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1. . INTRODUCTION

Pottery has been studied and cias sified by archaeolo‘g.ists in an effort to
understand its stylistic development and learn s‘dméthilng about the techniqu‘és
: of manufacture as practiced in various cultures at different points in time.  As v
these wares are éxported to various centers: of commerce and trade one might
‘expect to find local styles and fechniques changing to _refleci: the influence of
the impo’rted wa're. In this respect the discovery of kilns and kiln durﬁpé with
‘wasters. and misfired pots are of great importance in establishing the proven-
ience of pottery'étyles in a particular time period;

The art historian and archaeologist now has available a relatively new tech-
nique which ca;n'rer;;)ire a number of uncertainties in determining whether pots
are imported or local imitations qf a foreign style. This technique involves
the quantitative apalysis of about 30 different chemical elements in the body
fabric of the sherd by neutron activation. In short, a small sample (100 mgm)
of the interior fabric is powdered, pressedv into a unifdfm sized pellet and ir- |
radiated with neutrons aloﬁg with appropriate ‘standards in a reactor. .The_ now
radioactive samples aré analyzed using a. germanium'gamrria-ray ‘spe'ct_rometer
at five different times selectend to achieve the best data from nuclides with a
variety of half-lives, from a few minutes to several years long.

It has been shown in prévious work, (Perlman 1969) that 'clays formed in
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a particular geological setting have a chemical composition pattern, or finger-
print, which one can use to distinguish one geological area, or general clay
source, from another. These fingerprints may have been altered b'y the tech-
niques useci in makirig a particular style of pottery. For example, the addition
of frit, temper, or limestone to the clay and variations in firing temperature can
modify the basic clay fingerprint.

The general procedure for analyzing the -chemical fingerprints has been
described previously (Perlman 196_9, Widemé.nn 1974) and will be mentioned
only briefly here. |

Pottery which. is known by stylistic or other criteria to be locally made
and which is homogeneous chemically serves as a reference group for local
material. For each elemént the mean value of the abundance and the root-mean-
square .deviation (0 ) from this value is determined for all of the pots in the
reference group. |

I thé.average value of the root-mean-square deviation for approximately

20 elements is 10 % or less, the group-is considered to bej a '"good" referencé ’
group suitable for classification purposes. For a pot of unknown provenience
to be a member of this gfoup, -and thus to have the same provenience, the
abundance of most of its elements should agree with the corresponding value
in the referencé ‘group within one 0 and very few elements should disagree

by more than two 0.

2. DISCUSSION OF PROBLEM

i

Fust:t, the old city. of Cairo, was of both commerc’ial- and indhstriél
importance in the Islamic period. George T. Scanlon'in COoperatién with the
American Researc_h Center in Egypt directed the excavation of Fustat iﬁ 1964,
1965, 1966, and 1967, (Scanlon 1966 and 1967) and has generously provided

the samples from Fusfat. These excavations yielded at least seven broad



classifications of pottery, (Scanion 1971). - Among these are the luster wares.
It waé with the hope of_estabiishing the provenience of this lusfer waré,
in p‘articular., that we unde;‘took the heutron activation anal?sis of se.veral types
of pottéry excavated in Fustat. In the twenty-eight pieceé analyzed, sevén |
are lustervwar‘e,‘ three are "Fustat Fatimid ngafﬁato"v ware, three are Mono-
chrome glazed sgraffiato ware, Afiv»eb sherds are 13-14th>Century Iranian style
Underglaze Painfed_fafence ware, and the .remainder are single sherds of
different types. |
The sherds divided into two vastly different ty'pes of fabric; clay;-bodied and

a fajence-bodied material which is 80-90% SiO, (quartz).

3. CLAY BODIED WARE

The luster ware was found in both bvody types. The clay-bodied pottery

will be discussed first.

The first di’stir;ct chemical group includes one piece Qf polychrome luster
and three pieces of monochrome luster on ai white opaque glaze.

