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_Quantum Electronics Division

LrzoNn PoMerANCE
3 SEVEN AMHERST ROAD
GREAT NECK, NEW YORK

“Jannnny'30, 1966
Dr. Sheldon Breiner “" ‘ :

Varian Associates,
Palo Alto, Califormia.

Deat Dr. Breiner:

P § hgve recently read‘with great interest your article in SCIENCE
entitled "The  Rubidiim Yagnetometer in Archeological Exploration.”

I am an amateur archaeologist with a great interest in Crete. Beginning
in 1962 and for four years, we have sponsored with the Greek dirchasolog-
lcal Society.under the direction of Dr. Nicholas Platon, the extraordin-
ary find of the fourth Minoan palage of Crete at Kato Zakro. In
2ddition I have helped to spomsor the find¥the royal tomb at Archanes

. in Crete last fall by the archacologist J. Sakallarakis.

Last September I examined the tomb area offatsaba wiﬁh Dr. S. Alexiou,
director of the Herakleion Museunm, . The enclosed photostat of the
I1lustrated London News article, gives the results of one of his tomb

‘finds im this area.

The site it seems to us would be an excellent testing ground for a

magnetometer experiment. The site. is now used by the governmemt as anm
experimental agricultural project and so is free of buildings. The
tombs foumd by Alexiou have been the result of subsidence of the soil
where the watering of the experimental plants has. taken place, Put
because of the depth (30 fest) and the sandy mature of the soil it has
been dangerous to dig trial trenches at random. '

Katsaba is only ten minutes from the major town of Herakleion and was the  ‘?

harbor tmen of the great palace at Knossoss  From the finds already made
here it is clear that there can be a "break=-throurh" in the knowledge

of Minoan Crete of the 13th Century B. C. if we can find the rest of

the tombs in this area. This time period is now the subject of much
heated controversy in archaeological circles.

My purpose in writing is to determime if it would be possible to borrow
or remt the Varian magnetometer for use at Katsaba under the direction
of Dr. Alexiou. We would have available also ¥r. Michael Schulhof, a
graduate student in applied physics at Cornell University. The experi-

monts could take place in September 1966.

I would be pldasgd to hear from you at your earliest convenience,




" portable. This instrument is the 4920 Precision Portable Magnetometer with

VARIAN associates

617 HANSEN WAY « PALO ALTO, CALIFORNIA . 326-4000

’ o February 4, 1966

Mr. Leon Pomerance
Seven Amherst Road ‘ .
Great Neck, New York ,

Dear Mr. Pomerance:

Thank you for your most interesting letter of January 30, regarding the
application of a magnetometer to the detection of tombs in Crete. We
read with interest your description of the work performed thus far and
the newspaper articles on the tomb findings. '

In order to detect a buried tomb by itself, one must have a somewhat
uniformally magnetic rock or soil out of which the tomb has been carved,

the more magnetic the medium the larger the disturbance. In weakly
magnetized rock or soil the contrast between the zero magnetic susceptibility
of the air in the tomb and the soil itself may represent an undetectably :
small anomaly. If the tomb contains artifacts, however, such as earthenware,
roof tiles, .or large quantities of sherds, its detection would be considerably
easier. Under very- general conditions in soil or rock of average magnetic
susceptibility, the maximum depth to the top of a detectable tomb is
something on the order of the diameter of the tomb itself. Therefore, if -
there is any chance of détecting a tomb at a depth of 30 feet, it would

first require a very sensitive magnetometer.

. Since the time of writing of the article in Science, an instrument was

developed for use by the University of Penmsylvania that performs the same
functions as that described in the above article but which is now completely

a digital readout and effective sensitivity between 1/10 and 1/100 of a 7.
The instrument was developed for the Applied Science Center for Archaeology
of the University Museum of the University of Pennsylvania and was used with
great success this past Fall Season on the plain of Sybaris. They succeeded
in mapping out very extensive areas of buried buildings and shall return to

"Sybaris and Greece this coming Spring and Summer .

The only instruments available at this time are those committed to the
archaeological work of the University Museum; therefore, I recommend that
you contact Dr. Fpoelich Rainey or Miss Elizabeth Ralphof this University
Museum to make arrangements for an experiment to detect these tombs or
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Mr. L. Pomerance ' ‘ | Page 2. . February 4, 1966

associated distrubances. They are on a very full schedule but do plan on
using the instrument in Greece and may therefore be interested in applying
the instrument for this purpose. All arrangements will have to be made
through the University Museum for any experiments to be attempted this year.
I have already taken the liberty of recommending to Miss Ralph that she
look into this request and have also forwarded her a copy of your letter.

