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PREFACE

After more than ten years of scouring the scientific and semiscientific literature for anoma-
lies, my major conclusion is that this is an amazingly fruitful activity. In fact, organized
science should have been doing the same searching for the past 200 years. It is simply
astounding that a Catalog of Anomalies does not already exist to guide scientific thinking and
research. It is at least as important to realize what is not known as it is to realize what is
well-explained. Nevertheless, here begins the first publication of a Catalog of Anomalies;
the product largely of one person's library research, carried forward without a single public
or foundation dollar.

Under the aegis of the Sourcebook Project, I have already published 16 volumes, comprising
well over 7,000 pages, of source material on scientific anomalies. (See page iv for a list of
titles.) As of this moment these 16 volumes represent only about 20% of my collection of
scientific anomalies. New material is being added at the rate of about 1,200 new articles
and items per year, 300 of which are from the current literature. These rates could be
easily multiplied several times over by spending more time in the libraries. After tenyears
only the scientific journals of the United States and England have received my serious atten-
tion. There remain the English-language journals of the rest of the world, those publications
in other languages, university theses, government reports, bulletins of scientific research
facilities, conference papers, and not the least, books and newspapers. The cataloging task
is just beginning, for the anomalies in the world's scientific and semiscientific literature
seem nearly infinite in number.

Given this rough assessment of the magnitude of the anomaly literature, one can understand
why the planned Catalog of Anomalies will require at least 25 volumes of about the same size
as the one you now hold. I visualize a shelf of 25 volumes, with master indexes, to be only
the initial step in providing scientists with ready access to what is not, in my opinion, well-
explained. ’

Will the Catalog of Anomalies revolutionize science? Probably not---at least not immediate~
ly. Quite often the initial reaction to the books of anomalies already published has been dis-
belief. The data must be in error; the data are mainly testimonial; the data are too old; the
supposed anomaly was explained long ago. Germs of truth reside in all these complaints.
But for every anomaly or example that can be legitimately demolished, ten more take its
place. Nature is very anomalous or, equivalently, Nature is not yet well-understood by
science. Much remains to be done.

William R. Corliss

P. 0. Box 107
Glen Arm, MD 21057
September 1, 1983






HOW THE CATALOG IS ORGANIZED

Purpose of the Catalog

The Catalog of Anomalies is designed to collect and categorize all phenomena that cannot be
explained readily by prevailing scientific theories. Following its definition, each recognized
anomaly is rated in terms of: (1) its substantiating data; and (2) the challenge the anomaly
poses to science. Next, all examples of the anomaly discovered so far are noted, some in
detail. Finally, all examined references are listed. Thus, the Catalog is a descriptive
guide as well as a compendium of examples and references. Scientific researchers there-
fore have a ready-made foundation for beginning further investigations into these intriguing
phenomena. This is the basic purpose of the Catalog: the collection and consolidation of the
unknown and poorly explained to facilitate future research and explanation.

General Plan of the Catalog

It was tempting to organize this Catalog alphabetically, making it an ""encyclopedia of anoma-
lies.'" But many of the phenomena have obscure names or, even worse, no names at all.
Under these circumstances, access to the data base would be difficult. Therefore, a system
of classification was designed based upon readily recognized classes of phenomena and the
means by which the observer detects them. Subject matter is first divided into nine general
classes of scientific endeavor, as illustrated in the diagram. Few persons would have diffi-
culty classifying a phenomenon as biological, astronomical, etc. The second, third, and
fourth levels of classification are also based upon generally recognized attributes, such as
luminosity, sound, etc. The similarity of this method of categorization to those employed
in natural history field guides is purely intentional. Like bird identification, phenomenon
classification soon becomes second nature. In fact, almost all of the phenomena described
in the Catalog are accessible to everyone with five normal senses and perhaps binoculars and
telescope.

Most catalogs boast numbering systems and this one is no exception. Rather than employ a
purely numerical system, the first three levels of classification are designated with letters.
The triplets of letters chosen have some mnemonic value. Thus, a GSD anomaly is easily
recognized as being in the geophysics class (G), involving sound (S), and possessing the
quality of a detonation (D). The number added to the triplet of letters marks the fourth level
of classification, so that GSD1 signifies the so-called "'waterguns'' (Barisal Guns, etc.).
Every anomaly type has a unique alphanumeric code, like GSD1. All cross references and
indexes are based upon this system. Catalog additional and revisions are made much easier
with this scheme.

The Catalog codes may seem cumbersome at first but their mnemonic value to the compiler
has been significant. Hopefully, they will help other users, too. The codes are simple, yet
flexible enough to encompass the several thousand types of anomalies identified so far.

A glance through this volume of the Catalog will reveal that each example of a specific anom-
aly type bears an X-number, and each reference an R-number. GSD1-X12 therefore speci-
fies the twelfth example of waterguns, and GSD1-R17 the seventeenth reference to water-
guns. Indexes and cross references can consequently be made more precise than conven-
tional page references.

How Data and Anomalies Are Evaluated

Each anomaly type is rated twice on four-level scales for data 'validity' and ""anomalous-
ness, ' as defined below. These evaluations represent only the opinion of the compiler and
are really only rough guides.

Data Evaluation Scale
Many high-quality observations. Almost certainly a real phenomenon.
Several good observations or one or two high quality observations. Probably real.

Only a few observations, some of doubtful quality. Phenomenon validity questionable.

W N

Unacceptable, poor-quality data. Such phenomena are included only for purposes of
comparison or amplification. Only two such items are registered in this volume.
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First-order Second-order Third-order Fourth-order
classification classification classification classification
A Astronomy —— E Atmospheric
optics
B Biology —— H Hydrospheric g== D Detonations s 1 Waterguns
phenomena
C Chemistry & ——L Luminous —— E Echos 2 Seismic sounds
physics phenomena
E Earth sciences (— M Magnetic —— H Hums and Hisses
phenomena
@Geophysics Q Earthquakes — I Infrasound
10 Logic & —p- S Sound esee—— M Natural Music
math
M Archeology —— V Volcanic L— W Air Waves
phenomena

P Psychology — W Weather

X Unclassified

Catalog Coding Scheme

Anomaly Evaluation Scale

1 Anbmaly cannot be explained by modifications of present laws. Revolutionary.

2  Can probably be explained through relatively minor modifications of present laws.
3  Can probably be explained using current theories. Primarily of curiosity value.
4

Well-explained. Included only for purposes of comparison and amplification.

Anomalies that rate ''1" on both scales are very rare, with no entries at all in this volume
of the Catalog, and only one in the first Catalog volume. Such anomalies, however, are the
most important because of their potential for forcing scientific revolutions. As additional
Catalog volumes are published, the relative proportion of '"double-1s" will increase, especi-
ally in the fields of biology and psychology. The following matrix summarizes the ratings
assigned in this volume.

Anomaly Ratings

1 2 3 4

1- 0 6 Plo 4

Data 2- 0 12 16 3

Ratings 3- 9 7 16 2
4- 0 1 il 0 Total: 80 anomaly types



3 How the Catalog Is Organized

Anomaly Examples

Examples of anomaly types are designated by the letter X in the body of the Catalog. All ex-
amples discovered so far are listed. If the example is of the event type, time and place are
specified if available. Some of the more significant geophysical events, such as the remark-
able Haicheng earthquake of 1975, may appear in several references, all of which are pro-
ivded in full and keyed to the X-number of the example. Powerful earthquakes are represen-
ted by many examples, but only a single example of an electrostatic phenomenon associated
with an earthquake has been found. When library research has made many examples of an
anomaly type available, several of the most interesting and instructive are reported in some
detail. Direct quotations from the eye-witness accounts are frequently employed to convey
accurately the characteristics of the phenomenon to the reader. These selected examples
are printed full-width in the Catalog columns. Examples of less import are indented to sepa-
rate them visually.

The References and Sources

Each anomaly type and the examples of it are buttressed by all references that have been
collected and examined. Since some references describe several examples, each reference
includes the X-numbers of the examples mentioned. When a reference covers more than one
type of anomaly, it is repeated in the bibliography following each anomaly type. Actually,
there is little repetition of this sort in the Catalog.

Perusal of the Source Index will demonstrate that the great majority of references come from
the scientific literature. Heavily represented in this volume of the Catalog are: Nature,
Science, Monthly Weather Review, Meteorological Magazine, and the Quarterly Journal of
the Royal Meteorological Society. Several less technical publications are also frequently
mentioned: Marine Observer, Scientific American, and English Mechanic. The Marine Ob-
server is a publication of the U.K. Meteorological Office. The English Mechanic was for
many years an important English technical magazine, much like Scientific American. All of
the serials mentioned so far are considered generally reliable, although one must always be
wary. In addition to these often-referenced journals, there is a very wide selection of other
publications. Some of these are more popular in character. In this context, it should be
remembered that unusual phenomena do not seek out scientists, and the laymen who observe
many anomalies have no knowledge of or access to scientific journals.

The time span covered by the sources ranges over 150 years. Many excellent reports of anom-
alies come from the latter half of the Nineteenth Century. Although many scientists frown on
such old reports, the quality is often good, and they should not be discarded arbitrarily. Not
only were the observers of a century ago competent, they were unbiased by knowledge of
modern theories and lived in an environment unpolluted by modern vehicles, effluxes, and
other contaminants. It should also be mentioned here that the modern meteorological litera-
ture tends heavily toward mathematical modelling and theory as opposed to eye-witness ac-
counts of strange phenomena. Two journals that are exceptions to this rule are the Marine
Observer and the U.K. Journal of Meteorology.

The Indexes

Each Catalog volume concludes with five separate indexes. At first glance this may seem to
be too much of a good thing. But in the context of a science-wide catalog of anomalous
events and unusual natural phenomena, each idex has its special utility.

The subject index is essential in any work of this type. It is placed last for easy access.

The time-of-event and place-of-event indexes are analytical tools for the anomaly research-
er. They help identify phenomena that are reported separately (perhaps in widely different
journals) but are really different aspects of the same event. This integrating feature will
become more apparent as additional Catalog volumes appear. To illustrate, the 1908 Tungus-
ka Event produced luminous and barometric phenomena as well as atmospheric optical effects.
It is possible that composite time-of-event and place-of-event indexes covering all scientific
fields will reveal cause-and-effect relationships that have not been recognized before. It is
the intent of the Catalog effort to generate a composite set of indexes when all four Catalog
volumes in geophysics are published as well as a final master index covering all of science.

The source index shows immediately the dependence of this Catalog upon scientific literature
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rather than newspapers and other popular publications. Its real purpose, though, is the
rapid checking to determine if a specific reference has or has not been caught already in the
fishing nets of this Catalog project. The source index is doubly valuable because many foot-
notes and bibliographies in the scientific literature display sources only; that is, titles and
authors are omitted entirely. The researcher also comes across many vague references to
such~and-such an article by so-and-so back in 1950 in Nature. The exhaustive and rather
ponderous source and first-author indexes can help pin down many references lacking spe-
cifics.

All five indexes use the catalog codes described above rather than page numbers. The codes
are permanent whereas the page numbers will change as addenda and revised volumes are
produced. The mnenonic value of the catalog codes is useful here, too, because the approxi~
mate nature of each index entry is readily apparent, while page numbers give only location.

Supporting Publications of the Sourcebook Project

The Catalog volumes are actually only distillations of huge quantities of source material.
The Anomaly Data Research Center/Sourcebook Project has already published 16 volumes of
source material, as detailed on page iv.

Catalog Addenda and Revisions

Over 1,000 new reports of anomalies are collected from current and older scientific journals
each year. New anomaly types and additional examples of types already cataloged are ac-
cumulating rapidly. When new material assignable to a Catalog volume already in print is
acquired, it appears first in the serial ANOMALY REGISTER, published frequently by the
Anomaly Data Research Center. (Ordering information on page iv.) When sufficient new
material has been assembled in a Catalog area, that volume of the Catalog will be revised
and published with all additions and corrections incorporated.

Request for Additions and Corrections

The Anomaly Data Research Center welcomes reports of new anomalies and examples of
unusual phenomena. If you discover a report of an anomaly not listed in the Catalog, send a
xerox of the article to the Anomaly Data Research Center for evaluation. If the report is
added to our data base, credit will be given to the submitter in the ANOMALY REGISTER and
the revised edition of the Catalog. Reports from recognized scientific journals are preferred
but everything is grist for the mill! The address of the Anomaly Data Research Center is::
P.0O. Box 107, Glen Arm, MD 21057.



INTRODUCTION TO PHENOMENA
OF THE HYDROSPHERE

"Weather' is a phenomenon of the atmosphere, but seven-tenths of the earth is covered with

a thin coating of water possessing ''weather' of an entirely different sort. The most acces-
sible of these water phenomena occur on ocean and lake surfaces: the waves. The more
ponderous movements of water that we call tides make themselves known at the land-sea
boundaries. What transpires below the surface is still largely a mystery. We can conjecture
from surface clues and a scattering of subsurface measurements that underwater "‘winds"

and "storms' are not only very complicated but surprisingly powerful.

The difficulty of exploring the subsurface realm necessarily focusses our attention on events
transpiring when the sea and atmosphere meet. Centuries of sea lore plus data from a fleet
of research vessels and thousands of shore instruments have discerned tidal irregularities
and charted enigmatic wave patterns on many seas and lakes. The photographs sent back by
earth satellites reveal waves hundreds of miles long, separated by several miles, that sur-
face ships cannot appreciate. It is all, however, an empirical business, with unpredicted
phenomena frequently sending scientists back to their computers to modify their theories and
models.

Besides the global motions of the tides and the hurrying surface waves, even the casual ob-
server may note harbors and lakes festooned with slicks, curious lines of foam (especially
on the Dead Sea), and incongruous calm patches. Whence these unassuming phenomena ? Do
they have prosaic explanations? And where the hydrosphere actually coexists with the land,
there are cold-water geysers to ponder, as well as periodically erupting springs, water
wells, and oil wells. These phenomena seem to wax and wane in step with the weather, with
tidal forces, with natural siphon action, and sometimes according to no discernable force.



GHC  UNUSUAL PHENOMENA OF
WATER SURFACES

Key to Phenomena

GHCO  Introduction

GHC1 Foam Strips on Inland Waters

GHC2 Streaks, Slicks, and Calm Patches

GHC3  Stratified Typhoon Waves

GHC4  Sudden Whitening of the Dead Sea

GHC5 Dead Water and Slippery Seas

GHC6  Bulging River Surfaces

GHC7  Swiftly Travelling Surface Disturbances

GHC8  The Sudden Disappearance of Ice from Lakes in the Spring
GHC9 Honeycomb Appearance of Flowing Water

GHCO Introduction

If the wind-generated waves could be subtracted, the surfaces of the oceans would still be
marked by curious rips, rollings, slicks, calms, and sundry disturbances. Many of these
phenomena are probably manifestations of the subsurface movements of water. Internal
ocean waves that intersect the surface and submarine upwellings can turn a calm water sur-
face into roiling patches and long, linear patterns of choppy sea that contrast in color and
temperature with the surrounding waters. Submarine volcanos and quakes often spew forth
mud, bubbles, geysers of hot water, and dead fish. (Although certainly startling, such
earthquake and volcano phenomena are easily explained and therefore not included in this
Catalog.) Huge shoals of fish and miles-long windrows of floating plants also festoon the
ocean surfaces. This chapter presents a unique group of phenomena that are not so much
unexplained as they are strange and unexpected (at least to '"landlubbers").

Moving inland away from our planet's rolling oceans, which are so big and so little-explored
that anomalies are to be expected, we find that even rivers, lakes, and ponds display surface
phenomena---though sparingly. In addition to such fresh-water popular puzzles as the sudden
disappearance of ice in the spring and the bulging of channel waters in swift rivers, one finds
seemingly minor idiosyncracies of nature that lead to serious philosophical questions.



GHC1

Foam Strips GHC1

Foam Strips on Inland Waters

Description. Long, whitish lines of foam, straight or gently curved, stretching across in-
land waters. In the case of the Dead Sea, as many as 20 parallel lines have been seen

arrayed across its length (about 47 miles).

The form and extent of the phenomenon seems

to depend upon wind speed. The foam consists mainly of bubbles and plant debris.

Background. Although the foam strips of the Dead Sea are the most spectacular and best
known, the same phenomenon apparently occurs on lakes and other inland seas.

Data Evaluation. Many individuals have seen and remarked upon the Dead Sea foam lines.
Photographs also exist. But the frequency and distribution of foam strips on other inland

waters are unknown. Rating: 1.

Anomaly Evaluation. Several mechanisms have been suggested to account for the foam
strips, but there is no general agreement. Nevertheless, the phenomenon, curious though
it may be, seems very likely to have one of the prosaic explanations listed below. In other

words, foam strips do not seem very anomalous.

Rating: 3.

Possible Explanations. Possible foam sources: springs and inflowing rivers may contrib-
ute debris and foam-encouraging chemicals; wind-caused turbulence may create bubbles;
underwater fissures and faults may also inject impurities and particulate matter. Possible
sources of the arrays of strips: cyclic occurrence of the conditions conducive to foaming
combined with wind-drifting of the lines; convection cells; internal waves; wave interference

patterns.

Similar and Related Phenomena. Dead Sea whitenings (GHC4); slicks and calms (GHC2);

marine phosphorescent bands (GLW1).

Examples of Foam Strips on Inland Waters

X1. Frequent occurrence. The Dead Sea.
""A peculiar phenomenon often to be seen on
the northern waters of the Dead Sea is that
of arcs of foam, more or less semicircular,
spreading out fan-wise from certain points
of the west and east shores. The arcs seem
to spread from the shores in early morning
and often meet and even cross during the
forenoon. These lines of foam often bear
reeds and other vegetation debris that have
reached the Dead Sea by inflowing rivers,
and, at the seasons of migration, the foam
may attract flocks of birds searching for
food. Dr. D. Ashbel has recorded some of
his observations on this phenomenon and
offers an explanation (Geog. Rev., Jan.
1938). The arcs originate from springs on
the two shores, and they make discontinui-
ties between bodies of water of different
salinity and density. When the outflow of
the springs is strong, the arc is frequently
not smooth but zig-zag. This explanation
contradicts the earlier one of Blanckenhorn
that the lines of foam originate from warm
water arising along lines of fault on the sea
floor. That suggestion does not explain lack
of replacement of the lines as each moves
forward, which Dr. Ashbel thinks is due to
the gentle winds that frequently blow from
the land on to the sea during the night and

early morning. These winds do not ruffle
the water and so mixing does not occur.
Gusty west winds such as often occur in the
afternoon cause mixing and so the lines of
discontinuity disappear.' (R4) See R3 for
Ashbel's complete report. An earlier ref-
erence to this phenomenon is R1. A some-
what different view of the strips was repor-
ted as follows: ""The Dead Sea seen from the
air during a gale on February 7th, 1932, pre-
sented a striking appearance. The height of
the aircraft was about 4, 000 feet, and at

this height the wind was south-westerly 65-
70 m.p.h. The wind in the deep depression
near the Dead Sea was therefore probably
S.-SSW., force 6-8. The surface of the sea
was 'moderate’ on the sea disturbance scale,
but the striking feature was the parallel bands
of white foam which ran the whole length of
the sea. These bands were orientated roughly
south by west and north by east---i.e., sli-
ghtly across the sea's major axis. The im-
pression was that the lines of foam were in-
terference bands due to the two sets of waves
or to one set of waves and their reflections
from one shore. As the sea was obscured

at times by cloud and rain, it was not pos-
sible to count the number of bands accu-
rately, but it is estimated that there were
about 20 between the east and the west
shore.'" (R2) The greatest width of the



GHC2 Streaks, Slicks, Calms

Dead Sea is about 9% miles, so the bands
were about a half mile apart in this obser-
vation. (WRC)

X2. Frequent occurrence. Malham Tarn,
England. '"The occurrence of 'foam strips'
on inland waters provides a phenomenon
for which I can find no serious explanation
in meteorological literature. A recent
visit to the Malham Tarn Field Centre
(Council for the Promotion of Field Studies)
revived my interest in the matter, for I
have seldom seen it so well formed as
there. Long ribbons of foam stretched al-
most from one side of the lake to the other,
and this rich development would appear to
be accounted for by the open nature of the
surrounding landscape. Although I have
not investigated the issue properly, the
appearance of the strips seems to corre-
spond roughly with the occurrence of Beau-
fort wind-forces of 5 or 6. It seems sig-
nificant that the Beaufort Scale stipulates
'crested wavelets form on inland waters'

at force 5, for the bubbles necessary for
the strips are formed at this force.'" (W.E.
Richardson) "During the recent course at
Malham Tarn the same phenomenon as that
observed by Mr. Richardson was seen.

Winds greater than about force 6 appeared
to destroy the 'foam strip' effect, and a
close examination of the crest-bubbles
showed that those formed between the
strips burst at once while those within them
persisted. It seems likely that the strips
may be due to a spiral cellular motion in
the surface layers similar to the parallel
development of cumulus clouds running
down wind. " (C.D. Ovey) (R5)

References

R1. "The Dead Sea Not Dead, " English
Mechanic, 107:26, 1918. (X1)

R2. Durward, J.; '"Bands of Foam on the
Dead Sea, ' Meteorological Magazine,
67:41, 1932, (X1)

R3. Ashbel, D.; "A Peculiar Phenomenon
of the Dead Sea: The Floating Lines of
Foam, ' Geographical Review, 29:128,
1939. (X1)

R4. "Foam on the Dead Sea, ' Nature, 143:
468, 1939. (X1)

R5. Richardson, W.E., and Ovey, C.D.;
""Foam Strips on Inland Waters, " Weather,
5:361, 1950. (X2)

GHC2 Streaks, Slicks, and Calm Patches

Description. Long lanes, parallel bands, and extensive patches of water surfaces that
stand out visually against the surrounding water surface. The physical extent of the phe-
nomenon may vary from a few feet to many miles. In most instances, the water surface
of the bands and patches is smooth in sharp contrast to neighboring rough water. Data
range from casual observations on lakes and ponds to satellite photographs revealinglarge-
scale, geometrically regular slick patterns.

Background. Almost everyone who ventures near natural bodies of water notices the slicks
and streaks. Intuition immediately assigns their cause to currents, the wind, and floating
pollutants. The real situation is more complex and a bit more mysterious.

Data Evaluation. Although slicks and calms are omnipresent, scientific investigation is sad-
ly lacking---possibly because they are so common and their origin supposedly well-explain-
ed. A few scientific investigations have been made, and satellite photos confirm the reality
of the phenomenon. Rating: 1.

Anomaly Evaluation. A multiplicity of explanations exists; all of them rather prosaic. The
scientific challenge here lies primarily in selecting the proper explanation for each facet of
this delightfully complex phenomenon. No basic geophysical laws are challenged, but all
with a curiosity about the natural world would like answers to such questions as: why are
some slicks so stable and so sharply demarcated, and how do the patterns of bands arise?
Rating: 3.

Possible Explanations. Wind-drifted pollutants (oil); wind-drifted biological matter (Gulf-
weed); current patterns; internal wave effects on the surface; wind-shadowing by islands.

