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UNIVERSITY of PENNSYLVANIA

PHILADELPHIA 4

DEPARTMENT OF PHYSICS

4 August 1960

Dr. Froelich Rainey
"Greensboro, Vermont
Dear Dr. Rainey,

Dr. Belshé from Cambridge visited us last Wed-
nesday, and I was glad to have the opportunity to meet
him., Dr. Stephens joined us for lunch and was also in-
terested in his work. We learned about some of the de-
tails of the proton magnetometer and much about Dr. Bel-
shé's measurements of the weak magnetic fields of the
earth. If we decide to purchase a British-made proton
magnetometer, there may be difficulty because of Varian
Associates patents, but we are looking into this.

The summer here is not so peaceful as it might
be, with various small crises from time to time. The
most recent was a letter from Dr. Cruxent from Venezuela
requesting immediate collaboration between our labora-
tories. Wanted to send the person who is going to do
their chemical processing here by return mail® and
wanted me to spend the month of September in Venezuela.
I've stalled off the arrival until September 15 and
shall remain vague in other respects until I talk to Dr.
Kidder next week.

From August 15=-17, I plan to attend a Confer-
ence on Organic Scintillation Detectors in Albuquerque,
New Mexico, mostly to catch up with recent improvements,
with the hoEﬁ that someday the technique will be prac-
tical for C dating. The leading scintillation people
will be there, inecluding Dr. Hayes, who has obtained
much higher counting rates for growing things by ex-
tracting oils and terpenes which can be combined easily
with efficient scintillators. This is useful for the
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study of the Clu increase from bomb tests, but not for
dead wood, et cetera.

After that I hope to go to New Hampshire for a
few weeks, and will be back at work on September 12.
Henry Michael leaves for Russia tomorrow and plans to see
Rudenko and various other people in Leningrad and Moscow.
I guess I told you that on his western trip he obtained a
Bristlecone Pine section that goes back approximately
4100 years. In addition, he gathered several 3000-year
Sequoia sections, so that we are now well supplied with
datable wood for my NSF grant project. There is still
the problem of the dendrochronological analysis of the
Bristlecone Pines. The Laboratory of Tree-Ring Research
in Tucson has such a shortage of personnel and Dr., Smil-
ey, the overall director, is so difficult that I wish we
could develop a small tree-ring dating laboratory here.
Dr. Bannister, in Tucson, hopes to work out an Egyptian
chronology, but is pretty well tied down by University of
Arizona duties. It would also be interesting to find out
if a Gordion tree-ring chronology could be worked out.

Speaking of expensive ideas, reminds me of our
014 budget. It was approved yesterday with no cuts. I
suspect that your talks with Dr. Eiseley are responsible
for that--many thanks.

With best regards,
~ )
Ser

Elizabeth K. Ralph
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but there isn't much. In the Terre Merdille area, the crep was cut
on a stripe30 mmeters wide ‘which spanned the center of the platwau. We
did a cemplete grid with the magnetemeter, but it revealed very little
and test exeavatiens ef the mere premising anomalies were disceuraging.
There were practically ne sherds except fer a few on the surface and
mestly Reman, and ne walls, We are still waiting fer the grain te be
cut on the rest of the plateau. We have had a let eof rain which is
bad fer us but werse fer the farmers,

Abeut 2 km east of Terre Merdille, the magnetemeter found a real
anemaly fer ence -- a large terracetta pavement (at least, 5 x 16 meters)
of a Reman villa, and alse many Reman sherds. These were all at 20 cm
and nething underneath, Near this field (which is enly abeut 5 meters
abeve the rivel level in altitude),en a small hill (Cellina dellsa
Cente) one of eur denkey experts sﬁowed us where there is a Hellenistic
temb, The sides consist ef big blecks ef cut stene, appreximately
2 x 3 meters, but the tep was remeved years age and nething remains
inside. We have searched this hill and seme of the surreunding areas
ineluding the base of T.M. en the nerth and west sides, but haven't
feund ether tembs, In these regiens, the drills have feund sherds
enly near the surface and net many.

We are new werking in the Capplanza area. Seme of the walls’
dewn the hillside de shew up with the magnetemeter whereas the natural
reck deesn't se that there 1s seme hepe of tracing them if the test
excavatiens indicate that they are interesting (Had a heliday fer the
Peve on Tuesday and were rained oeut teday), We snenﬂﬁon the hill te
the seuth but didn't find anything. I hepe that we can find a temb
with as many things in it as the la Signera has in her heuse,

Mr. Lerici must have telephened te Mr., Mueller yesterday te
say that we are spending tee much meney, se we are laying eff twe
workers, taking ene away frem the Lerici crew and giving them Salvatere
te de the recotds with the hepe that Beniamine will werk. § suspect
that there will be a big blew-up temerrew ameng the Lericl crew. The
truth ef the matter is that Umberte dees the werk ef three peeple and
the rest de practically nething. He preved that yesterday when he
went ahead ef the drill and dug the heles single-handed -~ result,
they made 13 heles which is a recerd. What the ether four did all
day, we den't knew. Hewever, mere ridiculeus as far as extravagances
ge were the feur men frem Romo whe spent mere than a week here making
the decumentary film., The Leriei erew lest 3 days, fthe rest ef us 2,
and Mr. Mueller had te keep the pumps geing and held up the bulldozer

which was clesing the Test Pits fer feur days just because they didn't
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shew up when everything was waiting fer them -- were eff in
Civita. They had lets ef excuses, but each man managed te tell me
a'different ene,, I _haye ?oen tempted te write te Mr, Lerici abeut
all\!f this, bug { guess I1'd better net, / . \

[ L. |

/ ! \ )
Speaking ef meney, if your return is delayed, I may run shert.

0llie seemed te want te be reimbursed fer his trié*wﬁ&ﬁ%%blﬁguﬁed

_ of che Then, I.managed te lese 60,000..
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it ie-completely fselated - enly birds and trees. We have decided
tHit "we "would BPe bered te death there, and alse it is se far frem the
sea, The swimming is geed new.
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Froellch Ralney, Director EVergreen 6-7400 (Area code 215)
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August 23, 1963

Dear Iro,

Here are = few notes ahout my Petty Co, visit
in case Mr, Johnson or somecne appears before 1 re-
turn,

bvl; speech went prettrv well, but there wasn't
gre~t deal of interest in the new sug:
made-— nnmeljg that perhsps we should take more no-
tice of Prof. Thellier's measurements of remnanent
magnetism a2nd the consequent effect upon the mag
netic intensity of the earth in the past, and, that
if we accept this, we can find an explenation for
‘the discrepsncy in C-1lL dates older than 1000 B.,C.
At any rate, Prof. Thellier was in Berkeley and I
couldn't catch up with him in the short time I was
there, but invited him to visit us after September
10th. Don't know whether he will.

Y]

Perhaps one of our future DFOTGCb” should be
this business of 1ﬂwanant magnetisn [t's begin-
ning to be more and more closely related ta C=1l
and outer space problems, as well as a mezns of
dating pottery.

Am off to Louisbourg, and hope to be back
early in September.

S,

//Z_;!
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Visit to Petty Laboratories, Inc., San Antonio, Texas, August 20, 1963. Discus-
sions with Mr, Mayne, Mr. Hasbrook, and Mr., 7

There are funds of about $4000.00 remaining, enough to continue work through
September.

Experiments to date have furnished some concrete data as a foundation for
further development. Main points are

1) ansmission is optimum at 600 cps. At higher frequencies, the
ten utﬁt1on becomes too great; at lower frequencies, we won't see walls
s than one meter thick. Moreover, the frequency band must be narrow in
order to interpret results.

2) With a trensducer crystal operating at 2000 volts, or with a 25-
watt speaker, direct transmission is detected up to six feet.

The next two to three wesks are tc be devoted to design considerations of
a more powerful transducer. Trresent possibilities are

1) Use a BaTi crystal 1/2" thick and of larger diameter at 25,000
volts, The gain improvement should be about LO db.

2) 1Incresse the diameter to about 2L" (about one wavelength). The
gain improvement should be about 20 db.

3) Use a large steel plate approximately three feet in diameter,
perhaps energized by a Boomer or similar device. The steel 2late would
have to be of such dimensions that it resonates at €00 cps; main problem

there is the damping cr elimination of other frequencies.

With 1) and 2), we might achieve direct transmission to twenty feet, and might
detect a target (see reflection) at eight feet.