We have enclosed descriptions of the instrument described above and a reprint

of the article in Science. We thank you very much for your interest and
recommend that you keep in contact regarding the lease of an instrument,
perhaps next season.

Sincerely,

Sheldon Breiner

o : : - Geophysicist '
SB :GT , ‘ Quantum Electronics Division
Enc. Science Article
4920
Flyex

cc: Dr. Froelich Rainey

Miss Elizabeth Ralph
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R , Presecuntron Copey

_J COPY OF HANDWRITTEN LETTER ( 8[ulza¥)

University of Athens
Department of Archaeology
February lth, 1966

Dear Dr. Bass,

I reply with pleasure to both of your last letters and I beg you warmly to
communicate my news both to Dr., Rainey and to Dr. John Huston, a cable of
whom I had yesterday, but I have not his address at this moment,

1) Yes, a trip to Australia is now decided, thoveh 1t is a considerable
trouble to my plans, I will leave about Junp 1st and will be back not
earlier than the first week of lNovember,

2) Pernqps I will not avoicd a week's trip to Italy and Hungary 1wr1n-'the
2nd week of March,

3) If you or Dr. Rainey or Dr. Huston's personal can manage to aopear in
Greece till June 1st I will manapge to leave any other work aside in order to
give priority to Helice. Enough to have news of you as early as possible,

L) Tou must have always in mind, that both political and archaeological
situations change constantly here, so that the formalities necessary need
time, even for myself, For the moment I have in my hands the paper of the
Arch, Services to let you work at Helice under my presence and I should like
to be here, whenever you start in Helice and I desire to have well in my hands
the Helice-efforts till you have - as I nope - some nice result, Then we will
try the big work, for which I have friends to help us. Please tell it to our
friends. If you can not come at time, we must postpone the work for next year,
Helice lies buried exactly 2,339 years. Let it complete the next round number
of years, if we can not do something before June! Otherwise, if you believe
thab Wwe can work after October. of this year; (which I believe), I will be in
GCreece and free to your disposition. o

For the next question....[here_Dr. Marinatos answers a question about ancient
ships' rams, which does not pertain to Helice]. -

_ With best wishes and greetings,
R S — o Yours. truly . -

Sp. Marinatos

I am forwarding copies of this letter. to Dr. Rainey, Dr. Zdgerton, Mr, Huston,
and Dr. Payne, I will be most interested to hear about how the dates may work
out for possible underground and underwater surveys. This letter is the first
which has-suggested that we might be involved in the actual excavation of the
site, if it-is found, and that is good news, indeed, G.F.E, :
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February 25, 1966

Dr. Spiridon Marinatos
47 Polyla St.
Athens 903, Greece

Dear Dr. Marinatos:

Dr. Rainey has asked me to reply to your letter of February 4th
to Dr. Bass. I am planning to be in Calabria, Italy with our new
portable cesium magnetometer starting on April 1st. If convenient
for you, I could come with it to Helice in May. If so, please
let me know what time is best for you. Perhaps, one or two weeks
would be sufficient for a preliminary underground survey. Dr. Rainey
will be excavating at Sybaris in May and so will not be able to
come.

Two assistants (either intelligent workmen or students) will
be required to help with the running of the instrument. If you do
not have two available, I could bring my two trained Italian assistants
unless there would be difficulties for them to obtain poassports.

Since I shall have a lot of equipment to transport, I shall
plan to come by boat with my car. I imagine that the most direct
route is from Brindisi to Patras. Since I don't know any Greek,
I shall feel a bit lost when I arrive.

If you reply after March 20th, please address your letter to
me c/o Enrico Mueller, Casano Ionio (Cosenza), Italy. I shall look
forward to hearing from you. If next year is more convenient for
you, please do not hesitate to tell me.