Similar and Related Phenomena. Foam strips (GHC1); marine phosphorescent bands (GLW1).
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Examples of Streaks, Slicks, and Calms

X1. General observations. "If one walks up
onto cliffs overlooking the sea on a mode-
rately windy day one can often see whatlook
like 'lanes' of smooth water running some-
what irregularly over the surface of the sea,
joining larger patches together, as if some-
one had drawn a road map on the sea. These
lanes' are a few metres wide, and can be of
the order of a kilometre in length. On any
one day the lanes and patches are remarkably
stable, remaining in the same position with
no visible change for as long as one cares to
watch. But on different days they may be in
quite different positions. The smooth areas
can take other forms, but that of long wind-
ing lanes in quite typical. In fact these lanes
or other well defined smooth and roughareas
are not confined to coastal regions; they can
often also be seen on the Thames, or on much
smaller rivers, lakes and even with an effort
on small paddling pools. It seems thatwaves
on water can be divided into three types;
those which could be called 'long' waves, with
lengths of the order of metres or more, tra-
vel distances without much change; 'short!'
ones of a few millimetres can be stirred up
by a gust of wind, and die out again almost
instantaneously. But the 'medium' waves
with lengths of a few centimetres, produce
the phenomenon in question. Or, more accu-
rately, they are present all over the rough
areas of the surface. But when they approach
the edge of one of the apparently smooth lanes
or patches, these 'medium' waves fade away

within a second or two, with no visible reason,

as if a spell had been cast upon them. In this
way the boundary of the smooth region is kept
well-defined. Presumably the phenomenonis
somehow produced by air currents. But ex-
actly how does it take place? Why should the
water surface be clearly divided into regions
covered with centimetre waves, and those in
which these waves are virtually completely
lacking? Why are the boundaries between
these regions sharply defined, to within a few
centimetres, and stable and unchanging, even
on days when the wind seems a bit gusty and
variable ? And why should the smooth patches
frequently take the form of long narrow win-
ding lanes ? Can anyone explain?'" (R9)

"Band slicks on the sea surface...are
commonly seen along the shore when the
wind is a light breeze. Dietz and La Fond
of the Naval Electronics Laboratory inSan
Diego, California, have observed such
slicks in coastal waters of California, Aus-
tralia, and Samoa, around the Marquesas
Islands, and near the Antarctic ice pack.
Woodcock and Wyman have observed and
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photographed similar 'bands of light and
dark appearance' in the Gulf of Panama.
They attributed the effect to a systematic
variation in the pattern of small waves on
the sea surface associated with a corres-
ponding variation in wind speed, whichthey
explained in terms of roll vortices caused
by convection in the air or in terms of an
internal wave in the air caused by wind
shear near the sea surface. They observed
the effect at all wind speeds up to 7.5 m
per sec and described the bands as oriented
with their long axes roughly parallel to the
wind. Dietz and La Fond have found that
the primary mechanism controlling the
formation of slicks in bands is a film of
some substance at the sea surface which
lowers the surface tension in the bands
where ripples are absent, the role of the
wind in this connection being merely to
generate ripples which reveal the peculiar
disposition of the surface film. A secondary
mechanism must be sought to explain why
the surface film is unevenly distributed. "
(R1)

"Most natural bodies of water have a
streaky appearance which results from a
natural process, although artificial streaks
(due to the passage of a ship, for example)
are also frequently observed. There has
been quite a difference of opinion in the lit-
erature as to the nature of the process which
produces streaks.I am personally inclined
to admit that under certain circumstances
any one of the processes suggested may ac-
count for themj; to attribute all streaks to
the same mechanism would be a great mis-
take. I should like, therefore, to review
briefly what little material there is in the
literature about these streaks on the surface
of natural bodies of water. The streaks
themselves may consist of accumulations of
floating objects, such as Gulf-weed, pine
needles or bubbles of foam, all of which are
visible because of their colour. Others are
local concentrations of an oil film (presum-
ably of planktonic origin) which damp the
tiny wind-raised capillary waves. These
are visible because of the marked difference
in reflectivity of sky light between ruffled
and slick areas. Single Streaks. Single
long streaks are often observed in harbours.
They may stream out from a continuous
source of contamination, and run down wind
with the surface water, or follow tidal or
other currents. For convenience they may
be called 'trail-streaks'. Single long streaks
may also develop from an initially localized
concentration of surface contamination in
regions of strong horizontal shear by a sim-
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ple stretching of elements of water in the
shear zone. These 'shear-streaks' occur
on the edges of strong tidal currents and in
rivers. A third kind of commonly observed
single streak is seen to remain parallel to
a coast-line a hundred feet or so offshore,
most frequently with an onshore wind. The
cause of these 'shore-streaks' is not known,
but I venture to suggest that they are due to
the horizontal convergence and sinking of
surface water which is driven toward the
shore by the wind, sinking somewhere off-
shore, where the water is reasonably deep,
rather than at the vanishingly small depths
at the very water's edge. The kinds of
streaks mentioned above are described in
order to avoid confusion with other kinds
which are really more interesting. I am
referring to the large numbers of streaks
often arranged in geometric patterns over
large areas of a lake or ocean. Although it

may be dangerous to draw a sharp distinction,

these multiple streaks usually appear either
in long parallel lines or with a vein-like pat-
tern. I find it convenient to call them 'par-
allel' and 'venous' streaks respectively.
Parallel and venous streaks are plentiful in
nature. Windrows of Gulf-weed in the deep
ocean are conspicuous examples of parallel
streaks.....Similar streaks are observed
on lakes, and have been carefully studied. "
(Section on various theories omitted.) "Cin-
ematographic Studies. During June and July
of last year I made a number of cinemato-
graphic studies of streaks on small ponds on
Cape Cod, Massachusetts. They were of
the venous and parallel types, and consisted
of oil-slicks and lines of foam. The stea-
dier the wind direction, the more nearly
parallel they seemed. Upon showing the
pictures at some 80 times their normal
speed interesting features, which other-
wise escaped the eye, were visible: the
structure of the wind was so gusty and tur -
bulent that it was obvious that no permanent
structure in the air maintained the streaks;
these were so quickly re-oriented after a
shift of wind (only 1 or 2 minutes was
necessary) that deep motions such as those
reported by Langmuir did not seem likely.
Thermal convection seemed also unlikely
because the streaks occurred at times of
intense heating of the ponds and with avery
stable epilimnion (0.1°C.m™). Although
surface convergence into the lines was con-
firmed, using Woodstock's ballasted-bottle
technique, cellular motions were not obser-
ved at depths of one foot or deeper. The
indications were that these streaks were
due to a process confined to the top few
inches at most, and did not play a role in
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the formation of the deep thermocline, which
in this instance was at a depth of about thirty
feet. It seems, therefore, that they were
due to yet another process, perhaps associ-
ated with differences of wind-stress in and
out of streaks, but which I must admit I do
not understand. It would be misleading to
conclude that this classification of various
types of surface marking is complete. For
example, Woodcock and Wyman have pub-
lished photographs of mysterious bands on
the surface of the ocean which may be to
some still undiscovered process. ' (R2)

X2. Frequent occurrence. North Atlantic
Ocean off the coast of North Amarica.
Satellite imagery shows lines of wedge-
shaped packets of slicks, parallel to the
coast, 20-30 kilometers apart. Each
packet consists of curved slicks with
lengths diminishing in a seaward direc-
tion. May be due to internal waves. (R7)

X3. Frequent occurrence. Satellite photos
often reveal anomalous dark patches and
streaks within sunglint areas, which are
likely due to low sea states. (R6) But why
are the sea states low in these areas?
(WRC)

X4. September 16, 1958. Atlantic Ocean off
the coast of Portugal. '""An extraordinary
experience happened to me during a passage
from Gibraltar to the United Kingdom, and

I should be grateful for an explanation. I
am a master of a small motor yacht of a lit-
tle over 60 tons, and on 10 September 1958,
I was on passage from Gibraltar to England.
I rounded Cape St. Vincent at about 0830 and
ran into a pretty stiff north-west wind about
Force 4; course was set, 310°, for Cape
Espichel with the intention of putting into
Lisbon, but after steaming for about four
hours the wind from the north-west began

to increase and a bad sea was now running
with much salt water on board, and I was
thinking of running all the way back to the
shelter of Cape St. Vincent if the bad wea-
ther continued to increase. However, by
reducing speed from 10 knots to about 6, the
going was made more comfortable, and I
kept on course until we were abeam Sines,
which was 12 miles distant. We were still
having a pretty horrible time when there ap-
peared ahead quite a calm patch with no bro-
ken water and a little more than half anhour's
steaming brought us up to it. I was quite
dumfounded at what I was about to experience.
This calm patch was at least a cable wide
and stretched away in a north-easterly direc-
tion for about 30 miles. I was able to steam
along it for three hours in almost a complete
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30-mile-long avenue of calm water
off Spanish coast (X4)

calm at full speed, while on either side of
me was a steep sea. The lane was absolu-
tely dead straight and the demarcation line
of where the broken water flattened itself
out into this marine autobahn had to be seen
to be believed. Needless to say, I kept in it
and steamed right into Sebutal without even
any spray on deck. The points to remember
are: (i) the wind was north-west and blowing
5 to 6 on land, (ii) we were in deep water,
(iii) we were 12 miles from the nearest
point of land when we came upon the entrance
(12 miles off Cape Sine). I have spent over
30 years at sea and have made the passage
to the Mediterranean on many occasions,
but I have never experienced such a pheno-
menon as this before. It was most definitely
not an oil slick; there was no sign of any oil
and the lane was dead straight for 30 miles
with clearly defined sides on both port and
starboard sides. Had it come from an oil
leakage I am sure it would have been curved
from the source as it was blown away by

the wind. " (R3)

X5. December 23, 1960. North Atlantic
Ocean. "At 1815 GMT a patch of brilliant
blue water was observed some 50 by 100
yd. in extent and oval in shape. The sur-
rounding sea was dark grey in colour and
had been so, for the past 24 hours. ' (R4)

X6. October 2, 1963. Mediterranean Sea.
"At 0700 GMT the vessel passed through a
patch of calm water approx. 2,000 yd wide
and severa.l m11es long, extending in a line
lying 350 ©-170°. The wind at the time was
force 5 and all the surrounding sea was
covered with breaking wave crests. There
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was no sign of oil on the surface of the
water. " (R5)

X17. November 2, 1972. South Pacific Ocean.
When over Pulu Bawean, Landsat-1
photographed an elongated dark pattern
on the ocean that was not present on
photos from passes before and after. It
was hypothesized that this calm area may
have been a wind-shadow effect downwind
from Pulu Bawean. (R8)

X8. September 9, 1979. Equatorial Atlantic
Ocean. "An unusual feature in the sea sur-
face was observed near the equator (0 26'N,
18° 44'W) on 9 September 1979 during the de-
tachment of the Meteorological Research
Flight Hercules aircraft to Dakar, Senegal.
Two different colours of sea surface were
separated by a pronounced dark-blue band
a few hundred metres wide orientated rough-
ly east-west and extending to the horizon in
both directions. No significant cloud forma-
tions were observed in association with the
differing sea surfaces, the sky being clear
apart from a few patches of small cumulus.
.. The water just to the north of the band
appeared quite turbulent, showing many
white crests, although elsewhere the sea was
relatively calm. Later in the day the band
was seen to branch. " It was surmised that
the band may have been due to ocean currents.
(R10)

X9. General observations based on many
sea voyages. '"Abstract. Slicks are smooth
glassy streaks or patches on the ocean. Pro-
minent slicks are confined largely to near-
shore areas where organic production is
high. Experiments and observations are
described which show that slicks are con-
taminate films of organic oil, probably de-
rived primarily from diatoms which contain
droplets of oil in their cells to assist in flo-
tation and/or as an emergency food supply.
Slicks are discernible because of their dam-
ping effect on small wavelets. The parallel
slicks that develop in light to moderate
winds result because the contaminate films
pile up at the top of convergences in the
homogeneous, wind-stirred layer above the
thermocline.," The authors also mention
that internal waves may play a role in de-
veloping slicks. (R11)
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GHC3 Stratified Typhoon Waves

Description. Well-defined steps incised in the slopes of waves facing typhoon-generated

winds. As many as twenty steps have been counted; length, 1-2 maters.

nicely parallel and relatively stable.

The steps are

Data Evaluation. A single but carefully made observation. Rating: 2.

Anomaly Evaluation. The steps on the wave fronts may indicate some unappreciated fine
structure in typhoon winds. Another possibility is that strong winds hitting waves at certain
angles create a bizarre rippling action. No one really knows. Rating: 2.

Possible Explanations. See above.

Similar and Related Phenomena. None.

Stratified typhoon waves observed in Kobe Bay (X1)
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Examples of Stratified Typhoon Waves

X1. October 1954. North Pacific Ocean.
"While M.V. Tancred of the Barber Line
was riding out the typhoon of early October
1954 in Kobe Bay, we were able to observe
a unique shape of typhoon wave which, so
far as we know, has not been described. The
vessel was hove-to with two anchors down
facing the incoming gale (133 km. /hr.) and
the waves with crests up to 10 and 15 ft.
were passing neatly along her side. From
the rail we were struck by the peculiar ap-
pearance of the wave-slopes facing the wind.
On many of these there were a number of
well-defined steps, carved so to say intothe
water just like the steps of a ladder, starting
from the trough of the wave up to about half
its height. Although the waves were moving
quickly the steps remained steady, extending
parallel to each other for one or two metres
in length. There were at times as many as

Whitening of Dead Sea  GHC4

twenty of these nicely successive steps cut
into the body of the wave. We tried to pho-
tograph them; but the poor visibility and the
fast motion of the waves resulted only in a
blurred print. Were these steps carved in
the wave slopes by high harmonics of the
period of the typhoon squalls? These higher
harmonics have been registered by sensi-
tive modern microbarographs, and they
might have something to do with the quite
peculiar screaming of the wind, often repor-
ted by seamen during the squalls of tropical
storms. Strangely enough, the peculiar
whistling has never been noticed in the squall
line of extratropical storms." (R1)
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GHC4 Sudden Whitening of the Dead Sea

Description. The whitening of the Dead Sea over all or most of its area, in the matter of a
few hours, through the addition of immense quantities of calcfum carbonate.

Data Evaluation. One reliable modern observation, plus vague references from ancient

times. Rating: 2.

Anomaly Evaluation. The mechanism by which a large body of water can be suddenly and

completely colored by calcium carbonate is a real puzzle, particularly when no nearby geo-
logical activity has been detected. Rating: 2.

Possible Explanations. Very likely, some sort of geological action injects huge quantities of
calcium carbonate into the Dead Sea waters; say, through earthquake action, faulting, and/or
the emission of quantities of subterranean fluids.

Similar and Related Phenomena. Foam strips on the Dead Sea (GHC1); the milky sea (GLW?9).

Examples of Whitening of the Dead Sea

X1. August 25, 1943, Dead Sea, Israel. "On
the morning of August 25, 1943, it was ob-
served that the whole Dead Sea, which at
this season is always perfectly clear, had
become milky white. The same observation
was made on the same morning at the nor-
thern and southern ends, which are seventy
kilometres apart, and it was further ascer-
tained that during the night the whole Dead
Sea had turned white. During winter storms
a seam of some 100 msatres occurs frequently
along the shores, turbid and yellowish, but
it has never been observed that the whole
Dead Sea surface had turned white. The

turbidity gradually disappeared and in De-
cember 1943 the water became almost clear
again. ' The whiteness was due to calcium
carbonate; and a rough calculation based on
water samples led to the conclusion that

a million tons of calcium carbonate had been
spread over the entire sea overnight. No
significant earthquakes took place immedi-
ately before or after the phenomenon. A
search of historical references to the Dead
Sea uncovered only a few vague allusions to
past whitenings. (R1)

X2. September 10, 1943. Dead Sea, Israel.
An earthquake caused a portion of the
Dead sea to become turbid with chalk.
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(R2) This letter to Nature was in respon-
se to R1 but does not account for the fact
that the whitening had actually occurred
more than two weeks earlier. (WRC)
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GHC5 Dead Water and Slippery Seas

Description. The presence of a low density layer of surface water capable of sliding almost
without friction over denser water underneath. To ships this phenomenon is made manifest
by fickle, wind-driven currents (slippery seas) and difficulty in making headway (dead water).
In tropical seas, the sliding surface layer is due to a sharp temperature difference between
the surface layer and deeper water; in polar regions, a layer of low density fresh water is
contributed by melting ice and snow.

Data Evaluation. Only two rather popular accounts are at hand, but there are doubtless many
more in literature associated with the sea. Rating: 2.

Anomaly Evaluation. From what has been uncovered so far, this phenomenon is at the very
least poorly investigated. It is difficult to ascertain the significance of this anomaly, but it
is likely to be only a minor problem. Rating; 3.

Possible Explanations. The water is stratified by virtue of sharp density differences so that
the lighter surface layer slides over the deeper, denser water with little mixing or transfer

of momentum.

Similar and Related Phenomena. None.

Examples of Slippery Seas and Dead Water

X1. September 1968. North Pacific Ocean.
From a British investigation prior to the
1968 Olympic yachting competition off Aca-
pulco. "The direction and approximate
speed of the currents was observed daily
from various points on the race area using
weighted spars floating freely in the top
metre of the sea surface. For the firsttwo
weeks (from 24 September 1968) the surface
water behaved just like the slippery layer
which had been postulated. With a tempera-
ture of 30° to 31°C it moved almost direct-
ly downwind at speeds of up to two knots,
depending on how long the wind had been
blowing from a particular direction. When
the wind dropped to calm the water contin-
ued in the same direction with little change
in speed and it took a wind from the oppo-
site direction some 24 to 36 hours to stop
Ehe water and get it moving the other way. "
R1)

X2, August 1893. Polar North Atlantic
Ocean. "It took us more than one watch to

steam a distance we could have rowed in
half an hour or less. We could hardly get
on at all for the dead-water, and we swept
the whole sea along with us. It is a peculiar
phenomenon, this dead water. We had at
present a better opportunity of studying it
than we desired. It occurs where a surface
layer of fresh water rests upon the salt
water of the sea, and this fresh water is
carried along with the ship, gliding on the
heavier sea beneath as if on a fixed founda-
tion. The difference between the two strata
was in this case so great that while we had
drinking water on the surface the water we
got from the bottom cock of the engine-room
was far too salt to be used for the boiler.
Dead-water manifests itself in the form of
larger or smaller ripples or waves stret-
ching across the wake, the one behind the
other, arising sometimes as far forward as
almost midships. We made loops in our
course, turned sometimes right around,
tried all sorts of antics to get clear of it,
but to very little purpose. The moment the
engine stopped it seemed as if the ship were
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sucked back. In spite of the Fram's weight,
and the momentum she usually has, we
could in the present instance go at full speed
till within a fathom or two of the edge ofthe

ice, and hardly feel a shock when she touched.'

(R2) This encounter with dead water occur-
red early in Nansen's 1893-1896 polar ex-
pedition. (WRC)

X3. General observations. ''Ships may also
generate unseen internal waves on the inter-
face between two layers of water of different
density. In regions of rapidly melting iceor
near the mouths of large rivers, a layer of
fresh water often rests on the heavier oce-
anic salt water with little or no mixing.
When this layering happens the progress of
slow-moving ships is retarded because most
of their propulsive energy goes into gene-
rating waves on the boundary between the
fresh and salt water. These subsurface
waves may be much higher and move much
slower than the visible surface waves gen-
erated at the same time. This phenomenon
is known as the 'Hall effect' after two bro-
thers who studied it intensively in an Edin-
burgh wave tank in 1830. Much later V., W.
Eckman, investigating strange tales of Nor-
wegian fishermen who claimed their boats
got 'stuck' in the 'dead water' of fjords,

Bulging River Surfaces = GHC6

gave the following explanation: The deep
and still salt water of the fjord is 'flooded’
with fresh water. The bow of a fishingboat
moving in the lighter-density upper layer
causes a rise in pressure that depresses
the fresh-salt interface just as though a
thin flexible membrane separated the two,
This sets a train of waves in motion on the
surface of the salt water which move at
about one eighth the speed of those on an
air-water interface. These waves ineffect
'capture' the boat that creates them so that
waves and boat move together as a unit.
Then the resistance of the slow internal
waves adds to that of the ship. ' (R3)
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GHC6 Bulging River Surfaces

Description. Surfaces of swift rivers that bulge upwards at their centers.

Data Evaluation. A single passing reference to this phenomena, which in actuality may be
well-covered in the unexamined literature of hydrology. Rating: 3.

Anomaly Evaluation.

This phenomenon doubtless has a simple explanation (see below) but

it is too curious and engaging to omit from this Catalog. Rating: 4 tentatively.

Possible Explanations.

Fast-flowing rivers may bulge in their centers because the rocks

and debris along the bottom deflect the water upward, making it bulge most at the surface

where the water is swiftest. (R1)

Similar and Related Phenomena. Unequal heights of river banks in flat countryside.

Examples of Bulging River Surfaces

X1. General observations. "It has long been
known that swift streams are higher at the
centre than near the banks, that driftwood
moves to the banks during the rise andcrest
of a flood and returns to the centre as the
waters fall, and that foam is generally abun-
dant on a rising stream and absent from one

that is falling, but owing to the imperfect
development of the science of hydrology as
applied to streams, the causes of these phe-
nomena are not generally known. " (R1)
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GHC7 Swiftly Travelling Surface Disturbances

Description. Small, very rapid V-shaped wakes appearing on water surfaces. Careful ob-
servation seems to rule out wind, insects, and fish.

Data Evaluation. Only one offhand reference has been discovered so far in the literature.
However, the compiler can verify this phenomenon from personal experience, although he
always believed it due to unseen fish. Complete elimination of aquatic life under even the
best viewing conditions is difficult. Rating: 3.

Anomaly Evaluation. Almost certainly this curious phenomenon derives from swift unseen
aquatic life, although confirmation of this hypothesis is maddeningly elusive in the field.
Rating: 3.

Possible Explanations. As discussed above.

Similar and Related Phenomena. None.

Examples of Small Rapid Water Disturbances sest observation shows that it is not caused
by a fish. What is it?" (R1)

X1. General observation. 'In following my
hobby of angling I have been puzzled by the
curious disturbance that travels along the

water surface in V form. I cannot see how References
the wind could produce it. It is too rapid R1. "Water Phenomenon, " English Mechanic,
for the movement of an insect, and the clo- 110:9, 1919, (X1)

GHC8 The Sudden Disappearance of Ice
from Lakes in the Spring

Description. The complete disappearance, within a few hours, of thick sheets of ice from
large lakes in the spring. Prerequisites for the phenomenon are some prior '"rotting' of
the ice and a stiff wind.

Background. Almost an item of folklore, the sudden disappearance of ice is popularly bla-
med upon its sinking (physically impossible) or, more often, on some mysterious and un-
known agency.

Data Evaluation. A well-attested phenomenon of which much was written a century ago, but
which is scarcely mentioned now. Rating: 1.

Anomaly Evaluation. This phenomenon possesses a convincing scientific explanation and
is presented here because it is still thought by some to be a natural mystery. Rating: 4.

Possible Explanations. The surface layer of ice is underlain by denser, liquid water a few
degrees above the freezing point (Water is densest at about 4°C.). Strong winds break the

rotten ice and mix the fragments with the warmer subsurface waters. The ice then melts
very quickly.

Similar and Related Phenomena. None.
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Examples of the Sudden Disappearance of
Ice from Lakes

X1. Frequent occurrence, Lake Champlain,
from the New York side. "At the close of a
day in April, I think, the whole surface of
Lake Champlain, with the exception of a
very few 'air holes' or unfrozen portions of
at most a few acres each, and a strip of
water next the shores, was one great ex-
panse of ice, of a thickness not less than
twelve inches, and apparently, looking
merely at the surface, as solid as ever.
During the following night there arose a
strong wind from the southward, blowing,
therefore, nearly lengthwise of the lake;
and when I looked out the following morning
not a particle of ice was to be seen, but in-
stead thereof, a lively play of water spark-
ling with 'white caps.' There was, as de-
termined by immediate and close examina~
tion, absolutely no ice upon the water nor

in the water; not a fragment, large or small.

Upon the lee shore of a bay close at hand,
there was however, a fringe of broken ice
that had been washed up by waves; and in
the condition of these few remains of the
night's work was to be found, it seemed to
me, a satisfactory explanation of a change
certainly very surprising from its sudden-

Sudden Disappearance of Ice GHC8

ness and completeness, and deemed indeed,
even by high authority in philosophy, so
much to partake of the marvellous as to re-
quire a higher solution than philosophy was
able, consistently to supply." (R2) Several
explanations of this sudden and curious
phenomenon concur in blaming the ice's
disappearance upon the breakup of rotten
ice by the wind and its subsequent mixing
with warmer bottom waters, as delineated
above. (R1-R4)
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GHC9 Honeycomb Appearance of Flowing Water

Description. The hexagonal or honeycomb appearance of the surfaces of small patches of
flowing water. The hexagonal dimpled effect seems to depend upon clusters of air bubbles
derived from the ground over which the water flows. The honeycomb patches are only a
few inches in extent and occur in thin (a half inch or less) sheets of water.

Data Evaluation. Only one observation found to date. Rating: 3.

Anomaly Evaluation. This is just one of nature's delightful idiosyncracies---an example of
its tendency to form hexagonal geometries under certain conditions. Mud cracks, stone
polygons in the Arctic, bees' combs, etc. are all examples of this more general phenome-
non. Such polygons are usually explained in terms of nature's penchant for minimizing
effort or space or something else. Explanations of this kind say nothing about why nature
adopts such conservation strategies when she is so profligate in other ways. In short, tri-
vial though the hexagonal appearance of flowing water may seem, it is indicative of some
""philosophical anomalies which will be considered toward the end of this series of Catalogs.

Rating: 4.

Possible Explanations. Layers of clustered bubbles often take on polygonal shapes.

Physics

usually explains this kind of phenomenon in terms of minimum energy configuration, etc.

