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Abstract

We report here the result concerning the radiodating of the carbon of the
keratin of hairs from a lock of the presumed Holy Maria-Magdalena kept in
the Saint-Maximin basilica. The aim of this research is to establish the best
dating possible. The age obtained is 1260 + 30 years; for this hair lock this
date corresponds in fact to that of the exhumation of Maria-Magdalena’s
body by Charles II in 1279. We conclude that King Charles II had completely
carried out this exhumation story, to reinforce the influence of some part of
his territory at that time.

Keywords

Maria-Magdalena’s Hairs, Radiodating, Carbon of the Keratin, 1279 Exhumation,
Charles II

1. Introduction

Holy Maria-Magdalena (3?-63?) is the most abundantly cited women in the four
Gospels. According to the French “tradition des Saints de Provence” (Trouillet,
2016) she-and her companions landed on the present French Mediterranean
shores (in a region corresponding to the current part of Les-Saintes-Maries-de-
la-Mer) and reached the towns of Marseilles and Aix-en-Provence. Details about
the exhumation of the Maria-Magdalena’s remains which are at the basis of this
tradition are given by King Charles II (1248-1309), who exhumed these remains
in 1279 (at this time he was only titled Prince of Salerne) near the “prieuré”
(clergy house) of the village of Saint-Maximin.

Some relics of the presumed Maria-Magdalena were kept in the Saint-Maximin
basilica, where a large lock of Maria-Magdalena’s hair is conserved in a dedi-

cated reliquary. I have obtained some hairs of this lock, for scientific purpose
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(microscopic examinations and chemical analyses). We have published these last
year three initial papers: on the mitochondrial DNA haplogroup found by ex-
tracting genomic DNA from the bulb of hair number 10 (Lucotte, 2016), on the
explanation of the observed brown-red colour of the hairs by scanning electron
microscopic characterization of its melanosomes (Lucotte & Thomasset, 2017),
and on the description of some fennel rests on or at the vicinity of some of these
hairs (Lucotte et al., 2018).

Remarkable results were obtained concerning a new protocol for radiocarbon
dating of the keratin of hairs (Richardin et al., 2011). The research purpose of
the present study is to use this sort of protocol for the radiocarbon dating of the

keratin of three hairs of the presumed Maria-Magdalena.

2. Material and Methods

Figure 1 shows the three hairs used for the radiodating; they are the eleventh to
thirteenth hairs of the kept lock.

These hairs of the lock were not studied for other thing that radiodating (they
were only examined previously by optic microscopy), contrary to the ten first
(Lucotte, 2016) that were analysed for electron microscopy and chemistry.

Radiodating of the “C of these hairs was carried out by the Company Beta-
Analytic Inc. (Miami, USA). It is an original method of radiodating, consisting

in the measurement of the carbon radioisotope of the keratin of the hairs.

3. Results

Figure 2 summarizes the results obtained for the radiocarbon dating; the cali-
bration curve is intercepted by radiocarbon ages at the values of 1 or 2 sigmas.
The 2 sigmas (95% of probability) calibrated (Cal) results for the three values of
the curve area: Cal AD (after J.-C.) 670 to 780, Cal BP (in radiocarbon years)
1280 to 1170; Cal AD 790 to 810, Cal BP 1160 to 1140; Cal AD850, Cal BP1100.

Figure 1. Photograph of three hairs used for the radiodating.
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Figure 2. Calibration of radiocarbon age to calendar years.

Intercepts radiocarbon age with the calibration curve area: Cal AD720 (Cal
BP1230); Cal AD740 (Cal BP1210); Cal AD 770 (Cal BP1180).

The 1 sigma (68% of probability) calibrated results is: Cal AD 690 to 780 (Cal
BP 1260 to 1170).

The final result for age is: 1260 + 30 years. Remarkably these values corre-
spond to 1279, that is the date of exhumation of Maria-Magdalena’s remains by
Charles II.

4. Discussion

Results reported here on an original method of radiodating of the carbon of
the keratin of the hairs establish that they are certainly not those of Holy
Maria-Magdalena, who lived = 3 - 63. These hairs are kept in the Saint-Maximin
basilica, and are known as those of the presumed Maria-Magdalena. Moreover, the
date obtained (1260 + 30 years) corresponds to that (1279) of the exhumation of
the presumed Maria-Magdalena by Charles II. He at that time-King (1248-1303)
had indeed exhumed the body of the presumed Holy Maria-Magdalena in 1279,
near the clergy House of the Saint-Maximin village.

The priest Etienne-Michel Faillon (1789-1870), a native of the Tarascon vil-
lage, published in 1848 (Faillon, 1865) a monumental work of two volumes, to-
talling about 1500 pages with the goal to demonstrate by historical proof that
Maria-Magdalena and her companions have truly lived in Provence at the first
Century. But all the Failllon‘s arguments were systematically refuted in the mid-
dle of the XXth Century by Mgr Victor Saxer (Saxer, 1959); he claimed “Being
the silence observed before 1279 at Saint-Maximin concerning Holy Maria-
Magdalena, we are well founded to say that she was not honoured in that site of
Provence since the late period of the XIIIth Century”.

As implication research of our own contribution to the question, we now ex-
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amined the “authentication proofs” concerning Maria-Magdalena’s hairs we es-
tablished in our previous publications.

In our second 2019 publication (Lucotte, 2019) we showed that deposits of cal-
cium phosphate were observed on most of the hairs studied. We know that hairs
covered the cranium in the historical (between 1283 and 1793) bust-reliquary
where Maria-Magdalena’s remains were kept; it is during this long period of
time that the hydroxyapatite of the osseous cranium transferred to the hairs.

In the same publication we showed that there are some particles of gold (of
a gold powder, some of them being of pure gold and other of an alloy of gold,
silver and copper) on several of the hairs studied. Probably most of them (par-
ticularly those that are of pure gold) are due to close contact between hairs
and the gold of the bust-reliquary (of gold) or/and of the crown of Charles I
(Charles II’s father) that was transferred to the hairs. Similarly particles of
silver sulphide and chloride, of silver and gold and of silver and copper that
we observed on the surface of some hairs studied were explained by the fact
that these hairs (and other remains) were initially since 1281-kept in a silver
reliquary.

In our 2018 publication (Lucotte et al., 2018) we established that fennel (Foe-
niculum vulgare) residues—pollen grains, foliar, pedicular and stem debris are
found on, or at the proximity of some of the hairs studied. That confirms some
details concerning the Maria-Magdalena discovery on 19 of December 1279, re-
ported by Bernard Gui (Faillon, 1865) forty years after the facts.

But all these observations (about calcium phosphate, gold, silver and fennel)
concern the remains exhumed in 1279, not Holy Maria-Magdalena per se.

In our second 2020 publication (Lucotte, 2020), we observed six marble parti-
cles on the surfaces of the hairs studied. These marble fragments are similar to
those of the sarcophagis “de Marie-Madeleine” and “de Saint Sidoine” that one
can see today in the crypt of the Saint-Maximin basilica. Our interpretation is
that these marble fragments deposited on the surface of the hairs could originate
from the walls of the sarcophagis and especially from the second one where we
knew (Faillon, 1865) that Maria-Magdalena was buried before the 1279 exhuma-
tion. Our findings have some relative importance because previously (Fixot,
2009) there were in fact no formal proofs that Maria-Magdalena’s body was bur-
ied initially in one or another of these sarcophagis.

Remains of the skeleton exhumed in 1279 mainly the cranium and the mandi-
ble, from Saint-Maximin; a fragment of tibia and some hairs, from La-Sainte-
Baume; a piece of femur, from the Madeleine’s church of Paris, were studied in a
physical anthropology perspective (Saxer, 1977). The conclusions of this study
agree more with that of an individual of the Mediterranean type, probably a
woman, aged of about 50 years old.

What are the characteristics of the hairs from the body exhumed in 1279?

They are from a woman of maternal Jewish ancestry. This was established

(Lucotte, 2016) by the amelogenin test and by mitochondrial DNA characteriza-
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tion on the genomic DNA extracted from the bulb of the hair number 10. Such a
maternal Jewish ancestry was already worded in the Golden Legend (de Voragine,
2004), that was the main religious book which was largely diffused through
Europe in the second half of the XIIIth Century.

They are of red-brown colour. This red coloration is not due to some sort of
dyeing, but is the natural colour of the hair melanosomes (Lucotte & Thomasset,
2017). The story of the corresponding lock of hair is somehow tortuous, but ever
these hairs (located in transparent containers) were available to observers. That
explains why the most famous representations of Maria-Magdalena concern
paintings showing her with red-brown hairs (mainly from the XVth Century)

They are covered by marine remains (Lucotte et al., 2019). These remains:
some mineral particles and micro-organisms (of vegetal and animal natures)
adhering to the hairs, indicate a close past—contact of these hairs with the
sea water. Such a finding is incompatible with that of Maria-Magdalena in the
last period of her life, retired for thirty years in a cave of the mountains of the
Sainte-Baume (Faillon, 1865).

These hairs were also covered by skin debris (Lucotte et al., 2020b): skin-cells,
dandruffs, and other skin materials of various sorts like skin shreds. One of them
(the hair number 9) is covered by a piece of scalp; it corresponds to the custom-
ary conservative procedure (with salt), that was probably used for the preserva-
tion of the precious skin tissue named the No/i me tangere (Faillon, 1865).

These hairs were also intensely infected by nits of louse (Lucotte et al., 2020a),

a common complaint of adults in the past times.

5. Conclusion

The radiodating of the keratin carbon of the hairs kept in the Saint-Maximin ba-
silica, which are from the presumed Holy Maria-Magdalena, has given in fact a
date of 1260 * 30 years. This date frames that of 1279, which was the exhuma-
tion of Maria-Magdalena by Charles II, King of Napoli and Count of Provence,
Anjou and Maine. The significance of the present study is that it is highly prob-
able that Charles IT had completely fabricated this exhumation story, to reinforce

the influence of one urban centre of his territory.
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Abstract

Richard “Scotty” MacNeish, between 1969 and 1972, led an international
team of archaeologists on the Ayacucho Archaeological-Botanical—Project in
the south-central highlands of Peru. Among several important archaeological
sites identified there, MacNeish and his team excavated the Puente rock shel-
ter. As a part of an ongoing research program aimed to reassess the lithic re-
mains from this endeavor, we re-studied a sample by making diverse kinds of
morpho-technological analysis. The remains studied come from the lower
strata at Puente, where a radiocarbon assay from layer XIIA yielded a cali-
brated date of 10,190 to 9555 years BP that the present study identifies, vari-
ous activities were carried out at the site, mainly related to manufacturing and
repairing unifacial and bifacial tools. The artifacts studied are comparable
with the lithic remains found in other sites located in the Ayacucho Basin,
and with other early evidence from other parts of the south-central Andes.

Keywords

Lithic Analysis, Late Pleistocene/Early Holocene Archaeology, South America,
Peru, Ayacucho Basin

1. Introduction

Headed by Richard MacNeish (Robert S. Peabody Institute of Archaeology),
between 1969 and 1972, an interdisciplinary team of archaeologists carried out
the “Ayacucho Archaeological-Botanical Project” in the Ayacucho Basin, high-
land Peru (e.g., MacNeish, 1969, 1981; MacNeish et al., 1970, 1980). Becoming a
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seminal research in the Americas’ archaeological history (Dillehay, 1985), this
project allowed the excavation of several sites. Worth mentioning are the Piki-
machay, Ayamachay, and Rosamachay caves, as well as Jaywamachay and the Pu-
ente rock shelters. These sites, and particularly the latter, revealed a remarkable
archaeological record spanning from the Late Pleistocene to historical times. Sev-
eral volumes have provided very much data, information and results of this inves-
tigation. However, the reported lithic artefacts lack standard definitions, detailed
studies, and associations with other sites; hence, this evidence should be better or-
ganized based on comprehensive reviews. In pursuing this goal, a detailed revision
on the Ayacucho-Huanta Project collections is being carried out, as well as new
fieldwork in the area. As a part of this ongoing research, this paper reports the
lithic analysis of the specimens belonging from the lowest strata of the Puente site

(Figure 1), and observations on a few remarkable bone remains.

Figure 1. Location of Puente site in Ayacucho Basin, Peru (from Google Earth Pro 2020).