Sincerely yours,

Elizabeth K. Ralph
Assocliate Director
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EONIKON MANEMIETHMION AGHNON
APXAIOAOTIKON EMOYAAETHPION KAl MoYEEION

UNIVERSITY OF ATHENS Athens ,March I3th 1966.
DEPARTMENT OF ARCHAEOLOGY

Mrs.Elisabeth Ralph,
Ascociate Director.
Dear Mrs.Ralph,

your plans.I think,that during the first two weeks of May we coulg
try in Helice with your devices.Please write me at time about

your exacte plans.Surely it is best to come with your cap from
Brindisi to Patras.Do not bring assistants.We shalj] have two d4i-

e Notimafer




March 22, 1966

Dr. S. Alexiol
General Directorate
Herakleion Museum
Herakleion, Crete
Greece

Dear Dr. Alexiokl:

Dr. Rainey has asked me to reply to your letter of March 12th.
I am glad that middle or late September is a satisfactory time for
you,

I am planning to attend a NATO conference on thermoluminescence
in Spoleto, Italy from September 5th to 16th, and after that I will
need 2 days to pick up some of my equipment in Calabria where I shall
leave it this spring (unless I have time to do this before the
conference). '

Since I shall have a lot of equipment, would it be easier if
I bring my car® and come by boat, or is it easier to fly to Crete?

Iwo assistants--either intelligent workmen or students-- are
needed to assist with the magnetometer work. Can you supply them, or
should I bring my two trained assistants from Italy? There may be
some difficulty in their obtaining passports.

There is a possibility that Sheldon Breiner from Varian Associates

will come with me, but he cannot be certain at this time. If not, I
shall come alone unless you want me to bring the Italian assistants.

I am leaving for Italy tomorrow, and can be reached c¢/o Enrico
Mueller, Cassano Ionio (Cosenza). During the first two weeksof May,
I plan to search for Helike with Dr. Martinatos, and will then return
to Italy.

Sincerely yours,

Elizabeth K. Ralph
Associate Director




DIRECTION DU MUSEE DE HERACLION
CRETE-GRECE

29-3-66

Héraclion, le

Dear Miss Ralph,

Many thanks for your letter of March 22.

I think if will be easier for you to come to Crete by one of the
ferry-boats, wich go every day from Athens to Heraclion.

I hope I will be able to supply two intelligent workmen

to help you, if not a specialised personnel is needed.

With all best wishes

Sincerely yours

S AAD

Dr, ST. ALEXICU
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May 8, 1970

Prof. He E. Edgerton

Dept., of Electrical Engineering

Massachusetts Institute of Technology

Cambridge, Massachusetts, 02139

Dear Prof. Edgerton:

The report of my magnetometer experiences at Helice is enclosed. The
extraneous explcnations included were written for the benefit of
Prof. Marinatos.

I should like very much to see your article and learn of your experiences
at Helice,

Sincerely yours,

Elizabeth XK. Ralph




DEPARTMENT OF ELECTRICAL ENGINEERING

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

cAMBRIDGE, M AS SACHUSETTS 021329

May 5, 1970

Dr. Elizabeth Ralph
The University Museum
University of Pennsylvania
33rd & Spruce Streets
Philadelphia, Pa.
Dear Dr. Ralph:
Did you write up your magnetometer experiences at the
Helice site?

If so, I would like to list it at the end of an article

that I am writing about a sonar search.

HEE :m
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MAGNETOMETER TESTS IN SEARCH OF HELIKE J

Moy 3T, 1966
by
Elizabeth K, Ralph

Applied Seience Center for Archaeology
University Museun
University of Pennsylvania -

At the invitation of Prof. Spe. Marinantesy a preeision portoble cesium
magnetometer wans brought to Greece by the writer for an initial trisl in the
search for Helike, -

This instrument was designed and constructed for the University Museum
by Verian Associntes (Palo Alto, Camliformin). Preliminary tests with the
Varien Associzten' rubidium magnetometer in Oetober 1965 on the plain of
Sybaris in Southern Italy indicated that the greater semsitivity of gptical
absorption magnetometers (os comrared with proton and fluxgate magnetometers)
could be utiliged for archaeological prospecting. Therefore, thie new precision
portable cesium mognetometer wns desipned expredily for this rurpose. It
is readily portable and hes o maximum sensitivity of 0.05 gamme (D.05 x 167
oersted). With this sensitivity, anomeslies representative of crchaeologiodl
deposits at depths of 4 to 6 meters have been detected on the plain of Sybéris.