Similar and Related Phenomena. Bees' honeycombs, periglacial phenomena (ES), steam-

devil patterns (GWW3).
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Examples of the Honeycomb Appearance
of Water

X1. November 7, 1890, Tynron, England.
"This afternoon, while ascending a moun-
tain pathway adown which water was trick-
ling, after the torrents of rain that fell in
the morning had ceased, I observed an
appearance of the surface of running water
so exactly like the hexagons of the bees'
cells that I looked at it carefully for some
time. Little air-bells of water seemed to
issue from under the withered leaves lying
in the tract, which rushed towards the hex-
agons, occupying an irregular space about
four inches by five. As soon as these air-
bells arrived at the hexagons, they arran-
ged themselves into new cells, making up,
apparently, for the loss occasioned by the
continual bursting here and there of the
cell-walls, No sooner had these cell-walls
burst, then others closed in and took their
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places. The worst-formed hexagons were
those at the under or lower side of the sur-
face---the part of the surface farthest
down the hill; here they were larger and
more like circles. By an ingenious mech-
anical theory, Darwin accounts for the
hexagonal structures of the cells of the
bee-hive so as to supercede the necessity
of supposing that the hive-bee constructed
its comb as if it were a mathematician.
But here the blind forces of Nature, under
peculiar conditions, had presented an ap-
pearance, on running water less than half
an inch in depth, so entirely like the sur-
face of a honeycomb, that it would be a
startling result could it be reproduced in
a laboratory. ' (R1)

References

R1, Shaw, J.; "Honeycomb Appearance
of Water, " Nature, 43:30, 1890. (X1)
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GHG  GEYSERS, PERIODIC WELLS,
BLOWING CAVES

Key to Phenomena

GHGO  Introduction

GHG1 Geysers at Sea

GHG2  Geysers and Blowing Wells Correlated with Weather Phenomena
GHG3  Geysers and Intermittent Wells Correlated with Tidal Forces
GHG4  Cold-Water Geysers and Periodic Springs and Wells

GHGO Introduction

A portion of the earth's hydrosphere---both air and water---is always trapped underground
within pores, crevices, and caves. Several natural forces are capable of forcing these
fluids out of the ground, producing geysers of water, wells that ebb and flow like clock-
work, and the so-called "blowing' or "breathing' caves that are harnessed to the barometer.
The most important external forces are barometric pressure and the tidal forces exerted
by the moon and sun. Internally, the.earth generates heat and highpressure gases which
can also cause the eruption of fluids at the surface. In consequence, geysers, wells, caves,
and springs---all natural orifices of the earth---exhale and inhale air and water. Some-
times the process is rhythmic, as with Old Faithful at Yellowstone. In other instances,

the approach of a low-pressure area allows the escape of higher-pressure air from caves
and wells, creating the '"weather wells" and blowing caves.

Fascinating as these phenomena are, they are accompanied by only a handful of enigmas.
The processes by which tidal forces alter geyser periods are not fully understood; neither
are the details of periodic cold-water geysers. Sometimes several natural forces seem

to work together to generate phenomena that are perplexing in both frequency of occurrence
and phase. Even '"'normal' geyser activity, described so confidently in the textbooks, does
not always suffice. Indeed, there are many geyser ''models' with some controversy as to
which ones are the most important.
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Geysers at Sea

Description. The rhythmic eruption of geysers of water from the ocean surface. In one
reported case, the geyser column was almost 500 feet high.

Data Evaluation. Only one observation of this phenomenon has been recorded. Rating: 3.

Anomaly Evaluation. An extremely powerful jet of water is inferred from the great height
of the single reported instance and the penetration of this jet through a layer of seawater

(depth not specified).

The underwater geyser, if that is what is at the root of this pheno-

menon, must be significantly larger than recognized terrestrial geysers. Rating: 2.

Possible Explanations. A temporary and very powerful underwater geyser. A misidentified
incipient waterspout is also a possibility, as is a large-scale release of steam and other

gases from a seafloor vent.

Similar and Related Phenomena. Land-based geysers, waterspouts, volcanic plumes.

Examples of Geysers at Sea

X1. December 4, 1960. Mediterranean Sea.
"At 0830 GMT, as the ship was steaming
through a calm to slight sea at 12 kt. on a
course of 124° towards Benghazi, astrange-
looking column of what seemed to be white
Cu. cloud appeared to rise vertically from
near the horizon, about 45° on the star-
board bow, and vanished a few seconds later.
The officer on watch believed his eyes to be
deceiving him due to the sun's glare, but
within a few minutes all the observersnamed
above saw the column reappear. On exami-
nation with binoculars it was seen to be a

jet of water rising in the air at regular in-

tervals of about 2 min. 20 sec. Eachspurt
lasted for about 7 sec. and then disappeared.
They were visible until the vessel left them
far astern. The radar was switched on but
no echo appeared on the screen; however,

by sextant altitude and calculation the jets
were found to be 494 ft. high; they resem-
bled an underwater explosion but no such
noise was heard.' (R1)

References

R1, Evans, M.D.; "Unidentified Phenome-
non, ' Marine Observer, 31:183, 1961.
(X1)

GHG2 Geysers and Blowing Wells Correlated
with Weather Phenomena

Description. Geysers whose performance (frequency and strength of eruption) are correlated
with barometric pressure, local temperature, winds and other weather variables.

Background. Included in this category are all weather-dependent emissions of gases and

liquids from wells, caves, geysers, and other natural orifices.

Blowing wells and breathing

caves have always been subjects of great curiosity; the latter were even employed in early

aeronautical research.

Data Evaluation. Blowing wells and caves correlated with barometric pressure are well-
documented. Correlations with temperature, wind, and other weather factors is on a wea-

ker observational foundation. Rating: 2.

Anomaly Evaluation. Good explanations exist for breathing caves and blowing wells: the re-
duction of outside air pressure causes the release of higher pressure air within these reser-

voirs through restricted orifices.

Likewise, caves, wells, and geysers can be understand-

ably affected by temperatures and winds (see below). Most aspects of this phenomenon can

be explained. Rating: 3.
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Possible Explanations. The role of barometric pressure was detailed above.

Geysers, Wells, and Weather GHG2

Temperature

differences between the air in caves and the outside air can give rise to natural circulation.
Strong winds can, via the Bernoulli Effect, can also change air pressures at natural ori-

fices.

Similar and Related Phenomena. The effect of tidal forces on blowing wells and geysers
(GHG3); the effects of earthquakes on wells and geysers (GQE); the formation of ice in caves

(E).

Examples of Geysers and Blowing Wells
Correlated with Weather

X1. Permanent feature. Decatur County,
Georgia. A 'blowing cave.' '"The cave is
at the bottom of a small natural basin (whose
diameter at any point will not exceed thirty
feet), in a perfectly smooth plain, and sur-
rounded with a dense copse of wood. From
the mouth of this cave issue strong currents
of air, with a continuous roar that is heard
seventy yards off. At certain hours of the
day, a hat or vail (sic), or other light ob-
jects thrown at it, are blown six or seven
feet high into the air, and at other hours of
the day, with a suction relatively great, the
mouth of the cave draws in any such article
placed near it." (R1) From the description,
this blowing cave would appear to have a
diurnal cycle, perhaps related to local tem-
perature, and thus seems suited to this cat-
egory. (WRC)

X2. Permanent feature. Northallerton,
Langdon Hall, and Ornhams, England.
Three blowing wells, all extremely sen-
sitive to barometric pressure, described.
None of the other wells in the district,
some within a mile of the blowing wells,
possess this weather-sensitive property.
(R2)

X3. Permanent feature. Shelby, Nebraska.
"In the neighborhood of Shelby, Polk County,
Nebraska, are many wells which exhibit
peculiar phenomena of intermittence. The
wells of the district vary from 100 to 140 ft.
in depth, and ebb and flow irregularly. The
flow is accompanied by a roaring sound like
that of the sea, as though a distant wave
were coming in, and at the same time a cur-
rent of air issues out of the mouth of the
well. The ebb is accompanied by a draught
of air downward into the well. The period of
ebb and flow does not appear to depend upon
heat or cold, upon the dampness or dryness
of the at mosphere, upon the season of the
year, or upon the time of day; but, on the
other hand, seems to be in some way con-
nected with the direction of the winds. When
the winds blow from the south, south-east

of south-west, the phenomena of flow occur,
while the ebb is synchronous with a north,
north-east, or north-west wind. The roar-
ing sound before mentioned is observed to
occur some time before the wind commences
to blow. One of these intermittent wells,
113 ft. in depth, is situated on the farm of
George Bull, at Shelby, Polk County. Simi-
lar wells occur in the adjoining county of
Butler. " (R3) Although ebb and flow are re-
portedly correlated with wind direction, the
wind direction itself is usually related to
the approach of low and high pressure sys-
tems. (WRC)

X4. Permanent feature. Dunigan, California.
A well 160 feet deep, 6 inches in diameter,
produced a roaring noise 2-3 days in ad-
vance of a storm. (R4) It is unclear how
this well can be affected so far in advance
of an approaching storm. (WRC)

X5. Permanent feature. Looxahoma, Missis-
sippi. A blowing well showing greatest
activity just before a rain. (R5)

X6. Permanent feature. Great Valley, New
York. A dry well capped with a flat stone
with a hole in it whistles as a storm ap-
proaches. (R6)

X7. Permanent features. Nebraska. '"One
class of wells found throughout a large part
of the State, especially south of the Platte,
deserves particular notice. These wells
are known as 'blowing,' 'roaring,' 'brea-
thing,' 'singing, ' or 'weather' wells. These
wells are held in doubt elsewhere, but the
fact of their existence is established. In
some communities such wells are distin-
guished at a distance because of the mound
of earth heaped up to check the wind. The
attention of the writer was first called to
this matter by inquiries for explanation of
and remedy for the freezing of pipes in
wells at a depth of 30, 50, 60, 80, andeven
120 feet below the surface. Reports have
come in from about twenty counties. The
information is derived from land owners,
farmers, well diggers, ministers, princi-
pals of schools, civil engineers, and stu-
dents whose fathers own such wells. These
accounts agree with personal observations.
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There are periods when these wells blow
out for consecutive days, and an equal peri-
od when they are reversed. This is tested
with the flames of candles and by dropping
paper, chaff, feathers, ete., into the casing
to see it blown out by some force or drawn
in. It is further stated that blowing often
indicates high or low conditions of barome-
ter, and that some wells blow most audibly
when the wind is from the northwest, where
upon water rises to a higher level in the
well than before; but when conditions are
reversed, air is drawn in. Many observers
notice a reversal of the current according
as it is morning or evening, and according
as the temperature is high or low. During
the progress of a low barometer area over
one of these regions, the wind is expelled
with a noise audible for several rods. Upon
the following of a high-barometer area, the
current is reversed. Steam rises from the
curbing, melting the snow. After the current
is reversed, the thawed circle freezes again.
The pipes are most often thawed out when
the well blows. The periods of most pro-
nounced exhalation or inhalation are coin-
cident with exceptionally low and exception-
ally high barometer areas..... The wind
may be the cause in some places. At times
the friction of the wind is sufficient todrive
the water of the Platte across its bed, lea-
ving the north side dry while the south is
flooded. Equilibrium is disturbed. There
must be readjustment. In the vicinity water
rises in wells, at a distance there is a wave
of transmitted energy which can but affect
every portion of the underflow of the Platte.
This may show itself in a rise of water and
displacement of air, and a rise over a wide
area might expel a large volume of air."
(R7) This freezing within wells is closely
related to the phenomenon of ice caves (E).

X8. Permanent feature. Norwich, England.
Three blowing wells with actions associ-
ated with weather changes. (R8)

X9. Permanent feature. Oundle, England.
A blowing well which emits a drumming
sound that is possibly the result of per-
culator action. (R9)

X10. Permanent feature. Tennessee. '"Many
of the caves developed in tilted strata in
eastern Tennessee are called 'blowing' caves
because currents of air issue from their ope-
nings. Actually, the same openings that
'blow' in one season 'suck' in another.The
"blowing' and 'sucking' phenomenon exhibited
by a cave are caused by the free circulation
of air through underground passages in re-
sponse to differences in air temperatures
within and without. In the cold seasons,
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when the cave air is warmer than that out-
side, the former is expelled through the
higher openings to the surface by cold out-
side air which crowds into the cave at lower
openings. In the warm seasons, when the
cave air is cooler than that outside, the for-
mer moved out through lower openings and
is replaced by warmer air which enters
through higher openings. Thus, in the cold
season, the cave 'blows' at the higher ope-
nings and 'sucks' at the lower openings, and
in the warm season, it 'blows' at the lower
openings and 'sucks' at the higher openings.
In order for a cave to exhibit 'blowing' and
'sucking' phenomena, it must have spacious
and extensive underground passages with
openings to the surface at both high and low
levels. There must be a difference in the
temperature of the air inside and outside
the cave. ' (R10) Apparently, these Tennes-
see caves are truly temperature-sensitive
as opposed to most of the others described
here which are barometer-sensitive. (WRC)

X11. General observation. The old coal-
miner belief stating that mine explosions
are often associated with bad weather has
much truth to it. During storms, when
the barometer is low, methane in the
rocks and abandoned sections of the
mines migrates into the areas being
worked due to reduced atmospheric pres-
sure. The increased concentration of
methane increases the possibility of

an explosion during these periods. (R11)

X12. Permanent feature. Calistoga, Cali-
fornia. Discussion of factors that influence
geyser frequency. "The third important
mechanical force is a regular annual cyclic
variation in barometric pressure thatranges
from 6 to 10 mm of Hg. The influence of
barometric pressure on geyser performance
manifests itself prominently and obviously
at Old Faithful, Calistoga, California. High
barometric pressure, which occurs in the
winter, shortens the interval, and low baro-
metric pressure, which occurs during sum-
mer, lengthens it, the usual range being
from approximately 40 to 49 min. The 70-
day delayed response, which was obtained
by cross correlation methods, would seem
to be due to the mechanical sluggishness of
the basin in which the geyser is located. "
(R12, R13) White and Marler, in a critique
of Rinehart's paper in the Journal of Geo-
physical Research, do not concur that the

Calistoga Old Faithful geyser responds to
annual barometric trends. This would re-
quire the geyser to "remember'" previous
barometric changes for 40-105 days. Actu-
ally, one would expect a geyser to react
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immediately to the rather large short-
term barometric changes, if it responds

at all. Many hot spring systems behave
like this; that is, they are influenced by
short-term barometric changes. In addi-
tion studies of Yellowstone geysers have
revealed no influences of long-term baro-
metric changes. White and Marler pro-
pose that Calistoga Old Faithful's variation
in eruption frequency can be explained just
as well by appealing to the annual variation
in rainfall, which is similar to the annual
changes in barometric pressure. In Rine-
hart's reply, he maintains that geysers
and hot spring systems are quite different
and that, although a rainfall effect exists,
the annual variation in barometric pres-
sure is more important in geysers. (R14)
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GHG3 Geysers and Intermittent Wells
Correlated with Tidal Forces

Description. The variation of well flow and geyser period with the tidal forces created by

the sun and moon.

example, suggesting a rather complicated situation.

The signs and phases of these phenomena seem to vary from example to

In addition, some geysers respond

only to long-period forces (i.e., 18.6 years), while others follow only the shorter cycles.

Data Evaluation. Very little has been uncovered on this intriguing phenomenon.

American

geysers, probably because of their popular appeal, have received a modicum of scientific
attention, but intermittent wells have not even been cataloged. Rating: 3.

Anomaly Evaluation.

Like many other phenomena in this Catalog, this one is almost cer-

tainly explainable in terms of current physical theories---if only we knew the details of
each water reservoir, rock porosity, the mechanical response of the strata to tidal forces,

etc. Rating: 3.

Possible Explanations.

Each intermittent well and geyser is a complex mechanical system

with reservoirs, pores, crevices, and channels that vary as tidal forces slightly bend the

strata.
different frequency response.

In view of this structural complexity, it is not surprising that each example has a

Similar and Related Phenomena. Geysers and blowing wells correlated with weather phe-
nomena (GHG2); tides in general (GHS), which are far more complex than suggested by the

standard textbook portrayals.
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Examples of Geysers and Wells Affected by
Tidal Forces

X1. Permanent feature. Beardstown, Illi-
nois. "This well was drilled in 1891, the
strata pierced being 100 feet of drift as
sand and gravel, 200 feet of corniferous
(sic) limestone, 200 feet of slate and shale,
passing into 20 feet of crystallized sand-
stone, a depth altogether of 520 feet. At
this depth water began to rise into the well,
and when reaching the surface spouted up

to a height of 50 feet. The water is a saline
mineral water, strongly impregnated with
natural gas. The pressure gauge indicated
60 1b. Sufficient gas was obtained to supply
two 60 horse power boilers with fuel. This
well flows or spouts for eight days, when

it ceases for twenty days, not varying aday
from these periodic intermissions since it
first began flowing. It invariably begins
with the new moon. The quantity of water
discharged is 4,000 gallons per hour. The
gas is still utilized, 'when well flows,' in
an electric lighting station near by. There
has been no perceptible diminution in the
quantity of gas or water. The well ceased
spouting January 28; it is due and will cer-
tainly begin again February 15, after twenty
days' rest. " (R1) It is not clear how tidal
forces at new moon could stimulate a well
to flow. (WRC)

X2. Permanent feature. Yellowstone Park,
Wyoming. '"The Riverside geyser, on the
other hand, responds best to earth tides.
The computed total variation in gravity
caused by the Sun and the Moon again shows
a close negative correlation with the five-
day average intervals between Riverside's
eruptions, the fortnightly component linked
with new and full moon being especially
dominant during the summer months. The
effect suffers a two-to-three-day time lag.
Old Faithful (Yellowstone) behaves in much
the same manner. But Old Faithful the Im-
poster lacks this short term response,

earth tides probably being masked by ocean
tides near the Pacific Coast. However,
longer -term tidal effects, over a time-span
of seven years, show up well in this geyser. "
(R2~R4) White and Marler cast doubt on
Rinehart's conclusions about the effect of
tidal forces on geyser period. In particular,
they question the 2-3 day lag of geyser re-
sponse behind the tidal force. Furthermore,
Marler's studies of the Riverside Geyser
show little if any effects of earth tides. They
admit, however, that Old Faithful does re-
spond to earth tides. (R5)

X3. Permanent feature. Yellowstone Park,
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Wyoming. "The 18, 6-yr tidal component
that causes the average tidal force to vary
by about 10% can influence dramatically the
action of a geyser. Over some 4 decades
of observations, at least 15 per season and
in some seasons many more---enough to be
of statistical significance---the interval be-
tween eruptions of Grand Geyser has varied
from 8 to 40 hr, with two periods of dor-
mancy. During times of high tidal force,
around 1930, 1955, and 1970, the geyser
erupted 2 to 3 times daily, only to become
almost dormant during the years 1943 and
1960, when the tidal force was lowest., "
(R3) In both X2 and X3, high tidal forces
increase the frequency of eruption, which
is apparently the opposite of what happens
to the periodic well of X1. (WRC)

VARIATION IN GRAVITY (.GAL)

ERUPTIONS PER HOUR (X1072) l
9 J

N 4 230
al -

= 7 210

o < 190

1 1 [l ] 1 1 [} i |
1930 1940 1950 1960 1970

CALENDAR YEAR

Observed temporal variation in frequency of
eruption of Grand Geyser, Yellowstone, and
computed variation in gravity due to earth
tidal forces (X3)

X4, General observations. In the time period
1948-1970, 80% of the eruptions of agroup
of mud volcanos occurred when the earth,
moon, and sun were aligned. (R6)
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GHG4 Cold-Water Geysers and
Periodic Springs and Wells

Description. The rhythmic augmentation of flow in wells, springs, and geysers that occurs
without the driving power of the heat engines that cause ordinary natural geysers.

Data Evaluation. Periodic springs commonly depend upon natural siphons. Except for a

typical example, such springs are excluded here.

The remaining examples are few in num-

ber and, save for cold-water geysers, little-studied. Rating: 3.

Anomaly Evaluation.

Since cold-water geysers and some periodic springs and wells are

not driven by heat engines or natural siphons, scientific explanations focus on supplies of

subterranean gases for motive power.

These periodic phenomena would thus be analogous

to compressed-air engines and their kin. Although no one seems to have really closely
studied the situation in nature, this explanation is quite reasonable. It would seem that this

phenomenon is merely a curiosity. Rating: 3.

Possible Explanations. See above and the explanation in X5.

Similar and Related Phenomena. None.

Examples of Periodic Springs

X1. Permanent feature. Pontarlier, Swit-
zerland. "The Fontaine Ronde is situated
about a league and a half from Pontarlier,
in the road from thence to Lusanne. This
very powerful spring has no proper basin,
for the water rushes immediately from a
declivitous bottom, covered with coarse
gravel, which is fifteen paces in length, and
six or eight in breadth. The water issues
forth uninterruptedly from the deepest lying
part of the bottom, but from the highest part
it ebbs once and flows once every six min-
utes. This spring, therefore, is not inter-
mittent, but periodical. Springs of thisde-
scription are, in general, but rare occur-
rences, and the phenomena they exhibithave
always attracted the attention of the curious.
Long ago Heron of Alexandria proposed a
plausible explanation of the intermittence of
springs, in supposing that there were, in
the interior of the earth, reservoirs of water
provided with natural syphons. This expla-
nation asnwers well for most cases; hence

it has been adopted by natural philosophers.
If the intermittence if of unequal continuance,
or the swelling of variable height, and if
these inequalities are repeated regularly and
periodically, we explain them by supposing
that there are many dissimilar reservoirs,
and that each has its peculiar syphon. All
this is possible, and art can, by arrange-
ments of this description, produce appear-
ances resembling those in nature. But, how-
ever appropriate this explanation may be, we
must not forget that it is a mere hypothesis,
and that nature may have other means, be-
sides those already mentioned, for producing
the intermittence of springs. The careful
study of the Fontaine Ronde has afforded me
a proof of this.' Dutrochet's investigations
suggested that the evolution of carbon dioxide
from the interior of the earth was the primary
cause of this spring's periodicity. (R1)

X2. Permanent feature. Butler, Pennsylvania.
"Phillips Bros.' well near Butler, Pa., is
one of the most phenomenal wells ever seen

in the whole oil regions, and all interest is
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Schematic of a natural siphon creating a periodic spring (X3)

now centered there, to the exclusion of the
lately discovered Glade district, which is
rapidly waning. Phillips' well was drilled on
Aug. 30, and has been producing since over
1, 300 barrels daily, reaching on the 7th 100
barrels anhour. It flows with theregularity
of clockwork, the oil gushing out at intervals
of nine minutes and a half, the flows lasting
about four minutes. " (R2)

X3. Permanent feature. Atkins, Virginia.

A typical periodic spring dependent upon
siphon action. The steady flow of the
spring is periodically augmented, producing
high volumes of water for about 7 minutes
each cycle. The length of the cycle seems
to vary with weather conditions. (R3)

X4. Permanent feature. Yellowstone Park,
Wyoming. Crater Hills geyser is a cold-
water geyser, probably obtaining its energy
from subterranean gases. (R4)

X5. Permanent features. Green River, Utah.
""Both of the geysering wells in Utah lie in
regions where subterranean carbon dioxide
and helium are known to exist in high concen-
tration. The smaller of the two lies in a flat
alluvial basin about 48 km northwest of the
town. It was activated about the turn of the
century when a 13-cm-diameter well was
drilled to a depth of 1000 m. The well, though
flowing water at a temperature of 15°C, began

erupting and now throws water to a height
of about 50 m, playing for about 5 min at
intervals of 40 min. Crystal, the larger
geyser, is found on the east bank of the
Green River, 8 km south of the town. The
jet issues from a 45-cm-diameter steel
casing emplaced to a depth of a few meters.
Presumably this geyser became active when
a geophysical exploration group put down a
fairly shallow hole. It erupts on a 5-hr
schedule, playing a massive and impressive
stream of water for 5 to 10 min to a height
of 60 m. Each major eruption is followed
25 min later by a minor one, which plays for
a minute to a height of about 6 m. The water
in the tube before an eruption is also cool,
15°C. No scientific explanation of this gey-
ser action has appeared in the literature.
Possibly carbon dioxide from surrounding
geological formations is fed at a more or
less continuous rate to the well water, which
eventually becomes saturated. The concen-
tration of dissolved carbon dioxide varies
along the column, being higher at the grea-
ter depths, since its solubility in water in-
creases rapidly with increasing pressure.
Finally, when the water can take up nomore
carbon dioxide, gas bubbles rise toward the
surface, perhaps coalescing, raising the
column of water, and reducing the hydrosta-
tic head. This release of pressure acts as



27

a trigger, and the column begins to cascade
as additional carbon dioxide is released,
more bubbles are formed, and the pressure
is lowered still further. It is somewhat
analogous to shaking a can of beer." (R4)
Note that the "beer can'' theory is only a
theory. (WRC)

X6. Permanent feature. Cephalonia, Greece.
"A recent writer in the daily press has called
attention to the 'unsolved mystery' presented
by the phenomenon of streams of salt water
running inland from the sea in the island of
Cephalonia, and he suggests that it is time
that scientific men should turn their attention
to this strange phenomenon. This seems to
imply that he is unaware of the amount ofdis-
cussion already devoted to these underground
rivers of salt water, which, as is well known,
have for a number of years been harnessed by
man as a motive power for water-mills. "
The flow at one 'mill' was measured at 17.5
cubic feet per second. Dye dropped into the
water at one mill was discovered to have

Cold-Water Geysers GHG4

colored the water the next day in the sea
around the mill, suggesting a redischarge of
the salt water. (R5) It is not clear from the
description whether we have a natural siphon
operating here or some different phenomenon.
For the moment, it will be classified GHG4,
(WRC)
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GHS THE BEWILDERING VARIETY
OF TIDES
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GHSO Introduction

For most people living on the sea coast, tides come and go with clockwork regularity twice
a day. Some places, though, experience only one tide per day; in others, the tides follow
the sun rather than the moon. Elsewhere, the situation becomes even more complicated,
with "secondary undulations' superimposed on the otherwise well-behaved ebb and flow.

