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ABSTRACT

A critical ex am in a tio n  has been m ad e  of four rep ea t  surveys, covering 
a period of th ree  years, in an a rea  w h ich  is of v ital im p o rtan ce  to the 
safety of navigation  by deep d rau g h t  shipping. R ep lo tting  of the b a th y 
m etry  from  sh ip ’s echo traces  at a large scale has been  rig id ly  controlled 
by Hifix. Large sym m etr ica l  and a sy m m etr ica l  sandw aves have been found  
w ith  am pli tudes  of up  to 16 m etres an d  wave lengths of up to 270 m etres  
w ith  a fa ir ly  h igh degree of stability  over the th ree  y ea r  period.

INTRODUCTION

M uch w o rk  h a s  been done on san d w av es  in  th e  N o rth  Sea an d  th is  
h as  been usefully  su m m arised  by S t r i d e  (1973). F ro m  the  time of the 
ea rly  w ork  of Van V e e n  (1935) there  have  been various theories  advanced  
concern ing  the fo rm a tio n  and  evolution of sandw aves. None of these 
theories can be reg ard ed  as universally  p roved  or accepted. However, th e re  
does seem to be fa ir ly  general ag reem en t th a t  sandw7aves m a y  be expected 
in a rea s  w here  the tidal s tream  p a t te rn  is s trongly rec ti linear,  w ith  s tream  
ra te s  in excess of ab o u t  1 knot, w here th e re  is a p len tifu l  su p p ly  of san d  
an d  w here  the dep th  of w a te r  is sufficient to pro tec t th e  sea bed from  
violent wave action. Sym m etr ical waves are  considered by some w o rk e rs  
to rep resen t  cond itions  of zero ne t t r a n s p o r t  between th e  flood an d  ebb 
s tream s, w h e reas  a sy m m etr ica l  ones a re  th o u g h t  to be the  re su lt  of a net 
t ra n s p o r t  in  e ither  the flood or ebb direction , the s teep slope facing the 
d irection  tow ards  w h ich  the  sandwrave is th o u g h t  to be moving. O n  the 
vital ques tion  of m obili ty  of the sandw aves  there  is less agreem ent.  G ener
ally it seems th a t  the m o re  accura te  the survey  w ork  an d  the  m ore  carefu l



(he ana lysis ,  the  sm alle r  (he a m o u n t  of m ovem en t th a t  is found. T h u s  
L a n g k r a a r  (1966) and  T k r w i n d t  (1971) both found  d isp lacem en ts  off the 
D utch  coast, over a period of 2J-3 years ,  w h ich  w ere  less than  the 
positional e r ro rs  involved in the su rvey  m ethods .  L a n g h o r n e  (1973) found 
little overall m ovem ent in the  sandw ave  field a t  Long Sand Head in two 
years .  Some unpub lished  w ork  by HMS Fawn in 1971 found  negligible 
m ovem en t in waves east of South  Fa lls  over a period of seven m onths .

It is really  only w ith  the ad ven t of a position  fixing system  such as 
Hifix tha t  it is possible to do rep ea t  su rveys of sufficient p rec is ion  to m ake  
reliable m e a s u re m e n ts  of sandw ave  m ovem en t or to prove non-mobility . 
T he  o pera t ion  of Hifix in the N orth  Sea has  been well s tud ied  (B rad ley ,  
1970). L a n g h o r n e  (1973) cla im s a positiona l accu racy  in the Long Sand 
Head a rea  of be t te r  th a n  10 in, the w ork  by HMS Fawn  in 1971 already  
re fe rred  to c la im ed  ±  5 m  in the  a rea  east of South  Falls, C lo e t  (1970) 
gives ±  3 m.

F ig. 1. —  Location  d iag ram .

T he w ork  described  in this p ap e r  w as u n d e r ta k e n  in a k n ow n  
sandw ave  area  of the  so u th e rn  N orth  Sea (see fig. 1). T he pu rpose  of the 
w ork  w as a p rac tica l  one, tha t  is assessing  the necessary  re-survey  p ro 
g ra m m e  in s u p p o r t  of safe nav igation  for  deep d ra u g h t  sh ipp ing , the 
special needs of w h ich  have been described by W i n s t a n l e y  (1970). The 
s tu d y  w as m ade  possible by Ihe existence of fou r  (a fif th  w as received 
w hile  the inves t iga t ion  w as in progress)  a ccu ra te  repea t su rveys  of the 
a rea  a t  ap p ro x im a te ly  a n n u a l  in te rva ls  1971-5.