The basic prineiple of the rubidium, cesium, and of other optical

absorption magnetometers is that, due to the Zeeman effect, the energy levels

of an atom become split into various sublevele whose separations are dependent

upon the total intensity of the ambient megmetic field. To detect this pro-
portional splitting, dptical pumping ie required., The operation of optical
pumping involves the excitzZtion of electroms into metastable states by the |
absorption of appropriate eleciromagnetic radiation, VWhea "pumping" is
completed, redistributioh.of the pumped electrons to lower levels is
accompliched by stimuletion from a radio frequency corresponding to. the
difference in energy between the split‘levels. For the isotope Hbaé the

; I
Beparation between sublevels is approximately 4.667 cycles per seconf per

gemma. In comparison, the chenge in precession frequency of the pro¢dn



magnetometer is aprroximately 0.04 cycles per second per gamma. Thie is the

basic reanson why the Rbss‘and gimilar opticel absorption magnetometers are
capable of detecting chﬂn”as in magnetic intensity with epproximately one-
hundred—fold greater sensitivity.

In order to make effective use of the most sensitive range of the
instrument, two sensors %tha detecting elements) are reguired. One may be
carried vertiecally abcve:the other or one may be left in a fixed position
in the center of the fi@id to he covered., In either case, the higher (or
fixed) semsor serves 1o gancel out diurnal and =ome other extranecus magn-
etic variations.

In the search for Helike, preliminary lines were made with one sensor
in order to proceed more rapidly and to assess the types of anomalies
(readings which differ from the normel) to be detected. The first trial was
made in the bed of the Selinous River (see Pig.l)s Very large variations
were detected immediat#ly — t00 large to be reprecentative of deeply buried
arohagologicnl featuraé. T4 wae soon discovered that both the river banks
and the bed of the riéer were covered with wire mesh fencing} This was the
cause of the large aromelies and its presence negated the use of a magneto-
meter in the river bed. 1

Ye then moved down the river to the hench and continued Line 1 (gee Fig.l)
from the mouth of the river approximately 600 meters to the north. Here
agein, large snomelies were detected due to the presence of modern iron
objects u—”tin“ ecans snd other litter on the beach. The next trial was made
from a small landing area (house where we gubsequently had lunch) apyrox-
imately one kilomﬁtor south of the Selinous River, Line 2 was made from this
spot to 600 meters nprth in the direction of the river and then back again,

a short distance inlend (Line 3). Agein large varistions in megnetic intensi®
were caused by modein iron debris on or near the surface of the beach. As
geen in the plot'of lLine 2 (Pig. 2),some aréas were worse than others as
indieated by the rwpid fluctuations in magnetometer readings, In a few spots,
consistently regulﬁr magnetometer readings were obtained, but there were no

Ewmdd madt ana uP deanly-buried gtructures.




Tn order %o utilize the meximum sensitivity of the cesium magnetometer,

i4 ie necessary to make & agrid — a series of parallel lines thet fofm a
‘rectangle or square -—— with twe censors —— one fixed in the middle of" the
Agrid. For this, an open space was found, about 50 meters west of the beach
and 200 meters north of the "landing". In this area Grids 1 and 2 were made
(see Fig. 1 for their locations)e In the plot of magnetic contours (1ines
of équal magnetic inzensity) for these gride, one sees & gtrong reaction in
the northeast and northwest corners (of d;id 1, Fig. 3)y another along the
SBouthern edge near a diteh (of Grid 1), and another along the western sides
of both grids, but nore pronounced in Crid 2., All of these were caused by
modern jron — prinecipally the posts and rails of the grape arhoms. The
undisturbed central portions of the grids are too small 1o determine whether
or not there are any arqhneological features in this area.

Since it was spparent in these grids ‘that the grape arbors ceused 2
magnotin disturbance that sxtended ayt least 10 metérs from their limits,
Grid 3 wes made with thé second sensor mounted verticelly above the usual
movable sensor. The thought was that with the two sensors fairly close

togethor, one 1% meters above the othery that the upper one would serve to

cancel out the external disturbsnces due to moderm iron objects (from 2 smaller

distence than with the fixed gensor) while the lower one would reveal possible
features under the ground. Unfortunately, since the grape arbors were about
as high as the upper sénﬂor, changes were detected due to iron rails that were
cloger to the upper or "monitor" sensor. In other words, this system did not

serve ot this site to enncel out external varistions. In the portion of the

grid, not too close %o the grape arbors, many small variations were detected

due to small pieces of iron debrig on or near the surface of the eatrth. Because

of these, it was imposmible to ascertain whether or not there were any buried
archaeological deposits in the area of this grid.

