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Figure 2.13. MEASUR ING PROCESSES: Dat ing the Shroud of Tur in

The Shrou d of Tur in, whi c h ma ny people believe was use d to wrap Chris t’s body, bears det ailed front and back image s of
a man who appears to hav e suffered whip ping and cruci fixio n. It was first displaye d at Lirey in Franc e in the 1350s and, after
ma ny jou rneys , wa s fin a l ly broug ht to Tur in in 1578 whe re, in 1694, it was placed in the Roy al Chapel of Tur in Cat hed ral in a
specia l ly-desig ned shrin e.

There hav e been sev eral scie n tific inve s tig a t ion s of the Shrou d, usually wit h the purpose of est ablis hing its authenticity.
The first moder n study was car rie d ou t in 1898 usi ng photogr aphy, and othe r inve s tig a t ion s we re don e in 1969, 1973 and 1978.
The lat est inv estig a t ion, inv olv ing laborato rie s at Arizona, Oxford and Zur ich , us ed ver y sm all samples (ca 50 mg) of the
Shroud for radiocarbon dating base d on accelerato r ma s s spectrometr y; thes e samples were taken from the Shrou d on the
mo rning of April 21, 1988, in the pre senc e of appropriat e witnes s es. Three control samples were als o suppli ed to each labora -
to ry; the sampling and dist rib u tio n to repre sent ative s of the laborato rie s we re ful ly docum e n ted by vid eo film and photogr aphy.

The laborato rie s we re not told whi c h of their fou r samples was that of the Shrou d but, due to its distin ctive weave, a laborato ry
coul d id e n tify the Shrou d sample. Becau se the Shrou d ha d been expos ed to a wid e rang e of pot entia l sour ces of con tamination
and on accou nt of the uniqu eness of the samples availa ble, it was decid ed to abandon bli nd-test procedure s in the int e rests of
ef fective pret reat ment. [If the identity of the samples had been obs cure d by unrav elling or shredding them prior to dis tributio n,
pret reat ment woul d have been more diffic ult and wasteful.] Howeve r, the three laborato rie s un d ertook not to compare result s
un til after they had been transmitt e d to the Britis h Museum; als o, at the Oxford and Zur ich laborato rie s , after combustio n to
ga s, the samples were recoded so that the staff mak ing the measurements did not know the identity of the samples.

The three con trol samples, the approxi mat e ag es of whi c h we re made known to the laborato rie s , we re as fol low s, whe re
C1 wa s in the for m of threa ds and C2 and C3 we re whole pie c es of clo th:

C1: Threa ds rem ove d fr om the cope of St. Louis d’A njou whi c h is hel d in the chapel of the basilica of Saint-Maxim in, Var, Franc e. On the
basi s of styli sti c details and the his t orical evi denc e, the cope is dat e d at abou t 1290 -1310 AD (reig n of King Phil lipe IV).

C2: Li nen from a tomb exc avated at Qas r Ibrimˆ in Nubia by Profe sso r J.M. Plum ley for the Egy pt Explo r ation Socie ty in 1964. On the
basi s of the Isl amic emb roi dered patt e rn and Chris tia n ink ins criptio n, this lin en is dat e d to the eleve n th to twelfth centur ies AD.

C3: Li nen from the col lectio n of the Dep artment of Egy ptia n Antiquities at the Britis h Museum , associat e d with an early secon d centur y
AD mum my of Cleopat r a fr om Thebes. This lin en was dat e d in the Britis h Museum Res earch Laborato ry, by other radiocarbon met h-
ods, at about 110 BC to 75 AD.

As indicated in the fol low ing sum mar y, the sub sampling and pret reat ment of the fou r samples in each laborato ry had sig n i-
fic a n t co mmon ele ments but some differenc es; the sum mar y does not sh ow all differenc es in reage n t conc ent r ation s, tem pera -
ture s and tre atment tim e s , which are det ailed in the left-hand colum n on pag e 61 3 of the origi nal article. The pret reat ment
codes (a, b; u, b; u, w, s), use d in the sum mar y and in the schema ove r leaf on pag e 2.42, are those in the article.

Ar izona
(4 sub samples)

a

a

b

b

Acid, wat e r, alk ali, wat e r, aci d

Acid, wat e r, alk ali, wat e r, aci d

Deter gent 1, wat e r, aci d, det e rge n t 2, alc ohol (Soxhle t ex tractio n), water (ul trasonic)

Deter gent 1, wat e r, aci d, det e rge n t 2, alc ohol (Soxhle t ex tractio n), water (ul trasonic)

Oxfor d
(3 sub samples)

u

b

b

Acid, wat e r, alk ali, wat e r, aci d

Acid, wat e r, alk ali, wat e r, aci d, ble ach

Acid, wat e r, alk ali, wat e r, aci d, ble ach

Zurich
(5 sub samples)

Wa ter
(u ltrasonic)

u

w

s

w

s

(n o fur the r pret reat ment)

We ak: aci d, wat e r, alk ali, wat e r, aci d

St r o ng: aci d, wat e r, alk ali, wat e r, aci d

We ak: aci d, wat e r, alk ali, wat e r, aci d

St r o ng: aci d, wat e r, alk ali, wat e r, aci d

Acid = HCl

Wa ter = Dis til led wat e r

Alkali = NaOH

Deter gent 1 =1.5% SDS

Deter gent 2 =1.5% Triton X-100

Alco h ol = EtOH

Bl each = NaO Cl (2. 5%, pH 3)

Each laborato ry per for med independent measurements on their 4, 3 or 5 sub samples of each of the fou r samples ove r a
time per iod of about one mon th; more det ails are giv en ove r leaf on pag e 2.42 in the schema Lege n d. The basic data gen era -
ted in the inv estig a t ion (e.g., in Table s 1 and 2 on pag es 612 and 613 of the origi nal article) are sample radiocarbon age s give n
as ‘ye ars BP’, meaning ‘ye ars befo re 1950,’ but a ‘c a lib r ation cur ve’ must be use d to conve rt radiocarbon age s to ca len dar dates;

REFERENCE: Damon, P. E. et al.: Radiocarbon dating of the Shrou d of Tur in. Na ture 337 (16 Feb ruary): 611 -61 5 (1989).

