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ABSTRACT

It has become imperative to apply objective scientific methods to confirm subjective con-
clusions of archaeologists about ancient pottery. The Mossbauer Effect technique, which
is characterized by its high resolving power, has been applied in the present work in order
to find the origin of the pottery either through the knowledge of the type and locality of
the clay from which that pottery was manufactured, or through comparison with other
pottery of known structure. This identification would lead to the possibility of tracing
the civilization transfer among neighbouring states in certain regions. An example of some
work which we are carrying out now is the study of pottery sherds found in Qatar. Their
origin is not yet known and we are aiming to throw some light on it.

The present paper reviews the results obtained by the application of the Mdssbauer
Effect technique for studying ancient pottery sherds covering historical periods of the
ancient Egyptian, Greek, Roman and Islamic peoples. It was possible to characterize the
pottery from each period. The ageing effect has been observed in pottery sherds older
than a thousand years, and it is proposed that it is caused by the environmental nuclear
radiations. Now we are trying to utilize this ageing phenomenon to determine the age of
unknown ancient pottery.
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TABLE 1A )
The components of iron present in a Nile and desert clay samples.

Mag. field LS. Qo.S. . Lattice
Sampl
ampre KOe mm/sec mmyjsec Type of iron position
498 Fe* (mag.)
Nile 044 0.5 Fe* (non-mag)  Octahedral
clay .19  2.02 Fe?* (non-mag)  Octahedral
sample 1.09  2.69 Fe?* (non-mag)  Octahedral
143 Zero Fe?* (
505 Fe3* (mag) h
Desert 417 Fe** (mag) |
clay 044 044 Fe3* (non-mag)  Octahedral
sample 136 216 Fe?* (non-mag)  Octahedral ‘
1.20  Zero Fe?* (non-mag)
TABLE 1B
The ratios of the total iron, magnetic iron and divalent iron in
both Nile and desert clays.
Type of iron Nile f'lay Desert f'ldy
ratio ratio

Total iron 5 6

Magnetic 4 3

Ferrous 3 1
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TABLE 2A

ME parameters of pottery sherds from different archaeological periods.

YA

No,

Sample Period Q.S

Non-magnetie component

Fe’*

LS.

Line
width

Q.5S.

Fe 2+

LS.

Line
width

H

0.8

Magnetic component

LS.

Line
width

mm/sec mmfsec mm/fsec mmjsec mmjsec mmfsec (KOe) mmfsec mm/sec mm/sec

2

6

Protodynastic 5
Old Kingdom _.q_:
3200-2777 B.C. (2)
Old Kingdom

(Saccara) 0.84

2778-2723 B.C. )

Old Kingdom
first intermediate ~ 9-90
2723-2242 B.C. )

Late Egyptian

(Saccara) o.\w 6
662-525 B.C. ()
Greek  Roman

323 B.C.- 0.82
286 A.C. 3
Koptic

286 A.C. - 1.06
640 A.C. (1

0.56
(1)

0.46
(N

0.95
()

0.52
()

0.64
(2

0.58
(1

0.89
4

0.59
()

0.75
4)

0.83
)

0.75
(6)

0.79
)

2.25
)

213
“)

2.88
(15)

2.58
“4)

1.23
3)

1.32
()

0.82
(7)

1.17
2

0.32
®)

0.58
4)

0.75
©)

0.29
(6)

511
(M

509
(D

500
(®)

503
(1

497
(%)

512
(1

0.20
3)

0.16
(2)

0.49
(25)

0.15
)

0.36
(15)

0.44
2

0.59
)

0.54
1

0.59
(13)

0.57
()

0.58
(6)

0.46
(D

0.49
4

0.58
(2)

0.87
S

0.58
(6)

0.75

0.36
)




TABLE 2B
Quantitative analysis of the data of the pottery sherds.
Fe> Fe** Mag. component For Mg
Sample Period Rel. Rel. Rel. Rel Rel Rel Total
No. intensity area intensity area intensity area Fe**  iron

Protodynastic
] Old Kingdom 0.0183 0.0163 0.0039 0,0012 0.0080 0.0078 0.051 0.304
3200-2777 B.C. ,

Old Kingdom
(Saccara) 0.0110 0.0065 0.00653  0.0038 0.0106 0.0164 0.165 0.614

2778-2723 B.C.

Old Kingdom

3 First intermediate  0.0310 0.233 0.0018 0.0032 0.000 0.120
2723-2242 B.C.
Late Egyptian

4 (Saccara) 0.0177 0.0147 0.0060 0.0070 0.000 0.322
622-525 B.C.
Greek —Roman

5 323 B.C.— 0.0121 0.0091 0.0029 0.0022 0.0023 0.0034 0.173  0.231
286 A.C.