With the additional information obtained during the next two weeks, Petty
will submit a proposal for design and construction of a workable transducer and
the associated components, and cost estimates.

Probable future procedure will then involve

1) extensive field tests of the above unit, and determination of
limits of penetration and reflection detection; and

2) design and ccnstruction of improvements, possi HlV including
magnetic tape intensification of the reflerted r*fno -y E5C., AN order to
reach the desired detection at thirty feet.

If we can get scme more money, I think there is hope for something work-
aktle, at least for moderate depths.

August 23, 1963 FElizabeth K. Ralph
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March 30, 1965

Dear Beth:

I just have the letter from you and Ellen written at the Hotel Boston,
and certainly want to congratulate you both on untangling the mess
about the Sy baris publication. Tell Ellen I will needle Meyerhoff
about a short version of his article. I will also dictate a summary
of the investigations prior to 1960 and to speed things up I will send
it to Vannoni for translation.

This concerns plans for the spring. I gather from Roger that Rodney
feels you might have a crack at the Gyges mound at Sardis and that,
of course, is fine with me provided it does not interfere with our
commitments in Italy. I told Paola that we would certainly work with
her at the Selle sometime in May, and I am very anxious to begin work
again with the rubidium magnetometer at Sybaris in late May or in
June, if that is ready, so I suppose I should plan on being in Italy by
the middle of May at the latest to begin work with Zancani. I will
keep you posted on the time when the rubidium magnetometer will

be in Italy. If all goes well with the rubidium magnetometer I will
join you at Sybaris in June.

The small job in BBYEE Carolina is now scheduled for August. Should
I try to set somebody else up for that? There is still no work from the
A.E. C,, but they promised to call me about that grant this week. Also

the Wenner-Gren @psrd has not yet met. Markls work looks very promising

and I hope we can apply to the N, S, F. for that at least, when you get
back.




Please give my very best to everybody on the site.

As always,
Froelich Rainey

Miss Elizabeth Ralph
c/o Gordion Expedition
P.K. 14

(Polatli), Turkey

P& Gongratulﬁtionn on the Artena job. It is always good to see the
instruments work!

FGR/vg
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Cable Address ‘‘Antique’’

July 8, 1965

Professor I'roelleh Ralney
Brown Univ. Archaeological Expedition
Ambler, Alaska

Dear Fro:

Vittorlia and David included various messages from me yesterday.
Since then, I have talked wilth Lee Langen. He was delayed in New York,
so we met at my house last evening and had a five hour session. The
maln result of thils 1s that there 1s some possibllity of starting the
Instrument tests on August 5th instead of the 15th. This would enable
us to have one day at Grasshopper before the fleld school termlnates.
Dr. Thompson had hoped that his students could see the new gadget.

Then, we'd probably go to Thompson's sites near Tucson and to New Mexico.

This, however, brings us 1Into direct conflict with the Camden,
S. Carolina Jjob. May I back out of thils, or offer Henry Borstling
alone if there is enough money left from our $500 Penna. contract? In
the latter case there would stlll be the complication of getting the
proton maghetometer to Mr. Beer in Peru.

In regard to the alkali vapor (they have used caesium instead of
rubidium) magnetometer costs, Varian would like to have the $15,000
after the August fileld tests. Then, they are expecting $10,000 in
September or October for six months' rental for a period of two years.
If the Instrument proves satisfactory, perhaps we could revise this
agreement and have the #10,000 applied to its purchase. I hope that
we can rustle this $10,000 eut of the NSF. '

We seem to be getting funds for our fringe activities, but
nothing for the core. There are the new metallurgical grant ($23,800
for two years), the C-14 grant, and our little contract with the state
of Pennsylvania.

I just telephoned Dr. Aborn, and he saild it was too soon for a
reply - early next week, hopefully. He did say that I had answered
the major lssues and that the biggest problem remaining is the amount.
He and Dr. Smith will go over 1t thils week and may then suggest which
item(s) should be deleted.

With best regards,

§§EF%€A\
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THE _UNIVERSITY MUSEUM

THIRTY-THIRD AND SPRUCE STREETS
PHILADELPHIA, PA, 19104

October 19, 1965

Dear Beth:

Many thanks for yours of the 10th and I am deeply sorry to leave you
with all those problems, because I think you should slow down and
not speed up. Actually I was so tired when I got back, I slept all
afternoon and all night and was just able to get around for the Board
meeting and Members Night.

After my report to the members about Sybaris, the Inquirer again
announced the discovery of Sybaris in the headline, for the fourth
time ! But the text was all right and I do not think it will get back
to Italy and cause trouble again.

I checked the drill records over that big rubidium anomaly, and all
the sherds are recorded as archaic. No Hellenistic or Roman, what-
ever this means. I agree it is now terribly important to do a few
drill holes but also to cover as much area as possible around the
Parco del Cavallo to determine the extent and to detect as many

big structures as possible.

You ask about Tarquinia - I think I would not bother with that now,
because that is just canning peas. The Gravina site is much more
interesting. There has been no word from Marynatos about Helice,

so that may be out. But I will let you know at once if I hear from him.
Continue as long as you can and we will find the funds somehow. Glad
to hear that Foti approves the drilling, I will talk with Orville about
further excavations. I hope everything goes well, but be careful not
to kill yourself running around too hard. Give everyone my best and
here is hoping the thing finally does prove out,

The very best,

Froelich Rainey

Miss Elizabeth Ralph, Hotel Meranda, Torre Cerchiara, Cosenza, Italy




THE UNIVERSITY MUSEUM

THIRTY-THIRD AND SPRUCE STREETS
PHILADELPHIA, PA. 19104 October 23, 1965

Dear Beth:

I just have yours of the 16th, and I am pleased to know the Gravina
job went so well. You will be glad to know that Mrs, Bullitt turned
in another $2, 000 to make up some of the deficit., My account
shows we are still overdrawn, but we have discretionary money

to keep you going until the rains come. There is no word from
Marynatos and I will poke him up again. You had a copy of my
letter to Lerici about Tarquinia so I hope that is off. If you do not
do Greece, I should think a few days at Selle with Zancani will be
funv. But do come back by boat and take it easy.

Jeannette and I are are trying to get out the new MASCA bulletin
and she will write to you to get a paragraph on the cesium magnetometer
from you.

I just heard about a perfect way to dig at Sybaris, which should solve
the problem of the sands and I will go into this at some length with
the American Cyanamide Company, and I will tell you about it when
you get back. Orville insists on digging next spring and when you get
back with the final records of this fall, I will make a report to Foti
and propose a proving excavation next spring. Now that I am hopeful
that we have the sand problem licked, I will also suggest to Foti that
the Antiquities Service make the news announcement about the cesium
magnetometer to put them in a good state of mind. But keep all this
under your hat until you get back, so we can do it officially through
Foti,

Very best wishes,

‘4 1 *

Miss Elizabeth Ralph, Albergo Meranda, Torre Cerchiara, Cosenza, Italy
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UNIVERSITY OF PENNSYLVANIA
THIRTY-THIRD AND SPRUCE STREETS November 5, 1965
PHILADELPHIA, PA. 19104

= CABLE ADDRESS ‘‘ANTIQUE®’

LEPHONE: EVERGREEN 6-7400

(AREA CODE 218)

Dear Beth:

I have just phoned Varian and talked with Shelly Breiner since Lee
Langan was away. Shelly feels that you really ought to bring back
both of the sensors as well as both the recorders. Of course, you

can leave the batteries there. I think they want to keep the sensors

in use somewhere here during the winter., But we certainly can

take it back to Sybaris in the spring. Shelly was naturally very
pleased about the way things have worked out, but since I did not

talk with Lee I have no idea about the financial aspect of this business.
I think that if we want to use it ourselves, this winter, here in the
U.S., that it can be arranged.

I have just sent you a copy of my letter to Foti and I guess it is self-
explanatory. You will immediately see the advantage of having him
make the news release. Also, it seems to me that we will do better
working directly with Foti about the test excavations and I have not
said anything about this to Lerici. Since you have a copy of the letter
you should talk to him in these terms about working next year.

