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Mr. Grissino-Mayer: What I'd now like to do is demonstrate some
dates we obtained for the instruments we analyzed at both the
Ashmolean Museum and the Royal Academy of Music in London.
Let me first recap the controversy about the Messiah violin so
that we understand the importance of what we're tatking about.
First, Peter Klein of the University of Hamburg returned an outer
tree ring date—in other words, the youngest tree ring on the
Messiah—of 1738. This 1738 date is problematic because it is
one year after Antonio Stradivari died; therefore, he could not
have made this violin, and this, of course, would certainly sub-
stantiate the stylistic evidence which Stewart Pollens presented
in his talk and paper.

Topham and McCormick then analyzed the Messiah from
direct measurements, and they came up with an outer tree ring
date of i88Z. This would be contemporary witir die lifetime of
Stradivari and fit the label date of 1716. Subsequently, Topham
and McCormick published their findings. In the dendrochrono-
logical sciences, an individual tree ring can have only one date.
We are a precision science—there is no plus or minus. This great-
ly troubled me last year when it appeared we had competing
dates for one tree ring series on the Messiah. One of these dates
had to be wrong. That’'s when 1| was approached by Helen Hayes
to step in and help resolve the controversy. I'm just after the
truth as a scientist. For the last year, I also abstained from talk-
ing to anybody on either side of this controversy and only
engaged in dialogue with the Violin Society.

At last year's convention, there was quite a bit of controversy
about the meaning of t-values (Figure 23). It is used mainly by
European dendrochronologists to measure the strength of associ-
ation between two tree-ring time series. The higher the t-value,
the better, because that would indicate two sets of tree-ring mea-
surements likely date against each other. A t-value of 3.5 indi-
cates some type of match with a small statistical margin of error
involved. A t-value of 6.0 indicates a strong conclusive match: if
vou obtain one of 10.0, then it probably means the two series
came from the same tree.

In their publication, Topham and McCormick presented a
table of t-values showing the matches between each of the 21
instruments analyzed with each other. Keep in mind the critical
t-values that are necessary here, 3.5 being the absolute bare
minimum. [n that table, we saw the relationship of the Messiah
tree rings against those from other instruments, and saw some
very low values: 3.1, 2.9, 2.3, 2.7, 3.1, 3.4, 2.9, 2.7. 2.7. In fact,
the Messiah only has what [ would consider conclusive dating
against three other instruments. I had a problem with the
Messiah because it has an average t-value of 4.0 against all the
other instruments. and if you take out the two instruments from
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Lake Louise t-value

LLCOoO1 11.2
L1 COG2 13.1
L1.C003 14.0
LLC004 11.1
LLCOO7 8.5
1L.C00% 6.8
LL.CO11 86
LLCO12 6.5
LLCO13 7.3
L1CO14 8.6
LLCO16 2.3
LLCO17 10.0
LLCO20 8.8
LLCO21 9.3
LL.C022 9.1
Loz 103
110008 7 A
LLCO27 10.3
1.LC0O28 10.9
LECO29 8.8
LLCO35 6.5

3.5 indicates a match
> 6.0 indicates a stronq,
conclusive match

Figure 25. Set of t-values

Figure 26. Lab at the Universily of Tennessee Jor obtaining tree-ring mea:
surements
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the same tree {because you don't want to compare them against
each other), it drops to 3.7 (Figure 24, VN247). For comparison,
let's analyze a set of tree-ring data from southern Georgia (Figure
25}. The average t-value for each series against all other series is
very high. This is what we expect to see in dendrochronology. We
have strong dating of individual trees within a chronology. If we
want to develop a chronology of tree rings from violins, these are
the types of {-values we would like to see.

I initially had questions of the original dating by Topham
and McCormick because I wanted to see more convincing graphi-
cal evidence. I wanted to see the Messiah tree rings plotted
against the reference chronologies. I remind you that tree-ring
sequences must date against master reference chronologies with-
out doubt, both graphically and statistically. This is what we
want to show in our presentation.

At the University of Tennessee, we recently developed a sys-
tem that would allow us to efficiently obtain tree-ring measure-
ments from musical instruments (Figure 26). The measuring
stage travels back and forth with the violin on top, and measures
tree-ring widths to the thousandth of a millimeter. The digital
display interfaces with a laptop computer that records all infor-
mation. We also employed a trinoculor microscope with a digital
camera with which we took pictures of the Messiah.