Basically, tides are the oscillations of the oceans in their relatively shallow basins (2 miles
deep on the average, but thousands of miles across) under the combined influences of the

sun and moon. Obviously, the shape of the coastline and bottom contour have strong effects,
too. Geophysicists are generally satisfied that the tides, regardless of their idiosyncracies,
can be explained by appealing to the fluctuating attractions of the sun and moon and the natural
frequencies of oscillation of the various ocean basins. Despite this assurance, the reader
will probably agree that some tidal phenomena are very peculiar, though perhaps not serious
scientific anomalies. Theoretical explanations cannot detract from the foaming walls of
water advancing up the estuary of the Amazon and other rivers properly configured for

tidal bores.

Although the theory of the tides may have trouble explaining some of the overtones and inu-
endoes, tides are not nearly as anomalous as some critics of science suggest. Four com-
monly raised objections are: (1) Theory does not predict the radically different heights of
tides separated by the narrow Isthmus of Panama; (2) Some tides seem to flow "uphill' from
regions of low tide to regions of high tide; (3) The moon should produce only one bulge inthe
earth's hydrosphere, and this should excite only one high tide per day everywhere; and (4)
Newton's Law of Gravitation predicts that the sun, by virtue of its much greater mass,
should affect tides more than the moon. Perhaps the real problem here is that explanations
of the tides have been oversimplified, particularly those diagrams with two bulges. In truth,
we have basins of water of various complex shapes oscillating in many modes. Anyone who



29 Sun-Dominated Tides = GHS1

will go through the mathematical analysis will see that each of the four objections, while
possessing a certain "common-sense'' appeal, is simply not valid. This is not the place

to refute all objections---indeed, some objections are probably valid---but let us dispose
of (4), which is mentioned frequently. It is true that the sun exerts a stronger gravitational
force on each particle of seawater than the moon, if one applies Newton's inverse square
law. The actual tide-raising force, however, is the vector sum of several forces, which
when expressed mathematically turns out to have an inverse cube term. The sun's great
mass, therefore, is overpowered by the moon's nearness to earth. This is not scientific
sleight of hand, only straightforward analysis. The other three objections can be removed
through like reasoning.

GHS1 Sun-Dominated Tides

Description.  Tides that follow the sun rather than the moon in the sense that high and low
tides do not occur roughly 50 minutes later each day but rather tend to take place near noon
and midnight (highs) and 6 AM and 6PM (lows). Because the moon's effect is never zero
and is added to that of the sun, the high and low tides sometimes lead and lag the appointed
sun-controlled times. Tahiti and Tuesday Island, in the Pacific, are the only places known
where the moon is dominated by the sun.

Background. Since conventional wisdom insists that the tides follow the moon, the reports
of early explorers coming in from the Pacific describing high tides fixed at noon and mid-
night naturally met with disbelief. The stories were true, as it turned out, but the high
tides only averaged noon and midnight; and they were confined to only two places.

Data Evaluation. None of the data found in the literature so far is recent, although one
would expect that modern tidal gauges would now be installed at such fascinating spots as
Tahiti and Tuesday Island. Furthermore, the data from Tahiti shows considerable varia-
bility, although this may be due to the unreliability of the phenomenon. Rating: 2.

Anomaly Evaluation. As explained below, the dominance of the sun over the moon in certain
locales is not anomalous; however, two features of the Tahitian data seem unusual. (1) The
sudden switch from midafternoon (lagging) to midmorning (leading) tides; and (2) The fact
that some tide readings reveal highs occurring at any time of the day. It is not known if
these anomalies can be explained by mathematical superposition of the varying solar and
lunar cycles. Rating: 2.

Possible Explanations. According to modern tidal theory, those few spots when the solar
tide dominates the lunar tide occur at nodal points of the ocean's standing waves; that is, the
moon-~induced standing waves. Tahiti happens to be located near one of these nodes. But
the snapping back of Tahitian high tides from midafternoon to midmorning, which apparently
occurs over the period of a single day, requires some contribution from the moon, for the
effect recurs every lunar cycle. Presumably the superposition of lunar and solar effects
would show this abrupt switch from PM to AM high tides, but such analysis has not been
discovered so far. Since the lunar and solar influences vary in strength from day to day,
year to year, and in even longer cycles, it is possible that "normal' moon-dominated tides
may occasionally appear, as in X1/R4.

Similar and Related Phenomena. Solitary waves and anomalous groups of waves (GHW).

Examples of Sun-Dominated Tides

rising and falling of the tides, (in the South
X1. Permanent feature. Tahiti. "It is stated Sea islands,) if influenced at all by the Moon,
by the intelligent Mr. Ellis, the missionary appears to be only so in a very small de~
who resided several years in Tahiti (Ota- gree. The height, says he, to which the
heite) and the Sandwich Islands, that the tide rises, varies but a few inches during
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the whole year; and at no time is it elevated
more than a foot or a foot and a half.....
During the year, whatever be the age or
situation of the moon, the water is lowest
at six in the morning and the same hour in
the evening, and highest at noon and mid~
night. This is so well established, that the
time of night is marked by the ebbing and
flowing of the tide; and in all the islandsthe
time of high water and for midnight is the
same. The same thing is stated by Messrs.
Tyerman and Bennet, in their journal of
voyages and travels: it is generally known,
they observe, but may be repeated here, in
connection with the aforementioned periodi-
cal but irregular inundations of the sea, that
the tides throughout the Pacific ocean do not
appear to obey the influence of the moon in
the slightest degree. It is always high water
about twelve, and low about six o'clock, day
and night. " (R1, R3) The preceding facts
turned out to be not so well-established after
all, as subsequent investigations proved.
(WRC)

A report by Captain Edward Belcher. "By a
reference to the Tide Registry annexed, it
will be found that there are two distinct peri-
ods of high water, during each interval of
twenty-four hours; and that during the seven
days preceding, and seven days following the
full and change, they are confined between
the limits of 10 A. M. and 2P 30™ P. M., the
whole range of interl\l/al, by day as well as by
night, being about 4® 27™, Commencing with
the seventh day preceding the full moon, viz.
the 9th of April, it will be perceived thathigh
water occurs at 10 A. M., this being the grea-
test A. M. interval from noon; and that onthe
16th, at the full moon, it occurs nearly at
noon. Passing on to the 231‘(%1,1 it reaches the
greatest P. M. limit at 2 30™, and on the
2nd of May again reaches the noon period.
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Between the 23rd and 24th, however, a sud-
den anomaly presents itself. Throughout the
day of the 23rd, the variation of the level
does not exceed 2 1/2 inches, and the general
motion is observed to be 'irregular.' The
time of high water is also the extreme P. M.
limit. On the 24th we discover that it has
suddenly resumed the most distant A. M.
period, viz. 10 A. M., but proceeds regu-
larly to the noon period at the change. Al-
though the differences of level do not at full
and change exceed 1 foot 4 1/2 inches, still
I presume that we have sufficient data to
establish the fact, ---that it is not invariably
high water at noon (as asserted by Kotzebue,
Beechey and others); and, further, that we
have corresponding nightly periods of high
water." Thus, the tides at Tahiti do vary,
contrary to early assertions. The sudden
switch from a 2:30 PM high tide to one at
10:00 AM is, as Belcher admits, an anom-
aly. (WRC) (R2)

""The town of Papeete, on the island of Tahi~
ti, was selected by Captain Rodgers, and
the tide-gauge left there under the charge of
an intelligent French soldier. The obser-
vations began on the 27th of April, 1856, but
up to June 2d were so frequently interrupted
as to be of little use, After that date, they
are nearly complete to October 12th, sub-
sequent to which time no observations have
been received. On the accompanying dia-
gram the mean local time of each high-water
has been plotted in such a manner that the
abscissae represent the days of the month,
the ordinates the hours of the day. An in-
spection of the diagram will show that during
part of the month of June the tide appears to
have followed the general rule, occurring
later every day, so that there was a high-
water successively at all the hours of the
twenty-four. In July, however, the case

TIMES OF HIGH WATER
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Curious tidal records from Tahiti recorded in 1856 (X1)
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was quite different. The high-waters occur-
red at a later hour on successive days, but
only until they had reached three or four
hours, and, in one case, five, after noon or
midnight, when they came back abruptly to
the neighborhood of 12, to follow again a
similar cycle. This type they preserved to
October 12th, when the observations ceased,
only the range and the abruptness of the re-
turn to an earlier hour becoming lessened. '
(R4) The June data are definitely anomalous.
The other observations conform generally
with those of R2, except that the cycle does
not begin as early in the morning or evening.
(WRC)

The following is by H. A. Marmer, an author-
ity on tides in his day. "At first glance the
behavior of the tide at Tahiti seems to be al-
together unexceptional, the rise and fall ap-
pearing to exhibit no unusual features. Ex-
amining a typical tide curve for this island

&=

Sun-controlled tides at Tahiti (X1)

...we find it much like the tide curve at
numerous other places. The range of the
tide, to be sure, is small, being on the
average less than a foot; but the general ap-
pearance of the curve is that of a regular
tide curve. If, however, we examine the
succession in time of tide at Tahiti from
day to day, the fact will soon come to light
that here the tide does not come later each
day by the interval of fifty minutes which
characterizes the tide at other places. In-
stead, there will be periods of a week or

Sun-Dominated Tides GHSt

more when each phase of the tide comes
about the same time on successive days.
Here, the tide curves for a week, arranged
in serried ranks, do not show the distinct
shift to the right found at other places; on
the contrary, there is a pronounced tendency
for the various phases of the tide, from day
to day, to fall almost vertically under each
other as exemplified by the tide curves for

a week in September, 1924, as shown inthe
diagram. ... Within the period of a week the
tide at other places in the world would have
kept time with the moon's motion so that at
the end of the week each phase of the tide
would be five hours later than at the begin-
ning of the week. At Tahiti, however, as
the week of tide curves shows, there is a
barely perceptible shift to the right from
top to bottom---instead of five hours it is
somewhat less than two hours---and every
day high water comes about twelve o'clock,
morning and night, while the low water comes
about six o'clock in the morning and six in
the evening. It is in this feature that the
tide at Tahiti is exceptional. Instead of be-
coming later each day by very nearly an
hour, the tide here tends to come about the
same time every day. Indeed, as a general
rule it is not incorrect to say that at Tahiti
the tide is high about twelve o'clock morning
and night, and low about six o'clock morning
and evening. Colloquially, therefore, the
tide at Tahiti may be summarized as 'high-
water, noon and midnight; low water, break-
fast and supper.' The local term, tooerar-
po, is used alike to express high water and
midnight. And it is altogether likely that
the tides served the easy-going Tahitians

as a sufficiently satisfactory timepiece.
When life is pleasant and unhurried what
difference, really, does an hour or two
make ?'"' (R7) Marmer ignores the fact that
the Tahitian tides stop progressing during
the lunar cycle and suddenly revert to pre-
noon high tides. (WRC)

The general features of the Tahitian tides
are reviewed in several other articles.
(R5, R6, R9, R10)

X2. Permanent feature. Tuesday Island,
South Pacific Ocean. '""More recently a lar-
ger solar tide has come to light on Tuesday
Island, a small island in Torres Strait
about 15 miles from the northern point of
the Australian mainland. Here the tide has
a mean range of a little over three feet, but
comes about the same time day after day."
(R8, RI)
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GHS2 Sea Seiches or Secondary Undulations

Description. The superposition upon the normal diurnal tides of secondary undulations of
one or more additional periods. Generally, secondary undulations have much smaller amp-
litudes that the normal tides, but they may amount to several feet in some places. Periods
range from 10 minutes to as long as 10 hours.

Background. Seiches are well-known in lakes and inland waters, where they are set into
motion by barometric disturbances and earthquakes. Lakes and water basins that are near-
ly landlocked possess natural periods of oscillation which may be calculated readily.

Data Evaluation.Although the data accumulated are not recent, most were recorded by ade-
quate tide gauges and are not suspect. Rating: 1.

Anomaly Evaluation. Most sea seiches follow the natural periods of the basins they occupy
and present no anomaly in this respect. There is, though, the question of seiche excitation,
particularly whenthe secondary undulations are permanent features. In some instances, no
continuous exciting-sources are known. Beyond this are several minor points: (1) Some
seiche periods are not the same as the basin's fundamental period nor any harmonic of it;

(2) Occasionally, seiches are harmonics of the fundamental period rather than the fundamen-
tal period itself; (3) In some places the seiche period varies from one location to another
around the basin; and (4) In some Japanese bays, the phase of the undulation is identical
everywhere around the shores of the bay, contrary to what one would expect if the water

were sloshing back and forth. Generally speaking, these anomalies are minor in nature.
Rating: 3.

Possible Explanations. Sea seiches may be excited by: barometric disturbances, earth-
quakes and the seawaves they generate, solitary and internal waves, winds, and sea sur-
ges. There are no obvious explanations of the four "minor" points.

Similar and Related Phenomena. Non-diurnal tides (GHS10), all anomalous waves (GHW).
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Examples of Sea Seiches

X1. Permanent feature. Nova Scotia and
New Brunswick, Canada. "The observations
to which reference is made were taken by

a tide gauge fixed upon a wharf at the north
end of the naval yard at Halifax. The tides
there are small in amount, the springtides
rising from 6 1/2 to 9 feet at Halifax, and

8 feet at Sambro Isle, twelve miles south

of that place. The tides themselves appear
to be quite regular; but in addition to the
ordinary tide-wave there occurs a series of
undulations succeeding each other at inter-
vals of twenty minutes or half an hour, the
difference of elevation and depression rarely
exceeding 6 inches, and being usually much
less. They are more perceptible near low
water; but occur at all times of tide, and
are very distinctly marked upon the curve
traced by the self-acting tide-gauge. The
question to be considered is what is the
cause of these small waves? 1. They do
not arise from any influence which the cas-
ual swell of the sea might exercise uponthe
tide-gauge; for the rise and fall of one of
these waves very seldom takes less time
than a quarter of an hour, and often requires
half an hour or even three-quarters of an
hour. 2. They do not arise from undulatory
motion in the whole waters of the harbour.
In order to examine this question, Mr. Edg-
cumbe Chevallier, the storekeeper in Hali-
fax Dockyard, went to Sambro, ten or twelve
miles south of Halifax, and entirely clear of
the harbour, and erected upon Power Island
a temporary gauge, with which he took the
height of the water every five minutes for
the whole day. Having laid off the results
in a form similar to that employed with the
fixed tide-gauge at Halifax, it was found
that every irregularity at Halifax was pre-
ceded ten or fifteen minutes by a larger ir-
regularity at Sambro. These observations
show that the irregular waves do not arise
from the peculiar form of the harbour at
Halifax. ' Similar irregularities are also
found elsewhere around Nova Scotia and may
originate in the Bay of Fundy. (R1)

'"(1) The Phenomena are very common. At
St. John, New Brunswick, on the coast of
the Bay of Fundy, the oscillations have a
fairly constant period of 43 minutes. At
Quaco, a few miles further up the bay, the
period is only 12 1/2 minutes. At Halifax,
Nova Scotia, on the Atlantic coast, the period
is 23 1/2 minutes. In the Gulf of St. Law-
rence, at South-West Point (Anticosti), the
oscillations are rapid but irregular; at St.
Paul's Island, very rapid and irregular; at
Forteau Bay, small and irregular; at Carle-

Sea Seiches GHS2

ton (Quebec) there is some indication of a
22-minute period; at Souris (Price Edward
Island) the oscillations are rapid and irreg-
ular; at Pictou (Nova Scotia), small and ir-
regular; at St. Peter's Island, very rapid
and irregular. (2) Any explanation must
account for two distinct things: the origin
of the fluctuations, and their periodicity.
Let us take these in reverse order. (3) The
period of the oscillations (where they have
a definite period) is, I believe, simply the
period of the free natural vibrations of a
semi-confined body of water 'wish-washing'
to and fro like water in a wash-bowl, the
oscillations being sometimes fundamental--
that is, consisting in the vibration of the
body of water as a whole; and in other cases
(perhaps the majority of cases) partial---
that is, due to the body of water dividing up
into two vibrating halves or three-thirds,
&c. In a very irregular basin, like the
Gulf of St. Lawrence, regular vibrations
are impossible. In some other cases the
basin is of sufficiently regular form to ad-
mit of fairly regular oscillations, but not
regular enough for the period to be deduced
mathematically.'" Possible stimuli of these
oscillations might be barometric disturb-
ances and heavy ground swell. (R4)

An exchange of letters regarding the ade-
quacy of the tidal records used by Duff (R4).
Duff maintained that they were. (R5)

Duff subsequently made a more thorough
study of "secondary undulations,' arriving
at the following positions."A. Facts. (1)
Secondary undulations occur at most of the
places where observations have been made
(Eastern Canada), the undulations at any
place being sometimes irregular but atother
times of a regular periodic nature. (2)When
the undulations are regular, the period of
the undulation has a distinct and character-
istic value for each place, varying, from
place to place, from less than a minute to
over an hour. (3) At some places at least
two systems of regular periodic undulations
of different periods are found; they usually
occur at different times, sometimes they
occur together; at one station the period at
high tide is entirely distinct from that at
low tide. (4) Undulations usually occur sim-
ultaneously at stations on the Atlantic Ocean
(including the Bay of Fundy), but there is
apparently no connection between this oc-
currence at stations on the Atlantic and sta-
tions on the Gulf of St. Lawrence. (5) Baro-
metric records show no similar periodic
oscillations, but they do show disturbances
at or about the times of marked secondary
undulations. (6) As the head of a bay is
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approached secondary undulations do not
become more marked and frequent, but
apparently less. (7) According to the best
available evidence the period at St. John is
less the greater the depth to which the tide
fills the Bay of Fundy. B. Deductions.

(1) The theory of atmospheric billows does
not and cannot explain the characteristic
local period of secondary undulations. (2)
As an explanation of the origin of secondary
undulations the theory of atmospheric bil-
lows seems at variance with certain facts
of fundamental importance to the theory.

(8) The seiche theory, which is fully esta~
blished in the case of lakes, has a high in-
herent probability and is not at variance
with any ascertained facts and in certain
respects receives strong confirmation. (4)
Even if the 'seiche' theory be correct, it
still remains to be explained why the oscil-
lations at certain places are usually binodal,
at others trinodal, etc., and why in one
striking case (Yarmouth) the oscillations
are always uninodal at high tide and binodal
at low tide. (5) The whole subject is appar-
ently much more complex than has hitherto
been supposed and it may yet be found that
no single explanation will apply to all cases."

RS6)

X2. Permanent feature. The Euripus,
Greece. ''The tides in this narrow strait
between Euboea and the mainland of Greece,
have from classic times been a scientific
puzzle, for which a solution has been recen-
tly suggested by M. Forel, in a paper be-
fore the Paris Academy of Sciences. The
currents through the strait are sometimes
'regular' and sometimes 'irregular.'
When 'regular,' the direction changes
four times in the lunar day. When 'ir-
regular,' the changes number from
eleven to fourteen or even more in a
lunar day. The current is 'irregular' from
the 7th to 13th and from the 21st to 26th
day of the lunar month, or at the times of
quadrature, and 'regular' the rest of the
time or about the syzygies. M. Forel at-
tributes the 'regular' tides to the ordinary
tides of the Aegean Sea, which would be
stronger at the syzygies. The 'irregular'
tides he thinks are due to seiches in the
channel of Talauda (which forms a nearly
closed lake to the northwest of Euripus),
these prevailing over the weaker Aegean
tides of the quadratures.' (R2)

X3. Permanent feature. Malta. "It is amat-
ter of common knowledge to naval officers
and others concerned, that the irregular vari-
ations of sea level in the Maltese inlets are
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at times sufficiently great to completely
mask the slight lunar tide; and that the Port
Officials are in the habit of insisting on a
considerable margin of depth before permit-
ting vessels to pass over the sills of thedry
docks. These extra tidal variations of sea
level have been ascribed to various causes,
such as the direction and strength of pre-
vailing winds, currents setting towards the
mouth of the inlet, or to what is vaguely
called the natural period of the harbour. My
observations showed conclusively that there
is at certain times in Malta Grand Harbour
a perfectly regular ebb and flow with a per-
iod of twenty-three minutes; about the same
period obtaining in Sydney Harbour, which
Mr. Russell gives as twenty-six minutes. "

R3)

X4. Frequent occurrence. Sydney Harbor,
Nova Scotia, Canada. Secondary oscil-
lations with a period of 26 minutes are
reported. This period is very close to
that prevailing in Grand Malta Harbor,
despite the widely different areas of the
two harbors. (R3) The 26-minute figure
may be in error, for A.K. Easton re-
ports seiches with a period of about 120
minutes are induced by weather systems
along the coast of Nova Scotia. The
computed natural period of Syndey Har-
bor is 120-132 minutes. (R12)

X5. Permanent features. Japanese coast.
General conclusions from a lengthy study

of secondary undulations along the Japanese
coast. ""The general conclusions which have
been drawn from the thorough study of the
numerous records obtained, are given inthe
following propositions. In discussing our
results we have availed ourselves of the
valuable records made by Lord Kelvin's

tide gauges at ten different stations. These
instruments have been set up at various
places on the coasts of the Pacific and of the
Japan Sea, and some of themhave been in wor-
king operation twenty years. (1) On the Pa-
cific coasts, free from any inlet in the coast-
line, the secondary undulation is quite un-
noticable, and of a very irregular nature.

(2) On the coasts of the Japan Sea the secon-
dary undulation on the open coast is obser-
vable, though the periods of the undulations
are not regular. (3) In a bay of considerable
area, or in a shallow bay with a narrow op-
ening towards the ocean, the secondary un-
dulation is in ordinary cases imperceptible.
(4) In a deep bay or estuary, the breadth of
which is not large in comparison with its
length, the secondary undulations are most
pronounced. (5) In bays or open coasts,
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which are not far from each other, a com-
mon undulation is observed. (6) The secon-
dary undulations in many bays change their
periods continuously and through certain
ranges. (7) In some bays the periods ofthe
undulation are fairly constant. (8) In many
cases the same trains of secondary undula-
tions appear in the same phase with respect
to the tidal wave, on consecutive days of
ordinary weather. (9) The phases of the
prominent, fundamental undulation at dif-
ferent parts of a bay are equal..... (12) In
a bay, the periods of the conspicuous undu-
lation observable in the case of a storm, or
in that of a seawave of distant origin, are
the same as those ordinarily observable in
the bay. It has long been believed that the
secondary undulation in a bay is the seiche
between two opposite sides of the bay; but
according to our observations, the phases
of the most conspicuous undulation are the
same throughout the bay, so that this view
cannot be universally true.' (R7)

X6. Permanent feature. Bay of Bengal, In-
dian Ocean. The tidal range is small
near the mouth of the Bay, but in the Bay
the range is 1-2.7 meters, and this in-
creases rapidly near the end of the Bay.
Calculations show that the period of the
Bay's natural oscillation is the same as
that of the semidiurnal tide. (R7)

X7. Permanent feature. Madura Strait, Java.

Very irregular tides with a strong com-
ponent possessing an 8-hour period. (R7)

X8. Permanent feature. Port Adelaide,
Australia. A remarkable variety of semi-
diurnal tidal inequalities on successive
days. A strong component with a period
of 10.9 hours beats with the normal semi-
diurnal tides. R7)

X9. Permanent feature. Port Phillip, Aus-
tralia. Long undulations with a period of
8.3 hours. Seiches in this nearly en-
closed bay cannot be this long. (R7) As
in the case of other undulations with very
long periods, one must search for larger
and deeper basins, whose long periods
might affect the smaller body of water.
(WRC)

X10. Permanent feature. Antarctica.

