'ELL6 EJ.,;VATIOX J.5 FEET 

Sand, light brown to tau, dark brown in top 0.2 foot, ,·ery coarse lo coar;;e 
11·ith scattered smal I pebbles and rootlets 
Sand. ve,·y coarse, gravelly. ta11. ll'ith 10-50 percent pebbles in irregular 
patches; rudely stratified and channeled 



Trace:,•. Abbott. Arnow-Natural History of Ifalul? 

\\.ELLS o.-; F.\"1 XI \\'A TRAIL, moss S£CTIOX B-B' (PI.. 2) 

\\'£LL 7 ELE\'ATION J FEET 

0-2 Gravel, medium gray ll'ith bro1rn carbonaceou, ,and matrix: rootlets persist 
to \\'aler le\'el. Pebbles and granules about 25 percent oi gravel, mostly worn 
coral fragments; sand matrix dominantly foraminifcral, coarse with fine 
carbonaceous material : section poorly expo,ed 

ELE\',\T!O;-.' 3.2 FEET 

0-2 Cra,·elly sand and sandy gra,·cl, dark bro1\11 to gray carbonaceous, similar 
to \\'ell 7 

\\'ELL 9 ELE\'ATIOX 2.7 FEET 

0-2 Sand, light bro\\'11 to tan, very coarse \\ ith ,omc fine material forming a 
''binder" or matrix, and clayey to touch when wet; granule layer at 0.8 foot 

0-0.5 

0.5-2.5 

0-0.5 

0.5-4 

ll'ELL 11 £Ltl'c\TlON 3.7 FEET 

Sand, very coarse, containing scattered pebbles and boulders: broll'n lo 
black humus in top 0.1 foot 
Sand, coarse, gra\'elly, \\'ith scattered "·orn corn I fragments; matrix clayey 
to touch when wet 
13ouldcr gravel: large boulders and cobbles i11 a t·oarse sand matrix with 
some fines, clayey to touch when wet: abO\'e water le,·el this apparently has 
effect of i11<lurating gravel slightly 

WF.I.L 12 tLEl'ATlOX 5.0 l'EET 

Crave!: houlden and pebbles in a granule and coan,e sand matrix: <lark 
brown humu, and abundant rootlets in lop of 0.2 foot 
\'ery coarse grant: boulders and pebbles in a coar,e ,hc:11-foraminifcral 
matrix: scattered cobbles and boulders o{ rounded coral 3-30 cm. are about 
5 percent of the rock; packed pebbles 4 mm. to 3 cm. about 70 percent; 
coarse sand and granules about 20 percent: and \'Cry fine material about 5 
percent (a heavy wrecking bar was needed to dri,·e the last foot or so of 
this well at about "a\t'r kn·l, and packed cobble, \\ ere firmly set in 111at,·ix 
although no true cementation \\'as seen: this appears to be related to the 
clayey consistency and slight induration noted at water le,·el in other wells) 

\\'ELI, ]3 El,E\'AT!OX 8.1 FEET 

0-3 CraYd, pebble to boulder. medium gray to br0\1'11, grading down to tan sandy 
gravel : b01.1ldcrs dominant at top 

3-6 Gravel, sandy, grading to \'Cry coarse gravelly sand: concentrations of 
pebbles in irregular patches form 10-50 percent of rock 

6-7 Boulders and pebbles, 75 percent, in coarse sand matrix 

0-1.2 

1.2-3.5 

\VELLS ox ~l.>\IA C11.,:s:xtL LI:--E, CROSS SECTION C-C' (r1.. 2) 

WELL14 (fig.6,a) £LEl'ATION 4 rEET 

Pehhle gra ,·el, sandy : black humus at top, grades down through p;ray to 
br0\\'11: rootlet, abundant: pebbles mostly 1-5 cm. 
Sand. foraminiferal, very coarse, containing scattered pebbles 



0.0-0.1 
0.1-1.2 

0-0.1 
0.1-1 

0-0.1 
0.1-4 

0-0.1 
0.1-0.6 

0.6-1.2 
1.2-4.3 

4.J-7 
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WELL IS ELEVAT!O:-1 2.2 FF.ET 

Humus, very sandy 
Sand, gravelly. very coarse. crudely s1ra1ificd: thin. discontinuous white 
fragmcntal beds (shells, algae) anrl scattered concentrations of pebbles in 
coarse foramini feral sand 

WELL 16 ELEVATJON J.9 FEET 

Sand, dark brown, coarse, containing rootlets 
Sand, gravelly, foraminiferal, medium to light brown; pebbles 1-5 cm. form 
about 25 percent of gravel 

WELL 17 ELEVATION 4.5 FEET 

Brown humus 
Sand, light brown to tan. coarse, foran1iniferal; pebbles scattered through 
section 

WELL 18 ELEVATI0:-1 7.3 FEET 

Gravel, brown, sandy, \\'ith humus 

Gravel. coarse, with sand matrix: pebbles 2-12 cm .. sand mostly Foramini
fera 
Coral gravel: packed coral fragments 2-5 cm., some round cobbles. no matrix 
Sand and gravel, bedded: gravel layers 0.2-0.5 foot thick of rounded coral 
fragments separated hy layers of sand or fine gravel : looks like a beach or 
liar deposit 
Covered, probably same as above 

FAf.ALAP ISLAND 

CROSS SECTJO:-1 E-E' (PL. 2) 

WELL 19 ELEVATlOK ABOUT 11 rEET 

0-1 Cobbles and boulders with very little sand matrix, thin humus 011 lop 
1-11 Boulder gra \·cl, coarse sand matrix; large boulders concentrated at 4, 6, and 

l O feet 

\\'ELL21 (fig.6,b) ELE\"ATION ATIOUT 5 FEET 

0-4 Coarse gravelly san<l grading to sandy gravel; sand matrix has slightly 
clayey consistency near water line (sample 46) 

t,J,A NGALA P J SLA X 0 

WELL 25 ELEVATION AllOUT 5 }'EET 

0-1 Gravel, coarse, \\'i(h cobbles 
1-2 Gravel, line, with granules and pebbles, no sand 
2-5.7 Gravel, coarse, containing cohhles and boulders, some sand 
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EJ,LA TSLAXD 

ll'EI.L 27 ( fig. 6, f) ELEI' ATI0'-1 ABOLT 8 FE£T 

0-7.5 Boulder conglomerate, pebble am! sanrl matrix, poorly stratified; ,ome boul
ders 2 feet in diameter: matrix ,and at \\'ater level white and clayey, smell
ing strongly of hydrogen sulfide 

0-4.1 
4.1-7.3 

0-1.5 
1.5-5.3 

\\'F.Ll. 2S El.EVATTOX ABOl'T 8 l'EET 

Coarse pebble and cobble gra\'cl, ,and matrix; two boulder layers 
Sand, coarse, abundant scattered pebble,. a fell' cobbles and boulders; roots 
near bottom of unit 

\\'ELL 29 

Sand. gravelly, dark to medium broll'n carbonaceous ll'ith rootlets 
Sand, medium to light brO\\'n, some pebbly layers 

'I'he lagoon flat. which extends from the north to the south end of the 
islaml. ranges in 11·idth from 150 to about --l-00 feet from the lagoon beach to 
the interior basin .. -\ series of long. loll' mounds. elongate in a north-south 
direction, extends along the inner edge of the lagoon flat next to the ba:;in. 
The mounds are 100 to 500 feel long. 50 to 100 feet 11·ide. and rise only a foot 
or two above most of the lagoon flat. They are outlined in figure 7 Ly the 
auxiliary S-foot contour. They are formed of gray lo black pebble gravel (wells 
7 and 8. table 7; sample ..i6. table 10) similar to that underlying much of the 
low interior basin. Most of the houses on lfaluk are built on these mounds . 
.\lost of the lagoon Aat shoreward of the mounds and between theni is iormcd 
of medium and fine, \\'ell-sorted light-brown sand of unit Os ( sample 45. 
table JO). The unusually good sorting of this sand in most places suggests that 
it is windblown. In some places on the lagoon flat. however, the sand is gravelly. 
in others it is coarse and unsorted but stratified. typical of the sand deposited 
on the lagoon beach nearby. In general. the soil appears to correspond to the 
sanely flats on Arno Atoll. which Stone ( 1951) correlated ll'ith the Shioya 
Soil Series of Okinawa. The lagoon flat is mostly just above the 3-foot contour, 
and therefore is less than 2 feet above the highest tides. 

The broad. gently sloping lagoon beach of coarse- to medium-grained sand 
( 1·s) runs the length of the island. In addition to the lagoon beach. a broad 
sandy flat 150 to 300 feet ll'ide alongside Falalap Channel is formed of younger 
sand (Ys), as is the bottom of the now filled ;\laia Channel near the north end 
of the island. Younger boulders and cobbles (Yb), in addition to forming the 
seall'arcl beach, form the bonlder rampart across Maia Channel near ll'e!I 18 
an<l form a triangular blanket of recent coarse boulders and gravel that laps 
over the boulder rampart at the south end of the island near ll'ells ➔ and 5. 
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Both the sand flats and the sediment-filled J\f aia Channel are now coconut 
groves, but the coarse yellow gravelly sand of unit Ys can easily be differen
tiated from the fine brown carbonaceous sand of unit Os. The coconut trees 
in .l\'laia Channel arc much younger and poorer than those planted in older 
soil. According to the accounts of some of the older men of the atoll, the mate
ri;il of units Y s and Vb was deposited during the typhoon of l 907, when the 
island was almost completely covered by the sea. The sandy Oats at the south 
end of l•alarik were intertidal boulder flats before the typhoon, and Maia 
Channel was a shallow rip-channel that separated Falarik and 1Taia. The sides 
of old :.\Iaia Channel arc distinctly marked by boulder ramparts up to 7 feet 
above datum. covered with black humus and typical ridge vegetation. Large 
breadfruit trees grow just inside the crest of the boulder ramparts on the rich 
black humus, but do not grow on the younger sand ( Y s) in :Maia Channel 
( fig. 20). On the seaward coast the position of the former channel is indicated 
by the in<lcuted shoreline, and on the lagoon coast hy the bulging shoreline, a 
feature which is comparable to the sand shoal that extends lagoonwarcl at the 
inner encl of Falalap Channel. 

The first map of the atoll, made by Li1tke in 1828 ( Damm and Sarfert, 
1938), shows :.\laia as a distinct islet labeled Fararyk, separated from Falarik 
(labeled Jfalouk) by an open channel. Sarfert calls attention to Liitke's "error" 
in indicating an islet north of Falarik, but notes that a s:mdspit called I\[aje 
(.\laia) was joined to north Falarik during the 1907 typhoon. J ,iitke·s chart 
appears to be correct in general outline for pre-1907 conditions. The names 
l\,foai and Imoai applied to various islets 011 the atoll by earlier visitors prob
ably apply to the present north tip of Falarik, which is called i\l aia by the 
inhabitants. 

FAl,AJ,Al' lSLAKD 

Falalap Island measures about 4,500 by 2.000 feet and is approximately 
175 acres in area. The island is a horseshoe-shaped boulder rampart enclosing 
a large interior basin that includes several ponded S\\·amps, brackish man
grove swamps. and large swampy basins used for the cnltivation of taro. The 
principal ones shown on the geologic map ( pl. I) are traced from aerial 
photographs. 'l'he interior basin is enclosed at the north end near Falalap 
Channel by sand and gravel flats (Os) and by gravel mounds similar to the 
lagoon flat on Falarik Island. The boulder rampart (Ob) was not surveyed 
in its entirety. but in a [ew places measured more than 12 feet above the in
tersection of the reef with the beach ( about mean sea level). The rampart 
is 460 feet wide near well 19. shows two crests whe1·c it was measured along 
cross section E-E' ( pl. 2). and is reported to ha vc two crests along the south 
end of the island. The outer crest. which is low. is thought to be a 1·elic of the 
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ty11hoon oi )()07. Bedded !,each conglomerate ( Ocu) coniormahle to tlw pre,
Pllt beach i,, ,,hmrn in plat(' l. The hcach cong-lorneratc on the ea=--t coast ,1·a=-
iound to he J.1-, feet al)()n· the 1,ase of the pre,rnt lieach ( appro:-simately mean 
;-;ea Ie,·el) or more than 2 feet ahon_.. the higlie~t tirlp,.;_ This was the highest 

c,po.,ure of consolidated rock found on the atoll. 

. \ path around tlw taro pit:; and swamps of the interior liasin follo1\'s the 

ha~e of the bad:~lope of the hn11lder r:.u11part and is taken :is the ,·omact h<>
t 11·ce11 the ,,Ider lmulder unit (Oh), and the older grn1·el t Or/)- The larg(' 
sll'a111py areas of the interior basin an· co1·en·d 11·ith thick cari>ona<-coH;,; mud,, 
in places 'l'l'""r:tl il't't deql ( pl. 2. cross section 1;;-E' ). l'onrled ll'ater anrl muck 
are reported to h(' 11':tist deep in the cleepe,.;t places. ~ome oi the g-ra1·el 1111n111<\, 

of the norLh end are niun• than 7 icet a\Joye mean ,-,ca ]eye\: othtn1·ist the_1 

appear to hi' identical to th\/~l' bordering the interior i>a~in on Falarik l~bnd. 

\ rc·latin·ly "mall sandy Hat at the north C'nd of 1-'alalap i~ con1parahle to tlw 
lagoon lbt 011 Falarik. Younger ~and and gra\'e!ly ,.,;ind ( ) ·.,) form;,; a narrm,· 

k1\1· flat hnrdcring Falalap Channel. and younger boulder grawl ( )' b) form;-; 
the heac\w ... around the boulder rampart as \\'ell a,; the outl'r loll' crc,,,t of thl' 
rampart. 

