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Musewinm Applied Science Cemter for Archneclomy

Froellch Rainey, Director Elizabeth K. Ralph, Associate Directlor

f r /' l ’ THE UNIVERSITY MUSEUM o URNIVURSITY 01 PEHENIVLEVANIA
i 1 - I 33rd & SPRUCE STREETS ® PHILADELPHIA, PENNSYLVANIA 19104
i 4 3e6-7400 (Area Code 215) Cable Address ‘‘Antique"’

April 29, 1977

Dr. Murray Aborn _ _ 5
Program Director

Special Projects and Social Indicators

National Science Foundation

Washington, D.C.

Dear Murray,

Following our recent discussion, I am submitting herewith the
revised budget for MASCA Grant Proposal No. Soc 77-08186 covering
a one year grant in the reduced amount of $129,035.00.

If you have any questlons or if there are any addltlonal changes
necessary, please let me know.

Yours sincerely,

Froelich Rainey
Director

c.c. Office of Research Administration




Budget ~ First Year

May 1, 1977 - April 30, 1978

Salaries and Wages

a. Mark C. Han, Research Chemist (A-1) $ 17,030.
Full-time - 12 months
b. Three Research Fellows (A-2) -12\\§ 16,695 .
'3 summer months - full time T e
Academic year - 1/2 time
FTE - 8 man-months each
c. Kathleen Ryan, Research Bibliographer (A-3) $ 9,965.
Full-time - 12 months i
d. Technician T (A-4) $ 4,439.
Half-time - 6 months
FTE - 6 months
TOTAL SALARIES $ 48,129.
Employee Benefits
A-1 - 17,030 x 18.0% $ 3,065.
A-2 - 16,695 x 24.3% $ 4,056.
A-3 - 9,955 x 23.0% $ 2,292
A-4 - 4,439 x 23,04 $ 1,021.
TOTAL EMPLOYEE BENEFITS $ 10,434.
Expendable Equipment and Supplies
a8. For Thermoluminescence
Nitrogen and other chemical supplies $ 1,000.
Expendable electronic components, including
replacement photomultiplier tubes $ 1,500.

b. For Archaeological Prospecting
Spare parts, tools, cables and replacement
batteries
c. For aerial Photography
Kites, filters, balloons, films, etec.
d. Information Center ' '
Book purchases
Journal subscriptions
Supplies and Duplicating
Publication of MASCA Newsletter (2 volumes/year)

TOTAL EXPENDABLE EQUIPMENT
AND SUPPLIES

1,500.

. 1,000.

700.
400.

$
$
$  750.
$
$
$  3,000.

$ 10,050.

g:‘g'é &




4. Services
Machine Shop, for assembly of experimental T
components $ 1,000.
Rental of experimental prospecting instruments
for field trials $ 2,000.
Adrcraft rental (for aerial photography) $ 500.
Film processing $ 500.

TOTAL SERVICES ~ $ 4,000.

“

5. Travel
" For mud-brick preservation, archaeological
prospecting, aerjal surveys, and collection
of szmples for ~ C and TL dating

Domestic ' $ 2,000.

Foreign : $ 4,000,

TOTAL TRAVEL $ 6,000.

6. Sub-Total for Calculation of Overhead $ . 78.613.
7. Overhead at 51% ' $ 40,092,
8. Sub-Total Plus Overhead ' _ $ 118,705.

9. Equipment

a. Thermo-Gravimetric Analysis (TGA) Accessory $ 8,000.
for DuPont 990 Thermal Analysis System
(The Dupont 990 temperature programmer, con-
troller, and recorder are currently available : i
in LRSM (Laboratory for Research on the ‘ B

_ Structure of Matter, University of Pennsylvania).

b. X-Ray Generator - used dental apparatus or 8 2,330.
equivalent - to produce 1000 rads in 10 seconds '
for the precise irradiation of pottery.

TOTAL - FIRST YEAR $ 129,035,
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UNIVERSITY OF PENNSYLVANTA

PHILADELPHIA, PENNSYLVANTIA 19104

PROPOSAL FOR CONTINUING RESEARCH SUPPORT

Museum Applied Science Center for Archaeoclogy
(MASCA)

National Science Foundation
Division of Special Projects
Washington, D.C. 20550

Principal Investigator: Froelich Rainey, Director, MASCA and Professor of Anthropology
Social Security Number: 198-26-6211
School: University of Pennsylvania  Department: University Museum

Starting Date: May 1, 1977 ' Duration: One year

FUNDS REQUESTED
One Year (5/1/77 - 4/30/78: $129,035

CORPORATE NAME OF UNIVERSITY: THE TRUSTEES OF THE UNIVERSITY OF PENNSYLVANTIA
: (a Pennsylvania non-profit corporation)

Contracting Office: OFFICE OF RESEARCH ADMINISTRATION, Franklin Bldg.; I6.
University of Pennsylvania, 3451 Walnut Street,
Philadelphia, Pa. 19104 (215-243-7293)

Name, Title and Trustees of the University of Pennsylvania
address of 0fficial 3451 Walnut Street, Franklin Building |
to whom checks should Philadelphia, Pennsylvania 19104 : ‘ :
be mailed: Attention: Mr. Anthony Merritt

Approved:

Froelich Rainey, Principal Investigator
Director, MASCA

Approved;

Archer W. Kinney
Assistant Director, Research Administration

Date:
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MUSEUM APPLIED SCIENCE CENTER FOR ARCHAEOLOGY

I INTRODUCTION

The Museum Applied Science Center for Archaeology (abbreviated
MASCA) was initiated in 1961 by Professor Froelich Rainey. Its aim
has been to apply new principles and technologies developed in the
physical sciences which are appropriate to archaeological and
anthropological research.

After the application of carbon-14 dating became successful in
our laboratory (established here in 1951) and others, it was considered
that many more technologicél advances should be investigated for their
possible applications to archaeology. As a beginning in this direction,
work was started in the following fields:

1) Thermoluminescenf dating of pottery

2) Development and use of instruments for archaeological prospecting

3) Information Center and the MASCA Newsletter.

Within the context of the complexity, scale and diversity of
research now béing carried out in many laboratories, the role of
MASCA's staff and collaboratoré is to search out those new diécoveries
" which can be adapted to archaeological purposes through experimentation
and modification.‘ Presently, examples of this are radiocarbon and °
thermoluminescent methods of dating archaeological materials, the
use of magnetomet>rs and other geophysical prospecting instruments,
aerial photography for archaeological pfospecting, and more recently,
the preservation of mud-brick and friable stone structures.

Archaeology, in a way similar to so many other research disciplines,
has taken a new direétion as a fegult of these trends in science.

MASCA 1is based upon the assumption that with new directions and future

1.




changes, it will continue to draw upon the adaptaiion of the best
of the techniques developed by physical scientists, biologists,
archaeologists and anthropologists.

MASCA and Oxford's Research Laboratory for Archaeology (RLA)
have been the only major organizations in the world with a similar function in
archaeology. The RLA is manned by physical scientists only and
tends toward basic research: hence its specific objectives and
operations are somewhat different from those of MASCA. The latter
is based in an institution which carries on anthropological and
archaeological research in practically all fields. This has led to
cross-fertilization between the physical sciences and anthropology-
archaeology as well as to extensive experimentation in the field and
in the laboratory. To a large extent MASCA exists because of the
University Museum's support of so many expeditions ; about 15 per
year, on average. Because of this large number of expeditions abroad,
some of the field trials of our new techniques have been done in
collaboration Qith other institgtions where investigators are working
on similar developments or at sites which are ideal }or trials.
Moreover, while many countries do not now allow the export of artifacts,
scientific samples, and especially those of environmental significance -
ecofacts - can still often be exported for examination elsewhere.