9

Coptic
6 286 A.C.— 0.0210 0.0166 0.0035 0.0011 0.0045 0.0032 0.056 0.160
640 A.C.

¥
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TABLE 3A
ME parameters of Islamic pottery sherds from different periods.
Non-magnetic component Magnetic component
Fe3*
Sample Period €
No ero Q.S LS Line width H Qs IS LW
’ mm/sec mm/sec mm/sec Koe mmyfsec mmfsec mh/sec

7 Saljuq 0.72 032 0.800 525 040 020 0.720
"4 Unknown 0.70 0.42 0.740 500 0.42 0.50 0.690
3 Fatimid  0.21 0.891 5125 072 037 0675
6 Saljuq 0.50 040 0810 490 052 049 057 |

5 Saljuq 0.42 0.32 0.93 4975 0.50 0.43 0.57 |
Amayyed

1 (in Cairo) 0.70 0.24 0.88 294 0.00 0.40 1.17

2 Abbasid  0.54 0.44 0.72 - - - —

(in Cairo)

error in velocity scale = * 0.8 mm/sec error in H = 10 Koe

TABLE 3B

Quantitative analysis of the data of Islamic pottery sherds from
different periods.

Fe? Magnetic component
Sample Rel, Rel Rel Rel.

No.  Period intensity area intensity area Total
7 Saljuq 0.74 0.592 0.288 0414 0.41
4 unknown 0.81 0.610 0.362 0.485 0.44
3 Fatimid 0.86 0.760 0.360 0.486 0.38
R 6 Saljuq 0.07 0.050 0.076 0.832 0.58
5 Saljuq 0.074 0.044 0.070 0.080 0.65
' 1 3}1“3&‘; 0076 0059 0210 0036 037

2 Glesy 0120 0864 0




TABLE 4
The ME parameters of Islamic pottery sherds used for different purposes.
Non-magnetic component Magnetic component
M.Nw+ ﬁm?..
Sample Qs LS Line width Q.8 1S Linewidth H oS8 LS Lw
No." Purpose mm/sec mm/sec mm/sec mm/sec mm/[sec mm/jsec Koe mm/sec mm/sec mm/sec
1 Plate (dish) 0.64 0.56 0.81 — - — 491 0.40 0.57 0.73

Qv V;~Chwm0 WOM M N .
w wv . U

3 Plate (dish) 0648 048 0931 - - — 502 040 047 0850
4 Partofapot 477 045 089 - _ - 497 040 037 068
S niommner 068 038 085 - - - - - - -
6 froniet 060 03 085 - - - - - - -

Filters from
7 necks of jugs 0.64 0.56 0.85 2.18 1.33 0.80 — —_ — —

error in velocity scale & + 0.08 mm/sec  errorin H=10Koe LS. relative to Fe metal

t 3]



TABLE 5
The ME parameters of pottery samples from different localities.

| Compo LS 0.S. H total % of total
| Sample -nent mmfsec mmjsec Koe mmfsec R.A. RA.  iron
C, A 039 0328 503.89 0.553 0.0275 0.0626 43.99
B 0369 0.574 —: 0492 0.0171 27.28
C 0328 1312 — 0.492 0.0135 21.58
D 008 - — 0.409 0.0020 3.21
E 0328 1.967 - 0.409 0.0025 3.94
C, “B. 0369 - 0.820 - 0.574 0.0403 0.0403 100
Cs B 0.195 0594 - 0410 0.0180 0.0407 44.28
C 0215 1.250 - 0.539 0.0080 19.48
F 1.088 1844 - 0.574 0.0147 36.24
Cs B 0410 0.738 - 0492 0.020 0.0426 46.88
C 0.246 1,557 — 0492 0.0113 26.56
. D 0.151 - - 0.492 0.0113 26.56
Cs B 0348 0492 - 0.492 0.0192 0.0284 67.61
C 0.615 1.394 — 0.492 0.0092 32.39
M, A 0389 0.287 5115 0.594 0.0466 0.0811 57.46
B 0.369 0.738 - 0.533 0.0215 26.53
C 0.246 1.312 - 0.451 0.0066 8.14
D 0164 — - 0.451 0.0043 5.33
E 0.328 1.927 - 0.409 0.0021 2.54
M, A 0375 0451 503.88 0.553 0.0198 0.0470 42.14
B 0.328 0.656 — 0451 0.0168 35.68
D 0.205 - - 0.451 0.0050 10.61
F 0.615 2.049 - 0451 0.0054 11.57
T, A 0470 0.400 - 0.850 0.0818 0.1321 61.91
B 0.480 0.648 — 0.931 0.0503 38.09
. T, B 0.380 0.680 0.850 0.0160 0.0160 100
B 0.560 0.640 — 0.850 0.0525 0.0707 74.26
F 1.330 2.180 - 0.850 0.0182 25.74

L.S. relative to Fe metal
Errors in magnetic field + 5 KOe

Errors in velocity scale * 0.082 mm/sec.