Flla bland i,., ahot1L 2.000 feet hy 7 50 feet and co1·er,; about 2.~ ,t<.Tl'"· . \ 

long. narro1,· rock liar. partly u1,-e1-ed 11·ith 1-egctation. extends almut 1.200 
iet't l"ast nf the island along the reef Lo\\'arcl I faluk I 'a.,s I Jig. is. "). Tlw '-t'a-
11·ard side of the i~land i,; a ll'idc boulder rampart. 7 ieet high near 1\'cll 27. 
ll'hich grad(•s lagonn\\'ard to a hu111111ocky gr.we! flat (Uy) that forms the 

north hali <1f the i,.,\and. \'othing rnrre"ponding- tu an imerior 1,a ... in 11·a" s<·cn. 
The boulder ra111parl ha" a double: cre"l. The inner. ll'ide rampart (Ob) is 
cn:scent-shapcd and forms the backbone of the island. 'l'he outer. loll'. narroll' 
rnrnpart is ;1 cornin11ation nf the long ho11ldPr liar at the Past E'ml nf the i~Ia11cl. 

It merge~ 1l'ith the main ram pan near the middle of the island. but n<'ar I he 

\\'est enrl of the isla11cl it di1·crg-es to e11tlnse a shalloll'. hracki~h pool ahollt .mo 
feet long. 50 iect wide, and I to 2 feet clccp. floored ll'ith coar:-,l' sanely gra1·el 
cm-erecl ll'ith thin carhonacrnus silty ooze (sample -1-7. rahle 10)_ .\ccordin~ to 
the i.~lancler~. the rock liar and the outer rampart \\'ere !milt during the t_1 pho011 
of I ~07. at 1yhid1 ti111c nrn11l 0 ro1i:; largr.; blocb. indmlinl,{ one 18 ieet in diameter. 
11-crc thnnrn up on Lhe na1-ru11· reef flat south of Elin T ;;\all(\ ( fig-. is. /,) _ '\'his 
unit is. therefore. mapped a~ yo11ngcr boulders ()'/>1. ;(a1i1·es report that at 
the time of the typhoon a large 11·ayc visible from 1-'alarik IAancl \\'a~llC'cl rnm
pletely on·r !~Ila and 1rns "taller than the trees on Ella ... Coarse rnhhle and 

graH·l carried Ol'l'r thl' rampart h_1· thi~ 11·a1-e rna_1 ha1·e lilled any former in
terior ha~in that existed. and this ll'(H!ld explain the coarse g-ra,·el o\'erlying 
sand in ,,-ells 21-\ and 2':J ( table 7). 
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ELANGALAP lSLANIJ 

l•:langalap Island is a small, vegetated, do\lble mound of boulders, each part 
of which is rollghly 75 by 100 feet across. \Veil 25 was dug to 5.7 feet through 
the boulder pile (table 7). The island is not mentioned by any of the people 
\\·ho visited the atoll prior to Sarfert's two-week stay in 1909 (Damm and 
Sarfert. 1938). It was Sarferfs opinion that the islet \\'as built by the typhoon 
of 1907 two years earlier, although he fails to mention any confirmation by the 
natives. While on Ifaluk. he apparently did not recognize the possibility of 
island construction by the typhoon, but later discovered that no previous ac
counts or charts showed an islet at this location. Sarfert's hypothesis appears 
reasonable. and we have mapped the island as younger boulders (Yb). The 
island na111e. literally translated. means ;'big boulder flat." Elangalap J sland 
sits in the middle of a boulder flat ( bf) that consists of unconsolidated rubble 
l to 2 feet higher than the reef flat ( fig. 8. c). There is no lithification to indi
cate that the rubble foundation is old. 

ISLAND BUILDING 

The geologic evidence from all the islands. coupled with consistent informa
tion from the native population. shows conclusively that major additions to 
the atoll and to each island were mnde by the single large storm i,1 1907. 

(The pre-1907 and post-1907 geology are differentiated in figure 7 and plate 
I.) On Falarik Island the addition amounts to 8 acres in 1 SO, or about 5 
percent. 

The apparent pattern of building of the islands is ( 1) the construction on 
the reef of a crescent-shaped or horseshoe-shaped ridge of boulders. the convex 
side facing the sea, and (2) gravel bars. piled up on the lagoon side of the 
boulder ridge by swells across the lagoon, forming the gravel mounds that 
bound the interior basin. The gravel bars evidently formed a locus of deposition 
[or fine sand and gravel that built out to form the present lagoon flat bounded 
lrv the lagoon beach. 

Consolidated conglomeratic rock on Falalap Island 2 feet above high tide 
and relatively conformable with the present beach indicates that the islands 
had formed when the sea stood a few feet higher-possibly at the time of the 
0.5- to !-meter stand of Kuenen ( 1933) and others. No lithified rock has 
been found inside the sea\\'ard beach on any island: and no hard rock was 
struck in any of the dug wells. None of the wells were dug below mean lower 
low water level, but lithified conglomerate is found on the reef flat as high as 
mean sea level and the top of the old '·reef remnant" at the south end of Falarik 
Island ( fig. 17) is at mean higher high water. more than 2 feet above the bot
tom of the wells. Therefore. the island sediments were deposited bdore the 
rcei wa~ lithified. 
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:--:o beach rock was found on any of the lagoon heacl1e::.: and it evidently 
is not forming at presC'nt, although a fell' slabs of bedded sandstone used a:. 
markers or corner posts for canoe hous<.:s suggest that lagoon beach rock once 
existed. 

The only evidence of present-day island lithification is the fine material 
of silt or clay size that binds the gravel at water level in several wells. This 
may be a precipitate of carhonate dissolved at the :-,urface hy rain\\ atcr. or it 
may result from the settling of fine material wa;.hed down from the surface 
by rainwater. 

'!'he pattern of growth of the bland:-, i,, esscntiall.' the sa111c a:-, that pu~tulatcd 
for .\mo :\toll hy \\'ells (1951, p. 3) and by Cox (1951). ior Onotoa Atoll 
by Cloud ( 1952), and for Bikini by Emery and others ( 1954). The evidence 
for Haluk is less complicated than any of these and appear::. to correspond 

almost identically with the idt>alized scheme figured by Cloud ( 1954. fig. 7). 
Although the building of the i::.lands may have taken place in several episode,, 
of construction and destruction. only the :.implest pattern of formation can be 
deduced. 

The pn:scnt island regimen in normal time,, appears to he a slow retreat 
or erosion of the sea\\':trd shon:line. as e\'idcnced in places by remnant beach
rock ridge!> SO to 150 feet from shore. acco111paniccl by a comparably sloll' 
accretion of beach :.aml on the lagoon heaches. The lagoon beaches of the 
islands all project a hundred fc<'t or so into the lagoon. The only record of a 
dt:panure from this regimen is that left hy the typhoon of 1907. wherein 
material \\·as added to all the i~lands. as \\'ell as to the rubble tract!> on the 
rrt>f. There is no clear evidence that the islands ever occupied much more area 
than they do now. although the wide lithificd boulder flat seaward of Falarik 
and Falalap Islands and extending some 3.000 feel \\'estward of Falarik along 
the northern reef may represent the truncated foundation of an ancient island. 

The islands of Ifaluk appear to be more stable than tl10sc of atolls such as 
Funafuti ( Da\'id and S\\'ect. 1904. pis. 2-19). the cro,,,, section;; oi \\'hich shO\\ 
a \'Cry complicated history: or 0f .-\rno ( \\'ells. 1951. p. 5). where a typhoon 
destroyed large parts uf Inc Island in 1905. There is nu way of telling whether 
another typhoon would build or destro) lfaluk. just as there is no \\'ay of 
foretelling ho\\' relati\'cly slight change:-. in the normal regimen might aff eel 
the growth or destruction of the islan<ls. 

HYDROLOGY• 

The only ~ourcc of fresh water on any island of lfaluk .\toll is the rain 
that falls directly on that island. Part of the rainfall c,·aporate:-. or j,. transpired 

s A prdi111i11ary report on the hydrolo.i:.)' of lfaluk w,t.., pub11:,,.he,I hy .\rm),.,. (1<155), 
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by plants. and the remainder. because of the high permeability of the islancl 

sediments. seeps dirccth· into the ground. '!'here is no significant surface n111off. 

'l'he porons ruck helo\\' the islands i:, pcn11eatecl by the sen. 1-'resh-\\·ater 
seepage. hei11g only about +O +I as hcav_\· as sea water. accumulates and float,; 
un the surface of the snliterranean salt water. The fresh \\'ater displaces a 
volume of :,all water equal to its mYn \Yeight and depresses the fresh-s:-ilt water 
interface below sea level. forming an underground reservoir \\'hich is roughly 
the sh,1pe of a hicom·ex lens. '!'he edges of the lens coincide approximately 
,,·ith the edges of tlw island. Because of the --1-0 + 1 weight relationship of fresh 
to salt waler. for even· foot the \\'ater tahle is al,o,·e sea ]eye] the interfa,e is 
about --1-0 feet bclo,Y sea JeyeJ umk·r ideal rnnditions in an island of liomog-cneous 

texture. \ctually. the shape of the fre'>h-water body rnri<>s. dep<>nding-upon 
local geologic conditions and variations in rainfall. and the -40 to 1 depth ratio 
is modified l>y a transition zone of \'ariahle thi,kness in which there is a mix
ture oi fresh and salt "·ater. This fresh-\\'atcr body floating un sea water is 
known as the Chyben-lJerzherg lens. It is the only source of potable ground 
\\·,1ter in I faluk and is tapped by means of shallow dug wells. 

Fresh \\·,ner i~ misciblf' \\'itli sail \\'at-er. and the Chyben-J-krzb<"rg lens 
\1·ill nut form or ,,·ill he destroyed unless there is a fayoraiJle balance of four 
factors that affect the lens (\\'emworth. 19--1-7; .\rnm\·. 195--1-). The first con
trolling factor is precipitation. In order to h11ild up a frcsh-\\'ater lens. the 
annual precipitation must l,e great e11011gh to prm·ide adequate recharge to 
the lens i11 spilt' of the small infiltration area offered IJ\· tl1c islands in Tfaluk 
.\toll. and in spite of high e\·apotranspiration losses \\'hich may dispose of a 
largr part of the precipitation. Furthermore. the precipitation cannot he con
centrated \\'holly in one short senson. lest the fresh-11·ater lens degenerate dur
ing the ensuing dry season .. \11 awrage annual rainfall nt lfaluk of 100 to 120 
inches provides enough recharge to 111aintain the Ghyben-J .lerzberg lens. On 
Onotoa Atoll in the c:ilbrrt blands. where the annual rainfall nverages alJout 
-40 inches. Cloud ( 1952) found a fresh ground-water len~. 

:\o data arc available concerning thr seasonalile distribution of precipita
tion on I faluk. :\n analysis of the rainfall distribution on Cuam. \-ap. and 
Trnk. however. indicates that the a\·erage total J)recipitation at lfaluk during 
the dry season from Jnnuar_v to {lfay is about 25 inches. On Falarik. Fablap. 
and part of Ella this amount has proYecl to lie enough to prevent the degenera

tion of the fresh-\\'ater lens during the dry season . 
. \ ,;econcl factor affecting the gro11nd-\\·nter lens is the pernwability of rocks 

and 1mconsolidatecl deposib that form the island. This permeability mu;;t be 
~u1Ticie11tly high to allo\\' infihration of a ,-.uhstamial portion nf fresh water 



Trace_\' .. ..Jbbotl .. lrno,,·-.\'alural !lislory of lfalul.· 

irom rai11. Inn not ,o high a, to all0\1 irt:<:: mi'\ing of fre,h a11d salt ,1ater. 
Tlw islands of I faluk . \toll con:-i:-t mainh of mars<' sa11d and gra, el u,·erly111g 
a red platform. and hoth the ,and and gran•l ancl the red platform in ge1wral 
have a degn::e ui pt·r111t'ahility that i, C<lllduci1·e to the formation of a Chyhl'n

Herzfl('rg lens. E:\lTptiuns arl' 11<>t<::d helm,. 

\ third factor affecting tlw grot111d-11ater Jen, i, the 111agnitt1d<· oi tidal 
and ,1·a,onal fl11rt11ation:-< oi till' ,ratrr tahlt ,,·hich ,nn· to incn·a,e thl' ratl' 
oi diffu,ion bt>t,1·1·u1 the ire,h and ,-alt \\'att·r and. tl11:rehy. to enlarge the zont· 

of transition and rl'cluce thl' wne of ire,h ,rater. Ti thl' fluctuation, are largt· 

enough the tra11,ition zone \\'ill gro\\' until it encc1111passcs the <·ntirc lt'n,. in 
cffcn de,troying it a, a ,,ource of potahl<' ,rnter. 'J'lw magnit111ll' oi the tidal 

Auclllation:- in tlw ground-watt•r l<::n:, at am· .~i1-cn p11111t i, directly proportional 
to the penneahiln_1 of the rocks het1n.·t·11 that poinr and the ,horeline and i,-. 
i11n·rsl·l.1 proporti .. nal to the dist:rncc iro111 the ,-.hor\'li11e. ( )n \'t·r: ,-mall i,-
1,md,-. ,-.ud1 a,-. Ela11galap. thl' on•an ride, p,,,.,, through the island practicnlh 

nnclamped. re:-ulting in :-uch in:t' mi:-;ing oi ire,h and ,alt wakr that a in·,h
ll'ater Jen,- doe, 1101 form. :\o d;ita an· a1 ailahle conn-r11i11g-tll\' 111a~11it11ck· of 
,-,eai;onal cir annual fluctuatio11, oi th<:: frv,-.h-\\'atcr l<'ns 011 the bl;imb of I f.tluk 

.\toll. 

