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Abstract

The Hieroglyphic Stairway at Copan in Northwest Honduras is the longest inscription known from the
Ancient Maya. As part of a larger conservation project of the Instituto Hondurefio de Antropologia e Historia
(IHAH) and the Getty Conservation Institute (GCI), blocks of uncarved green and buff volcanic tuff as well
as samples of flaking tuff from the Hieroglyphic Stairway, were characterized for their material properties
and state of decay. Flaking appears to be connected to selective dissolution, hygric cycling, lichen hyphae
and calcite precipitation in stone fractures. These results represent the first comprehensive characterization
of these materials and aid the understanding of material durability, behavior and conservation for this impor-
tant site.
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Charakterisieren von behauenem rhyolitischem Tuffstein — Die Hieroglyphen
Treppe in Copan, Honduras

Zusammenfassung

Die Hieroglyphen Treppe in Copdn, im Nordwesten von Ionduras, trégt die ldngste bekannte Inschrift aus
der Zeit der alten Mayakultur. Im Rahmen eines umfassenderen Konservierungsprojektes, das gemeinsam
vom Instituto Hondureno de Antropologia e Historia (IHAH) und dem Getty Conservation Institute (GCI)
durchgefiihrt wird, wurden Blocke aus unbehandeltem griinem und gelbbraunem vulkanischem Tuffstein
einerseits und Proben vom Tuffstein aus der Hieroglyphen Treppe, die zum Abbldittern neigen, andererseits
untersucht, um die Werkstoffeigenschaften ganz allgemein und den Zerstorungsgrad im besonderen zu
bestimmen. Es scheint, dass die folgenden Mechanismen beziehungsweise Vorgdnge zum Abbliittern beitra-
gen: selektives Auflosen, zyklische hygrische Belastung, Flechtenbildung und Auskristallisieren von Calcit in
Rissen des Steins. Diese Ergebnisse stammen von der ersten umfassenden Untersuchung dieses natiirlichen
Werkstoffes und sie werden dazu beitragen, die Bestcndigkeit dieses Tuffsteins und sein Verhalten ganz allge-
mein besser zu verstehen und die richtigen Entscheidungen beim Konservieren dieser bedeutenden Stcitte zu

treffen.

Stichwérter:  Copan, Honduras, Tuffstein, Physikalisch-mechanische Prtifungen, Abbléttern.
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1 Introduction

The Hieroglyphic Stairway at the ancient Mayan
site of Copan, Honduras, was built during the 8™
century C. E. Carved on its risers is the longest
known inscription from ancient Mesoamerica, a
unique historical account of four centuries of the
Copén dynasty [1]. Over the years, the deteriora-
tion of the volcanic tuff, mainly through millime-
ter-scale flaking, has been a major cause of con-
cern because it directly impacts the readability of
the carved text [2]. A joint project of the Instituto
Hondurefio de Antropologia e Historia and the
Getty Conservation Institute was initiated to estab-
lish a long-term conservation strategy for the Stair-
way. A tarp first installed in 1985 currently shelters
the stairway (Fig. 1).

2 Materials and Methods

Standard methods were used to characterize the
stone samples. XRD, XRF, and IC methods were
used to identify mineralogical and chemical com-
position. For microanalysis and textural characteri-
zation, optical and electron microscopy (PLM,
ESEM/EDS and EMPA) were used. Physi-
cal-mechanical properties measured for the Copan
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Figure 1: The Hieroglyphic Stairway, with shelter,
April 2000

stone included measurements of compressive
strength [BS EN 1926 (1999)], hygric dilatation
[RILEM 11.7], and drying kinetics [RILEM 1.4.
and RILEM I1.5]. The capillary water absorption
coefficient (W) was determined using a modified
procedure based on DIN 52617. Water vapor diffu-
sion was performed in accordance with DIN EN
1SO 12572 (1997).

3 Results

3.1  Stone Characterization

The bedrock of the Copan valley consists mainly
of Tertiary age volcanic deposits of rhyolitic and
andesitic ashflow tuffs, biotite tuffs, and some
basalt known regionally as the Padre Miguel
Group. Based on chemical and mineralogical
analyses, the main stone at Copén is a green andes-
ite to rhyolite volcaniclastic tuff. Tuff is a rock
composed of volcanic ash which has been com-
pacted. Ash is unconsolidated sediment, while tuff
is the consolidated equivalent. This tuff originally
contained ash (volcanic glass) and larger mineral
fragments such as feldspar, quartz and mica. The
bulk silica content of the rock is about 70 % SiO,
by weight.

The stone used in The Hieroglyphic Stairway is a
14 million-year-old welded rhyolite tuff containing
inclusions of quartz, feldspar and weathered chlo-
rite. The original glass matrix of the stone has been
largely altered to fine-grained zeolites, quartz and
authigenic feldspar.