2. Excavations, Stratigraphy and Chronology

The Puente rock-shelter (Ac158) was located in the Department of Ayacucho,
northeast of the Huamanga (13°8'7.70"S, 74°12'49.17"W, 2640 m.a.s.1.). At the base
of its talus is the usually dry Wichqana Creek. The site takes its name from Puente
Totorilla, a nearby bridge. Its excavators suggested that the rock shelter slope was the
eroded remnant of a terrace formed by the collapse and erosion of the cave’s ceiling
(MacNeish, 1969: p. 24; MacNeish, 1981: p. 82). The site has been destroyed by use
of heavy machinery during agricultural activities (Figure 2(a) & Figure 2(b)).

In 1969, A. Garcia Cook and MacNeish excavated a trench of 9 m long by 1 m
wide, reaching two meters depth (MacNeish, 1981: pp. 83-84, fig. 4-2 to 4-7). A
team directed by Garcia Cook (Figure 3), in 1970, excavated a large surface us-
ing a one square meter grid (Figure 4). Several unpublished images depict the
deposit’s depth, as well as different views during the field-work (Figures 5(a)-(d)).
The excavation showed that the site was inhabited by different human occupa-
tions thought time, mainly of pre-ceramic nature (MacNeish, 1969: pp. 17-24,
31-33; MacNeish et al., 1970: pp. 5-16, 31-34).
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Figure 2. (a) General view of Puente site from the Wichqana creek; (b) Current condition

due to machinery impact. Except when clearly expressed otherwise, all the pictures are by
J. Yataco Capcha.

Figure 3. The Ayacucho Archaeological-Botanical Project team members during the ex-
cavations of the Puente site in 1970. Sitting from left to right: V. Cardenas, A. Garcia
Cook, unknown, and E. Sdenz; standing: unidentified laborers (Copyright: Robert S. Pea-
body Institute of Archaeology, Phillips Academy).

Figure 4. Puente site floor plan (modified after Cook and MacNeish, 1981: p. 81, fig. 4-1).
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Figure 5. Images of the Puente rock-shelter excavations performed in 1969 (a) and 1970
(b)-(d). (a) Opening the initial trench; (b) Recording the stratigraphy in the step trenches;
(c) M. Benavides working on north-south cross trench at the beginning of the season; (d)
C. Chaud sieving sediments (Copyright: Robert S. Peabody Institute of Archaeology, Phil-
lips Academy).

Stratigraphic analysis identified fourteen layers, called “zones” (c£ MacNeish,
1981: pp. 88-89, fig. 4-10; MacNeish et al., 1983: pp. 50-57). The deposit’s depth
varies according to its location on the site. This paper focuses on material from
strata XIIA to XIV, located in the front part of the rock shelter’s talus, and indi-
cated with colors in Figure 6. A brief description is as follows: XIIA is ~8 cm
thick formed by yellowish-brown sediment. Covering a surface of ~87 square
meters, layer XIII is light brown sediment with yellowish spots ~15 cm thick.
Finally, XIV is the deepest stratum deposited over the bedrock. It is composed of
light yellow colored sediment mixed with volcanic ash. Concerning the archaeo-
logical finds, the most abundant remains come from layer XIIA-XIII, while XIV
yielded the smallest quantity from grids S4, S5, S4E1, S6E1, and S7EL.

As depicted in Figure 7, ten radiocarbon assays on charcoal samples were ob-
tained from the excavation (Zidlkowski et al., 1994). They were calibrated using
the OxCal v4.3 program and the SHCal13 southern hemisphere calibration curve
(Bronk Ramsey & Lee, 2013; Hogg et al., 2013). Additionally, the results agree
with the stratigraphic provenance of the samples. Furthermore, the majority of
the dates (n = 9) spanned the ~7 - 8 kya cal period. The earliest assay of 8860 *
125 uncalibrated years BP (Ziolkowski et al., 1994: p. 330) coming from stratum
XIIA is 10,190 to 9555 calibrated years BP (Figure 8). Considering the dates,
layers XIIA-XIII belong to the early Holocene, and probably layer XIV, to the
Pleistocene-Holocene transition/Holocene.
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Figure 6. Detailed stratigraphic sequence recorded in the east-west section of the Puente rock shelter. Redrawn from Garcia Cook
et al. (1981: pp. 88-89, fig. 4-10).

Figure 7. Calibrated radiocarbon ages of the Puente rock-shelter. The red rectangle with
dashed lines indicates the earliest date at the site.
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Figure 8. Plot showing the date of the sample I-5057 from XIIA strata as well as the
95.4% and 68.2% probability calibrated age ranges and the ShCall3 curve for the southern
hemisphere.

3. Materials, Analysis and Observations

The analyzed collection is curated in the Museum of Archeology of the San
Marcos University (Lima, Peru). Also, there are a few objects at the Environmen-
tal Archaeology Program of the Florida Museum of Natural History (FLMNH),
Gainesville, Florida, USA. The study of the field-notes taken by MacNeish and his
team at the Robert S. Peabody Institute of Archaeology (Andover, Massachu-
setts, USA) complemented this research. A total of 4052 human-made artifacts
were studied and recorded whose distribution by strata is described in Table 1.

We processed the morpho-technological analysis according to several general
typological guidelines (de Sonneville-Bordes & Perrot, 1956; Bordes, 1981; Piel-
Desruisseaux, 1989; Merino, 1994; Inizan et al., 1995); the schemas were pro-
posed explicitly for the Peruvian Andes (Bonavia, 1982, 1992; Chauchat, 1972,
1982; Lavallée et al., 1995), and other lithic analysts (e.g., Crabtree, 1972; Calla-
han, 1979; Andrefsky Jr., 2005; among others). Following is the list and a brief
description of the tools’ classes defined for this investigation.

A. Unifacial tools.

A.l. Flakes with marginal retouch. These are diverse kinds of flakes presenting
small non-regular discontinuous, unifacial, bifacial, or alternating retouches,
generally located at the distal portion and/or lateral edges (Bordes, 1981: p. 67).

A.2 Denticulates. Made on flake-blanks showing series of cut-outs or mul-
tiple-notched shapes as more or less regular indentations on one or more edges
(Merino, 1994: p. 69).

A.3 Unifaces. Pieces reduced on one face generally having oval shapes, and
generally plane-convex cross sections (Andrefsky Jr., 2005: p. 229).

A.4 Side-scrapers. Made on flakes with semi-abrupt continuous retouches mod-
ifying one or more edges, creating a straight, concave, or convex edge without
cut-outs (Merino, 1994: p. 64; Piel-Desruisseaux, 1989: pp. 75-76).
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Table 1. Lithic list discriminated by layers.

Lithic Typology Puente site

Strata
Categories

XIvV XIII XIIA
A. Unifacial tools
A.1. Flakes with marginal retouch - 11 4
A.2 Denticulates - 2 -
A.3 Unifaces - 2 -
A4 Side-scrapers - 3 -
A.5 End-scrapers - 9 14
B. Bifacial artifacts
B.1 Projectile points - 14 1
B.2 Early bifacial stages and preforms - 6 -
C. Pebble implements
C.1 Hammer-stones - 1 -
C.2 Manuports and ecofacts - 4 2
D. Flaking waste
D.1 Flakes and shatters 38 1754 2181
D.2 Cores - 4 2
Total 38 1810 2204

A.5 End-scrapers. Generally made on different types of flakes that show a
continuous non-abrupt retouching delineating a rounded or convex distal edge
(Merino, 1994: p. 67; de Sonneville-Bordes & Perrot, 1956).

B. Bifacial artefacts.

B.1. Projectile points. This is a pointed artefact that was hafted to a weapon,
sometimes used to accomplish other functions such as a knife.

B2. Biface and preform. Piece partially or totally flaked on both faces with
shapes varying from roughly oval to the outlining of the desired product (Crabtree,
1972; Callahan, 1979; Nami, 1986, 2003, 2017).

C. Implements and ecofacts.

C1. Hammer-stones. Oblong pebbles with impact marks on one of their ends,
usually resulting from percussion (Crabtree, 1972; Callahan, 1979).

C2. Manuports and ecofacts. Pebbles that were without use-wear or modifica-
tion, but possibly transported to the site by a human intervention (Leakey, 1979;
Sharer & Ashmore, 1979).

D. Flaking waste.

D.1. Debitage. Here we include the by-products resulting from the stone tool’s
manufacture, such as flakes and shatters (Andrefsky Jr., 2005; Leroi-Gourhan,
2005: p. 309).

D.2. Cores. Pieces resulting from blank obtaining for making stone tools
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(Leroi-Gourhan, 2005: p. 792; Andrefsky Jr., 2005: pp. 81-82).
Table 1 shows the list of artifacts by layers, and Figure 9(a) & Figure 9(b)
gives the origin, measurements, raw materials, tool class, and other data. Figure 10

Figure 9. Raw materials’ distribution versus debitage and lithic categories from strata XIIA (a) and
XIII (b).

Figure 10. Raw materials’ quantity discriminated by group and strata.
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Figure 11. Raw materials’ distribution versus lithic categories from strata XIIA (a) and XIII (b).

and Figure 11 illustrate the most notable analyzed artifacts. Using experimental
and ethno-archaeological research, we can make a variety of observations of the
stone tool technology present in the lowest layers of the rock-shelter.

Guided by geologist C. Toledo, the raw materials were macroscopically ex-
amined using a 10x to 35x magnifying glass, and sometimes a hand-held micro-
scope up to 250x. They were grouped as follows: Group A, Sedimentary, made
up of sandstones and calcareous materials; Group B, Igneous, including grano-
diorite, granite, andesite, rhyolite, basalt, volcanic tuff, and gabbro; Group C,
Metamorphic, among which stand out quartzite and anthracite; finally, Group D
encompasses silica-based minerals, among which we include the flint-like mate-
rials (silex or chert), jasper, obsidian, quartz, and chalcedony (Dana, 1998).

Figures 9-11 show that groups B and D are the most abundant material in
layers XIIA to XIV. The former is available in the seasonal creek located at ~50
m from the site. Its ravines constitute a secondary source (Luedtke, 1979) con-
taining pebbles of quartzite, basalt, granodiorite, rhyolite, and volcanic tuff. The

sources of some the Group D rocks are still unknown. However, several natural
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deposits at Quispisisa and Puzolana, located at Ayacucho, are the best-documented
and closest obsidian supply (Matsumoto et al., 2018; Giesso et al., 2020). A few
obsidian samples (n = 4) from layers XII-XIII analyzed using XRF and NAA
methods showed that two artifacts come from Quispisisa, and another two from
Puzolana (Burger & Asaro, 1979, 1993: table 12; Burger & Glascock, 2000: pp.
292-293).

Figure 12. Projectile points in different condition recovered in stratum XIIA (p) and XIII

(a)-(0).

From levels XIIA-XIII comes one rhomboidal point, and three complete
pieces showing lanceolate, bi-pointed, and rhomboidal shapes, tips, and basal
portions fractured by impact (Newcomer, 1980), some with contracting stems
(Figure 12). Although, some specimens exhibit short retouches allowing the ob-
servation of the flake-blank’ (Figures 12(e)-(h)), most were finished by covering
pressure flake-scars applied with a non-regular pattern (Figures 12(m)-(p)). As
a typical behavior in bifacial implements’ life trajectories, they were resharpened
and reworked (e.g. Ahler, 1971). This is detectable when the blade form and
symmetry are highly modified; retouches show a change in the remaining origi-
nal pattern; the borders are strongly rounded or concave (Callahan, 1981), or do
not have enough mass to continue the task. This kind of repair was generally
made when the piece was hafted (Nami, 2013). Considering coeval lanceolate
points with little or no resharpening (e.g., Rick, 1983: fig. 44d-e), the specimens
displayed in Figure 12(i), Figures 12(j)-(1) show intense rejuvenation. This fact
is also visible in other Peruvian exemplars (e.g., Lynch, 1967: fig. 2a-h; Rick,
1983: fig. 44k-1, n-o0). In addition to the discarded points, the remaining five bi-
facial pieces from layer XIII are early manufacturing stages rejected by flaking
failures, such as hinges, steps, and an oblique fracture (Figures 13(a)-(e); Calla-
han, 1979).
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Figure 13. Bifacial stages of manufacture from layer XIII.

Figure 14. Illustrative examples of unifacial tools from layer XIIA. The arrows in this and
the next figure point to the edges’ close-up picture depicted on the right of each specimen.