. \ fourth factor affecting the g-round-wat<.:r kth 1, the siz1· am! ,hapt· oi 
the island. Tlw island 111ti,;t he ll'idc tnough to clamp tlw cffecb of tidal fluctua
tion:; sullicientl_, so that the fresb-\\'ater 11•11, is not pn:n:'nted from fon11ing. 
lt n111st also h<' large enough 111 t·atch ,11fficie111 rainiall to liuil<l up a !en, oi 
:-uch 111agnitmk a-. 111 ,un·in· through till' dry ~ea,1111" ni tlw :t·aL El!:t. with 
an an·a oi 0.0-1 s11uare mile. wa:- the "nalle:--t i,-,Jand on I ialuk in 11·hich a 
frt'sh-\\'all'r Jen,-. 11 as found. The kn, \\';Is \\'ell dt·Yt'lopt'cl along a line II hl'rl' 

the i,lancl i,-. appro,imatd: 700 feet 11 idl'. hut wa, 1101 prc:,-.1·11t II here tlH· i,

land was only ali111tt 350 i<·et ,,·ide. 

Tlw grouncl-,1·all'r Jen,-, i,-. not a ,-.1:ni<· hody. 11111 dot.', it n·pn·,ent a I lo,1 d 

system. It is in a ,tate of dynamic equilil1riu111 in \\'hich the comrolli11g- inl'tnrs 

all function »i11111ltaneously and conti1111ou,l> eithl'r to destroy or to huild up 

the It-th. \\.hen tlw l,alatKe oi thl' co111rolli11~ factor, j,.. uniavorahle the lt•1i,, 

\\'ill hl· mmexi:.ll'lll or, at llt',-,t, ,,·ill contain putal,11.' 11·ater nnl~ during till' 

rainy ~eason. \\'hrn rnnclitiom, art fayoral,1<' the lc11, ll'ill contain pntahle \\'.tt<'r 

throughout thl' )Tar. 

Thrtl' line,-. oi 11elb ior ground watt·r ob,ervatio11 11ert· t·,-,tahli,lwd 1111 
Falarik Island: tlw Fan :\ap lint:. the Fan ni \\ a li111·. ;111d the \laia Chanrn..'I 
lint: ( f'1g. 7). I \enchmarb for <letermination of altitt1cll' oi \\'at(·r ll'\TI~ at tile 
Li 11elb \\'t're til'd in \\'ith 111l'an ,e<1 lel't'l a, deterniinl'cl hy tlw tide gage. The 
larg-l',-,t n:rtical t•rror on any ,-,unt'_,e<l loop 11·a,-1.5 ilTt in a (i.O::lO-ioot tra1t·r,.,e. 
re,-ulting in a rnrrt·ction oi 0.025 feet \llr 100. lkl'at,,.,e of diffintlt_1 \\'ith the 
level huhl,le of thl' aliclade, ho\\'e\'er. so1m· of the ,,l'll L•l(·,·ation-, may po,sihh 
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be in error with respect to adjacent welb in the line by as much as 0.1 foot. 
l·'t1rthcr111ore. any of thc well line~ may possibly be in <'rror relative to the 
primary benchmark by e,·eral tenths of a foot. \\'ater-level measurements 
\\'ere made on Falarik Island only. \\'ells on the other islands were used only 
for sampling. 
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FrGl"RE. 10.-Mean water level, iu wells, Falarik Island. 

Continuous measurements of \\'ater levels hy means of a Stevens typc-F 
recorder were made at nine well~ on Falarik lslnnd. The length of observa
tion at each well was one clay (figure 9, page 25, represents one day's record), 
and the mean water le\'els determined at each "·ell by the clay"s ohserYation 
arc shown in figure 10. The value of the mean watl·r levels is somewhat doubt
ful. for records of water le,·els in the wells wer<: obtained on separate days 
during the rainy sea ·on 0\'er a period of 11 days. during which more than 7 
inches of rain fell. The effect of rainfall on the ll'ater level in each ,vell was 
rnriable and depC'nded on the day during the 11-day period on which the well 
was measured. The mean water levels. therefore. are not completely comparable 
and prohnhly are not representative of the means that would be detern1i11ed if 
measurements were made o,·er a period 1011g enough to determine average sea
sonal fluctuations. The configuration of the groun<l-water body as determined 
hy water-level 111t·asurements doe~ not agree with the configuratinn suggested 



Tracey, Abbott. Anzm,J-Natural History of lfa/11/..• 37 

by chloride determinations. which are discussed in the next section of this 
report. The chloride data are believed to be more reliable. 

l\lean \\'ater levels. however, do give an indication of the thickness of the 

Ghyben-H erzlJerg lens on f'alarik .. Allowing for errors due to surveying and 
shortness of record. the lens on Tfaluk undoubtedly attains a head of at least 
I foot and possibly 1.25 feet ahO\·e mean sea le\·el. Therefore. the depth to salt 
water below mean sea level probably is --1-0 [eet or more. The area of rnaximurn 
thickness in general is in the center of the island or on the lagoon side of the 
center, and from there the thickness of the lens diminishes to zero at both 
shorelines. The --1-0-foot figure is a wet-season estimate. and the depth un
doubtedly decreases during normal dry seasons and during extended periods 
of drought. ~ative informants have no recollection or legend of a drought 011 

Tfaluk (Burrows and Spiro. 1953). The lenses on Falarik and falalap, there
fore. may be assumed never to haYe shrunk to a point \\'here food plants or 
well-water supply were noticeably affected. 

The amount of damping and lag of the tides as they move through Falarik 
lslan<l is shown in figures 11 and 12 by a comparison of the tidal curve obtained 
in the lagoon and the tidal fl net nations of the water ta hie observed in wells 
on Falarik. The data for each well \\'ere obtained by means of continuous 
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FIGURE I !.-Relation of damping of tidal Aucrnations in \Hlls to distance of wells from 
shoreline, Falarik Island. 
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ohscr\'ations owr a period of one day. Hoth damping and l;1g increase prn
grc-;,ivcly irorn the lagoon ~hore to11·ard the ocean shore. The f11ll significance 
of thi;; progressi1·c ,hang<> cannot he complctel.1 e:-.plained because of the lack 

oi tidal data irom the ocean side oi the island. If such data 11Tre integrated 
11·ith tilt' tidal data obtained in the l::igoon. ;1 significant change might result in 
the ;;lope of the cur\'es sholl'n in figures 11 and 12. 
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F,u 1<r: 12.-1~..:buion of lag of tidal fluctuatio11~ in 1, ell, lo distance of ll'elb fron1 
,horeli11e. f1alarik 1,lanrl. 

Th<: Chylwn-H crzherg lens is not completely d1·1·1·lopcd 011 1•:1 la I slancl and 
apparently is not de1-cloped at all on l•:Jangalap Island. These islands are dis
cussed more fully in cunncction ll'ith r1ualit" of ,yatei-. 

The ext<>nt of de1·elopme11t oi the Chylien-Herzhcrg lens controls the 
quality uf the ground 11·ater in the islnnds of I faluk . \toll. The three line~ of 
11·el1~ on Falarik Tsland \\'ere samplcd 011 Septl'mher 21 and <luring the period 
:--:01·e111lwr l tu 3. l'artial chemical anal~·ses ,,·ere made uf all sa111ple~ (table 
K). The relation uf chloride content to distance fro111 Lhe shor(-' i,; shmn1 in 
figure 13 for the sa111ples obtained on Septe111hcr 21. and in ligure l+ for the 
sample~ obtained from :S: 01·emher I to 3. The chloride cont em (Jf the: \\·ater 
along the Fan :S: ap ancl ~Iaia Channel lines is greatest ncar the ocean shore. 
decreases to a minimum about tll'n-thirds of th(' way across the isl:ind. and 



Tracey, .lbboll, .--lnwiv-.\Talura/ l!islory of Tfaluf., 39 

ri.se.s again near the lagoon shore. These relationships ,mggcst that the Ghylien-
1 Terzberg len~ has it.s thickest dev<:lop111ent ai>out one-third oi tlw ,my inland 
from the lagoon shore. and frnm there thins t<m·ard both shores. The dis

placement oi the point of 111a:--i11111111 dcn•loprnent of the kn.s frolll the Ct'ntcr 

of the island toll'ard the lagoon shure mar he the result of high permeability 

in the rocks on the oce;in ~idt>. Tht> chloride crn11e11L of the 11·ater alon){ tlie 

Fan ni \ Ya line of 1relb SURRe~ts that the 111a:--imn111 clcvelopmenr of tht: len.s 
along this line may be nearer the ocean ~i(k oi the island than it i~ along the 

other two lines. Tf thi.s i.s ,o. it may he due in thi:-- partirnlar place to the 
presence along the ocean shore of well-cemented bead1rock ( Ocy) which 
acts a.s a relati,·ely impermeable harrier, retarding the mixing of fre.sh and 
salt water that resnlb from tidal fluctuations. The beachrock is not exposed 
throughout ( fig. 7), hut it prnliahly extends along mu~t of the northeast coast 
of Falarik. It terrninates. ho11·e1·er. before reaching the Fan \"ap and \Jaia 
Channel 11·ell lines. 

The chloride contem oi the gmund 1rnter throughout 1-'alarik bland ro~e 
slightly between the two periods of :,ampling. lint the onl) :,ignifit·ant change 
11·;1;; at 11·cll 18. 11·hcre the chloride content rose from 6~ to 1. 1(>0 p.p.111. This 

sharp rise indicate~ that the lens i~ thinner in the Yicinity of \\'ell JS than cbe-

11·hcre along the three lines of 11·clb. The former channel now marked by the 
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Maia Channel line of wells was filled during the typhoon of 1907. Well 18, 
however, is east of the filled channel which curves toward the northwest north 
of well 17 (fig. 7). Well 18 is in the heckled sands and gravels that are typical 
of beach deposits. These deposits are very permeable and permit free move
ment of water during the tidal cycle. The high permeability coupled with 
the fact that the shoreline is only 110 feet away may explain the poor develop
ment of the fresh-warer lens in the vicinity of well 18. 

The relation of total hardness of the g1-ound water to distance from the 
shoreline for the three lines of wells on Falarik follows, in general, the same 
pattern observed for the chloride data (fig. 15). Because of the acid environ
ment created by decaying vegetation, sampling points 2 and 24, a small taro 
pit and a coconut retting pit, yield water harder than that of nearby wells. 

ln addition to the partial analyses discussed above, a set of water samples 
irom the Fan ni 'vVa line was analyzed for all major dissolved constituents 
( table 9). The results. in general, agree with those discussed above. The silica 
content in four of the six wells exceeds that of se;i water. The excess silica 
probably results from solution of detritus of Foraminifera and algae which 
concentrate silica (Emery et al., 1954, p. 67). 
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Analyses of water samples from Falalap Island indicate that the Ghyben
Herzberg lens is as well developed there as it is on Fularik T sland. :\Iuch of 
the central part of the island is a fresh-water S\\'amp ( pis. l and 2; samples 
20 and 22 in table 8), but closer to the coasts where boulder ramparts exist the 
ground water becomes more saline as the lens becomes thinner (sample 19 
in table 8). The nortlrn·est coast of Falalap. however. is formed by finer grained 
sediments which are conducive to the iormation of a \\'ell-developed Chyben
Herzberg lens. Samplt>s from wells 30 to 3-1. which are 125 to 180 feet from 
the coast, all showed less than SO p.p.m. of chloride. The fresh-water lens in 
Falalap lsland is disrupted along the ocean shore by brackish or saline areas 
in which mangrove trees grow. ,\ ground-water sample obtained from one such 
mangrove swamp (sample 23 in table 8) had a saline content approximately 
one-third that of sea water. 