Copén stone has undergone substantial alteration
since burial, with zeolites, quartz, and sanidine
largely replacing the original glass matrix, and min-
eral fragments being dissolved or altered to a lesser
degree. Two alteration textures were created during
the transformation from a volcanic ash to a tuff. In
the first texture the original glass matrix has been
replaced by small crystals (4-10 pm) of mordenite
(a zeolite), microcrystalline quartz, and some sani-
dine feldspar, leaving behind substantial original
porosity (~20 %). A second texture is also observed
wherein the glass has been replaced by extremely
fine crystals (< 1-2 um) of mordenite or heulandite
(zeolites), subsequently followed by fine sanidine
(1-4 pm) and some microcrystalline quartz. The
first texture leaves the stone more crystalline, while
the second has a chalky surface texture and a very
low moisture transport rate. These textures are most
likely related to the timing and intensity of burial
alteration of the original, unstable volcanic ash.
There is significant variation in the type, amount
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and homogeneity of distribution of large crystals
(feldspar, quartz, mica, etc.) in the various stone
types at Copan. However, the matrix, which makes
up the bulk of the stone, has a more consistent com-
position (microcrystalline mordenite, quartz and
sanidine having replaced shards of volcanic glass
during devitrification).

Copan stone has some potential for inherent vice in
the area of mineral transformations associated with
liquid water and expansive behavior. Specifically,
in some parts of the stone feldspars are partially dis-
solved, and biotite (mica) is altered to chlorite +
iron hydroxides, and clay. The products of these
reactions may respond to humidity fluctuations.
Plagioclase feldspar crystals (often partially dis-
solved) are more common in the red stone than in
the green stone at Copan; however, these crystals
do not appear to be associated with significant
residual clay formation.

In general, Copan stone has a pore geometry that is
susceptible to salt damage, as characterized by sub-
stantial microporosity and low liquid water trans-
port rate.

lon Chromatography (1C) results on Copan stone
flakes from the stairway indicate generally low
concentrations of salts with the exception of a small
area at the top of the stairway adjacent to some
recent cement additions. One sample in this area
shows concentrations of soluble calcium and sul-
fate ions (1-2 wt. %). The other sample shows high
concentrations of soluble calcium and nitrate ions
(0.6-1.5 wt. %) Nitrate is often associated with
organic material and bird droppings, and is present
at lower levels on the rest of the stairway, as would
be expected in an arca with abundant organic mate-
rial and a high rate of decay of organic material.
Most of the stairway has relatively low salt concen-
trations.

3.2  Analysis of Stone Flakes from the
Stairway

Often, below detached flakes, whitish efflores-
cences are observed at the stairway. The cross sec-
tion of the flake shows surface parallel cracks,
which are filled partly with white crystals. In UV
light, the filling material is more fluorescent, sug-
gesting incorporation of organic material, which is
frequently found in patinas. The analysis in
ESEM-EDS reveals a precipitation of calcite along
those cracks (Fig.2), which was confirmed by
XRD analysis. Furthermore the bottom of the
flakes, in the more crumbly horizon of detachment,
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Figure 2: ESEM/EDS image of Copan stone flake in
BSE mode with X-ray overlayer showing distribution of
calcite in fractures (false color-red). Scale is 400
microns.
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is depleted in silicon (Si) and oxygen (O), suggest-
ing a selective dissolution of these components in
the course of weathering. This general pattern is
visible in several stone flakes.

Often the cracks in the flakes are also filled with
organic material, including remnant fungal hyphae,
which sometimes can be associated with calcite for-
mation (Fig. 3) [3]. However, the origin of the sur-
face parallel cracks cannot be clarified completely.
They could also be the result of subsequent wet-
ting-drying cycles, associated with hygric dilata-
tion of the immediate surface, dissolution of more
soluble stone components and sheer stress. In fact,
the thickness of the flakes corresponds quite well to
the depth position of the maximum moisture con-
tent for Copan stone in average over time (see sec-
tion C below).
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Figure 3 a: Copan stone flake with calcite and fungi on
flake surface, ESEM/EDS.
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Figure 3 b: Element analysis at detail shown in Fig. 3 a

3.3  Bulk Stone Physical Properties

One of the concerns at Copan is to understand the
different types of stone present at the site and their
composition, texture, properties and hygric beha-
vior. The stones were subject to a range of tests
which are reported here.

A) Strength

A fundamental parameter of building materials is
compressive strength. Also, other parameters, such
as tensile strength and overall durability, often cor-
relate with compressive strength. The results indi-
cate generally strong materials, however the buff
stone has about half the strength of the fine green
stone (55 MPa vs. 100 MPa), while the coarse
green stone has a strength less than the fine green
(80 MPa), but significantly higher than the buff

stone (55 MPa). The results from the Copan stone
suggest significant differences between the differ-
ent types of stone, which may be related to differ-
ent behavior in resisting decay. In the next sec-
tions, further differences between the stone types
are documented.