Besides side-scrapers and denticulates (Figure 14((b), (h)-(j))), most unifacial
tools are the end-scrapers (Figure 14((a), (¢), (e), (f))) and flakes with marginal
retouch (Figures 14((d), (g))). Special care was taken with the latter because
pieces with a sharply acute edge-angle, their retouches, may result from a natural
edge use (Bordes, 1981), unintentionally originated by trampling, and another
kind of taphonomic processes (Eren et al., 2011). The unifaces were mostly made
using tertiary flake blanks (Figures 14((a)-(h), (j)); Figures 15(u)-(w); Figure
16(u), Figures 14((y), (z))) and a few with primary (Figures 15((i), (t)); Figure
16(k’)) and secondary flakes (Figure 14(i); Figures 15((g), (h), (j)-(q), (s),
(u)-(w))). They were obtained by hard hammer (Figures 15((g), (i), (j)); Fig-
ures 16(h), (i), (n), 16(p)-(t))), or soft direct percussion flaking, exhibiting flat
and diffuse force application bulbs and lips (Figures 15((b)-(e), (h)); Figure
16((e), (£), (j), (m), (0), (u)-(w))), depending on the material, as experimen-
tally revealed (Crabtree, 1972; Callahan, 1979; Nami, 2015, 2017). The retouches
vary from short regular and irregular parallel (Figures 15(u)-(w)) to scalariform

(Figure 15(p)). When a flake’s dorsal and ventral faces are visible, most re-
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touches are direct (Figures 14(a)-(j); Figures 15((e)-(i), (k), (n)-(0), (q)-(t));
Figures 16((1)-(x), (i’)-(I’)), and inverse in a few cases (Figure 15(p)). It is
highly probable that final shaping was performed by merely retouching a blank’s
edges using the same technique, but with another variant and/or holding position,
and using soft or semi-soft hammer-stones Due to their small dimensions, most of
the unifacial tools might have been used hafted (references in Shott, 1995).

Figure 15. Cores ((a), (b)), ecofacts ((c), (d)) and unifacial tools (e)-(w) from layer XIIIL.

The lithic waste represents the majority of the remains of the scrutinized sam-
ple. The Table 2 describes the materials in terms of formation, origin, workabil-
ity, hardness, using a scale ranging from “bad” to “excellent” according to the
degree of workability of the rocks (Nami, 2015), and their potential employment
in different flaking strategies and techniques (Tixier et al., 1980). Table 3 depicts
its dimensional average means by strata.

The cores varied from orthogonal, trapezoidal, and bifacial shapes (Figure
15(a), Figure 15(b); Figures 16((n), (m’)-(0’)). The manuports and ecofacts
consisted of a hammer-stone and pebbles recovered at the nearby Wichqana
creek, whose shapes range from circular, elliptical, and oblong (Figure 15(c),
Figure 15(d)). The former shows percussion marks on one of its sharpest sides,
while the latter has soot traces, probably related to some combustion phenome-
na (Figure 15(c)). Besides the aforementioned cores, the drawing depicted in
Figure 16 exemplifies a few laminar flakes (Figures 16(a)-(d)), pressure flake
debitage (Figures 16(f)-(i)), diverse kinds of unifacial tools as well their frag-
mented edges (e.g. Figures 16((j)-(m), (r)-(x), (f), (G°), (I')).

We identified twenty-six bone remains from the analyzed strata, six modified
by grinding and polishing, and twenty small fragments altered by fire. As seen in
Figure 17 from XIIA come two well-made awls and a part of a polish specimen
(Figure 17(a) & Figure 17(b)), previously reported as “Split and Conical awls”
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Table 2. List of lithic materials reported in this paper.

Variety of Lithic . « Strategies and .
Materials Rock Origin Hardness* Range Typology+ techniques Figure
Calcareous local 3 R D.1 PF, PrF -
Sedimentary
Sandstone local 3 R D.1 PF, PrF -
Fi 1 , Fi 1 H
Metamorphic Quartzite local 7 R-B A.1,C1,D.1 PF 1gure .S(d) igure 15(e)
Figure 16(q)
Local, Wich
Igneous intrusive ~Granodiorite ocal, Wichqana 7 R-B D.1 PF -
creek
AL C2.A4, . Figures 12(a)'-(p);
. Figures 13(a)-(e); Figure 14(f);
Local, Wichgana A5, . .
Basalt creek 4.8-6.5 R-G B.1 B2 D1 PF, PrF, BR  Figures 15((c), (), (h)-(i), (0)-(p));
o Figures 16((b), (e), (h), (m), (r), (w),
Igneous volcanic ' (@), (@), (g), (), (K))
. Figures 15((a), (n)),
. Local, Wichgana A.1,A3,A5, . . R R
Volcanic tuff creek 7 R-G C2.D.1,D2 PF, PrF Figures 16((d), (]),’ (s), G7), (1), (m’),
(")
Rhyolite local 6.5-7 R—G C.2,D.1,D.2 PF Figure 16(n)
not A.1,A5, A2, Figures 15((g), (j), (m), (q)),
t 7 G-E PF, PrF
Quartz determinated D.1,D.2 : Figures 16((g), (k), (p)» (v), ("))
Figures 14((e), (g), (1), ());
. not A.1,A2, A3 Figures 15((b), (k), (1), (r)-(t));
1 hert 7 -E PF, PrF
Silexorchert e rminated GE a5 D1,D2 r Figures 16((a), (<), (0, (1), (o), (8),
(b)), (&), (F), (1), (0%))
Minerals not
5 - -E A.1,A4,D.1 PF, PrF i s Fi
Jasper determinated 6.5-7 G r Figure 14(a); Figure 16(x)
possible Figures 14((b)-(d, (h));
Obsidian Puzolana or 5-7 G-E A.l1,A5D.1 PF, PrF Figures 15(u)-(w),
Quispisisa Figures 16((u), (y)-(2))
not . .
Chalcedony determinated 7 G-E D.1 PF, PrF Figure 16(i)

Abbreviations: *Mohs scale. R: Regular, B: Bad, G: Good, E: Excellent. +: Typology code according Table 1. PF: Percussion flaking, PrF: Pressure flaking,

BR: Bifacial reduction.

Table 3. Average measurements by artefacts classes.

Strata
Artefacts’ classes XIv XIII XIIA

Q L w T We Q L w T We Q L w T We
A.1. Flakes with marginal retouch - - - - - 11 327 316 92 8.6 4 267 227 875 7.05
A.2 Denticulates - - - - - 2 42 42 19 3815 - - - - -
A.3 Unifaces - - - - - 2 46.5 27.5 11.5 179 - - - - -
A4 Side-scrapers - - - - - 3 36 42 66 10.6 - - - - -
A.5 End-scrapers - - - - - 9 29 228 95 8.24 14 29 26.8 12.21 12.15
B.1 Projectile points - - - - - 14 242 192 557 2.6 1 28 15 5 1.7
B.2 Early bifacial stages and preforms - - - - - 6 398 221 81 591 - - - - -
C.1 Hammer-stones - - - - - 1 97 70 41 4172 - - - - -
C.2 Manuports and ecofacts - - - - - 4 63.2 445 305 1132 2 98 81 63 7349
D.1 Flakes and shatters 36 12.85 1575 4 8.6 1754 133 143 4 1 2181 12 13 3 0.5
D.2 Cores - - - - - 4 4225 4125 24 10675 2 57 445 255 656

Q: Total quantity; L: Length; W: Width, T: Thickness (mm); We: Weight (gr).
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Figure 16. Illustrative specimens of the analysed sample from layers XIIA (a)-(c) and XIII (d)-(0’).

Figure 17. Remarkable bone objects from layers XIIA. (a) Split bone awl; (b) polish bone
fragment; (c) conical bone awls.
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Figure 18. Burned mammal sawed phalange.

Figure 19. Bone specimens from level XIII. (a) unclassified fragment; (b) pierced base
netting needles; (c)-(e) triangular pendants; (f)-(h) fragmented objects.

and “Polish bone fragment” (MacNeish et al., 1980: fig. 8-13). From the profile
of grid S9, in the FLMNH collections, there is one small epiphysis of a burned
phalange (EA 01180738) weighting 0.2 g with sawing marks at one of its ends
that looks like score and snap debitage from making a bone good (Figure 18).
From layer XIII comes ten burned specimens; seven are well-made objects, while
the remaining are small bone fragments. Remarkable pieces displayed in Figure
19(b)-(e) were classified as “Pierced Base netting needles” and “Triangular Pen-
dants” (MacNeish et al., 1980: pp. 317-318, fig. 8-14). The latter was well-made
by grinding on some abrasive material that left striae visible to the naked eye; fi-

nally, polishing was employed to finishing them.
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4. Results and Interpretation

The shaped tools from layers XIIA-XIII shows morpho-technological similari-
ties. Hence, they belong to Early Holocene hunter-gatherers living at the ~>10.3
- 9.5 calibrated kya. The low frequency of lithic artefacts in layer XIV may have
come from the upper layer, or they testify the presence of an older occupation.

Given the lithic waste’s dimensional ranges, these are results from manufac-
turing tools, suggesting that it was an important activity performed at the site.
They are mainly by-products from bifacial thinning, final shaping, and rejuvena-
tion of uni- or bifacial instruments. In this endeavour, the knappers may have
used hard-percussion flaking, but also soft-precursors according to the reduction
technique (Flenniken 1984: p. 191) and step in the process (Callahan, 1979; Na-
mi, 2017). Due to their size and punctiform striking platforms, some of the
smallest flakes result by the use of pressure flaking (Andrefsky Jr., 2005; Nami,
2017). The most used materials were local basalt, followed by silex and jasper,
the quarries of which are still unknown. The obsidian comes from the Quispisisa
and Puzolana sources. The former is located at ~120 km distance from the Pu-
ente site, while the latter is in the site’s vicinity at ~10 - 15 km (Burger & Glas-
cock, 2000; Giesso et al., 2020).

One of the activities performed at layers XITA-XIII was the weaponry repair-
ing, possibly replacing exhausted and broken points for new ones. Although
there are entire specimens, most are rejuvenated and fractured pieces, either tips
or basal portions. The finding of extremely resharpened points, fractured bases,
and early bifacial stages of reduction suggest this fact. In addition to waste, there
is a profusion of debitage that evidences final shaping by pressure flaking. Under
the actualistic baseline generated by replicative experiments on similar materials
to those recovered at Puente especially basalt-, and other rocks (Callahan, 1979;
Nami, 1986, 2015, 2017), it is possible to suggest that the waste’s flakes resulted
from hard and soft percussion flaking. This fact is consistent with that of some
of the early stages bifaces, which showed flake-scars with sharp ridges and pro-
found concave initiations remaining from pronounced bulbs of percussion
(Figure 13). Others show flat initiations resulting from the flakes’ detachment
with diffuse bulbs (Crabtree, 1972; Callahan, 1979; Nami, 1986, 2017). Coinci-
dently, much debitage displays thin, angular flakes with multidirectional ridges
and curved longitudinal cross section. In addition, they show narrow and ab-
raded faceted—or filiform—platforms, and sometimes lips. Experiments making
similar lanceolate pieces (Nami, 1988-1990) suggest that the rejected bifacial
specimens are early manufacturing stages and preforms. On these bases, their
flake-scars’ features indicate that they were probably flaked with hammer-stones
(Figures 13(a)-(e)) and organic precursors, possibly antler or bone (Figures
12(i)-(p)). The small sample from layer XIV is debitage mainly represented by
diverse small tertiary flakes. By their characteristics, they may result from bifa-
cial thinning stages and final shaping (Callahan, 1979; Nami, 1986, 2017; Whit-
taker & Kaldahl, 2001; Purtill, 2012).
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Random multidirectional flakes extremely reduced the cores, suggesting the
materials’ maximization. The pebbles and cobbles in traditional technologies gen-
erally are multipurpose implements (De Beaune, 1989). One was used as a ham-
mer-stone, while the ecofacts were probably employed in diverse ways. Those with

soot traces were perhaps related to some combustion or culinary action.

