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It has been estimated that there exist over 100 million ancient potsherds in various The Multi-Parameter Probe allows the Macedonian Syrian Late Woodland Modern
. . . . . Instant measurement of the magne’uc o Macedonian: Quartz-tempered potsherds Syrian: Basalt-tempered potsherds Late Woodland: Shell-tempered potsherds Modern: XX-tempered potsherds
collections worldwide, many of which have never been studied and for which the provenance susceptibility (102 SI) asiwell as the relative . Directionless measurement Directionless measurement Directionless measurement Directionless measurement
is ambiguous or unknown. Indeed, many collections are extremely badly catalogued or and absolute conductivity (S/m) values of = s _ o . s A+ o+ s ] o 0 st bl ot~ Externa)
completely mixed-up. We have been using a novel portable probe to measure the magnetic small and large objects such as drilling | A | o
P - y P : . J P - P - J cores, field samples, floats, showings, and — | : | : : : :
susceptibility and electrical conductivity of potsherds in the hope that this fast, cheap and B - - 16 - B S O S - P I S R SR R
. . - . . . : - o T ! | ! | T T !
portable measurement can provide data that will help to sort similar looking potsherds into — n N 0 |
sets in a manner which may help to define their provenance. The probe, which resembles a o t - dat I | E 7 £12 - T T £ - £12 ' .
. . € operator can recor ata one reading a 0 @ | | | | * *
flrearm, uses the Hall effect to _make a non-dest_ructlve measurement on the potsherd. The 2 e @7 i & ConTNUeUS Seemmig fmeds (g 5 5 I 5 5
probe is attached to an Dell Axim X51 PDA, which runs software that allows the times/second) to make a profile. The 5 ’ 2 T 7 bl | 2 ] g’ i
measurement to be carried out and logged. Each measurement, which is made by pressing fEQSfdelngata fftom ;h_e ies”cmi_:n feadollﬂ 3 E o 3 3
unit or are stored in le. sampie - 4 — - - - 4 —
a putton on the gun, takes only a few seco_nds. We have made measurements on three identification. recorded values, date. time,
suites of ancient potsherds as well as a suite of modern potsherds that were created by etc. can be recorded. Afterwards, the ASCII ) . _ i _ .
using a garden centre and a hammer! In each case a set of 5 stacked measurements were forfrtnat daté‘ Carl‘ tl)\/?' impct)r’f[_ed tOAthtird-pdart¥ 04 1 10 100 1000 01 1 10 100 1000 04 1 10 100 1000 01 1 10 100 1000 04 1 10 100 1000 0.4 1 10 100 1000 04 1 10 100 1000 04 1 10 100 1000
. . . . . . . ) M ti tibilit M ti tibilit M ti tibilit M ti tibilit M ti tibilit M ti tibilit M ti tibilit M ti tibilit
taken on the |nS|de and OUtSlde faceS Ofthe pOtSherd in tWO perpend|CU|ar dleCtlonS. SO Ware( Xxcel, MiIcrostation, AutoCa ,ec) ~ agnetic susceptibility () agnetic susceptibility () ~ agnetic susceptibility () agnetic susceptibility () -~ agnetic susceptibility () agnetic susceptibility () ~ agnetic susceptibility () agnetic susceptibility ()
. . . . . . . . . - i | 1 | 1 | 1 | 1 | i < 1 | L | L < 1 1 i | i L ] | ] | 1 l 1
Potsherds which were either (i) so flat that the inside and outside could not be distinguished, > o | : i z | i | | | z | | | | i 2] | : : : _
- . . = I I I I | —_- | | | I I = | | | I I = I I | |
(i) so curved (radius of curvature less than 5 cm) that the probe tip could not approach the The Multi-Parameter Probe is used here to = Sa1---- r——g&ﬁ,— e T i e - 2 T 7T R T T A T O§8 1 o T T A - - - - 7 —————— -
surface sufficiently closely, or (iit) smaller than the probe tip, were excluded from the suite of INEEEILIS SRS, 1S [Pl e = 5 %0 | | | | S 001 —— - o b i S RUE SRS o T e sl e - | | | | '
: : designed initially to find concentrations of = 337 - b S S T T T ST - 2 ER | | | ? S | | | | 7 0T - C T i Rttt T T -
measurements. Each suite contained over 50 measureable potsherds. All measurements sl skl @ves T e @l o = o 8 | | | o 1o _ere o7 | o Ll ____ A T | | | | _
— - - - : ] © | | | | ° | | | | ° | | | | ® | | | |
were completed within one day. In this pilot study we found that (1) each suite was The probe is connected to a logging unit by = %2"——g§@?————l—— i moooC - %200____§ S | A B R | % ol S N R | ‘% 7 - EERE -o-- .