C pottery from Qatar, M from Madina (Saudi Arabia), T from Egypt
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TABLE 6 .
Summarization of the position of maximum absorption of the
bands appears in 1. R. measurements for the ancient pottery from
different localities.

G G Cs M, T, T, T,

- - - - - 410 -
- - - - - 415 415
- 430 - - - - -
- - - — 435 435 -
450 — 450 450 - - -
- 462 - - - - 470
— 500 — — — — —
- - - 520 515 - -
- - - - - - 540
562 — - 562 — - -
- - - - — 600 600 -
- - - - 620 - 620
- 632 632 - - - -
690 685 — 690  — - - R
- - - - - 730 -
70 - 7710 — - - -
- 780 - 782 780 - -
79 - - - - - 790
- - - - 800 800 800
~ 910 - 910 - 910 910
- - - - - - 990
- - 1012 - - 1020 -
- 1050 - - 1050 - 1050
1090 — - 1080 - - -
- - - - - - 1150
- - 1335 - - - -
- - - — 1390 1390 1390
1420 — 1420 - - 1420 -
- 1483 - - 1470 1480 -
- - - - - - 1500
- 1565 - - 1560 - -
- - - - 1580 - -
1612 1600 1600 1600 1600 1600 1600
- - - - - 17mo - .
- - 1800 - - - - l
1870 - - - - - =
- - 2390 - - - - .
- - - — 2830 2830 2830
- - 2900 — 2900 2900 2900

tY




TABLE 7
Summary of the X-ray diffraction results of the black pottery samples
from different periods. (Iron compounds only)

. ) ASTM.
Period Sample {ron compound present card no.
Badarian 19 red core Hematite (a~Fe,03) 13-534
Magnetite (Fe3 04) 11-614
19 black core Fe,Si0, 11-262
Magnetite (Fe304) 11-614
14 red surface Hematite (o~ Fe,03) 13-534
Magnetite (Fe304) 11-614
v—Fe, 03 11-615
14 red core Hematite (- Fe;03) 13-534
Magnetite (Fe304) 11-614
. FeOOH 18-639
14 black core m.t. Fe,Si04 11-262
m.t. FeCOs 8-133
« 14 black surface Muscovite 7-42
Geothite (a- FeOOH) 17-536
Twelve 6 red core Hematite (a-Fe,03)  13-534
Dynasty Magnetite (Fe3 04) 11-614
6 black core m.t. y-FeOOH 8-98
TABLE 8

The LR results of sample from the Badarian period.

Sample
. . . Red Part Black Part

Band (1) cm™? 465 (5) 470 (m)
Band (2) cm! 553 (m) 540 (w) Fe, 05"
Band (3) cm™? 590 (vw) 570 (vw)
Band (4) cm™ 790 (w) 780 (vw)
* Band (5) cmi® 920 (w) 880 (w)  SiO,
Band (6) cmi! 1040 (s) 1030 (s)
Band (7) cmi' 1470 (vww) 1240 (vw)

Band (8) emi? 1625(w)  1610(w)  CO°

(vw) = very weak, (w)=weak, (m)=medium, (s)=strong
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TABLE 9
The ME parameters of coloured glaze samples.

Compo- LS. Q.s. H total % of total
Sample _nent _mm/sec _mm/fsec _KQe  mm/fsec R.A. RA. iron
A A 0.041 0369 336.25 0.677 0.0181 0.0274 66.11
B 0.245 — - 0.775 0.0093 33.89
A, A 0.041 0.00 332.5 0.282 0.0426 0.0510 8348
B 0.082 — — 0.636 0.0084 16.52
Aj B 0.246 — — 0.492 0.0036 0.0053 67.35 .
C 0.410 0.820 - 0.492 0.0017 32.65
B, A 0.441 0.267 45248 0.902 0.0082 0.01505 54.44
B 0.164 - - 0.656 0.0043 28.58
C 0.144 0.697 - 0.656 0.0017 11.32
D 1.025 — — 0.656 0.00085 5.66
B, A 0.103 0472 451.85 0.902 0.0146 0.0198 73.87
B 0.123 — - 0.267 0.0026 13.10
C 0.226 0.697 - 0410 0.0014 .6.95
D 1.025 - - 0.513 0.0012 6.08
B; B 0.205 - - 0.574 0.0025 0.0087 28.68
C 0.164 0.738 - ¢.574 0.0050 57.35
D 1.025 — - 0.574 0.0012 13.97