5. Discussion and Conclusion

In summary, the raw material procurement in general was local. However, the
presence of obsidian from Quispisisa verified that, since the terminal Pleisto-
cene, the Andean societies made long-distance interregional movements or ex-
changes (Burger & Asaro, 1993; Matsumoto et al., 2018). Similarly, its use for
making stone tools by the earliest hunter-gatherer occupations at Ayacucho was
also recorded in the Pikimachay cave, and the Jaywamachay rock shelter (Garcia
Cook et al., 1981; Yataco Capcha & Nami, 2016).

The analysed shaped artefacts show small sizes with standardized forms. The
projectile points’ morphology and unifacial tools agree with those registered in
early Holocene sites in the Central and Southern Andes: in Peru at Lauricocha
(Cardich, 1958: fig. 11a-f; fig. 12, fig. 25-27; Cardich, 1964: fig. 79-86); Quisqui
Puncu (Lynch, 1967), Guitarrero (Lynch, 1980: fig. 9.1: c-d, h-j; fig. 9.2: o; fig.
9.3: a, h, j); Pachamachay (Rick, 1980: fig.6 .13-6.14, fig. 7.2-7.11; Rick, 1983: fig.
44a-o; fig. 45g-h); Uchkumachay (Kaulicke, 1999: pp. 307-324 fig.3-12); Telar-
machay and Quebrada de los Burros (Lavallée, 1995: pp. 127-129; Lavallée &
Julien, 2012: pp. 223-224); Tres Ventanas, Kigche sites (Chauchat, 1972: pp. 126-
132, fig, 4-5); and Toquepala (Ravines, 1972: pp. 133-184), as well many other
places (e.g. Sandweiss & Rademaker, 2011); Chile (Osorio et al., 2011), Bolivia
(Aldenderfer, 1998: fig. 6.24; Lizarraga-Mehringer, 2000: pp. 124-138, 156-161;
Rivera Casanovas & Calla Maldonado, 2011: fig. 8a-p), and Argentina (Gonzalez,
1960; Gradin, 1984; Fernandez, 1988-1990).

In Ayacucho, diverse projectile point types were defined based on their mor-
phological variations (MacNeish et al., 1983: pp. 50-57). Several reflect different
shapes with little or no resharpening (MacNeish et al., 1980: pp. 53-64). Howev-
er, some of these might result from the rejuvenation of the same ones, and the
points from layers XIIA-XIII reflect this case. It is worth mentioning that in the
lower levels of Guitarrero, Jaywamachay rock shelter and Pikimachay caves, with
a similar chronology, the case of Guitarrero Cave is special, because the lithic
artefacts were associated with well-preserved remains of wood, bone, antler,
twine, and vegetable fibre textiles (Lynch & Kennedy, 1970: fig. 1). Like other
hunter-gatherers in the world (Schier & Pollock, 2020), these elements suggest
an early textile development in the Central Andes, almost coincident with the
oldest evidence of Andean agriculture and the origin of the well-known socio-
cultural complexification in the Central Andes (Dillehay et al., 2007).

From a culture-history perspective, MacNeish and associates proposed a long

regional sequence segmented in several phases according to their excavations in
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the Ayacucho Basin, mostly named with traditional Quechua names, for in-
stance Phases Puente Jaywa, Piki, Chihua, Cachi, etc. (Garcia Cook et al., 1981:
pp. 199-266). The archaeological vestiges of layers XITA-XIII and XIV were at-
tributed as belonging to some of the oldest phases called “Jaywa” and “El Pu-
ente” (Garcia Cook et al., 1981: pp. 87-94; MacNeish et al., 1983: pp. 50-55).
From our perspective, the findings from levels XIIA-XIII belong to Early Holo-
cene hunter-gatherers. Those from layer XIV may come from the upper layer, or
testify a short occupation event of an older Paleoindian group living at the time
of the Younger Dryas at ~13.0 - 12.2 calibrated kya. In general, low remains’
densities characterized some early South American records (e.g. Politis et al.,
2019). From that period, the Jaywamachay rock shelter, and other Peruvian sites
yielded “fishtail” points (e.g., MacNeish et al., 1980; Garcia Cook et al., 1981;
Rademaker et al., 2014; Maggard, 2015; Yataco Capcha & Nami, 2016). Widely
distributed from southern Mexico to southernmost South America, this iconic
Paleoindian artifact evidences the Andean/Pacific path followed by the foragers

intervening in the colonization of South America (Nami, 2021).
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Abstract

It is common opinion that WWII was characterised by small and great air,
land and sea battles. This is true, but it ignores the role played by installations
of advanced technology for collecting information about the enemy inten-
tions. The German support point La 318 Frosch (Frog) at Cap Fréhel (Plé-
venon) near Saint Malo (Brittany—FR) is one of the best examples. Built
among precedent military and civilian French signal components, it hosted
sophisticated surveillance components. The visits conducted on the site, per-
mitted to identify Za 318 components, to determine their preservation state at
about eighty years from the end of the WWII and to proceed to the compo-
nents reconstruction.

Keywords

WWII, La 318, Frosch, Goldfisch, Radar, Freya, Wiirzburg Riese, Mammut,
Cap Fréhel, Plévenon, Brittany

1. Introduction

It is common opinion that WWII was characterised by small and great air, land
and sea battles. This is true, but it ignores the role played by installations of ad-
vanced technology for collecting information about the enemy intentions (Jones,
2009). The German support point (Stp—Stitzpunkt) La 318 (Lamballe 318)
Frosch (Frog) at Cap Fréhel (Plévenon) near Saint Malo (Brittany—FR) is one of
the best examples. Built among precedent military and civilian French signal

components, it hosted sophisticated surveillance components.

2. History

After precedent lighthouses, on 1702 on Cap Fréhel a headlight began its service
burning at the beginning coal and after whale and rapeseed oil. On 1% May 1847 a

new 1* class lighthouse began its service. Its two white pulses every 10 sec. were
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visible up to 40 km. It had an octagonal tower 22 m high, 3.40 m in diameter with
dependencies for guardian lodgments on the sides. On 1860, the municipality of
Plévenon purchased for 60 Francs a 50 ares parcel (half hectare) from the French
Navy for constructing an electro-semaphore in connection with that of Saint-Cast-
Le-Guildo, on the place of an ancient telegraph. The electro-semaphore, T shaped,
with large windows and no floors, was burned on 1940 by French soldiers before
the arrival of German troops. From 1940, due to the German military interest, La
318 was developed, comprising surveillance and defensive components, under the
direction of the Oberbauleitung Saint-Malo. A Decauville rail track was arranged
for the transport of construction materials on the site (GLAD, 2020).

The sources are not in agreement about the surveillance radar in service at La
318, either: 1 x FuMG 401 LZ Freya, 1 x FuMG 65 L Wiirzburg Riese at Stp I 1
x Mammutat Stp II; 1 x FuMG 450 Flamme, 1 x FuMG 65 L Wiirzburg Riese, 1
x Wiirzburg 39(f) at Stp III (Kerhousse, 2016); or: 1 x FuMO 214 Wiirzburg
Riese, 1 x FuMO 2 Calais B, 2 x FuMG 65 L Wiirzburg Riese, 1 x FuMG 80
Freya A/N and later 1 x FuMG 401 LZ Freya, 1 x FuMG 80 Freya with Gemse
and A/N;, and still later 1 x FuMG 450 Freya, 1 x FuSE 62 D, 1 x FuMG 41 G
(cF) Mammut, 1 x FuMO 214 (DAWA, 2016). A radar FuMO 2 was placed on
top of the headlight for air and sea surveillance (DAWA, 2016; Powelei, 2012)—
Appendix Al. A radio station was located in the lighthouse and five mine fields
with stakes against glider planes were established.

In service took turn the 22./LgNaRgt Westfrankreich, 1. and 3. FuMAbt, 24./
LgNaRgt 12 and after 5./FlugmeldeLeitKp II./LnRgt 54, 1/3 FuMADbt Brest. In
total, LZa 318 garrison reached 230 officers and soldiers.

On 11" August 1944 the garrison destroyed the lighthouse, and, under the
orders of lieutenant Sasse, on 30" August 1944 surrendered unconditionally to
the American troops.

On 1945 the headlight restarted its service with a high tension provisional
light and an emergency generator. On 1* July 1950 a new lighthouse began its
service with a halogen lamp whose two white pulses every 10 sec. were visible up
to 200 m in foggy and 110 km in clear weather. On 1952, the Touring-Club-
de-France (founded in 1890) rented part of the Roche Jaune for facilitating the
reception of tourists and prepared a platform, at the site of an ancient steam
foghorn. On the platform, stands up the tower of a modern two sounds per
minute foghorn (GLAD, 2020).

3. The Visits

The visits to La 318 (Figure 1) took place on 18 August 2005, 11 January 2011,
08 August 2020 and permitted to identify Stp I, Stp II and Stp III components
(Kerhousse, 2016).

3.1.5tp I

The Stp Iidentified components (Figures 2-8) were the following.
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A ditch (48°40'49.64"N, 2°19'27.94"W, height 57.74 m) (1), 45 x 16 m, about
713 m?, provided with a side access ladder. On its floor, partially invaded by
vegetation, two parallel concrete rails, spaced apart of 3.5 m. On the side
walls, pebbles of the EroVili (Tomezzoli & Marzin, 2015) and formwork

Figure 1. La 318—Stp L Stp IL Stp IIT, a Pointe du Jas; b Amas du Cap; c Roche Jaune; d
lighthouse square; e nowadays parking; f Pointe du Chéteau-Renard; g Lalande de Fréhel,
h Cap Fréhel access road. [Geoportail]

element traces were visible. Its concrete structure, disfigured by a recent graffiti
on the north side wall, was in good preservation state without damages due to
combats.

A small bunker (48°40'48.97"N, 2°19'27.29"W, h 62.51 m) sunk into the ter-
rain, 12 m south from the L 486. Its coverage was partially invaded by vegeta-
tion. A short access trench led to its entrance, which obstructed by vegetation, let
the interior inaccessible. Its concrete structure was in a good preservation state
without damages due to combats.

A water tank (WBH Wasserbehalter) bunker (48°40'49.49"N, 2°19'24.41"W,
h 69.82 m) (2) (Powelei, 2012). Its entrance, invaded by vegetation, introduced
into a 7.5 m long corridor, which preserved on its walls and ceiling the original
white painting disfigured by modern graffiti and formwork element traces. At
90° left on the corridor end the entrance to an 6.5 x 3.5 m room. It preserved
on its walls and vaulted ceiling the original white painting disfigured by mod-

ern graffiti and formwork element traces. On its back wall a 1.5 x 0.8 m, 50 cm
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deep niche probably for room ventilation. The corridor and room concrete

structure was in good preservation state without damages due to combats.

Figure 2. La 318—Stp. I 1 ditch; 2 WBH bunker; 3 stone and brick construction; 4 17229;
5-7 Flak emplacements; 8 R 622; 9 stone barrack; 10 L 479 Anton bunker. [Geoportail].

A construction (48°40'49.64"N, 2°19'23.61"W, h 71.24 m) (3) similar to a
Middle.

(a) (b)

(0 (d)

Figure 3. (a) ditch (1) access ladder; (b) ditch floor with concrete rails; (c) WBH bunker (2) en-
trance invaded by vegetation; (d) WBH bunker internal room.
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() (b)

Figure 4. Stone and brick construction (3): (a) lower wing; (b) construction interior.

Ages one for Freyaradar (Powelei, 2012)—Appendix A5. Around a 5 m high,
5 m in diam. cylindrical tower, a semi-circular wing of the same high toward east
and a lower wing toward west. The Freya antenna was placed on the tower cov-
erage, the instrumentation and personnel lodged at the interior. Its internal and
external stone and brick structure, partially invaded by vegetation, was in good
preservation state without damages due to combats.

A V229 support (48°40'51.6"N, 2°18'32.75"W, h 65.09 m) (4) for radar Wiirz-
burg Riese—Appendix 5. A short metallic plate on the upper side protected its
access opening on one of its side walls. The internal floor was covered by stones.
On the internal walls two recesses for shelves or equipment were visible. On the
upper side metallic fixation points and traces of the corresponding Wiirzburg
Riese supporting elements were visible. On the walls, pebbles of the EroVili
mixed with concrete were visible. The concrete structure was in good preserva-
tion state without damages due to combats.

A first RS 58c Tobruck (48°40'48.81"N, 2°19'31.4"W, h 63.43 m) with access
trench and a second RS 58c¢ Tobruck (48°40'52.51"N, 2°19'31.51"W, h 62.52 m)
with access trench were visible although partially invaded by vegetation.