I have sent all the physical dope about the Sybaris plain tothe American
Cynamid Co. through Dr. Raymond here at the Hospital. And he thinks
they will do the job of chemical grouting as a publicity measure. Also
we think we will actually try it out here near Princeton, to see exactly
how it works, before it gets into the field. Also, let me know how you
are making out with funds. It seems to me you will need more if you
will stay through November,

Very best wishes,
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Miss Elizabeth Ralph, Hotel Meéanda, Torre Cerchiara, Cosenza, Italy
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April 5, 1968

Dr. Froelich G. Rainey
¢/o Antiquities Service (David 0'Connor)
Arabeh el Madfunah (Abydos)

SOHAG

Dear Fro:

Shelly Breiner has returned from Mike Coe's site in Mexico where
he had good success in locating structures with the magnetometer. He
suggests that 2-1/2 months sometime in the fubure will be required to do
a complete survey. In the meantime, Mike is eager to continue his ex-
cavations through April or until the bad weather starts in early May,
but aecording to Shelly, he lacks funds to do this. I reported this to
Mr. Carpenter, but Mr. Carpenter said that the funds should come from
the Coe Foundation and also that he didn't want to do anything until you
return,

Unless I hear otherwise from you or Professor Marinatos, I will
be at Elis in May, '*htn inspeet other sites in Greece in early June.
Then, Bob Dyson wants me to ecome to Iran for the rest of June. There is
some hope of loecating graves in ome of his areas so that he ean dig deeper
where there are not graves.

Since my little Fiat will be so crowded in CGreece, there won't be -
room to take the instrument suiteases with me. Therefore, it would be
easier to drive directly from Greece to Iran. Sinece this means crossing
Turkey, I'd like to have someone with me, preferably one who speaks Turkish.
This, of course, made me think of Ellen, and she is willing to go if her
eye is better. Also, Bob thinks that he will have enough money to pay her
travel costs. Before going to Iran, Ellen has some studying to do in Ankara.
What do you think of this scheme? Perhpps, you could accompany me on this
trip and that would be even better.

We have had a request too from Alan McPherron in Pittsburgh to do
a magnetometer survey aB Divostin, a Neolithic site in Yugoslavia, about




100 km. south of Belgrade. He plans to start working there in September, 1968,
and to continue in the summer of 1969. How practical this will be for us, I
don't know. From what I've been able to find out about the geology of the
area, it is probably not magnetiec. To test the site ahead of time, McPherron
could meet me there in early July. This would mean another long drive. If
the new smaller cesium magnetometer works well, there is the other possibility
of leaving the bulky gear in Greece and flying to these places.

There is bad news from the NSF - our proposal was turned down. I
talked to Lieban and he said that our case just wasn't strong enough in
this very competitive year. He said that testing of a new model of a
magnetometer wasn't impeowtant enough and that we don't yet have any specific
results that would demonstrate that IR photography is useful, and I guess
that's true,

I had planned to take off on April 25th in order to meet you in Rome

on the 26th. If you are returning directly from Ireland, I'll plan to wait
here until the 26th unless I hear from you that I'll miss you anyway,

With best rega rdi,

Elizabeth K. Ralph

EKR/ ek




April 9, 1968

Dr. Froelich Rainey
% Shepheard's Hotel
Cairo, Egypt

Dear Pro,

My plans now seem to be in a turmoil. In order to get to Iran from
Greece, I found out that one needed a Jeep or Landrover. Therefore, I
was planning to leave by ship with my Jeep on April 19th. However, without
Giacinto (and Nunzio), I can't take both the Fiat and Jeep to Greece, and
the Jeep 2lone isn't big enough to transpotrt the gear and Greek assistants
who never have any transportation of their own.

Also, Bernard Wailes has Jjust heard from the Trish and they are eager
to start at Dun Ailine about June 15th, Jest when Dyscn wants me in Iran.
Bernard doesn't want to de this wikhout an instrument survey. Therefore,
I'1l wait until Bob gets back, about April 19th to see what can be done
about this. If it is necessary for me to go to Iran, I'@k have tc fly there,
and the Irish project would have to be postponed until about July 1O0th.

If the new cesium magnetometer works well, and if the two students
from Oxford join me in Greece in June, there Ss the possibility of our
dividing up. However, I doubt if they will come if we don't have funds
to pay for their transportation from England., Also, if any component of
either instrument breaks down, this wouldn't work.

I am surprised that Prof. Marinatos changed his mind. He wrote to
me in January as follows: "The question of your assistants is left up to
you to be settled as you think it better.”" I'll be lucky if I don't strain
my back Jjust lifting suitcases for customs inspection in Greece, and the
work there will go more slowly.

Please let me know what you want me to do about the Irish-Iran conflict.
Also, do you want us to collaborate with McFherron in Yugoslavia and if so,
how shall we fit that in?

With best regards,

<;D§Y\ SﬁAAi—“¥ﬁ k{0¥d% Usn _
\ L&CL Voo k—-\A&O\J\.S\‘
@iouuoﬁljghj;Jk & o Elizabeth K. Ralph

EKR/abn




<7 4ffy 50 1763

Q’_«
>E’a/~i” )(1:‘\) \ I\)/
LUQ/LA_S( UO-E.,U

\/l[/\/\vr_ 2
‘ ’i‘/"t% @Ctt“:_t' o’t L‘TQAL “‘sf‘e Vw(‘():u " MC’[ &

OUA O AN

C&.—\_ c LV Cj ; We '“Pc)u \,\((

—

LUNGOMARE N. SAURO, 7 =
AR S

2 . X . ~ i
Tel, 331623-83 020 - 331728 VAl u A \/; e oV S m«a“ﬁ,f“
LA DIREZIONE N g ) N~ :
G 34 é\@f @LD o ugw—c.t’ «"1' A2 \L\’Qﬂ—’\ ~ O C’QJ{ us ©
A Qe ina

\/"J, \'va \A_‘:t“‘r(n o Q—u»chv %Q’A

EkCEJ?'\’ %.-‘.f;: . Lad C[/ vt e ﬂw"«.(g’

(;)‘(\ K‘{J\»’\J DT‘U\MR\A f‘7’

\DQ CI_/V\V vxf:s\f‘@‘ V\) b ,
& Lo va g So B
L/‘\.f-u-‘c) L e CL\S \e,.)t( N
\‘\/E::T leach o Tound o LCW":& Q w0 e \/ 6~ Sl P m,ﬁlruy
o A \, LO(&C‘ i\/!_; = 1‘ V,\z)b ﬁ/}{’u CJ—J./UL ‘—k-z Clue \/L/LOC T 0
k\w L’\/E,u_ Ve G C 3 _ | * o
\V* Le Lonne ‘-f\)\/\f-l* (Al . W‘A’ < .‘ o k&\
L,\_,z.()e,. o a/v‘?/c.,vu.

\ VO N k/s J\ \A( \/\ALS
“ e d«‘&e@ -3 mnudfbw"s m WAV A =) .‘:L_O i 9
W G \"*G«w«r-—p WNec aurse N e = il e B \"ﬂﬂ u.{l
i J CLLSI L*Q/\L

@ xCcav ﬂ&)(‘\m_ [’,\_)R/\J\\ﬁ
) % 2N u§€ e*\’l “ \[Y\ ““U\(? W\A‘-\O\. c\\sa,\_,_jf's : Q_,\A_,J ‘—*\{w_’ head
!\I&\A,‘SBO NJVS C\f‘vdf“@\/t-f_, S even An O c'\-\mfb d Lf& — C}; e U Co
\/L\_y O E'C»\_,M\g‘*\l 8 P\";OEV\-\ "J'\’T‘()L/w ‘M A y(/‘t(/ v ‘*X{\ Mu\,\
O C} k‘.}N\_ﬁ é d kl SLLJMQJU \tEf\.,( a u\b;/mb“(’g A\’;C . \ \j\a/\‘-—i Sea _‘:t‘
SRV ) . ,
jc'\ 3\,,\ U O \1%3{30\_\[ (,Or\\ e g C‘JF ‘TCL_‘_ q\r-{c;L» 3 G
\( CL\_/\/\'&\CA E'.uw‘ . \_’_CA- C:JWDL(C;
WA QL We've e v\ ed ’1\«0%’\@—& bt N
k | %% e oA W V‘t&\“@L \LP\ C§L° \ % e_“("\’ > H'{\ P(Sn ik
A @ G | . :
ey 7 EEJ{ \‘Q“w“’\’ k Se eV ;\’7 l/\mgw Lt\dcu# \’LQ\N\‘EL\\HS
’U\U\sem A \ e es i ‘
ok (.'Qvo‘ He doesw —+ O\Q\Lfc |
/C‘/L—(

s P 'xcqvcﬁ'&.
\ \./E —é’*c» o~ e b, \f\U(Cf\! WO\AA

s \fm N \'Mi
\/L)O\—L\&' \ - ¢ N ’
L Sl \‘v«»a,\\ \R—-m Le TDYve. e

\Duf\ e ‘
L}\Lu G \3&"@1:% Te o )
i S - - ly oele)
C’:)g\l\—»\\/wi is  Vibwe  OVET, v < %9'7 \’j(f‘u“’“% aQLEt"‘T'Q) % JY’C« \\_EL:SCZ
= . \J ( .
/{\f\j. l'\j\ \_;L&\\"QA-F’ SO L. )\\_;w_,(_&f U\.-’\;j k.ff € [, / ‘\Q\V / Wv:‘/
‘.Q/V‘D(«U«-;\\"S ‘____Jl \7/ L O mwvie- ~ UPF?‘RQ) LAY (W] ’-HQ/LA—
k A’& :}\\\Dcw\ ) To¥ S “ \\J\v«c& Qv € kﬂet{}“’r\;&\:
i, : \Fc”eo et Lo valle Y\i”\f‘* RS %DF =
e ;C/\ g wedesT o wple. THPEEES . 1 W He = alse
wioal . Lffk‘y & _
2 ‘ S o wat alye Gt Eoron B =
( < IA (\O‘/"t‘-’

