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GRAPHICAL ABSTRACT

» The ‘corn-mummies’ are grain-filled
linen sacs.

» Use of nondestructive methods for the
documentation and visual examination of
a corn mummy coffin; its original
decoration disappeared.

» Digital imaging was used to document all
surface aspects.

» D-stretch was used to enhance surface
details that were not clearly visible by
digital imaging.

» X-ray Radiography was used to examine
the contents inside the wrapped figure
and the physical condition of the object
components.
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‘Corn mummies’ were funerary objects in
ancient Egypt that were served as sacred
images of the god Osiris during the Khoiak
feast. They are grain-filled linen sacs, usually
filled with an emmer or barley specimen, the
ingredients for staple food in ancient Egypt
(bread and beer). In the fertility cult of Osiris,
the function of Corn mummies was
presumably for continuous prosperity of the
land and healthy crop growth.

This paper focuses on the use of
nondestructive methods  for  the
documentation and visual examination of
a Corn mummy coffin (No. 1242) dating
back to the late period; but its original
inscriptions are partially lost.
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Digital imaging and Reflectance Transformation imaging (RTI) were used to document all
surface aspects. D-stretch was used to enhance surface details that were not clearly visible by
digital imaging and RTI. Infrared imaging was used to reveal the details of hieroglyphic in-
scriptions and outline drawings on the wooden coffin. X-ray radiography was used to non-
destructively verify the inside contents of the wrapped mummy inside the wooden coffin, and
whether it includes any human remains or not. The methods provided a comprehensive doc-
umentation and examination of the various parts of the artifact.

1. Introduction

Corn mummies, which can be dated earlier
than the mid-seventh century BC, are ex-
tremely rare. They are unknown in private
burials outside the Valley of the Kings before
940 B.C, but after that date funerary objects,
which can be described as Corn mummies,
have been found in a small number of Third
Intermediate Period tomb groups [1]. Osirian
funerary wooden coffins, according to Aston,
appear to have been a common part of burial
equipment of upper-class private individuals
during the Third Intermediate Period [2, 3].
These Corn mummies were manufactured to
resemble a human body; in the form of a
miniature Osiris which would ensure the fol-
lowing years’ crop prosperity. These differ
from the two-dimensional Osiris beds placed
in New Kingdom royal tombs [4, 5]. Corn
mummies serve as sacred images of the god
Osiris during his festival. They were covered
with a shroud or had a small wax mask in the
image of Osiris wearing a crown, with tiny
fists holding the crook and flail (representing
kingship), or even an erect phallus [6]. The
falcon-headed coffin does not contain an ac-
tual mummy but a symbolic Osiris mummy
stuffed with grain and sand [7].

Corn mummies came in a falcon-headed cof-
fin and lack attributes that link it to symbolic
images of Osiris [8]; and it was initially mis-
taken for a falcon mummy which would also
be wrapped in linen of similar size and ap-
pearance [4, 9]. The mummy form figures of
Osiris and of several deities as Sokar were a
symbol of their attributes as gods of death
and afterlife [10]. Each year in the days lead-
ing up to the Khoiak feast [11], in the fourth
month of inundation from day 12 to day 30,
new figures of Osiris and Sokar were annual-
ly manufactured of soil and grain in molds
[12, 13] and were used in ritual ceremonies
during the Festival of Osiris [14]. According
to the so-called Dendera mystery text, which

is an inscription in 159 columns of hiero-
glyphs (early Roman Period) engraved on the
walls of one of the Osiris Chapels in the
temple of Hathor, sand and barley were
mixed together and put in two mummiform
golden molds. These two halves, constituting
right and left of the Osiris body, were depos-
ited in a basin and watered from day 12 to
day 21 of Khoiak. The molds were then emp-
tied and the mummiform figure obtained,
regarded as the body of Osiris Khenty-
imentet it was wrapped in linen bandages.
Generally encased in a falcon-headed coffin,
the mummy was first buried in the temple
and one year later it was moved in its perma-
nent burial. The Dendera text describes an-
other kind of mummiform statuette, regarded
as the body of Sokaris [15-18]. Corn mum-
mies varied in size from 35-50 cm in length
and were placed in falcon-headed coffins in
cemeteries, while miniature varieties were
encased within Ptah-Sokar-Osiris statues in
Late Period burials [19, 20].