A 2 x 1.5 m open cistern (48°40'49.78"N, 2°19'32.23"W, h 64.17 m) similar to
those observed at Be-2 at Mont Saint Michel de Braspart (Tomezzoli & Dupont,

(a) (®)

Figure 5. V229 (4): (a) support for Wiirzburg Riese; (b) interior walls with two recesses for
shelves or equipment.
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(a) (b)

(0 (d)

Figure 6. (a) first Flak emplacement (5); (b) second Flak emplacement (6) with Y gun support;
() third Flak emplacement (7); (d) third Flak emplacement (7) with Y gun support.

2011). Its concrete structure was in a good preservation state without damages
due to combats.

A first, rough in construction, octagonal Flak emplacement (48°40'52.2"N,
2°19'33.18"W, h 65.05 m) (5) manufactured by stones bound with concrete,
without underground bunker. Three niches for ammunitions were visible on
three corresponding side walls. On the floor, no Y support for gun holder legs.
Its structure, partially invaded by vegetation, was in a good preservation state
without visible damages due to combats.

A second, rough in construction, octagonal Flak emplacement (48°40'52.37"N,
2°19'32.52"W, h 63.98 m) (6) manufactured by stones bound with concrete,
without underground bunker. Two niches for ammunitions were visible on two
corresponding side walls. On the floor, a Y support for gun holder legs. Its struc-
ture, partially invaded by vegetation, was in a good preservation state without
visible damages due to combats.

A third, rough in construction, octagonal Flak emplacement (48°40'50.66"N,
2°19'32.99"W, h 65.37 m) (7) manufactured by stones bound with concrete,
without underground bunker. One niche for ammunitions was visible on one
side wall. On the floor, a Y support for gun holder legs, with a circular niche on
each Y arm. Its structure, partially invaded by vegetation, was in a good preser-
vation state without visible damages due to combats.

A R 622 bunker (48°40°51.15”N, 2°19’31.04”W, h 64.94 m) (8) for two groups

DOI: 10.4236/ad.2021.92006

118 Archaeological Discovery


https://doi.org/10.4236/ad.2021.92006

G. T. Tomezzoli, J.-L. Moser

(a) (b)

(c) (d)

Figure 7. (a) R 622 (8) entrance of the observation post; (b) R 622 observation post aperture; (c)
R 622 entrance; (d) stone barrack or water reservoir (9).

each of ten soldiers (Rudi, 1988), partially covered by vegetation. On the coverage,
the circular aperture of the observation post with a circular metal ring and three
circular concrete emplacements each with a 10 cm in diam. circular aperture.
Two entrances were obstructed by vegetation and recent barriers, so that the in-
terior remained inaccessible. However, one of said entrances let visible a de-
scending ladder with original white and orange wall paintings and rusted ceiling
metal portions. The concrete structure was in good preservation state without
visible damages due to combats.

A 3 x 5 m stone barrack or water reservoir (48°40'51.25"N, 2°19'30.26"W, h
62.08 m) (9). The floor was invaded by stones and vegetation and its access
trench was still visible on the terrain. The stone structure was severely degraded.

An L 479 Anton bunker (48°40'47.07"N, 2°19'22.73"W, h 69.78 m) (10) for
night-fighter control (Fleuridas et al., 2010)—Appendix A2-A3, similar respec-
tively to that of the radar camp at Saint-Pabu-Le Bous (Tomezzoli & Colliou,
2017a; Tomezzoli & Colliou, 2018) and at Saint-Jacques de la Lande near Rennes
(Dupont et al., 2007). Pebbles of the EroVili and traces of formwork elements
were visible on the fagade. The entrances were obstructed by recent barriers and
vegetation, so that the interior remained inaccessible. However, the re-cooling
room conduit let visible the original white wall painting. Its concrete structure,

disfigured by recent graffiti, was in good preservation state without damages due
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(a) (b)

() (d) (e)

Figure 8. L 479 bunker (10): (a) observation post entrance; (b) facade; (c) observation post inte-
rior; (d) fagade detail; (e) re-cooling room conduit with original white painting.

to combats.

3.2.5tp Il

The Stp IIidentified components (Figures 9-12) were the following.

An I 485 bunker for radar FuMG 41 G (cF) Mammut Caesar (48°40'33.34"N,
2°19'14.6"W, h 74.38 m) (1) (DAWA, 2016) invaded by vegetation—Appendix
A4. The fagade let visible pebbles of the EroVili and formwork element traces.
Although disfigured by modern graffiti, it was in good preservation state without
damages due to combats. Two rectangular pylons protruding from the coverage
and invaded by orange lichens at the top were in good preservation state. A cy-
lindrical tube emerged from the top of the west one. An entrance gave access to
an observation post surprisingly clean, without internal walls painting. Another
entrance, preserving its original white painting and defense loophole at the lad-
der end, allowed access to the interior. The internal rooms were surprisingly
clean and in good preservation state without damages due to combats. The walls
preserved their original white and orange paintings here and there disfigured by
modern graffities and formwork element traces. On the floors the original tiling
was still in place and the ceilings appeared severely rusted. The compensator

room preserved on one wall the main entrance for instrumentation and
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Figure 9. La 318—Stp I 1 bunker L 485 for radar FuMG 41G (cF) Mammut Caesar; 2 barrack; 3
possible RS 58¢ Tobruck, 4 water reservoir/pool; 5 Flak emplacement; 6 Flak emplacement. [Geo-
portail].

(a) (b)

(©) (d)

Figure 10. L 485 (1): (a) protruding rectangular pylons; (b) observation post entrance; (c) facade with
modern graffities; (d) entrance with defense loophole.
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(a) (b)

Figure 11. L 485: (a) internal room, on the right wall defence loophole on the left wall metallic
support of unknown purpose; (b) compensator room.

materials obstructed by terrain and on each adjacent side wall the access to the
antenna room. Each access had 12 circular cable passages on each side. On the
floor a 3 x 2 m rectangular support for the compensator, with two square sup-
ports on each longer side. Another 1 x 0.5 m rectangular support with a fixation
point at each angle was aligned with the shorter side. The antenna room ceiling
had twenty four cable accesses toward the corresponding external protruding
pylon. All the technical instrumentations and furniture disappeared.

A 15 x 13 m barrack (48°40'34.22"N, 2°19'12.07"W, h 67.08 m) (2). The roof
disappeared and because of vegetation coverage, the interior remained inaccessi-
ble. The stone structure was severely degraded.

A possible RS 58¢ Tobruck (48°40°32.91"N, 2°19’11.32"W, h 66.77 m) partially
invaded by vegetation.

A 6 x 10 m barracks (48°40'32.7"N, 2°19'11.36"W, h 69.06 m) near the RS58c.
Because of vegetation coverage, the interior remained inaccessible. The stone

structure was severely degraded.

(a) (b)

Figure 12. L 485: (a) gas lock and antenna room; (b) antenna room ceiling.

A 7 x 10 m, 1.5 m deep water reservoir/pool (48°40'35.19"N, 2°19'16.35"W, h
71.31 m) (4). Completely invaded by vegetation, it remained inaccessible.
A first 2.5 x 2.0 m Flak emplacement (48°40'35.52"N, 2°19'16.84"W, h 73.04
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m) (5) with a 3 m long access passage. Completely invaded by vegetation, it re-
mained inaccessible.

A second 2.5 x 2.0 m Flak emplacement (48°40'33.51"N, 2°19'15.54"W, h
74.35 m) (6) without access passage. Completely invaded by vegetation, it re-
mained inaccessible.

A third 2.5 x 2.0 m Flak emplacement (Powelei, 2012). Completely invaded by

vegetation its position identification was not possible.

3.3.Stp I

The Stp [ITidentified components (Figures 13-18) were the following.

A 1229 support (48°40'55.95"N, 2°18'0.3"W, h 66.4 m) (1) for radar Wiirz-
burg Riese. The interior invaded by vegetation was not accessible. On the upper
side the metallic fixation points and the traces of the corresponding Wiirzburg
Riese supporting elements were visible. On the walls, pebbles of the Ero Vili
mixed with concrete were visible. The concrete structure was in good preserva-
tion state without damages due to combats.

A 4 x 6 m SEA power generator aggregate (Stromerzeuger aggregat) bunker
(48°40'55.95"N, 2°19'0.3"W, h. 67.04 m) (2) (Lippmann, 2018) invaded by vege-
tation, the entrance closed by a wood barrier remained inaccessible. The cover-
age was 1 m thick and on the entrance side 7 vertical camouflages slits were visi-
ble. The concrete structure was in good preservation state without damages due
to combats.

A 4 x 5 m bunker (48°40°56.44”N, 2°19’5.21”W, h. 68.9 m) (3) buried in the

terrain. The concrete coverage was in good preservation state without damages

Figure 13. La 318 Stp III—1 V229; 2 small bunker; 3 buried bunker; 4 rectangular structure; 5-7
circular areas; a nowadays parking; b Cap Fréhel lighthouse access road [Geoportail].
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(a) (b)

Figure 14. VF229: (a) support for Wiirzburg Riese; (b) imprint of the radar connection.

due to combats.

A 17 x 6 m structure (48°40'56.27"N, 2°19'5.82"W, h. 70.29 m) (4), S/'W-N/E
oriented, of rectangular shape with rounded short sides, invaded by vegetation.
The NJ/E side hosted the entrance, the interior four aligned circular gun emplace-
ments, the S/W side disappeared under the Cap Fréhel lighthouses access road (b).

A FuMo 2 Seetakt emplacement near the lighthouse of 1950 remained uniden-
tified.

A first 30 m in diam. circular area (48°40'49.37"N, 2°19'8.28"W, h. 69.39 m)
(5), a second 10 m in diam. circular area, (48°40'47.55"N, 2°19'9.46"W, h. 63.56
m) (6) and a third 35 m in diam. (48°40'49.18"N, 2°19'10.17"W, h. 63.34 m) (7)
located about 200 meters S/W of the nowadays parking (48°40'54.05"N, 2°19'
3.3"W, h. 66.67 m) (a). They were evident because of different colour and height
of their moorland grass with respect to that of the surroundings.

Two storage bunkers, two cisterns, a stone personnel bunker with concrete
coverage, a bunker with Flak open emplacement (OBFla), a VF 229, a VF ma-
chine bunker ( Trafostation), two tobruck, an ammunition bunker, a Freya FuSE
80 emplacement, two Flak emplacements (Powelei, 2012) about 130 m south of
the a nowadays parking (a), invaded by vegetation, remained inaccessible.

The French Batterie Est (48°41'13.87"N, 2°19'1.36"W, h. 61.09 m) and Batterie

(a) (b)

Figure 15. (a) small bunker (2); (b) lighthouses square, on the left the headlight, on the right the
1950 lighthouse with dependencies.
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(a) (b)

(0 (d)

Figure 16. (a) 30 m in diam. circular surface; (b) 10 m in diam. circular surface; (c) 32 m in diam.
circular surface; (d) a room of the French ammunition depot.

Ouest (48°41'13.79"N, 2°19'3.37"W, h. 58.33 m), on Roche Jaune, each compris-
ing a platform with two in barbette parallel 95 mm Lahitolle 1888 or 1914/18
gun emplacements each formed by a concrete arc connected by three concrete
segments to a central, circular six bolts metallic support, observed during the 11
January 2011 visit, disappeared.

A nearby circular concrete gun emplacement (48°41'15.2"N, 2°19'3.12"W, h.
58.87 m) with 14 circularly disposed fixation bolts for 9.5 cm French Canon de
Cote 95 M93, identified during the 11 January 2011 visit, disappeared.

(a) (b)

Figure 17. Roche Jaune: (a) semaphore emplacement, on the background the foghorn tower, (b)
semaphore emplacement circular surface, on the background lighthouse and headlight.
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(a) (b)

() (d)

Figure 18. Roche Jaune: (a) belvedere; (b) foghorn platform, on one side the nowadays foghorn
tower, on the other side emplacement of the old foghorn house, (c) old foghorn house, rests of the
perimeter walls and diagonal covered trench; (d) old foghorn house, structures on the floor.

The 6 x 8 m semaphore emplacement (48°41'13.5"N, 2°19'2.01"W, h. 62.19
m). The two houses forming its T shape disappeared. The perimeter walls dis-
appeared and on the concrete floor a 2.5 m in diam. circular surface was visible.