MASCA has ub to this point been primarily concerned with those
developments in nuclear physics, chemis&ry, electronics, remote sensing
and other fields which are now producing fundamental changes in scientific
technology. But the physical and chemical sciences are by no means the
only disciplines where scientific approaches are applicable to the
expansion of archaeological knowledge; the life sciences are now

recognized as fundamental to the recreation of the past environment of




mankind. Already in 1970 in the book Science and Archaeology,

Brothwell and Higgs devoted threé of the seven sections,
comprising virtually half of all the chapters, to floral, faunal,
and human remains. Any approach to the past must now view human
populations and their activities as an essential part of the ecosystem
and this is possible only by the development and application of what
is coming to be termed 'environmental archaeology'. Moreover, it is
archaeology alone which can provide the raw materials needed for
research into past environments within the context of a firmly dated
timescale. Thus archaeology may and probably will increasingly
become a provider of dated materials for research objectives within
other disciplines.
| In consonance with these developments, MASCA will now begin to
develop a broadly-based initiative within the 1life sciences. We wish
as a first step to explore the establishment of palaeobotanical and
palaeozoological programs, drawing on the facilities available within
the University of Pennsylvania under the catalytic influence of funded
positions within MASCA itself. The excavations of the University Museum
across the world gon four continents in summer 1977 alone) will provide
a rich source of research materials in these fields and in other fields
such as human osteology. Here we would hope not only to advance current
handling of osteological data, but also‘to develop advanced approaches to
the study of ancient disease via parasitology and immunological techniques
( Biddle 1967).

Support for these developments in MASCA's activity will be sought in
due course in relation to specific programs. Meanwhile, the present
application seeks support for specific aspects of MASCA's activity'in

relation to the physical sciences.




II. DATING OF POTTERY BY THERMOLUMINESCENCE (TL)

In 1959, Elizabeth 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.

Thermoluminescent dating is based upon the fact that particles emitted
from traces of radioactive elements in the clays bombard the other constit-
uents and raise electrons to metastable levels. When the clay is heated,
'enough extra energy is supplied to enable the eleétrons,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 starting point of the accumulation
6f metastable electrons.

The.essential features of thermoluminescent dating of ceramics are the
measurement of the inhereht radioactivity, and the natural and artificial
glow curves, from which, ideally, the age (or date of last firing) can be
determined. (This apparatus is illustrated in 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 fabric
systems and the effects of pottery-manufacturing technologies on that behavior.
Our experiments have shown that the thermoluminescent responses of different

types of clay, in addition to the responses of various crystalline inclusions,
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5.

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 im-
prove the reliability of the thermoluminescence method as a tool for dating
fired earthen artifacts.

Our major breakthrough recently has been the detection of the total in-
herent radioactivity of sherds by means of gamma/ray spectrometry, with the
use of a high sensitivity Lithium-drifted Germanium detector. This was
made possible by the collaboration of Professor William Stephens, and the
use of his Ge detector in the Tandem Accelerator Laboratory in the Department
of Physics. With this method we have showﬁ that it is possible to determine
the absoluté amounts of inherent U, Th -- and daughters, including radon
(a volatile gas) -- and 4OK in p?ttery. By means of this new technique,
the total amount of energy J;:Z£§ated may now be calculated.

Previously, estimates of inherent radiation had been based on the
assumption by Oxford that Th and U were in secular equilibrium, and therefore
were present in constant ratios. Our results from the analysis of 20 samples
have indicated that the Th/U varies by as much as 4.1/0.5. Tﬁe 4OK content
determined by this method is in good agreement with that found by flame
photometry, usually of the order of 0.1 to 4.3 percent,

With the encouragement of our results, the Research Laboratory for
Archaeoloéy at Oxford has recently obtained a grant to apply similar gamma/
ray spectrometry to their samples. These measurements had been considered to
be impossible, but we, at the University of Pennsylvania, have demonstrated

that they are not only possible, but, that they will lead to reliable TL




dating of pottery. (TL dates for samples of known age and for those with
assoclated 140 dates are shown in Fig. 2)

During the past ten years, this laboratory has processed approximately
700 pottery samples, which represent 133 major sites from 35 countries.
The major areas of interest are as follows:

Iran: Hasanlu; Fars; Susa; and other sites.
Turkey: Alaca Huyuk; Catal Hiylik; Hacilar; Kadikoy; and other sites.

Egypt: Adydos; Beit Khallaf; Dendereh; Thebes; Deir-el-Bahri; Karnak;

and other sites.
Thailand: Ban Chiang; ﬁon Nok Tha; and other sites.
Japan: Sites with Jomon pottery.
Italy: Plain of Sybarié; Torre Mordillo; and ﬁther sites.

Samples have also been proceséed from 29 other countries.

Current experiments are directed toward the development of a new
technique of sample preparation, namely, the deposition of only the fine
clay grains by the evaporation of a volatile liquid such as acetone, in
which they are suspended. The main purpose of this new approach is to
eliminate any large crystalline inclusions that may have been 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
particies in clay. Previously, except for various experiments, we had

ground whole sherds regardless of their particle size, and measured the




resultant powder.

Before the fine-grain technique can be accepted as the ideal method,
many associated problems must be resolved. One of the most immediate is
that after the fine grain particles are deposited on an aluminum foil
sample holder by the evaporation of the acetone, the sample is left in
a dry state. The adhesion between the grains is through solid-to-solid
physical contact, which reduces the rate of heat transfer. An even more
disturbing phenomenon is the apparent regeneration of thermoluminescence
which we have observed after the sample had been heated in a pure nitrogen
atmosphere and then exposed to the air for a short time. This regeneration
is not always predictable énd seems to vary as different types of fired
clay are tested. With our previous standard technique, both of the above
problems were eliminated by mixing samples with silicone o0il, and then
depositing them on aluminum foil by the silk-screen method. The presence
of the silicone oil not only permitted a faster heat transfer between the
particles, but also prevented the particles from coming into contact with
the surrounding air and/or moisture, which are known to have a surface
effect upon fine grain particles, and this generated a type of spurious
thermoluminescence. |

Among the other experiments currently under investigation which should
prove valuable in’ elucidating some of the factors having direct effects
upon the thermoluminescence method, are the following:

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

2., Determination of the orginal firing temperature of the sherd by

~ techniques such as thermogravimetric analysis (TGA) and differen-

tial thermal analysis (DTA).




3.

Continuation of experiments on the use of-gamma/ray spectrometry
to measure the inherent radioactivity of samﬁles. Experiments
conducted to date have been made possible through the cooperation
of the Tandem Accelerator Laboratory. The time allocated to MASCA
for the use of this equipment is necessarily limited, therefore

we are seeking funds to purchase our own Germanium gamma/ray
detector and associated components. We are applying to the
Engineering Specialized Research Equipment Grants Division of the
NSF for these funds.

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

Use of a beta source (36Cl) for the irradiation of samples, to

compare the effects of alpha, beta and X-ray doses.




III. ARCHAEOLOGICAL PROSPECTING

Due to the destruction of many archaeological sites by the rapi& en=
croachment of modern‘civilizatioﬁ, there is a great need for the acceleration
of the finding of sites, and for the delineation of structures within sites
already found. Also, because the cost of labor is increasing all over the
world, it is becoming impractical to excavate unless there is a certainty
that meaningful structures or levels of habitation will be found.