The second group of clay boaied sherds contains three pieces of glazed.
"Monochrome.Sgraffiato" ware whose Aesign is '"carved' through a light colored
slip applied to the red or dark brown body fabric. The stylé is similar to _

- Eastern Mediterranean ware.
| _ The vthirdb group coﬁsist's of only two pots. One is '"Polished Red ware”
' an_d'thé other is a wasfer of ”Eafly Lead ware'.

.The chemical_composition of these three groups of pottery exc_avated in
Fuvst'aTt are shown in Table I. The enfri‘es at the top of:each'c_olumn are the
number of pots iﬁ the group and thé avérage standard deviation (o) for 20
elérnents. Below are listed the average chemical composition and the s.,tan-v
dard deviation in parts -per-million (or. % if so indicated) for each element.

T_he four luster ware sherds form a good chemical group whose average
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standard deviafi‘on is 7%. This chemical fingerpr;mtvmat’ches very closely

that of two pré&iousl_y analyzed types of sherds from David Whitehouse's
excavation at Siraf; "Samarra' ware and "Early. Turquoise'' ware. Table II

shows the chemical composition of these two reference groups and the luster ware.

In addition, Table II shows the chemical composition of two typés of pottery
from three cemetaries in“upper Egypt. One is a calcaredus buff decora-ted ware
from Ballas and the other is described as ""Nile Mud" (Perlman 1969).

The chemical fingerprint of the luster ware matches both types of the
Mesopotamian ware within one sténdard deviation for each element, héwever,
it is a slightly better fit to the "Samarra' ware reference group. The average
standard deviation 8. 4%, for twenty elemepts is indicative of a good chemical
group. The luster ware composition is not like either of the two Egyptian
grbuf)s. Thus, it appears that the lustered clay-bodied poftery was imported
to Egypt from sofnewhere in the Mesopotamian area.

At present, we can .not say as much about the provenience of the other
two groups of pottery exbavate'd in Fustat.

The composition of the Monochrome Sgraffiato group shown in Tablé Iis
somewhat like ‘a' sherd of Cypriot base ring ware and t‘hfe‘e pieces of Polished
Red ware from Ras Shamra pre\./iously analyzed. It is not like either of the
two Egyptian réference groups. Another single sherd stylistically similar
but technically inferior has a still differént chemical fingerprint. It may be
that fu;'ther investigation could establish the ‘provenienc.e of these two mono-
chrome sgraffiato typeé of p‘ott'ery. |

- The t§vo pot.s. in the third group shown in Table I match the corhpos-ition of
previéusly analyzed a single sherd that was ekcavated at Abkah iﬁ Egypt. Once
again further investigation is necessary to establish provenience. We can only

note that at present the fingerprint does not match any reference group.

~
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4, FAIENCE-BODIED WARE

Thirteen of the Fustat sherds had chemical compositions very different

from those normally found in clay. Théy had unusually low abundances of iron,

.al’u‘minum, and a number of trace elements, a normal or slightly higher abun-

dance of sodium and a Qery high abundance of silica (SiOZ). This composition
is roughly similar to that reported by Lucas (1962) for ancient Egypt‘ian

faience so we will refer to these as fai'ence-bodied wares. The majority

of these sherds are members of two distinctive groups, whose abundances are
tabulated in Table III. Three of the four sherds in the first group in Table III
are,wastérs; two of "Fustat Fatimid Sgraffiato" and one of "Mono;ﬁhrome Cela-:
don'". Scanlén notes (1971) that abundant wasters of "Imi_tétion Celadon' are
fqund at Fustat. 'As seen in Table III, the above sherdé, three of which are
knéwn_,to be locally made. at Fustat, form a chemical group which has an aver-
age standard deviation of 20% for tw.envty elements. |

Two sherds of faience-bodied luster ware had chemical compositions very

similar to that of the falence -bodied local ware from Fustit. The agreement

between the abundances of the luster ware and the local ware suggest that the

luster ware may also be local to Fustat although more extensive measurements
would be necessary to mavke a definitive assignment of provenience,

The second group of five faience sherds is "Underglaze Painted"' in the
styie 6f 13-14 Century A.D. Iran. The fingerprint of this ware is entirely
different from that of the locally made fifst'group. Allan _é_’g_z_a._l_. (1973), in a

récent paper, reported the emission spectroscopy analyse's of fourteen tiles .