A belvedere (48°41'7.91"N, 2°18'59.34"W, h. 57.23 m) with stone walls formed
by a 6 x 21 m rectangular platform and a 2 m higher 14 m in diam. semi-circular
platform. It resulted from the 2012 demolition of the restaurant La Fauconniére
built on the 1920s and present at Za 318 during the WWIL.

Three rings on the terrain for anchoring a disappeared French semaphore
mast, observed during the 18 August 2005 visit, disappeared.

The 13 x 13 m foghorn platform (48°41'16.09"N, 2°19'3.21"W, h. 56.83 m). On
one side the tower of the nowadays foghorn in good preservation state, on the
other side the 7 x 10 m concrete emplacement of the old foghorn house. Rests of
house perimeter walls were visible. On the concrete floor a diagonal, concrete
covered trench for electrical cables, connected to three in triangular disposition 1
m in diam. concrete, circular emplacements. They formed the bases of the foghorn
vapour generators. In front of the circular emplacements the semi-circular cover-

age rests of the of the water cisterna.

4. Discussion

The majority of the literature sources identify the La 318 (Rapport Pinczon du
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Sel, 1947-1948) cover name as Frosch, except two (Glad, 2020; Lippmann, 2018)
which identify the cover name as Goldfish. However, the radar station Goldfish
was at Guernsey, one of the Channel Islands (DAWA, 2016). Therefore, the
identification of these two sources is incorrect.

Substantially, Za 318 repeats the architecture of Stp Re 510 (Renan 510) Pin-
guin at Saint-Pabu-Le Bous (Tomezzoli & Colliou, 2017a) near Brest, of Funk-
mefSstellung 2. Ordnung Mandrill at Monterfil (Dupont et al., 2007; Tomezzoli
& Pottier, 2015) near Rennes and Funkmefstellung 1. Ordnung Made at Les
Meées (Dupont et al., 2007) near Le Mans essentially based on two Freya and two
FUSE 65 Wiirzburg Riese. Two Freya and two Wiirzburg Riese were necessary
for assuring continue surveillance also in case of maintenance or malfunctioning
of one of them.

Mammut Caesar was an early warning radar able to detect aircrafts up to 300
km in two directions perpendicular to its rectangular antenna, but blind in a
range of 60° on the antenna sides. Freya was an early warning radar detecting
aircrafts up to 200 km but unable to determine their altitude. Wiirzburg Riese,
often coupled to an IFF (Identification Friend Foe) device, was a near field
warning radar detecting aircrafts up to 70 km, their azimuth and their altitude.
Therefore, incoming aircrafts were first intercepted by the Mammut and Freya
and after by the Wiirzburg Riese which, in case of foe aircrafts, provided data for
directing the fire of the Flak emplacements. During day and night aircraft inter-
ceptions, the personnel of L 479 Anton collected all the available radar informa-
tion and drove at least two interceptors against the target aircraft/s. The second
interceptor was directed on the target aircraft/s in case of failure of the first one
(Trenkle, 1979).

The personnel in service at La 318 lodged mainly in the lighthouse dependen-
cies and in wood barracks on the right side of the lighthouses access road (b) (h).

However, no barrack rests were identified.

4.1.Stp I

The presence of the L 479 Anton indicates that the Stp 7 components pertained
to the Luftwaffe, as in the case of Saint-Pabu-Le Bous (Tomezzoli & Colliou,
2017a).

The ditch reminds the barrack emplacements (6)-(10) observed at the Stp
Menez-Hom (Tomezzoli, 2017b). It protected either a large barrack or barracks
(Lippmann, 2018; Powelei, 2012) or electrical generators (GLAD, 2020). The
sources would not be in contradiction if the electrical generators were lodged in
the large barrack or barracks, today disappeared, laid on the observed concrete
rails. However, it is also possible that said large barrack or barracks lodged per-
sonnel. The ditch was covered with camouflage nets.

A 22 x 16 m rectangular excavation (48°40'48.26"N, 2°19'24.16"W, h. 64.51 m)
between L 486 and L 489, identified in a French air reconnaissance image
(C3639-0531_1948_MISSIONBRETAGNEI16AV, n°146, 1/26228, Argentique,
14/05/1948) escaped identification because the vegetation coverage.
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A R 656 for fifteen soldiers has been signalled (Lippmann, 2021), but its pres-
ence has not been identified.

Candidates for the Flak emplacements were either a 2 cm single Flak 30, or a 2
cm Flakvierling 38 or a 3.7 cm Flak 18/36/37 gun.

4.2.Stp Il

The presence of the FuMG 41 G (cF) Mammut Caesar indicates that the Stp I7
components pertained to the Luftwaffe.

Because no personnel lodgement was foreseen inside the L 485 the personnel
lodged in the two nearby barracks. It is possible that either the smaller one
hosted a kitchen/canteen and the bigger one personnel lodgements. The disap-
peared technical instrumentations and furniture were probably confiscated by
the American or French army.

The absence of the radar antenna in said 1948 French air reconnaissance im-
age indicates that it was dismantled before 14/05/1948. Actually, antenna por-
tions were used for the construction of cereals silos in a nearby farm.

The water reservoir/pool, already observed at the Murs-Erigné German base
(Tomezzoli, 2016) and the Domaine de Pignerolle (Tomezzoli et al., 2013) pro-
vided relax to the personnel and water in case of fire in the Stp I components.

Candidates for the Flak emplacements were either a 2 cm single Flak 30, or a 2
cm Flakvierling 38 or a 3.7 cm Flak 18/36/37 gun.

4.3.Stp Il

The Stp III components pertained to the Kriegsmarine, as in the case of Saint-
Pabu-Le Bous (Tomezzoli & Colliou, 2017a).

The rectangular structure (4) was a four guns in barbette French battery, pre-
ceding La 318. Because of its open structure, the guns might defend the whole
Cap Fréhel.

The three circular surfaces (5)-(7) were probably whip antenna emplacements.
This is suggested by the radio station was located in the lighthouse (GLAD,
2020) and a corresponding reinforced field-like V£ ( Verstirkt feldmassige) tele-
communication (Fernmelde stand) bunker (Lippmann, 2018) which unfortunately
was not identified and no concrete antenna cable fixing block was identified.

An east and west parallel 20 x 6 m barrack on the of the Cap Fréhel lighthouse
square, visible in said French air reconnaissance image, hosting respectively the
kitchen/canteen and officers lodgements (Glad, 2020) disappeared before 21/
05/1952 (C3639-0531_1948_MISSIONBRETAGNE16AV, n"146, 1/26228, Argen-
tique, 14/05/1948; C1215-0101_1952_F0915-1215_0002, n"2, 1/25842, Argentique,
21/05/1952).

The French Batterie Est and Batterie Ouest constituted a defence against ships
and submarines. Especially these last, because of their limited autonomy and the
danger of navigating in immersion near the coast often emerged and engaged

the coastal defences by their gun.
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5. Conclusion

This article permitted us to put order in a lot of information concerning La 318
and other precedent and coexisting French military and civilian structures on
Cap Fréhel and to present the information in an organic way accessible to a pub-
lic of experts and amateurs. We hope that this article will stimulate further stud-
ies on other WWII installations of advanced technology, because they influence

on military operations, life and fate of thousands of men.
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A1l: reconstruction— FuMO 2 on top of the headlight for air and sea surveillance.
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A2: L 479 Anton bunker for night-fighter control plan—1 gas lock, 2 close combat room, 3 crew room, 6 ob-
servation post, 20 wireless room, 22 ventilation room, 29 store room, 51 telephone exchange room, 55 store,
79 emergency generator room, 83 transformer room, 84 re-cooling room, 86 command post, 99 fuzes room
(Courtesy Fleuridas P.) (Room numbering according to Rudi, 1988).
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A3: L 479 Antonbunker for night-fighter control plan (Courtesy Fleuridas P.).
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A4: bunker L 485 and radar FuMG 41G (cF) Mammut Caesar: 1 gas lock, 2 close combat room, 3 crew
room, 6 observation post, 16 antenna room, 22 ventilation room, 79 emergency generator room, 80
workshop, 83 transformer room, 84 re-cooling room, 100 compensator room (Courtesy Fleuridas P.)
(Room numbering according to Rudi, 1988).
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A5: reconstruction— FUSE 65L Wiirzburg Riese on 1229, in the foreground FuMG401 Freya LZ (radar im-
age from a non-copyright site).
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Abstract

The aim of this research is to focus on the deterioration appearances of Pine
wood “Pinus sp.” that has been widely used as an external architectural ele-
ment in Egypt. The wooden lintels in this research were exposed to the influ-
ence of weathering factors which are varying in their amounts. This variation
in the amounts was reflected in the appearance of the surface, at the anatom-
ical structure of the pine wood, and at the changes in the main components of
wood. To clarify all these changes, a comparison was made between wooden
lintels exposed to two kinds of environments. Some very small samples from
these environments had been chosen and examined by using the digital mi-
croscope and the Scanning Electron Microscope (SEM) which clarify the sur-
face and anatomical changes of deteriorated wood. The Fourier transform
Infrared Spectroscopy (FTIR) was used also to show the extent of changes in
the main wood components. The results showed a clear difference in the sur-
face, anatomical and chemical changes in the wood at these two different en-
vironments. In the first environment with high moisture levels, the wood was
damaged more than in the other environment with high-temperature levels.

Keywords
Pine Wood, Pinus sp., Lintels, Weathering, SEM, FTIR

1. Introduction

Wood is an essential material in archaeological and historical buildings. It was
used as an architectural element and as a furniture in these buildings (Iruela,
2020). Wooden lintels, which consist of one or more pieces of wood placed

above the doors and windows, are an example of these architectural elements,
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especially in these buildings built with red and adobe bricks.

Pine wood “Pinus sp.” is one of the softwood types (Wiemann, 2010), it has
been widely used as an architectural element in archaeological and historical build-
ings in Egypt. Although that the pine wood is one of the imported woods, we
notice its wide spread in Egypt through different ages and in many purposes such
as: ceilings, lintels, doors, windows, mashrabiyas and columns.

The aim of this research is to focus on deteriorated pine wood, which was
used in making some lintels at the mausoleum of Fatma Khatun (1283-1284) (AH
682-683) wife of Sultan Qalawun. This mausoleum is situated at Al-Ashraf Street,
Al-Khalifa district, Cairo, Egypt. This building needs necessary restoration works,
not only for the wooden elements but for the entire building sunken in the
groundwater (Figure 1).

The wooden lintels of this mausoleum are directly exposed to the surrounding
weathering factors which are: moisture, temperature, sunlight, air pollutants,
and wind. Also, the factor of abandonment and neglect exacerbated the deteri-
oration aspects of the wooden elements such as the exposure of some window
lintels in the outer portico to burn (Figure 2).

Figure 1. The wooden lintels at the mausoleum of Fatma Khatun.

Figure 2. (A)-(C), shows the burn of some window lintels in the outer portico of Fatma
Khatun mausoleum, (C) SEM micrograph. 20 um.

The literature review monitored many aspects of changes spread in softwood
including the Pinus sp. exposed to weathering conditions. We concluded from
these researches that we can divide these changes as follows.

Surface changes: as the roughness of the wood surface, resulting from the dispar-
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ity in erosion rates of earlywood and latewood. The increasing of the earlywood
erosion rate is associated with its low density (Oberhofnerova et al., 2017).

The weathered surface becomes infected with weakness and fragility, resulting
from the loss of bonding between the wood fibers, which leads also to erosion
and the loss of some parts from the surface (Feist, 1983; Feist, 1990). The alter-
nation between exposure to sunlight and to the high levels of moisture leads to
the spread of various cracks on the wood surface.

These cracks can sometimes lead to the split of wood, also they allow the
weathering agents to penetrate to the internal parts of the wood. The cracks are
considered as a suitable place for the activity of biological damage inside the
archaeological wood (Teles & Valle, 2001). The chromatic change of wood sur-
face is a significant change resulting from the exposure of wood to the weather-
ing factors. A previous research noted that the surface of light wood turns to a
dark color, on the other side, the surface of the dark wood turns to a light color
in the early phases of weathered wood. This process is associated with lignin de-
composition (Oberhofnerova et al., 2017).