B) Hygric Dilatation

Often when a stone is put into water it swells
slightly. If significant amounts of swellable clays
are present then the expansion can be a cause of
physical stress and an important factor in the decay
process. The bulk hygric dilatation was measured
for three Copan stones (buff, fine green and coarse
green). Analysis of the fine fraction showed a
small amount of swellable clays present (2-6 %).
The results show that the dilatation (expansion) of



Characterization of Carved Rhyolite Tuff - The Hieroglyphic Stairway of Copan, Honduras

4 ST pelizi RO

b)

Figure 4 a; b: Expansion and contraction of clay in
ESEM during wetting-drying cycles, sample BF1.

Copan stone is within the range expected for this
stone type, however there is substantial variation
depending on the sample orientation and lithology
(250-590 pm/m). If the clay is not distributed
evenly throughout the stone, but is concentrated in
specific zones; then clay swelling may be impor-
tant source of stress especially on a microscale
(Fig. 4). Shear stress may also develop as the stone
surface wets and dries at a different rate than the
bulk stone.

C) Capillarity

Analysis of the rate of water uptake from each
stone shows that fine green stone (BFI) has a
much slower water uptake than the buff stone. The
coarser green stones fall in between the fine green
and buff stones. Water uptake is an important
parameter, because it controls the location of the
water/air interface, which affects salt accumula-
tion, and stress from wetting and drying.

The W-values from the capillary water absorption
coefficient measurements (DIN 52617) are rela-
tively low, ranging for the green stone between 0.5
and 2.3 (kg/m*Vh). The buff stone shows higher
values of W at 3.8 kg/mz\/h. Even more significant
is the difference regarding the B-values, which
describe the water penetration behavior. For the
buff lithotype, the penetration reaches with 0.8
cm/vh almost the double depth of the green stone.
This means, during a rain event of approx. 1 hour,
the moisture front in the green stone does not
exceed 3-4 mm. Comparing W- and B- values for
both lithotypes, the green Copan stone seems to be
more susceptible to flaking, while intergranular dis-
integration can contributc more to the weathering
of the buff variety.

D) Drying Kinetics (Drying Index, NORMAL -
7/81)

The rate of drying of the stone is controlled by its
pore structure. There is typically a change in slope
of the drying curve (decrease in drying rate) that
reflects the shift from a continuous, liquid film
transporting fluid to the surface, and a discontinu-
ous film dominated by water vapor transport. A
strong difference in the drying rate is noted, with the
buff Copan stone drying more quickly than the fine
green stone. This is consistent with some observa-
tions of scaling on the green stone and uniform
recession of the buff material. Both stones tend to
keep moisture inside for a long time, showing also
how different the times spans between water uptake
and release can be due to the fact that the uptake can
take place by capillarity, while the drying is
restricted to the diffusion mechanism of evapora-
tion. For the green stone, the horizon of evaporation
withdraws beneath the surface approximately 10-15
hours after the last capillary wetting.

E) Water Vapor Diffusion Resistance

The resistance to water vapor transport was meas-
ured to determine the rate at which water can travel
through the stone in the gas phase, as opposed to
liquid water. The results indicate that relative
transport rates are low, suggesting slow overall
drying. Differences in diffusion resistance between
the Copan stone types were less than the variation
measured between sample replicates. The values
for the different varieties show similar results, with
a slightly higher vapor resistance in the coarse
green samples.
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Figure 5:
case (green stone) with (right) and without (left) the tarp.

4 Discussion and Conclusions

Based on the measured physico-mechanical prop-
erties of the stone, the moisture and temperature
profiles were calculated using the program WUFI
which was developed for the calculation of simul-
taneous heat and moisture transport (Fig. 5) [4].
Two situations are compared with each other: On
the right (Fig. 5), the stairway under the current
conditions, on the left the unsheltered situation
without the tarpaulin. In yellow the calculated tem-
perature depth profiles are given on the top, below
in green the relative humidity and in blue on the
bottom, the water content. The lines do not repre-
sent the average, but the final state at the end of the
annual cycle. The colored areas stand for the sum
of all curves and illustrate the range covered in a
typical year.

As can be seen from the WUFI results, the presence
of the tarp would significantly reduce the stone
temperature fluctuations and surface moisture con-
tent. The tarp currently prevents the regular wetting
of the Copan Hieroglyphic Stairway and is

WUFI-Calculation for depth profiles of water content, relative humidity and temperature for the Copan stair-

expected to substantially reduce the potential for
damage from shear stress resulting from the stone
surface wetting and swelling (due to the presence of
swellable clay and organic materials) while the
interior of the stone remains dry. The slow water
transport characteristics of the stone and the surface
parallel nature of the stone loss are consistent with
this type of decay mechanism. Ongoing monitoring
of surface stone stability will address the
longer-term impact of the tarp.

These results represent the first comprehensive
characterization of Copan stone and contribute to
the selection of appropriate repair materials and the
development of a comprehensive conservation plan
for this important monument.
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