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ABSTRACT

Evidence is mounting that the Earth's magnetic field may
have reversed itself, perhaps more than onpb,\during the pastA
50,000 years or so. Such geologically-very recent reversals,
if they really are world-wide, would be very useful in geologlc
correlations and particulafly in the study of the histofy of .
early man. Magnetic marker horizons in the stratigraphic pro-
file of the archeologist would be of inestimable value,‘ It 1is
proposed to search for reversed remanent magnetization in
Recent volcanic rocks of Japén. It seems likely that young

‘reversed rocks could be found and that independent methods for

dating them could be developed., If the dating cannot. be
accomplished with carbon-14, we propose to try the fission track
technique and other possibilities, including indirect approaches,
such as hydration-rim or thermoluminescence dating. The work .
will be done at the Geophysical Institute of the University of
Tokyo, in cooperation with_Professor Minoru Ozima, His “

laboratory has most of thé'equipment required for this research,

. as explained in his letter of September 29, 1972, attached,




INTRODUCT ION

'The discovery of.the reversed rémanent magnetism in the
volcanic rocks of Puy de Laschamp in Francea(Bonhommet‘and
Babkine, 1967), opened thgﬁeyes of geoPhysi;ists to the
possibilicy tehat‘ the Farth's magnetic rield may hav'e revereed
itself, possibly more than once, in the geologically very
recent past. (For a good recent review of the field, see
Dalfymple, 19720ﬂ The "Laschamp event” is now dated at 11.00b.
+2500 years ago;- Clark and Kennett (1972) have fouhd a
reversal in, the period 13,500 to 17,500 years ago in dorea frbm
' the Gulf of Mexico, Mdrner, et al, (1971) report a brief |
reversal recorded in the relatively well-dated sediments_from
Gbteborg, Sweden, at about 12,500 years ago. Barbetti and.
McElhinny (1972) give still another report of a geémagnetic
reversal from Aboriginal fireplaces in Australia, dated by
- Carbon 14 at about 30,000 years ago. They estimate that the
reversal lasted about 2500 yegrs. Preliminary work by Eiizabeth
Ralph of the Department of Geology, University of Pennsylvania
.. (unpublished), indicates the péssible existence of a Recent
reversely magnétized\léva flow in New Mexico, but the result
remains to be ponfirmed. The work is in progress. This would
‘be the only indication ef'reverseiy magnetic lava found in an
extensive survey of recent votcéniésﬁin the western United
States. |

These shorq reversals are difficult to detect becauae vol-..

canic events do not necessarily coincide with magnetic reversals.
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Measuring their age is even more difficult Because (1) the
amount of argon accumulated in such-a short time usually cannot
be measured with sufficient accuracy; (21 because carbon-14
sampies are not usually associated with lab; flowss and (3)
because other dating techniques are relatively inaccurate. -
Nevertheless, the great importance of accurate definition of

these reversals for the study of recent geologic history and

especially the history of early man, make it worthwhile to

_pursue this difficult research.

Recent volcanic rocks are particularly plentiful in Japan
where the background of generai geology is also excellent and
detailed maps are freely available, Japan is thus the prime
area for a survey such as we pr0pose.heré. Profeésor Minoru
Ozima of the Institute of Geophysics of the University of Tokyo

is one of the leaders in paleomagnetic and geochronological

research, Recently he also has focused his attention on the

paleomagnetism of very young volcanic rocks, and upon hearing

of my interest in these studies, has invited me to join him as

-.visiting professor. at the University of Tokyo for the academic

year 1973-74-t0ﬂjoint1j explore this interesting problem (see

letter attached),
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PROPOSAL

Taking advantage of all the information we can obtain
from University and Geological Survey geologists in Japan, we
propose to make a survey of likely rocks ih Japan and neighbor-

ing lslands with a portable magnetometer. It is hoped that

the survey will find some reversely magnetized volcanic rocks

less than 50,000 years old, These rocks will then be examined
‘in the field and in the laboratory and all possible efforts will
be made to determine their age by independent methods in the H
best way possible. The research is open-ended; it may produce
only negative results, If the problem were easy, it would no
longer be a problem. | |

In the event that the first phase of the survey is success-
ful, detailed efforts will‘be made to refine the age of any
‘reversely magnetiged rocks that are found, and to establish
time correlation with other reported reversals, If a series of
recent world-wide magnetic reversals could be confirmed and
dated; the resulting time Hbale would be of great vglﬁe to the

.. geologist and archeologist.

\
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DRAFT OF AN APPLICATION TO IBM REQUESTING A GRANT OF
$25,000 FOR MASCA

The University Museum of the University of Pennsylvania, through
it's Applied Science Center for Archaeology, has been operating the
Akhenaten project in Egypt for the past several years. In one very real
sense the IBM Co. has made this research project a success.

