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ABSTRACT

This equipment grant is for the purchase of a lithium-drifted

germanium gamma-ray_spectrometér to be used fof'radiometric analysis

of uranium, thorium and potassium content in ceramic materials. This
measurement is necessary for estimating the radiation dose-rate present
in materials to be dated by thermoluminescence. Currently uranium and
thorium concentrations are estimated by alpha counting. This procedure
suffers from many inaccuracies due to the inefficiencies of <{-counting
and the failure of several of the key assumptions in converting

o ~counts to uranium and thorium concentrations. Potassium
concentration is currecntly measured by flame-photometry. Preliminary
experiments using a Ge(Li) gamma detector show that potassium can be
measured to a precision of the order of 1%. The precision of uranium
and thorium concentration measurements are more difficult to estimate,
but appear to be within 10%. If gamma-ray spectroscopy were coupled
with neutron activation, measurements of uranium and thorium concentra-

tions to better than 1% could be obtained.
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INTRODUCTION AND BACKGROUND

This.equipment grant is for the purchasé of a lithium-drifted
germanium gamma-ray detector, Ge(Li) detector, to be used for individual
radiometric analysis of uranium, thorium and potassium content in
ceramic materials, This measurement is necessary for estimating the
radiation dose-rate present in materials to be dated by thermolumi -
nescence,

In 1959, Elizabeth K. Ralph started research directed toward the
possibility of using thermoluminescence for dating pottery, a theory
which had been suggested originally by Farrington Daniels in 1953. This
work has been pursued actively at the MASCA research center by Mark Han
since 1962,

During the past fifteen years, under the direction of Drs. E. K.
Ralph (Associate Director) and W. E. Stephens (Associate Director for
Research), improvements in the overall technique and a specific method
of sample preparation have been developed independently here at MASCA.

Thermoluminescence dating is based upon the fact that particles
emitted from traces of radioactive elements in the clays bombard the
other constituents and raise electrons to metastable levels. When the
clay is heated, enough extra energy is supplied to enable the electrons
to return to normal states. In this transition, each one emits a photon
of light. Thus, the firing or final heating of a ceramic is the start-
ing point of the accumulation of metastable electrons.

The essential features of therméluminescent dating 6f ceramics are
the measurement of the inherent radioactivity, and the natural and
artificial thermoluminescent glow curves, from which, ideally, the age

(or date of last firing) can be determined. ( cf. Fig. 1.)




In principle, the method is straight-forward, but in practice,
there are many problems and uncertainties. The primary causes of these
problems are the lack of understanding of the behavior of various
complex ceramic systems and the effects of pottery-manufacturing tech-
nologies on that behavior. Our experiments have shown that the thermo-
luminescent responses of different types of clay, in addition to the
responses of various crystalline inclusions, are highly dependent upon
the previous thermal.history and chemical composition, and on the type
. of radiation applied.

It has been our intention to focus our experimentation upon these
problems which are poorly understood, in order to obtain the knowledge
needed to improve the reliability of the thermoluminescence method as
a toolfor the dating of fired earthen objects. During the past ten years,
this laboratory has processed approximately 700 pottery samples, which
represent 133 major sites from 35 countries.

Current experiments are directed toward the development of a new
technique of sample preparation, namely, the deposition of the fine
clay grains by the evaporation of a volatile liquidysuch as acetone,
ip which they are suspended. The main purpose of this new approach is
to eliminate large crystalline inclusions that may be present in
coarse-grained sherds, Similar techniques have been employed at Oxford
(Aitken,et al., 1968; Zimmerman, 1968 and 1971). The cores of large
crystalline inclusions are known to have been subjected to a lesser
amount of alpha particle radiation, from uranium and thorium contained

in the clay, than have the finer sized grains, because of the short




range of alpha particles in clay. Previously, except for various
experiments, we have ground whole sherds regardless of their particle
size and measured the resultant powder.

Among the othér experiments currently under investigation which
should prove valuable in elucidating some of the factors having di-
rect effects upon the thermoluminescence method are the following:

1. Identification of the type of clay by means of X-ray diffrac -

tiomn.,

2. Determination of the original firing temperature of the sherd
by techniques such as thermogravimetric analysis (TGA) and
differential thermal analysis (DTA).

3. Investigation of a direct method for the determination of the
true effective radiation damage of alpha particlés. To do
this, we plan to mix a calibrated liquid 210Po source with the
sample, and measure the resultant thermoluminescence.

4. Use of a beta source ( 36Cl) for the irradiation of samples,
to compare the effects of alpha, beta and X-ray doses.

PROBLEMS AND OBJECTIVES

As noted in the introduction, one of the essential features of
thermoluminescence (TL) dating is the measurement of the inherent
radiation contained within the sample under study. Currently, the
total energy deposition from radiocactive decays is estimated by alpha
counting. To calculate the total energy deposition,one must make
assumptions about the numerical value of the Th/U ratio and assumptions
about the equilibrium within each decay family. In addition, measure-
ment of total potassium content with a flame photometer allows an

40 '

estimate to be made of K, which must be measured independently

since it produces no alphas.