\o Q

4 J8r e (‘/zf'{“&. a

C‘&:\ a,,;-‘—-‘”\- v q \h o X0 O ' ’
(”U\W’W"" S\/\o’( { w.C ;t("\—" (D\C\ ’&—L«{#RKNU b > ¥ kca . qg\“\ o k-\(ﬁ : — L_, C
S‘—KLQY Qv wotally \A\ e \- Tﬂ\v\ - 50

k VC‘ i
b Cono ale 5Y su\ cin ] PO | L‘(‘Qha\/
) et eedetd e

(VAU %3‘\' R == e : i
~N. X CG W *\’“‘;& \;) LJ \-/\ a v C’J \‘ ’\(&\ L\j arem h* ’* L\\‘u o;
D cr\u , _{Lt7 Mant Gue & w‘\"‘t’h %u we Wl Vs ;\{AA

) —K"aﬂd" y L\f '\,/\(,_'}_ (—J‘G Lla C& CL \---7 ‘/\j

\
2 e W Ay e,




VO \QY{/\ -c;i; \%hﬁ {7;\-0 & MF \; L/\/\@ J\Jf\kv&g“fers 2 >
et _R’—\ e QR\\ R Lowisa  wo LL—&’ 1S OO\ wg =
oare o (_‘LQ k‘ [SEON C&‘L--)( M hnn bV H,CS-‘ . = LS -

d\l“im\{{\ﬂc& —\Js:,r\j \\“\'Hv_ }:@,\AD\ “‘I\leeks \/M“C\q Bci\Jrfﬂd'.

UNBGMARE N, EAUND, 7 \ cawvae o Bar ¢ becu wiE § oqﬂ'"ﬂ‘&@g e
m%{ﬂb Y et “Glare S o boa™ Qo e
LA DIREZIONE | | PE_&){‘G\JV\-\V Cow LA vasheed & e a VV\uCL
= ovTes 1o T K o gm S@ Jeo \ —tele P howed #Mi oslavia
st eveming ovd gmd St rbe vvad bl T e
mlprepadl = STR bew dansw T e cst L T et ! ‘1 hea
'3\&79 A e e v, @sd ol ans wrest  amad  We s O Rk
W W 0 —el\ke — \o “q ey s s VAAD v aA S | g"“c‘i( Lﬂa"g
N dS e ) Vurh Ve B wEa MC\\*CL&\ Scenn e-ﬂ’*\;}‘, At ‘O\“ " )
ratke X L oqe ¥ Sl p&\q cusows Q/V\‘.C‘f w2, Tt ceesm 1
Brea s Lo ia S

~

\\\\ CM‘*\{U“"» O\ =;\\./\-X\-K- \~ \A;\A'“—L e -t.:u‘LL'»-.
\ < OLA.O\ \ WQJ\(L— O S _T\/q. b (o) &:\ \‘t?)_ex./\f‘ﬂ»% C‘-L—\' LA Q}\/\\\ im
D:,. \..«-._C}‘ \ C;(_M—(L} 0:3( -\T l\ O G A » rU\ 4 5 wA S—t (O] \\ = [/" t \/C Y RV ) SO VWAL

C‘/‘t \'k/(.r\{, \ L V\(_‘S\A q.h\'ﬂ .

‘r:é?e.es;\ T“&%Cb«“e\ o
F‘--?\

\"\','7{. "

?56, , \;\)tm'!( %JL’\GQ?\HC \‘m‘ E&.U‘; ‘J\—z—cl(;d/ —I‘Y?—f" \j‘CL,'vL;c»\_«,;

<y va (O (¢

f,,u_%%(i BSs ., L \J&_u_‘&c?\ﬁu:& {_ \t{’./\\fi:j \G‘Lt/

‘”'V'E,Mvcg@- s le @E LeEE “o labs! el ot




{/ Llote/ PR

i - A %_7/\ 1‘ 4 <k - 7* F-.:"“"_' T-_r—; 5 _7 ===2 - ; ’/ ”
DQQ’ 0/ \ = L,y,?/k ) el vue[%w’fay «77}?,{( %/gvafrr/, Z §,,{
/ N e / -
/_ 170 i4n ‘%Zu? ba w §r C /UQJ/ {/,29 % ~og G,A hotel raphasl N

y ;
%1’; > ZW#Q / w i ndow ’ £\ wa 0w /C/ ﬂ&wh/ /Z/ s 5—/ 3/,/;6 % }R
( Lo

; wWe s ¢ i /ZAA éa% / & L /fa/ffbv'fiy 00186 - roma
/ J : ‘ /\ ' // ) largo febo 2
/’(/” g q4/f e We e . D00 Iy %'2 v L ér‘az/w/ i (p‘ll'glz:fa. 2;;33;1)
_7 telegr. raphotel

L&t /

uu7‘ i Foole & hours 04 o/l"ff—wfﬂ‘(/ QV[JL«,/ | /
'“”-Lflf’wnaf L /5 e/#f *ﬂa///v] 575"/%&/3/ / 7p\ef// i.fa7zb "*'fa"r Le s v |
5 o e 2\@/m & oot -/o,ﬁ/ﬂ,,,m%/ ie.

£
t‘/-/lVl’Zﬁf\
TDV‘ ok T /
/ — ,4/ '1.4_/'”1_// L
t i, J S [ 5’0 /“[LDL-(MC A L/)
Sal 5{\/'{:’(/0 o vy ¥ ouwut E;,/]L‘Ml! (T rtuvc by

./ 4
oo g ] v a g :(/)5
FOQCZ&? \_//KW% a/N O ‘7(/0/“(— V"‘d/ag \_/ﬁli"{ / Liave C/%toz 7L /U/ )

S &%
/4"71 G v /La%t, / aa% L/Jfo“lY“Hj/Z nod /i Lq)t@ﬂ s

/ @ / ) = g“ (V= /ﬂ @
V"Hﬂf?/ slill dloesa ¥ gw i /#gé’ / /71_:¢ zL/” / iy A /34 /&
y\/f_%vf Vu@// ama" / khmu.f 5=f¢f‘7j' /\e,f,oafwfr / e L /ﬁ‘ /éf gc%_

— _— £ vl O &
QM&/ C/{j 6/\_‘,‘%'54 5/400/ ,“.r,l {Q;lzm?, b\/e fLO ,f i ) a [‘lez’ 4//1’/ ,,«ﬂzf -
' i / "~ v —

por J7 5!J L\J(‘.‘{'{L cﬁp ;/_/ %pum/ﬂfa ] &l«(/j i [ 78 k—/ ; [\ -

S e U8 M fandl wi P re BT
% -+ "G g §r0/~f > LT’LL/' bezc / /
Ce Fle ruldud [f \‘/?}ﬂw, e /% /“
;‘é_lﬁng; 5’/ Hiluseo /@/ (F0¥IV’4 K/mabub ek }/ /) 7[ g/f
S, Je %4/(/% Sls woill e r\e/)f*/f Bem , 5 7o
07 e

1) T ‘# (1/
/’, / ” AJ/?"‘ \70’,2{/-_‘ ol }4’1 A= P il o =
W (..L[Q/ 1// /“f‘ /0 “A gL o /ié
\ ?{/{ O/ﬁﬁ/m -7(- /(’5157/ / </