LS. relative to Fe metal

errors in velocity + 0,082 mm/sec

errors in magnetic field £5 KQe

go




TABLE 10

“ The ME parameters of pottery samples at different temperature
for Ci from Qatar and M: from El-Medina.
, Sample Tempfra- Compo- LS. Q.. H % of total
ture 'C nent mmfsec mmfsec K Qe mmy/sec iron
C, - RT A 0.396 0.328 503.89 0.553 0.0275 43.00
B 0369 0.574 - 0492 00171 27.28
c 0.328 1312 - 0492 0.0135 21.58
D 0.082 — - 0409  0.0020 3.21
E 0.328 1.967 - 0409  0.0025 3.94
400 A 0403 0.451 51023 0.541 0.0243 44.06
B 0.287 3.574 - 0451 0.0149 27.11
C 0.328 1.230 - 0475 0.0124 2248
. D 0.082 - - 0.328 0.0012 2.23
‘ E 0.328 1.967 - 0.395  0.0027 4.2
‘ 760 A 0430 0.615 507.69 0430 0.0199 43.52
¢ B 0.246 0.462 - 0410 0.0122 26.74
C 0.287 1.065 - 0.287 0.0112 24.60
| D 0.082 - - 0.246  0.00025 0.54
E 0.328 1.885 - 0.328 0.0021 4.60
M, RT A 0.389 0.287 511.5 0594 00466 57.46
B 0.369 0.738 - 0.533  0.0215  26.53
C 0246 1.312 - 0451  0.0066 8.14
D 0.164 - — 0451  0.0043 5.33
E 0.328 1.967 - 0409 0.0021 2.54
760 A 0.389 0328 507.7 0574 0.0469 56.86
B 0.369  0.738 - 0.502 0.0215 2596
C 0.246 1.066 — 0492 0.0168 - 1292
D 0.164 - - 0.328 0.00086 1.04
E 0.287 1.885 - 0.328  0.0027 3.22
760 A 0.389 0298 S511.5 0.586 0.0489 57.12
i B 0.369 0.738 - 0.512  0.0225 26.25
C 0.246 1.212 - 0462  0.0081 942
D 0.164 - - 0.328  0.0041 442
E 0302 1912 - 0.352  0.0024 2.79

1.S. relative to Fe metal

errors in magnetic field = 5 K Qe

errors in velocity scale + 0.082 mm/sec
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Fig. 1: Map of Egypt showing the different localities from which Nile clay samples
were obtained |
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Fig. 2: ME spectra of Nile clay samples from different localities
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Fig. 4: The Mdssbauer spectra of two samples of clay, the upper spectrum is for a Nile clay

and the lower one is for a desert clay.
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Fig. 5: The Mossbauer spectra of a Nile clay sample baked for 5 hours at different
temperatures

o\




Relative intensity

0.75

0.70

0.65

0.60

0.50

0.45

.20

0.15

0.10

0.05

e

700°C
600°C

.)““C——‘
4000C
2500C

250°C

600°C

Magnetic
Total
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baked at different temperatures.
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Fig. 8: Quadrupole splitting (x) and insomeric shift ( ) values of clay at different temperatures
(after 10 hours of firing). One Fe3* and two Fe?* groups are seen.
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Fig. 10: ME spectra of pottery samples from Fatimid and Saljuq Islamic periods.
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Fig. 12: The ME spectra of Islamic pottery samples used for different purposes
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Fig. 13: The ME spectra of two pottery samples, C; from Qatar and M; from El-Medina
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Fig. 14: The ME spectra of Islamic pottery samples used for different purposes from Egypt.
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Fig. 15: The Mossbauer spectra of a Badarian sample. The upper spectrum is for the red part
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Fig 16. The ME spectra of a blue glaze sample and the layers of pottery below at R.T.
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Fig. 19: The R.T. ME spectra of an ancient Qatari pottery sample.

(1) — Before refired
(2) — After refired to 400°C
(3) — After refired to 700°C
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Fig. 20: The R.T. ME spectra of an ancient pottery sample from El-Medina
(1) — Before refired
- (2) — After refired to 760°C.
{(3) — After refired to 760°C then irradiated with 400 rads gamma-ray dose.
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