Though it would appear that alpha counting would have a sig-
nificant advantage over gamma counting by virtue of its possible
better counting statistics (cf. Table 1), it is plagued with many
difficulties. Alphameasurements are made by recording the photons
produced from a ZnS screen exposed to radiation from a thick layer
of finely ground ceramic material. Although the geometry of the
counting apparatus is tightly controlled, it is difficult to make
allowances for fluctuations in particle size and density within
this layer. These fluctuations are dependent upon the composition
and firing history of thé ceramic material. Alpha radiation has a
short range in clay, typically less than 45 microns, so that vari-
ations in uranium and thorium distribution within the sherd also
have a major_effect on the efficiency with which the alphas are
counted, Consequently, one must make strong assumptions about the
similarity of sherds to be dated and those used for calibration.
TL-dating at Penn is considered a rel;;ive dating technique. TL-
dates are calculated using an empirical constant, K, determined
by measuring the specific TL for a number of samples of known age

(Michael and Ralph, 1971):

Age = K| Natural TL
Artificial TL » R(x)

where: factor in square brackets is called the "specific TL".

R(cX): the o(-particle count- rate of pottery sample.

Natural TL: measured TL from sample on first heating.

Artificial TL: measured TL after sample exposed to X-rays.
One must be certain of the physical similarity of the calibration

samples and the dated samples if TL is to be reliable., These assump-




tions are not always justifiable. If the samples to be dated are very
different in age from the calibration samples, it is also possible
that they differ in ceramic technology and source of raw materials.

Another problem involved in the conversion of alpha counts to
radiation dose is the assumption concerning the ratio of thorium to
uranium in the sample. Typically, uranium occurs in a concentration
of about 3 ppm and thorium in a concentration of about 12 ppm ( by
weight). Recently with the aid of a Ge(Li) detector owned by the
Tandem Accelerator at Penn, measurements have been made of the Th/U
ratio. It was found to vary markedly from sample to sample. The
range encountered was from 4.1 to 0.5. The assumed value for this
ratio is 3.9 (based both on a solar system estimate, and the ratio of
lead isotopes). Though explicitly we never calculate this ratio
(since we calibrate our TL with known age samples), variation of this
order would produce an error of about 5% in the dose-rate as estimated
from alpha counting (cf. Table 2).

The assumption of secular equilibrium is the source of yet another
uncertainty in the conversion of alpha count rate to total dose-rate.
Secular equilibrium implies radicactive equilibrium, i.e., the activity
(rate of decay) of each member of a series is precisely the same as
for any other member. This is important for two reasons: (1) Since the
half-lives of 238U, 235U and 232Th are long, about 109 years, the
concentration of parents does not change appreciably during the time
period over which the TL is accumulated. Consequently, assuming
equilibrium, a measurement of the present dose-rate is a good estimate
of what it has been throughout the life of the sherd. This makes it

possible to estimate the total radiation dose received by the sherd

since its time of manufacture. (2) It is only with some assumption




about the relative concentrations of daughters in a decay series that a
measurement of one kind of radiation ( OCJ/Z) or & ) can be used to
predict the amounts of the other two. If the relative concentrations
of the daughters changes substantially from shefd to sherd, calibra-
tion even with known age samples is of limited value. In particular,
radon (222Rn) and thoron (220Rn) are noble gases. Tanner (1964)
quotes migration distances of 200 cm for radon in unfired dry clay
during its 3.8 day half-life (thoron should travel one one—hundrédth
of this distance). This can be a cause of serious disequilibrium
within the decay families. It is particularly serious with regard to
radon, not only because of the greater possibility of its leakage,
but also the greater effect when it does( cf. Table 3). If radon were
to leak away during alpha counting of the ground sherd - but had not
escaped from the intact sherd, the radiation dose estimated may be
less than the actual dose received by 30% (cf. Table 4). This calcula-
tion assumes that the alpha efficiency in producing TL is a small
fraction of the beta efficiency (as it is in quartz, an important
TL material). It is important, therefore, that one be able to test
in the intact sherd the assumption of radon loss. This can be done
with a gamma detector by testing for the daughters of radon dis=
integration.

Another disequilibrium-producing condition may result from
ion-exchange of UO2 (Hedges and McLel}an, 1976). Alterations of
the original uranium concentration by as much as 10% could occur
over the burial period if the sherd were buried in ground waters
containing twice the concentration of uranium as in the parent clay
of the sherd. Such concentrations are not unlikely (Miyake, ‘et al,

- 1964). A similar exchange may occur for thorium and potassium.




This is a difficult phenomenon to detect by conventional means. One

could measure the residual ion-exchange ability of the sherd material
and the uranium concentration of the ground waters, but this would
only give a rough estimate of the possible uranium uptake during the
burial period. A much better check could be made by coupling ng§tron
- . , 239 236
activation techniques with gamma-ray spectrometry. Np and Pa
are convenient isotopes to use in measurements of U and Th concentra-
tions. Both have short half-lives and consequently high specific
s ; 238 232
activities. When bombarded with thermal neutrons, U and Th
have cross-sections of 2.73 and 7.4 barns respectively (Adams and
Gasparini, 1970). Both Np and Pa have strong 3¥-ray peaks that can
be used for quantitative analysis of U and Th down to concentrations

of the order of parts per billion (Reed,et al, 1958).