Lo | & »V\,}[/;( '_/L—(’) e oo &'kfé ’ B
#/%un/)éif//_é] &0 J i ”!_j a/ (_i , I / Z /J” “7’[/14/ S;JAJL
[ [/ lee ledlpr oo im headyuer’es . / 7
Wouw 0/ L e & = / / §7/7 \%Zu?/)‘\é g

/ - // o i
w [I/ 5'71‘a .r\*f[” bHe 7”1\&4\& \_/(/ f’/fﬁ" / 7 s f/:.@ 7L Va3 / I wﬁé ) W\{fg
LO%; f 7L’T> -/ /1 g ’\./ ‘-7/ "LL c:iJ_ k—f&hﬂp/ U{ vi g FINAY 2L d //d
L A " ac & L et | / 7  en
ave . / PJ\;G’ mr ¢ & é,‘f gkfm/fo r‘o/ )
& J\_ 0/ /HL\“P‘/H ¢ \ ; . e N \_L
gt "m/ Aéw /1/1 %[u_ /QV\"UiOL/S /\'9%/":/"‘ /—{M% //Wj' /
Por ﬁz —s e o b[%,‘_ L O 5»74) "
'\S‘ 4 F/ ?qmﬂ t?““mmd/ / L, ‘74’& o / 7%//; % .
? € / . e il |
} “é bty whatle out-of ~deors vﬁw i ket Al
f7) . &
HV(j' (5 beg /4/) J - u . R -
A /5 /%45@/‘

a “« 4/ &S/v/

J it g

- i L,L/: ]
AM.%,/ j*:_;[\ P B l,1‘51'7L (/LC/‘-?/

oA L1 u/al}f’
h/ éwca/v//ﬁ/") ’]/DI ? ) : F%/f /Ws#‘amf‘au?’t e Aﬁy»{

e N g dL . // ‘rf’i\d( "‘_Y_T’\ec;l \7415-‘4'( c_’f(fcvéc.é?/f
2! :_i‘j / — ‘Q'-f(& 2 P v
Neyer Ea L,Z-(/V\ A ?Z%?‘,{ /90 © ' P / (05% .-/t’g)' i a

) /4/ o /h/ Vi@ A O}’“‘Zz ‘Q, ’-/j{"-‘”’“ﬁ R ,4»\‘/\ A Vol Fond
QC\Td{w{[/ 7[: ?w € “}Jé\)/w-r —‘[r.f/\('/,- breslrtzst o divmer ¥ éz“/

@ o 4/7‘ !"‘é—f a rﬁg = ) 69;%1[_'

/
[~ renge Gad 5’;

4

“/5’60 P e d’bL’L/




- S VY Hotel Cadillac
B ‘Zd+(€fl/\ J —-&({\\"Sc‘o
M‘c’iy\"co
et ¥

pd Science Center for Axrchacology

Froelich Rainey, Director Elizabeth K. Ralph, Associate Director
THE UNIVERSITY MUSEUM + UNIVERSITY OF PENNSYLVANIA

33rd & SPRUCE STREETS L] PHILADELPHIA, PENNSYLVANIA 19104
594-7400 (Area Code 215) Cable Address ‘‘Antique’’

Decu‘* "F"ko)

W e C‘omi)\airaeﬂ et wee \Qﬂpat e A e
%\“-\C/L% — owve obves U(Lu., Yo ewnd :a QWLWQQJ‘L?
Boiod BBl i buibecsl C;memcﬁ % oue sl -
\N\t/%’\" owver A ext vx\';lﬂ-e. ('\./O\AQ/V\Q >/m.4 ot Save
wallced ot St We qeb all leimds of < onall
\/\/\fo&v\-&\\c (}kcg“\—u/q\lmu\ce/s mutbae Sedl o whorols e ib,"‘\' avea
\Sw)’( o\.«\\ ® AL Wu"f\ﬁ\\/ Xl ok oorores Soneds uDHrQ« e
Lecs pusn Srmiata =~ Sl MNRar Yoo c&u%\ SF«q“F{“‘: .
_M&iméiﬂ_ Doss,  However | 1w O thaivd grod , over

‘ 2 Strota i .
\-/\CVV“'L Cu “{"\J‘Lmémc&ouﬁ( \/'v\d?clv\éq“\c_

S/ -
X s CQ,\amilno/r 4 \vo le s %EQJ\L;/
\AE_LLJL% o OLHMSJ

QA"(_,\_L | (O ,‘-‘\' \f\-« (lit, { Wi &

AN

GAvae \/\Ac’o\- Olé)@ LC\’ (9

e T oo —Evoue \aﬂ‘jt @‘[wx?‘—
\Vo wadtes e
(1

?cr"ac;i\a\7 a ; |
"‘\G,A-ﬂ\y May(mve, (‘Q‘f\ow ?c‘us\] Coh> @M«u\eﬂm '\"\f\-{‘c&a? Wt(iLL+

D \\‘-\’r(.\ W AR WO JSow SE/CQVV\(J&V‘CLTL( ’ M L/kqg gq-euy.écﬂ
&’”«J‘\" =3 Ok& 5 \‘\/\..d\L(_E(’CQ o‘p Cm\k\/ - ‘TL\L N“!\:W\L : G -\,1 AT
A V. S WVAE ) ;w§+V\MUWA:k a N\QJJLK wo u“L(oc:‘\‘ ) We

ke d | L, vxbv\-«c{. %w
J‘_e,%\\«_ét S~ 9"\'_‘—””\1 W\qixuw‘\"\c s ¥, ‘ \7/ _ ‘ G/\-:;J\7 O,@
&J(N,CSVQO\/'\ i & Cenre SUNC A WU 'b\’k/\,c?\ \‘-\‘ CJ.CD»-\.‘S\S :
\/\QC \’\ \)t'),-\cr-c(‘-\-s. (% ‘—Mfﬂv‘ciﬁ‘c,g NCL( & *\’Lud' \“IV = 2z
\/\/\;}% \OQ o/\._,\) %L SUe ; [ a(_)r VV_EOLL {Lic'—\é-\,(_& Olor.)u\

| _— \ o aalsl wet ot ‘avzliace\ogical
F A 1;\‘ B ? v\? B e \éxcazglre e

: “\W‘\' Wik e o W » Lo -
i J 2 M ,:&T[«w 9%%% [Oe‘_' SOovng

\agar OELA‘ Qs Q/‘r-w\‘\_’ 4 | 3»«:‘3‘5 \‘l(
e Q%.%Qel"mg \jv Bl Ad‘%h+ Ao

Ldle  Wold-up v
et o T Qv




Froelich Rainey, Director Elizabeth K. Ralph, Associate Director

THE UNIVERSITY MUSEUM +« UNIVERSITY OF PENNSYLVANIA
38rd & SPRUCE STREETS ° PHILADELPHIA, PENNSYLVANIA 192104

5OL.M%W<S | CL,LDO'—V& = Soow
We “vem Sene sedsomic Llvas below Sl
aNeen Yo See \how il f&r—awwcg P pge—— o SHaore over |
4 Yebweer. “Hu ‘tmown =lafls, I s o bt c&{gccun"’ti\.»‘j';
m A ped ‘J‘?’F \au/eaﬁ o‘? %e;\) ocles /'el“‘i‘Z‘ \Aaia~
Vewy ol %Lm,;#y alimest pgqued I Sttt oY alv,
ez e“v—dﬂtt ba & Vi N e plends Ao o H-S“D j:: Qo‘_w\e CDm;)
# Laen IR ckehai\,\‘lrt7 P \,,,@/» \;i\d;:c:kz\- {\’:‘uizr;h
voaves. TTheestewe, (- . Tt s B
‘\f\\‘i\/\‘\’ BULs S?‘\Acré") w&\ Wed CL dﬁ[;p&d%’:é‘ﬂ@\P /
\ lm\\LC$eCome§) uJL\.Ac:\/\ O en V’\Lc‘ik(7 g‘li\/“ i‘:;‘c ‘:*&u
L'\{A/C% CC‘V\*D‘UL%P—& wea/ug&.«‘ Eade '\BLC}AA = ‘u.i\owe ) | - |
sl “roumerow on Nl wext day wkdr(-,\ e hope !
Ol “la QM“‘(E« wl be \less uv\\\y'ﬁ_eg—u_{)., |
m \M;\-e,\ Vs \Ao* \OQ.(E at au y we dx‘sc.o-v*-@_mg ‘\{\j
“\/{Mf\/ ot o Coru-cols et wertes S PR i e\ \’VJWZ
VX7V Lol up W\ At Comne \-/‘\VOV‘-‘\E'L L wcif\ \\,,
v e W? OC-CQ)%CUMCLLL\/ %(&7 Lucense x&m $6g
& "bostecea but L oam becowmning Uery Lond o