The next trials were maede in a boat with one sensor mounted in the bow

and extending one meter sheed of the boat. If the boat had been "non-magnetic",

this would have proviﬁed o means of making lines slong the shore, vbout two



Pl

meters out where the wate: is approximately 1 meter deep. The boat provided,
nowever, and a rowboat provided the next day, were not "non-magnetic". The
firet had & motor in ite center and both had iron gtrips lining the‘keals..
Therefore, cven with the sensor mounted in a fixed position extending from
the bow, =2nomalous readings were detected due to the rotation of the boat,
This is because the pogition of the sensor in relétion to the magnetic north
pole and the.magnetiu Faterial in the boat changed with rotation of the boate.
Therefore, the regdingﬁ were uniform (except for areas due +o modern megnetic
disturbances which corresponded with those found on land) until the boat
changed direction. An spperent anomaly ﬁas detected qqs'the delta was
rounded, but it wes not caused by buried featureé w— onlyiﬁhe change in
direction of the boat. As a test the boat was rotated 360o in one spot,

and the readings changed by 200 gammas.

It was unfortunate that the land surveys were inhibited by moderm iron
structures and debrig, but some useful information might have been obtained
alongz the shore if a.n@nﬂmagnetic boat had been provided, It was apparent,
however, that 2 mngﬂgtpmetcr is not an appropriate instrument in the search
for Helike due to the presence of =0 much modern iron.

Perhaps, a sonie device mich as Frof. fdgerton's Boomer will be more
suncessful. Whethar or mot the stones on the beach and 6ff—shore will
interfere with this teéhnique is yet tb be determined.

I am grateful to for the kind hospitelity and cooperation of Prof.

Sp. Marinatos, lr. Angelos Delivorrias, and the many others who'gave 80

generously of their time while I w as in Greece.
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HELICE SITE SURVEY WITH SONAR

Peter Throckmorton
Harold Edgerton
Fred Feyling

May 22, 1970




May 22, 1970

HELTCE SITE SURVEY WITH SONAR
Peter Throckmorton |
Harold Edgerton
Fred Feyling

This preliminary report describes briefly a sonar survey of
an area on the south shore of the Bay of Corinth, Greece between
the Selinous river mouth and the harbor of Aiyion, where Helice
may be concealed. Prof. Spiro Marinatos1 has written the story
of the catastrophy of 372 B. C. concerning the historical destruc-
tion of Helice.

A previous sonar survey,2 in 1966, was made using a 16 kHz
and é 2 kHz continuous sonic profiling equipment in this area.
The records showed interesting "holes" and "bumps" in the bottom
and sub-bottom. The present survey is an effort to extend the
area of the 1966 survey and to add further information about the
-bottom ahd sub-bottom features. A sonar system (5 kHz) was used
with a pulse length of about one—half a millisecond. Divers have
‘not been used to explore the area and no excavations have been
performed.

It is possible that the Helice site is under 1and3 and not
under the sea due to sedimentation and land subsidence. From the
results of the present study, we cannot definitely state that
Helice is, or is not, under the sea; Further results are needed.

An area of especial interest is shown in Fig. 1 as a circle.
The diameter of the area is roughly 500 meters. The edges of the
above area appear higher, similar to an encircling wall. If so,
they are about 100 meters in thickness which seems too large.

However, they could be flattened and also the sonar tends to give




-2

a wide dimension due to side signals. Angles to the three buoys
in the area are given at the end of the list of houses (Table 1).
Fig. 5 showé Ewo sonar records of the area in question, each taken
on a course differing by about 90 degreés to portray the under
sediment features. Further sonar profiling studies with improved
navigation control are needed to pinpoint the various features of
the sub-bottom targets. |

The depth in water to the top of the so-called wall is about
50 meters. A covering of 3 to 7 meters of sediment is over the
entire site. An excavation would be difficult by divers, due to

the water depth, poor visibility, and associated problems. We re-

commend a mud-moving jet or other devices operated from the surface
to clear the sediment. This is an engineering problem which can be
solved. Sonar should be used as a monitoring device to supervise

" the mud moving effort. 7

We emphasize that the nature of the targets that produce the

sonar signals is unknown to us. It could be a geological formation.