“and bowls dating stylistically to the period around 1300 A, D. and belonging

to groups of éeramic objects generally agreed to have been manufactured in
the north or northwest part of Iran. In Table III are shown the average abun-
dances and root-mean-square deviations for eleven of the sherds which were

most alike in chemical composition. The compositions of these Iranian sherds
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are variable but seem to be distinctly different than those of Fustat local
fai’énce bodied wares. There are more similarities between the Iranian sherds
and the Underglaz.ed Painted Ware but there are also somie differences (e. g.
Ca and Na). In 'vie\& of the problems encountered because of non-uniformity
of the faience -Bodied wares, the small number of samples analyzed and thé
lack of pfecise trace element data on falences, no provenivence assignment can
be made for the Underglaze Painted Ware. |

In general the falence - bodied material is chemically not as uniform as
clay. As Quoted by Ailan (1973) it can be made by mixing ~8% frit (50% quartz
and 50% soda) with ~8% clay and ~84% quartz (,Luca.s 1962)’. Impurities in thé
other ingredients .c;an modify or mask the trace element compositions in the
small clay fracfion. Further analysis of these compohents may enable us to

unmask the clay and to pinpoint its provenience.

ACKNOWLEDGEMENTS

We gratefully‘acknowledge the continual help of Dﬁane vMosier, James E
Arnold, David Gok, Tony -De La Cruz, the Safety Services Department at LBL
and the TRIGA reactor crew at the U. C. Berkeley Dept. of Nuclear Engineer-
ir_lg.’ We wish to th;alnk Prof. George T. Scanlon for.his. generosity in makingb'
his sherd collection available for study. We.also thank Carrie E. Gustavson

of the Museum of Cultural History, UCLA, for her help.



fagﬁuva@saug'@és

-7-

FOOTNOTES AND REFERENCES

*Work performed under the auspices of the U.S, Atomic Energy Commission.
TThis paper wvas read at the American Oriental Societ;r méeting-he_ld March 25-28
1974 at U C.a Santa BarBara. o

IPresent add;éssz Museuin of'Culfural History, University of Califqrnia,

Los Angelés, California. 4 |

Allan, J. W,, Li_ewellyn, L. R., and Schweizer, F., 1973, Part 2, "The.

Story of So-Called Egyptian Fa'i'-.é:nce in Islamic Persia: Investigations Into

 Abu l-;QaLO.im' s Treatisg' Archaeometry 15, 165,

' Lucas, A., 1962, Ancient Egyptian Materials and Industry (Edward Arnold Ltd. ).

Perlman, I. and Asaro, F., 1969, "Pottery Analysis by Neutron Activation',

- Archaeometry II, 21.

Scanlon, George T., 1966, "Fustat Expedition - 1965", Part 1, Journal Amer-

ican Research Center in Egypt , 5, 83.

Scanlon, Géorge T. , 1967, "~Fust§t Expedition-1965!', Part 2, Journal Amer-

ican Research Center in Egypt, 6, 65.

Scanlon, George T., 1971, "The Fustat -Mounds - A Sherd Count" Archeometry,

24, 220,

Widemann, F., Picon, M., Asaro, F., Michel, H.V., and Perlman, L., 1974,

LBL-1964, submitted to Archaeometry.

b



-8-

APPENDIX

DESCRIPTION OF POTTERY AND GLAZES

Clay-bodied luster ware

Fusfat No.

8

27

28

29

30

Polychrome luster, red brown transparent overglaze and metallic
luster with olive green undertone on a thick lead t'inv—opacified glaze.

Fabric very fine pale yellow earthenware.

Metallic luster with olive green undertone on a lead tin-opacified

white glaze. Fabric very fine pale yellow earthenware.

‘Metallic luster with yellow-green-olive undertone on the interior,

reddish brown undertone on the exterior on a lead tin-opacified

white glaze. Fabric very fine white earthenware.

Metallic luster with olive undertone and man&r brown spots, 0.5 -
1. 0 mm in diameter, on a lead tin-opacified white glaze. The ex-
terior is somewhat deteriorated and discolored. Fabric very fine

pale yellow earthenware.