Three wells were dug on Ella Island along a line where the island is 
approximately 700 feet wide (pl. l ). The t\\'O outer wells ( numbers 27 and 29), 
which are about 1-+0 feet from the ocean and lagoon shores respectively. 
contain fresh water, whereas the middle well (number 28) contains water 
averaging about 2.000 p.p.m. in chloride (table 8). A similar situation is dis
cussed for Falalop Island, Ulithi Atoll, by Schlanger and Brookhart ( 1955. 
p. 572). The higher salinity at well 28 may be due to the presence of a sec
tion of underlying reef which has a more permeable matrix or a larger number 
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'l'ahle 8.-Partial chemical analyses (parts per 111illion) and temperature (oF.) 
of water from Yuriorn; sonrccs ( field determinations by . \rno"·) 

I\(). OF Socnnc D,\TE 'f<rr., L C.\I.Ul''1 'f'E.'.\1 PEH:~\-

Si\!\! Pl.I :-;i; 11,·\RIJXE~~ ii .\~D:S: E~S TL'RE 

l'OlXT ( 195,ll C11 L()IHUE .IS L',1CO,, .,s c.,co" 
F \J,.\J{I J-: 

Shallo" pond. 
diam. ;0 ft.. .......... Sept. 21 L8 2.J0 132 79.5 

;\QV. 1 35 210 129 
2 Taro pit.. Sept. 21 12 290 2-12 79.5 
3 Ou!"! \\'ell ·----------·-···· ... Sept. 21 16 100 71 77.5 

·;-;ov. I .i 170 88 

-+ !Jug "·ell .............. .. Sept. 21 52 170 132 79 
:'.\ov. 3 ~ 100 82 

3 Dug well Sf'pt. 21 .J4 2.30 181 
;\OV. I 55 190 132 

6 llug \\'ell.. Sept. 21 8.J 250 132 79 
>:ov. 1 95 210 66 

7 llu~\\cl_ Sept. 21 48 320 275 79 
:i:ov. I 50 320 269 

8 Dug well Sept. 21 8 220 170 76 
9 Dug-\\'ell. ... ···•- Sept. 21 8 140 132 77 

:'\ov. l 20 220 170 
10 Taru 11it.. ............... Sept. 21 JO 79 

11 Dug well Sept. 21 6 210 93 78 
"OV. I 10 120 10-1 

12 Dug "·ell. ............... Sept. 18 8 140 9.l 78 
:i:ov. 1 25 170 132 

13 Dug well.. Sept. 21 14 120 9-,_ 79 ,) 

'.\'ov. 3 40 340 286 
14 Dug "·ell... ••••••••••••••• .. Sept. 21 28 290 192 79.5 

:SO\'. 1 35 190 104 
15 Dug well. .. ············" , ... Sept. 21 16 2-10 187 8() 

:\' o,·. I 15 210 176 
16 Dug 11ell.. ·······•·········--· Sept. 21 24 240 105 81 

:SO\'. 1 27 160 124 
17 Dug 11·ell. ···-·········· •••••• Sept. 21 44 220 165 79 

:--:ov. I 3_; 2.lO 163 
18 !Jug \\·ell Sept. 21 68 290 132 80 

Xov. 1 1,160 660 242 
24 Coconut retting pit S,·pt. 21 28 .l.J0 302 

lfain ,ample 
fro111 canvas .... Sept. 18 10 10 7 

l{ai11 ,ample 
from p;-tl 111 l ree Sept. 26 52 36 17 

Rain sa111ple 
from rain gage Sept. 26 5 12 9 

I-' \LAL,\I' 

19 !Jug well.. Sept. 21 252 .\90 215 
!\'ov. 3 445 -100 2-17 

20 Taro =-wa111p Sept. 21 12 170 1-18 
21 Dug \\'ell Sept. 21 -10 180 121 

:S: 01·. 3 10 110 10-1 
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22 Taro swamp ...... Sept. 21 16 1-io 71 
23 ~lang-ro,·e s\\'amp .. ... Sept. 21 5,500 2,020 -l62 
.10 Shallcrn pond, 

12 hy 25 it... ............. Sept. 21 24 200 132 
31 Du_g "·ell. .... Sept. 23 4-l 320 247 
.l2 Dug 11 ell. ........... Sept. 2.l 32 270 198 
33 Dug \\'ell. ............. Sept. 23 20 280 264 
3-1 Dug ""ell.. .............. ~ept. 23 -is 2RO 214 Rl 

ELL.\ 

26 Shallo1, porn!. 
50 by .300 ft... ... Sept. 20 10,200 -U00 660 

27 Dug "·ell .. Sept. 20 108 2~0 170 
:\OV. 4 8fl 210 165 

28 Dug \\'ell.. .. Sq,t. 20 1.090 !,()Ci() 3.l0 
:\O\'. 4 3,060 l,2i0 -I07 

29 Dug \\'ell.... Sept. 20 :::0-1 280 181 
~ov. ➔ 180 250 176 

ELAXGAL,\T' 

25 Dug \\'ell.. .......... Sept. 20 J0,900 .l,920 616 
Xov. 4 15,000 .l.800 616 

of cracks than the sections of reef underlying- 11·ell, 27 and 29. The greater tidal 
mixing would permit the deYclop111ent of a thicker zone of mixture 11·ithin the 
Chyben-Herzherg lens. 1-'re~umalily. at ll'cll 28 the edge~ oi the zone of 111ixture 
extend to the \\·ater table. The lens is practically unckl'cluped un the south
ll'est end of Ella lslancl \\'here the land is only ahout 350 feet \\'ide. 'l'lierc a 
shalloll' grouncl-\\'atcr pond aliout 50 by JOO feet has a salinity greater than 
half that of sea waler ( ,-ample 26. whle ~). 

E!angalap Tslanc\ i~ dil'idt·d into t11·cJ roughl) equal segments which are 
independent hydrologic units. The larger se~111ent has maximum dimensions 
of about 75 by 150 feet and an area of 0.000-t ~quare mile. It docs not support 
a fresh-\\'ater lens. T\\'o sample~ ohtainecl from a 11TH i11 thl'. center rif that 
segment ranged in d1loricle content from (JO to 80 perccnr that of sea water 
( sample 25. table 8). 

The temperature ui the ground \\'ater at lialuk ranged from 76° to 81 ° F. 
and al'eragecl 79°F. 

RA l l\ II' A'l'ER 

Three samples of rainwater ll'ere obtained for analysis. one from the rain 
gage, the second from catchment on the roof of a canvas tent. and the third 
from a drum fed hy catchment on a palm tree. Results of partial analy,,es are 
sho\\'n in table 8 ( s;unples 11·ithout mtmhers. from Falarik I ,,;land). The sample 
from the drum had a higher salt content than the other samples because. in 
the course of running through the crmu1 of the tree and do1rn the trunk. the 
11·atcr presumably had a greater opportunity to dissoh·e salt crystals blown 
111 by the wind fro111 the ocean. 
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Table 9.-Chemical analyses ( p.p.m.) of water samples from the Fan m 
\11,!a well line, Falarik lsland, taken September 23, 1953 (analyses by U. S. 
Geologic.al Survey, Quality of Water Branch) 

Well number ................................. 7 8 9 11 12 13 
Dissolved solids ....... -----------········- 446 271 232 157 233 174 
Specific conductance 

( micromhos at 25° C.) ...... 748 467 290 272 399 311 
Hardness (as CaCOs) ............... 331 242 204 134 172 132 
N oncarbonate hardness 

(as CaCO.) ........................... 0 0 !O 8 1.1 0 
Silica (SiO,) ............................... 15 8.8 13 4.0 9.5 3.6 
Iron (Fe) ...................................... 0. 17 0.37 0.06 0.03 0.07 0.03 
Calcium (Ca) ..... ····-···············---·· 103 82 68 47 59 44 
l\fagnesium (:Mg) ---·······--··--··-•··· 18 9.2 8.3 4.1 6.0 5.4 
Sodium (Na) .............................. 29 4.7 5.8 3.9 15 12 
Potassium (K) .......................... 8.3 1.7 3.0 0.4 1.7 2.5 
Bicarbonate (HCO,) .................. 408 298 237 154 194 163 
Carbonate (CO.) ......................... 0 0 0 0 0 0 
Sulfate (SO,) .............................. 5.8 3.5 4.1 2.6 8.7 7.7 
Chloride (Cl) ..... 47 6 10 s 26 14 
Fluoride (F) .... 0.2 0.3 0.4 0.5 0.5 0.2 
c(itrate (NO,) 0.6 0.5 0.2 3.8 0.3 0.6 

REEFS AND LAGOON 

REEF TRAVERSES 

The reefs of lfaluk range in width from less than 600 feet at the east end 
of Ella Island to more than 2,000 feet. at Falalap Channel. Where there are 
no islands the reef is 1,000 to l .700 feet wide. Parts of the reefs fringing the 
islands arc narrow. ranging from 600 feet at the north end of Falarik Island 
to less than 50 feet at the east end of Ella Island. The reefs show well-defined 
zones that are more or less continuous around the atoll although they vary 
considerably in width and in degree of development from place to place, de
pending upon their position relative to islands and to prevailing wind, surf, 
and currents. The zones and the names used to designate them agree generally 
with those listed by Tracey. Cloud, and E:mery ( 1955). Three traverses are 
described, two at Falarik Island and one on the west reef. Locations are shown 
on plate 1 : cross sections. on plate 2. All measured sections are related to mean 
sea level and to diurnal tide ranges, as computed by the U. S. Coast and 
Geodetic Survey on the basis of dala from the lagoon tide gage. 

TRAVERSE I 

Traverse 1 is at the south encl of Falarik Island (pl. 1, A-A'; fig. 16). The 
reef front was not examined but it was estimated from aerial photos taken dur
ing a heavy surf to be about 100 feet wide. \,Veil-developed grooves and spurs 
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show on aerial photographs and occasional grooves extend into the reef margin 
as shallow surge channels. 

The seaward reef margin is about 40 feet wide, with a low algal margin 
rarely exposed at lowest tides. By its similarity to traverse 2 (pl. 2. C-C'). 
which was surveyed with alidade, the margin is estimated to be a little above 
mean lower low water. l t is exposed as much as a foot only on extreme low 
tides if there is no surf. A colored reproduction of a photograph of the reef 
margin at this traverse is sho\rn by Bates ( 1956, p. 556). 

The outer reef flat is I 80 feet \\'icle ( based 011 photographs). The outer 
part of the flat is about at the level of the crest of the margin and supports 
abundant small coral colonies. It is covered by an inch or two of water during 
extreme low tides. The main part of the flat is a truncated rock pavement, 
hearing scattered coral colonies and veneered in places by a feltlike mat of 
algae l to 2 111111. thick, supporting such red Foraminifera as Calcarina 
spenglcri, Ba(l(/oyypsi11a sphaerulata, .-1111phistrgi11a 111adag11scariensis, and 
jfarginopora 1.lertebralis, the tests of which are among the principal sedi
mentary products of the reef (fig. 25,c). 

The inner reef flat is 1 SO feet \\·ide. The outer reef flat terminates at a line 
of relict coral-algal rock which \\'e interpret to be an old eroded reef flat ( fig. 
17). The rock is composed of tightly packed coral. red algae. and encrusting 
Foraminifera. Space between the larger skeletal organisms is filled with a firmly 
lithified detrital matrix. The remnants of reef rock south of the line of traverse 
are pinnacle-like. 3 to 10 feet long. about 2 feet wide, and as much as 2.0 feet 
above the reef level, or about mean higher high water level. The top of the 
rock is thinly encrusted with calcareous algae although it is covered with water 
only at highest tides. Inside the thin line of relict reef the inner reef flat is a 
rock pavement containing numerous solution pools a few inches deep ( fig. 16). 
'l'he pavement is covered hy soft algae and sand 1 to 3 inches deep. About 100 
feet south of the traverse the inner reef flat is co\·ered by boulders piled up to 
mean water level, about the same elevation as the beach line. 

The seaward beach is 28 feet wide. The outer part of the beach. or foreshore, 
is lined with boulders. above \\'hich the beach is sandy back to the vegetation 
line. 

TRAVERSE 2 

Traverse 2. i\laia Channel line ( pl. 2. C-C'). was surveyed with plane 
table and ali<lade. The reef front was not measured, but it is ahout 100 feet 
wide. \Veil-formed spurs and grooves show in aerial photographs. 

The seaward reef margin is 40 ieet wide. The broad, gently crested margin 
is coated with pink encrusting calcareous algae (mostly Poro!ithon onlwdes). 
with a few scattered corals and numerous slate-pencil sea urchins ( fl eterocen
trotus trigonarius). The top of the crest rises only a few inches higher than 
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-.. ~ ... ..; 

- ·--... ----~·---.""-<>"~""':! _,,... ... ~~ .... ·~-~ - -
F1cnE 16.-Panorarna oi reef Aat and shoreline, traverse 1. ,011th en<l of Falarik Island 

( pl. l), noss section ,\.,.-\': exposed inner reef flat. co,·crcd h; ,hallo\\ ,ulmio11 basins., is 
hou11drd hy ··old reef line"'; hcyond is outer reef Aat cm·ered l,y ,rntcr. Sea\\"ard reef mar
i.dn i., marked by line of surf. Falarik-Falalap Channel and northeastern tip of Fa!;dap 
lsland at far right. ( Photographs hy -\hboll; photnmosaic retourherl hy \\'. H. 1-:llinll.) 

the inner edge of the zone. It i~ a smoothly arched wne that is 11·ashed even 
by small wa1·cs at low tide. The top of the crest is 1.2 feet belo\\" mean tide 
level, or ahont 0.3 feet aho1·(• 111e,111 lowC'r lo,y water. On extre111c low tides 

the algal ridge rises a foot ;ihove the water ll"hen there is no surf. The groove., 
of the reef front do not cut the seaward reef margin to form surge channel-;. 

The outer reef flat. which is 90 feet wide. is mostly truncated pav<"ment 0.2 
to O . .'i foot lJeloll' the crest of the algal ridge. and covered \\'ith a few inches of 
ll'ater at lo\\'esl tides. Corals are found here and there ( 10 percent). hut the 
zone is mostly a felted. smooth surface \\'ith algal filaments binding T·'oran1i11i
fera. 

The inner reef (Louldcr) flat is 500 feet wide. with solution hasi1Js, or 
tidal pools. The greater part of the zone is a low lithified conglomerate plat
form ll'ith a veneer of loose boulders and cobbles on top. >-' umerous intercon
necli11g tidal pools are cut about O.S foot into the conglomerate. and the bot
toms of successive pools form a uniform. extremely gentle grndient from the 
lx:ach line at mean tide level to the outer reef flat at about ,nean lower 1011" ll'ater 
level. I ll(liYidual poob. ll'hich range from a fe1r feet to I 00 feet across. contain 
an inch or tll'o of \\'ater at low tide. The actual level of water 011 the outer 
reef llat at the time the tra1·erse \\'as surveyed 11·as half a foot higher than the 
ll'atcr level in the lagoon. measured 011 the tide gage. Confirr11atio11 of this 
di ffcreuce in levels is provided al Bikini. whe1·e the water level on the wincl-
11·ard n·ef was repeatedly 111easured at 1.5 feet abo,·e the lagoon level. Oll'ing 
to the piling uf water cm the reef hy lhe trade-win<l waves that averaged al,oul 
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7 feet ( Munk and Sargent. I 95-1-). The 0.5-foot difference at lfaluk is, there
fore, about what one should expect ,,·ith the 3-ioot wa,·es that prcYailcd at 
the time of observation. 