Tidal records made during the British
Antarctic Expedition of 1907 revealed
large sea seiches with a period of about
3 hours persisting over several months
of time. (R8, RY9)

X11. Permanent feature. Palawan Island,
North Pacific Ocean. "Records of tide ob-
servations for that part of the east coast of
Palawan lying between the ninth and tenth

Sea Seiches GHS2

parallels of north latitude show that the
waters washing this coast are peculiarly
subject to seiche oscillations. While in
most bodies of water seiches occur only
occasionally, it appears that here they hold
sway for a considerable portion of the time.
Slight traces of seiche movement have been
noted on tide curves for stations both north
and south of the limits mentioned above, but
the main strongholds of the seiche seem to
be Island Bay, Honda Bay, and the areathat
lies between them. Here the 'crazy tides'
frequently disport themselves without waiting
for storm or earthquake to excite them to
action. Charts of this region show that the
depth of the Sulu Sea is 1, 000 fathoms or
more over the larger part of its area. Ex-
tending out for some miles from the coast
under discussion toward this deep water is
arelatively shoal area with depths averaging
around 20 fathoms. A break in this shelf-
like bank occurs off the entrance to Puerto
Princesa, where a depth of 200 fathoms ap-
proaches close to the shore line. It appears
that the seiche oscillation is confined mainly
to the relatively shoal water near the coast.
That it does not cross the deep waters of the
Sulu Sea is shown by the fact that tide re-
cords, obtained at a number of places onthe
east and south shores of this body of water,
show no trace of the seiche..... In Puerto
Princesa itself, however, the seiche reaches
its acme of perfection. This body of water
is continuously in a state of rhythmic vibra-
tory motion. Day after day, month after
month, its surface rises and falls with aper-
sistent regularity that is surpassed only by
the periodic response of the great oceans to
the mighty tidal forces of the moon and sun.
The period of this vibration is almost ex-
actly one hour and a quarter---one-tenththe
average period of a semi-daily lunar tide---
and its amplitude varies from a few hundred-
ths of a foot to 3 or 4 feet. Three years of
automatic tide-gage records have been ob-
tained at Puerto Princesa wharf for use in
connection with hydrographic work in this
vicinity. From these gage records, a few
portions were selected that were simultan-
eous with observations showing pronounced
seiche oscillations at places along the coast
to the north and south of Puerto Princesa.
These records show that, at the time when
the seiche is noticable at other places along
the coast, it has considerable amplitude at
Puerto Princesa, and this fact seems to in-
dicate that there is a close relationship be-
tween the seiches at the various places. It
will be noted also that the periods of oscil-
lation, while differing somewhat at the dif-
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Short-period oscillations in the tidal records from Puerto Princesa (X11)

ferent points of observation, are roughly
the same for the entire area. In fact, there
seems to be a progressive increase in the
period from the vicinity of Island Bay north-
ward." Possible causes of the sea seiches
around Palawan are barometric changes and
strong currents in the Sulu Sea striking the
shelves offshore. (R10, R11) More recently
scientists have gathered evidence that the
Sulu Sea supports a long train of long-period
waves (GHW). (WRC)

X12. Permanent feature. Cape Lookout
Bight, North Carolina. An irregular
seiche of considerable amplitude some-
times persists for several days. (R10)

X13. Permanent feature. Puerto Rico.
Fairly regular seiches of small ampli-
tude detected along the south shore. (R10)

X14. Permanent feature. Kauai Island,
Hawaii. A continuous oscillation of one
to two-tenths of a foot, with a period of
about 20 minutes in the bay on the north
side. (R10)
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GHS3 Spectacular Tidal Bores

Description. Walls of hissing, frothing water up to 25 feet high that progress up river chan-
nels at speeds up to 15-20 miles per hour. The wavefront may be many miles long in broad
estuaries. Narrowing as it moves up the narrowing river channel, it may be noticable
scores of miles upstream.

Background. Tidal bores are fairly common all over the world, but only a dozen or two are
really impressive. The most spectacular are those of the Amazon (the pororoca), the
Tsientang River (China), and the Salmon and Petitcodiac Rivers, which empty into the Bay
of Fundy, Canada. Those of the Severn (England) and the Seine (France) are not particularly
large but are historically famous. Dozens of other rivers boast small bores. Some are
mere progressive undulations rather than fearsome walls of white water.

Data Evaluation. Tidal bores are well-described in the literature and have been observed by
millions of people. Rating: 1.

Anomaly Evaluation. The science of hydrodynamics adequately explains all major features
of tidal bores. This phenomenon is included here for its curiosity value and its similarity
to more perplexing progressive waves in the atmosphere and waters. The only suggestion
of anomalousness is the tidal bore's occasional elusiveness and unpredictability. At times,

when conditions seem ripe, a bore will fail to materialize, or it will be of disappointing

size. Rating: 4.

Similar and Related Phenomena. Progressive waves in rivers (GHW4), atmospheric bores,

such as the Morning Glory (GWC12).

Examples of Spectacular Tidal Bores

X1. Permanent feature. Amazon delta,
Brazil. Eye~witness account of the Ama-
zon's tidal bore fromthe Araguary, a tribu-
tary at the mouth of the Amazon. "Arriving
at the mouth of the Araguary, they went
down with the tide, and anchored just in-
side the bar which crosses the mouth of
this stream, to await the turning of the tide,
which would enable them to pass the shal-
lows, and then carry them up the Amazon.
Shortly after the tide had stopped running
out, they saw something coming toward
them from the ocean in a long white line,
which grew bigger and whiter as it approa-
ched. Then there was a sound like the rum-
bling of distant thunder, which grew louder
and louder as the white line came nearer,
until it seemed as if the whole ocean had
risen up, and was coming, charging and
thundering down on them, boiling over the
edge of this pile of water like an endless
cataract, from four to seven metres high,
that spread out across the whole eastern
horizon. This was the pororoca! When
they saw it coming, the crew became utterly
demoralized, and fell to crying and praying
in the bottom of the boat, expecting that it
would certainly be dashed to pieces, and they
themselves drowned. The pilot, however,
had the presence of mind to heave anchor
before the wall of water struck them; and,

when it did strike, they were first pitched
violently forward, and then lifted, and left
rolling and tossing like a cork on the sea it
left behind, the boat nearly filled with water.
But their trouble was not yet ended; for, be-
fore they had emptied their boat, two other
such seas came down on them at short in-
tervals, tossing them in the same manner,
and finally leaving them within a stone's
throw of the river-bank, where another such
wave would have dashed them upon the shore.
They had been anchored near the middle of
the stream before the waves struck them,
and the stream at this place is several miles
wide. But no description of this disturbance
of the water can impress one so vividly as
the signs of devastation seen upon the land.
The silent story of the uprooted trees that
lie matted and tangled and twisted together
upon the shore, sometimes half buried inthe
sand, as if they had been nothing more than
so many strings or bits of paper, is deeply
impressive. Forests so dense that I do not
know how to convey an adequate idea of their
density and gloom, are uprooted, torn, and
swept away like chaff; and, after the full
force of the waves is broken, they sweep on
inland, leaving the debris with which they
are loaded, heaped and strewn through the
forests. The most powerful roots of the
largest trees cannot withstand the pororoca,
for the ground itself is torn up to great
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depths in many places, and carried away by
the flood to make bars, add to old islands,
or build up new ones. Before seeing these
evidences of its devastation, I had heard
what I considered very extravagent stories
of the destructive power of the pororoca;
but after seeing them, doubt was no longer
possible.'" R1, R3, R6) From the descrip-
tions, the pororoca evidently does not appear
with every high tide and is, in fact, unpre-
dictable. (WRC)

X2. Permanent feature. Hangchow, China.

", ..we were surprised by the cries of the
natives as they descried to seaward the

faint white line which marked the birth ofthe
bore. This was at 12:30 P. M. Bringing our
glasses to bear on this line which seemed to
be near the meridian of Chishan, a conspicu-
ous hill about twelve miles east by fifteen
degrees south from Haining, marking the
indentation previously referred to as Bore
Shelter Bay, we could see that the bore had
formed in two branches. The one on the
north side of the channel was considerably
the larger and was advancing almost directly
up the river, touching the sea-wall with its
northern end and the sands with its southern
extreme; the other branch was approaching
from the southeastward and touched the sands
on both sides. The advance line of the first
was not so very high, but we could still see
it miles away running along the curve of the
land, while behind it came a mighty wave,
the whole advancing practically at right angles
to the northern shore, while the second or
southern branch came on almost parallel to
the shore and with increasing speed. This
latter line curved gradually around and when
about five miles from Haining its northern
extreme overtook the southern extreme of
the first, thus forming a continuous line of
white breakers two or three miles long.
Where this juncture was effected great waves,
white from the force of impact, dashed many
feet into the air in mid-stream and seethed
all about the point of conflict. This immense
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upheaval, however, rather quickly subsided,
and the flood wave resumed a more or less
uniform height, which presently increased as
the bore contracted in width, and increased in
speed as it conformed to the narrowing chan-
nel of the river. With rapidly increasing
roar and steady progress this line advanced,
and the immensity of the phenomenon began
to be appreciated even more than on the
previous night. A wall of very muddy water,
white-crested and fully ten feet high, was
approaching with the speed of a railroad
train, breaking over and overwhelming the
resisting ebb tide of the river, which in
front of the pagoda was still running out

with a speed of six or seven miles an hour
and fighting every foot of the monster's
advance. It was a battle of the flood against
the ebb, and the flood, backed by the ir-
resistable power of the ocean's rhythmic
pulse, was swallowing up the ebb with an
on-rush which must been seen to be fully
appreciated." (R2, R4-R6) The above
comparison of the bore's speed to a train
must be an exaggeration, for 15 miles per
hour seems about the maximum for tidal
bores. (WRC)
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GHS4 Diurnal, Triple, and Quadruple Tides

Description. Tides that follow the moon but which display one, three, four, or more high
and low tides each day. With few exceptions, these "non-standard" tides are small. In
some instances, these tides shift back and forth between the non-standard rhythm and the

more normal semidiurnal tides.

Background. Semidiurnal tides wash the coasts of most of the continents and are thought by

most people to be the norm.

However, even these common, twice-a-day tides are often



39 Diurnal, Triple, Quadruple Tides GHS4

"mixed"’; that is, one of the daily highs is much larger than the other. Around the Guilf of
Mexico and a few other locales, the smaller high tide essentially vanishes, leaving a nearly
pure diurnal, once-a-day tide.

Data Evaluation. Small, diurnal tides are common enough, but large, one-a-day tides are
very rare, though well-established scientifically. Three-a~day and four-a-day tides have
been mentioned briefly in the literature examined, but no details have been offered. Comp-
posite rating: 2.

Anomaly Evaluation. One would expect different ocean basins, large seas, and land-pro-
tected harbors---all with varying frequencies of natural oscillation---to respond in various
ways to the exciting forces of the sun and moon. Putting it simply, some bodies of water
will simply not oscillate at the semidiurnal frequency and respond by forming a diurnal tide.
These is no anomaly in this if the tidal amplitudes are small. Strong diurnal tides (which
are very rare) are not expected from tidal theory. Triple and quadruple daily tides do not
present serious explanatory problems, because one can always appeal to secondary undula-
or harmonics of the semidiurnal tide in explaining the extra tides. Rating: 3.

Possible Explanations. Abnormal tidal frequencies can usually be explained using some
combination of the following: (1) Secondary undulations; (2) Excitation of the harmonics of
the semidiurnal frequency; and (3) The basin's natural frequency of oscillation and other
local factors accentuate diurnal response and suppress semidiurnal response.

Similar and Related Phenomena. Secondary undulations (GHS2), tides that follow the sun
(GHS1).

Examples of Diurnal, Triple, and Quad- tides are not considered anomalous.

ruple Tides (WRC)

X1. Permanent features. Gulf of Mexico, X2. Permanent feature. Okhotsk Sea, Rus-
Alaska, China, Philippines, and other sia. ""The known range of the tides that flow
scattered localities. Small diurnal in and out only once a day has been only a
(once-a-day) tides that follow the moon; few feet at most. The newly-discovered
that is the highs and lows advance about daily tides of the Okhotsk Sea, however,

50 minutes per day. (R1) Small diurnal form waves of notable size. In the month
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during which the Russian Hydrographic
Department made tidal observations at Cape
Astronomicheski, at the northeastern head
of the Okhotsk Sea, the daily tide on one re-
cord-making occasion had a range of 37
feet. Only on a few days during the month
did the Russians find two high and low wa-
ters occurring at this part of the seashore.
The more usual occurrence was a single
daily tide, averaging fully 28 feet.'" (R2)

X3. Permanent feature. Stirling, Scotland,
and the Isle of Wight, U.K. Three tides
per day are observed at these locations.
(R3)

X4. Permenent feature. Courtown, Ire-
land. At some times, four small daily
tides; at other times, a small, irregular
semidiurnal tide. (R4)

X5. Permanent feature. Southampton, Eng-
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land. Four tides per day. (R5)
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GHS5 Long-Period Tides of Unexpected Strengths

Description. Tidal components with periods of several days to many months possessing un-

predicted strengths.

Data Evaluation. The detection of very-long-period tides, which usually possess amplitudes
of only fractions of an inch, require long, high-quality records. Only a few efforts have
been made to discern such small tides amidst the noise present in normal tidal records. The
analyses are delicate and sometimes contradictory. Rating: 2.

Anomaly Evaluation. The existence of the very-long-period tides described below are pre-
dicted by tidal theory, but their amplitudes are much higher than anticipated from theory.
Basic tidal theory is not challenged, but obviously some details need to be worked out.

Rating: 3.

Possible Explanations. In oscillating systems as complex as the oceans, with their various
resonating basins, theorists are bound to overlook some factors or "interactions'', as one
researcher terms them. The unexpectedly strong long-period tides are probably only the
results of our ignorance of minor factors, such as estimated coefficients in the equations.

Similar and Related Phenomena. Tidal predictions are similar to weather predictions, though
the former are certainly more exact. Each field involves hosts of poorly understood vari-

ables.

Examples of Tides with Very Long Periods

X1. Permanent feature. Gulf of Guinea.
South Atlantic Ocean. A tidally induced
wave with a period of 14.7 days. '"Conclu-
sion. We presented evidence of bottom trap-
ped shelf waves, presumably a topographic
shelf wave of tidal origin, propagating in
the Gulf of Guinea. They are of particular
interest for several reasons. Shelf waves
that have been previously reported. . .have
tended to be either purely barotropic or

baroclinic, while our case is most likely a
truely hybrid shelf wave. Smith suggests
that shelf waves observed along the coast of
Peru may also be hybrid. The shelf wave

is also an example of remote forcing through
some yet unexplained tidal interaction. The
most likely source region for the wave is

in the eastern Gulf of Guinea.' (R1)

X2. Permanent feature. North Atlantic
Ocean. Abstract. Spectral analysis of a
large number of tide records, of length grea-
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ter than thirty years, shows surprisingly Atlantic Ocean to forcing functions which
large power at the Chandler Wobble period are symmetrical with respect to the Equator.
(fourteen months) in Northern Europe. The The forcing function for the ordinary diurnal
amplitudes are 2 to 10 times greater than tides is antisymmetric, and its components
the equilibrium value. Hints of this pole are relatively suppressed, enhancing the
tide are observed at a few other stations, appearance of Mj in this sea area.' A

but at most locations the tide does not appear large M; tide was also discovered at Lagos
above the noise continuum. At this low fre- on the south Portugese coast. (R3)

quency, both the large amplitude and the var-
iation along a coast line present difficulties

in hydrodynamic interpretation.' (R2) References

X3. Permanent feature. Eastern North At- R1. Houghton, Robert W.; '"Characteristics
lantic Ocean. "I have recently described ofthe Fortnightly Shelf Wave along the
the phenomenal appearance in the seas off Ghana Coast, " Journal of Geophysical
western Europe of a tidal component with Research, 84C:6355, 1979. (X1)

a period of exactly one mean lunar day, R2. Miller, Stephen P.; ""Observations of
namely the "Mj tide'. Although only a few the Oceanic Tide at the Frequency of the
mm in amplitude, it is about ten times Chandler Wobble, " Eos, 53:1026, 1972.
larger than one would expect from compari- (X2)

son with ordinary diurnal tides, and sug- R3. Cartwright, D.E.; '"Anomalous Tide at
gests a resonance response of part of the Lagos, " Nature, 263:217, 1976. (X3)

GHS6 Tides That Precede the Moon

Description. Tides of various types that precede rather than lag the lunar event that suppo-
sedly excites them; viz., high tides preceding the moon's meridian passage; spring tides
preceding the syzygies; maximum diurnal inequalities preceding the maximum declination of
the moon. It most of these situations, the tides lead the purported exciting force by as much
as an hour or more.

Data Evaluation. The literature here is very thin, but the authors speak as though the phe-
nomena are well-established. Rating: 2.

Anomaly Evaluation. It is assumed that tidal theory has not adequately disposed of these phe-
nomena, thus labelling them anomalous. There may, however, be undiscovered explanations.
See, for example, the rather simplistic suggestion below. Rating: 2.

Possible Explanations. Like the shock wave preceding a missile, the disturbance may lead
the exciting force.

Similar and Related Phenomena. Shock waves and many related phenomena in aerodynamics.

Examples of Tides that Precede the Moon maximum when the moon's declination

is greatest, but at one spot on the Gulf

X1. Permanent feature. Port Glasgow and of Mexico, it leads by 17 hours. (R2)

Greenock, Scotland. Tidal records indi-
cate that high tides sometimes lead the
moon's meridian passage by as much as

two hours. (R1) References

X2. Permanent feature. Toulon, Mediter- R1. Mackie, David; "On the Tides of Dun-
ranean Sea. The spring tide precedes dee and Glasgow, ' Report of the British
the syzygies by 4.75 hours. (R2) Association, 1837, p. 5. (X1)

X3. Permanent feature. Gulf of Mexico. R2. Davis, W.M.; "Tidal Problems," Sci-

The diurnal inequality should reach its ence, 7:705, 1898. (X2, X3)
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GHT OCEAN TURBULENCE AND
CIRCULATION PHENOMENA

Key to Phenomena

GHTO Introduction

GHT1 Extraordinary Deep Circulation Events

GHT2  Sonar-Detected Subsurface Oceanic Structures

GHT3 Nonvolcanic Underwater Eruptions

GHT4  Anomalous E| Ninos

GHT5 The Guinea Tide

GHT6 Energy Transfer Between Warm Eddies and Incipient Hurricanes
GHT7 Long-Lived, Far-Travelling Oceanic Rings and Eddies

GHT8 Large-Scale Oceanic Chemical Anomalies

GHTO Introduction

The oceans are criss-crossed by many ponderous currents of water; some cold, others
warm; some near the surface, others running deep. In the Antarctic cold water sinks and
then moves north. The warm waters of the Gulf Stream hug eastern North America until
they reach Cape Hatteras. Science is beginning to understand these great movements of
sea water; but superimposed upon these well-known circulation features are transient events
and seasonal movements that are poorly charted and still enigmatic. Why, for example,

do the annual El Ninos, those seasonal movements of water down the coast of western South
America, push much farther south about every seven years? How do the Gulf Stream rings
maintain their identities for several years in a restless ocean? Several such vexing ques-
tions have been posed in the literature examined so far. However, the literature of oceano-
graphic research has been merely sampled. This portion of the Catalog of Anomalies will
certainly be expanded greatly in the future.

It is also recognized that the subject of ''undersea weather'" has hardly been touched. Waves,
vortexes, and disturbances never seen on the surface have been encountered at great depths.
These subsurface phenomena are exceedingly difficult to detect and chart; and much of the
research that has been done is classified by the military. Here, too, the Catalogis woefully
incomplete.
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Deep Circulation Events GHT1

Extraordinary Deep Circulation Events

Description. Large-volume, well-organized disturbances far beneath the ocean's surface.
These circulation events consist of powerful transient currents and vortexes, which in some

ways resemble atmospheric storms.

Data Evaluation. A single report of a disturbance recorded by an array of deep-water in-
struments. Undoubtedly more reports such as this one will be found as literature analysis

continues. Rating: 2.

Anomaly Evaluation. The sources of these strong transient events are not known. Rating: 3.

Possible Explanation. Disturbances could be generated by turbidity currents resulting from

the slumping of huge masses of sediments.

Earthquakes and submarine volcanos could also

cause transients, but none was associated with the event recorded below.

Similar and Related Phenomena. Gulf Stream rings (GHT8) are much larger in size. As
mentioned above, atmospheric weather events (GW) have similar structures.

Examples of Extraordinary Deep Circu-

lation Events

X1. January 24, 1968. About 400 kilometers
off northern Baja California, North Pacific
Ocean. "Abstract. On 24 January 1968, a
transient deep-circulation event was re-
corded by a triangular array of autonomous
current recorders installed 3 meters above
the bottom at two of the three positions and
at intervals of 3 to 1000 meters above the
bottom at the third position in a depth of
3950 meters above the relatively smooth
floor of the eastern North Pacific. The
event interrupted a 24-hour record of rela-
tively steady but peculiar conditions, lasted
for about 1 1/2 hours, and was followed by
current directions and speeds that greatly
differed from those of the initial period.
The event occurred over a volume of the
sea of at least 2 kilometers in horizontal
dimensions and 1 kilometer thick. Associ-
ated with the event were many small clock-
wise-rotating features extending from 3 to
at least 1000 meters above the bottom and
a rapidly increasing current velocity at
1000 meters. The event was probably local
and may have involved convective motion,
internal waves, and the passage of a front.
Some of the changes in horizontal velocity

may have resulted from the combined ef-
fects of upwelling and the earth's rotation. "
R1, R2)

X2. General observations. All oceans. Pho-
graphs of the ocean floors often show
ripples up to 15 centimeters high and
a meter apart, indicating currents 40
cm/sec and higher. Water samples from
the open ocean sometimes reveal high
turbidity, suggesting that violent currents
may stir up the sediments on the bottom.
Finally, some arrays of current meters
measure extremely high velocities (50
cm/sec), which sometimes reverse their
directions. (R3)

References

R1. Isaacs, John D., and Schwartzlose,
Richard A.; "A Deep CirculationEvent, "
American Geophysical Union, Trans-
actions, 49:699, 1968. (X1)

R2. Schwartzlose, Richard A., and Isaacs,
John D.; "Transient Circulation Event
near the Deep Ocean Floor, ' Science,
165:889, 1969. (X1)

R3. Kerr, Richard A.; ""A New Kind of Storm
beneath the Sea,' Science, 208:484, 1980.
(X2)

GHT2 Sonar-Detected Subsurface Oceanic Structures

Description. Plumes, spires, walls, and other structures appearing on sonar records that
are not solid structures but rather concentrations of particulate matter or thermal discon-

tinuities.
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Data Evaluation. Few records of this phenomenon have been found in the literature, although
the sonar records are fairly convincing. Rating: 1.

Anomaly Evaluation. The precise nature of the observed structures is not known. If they
are composed of particulate matter, how do such aggregates form and maintain their shapes?

Rating: 2.

Possible Explanations. Current patterns might create these structures, although the spires

and walls seem too stable for this sort of origin.

Organized biological activity (minute sea

creatures) might form temporary structures and aggregations. Thermal vents, like the so-
called ""'smokers'' on the sea floor, might produce thermal plumes thick with particulate

matter.

Similar and Related Phenomena. Sea-floor thermal vents; undersea volcanos; and (possibly)
the curious plumes of insects occasionally observed over treetops (BI).

Examples of Sonar-Detected Subsurface
QOceanic Structures

X1. Permanent features. Florida Current,
North Atlantic Ocean. Peculiar humps or
hills of particulate material, thousands
of feet long and hundreds high, have been
observed in the Florida Current with ul-
trasensitive 20-kHz sonar. The humps
extend from the bottom of the oceanic
mixed layer to near the surface. Sedi-
ment and plankton probably make up the
humps, but the actual constitution and
origin of the concentrations are unknown.
(R1) Conceivably currents might help
concentrate the particulate matter; some
sort of organized biological activity is
not out of the question. (WRC)

X2. February 11, 1977. South Pacific Ocean.
""Whilst passing to the south of Espanola Is-
land in the Galapagos Group we were running

our echo sounder; this particular echo soun-
der gives a very distinct of the sea bed to a
depth of 600 fathoms. Between 1130 and
1430 GMT we were receiving a very detailed
trace of the sea bed which was extremely
undulating, rising in sharp peaks and falling
again; this general picture left no doubt in
our minds that it was volcanic in origin. We
were interested to note that occasionally
where the trace reached a peak, in the reg-
ion where the crater would be expected,
there rose a faint but distinctly elongated
cone-shaped trace on the echo sounder paper.
This we did not take to be solid bottom as
the trace of rock could be clearly seen. With~
in the period, about five of these were noted,
some being large and others small, see
sketch." Thermal activity was suggested as
the cause of the plumes. (R2) The well-
known hot-water vents in the Galapagosarea
do not occur on mountain tops, although
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CONE-SHAPED TRACE (LIGHTER THAN ROCKY BOTTOM)

DISTINCTIVE TRACE OF SOLID ROCK BOTTOM

there might very well be a connection. The
plumes could also be particulate or biologi-
cal in nature. (WRC)
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GHT3 Nonvolcanic Underwater Eruptions

Description. The large-scale eruption of gases and fluids from the ocean's surface thatare
apparently unrelated to volcanic activity.

Background. The marine literature contains many accounts of submarine volcanos spewing
forth smoke and mud and even creating new bits of land surface. Immense rafts of floating
low-density volcanic ejecta are occasionally encountered; so are large tracts of colored
water and dead fish. In this category, these rather common manifestations of undersea vol-
canism are eliminated.