PRELIMINARY EXPERIMENTS

The Ge(Li) detector of the Tandem Accelerator Laboratory has been
used . to make an initial set of measurements to test the usefulness of
gamma-spectrometry as an aid in TL research (cf. Fig . 2),. Measure-
ments of 4OK ( the peak at 1.46 MeV) give values which correspond with
those from flame-photometry to within 5%, and to those from mass spectrom-
etry to within 1%. The Oxford Standard, containing 10 ppm each of
uranium and thorium, has also been measured. The agreement appears to
be within 10%. Samples of monazite in which the equilibrium of the
decay families is assured, have been measured yielding encourag-
ing results,

. Many of these experiments were completed before the Archaeometry
Conference in March 1977, at wh%ch time we discussed them with Martin

Aitken of the Research Laboratory for Archaeology and the History of




Art at Oxford. He considered the results so significant that he
subsequently has ordered an intrinsic germanium well detector of his
own. The cost of his detector,without supporting electronics, was

over $19,000. Though Prof. Aitken has opted for a well detector
because of its greater sensitivé@ and larger solid angle, we feel

that the advantages of an end-detector (viz. its lower cost, its ability
to do gamma spectrometry on unaltered sherds ( the hole in the well
detector is only 15 mm in diameter) and its general usefulness in other
experiments external to the detector), make it a more reasonable
racquisition for our laboratory.

OTHER APPLICATIONS

The Ge(Li) detector is generally useful for gamma spectrometry
W
from about 50 KeV to 10;gev. At 1.332 MeV (6000) the detector's
resolution (including all front end electronics) is 2.0 KeV.

There is some interest at the Laboratory of Research into the
Structure of Matter (LRSM), a facility jointly associated with the
departments of chemistry, physics and metallurgy, in neutron activation
analysis. The primary application would be in trace element analysis
in metals, which would be useful in determining the provenience of
materials of archaeological interest. éamples could be irradiated
either at Brookhaven National Laboratory or the Tandem Accelerator
at Penn. Brookhaven has the advantage of a greater neutron flux,
but irradiation at Penn has the advantage of simultaneous analysis

of the gamma rays, and therefore the potential of studying isotopes

with shorter half-lives.




BIBLIOGRAPHY

Adams, J.A.S5., and Gasparini, P., 1970, Gamma-ray Spectrometry
of Rocks, Eisevier, New York : 170-171

Aitken, M.J., Zimmerman, D.W., and Fleming, S.J., 1968, Thermolumi-
nescent Dating of Ancient Pottery, Nature 219 (5153): 442-445,

Bell, W. T., 1970, The Assessment of the Radiation Dose-rate for

Thermoluminescence Dating, Archaeometry 18(1): 107-111,
Hedges, R.E.M., and McLellan, M., 1976, On the Cation Exchange
Capacity of Fired Clays and its Effect on the Chemical and Radiometric

. Analysis of Pottery, Archaeometry, 18(2) : 203-209.

Miyake, Y., Sugirama, Y., and Tsubota, H., 1964, in The Natural Radiation

Environment, Adams and Lowder, eds. , Chicago.

Reed, G.W., Hamaguchi, H., and Turkevich, A., 1958, The Uranium

Content of Iron Meteorites, Geochim., Cosmochim. Acta. 13 : 248-255.

Tanner, A.B., 1964, Radon Migration in the Ground: A Review, in The

Natural Radiation Environment, Adams, J.A.S. and Lowder,W.M., eds.,

University of Chicago Press.

Zimmerman, D.,W., 1968, Dating of Ancient Pottery by Thermoluminescence,
in Second International Conference on Luminescence Dosimetry, Auxier,

J.A., Becker, K,, and Robinson, E.M., eds., : 858-867.

Zimmerman, D.W., 1971, Thermoluminescent Dating using Fine Grains from

Pottery, Archaeometry 13(1) : 29-52.




. NAME:
"BORN:

RESIDENCE:

SOCIAL SECURITY NO.

EDUCATION:
-

EXPERIENCE:

T PP I TP S

FIELD WORK:

10,

CURRICULUM VITAE

ELIZABETH K. RALPH
February 5, 1921, Trenton, New Jersey.

Box 357, Woosamonsa Road, Pennington, New Jersey.

s

002-14-7858

Wellesley College, B.A., 1942. Chemistry.
University of Pennsylvania, M.S. 1951. Physics
University of Pennsylvanla Ph.D. 1973. Geolcgy

Junior Electronics Englneer, tt :n Chemist, then
Assistant to Chief Radio Engineer, then Pro-
ject Engineer at Foote, Pierson and Company
and Kearfott Manufacturing Company, Newark
New Jersey, 1942-49.

UniverSLty of Pennsylvanla
Research Assistant, Department of Phy31cs,

'1951-55.
.-Associate, Department of Physics, 1955-

Univereitf of Pennsylvania, the Univefsity Museum
Associate Director, Applied Science Ceqter
for .Archaeology, 1962—

MEMBERSHIP IN SCIENTIFIC ORGANIZATIOVS'

Amerlcan Assoc1atlon for the Advancement of
, Science :
Sigma Xi, Chapter member, 1956~
Archaeological Institute of America,

Phila. Chapter 1962- -
American Geophysical Union, Member, 1964-
Philadelphia Anthropological Society

In charge of field tests of instruments for
archaeological exploration and the search
for the buried city of Sybaris, Italy. 1962- 67.