SURVEY DATA

All the  surveys exam ined  in this s tudy  were on a scale of 1:25 000 and  
controlled by the  South R ijnm ond  Hifix Chain, the f irs t  two in the 
Thorpe N ess /D ungeness  configuration, the  last three in  the  T horpe  N ess /  
South F ore land  configuration . E xam ina tion  of the ca libra tion  corrections 
given in the rep o r ts  of survey confirm ed th a t  horizontal positioning was 
better th an  ±  10 m. Tidal reductions were from  observed readings at Dover 
or Margate and co-tidal ch a r t  num ber 5059, and are considered to be correct 
to w ith in  ±  0.5 m.

The first survey  exam ined w as by HMS Fawn, 1-13 November 1971. 
The sounding lines were ru n  on p a t te rn  II of the Hifix, sou th -sou theas t  to 
n o rth -no r thw es t  an d  are  th u s  not at r ig h t  angles to th e  sandw ave crests. 
The lines are  spaced a t  about 120 m a p a r t  in ground distance.

The second survey was by W im pey  Laboratories  Ltd, 1-12 Ju n e  1972. 
The sounding lines w ere  ru n  in  the sam e direction as the  1971 survey. The 
spacing is about 100 m w ith  in terlin ing in  the m ost com plicated p a r t  of the 
sandw ave area. T he  Hifix chain was ca librated  off Dover an d  the whole 
lane count was carried  from the P ier L ight to Sandettié SW  buoy, flood 
and  ebb positions.

The th ird  survey w as again  by W im pey , 14-18 Ju n e  1973. T he  Hifix 
cha in  was ca librated  off Calais and  lane counts  again ca rr ied  to Sandettié  
SW buoy. Sounding lines were ru n  on p a t te rn  I of the Hifix, southw est to 
northeast.  A lthough the  change in  direction  m ade it difficult to com pare  
w ith  earlier work, it is highly  desirable to ru n  the lines approx im ate ly  at 
right angles to the  sandw ave crests. T h e  two later surveys have followed 
this pattern , w hich  can now be regarded  as the norm  for th is  area. The 
sounding lines are abou t 150 m ap a r t  w ith  in terl in ing  in the sandw ave 
area.

T he  fou r th  su rvey  w as by HMS B ulldog ,  26 February-1  M arch 1974. 
The Hifix was checked at Tongue Sand T ow er and tidal corrections taken  
from  readings at Margate. Sounding lines (sou thw est-northeast)  are  a t  
60 m  intervals  th ro u g h o u t  the sandw ave area.

The fifth survey w as by HMS F aw n ,  25 February-7  M arch  1975. The 
Hifix was checked at Tongue Sand Tow er and  the flood an d  ebb positions 
of buoys in the survey a rea  established. Tidal reductions w ere tak en  from  
readings a t  Dover. S ounding  lines (sou thw est-northeast)  a re  at 60 m  
intervals  in the sandw ave area.

For each of the  above surveys th e  sh ip ’s deckbook con ta in ing  full 
details of each fix, the echo traces and  sh ip ’s t rack  plo t are  available. 
A cursory  exam ina tion  of th is  da ta  showed clearly th a t  the plo tting scale 
of the survey (1:25 000) w as far too small for  accura te  com par ison  w o rk  
in  such  a complex area. It w as there fo re  decided to w o rk  d irec t  from  the 
echo traces and Hifix da ta  of the fixes, and  plot at a ho rizon ta l  scale of six 
times the d ra w n  survey  scale. The g rap h s  described below are  therefore  a t  
a horizontal scale of abou t 1:4 000 and vertical exaggeration of 20:1.



Tidal s tream  observations a re  held for a position 51°09f5N, 01°44fl E, 
w h ich  is. ju s t  on the south  w este rn  ex trem ity  of the sandwave field, for a 
period of 25 hours  on the 9 /10  Ju n e  1936. These observations were by 
HMS K e l le t  and include th ree  sets of hourly  observations, a surface  logship, 
a 32 foot floating pole and  a logship at 5 fa thom s. The surface  observations 
h ad  a lready  been analysed and  inserted  on the published  charts ,  b u t  those 
for 5 fa th o m s depth  have been analysed  in this s tudy and  are described 
below.

