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Abstract

Severe weathering damage can be.noted
on monuments carved from bedrock in an-
cient Petra/Jordan. Interventions for pres-
ervation of this important cultural heritage
are necessary. Precise damage diagnosis is
required for effective and economic monu-
ment preservation. Within the framework of
a research project (1996-1999) systematic
studies are executed in Petra for better un-
derstanding of stone weathering and dam-
ages of the monuments. Aims of the project
and preliminary results are described.

Introduction

The ancient Nabataean city of Petra is
situated in the mountainous region of south-
western Jordan. The monuments of Petra
rank among the most important cultural
monuments of the world. In 1985 UNESCO
inscribed Petra on the list of World Cultural
Heritage. The complex of historical monu-
ments at Petra is very significant for the
cultural identity of Jordan. Today Petra is an
important region with ever increasing tour-
ism in Jordan.

The monuments in Petra can be sub-
divided into three groups:
Group I - The central part of Petra was
covered by residential and public buildings,
markets and sanctuaries like temples con-
structed with cut stone. Most of the build-
ings are severely damaged or partially des-
troyed and covered by debris. During the
last years several archaeological sites have
been excavated.
Goup II - At the sides of the mountain
ridges many hundred monuments - tombs,
sanctuaries, places of worship - were carved
from sedimentary bedrock. The rock-cut

monuments represent today the most con-
spicuous evidence of Nabataean culture and
are the main attraction for tourism. At many
rock monuments severe weathering damage
can be noted.

Group IIT - Numerous technical structures
like water channels, cisterns, dams or stair-
ways were either built with cut stones or
carved from bedrock. Many of these tech-
nical structures are partly destroyed and can
no longer be utilized.

In 1998 the World Monument Fund
(WMF) has inscribed Petra on the list of the
one hundred most endangered monument
assemblies of the world. Remedial and pre-
ventive preservation measures are required.
Experts agree, that a reliable damage analy-
sis is the fundamental prerequisite for charac-
terization, interpretation and valuation of
damages and for planning and execution of
effective and economic preservation meas-
ures. Strategy for monument preservation
should follow three main lines:

1) Monument characterization

object identification

escription of location

environment

art-historical assessment

case history
2) Diagnosis

stone inventory

stone properties

damages

causes and processes of deterioration

prognoses of damages
3) Preservation measures

conception, management

test application

cost calculation

execution
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certification
monitoring, long-term control
maintenance.

Research Project

The research group “Natural stones and
weathering” at the Geological Institute of
the Aachen University of Technology /
Aachen-Germany started first investigations
in Petra more than ten years ago. These
studies - concentrated on monuments carved
from bedrock -.were executed in coope-
ration with the late Prof. K. Khdeir (Yar-
mouk University/Irbid), Prof. T. Akasheh
(Yarmouk University/Irbid; Higher Council
for Science and Technology/Amman), the
Department of Antiquities, Amman/Petra
(S. Tell, Dr G. Bisheh, Dr F. Zayadine, Dr
S. Farajat) and the Petra National Trust. The
research activities were supported with
funds from the German Foreign Ministry
and from Deutscher Akademischer Aus-
tauschdienst (DAAD). Results of these first
stu-dies are published in Fitzner and Hein-
richs (1994). Furthermore, scientific reports
were distributed to the participating in-
stitutions. In 1995 the authors submitted a
project proposal to Deutsche Forschungs-
gemeinschaft / Bonn-Germany (DFG) en-
titled “Systematic registration and evalua-
tion of damages at monuments in Petra”. The
project planned for three years started in
1996 with funds from DFG. Main items of
the project are:

I - documentation of the actual state of
monuments carved from bedrock
II- evaluation and correlation of in-

formation on the state of monu-
ments
III - approach to a weathering model
IV - evaluation of results for monument
preservation
These four items are further differencia-
ted in Table 1. The research shall contribute
to:
- improvement of scientific knowledge of
stone weathering at Petra monuments

-342-

carved from bedrock
- detection of urgency and appropriate types

of preservation measures

Based on a survey of monuments, con-

sidering variety of stone types and monu-
ment characteristics, and interdisciplinary
discussions with Jordanian scientists, 22
monuments were selected for detailed in-
vestigation. These monuments are listed in
Table 2. According to the project pro-
gramme four field campaigns were carried
out in 1996/1997. |

Investigations - Methodology and Results

The investigation programme combines
in situ investigation and laboratory tests.
The in situ activities comprise description
of stone types, description of monuments,
monument mapping, measurements sam-
pling and photographic documentation (Ta-
ble 3).