Data Evaluation. The existence of only one eye-witness account of a possible nonvolcanic
eruption relegates this phenomenon to a low-confidence category. Rating: 3.

Anomaly Evaluation. From a geological standpoint, a good case can be made for the occasi-
onal release of large volumes of gases from the sea floor. In fact, it is rather surprising
that more accounts of large gas releases have not be found. A low anomaly rating is in order.
Rating: 3.

Possible Explanations. Gas hydrates in sea-bottom sediments may be triggered into releasing
trapped gases by earthquakes, turbidity currents, and other undersea disturbances. Accumu-
lations of natural gas stored in pockets under the sea floor may also be released by similar
geological activity.

Similar and Related Phenomena. Geysers at sea (GHG1). The (supposedly) mysterious dis-
appearances of ships and planes from areas of the ocean known to be underlain by extensive
deposits of gas hydrates (R2). Underwater detonations of nuclear devices. Large-scale re-
leases of natural gas (ES), which might also be accompanied by acoustic phenomena (GSD).
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Examples of Nonvolcanic Underwater
Eruptions

X1. April 11, 1963. 100 miles north of
Puerto Rico, North Atlantic Ocean. The
crew of a Boeing 707 aircraft catch sight of
a huge water disturbance. "At the 1:30 po-
sition, about four or five miles from the
path of the jet, the ocean was boiling up in
a gigantic hemispheric mound. The copilot
described the phenomenon as 'a big cauli-
flower in the water'. He immediately cal-
led the captain and the flight engineer to
see the 'cauliflower'. The three crew mem-
bers watched for about 30 seconds until the
sight passed behind the wing of the jet and
disappeared from view. The copilot watched
the mound of white water growing in both
height and diameter, but by the time the
other two crew members unlocked their
harnesses and climbed over to the right
side of the cockpit for a look the mass had
begun to fall back. Nevertheless, allthree
agreed that they had witnessed something
of a most unusual nature, and of extraordi-
nary dimensions. Making a rough calcula-
tion based on the apparent size of the mound
of water as seen from an altitude of 31, 000
feet, it appears that the diameter of the
mound must have been 1/2 to 1 mile and
with a height 1/2 to 1/3 of the diameter. "
R1)
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General observation. Enormous quantities
of gas and water are stored in semisolid
form as gas hydrates in oceanic sediments.
Blowouts from these natural sediments may
give rise to huge quantities of bubbles rising
to the surface in plumes of low-density
fluids. "Intermittent natural gas blowouts
from hydrate-associated gas accumulations,
therefore, might explain some of the many
mysterious disappearances of ships and
planes---particularly in areas where deep-
sea sediments contain large amounts of gas
in the form of hydrate. This may be the
circumstance off the southeast coast of the
United States, an area noted for numerous
disappearances of ships and aircraft.' (R2)
The water disturbance seen by the crew of
the aircraft might have been a large-scale
gas hydrate blowout. (WRC)
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GHT4 Anomalous El Ninos

Description. Sudden, unexpected warmings of the waters of the eastern South Pacific Ocean,

particularly along the coast of Peru.

rather than the usual November or December.

Out-of-season El Ninos may begin as early as May
Anomalous El Ninos often commence with

the simultaneous warming of much of the South Pacific instead of commencing at the South

American coast and propagating westward.

Background. El Ninos occur yearly along northern South America, when a tongue of warm
water from the equatorial countercurrent moves south. Roughly every seven years, the El
Nino moves much farther south, displacing the cold Peru current and causing the catastrophic

destruction of plankton and fish life.

In this Catalog category, we are concerned with the

anomalies of the El Nino, although it is recognized that the "normal" El Nino is not well-

explained.

Data Evaluation. The recent (1982-1983) anomalous El Nino has led to several high-quality

studies. Rating: 2.

Anomaly Evaluation. Even the 'normal' annual El Nino is poorly understood; the causes of

the anomalous seven-year El Nino far less so.

The basic fault lies with our poor under-

standing of the interplay between ocean currents and global meteorology. Rating: 2.

Possible Explanations. The anomalous seven-year El Ninos may be triggered by large-
scale volcanic eruptions, which in some way reduce the trade winds.
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The Guinea Tide GHT5

Similar and Related Phenomena. Lesser-scale warmings of the sea (called "painters') are

rather common along the South American coast.

Some have suggested that the severe El

Ninos may be related to the solar cycle and sun-induced weather changes (GWS).

Examples of Anomalous El Ninos

X1. 1982. South Pacific Ocean. From a
discussion of the possible worldwide effects
of the eruption of E1 Chichon in the spring
of 1982. ''Some are considering the sus-
picious coincidence of the tropical eruption
and the unanticipated appearance of E1 Nino,
the warming of the equatorial Pacific sur-
face waters that can periodically decimate

the anchovy population of the eastern Pacific.

The coincidence seems particularly suspect
to some because this E1 Nino was rather odd.
It began developing in May rather thanduring
October to November, as is usual. Accor-
ding to Eugene Rasmusson of the National
Weather Service in Camp Springs, Mary-
land, the last out-of-season El Nino appear-
ed in 1963. That was shortly after the erup-
tion of Agung, the most recent eruption ha~-
ving a major climatic effect. He also notes
that this ocean warming was unique in ap-
pearing across the Pacific all at once rather
than propagating westward from the South
American coast; such unusual behavior
caught E1 Nino forecasters by surprise. The
suggestion that the stratospheric warming
somehow diminished the trade winds, which
in turn leads to the ocean warming, has not
been well received. No alternative mecha-
nisms have been offered, but the possibility
that one exists is not being rejected out of
hand.'" (R1, R2)

Philander has described the 1982 anomalous
El Nino as follows: "In early 1982 anomalous
conditions in the western tropical Pacific
Ocean were similar to the precursory ENSO
(E1 Nino Southern Oscillation) conditions de-

scribed above, namely an eastward displace-
ment of the ascending branch of the Walker
cell. During the year the anomalous condi-
tions grew steadily in the western and central
Pacific Ocean so that there were, and as of
November 1982 still are, severe droughts in
Australia and Indonesia, heavy precipitation
near the dateline, eastward rather than west-
ward winds over the western Pacific and ab-
normally high sea-surface temperatures in
the central Pacific Ocean. These unusual
conditions were confined to the western and
central Pacific until the early autumn. Only
then did the sea-surface temperature start to
increase in the eastern tropical Pacific Ocean.
The current E1 Nino, unlike the more common
ones, was therefore not an amplification of
the seasonal cycle in the eastern Pacific but
was completely out of phase with this cycle."

R3)

X2. 1963. South Pacific Ocean. Out-of-
season El Nino following the eruption of
Agung. (R1)
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GHT5 The Guinea Tide

Description. A strong, widespread, southerly movement of warm surface water along the

African west coast.
early May, when it reverses its direction.

The Guinea Tide is seasonal, moving south from late September to

Data Evaluation. One report from an oceanographic survey. Rating: 28

Anomaly Evaluation.

The forces that cause this vast annual movement of water are un-

known. This ignorance, however, probably reflects only our sketchy understanding of
ocean circulation rather than any basic weaknesses in geophysical theory. Rating: 3.
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Possible Explanation. None.
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Similar and Related Phenomena. The El Nino (GHT4), a similar movement of water along

the South American coast.

Examples of the Guinea Tide

X1. Permanent feature. South Atlantic
Ocean. ''"The mysterious water movement
or front has come to be known as the Guinea
Tide, because it originates in the Gulf of
Guinea, below Africa's great western land
bulge, at a point close to the equator and
approximately on an east-to-west line paral-
lel to the cites of Libreville and Port Gentil
in Gabon. It was first noted early in 1966
by scientists attached to France's Office de
la Recherche Scientifique et Technique Ou-
tre-Mer..... It had apparently gone unno-
ticed because it travels slowly, advancing
only about seven or eight miles per day.
Moreover, it is centered in a region that
has never before been heavily fished orused
as a major shipping lane. When the front
gets under way, it is as powerful as any
daily oceanic tide, sweeping along a broad
area the exact perimeter of which has not
yet been charted. It heads southward above
the cold Benguela Current, which is not af-
fected, and which flows steadily northward
from the lower reaches of the Atlantic. Also
flowing north above the Benguela Current is
a warmer oceanic stream known simply as
the Tropic Water, but the Guinea Tide is

powerful enough to push this back southward.
Thus, when the Guinea Tide is moving south-
ward, it is traveling opposite to the known
counter-clockwise rotational pattern of the
South Atlantic Gyre, which is what creates
the northward flow of the Benguela Current
and the Tropic Water.. ... The movement
of the front apparently starts on the equator
in the Gulf of Guinea sometime in late Sep-
tember or early October, Dr. Beardsley
says. During November and December it is
rather poorly defined, but when it is found
the southerly movement is always quite defi-
net. The front seems to stabilize suddenly
in January as it keeps heading south, and
remains that way through late April orearly
May, when, for reasons that are so far un-
known, it suddenly reverses and heads back
north toward the Gulf of Guinea. 'We do not
yet know what forces activate or govern the
movement of this vast body of water, ' Dr.
Beardsley says, 'and there may well be fac-
tors about it that will never be solved'. (R1)
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GHT6 Energy Transfer Between Warm Eddies
and Incipient Hurricanes

Description.
oceanic structures to tropical storms.

and storm augmentation.

Direct observations of the transfer of energy in the form of heat from specific
The observables are the cooling of surface water

Background. The strengths of tropical storms increase as they pass over warm waters;
however, the transition to full-fledged hurricanes has always been difficult to predict. Many

likely tropical storms fail to attain hurricane status when all conditions seem ripe.

Possi-

bly this seeming fickleness of nature is only a consequence of unappreciated small-scale

circulation features.

Data Evaluation. One report from an oceanographic survey. Rating: 2.

Anomaly Evaluation.

This phenomenon is more unexpected and unappreciated than anoma-

lous. Nevertheless, it may be relevant to more important anomalies. Rating: 4.

Possible Explanations. None necessary.

Similar and Related Phenomena. The anomalous geographical distribution of hurricanes

(GHW2).
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Examples of Energy Transfer between
Warm Eddies and Incipient Hurricanes

X1. August 1978. Gulf of Mexico, North
Atlantic Ocean. ''Hurricane Anita last Au-
gust may have drawn part of its power from
an eddy of warm Gulf of Mexico water. This
is the conclusion of analyses based on de-
tailed oceanographic data taken immediately
before and after the storm. The slowly ro-
tating 225-mile-diameter ocean eddy---
about a degree warmer than surrounding
waters—---had been discovered a monthear-
lier by Harris B. Stewart and John Proni of
the National Oceanic and Atmospheric Ad-

Long:-Lived Oceanic Rings

ministration. Its continued existence was
confirmed on Aug. 28 as the storm was de-
veloping. As the storm moved toward the
center of the warm eddy, it intensified,
reaching hurricane strength as it passed the
eddy's western edge. Measurements after-
ward showed the sea surface had cooled by
AG@ S UNRS)
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GHT7 Long-Lived, Far-Travelling Oceanic
Rings and Eddies

Description. Rotating rings and large eddies of seawater that travel thousands of miles and
maintain their identities for one to several years. These features vary from 10 to about

200 miles in diameter and from a few hundred to a few thousand feet in vertical dimension.
The temperatures and compositions of the rings and eddies are usually significantly different

from the surrounding sea.

Background. Gulf Stream rings have been recognized for several decades. Created when
kinks or loops break off the Gulf Stream, they may number roughly a dozen at any onetime.
Similar rings exist in other oceans wherever swift currents prevail.

Data Evaluation. Long-lived oceanic rings are accepted features of the world's oceans.

Rating: 1.

Anomaly Evaluation. The anomalous attributes of the rings and eddies are their long life-
times and their ability to travel intact across thousands of miles of ocean. Such attributes
are unexpected; and they basically reflect our poor understanding of the modes of energy
dissipation and propagation in these oceanic structures. Rating: 2.

Possible Explanations. Apparently energy dissipation is unexpectedly low with these rings.
Some efficient mechanism also exists to convert thermal potential energy into kinetic energy

of rotation.

Similar and Related Phenomena. Large-scale chemical anomalies in the oceans (GHTS)
The possible role of warm eddies in triggering hurricanes (GHTS).

Examples of Long-Lived, Far-Travelling
Oceanic Rings

X1. General observations. 'It now appears
that rings are inevitable wherever narrow
swift currents exist. Although meandering
and ring formation were not really antici-
pated, from a theoretical point of view they
are not very surprising to oceanographers.

| The observed longevity of rings is more

difficult to explain. Unlike weather patterns,

| such as hurricanes, rings, once formed,

have no external source of energy. A hur-
ricane continuously draws in warm moist
air from which it can extract large amounts
of energy. Thus, the hurricane cannot only
maintain itself but it can grow and intensify.
A ring cannot grow. It can only maintain
its circulation by drawing on the potential
energy, which constitutes 95 percent of the
ring's total energy, stored in the tempera-
ture difference between its core and its
surroundings. It is slowly dying from the
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moment of birth. The mechanism of the
dissipation of a ring's energy is not yet
clear. Internal friction may tend to draw
water from outside into the core of the ring,
leading to the eventual erasure of the tem-
perature difference. Glenn Flierl of the
Massachusetts Institute of Technology, who
devised a computer model of a ring, sug-
gests that while internal friction could be
at work, the dominant process may be the
leakage of energy from the ring in the form
of very slow, long waves. Rings might thus
contribute to other physical processes oc-
curring at great distances from the ring
itself.'" ®R1)

X2. Long-lived feature. Bahama waters,
North Atlantic Ocean. '"Recent hydrographic
observations from the western Sargasso
Sea revealed an anomalously saline water
mass ranging from 7° to 12°C which was
embedded in the thermocline. The char-

acteristics of this feature indicate that it
contained water from the eastern Atlantic
and the Mediterranean Sea.' This long-
lived eddy, dubbed '"Meddy'', retained its
identity while crossing the Atlantic, a dis-
tance of about 6,000 kilometers. The cen-
tral core of this eddy was 20 kilometers in
diameter and 200 meters thick. The mode
of formation and source of translation energy
are unknown. (R2)
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GHT8 Large-Scale Oceanic Chemical Anomalies

Description. Large-volume, permanent, seasonal, and transient oceanic features possessing
chemical properties significantly different than those of the surrounding waters, and for

which no obvious explanations exist.
horizontally and thousands of feet vertically.

The regions affected may extend for hundreds of miles

Background. The permanent currents, long-lived eddies, and fresh-water outpourings of the
great rivers insure some chemical inhomogeneity. In this Catalog entry, however, the focus

is on chemical differences of unknown origins.
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Data Evaluation. Oceanic surveys have detected several unexplained chemical anomalies.
The data are sound but scanty. Rating: 2.

Anomaly Evaluation. Once again we have unexpected oceanic features that reflect more the
incompleteness of our knowledge about the oceans rather than basic ignorance of geophysical
laws. Rating: 3.

Possible Explanations. Biological communities may change the ocean's chemistry over large

volumes. Like river influx, water flow from sea-floor vents may produce chemical changes.

Similar and Related Phenomena. As mentioned in '"Background' above, many chemical in-

homogeneities are fairly well understood.

Examples of Large-Scale Chemical Anoma-

lies in the Oceans

X1. Permanent feature. North Pacific
Ocean. "A negative carbon dioxide partial
pressure anomaly, with respect to atmo-
spheric pCO, occupies a large area of the
North Pacific Ocean with a center just south
of the subarctic convergence. The maximum
anomaly is about 20 percent and is too large
to be accounted for solely by differences in
temperature, salinity or calcium carbonate
chemistry. Carbon dioxide assimilation by
photosynthetic organisms would also con-
tribute to a negative anomaly." (R1)

X2. May 1969. North Atlantic Ocean. "An
infusion of low-salinity water has been de-
tected in the area of the Atlantic being stu-
died in the Barbados Oceanographic and
Meteorological Experiment. During the
first two weeks of May, measurements
turned up only normal levels of salinity:
35 parts per 1,000. But later measure-
ments found the salinity to have decreased
to 32 to 33 parts per 1,000, which is re-

garded as a very large change....The area
of infusion was at least 500 kilometers
wide---the length of one side of the study
area---and extended 30 meters deep. The
relatively small number of previous mea-
surements in the area during the last 40
years had led the scientists to expect some
reduction in salinity during the late spring.
The fluctuation is possibly a result of a
flow of fresh water from some other source,
such as the Amazon River, 1,700 kilometers
to the southeast, or it could be due to heavy
spring rains.' (R2)
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GHW  REMARKABLE WAVE
PHENOMENA

Key to Phenomena

GHWO Introduction

GHWi1 Unexplained Solitary Waves

GHW2 Periodic Bands of Waves )

GHW3 Sudden, Unexpected Onset of Extremely High Surf
GHW4 Downstream Progressive Waves in Rivers

GHWO Introduction

Many mariners tell of "waves from nowhere'' that suddenly broke over their ships, sweeping
men and equipment into the sea. Great solitary waves are rare; and some, not all, pose pro-
blems of explanation. If a solitary wave is merely two or three times larger than the general
run of waves, it can be written off as a chance addition of smaller waves of different wave-
lengths. Single giant waves preceded and followed by relatively calm water are not explained
so readily. Submarine disturbances are, of course, possible progenitors. Seismic activity,
however, customarily generates waves with very long wavelengths. The typical tsunamis or
earthquake generated waves are barely noticed on the deep ocean and rise to catastrophic
heights only as they approach shallow water. Solitaries in constricted areas, such as the Eng-
lish Channel, may be the piling up of a storm surge, with nasty weather soon to follow. It is
the isolated giant wave, met with in calm weather on a smooth sea, that presents the real enig-
ma.

Small groups of waves and bands of broken sea seem to come and go as mysteriously as the
solitary giants. We suppose instinctively that, like ripples on a pond, they are caused by some
distant disturbance possibly thousands of miles away. It is true that powerful storms can send
heavy surf crashing unexpectedly onto shores thousands of miles from the storm center, but
most bands of waves and broken water seem to have little to do with far-off storms. Rather,
they are manifestations on the surface of internal waves coursing through the body of the sea.
Usually periodic, they probably owe their origins to tidal waters surging over continental
shelves and submarine canyons. They are like surface shadows cast by deep and powerful
undersea forces.
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GHW1

Unexplained Solitary Waves = GHW1

Unexplained Solitary Waves

Description. Giant single waves, rarely two or three together, that measure at least four
times the height of the average surrounding wave, and for which no reasonable explanation
can be found. These "waves from nowhere' sometimes smash into vessels plying waters
that are otherwise calm. These are waves of the open ocean and occur in deep waters.

Background. A few waves in a rough sea are statistically bound to be much larger than others
in the area; but waves four or more times the average height are so unlikely that specific
physical causes must be sought before writing them off as mere coincidence.

Data Evaluation. Ship captains report large, isolated waves on otherwise calm seas fairly
often; but most of the giant waves are observed in heavy seas, where a few exceptional
waves are expected statistically. When such explicable cases are filtered out, a dozen or

so real anomalies survive. Rating: 1.

Anomaly Evaluation. When out-sized solitary waves occur, one can always claim that an
otherwise undetected earthquake, volcanic event, or some other natural undersea cataclysm
has transpired---as it probably has. So many natural phenomena can generate giant waves

that this phenomenon has a low anomaly content.

Rating: 3.

Possible Explanations. Underwater seismic disturbances immediately come to mind, but un-
less the observer is close to the epicenter seismic sea waves (tsunamis) are difficult to de-
tect. Their wavelengths are so long that they may pass unnoticed on the open sea, although
they become highly destructive when they reach shallow waters. Submarine slumping of
sediments and the release of natural gas and gas stored in gas hydrates (GHT3) may create
surface disturbances. Atmospheric disturbances can send large waves down narrow bodies
of water such as the English Channel. Swiftly flowing oceanic currents can steepen the fronts
of large waves, making them much more dangerous.

Similar and Related Phenomena. Tidal bores (GHS3); large seiches in lakes (especially the

Great Lakes) caused by atmospheric disturbances; landslides bordering the sea (one such
landslide in Alaska reputedly caused a wave that reached an elevation of just over 1,000 feet

on the opposite shore.

Examples of Unexplained Solitary Waves

X1. 1813. Bay of Biscay, North Atlantic
Ocean. '"His Majesty's ship Hotspuc, in
1813, whilst cruising in the Bay of Biscay,
under easy sail, with moderate weather,
was in a moment nearly overwhelmed by
three successive seas. The quarter-deck
bulwarks were carried away, one gun washed
overboard, the wheel unshipped, several
men lost, and the ship rendered unmanage-
able, and in imminent danger of foundering,
in consequence of the quantity of water ship-
ped. Immediately after, all appeared calm,
as if nothing had happened; and it was the
opinion of those who witnessed this, that it
was occasioned by a momentary and very
partial agitation of the sea." (R1)

X2. Circa 1847. Black Sea. "An Austrian
steamer of Lloyd's company the Stamboul,
was proceeding to Constantinople in a calm
state of the weather, and was within an
hour's distance of Synope, when suddenly
the sea opened under it, assuming the form

of a vast tunnel; the waves, in closing, co-
vered it almost entirely, swept the deck,

and did the most serious damage. The shock
was so violent that several leaks were
sprung, and the vessel was sometime in re-
covering itself from this terrible pressure
and getting fairly afloat again. It rose, how-
ever, after some pitching, but injured to an
extent that if another shock had taken place
it would inevitably have been lost with crew
and cargo.' No earthquake in the area was
noted. (R2)

X3. 1881. North Atlantic Ocean. ''Solitary
waves of an exceptional height have been
met with unexpectedly in mid ocean which
cannot be accounted for by the wind then
blowing. These waves are commonly refer-
red to as tidal waves but this is a misnomer;
they are in all probability due to submarine
seismic disturbances. In 1881 a solitary
wave struck the barque Rosina in the North
Atlantic sweeping overboard all hands then
on deck. In the same year this unfortunate




GHW1 Unexplained Solitary Waves

ship encountered another such wave while
both watches were engaged in shortening
sail. On this occasion the whole crew were
carried away with the exception of a sick
seaman lying in his bunk. He was eventually
rescued by a passing steamer.' (R7)

X4. 1882. South Atlantic Ocean. An unex-
pected solitary wave hit the Loch Torri-
don and washed the whole deck watch
overboard. (R7)

X5. February 14, 1884. North Atlantic
Ocean. '"S.s. Faraday.---The wave
was visible like a line of high land on
the horizon about five minutes before it
struck the vessel." (R4)

X6. November 27, 1886. North Atlantic
Ocean. "'S.s. Westernland.---A huge
wave rose to a great height just in ad-
vance of the ship. No other similar
waves were met with. " (R4)

X7. February 18, 1891. North Atlantic
Ocean. "H. M.S. Orontes.---While stea-
ming in smooth water a huge wave broke
over the vessel forward.' (R4)

X8. 1890. North Atlantic Ocean. The Van-
couver was badly mauled by a solitary
wave. (R5)

X9. June 1892. North Atlantic Ocean. '""The
Holyrood, in June, 1892, 20°N, 35°W,
encountered a solitary sea which looked
like a wall of water as it approached; it
flooded the decks, but before and after
this sea broke, the water was compari-
tively smooth under a light northeast
trade wind.'" (R5)

X10. September 1893. South Atlantic Ocean.
A solitary wave swept three crewmen
from the deck of the St. Denis. [R5)

X11, 1893. North Atlantic Ocean. A solitary
wave struck the Johann Wilhelm. (R7)

X12. January 1894. North Atlantic Ocean.
The Normannia was suddenly struck by
a wave as high as the masthead. (R5)

X13. January 31, 1926. North Atlantic
Ocean. A tremendous wave with an esti-
mated height of 80 feet suddenly piled up
ahead of the S.S. Empress of France. It
swept over the ship doing much damage.
(R6) The average height of the waves
was not mentioned. (WRC)

X14. February 1933. North Pacific Ocean.
""...the highest wave reliably recorded was
measured from the USS Ramapo, a 478-foot
naval tanker, while running between Manila
and San Diego in February, 1933. A wind of
about 60 knots was blowing from astern, and
huge seas had been running. The seas were
not breaking; there was no rolling and easy
pitching. The longest period was nearly 15
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seconds, from which the wavelength may be
calculated as about 1, 100 feet and the wave
speed as more than 50 knots. The watch
officer later noticed an increase in wave
heights in a succession of waves at 80, 90,
100, and 107 feet, and finally the enormous
height of 112 feet. The last estimate, though
at first unbelievable, appears fairly reason-
able, since the ship was not listed, her
stern was in the trough, and the officer saw
the crests astern in line with the crow's
nest and the horizon, at the time of obser-
vation. Knowing the length of a line from
eye to crow's nest and the angle made with
the ship's horizontal, it was a matter of
simple trigonometry to calculate the wave
height. Obviously a wave of such dimen-
sions could not result from a storm with
the usual duration and fetch. It turned out
that the storm was unusually widespread,
with an unobstructed fetch of thousands of
miles and a duration of seven days. It is
also possible that two or more wave trains
of different wave lengths came together.
When their crests coincided, an unusually
high wave would be formed by their combi-
nation. '"(R13) Due to the severity of the
storm and the possibility of additive waves,
this 112-foot wave may not be anomalous,
but it is of sufficient interest to record in
any event. Note that the probability of en-
countering above average waves is discussed
toward the end of this section. (WRC}