METHOD OF ANALYSIS

The latest survey (available w hen the investigation was started) ,  by 
HMS B u lldog  in F eb ru a ry  1974, was fallen as the s tan d ard  to w hich  the 
o ther  surveys were to be com pared .

Accordingly a selection of B u lld o g 's sounding lines (about every th ird  
line) was plotted out in cross section form. All the fixes on the  selected 
lines were plotted out a t  six tim es survey scale and checked against the 
Hifix coordinates (fig. 2). All peaks and  troughs were then  plotted relative 
to fixes, and  sufficient o ther  dep ths  added to complete th e  profile. The 
vertical scale of 1 m  =  0.5 cm  gave a  vertical exaggeration of abou t 20:1. 
W idesp read  m inor  ripples on the  traces w ith  am plitudes  of up  to 1 m  were 
sm oothed  out in plotting.

Fig. 2. —  T r a c k  p lo t  a n d  f ixes o f  HMS Bulldog’s su rvey .



T he m ethod  of ad d in g  the data  from  HMS F a w n ’s 1975 survey an d  
W im p ey ’s of 1973 w as  the  same. B u lld o g ’s  fixes were su p er im p o sed  on those 
of the  o ther  two surveys. W here  the re  w ere identical lines on the o th er  
surveys (not u n co m m o n  since all th ree  su rveys  were con tro lled  by the sam e 
Hifix cha in ) the  fixes w ere  plotted rela tive to  those of B u lld o g  an d  dep ths  
th en  inserted  as before. W here  th e re  w as  no line correspond ing  to 
B u lld o g ’s, the  nea res t  lines on e ither side were taken, d ep ths  re ad  off both, 
an d  an  in te rpo la ted  d ep th  p lo tted  on th e  g raph ical  sections.

W ith  the W im pey  survey  of 1972 and  earlier surveys, some o ther  
m ethod  h ad  to be devised as  the sound ing  lines w ere in  a d if fe ren t  direction. 
In view of the  a m o u n t  of w ork  involved, only the  W7im pey 1972 survey has  
been  used so fa r  in th is  investigation. T he  W im pey  traces  w ere  replotted  
in p lan  at six times the  survey  scale w ith  dep ths  in figures. T h is  draw ing  
w as then  con tou red  a t  0.1 m etre  in terva ls .  The B u lldog  t ra c k  plot wras 
th en  en larged  pho tog raph ica l ly  six t im es and  super im posed  on the  co n to u r
ed survey. D epths could th en  be read off at an d  between the B u lld o g  fixes. 
Considering the subjective  element involved in  close co n to u r in g  th is  large 
scale d raw ing  between the sounding  lines, the degree of ag reem en t  w ith  the 
o ther th ree  surveys is th o u g h t  to be rem arkab le .

A selection of the lines w ith  all four profiles super im posed  is 
reproduced , at a reduced  scale, in figs. 3-6. In view of th e  above, th e  1972 
profiles should  be regarded  as the least accu ra te  of the  four.

RESULTS

Figs. 3-6, w'hich show  the fou r  lines, m a rk e d  AB, CD, etc., on figure  2, 
i l lus tra te  the largest waves found. T h ese  have an am p li tu d e  of 12-16 m 
and  a w avelength  of 200-270 m. The w aves in  the  cen tra l  p a r t  of the field 
are very sym m etrical .  T ow ards  the n o r th e a s t  the waves become slightly 
asym m etrica l  w ith  the  steeper slopes tow ards the sou thw es t .  At the 
so u thw es te rn  side of the  field the ten d en cy  is reversed  a n d  the steeper 
slopes are  to th e  n o r th ea s t .  On the basis  of som e sandw ave theories  th e re 
fore, th is  should be an  a re a  of bed convergence. However, the re  is no 
evidence, over this th ree  year  period, of any  build-up  of m a te r ia l  in the 
cen tral p a r ts  of the field.