Pharoah Akhenaten is the ruler who tried to revolutionize the
religion of Egypt when he conceived of monotheism and tried to establish
Aten, the Sun God, as a paramount god in Egypt. But his successor
returned to the old religion and totally destroyed the vast temple dedicated
to the God Aten which Akhenaten had built in what is now Luxor. More

than 30,000 carved and engraved stones from this Akhenaten Temple were

used in the later construction of Egyptian temples at Luxor. During the [ ;’il-“:f

past century of excavations at Luxor these individual building stones were obo

identified by the particular artistic style of the Akhenaten period. Hence,
they were pulled out and set aside in a large storeroom in Luxor. The
University Museum conceived an idea of using a computer to sort out and
match up these building stones with their distinctive style of carving and
Egyptian 1angua;g“e texts;ngraved on those stones. The IBM Co. supplied
the computer tlil':(;/:lnCalro and over the years these 30,000 blocks have
been sorted out so that the carvings and the inscriptions can be restored
in photographs. It should be observed that all 30, 000 stones were individu-

ally photographed and the photographs matched up with the use of the IBM

computer,




Naturally this project has received a great deal of international
publicity, particularly through a documentary film made and broadcast
by the British Broadcasting Corporation.

The Applied Science Center of the University Museum continues
to develop such innovative techniques in archaeology and many of these
innovative techniques involve research abroad such as that with the Akhen-
aten temple stones. We are, for example, experimenting with various
electronic techniques for underground exploration at archaeological sites,
with the application of satellite remote sensing devices for discovery of
ancient settlement patterns and sites, the development of new techniques
for dating archaeological material, and with the recently discovered chemical

Q
technique for preserving ancient monumert s of all kinds.

Most of our research here is financed by the National Science
Foundation, but since this is a U.S. government organization, we have dif-
ficulty in raising the funds for foreign travel and research necessary to
develop an experiment with thesentechniques in foreign countries. For
example, we must demonstratt;kthi:f', new technique: for the preservation of
ancient monuments in several foreign countries, we must send our people
abroad to collect the materials for developing new archaeological dating
techniques and we must do ground surveys in connection with our search
instruments - both the electronic instruments on the ground and the satellite
instruments in the air., Because of this difficulty in utilizing National Sci-

ence Foundation funds for research abroad we are sending this proposal

to the IBM Co. for a grant of $25,000 a year during the next two years in
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order to continue the foreign work of our researchers. To give you some
idea of the purpose of MASCA and its accomplishments during the last

15 years of research, we are enclosing examples of MASCA Newsletters
and some background papers on the work of MASCA, This is the only
organi“i;’:‘:_;ation of its kind in the U.S. and I think the very substantial support
by the National Science Foundation for the last 15 years will demonstrate
the practical achievements of the Center during that period. We hope

that the IBM Co. will give this request its most serious consideration and

if you have any other questions about this research, please let us know.

P.S. Suggest you enclose one of those news stories on the Akhenaten
project and perhaps other news clippings on the Bristle Cone Pine stories,

Ban Chiang and so forth,
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Thousands of years ago, when ancient crafismen baked .the:‘irr
pottery to harden it, they unwittingly réndered a majof servi-ce to archae-
_o_logy'that has only recently "come to ligﬁt” with the aid of modern physics.

For about the last decade, research scientists.at the University of
Pennsgrlvaxiia I\/Iiiseum's Applied Science Center for Arch&eology (MASCA) |
haye_ been probing the mysteries of thermo].uminescenée in pbtter‘ym its
tendency to glow u:rider sﬁecial conditions. Now, with the help of a $61_, 000
grant from the National Science Fouad\ation,‘ they hbpe to refine existin
knowledge into a routine system that will rival, and in some ways surpass,
the widely‘—knovm carbon-14 method as a precise and useful archaeo_logiqal.
dai‘iﬁg tool.