The Petra area is predominantly com-
posed of Cambrian and Lower Ordovician
sedimentary rocks. In Figure 1 different
lithostratigraphical classifications of this
Lower Palaeozoic clastic series in Jordan
and Petra are compared. Comparing the
lithostratigraphical ~ classifications by
Pfliiger (1990, 1995) and Jaser and Barjous
(1992), *“Nabatacica Sandstone” and
“Siyagh Sandstone” (Pfliiger) and “Umm
Ishrin Sandstone - lower part” (Jaser and
Barjous) are probably equivalent, although
they were attributed by these authors to dif-
ferent stratigraphical units.

For detailed investigation on weathering
damages as regards stone types, a more dif-
ferenciated lithological classification is ne-
cessary. Based on a detailed survey of lith-
otypes in Petra - as far as they concern the
rock-hewn monuments — a subdivision of
twenty-five lithotypes was made con-
sidering stratigraphic age, stone colour,
grain size and bedding structure. The litho-
logical classification will be presented as
soon as supplementary petrographical stud-
ies are completed.
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Table 1. Project activities.

& [dentification, characterization and
classification of stone types occuring at Petra
monuments

& Registration and documentation of stone types
at monumenis according to type and

distribution

& Registration and documentation of weathering
Jorms at monuments according to type, intenstty
and distribution

& Registration of monument characteristics such
as position, geometry, tooling of stone surface,
remains of stucco, fissures/joinis, microclimatic

Registration and

1 documentation of the actual

state of the monuments carved
from bedrocks

rain and water run-off etc.

& D of stone properties

& Evaluation of interelations between the groups
of weathering forms ,,loss of stone mdterial",
wdetachment of stone material" and , deposits™

& Evals of chronol [ seq of
weathering forms

& Correlation of weathering forms and stone
properties

& Evaluation of weathering bahaviour of the
different stone fypes

& Characterization of weathering profiles

& £y of weathering factors and processes

& Compilation of resulis on weathering factors,
weathering processes and weathering

h (forms, products, profiles)

& Consideration of lalest scientific findings
regarding stone weathering

& Deduction of a weathering model which
describes the development of weathering
damages, considering causes, p

and rates of weathering

& Valuation of damages

& Valuation of sione types regarding susceptibility
fo weathering

& Damage prognosis

B Estimation of urgency of preservation measures

& Definition of requirements for remedial and

Evaluation and correlation
11 of information on the actual
state of the monuments

m Approachtoa
weathering model

1\ Evaluation of results for
monument preservation

preventive preservation measures
& Proposals of effective types of preservation

measures
Table 2. Monuments under investigation.

Tomb-No.* Name Position Altitude Orientation Investigation | Dimension of
{m above in* area investigation
sea levei) 0*division) area (m)™

A 330 (NNW) A73
9 Sahrij Tomb | Southem Rank of 975 B: 60 (ENE) 4 facades B:92
Ar Ramta C: 150 (SSE) (A-0) c:105
240 0:52
2 Southern part of 980 240 (WSW) Entire facace 1272
Ar
70 Outer Siq 850 A3S4(N) 2 facades (A.B) A 1077
B84 (E] B8: 1178
A 340 (NNW) A73
%0 Obelisk Near 1o the 1070 60 (E 4 sides (A-0) B:§2
High Place C:170(S) c:105
D:82
137 - Near to the Main %00 155 (SSE) Entlire facace 198
9 Renalssance | Wadi al Farasa 900 244 (WSW) Entire facade 1012
Toemb
23 Soidler's Wadl al Farasa 920 60 (ENE) Entire facace 1323
Tomb
End of M'amas.
4S50 - Hamdan / way up 910 B0 (E) Entire facade S5
to Ad Dayr
Lion Triciinium | End of M'amas.
a2 Lon Tomb | Hamdan / way up 910 130 (SE) Entire facade 548
to Ad Dayr
485 - Wadi Kharrouba 950 242 (WSW) Entire facade 6950
62 AdDayr | Weslem flank of 1050 230 (3W) Lower eft part 6,3
Manastary 3l Qattar
634 - Wedi Tukmaniys 900 90 (E) Entire facade 258
645 Tomb with the Mughur an 950 252 (WsW) Entire facade 357
Nasara
675 Mughur al 950 85 (E) Enrtire facade 752
Mataha
676 Mughur al 950 74 (ENE) Entire facade 125
Mataha
™ Carmine Tomb | Norttwest flank 925 258 (WNW) Entire facade 2398
of & Khubtha
Tomb of Northrwestern
763 Sextius. fank of 8l 915 344 (NNW) Entire facade 1488
Plorentinus Khubtha
Lower ieft part AI236,1
785 Palace Tomb | Westem flank of 920 260 (WNW) (A)
al Knubtha lowret right part 8:2333
(B
770 Sik Tomd ‘Western flank of 910 280 (W) Entire facade 200.2
3l Khubtha
m - ‘Westem flank of 908 280 (W) Entire facade 24023
ol Knubtha
778 - ‘Westem flank of 840 270 (W) Entire facade 2153
2l Khubtha
813 Unaishu Tomb | Southwest flank 920 260 (W) Entire facade 2349
of & Khubths

* according to BRONNOW & VON DOMASZEWSKI (1904)
- i t lion of the surface

Position, orientation and environment of
the monuments were described. Further-
more, it was recorded, whether the monu-
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Table 3. Field work.