TRAVERSE 3 

Traverse 3. the western reef. is shown in plate 2. IJ-D'. The reel lrolll 

was not measured, but was estimated from photos to he ahout 100 feet wide. 
It has a gently to steeply sloping conYex front \\'ith abundant coral growth. 
A few scattered grooves. \\'iclely spaced and poorly cleYclopecl. shu\\' in 
photographs. The presence of a terrace is not definitely established at this 
point, although photogrnphs show a terrace at several places along the "·estcrn 
rim of the atoll at a depth of 35 to 50 feet. 

The seaward reef margin is 150 feet wide. ;\ broad. yery gently crested 
conil and algal zone rises slightly from the reef front and drnp, only slightly 
to the reef Aat. The extreme flatness of the zone and the fact that it rise,; ;:ibove 
the reef flat arc shown by the follo\\'ing measurements: from the point arbi
trarily selected as the contact between reef front and seaward reef marg-in 
to the crest of the algal ridge the slope is 0.35 foot in a distance of -1-2 feet. 
This gentle seaward slope is 50 percent smooth barren rock; 2.'i percent 
stubby coral. mostly Pocil/opora; and 25 percent smooth reel encrusting algae 
( Porolithon) with minor branching coralline algae. 'l'hl· crest of the ridge is 
predominantly smooth encrusting algae. The contact with the outer reef flat, 
a distance of 117 feel behind the crest. is only 0.1 foot lower. The hackslope of 
the algal ridge is about 20 p<'rccnt coral. mostly Porillopora: less than S 
percent branching or encrnsting calcareous algae: and 75 percent smoothly 
truncated rock, felted \\·ith filamentous algae. 

The outer reef Hat is 225 i<.:et wide. The smooth but irregular rock floor 
of the preceding zone becomes a more regular floor of packed debris. mostly 
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coral and algal fragments. covered IJy a thin felt of soft algae and Foraminifera. 
Lagoon ward the floor is more irregular and slightly deeper ( covered by 1 
foot of water at a moderately low tide). Corals, about half of 11·hich are Porif Ps, 

are co111111011. but coYer less than 10 percent of the surface. Some boulders and 
blocks are scattered on the surface. 

F11,t'1<t; 17.-0ld reef line: lithified coral and algal limcstu11e, as T11uch as 2 feet abo\'e 
pre,ent reef level, ,.,parate, i1111er am] outer red flat on traYcr,c l (fig. 16). (Photograph 
hy Ahhott.) 

The inner reef flat is 1.27 5 feet wide. The boundary with the outer reef 
flat just described is arbitrarily placed 1,·here huge blocks ( 1 to 2 feet) and 
boulders of coral are abundant. Corals form about 20 percent of the surface. 
but they are in small masses or microatolls separated by the deeper sandy 
floor. Living red algae such as Porolitl,011 are common, hut form only a small 
proportion of the surface. llcliopora. the blue alcyonarian. is rare on the 
sea ward part of the inner reef flat: at 900 feet in from the outer margin. 
colonies are 3 to 5 feel across and 1 foot above the sanely floor of the flat. 
l frliopora colonies increase laguonwarcl in size and abundance until they be
come the dominant feature of the zone. 

The lagoon reef margin. 80 feet wide. is a zone dominated by large, anas
tomosing l! ehopora colonies 2 to 3 feet above the floor and l O to l 00 feet in 
diameter which are separated by connecting pool areas. Both inner and outer 
l)otmclaries of this zone are 111ore or less arbitrary. The colonies all grow to 
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low-tide level, and their tops form a flat. barren suriace. The inner edge or 
lagoon edge is considered to be the point where the colonies become scanered 
on the sandy floor mstead of being more or less contiguous. 

The lagoon shelf is 500 feet \\'ide. The sand floor deepens lagoonward from 
3 feet below mean lo\\'er lo\\' water level. or 3 feel helo"· the top of the H elio
pora colonies, at the lagoon reef margin to about Ci feet at the edge o[ the 
lagoon slope. Scattered Hcliopora colonies 5 to 50 feet across are common 
near the lagoon reef margin. but are absent near the lagoon slope. The floor 
of the shelf is mostly coYered with medium-grained to coarse-grained sand. 

The lagoon slope is about 60 feet \\'ide. The steeply dipping edge of the 
sandy lagoon shelf drops abruptly to the lagoon floor, about 30 feet in a hori
zontal distance of 60 ieet. at the line of traverse. This is a 50 percent slope. 
or about 25 degrees. At the line of traverse no corals gro\\' on the sand slope 
to depths of 40 feet. 

ZOKATJOK 

From the three detailed traverses; from observations al se\·eral other places 
around the atoll, especially bet\\'een Clangalap and Ella Islands; and from a 
study of aerial photographs of the atoll the entire atoll may be divided into 
the reef, lagoon. and island zones sho\\'11 in figure 18 and described below. 
The zoning is based partly on the composition of the reefs and lagoon. as 
determined from the traverses and from scattc-recl samplings and observa
tions in the lagoon, partly from the linear zones apparent in photographs, and 
partly from topographic relations observed and sketched stereoscopically from 
photographs. 

SCB~fARIKE TERRACE 

Outside the atoll the submarine terrace is delineated approximately hy thl' 
60-foot contour (pl. 1 : fig. 18) . .:-\ broad bank extends about 1,500 feet south 
of Falalap Island. It is shallow enough near the reef (2j to 35 feet) that 
natives can dive to it. Near the outer margin it is shoal enough to see from a 
boat, but too deep for diving ( about 50 to 60 feet deep) .. \ terrace can be seen 
in aerial photographs at the south end of Falarik Island. and also at sevf'ral 
places along the western reefs. The outer edge of the terrace south of Ella 
Island is repo1·ted by Rofen to have a ridge covered \\'ith coral gro\\'th at a 
depth of 60 feet (fig. 19). The ridge is broken here and there by irregular 
clefts, or notches, that appear to be erosional. probably the result of storm 
waves despite the depth. Inside the ridge is a broad moat, or hollow, several 
feet lower than the ridge. The terrace floor is covered here and there with 
living coral and with blocks of debris. The floor rises to thf' reef front. ,\·hie!, 
also is covered with coral. Irregular cracks or grooves in the reef front do not 
extend onto the terrace. 
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REEl' FRONT 

This zone is shown on plate l between the seaward reef margin and the 
outer, approximately 12-foot. contour. Generally the reef front meets the ter
race at depths of 25 to 30 feet. and in some places at 40 to 50 feet. On the 
·windward side the reef front contains grooves that appear to he 6 to 8 feet 
deep and 2 to 5 feel wide ( fig. 20). The longest grooves measured in aerial 
photographs are 150 to 300 feet long, and most of them fork downslope so 
that the grooves average 40 feet apart at the surface and 20 feet apart at depth. 
As the well-grooved windward reef was not examined directly, we do not 
kno11· whether the front is cut into the terrace or grows onto it; but lhe grooves 
do not appear to continue onto the terrace. On leeward reefs the front is 
poorly grooved or ungrooved ( fig. 21 ) , and in places it has been eroded by 
storms to depths of 40 feet ( fig. 22). 

SEA\\'ARD REEF :MARGIN 

On the winchrnrd side of the atoll the reef margins have broad. low crests 
formed of calcareous red algae and abundant corals of genera such as Pocil
!opora and JJ i!leporo. The crest is. at 111ost, only a few tenths of a foot above 
the reef Bat. Only a few small surge chanrn.:b cut the 111argin. 'l'wo colo,-ed 
pholographs of parl of this zone are shown by Bates ( 1956. p. 554). The lee
ward margin of F.langalap Island ( traverse 3) is a low zone that differs from 
ll'indward zones mostly in haYing a poorer development of red algae. Its crest 
is only about 0.1 foot higher than the reef Aat. and it is not cut by any surge 

channels. 
The reefs of lfaluk are suhdiviclecl by means of a classification similar to that 

proposed for the reefs of 'Rikini Atoll (Tracey, Ladd. and Hoffmeister. 1948. 
p. 810). based on the development of the seaward reef margin. The classifica
tion is shown on figure 18 as follows: 

Type 1-A: Strongly grooved reef front: algal margin low, uncut by the grooves. 
Type IJ-A: Grooves weak or absent; reef margin some\\'hat lobate or scalloped. 
Type II-B-1: Irregular reef margin \\'ith broken reentrants. 
Type lI-B-2: Irregular reef margin \\'ith long, narro"· submerged channels or small 

grooves. 

Examples of each type are seen in figures 20 and 21. vVindward reefs at 
Ifaluk all fall into the category I-A. which predominates at Bikini although 
it is restricted to the long arcs of reef between islands, concave to the sea. 
Crests at Bikini were mostly 0.5 to 1 foot higher than the reef flat and better 
developed than at Ifaluk. 

The most striking difference between the seaward reef margins of the two 
atolls is seen in comparing the surveyed profile of a normal windward reef 
margin at Jfaluk (pl. 2, C-C') with the massive algal ridge of type T-B at 
Bikini (pl. 2, F). The surveyed profile at Bikini was made across the highest 
livin~ algal margin observed, 3.5 feet above the reef flat. 
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The leeward reef at I faluk shrms on the south\\"est-facing parts irregular. 
broken reentrants ( II-B-1, fig. 21. b) and on the ~ouch-facing parts the !,mailer. 
jagged grooves that are similar to the ''comb tooth" margin of type 11-B-2 at 
11ikini. Hoth types arc thought to be caused by stonn waYes. The western reef 
margin shows only in a few places the Mrrp, smoothly scalloped edges of type 
IT-.\ (fig. 21, a) common on the western reefs of Bikini. Several di:,tinctive 
types at Bikini. such as type 1-H ( massive algal cucsta). type 1-B-I ("room
ancl-pillar" structure), and type 1-B-2 l roofed-o\'er surge channels and blow 
holes). are not found on Ifaluk. The scale of de,·elopment of the reef margin 
at I faluk is small compared to that at Bikini. Crooves are smaller nnd less 
well clc\'eloped: crests are low and poorly formed: surge channels are either 
ab~ent or sparse and weakly de,·cloped. Likewise. erosional effects are not on 
the same scale. and though a :similar classification may be applied in both 
plnccs, distinctions bet\\"een types at l faluk are not nearly so clear. These 
differences rcAcct the comparatin.· climatic and oceanographic regimes al Tfaluk 
and Bikini. The diurnal tidal range at Bikini i~ 5.2 feet, whereas at lfaluk 
it is 2.5 feet. The wind and swell al Bikini are predominantly from the north
ea t lo southeast for most of the year and are moderate to hea\'y, averaging 
16-knot winds and 7-foot wa,·e oYer much of the year. ~[unk and . argent 
( 1954) show thnt an azimuthal diagram of the grom·es at Bikini has the same 
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F1GURE 20.-Falarik Tslanrl anrl windward reef. Jfaluk Atoll: well-grooved reef front 
(type I-A) at north end of island. Former 11aia Channel sho\\'s as a line of coconut tree, 
across Falarik Isla11d i11 right center of photograph, connecting slight i11dentation in outer 
shoreline \\'ith shallow bulge in lagoon shore: Ella J sland in background. (Photograpl, hy 
U.S. Navy.) 

bilobed pattern as a rose diagram showing the annual S\\'ell pattern. Both pat
terns show maxima in the northeast and southeast <Jnaclrants, indicating that 
the reeis at Bikini reflect the effects of wa\·e power integrated over the entire 
year. Conditions at Ifaluk are nut so ll'ell known quantitatively. hut moderate 
easterly ,vind and surf prevail only from December to :-.f arch and are Im,· or 
irregular in direction for most of the year. Calms are u~ual in 1\ugust and 
September, and brisk west 1Yincls blow for several <lays al a time during this 
period. The annual wave pattern for l faluk. therefore. \\'Ou!cl sho\\' less marked 
maxima than that for Bikini. 

The classification devised for Bikini, or modifications of it. have been 
applied to a number of reefs in varioi1s places. Arno Atoll in the southern 
:\l a1·shal1 Islands contains reefs dominantly of type I-A. although type T-B 
is common on the northeast reefs (\\'ell!;. 1951. p. 8). The reefs of Raroia 
.\toll in the Tuamotus are grooved (comparnhle to type 1-.\) on all sides 
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- ~;.. ~7;:f. 

,-'i'.'<' ·<_ , 
;i"\-1 

FrGl"RE 21.-Leeward reefs: a, lec,vard red margin from west; west-facing reef 
margin on right side of photograph is comparatively smooth type II-A. whereas north
facing reef on left shows moderately well-developed grooves oi type I-A; poorly defined 
tlark Hcliopora zone on lagoon shelf marks lagoon red margin: parts of lagoon bank 
33 lo 40 feet deep sho1v as light patches in 111icldle of lagoon: Falarik, Falalap, and 
Ella lslancls in background. b, leeward reef from southwest. Elangalap Island on far 
left: southwest-facing lee1Yarcl reef in left foreground is irregular (type JI-B-1) and 
contains larg;e reentrants broken by :;turms: south-facing reef in right foreground near 
Ella lsland contains nari·u11 irregular erosional grooves similar to type H-B-2 on 
Bikini Atoll. An extensive boulder flat extend, from Ella Tslancl toward Elangalap 
Island. (Photographs by C-. S. Navy.) 