X15. August 5, 1968. Indian Ocean. From
the s.s. Esso Lancashire off Durban. "'At
0845 GMT the vessel entered a wave at an
altitude of approx. 20 ft and emerged se-
conds later very much the worse for wear.
If Cdre. W.S. Byles, R.D. has any idea
where '"The One from Nowhere' went, we
found the wave that should be with his
trough! The wave passed unbroken over

the monkey island (a height of about 60 ft)
and we struck it well above the trough., It
was preceded by a wave slightly larger than
usual and we rode that one fairly comfort-
ably but the wavelengths to the big one ap-
peared much less and we just did not make
it. " The log for 0745 noted swell at 20 foot
heights. Adding the 60 feet of the monkey
island to the 20 feet above the trough gives
a wave with a height of 80 feet, or four times
the average wave height. (R11)

X16. Frequent occurrence. The Indian
Ocean. ""The abnormal formations that de-
velop off the southeast coast of Africa are
made up of two elements: local waves and
those coming up from the Southern Ocean,
a fetch that sometimes reaches 1, 200 miles
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and brings fully developed waves by the time
they reach the Port Elizabeth area. Although
the lengths of the local waves and the long-
distance waves differ greatly, they tempor-
arily come together, increasing to an over-
all height, sometimes reaching the height
of a six-story building, and creating cor-
respondingly deep troughs. Another inter-
esting fact should be noted. As ships head
in a southwesterly direction and start edging
toward the rim of the continental shelf, be-
yond the 100-fathom line, the sea conditions
become noticeably heavier. It is in the
over-100-fathom depths that most of the
damage occurs.....On September 25,(1973),
Svealand, on her maiden voyage, was exper=
iencing gale-force, southwesterly winds
with waves running from 30 to 40 feet in
height. At 1647 hours on the same day, the
forward part of the supertanker slid into a
long deep trough. Before the bow could lift,
the oncoming cliff of water smashed down
on the first two hatches setting them down
bodily by 2 feet and tearing them open. Two
of the ship's crew were injured. At the
moment the superwave struck Svealand the
wind was howling out of the southwest at a
speed of between 48 and 55 knots, the cur-
rent was flowing southwest at 4 to 5 knots,
and the ship was making 3 knots.'" The
article points out that the Agulhas Current
acts in a way to steepen the oncoming wave-
fronts. This combined with heavy seas and
the addition of two wave trains probably
accounts for the serious superwave problem
off the African coast. Note that X15's wave
was probably generated by this mechanism.
(R15, R16, R19-R22) The edges of the con-
tinental shelves may influence wave heights
if their wavelengths are comparable to the
shelf's depth (roughly 600 feet, on the aver-
age). (WRC)

Unexplained Solitary Waves GHW1

X17. No date given. English Channel, North
Atlantic Ocean. '"The time was evening. He
was a few hours out from London in the Eng-
lish Channel, in a 900-ton ship, of which he
was the chief officer. The sky was murky,
but not absolutely cloudy, and the Channel
waters were calm, though there was afresh
breeze blowing from the west at such a rate
as to compel them to sail under a reefed
mainsail and double-reefed topsails. On
their lee was a brig. 'My captain and I,'
says Captain Parselle, 'were standing on
deck. I had given orders for the watch tobe
called, and they were assembled on the poop
deck. The captain said, Mr. Parselle, I
think the lighthouse ought to be visible by
this time, meaning the Eddystone. Suppose
I go aloft and look, I answered. I went up
the rigging till I got about 60 feet aloft, and
suddenly, when just in that perilous position,
I heard a terrible shout from the deck. I
looked down to see what was the matter, and
just as I did so a mounatin of water struck
us amidships. It picked me right off my
feet, and hurled me clean through the rig-
ging, and flattened me against the mast,
whence I fell into the maintop. The rest of
what happened I discovered after my recov-
ery. The wave took off every strip of rig-
ging and canvas, all the yards, boats, and
arms, and left the ship with only her masts
standing.' The brig which had been lying to
leeward had been stripped clean to the deck,
masts and all---as clean as if an army of
carpenters had been at work. The watch
had been swept overboard, and every man of
them lost. A sea wave such as this is as
distinct from the sea waves ordinarily en-
countered as a cyclone from an ordinary
wind storm." (R3)

X18. No date given. North Atlantic Ocean.

ABNORMAL WAVE
VELOCITY 30 KNOTS
b

850 FT |

c——=AGULHAS CURRENT 4-5 KNOTS ————7>

Tanker encountering a giant wave off the African Coast (X16)
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The S.S. Rheinland was temporarily sub-
merged by a solitary wave. Only the
funnel and masts could be seen. (R7)

X19. Mathematical analysis of the frequency
of occurrence of giant waves. ''Although
such events happen only rarely, this does
not mean that their likelihood of occurrence
is not predictable. There are two aspects
of this problem. One concerns what happens
on a sea when a large number of wave com-
ponents each with its own period and height,
are traveling along together at slightly dif-
ferent, but constant, speeds. As the com-
ponents continually get into and out of step
with each other they produce groups of high
waves followed by brief intervals of relative-
ly quiet water which are characteristic of
all sea waves. Every now and then, just by
chance, it so happens that a large number of
these components get into step at the same
place and an exceptionally high wave ensues.
The life of such a wave is only a transient
one, being not much more than a minute or
two. . ..the probability of occurrence of any
such wave is finite and can be predicted; its
calculation has the apparently contradictory
title of Statistics of a Stationary Random
Process. Using this theory, it has been
shown that whilst one wave in 23 is over
twice the height of the average wave, and
one in 1,175 is over three times the average
height only one in over 300, 000 exceeds four
times the average height.!' (R8, R9, R14)

Of course this theory cannot satisfactorily
explain the appearance of large solitary
waves on a relatively calm sea. (WRC)
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X20. Analysis of abnormal waves in the
North Atlantic. After studying the loca-
tions where eight giant waves were en-
countered, the ships' courses and speeds,
and the directions of the waves, the au-
thor suggested that the Faraday Reef,
located in the central North Atlantic,may
help create these waves. (R4)

X21. Analysis of abnormal waves in the
North Atlantic and North Pacific. Unique
heavy sea phenomena may be created
in the vicinity of submarine canyons when
the length of the waves are of the same
magnitude as the water depth. (R12)

X22. March 31, 1883. English Channel.
""The Weymouth and Channel Islands Steam
Packet Company's mail steamer Aquila

left Weymouth at midnight on Friday for
Guernsey and Jersey on her passage across
Channel. The weather was calm and clear,
and the sea was smooth. When about one
hour out the steamer was struck violently
by mountainous seas, which sent her onher
beam ends and swept her decks from stem
to stern. The water immediately flooded
the cabins and engine room, enteringthrough
the skylights, the thick glass of which was
smashed. As the decks became clear of
water, the bulwarks were found to be broken
in several places, one of the paddle-boxes
was considerably damaged, the iron rail of
the bridge was completely twisted, the pump
was broken and rendered useless, the sky-
light of the ladies' cabin was completely
gone, and the saloon skylight was smashed
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to atoms. ... Five minutes after the waves
had struck the steamer the sea became per-
fectly calm.'" (R17, R18)

X23. September 1943. North Atlantic Ocean.

"In September 1943, ‘he Queen Elizabeth,
sailing across the Atlantic as a troopship,
was hit by one of these 'freak' waves off
Greenland. One witness on the bridge said
that the giant ship was lifted out of the water
like a toy and thrown deep into a wave. Fit-
tings and equipment attached on the fore-
castle were torn off and thrown against the
bridge, smashing every glass pane.' (R20)
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GHW2 Periodic Bands of Waves

Description. Moving, periodically appearing packets of white-capped waves or choppy
water. The intensity of the phenomenon varies from place to place. In its best-developed
form, as seen in the Andaman and Sulu Seas, the waves in the packets may be several feet
high and announce their coming as an advancing white line on the horizon and an increasing
roar. Satellite photographs and radar imagery reveal that these bands may stretch for
hundreds of kilometers. Each packet consists of several bands a few hundred meters wide,
separated by several hundred meters. The packets themselves recur at the local tidal fre-
quency; that is, semidiurnally in most places.

Background. Deep-sea sailors have frequently remarked these unexpected seething bands
of water, often neatly raised a few feet above the general ocean level, calling them ''tidal
rips."

Data Evaluation. Records of periodic bands of waves go back almost 200 years, and they
are frequently discerned on satellite photos. Rating: 1.

Anomaly Evaluation. These regularly appearing, travelling disturbances are thought to




GHW2 Periodic Bands of Waves

58

be surface manifestations of internal waves or ''solitons," which though well-described
theoretically have been little-explored in the natural world. Even if internal waves are the
correct explanation of wave bands, some mechanism for periodically generating solitons

must be found. Here, too, likely candidates exist (see below).

In sum, then, this rather

spectacular phenomenon is only mildly mysterious. Rating: 3.

Possible Explanations. Internal waves or solitons initiated when the surge of tidal water

encounters continental shelves and/or submarine canyons incised in the shelves.

It is also

possible that sea mounts and other submerged structures may contribute.

Similar and Related Phenomena. Slicks and calms (GHC2) may be the surface manifestations
of internal waves in small, shallow bodies of water; the "crazy tides' of Palawan Island in
the Sulu Sea (GHS2-X11); the huge waves common along the south east coast of Africa, to
which internal waves established by the continental shelf may contribute (GHW1).

Examples of Periodic Bands of Waves

X1. 1814. Strait of Malacca, South Pacific
Ocean. 'In his Majesty's ship Minden, in
1814, a number of singular Ripples were
observed between the north end of Sumatra
and the Nicobar Islands; and also between
that line and Pulo Penang, or Prince of
Wales' Island. None of these islands, how-
ever, were in sight; and there were no
soundings. These ripples varied from two
to five miles in length, and from two to four
hundred yards in breadth: their direction
was nearly north and south; they were al-
ways first descried in the west, or south-
west; from that quarter they approached
and passed the ship, and then went off to
the east or north-east. In their general
appearance they resembled the waves of
the sea breaking on a shallow sandy shore.
The waves forming the ripple, did not tum-
ble against one another irregularly, but
curled and broke in the direction towards
which the whole ripple was advancing. When
the sea breaks on a sandy beach, and forms
what is called Surf, the waves stretch along
parallel to the shore, and when they break,
roll in upon it, one after the other; but in
these ripples, the waves were not so con-
tinuous, and, when they broke, the water,
instead of rolling along like surf, splashed
up perpendicularly to a considerable height.
Some of the ripples were very gentle, so
that the surface of the sea was scarcely
whitened by them, their approach being in-
dicated only by a faint noise. Others were
heard several miles off, and advanced to-
wards the ship, boiling and foaming in an
extraordinary manner. Some of them not
only dashed the water many feet up the side,
but actually shook the ship in a very sensible
degree.

As we approached the line joining the
north end of Sumatra and the Nicobar Is-
lands, the ripples became more frequent

and more violent. During the 5th of Septem-
ber, one passed the ship about every quarter
of an hour. The wind at this time was be-
tween north-east and east, very light and
variable, and sometimes calm; which ren-
dered the effect of these ripples during the
stillness of the night not a little striking.

At first, a low hollow sound was heard, like
that caused by a surf on a distant coast: it
gradually became louder and louder; till at
length a long foaming streak was discovered
advancing rapidly towards the ship, which it
soon surrounded, and then all was noise and
commotion. This lasted for a few minutes,
when the ripple moved past to the north-
east, its sound becoming fainter and fainter;
and it occurred often, that just as one ceased
to be heard, another was perceived, and so
on during all the night..... During one eve-
ning the following curious phenomenon was
observed. Whenever the ship entered one
of the ripples, the wind immediately fresh-
ened, and at the same time changed its ap-
parent direction; but, upon quitting the rip-
ple, the wind invariably resumed its original
velocity and direction.' (R1)

X2. December 29, 1884. North Atlantic
Ocean. '"The commander of the British
steamship Bulgarian reports that on Dec.
29, in latitude 49° north, longitude 34°30°
west, at two P. M., while the sea was
smooth and the wind moderate from the
south and west, he ran through a regular
bore. The water boiled and seethed. The
surface of the bore was about two feetabove
the general level of the ocean, and its ex-
tent about six miles long and from three to
five miles wide, moving to the north-east.
This is a very unusual phenomenon for such
a place.' (R2)

X3. July 27, 1961. Red Sea, Indian Ocean.
"At 1930 GMT the wind veered from 330° to
060° and increased to force 4; the air temp.
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dropped from 89°F to 86° and a shower was
seen near the ship. A sudden swell, 5 ft. in
height, came in from 300° with a period of

5 sec. It arrived in four or five lines at a
time, then died down for about 30 sec to 1
min., after which interval it moved in again.
This cycle kept repeating, though with de-
creasing height of waves, until 2120." (R4)

X4. March 1963. Andaman Sea, Indian
Ocean. "Alternate bands of rough and smooth
water passed the R. V. Anton Brun at four
oceanographic stations in the Andaman Sea
in March 1963 while that ship was operating
under the National Science Foundation Pro-
gram in Biology for the International Indian
Ocean Expedition. At one of these stations
a low roar accompanied by breaking white-
caps was observed as the bands passed the
ship in a flat calm sea.' (R6)

X5. March 28, 1964. Indian Ocean. ''1930-
2000 GMT. Bands of breaking waves of
height 2 ft and period 1 sec, about 1/2 mile
in width and 6 miles apart were observed by
radar, heading in a 310° direction. When
the bands passed the ship, which was hove-
to, the wind did not change in direction or

HEADING OF R.R.S
DISCOVERY
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Groups of waves detected on radar (X5)

increase in force. The swell died down
completely. There were five bands in all;
the first and last being comparatively weak
while the middle one was the strongest.
They had the appearance of waves breaking
on a flat sandy shore.' (R5)

Periodic Bands of Waves GHW2

X6. June 12-13, 1964. North of Sumatra,
North Pacific Ocean. '"On the morning of
June 12, 1964, distinct zones of whitecaps
ranging from 200 to 800 m in width and
stretching from horizon to horizon (approxi~
mately 30 km) in a north~south direction
were observed in the Andaman Sea north of
Sumatra. At least five of these zones, with
a spacing of about 3200 m between each zone,
were observed. The observed zones or
bands of choppy water had short, steep,
randomly oriented waves with heights of
about 0.3 to 0.6 m. Each band stood out
distinctly in an otherwise undisturbed sea.
A 4-m/sec NNW wind and a surface water
temperature of 29°C were observed, but
neither changed significantly as the ship
crossed the bands of choppy water. Detailed
salinity measurements were not made while
crossing the bands; however, routine bi-
hourly salinity samples showed a maximum
regional salinity gradient of 0.03% per km.
Later in the day, several other bands of
similar dimensions, but having smaller
waves, were observed.

On June 13, similar north-southtrending
bands of choppy water were seen farther to
the west in the Great Channel, near 06°09'N,
94°37'E. Ten bands, each approximately
200 m wide and 800 m apart, were observed.
In some instances, the water between the
bands of choppy water had a slicked appear-
ance despite a 9-m/sec SSW wind. Similar
slicks were not apparent on the preceding
day when the bands of choppy water were
farther apart. Boundaries of the choppy
water were all well defined..... The bands
were computed to be moving eastward at
2.6 m/sec.' Bathythermograph records
indicated that internal waves with maximum
heights of 82 meters were the probable
cause of the surface disturbances. (R6)

X7. July 24, 1973. New York Bight, North
Atlantic Ocean. Images taken by Land-
sat-1 show wave packets, convex in the
direction of propagation, with wavelengths
on the order of 500 meters and periods
of 15 minutes. Amplitudes are 5-10
meters. Similar waves have been re-
corded from space at a wide variety of
locations all around the world. They are
believed to result from internal waves
excited by tidal action at the edges of
the continental shelves. (R8, R15)

X8. August 15, 1975. Alaskan coast, North
Pacific Ocean. Periodic striations re-
corded by synthetic aperture radar on an
aircraft. The leading wavelengths were
about 500 meters, decreasing to 120
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Periodic Bands of Waves

Internal waves 1 kilometer apart photographed
off New York by a satellite (X7)

meters at the rear of the packet. Crest
lengths ranged up to 10 kilometers. The
packets were separated by about 2 kilo-

meters. The bands were located about

5 kilometers inshore from a 300-meter-
deep submarine canyon. (R8, R9)

X9. Circa 1939. Gulf of California, North
Pacific Ocean. Data from 50 oceano-
graphic stations revealed internal waves
about 65 feet in amplitude, with periods
between 6 and 7.5 days. (R3)

X10. No date given. Australian waters,
South Pacific Ocean. Observations from
an aircraft revealed whitecaps being for-
med sporadically---the interval between
the appearance of successive whitecaps
was 8-10 seconds. (R7)

X11. No date given. North Atlantic Ocean.
From shipboard, whitecaps were seen to
form about every 12.2 seconds, whereas
the period of the larger waves was only
8.7 seconds. (RT)
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X12. Permanent features. Andaman Sea,
Indian Ocean, and Sulu Sea, North Pacific
Ocean. '""Peculiar striations more than a hun-
dred kilometers long, visible on satellite
pictures of the surface of the Andaman and
Sulu Seas in the Far East, appear to be of
interest in fields.as far removed from
oceanography as quantum field theory. A
recent report of underwater current and
temperature variations associated with

such surface phenomena in the Andaman
Sea, by Alfred Osborne, a physicist at Ex-
xon Production Research (Houston), and
Terrence Burch, an oceanographer with
EG&G Environmental Consultants (Waltham,
Mass. ), suggests that these striations mark
the propagation of 'solitons, ' exotic solu-
tions of nonlinear wave equations that have
captured the interest of mathematical physi-
cists studying a broad range of phenomena
spanning 22 orders of magnitude in size.
The surface striations seen in the satellite
pictures are interpreted as secondary phe-
nomena that accompany the passage of 'in-
ternal solitons, ' solitary wavelike distor-
tions of the boundary between the warm up-
per layer of sea water and the cold lower
depths. These internal solitons are travel-
ing ridges of warm water extending downward
hundreds of meters below this thermal boun-
dary. Carrying enormous energies, these
presumed solitons appear to be the cause of
the usually strong underwater currents peri-
odically experienced by Exxon's deep-sea
drilling rigs between Sumatra and the Malay
Peninsula in the Andaman Sea. They have
even been implicated in the mysteriousdis-
appearances of several submarines....As
observed on the surface, the striations seen
by the Landsat, Apollo-Soyuz and ERTS-1
satellites turned out to be kilometer-wide
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Internal wave train in the Andaman Sea as seen by a satellite (X12)
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bands of extremely choppy water stretching
from horizon to horizon, followed by about
two kilometers of water 'as smooth as a
millpond.' These striking bands of agitated
water are called 'tide rips,' because seamen
who have observed them in the past erron-
eoudly took them to indicate tidal movement
over uncharted shoals. The tide rips rea-
ched the research vessel at intervals of
about an hour (corresponding to spacings of
5 to 10 km), until a packet of 4 to 8 such
bands had passed. This spectacle repeated
itself with the regularity of the semidiurnal
tidal period." (R12) Several other reports
cover this research in the Andaman and
Sulu Seas. (R10, R11,R13, R14)

References

R1. "Account of Some Remarkable Ripples,
Observed Near the Northern Entrance of
the Straits of Malacca, ' Edinburgh Philo-
sophical Journal, 2:7, 1820. (X1)

R2. Science, 5:61, 1885. (X2)

R3. "California Gulf Has Giant Internal
Waves, '' Science Digest, 10:33, Decem-
ber 1941. (X9)

R4. Wortley, B.T.; '"Sudden Onset of Swell, "'
Marine Observer, 32:116, 1962. (X3)

R5. Davies, R.H.A.; '""Waves, "' Marine Ob-
server, 35:60, 1965. (X5)

R6. Perry, Richard B., and Schimke, Ger-
ald R.; "Large-Amplitude Internal Waves
Observed Off the Northwest Coast of Suma-
tra,' Journal of Geophysical Research,

Sudden High Surf GHW3

70:2319, 1965. (X4, X6)

R7. Donelan, M., et al; "Periodicity in
Whitecaps, "' Nature, 239:449, 1972. (X10,
X11)

R8. Elachi, Charles, and Apel, John R.;
"Internal Wave Observations Made with
an Airborne Synthetic Aperture Imaging
Radar, " Geophysical Research Letters,
3:647, 1976. (X7, X8)

R9. Apel, John R., et al; ""A Study of Oce-
anic Internal Waves Using Satellite Im-
agery and Ship Data,' Remote Sensing of
the Environment, 5:125, 1976. (X8)

R10. Osborne, A.R., and Burch, T.L.;
"Internal Solitons in the Andaman Sea, "
Science, 208:451, 1980. (X12)

R11. "Underwater Waves Held a Possible
Clue to Disappearances of U.S. Subma-
rines, " Baltimore Sun, October 5, 1980,
p. Al2. (X12)

R12. "Great Undersea Waves May Be Soli-
tons, " Physics Today, 33:20, November
1980. (X12)

R13. "Update: Internal Waves in the Sulu
Sea, ' American Meteorological Society,
Bulletin, 62:1061, 1981. (X12)

R14. Elachi, C., et al; "Shuttle Imaging
Radar Experiment,' Science, 218:996,
1982. (X12)

R15. Apel, John R., et al; "Observations
of Oceanic Internal and Surface Waves
from the Earth Resources Technology
Satellite, " Journal of Geophysical Re-
search, 80:865, 1975. (X7)

GHW3 Sudden, Unexpected Onset of
Extremely High Surf

Description. The sudden arrival of extremely high waves during calm, fair weather. Such
high seas, unannounced by any winds or bad storms within hundreds of miles, frequently
afflict the West Indies, western South America, and India.

Background. The absence of any warning makes these sea surges very dangerous to life and
property---one minute all is calm, the next minute immense waves hit the shores.

Data Evaluation. Several scientific accounts of this phenomenon have been found, as well as
some attempts to correlate the high surf with intense storms thousands of miles away.

Rating: 1.

Anomaly Evaluation. Some episodes of unexpected high surf have been positively correlated
with very distant ,severe storms; other events have not been connected with any specific

meteorological disturbance.

low anomaly rating is reasonable. Rating: 4.

Possible Explanations. Distant, severe storms.

Since ocean weather is not well-mapped, it is quite possible
that all unannounced sea surges may be attributable to distant storms.

For this reason, a
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Similar and Related Phenomena. Earthquake-caused tsunamis, which usually involve just a
few large waves rather than hours of high surf; giant solitary waves (GHW1).

Examples of the Sudden, Unexpected Onset
of Extremely High Surf

X1. December 2-3, 1951. Puerto Rico and
Barbados, North Atlantic Ocean. '"On De-
cember 2-3, 1951, very rough surf occur-
red along the northern coast of PuertoRico
and the western coast of Barbados. Again,
on December 5, 1951, heavy seas pounded
the western coast of Barbados. Duringthe
morning of December 2, 1951, the seas
were calm along the northern Puerto Rican
coast; but shortly after noon a rapid agita-
tion of the seas was noticeable, and by 3

p. m. local time mountainous waves lashed
the coasts. The entire day was calm and
sunny, and the mildness of the weather con-
trasted impressively with the wildness of
the seas. Similar calm weather prevailed
during the high seas in Barbados. In both
islands there was considerable damage to
houses, roads and small fishing craft."

