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The Vinland Map: Still a Forgery
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A complete chemical and microscopical reexamination of the Vinland Map resulted in the
presentation of new evidence! regarding this controversial document. It has been concluded
that this new evidence “...argues strongly against the specific McCrone Associates proof that
the Map is fraudulent”. I argue here that this reexamination did not invalidate the basic McCrone
Associates conclusion and, to the contrary, further supports their original interpretation of the

document as a modern forgery.

Introduction

In 1965, one day before the annual celebration of
Columbus Day, the Vinland Map was brought to the
attention of the general public.© With an imputed
relevance to the Norse discovery of America, the Map
generated much publicity and controversy.® Nine years
later, in 1974, Walter McCrone Associates, Inc., re-
ported* the presence of titanium dioxide (anatase) in
small fragments of ink carefully removed from the Map.
Because titanium dioxide was not a pigment available
until the 20th century, the McCrone team concluded
in their report to the Yale University Library that the
Map is a modern forgery. They presented their data
later that year as part of a specially convened sympo-
sium on the Vinland Map held at the Royal Geo-
graphical Society in London.?

However, 13 years after the McCrone report, interest
and concern over the Map’s provenance and authen-
ticity remained. On the basis of an extensive and
nondestructive, “global” microchemical reinvestigation
of the entire Vinland Map, in 1987 Cahill et al.! re-
ported that they were able to find very little titanium
in the inks of this supposed 15th century document.
Without claiming authenticity for the Map, they nev-
ertheless seriously challenged the 1974 McCrone Asso-
ciates interpretation and thereby reopened the question
of the Map as a fraudulent document. Notwithstanding
a rebuttal by McCrone,’ the compositional and micro-
scopical evidence presented by Cahill et al., as well as
the conclusions drawn therefrom, deserves additional
discussion and interpretation.

Compositional Evidence

In reopening the question of the authenticity of the
Vinland Map, Cahill et al.»!? chose to use a technique
unavailable to forensic research in the early 1970s: the
PIXE (proton-induced X-ray emission) milliprobe. In
doing so, the Cahill team placed their analytical em-
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phasis on a comprehensive search of the Map’s inks and
parchment for titanium, recognizing that it was the
finding of this crucial element that raised McCrone’s
suspicions about the Map in the first place.* It is im-
portant, however, to reemphasize here that it is not
elemental titanium alone that is significant to a forgery
interpretation. The overall properties of the specific
titanium dioxide mineral, anatase, and its distribution
on the document are the critical and definitive issues.

McCrone Associates identified, characterized, and
illustrated anatase from microparticle samples which
they carefully isolated from the Map’s inks.>® They
found that this anatase occurs inhomogeneously dis-
persed in the ink in a well-crystallized form. The
anatase crystals have a rounded rather than angular
particle morphology, and they exhibit a narrow parti-
cle-size distribution.>8

Anatase particles having all of these properties can
only have been derived from a 20th century source
because of the several important and sequential steps
that are required in their formation. Firstly, a TiO,
precipitate must be prepared by hydrolysis. Observed
in the transmission electron microscope, samples of this
initial precipitate are seen to be an aggregated mixture
of poorly crystalline to amorphous, very finely divided
(=50 A) anatase “hydrate” crystallites (Figure 1).
Secondly, the achievement of both the high crystallinity
and rounded crystallite morphology requires that the
precipitate pass through a calcination stage. The re-
action kinetics of this calcination process demand tem-
peratures in the range of 600~900 °C.” Finally, to
achieve the particle dispersion and narrow particle size
distribution desired in commercial pigments and ob-
served in the Map’s inks (Figure 2), this calcined
product must be appropriately milled to break down
and disperse the aggregates of rounded crystals (com-
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Figure 1. Transmission electron micrograph of precipitated TiO,
hydrate (anatase). Note aggregated particles made up of very
fine (~40-50 A) crystallites. 170000%. (Sample supplied in
hydrated form courtesy of Titanium Pigments Division, NL In-
dustries.)
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Figure 2. Transmission electron micrograph of anatase (particle
11A-5) from the ink of the Vinland Map. Note rounded crystallites
in the ~1000-A size range. 25000%. (Photo courtesy of W. C.
McCrone; cf. Figure 1, ref 6, Figure 8, ref 5.)

pare Figure 3 with Figure 2). Given the three stages
involved, it is difficult to argue that any such sequential
process would have been available (intentionally or
accidentally) in the 15th century which would produce
an ink with anatase particles having all of the attributes
of a modern paint pigment.