Additional archaeological field surveys with
instruments for underground exploration:

1963 - Navan Fort, N. Ireland; Fort Louisbourg
Nova Scotia, Canada; Fort Loudon, Pa.;
Calcb Puscy House, Chester, Pa.;

FTTR "¢ ? 1Ty o I T [ SA, ™A




FIELD WORK, CONTINUED:

1971

June

1964

1965

1966

1967

1968

11969

1972

1972

1973

‘Malkata, Thebes, Egypt |

Fort Lennox, Ile-aux-Noix, Quebec Province,
Canada; Hagley Mills, Wilmington, Del.

Gordion, Turkey; Artena and Sele, Italy;
Hope Lodge, Whitemarsh, Pa.; Camden,
South Carolina; Snaketown, Tucson, and

' San Xavier, Arizona.

Gravina, Veii, Sele. Artena, and Metapontum,
Italy; Helice and Porto Cheli, Greece; Har-
vard Forest, Petersham, Mass. :

Siris, Italy; Thera and Llis, Greece.

Elis, Greece; Dun Ailinne, Ireland; St.
Croix Island, Calais, Maine; Morton Mortonsen
House, Norwood, Pa. '

Ciro and Cosa, 1tdly; Divostin and other

'Neolithic sites, Yugoslavia.

‘Lake Magdelena, Jalisco, Mexico; Aleria,

Corsica; Gravina di Puglia, Italy;
Kingscote, England; Wissant, France.

Tepe Malyan, Iran

San Francisco Mts., Arizona.
Search for lava flows which cooled during
"recent" periods of reversed polarity.
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PUBLICATIONS:
1955a University of Pennsylvania Radiocarbon Dates I. Science, Vol.
121, No. 3136, pp. l49-131, washington, D.C.
1955b Radiocarbon Dates for Kara Kamar, Afghanistan, University of
Pennsylvania II. Science, Vol. 122, No. 3176, pp. 921-922
(with C.S. Coon). Washington, D.C. -
1956 Cla Dating. Pennsylvania Archaeologist, Vol. XXVI. No. 1,
. pp. 27-311
‘_1957 Age Zs No Longer a Secret. Wellesleéﬂﬁlumnae Magazine,
Vol. XLI, No. 3, pp. 142-143. Massachussetts.
1959a Radiocarbon Dating in the Arctic. American Antiquity, Vol. 24,
No. &, pp. 365-74 (with F. G. Rainey). Salt Lake City.
1959b Double Trouble. Expedition, Vol. 1, No. 3, pp. 24-25, The
‘ ~ University Museum, Philadelphia. , 0 _
1959¢  University of Pennsylvania,Radiocarbon pates III. American
- Journal of Science, Radiocarbon Supplement, vol. 1, pp. 45-58.
New Haven. : ' o :
- 1960a Carbon-14 Measurements of Known Age Samples. .Nature,
_ Vol. 188, No. 4746, pp. 185-7 (with R. Stuckenrath, Jr.).
.. London. - _ _ _ ; -
-1960b . New Radiocarbon Dates and the Maya Correlation Problem.
_ ‘American Antiguitv, Vol. 26, No. 2, pp. 165-184 (with
' L. Satterthwaite). Salt Lake City. -
. 196la University of Pennsylvania, Radiocarboﬁ Dates IV. American
s . Journal of Science, Radiocarbon Supplement, Vol. 3, pp. &4-l4
(with R. Ackerman). New Haven. : - -
¢ N —
1961b Cla pates for Sites in the Mediterranean Area. American
Journal of Archaeoclogy, Vol. 65, PP. 357-367 (with E. Kohler).
Princeton. g ; o o8 B off BT
1961c  Radiocarbon "Effective" Half-Life for Maya Calendar Correlation:

American Antiquity, Vol. 27, No. 2, Ppp. 229-230, Salt Lake cit:

i
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PUBLICATIONS, CONTINUED:

1962a

1962b

1962¢

. 1963

.1964a

" 1964b

1965a

1965b
1965¢
19654

+ 1965e

University of Pennsylvania radiocarbon Dates V. Radiocarbon
(supplement to the American Journal of Science), Vol. b,
pp. 144-159 (with R. Stuckenrath, Jr.). New Haven.

New Instrument Techniques in Archaeology. Proceedings of the
Symposium on Detection of Undersround Objects, Materials and
Properties; 19-20 March, 1662, U.S. Army Engineer Research
and Development Laboratories, Fort Belvoir, Va., pp. 151-155
(with F.G. Rainey). S :

-
e

Prospezioni Geofisiche. Relazione Sulla Campagna di Pros-
pezicni, Aprile, Maggio, Giugno 1962. nella Piana del Fiume
Crati. Relazione sulla Explorazione Georisica (Sibari),

PP. 2-32. Fundazione ing. C.M. Lerici del Politecnico, Milano.

gearch for a City Buried 2700 Years. Wellesley Alumnae Mag-

azine, Vol. 47, No. 5, PP 283-285, 310. Brattleboro, Vt.