T he  horizonta l  an d  vertical d isp lacem en ts  of all the  sandw ave crests 
of over 5 m  in am p li tu d e  were m easu red  an d  analysed  in  several w ays 
statistically . T he  re su lts  a re  tab u la ted  below. Several different sequences 
of m easu r in g  w7ere tr ied  b u t  a s t ra ig h tfo rw a rd  tim e sequence w as  found  to 
be best, an d  th is  h ad  the  added m erit  of show ing w h e th e r  th e re  w as any  
consistent m ovem ent w i th  time. The reason  th a t  there a re  few er read ings 
for 1972/3 is th a t  a n u m b e r  of th e  crests  did no t ap p ea r  on th e  1972 data ,  
probably  due to the m eth o d  of ana lysis  as a lready  described.

Inspection  of the profiles  shows th a t  the re  is not a s ingle case of a 
system atic  m ovem ent in  one direction, e ither ho rizon ta lly  or vertically, 
w ith  time. Wre are  there fo re  dealing e i the r  w ith  real, b u t  fa ir ly  small, 
oscillatory m ovem ents, or are ju s t  record ing  sm all d iscrepancies  in the 
surveying and  analysis  techniques.
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Table 1
H orizon ta l  and  ver t ica l  d isp la cem en ts  of sa n d w a ve  cres ts  w i th  tim e  

(Movements to the n o rth eas t  and  u pw ards  from the sea bed are considered 
positive, those in the reverse  directions negative)

1972/3 1973/4 1974/5

Horizontal

Positive movements (number) 6 54 55
Mean displacement (m) 16.4 18.5 20.0
Negative movements (number) 68 29 30
Mean displacement (m) 29.9 16.0 12.5
No movement (number) 5 11 9
Arithmetic mean of all displacements (m) 28.3 17.4 17.1
Standard deviation 16.8 12.8 13.1

Vertical
Positive movements (number) 54 4 74
Mean displacement (m) 1.3 0.3 1.1
Negative movements (number) 14 82 13
Mean displacement 0.4 1.2 0.5
No movement (number) 11 8 7
Arithmetic mean of all displacements (m) 1.1 1.2 1.0
Standard deviation 0.9 0.8 0.8

T a b l e  2
Degree  of sca tte r  in sa n d w a ve  crest  m o v e m e n ts  

T he table shows the num ber of observations which fall w ith in  each band

1972/3 1973/4 1974/5

Horizontal

No movement 5 11 9
01-10 m 8 24 30
11-20 m 16 28 23
21-30 m 16 17 20
31-40 m 19 9 7
41-50 m 10 5 4
>  50 m 5 0

Vertical

No movement 11 8 7
0.1-0.5 m 12 15 22
0.6-1.0 m 23 25 24
1.1-1.5 m 5 7 13
1.6-2.0 m 18 16 19
>  2.0 m 10 13 | 9



Considering the horizon ta l  d isp lacem ents in Table 1, the overw helm ing 
m ovem ent in 1972/3 w as tow ards  the sou thw est  and  the average d isplace
m en t w as ra th e r  large a t  ab o u t  28 m. However, as explained above, resu lts  
deduced fro m  th e  1972 survey  should  be used w ith  caution. In  b o th  1973/4 
and 1974/5 the do m in an t  m ovem ent w as to the n o r th ea s t  a l th o u g h  in  both  
years abou t a th ird  of the d isp lacem ents  w ere in the  opposite  direction. 
W h a t  is m ore in teresting  is the  close ag reem en t and  re la tively  low figures 
for the  two periods for the  overall m ean  and  the  s tan d a rd  deviation  from  
this m ean. These figures a re  th ough t  to be well w ith in  a  com bination  of 
survey e rro rs  and  inaccurac ies  in p lo tting  an d  analysis  (es tim ated  to be 
±  20 m ). L a te r  w ork  in  an o th e r  area h a s  show n th a t  these  difference 
figures can often be reduced  by m ore exact in te rpo la tion  procedures  in 
cases w here  the lines being com pared on successive surveys a re  no t in 
exactly the  sam e place. F ro m  Table 2 th e  peak  n u m b er  of observations for 
horizontal d isp lacem ents  in  1972/3 occurs at a ro u n d  30 m, fo r  the  o ther 
two periods at between 10 an d  15 m. The p resen t evidence canno t be 
regarded  as conclusive an d  the  surveys of la ter  years  will be exam ined  
w ith  critical interest.  However, it seems probable th a t  th e re  is very little 
real m ovem ent in the horizonta l p lane over the  years  1972-1975 a n d  
certain ly  no consistent m ovem ent in an y  one direction.