An example of these Corn mummies is in the
Grand Egyptian Museum (no. 1242), which
is preserved in a falcon-shaped wooden cof-
fin with a metal (bronze) mask in the shape
of Osiris (Fig. 1), and its length does not ex-
ceed 66 cm, as shown in the outline meas-
urements in (Fig. 2). It dates back to the late
period, and was found in the Muslim ceme-
tery in Meidum, in Middle Egypt. Due to
lack of documentation concerning the exact
location of the find as well as the absence of
any text, the dating of the artifact was some-
how challenging. Obviously, five sites have
been identified as burial places of Corn
mummies, namely Meidum, Tehne, EI
Sheikh Fadl, Tuna el Gebel, and Wady Qub-
banet El Qirud. The identification is based on
excavation reports, even though the exact
circumstance of discovery is not always
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Fig. 1: General Images of the wooden coffin and the Corn mummy
a) left side, b) right side, ¢) Top and bottom sides d) the Corn mummy

inside the winnden rnffin
66 cm

25 cm

13 cm

66 cm

Fig. 2: Outer outline and measurements of the
wooden coffin created with AutoCAD.

12



Tarek A., Ali I. A. M., Abdel Rahman M.

clearly stated. As far as Meidum and Tehne
are concerned, the reasons that lead ancient
Egyptians to choose specifically those two
localities to bury the Corn mummies are re-
lated in local devotion to Osiris, although the
phenomenon seems to be introduced in the
religious history of sites only at very late pe-
riod. In fact, Osiris, or rather Soker — Osiris
is accompanied by the epithet, lord of shD, a
locality proven to be in the Meidum area. In
the late and Ptolemaic period the god wor-
shipped in the area was Soker [9].

The Corn mummy inside a wooden outer
coffin, which is currently at The Grand
Egyptian Museum (GEM), was neither doc-
umented nor examined before, and this study
aims to document and non-destructively ex-
amine the wooden coffin and the Corn
mummy. This was achieved with high reso-
lution digital imaging with general and de-
tailed images, IR imaging, and the imple-
mentation of various advanced imaging-
based surface examination techniques such
as the Reflectance Transformation Imaging
(RTI) and the D-stretch. Moreover, the study
provides in depth investigation of the inside
content of the Corn mummy through X-ray
radiography, to reveal its inner components.

2. Materials and methods

2.1. Digital Imaging

Documentation of museum objects with digi-
tal imaging has been an essential documenta-
tion practice. Digital images for museum
objects could be created, and used for vari-
ous purposes (e.g. catalogues, websites, ex-
hibitions, etc.), and they can deliberated for
the documentation, study and conservation
purposes of museum objects but would re-
quire more precise and consistent approaches
to document and represent objects’ details
and aspects of preservation condition in a
clear and accurate representation. For achiev-
ing these representative digital images,
guidelines for the tools and procedure to be
used should be followed. Several imaging
guidelines have been already published for
this purpose [21, 22]. As an initial step in
this study, the wooden coffin and the Corn
mummy were documented with digital imag-
ing from all sides for the first time. In addi-

tion to the general images of the wood coffin
and the Corn mummy, detailed images of all
remarkable details were captured as well. A
Canon DSLR 7D with a Sigma 17-50mm,
/2.8 EX DC OS HSM lens were used for the
imaging. Two studio-flash (strobes) were
used as light sources with two soft boxes
installed for all images. For a better color
management, color checker was used during
imaging. Then, all images were processed
with the Color Checker and Adobe Pho-
toshop software for better and accurate rep-
resentation of colors and details.

2.2. Reflectance Transformation Imag-
ing (RTI)

Reflectance Transformation Imaging has
been widely used for enhancing the surface
details of cultural heritage objects. Surface
details are emphasized through utilizing the
digital imaging with a directed lighting from
various angles in multiple digital images of
the same captured area with the camera fixed
in the same position. The captured surface
details are then processed mathematically
with the RTI builder software. The results
are an interactive digital image with all light-
ing positions used. Several filters could be
applied in the viewer version of the RTI
software for better enhancement and visuali-
zation of the surface details [23]. In this
study, Reflectance Transformation Imaging
(RTI) was used after an initial visual exami-
nation of the falcon-shaped wooden coffin to
emphasize the details of some areas of inter-
est which show signs of valuable archaeolog-
ical details in two selected areas.