With this in mind, MASCA tested and used previously developed instru-
ments that.are suitable for archaeological exploration. These include
the Elsec proton magnetometer, the Gossen Geohm (a resistivity instrument),
and various metal detectors and seismographs. 1In thercburse of our search
for the ancient Greek city of Sybaris, buried at depths of 4 to 6 meters,
we learned that proton magnetometers were not sufficiently sensitive for
the detection of structures or archaeological deposits at such depths.
Therefore, Rainey and Rélph sought the collaboration of Varian Associates
and as a result, they designed and developed for MASCA a more sensitive
portable cesium magnetometer, with digital readout and differential mode
of operation. We now have two complete units, that is, two readouts and
four sensors.

With the diéferential mode of operation, we not only have the capa-
bility of a useful sensitivity 20-fold greater than that of proton mag-
netometers, but also the cesium magnetometers are much faster to use.

We may take readings almost every secoﬁd, instead of having to wait for
a polarizing cycle of 5 to 6 seconds. In previous grant proposals and
publications (Ralph et al., 1968), we have described our procedure for
doing surveys and have listed the more than 50 sites, both abroad and in

the U,S.A., where we have worked,




The basic financial support of MASCA by the NSF and the University of
Pennsylvania (see Table I) has enabled us to pioneer in the development
and use of new instruments, and to conduct worldwide surveys, whereag,
in the past, we had been limited Eo excavations supported by private funds
donated to the University Museum, or related in some way to 1it.

Because of this previous experience and support, we have just recently
received a contract from the National Park Service (U.S. Dept. of the In-

terior) for Archaeological Survey and Research at Valley Forge (Pa.) National

Historical‘Park. This is basically a one-year contract ($99,994) to con-
duct aerial, magnetometer, soil-penetrating radar, etc. surveys, and to
perform test excavations for the interpretation of the anomalies found.

All anomalies,historical features etc. located will be plotted on specific.
detailed maps of the park. In the meantime, under separate:contract, five
historians are studying whatever historical records are available. They
will also assist us in the interpretation of what we find.

Because the Pa?k Service contract covers repaif and battery costs, we
have not requested in the budget,funds in the first year for extensive
magnetometer repairs, etc., nor much for aerial photography.

While our exploratory reconnaissance at Valley Forge for the National
Park Service will apply our proven instruments which are known to be ideal
in this situation, we also plan to test a number of other instruments on
an experimental basis; because of this, we will include this effort under
this NSF grant. On a 30-meter square test-aiea at Valley Forge, we have
already used our magnetometers and rented gamma/ray spectrometers to make
maps of geophysical anomalies. We will now apply at least three additional
instruments to this same test area: the ground-penétrating radar, a soil
electrical resistivity meter (at several electrode spacings), and a seismic
refraction instrument. After these five surveys are completed, we will

excavate the test area so that we can make a detailed comparison of the




effectivencss of Lhe five instruménts in this type of archaeological
application. The tests with ground-penetrating radar_have already in-
dicated the existence of a pronounced linear anomaly, and since this was
not detected with the cesium magnetometer, we are quite certain that it
is not a modern pipe, power line, or such.

Upon completion of the field work at Valley Forge, Pa. in the late

summer (1978), a site abroad that might be suitable for a cesium magnetometer

survey is one in the Hashemite Kingdom of Jordan.

A sounding of ; burial cave in the area of the Beqa'a Refugee Camp,
approximately twenty kilometers north of Amman, Jordan, was carried out
in the Summer of 1977 under the auspices of the American Schools of Oriental
Research. This excavation produced a very extensive and representative
repertoire of Late Bronze I pottery with some overlap into the Middle Bronze
IIC and Late Bronze IIA periods, along with a rich collection of accom-
panying grave goods, including scarabs, cylinder seals, bone inlay,
ostrich eggs, toggle-pins, bracelets, earrings, and a wide assortment of
different types of beads. A preliminafy survey of the region, which has
never been adequate{y explored, brought to light at least three more caves
dating to about the same time, while entrances to another three caves were
found which may very well be Late Bronze I in date. All of these caves lie
in a line along the lower western slopes of a valley, and it is presumed
that the series could be added to with further systematic exploration.
Since the Late Bronze I period on the East Bank of the Jordan is virtually
unknown, a marvellous opportunity thus presents itself for filling in a
gap in Jordan's cultural history, while possibly helping to clear up some
of the many problems associated with Late Bronze I on both the East and
West banks.

As a first step before actual excavatim, oﬁe of the directors of the

American Schools' cave sounding, presently a Research Fellow with MASCA, is




planning to carry out a cesium magnetometer survey in the Beqa'a area some-
time during 1978, While ordinary archaeological survey techniques would
probably miss many cave mouths which have been covered over by soil and

vegetation, the magnetometer should detect an anomaly between the fill of

the cave and the surrounding limestope into which it is cut. Saméles of
stone and soil from the cave sounding of this past summer are now being sent
to MASCA, in order to test this assumption for the Beqa'a area. Should

it not hold true, soil-penetrating radar or some other instrumentation
being developed at MASCA will possibly be used. Additional financial

backing from an American source, possibly NEH, to be matched by the

Jordianian Department of Antiquities, will be sought to support the project.

NEAR AND REMOTE SENSING: GEOPHYSICAL SURVEYS.

A Fast and Accurate Traverse Marker.

With most of our geophysical surveys, we use measuring tapes and
calibrated ropes to determine the location of the traverses and stations
for readings to be followed by the surveying crew, While this allows accurate
control of position within a survey grid, a faster method would be desirable
for our large-area surveys. A new system which we plan to construct will
allow us to deine fast and accurate lines of traverse. A wheel with a 2/m
circumference wil} serve to indicate positions along a traverse by its ro-
tation as it is pushed along; this wheel will be made of nonmagnetic materials
so that it can be rolled near the sensitive sensor of our cesium magnetometer.,
The line of the traverse will be marked with a sharply-collimated beam of light ,
possibly from a diffused laser. A person walking towards this narrow-angled
beam can readily and precisely follow its straight line. 1In hilly terrain,
a fan-shaped beam would be needed.. A further variation would be to use a

collimated retro-reflector at the end of a traverse line; a light carried by
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the individual with the sensor would then be reflected only when he was on
the traverse line. Other possibilities we may try would employ the parallax
of a pair of vertical poles or the interference of a pair of simple radio

transmitters; the latter would be valuable in wooded terrain.

A Profiling radiometer.

One of our aims is directed toward the development of electromagnetic
geophysical survey instruments which will provide more detailed and faster
underground information than a four-point resistivity probe, but which will
also be less expensive than the ground-penetrating radar systems which are
currently available. A profiling radiometer might be the desired instrument.
Buried objects emit elecEromagnetic radiation which is dependent upon their
temperature and emissivity; the propagation of this radiation to the surface
?s influenced by the electrical parameters of the intervening soil and
rock. Both effects can give us valuable clues to subsurface materials which
may lead to the location af archaeological artifacts and structures. By
scanning the frequency of the radiometer through a band between 100 MHz
and 1GHz, one may get an indication of the depth of an object, up to a
maximum of about 5 m. We plan to investigate the design of a possible

system and will test a prototype if it is feasible.

NEAR AND REMOTE SENSING: AERTAL PHOTOGRAPHY.

A New Detector of Color Anomalies.