In the  vertical p lane the p icture is ra th e r  different. T h u s  in 1972/3 
(both surveys in June)  m o s t  of the c res ts  grew in height above the  sea bed. 
In 1973/4 (surveys in J u n e  and  F eb ru a ry )  there w as lowering of v irtually  
all the crests, w hich  tren d  w as reversed again 1974/5 (both  surveys in  
F eb rua ry ) .  T here  are th u s  either small rea l  cyclical changes, w h ich  do n o t  
seem to be re la ted  to the seasons of the  year, b u t  m igh t  be explained by 
w eather conditions, or there  are small d a tu m  differences in th e  various 
surveys. O n tidal reductions it is e s tim ated  th a t  the re  a re  er ro rs  of 
±  0.5 m, an d  the  sm ooth ing  of the traces  accounts  for a fu r th e r  ±  0.5 m. 
T he very close agreem ent in  the a r i th m e tic  m ean  and  s ta n d a rd  deviation 
for all th ree  periods is in teresting . F ro m  Table 2 it is ev ident th a t  there  
is a  fairly  ran d o m  sp read  of observations th ro u g h o u t  the w hole  b a n d  0-2 m  
vertical m ovem ent. Again, fu r th e r  w o rk  is really  requ ired  to determ ine  
w hether these varia tions  a re  real or not.

In the m ean tim e  the  effect of changes in the vertical on the  accuracy 
of charted  dep ths  has been exam ined  carefu lly .  On the  la rges t  scale ch a r ts  
there  a re  only about th i r ty  soundings in  th e  whole a rea  covered by th is  
investigation. W ith  th is  n u m b e r  of sound ings it is qu ite  im possib le  to 
represen t such  com plicated subm arine  relief in any  detail. O utside  of the  
m ain  area  of Sandettié B an k  itself the shoalest  sound ing  ch a r ted  is 20x m  
(11 fm). This sounding is in th e  m iddle of the a rea  w here  the  crests  of th e  
m ajo r  sandw aves are fo u n d  on all the fou r  surveys ana lysed . W h ils t  in  
th a t  exact spot slightly differing values a re  found  from the  var io u s  surveys, 
there  are m an y  sim ilar d ep th s  on all surveys in  the  im m ed ia te  vicinity. 
In fact, for the  four years  investigated th e re  is no shoaler sound ing  in th is  
a rea th an  20j m. None of th e  fou r  surveys there fo re  has  p roduced  dep ths  
which could be described as “u n ex p ec ted ” from  a s tudy  of the chart .  
F u r th e r ,  the fact th a t  the  ou ter limit of the sandw aves can  be m apped  
fa ir ly  positively and is re m a rk ab ly  co n s tan t  over the fou r  yea rs  (see fig. 7), 
again lessens the im pac t  of these waves on the safety of navigation.





T able 3
T ida l s tre a m  o b se rv a t io n s  by  HMS  Kellet, 9 / 1 0  J u n e  1936  

Logship  at 5 fa thom s, w i th  su rface  float, position  51°09f5N, 01°44fl E. 
High W a te r  a t Dover 14.41 on 9 /6 /1 9 3 6  and  03.11, 15.25 on 10/6/1936.