Comparisén of a Proton and a Rubidium Magnetometer for Archaeo-

logical Prospecting. Archaeometry, Vol. 7, pp. 20-27. Oxford.

A Spectrographic Investigation of Jar Handles Bearing-the.
"Royal" Stamp of Judah. Archaeometrv, Vol. 7, pp. 67-71 (with

A, Millett and J. Pritchard). Oxiford.

Review of Radiocarbdn Dates for Samples fromeikai Relatéd to
the Maya Calendar Correlation Problem. American Antiquity,
Vol. 30, No. &, pp. 421-27. - salt Lake City.

The Electronic Detective and the Case of the Missing Ciﬁy.
Expedition, Vol. 7, No. 2, pp. 4-8 The University Museum,
Philadelphia. : M

University of Pennsylvania Dates VII. Radiocarbon (subplement-
to the American Journal of Science), Vol. 7, PP. 179-185
(with H.N. Michael and J. Gruninger, Jr.). New Haven.

University of Pennsylvania Dates VIIi. Radiocarbon (supple-
ment to the American Journal of Science), Vol. 7, PP- 187-199
(with R. Stuckenrath, Jr.). New Haven.

LY

Prospezibni Archacologiche per Sibari. Atti del Convegno di
Sibari, 10-11 Ottobre. 1965, pp. 98-99. kEnte Studi Economicl
Per la Calabria, Cosenza. '
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PUBLICATIONS, CONTINUED:

1955€F
1966a

1966b

19€h¢c

19664

‘-19673

1967b

. - 1967c

= iy

1968a

© 1968b

1969a

1969b

_ (with R. Stuckenrach, Jr. and W. R. Coe). New Haven.

PP 3-11 (with H. N. Michael). Oxford.

carbon-14 Date for the Antikythera Shipﬁreck. Transactions
of the American philosophical Society, N.S. Yols 535 PE. 3
(June), pp. 4BIL. Philadelphia.

University of ?ennsyivania Dates IX. Radiocarbon (supplement
to the American Journal of Science), Vol. 8 pp. 348-385

Dating of Pottery by Thermolumineécence. Natufe, Yol. 210,
_ ppP. 245-47 (with M.C. Han). Lcndon.

Archaeology and Its New Technology. Science, Vol. 153, No.
3743 (September 23), PP. 1481-1491 (with F. G. Rainey) .
Washington, D.C. . S L. _ ,

Akdeniz Bolgesi Istasyonlarina ait Cl4 Tarihleri. ICOM
Turkive Milli Komitesi Haber Bulteni, No. 7, pp. 74-104
(with E. Kohler). Transiation of 190lb (above) into Turkish
by Ufuk Esin, published in the Bulletin of the Turkish National
Committee of the International Council of Museums. ' :

Tnstrument Surveys. The Search for Sybaris. 1960-65,
F. G. Rainey and C.M. Lerici et al., PP. 53-124, Lerici
Editori, Rome. - . y

Methodological Problems of Cla Dating. Archaeological Chemistry
A Symposium, M. Levey, editor, pp. 253-265. Philadelphia.

Problems of the Radiocarbon calendar. Archaeometry, Vol. 10,.

Archaeological Surveying Utilizing a Hich Sensitivity
pifference Magnetometer. Ceoexploration, Vol. 6, PP. 109-122
- (with F. Morrison and D.P. O Brien). Amsterdam.

Progress in Thermoluminescent Dating of Pottery. Thermolumines-

cence of Geological Materials, D.J. Mc Dougall, editor,

pp. 379-387 (with M.C. Han). Academic Press, London and
* New York. : : C

Archacological Prospecting. Expedition, Vol. 11, No. 2;
pp. 14-21. The University Museum, Philadelphia.

University of Pennsylvania Radiocarbon Dates XIT. Radiocarbon,
Vol. 11, No. 2, pp. 469-481 (with H.N. Michael).
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PUBLICATIONS, CONTINUED:

1969¢

1970a

1970b

1970c.

19704

' 1971a
 1971b
1971c

‘1972a_

1972b

1973a

Potential of Thermoluminescence in Supplementing Radioccarbon
Dating. World Archaeologv, Vol. 1, No. 2, pp. 157-169 (with
M. C. Han). England.

Magnetometer Location of Neolithic Houses in Yugoslavia.
Expedition., Vol. 12, No. 2, pp. 10-17 (with A. Mc Pherron).

Potential of Thermoluminescence in Supplementing Radiocarbon
for Dating in the Middle Ages. Ch. 12 in R. Berger, Ed.,
Scientific Methods in Medisval Archaeology. (Univ. of Calif.

Press), pp. 281-293 (with M. C. Ham,.

Correction Factors Applied to Egypfian Radiocarbon Dates from
the B. C. Era., Nobel Symposium XII, Radiocarbon Variations
and Absolute Chronologyvy, Ed. By I. U. Olsson (Wiley Inter-

science Division), pp. 109-120 (with H. N. Mlchael)

MASCA Radloﬂarbon Dates for Sequoia and Brlstlecone Pine
Samples. Ibid.,. pp. 619-623 (wmth Ha . Mlchael)

Potential of Thermolumlnescence Datlng, Chix 18 (pp. 244-250)
in Science and Archaeology, ed. by R. H. Brill. Cambridge,

- Mass. The M.I.T. Press (with M. C. Han).