(:S:ewcll, 1956, p .• H5). At Ulithi Atoll in the western Carolines Schlanger 
and Brookhart ( 1955, p. 570) found that northerly and easterly reefs were 
mostly well-grooved (their type A) and that the southerly and westerly reefs 
were mostly lo bate and poorl_v grooved ( type B). Guilcher ( 195.5) states that 
the reefs of Banc Farson in the Red Sea are grooved on the east and smooth 
on the west. similar to those of Hikini, I.Jut he s:ws also that thi<; pattern is 
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apparently unrelated to the prevailing wind and surf which comes from 
the northwest. The reefs from Cap Yoilava to Cap San Sebastian. northwest 
of Madagascar. however. are apparently adjusted to prevailing conditions 
(Guilcher. 19S6, p. 89). 

A marked differentiation of red margins in different quadrants is not to 
be expected unless the swell conc.1itions integrated over the year show distinct 
maxima. Of all the reefs mentioned, those of Bikini are certainly subject to 
the most uniformly strong easterly S\\'ells. :\lost of the other reefs lie closer 
to the cquato1· where th<.: trades are not so regular. and those described by 
Guilchrr ( 1955, 19.'i6) are ~ubject to varying influences from continental 
environments. Raroia .--\toll. 16 degrees south, should be far enough south so 
that a ''mino1· image" of conditions at Bikini might be e:,pecte<l. The trades 
at Raroia are dominantly easterly. ;:.; e,,·ell ( 1956. p. 328) points out, however, 
that strong swell from the somh results from the prevalent southwestl'rly gales 
of the high southern latitudes according to .. Sailing directions for the Pacific." 
The prevalence of heavy swells on all sides of the atoll may be the cause of 
the well-developed grooves on all reefs of Raroia. 

REEF FLAT 

'l'he outer reef flat on wind1rarcl reefs is a truncated rock floor: on leeward 
reefs, a floor of packed debris. It is covered in both places with a thin, fcltlike 
mat of algae and spiny Foraminifera (Calcari11a). Small corals an<l heads of 
coralline algae arc abundant near the margin. and patches of encrusting red 
calcareous algae and of soft green algae are common. The outer reef flat is a 
little abO\'e lo\\'eSt tide leYels. but because of the gently crested margin and 
because of the usual presence of w,t\'ts at the reef edge. an inch or more of 
water almost al ways covers the flat. 

The inner reef flat on the north and east reefs, particularly near the islands, 
is a trnncated rock pavement exposed at low tide. Large shallow soluti011 pools 
an inch or two deep cover most of the flat (fig. 16). Over most of the wind
ward reef, however, the inner reef flat is covered by coral rubble that forms 
a loose to poorly consolidated boulder flat-the ''coral shingle" of British 
and Australian geologists. On ,,·estcrn and southern reefs the inner reef flat is 
generally formed of sand or packed debris on which scattered li\·ing coral 
colonies are common. !\reas labeled bf for houlder flat on these reefs (pl. l) are 
mostly concentrations of scattered rubble and large coral blocks (fig. 8). On 
the western reef the coral colonies increase in size lagoonward and grow on a 
sand floor that deepens lagoonwarcl. 

LAGOON REEF ~I ARGI N 

On leeward or western reefs the lagoon edge is marked by the coalescing 
of large I-I c!iopora colonies that form a continuous zone of active growth. On 
other reefs the lagoon beach of the island forms the margin of the lagoon. 
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!,A.GOON SHET,F 

A shallow shelf 100 to 500 feet wide lies between the lagoon reef margin. 
or the lagoon beach of the islands. and the steep lagoon slope. The shelf is only 
a few feet deep near shore, and drops gently to l to 2 fathoms at the edge of 
the slope. Near islands, heds and patches of coral grow thickly enough in some 
places to be called "lagoon reefs." On the western reef the broad shelf forms 
a continuation of the sandy reef Aoor and is generally an an:,t of sedirnentation. 
Scattered large areas of H f/iopora grow on the shelf beyond the coalesced 
colonies of the lagoon red margin. :\s these separate colonies enlarge and 
grow togethc.:r on lhe sandy shelf they cause the lagoon reef margin to grow 
lagoonward. 
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Fr-.LJRE 22.-Submarine terrace near Elangalap Island. 

f,AGOON SLOPE 

In most places the slopes drop steeply: the angle from the horizontal aver
ages perhaps 20 degrees but exceeds 35 degrees in some places. Coral colonies 
are uncommon on western slopes at depths o( less than 30 feet. probably be
cause of the amount of sand c,1rried down the slopes. Colonies arc more com
mon on the slopes near islands because the islands protect the slopes from 
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sedimentation. At depths below .30 feet, however. corn ls are more abundant 
along the western reefs than they are near islands on the south and east sides, 
according to the observations of Rofcn, who collected at numerous stations 
over the lagoon. 

LAGOON l'J,OOR 

The lagoon floor at the base of the lagoon slope is a flat, relatively feature
less surface at a depth of 50 to 66 feet. 'J'his is the deepest part of the lagoon, 
and it forms a broad ringlike moat around a prominent low mound in the 
center of the lagoon which ,,·e shall call the lagoon bank. The numerous scat
tered coral colonies at the base of the lagoon slopes extend only a short distance 
onto the lagoon floor. according to Rofen. The greater part of the floor that 
he observed was a monotonous expanse covered only by sea1Yeed, and criss
crossed by straight paths of fine white mud about a foot in width. He saw 
schools of parrot fish swimming above these trails. appa1·cntly following them, 
and suggests that the trails result from the clouds of ground-up calcareous 
debris ejected by the parrot fish. Rofen also noticed thal the sediments on the 
bottom were so fine that they were easily disturbed by swimming over them 
and that they remained in milky suspension. 

~o sediment samples were taken from the deepest parts of the lagoon, but 
the fine mud of sample 40 (table 10) from a depth of 48 Ieet is believed to be 
representative of much of the material of the lagoon floor. lt is probable that 
J-Ialimrda debris also forms a major constituent. 

The lagoon bank (fig. 23) can be seen easily from a boat or in aerial photo
graphs. It is about 3,500 by 2.000 feet in size and irregular in shape; and its 
nearly flat top, 33 to -+0 feet below the surface of the water. contains broad 
swells and hollows. Large an::as of the bank are carpeted with the green alga 
Hali111eda s/11j>osa, and the hollows and sides of the bank are largely formed 
of Halimeda debris (table 10. samples 41-44). Parts of the periphery of the 
lagoon bank and some of its low mounds are exposed flat ledges and knolls of 
dead coral limestone. generally covered with a thick growth of dark-green 
,\licrodictyon. The limestone ledges hear small heads and a few large colonies 
of scattered living coral, chiefly Porites. Fine cakareous mud was noted by 
Rofen, particularly in cavities in the limestone and mixed with coarse debris 
on the sides of the bank. Though largely covered by sediments at present, it 
seems likely that at some time in the past the lagoon bank was a large living 

coral knoll. 

SEDIMENTS 

Sand samples from a number of reef, beach, and lagoon localities were 
studied to determine a pattern for the sediments of the atoll. Location and 
description for each sample are given in table 10. Localities are shown on the 
geologic map (pl. 1). Samples finer than ➔ nun. were dry-sieved in \\'" entworth 
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grades and weighed. Each fraction larger than 0.25 111111. \\'as examined under 
the binocular microscope and visual estimates \\'ere made of the proportion of 
each grade size formed by Poraminifera ( F). coralline algae ( ,-\), H ali111cda 
(_ H). coral (CJ. and miscellaneous ( i\[). The miscellaneous category is domi
nantly molluscan shells. but it includes in the coarser grades crustacean and 
echinoid fragments and in the finer grades pteropods and siliceous or calca
reous spicules. The medium fraction (0.5 to 0.25 mm.) \\'as boiled in ~lcigen's 
solution ( dilute cobalt nitrate) to stain the aragonitc fragments, pro,·iding a 

means of estimating roughly the aragonitc--calcite ratio for that grade as well 
as permitting easier identi!ication and estimates of the constituents. Cndi!Ter
entiatcd line sand ( under 0.25 111111.) and silt was grouped as detritus ( D). 
Results of estimates for each sample are sh0\111 in thl' histogram~ ( fig. 2-+). 
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43 
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Table 10.-Proponions of rock-forming constituents in sediments 
from I ialuk .-\ toll 

D£PTH 
lll-'.LO\\" ( 0 'C ,·rrTt'EXTS ( PERCE:-IT) 

'.11.S.I,. 
LOC-\TTO'C ( FEET) Dr-SCRIPT!OX .\ C F H ~[ D :'IORTl:SG 

Inner reef Aat. S.E. Foramin i feral ..; 4 5-1 6 9 ?' __ ) l' 
end Falarik T ,land sand 
Lagoon edge 3 coarse reef ;;and 8 21 39 1-l 10 8 F-
Falalap Channel 
Falarik lagoon '.lf.S.L. coar~e ~anrl 9 13 -1.l 13 22 {) ~-
beach 
Inner reef fiat. 3 coarse reef sand 15 19 32 21 13 0 F 

S.W. reei 
Coral bench. ):°. 20 medium and 5 16 18 20 20 21 F-
of Ella Island coarse sand 

l .agoon llour, F.. side 48 fine ,;and and silt 0 0 5 3 7 85 F-

Sloping side of 48 Halimeda sand 0 0 5 60 5 30 P-
lagoon bank 
Sloping side of 50 Halimeda s,rnd () 0 4 55 4 37 P-
lagoon bank 
Lagoon hank, top 36 Halimeda sand Halimeda 

( hy i 11s pect ion only) 
1.agoon bank, top 39 Halimeda sand Halimeda 

I by inspection only) 
Lagoon sand flat. medium and 
Falarik Island fine sand () 0 2 0 97* G 

\Veil 21, coarse gravel 12 16 23 14 7 28* .P 
Falalap Island 
Brackish pool. coarse gm vcl 14 40 4 12 15 15* P-
Ella Island 

were estimated for coarse frac1ion;,:;: only (greater than • In .:;ample~ ➔ S. 40, nnd 47 constituents 
O.S mm.). D here includes both medium and finer fractions. 
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F1GL'1<1-: 24.-Hi,tograms oi sediments from lfaluk Atoll. l':stimated proportions (percent) of major constituc11ts are shown for each 
grain size and for total sample greater than 0.25 111111. Symbols: F, Foraminifera: A. red coralline algae; l-1, l-Ja/i111eda; C, coral; JIil, 
mollusks and ,niscc\laneous; /J. fine sand and silt less than 0.25 111111. ( Locations of samples arc shown in plate l, and data arc tab
n:atcd in table 10.) 
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At the right of each histogram is a scale showing the estimated proportion of 
that sample formed by each category of organism. <lisregardin~ the fraction 
of fine:- (D). The :,Orting ~h01rn in table 10 is according to the Payne ~cale: 
good (G). 90 percent falls into one or l\\·o grades: fair (F). 90 percent falls 
into three or four grades: poor (l'), 90 percent falls into fivr or six grades. 
The essentially coarse nature of the reef-associated sediment:, ( ,,amples 35-39) 
contrasts with the dominantly fine material oi the lagoon hank ( samplt', .J.1 
and .J.2). The contrasts are shown in photographs ( figs. 25, 26). Histograms 
of island materiab are sho\\"n in figure 27, which contrasts the unsorted gravel 
of the older gravd unit ( Og) from well 21 ( sample .J.6) and younger boulders 
and graYel ()'{,) from the sa!Hrnter pool on Ella Island (~ample .J.7) with 
well-sorted, wind-hlom1 sand ( 0 s) from the lagoon flat on Falarik Island 
( sample .J.5). 

Plate 3 is an interpretation of the ~edimentar) pattern of I faluk Atoll. 
based on the zone:, of the atoll as defined in figure 18. on the geologic units of 
the islands ( pl. I ) . and on th<' sediment samples ( ta hie 10). which are hroadly 
represt•ntative of many of tht· zones of reef. lagoon, and islands. Zones of the 
atoll are grouped into zone" of production or of deposition of sediment. Parts 
of zones dominantly of one type may include significant areas oi the other type. 
:\reas principally productive of sediment are the follo\\'ing. 

la: The terrace, reef front, sea\rnrd reef margin. and outer reef flat produce 
mo:,tly coral. calrareous red algae. and Foraminifera. Except in times of storm, 
all of the product,, of the reef front and terrace and part of the products of the 
reef margin arc carried down the outer slopes of the atoll. Only the For
aminifcra and finer coral and algal detritus of the reef margin and outer reef 
flat arc carried lagoonwanl O\'er the reef flat. In times of ~Lonn, howc\·cr, 
coan,<:r coral and algal dehri:-. from th<: reef margin and from the reef front 
is carried acro:,s the reel flat. and in times of the rare grear storms large hlocks 
and corals from the r<'cf front and even from the submarine terrace are carried 
up onto the reef. 