One (ﬁ‘ the more ohvious advantageé of thermocluminescent dating (TL) .
is that it allows pottery, the artifact iZSeIf, to be dated, rather than merely
related to the age of organic material it is associated with when excavated, This,
coupled with lthe universal ﬁse of pottery for the last 9, 00D -yéars, ,plu.s TL=dating’_s
near-infallibilty in detecting forgéries, endow the technique with the most power-
ful archaeologi.cal potential of all existing dating systems. |

Thé goal of the Pennsylvania team, héaded by Dr. Froelich Rainey, Museum

irector, and Elizabeth K. Ralph, associate director of MASCA, is to resolve the

(more) ;o




intrinsic questions and uncertainties that have so far 1]1:1'11.[.0(.31 this poie; ial
and hampe red absolute age determinations.
The pﬁenomenon of thermolumin escence was first noted by the EnO‘hsh
. ’thS1CIS‘E ai 1d chemlst Rob@rt Boyle, in'1663. Its basic principle is that enei*gm
absorbed and s‘cored ‘in inorganic mater1a1 can be stimulated b y thermal agitation.
and released in-the form of light. In the case of pottery, traces of radioactive -
- i
iﬁpurities (uranium, thorium and potassium) within the potter's clay bombard
its other comstituén‘cs with alpha, beta and ganima rays and raise certain electrons
to'metastable, or ‘sl‘ightly unstable 1evels. When the'clay is -heated, these
'metastable e] ectrons fall bacL into stable pomaloqswemxttmg pdo ons of 11o“n’£
“as they do so--and become trapped in "faults" in th.e crystal lattlce oflthe clayn'
Thus, when the initial fifing dissipated the natural thermlo-lumimesceﬂcé
-accumulated during geological tjme, the po’s:teryfs i & i -clock”A was set at zero
from an archaeoclogical poiﬁ‘t of vie{v. As the centuries pass, however, the poﬁefy

e
Ky

"gradually reacquirés its TL sensitivity at the rate of about 160- rads a centuxy.
. way of illustration, the l'ddl&LlOﬁ in a dental x-ray equals about 5 to 10 raﬁs“S
Cm@sequently, when the pottery is reheated in the laboratory, the level
of TL cbserved by pho omultzplymg dE'TlcES is wdlca ive of the accumulated radiation
damage, and therefore, the amount of time that has elapse‘d since the pot was
orlgmally fired. The older the pohtery,' e greater ther glow fhat can be observed,
During 1968, more than 40 tests‘ of "unknowns' and checks for a‘u’chen‘iicai:ioﬁ
Were_lnéde at MASCA that have already provéd of Valué to al‘éhaeologyn In addition,
TL, dating ‘methods are now both supplementing and supplaming radiocarbon dates
-for séme objects.

(m ofe)
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For example, because ofﬂuctilations in carboza—le'z dates Ifor thé period
bet_weeﬁ 1500 and 1700 A.D., TL dates have been accepted as the more reliable.
ones for samples from a Shipwreék.off the north coast of Jamaica, placing it
at an age appropriate for .Columbusr’s flagship, the Santa Maria, 3

TL dates afe also becoming important for early sites in Greece gzzd Turkey
Whére ‘ar'chaeologiéts previously had to rely en’cirely on carbon-14 dating which

~ has recently become suspect for certain tirhe pefiods, A cup purported t_o have
. come from Hacilar, Turkey, for inStance, was' TL.-dated to 5100 B; C which in-
dicates that the 'cﬁp may W.ellr have come from that sité. In other ‘caées', esp.eciallly
with Etruscan statues on display in museums‘fof decades, TL—dating was able to
deterrrﬁne that the objects were fired only within the last 100 years, and thus
- exposed them as fakes. |

| But making the system Wofk is far more complicated than it seems, and
pérfectiﬁg it may prove even -fﬁore difficulta ‘

- For one thing, it is essential that rapid, controlled heat'ing of thin, uniform
layers of powdered potsherds take place so that the comparatively weak TL light
ﬁ_'éan be detected and measured before it is burned away by -the onset of heat radiation.
_In addi:tign, age éofrespondencés fbr kno\_m-aged samples based on natural
- TL glow curves and alpha particle bombdrdment rates-alone yield 'exi:;fem-ely pQOi‘
res’ﬁlts, ) Mefastable electron accumulations that,'cause the glow in ceramics depend
upon variations in their susceptibility to radiation damage, so it is necessary to
obtain a ;:or_fection factor-by duplicating this origiﬁal radiation damage in a much
shorter time. | | |

Thig is acc‘ofnp]_ished‘ by 'bombarding the depleted natural 1L sample with

(more)
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artificialradiation, then r‘.eheatiﬂg it after a two=week delay that permits the
newly-trapped electrons to Stablilizeg This artificial glow curve ig then used
to construc't the correction factor for subsequent natural TLvme‘asureme'nts of
the same.-family- of samples. N |

In this manner, a "specific glow'" level can be establish‘ed for the age
of the pottéry thfough a formula Whi;h roughly calls for the natural glowv'level
to be diﬁdéd by the artific:i.al‘ glow level times.the natural dose rate.

If. the éample involved happens to be of 'knovm—-aged-pdatery,' then its
spéci:fic glow can be used for abéolute da‘ti;ﬁg of all itsicoa&tein_qpoj:ary artifacts -
regardlegs; of pottery type or site of origin.