Dating Techniques for the Archaeologist, Coedited by H. N.

Michael and E. K. Ralph, The M.I.T. Press, Cambridge, Mass.

and London, England.

S . ;B |
014 Dating. Chapter 1 in H. N. Michael and E. K. Ralph (eds.),

Dating Techniques for the Archaeologist, The M.I.T. Press,

Cambridge, Massachusetts and London, England,

-t

A Cyclic Solution for the Relationship Between Magnetic and
Atmospheric Carbon-14 Changes. Preprint of the Proceedings
of the 8th International Conference on Radiocarbon Dating,
Lower Hutt City, Wellington, Yew Zealand, 18-25 October,

- pp. A76-A84.

Discussion of Radiocarbon Dates Obtained from Preciselj
Dated Sequcia and Bristlecone Pine Samples. Ibid.,
pp. All-A27 (with H. N. Michael). '

ﬁating Techniques for the Archaeologist. Coedited by

H. N. Michael and E. K. Ralph. Seccond printing of entry
1971b. '
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PUBLICATIONS, CONTINUED:

1973b
1974a

1974b
1974c¢

1975

1976a

1976b

1976¢

Radiocarbon Dates and Reality. MASCA Newsletter, Vol. 9, No. 1, pp. 1-20
(with H. N. Michael and M. C. Han).

University of Pennsylvania Radiocarbon Dates XVI. Radiocarbon, Vol. 16,
No. 2, pp. 198-218 (with H. N. Michael).

Twenty~-five Years of Radiocarbon Dating: Retrospect and Prospect.
American Scientist, Vol. 62, No. 5 (Sept.-Oct., 1974), pp. 553-560
(with H. N. Michael).

Radiocarbon Dates and Reality. Reprinted from MASCA Newsletter, vol. 9,
no. 1, August 1973. Archaeology of Eastern North America, vol., 2, no. 1,
pp. 1-20 (with H. N. Michael and M. C. Han). :

Cesium Magnetometer Survey at Kingscote, Gloucestershire, England,
APPENDIX D in ch. 6 by J. N. Hampton, in Photography in Archaeological
Research, Elmer Harp, Jr., Ed. (Univ. of New Mexico Press, Albuquerque,
N.M.).

Composite Computer Plots of 140 Dates for Tree-Ring-Dated Bristlecone
Pines and Sequoias. Paper presented at the 9th International Radiocarbon
Conference held in Los Angles and San Diego, California, June 20-26, 1976.
(To be published in the Proceedings of the Conference). (With J. Klein).

Radiocarbon Dates and Reality. Reprinted from MASCA Newsletter, vol. 9,
no. 1, August 1973, in Comptes-Rendues, IX® Congrés, Union Internationale
des Sciences Préhistoriques et Protohistoriques Prétirage du Colloque I,
held at Nice, France, September 13-18, 1976, pp. 109-128 (with

H. N. Michael and M. C. Han).

Radiocarbon Dates and Reality. Reprinted from MASCA Newsletter, vol. 9,
no. 1, August 1973, in Papers on the Indus Civilization (to be published).
(with H. N. Michael and M. C. Han).
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EQUIPMENT

The major budgetary item is the lithium-drifted germanium ( Ge(Li) )
gamma-ray detector. It's energy resolution is roughly ten times better
than a NaI(Tl) scintillator (cf. Fig. 3). At 1.332 MeV (60C0), the
resolutién of a Ge(Li) gamma-ray detector is about 2.0 KeV.

Lithium drifted detectors require constant maintenance at liquid
nitrogen (LNZ) temperatures. If they are allowed to come to room
temperature, they must be sent back to the factory for remanufacture.
Assuming average evaporative losses and transfer efficiencies, it will
cost about $1200/year to maintain the detector at LN2 temperature.

This sum will be provided by the Radiocarbon laboratory budget. The
detector will be housed in the Radiocarbon laboraory and its staff will
maintain the crystal, since the Radiocarbon laboratory operates seven
days a week.

Two additional advantages of keeping the detector in the Radiocarbon
laboratory are the Radiocarbon laboratory's better shielding from
cosmic-radiation (hence lower background) and its nearness to the
Tandem Accelerator - valuable, if neutron activation experiments are
undertaken.

The other items on the budget are the front-end electronics for
data handling, including a pulse height analyzer, a teletype for
hard copy, and magnetic cassette interface and recorder. Because of the
large number of samples to be analyzed, it is necessary that the
pulse height analyzer be capable of.spectrum stripping for subtraction
of background. It will not be possible, as is often done, to accumulate

backgrounds for each sample in the subtract mode, as this would double




the required counting time. This unfortunately means a considerably more
expensive analyzer ($18,500 as opposed to $5,000 ).

There is a strong possibility that we may be able to reduce the
cost of the front-end electronics by about $3,000 by custom designing
the pulse height analyzer and data processing equipment ourselves,

The cassette recorder will allow the collected data to be further
processed either on the PDP 11-34 or IBM-360 owned by the physics

department.




BUDGET

Ge(Li)-pgamma-ray detector (Princeton Camma Tech)

1., Configuration: cylindrical closed ended coaxial.
2. Core Diamcter: 12 mm.