represented by a normal distribution of magnetic susceptibility values, (2) the four different cable (as used by us) or by Bluetooth. = =1l 7 L S RE < | | | = > | | | =l o o | S L i
it Id be disti iched statisticall the basis of thei fi fibilt Measurements are made by pressing a = £ o | | | | | c i v oA T T T S RS i T T T e | 22 SN | |
sultes cou € aistinguisne | s_a IS_ ICally On the a_.S_IS 0O eir magnetic susceptblity button on the probe. A measurement takes — : > | i i : i | g e85 e@? & | | | g : oi | | | | g : o | | | | | |
measurements, but (3) the distinction was not sufficiently powerful to separate all potsherds less than 2 secondsto make. A set of 5 = Y, ,: 2 ; . . 200 400 ool o 50 100 sl o ) . 5 ] 10
(i.e., there was a Signiﬁcant Overlap Of the Suscep’[lblllty diStribUtionS). ThlS seems to Conﬁrm measurements \t/vil’ih tvlvo retfi‘]erenS(;Oe Zero . ; Internal magnetic susceptibility (-) Internal magnetic susceptibility () Internal magnetic susceptibility () Internal magnetic susceptibility ()
= = . . measurem en S a ES ESS an seconas. ; Macedonian: Quartz-tempered potsherds Syrian: Bas.laltt;trenr:ﬂ%r:;i potsherds LateWoodlandl:n?:ri:‘lla;ltirar::p;ered potsherds Modern: XI):l-tt:rr:gle;ae:epotsherds
that the methOd may be used to glve ad_(jl.!:l_onal Informatlon that Can b_e _Llsed to_help to PreSS|ng another button on the prObe aIIOWS % x-direction I";f:i::?tli:;cel |:)irecl;tion|essI x-direction ...:.n !.{-.d.i.r:.ncti.o:]......n - Directionless x-direction - !.,-.d.i.r:fti?.n.....n o Directionless x-direction g y-diret:tiloln""I 5 Directionless
provenance a potsherd, but the susceptibility measurement is not sufficient on its own. In the next sample to be measured. = o T B
addition, we found that (4) the electrical conductivity measurements depended upon the local | | L — XS ’ ’ - . > = 10
ditions (mainly humidity) and was of no use in distinguishing between suites of The unit measures magnetic susceptibility B 1B
con y y : g g_ i e and electrical conductivity. We found that | E - : : I RN 8 12-
potsherds. However, most interestingly, we found that (5) there Is a statistically significant there was no significant difference in the | g : : :
difference between the magnetic susceptibility measured on the inside face and that electrical conductivity measurements — IR 5
d on the outside face for all three ancient suites of potsherd, but not for the modern between samples and sample sets, and e : : Tl : .
S = P 1 _ _ hence have not analysed these data further. =
potsherds. The reason for this is not currently known. One hypothesis is that the difference Is N . 1 ‘-
due to the manUfaCturlng Style. Further StUdles are bElng plannEd to extend Our database_ — OI‘II\nagnt:ticsu;geptil:i?ilt)y()10000"I|\nagm:tic su;geptit;li?i(:y ()’lmm().:\Ilagm:tic1=;u;‘?:eptit:illli(t)y()‘Imm u.:\ﬂagn;ticsu;geptit;lilii':y()10000.hagn;ticsu;geptit:i'ljiiy l:)1MMJI\JIagnt:.ticsu:c]:eptil:’:i‘:i':y()1mm l].:'.J'Iagm:ticsu::]:eptil;:i':i':y()100“0.1I\J|agn<:.ticsu;']ceptil;-)li‘I]i‘iy ()10000.-:\nagn;ticsu;?:eptit;li‘:i':y()1ooo o.hagn;ticsu;?:eptit:i?i‘:y()1uuou.hagngticsu;geptil:’:i?izy ()moon.-:\nagn;ticsu;‘::eptit:i?i':y()1000