Patterns of anomalous colors can be used to indicate the location of
buried objects. Color contrasts in soil or vegetation can reveal archi-
tectural features such as refilled ditches or buried walls. While aerial
photography has been successfully applied to this reconnaissance problem,
certain difficulties have remained. 1If the color contrast is precisely

known, the film and filter combination for the camera can be selected to




maximize the visibility of that specific contrast. However, in many cases,

the exact color anomaly is not known; therefore incorrectly chosen films

and filters can degrade the contrast of the aerial photograph.

We plan to test a possible way out of this dilemma. A color-
dispersing prism will be placed in front of the camera's lens; then, with
color film, a.chromatic spectrum will be formed, marking the boundaries of
the areas which have a color contrast. Even with black-and-white film in
the camera, these:color boundaries will be revealed by light or dark toned
bands on the photograph. This has been demonstrated by Bruce Bevan (PhD.
thesis, University of Pennsylvania 1977). With both approaches, (Color
and black/white) chromatic dispersion by means of a prism provides a general

technique for detecting any color contrast.
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IV, INFORMATION CENTER

The MASCA Information Center maintains a catalogue of scientific
techniques of value to archaeology and anthropology. Current publications
are covered for new i&eas and-new applications of the physical sciences in
archaeology, abstracts are made of relevant articles, and copies of the most
useful articles are kept in the files of the Information Center. 1In recent
years we have expanded our subjects covered to include some headings in the
environmental sciences, e.g. climatology, ecological infcrmation and faunal
analysis. The files contain about 10,000 abstracts collected over 16 years.
In addition, we maintain a smallrlibrary of books and monographs on techniques,
subscribe to 20 journals directly and receive 1l journals on exchange.

Faculty and students or interested members of the public can use the
files, books and journals in the Information Center library, or material
can be signed out for short periods of time. The MASCA Information Center
staff are on.hand to assist users of the library in the selection of
references. They will suggest avenues of investigation of specific problems

and will conduct library searches in response to specific requests.

Many requests for assistance come from outside the Philadelphia area.
To speed up our response to such requests, we have devigcd a system whereby
we can send out Xerox copies of references and abstracts on each subject.
Outside requests constitute over 50% of requests for information. Requests
range from requests for information on a parficular technique to general
information on all techniques. Of two recent requests, one was for in-
formation on neutron activation analysis from a professor teaching a class
of Classical archaeology students, the second was for background information

on scientific techniques for a television program on the evolution of man.




A MASCA Newsletter is published periodically to exchange ideas, techniques
and informatlion on the applications of science to archaecology. The
Newsletter contains material provided by members of the MASCA staff and by
other scientists from around the world, in an apprbximate 50-50 ratio,
and is sent out free of charge to interested subscribers. At the moment
oﬁr subscription list stands at approximately 4,300 and includes sub-
scribers from all ovef the world. An issue devoted to remote sensing by

satellite in érchaeology is in press.
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V. PRESERVATTON OF MUD-BRICK AND FRIABLE STONE STRUCTURES

In 1971, Darrel Butterbaugh retired from industry, and offered to be
a volunteer in MASCA. With his PhD. in organic chemistry, he is eminently
qualified to conduct our programof preservation af.mud-brick walls, etc.
at archaeological and other sites. This program and specific new activities
are now described.

Adobe and Friable Stone Program

Acrylic and methacrylic polymer solutions in dilute concentrations
have been used to consolidate and stabilize mud-brick and mud structures.

Both wet and dry stabilization are achieved. Comparable treatments on soft

and friable stone also impart very significant strengthening to the treated
substrate. A controlled mini-sandblasting technique in the laboratory has
made it possible to compare quantitatively the dry strengthéning being
achieved. This, coupled with simulated rainfall and wet freeze-thaw
cycling has enabled us to carry laboratory testing quite far. -However,
field testing under local environments is the only true measﬁre of effec-
tiveness. OQutdoor test stations have been established in Philadelphia,
Florida, Guatemala and Iran. A new test on mud is planned for Casa Grande,
Arizona, and a Besh o S0l sandstone, for Petra, Jordan.

The polymer solution-technique is particularly effective for con-
solidating and preserving some of the Gery soft and highly carved stone
and plaster at Tikal, Guatemala: we plan to perform a demonstration field
test at this site. In addition, wes will soon have two years' exposure on
the limited tests on stone consolidation at Quirigua, Guatemala. A larger
test should be initiated in the near future. Bonh sites have been excavated

by the University Museum
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The field tests on mud bricks and walls at Hasanlu in TIran (also ex-
cavated by the University Museum) have now been in piace for 25 months,
Periodic inspections and photographs have been made by visitors to Iran, but
these have not been people with trainingiknpreser?ation. In 1978 a detailed
inspection and evaluation of this large field test should be made by a
specialist from MASCA.

There is strong evidence that polymer solution-treatment retards or
eliminates salt incrustation of adobe or stone. A test wall with controlled

water injection to the base is to be treated to evaluate the laboratory

experiments. Laboratory work should also be extended to salt-growth-control
on museum specimens.

A new, high-boiling, non-toxic monomer is becomiﬁg available for
adobe and stone impregnation and in situ polymerization. P%eliminary work
indicates that the penetration is deep, polymerization control is easy, and
consolidation strong. Too much discoloration occurs for some épplications.
Further work in the laboratory is needed to find ways of OVefcoming this
difficulty and of adapting this new monomer to a practical.use in adobe and
stone preservation,

Chemically ﬁodifiea mud has been demonstrated to be quite resistant to
extreme weather conditions. Outdoor tests in Philadelphia, Florida, Guatemala,
New Mexico and Iran are showing the advantages and disadvantages of this
method of restoration. Further work in the laboratory and the field are
needed to improve adhesion to mud wall surfaces.

Marble and Limestone.

Current laboratory work indicates that soft marble statuary can be

strengthened markedly by treatment with certain polymer solutions or by




fmpregnation with suitable monomers followed by in situ polymerization,
Both conventional and the newly available monomeric material previously
mentioned should be adapted to free-standing statuary and decorative étone
mouldings. | |

A polymer coating applied to marble and limestone has shown mﬁrked
resistance to water and acid attack, Treated samples can be immersed in
strong acid for weeks without reaction. Coatings are on out-of-door test
specimens at present., If they do not show serious soiling this winter,

field tests should be set up in several severe city atmospheres. In many

cities and particularly in Athens, atmospheric acid sulphur contamination

is quite severe. The marked acid protection provided by this coating suggests

that it may prove to be an excellent candidate for marble statuary preser-

vation. A test on marble in a non-conspicuous spot in Athers will be most

useful,
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VI. COLLABORATION

A. Collaboration with Industries.

1) Varian and GeoMetrics

In regard to magnetometers aﬂd computer plots'of results, we have had the
active collaboration of GeoMetrics (Sunnyvale, California), and, especiall;,
of the president of the company, Dr. Sheldon Breiner, who was formerly with
Varian Associates.

2) Du Pont
Currently, we are fortunate in having the active participation of

Hugh Sharpe (a member of the Board of Managers of the University Museum and

active in E. I. Du Pont de Nemours and Co., Wilmington, Delaware). He

owns and flies a private airplane, and has been generous in offering his
services for aerial photography, especially in Mexico and theé southwestern
U.S.A.

3) Rohm and Haas

Dr. Otto Haas, Vice-Chairman of the Board of Rohm and Haas Company and
a member of the Board of Managers of the University Museum, has volunteered
his services to work with MASCA as Associate Director for Development. As a
start he is acquainting himself with our activities and visiting other centers
of research such as the U.S. Geological Survey and RLA at Oxford. Eventually,
his travels will be more extensive in his search for new ideas and techniques
that are or can be applied to archaeological-anthropological research,

Also from Rohm and Haas, Darrel Butyerbaugh, a retired research chemist,
has joined MASCA as a part-time volunteer to tackle the problem of the con-

solidation of mud-bricks by means of polymer chemistry.
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4) General Electric Company

We have begun a series of conferences with the General Electric Company
and its Space Division with headquarters at Valley Forge, Pennsylvani;.