The Na ture ar ticle sum marized above in this Fig ure 2.1 3 is als o us ed in Fig ure 6.5 of the STAT 231 Cou rse Mat e ria ls and in
St atis ti c a l Highlig ht #35.
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thes e co rre ct e d (o r actual) dates are refe rre d to as ‘calib r ated dat es,’ eit her BP or AD. In produ cing the schema bel ow, whi c h is
a graphical por trayal of infor mation in the three Table s and the Fig ure in the article, the (rela t ive ly sm all) co rre ctio n fact ors
us ed are 49 for sample C3, 87 for C2, 47 for C1 and 41 for the Shrou d; thes e value s ap pear to be clo se to those use d in the
ar ticle (e.g., as the basis of Table 3 on pag e 61 4).

Ca libr ate d date (years BP =years befo re 1950)

2050 1950 18 50 17 50 150 1550 14 50 1350 1250 11 50 1050 950 850 750 650 550

−100 0 100 200 300 400 500 600 700 800 900 1000 11 00 1200 1300 1400

Ca libr ate d date (years AD)

C3

1b
2a

3a
4a

5b

•
•

•

1u
1b

2b

•
•

•

1u

2w
2s

•
(two sub samples los t)

•
•

Cont rol sample number

Dates (estim ated independently)

Ar izona
Runs 1, 2, 3, 4, 5

Pret reat ments a, a, b, b

Oxfor d
Runs 1, 2

Pret reat ments u, b, b

Zurich
Runs 1, 2

Pret reat ments u, w, s, w, s

Approxi mat e 95% C.I. for dat e

C2

1b
2a

3a
4a

5b

•
•

•

1u
1b
2b

•
•
•

1u
1w

1s
2w

2s

•
•

•
•

•

C1

1b
2a

3a
4a

5b

•
•

•

1u
2b

2b

•
•

•

1u
1w

1s
2w

2s

•
•

•
•

•

SHROUD

1b
2b

3a
4a

•
•

•
•

1u
2b

1b

•
•

•

1u
1w

1s
2w

2s

•
•

•
•

•

Ar izona
Runs 1, 2, 3, 4, 5

Pret reat ments a, a, b, b

Oxfor d
Runs 1, 2

Pret reat ments u, b, b

Zurich
Runs 1, 2

Pret reat ments u, w, s, w, s

Approxi mat e 95% C.I. for dat e

LEGE ND:

Run: Within a run, sub samples were mea s ure d
sequ entia l ly, the seque n ce bei ng repeated
‘s eve r al’ (abou t fiv e?) times.

• Av erage of ‘s eve r al’ repeated mea s urements
ma de dur ing each run ( in d i c ates the sa m e
subs a mple; i.e., a re pli cate run) .

Probably ±1 standard dev iation base d on
repeated mea s urements made wit hin each run.

Final Laborato ry dat e fo r sample ±1 standard
devi a t io n of the ave r age.

The approxi mat e 95% C.I.s were calcula ted by
W. H.C.; the lin e within each C.I. bar repre sents
the (le ss con ser vative) C.I. giv en in the referenc e.

On the basis of the infor mation pre sent e d in the schema above, whi c h Laborato ry wou ld you identify as bei ng mos t re a l-
is ti c in its assessment of the unc e rtain ty in its res ult s? Giv e your reason s br ief ly.

• In gen eral, do you r think inv estig a tors are more prone to over - or underestim ate the unc e rtain ty in their res ult s? Brief ly
ju s tify you r choic e.

1

On the basis of the infor mation pre sent e d in the schema above, whi c h Laborato ry do you con sid er to hav e produced the
‘best’ res ult for each sample? Exp lain brief ly in each case.

• If you had to choos e on e of the three Laborato rie s to carry out a future inv estig a t ion of this nature, whi c h woul d you
sele ct? Brief ly justify you r choic e.

2

It is desir able that the Pla n fo r the inv estig a t ion be such that the data yield infor mation on the variation introduced into the
re sul ts by the fol low ing six fact ors: sample, laborato ry, sub sample, pret reat ment, run, mea s uring process. Des cribe brief ly
how wel l the Pla n achiev es this obj ectiv e.

• What are the con seque n ce(s) of any defi cie n cie s you identify in this component of the Pla n?

3

Describe brief ly what the data sugge s t abou t the effect(s) of the pret reat ments of the sub samples.

• If a sim ilar inv estig a t ion were to be car rie d ou t in future, whi c h pret reat ment(s) wou ld you recom mend? Justify you r
choic e br ief ly.

4

Comment brefly on any undesir able feature(s) of the single-le tter codes used for the pret reat ments.

• Su gge s t a brief exp lanation for how thes e un d e sir able feature(s) arose.

5
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