; Macedonian: Céuztirtz-ttle;npered potsherds Syrian: BasEaItt-tem??red potsherds Late Woodland E Sthell-tlefmpered potsherds Modern: Xé(;::mgf;ggepotsherds
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- 0000000000000__] o | | | ]
| Methodology and Samples Macedonian I I 1 O T
— Face Direction Mean SD Std. Error Range Max Min Median Skewness Kurtosis KS value KS critical Normal E 12 -————i———%———i————- - E i E g 129
_ _ o _ Internal Vertical 0.841 0.399 0.0537 1.618 1.662 0.0435 0.852 0.158 -0.753 0.102 0.163 Yes 8 | | | 8 | 8 g
Measurements were made on 4 suites of potsherds from various localities and representing internal | Horizontal | 0833 0399 | o053 [ 1612 1652 00416 [0824 0131 0888 00965 |02 Yes 5 e = : : 5 -
] ) ) ) ) Internal | Directionless 0.837 0.398 0.0536 | 1.615 1.658 0.0425 0.826 0.137 -0.830 0.0849 0.396 Yes g L 5 ' 8 £
different types of temper. One of the suites was modern, belng obtained by breaklng External Vertical 2481 1.299 0175 | 5614 5.701 0.0870 2.451 0.302 20523 0.0996 0.186 Yes 5, NN 5 5 ER
common garden pots. In each case potsherds at least 70 mm by 60 mm with an area of 50 T L mm e e T L e L = M ]
mm by 40 mm Wlth IOW Curvature were ChOSGﬂ at random frOm a Iarger pOpUlatIOn The Mean Directionless 1618 0.708 0.0955 Z0a — 0.227 1.643 0111 -0.839 0.0942 0.253 Yes 0.1 110 100 10000.1 _ 100 10000.1 _ 0.1 ~ 10 100 10000.1 _ 100 10000.1 _ 100 1000 0.1 _ 100 10000.1 1 10 100  10000.1 _ °':“a hotic Stace tigﬂi‘: 1““""'1MagneticSuscepti;i':i':y0"’““"'}“agneﬁcSuscepﬁbi"ty()
Test of normality carried out with a Kolmogorov-Smimoff test with Lilliefor's correction. Magnetic susceptibility () Magnetic susceptibility () Magnetic susceptibility () Magnetic susceptibility () Magnetic susceptibility () Magnetic susceptibility () Magnetic susceptibility () Magnetic susceptibility () Magnetic susceptibility () g P y ()
area of low curvature allows the probe to approach closely the surface. All potsherds Svrian
. . . yri
showed characteristics that enabled the orientation of the potsherd to be known (e.g., part _ _ _ _ _
of the ||p or base). |n|:::a| D\I/z:z;n 89.9|\s;|fan 38.43SiD 3%?7. = 228I1alr:)ge 240.2/;?))( 11.7'1\3In 92.'\2/|:5d = o.zzgwness o.fls;l;rws's OI(I;SO:‘/aIue oﬁsc e N(::;al I NTE R NA L & EXTE R NA L CO N C L U S I O N S
R Internal | Directionless | 89.935 38.395 3.074 220.225 231.920 11.695 91.545 0.193 0.382 0.0452 0.568 Vs
Location Temper Number of Age External | \Vertical | 154497 | 97.642 7.818 482410 | 483800 | 1.390 142120 | 0832 0478 0.0727 0.043 Yes Magnetic i D D i The MPP probe from GDD provides a cheap, fast and effective method for measuring the
Samples (approx.) External | Horizontal | 152619 | 100030 | 6.014 231000 538190 | 130 19452 |09 1080 0.0963 0001 No susceptibility for = = magnetic susceptibility of potsherd samples that are greater than about 70 mm by 60 mm
External | Directionless | 153.658 98.288 7.869 507.005 508.465 1.460 140.098 0.893 0.735 0.0769 0.025 No - : 1-2 —
Macedonian ( Archaic—Classical) 2500 BC Mean .Direct_iomess _121.797 63.52-6 5.-086- _ 337.24_0 346.930 9.690 114.373 0.680 0.566 0.0661 0.092 Yes each of the 4 E Syrlan_ ] E and are not too curved.