Their great expertise with remote sensing equipment and interpretation
techniques should be a fine asset to our efforts to apply technology to the
neads of archaéology. In discussions with Mr. Robert Jones and Dr. Kiyo
Tomiyasu and others, we have exchanged ideas about our respective projects
and goals. A specific project we have investigated is the Orbital Flight
Test pfogram for the space shuttle; and the possibility of an experiment in .
space photography for archaeology. We are also considering foliage-pene-
trating radar; this would be very helpful in the exploration of jungle areas

in Central America and in Southeast Asia.

E. Collaboration with Other Laboratories and Research Centers

1) Laboratory of Tree-Ring Research

MASCA has collaborated with the Laboratory of Tree-Ring Research,
University of Arizona, since 1959. The uniqueness of this laboratory in re-
spect to its program of field research and collection of ancient trees as
well as the subsequent dating of the wood, has made collaboration a prime
objective. The preciseiy dated wood samples of the Tugson laboratory are
the keystone of one of MASCA's important projects, that is, the comparison
of the dendro-dated tree-ring samples with the radiocarbon dates derived
from the samples. The observed consistent variations over a period of more
than 7300 years formed the basis for MASCA's correction factors for radio-
carbon dates (Ralph, et al., 1973).

Reciprocally, MASCA's radiocarbon dating of "floaters", that is, tree-

ring samples which could not be readily dendro-dated, has helped resolve
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some of the problems encountered by Arizona's Laboratory of Tree-Ring Re-
search. Dr. C. W, Ferguson is MASCA's principal contact at the Tree-Ring
Laboratory, and the person who has achieved this great series of tree;ring
dates., | |

Not directly pertinent to this application for MASCA funds, névertheless
of significance to dating techniques generally, are the finds of ancient
wood (bristlecone pine) made during the summer of 1977 by C. W. Ferguson and
our H. N. Michael. On preliminary analysis, at least two pieces of the wood
will reinforce the (hitherto unpublished) chronology between 5400 BC and
6000 BC, and may even reach into the 7th millennium BC. Of even greater
significance is the find by Ferguson of wood which may span the approximately

1000 year gap between the years 6000/6100 BC-7000 BC, the latter having been

ip Ferguson's possession for several years.

‘If all of these correlations work out, we will be able to extend the
dendrochronology -- and with it the correction factors for radiocarbon
dates =-- to about 8000 BC, that is, across a span of nearly 10,000 years.

2) The Stanford Research Institute

During the period 1974 to 1977 MASCA has acgively collaborated with
the Stanford Research Institute in connection with the use of soil-penetrat-
ing radar for the discovery of buried archaeological structures and buried
woods in alluvial fans. The collaboration has been described in some detail

in MASCA Newsletter volume 11, number 1. The collaboration continues, and

we hope to continue to utilize soil-penetrating radar for the location of
buried wood, as well as at archaeological and historical sites such as

Valley Forge.




C. Collaboration with Other Departments at the University of Pennsylvania

1) Laboratory for Research on the Structure of Matter (LRSM)

Qur collaboration with the Department of Mgtallurgy began in 1963
with a study of a corroded iron dagger by Mr. Reéd Knox, who was directed
by Professor Robert Maddin, Chairman, and encouraged by Professor Cyril
Stanley Smith (Institute Professor, M.I.T.). Subsequently, with the
financial support of NSF Grant GP-4766 (1964-1966) entitled "A Training
Program in Metallurgy and Archaeology', several graduate students
participated in combined archaeological-metallurgical studies. These
studies were supervised by Professors Maddin and Smith and by various
curators in the Unifersity Museum. The results of two of these were
incorporated into PhD. theses, and one formed the basis of a Master's

_thesis.

The active participation of graduate students diminished at the
termination of the grant. Now, however, we have resumed this collabora-
tion. This permits members of MASCA, curators of the University Museum,
graduate students and visiting scholars to work with the personnel of
the LRSM laboratories in centers equipped with electron microscopes,
microscopic scanners, non-dispersive X-ray detectors, X-ray diffraction
equ%pment and, of course, metallographic and photographic equipment.

In addition to the above arrangements, Dr. Andrew McGhie, super-
visor of the analytical chemistry section in LRSM, has been working with
us in connection with our thermoluminescénce project, as mentioned
previously. We also plan to develop new techniques to measure TL
without sample removal from objects. Also, his section is equipped
for gas chromatography, and maintains associated components, such as

those required for analyses of the possible contents of ancient pots.
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However, the gas chromatograph is not available to MASCA for routine

analysis.

2) Department of Chemistry

For many years Qe have had contacts with various members of the
Department of Chemistry. Our closest and most continuous has been
with Dr. John G. Miller, who is the professor in charge of the Mass
Spectrograph which we have used for the measurement of 13C/12C ratios
(a small correction factor for 140 dates). We have recently acquired a
new Micromass isotope ratio mass spectrometer (NSF Grant EAR 76-14258)
which allows more accurate determination of correction factors in = C
dating, as well as new tests of fractionation mechanisms.

In both LRSM and the Department of Chemistry we are collaborating
-with Professor Hochstrasser to test the feasibility of exténding the
effective range of radiocarbon dating by enrichment of the naturally
occurring 14C with lasers. We are using lasers and spectrometers
which are part of the facilities of LRSM. Much of the syntﬁetic chemis-
try for this project has been done by Andrew McGhie of LRSM. We have
also arranged through Professor Alan Smith of the Chemistry Department
of Drexel University for the use of a N,-pumped dye laser.

3) Department of Physics

With the Radiocarbon Laboratory located in the David Rittenhouse
Laboratory, which houses the Departments of Physics, Mathematics and
Astronomy, there are naturally frequent contacts with members of the
Department of Physics, and a variety of workshops and services to which
we have access, including the Li-Ge detector associated with components
of the Tandem Accelerator. Dr. William E. Stephens, Professor of Physics
and Associate Director of Research for MASCA, is readily available to

aid us with any problems and to advise us in our research. Both Drs.
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Stephens and Roy Middleton are designing experiments for the direct
measurement of 14C, which has been demonstrated by Nelson et al. at
Rochester to be feasible (Nelson et al., 1977; Beénnett et al., 1977).

4) Department of Geology

From the beginning, Dr. Henry Faul, Prfessor of Geology, has
been keenly interested in the Radiocarbon laboratory and in our dating
programs an& other activitgs. (Dr. Faul is well known for his con-
struction and operation of Potassium-Argon dating equipment.) Dr. Faul
and several students are investigating fission-track analysis and its
application to palaeothermometry as well as to dating.

We have also collaborated with Dr. Robert H. Giegengack of the
Geology Department in a detailed study of carbon isotope geochemistry
'of Havasu Creek in the Grand Canyon, Colorado. This study has enabled
him to assess quantitatively the validity of radiocarbon ages on
calcareous tufa (a common form of inorganically précipitated CaCO3),
that has been widely used as a climatic-stratigraphic indicator. The
negative results of this program have indicated that ages determined
from calcareous tufas are not at all reliable (Giegengack et al., 1977).