- 'Metallic luster with olive undertone shading to yellow orange at

the edges of the luster painting on a thick lead ﬁn-opacified white. .

glaze.  Fabric light brownish gray, very fine earthenware.

Faience -bodied luster ware

-9

31

Poor metallic luéter; light olive \.;vithv very thin light red areolae at’

the edges of the luster painting on a lead tin-opacified creamy glaze. .

"Fabric coarse, white falence.

Slightly metallic brown luster kufic letters on slightly tin-opacified

turquoise lead glaze. Fabric coarse, gray faience.



COU0400879s4 4

"Fustat Fatimid Sgraffiato

-3

10

- 15

17

Parts of two pots fused together and overfired. Coarse, irregular
crazing. Fabric fine, very pale brown.

A. Transparent light olive green. Rim sherd.

_ B. Brown black, opaque where thick, Body sherd.

Transparent light olive green glaze, coarse even crazing. Overfired

waster. Fabric very fine almost vitrified, white faience.

Transparent very light greenish lead glaze with a splash of very

lighvt copper blue. Some light brown discoloration and some areas

of deterioration. Fabric fine, white falence.

Metallic brown luster over transparent colorless glaze with cobalt

blue underglaze. Fabric white, fine faience.

Slightly opacified monochrome celadon gray green on both surfaces.
Two rim sherds fused tdgethei':with no evidence of overfiring. Fab-

ric white, coarse porous vitreous faience.

Monochrome sgraffiato

21

23

24

25

Transparent caramel glaze on white slip. Sgraffiato ornamented,
Crude workmanship in contrast to FUST-23,24,25. Fabric red-

dish brown coarse earthenware with much ungraded temper,

Transparent caramel brown glaze on white slip. Sgraffiato orna-

mented. Fabric light red, medium coarse earthenware»’with a small

amount of coarse temper.

Transparent light olive glaze on white slip. Sgraffiato ornamented.

Fabric brown, fine earthenware.

Transparent light caramel glaze on white slip. Sgrafﬁato ornamented.

Glaze has adhered poorly to the slip which is not fused to the body
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and the glaze has flaked off wherever it is not directly on the bare

body. Fabric light red, very fine earthenware.

Underglaze painted falence

12

13

14

19

20

- Transparent colorless glaze with underglaze painting in copper

and cobalt blue' and black which is greenish gray where it is thin.

- . . LT3
Fabric white, medium texture faience.

Transparent colorless glé.ze with underglaze painting in cobalt blue,
greenish black éﬁd greenish gray. Raised ornament produced by
an impasto of milky white underglaze 1.0 mm‘thick. This sherd
imitates FUST-14 without using molded decoration. Fabric white,

medium texture failence.

- Transparent colorless glaze with underglaze painting in brdwnish

black. ‘Molded ornament on both surfaces. Mold made. Medium

crazing on the exterior. Fabric white, medium texture faience.

Transparent colorless arsenic glaze containing bubbles," underglazé

painting in opaque black over transparent cobalt blue, -undergiaze =

vo-paquev"red brown over the black underglaze. Fabr.ic white, fine -

texture falence.

Transparent colorless glaze containing strontium, arsenic and

calcium on both surfaces,‘ underglaze painting in opaque red brown

and cobalt blue outlines with a fine black line on the interior. Slight

surface deterioration with small areas turned milky white. Fabric

white medium-texture faience.
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Miscellaneous earthenware

1 ‘Red polished (psuedo Samian).” Somewhat vitreous dark brownish,
pink slip on both surfaces. Fabric pink, medium texture heavily

tempered earthenware.

6 Early lead. Transparent colorless glaze with underglaze painting
in olive green and brown, very fine crazing. Fabric pink, med-

ium texture earthenware with much coarse temper.