594-7400 (Area Code 215) Cable Address ‘‘Antique’

T e

e U R always Lave NP
Jf"C(.C/CJ < O . ch\at v\e_d('v-"""\ Q"\ k‘t’{/\-ﬂ\ ‘-}boc)

' T APy Syl e Mg\wik\ QZ\LQAL Laone W\—égii‘;b
W e X ‘M* C‘ngw bu¥ | €8 ﬂ%'drcz,; kOV\iﬁ/«* \ |
i \he v\/./\ov\e_ \{_2; C/{O‘ _ '
Y= | i ¢ |
W, Vet TR |

%e% lafi {/l\?.((l b

LSS . BMQ{"Q ?\/\Okas Ge &Xctu\p,,,:t ) Ard e ) a-t ‘ﬁ&,g‘{‘) G
\MC&‘\’\\/\% omf,\M s Sl Qroun ’

%WC{ S\/\c Lkl

\AM.L\./(S-

S een~—S




MEETINGS

Application of the Physical

Recent  developments in  locating
sites by  high-sensitivity magneto-
meters, in the study of provenience
by elemental analysis and petrograph-
ic methods, in dating and authentica-
tion, and in recreating ancient tech-
niques of making artifacts were re-
ported at a symposium on the appli-
cation of the physi.al sciences to arches-
ology ({).

F. Morrison (Department of En-
gineering Geoscience, University of
California, Berkeley) reviewed the
latest applications of the recently de-
veloped cesium and other alkali vapor
magnetometers in locating archeologi-
cal features (such as ancient brick
walls, kilns, and stone monuments)
and in locating and mapping buried
cities.

The action of the magnetometers is
‘based on their ability to sensitively de-
tect anomalies in the static magnetic
field of the earth. With a sensitivity
of 1 gamma (105 oersted), the mag-
netometer can detect an anomaly caused
by 1 kg of iron at a distance of 10 m.
But remanent magnetism (such as that
associated with fired clay, building
block material, and basalt in surround-
ing clay) requires a sensitivity of 0.1
to 0.01 gamma. Alkali vapor magnet-
ometers now available are sensitive to
as little as 0.001 gamma. To make use
of such sensitivity, the background
must be homogeneous. Time varia-
tions of the order of 0.1 to 10 gam-
mas are also superimposed on the mag-

netic field of the earth, but these can’

be canceled out by using two detec-
tors differentially.

When the magnetometer is operat-
ing, the cesium in the cell is heated
and light is fed into the vapor. The
cxcitation of the electrons of the ce-
sium atoms causes the cell to become
opaque. The radio frequency that is
applied to return the electrons to the
ground statc depends critically on the
magnetic ficld at the cell; the output
from an alkali magnectometer is a fre-
quency proportional to the magnetic
field in which the sensor is placed. The
proportionality constant for cesium
and rubidium magnetometers is typi-
cally 3 to 5 cycles per sccond per
gamma. With a counting interval of
20 seconds, conventional counters can
yield sensitivitics as high as 0.01 gam-
ma.
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Sciences to Archeology

In the magnetic survey of the buried
town of Sybaris, roof tiles and walls
were accurately located at 4-m depth
to within a few tenths of a meter. Qut
of the eight holes that were drilled,
six were on the anomaly, within a
meter from where its position had
been predicted.

The largest atructure at the Olmeec
ceremonial center of La Venta is an
earth pyramid, which is the oldest
pyramid in the Western Hemisphere.
This pyramid was assumed to have a
rectangular base until 1967, when it

- was found, instead, to be a fluted cone

with ten alternating valleys and ridges

running up its sloping surfaces. This
finding revived interest in the func-
tion of the 33-m mound and in the
possibility that it might contain buried
structures. Samples of the soil were
tested and found to be effectively non-
- magnetic. The known Olmec monu-
ments, including the famous giant
heads, are made of a basalt that is of
a particularly magnetic type; it was
therefore felt that any stone monu-
ments or basalt structures buried or
built within the pyramid would be de-
tected by a magnetometer of the type
described.

In 1969, a team sponsored by the

National Geographic Society surveyed
the La Venta pyramid. Surprisingly,
3- to 5-gamma anomalies were found
" along radial lines; they were identi-
fied as soil layers of unexpectedly high

magnetic susceptibility. However, 20- -

gamma anomalies were also found,

and a computerized interpretation of

the complex data indicates a strong
probability that a thin (approximately
%2 m) horizontal slab forms a base for
two walls; the slab would come within
1 m of the surface, and the walls to
within 1 to 1%2 m of the surface. Al-
though the anomaly may derive simply
from suitably arranged rubble, it is
probable that basalt is producing the
anomaly. Future excavation will show
how well the survey has outlined the
structures in the pyramid.
I. Perlman (Department of Chem-
istry and Lawrence Radiation Labora-
tory, University of California, Berke-

ley) spoke about neutron activation

of pottery. The significant progress in
this technique results from a combi-
nation of factors: a powerful reactor;
the novel lithium-drifted (silicon and

germanium) detectors, which combine
high resolving power with high sensi-
tivity; high-quality computation facili-

_ties; and the accumulation of consid-

erable experience and of a background
of data. It is now possible to deter-
mine over 40 different elements in the
pottery samples, although such a com-
plete analysis is usually not made.
Many of these elements can be deter-
mined to 1 percent, even if present
only in concentrations of one part per

million. In other elements, precision is .

only a few percent, and some can be
estimated with even less precision. Be-
cause of the nature of the activation
process, neutron activation analysis
actually tends to be most sensitive for
the elements normally present in low
concentration.

The fundamental composition of the
clays is very similar, but the minor
and trace elements provide a charac-
teristic fingerprint; thus, if enough ele-
ments are determined, it should be
possible to characterize clays of a par-
ticular area uniquely.

The analysis of pottery is valuable
because clay is one of the most ancient
materials and is universally associated
with man. People settling in a new
area seem to have brought their pot-
tery with them, but they soon started
to use the clay that was available lo-

.cally, while continuing to make ceram-
- ic ware in the style of their country

of provenience. Therefore, analysis to-
gether with comparison of style pro-
vides good evidence of migration and

_transplanting of groups of people.

Neutron activation analysis yields
a wealth of data, which, by their very
quantity, present difficulties and bring
out intrinsic complexities. The first
steps in handling this information are
to collect local pottery from one spot,
establish a standard for the local pro-
duction, and group the data, The dis-
persion of the individual groups is then
established by statistical analysis. Any
particular sample can be fitted into
a particular group with a probability
dependent on the dispersion of this
group. An interesting example of the
acuity of the procedure was found in
the analysis of the clay plugs used for
scaling certain predynastic Egyptian
jars. The clay plugs were found to
agree very well in their composition
with that of “Nile mud” pottery found
in the vicinity, and the body of the
jars was quite similar to clay that was
also found locally but which repre-
sented a material apparently used for
different purposes.
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An important question is how many
(and which) elements are sufficient
to characterize a shard adequately.
Sometimes, but not usually, one or
two elements are sufficient. The clay
found in a place in southern Israel,
for instance, is characterized by a high
hafnium content (12 parts per mil-
lion), whereas most other clays con-
tain only 2 to 3 parts per million. In
an analysis of a group of Cypriot pot-
tery, one piece was found to contain
this high concentration of hafnium,
and the rest of the composition was
subsequently found to match the clay
from Israel. ’

Thus far, 1400 pieces of Cypriot
pottery have been analyzed to obtain
a background on this type of ceramic
ware. To provide a reliable analysis for
an unknown Cypriot sample, an esti-
mated 10,000 pieces will be needed.
Similarly, an adequate study of the
Mediterranean pottery would require
about 100,000 pieces. The present rate
of analysis is about 2000 pieces per
year. The rate of analysis may be in-
creased, but the difficulty of handling
and, particularly, of recalling the in-
formation needed for interpretation of
results increases with the rate of acqui-
sition of data.

To achieve high accuracy, it is nec-

essary to irradiate a calibrated sample,

as well as the unknown, for compari-
son. About 2 years was required to de-

velop a reliable, homogeneous sample -

of suitable quantity, one which had a
representative composition and filled
all requirements for such a standard.
Analysis can be made on a very small
sample, but usually a 100-mg sample

is taken by use of a sapphire drill.