5) Department of Electrical Engineering

-

Members of the University's Electrical Engineering department are
now collaborating with MASCA on the development of new archaeological
exploration techniques. In addition to optical imaging systems, the
possible advantages of radar and passi&e microwave imagery are being
investigated. Electromagnetic sensors can provide additional spectra
toth for anomaly imaging and underground penetratibn, and for detection
which is impossible at optical wavelengths. Dr. H.N. Kritikos, an

expert in the application of electromagnetic theory, is collaborating




with us in the design of new geophysical instruments.

6) University Museum

MASCA, as such, 1s housed in the University Museum, where the
Departments of Anthropology, (including American Archeology) and
Classical Archaeology are located, as well as all the curators of the
vérious sections and collections. Naturally, our contacts with many

members of the staff are both frequent and fruitful.




VII. FACILITIES

A. MASCA LABORATORIES, UNIVERSITY MUSEUM

1) Space

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—conditionedvby
means of a central water—éobled system.
2) Equipment
a. Thermoluminescence

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
in 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 210?0 sources per year to continue the alpha experiments. Grinding
equipment, dosimeters,and other minor components have also been purchased.
b. Dendrochronology

A dendrochronograph and low-power microscope, for measuring the
widths of tree-rings, were purchased several years ago. H.N. Michael
has collected and tree-ring-dated an adequate number of sequoia and
bristlecone pine samples for MASCA's studies, for exchange and for
exhibit. The collection also includes other woods that were at one time

or another processed in the laboratory, such as Lebanon cedar, black pine
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from Anatolia, and zapote from Central America.
c. Equipment for Archaeological Prospecting

As described previously, we possess two cesium magnetometers;
one proton and one fiux—gate magnetometer; four Geohms; metal detectors;
and seismic-sonic components. We also have tools and test equipment
including a battery-powered oscilloscope.
d. Aerial Photographs

As a résult of the flights of the US Air Force at 3500 meters and
the Italian Air Force at 600 meters over Southern Italy, we have two
different sets (2000 each) of photographs of the Plain of Sybaris and
surrounding hills. From more recent experiments, we have 1000 prints
taken over various archaeological sites in England, and‘8 rolls of
-transparencies of the Snaketown, Arizona region, as well aé photos
of ﬁalley Forge and other sites.
e. Information Center

This contains a small library of books and articles frém periodicals,
extensive card files of abstracts indexed both by author and by subject,
and also the central MASCA files.

It is now located in a larger room (no. 185). One end is reserved
for work space, and the center portion of it is now equipped with a

sizeable table and chairs for those using the files.

B. RADIOCARBON LARBORATORY, DAVID RITTENHOUSE LABORATORY, DEPT. OF PHYSICS

1) Space

The 140 laboratory was formerly located in only the two connecting
rooms (BW4 and BWG), each 6 x 6 meters. With funds from NSF GS 36308X,
a large adjacent room (BW8) measuring 6 x 15 meters which had.been a
storeroom, was equipped, air-conditioned, and added as a laboratory room.

There is now adequate space for the radiocarbon laboratory.
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2) Equipment

After the establishment of the radiocarbon laboratory in 1951, it
was moved to the '"new" Department of Physics in.1956. At that time
equipment was purchased to convert from solid carbon to carbon dioxide
gas proportional counting. We now have the following components for
routine and experimental 14C dating:

Two fume hoods for the pretreatment of samples with HCl 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 14C counting; the other is available
. for experimental purposes.)

| Three 002 gas proportional counters (two 8-liters and one l-liter
capacity), with surrounding shielding and associated electronic compon-
ents, as shown diagrammatically in Fig. 5. '

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

tion of the laboratory and to conduct new experiments.
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PERSONNEL

A. The organization of MASCA and our basic financial support are shown

in the attached block diagrams (Tables I and II).

B.

X,

Curricula vitae of the members of MASCA staff are attached,

SUMMARY

The activities of MASCA which in final analysis correlate with each

other, may be summarized as follows:

L))

2)

3)

4)

5)

Radiocarbon and thermoluminescent dating of samples in the laboratories.
Dendrochronology -- continued search for and dating of older bristle-
cone pines,

Near sensing -- ground surveys with geophysical prospecting instruments,
including magnetometers and soil-penetrating radar,

Remote sensing -- both aerial photography and interpretation of
satellite imagery,

Information Center -- the collation and dissemination of data gathered
from pertinent literature, field surveys, excavations and laboratory
dating, as well as of data related to other new techniques,

Chemical stabilization of archaeological structures.




Associate Director for Research
Willlam E. Stephens
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TABLE I
, MASCA PERSONNEL INCLUDING RADIOCARBON LABORATORY

Director ‘
Martin Blddle

l

Associate Director
Elfzabeth K. Ralph

|

Associlate Director for Development
F., Otto Haas
]

FADIOCAREON LABORATORY
Dept. of Physies

[

Padiccarbon Budget (7/1/77-6/30/78)
$59,934.00
Elizzbeth K. Ralph
Barbzra Lawn

Jeffrey Klein (G.S.)

U. of Fa. Support - Physics = Museum

Erz 74-22233-A01,

Elizzbeth X. Ralph, Principal

Investigator (1/3L777/31/79)
£90,015.00 ¢

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

NSF Support, Earth Sciences Division

Wiiliam Penn Foundation

(3/1/77 - 2/28/78) $6,729

Ecrnard Fishman (G.S.)

NOTES:" 1) G.S. = Graduate Student

MASCA - UNIVERSITY HUSEUTLJ

I NSF Support - Special Projects
Division of Social Scilences

(80C 75-04203-A02)
7/1/77 - 6/30/78
| $129,035

[

Thernoluminescent
Dating of lottery

Marlk Han

Stephen Epstein (G.S.)

Nicholas Hartman (G.S.)

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

Tnf

ormation Centerxr

Kathleen Ryan

Hamish Forbes (G.S.)

Interdepartmental and
Volunteers
]

jPorassitm Analyses

Mud-brick and 1
Stone Preservacion

I
!
!! Margaret Vanderea
Darrel Butterbaugly
L

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 h
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TABLE II

CURREMNT SUPPORT AND PENDING APPLICATIO!NS

Current Support

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

6 man-months

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

Elizabeth K. Ralph, Principal Investigator
2 man-months
MASCA Laboratories

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

Martin Biddle, Principal Investigator
1.2 man-months

National Park Service, Valley Forge Project
(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)

$59,934.00

90,018.00

129,035.00

99,994 .00
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MASCA BUDGET - REQUESTED FROM NSF

First year Second year
‘ ending 6/30/79 ending 6/30/80
THERMOLUMINESCENT (TL) DATING & NEW ASSOCTIATED EXPERIMENTS
1. Salaries & Wages
a. Research Associate in the Basic Physical Sciences (A-2) 17,000 18,020
Full-time - 12 months
FTE - 12 man-months .
b. Two Research Fellows (A-2)* 10,800 ' 11,450
3 summer months - full-time; '
academic year - 1/2 time
FTE - 8 man-months each
TOTAL SALARIES $27,800 $29,470
2. Employee Benefits
A-2 ‘ (27,800 X 24.8%) 6,894 (29,470 X 25.8%) _7,603
TOTAL EMPLOYEE BENEFITS 6,89 7,603

TOTAL SALARIES PLUS BENEFITS $34,694 $37,073

*The two Research Fellows will be primarily associated with TL dating and new experiments.
However, they will assist occasionally with field work, the Information Center and other
projects 1in the laboratories; both in order for them to gain a broader experience and to
help with the miscellaneous emergency needs of MASCA.
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MASCA BUDGET (page 2)