We arrived at the Ashmolean Museum and the first instru-
ment we measured was a 1683 decorated Strad (Figure 27), a
small Strad, perhaps made for a child. Dr. Sheppard, Dr.
Cleaveland, and I each measured the bass side and the treble
side to insure that we were seeing the same tree rings. This was
important for us to establish. We then measured the tree-ring
widths on the Messiah (Figure 28) in the same manner. At the .
Royal Academy of Music in London, we measured the tree-ring
widths on the Archinto viola, another spectacular instrument
that we were graciously given access to. Additionally, Dr.
Sheppard measured the tree rings on the Kux/Castelbarco
{Figure 29). These two instruments turned out to be extremely
crucial to our analysis, and I'm very thankful that we received
permission, almost at the last minute, to analyze these violins at
the Royal Academy of Music.

While there, we were also given access to a very early
Stradivari with a label date of 1666. Dr. Cleaveland was measur-
ing this when we found a major problem (Figure 30). We zoomed
in on the right side of the bout and saw a major disruption in the
wood following along an obvious break. We found that this was
perhaps two pieces of wood joined together, because the
sequence of rings changed from very wide rings to the right to
extremely narrow rings to the left, and trees do not normally grow
that way. As you saw in the previous graphs, they usually have
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Figure 28. Measuring Iree-ring widths on the Messiah



Figure 30. Two pieces of wood joined together on a 1666 Strad
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Were we seeing the same ring patterns?

Messiah (bass):

1683 (bass):

Sheppard versus Grissino
Cleaveland versus Grissino
Sheppard versus Cleaveland

Sheppard versus Grissino
Cleaveland versus Grissino
Sheppard versus Cleaveland

> 6.0 indicates a very strong, conclusive match

Figure 31. Comparing measurements of t-values

Obergurgl versus Messiah Chronclogy
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Figure 32. Comparing the Obergurgl and Messiah chronologies (Messiah

has the highest spilce)
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very nice, smooth trends. It indicated to us that we had a prob-
lem with this violin that was going to prevent us from dating it.
Becatise there were missing pieces of wood or two pieces of
adjoined wood, we did not have a continuous tree ring series
from one tree, so we had to exclude this violin {rom our analyses.
Nonetheless, I feel this is very useful information.

The first question we wanted to ask was: were we seeing the
samne ring patterns? We computed t-values between the measure-
ments that | took versus those made by Dr. Sheppard versus
those made by Dr. Cleaveland (Figure 31). We were indeed seeing
the same tree rings and therefore measured the same ring pat-
terns as indicated by these very high t-values. It was important
that we were able to replicate each other’s measurements.

You heard Dr. Cleaveland talk about the reference chronolo-
gy from Obergurgl, Austria. It extends back to the 1200s. Could
we now date the Messiah against this reference chronology? We
did find some very good correspondences beitween the Messiah
and the Obergurgl reference chronology (Figure 32). This particu-
lar dating was one of the strongest ones we found, but it returned
a t-value of only 3.3. The outermost ring in the 1680s is contem-
porary with Stradivari, and essentially is the same dating
Topham and McCormick found, but the t-value siill does not
meet our minimum criterion of 3.5.

Keep in mind, what we're doing is taking the Messiah tree ring
series and sliding it down the reference chronology one year at a
time until we find a significant t-value. It's a very simple process,
done statistically using the COFECHA software that was men-
tioned previously. Using this technique, we were then surprised to
find yet another possible dating for the Messiah with its outer tree
ring dating to the 1730s (Figure 33). This match returned a t-value
of 3.2. This would place the outer tree ring in the 1730s, essential-
ly the same dating found by Dr. Klein. Here were possible datings
of the Messiah against the reference chronology which were actual-
ly returning two possible dates for the tree rings of the Messiah.
Nonetheless, they were not significant. They did not meet that min-
imum criterion of a t-value of 3.5.

We were faced with a problem: the dating of the Messiah
was inconclusive against the reference chronology. We needed to
develop a superior reference chronology representing a much
wider spatial coverage in the high Alps, and then date the other
instruments that we measured on this trip to see if we could use
these to date the Messiah. In other words, if we could date the
Archinto or the 1683 Strad or the Kux/Castelbarco. we could use
those as reference chronologies. First, though, we had to date at
least one of the instruments against the available chronologies
from the Alps.

There is a wealth of data available for the high Alps (Figure
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Obergurgl versus Messiah Chronclogy

1630 1640 1650 1660 1670 1680 1690 1700 1710 1720 1730 1740

Vanr

— Obergurgl— Messiah

Figure 33. Another comparison (Messiah has the highest spike)

We needed a better reference chronoclogy.