Even this quantity is small enough so
that it can usually be removed in an

inconspicuous place, thus causing no.

visible damage to valuable pieces.

S. Fleming (Research Laboratory
for Archaeology and the History of
Art, Oxford University, England) de-
scribed the thermoluminescence meth-
od of dating ceramics. This method,
which measures the faint luminescence
that is produced when ceramic objects
are heated to a point where normal in-
candescence would interfere with the
measurement (500°C), is intrinsically
absolute, The luminescence is caused
by the telease of electrons trapped in
crystal lattice defects in the clay. The
electrons are trapped as a result of radi-
ation occurring in the ceramic object.
Alpha and beta radiation of relatively
low penetrating power comes from ra-
dioactive material always present in

clays; the gamma radiation, which has
a substantially higher penetrating pow-
er, arises largely from the soil in which
the object is buried. Average contribu-
tions of alpha and beta radiation are
0.22 and 0.19 rad per year, respectively,
while the contribution from external
sources (gamma and cosmic radiation) is
on the average approximately 0.08 rad
per year. Thus, about 16 percent of
the total radiation to which the ware
is subjected is caused by the environ-
ment. Because of the low penectration
of the alpha radiation, it affects only
the surface of the larger grains in the
clay, and measurements are now made
with samples from which the coarse
grains have been eliminated by care-
ful crushing and sieving and which,
therefore, consist of grains with a di-
ameter of about 1 to 2 pm. Alter-
natively, tests are made by using only
coarse grains (about 100 pm in di-
ameter) on the assumption that, of
the intrinsic radiation, only the beta

_radiation has been effective. The cali-

bration is performed by irradiating the
material with a known dose and mea-
suring the additional light produced on
heating. The larger the ratio of light
output on irradiation to that produced
by the original sample, the less time
has elapsed since the last firing of the
ware, given an approximately equal
background radiation contributed by
the soil in which the object was buried.

In assessing the probability of au-
thenticity, it is necessary to estab-
lish a minimum and a maximum age
for the specimen. The criteria for au-
thentication are (i) the minimum pos-
sible age may not overlap the docu-
mented era of forgery, and (ii) the
maximum age must not exclude the
archeological date of manufacture.
The minimum age is given by the ra-
diation experienced by ware that was
buried at depths greater than 1 m in
nonradioactive soil and that was there-
fore only affected by cosmic radiation.

It amounts to 0.014 rad per year. The

maximum external radiation is much
more difficult to estimate; a figure of
0.17 rad per year is used. Usually
great accuracy is not so important for
questions of authentication, however,
because the older specimens are nor-
mally the most interesting and the dis-
tinction between old and new is not
difficult to make.

The size requirement for samples is
about 25 mg, although measurements
have been made on as little as 5 mg.
A tungsten carbide drill is used for
taking samples. '
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F. J. Turner (Department of Ge-
ology and .Geophysics, University of
California, Berkeley) discussed the
petrographic character of classic mar-
bles. His emphasis was on the poten-
tial value of petrographic studies in
determining the provenience of mar-
bles and, particularly, on some notable
pitfalls in this connection.

Since there are only two, and in
some cases three or four, additional
minor components in most marbles,
cxamination of thin sections under
polarized light gives information on
the mineralogical identity of the com-
ponent grains and on their mutual
geometric relations, which define the
rock texture.

Marbles are formed by metamor-
phic recrystallization of limestones;
statuary marbles usually contain 90 to
99 percent calcite, whereas some mar-
bles have dolomite as their principal
component. Different recrystallization
temperatures, pressures, and periods
cause different reactions with clay and
silica impurities and result in minor
minerals with characteristics that are
readily identifiable with the polarizing
microscope. Conventional chemical
analysis, x-ray diffraction, and super-
ficial microscopy are not diagnostic
since they determine only the features
that these materials have in common,
not those that distinguish them.

Two problems that concern the arche-
ologist are the possible geographic
source of a particular piece of stone
and the matching of fragments of mar-
ble objects. Texture, fabric, and min-
eralogy are the characteristics that are

according to their origin. Differentia-
tion according to grain size is not a

variable in individual localities and,
sometimes, even in single thin sections.
Twinning of crystals, however, is a
function of recrystallization conditions,

to quarry. The shape and outline of
the grains also provide a textural char-
acteristic useful for differentiating mar-
bles.

Probably the best characteristic for
matching fragments of statuary or in-
scribed slabs is the “fabric”—that is,
the alignment of elongated grains, or
crystallographic parallelism even of
nonelongated grains. Fabric represents
a pervasive pattern of orientation of
the principal symmetry axis of the in-
dividual calcite grains. Special and la-
borious techniques of microscopy and

SCIENCE, VOL. 171

most useful for distinguishing marbles -

good criterion since grain size is highlyl

and it varies substantially from quarry

X-ray analysis must be used for such
studies.

Mineralogical criteria do not give
such positive information; therefore,
differentiation by mineralogy depends
heavily on the experience and back-
ground information possessed by the
petrographer. However, where charac-
terizing minerals are present, the ex-
perienced petrographer can usually

" identify them easily with a polarizing

microscope.

Probably the most important contri-
bution of petrography to identification of
marbles is to rule out certain hypoth-
eses. Occasionally a marble from a
particular locality may have an unusual,
and therefore diagnostic, mineral con-
stituent, such as the red manganiferous

silicate Piedmontite in a pink variety of .

marble from Mount Pentelicon. Since
petrographic information is obtained
with relatively low investment of time
and special equipment, petrographic
techniques should be considered impor-
tant and useful adjuncts to other techno-
logical methods in the support of ar-
cheology.

Radiocarbon investigations of the La
Brea Tar Pits were discussed by R.

Berger (Institute of Geophysics and .

Planetary Physics, University of Cali-

~ fornia, Los Angeles). Many Pleistocene

animal fossils and the only human
skeleton found in the La Brea Tar Pits
in Hancock Park, Los Angeles, have
been subjected to radiocarbon dating
experiments. Because these bones were
impregnated with an “infinitely” old
asphalt, a special technique that makes
use of the collagen of the bones was
used to obtain a valid analysis. In the
collagen method, the bone is washed
thoroughly in petroleum ether, ground
to powder, and .dried in air. The cal-
cium carbonate is removed by acidifica-
tion, since the carbonate ion in ground-
water can be exchanged with it and
produce spurious results. The bone is
then hydrolyzed in strong hydrochloric
acid and refluxed overnight to obtain
the amino acids in concentrated solu-
tion. The solution is passed through a
chromatographic column packed with
Dowex resin, which retains the amino
acids. The column is washed to remove
impuritics, and the amino acids arc
then displaced with ammonia. The
amino acids are burned to carbon diox-
ide, which is purified to climinate im-
purities that might interfere with the
counting. The carbon dioxide derived
from the amino acids is then placed in
the counter and mecasurcd. Gas chro-
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Don’'t play
hide and seek
with every L/C peak

ISCO absorbance recorders
deposit each peak
into a separate test tube.

The 1SCO automatic actuator detected
a UV absorbing peak while tube three
was filling, and signaled the fraction
collector to move tube four into posi-
tion to collect it. At the conclusion of
the peak, tube five was moved into
position to resume normal collection.

Actuation is based on change of
slope of the curve and is independ-
ent of baseline movement. Multiple
peaks are accurately resolved even
though the curve between them does
not return to the baseline.

In addition to the unique automatic
actuator, 1SCO UV monitors offer
linear absorbance monitoring over
wide ranges; a built in recorder; op-
eration at 254 mpu, 280 my, and
other wavelengths to 950 mu; and
low cost. They have the capability of
monitoring two columns at once or
one column at two wavelengths.
These are only some of the reasons
ISCO UV monitors have been so
popular for years. Over 2500 are in
use throughout the world. Our cur-
rent catalog, with a brown square
on the cover, contains a complete
description of all models and acces-
sories.

INSTRUMENTATION
SPECIALTIES COMPANY

4700 SUPERIOR LINCOLN, NEBRASKA 68504
PHONE (402) 434-0231 TELEX 48-6453

Circle Mo. B5 on Readers’ Service Card

matography is used to detect any hy-
drocarbons that might have slipped
through. For greater precision, where

‘sufficient sample is available, certain

amino acids that occur only in bone,
such as hydroxyproline,” can be iso-
lated chromatographically and used for
analysis.