Y

3. Expendable Equipment and Supplies
Nitrogen and other chemicals, sample containers,
and minor laboratory supplies
Minor electronic components including
photomultiplier tubes

TOTAL EXPENDABLE EQUIPMENT AND SUPPLIES

4, Services
Machine shop for assembly of experimental
TL components
Service contract for central air-conditioning
(This unit services all MASCA labs, but is
most essential for the stability of the TL
equipment)

TOTAL SERVICES

5. Travel
For attending conferences at Brookhaven
and nearby research centers
TOTAL - DOMESTIC

Archaeometry Conference (This was held at U. of P,
in 1977 at no cost to NSF, and will probably be
held abroad for several years)

. TOTAL - FOREIGN

TOTAL - TRAVEL

6. SUB-TOTAL FOR CALCULATION OF OVERHEAD

7. OVERHEAD AT 52.5%
8. SUB-TOTAL PLUS OVERHEAD

9. Equipment
Tektronix Oscilloscope with storage CRT (to
replace obsolete, non-functioning CRO)
Keithlfg (or equivalent) Linear Picoammeter
(1007 to 3 X 1072 amps )
New experimental, not readily available, such as
Gas Chromatograph and associated components

TOTAL EQUIPMENT

| , 10. OVERALL TOTAL

First yvear . Second year
ending 6/30/79 ending 6/30/80
750 800
1,000 1,000
$1,750 $1,800
700 700
250 300
$950 $1,000
200 250
$200 $250
900
900
$200 $1,150
$37,59% $41,023
©$19,737 (@ 54.0%) $22,152
$575331 $63,175
2,100
2,000
5,000
$4,100 $ 35,000
$61,431 $68,175
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MASCA BUDGET (page 3 )

ARCHAEOLOGICAL PROSPECTING WITH GEOPHYSICAIL INSTRUMENTS,
AERIAL, & REMOTE SENSING )
(Since Prospecting and Sensing are complimentary and

are usually performed by the same personnel, these
must necessarily be grouped together)

1. Salaries and Wages

a. Geophysicist, Research Specialist II (A-1)
Full-time - 12 months (Bruce Bevan)
FTE - 12 man-months

b, Junior Research Specialist (A-1)

Full-time - 12 months
FIE - 12 man-months

TOTAL SALARIES

2. Employee Benefits

A-1 (@ 18.5%)

TOTAL EMPLOYEE BENEFITS

TOTAL SALARIES PLUS BENEFITS

3. Expendable Equipment and Supplies
a. For Archaeological Prospecting
Spare parts, cables and minor components
b. For Aerial Photography and Remote Sensing
Kites, filters, films, copies of satellite
photos, etec,.

TOTAL EXPENDABLE SUPPLIES AND EQUIPMENT

First year
ending 6/30/79

13,500

$13,500

2,498

$ 2,498

$15,998

500

635

1,135

Second vear
ending 6/30/80

13,000

————

$13,000

(@ 19.5%) 2,535

$2,535

——

$15,535

1,000

1,000

2,000
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MASCA BUDGET (page 4 )

Services

a. Adircraft rental for aerial photography

b, Film processing

c. Machine shop for adaptation of items listed
under equipment

TOTAL SERVICES

Travel

For archaeological prospecting and aerial surveys
at Lixus, Morocco and/or other sites ( second year
possibly Jordan) FOREIGN

Sites in U.S.A., such as controlled tests at
Chaco Canyon, New Mexico
DOMESTIC

TOTAL TRAVEL

. SUB-TOTAL FOR CALCULATION OF OVERHEAD

OVERHEAD AT 52.5%

SUB-TOTAL PLUS OVERHEAD

Equipment
For color anomaly detector
For traverse marker
For profiling radiometer

TOTAL EQUIPMENT
OVERALL TOTAL

First year Second vear
ending 6/30/79 ending 6/30/80
300 500
200 300
300 300
$800 $1,100
1,200 ) 1,500
500 700
$1,700 $2,200
$19,633 $20,835
10,307 (@ 54%) 11,251
$29,940 $32,086
430
350
350
$1,130

$31,070 - $32,086



MASCA BUDGET (page5 ) ' First vear

ending 6/30/79

INFORMATION CENTER

1,

Salaries and Wages :
Research Bibliographer (Kathleen Ryan) 10,560
Full-time - 12 months
FTE - 12 man-months

e ———

TOTAL SALARIES $10,560
Employee Benefits
A-1 X 19.5% '
A-3 X 29,5% 3,115
TOTAL EMPLOYEE BENEFITS $3,115
TOTAL SALARIES PLUS BENEFITS 813,675
Materials and Supplies
a. Book purchases 750
b. Journal subscriptions 700
- €. Office supplies and duplicating (including 400
ZRE0R Sopying) TOTAL MATERIALS AND SUPPLIES $1,850

_Publication of MASCA Newsletter

Two issues per year @ 4¢ /page 3,000
@ 5¢ /page
TOTAL PUBLICATION COSTS $3,000
SUB-TOTAL FOR CALCULATION OF OVERHEAD 18,525
OVERHEAD AT 52.5% 9,725
OVERALL TOTAL $28,251

(A-3)

(54.0%)

Second year
ending 6/30/80

11,190 (A-1)

—————

$11,190
2,182

$2,182
$13,372
800

750
500

$2,050

3,500

$3,500

18,922

10,218

$29,140
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'MASCA BUDGET (page 6 )

MUD-BRICK AND FRIABLE STONE PRESERVATION

1.

Salaries - NONE
This work 1s performed by Darrel Butterbaugh,
a volunteer Research Chemist. In the field,
he 1s frequently assisted by students and
workmen at excavatlons conducted by the
University Museum and other Institutions

Chemical supplies and minor components for
testing new methods of preservation

Travel
a, Foreign
Mud-brick preservation at Lixus, Morocco
Preservation and inspection at Petra,
Greece and Hasanlu, Iran '
b. Domestic - Inspection at Chaco Canyon,
N.M., etc.

Sub-total for calculation of overhead

Overhead

Equipment - NONE

OVERALL TOTAL

(@ 52.5%)

First vear
ending 6/30/79

1,000

1,200

$2,200

1,155 .

$3,355

(® 54%)

Second year
ending 6/30/80

1,000

1,700

400

43,100

1,674

$4,774
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MASCA BUDGET - SUMMARY (pége 7)
ACTIVITIES First Year Second Year Total
A. Thermoluminescence | 61,431 - 68,175 129,606
B. Prospecting & Aerial Photography | 31,070 32,086 63,156
C. Information Center | 28,251 _ 29,140 57,391
D. Preservation " 3..355 _ 4,774 8,129

TOTALS §124,107 91345175 $258,282
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E MATERIALS AND SURPLIES
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THERMOLUMINESCENCE

In response to the question of our awareness of TL developments
going on elsewhere, as well as our apparent failure to incorporate tﬁeSe
"advances" into our’ TL methodology, we would like to point out the following;
(1) The Information Center here at MASCA provides a ready source
‘of current research developments and applications in all of
our fields of research inciuding TL.
(2) We are in constant communication with other lanratories working
$5 Ehe Efald of T dating; L =
3 ‘We assist other institutions who.are desirous of eetring up
their own TL laboratories, desplte the acknowledged dlfflcultles

and uncertaintles of the method as a dating tecnnique.