« Les Merveitles, France 988 — 1974 larch

*  Les Merveilles, France 1187 -1974 larch

* Berchtesgarden, Germany 1339-1947 larch

« L’Orgere, France 1353 -1958 larch

» Fodara Vedla Alm, Italy 1520 - 1990  larch

*  Fodara Vedla Alm, Jtaly 1474 — 1990 pine

» L’Orgere, France 1539 -1972  larch
*  Obergurgl, Austria 1566 — 1971  pine

= Fodara Vedla Alm, Italy 1598 - 1990  spruce
*  Qbergurgl, Austria 1604 — 1972 spruce

+ Cortina d’Ampezzo Sud, Italy 1660-1975 spruce
= Arosa Tritt Nord, Switzerland 1690 - 1975 spruce
= Cortina d’Ampezzo Nord, Italy 1737~ 1975  spruce

» Milderaun Alm, Austria 1745 - 1975 spruce
» Patscherkofel, Austria 17521967 pine
+ Katscherpass, Austria 1838 - 1975 spruce

Figure 34. High Alps chronologies
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%734] One of these chronologies in France extends back to the
«;9005 and even here in southern Germany, back to 1339. We
rsombined this information into one master regional chronology, a
-super-chronology, if you will, that represents hundreds of trees
Efrom 16 sites in the high Alps, forming an arc around northern
‘[taly, stretching across five countries (Figure 35). The t-values
“show the strength of each Chronology with the westernmost

This was significant to estabhsh that we were seeing a strong
_cominon signal in the high Alps.
_ Were we able to use this master chronology to date these
_instruments? The first instrument we analyzed was the Archinto
'because Topham said this particular instrument dated very well
-against the Messiah. If we could date the Archinto, we could per-
haps date the Messiah. COFECHA indicated that the Archinto
had an outer ring for the outermost segments of 1685 (Figure
36). This is what we look for: a systematic placement. The soft-
ware suggests the Archinto likely has an outer complete ring of
1685, and for it to have four segments that returned the best
match of 1685 is highly and statistically significant. Notice that
the innermost decades again did not return the same dating.
That’s because, as Dr. Sheppard pointed out, the innermost rings
on tree ring series often have low mean sensitivity because the
trees are responding more to physiological conditions than envi-
ronmental conditions. This is commeon in many trees.

The graph of the Archinto tree rings versus the reference
chronology confirms this dating position. For the entire 159 years
of tree rings for the Archinto against the master regional chronolo-
gy developed from those 16 sites, the t-value is 3.9, which is very
good (Figure 37). You can see the very good correspondence
between the Archinto and the master regional chronolegy. This
would place the Archinto with an outer complete tree ring of 1685.

We next turned our attention to the Kux/Castelbarco and
attempted to date it against the now-dated Archinto. The
COFECHA software returned four of the five segments as having
an outer tree ring of 1683, very similar o the Archinto outer ring
of 1685 (Figure 38), with very good t-values that most certainly
indicate a significant match. The graphical comparison confirmed
this dating (Figure 39). First, notice the t-value between these two
instruments, 7.0. The correspondence between these two series is
nothing short of amazing. This is positive dating. This is perhaps
the strongest dating that we saw of all of our instruments.

The Archinto was dated. Now the Kux/Castelbarco was
dated. We also had some success with the 1683 decorated Strad
from the Ashmolean Museum. The COFECHA software indicated
that the outer ring was most likely 1673 (Figure 40). This would
be contemporary with the label date. Although we had a signifi-
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Figure 35. A super-chronology from the High Alps

Archinto versus the regional master chronology

Series Segment Last Corr t-value
ring
*+ ARCH 1-40 1957 .56 4.2
« ARCH 21-60 1730 .54 4.0
+ ARCH 41-80 1956 .52 3.8
* ARCH 61 —100 1635 45 3.1
«  ARCH 81-120 1685 .58 4.4
«  ARCH 101 - 140 1685 .70 6.0
» ARCH 120 - 159 1685 46 3.2

Figure 36. Strad’s Archinto vs. the regional master chronology
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Archinto versus the Regional Chronology
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Figure 37. Archinto vs. the regional chronology (Archinto has the highest
spike]}