R2)

X2. August 17, 1952. Near Puerto Rico,
North Atlantic Ocean. '"On August 17, 1952,
I was marooned for twelve hours on the
small, uninhabited island of Desecheo, some
fifteen miles off the northwest coast of Puer-
to Rico. Suddenly, at about 4:30 p.m. local
time, the sea withdrew along the western
coast, sea-level being lowered perhaps 10
ft. There was a dull, muffled sound, follow-
ed by a remarkably rapid churning of the
seas towards the west-northwest. Three
hours later, seas were still very high, and
it was next morning before I could be brought
from the island. It was very warm, sunny
and balmy all day. Later, it was discovered
that rough seas had occurred along both
coasts of Mona Passage." (R2)

X3. December 3-4, 1952. Barbados. High
surf, as in X1 and X2. In all cases (X1-
X3) seismological records and weather
maps of both the North and South Atlantic
were examined for clues to the high surf.
Apparently there were no quakes or dis-
tant storms that could be blamed. (R2)

X4. April 4-6, 1958. Barbados, North At-
lantic Ocean. High surf, severe sea
surge. (R3)

X5. October 24-28, 1958. Barbados, North
Atlantic Ocean. Severe sea surge, Both
X4 and X5 were correlated with storms
in the North Atlantic. (R3)

X6. June 1960. New York and New Jersey
shores. '""With virtually no warning at all,
freakish tides and fourteen feet high waves
tore at the Atlantic beaches of Long Island
and New Jersey early in June, 1960. Great
areas were inundated and, when the waters
retreated, they carried much sand and soil
with them, leaving vistas of miniaturehills
and valleys along the shore. Fortunately,
lifeguards were able to clear the beachesin
time, so no lives were lost during this peri-
od.'" Waves attributed to distant storms.
(R4)

X7. July 25-26, 1968. Valparaiso, Chile.
""Suddenly and without warning, tidal waves
15 to 18 feet tall rolled into the Chilean
coastline near the capital city of Valparaiso
on July 25 and 26. The huge waves were
apparently caused by a sea surge far off-
shore. Although much coastal property and
many ships were damaged, there were no
personal injuries reported. The question
that needed answering, however, was what
caused the sea surge? Some reports indi-
cated the waves were associated with seis-
mic phenomena; other theories attributed
the waves to a storm far out at sea. Today,
however, their origin remains a mystery."

R5)

X8. General observations. Saint Helena,
South Atlantic Ocean., Sudden onsets of
heavy swell at St. Helena may be due to
distant storms. ([R6)

X9. General observations. Ceylon and India
are often subjected to huge rollers from
Indian Ocean storms. R9)

X10. General observations. West coast of
South America. Long history of heavy
"surf days." [R9)

X11. General observations. East coast of
South America. High, episodic surf
called ""resacas.' (R9)

X12. General observations. West coast of
Ireland. ''Death waves'' supposed the pre-
cursors of storms. (R1)
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GHW4 Downstream Progressive Waves in Rivers

Description. Walls of water several feet high that advance rapidly downstream in shallow
rivers. The phenomenon occurs in rivers subject to sudden influxes of water due to heavy
rains upstream. The progressive wave, however, travels much faster than the flood waters

themselves.

Background. Progressive waves moving downstream are analogous to tidal bores moving up-

stream.

Data Evaluation. An occasional phenomenon in several shallow rivers, but literature on the

subject is almost nonexistent. Rating: 2.

Anomaly Evaluation.
only for its novelty. Rating: 4.

Wave theory adequately explains this phenomenon; and it is included

Possible Explanations. Downstream bores are gravitational waves that outrun the surge of

flood waters into shallow streams.

Similar and Related Phenomena. Tidal bores (GHS3).

Examples of Downstream Progressive

Waves in Rivers

X1. General observations. '""When the upper
reaches of a river are swollen by rains,
room is made for the flood by the gravita-
tional rise of the water farther down-stream.
As in deep rivers the rate of propagation of
a long wave is many times greater than the
velocity of flow, the effect of this wave-
transmission is to diminish the initial in-
equality of slope caused by the rain-water,
and no wave is visible. The fact that in the
lower reaches the level of the river rises
before the arrival of turbid waters, alone
attests the fact that flood-water has caused

a progressive wave. In certain rivers, how-
ever, of small depth (therefore propagating
a wave slowly) and subject to sudden acces-
sions from swollen tributaries, the 'first
rise' of water in the lower reaches frequent-
ly takes the form of a steep-fronted wave,

or bore, travelling downstream. On the
Tees the phenomenon is called a roll-wave.
Mr. F.R. Glyn, F.R.G.S., from whom I
first received an account of the phenomenon,
describes it as 2 or 3 feet high, reaching

from bank to bank. He observed it on no
less than six occasions during the course of
one summer and autumn. It is a source of
considerable danger to anglers, coming as
it does wholly without warning and travelling
at a considerable speed, viz. the speed of
the stream plus the speed of a long wave in
water of the actual depth. A similar wave
is known at Aysgarth on the Ure, which has
also been described to me by an eye-witness
as '2 or 3 feet high.' ....On the Swale, the
roll-wave just above Richmond (Yorks.)has
been described to me by an eye-witness as
apparently about 4 feet high. The upper
portion of the Tyne is also subject to these
waves. Roll waves are said to be known
also on the river Wye as a sequel of rains
in the upper reaches, and in the rivers among
the foothills of the Himalayas they are not
uncommon. "' (R1)
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THE STRANGE PHENOMENA
OF EARTHQUAKES

A sensory channel most humans find hard to ignore is that of physical motion; a category
that includes shock, vibration, and gross physical motion. Short, sharp shocks are sensed
kinesthetically, like bumps on a highway. The frequent tilting effects of earthquakes,
though, disturb one's sense of balance and induce disorientation. Whatever the mode of
detection, the onset of physical motion of the earth's crust signals the existence of powerful
local forces and thus the possibility of a variety of strange phenomena.

The physical motion accompanying an earthquake should not occupy all of our attentionhere.
Rather, it is the remarkable spectrum of parallel events occurring before, during, and af-
ter the quake proper that makes up most of this section of the Catalog of Anomalies. The
entries fall into two main categories: (1) Those phenomena that are apparently caused by
the earthquake, such as the expulsion of solids from the crust; and (2) Those external
forces that seem to affect earthquake frequency, such as solar activity. The mysteries,
then, are not the shock and heaving of the quake itself, but rather the curious effects and
correlates that surround the event in time and place.

A major earthquake disrupts the balance of terrestrial forces from deep in the rocky man-
tle to high in the ionosphere. As the earth's surface vibrates---not unlike the skin of a
drum~--great sea waves (tsunamis) and atmospheric pressure waves spread out rapidly
from the epicenter. The sea waves may travel 10,000 miles, while the air waves may
penetrate into the charged layers of the ionosphere, upsetting terrestrial communications.
A truly great quake is felt globally.

Near the epicenters of big earthquakes, unusual phenomena abound. Loud groans, explosions,
and grinding noises are emitted by the rending strata. Less common are flames issuing from
the ground, moving lights and sky glows. These 'earthquake lights'' have already been cata-
loged (GLDS8), but miscellaneous electromagnetic effects are included here. The same pres-
sures within the crust that generate piezoelectricity force up geysers of hot water, sand, and
even coal.

Scientists have long been intrigued by the apparent ability of many animals to sense the coming
of an earthquake long before humans hear the grating roars and feel the heaving ground. In
Japan and China, fish, pheasants, and other animals are valued for their ability to detect
earthquake precursors. Exactly how they do this is still a matter of conjecture.

Some people still swear that "earthquake weather' exists, even though most of the greatest
quakes were not preceded by the hot, sultry forboding calm that legend tells us presages a
big convulsion. Still, there are startling correlations between earthquakes, heavy rainfall,
fogs, wind gusts, and other weather phenomena. It is understandable how the dust raised
by an earthquake might increase rainfall and how ionized aerosols squeezed out of the crust
might lead to the condensation of fog, but cause-and-effect relationships between quakes
and other weather phenomena are harder to discern.

Many other earthquake-related phenomena have been observed, as the following pages will
demonstrate. Large earthquakes release so much energy that almost all geophysical para-
meters are shaken a bit.
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GQB ANIMAL RESPONSE TO
EARTHQUAKE PRECURSORS

Key to Phenomena

GQBO Introduction
GQB1 Anomalous Animal Activity before Earthquakes
GQB2 Human Sensations Experienced before and during Earthquakes

GQBO0 Introduction

Many animals and, to a lesser extent, humans seem to be capable of sensing some earth-
quake precursors, such as minor ground movements, released gases, and changes in elec-
trostatic and electromagnetic fields. Actually, the only reason for supposing that precursors
may be sensed is that animals occasionally behave in strange ways prior to quakes and a few
humans claim to experience vague sensations before and during the shocks. So prevalent
are the stories of unusual animal behavior that some scientists, particularly in China, have
considered employing them as earthquake predictors, along with more conventional physical
measurements. Despite this increased interest, the exact nature of the precursors and the
means by which they are sensed are matters of conjecture.

GQB1 Anomalous Animal Activity before Earthquakes

Description. General animal restlessness and unusual behavior prior to earthquakes. The
range of observed anomalies is immense, involving many facets of behavior; such as fear,
agitation, and vocal sounds. Mammals, birds, insects, and fish are among the life forms
indulging in abnormal prequake activity. Dogs bark and howl, cats leave their homes,
horses refuse to proceed or kick down their stalls, birds desert the epicenter-to-be, etc.
Abnormal behavior usually precedes the quake by only a few minutes or hours, although
lead times of a few days have been reported.

Background. Even the ancients recorded anomalous animal activities prior to earthquakes;
and the phenomenon is well-established in folklore. Evidently humans cannot discern the
precursors that animals apparently can. Although a certain human irritability before
earthquakes has been claimed---sensations analogous to those associated with the foehn
and other hot, dry winds.

Data Evaluation. Reports of this phenomenon are rather common, even in the scientific
literature, particularly in the late 1970s. The reports, however, are almost all after-the-
fact testimonies and hgihly suspect. Almost every convulsion of nature brings forth stories
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of how this or that animal behaved strangely just before the event---all in retrospect. In
recent years, observer networks have been established in quake-prone areas, especially in
China, where the subject is taken more seriously. Special interview techniques have also
been developed. Even with more scientific approaches, abnormal animal behavior prior to
earthquakes continues to be reported. Rating: 2.

Anomaly Evaluation. It is recognized that animals in general have more acute senses than

humans.

The anomaly here is that we have not been able to identify what, if anything, the

affected animals are detecting. If it is simply a matter of supersensitivity to sound or

smell, the anomaly is a minor one.
what more interesting to the anomalist.

The sensing of electromagnetic forces would be some-
If an unrecognized sensory channel is involved, we

would have a first-class anomaly. No one knows at present. Rating: 2.

Possible Explanations. Animals detect precursor sounds and/or vibrations, or gases (pos-
sibly electrically charged) emitted from the earth, or electromagnetic forces.

Similar and Related Phenomena. Human malaise and irritability due to foehns, infrasonic
waves, and the so-called "earthquake weather." Electromagnetic navigational capabilities

of animals, including humans (B).

Examples of Anomalous Animal Activity
Prior to Earthquakes

X1. 373 BC. Helice, Greece. "The idea
that animals panic before earthquakes goes
back at least as far as recorded history.

The first precise description dates from

373 B.C. and concerns the city of Helice,

in Achaia, the region of ancient Greece bor-
dering the Gulf of Corinth. Helice was
struck that year by an especially violent
earthquake and was swallowed forever by
the sea. Five days before, the historian
Diodorus, whose works are based partly on
authors now lost, reports that animals there,
including rats, snakes, weasels, centipedes,
worms, and beetles, migrated in droves
along the connecting road toward the city of
Koria." (R9, R31)

X2. March 19, 1750. London area, England.
Dogs howled and fish threw themselves
out of the water. (R2)

X3. February 5, 1783. Messina, Italy.
Geese cackled; dogs howled so unbearably
that they had to be shot. (R9, R23)

X4, 1805. Naples, Italy. "In the Neapolitan
earthquake of 1805, these anticipatory signs
were most remarkable in relation to the life
of the animal world. An Italian writer,
quoted in Mr., Wittich's 'Curiosities of Phys-
ical Geography,' says: 'I must not omit in
this place to mention those prognostics which
were derived from animals. They were ob-
served in every place where the shocks were
such as to be generally perceptible. Some
minutes before they were felt, the oxen and
cows began to bellow, the sheep and goats
bleated, and, rushing in confusion one on
the other, tried to break the wicker-work

of the folds; the dogs howled terribly, the
geese and fowls were alarmed and made much
noise; the horses which were fastened in
their stalls were greatly agitated, leaped up,
and tried to break the halters with which they
were attached to the mangers; those which
were proceeding on the roads suddenly stop-
ped, and snorted in a very strange way. The
cats were frightened, and tried to conceal
themselves, or their hair bristled up wildly.
Rabbits and moles were seen to leave their
holes; birds rose, as if scared, from the
places on which they had alighted; and fish
left the bottom of the sea and approached the
shores, where at some places greatnumbers
of them were taken. Even ants and reptiles
abandoned, in clear daylight, their subter-
ranean holes in great disorder, many hours
before the shocks were felt. Large flights
of locusts were seen creeping through the
streets of Naples toward the sea the night
before the earthquake. Winged ants took
refuge during the darkness in the rooms of
houses. Some dogs, a few minutes before
the first shock took place, awoke their
sleeping masters, by barking and pulling
them, as if they wished to warn them of the
impending danger, and several persons
were thus enabled to save themselves. '"
(R3, R4, R9) The foregoing anecdotal evi-
dence is rather typical of this phenomenon
before specific observation networks and
interview techniques were established.
(WRC)

X5. November 1812. Kentucky. From Au-
dubon's journals. "I was jogging on one
afternoon, when I remarked a sudden and
strange darkness rising from the western
horizon. Accustomed to our heavy storms
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of thunder and rain I took no more notice of
it, as I thought the speed of my horse might
enable me to get under shelter of the roof
of an acquaintance, who lived not far distant,
before it should come up. I had proceeded
about a mile, when I heard what I imag-
ined to be the distant rumble of a vio-
lent tornado, on which I spurred my
steed, with a wish to gallop as fast as
possible to a place of shelter; but it
would not do, the animal knew better than

I what was forthcoming, and instead of going
faster, so nearly stopped that I remarked
he placed one foot after another on the
ground, with as much precaution as if wal-
king on a smooth sheet of ice. Ithoughthe
had suddenly foundered, and, speaking to
him, was on the point of dismounting and
leading him, when he all of a sudden fell a-
groaning piteously, hung his head, spread
out his four legs as if to save himself from
falling, and stood stock still, continuing to
groan. I thought my horse was about to die,
and would have sprung from his back had a
minute more elapsed, but at that instantall
the shrubs and trees began to move from
their very roots, the ground rose and fell
in successive furrows, like the ruffled wa-
ters of a lake, and I became bewildered in
my ideas, as I too plainly discovered that
all this awful commotion in nature was the
result of an earthquake..... The fearful
convulsion, however, lasted only a few min-
utes, and the heavens again brightened as
quickly as they had become obscured; my
horse brought his feet to their natural posi-
tion, raised his head, and galloped off as if
loose and frollicking without a rider.' (R8)
This quake was one of the early ones in the
catastrophic New Madrid series. (WRC)

X6. February 20, 1835. Concepcion and
Talcahuana, Chile. "It was towards noon,
beneath a clear and almost cloudless sky,
with the sea-breeze freshly blowing; that
the cities of Conception and Talcahuana, on
the coast of South-America, were desolated
in the year 1835. At ten o'clock, two hours
before their ruin, the inhabitants remarked
with surprise, as altogether unusual, large
flights of sea-fowl passing from the coast
towards the interior; and the dogs at Talca-
huana abandoned the town before the shock
which leveled its buildings was felt. Not an
animal, it is believed, was in the place when
the destruction came." (R3, R5, R6, R9,
R23)

XT7. October 18, 1844. Peru. Before the
shock, dogs began to bark, and beasts of
burden steadied themselves. (R1)

Anomalous Animal Activity GQB1

X8. November 11, 1855. Tokyo, Japan.

Wild cats cried; rats disappeared. (R23)
X9. 1880. Tokyo, Japan. Cats tried to es-

cape from houses; foxes barked; horses

tried to kick down their stalls. (R5, R6)
X10. February 23, 1887. Italy. ""The largest
collection of these reports bearing on the
reactions of animals can be found in 'The
Ligurian Earthquake of February 23, 1887,
written by Mercalli and Torquato Taramelli.
Under the heading 'Physiological Phenomena
in Animals, ' the following information ap-
pears: 'In more than 130 localities, as far
as it is known to us, a condition of unrest
and fear among domestic animals was noted
which expressed itself in unusual cries, rest~
lessness, flying by fowl, attempts to flee in~
to the open, etc., generally a few minutes
before the earthquake.' Among the two do-
zen detailed reports are five that mention
expressly that the paniclike reactions of the
animals were observed only a few seconds
before the earthquake.' (R31)

X11. April 18, 1906. San Francisco, Cali-
fornia. Dogs barked the night before. A
few seconds before the shock, horses and
cows snorted and stampeded. (R23)

X12. October 20, 1907. Karatagh, central
Asia. The evening before, dogs howled,
cattle bellowed with fright, horses stam-
peded. (R9)

X13. July 3, 1910. Landsberg, Germany.
Two minutes before the quake, all bees
left their hives in excitement and re-
turned 15 minutes later. (R23)

X14. March 3, 1933. Sanriku, Japan. One
week before the shock, all rats disap-
peared; 2-3 days before, rats and cats
were unusually quiet (?); a day before,
seagulls left their usual habitat; several
hours before, a duck avoided its usual
sleeping place. (R23) Obviously, such
"soft" data cannot be of much help. (WRC)

X15. March 10, 1933. Long Beach, Cali-
fornia. A flock of Brewers blackbirds
became uneasy before the quake. (R13)

X16. 1966. Hopei Province, China. Before
the magnitude 6. 8 quake, all the dogs
near the epicenter deserted their kennels
and thus survived. (R24)

X17. 1966. Tashkent, Russia. An hour
before the quake, there was a mass mi-
gration of ants carrying their eggs. R14)

X18. July 18, 1969. Tientsin, China. "Un-
usual behavior was observed in seagulls,
sharks, and five species of fish in the sea
a few days before the magnitude 7.4 earth-
quake in the Pohai Sea on July 18, 1969.
Advance warning was issued by the Tientsin
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People's Park based on the variations in be-
havior of the zoo's Manchurian tigers, giant
pandas, yaks, deer, loaches, and other ani-
mals. Two hours later the earthquake
struck. ' (R23, R24).Note that rural peoples
are much more sensitive to the behavior of
wild and domestic animals than inhabitants
of industrialized areas. (WRC)

X19. February 4, 1975. Haicheng, China.
"Some instances noted at this time (before
the earthquake) were of snakes being found
frozen on the road....geese flying, chickens
refusing to enter their coop, pigs rooting at
their fence, cows breaking their halters and
escaping, and goats as well as cows being
unusually restless. Rats appeared to behave
as though drunk. Three well-trained police
dogs howled, refused to obey commands,
and kept their noses close to the ground as
though sniffing.'" (R16, R20, R26) "In the
Anshan city park aviary, there were over
100 birds. Many of them picked up their
eggs and flew out of their nests. While they
were flying their eggs fell and smashed....
A dog had given birth to puppies earlier in
the day. After 1700, the mother picked up
the puppies in her mouth and ran outside
with them. She had to hit against the door
twice to get it open. The owner thought that
this was strange and immediately remem-
bered the announcement of the earthquake
prediction. He went outside and the earth-
quake occurred 4 or 5 minutes later. ' (R33)

X20. June 1975. Stanford, California. "Ac-
ting on a suggestion by Bruce Smith of the
US Geological Survey Drs Kraemer and
Levine analysed the course of chimpanzee
behavior at the Stanford Outdoor Primate
Facility before and after 25 minor earth-
quakes which, Smith told them, had occur-
red in the vicinity between 19 June and 24
June. The Stanford researchers found that
the chimps' behavior changed on the days
before two of the largest earthquakes in this
period. One took place 19 June and regis-
tered 3.1 on the Richter scale. The other
earthquake occurred 24 June and measured
2.0. The chimps were restless and spent
more time on the ground than usual. The
changes were 'so significant it seems un-
likely they were due to chance' said Dr.
Kraemer." (R15, R18, R23)

X21. 1975. Oroville, California. Magnitude
6.0. Many accounts of anomalous be-
havior of farm animals from minutes to
weeks before the event. (R20)

X22, May 6, 1976. Friuli, Italy. '"The most
remarkable animal behavior effects (the
quake occurred at 2100 LT) were the follow-
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ing. Deer formed flocks---in the late after-
noon, a flock of 15 deer came down from the
mountains and close to the village, crowding
together with apparently no interest in gra-
zing---an event never before seen in this
area. Cats left the houses and the village---
at the time of the quake no cat was apparent-
ly left in the village. They did not return
until two days later (there were many after-
shocks). In three cases, cats dragged kit-
tens outdoors and bedded them in greenvege-
tation. Before fleeing from an apartment a
cat was seen to move its ears convulsively
for some time. Mice and rats left their
hiding places---on one farm mice and rats
were observed running around before the
quake. People were annoyed and surprised
as all their five cats were missing. Fowls
refused to roost a few hours before the
quake. People fleeing from their houses
during the quake found their fowl already
scattered in the garden. The animals had
apparently forced their way out from the pen
before the disaster. On one farm, several
minutes before the quake, the fowl made
such a noise that farmers thought a fox had
entered the chicken house. Cattle panicked
in their barns---according to many reports,
cattle showed clear signs of fear 15-20 min-
utes before the quake. The animals started
to bellow, tear at their chains and paw their
boxes. Dogs barked without apparent rea-
son. This behavior started 20 min before
the quake.....Birds emitted calls at unusual
times---one person heard a cuckoo, never
normally heard at night. Caged birds started
to fly---in six places people observed that
10-15 min before the earthquake birds be-
came restless and occasionally emitted
calls. Then they began to beat their wings
and finally started to fly.' One canary kept
wetting its plumage. (R20, R21, R23, R31)

X23. July 28, 1976. Tangshan, China.
Chinese scientists collected 2,093 reports
of unusual animal behavior preceding this
devasting quake. ''Some of the observations
involved goats that did not want to enter
their stables, cats or dogs that hauledtheir
young into the open, pigs that squealed
strangely, excited chickens that fled from
their roosts in the middle of the night, rats
that left their nests, and fish that flitted
around in the water.' (R24, R31)

X24. November 24, 1976. Turkey. Before
the quake, widespread barking and howl-
ing of dogs. (R17)

X25. November 22, 1977. Willits, Califor-
nia. "Abstract. Following two moderate
earthquakes, reports of the behavior of
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animals prior to the earthquakes were ga-
thered using a standardized interview
schedule. This schedule was developed to
maximize the reliability and validity ofthe
reports through application of accepted so-
cial science methodology. Interviews with
50 households near Willits, California, pro-
duced 17 reports of unusual animal behavior
prior to that earthquake. Only one of the
thiry-five interviewees who experienced a
similar earthquake near Ovando, Montana,
reported unusual animal behavior prior to
the earthquake. The difference in the fre-
quency of positive reports and the content
of the positive reports from Willits support
the inference that a number of animals at
Willits were responding to physical precur-
sors which were absent at Ovando. The
behavior reported at Willits was unusual in
the sense that there was no immediate ex-
planation for it, but it was not bizarre. On
the contrary, it was always behavior typical
of that species when motivated by general
anxiety. Unusual behavior was often repor-
ted on only one or a few animals at a parti-
cular location so that even at Willits most
animals were described as having behaved
normally.' A later paragraph in R25 was
more specific. '"The following instances of
species-specific anxiety reactions are
among the reports of unusual behavior re-
corded at Willits. A normally calm Arabian
gelding was found kicking at the sides of its

box stall approximately 3 hours before the
earthquake. After attempting to quiet the
horse, the owner released it into a paddock
where it continued to move about nervously;
horses in the neighboring stalls were calm
the whole time. A cat that normally entered
the house about 7:30 in the morning to eat
and find his place to sleep, continually paced
and repeatedly entered and left the house
that morning: behavior so unusual for this
cat that the owners discussed it hours before
the shock. A two-year old Doberman Pin-
scher, which normally ran about indoors or
slept during the morning, remained in her
owner's presence almost continually from

8 AM until the earthquake, sometimes whi-
ning, pacing, and acting nervous and ex-
cited, at other times resting her head in
her owner's lap. The owner wondered aloud
to her husband if she should give the dog a
tranquilizer.'" (R22, R25, R26, R28, R30)

X26. General observations. '"Anecdotal re-
ports by non-scientists from many parts of
the world contain many similar observations
of animal behavior before earthquakes.
These observations come from people who
could not possibly have had contact with each
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other or have read reports from other areas.
This lends credibility to the observations,
and provides a large body of evidence sup-
porting the contention that animals do sense
something before earthquakes. Apparently
the response of animals is not restricted to
a single species or genus, but spans a very
wide spectrum of biological forms which
suggests that there is either more than one
stimulus or a universal one that can be de~
tected by a wide variety of organisms. Fur-
thermore, with the possible exception of re-
ports of snakes coming out of the ground in
mid-winter, few of the responses reported
are truly 'abnormal' or extreme. Most in-
volve normal forms of activity which take
place either at elevated levels or at unique
times. Thus the term 'abnormal behavior'
is somewhat misleading. ' (R19)

X27. General observations. Birds are par-
ticularly sensible of its approach, especi-
ally ducks and geese. Dogs howl, horses
neigh, swine grunt, and asses bray, all
showing at the same time great restlessness
and uneasiness. During the shock horses
and oxen stretch out their legs to avoid being
overthrown.'" ®RT7)
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