We do not know what the sonar reflections are caused by, but we

would like to know. Coring or dredging from the surface could give
some answers. A magnetometer survey might be interesting and in-
formative. .

| Dr. Edward Zarudzki, of the deds Hole Oceanographic Institution,
has studied briefly our sonar records and agrees that they reveal
interesting sub-bottom echoes. He has suggested that we attempt to
rectify the navigation of some of our records and prepare an accu-
rate hydrographic chart. This we have not done, because we feel

that this preliminary report should be produced as promptly as




o

possible. Also, with accurate navigation more sonar records should
be made to extend our work; in caée somé one attempts to work
seriously at the uncovering and exploration of the areas in question.
The chart (Fig. 1) enlarged from chart H.O. 3963, was prepared
by one of us (Feyling). Buildings along the shore were pinpointed
on this chart for reference points for the ship—carried‘sonar
equipment. Distances were measured by means of a metering wheel
along the shore. Fig. 1 shows this chart with the estimated
courses of the ship when surveying and the location of the buildings
as numbered. Table 1 lists fhe buildings along the shore, describes
them numerically and graphicaliy, and gives the distance between
them in meters. These.ﬁarks and charts will be useful for future
surveys.
A side scan survey, opposite building # 25; with an EG&G, Inc.
type 259 sonar is shown in Fig. 3 at positions indicated on the
Fig. 1 chart. ©Note the white spots on Fig. 3. These are shadows
of holes which we believe fo be fresh ﬁater springs through the
gravel which once may have been the river bed of the Selinous river.
Fig. 4 shows a side-scan sonar record opposite house # 15,
where "bumps" without sediment covering have been seen. We do not
understand the geological reasons for these bottom features.
Thelﬁértical records were made by an EG&G, Inc., type 254
recorder, with a 5 kHz sonar Massa transducer.
The ship, R/V STORMIE SEAS, served as a base for living and
as a platform for the sonar equipment. She is 50 feet long with

sail and auxiliary motor power. Nights were spent anchored at Aiyion.



Personnel, R/V STORMIE SEAS, (Mar/Apr, 1970)

Throckmorton, Peter - Expedition director

Throckmorton, Joan = Administrative Assistan

Rankin, Gus - First mate '

Traxel, David - Sailor

Grinnel, Jim - Engineer

Wortmann, Juergen - Technician

Choremis, Angelos - Greek Archaeological Service, Athens
West, Jehane - Sailor and surveyor

Feyling, Fred - Sonar operator and surveyor

Edgerton, Harold - Sonar operator and surveyor

The Research Committee of the National Geographic Society sup-
ported this effort. Travel expenses for Edgerton and Feyling were
met personally and also the transportation of the sonar exploration
~equipment. The Geodyne Division of EGéé, Inc., Bedford, Mass.

and the Massachusetts Institute of Technology furnished the side

scan sonar and the 5 kHz sediment prober.
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ILLUSTRATIONS

Chart between Aiyion and the Selinous river, showing
5 kHz sediment penetration sonar tracks (Figs. 2a,b,c)

and side scan tracks (Figs. 3 & 4) and an area of interest.

A continuous seismic profile parallel to the shore at aver-
age depth of 45 meters. Note an area of especial interest
at building #'s. 31 to 33, "holes" at building # 26, and

"bumps" at building #'s. 14 to 20.

Side scan sonar records (1000 feet to both sides) showing

"holes" opposite building #'s. 22 to 27.

Side scan sonar records showing "bumps" opposite building

# 15.

Sonar record near house # 32, from shore to 60 meter drop

off location.

East-to-west sonar record (5 kHz) at 50 meter depth. Note
area at building #'s. 28 to 33 and fault (?), or ancient

river edge (?), at building #'s. 21 to 22.




- (P. Throckmorton, H. Edgerton, & F. Feyling)

1- Survey Notes on Bench Marks Along Beach East of Aiyion to the

Table:
Meters
Between

No. Marks
1 70.0
A 58.9
B 211.8
C. 346.1
2 80.6
3 78.6
4 7 74.1
5 < 44.1
6 42.8
7 39 .3
8 28.1
9 113.6
10 83.1
-1 2513
12 243 .4
13 95.8
14 208.4
15 155.7
16 227.8
17 419.3
18 275.2
19 140.3
20 195.9
21 324.0
22 126.9

Selinous River, March 1970

Description

monument with stone post

base of old nav. light,dated 29/5/43 _p—n,
stone wall g&%ﬁﬁﬂsmﬂ

M‘{m L_
cabin with window west side I_RJ_u

cabin with blue shutter li[EW_-,
cabin with yellow shutters f*ﬁg%?L_

" cabin with two small w1ndows ;Panlt

cabin with three posts T+

cabin with flat roof ]ﬁ Hl
cabin with post on west side _;Eiﬁﬁ

cabin with four posts [=]nf{

concrete house with two windows I' ;

two-story house with blue and yellow shuttersl;,

low white cabin with window and door 5]
white cabin with blue trim [f0]
yellow cabin with f1at roof [ﬂ%ﬁ|

two- story restaurantgfﬂgéiL

unfinished two- -story concrete house¢L£§gtEij

cabin with flat roof, door,.two w1ndowshlﬁligﬂ

two-story house with wall and marine railway

cabin with fiat rqof, 8 posts EED Jfr]

restaurant with flat roof, red trim

cabin wﬁth penthouse ]Qfﬁh
green cabin with red door ;fjij“




Survey Notes (Table 1)