3. Performance:

$10,800.00

a, Efficiepgy: 127 relative to a 3x3" Nal for the 1.332 MeV

peak of Co at a source-detector distance of 25 cm.

b. Resolution: 2.0 KeV FWHM @ 1,332 MeV
1.0 keV FWHM @ 122 keV
FWTM/FWHM 2.

¢. Peak to Compton Ratio : 35.0 @ 1.332 MeV

d. Count rate: 2000 cps
Pulse Height Analyzer (Tracor Northern 1710)
Teletype (DECwriter)
Cassette Recorder and Interface

Other
Amplifier
HV power supply for detector bias
NIM Assembly
NIM Power Supply
Total Cost

Support

University Museum

TOTAL REQUESTED

8,500.00
1,700.00
1,000.00

2,000.00

$24,000.00

5,000.00

$19,000.00

21.




S——

UTHVERGITY
University of Pennsylvania

SPECIALIZED RESEARCH EQUIPMENT CERTIFICATION FORMAT

BRANCH/CAMPUS

i

COLLEGE OR DIVISION
Faculty of Arts and Sciences

DEPARTMENT
Physics, Radiocarbon Laboratory

i I8

EQUIPMENT REQUESTED (List only major itemns costing 510,000 or more)

GERMANIUM GAMMA-RAY DETECTOR (LITHIUM -DRIFTED) Ge(Li) $10,800

. SIMILAR EQUIPMENT PRESENTLY IN DEPARTMENT (Include very brief description; date of purchase; original purchase price;
source of funds (university, private grant, Federal grant - specify agency))

purchased June 1972

dia: 43.3mm 511,500
length: 46.0mm
drift depth: 17.0mm , NSF funds
nominal active volume 65em
resolution: 2.4 KeV at 1.332 MeV

Ge(Li) Detector

Z2. PRESENT USE (For wnat purpose; hours used per week; if equipment considered to be obsolete, state reason)

Used for analysis of gamma radiation produced in conjunction with the
Tandem Accelerator,

In use on average 20 hrs/wk.

2:. REASON THIS EQUIPMENT CANNOT BE USED IN PLACE OF EQUIPMENT REQUESTED FROM NSF

Not enough time 1is available on this detector for the large number of tests
planned. We've only been able to use it for exploratory research.

3. SIMILAR EQUIPMENT PRESENTLY LOCATED IN ANOTHER DEPARTMENT OF THE SAME COLLEGE (DIVISION) OR IN A

DIFFERENT COLLEGE (DIVISION) OF APPLICANT UNIVERSITY

NONE

I CERTIFY: (1) THAT NO EQU!PMENT WHICH COULD BE USED EFFECTIVELY FOR THE PURPQSES SPECIFIED IN MY PRO-
POSAL IS AVAILABLE FOR USE BY ME IN MY DEPARTMENT OR IN ANOTHER DEPARTMENT, DIVISION, OR COLLEGE OF
MY INSTITUTION, (2) THAT IF FUNDED BY NSF, EQUIPMENT WILL BE SUBJECT TO (a) REASONARBLE INVENTORY CON-
TROLS AND MAINTENANCE PROCEDURES, AND (b) GRANTEE POLICIES FOR ENHANCED MULTIPLE OR SHARED USE ON
OTHER PROJECTS IF SUCH OTHER USE DOES NOT INTERFERE WITH THE WORK ON THIS PROJECT PROPOSED.

NAME AND TITLE OF PERSON COMPLETING THIS CERTIFICATION| SIGNATURE DATE
|(Principal lavestigator)

l

[ Elizabeth K. Ralph ' 31 Jan
PO ‘ 1978




FACILITIES

MASCA Laboratories, University Museum

MASCA has adequate laboratory and office space. This includes
seven rooms for the regular staff plus a large well-equipped laboratory
for visiting scientists, volunteers, and for conferences. With funds
from NSF Grant GS 36308X, all of the rooms are now air-conditioned by

means of a central water-cooled system.

EQUIPMENT

Equipment purchased with NSF grants GS-566, 1028, 1568, 2716 and
36308X is available in MASCA. This includes two sets of glow-curve
apparatus with linearly controlled heating programmers, nine functional
alpha counters, and a photon counting system. X-ray apparatus is available
ir the Department of Physics. Beta and gamma sources are available
through the cooperation of Dr. Suntharalingam at Jefferson Medical College.
However, for convenience we are purchasing a 3601 beta source, and two
more 210P0 sources per year to continue the alpha experiments. Grinding

equipment, dosimeters, and other minor components have also been purchased.

RADIOCARBON LABORATORY, PHYSICS DEPARTMENT

The Radiocarbon Laboratory consists of two rooms 20 x 20 feet and
a third room 20 x 50 feet. All of the rooms are air-conditioned by

means of two central water-cooled systems,




Fquipment

After the establishment of the radiocarbon laboratory 1in 1951, it
was moved to the 'new'" Department of Physics In 1956. At that time
equipment was purchased to convert from solid carﬁon to carbon dioxlde
gas proportional counting. We now have the following components for
routine and experimental 1[‘C dating:

Two fume hoods for the pretreatment of samples with HCl1l and NaOH,
nitrogen pyrolysis, and other projects.