Kux/Casteibarco versus the Archinto

Series Segment Last Corr t-value
ring
+ KUX 3-42 1661 .38 25
+ KUX 23-62 1683 41 2.8
+  KUX 43 - 82 1683 .80 8.2
+ KUX 63-102 1683 .71 6.2
+ KUX 83-122 1683 52 3.8

Figure 38. Kux/Castelbarco vs. the Archinto
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Archinto versus the Kux/Castelbarco

16
1.4 "

0.8 1 T |'

0.6 t=7.0

0.4 f I
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— Archinto — Kux/Castelbarco

Figure 39. Archinto vs. Kux/Castelbarco (Archinto has the highest spike)

Dating the 1683 Strad against the Kux/Castelbarco

Series Segment Last Corr t-value
ring
- 1683 2-36 1677 37 2.3
+ 1683 19-53 1673 .61 44
« 1683 36-70 1673 .52 3.5
« 1683 45-79 1673 .52 35

Figure 40. 1683 Strad vs. Kux/Castelbarco
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cant t-value, this situation illustrates how we must exercise cau-
tion in dendrochronology. Not only does the statistical dating have
to be conclusive, but also the graphical dating, which is not very
convincing {Figure 41}. 1 consider the dating tentative for this par-
ticular instrument until we obtain more conclusive evidence.

What about the Messiah? Remember, we found no reliable
dating of the Messiah against the Obergurgl reference chronolo-
gy. However, we now have two well-dated instruments, the
Archinto and the Kux/Castelbarco. We are now going to use
these as the reference chronologies, We first attempted to daie
the Messiah against the Archinto {Figure 42). Both statistically
and graphically, we found very good dating. In fact, we obtained a
t-value of 4.2, placing the outer ring for the Messiah at 1686. We
found an even stronger relationshin comparing the Messiah
against the Kux/ Castelbarco with a t-value of 4.8 (Figure 43).
This again places the outer ring of the Messiah at 1686.

But we wanted more evidence. Skeleton plots (like those
shown before by Dr. Sheppard) are very important crossdating
tools. They emphasize the narrow rings. The longer the line, the
narrower the ring. I created one plot each for the Messiah and
another for the Archinto to compare their patterns of narrow
rings (Figure 44). If the two series match, all of the narrow rings
should line up, and the majority do. The Messiah has an outer
ring of one more year than the Archinto. Finally, [ also conducted
a statistical test knmown as a chi-squared test of association on
these two series, and found the skeleton plots significantly asso-
ciated with only a 2% margin of error. In other words, we'rec 98%
confident that these two skeleton plots represent the same series
or the same years.

In summary, the Archinto, with a label date of 1696. had
measured rings extending from 1527 to 1685, but I hasten to
point out that we did have incomplete rings: an incomplete ring
on the inside and an incomplete ring on the outside that we
could not measure. We don’t measure incomplete rings.
Nonetheless, there was wood present for these rings. Therefore.
we can say that we had wood present from 1526 to 1686 for the
Archinto. and this would fall in line with what Topham and
McCormick found. 1531 to 1679. I point out also that we
obtained a few more rings, not only on the inside, but on the out-
side, and this is important if you wish to know how long the wood
was seasoned before it was made into an instrument.

The Kux/Castelbarco, with a label date circa 1720, had
measured rings from 1559 to 1683. Wood was present from 1558
to 1684. The 1683 decorated Strad. and I consider this tentative.
lilkelv has an outer ring of 1673. with wood present for 1674.
Finally. the Messiah has a label date of 1716. We obtained mea-
sured rings of 1578 to 1686. Wood was present from 1577 to



164

1683 Strad versus the Kux/Castelbarco
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Figure 41. 1683 Strad vs. Kux/Castelbarco (Kux has the highest spike)

Messiah versus the Archinto
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Figure 42. Messiah vs. Archinto (Messiah has the highest spike)
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Messiah versus the Kux/Castelbarco

310 y
E
0.3 y —\Ai ' —

0.6 t=48
1686
0.4 ! :
1580 1590 1800 16840 1820 1630 1840 1850 1660 1670 1580 1890

Year

— Kux/Castelbarco -~ Messiah

Figure 43. Messiah vs. Kux/Custelbarco (Messiah has the highest spike)

Skeleton plots of the Archinto versus the Messiah
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» each line represents a narrow ring
» the namower the ring, the longer the line

» if two series maich, the majority of narrow rings will align

» A Chi-squared test of association indicated these two series are
strongly and significantly associated (p < 0.02).

Figure 44. Skeleton plots of Archinto vs. Messiah