Page Two
Meters
Between
No. . Marks Description
23 79.8  small blue/green cabin _{—gl
24 94.1 cabin with blue door, orange shutters
25 105.8 restaurant with double doors, porch Fﬁﬁz;ﬂ
26 83.0 house on posts with front porch =
27 148.5 house with green penthouse;fgﬁfL
: e
28 28 .3 two-story house with peaked roof Kk—IEff 2
29 9.6 west side of old pier iy
30 10.0 east side of old pier Vﬁﬁx:an
31 154.0 blue restaurant with red roof 'fifiﬂ‘
g2 152.0 white cabin [T ' "
33 540.0 very small white cabin y CAN
34 25.0 stone house with hipped roof
35 0 west gravel bank of river i N
a © P e it
Bearings to Marker Buoys from Bench Marks
Bench Mark Buoy Flags _
Yellow/Blue Yellow/Yellow Yellow/Red
_ (B) () (R)
34 353° 12° 5
- 32 26° : 56° 40°

29 ' 48° 70° 58°




Flg sy

e i e
475 t
430

GULF OF CORINTH
a4
85
\ AREA OF INTEREST
,}4——‘ HELICE?
138 £ 140 :
"9-5
ez
i | 12s
‘3!/ *f
Mg
O
=)
5 g
NAUTICAL MILE iy
NOATH o v 7 va . & COQ"
METERS , &S
T 2 3 4 5 6 7 8 3P0 2000 r"/’ ™\
=S cj@’

Q
COPIED FROM HO.3963 MARCH i970

HELICE SITE SURVEY WITH SONAR

7¢ ORIGINAL SONAR RECORDS
MADE ON THESE BEARINGS
ON AECORD WITH DA.EDGERTON
WATER DEPTH IN FEET
PETER THROCKMORTON
HAROLD EDGERTON
FRED FEYLING '

9
AIYION

FIGURE |

CERYNITES R



ApeiL. 2 /870 Eke.

iii SREECE —

/2;‘ 50!

7’;/0 V I‘— ———-| 7 1’;1--;’1,:'?'( - /oMo
Mmem=

s S

/S rerEes

HotE AREA 3089 T

%ema Bossa7vons
“FETBR L bc i Mok ToL
FeE) FrEyins.
AR 2, r5re
L rCE



T ' avim e S
~ . = 4 - & . -
4 ViR WI T e




| AAFR 4 /970
0 J7PE ScAN
AL ICE

' 4 [

775 4.




< u| Swrwpr ma i |

s e e e - - - e e e e e e
* ¥ 3, H ¥ g, 3 3
; » _ % S s : t . 'y ° ]
e A Sl T . 1 : Sl
[
| Byed -
~ 2 i < (3 A ELrcE
% 3 28 27 2l ay/ - APK 3, 197 ar
t\ 4 oy Wi s EAST-wEsT | 328
S e 3 >
. = i -al 7 b rd;_(;f:’. ~
= - pest-- I —_—— —— — ~ —— P T
5 % g
P - o i3 ; 0 ’
40 e i v ; k hpal '
3 o™ T i Rl g S b
| R oL 1 L 5 \ " myT Y T
L 200 __|300 METERS. ]
1 £ P /4 &




L/" -('ﬁ \/-\ t“( »

5 { (—} #

LA . &

o 3 — . |73 ( G SR osie T S SR & PR b Hrﬂh\(;‘}A*M

MovriSouw

o Dr. Aleviow: Tl Nooteed | &k St heiast
Biren of Kotsaba . ! B T <o vy -

{

V€ ‘P o u«:‘\i - (.A_C‘j- \‘-\' \ = A O‘J", . B O (D Do f.-' "y (.:‘k-t_ T

t’\ [ - {
(‘L \M(;,& —— O v Ou g v A 03 At i i "f. (_(' NS FERMEESER s - L
3 gv"‘o utf'-‘s ]
e