1 b: The inner reei flat ( c:-..cluding boulder flats, 2b). and the lagoon reef 
margin produce coral, Fornminifera. and in place:-, / / alimcdn ( samples 35 and 
38). 1\s the inner reef Aat, for the most part, is at low-water l<'vel and cannot 
Le raised any higher hy growth. most of the material produced is rapidly trans
ported lagoon\\ard to the lagoon shelf or slope. Large debri,- carried from 
outer zones onto the inner reef Aat remains 1111til broken down by org-Anic 
disintegration, solution, or erosion into material fine enough to be carried 
away. The lagoon reef margin produces living coral. mostly the alcyonarian 
Hcliopora. [solated areas of lfrliof>ura on the :;hdf. 1\S \\·ell a:. fairly numerous 
areas of coral on the lagoon slope. probably acid significant amounts of coral, 
but these are small compared to contributions of thr reef areas already men
tionecl. 
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FtGL'kE 25.-Beach and reef sands: a, beach sand from lagoon beach at south en<l of 
Falarik Island (sample 37): most Foraminifcra \\'orn (see c). b, fine, well-sorted sand 
from lagoon flat of Falarik Island near benchmark (sample 4.5). c, coarse foraminiferal 
sand from rec[ flat near cross section A-A' sho\\·n in plate I (sample 35), contains 
abundant Calcari11a spc11g/eri (numerou, spines), flarnlogypsina ( few spines), and .U ar
ginopora (disks). d, sand from lagoon reef margin bct\\'een Ella and Elangalap Islands 
(sample 38). 
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FJGL'KE 26.-Lagoon sands: a, fine sand and silt from lagoon floor (sample -10): 
b, coarse sand from coral bench north of Ella Island ( sample 39) ; c, II olimrda sand 
from side of lagoon bank ( sample 42). 

le: The lagoon bank produces mostly Hali111fda (samples -1-1 and 42). 
Since this area is completely segregated from the reef by the deep moat of the 
lagoon floor. it receives none but the finest detritus. The sediment on the 
lagoon bank is, therefore, characteristically pure. 

Zones primarily of deposition are the following: 
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2a, islands: Boul<ler ramparts and gravel mounds are composed primarily 
of coral and coralline algae, with shells and Foraminifera contributing to the 
sand-sized detritus of the matrix (sample 46, table JO). Sand of the lagoon 
Aat and lagoon beaches is principally foraminiferal ( samples 37 and 45). 

2b: Boulder flats of the inner reef flat contain mostly coral rubble, but 
blocks of coralline algae are abundant in places along the windward reef. 

2c: The lagoon shelf and lagoon slope inside the reef comprise a zone mostly 
of deposition. although they contain numerous areas ,vhere scattered coral 
colonies are common. Samples 36 and 38 are more or less representative of 
these zones. iruch of the material on the shelf passes clown the slope to the 
floor; but some remains on the shelf. building it up to low-tide level, and the 
rest remains on the slope. building it lagoonward. 

2d: The lagoon floor is the ultimate basin of deposition within the atoll. 
The strip of floor near the foot of the lagoon slope receives medium-grade 
detritus from the reef. and parts of the floor near the lagoon bank receive 
medium- and coarse-grained Halimeda debris from the bank. Most of the floor. 
however, gets only the finest material carried in suspension ( sample 40). 
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FIGURE 27.-Histogram:; showing distributio11 of grain sizes in island sediments: a, 
gravel from brackish pool on Ella Island (sample 47); b, gravel from well 21, Palalap 
Island (sample 46): c, sand from lagoon flat, Falarik lslan<l (sample 4j), (Locations 
of samples shown on plate I : data, in table 10.) 

The source of the fine material is of particular interest inasmuch as all 
reef-associated limestones contain significant amounts of silt and clay-size 
carbonate "mud." The two modes of origin most comrnonly considered by 
geologists are by disintegration of calcareous skeletons of animals or plants 
and by chemical precipitation. The grinding up of coral and algae by bro,vsing 
fishes h,1s also been considered as a source of sediment. 

The ratio of aragonite to calcite for the medium and coarse fractions of five 
samples was estimated from table 10 by co111paring the total Forarninifera and 
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coralline algae (calcite) with I-/ ali111cda. coral. and miscellaneous portions ( ara
gonite). The results are sho1rn in table 11. column .\. For comparison, the 
finest fraction (less than 1/16 mm.) of each sample was analyzed by Paul D. 
Blackmon of the l:. S. Geological Survey, using the X-ray diffractometer. His 
results are shown in table 11, column 'H, and his estimates ior the composition 
of the calcite are shown in column C. High magnesium calcite in the samples 
contains approximately 17 molecular percent ( 1-1..R \\'eight percent) magne
sium carbonate. 

Sample ..J.2 from the lagoon hank consist~ almost entirely oi aragonitic 
Ha!i111cda debris (95 percent). -;\loreoYer, the gradual breakclo\\'n oi the 
Hali111eda segments to fines is strongly indicated not only by the comparable 
volumes of each grade size in the histogram ( fig. 24). but hy the constant ratio 
of Halimeda, Foraminifera. and miscellaneous debris in each grade size. In 
addition, specimens of the finest (less than 1/16 mm.) fractions of sample:s 
40 and ..J.2 1Yere examined by Dr. Heinz l ,011-enstam, \\'ho reports ( ll'ritten 
communication, 1957) that they contain aragonite needles one to sel'eral 
microns in largest dimension similar to those he ha,- isolated from living 
Hali111eda and other green algae from lagoon environments ( Loll'enstam, 1955; 
Lowenstam and Epstein. 1957. p. 36-1-). The finest fraction of sample 42 con
tains, ho\\'el'er. nearly 30 percent calcite. most of ll'hich is high•magnesium 
calcite containing 17 molecular percent i\lgCUa in the calcite structure (table 
11, B). This calcite might be derived from a selective breakdown of the five 
percent of foraminifera in the cnar~er fractions oi the .sample. althoug-h it 
seems more likely that the high proportion of fine calcite was carried in from 
some other environment: for example. finely ground coralline algae from the 
reef margin. 

. 15 
39 
40 
42 
46 

Table 1 I .-Proportions of calcite and aragonite in fine fractions 
of sediments from lfaluk .--\toll 

LOCATIOX 

Reef flat.. .................... . 
Coral bench ................ . 
Lagoon floor ...... .. 
Lagoon bank.. ............ . 
Well 21.. .................... . 

R.ITTO OF ,\l(.\GO\ ITE TO 

('.11.CTTE, IX PER(EXT 

PAiffTCLf:S 

)IOlrn THAX 

¼ )I ol. 

1\ 

25:75 
70:30 
65:35 
95:5 
50:50 

P,IRTIC-1.F:S 

LESS TIT ,IX 

]/]6'.\Df. 

B 

58 :-12 
70:30 
75:25 
72:28 
35:65 

(.'m1 l'OSITIO, flF 

c .11.CTTE rx ,·01.L')IX B 
( PERCt:XT OF H lGfl -~!.IG.':ESI l')I· 

TYPE CAI.CITE) 

C 

more than 9., 
more than 90 
more than 90 
more than 90 

70 

Column J\: Aragouite to calcite ratio of medit:.m an<l coarse fr~c-rion" e,tim.atc<l from t.:,blt:" lO. 
Columns B anJ C: .Analyse, hf P. D. Blackmon. High magnesium lypc calcite contain, ;11Jo11t 17 mol. 

percent (14.8 weight percent) maguesium ca.rh0t\:1te in the calcite structure. Low•m;;ignesium calcite 
contains O to 4 [l:erccnt niagncsium carbonate. 
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Samplt Jj from the red contain,- 75 percent calcite in the medium and 
coarse fractions, hut the lincst fraction contains only 42 percent calcite. Here 

again the predominance of aragonite in the fine fraction might be explained by 
a selecti\'C breaking down of aragonitic organisms relati,·e to cakitic one . 
I ndeecl. the 111ediu111 [raction contains abo11t 50 percent an:igonitic debris co111-
pared to the coarser fractions \\'hich an: predominantly calcitic . .-\ second pos
sible source of the aragonitc in the finest fraction may abo be fine needles from 
soft grct'n algae that produce no coarse particle,;. Ct may al.o be interpreted a~ 
a result of precipitation 011 the reef flat of calcium carbonate ca11sed by tli<c: 
daily changes in chcmi:.try and temperature of water O\'Cr the reef (Emery. 
1946: Revelle and l·'.mery. 1958). 

The relatively large propurtion of silt and clay-~izc 11iatcrial in sample -.10 
from the lagoon Aoor. possibly representative of large areas of the lagoon 
floor. may ha,·e originated from the breakdown oi Hali11ll'da ckhris close at 
hnncl; from the brcnkdown of both aragonitic and calcitic organisms at some 
distance a\\'ay on the reef: or from precipitation of aragonitic needles on the 
reef flat. Silt and clay-size material derived from the reef can be carried to any 
part of the lagoon hy strong currents across the reef. 

The possibility suggested by Uar\\'in that bro\\'sing lishes may have con
tributed considerable ,,edimcnt to limestone ha,- hccn inn~stigated by Cloud 
( I 952) and others. I•:mery ( 1956. table 2) ha;,, examim•<I the sands in the 
intestines of several kinds of browsing r,shes from Johnston lsland. Rofen's 
obsen·ations of white trails crossing the weed-covered lagoon bottom indicate 
that quantitati,·ely significant amounb arc contributed hy fishes to the fine 
sediments of lfaluk lagoon. 

In summary. we do not kno\\' th<.: principal mode of origin of the fine 
~<.:diments of lfaluk .\toll. From the claw ,1t hand it appear,- that each mode of 
origin con,-iderecl-mechanical disintegrntion, decomposition of soft algae, pre
cipitation 011 the reef flat. and grinding hy browsing fishes- co11lcl ha\'e resulted 
in a significant proportion of the fine :,Cclimelll:, of the atoll. 

.. \ rough quantitati,·e estimate may be made of the organic composition of 
the atoll h_v combining trawrse obscn·ations of the procl11cts or deposits of 
each s~1bzone of the atoll ( pl. 3) \\'ith estimates of com,lituents in sample, 
~elected as representati,·e of that suhzone. Till' ;,,ample,., represent only the 
smaller grain size:, of the deposits and the traverse obsf'rvations arc necessary 
for apprni,-ing cobble and bo11lder depo~its and. c,.,pccially. fur estimating con
~tituents of gro"·ing- pans of the reei. Each subzone must he weighted by areas, 
and zones are total<·d to sho\\' the constituents for reef. lagoon. and islands 
( table 12). These, in turn. are m;:ighted and combined to gi\'e the constituents 
for the whole atoll. Emery·s r(·,.,11lts for lagoons of Bikini .\toll. Coco,- Lagoon 
( Uuam), and John:;ton Island ( 1956, table l) arc 0in·11 for compari;,on. 
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Table 12.-L'roponions of rock-forming constituents 

A C F II ~, I) 

Lagoon ..... ·-·--------· ...... ➔ IO 19 22 10 35 
Reef ............................... ......................... 21 33 21 9 8 8 
Islands ........... ---·············· ... 11 48 18 6 8 9 
Average for awl!.. ................................... I\ 26 20 14 9 20 
Comparison with other lagoons I Emery, 11, table I l 
Johnston Island (average of 

all samples) ...................................... 51 20 2 10 16 
Guam ( Cocos Lagoon) Samples 

weighted by depth zones ................ 18 45 3 I I I.S 8 
Bikini Samples weighted by 

depth zo11es ........................................ 13 II 43 7 25 

PERCEXT OF 

TOTAL ARE,\ 

44 
36 
20 

100 

A =- coralti11c ali;,\e. C == coral. F = Fornminifera, If = Halimeda, .\I - mi .. cetbne-ou-;. n _ 
detritus (fine material under 0.2.5 mm.). \\'hile estimates for ] faluk arc based on few samples. the sample 
density is rdntivcly high hccau'.'-e of the -.mall :-irea oi 1he :i.tf'lll. Althnnid1 any one individt1al estimate m::iy 
he in error bf + 5, the computed c.:;timatc,;; arc expres..:ed to two .. ignificant figure~ to show the most 
probable \'alue oT each constituent rcla.th·e to other coni:;tituent:-:. 

CIRCL"L1\TJOX 

l\"o systematic observations were made to determine the general pattern 
of water circulation of the atoll: hut a fe\\' scattered measurements indicate 
that under ordinary conditions the \\'ater of the lagoon is renewed rapidly, 
in comparison with large lagoons such as Bikini. 

Observations were made on dye packs tied near the top. bottom, and middle 
of a sounding line in the 33-foot-deep lfaluk Pass over a period of t \\'O hours 
of the flood tide and on a day of moderate nortll\rest winds. The outward 
current from lagoon to ocean slackened considerably about a half hour past 
low water, lmt did not stop or reverse. The out\\'ard current then increased 
considerably as the tide rose in the ocean. and crude measurements for the 
next 1.5 hours sho\\'ecl a range in velocity of 0.3 to 1 foot per second. The out
ward current \\'clS still increasing on the flood tide t\\'o hours past lo\\' water 
when observations had to he stopped. :-\n average outflo\\' of 0.5 foot per second 
over the tidal cycle under these conditions is probably a reasonable estimate. 

A few current measurements were made on the \\'est reef at places along 
cross section D-D' (pls. I, 2) on a day of light to modn;:ite northwest winds 
that resulted in waves about 3 feet high on the reef margin . .A. steady lagoon
ward flow was continuous for the observation period of two hours after low 
water. By timing the rate of movement of floats over a paced distance in water 
of meas11n-cl rlt-pths, the flow over a foot-\\'irle strip was found to range from 
1 to 4 cubic feet per second and to average 2 cubic feet per second over the 
first two hours of flood tide. This lagoon \\'a rd flo\\' results from the head of 
water piled up by wave energy at the sea,rnrd reef margin. The rate of flow 
normally increases during the floocl tide bec~rnsc the frictional drag of the reef 
on the sheet of water is proportionally less as the depth of \\'ater increases. 
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Therefore. the 111easnred flO\\. of about 2 cubic feet per second per linear fool 
of reef should be a consen·atin~ figure to use m·er a complete tidal cycle in 
computing the daily flow. assuming a con:,tant moderate wind and waves from 
the northwest. The total reef length facing nortlrn·e,t i, aliout 5.000 feet. The 
total inward flow i11to the lagoon is then 10.000 cuhic feet per second. or 
924,000.000 cubic feet per day. 