The collagen analysis was checked
out on a quasi-mummified skeleton
found in association with a bark mat
in Nevada. The mat, the bone, the skin,
and the hair were dated by conven-
tional radiocarbon methods and were
compared with the collagen procedure;
the results were the same. The validity
of dating of the La Brea fossils was
further established by obtaining a radio-
carbon date on wood fragments found
in the tar pits; a comparison of fossil
and wood gave very similar results.

The collagen method described gave
an age of 9000 = 100 years for the La
Brea skeleton. |

Further research along these lines
has the following objectives: (i) find and
date bones of little-known animal spe-
cies; (i) find how individual animal
species change in their evolution over
a span of 40,000 years; and (iii) look
for other human bones or carbonaceous
artifacts for additional dating studies.

G. H. Curtis (Department of Geol-"
ogy, University of California, Berkeley) -

reported that specimens of volcanic
rock collected in 1969 at the principal
hominid sites in Java (namely, Sangiran,
Trinil, Ngandong, Ngawi, Jodjokerto,
and Boetak) are now being dated at
Berkeley. Owing to contaminants, main-
ly carbonate and zeolite which con-
tribute large quantities of air, it has
been difficult to obtain - meaningful
dates from most samples up to this
time, but a fair date of 1.9 = 0.4 mil-
lion years for a tuff underlying the site
of a mandibular fragment of Megan-
thropus can be reported. The Megan-
thropus fragments was found by P.
Marks in 1952 in Djetis beds of conti-
nental origin near Modjokerto. Although
the pumice tuff lies several meters below
the hominid site, the site itself lies at
least 400 m below late Pleistocene beds,
all of which have been folded into an
anticline and truncated by erosion, and
it is believed that the pumice and homi-
nid remains are penecontemporaneous.

The date of 1.9 million years makes
this hominid, thought by many anthro-
pologists to be an Australopithecine,
contemporaneous with African hominids
of similar evolutionary development. It
seems reasonable to suspect that homi-
nids were in Southeast Asia long be-

fore Meganthropus was entombed at
this spot in Java.

In a discussion of lithomechanics and
archeology, E. G. Thomsen (Depart-
ment of Mechanical Engineering, Uni-
versity of California, Berkeley) showed
that engineering analysis could be ap-
plied to archcological problems, and
specifically to the reconstruction of
methods for making tools and artifacts.
The processes analyzed were the frac-
ture of glassy materials in toolmaking,
the use of stone flywheels in drilling,
and the production of obsidian ear

~ spools. In glassy materials, fracture sur-

faces show a consistency in charac-
ter—demonstrated, for instance, by the
prismatic obsidian cores found in many
sites. Flint, obsidian, and other non-
crystalline materials have no preferred
orientation, however. Engineering anal-
ysis is able to show that, with knowl-
edge of the fracture patterns of brittle
materials (empirical in the case of early
cultures), even primitive toolmakers
could achieve the astonishing consist-

. ency of fracture patterns that has been

observed.
Centrally perforated stone disks found

in the southwestern United States may

have been used as flywheels for drills.
If so, the string drill, the twist drill,
or the pump drill could have been
known in early California.

Obsidian . ear spools or plugs are
among the most remarkable ' Central
American pre-Columbian artifacts, be-
cause of their beauty, fragility, their
paper-thin uniform walis, and their high

‘axial symmetry. A relatively simple

scheme was suggested for their manu-
facture: a rough, previously prepared
and drilled core could be lapped by
means of a self-centering mechanism,
the principle of which may have been
borrowed from weaving techniques that
were well established in early antiquity.

Thomsen closed with a plea that ap-
pears applicable to the sense of the
symposium: for continued and increas-
ing exchange of the special knowledge
developed in all disciplines.

Frep H. STross

Department of Anthropology,
University of California,
Berkeley 94720

Note

1. This symposium, held 23 June 1970, was
part of the 51st annual mecting of the Pa-
cific Division of the American Association for
the Advancement of Science, which met on
the campus of the University of California,
Berkeley. It was cosponsored and supported
by the California Section of the American
Chemical Society and the San Francisco So-
ciety of the Archaeological Institute ~of
America.
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THE UNIVERSITY MUSEUM

N E NIVERSITY OF PENNSYLVANIA

THIRTY-THIRD AND SPRUCE STREETS
PHILADELPHIA, PA. 19104

CABLE ADDRESS "ANTIQUE"

TELEPHONE: EVER

May 4, 1971

To Whom It May Concern:

Elizabeth K. Ralph, Associate Director of the Applied Science Center for
Archaeology in the University Museum, University of Pennsylvania, Philadelphia, Pa.,
U.S.A. is duly authorized and delegated to take the equipment in her possession
from Italy to France and from France to Italy or to any other European country.

This authorization includes Great Britain and Greece.

The items of equipment in her possession are as follows:

1) Precision Portable Cesium Magnetometer, manufactured by
Varian Associates, Palo Alto, California, Components include:
2 Readouts Nos. 49-116-90 and 49-116-93
2 Sensors Nos. 49-544-90 and 49-544-23
3 30-volt battery packs
1 Battery charger
Miscellaneous cables, carrying straps, tapes, and spare parts

2) Model V-4971 Portable Search Magnetometer, manufactured by
Varian Associates, Palo Alto, California. Components include:
1 Audio Readout
1 Sensor, No. 49-544-195
1 30-volt battery pack
1 Battery charger
Miscellaneous cables, straps, and spare parts

3) 1 Tektronix Portable Oscilloscope Type 321; manufactured by
Tektronix Inc., Oregon

4) 2 Triplett Model 310 Voltohmeters

5) 1 Auto transformer, 220-110- volts, etc.

6) Miscellaneous hand tools for electronics repair

7) Notebooks, tape measures, simple drafting tools, etc.
8) Equipment enclosed in 4 Halliburton suitcases

This equipment will all be used by Elizabeth K., Ralph and Bruce Bevan for
the purpose of archaeological research in collaboration with the proper

authorities in each country. o \ 2
- IR s

Froelich Rainey, Director '\

FR/emf University Museum




MEMO

TO : Beth Ralph
FROM ¢ Froelich Rainey
DATE <. : May 30, 1975

This is in connection with the instrument survey on Paros. The Greek
boy, Schilardi, was in this morning and is leaving for Greece about
July 20th, I am very keen on making that instrument survey and I
wondered if we couldn't set something up for August, September or
October where we use some of our foreign travel money from MASCA
and I use my Discretionary Fund, He says we'd need no more than
about $1, 500 to send you or Bruce out there and excavate a couple of
Soundings when the instruments pick up anomolies, He will be in touch
with you after he arrives in Greece to see when he can set things up in
Paros for this late summer or fall, If you think we can manage this,
why don't you cable me in Artimino and maybe I could join you on Paros
if it is in late August. In any case, we ought to decide when we hear
from him whether we can do this and when. As you know, Orville is
not enthusiastic about the Artimino site. If we cohld pick up something
good on Paros, we probably could switch his attention there. Do let
me know,
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19 July 1978

Dear Fro,

Thank you for your letter of July 9th. That is good news that you
and Marina are going to the Thera Conference. Henry, Gail, and Martin

"~ Biddle are going too. Under separate cover, as "printed matter", I am

"~ sending you copiles of Henry's and Biddle's and Ralph's articles. We are
- in the process of dating more samples from Thera, and they are running
about the same - more than 507 are too early when corrected. Gail's
paper is on Minoan dates in genmeral, and is in typical archaeological
jargon -.a lot of talk and no tables or figures.

Bruce just wrote to you, so you should have his letter long before
this, especially if we have a mail strike.

Thank you for coming to see me in hospital. I won't say that I am
sorry that I wasn't there, but I do regret that I missed seeing you and
Marina., I am still not walking well, but I am 0.K. otherwise. I was
sorry to hear about your broken ribs. s '

MASCA is still alive, and Fleming is not coming unf%l late August.
Frankly, I can't stand him, so I'll stay mostly in the - C lab. In
Ogtober there will also be a replacement physicist for Mark, and he seems
0 be 0.K.. The new NSF grant was turned down, but Biddle has found a
fund to support MASCA for at least a year and possibly two."

_ Our project at Valley Forge is going well. We have covered more than
half of the specified 50 acres with the magnetometer and Bruce is now
using his soil-penetrating radar. Someone held up our permission to
excavaté, but we are now going ahead. So far, wé have found a long (8')
lightening rod, patches of magnetic soil, and just recently, a house
founation. (The hearth made a nice magnetic anomaly). The crew of workers
is excellent and they all seem to enjoy their jobs.

My best to you and Marina,
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