Hours

Observed Interpolated Rates

Direction Rates Springs Neaps

/ 6 223° 0.90 1.02 0.57
5 213° 2.15 2.43 1.35

Before
till/ ) 4 212° 3.07 3.47 1.93
HW

) 3 207° 2.87 3.24 1.80
Dover

2 202° 2.20 2.49 1.39
\  1 105° 1.03 1.16 0.65

HW 045° 1.67 1.89 1.05

i 1 033° 2.25 2.54 1.42
( 2 041° 2.53 2.86 1.59

After
U\l/ ) 3 022° 1.92 2.17 1.21
HW

) 4 015° 1.31 1.48 0.82
Dover

5 142° 0.38 0.43 0.24
'  6 243° 0.67 0.76 0.42

T he tidal s tream  observa tions  a t 5 fa th o m s dep th  w ere  ana lysed  by 
the sem igraph ica l m ethod  given in the  A d m ira l ty  M anua l  of H ydrograph ic  
Surveying, Volum e II, C hap ter  II, p. 104. T he  averaged  read in g s  of the 
two tidal cycles observed an d  rep lo t ted  re la tive to H W  a t  D over a re  given 
in ta b u la r  fo rm  above. T hese  values, p lo tted  in po lar co o rd in a te  fo rm , 
show th a t  the s tream  p a t t e r n  is s trong ly  rec ti linear  (fig. 8). M ax im um  ra te s  
a t  sp r ing  tides app roach  3.5 knots .  T h e re  is a re s idua l m o v em en t  on the 
observed d a ta  of 0.18 kn, in  d irec tion  179°, w h ich  converts  to 0.20 k n  a t 
springs, 0.11 k n  a t  neaps. T h e  m a x im u m  flow ra te s  a re  s tro n g ly  concen
tra ted  on an  axis w hich  is exactly  a t r ig h t  angles to the  t r e n d  of th e  sand - 
wave crests. T he flood a n d  ebb flows are  fa ir ly  well ba lanced , th e  sm all 
res idua l m ovem ent being a lm os t  due south . T he  f in d in g  of large 
sym m etrical  sandw aves in th is  location  th e re fo re  su p p o r ts  th e  general 
theories  a l read y  quoted. No sa t is fac to ry  reaso n s  can  a t  p re se n t  be adduced  
for a s y m m e try  in the  w aves tow ards  the edges of th e  p re sen t  a rea  of 
investigation.

CONCLUSIONS

An area  of large sandw aves  exists off th e  so u th w es te rn  end  of 
Sandettié tail, w hich  is very close to  the reco m m en d ed  ro u te s  for deep 
d ra u g h t  shipping. T he  la rges t  w aves have am p l i tu d e s  w h ich  are  of the 
order of 50 % of the p reva il ing  nav iga tional d ep th s  in  th e  deep d ra u g h t  
routes. T he sandw aves have been m ap p ed  w i th  as m u c h  ca re  a n d  accu racy



as ex isting survey  d a ta  will allow. Over a  th ree  y e a r  period  the m ain  
waves have been fa ir ly  stable b o th  in  posit ion  an d  in  he igh t .  W h i l s t  the 
sm alle r  p e r ip h e ra l  w aves m ay  be less stable, th e ir  m a x im u m  exten t has. 
no t var ied  appreciab ly . P rov ided  sh ipp ing  keeps to sea w ard  of th e ir  ou ter 
l im it  th e re  need be no  danger to deep d ra u g h t  nav igation . F u r th e r  w ork  
is r e q u ired  to es tab lish  w h e th e r  the re la tive ly  sm all v a r ia t io n s  th a t  have 
been found  are real or not. However, it does not seem n ecessa ry  to con tinue  
w ith  a com plete  a n n u a l  re -su rvey  to en su re  safe ty  of navigation .

T ID A L  STR EA M  OBSERVATIONS
H.M.S. K e lle t 9 / l0  th . June  1936 

Position 5 1 ^ 0 ^ 3 0 ^ . 01*44 06* E. Depth 5 fa thom s.

Fir.. 8. —  R e s id u a l  c u r r e n t  0.18 k n o t  (0.20 k n o t  a t  S p r in g s )  179°.
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SEA OF SA R D IN IA , 100 B.C. :
HOW  D E E P IS TH E OCEAN ?

Ever since men had been sailing the open sea, they 
must have wondered about its depth. But they had to 
battle or at least work like galley slaves to make their 
way from port to port, and there was little opportunity 
to find out.

The only early record of sounding the deep sea that 
I have been able to locate was that of Herodotus in the 
400s B.C., and I do not know what depth was found.

About 100 B.C. one of the startling discoveries of the 
ancient world was made, an important discovery for 
oceanography. Lowering a line into the dark sea, just 
as fishermen had done for centuries, sailors lowered and 
kept lowering the line till they had measured a depth 
of over a mile, or 6 000 feet. It was the first time men 
ever had discovered any such depth.

Strabo, who was a contemporary of Christ, reported 
it : “The sea of Sardinia, than which a deeper sea has 
never been sounded, measuring, as it does, according to 
Posidonius, about 1 000 fathoms”.

What Posidonius was talking about was the first 
recorded sounding of the deep sea, away from shore, 
anywhere. Besides diving for oysters, sponges and pearls, 
man’s exploration of the depths started right here, with 
the unknown sailors of whom we are told by Posidonius 
through Strabo.
F ro m  Men w ho Dared the Sea,  by  G a r d n e r  S o u l e  (Crowell ,  
New Y ork ,  1976).