\\"ith a northea:,t to northwe:.t wind, the Aow over soutlnn:~,:;t reefs is gen
erally oeca,111·arcl, as was the flow observed through Haluk Pas~. The outward 
flow through Ifaluk Pass can be computed l.Jy assuming an average of 0.5 feel 
per second m·er the tidal cycle. The cross-sectional area of the channel is about 
10.000 squ.ire feet (500 feet wide by appro.,imately 20 feet a\·erage depth). 
The volume of flow of 5.000 cuhic feet per second amounts to half the flow 
over the north and west reefs into the lagoon. which means that outflow over 
the southwest reefs approximately equals 011iflow through the channel. 

Thr~e figure:.. art trude. and hold only for a specific set of conditions that 
cannot he rnnsiclerecl normal over the year. hut they :..how that the daily flow 
with a light to modrrate wind is about equal to the total volume of the lagoon. 
The area of the lagoon inside the lagoon red margin is 1.1 square miles, and 
inside the lagoon shelf ( 12-foot contour) it i,, 0.8 square mile. Since the a,·erage 
depth im,icle the shelf is about SO feet, the total volttme of the lagoon inside 
the shelf is 1.1 billion cubic feet. This is little more than the daily inflow 
calculated for the northern reef. 

Xortlnn~sterly winds are not normal during a large part of the year. and 
the more general northeasterly Lo southea~tcrly winds. even though moderate 
to strong. might not put a comparable voh1111<' of water into the lagoon because 
of the island harriers. ~e\·erthele;,s. the time necessary to replenish the lagoon 
water ttnd<·r most conditions should range from a day to a week. This is much 
less than the 39-clay period calculated for Uihini .-\toll (von Arx, 1954), where 
about 4 percent of the lagoon volume cxdiang-es in each tidal cycle during
the ;,pring trade season. Periods of stagnation sufficient to affect plant and 
animal life of the lagoon are unlikely at Ifah1k. On the other hand. the diurnal 
,·ariation in oxygen ,\lld carhon dioxide and in temperature of water on the 
reef flat may cause comparable 1·ariations in the characteristics of the lagoon 
water bcc:.111:ie the daily \·olume of \\·ater passing O\·cr the reefs is comparable 
to the total rnlume of the lagoon. 

EAJH.JF.R STAI\DS ()P TUE SE/\ 

Oh;,ervatiorn, indicate seYeral le\·cls at which the !>Ca :,tood long enough to 
leave a retognizable trace. The ,-uhmarinc terrace. about 60 feet deep. and 
the broad 60-foot deep lagoon floor is the deepest recognizable level. This may 
have been caused hy a eustatic stand of tht sea. for 50- to 60-foot terraces have 
been reported from wide,,pread places over the Paci fie ( l~mery cl czl .. 1954-). 
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The sill depth in the main channel of I faluk Pass is about 33 feet, the 
minimum depth of the broad lagoon bank is about the same (fig. 23), and the 
corn! bench north of Ella Tsland is ahout .10 feet deep. The flat profile of the 
limestone ledges on top of the lag-0011 bank. when considered together with 
the pass depth, suggests a truncation to this depth, which in turn implies that 
the surrounding reefs had grown close to their present level before the sea 
dropped to the 33-foot level. The wide extent of the submarine terrace south 
of the atoll is evidence that the 60-foot level antedates both the near-present 
level and the 33-foot leYel. 

Only one former level is evident above present sea level. The "old reef" 
remnant on profile A-A' (fig. 17) is at mean high water. indicating that the 
reef grew at least to this height and then \\'as truncated more than 2 feet higher 
than corals and coralline algae 110\\' grow. :\!so. the highest kno\\'n lithification 
of ruhhle. J.8 feet above approximate mean sea le\·el on Falalap Island. is about 
2.5 feet above high tide. Both of these occmrences may relate to the 0.5- to 
1-meter stand of Kuen en ( 1933). or to the closely related 6-foot (2-meter) 
stand. 0Jo higher stands ha,·e left a recognizable trace on Ifaluk. 

SU;".IMARY OF CEOT.OGIC HISTORY 

The probable sequence of events at Tfaluk. then, are growth of a reef or 
bank and subsequent truncation at the 60-foot level. probably during a late 
glacial stage. Then the reefs grew to near the present level, following which 
the sea dropped. or the island rose. ro the 33-foot level for a period long 
enough for the lagoon hank to grow to. or be truncated at. that level and for 
the notch to be cut at lfaluk Pass. \'\'ith the return of the sea to and above its 
present level, the reefs again Aourishecl until the sea dropped in Recent time 
to the + I -meter level. resulting in truncation of the reef and piling of rubble 
on the reef to form the island ramparts. The principal lithification of the is
land beaches, of the reef surfaces. and of the rubble tracts on the reef Oat 
probably occurred at this time. Comparatively little has happened since. Con
tinued dropping of the sea to present level has resulted in solution and erosion 
of the lithified flats and truncation of beaches and reefs to their present form. 

I slancls have migrated lagoon\\'ard an aYerage of ahout 150 feet hecause 
of the erosion of seaward beaches and the addition of sand to the lagoon 
beaches. At least 500 feet of sand shelf has been added lo the lagoon reef edge 
of the western reefs, and the lagoon reef margin continues to grow lagoonward 
on this shelf. It is doubtful that any erosion has reduced the seaward reef 
margins comparably. Fifty years ago a great storm added about 5 percent to 
the area of the islands: closed off one channel, thereby joining two islands; 
added large rubble tracts to the reef flat: and built one small island. Other 
equally severe storms may have hit the atoll in the more distant past. but no 
traces of them were noted. 
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Ifaluk; Atoll is small and very simple in its structure. compared to most 
other atolls that have been recently studied. Three periods of development 
of the atoll have been shown. The most recent of these. the catastrophic typhoon 
of 1907, left well-defined and mappable traces whose sequence is clearly shown. 
An earlie1· period of formation. lithification, and erosion of the present reefs 
and islands can be assumed to date from a 1-meter stand of the sea only a few 
thousand years ago, but the sequence of events is much less clear. The earliest 
period of formation that can be deduced includes growth of the atoll mass to 
near the present level and truncation at two different submarine levels. Both 
the cl::i.ting of this period and the sequence of events are uncertain. It cannot 
be surely demonstrated whether the traces of former levels relate to eustatic 
shifts of the sea, to local movements. or to both. 
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64, pls. 1, 2 

Lamotrek Atoll 12, 13 
latitude 3, 16 
leeward reefs 4. 33, 44, 47-49. 

50, 51, 52, 54, 55, 57, 67-68, 
pis. 1, 2, 3 

limestone, lagoon bottom 
58. 69 

lithification 22, 23, 27, 31, 32, 
33, 45. 46-47. 48. 69, 70, 
pls. 1, 2 

lithified reef 45, 46-47, 48, 69, 
pl. 2 

longitude 3 

M 

11adagascar 55 
:\faia Channel and wells 20, 

22, 23, 27-28, 29, 30, 35, 36, 
37. 38, 39, 40, 41, 45, 46, 53, 
pis. I, 2 

:-.r aia I. 22, 23, 30 
:\laje L 30 
mangrove swamp 30. 41, 43, 

pl. 1 
l\farginopora 45, 62 
:Mariana Ts. 4 (see also 

Guam) 
'.lfariana Trench 3 
:\'larshall Islands ( see Arno 

Atoll, Bikini Atoll) 

mean sea level : determination 
of 17 : use as zero contour 
19 

'.lletomkin (ship) 7 
l\1 icrodictyon 58 
Millepora 50 
:-.loai I. 4, 30 
molluscan shells in sediments 

59, 60, 64 

N 

native informants 8-9, 16, .19 
natives 4-5 
:'\ettle (ship) 7,8 
l\:orth EquaLOrial Current 3 

0 

Okinawa I. 29 
Onotoa Atoll 5, 6, 33, 34 
outer reef Aat 45, 46, 47, 48, 

51. 55, 61, pl. 2 
outer slope of reef 52, 57, 61 

p 

Palau ls. I 0, 12 
Pass, Tfaluk 4, 31, 67, 68, 69, 

pl. 1 
people 4-5 
perrneahility of suhstrate 34. 

.35, 39, 40, 41 
pho:;phate in soil 26 
physiographic divisions 21. 22 
Pisonia 26 
Planetree (ship) 7, 8 
Pocillopora 47, 50 
population 4 
Porites 24, 48, 58 
Porolithon 45, 47, 48 
precipitation ( see rainfall) 
precipitation of calcium 

(arhonate 64, 66 
.>teropods iu sediments 59 

Q 

1uality of ground 1rnter 38-43 

R 

·ay season 16 
:ainfall 9, II, 12, 13, IS, 16, 

17, JJ., 34, J6 
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rainwater 33-34, 35, 42, -13 
Raroia /\toll .3, 5, 6. 53, 55 
Retl Sea :i-1 
reef flat 4, 9, 24, 31, .12, 46-47. 

50. 55. 62, 65, 66. 69 ( see 
also inner red Aat. outer 
reef flat, boulder flat) 

reef front 44, 45, 46, 47, -19, 
50. 51, 52. 51 56. 61, 
pls. I, 2 

reef tran,ects and tra ,·erst:, 
19, -l-l-49, 57, pis. J, 2 

red zones 21. 4-1, -19-55. 
pis. 1, 2 

reefs 44-55: circulation of 
\\"a tcr on 67-68: classi fica
tion1 of 50-55 ; head of 
\\'atcr 011 19, 46-47, 67 ; 
rock-forming constituents 
of 67: sediments oi 45. 
58-62, 64-67, pl. 3 

relative humidity 9, 13, 14, 
15. 16 

rock bar 24. 31 
runoff, subsurface 16 
runoff, surface 34 
Ryukyu Is. 29 

,ilica in ground water -10, 4-1 
silt. calcareous 58, 59. 63, 

64, 66 
soils 23, 25, 26-29, 30, 31 : 

phosphatic 26: Shioya 
Series 29 

,olution pools -15, 46, -Ii, 55 
spicules in sediments .i9, 

65,66 
,purs and grooYe, in red 

front .:t-1. 45, 47. 49, 50. 52, 
5.l, 54, 55 

stand, of sea .32. 68-70 
storms 9, I 6, 17, I 9, 33. -19, 

50, 55, 61, 69 ( see also 
typhoons) 

submarine terrace I 9. -17, 49, 
51, 52, 56, 61, 68, 69 

sub,urface runoff 16 
,urface runoff 3-1 
surge channels 9. -15. -16. 50, 52 
s\\'amps 16, 21. 26, 30, 31, -10. 

-11, -12, 43, pl. 1 (see abo 
interior basin) 

T 

taro 25, 30, 3 I, 40 
S taro swamp 16, 30, -10, -12, 4.l, 

pl. I 
salinity (see chloride) temperature;,: of air 9, 11, 
sea level ( sec mean sea level) 14, I 5, 16, J 7: of ground 
seasons 16, 17. 53 "·atrr 42, -13: of lagoon 9, 
sea\\'ard shore 21, 22, 23, 32, 10, 12: of ocean shore 9. 

33, 39, -10. 41. 45, -16. 53, 69, I 10, 12, 14, 15, _16: of opc11 
pis. 1. 2 ,;ea 14: of reel "·aters 9, JO, 

seaward reef margin 9, -15-46, 12, 1-l, 15, 16 
47, 50-55., 56, 61. 65, 69, terrace ( see submarine 
pis. I. 2 terrace) 

sea urchin, 45, 59 tide gage 17, 22, 35, pis. I, 2 
sediments: island 21-2.1, tidal le1·eb and fluctuations 

25-33, 64, 66-67, 69-70, 17-19, 22, 25, 26-29, 3.'i, 36, 
pis. I. 2. 3; in wells 26-29, 37, 38, 39, 4-+, 45, 52, pl. 2 
pl. 2: in reef and lagoon tidal pools 45, 46, 47, 55 
58-67 ( see also zones): I trails on lagoon floor 58, 66 
sorting of 59-61 traverses ( see rcei transects 

Shioya Soil Series 29 and travenes) 

Truk I,, J, 9, 10, 12, 13, 16, 34 
Tuamotu Is. 3, 5, 6, 53, 55 
typhoon 16, 17, 24., 30, 31, 

32. 33, -10, 69, 70 

u 

Clithi Atoll 9, 41, 54 

V 

I 
,·a 11.11 season 16 
l'egetation 4, 7 
"illages 4 

1\'ater (see ground \\'ater, 
hydrology, rainfall) 

water circulation 67-68 
11'31"1/S 16, 19, 31, 46-47, 49, 

52, 53, 55, 67 
11·ells 7, 20, 22, 23, 25, 26-29, 

JO, 31, 32, 33. 35-4.3, 59, 60, 
6-1, 65. pis. 1, 2 

\\'ind 9, 16, 17, -13, 52, 53, 55, 
67-68 (see also storms, 
typhoon) 

11indll'ard reefs 33.. 44-47, 48. 
49, 50, 51, 53, 55, 57, 6-t, 
pis. I, 2 

\\'oleai Atoll 3, 17 

y 

Yap ls. 3, 9, 10, 12, 13, 34 

z 

zonation : of blands 21-23, 51, 
pis. I, 2. 3; of reefs and 
lagoon 21, 44. 49-58, 
pis. 1, 2. 3 

zones : of sediment deposition 
63-64, pl. 3; of sediment 
production 61, 63, pl. 3 