Description of lithotypes

color, grain size, bedding structure,
stratigraphy

Description of monuments

position, orientation, dimension,
architecture, use, environment

Monument mapping

lithology, weathering forms, joints

Measurements

profile of stone tooling patterns,
drilling resistance, water uptake,
climate/microclimate

Sampling

Photodocumentation

ments were cut into existing near-vertical
rock sections - little removal of outcropping
rock, stone material already affected by
weathering - or into gentle slopes - consid-
erable removal of outcropping rock, “fresh”
stone material (Pfliger 1995). For example,
according to our calculations about 7,500
cubic metres of stone material were re-
moved for carving the two obelisks near to
the High Place.

Information on surface tooling, stucco/
plaster, channels for water run-off and use of
monuments was registered additionally. Re-
mains of stucco/plaster can be found at many
monuments in Petra. Frequently, finer low-
relief tooling patterns of stone surface cor-
respond to thin layers of stucco, whereas
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JORDAN PETRA
POWELL (1989) BENDER LLOYD WETZEL & QUENNEL (1951) PFLUGER JASER & BARJOUS
(1968, 1974) (1969) MORTON (1959) BURDON (1959) (1990, 1995) (1992)
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= Umm Sahm Bedded, brownish Um Sahm Gres d'Um Sahm Umm Sahm
‘: Sandstone weathered sandstone Formation Sandstone
< Formation
z
=
o
= Disi Sandstone Massive whitish Disi Gres de Ram Ram Sandstone Disi Sandstone Disi Sandstone
8 Formation weathered sandstone Formation Formation
™
(o]
e
Ed-Deir Sandstone a
=}
g Upper part
Habis Sandstone E FESCE
e
g |2
=3 Umm Ishrin Massive brownish 8 | Grésde Quanaya Upper Quweira ('3 8
=] Sandstone weathered sandstone 5 Sandstone c |3 -
@] Formation 2] g 5 Middle part
z|g 2 g EE
2|2 8 lshrir.a E Temple Sandstone k: 5
=) QO | Formation »n ~ | @
2 ‘@ 2 813
5 [a) >3 o E Lower part
& 5
2
5 Siyagh Sandstone
Burj Abu Dolomite- | White fine-
Dolomite | Kusheiba | limestone- sandstone
Shale | Sandstone shale Calcaire et mame Burj Series
5 gréseuse de Burj Nabataeica Sandstone
Salib Arkosic Bedded arkose Saleb Gres et Lower Quweira Saleb Arkose Salib Arkosic
Sandstone sandstone, Arkose Conglomérats de Sandstone Sandstone
Formation Basal conglomerate Quweira Formation

1. Lithostratigraphy of Cambrian and Ordivician sedimentary rocks in central and south Jordan. Nomenclature and

correlation.
coarser high-relief tooling patterns cor-
respond to thicker layers of stucco coating.
Today, most of the stucco/plaster coating is
lost.

Dimension of chambers in monuments
and the thickness of the front chamber wall
were registered with respect to the static situ-
ation in the lower parts of the monuments.

Detailed information on weathering fac-
tors like climate, biosphere, pollutants or
technical influences, on weathering pro-
cesses and on weathering characteristics like
weathering forms, weathering profiles and
weathering products would be an optimal ba-
sis for understanding stone weathering.

As experience has shown, investigation
on weathering factors and weathering pro-
cesses is very difficult and results obtained
are unsatisfactory. Therefore, it appears
more suitable to approach characterization
and interpretation of stone weathering by
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evaluating  weathering  characteristics.
‘Phenomenological’ methods and meas-
uring procedures can be applied for in situ
investigation of weathering characteristics
at stone monuments. Based on investigation
in Petra and at numerous stone monuments
worldwide, the working group “Natural
stones and weathering” at the Geological
Institute of the Aachen University of Tech-
nology has developed the monument map-
ping method as a reliable phenomenological
procedure for investigation on weathering
forms (Fitzner, Heinrichs and Kownatzki
1995 and 1997; Fitzner, Heinrichs and
Volker 1997, Kownatzki 1997). This
method provides precise information on the
weathering state of stone monuments. At
present, monument mapping represents the
only method, which allows to describe, docu-
ment and evaluate entire stone surfaces ac-
cording to type, intensity and distribution of