Poorly crystalline anatase aggregates with a parti-
cle-size distribution overlapping that found in the
Vinland Map’s inks have been prepared under plausible
15th century conditions.®® However, these preparations
display broadened X-ray diffraction maxima for ana-
tase, indicating poor crystallinity and/or very fine
crystallite sizes. Transmission electron microscope
study of such simulated preparations reveals that the
particles are aggregates, each made up of numerous fine
crystallites, characteristics that compare most favorably
to the initial precipitate stage of modern pigment
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Figure 3. Transmission electron micrograph of calcined and
milled TiO, (anatase). Rounded crystallites are the result of
high-temperature recrystallization of the precipitated hydrate in
Figure 1. Compare with Figure 2. 52000%. (Anatase supplied
courtesy of Titanium Pigments Division, NL Industries.)

Figure 4. Transmission electron micrograph of poorly crystalline
anatase “hydrate” aggregates. Sample prepared by J. S. Olin
(Smithsonian Institution) in an attempt to simulate a 15th century
ink. 170000%. Compare with Figure 1.

preparations (compare Figure 4 with Figure 1).
Therefore, while the simulated pigment is mineralogi-
cally anatase, it is not the same as the anatase seen in
the inks from the Map. The differences are due pri-
marily to the absence of a calcination step in the sim-
ulation experiments and secondarily to the absence of
the milling procedure.

Cahill et al. do not address either the issue of min-
eralogy or the crystallography, preferring to emphasize
the “global” nature of their comprehensive search and
their calculation of the low absolute amounts of ele-
mental titanium on the Map. Provided by Dr. Cahill
with a courtesy copy of his original report! to the Yale
University Library, I undertook a statistical analysis of
all of the PIXE data for titanium as given in Appendix
A. This analysis reveals that there is a 95% statistically
significant, positive correlation between titanium con-
tent and the 91 ink samples measured on the Map
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Figure 5. Statistical separation at the 95% confidence level in
the mean values of the ink vs the parchment for all of the PIXE
titanium determinations made on the Vinland Map. Data from
Appendix A, Cahill et al.1?

without overlap from the 72 titanium measurements
made on the parchment (Figure 5). The titanium is
therefore clearly enriched in the ink relative to the
parchment over the entire Map. McCrone Associates
made a similar observation, failing to find any anatase
crystals in any of their samples taken from the parch-
ment.?

With titanium enriched in the ink relative to the
parchment, it is significant that, in their microanalysis,
McCrone Associates obtained a clearly identifiable
Debye~Scherrer X-ray powder diffraction pattern for
anatase (and calcite) from micron-sized ink fragments.
The X-ray film is clear, and the lines for anatase are
uniform and sharp. The sharpness of the lines is con-
sistent with a mean crystallite size greater than about
1000 A. The X-ray films lack evidence of spottiness
(except for those lines attributable to calcite).!® The
uniform anatase lines imply that there were numerous
titanium dioxide crystals present in the fragments. This
is in contrast to the electron diffraction films, where
selected area analysis means that fewer crystals con-
tribute to the pattern. The nonuniform, spotty lines
on the X-ray films indicate the presence of a few large
calcite crystals mixed in. The absence of such spots
superimposed on the uniform anatase lines, especially
the stronger lines, indicates that no additional larger
crystals of anatase were present. A wide range in crystal
size for anatase is therefore precluded.

All of the major diffraction maxima expected from
anatase are present on the film.>8 A sharp, complete
X-ray powder diffraction pattern requires that a sub-
stance be well-crystallized and present in quantities
above about 0.2-1%.1112 No such X-ray pattern would
therefore have been possible from any fragment having
the maximum titanium value of “10 ng/cm?, or 0.0062%
by weight” as reported by the Cahill group.t°

There is thus a clear disparity between the different
approaches and their results. With titanium enriched
in the ink relative to the parchment and given the lower,
millimeter-level spatial resolution of the PIXE tech-
nique, the weight of these results favors the McCrone
microparticle analysis.
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Microscopical Evidence

As a possible explanation for the microscopic char-
acteristics of the Vinland Map ink lines, McCrone As-
sociates®® offered the suggestion that a forger very
skillfully applied a double application of ink, carefully
putting down a black line over the top of an earlier
applied brownish-yellow line. In support of the skilled
forger hypothesis is the fact that, to date, only one
discrepancy between the yellow and black lines has been
observed. The sole error appears on the Map at the
western coast of Britain.® Cahill et al.! have recon-
firmed this characteristic accuracy of the Map and have
documented the precise nature of this single discrep-
ancy with high-magnification color photography (plate
5, ref 10).

In describing the other inked lines, they went on to
state: “We observe excellent register throughout the
Map even in the extremely fine inscriptions, typically
to about 0.1 mm. The original edges of the lines can
be seen clearly in nearly all parts of the Map and even
in the more faded yellowish brown sections of the lines
small residual black particles usually extend to the
clearly defined limit of the original edge.”