One 002 combustion and purification train, as shown diagrammatically
in Figs. 3 and 4.

Two counter-filling trains and vacuum systems. (One of these is
used routinely for our standard 140 counting; the other is available
for experimental purposes.)

- Three CO2 gas proportional counters (two 8-liters and one l-liter
capacity), with surrounding shielding and associated electronic compon-
ents.

Oscilloscopes, voltohmmeters, thermocouples, potenticmeters, and
many other auxiliary components that are required to ﬁaintain the opera-

tion of the laboratory and to conduct new experiments.
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MASCA PERSONNEL INCLUDING RADIOCARBON LABORATORY

Assoclate Director for Research
William E. Stephens

[

Director
Martin Blddle

Associate Dlirector
Ellzabeth K. Ralph

|

Associate Director for Development
F, Otto Haas
i

|

RADIOCARBON LABORATORY
Dept. of Physics

U. of Pa. Support - Physics - Muscum
Radiocarbon Budget (7/1/77-6/30/78)
$59,934.00
Elizabeth ¥, Ralph

Barbara Lawn

Jeffrey Klein (G.S.)

1

'NSF Support, Earth Sciences Division
R 74-22233-A01,
Elizabeth K. Ralph, Principal
Investigator (1/3L777/31/79)
$90,013.00 '

Henry H. Michael (5 months)
Anne Meulengracht-Madsen (G.S.)

1

William Penn Foundation
(3/1/77 - 2/28/78) %6,729

Bernard Fishman (G.S.)

NOTES: 1) G.5. = Graduate Student

MASCA - UNIVERSITY MUSEUﬁ_J

i NSF¥ Support - Special Projects
Division of Social Sciences

(S0C 75-04203-A02)
7/1/77 - 6/30/78
| 15179.035

|

]

*G¢

Thermolumincscent
Dating ol Pottery

Mark Han

Stephen Epstein (G.S.)

Nichelas Hartman (G.S.)

2) The U. of Pa. and NSF grants include funds for supplies,
equipment, gervices, etc. as well as for salaries.

Tnformation Center

Kathleen Ryan

Hamish Forbes (G.S.)

L_ Interdepartmental and _4

Volunteers

| .
Mud-brick and liPotassium Analyses
Stone Preservation

!. Margaret Vanderea
Darrel Butterbaugql

VALLEY FORGE PARK SERVICE GRANT
(9/30/77-1/31/79)
$99,994.00 |

Helen Schenck))
Joseph Hall )
Nicholas Hartmann, G.S.) Aerial and

Diana Bermingham, G.S. ) geophysical survey
Lin Foxhall, G.S. Part-time Admin Asst.

Historical Archaeologists

Bruce Bevan, volunteer consultant MASCA ]
John Cotter, consultant archacolozist
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CURRENT SUPPORT AND PENDING APPLICATIONS

Current Support

Radiocarbon Laboratory
University of Pennsylvania-Physics $59,934.00
Radiocarbon Budget (7/1/77-6/30/78)
Elizabeth K. Ralph, Principal Investigator

6 man-months

NSF Support, Earth Sciences Division 90,018.00
EAR 74-22233-A01 (1/31/77-7/31/79)

Elizabeth K. Ralph, Principal Investigator

2 man-months

MASCA Laboratories

NSF Support, Special Projects 129,035.00
SOC 75-04203-A02 (7/1/77-6/30/78)

Martin Biddle, Principal Investigator
1.2 man-months

National Park Service, Valley Forge Project 99,994.00
(1/10/77-12/31/78)

Elizabeth K. Ralph, Principal Investigator
2 man-months

Pending Support

MASCA grant proposal (7/1/78-6/30/80)
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Figure 1. Block diagram of TL glow curve apparatus and pregramaer

which provides a linear rate of temperature increase for heating the sample.
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Figure 2. Photograph from CRT of Pulse Height Analyzer connected

to Ge(Li) Detector.

Peak at 186 keV
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1.46 MeV
1.70 MeV

(TL sample # PT 175)
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vertical scale~ 500 counts/div
horizontal scale~ 200 keV/div
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uranium

thorium

ik =

Th/U =
Th/U =

% diffe

* k

TABLE 1 *

DOSE-RATE (mrad/yr)

(¥4 /g X
series: 2273 119.6 103.5
series: 2053 80.3 138.7

*from Bell (1970)

TABLE 2

TOTAL DOSE-RATE (mrad/yr) for R(eL) = 1/cm2'ksec

0.02 0.25
4.0 284.08 806.60
0.5 268.65 784.26
rence 5% e
_ (TL/rad)e quartz may be as low as 0.02

. (TL/rad)ﬁ
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TABLE 3

PERCENT OF TOTAL DOSE-RATE DUE TO O{-RADIATION

Thorium Family | 90%
Thorium w/ 100% 220Rn loss 91%
Uranium Family 917%
Uranium w/ 100% 222Rn and 95%
219Rn loss
IABLE 4

TOTAL DOSE-RATE* (mrad/yr) FOR R(&<C) = 1/;m2-ksec

k = _ 0.02 0.25

Th + U Families 268.65 784.26
& U el 2 186.21 664 .80

and daughters

Difference 31% - } 18%

*Assumes Th/U = 0.5