2.3. Infrared Imaging (IR)

Infrared imaging, a commonly used tech-
nique for enhancing details visibility on arti-
facts through the contrast between the reflec-
tive ground layer and the details made by
inks and pigments which absorb the infrared
[24], was conducted on the partially lost and
faded black inscriptions on the wooden cof-
fin, that were not very clear in the digital im-
aging with visible light.
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2.4. (D-stretch)

Decorrelation Stretch (D-Stretch) plugin to
Image J software, which was upgraded by
Jon Harman (Image Enhancement using D-
Stretch 2019) for color enhancement of rock
art images, was applied to enhance the high-
resolution photographs of surfaces of the
wooden coffin, aiming to enable obscure or
faded details to be viewed by artificially
highlighting traces of remaining text [25].
High resolution images from the digital im-
aging documentation with DSLR camera
were used for further processing with D-
Stretch software. Different color spaces have
been applied (e. g. crgb, lab, Ibk, yre..etc).
The obtained images highlighted more sur-
face details based on the very fine color ren-
dering differences of the surface details of
the wooden coffin. Similar areas are repre-
sented with similar color tone.

2.5. X-ray Radiography

X-ray radiography has been widely used to
study the structures of archaeological objects
[26]. In this study, X-ray radiography was
used as a non-destructive tool to examine and
document the inner components and structure
of the wrapped mummy figure. More infor-
mation and details about the instrument and
the experimental setup are reported in (Table
1):

Table 1: X-Ray Generator Specifications
X-Ray Generator Specifications :

Radioflex RF-200SPS
Tube Voltage 80 KV to 200 KV

Tube Current Fixed at 3 mA
Tube X-Ray Ceramic Tube
. Generator 15 Kg
R Controller  14.5 Kg
Wireless Digital Detector
Image Size 16" x16"
Active Area 405 mmx405 mm
FEIFEIE Amorphous Silicon
Type
Scintillator Gadolinium Oxysulfide
Material (GOS)
Weight 5Kg
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3. Results and Discussion

3.1. Digital Imaging

The images (Fig. 1, 3, 4, 5) represent and
document the general condition and details
of the various parts of the wooden coffin and
the Corn mummy. Digital images created
through this study will be a valuable addition
to the digital records of the artifacts within
the museum collections database as it will
serve as a visual documentation record for
the artifact with all its details. In addition to
the artifact details, high resolution digital
images document the preservation condition
of the artifact (e. g. wood, white ground lay-
er, and the black inscriptions condition).
Details from the manufacture process includ-
ing the addition of a white filling material to
cover some gaps in the wood structure have
been documented very clearly with general
and detailed images.

3.2.Reflectance Transformation Imag-
ing (RTI)

RTI has been widely used for clarifying the
fine surface details of tool marks, inscrip-
tions and other surface details on archaeolog-
ical artifacts [27-29]. In this study, RTI im-
ages of the selected areas on the surface of
the wood coffin (Fig. 6, 7) show very valua-
ble details highlighting some manufacture
related details of the wooden coffin. Some
marks that might be from the tools used for
the carving of the wood were revealed and
documented. These details could be very
useful in identifying the tools and methods
used for the production of the wooden cof-
fin. Details of the deteriorated wood surface
condition, where the white ground layer is
missing were also very well documented.

3.3. Infrared Imaging (IR)

A Sony camera (ILCE-5000 - APS-C format
23.2 mm x 15.4 mm CMOS sensor -20MP-
with E16-50mm lens), modified for IR imag-
ing and a LED infrared lamp as the light
source were used for the IR imaging (Fig. 8).
It was notice that enhanced details of the
black inscriptions on the falcon head and the
hieroglyphic letters on the bottom side were
documented.



b

Fig. 3: Images of the wooden coffin a) top side, b) bottom side showing its general condi-
tion; missing parts of the wooden coffin, major loss of the white ground layer and the
faded and lost black inscriptions on the top and bottom sides of the wooden coffin.