For comparative purposes, Cahill et al.! examined
“..many 15th and 16th century vellum manuscripts of
undoubted authenticity at the Bancroft Library at the
University of California, Berkeley”. In general, these
documents looked to them very much like the Vinland
Map. They observed flaking black layers of pigment
over brownish-yellow vestiges. However, in detail, and
in marked distinction to their description of the Vinland
Map, they report “...places where parts of brownish
yellow lines are out of the registration completely with
the blacker vestiges of lines”. They also noted “...many
places in these documents where the brownish yellow
vestigal lines appears [sic] alone, without any trace of
black on them”; again a marked contrast to their de-
scription of the Vinland Map.

Thus, although the Vinland Map is generally similar
to the other documents studied microscopically, in
detail the characteristics of the Vinland Map ink are
quite different.

Discussion and Conclusion

If one accepts the validity of the new microscopical
observations made by Cahill et al. on the Vinland Map
and the many other indisputably genuine documents
studied, it is difficult to understand how the Vinland
Map, if it was also genuine, could be so good, with ink
so “well-preserved” that it is distinctly different from
all the others.

Why are its yellow and black lines not like the gen-
uine documents and completely out of registration in
more than one place?

Why are its yellow lines not like the genuine docu-
ments and also devoid of any black particles in many
places?

The clear disparity between the microscopical de-
scriptions made of the Vinland Map and those of the
indisputably genuine documents must be explained in
any argument that the Map is itself a genuine 15th
century document. Unless plausible answers to these
questions can be given, the microscopical evidence
gathered by Cahill et al. from the other undoubtedly
genuine documents, rather than detracting from the
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McCrone interpretation, must add additional weight to
the conclusion that the Vinland Map is a painstakingly
clever forgery.

The microchemical evidence is equally difficult to
place in context with the Map’s authenticity:

How could a genuine 15th century document have
been drawn with an ink containing particles that are
mineralogically and crystallographically indistinguish-
able from a modern paint pigment whose manufacture
requires specific and sequential technological proce-
dures?

If pigment-quality anatase had been unknowingly or
accidentally added to the Map’s surface at some later
date, how could titanium be enriched on the inked lines
and lettering throughout the Map, but not appear,

above background, on the parchment itself?

With all of the chemical, microscopical, historical, and
cartographic data now available, it is increasingly dif-
ficult to argue that the Vinland Map could still be an
authentic 15th century document. If further research
is to be devoted to this document and its provenance,
perhaps it should be addressed toward an attempt to
identify the forger(s), the source(s) of the inks, and the
motives for its forgery.
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The bromonium ion, first proposed in 1937 by Rob-
erts et al. to interpret the stereoselective bromination
of 2-butenes,! is a classic example of a bridged ionic
intermediate. Although its existence in textbooks ap-
pears to be long-established, bromine bridging in tran-
sition states and intermediates was not demonstrated
until 30 years later. Moreover, as proof of the occur-
rence of bromonium ions was accumulating, evidence
for open transition states and intermediates in olefin
bromination was also found.? This Account aims to
explain how bromine bridging depends on the olefin
structure and on the solvent.
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The first conclusive stereochemical proof of halogen
bridging in halogenation intermediates was established
in 1966 by the elegant work of Fahey et al. on the
chlorination of cis- and trans-1,2-di-tert-butyl-
ethylenes,® found to be 100% stereoselective.* Chlo-
rination of the cis olefin leading to an exceptionally
strained bridged ion goes through a chloronium ion; a
fortiori, bromination must go through a bromonium ion
since bromine is a better bridging group than chlorine.
Surprisingly, bromine bridging was shown to occur as
early as 1948 in solvolysis,® but not until 1978 did rate
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data on alkene bromination reveal® that the charge
distribution is symmetrical in the late transition state,
which implies bromine bridging in the intermediate.

- Evidence for open carbocationic transition states and
intermediates was also advanced in the 1960s. cis-An-
etholes and trans-anetholes, 4-MeOC;H,CH=CHMe,
are brominated with the same lack of stereoselectivity.’
The p* value of the p*¢* correlation of styrene bro-
mination rates in methanol® and acetic acid? closely
resembles that of tert-cumyl chloride methanolysis.
The first qualitative interpretation of the 2-fold nature
of these ions was contained in Yates’s proposal that
there was a spectrum of intermediates going from bro-
monium ions to 8-bromocarbocations.’® Qur own more
quantitative analysis is based on rate—product rela-
tionships, which are capable of predicting bromination
selectivities.
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