Test of normality carried out with a Kolmogorov-Smirnoff test with Lilliefor's correction. datasets. a CroSss- ] - - : ; ; ; ;
olot between  — - - For the three groups of archaic potsherds (Macedonian, Syrian and Mississippian II) and
Late Woodland : — n ~ the modern potsherds, there was no difference between measurements made vertically
internal and external ) ’ ) . )
- P S Teror | Ren v i g T Swemm cuross 1T Ksvalue T Ksoritical T Normal ernal and externa = Late or horizontally. Hence the operator need not have prior knowledge of the orientation of
ace ectio ea S Std 0 ange ax edia Skewness urtosis Svalue S critica orma measurements n— — — o _ _
Late Woodland (Mississi ian II) 138 1100 AD L0 | internal | Vertical | 23.928 5.920 0.504 29.265 39.652 10387 23.663 0252 0.0929 0.0638 0179 Yes - : 'S - Woodla = the potsherd to the original pot in order to make an effective measurement.
pp _— - Horizontal | 24.259 6.607 0.562 34.496 45.083 10.587 23.636 0.629 0.512 0.0682 0.116 Yes — showmg that the — - - —
g Internal | Directionless | 24.093 6.129 0.522 31.880 42.368 10.487 24.076 0.415 0.334 0.0501 0.507 Vo g external % = - 3. For the three groups of archaic potsherds (Macedonian, Syrian and Mississippian ||), E
e | External | Vertical |54379 1971 1678 9051 10022 IS %29 |07 0508 0.0949 |00 No — measurements of & 7 B there was a clear statistical difference (P<0.001) between the measurements made on P
== | Dxemal | Horzonel |9V OB {200 B bl kil M R 0 M Lt O = th hai les & ] } the internal and external faces, irrespective of temper, origin and age of the sample. The -
] Eenmel | Biecioness | 54220 21.013 1.789 103.001 115.932 12.931 52.049 0.772 0.566 0.0771 0.043 No . the archaic S_amp w ! _p _ per, g g _ ple. [
. _ _ = Voan | Directionfess | 39.161 12.493 1063 59,602 73.788 14.097 37,398 0.618 0.147 0.0718 0.078 = = areabouttwice that o — - external measurements are approximately twice that of those made on the internal faces. E_
Flve measurements were taken for eaCh Sample, dlreCtlon and face We have used the e | Test of normality carried out with a Kolmogorov-Smirnoff test with Lilliefor's correction. — of the internal E E Macedonia E We know of no mechanism for this difference. E
arithmetic mean of these five measurements. — = measurements. o . C — . L
== Modern = . © - _ 4. By contrast, for the modern potsherds, there was clearly no statistical difference —
— = There is no ’ ! _ L
. o . E Face Direction Mean SD Std. Error Range Max Min Median Skewness Kurtosis KS value KS critical Normal E diﬂ:erence fOI’ the E - o (P>0327) between the measurements made on the Intel‘nal and external faceS. E
Hence, we have, for each sample, a measurement of the magnetic susceptibility in the == [ nernal | Verical | 2078 0507 0060 | 2785 3.450 0.665 2122 00921 | 0619 00699 | 0518 Ves = modern samples © — . . - = +th haic sets of potsherd —
- - - - - - . = Internal Horizontal | 2:078 0.545 0.0656 3.063 3.743 0.680 2.081 0.398 0.894 0.0551 0.793 Yes — - E = = . Inter-group comparisons petween tne one moaern an ree arcnalC sets ot potsneras —
vertical and horizontal direction for the inside and outside faces of the original pot. — [ e — S - — 2.100 — — i b = = 2 E S shows that all of the datasets can be distinguished statistically using any of the =
o = | Oomal | vew 27 P MG z;zz S S B i R e Yes = L ] C measurements (vertical, horizontal, directionless on either face or the mean of all) except =
These four datasets have been analysed statistically. = zz:z: D'I*r‘:tzlz:::s —— — — — — — e e - = i - the Macedonian and Modern datasets which can only be distinguished statistically using P
— T orecioroe [ 2110 5324 T I 5503 W 5599 ST6L 7 50708 504 e = some of these measurements (all internal measurements and the mean of all). ——
The mean of the two directions for each face was calculated and is labelled ‘directionless’. 5| |restof normality caried out with a Kolmogorov-Smirnoff est with Liliefor'scorrction — EEEE R mERLIL mERRIL It is proposed that the magnetic susceptibility measurements made using the MPP probe ==
iti ' ' ' — — : : : — can be used to sort potsherds between two or more calibrated datasets for the purposes ——
:Addlt’lonally, the mean of these directionless datasets was also calculated and is called the = Please see attached full statistical analysis for ANOVA, paired and unpaired t-tests, [ 1 10 100 1000 - npd — purp o
total’ measurement. Statistical analysis has also been carried out on these values. = and non-parametric analyses = Internal Magnetic Susceptibllity (-) Or helping unaersta €ir provenance. =