The approach of the TL laboratory at MASCA is dlfferent from that of
some institutions, notably Oxford. At Oxford, work has proceeded as thesis
projects of graduate students under the direction of Dr. M.J. Aitken. For a
thesis in physics, it is essential to investigete a fundamental'aspect of a
physical process. At MASCA, work is directed toward continued development of
-a single technique, in an effort to improve its reliability and usefulneee.
As a result, the character of the research is different. It is not alweys
desirable to immediately adopt new teohniques with their uﬁsolved'problems'
in preference to refining existing ones which have benefited from constant
development. Through the years, since our initial report in 1966, we have
carried out our dating by the same general procedure, in order to accumulate
siffieient data to show the workability of TL for archaeologioal purpoees. '
At the same time we have continued research into the associated problems in -

an effort to improve rellabllity of TL as a means of dating.

In response to the specific criticisms of the reviewer, we -would like.‘
to make the following comments: | .
(1) Although we would agree with the reviewer that the currentl&
employed measurement of induced TL susceptibility should provide
an adequate correction for the variations in natural TL sensitivity,
we have reason to suspect that this correction may not be adequate
in all cases. 1In 1974, when we first presented our findings on

quartz susceptibility as a function of annealing temperature, we




thought-there was a direct relationship implying increasing
sensitivity with increasing annealing temperature. Subsequently
our wofk with clays has added to our appreciation of the com-
plexities of the relationship (see p. 11). No one has yet shown
that the éensitivity/temperature'relationship is the same for all

fypes'of radiation, and it is this which we feel must be inves-

'_'tigated in order to eliminate any doubt concerning sensitivity

2)

assessments made by measuring X-ray induced TL. The work published
by Fleming (Archaeometry 15(1973)3-30) is not relevant to this

question,‘since it is concerned with the pre-dose methods of annealing

.samples at 500° C to change the 320° C peak.

Most of the factors found by other laboratories it eEfect 0
determined ages have in fact been discovered by Oxford, and are
influential to the extent that TL is considered anrabsolute and not
a relative‘dating technique. In particular, though grain size is-
_undbubtably important to dating methods using the inclusion method

(S.J. Fleming, Archaeometry 12,2(1970)133-146), in tests conducted

here at MASCA using the relative dating technique, whole sherds are

used. Similarly, variations in alpha efficiency, effects of ground

- water, supralinearity and anomalous fading (A.G. Wintle, Archaeometry

Conference, Philadelphia 1977) are factors affecting the TL-determi-
nations using the fine grain method (D.W. Zimmerman, Archaeometry

13,1(1971)29-52) and do not seem to be of great importance to TL

dating as done at MASCA. The genéral applicability of these three
reéent methods has not been demonstrated; most of the piohegring

work was done on carefully selected sherds. Furthermore, the principal
investigators have expressed doubts (M. Aitken to E.K. Ralph at the '
1977 Archaeometry Conference). The only factor mentioned which we
have found to be important is the assumption of equilibrium.in the
thorium decay series. In cooperation with the nuclear physics de-—
partment, we are currently using a solid state (lithium drifted
germanium crystal)Y'-detector and a multi-channel analyzer to test

this equilibrium. The results of these experiments indi;ate that

i
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the ratio of thorium to uranium is not a constant, but ranges
from 0.5 to 4.0. Additionglly, using theaf—detector, we are

able to test for radon leakage and can calculate the total energy
deposited as a result of the internal radioactivity. In pre-
liminar& results obtained thus far, it appears that the totai
energies deposited as calculated from the X—detectqr are in

good agreement with estimates fromet -—counting.

‘(3)‘ As already mentidned, we do feél that it is important to examine
the temperature dependence of the TL-phenomenon. Matrix and
firing temperature have been Shown to be two of the more important
factors affecting TL. TGA and DTA are subject to serious limitations
imposed by reabsorption of water and other factors, but ma& well be
effective techniques, when ;oupled with TL measurements, for de-
termining firing temperatures, as detailed on pages 25-26 of the
proposal. ' '

(4) The method of sample preparation developed by Mr. J.R. Watson
ffofmer graduate student assistant of MASCA) was different from
that reported by Goken and co-workers (thin-section methbd).

For further clarification on this point, see MASCA Newsletter
12,2 (December 1976).
(5) Eight articles were published between 1966 and 1976 deallng with

TL development and specific problems associated with work at MASCA.
These are listed in the Curricula Vitae of the staff, p. 51.
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PRESERVATION OF MUD-BRICK AND STONE STRUCTURES

We did not mean to imply that preservation research was unique -
to MASCA. On the contrary, we are very well aware of work that is
being done at othei institutions, especially work done in Italy, Iraq,
and in our own National Park Service. Dr. Butterbaugh, our volunteer
research chemist, is a ﬁember of the Association for Presefvatibn Techﬁology
and attends meetings concerning preservatién problems. Mr. Vincent ?igott,
ﬁr.‘Buttérbaugh's volunteer associate, attended the Second International
Symposium on the Conservation of Buildings in Mud Brick at Yazd in March 1976
giving him an opportunity to discuss common problems with experts from all
over the world. As a result of our own bibliographic research at MASCA,
contact with‘other researchers in this field, and personal observations of
eroding mud and stone structures in many parts of the world, we feel that
we do indeed recognize the "serious difficulties" involved.

Dr. Butterbaugh has worked for many years with materials which are
used as cement additives and improvers and with other polymers and resins.
He i1s able to draw on the large background knowledge acquired from his
former business association with a large chemical company. E-330, for
instance, has been thoroughly tested and is uéed as a cement additive
and improver; This is the first significant testing of E—330 as a soil
stabilizer. The material has been tested in the Southwest U.S. for
three years. Best results have been achieved by applying a water/mud/E-330
plaster over existing walls so the problem here is to get good adhesion
rather than deep penetration of the material into the wall. With A-21 the
penetration is 2-4 cm. Others have used these same or similar soluticns
at much higher concentrations and penetration has been poor. We are uéing 
very dilute solutions and so we are achieving deeper: penetration.

If and when failure occurs, whether due to greatly accelerated lab weathering
by simulated rain, and freezing and thawing, or by natural erosion due to
outdoor exposure, only the top surface grains or particles of soil erode,

not the entire depth of treatment. Therefore less damage occurs than would
occur from normal weathering of untreated surfaces. To the best of our
knowledge no effective method of solidifying mud brick walls has been
developed which will withstand hundreds of wet/freeze/thaw cycles.

These treatments do.




We measured the samples not by fundamental measurements but by
subjecting them to wet/freeze/thaw testé in the lab. We as well as
others have made physical measurements for hardness, stiffness, water
repellancy, abrasion, etc. but the real test is for durability in the
field. This is precisely the purpose of our tests in Iran, Florida,
Chaco Canyon and Guatamala. We know that it will be ﬁany years before
we can expect conclusive ;esults. It is also essential that more than

.one test be established in various parts of the world. Climatic conditioms,

modes of comstruction, types of clay, etc. vary widely between different

parts of the world where mud structures are constructed. In the case of

stone ﬁeathering, conditions vary even more widely. We therefore must
make allowance for special problems in different areas. To avoid damage

 to archaeological structures only very limited surfaées have been treated.
In most cases we have constructed our own mud brick walls in the test
areas.

One of our experiments in Guatamala which was geared towards the
probiem of conséructiﬁg safer structures in an area likely to be damanged
by earthquakes was in collaboration with a team from CARE and was only
one of many experiments which included experimental cdnstructions of
quake proof-structures using various materials - from treated adobe,
to wood, to ferro cement. It was suggested that the lower courses of
‘houses might be constructed of treated adobe to prevent the serious

problem of the adobe buildings collapsing due to the seepage of rain
or groundwater.