Significant changes in MASCA's techniques in reé:eni: yeafs, iliciuding |
better sample preparation, and the installa.ﬁonﬁf a lihearly--programmed fe ating

control system and a more sensitive thermoluminescence reader, have improved

results to the point where the age deviation for fine-grained pottery dating back

to 700 B. C. is now on the order of-i 100- years. A more precise calibration
curve for measuring samples of uﬁlmo'w'n ag-e‘has also been established.

"We rfeel that we have now demonstrated that TL will provide a reliable
method of dating po‘t’cery,r " says Dr. Ralney, "but as with all techniques, there are
still many questions to be answered and experimezité to be performéd. b |

One of the méjor problems to be solved, according to Miss Ralph, is
the clarification of the quantitative theory of the fundamezntai hlecizanié_m of thermo-
luminescence: "Contributions from radioactive elements in the soil, émd possibly
cosmic rays, are complicating factors." she notes, "Also, since the inherent
natural radioactive bombardment consists of a variety of radiation, their effects

(more)




in producing radiation damage may differ, "

In clays, she points out, the predomiz nant elemuﬁs are uranium, tborwm
and potassium. The first two emit alpha, beta and gamma rays in their decay
-series, while potassium-40 emits mostly beta, plus a small fraction of gamma
rays. Most of the Work at MASCA has been confined to 'studying the effects of
alpha, beta and x radiation, the lat'cér being used in donnection with artificial
. d'osagés, l
i

"One of our more serious intrinsic problems, " says Miss Ralph, "involves

our efforts to determine why most of the thermoluminescence in pottery is due to
' . . - '(
the quartz components of the clays, when most of the inherent radiation is contained

to a large extent in the othexr componems " Presently, magnetic separations are
 being made on samples of coarse-grained pottery to see-if there is a difference in

tle behavior of quartz in pottery and quartz alone. -

Beéaus@ 1». has been Well-established that alpha radiation accounts for most
of the.total dese receiired by ceramic. artifat;ts, attempts are underway at MASCA
~ to irradiate poﬁtery samples with an alpha source ‘r:d rﬁeasure its effects_‘ The
short range of the alpha- particle makes sucir_:t experimentation exceediﬁgl}r difficult
iny comparison with measuring the eiffects of other particles.

It is believed, however, that the alpha effect drﬂefs both qua*ﬂh tatively and
qualh.auvely from the effects of other radiations, mainly because its short range
compared to its energy, results in the whole of its energy being converted wﬁhin a

; ,
relatively small volume. T hirs could lead to the formation c-)if new defects and trapping
centers in the crystal lattices of ceramics at dose lev'e}_s that would be insignificant
for other radiétios., | - | ,

(Hi ore)
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In addition, says Miss Ralph, although the connection between the
“inhomogeneity and coarseness of ancient ceramics with the alpha dose rate
is believed to be 1mpOfLaﬂI it has been little invest 1crated until now.

"It is importaﬂt to know the range of alpb.a particles in clay so we

\

can assess the eﬁecL of Varlable grain sizes and mhomoofeneuy,

AM} 11
Salehii thls has never been deLemeed ‘

she says,

At pfesent, only MASCA and the Research Laborétory for Archaeoloory
rand the Histor y of Axt at Oxford Umv\,r;slt 'y under the dlrecuon. of Dr. M.]. Ait ken,
have announced successful applications Of hermolumn.?escence for archaeoloﬁlcal

with

purposes, and both laboratories are now demonstrating/the dating of ceramic -
'materials of an unknown agé just how signiﬁbant the technique will even’sua}ly
bre for archaeology in general, |

-MASCA's analysis ‘of ceramic materials of unknown age is now pr(\)viding
. the first daﬁes for prehistoric West African cultures, In Iran, where radiocarbon
materials are unavailable for long %quences of Neolithic cultures, thermoluminescence
is fiiliﬁg in the gaps. -And in the Mediterranean area, TL-dating for cultural
sequences from Neolithic and Bronze age epom;s is just get‘cing underway.

“This is a stage in which archaeologists are _]USL begi innis 1g to leafn about the

T

successful applications of thezmoluminescen(ie, says Dr. Raineyg "but with only
two léboratories available for dating i*twwill'be some time before it reaches the
general acceptar ce ef carbon -14 techniques. There is little doﬁb’c however that
‘within the next few years the number of Lhermolumh_esceng dating s:,al,l.ons ms;aﬂed

T

for archaeolcgy will be comparable to those currently engaged in radiocarbozz dating. '
] . Jy p (=] 2 (=]
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