5 Early painted. Moderately deteriorated opaque white tin glaze
with opacified light antimony yellow between dark brown outlines
of a diamond shaped design with an ochre diamond in the center
on the extérior: opaque ochre iriteribr. Fabric pink, medium
texture ear;chenwar'e with much coarse .ternper.

i

: _ {
7 Fayyumi ware. Transparentcolorless glaze on both surfaces with

"bands of transparent turquoise blue on the interi'or..v A poor glaze
with many bubbles and inclusions. Some slight surface deterior--
ation. Fabric very pale brown earthenware, medium coarse tem-

per with much coarse ungraded temper.

22 al-Mina ware. Thin transparent, faintly yellowish glaze covering
| the interior é.nd approximately 10 mm. of the exterior rim over a
white slip, underglaze washes of %:aramel and green. Sgraffiato
design cut with a square sectioned tooli’mfn. wide. Fabric red-

dish yellow medium texture earthenware.

26 Hof Sid (Hafsid) earthenware. Milky translucent white lead glaze
decorated with overglaze painting in copper with a little blue and

manganese purple. Appears to be part of a tile. Fabric very



-12-

pale brown, very coarse texture with much medium temper.

Miscellaneous faience

16 Transparent, brilliant, turquoise blue on both surfaces. Crazed,
some deterioration and iridescence. Fabric white, very, very

fine almost vitrified faience.

i

~
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TABLE I

Chemical Composition of Clay-Bodied Wares Excavated in Fustat, Egypt

Fustat Pottery
Luster ware ~ Monochrome Early Lead and
and Sgraffiato ware Polished Red ware

Polychrome luster :

N°;n°§r§t:°es 4:(Fust-8,27,28,29) 3:(Fust-23,24,25) 2: (Fust-1,6)
o 7% 4.2% 5.3%

Element
Al% 6.07¢.12" 9.33%.24" 12.2%.5°
Ca% 13.9%.3 7.9t1.6 .98%.45
Mn . 950%50 67934 365431
Na (%) 1.41%.16 .92%.14 .51%.09
K (%) .92%,.33 2.76%.32 1.48%.22
U 1.96%.05 3.16%.16 3.38+.11
Ba 172414 339+28 20017
Sm 4.04%.11 6.57+.07 8.90+.03
La 21.71.0 41.2%1.1 55.0%.4
Ti% .372%.038 460%.010 1.036%.004
Iu .316%.017 .423%.012 .515%.022
co 26.9%1.9 19.2%.9 15.2+.4
sc 19.16%.56 18.08%.54 27.00%1.24
Fes 5.01%.12 4.99%.12 3.93+.51
Ccs 3.2%1.1 8.73%.30 3.60%.42
Cr 260%13 1155 15242
Th 7.125%.031 14.05%.41 14.02%.95
Eu W 1.019%.025 1.399+.017 2.167%.007
Ce 46.4%1.1 84.8%.3 116.3%1.4
HE / 3.34%.06 4.85+.17 7.42%.10
Ta ©.814%.018 1.252%.020 1.73%.07

1 . . v
The values in this column are the average abundance in parts-per-million (or %
if so indicated) and the standard deviation of the abundances.

2 . . o . . .

The values in this column are the average abundances in parts-per-million (or %
if so indicated) and the range of the abundances. ¢ for this column is the
average value of these ranges.




TABLE II

Chemical Composition of Clay-Bodied Luster Ware Excavated in Fustat and Reference Groups