e OC M ‘{’L\a/v\:; Qe “(}_—A) a5 G_OW

3 ws‘ Y ' - B
i A s O P X wrtf\ VB s v v ‘,4?"0",‘;
N

\ [

C(‘.\ < -4 !.{-*e\‘-lJf“N(“e—'L;\. }\\,\g(:(‘; : A O Ve~ (“(('(‘{JS

>

P e XA SaliA eya/f\eé/ﬁ A2 H"(« L VT”CW "ig e

CLeN rr»{..‘-bi-c r-&j of T A Veu s — % L_e)z -
: \ : =

\_) l,-"‘cr—c( A € V\Aa'l\"\"\k' R &A\ S\-\-\_M—w—la O}/\«%(‘% ‘-/L)Lt/:('—('\ Rt

Q)(q(/\/\_& 3 (C& \ @ oo g‘{r - :;, O vAangXte~> & ¢ v C-ty :
::: G L_) S €. \,C/vj ‘J\’C/‘z\kd": Oi s {\I <o \ \ @

i | : -~ L
) s ‘-/\ U\J l/\,i c L\ LN < \‘_’4,"\/“‘? k CFVOQ s Lﬂ"c{i Xs C{Le ,, % e

| L’Y(/\_W s v\ O AA G (&\z_\_c\i*{c_ CO\/\‘*—(‘OVC-(‘ \OQW

ST |

\-\(k\x k\ 21O - —?\-—-r“- v CLF‘\‘-{I rd" 8 SN '-'SC 7 \-J'_CA-Q_V \‘(_ED M_A_‘a—-l—————s

e Q e othes \AACLg WL koo cont H"-:""JT _ A SCa
g-qwu \OL/ U\’(A_E C&QWC— Qa\f‘rof[/mﬁ‘\ P L
\-\/f/d oLaSTTA ade d) ( Lat—s ma_”l’?f) Vases |, f?& L

Yor can —esbivaale oF b,  offeet Og S0t

Q (8 T el v, \i‘ e (_",‘ A = A C \»\. (7 S L-C( V\vwg X 2 <=+

g eUhiness 6( walls = 0.04 M) -C—U—MJ o cﬁ.ﬁf% $9%
of 8.20 M ., \  \Mane “beealed Ste veolune

|
. |

(dismmensionns (" L= 0.1.04M  W=044 M  He 078 M .

SRR = .

4

~

!




1
4 : }
- \ -\-7 - { &
=3 e '
rd ‘ %)
£

™\










-

4
Fs !
- Xl “Jj_ - :
y X =
/ ‘ E = 7
- = " \J‘ ,
o

<




I 2

600

LT | T
HEg e
PHH I )
% -
e H

T
kkkkkkkk
1T

ax

TS

laal

é30

630

610

400



\\ 10 )
Ecriwun |
\ 'aoloe.a.dom&. TOo¥ Todiaxe) el Eaﬂ .ﬁ&x

mn\u:\ MHAS FC YTIBRIVIKML » USaum YTIBREVIML FLSS
AlMAVYS Maq yb AIHRIZQAIIHS ¢ STRIARTS IDUAY2 3 bIEE

(ars abo“ ) O0EY -3 neevpisVi 10 wenis® rollectd

wotoeiQ sisiooes fiql.a I giedsxipEe i 2 55N
(8rg eboz seiA ré .ix3 00ro-a nesigie o~ ; ;- £ ,; ]
‘'eupitnA‘’ ametbbA L A L f/
t’

R— s T
= e

Sf‘-‘— J tou s R| \,af

- T o e g 0 S R i

SCALE

O 125 ZSOM

~ N : \ ) |
Nk \ /oo

¢4 ® 3 \
% - \

\taohpeﬂdom o Fodrrald ooaetaod Hoilago A
.»}av.wave:-u" \’{ YTIBAFVIMU o MUBSUM r”."E‘\"-'-"d\i i ‘?{\ \

L 1ot
AMAWYEANIS & .&IHqJ:—jG;‘JlHA-OT.—'!E!ﬂ‘Fa aosunAsSz ;\nes !
(Brs ebdo se1A) OOAY-2 neeigieVa sotaeniQ yenisH roliegyd i i B

\ voiaenid elsioocasd ,rqlsA A dtecdsi3 1
(2ra gboo s814) 83T8 NxH 0Or0-3 neevgreVva !

"eupHNA' s8e1bPA eidsD o b
\ A \ .
N N\ )
A \ ) \ \ @
NATER N %
z 133