Anatomical changes: In general, a significant weakness in the structure of
wood can be noticed in the archaeological samples treated by the previous re-
searches. It has been observed the spread of some checks and cracks in the cell
wall layers, the separation of the cell wall layers, destruction of the bordered pits
(Hamed et al., 2020), destruction and loss of the middle lamella which lead to
the detachment of wood cells from each other, and to the breakdown of cells
walls and its layers (Hamed, 2014).

Chemical changes: Weathering factors affect the chemical compounds of
wood, in particular the surface of archaeological and historical wood exposed
directly to the sunlight, affecting the strength, the durability of wood, and the
cohesion of the surface, In addition to the color changes, which are considered
as a remarkable sign of the wood deterioration (Sandberg, 1999). The photo-
chemical damage of the main wood compounds (lignin, cellulose, and hemicel-
lulose) occurs by sunlight, especially UV radiation. Lignin decomposes by the
UV radiation, causing the color change of archaeological wood surface (Jankowska,
2015). This process is slow and its impact is just on the thin layer of the wood
surface (Sandberg, 1999).

2. Materials and Methods

The samples used for this research had been taken from the outdoor pine wood
lintels in the mausoleum of Fatma Khatun (1283-1284) (AH 682-683). The wood-
en lintels were exposed to the influence of weathering factors which are varying
in their amounts. Some of these lintels were exposed to the effect of weathering
factors in the following sequence according to its amounts: (Moisture of “ground-
water and relative humidity”, sunlight, and temperature), this means that the
moisture is the most influential weathering agent.

On the other hand, some of the other wooden lintels were exposed to the ef-
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fect of weathering factors in the following sequence according to its amounts:
(sunlight, temperature, and relative humidity), which means that the high tem-
perature is the most influential weathering agent. To clarify the effect of the va-
rying in weathering factors amounts on these wooden lintels; some of the analy-
sis methods were used, such as:

1) Digital Microscope (DM): it was used to identify the wood types by ex-
amining the Transverse Section (TS) of the wooden lintels samples prepared for
that purpose.

2) Scanning Electron Microscope (SEM): it was used to clarify the surface and
anatomical changes of deteriorated wood. These samples were examined by SEM
(JEOL 5500 LV, South Valley University, Qena, Egypt).

3) Fourier Transform Infrared Spectra (FTIR): it was used to clarify the changes
in the main chemical compounds of the archaeological pine wood (the surface
layer) resulting from the effects of weathering, comparing with a control sample
(Unweathered). The FTIR was used in the spectral range 400 cm™ to 4000 cm™
by using (FTIR Jasco. 4100, South Valley University, Qena, Egypt).

3. Results and Discussion
3.1. Wood Identification

By using the digital microscope, the examination of the wooden lintels of Fatma
Khatun mausoleum, in the transverse section (TS), showed the anatomical cha-
racteristic features of the pine wood “Pinus sp.”. It can be observed the growth
rings, earlywood tracheid (with the thin-walled), latewood tracheid (with the
thick-walled), the rays, and resin canals (Figure 3(B) & Figure 4(B), Figure
5(B) & Figure 5(D)). Through the examination, it was identified another kind
of wood (Hardwood) wasn’t broached in this research. It was used in one of the

window lintels in the entry corridor of this mausoleum.

Figure 3. (A). The lintel of main door in the mausoleum dome chamber, (B). A cross-section
of the pine wood (digital microscope).

3.2. Surface and Anatomical Changes

The pine wood (Pinus sp.) was used in the mausoleum of Fatma Khatun to make
the lintels of the main door of the mausoleum dome chamber (Figure 3(A)), al-
so it was used to make the window lintels in the outer portico and in the entry
corridor of this mausoleum (Figure 4(A), Figure 5(A) & Figure 5(C)).

DOI: 10.4236/ad.2021.92007

138 Archaeological Discovery


https://doi.org/10.4236/ad.2021.92007

M. Ali

Figure 4. (A). The windows lintels in the outer portico and in the entry corridor of Fatma
Khatun mausoleum, (B). A cross-section of the pine wood (digital microscope).

Figure 5. ((A) & (C)). The windows lintels in the outer portico and in the entry corri-dor
of FatmaKhatun mausoleum, ((B) & (D)). A cross-section of the pine wood (digi-talmi-
croscope).

The lintels of the door and of the windows are exposed directly to the effect of
weathering factors surrounding these lintels (Moisture, temperature, and sun-
light), but in varying quantities. For example, the lintels of the windows in the
outer portico and in the entry corridor are located on high ground. Therefore,
the lintels of the windows in this area are exposed to the effect of weathering
factors in the following sequence: (sunlight, temperature, and relative humidity),
and that according to the weathering factors the more concentrated. This ar-
rangement was reflected in the appearance of these lintels.

The pine wood used in these lintels is very dry and that led to the spread of
large longitudinal cracks in the same direction of the wood fibers. These cracks
extend to the edge of these lintels (Figure 6(C) & Figure 7(B)). On the other
side, we can observe the spread of fine cracks in the cell wall layers and also that
there are many separations along the longitudinal axis of the wood cells (Figure
8). There are also some splits and fibers breaks on the surface and an erosion of
the lintel’s edges. The cracks appear on the wood surface as a result of repeated
exposure to the wetness by the sources of moisture and to the drying by the high
temperatures and air (Henriques & Azevedo, 2018).

The wood surface, directly exposed to weathering, appears uneven due to the
difference in erosion rates between earlywood and latewood, and also between
the knots and wood tissue (Figure 7(A) & Figure 7(B)). We can observe also
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Figure 6. Spread of the different cracks on the pine wood surface, ((A), (B)) the lintel of the door in the
mausoleum dome chamber, (C) the window lintel in the outer portico.

Figure 7. ((A), (B)) The window lintels in the outer portico showing the roughness of weathered wood

surface, (C) the accumulated dust particles between the wood fibers, SEM micrograph. 50 um.

Figure 8. SEM micrographs of the window lintels in the outer portico. (A) a longitudinal section showing

the fragile and detached wood fibers, (B) a radial section showing the longitudinal cracks and the degrada-

tion of bordered pits (C) A cross-section showing the cracks and the separation of cell walls layers. (bar: (A)
200 pm, (b) 50 um, (c) 10 pm).

that there are color changes spread irregularly on the surface of wood such as the
presence of light brown areas and other areas with a dark brown color. The arc-
haeological wood takes this dark color when it’s not exposed directly to the effect
of rain (Sandberg, 1999). The dust particles are widespread in the surrounding
area of this mausoleum and for this reason, the dust particles accumulated and
stuck on the wood surface as a result of wetness and drying exchanges (Ali,
2019) (Figure 7(C)).

The lintel of the main door in the mausoleum dome chamber was exposed to the
effect of weathering factors in the following sequence: (Moisture of “groundwater
and relative humidity”, sunlight, and temperature). This arrangement was re-
flected in the appearance of the wood surface. The exposure of this lintel to high
moisture levels, to direct sunlight and to high temperatures, especially in sum-
mer, led to the continuous exchange of wetness and dryness processes. These
continuous processes were reflected in the appearance of the wood surface which
appears fragile, spongy, and with incoherent fibers resulting from the break-
down of the wood components (Sandberg, 1999) (Figure 9(C) & Figure 10).

DOI: 10.4236/ad.2021.92007

140 Archaeological Discovery


https://doi.org/10.4236/ad.2021.92007

M. Ali

Figure 9. The lintel of the door in the mausoleum dome chamber (A) The roughness of weathered wood

surface, (B) the wood knots affected by weathering, (C) the spongy appearance of the wood surface and the

erosion of lintel edges.

Figure 10. SEM micrographs of the door lintel in the mausoleum dome chamber, (A) a longitudinal sec-

tion showing the fragile and detached wood fibers, (B,C) a longitudinal section showing the detached wood
tracheids. (bar: (A) 200 um, (b) 500 pum, (C) 50 um).

Various cracks are spread on the surface of this lintel but, the cracks which are
perpendicular on the wood fibers direction are the most visible on the surface.
These cracks exist just on the surface and don’t penetrate to the mass of wood
(Figure 6(A) & Figure 6(B)). The cracks come as a result of the repeated swel-
ling and shrinking processes of the surface fibers. Comparing the number and
size of the spread cracks on the windows lintels with other cracks on the door
lintels, it can be seen that they’re macro-cracks and more numerous in the win-
dow lintels. According to previous research (Sandberg, 1999), the direction of
wood surface exposed to weathering has a significant part in the determination
of the number and the size of cracks on the surface. For example, the number of
cracks in the radial wood surface is less than the tangential wood surface. The
presence of these different cracks on the archaeological wood surface lead to the
penetration of weathering factors to the interior parts of the wood which get
more damaged (Ali, 2019).

One of the more visible effects of weathering on this lintel is the variation of
erosion rates between earlywood and latewood. The earlywood appears as carved
lines on the wood surface extending along this lintel, with variable depth (1 - 2
mm). This erosion rate depends on the density of wood, therefore the low-density
earlywood was the most affected by the weathering Factors (Unger et al., 2001;
Williams, 2005) (Figure 9(A)). On the other side, It is also observed that the
knots of wood were affected by weathering factors, as there was significant ero-
sion, some cracks, and a loss of some of its apart (Figure 9(B)).

There are various color changes spread over the surface of this lintel. The lin-
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tel parts adjacents to walls tend to the white or gray, while the other parts tend to
the brown. This gray layer was resulted from the exposure of this lintel to the
high levels of moisture and the direct exposure to sunlight, also it may be caused
by the effect of the fungus (Yildiz et al., 2018). A large amount of dirt particles
accumulates on the surface of this lintel, which is one of the important agents of
the archaeological wood surface deterioration (William, 1983) (Figure 11).

A remarkable erosion was noticed in the lintel edges, especially the parts ad-
jacents to the wall. This loss in these parts can be explained as follows: the
wooden lintels are in direct contact with the walls and absorb water mixed with
salts and other large quantities of soluble building materials. Because of high
temperature, these materials crystallize on the surface, and between the fibers
and with the effect of wind, these materials fall out with some parts of the fragile

wood from the surface (Figure 9(C)).

Figure 11. SEM micrographs of the door lintel in the mausoleum dome chamber, showing the detached wood fibers
surrounded by dust particles. (A)-(C) longitudinal sections (bar: (A) 100um, (B) 50 pm, (C) 20 pm).

3.3. FTIR Analysis

The FTIR spectra results of the pine wood samples (S1.control sample, S2 sam-
ple from the window lintel, and S3 sample from the door lintel) shown in the
(Table 1) and (Figure 12). The FTIR spectra (region range between 400 - 4000
cm™') were used for the clarification of the differences between archaeological
pine wood samples (weathered surface) and the control sample (unweathered
sample).

By the comparison of the FTIR spectra between the archaeological pine wood
samples (that were taken from the deteriorated wood surface) and the control
samples (unweathered), we can understand the extent of chemical changes in the
surface of this archaeological wood. This research shows a lot of changes in the
bands of cellulose, hemicellulose, and lignin between the degraded wood and the
control samples. It can be clarified as follows: The O-H band stretching around
(3400 - 3420 cm™) shifted from 3419 cm™ at sample S1 (the control sample) to a
lower wavenumber at 3409 cm™ for sample S2 and at 3408 cm™ for sample S3.
The absorption increased in the samples S3 and S2 as a result of the increase in
the degradation of these samples (El Hadidi, 2017) and the hydroxyl groups
oxidation (El-Hadidi & Darwish, 2008). The wide band around 3420 cm™ in the
archaeological wood samples were divided into two peaks (bands): for sample

S2, the two peaks appear at 3409 cm™ and 3527 cm™, for sample S3 the two
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Table 1. FTIR Bands of the control sample (S1), the window lintel in the outer portico (S2 sample), and the door lintel in the
mausoleum dome chamber (S3 sample).