" Eu

Siraf siraf Egyptian
Lustre Ware ' - 1 1
v and ‘ "Early "Samarra" Ballas "Nile Mud"
polychrome luster Turquoise" ware Ware Buff Ware
No. of pieces: : ‘ '
in group 4 13 12 20 32
i 7% 8.6% 8.4% 7.3% 8%
E;ement : 2 2 5
Als 6.07£.12 6.50%.28 6.36%.30 - 2 -
Ca% 13.9%.3 13.1%1.0 13.2%1.0 8.26%1.13 2.58%.84
Mn . 950%50 - 90445 899+40 391+42 1204168
Na$% 1.41+.16 1.70%.21 1.65%.11 .671%.168 1.355+,215
K% .92+ 33 ..87+.30 .87%.48 : - . -
U 1.96%,05 1.76%.21 2.11%.15 4.57%.44 2.26%.41
Ba 172+14 231*64 182+47 405+82 493174
Sm 4.04%.11 4,13%.15 4.05%,12 - -
La 21.7%1.0 22.6%1.5 22.6%,7 39.3%1.2 32.8%1.2
Ti% .40%.03 .40%.,03 .43%.04 .468%,046 .996%.049
Lu .316%.017 .311%.017 .313£.02 .367£.024 .512%,027
Co 26.9%1.9 28.5%1.0 26.9%1.5 17.66%.88 34.96%1.60
Sc 19.16*.56 19.13+,55 18.72+.52 17.41% .60 23.11%.96
Fe% 5.01%.12 4,92%.15 4.91+.19 4.63%.15 6.82%,24
Cs 3,2+1.1 2.3%.90 3.5%1.2 3.01%.25 1.39%.21
Cr 260113 - 308t49 - 25722 ~190%9 181t16
Th 7.125%,031 7.16%.,22 7.15+,11 9.90%.35 6.94+,49
1.019+.025 1.043%,043 1.007%.030 - —
Ce 46.4%1,1 47.2%1.6 46.2%1.2 - -
Hf 3.34%,06 3.44+.17 3.26%.16 5.52%.54 8.67t.75
Ta’ .814%,018 .788%.038 .799%,035 1.077£.072 1.445%.106

lData taken from I. Perlmanvand F. Asaro, Archaeometry 11, 21 (1969).

The values in this column are the average abundances in parts-per-million (or % if so indicated) and the

standard deviation of the. abundances.

t
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Table III

Chemical Cbmposition>of Falence-Bodied Ware Excavated in Fustat, Egypt and Reference Groups

"Fustat Fatimid

Iranian

Ancient "Underglaze
Sgraffiato" & Monochrome Luster Ware Egyptian Faience "Painted" Allan et al.
Celadon ware Lucasl faience
Nig gioﬁgts 4: (Fust-3,4,10,15) 2: (Fust-9,31) 5: (Fust-12,13,14,19,20) 11
o 20% (20 elements) v 25% (20 elements) 31%(8 elements)

Si05% (8713 (8713 88 (8913 92.1#1.3
Al% 2.24% .41 2.15%,15 3 L6112 .45%,09
Mg% <1. <4, < 1.8 .32+,08
Ca% 2.82%1.05 2.19%.15 2.4 4,8%1.6 .90%.40
Mn 158173 126+44 4201180 350+130
Na% .1,98%.28 '2.,20%.23 { < 1.08%.26 2.4%.7
K% .73%.16 .89%.08 .51%.10 .83%.16
U .95%,15 1.28+,13 1.15+.17

Ba 81+15 136+60 116+20

Sm 2.04%.23 1.82+.22 1.06%.18

La 12.2%1.1 12.4%1.6 7.0%1.6

Tis .212+,044 .144%.042 .049%.,020 .04%.02
Lu .133+.011 .109+.03 .079%.014 :
Co 4.5%2,5 4.26%,48 6.53.0

Sc 4.79+.71 4.50%.08 1.91%.56

Fe% .92%,20 1.12%.01 .39%.10 .26%,06
Cs .55%,17 .60+.14 .34%,13 :
Cr 32.9%2,0 33.3%4.4 138191 trace

" Th 2.92% .46 . 2.94%.30 1.44%.29
- Eu .473%,041 .409% .01 .239%+,037

Ce 24,7%2.8 22.8%2.5 12.1%2.3

Hf 2.15%.56 2.42+,72 2.57%.53

Ta .43%.04 .56%.05 .16%.02

1a. Lucas, “"Ancient Egyptian Materials .and Industries", 1962, revised by J. R. Harris, 4th ed., Edward Arnold,

Ltd., London, p. 474.

23. W. Allan, L. R. Llewellyn, and F. Schweizer, "The History of So-Called Egyptian Faience in Islamic Persia",

1973, Archaeometry lé, No. 2, p. 165-173.
3The Si0,. content was determined by difference to 100%.
4The values in this column are the average abundances in parts-per-million (or % if so indicated) and the

standard deviation of the abundances.
5The entries in this column are the average composition of the 2 sherds and the range for each_element.

this column is the average value of these ranges.
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