Wavenumber (¢cm™)/absorptions

Band positi Band: igned
an po_sl1 lon d;n s a‘s51§;1e References of the FT-IR bands
(em™) and Functional group Sample S1 ~ Sample S2 Sample S3
3409/63.15 3408/60.15
3200 - 3460 cm™' O-H stretching in carbohydrate and lignin (Popescu et al., 2011a) 3419/62.41

3527/67.42 3527/65.54

C-H stretching (methyl and methylene

2842 -2935cm™
groups)

(Pandey, 1999) 2937/85.34 2895/94.38 2938/90.97

_, C=O0 stretching (unconjugated ketones) in  (Shi et al., 2012; Yilgor et al., 2013;

1731 - 1739 cm hemicellulose Ozgeng etal,, 2018) 1727/84.02 - 1732/87.46
1637/74.41 1647/73.54

1640 cm™! Absorbed water (El Hadidi & Darwish, 2014) 1645/79.18 1625/74.51 1636/72.89
1624/72.43

1595 cm™ Aromatic skeletal, C=0 stretch in lignin (Han et al., 2020) 1592/84.11 1595/86.84 1594/87.92

- . L L. (Bodirlau & Teacd, 2009; Gonultas &
1506 - 1515 cm C=C stretching, Aromatic ring (lignin) Candan, 2018) 1511/78.06 1508/89.24 1507/89.56

C-H asymmetric deformations in -CH; (Jahan & Mun, 2006; Huang et al.,
and -CH,- 2012)

1460 cm™ 1461/78.27 1461/82.35 -

1425 cm™ CH:bending cellulose (El Hadidi, 2017) 1426/77.13 1420/83.32 1418/78.53

o . (Poletto et al., 2012; Lionetto et al.,
1375 cm CH bending in cellulose o 1373/76.37 1384/79.7 1384/53.62
2012; El Hadidi, 2017)

B OH (plane bending in cellulose ‘amorph-  (Colom et al., 2003; Lionetto et al.,
1335 cm™! , . - - 1336/78.67
ous’) 2012; El Hadidi, 2017)

1316 cm™! CH ing (crystalline cellulose) (Colom etal., 2003; Lionettoetal, 310 e o0 13507976 1320/79.90
cm waggin: Ccrystalline cellulose . . .
2 Wagging lcry 2012; El Hadidi, 2017)

1269 cm™ guaiacyl ring, C-O in lignin (Pandey, 1999; Popescu et al,, 2006) ~ 1269/72.91  1269/81.77 -
Acetyl and carboxyl vibrati dC=0
1235 cm™ cetyland carboxy? vibrations an (Yilgor et al., 2013) 1233/74.14 - -
stretching in Xylan and lignin

o C-0-C asymmetric stretching vibrations  (Andriulo et al., 2016; Traoré et al.,

1159 cm 1159/69.09 - -

(Carbohydrate) 2018)

897 cm™! C-H deformation in cellulose (Zhou et al., 2018) 896/80.09 895/85.46 863/89.65
O Aromatic C-H (out of planedeformations) (Evans, 1991; Xing et al., 2015;

806 cm 806/81.23 807/84.77 808/87.07

in lignin Traoré et al., 2018)

peaks appear at 3408 cm™ and 3527 cm™. The band at 3527 cm™ is related to the
absorbed water bound and the intramolecular H-bond in lignin (Popescu et al.,
2011b). According to a previous literature, this stretching mode of H,O mole-
cules is caused by the high level of moisture surrounding these wood lintels
(El-Hadidi & Darwish, 2008).

The FTIR spectra of sample S2 shows a decrease in the absorbance at 2895
cm™ and 2939 cm™ (C-H stretching) bands, for sample S3 the band around 2890
cm™ is disappeared and there is a decrease in absorbance at 2895 cm™. This de-

crease comes as a result of the degradation of cellulose and the changes in its
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Figure 12. FTIR spectra of the control sample (S1), the window lintel in the outer portico (S2 sample), and the door lintel in the mausoleum dome

chamber (S3 sample).

crystallinity level (Kubovsky et al., 2020).

At the band around 1640 cm™ (C=0 stretching), which refers to H,O absorp-
tion, there is a remarkable increase in band intensity. This corresponds to the
increase and the split in the O-H stretching band around 3420 - 3527 cm™. This
band comes as a result of the water absorption from the surrounding environ-
ment. The obvious multiplication of carbonyl bands in this zone is resulting
from the degradation of lignin and cellulose (El-Hadidi & Darwish, 2008).

The band at 1739 cm™ (C=0O stretch in un-conjugated ketones) concerns he-
micellulose. This band disappeared in the sample S2, while the absorption inten-
sity at sample S3 decreased obviously. The decrease in this band is caused by the
deterioration of the acetyl group and hemicellulose by the effect of weathering
factors (Reinprecht et al., 2018; Yildiz et al., 2018; Iruela, 2020).

The bands which concern lignin were found at 1595 cm™, 1511 cm™ and 1269
cm™. In addition to that, the band at 1460 cm™ concern lignin and carbohy-
drates (Pandey & Pitman, 2003). All bands of lignin registered a significant de-
crease in absorbance. The absorption band around 1595 cm™ (aromatic skeletal)
appears in sample S1 as a shoulder. As for the archaeological samples, a decrease
in absorption intensity was observed around the band 1595 cm™ which appeared
very weak in samples S2 and S3. According to some previous researches, the
changes and the absorption decrease at this band and that may be due to the
presence of water in these samples (Fors & Richards, 2010), and also to the effect
of the methoxy (O-CH) groups of the guaiacyl rings (Zhang et al., 2009).

The band around 1505 - 1511 cm™! (aromatic skeletal) is used to assess the
content of Lignin in wood samples. Comparing samples S2 and S3 with the S1
sample, there is a shift of this band and a remarkable decrease in intensity of the
bands at 1508 cm™ for S2 and at 1507 cm™ for S3 which appear as very weak
peaks. This decrease indicates the effect of weathering factors on the aromatic

rings (Zhang et al., 2009). Previous research reported that this decrease is re-
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sulting from the methoxyl groups decrease and from the loss of syringyl units of
lignin (Kubovsky et al., 2020). Weathering caused a decrease in the intensity of
the 1269 cm™ band (guaiacyl ring breathing with C-O stretching) (Lionetto et
al., 2012) in the archaeological samples. It was a very clear band in the control
sample, but it appeared as a shoulder in the sample S2, and disappeared in
the sample S3. The band at 1460 cm™ (asymmetric CH deformations in lignin)
(Kubovsky et al., 2020) in sample S2 was observed very weak, while it was absent
in sample S3.

The absorption bands around 1373 cm™, 1336 cm™, 1317 cm™, 1159 cm™ and
897 cm™! refer to cellulose. The cellulose band at 1373 cm™ appeared in the con-
trol sample, while it appeared in the archaeological samples at 1384 cm™. This
band in sample S2 decreased in absorbance and appeared as a weak band. In
sample S3, the band at 1384 cm™ increased in absorbance and appeared as a very
strong band. The increase in intensity in this band refers to the depolymeriza-
tion of cellulose which is intimately related to the decrease or the disappearance
of the lignin band around 1510 cm™ (Genestar & Palou, 2006).

There was a decrease in the band intensity that was noted in the band at1425
cm™ (CH, bending cellulose, “crystallized I and amorphous cellulose”) (El Ha-
didi, 2017). This band shifted also to lower wavelengths in the archaeological
samples: it became at 1420 cm™ in sample S2 and at 1418 cm™ in sample S3, and
that indicates the extent of the cellulose damage resulting from the weathering
factors

The bands at 1335 cm™ and at 1316 cm™ refer to the wood cellulose, in the
control sample (S1) these bands were observed as weak bands with a shoulder at
1318 cm™. In the archaeological samples (S2, S3), these bands decreased in ab-
sorption compared with the S1 sample. However, these bands can be observed as
two bands in sample S3 around 1320 cm™ and 1336 cm™, while in sample S2,
only one band appeared as one peak at 1320 cm™. Previous research stated that
the decrease of absorption and the two similar bands in this area were a result of
the increase of the content of the crystallized cellulose (Colom et al., 2003). The
band at 1235 cm™ (C=O0 in xylan-lignine), disappeared in samples S2 and S3 and
that comes as a result of the degradation of xylan and the lignin changes (Shi et
al., 2012). The peak at 1159 cm™ (C-O-C asymmetric stretching vibrations in
cellulose and hemicellulose) disappeared in samples S2 and S3. This means that
there is a big loss in the degree of cellulose polymerization (breaking the chains
of cellulose) (Darwish et al., 2013; Hamed et al., 2020).

The peak at 897 cm™ (C-H deformation of cellulose) (Reinprecht et al., 2018)
decreased significantly in intensity. It seems like a very weak peak in the arc-
haeological samples (S2 and $3). This decrease indicates the decrease of the
amorphous cellulose (Kubovsky et al., 2020). The peaks at 806 cm™ (the ring of
benzene) decreased substantially in intensity and appeared as a very weak peak.
There was a similar result in previous research which reported that the deligni-

fication from the softwood was the reason for these changes (Xing et al., 2015).
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The results and findings summary: it’s so clear that the pine wood which was
exposed in its surface to weathering factors with high levels of moisture, was
damaged more than the pine wood that was exposed to normal levels of relative
humidity. We find that the outer surface of the wood exposed to high levels of
moisture became very brittle, pale, swollen, and its fibers lack bonding especially
in the areas nearby the walls.

The FTIR spectra showed that the main chemical components of the two arc-
haeological wood samples were remarkably affected by the weathering Factors.
In these samples, it was observed a decrease in most of the cellulose, hemicellu-
lose, and lignin bands. There are some other bands that have disappeared such
as the bands at 1235 cm™ and at 1159 cm™ for the two samples (S1 and S2). For
the bands around 1269 cm™, 1460 cm™, and 2890 cm™, they disappeared in
sample S3. Also, the band around 1739 cm™ disappeared in sample S2. The FTIR
analysis results indicate that the door lintel, surrounded by high levels of mois-
ture in the mausoleum dome chamber, is the most affected by the weathering
factors. It appears that the decrease in most of the cellulose, hemicellulose, and
lignin bands was more than in the window lintels of the outer portico which are
surrounded by low levels of humidity. There is a remarkable increase at the 1384
cm™ band which is resulted from the depolymerization of cellulose (Genestar &
Palou, 2006). It is observed also that the bands of lignin at 1460 cm™, 1268 cm™,
and 1235 cm™ disappeared and this explains the obvious detachment between

the wood surface fibers.

4. Conclusion

In general, the evaluation results of the archaeological wood deterioration are
very important to identify the deterioration patterns and the changing of envi-
ronmental conditions surrounding this archaeological wood. Also, this evalua-
tion enables us to use the appropriate methods and materials of treatment that
must be selected according to the status of the wooden artifacts (El Hadidi,
2017).

In the archaeological and historical buildings, all the outdoor wooden artifacts
are exposed to the influence of the surrounding weathering factors. It is re-
markable in this research that all of the outdoor lintels in the mausoleum of
Fatma Khatun are exposed to the directly weathering agents, but with a disparity
in its amounts. Some of these lintels (the lintels of the main door in the mauso-
leum dome chamber) were exposed to the effect of weathering factors in the fol-
lowing sequence according to its amounts: (Moisture of “groundwater and rela-
tive humidity”, sunlight, and temperature). Some of other lintels (the window
lintels in the outer portico and in the entry corridor of this mausoleum) were
exposed to the effect of weathering factors in the following sequence according
to its amounts: (sunlight, temperature, and relative humidity).

The analysis was made by using the Digital Microscope (DM), Scanning Elec-
tron Microscope (SEM), and Fourier Transform Infrared Spectra (FTIR), which
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showed that the disparity in the amounts of the weathering agents had a clear
effect on the wood appearance, the wood cells, and on its main chemical com-
ponents.

The wooden lintels that exposed to the weathering factors with high levels of
moisture were damaged more than the wooden lintels that were exposed to high
temperature and normal levels of relative humidity. We find that the surface of
the wood exposed to high levels of moisture appears very brittle, pale, swollen,
and its surface fibers lack bonding, especially in the areas nearby the walls. Also,
the FTIR analysis results indicate that the wooden lintel which was surrounded
by high levels of moisture, is the most affected by the weathering factors. The
sample of this lintel showed a decrease in most of the cellulose, hemicellulose,
and lignin bands. The disappearance of some lignin bands at 1460 cm™, 1268
cm™, and at 1235 cm™ explains the obvious detachment between the wood sur-
face fibers. This research contributes to change the researchers’ perspective when
they study the effect of weathering factors on archaeological wood because this
research recommends to arrange these factors according to its amounts. In this
study, we found that the arrangement of weathering agents according to their
amounts was clearly reflected on the external appearance and the on main
chemical compounds of archaeological pine wood.
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