Fig.4: Detailed images of the wooden coffin a) detailed image of the falcon head
(representing Horus) b) Left side of the falcon head, details of partially preserved
traces of the white ground layer and black line inscriptions could be observed.

d

Fig.5: a) Detailed image of the bronze mask (height 17.5 cm), b) detailed image of
the corn mummy and its outside textile wrapping.
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Fig. 6: RTI images (with specular enhancement) for the wooden coffin showing tool marks
which give some indications to the tools that have been used for carving the wooden coffin.

Fig. 7: RTI images (with specular enhancement) for the wooden coffin showing details of
the wood surface condition where the white ground layer is lost.

Fig. 8: IR images of the falcon-shaped wooden coffin top and bottom sides. Enhanced
details of the black inscriptions on the falcon head and the hieroglyphic letters on the
bottom side were documented.
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3.4.D-stretch images and digital epig-
raphy drawing
From the D Stretch images the text is en-
hanced (Fig. 9) and helped clarify some of
the inscriptions that were not clear in some
parts. It was complemented with IR imaging
for clarifying the inscriptions and hiero-
glyphs on the object. The final phase was to
produce the digital epigraphy for the coffin
sides by using Adobe illustrator by combin-
ing all images “D-Stretch images and visible
images” in multi Adobe illustrator layers
(Fig. 10) [30-33].
A short and fragmented inscription on the
lid, a single column of hieroglyphs in the
center of the coffin, starting just below the
hands and ending at feet level is an Osirian
offering text was legible. The Third Interme-
diate Period is meagre, we notice the pres-
ence of Khenty Amentet figure in private
burial and of miniature three-dimensional
Corn mummies deposited on private mum-
mies [4].

3.5.X-ray Radiography

Although X-radiography does not identify
the composition of artifacts, it can often pro-
vide clues to the nature of the material or
materials based on the visible micromor-
phology, especially for organic materials
such as bone and wood. X-rays show size,
shape and details of construction of the items
under examination that contribute to their
characterization, technical description, classi-
fication and dating [34].

X-ray radiography was used to verify the
inside content of the wrapped mummy and
end a scientific debate, because the artifact
had been recorded in the excavation register
book as a child mummy. Based on the exam-
ination, it was confirmed that it is not a
mummy of a child or any living creature, not
even a remnant, and it is a symbolic Corn
mummy [19, 35, 36], that was made out of
plant-based materials that had been covered
with textile strips and coated with black resin
and inserted inside the falcon-shaped wooden
coffin. Based on comparison with previously
published drawings and photographs of pre-

viously examined Corn mummies by Ar-
chaeobotanists at the Archaeological Muse-
um of Cracow, the Mummy at the GEM is
definitely a Corn mummy (Fig. 11) [37].

Conclusion

Through this study it was possible to provide
a full documentation for one of the Corn
mummies and its falcon-shaped wooden cof-
fin. In addition to general digital imaging
used for the documentation of the wooden
coffin and the Corn mummy, various ad-
vanced imaging methods have been inter-
graded for the examination of all the surface
details. Faded black inscriptions and hiero-
glyphics were enhanced and documented
through IR imaging and D-stretch applica-
tion. The images were then used for digital
epigraphy, to document all the inscriptions.
Some tool marks that have been revealed
through RTI imaging might help in the iden-
tification of the tools and methods used for
the production. The inside of the Corn
mummy has been thoroughly investigated
with X-Ray radiography. It was stated in the
excavation record that it was a child mum-
my, but through X-ray radiography it was
confirmed that the mummy does not include
any human remains, and that it is just an ex-
ample of Corn mummies which were popular
as funerary objects in ancient Egypt. Based
on this valuable and confirmed information,
the artifacts identification was corrected in
the new digital records within the museum
collection database.

The approaches used in the study could be
used for the documentation and non-invasive
investigation of similar artifacts, and further
studies on similar artifacts would increase
our knowledge about Corn mummy's produc-
tion methods and use in ancient Egypt. This
information could be then used for a better
integration of the Corn mummies in exhibi-
tions and museum collections, and would
provide essential information for the conser-
vation decisions based on a better knowledge
of the materials included, production meth-
ods and the current preservation condition.
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Fig. 9: Corn mummy coffin front side, (a) (ybl) enhancement, (b)
(yxx 1.50 0.20 1.60) enhancement, (c) (Ilwe) enhancement.

Fig. 10: Corn mummy coffin after digital epigraphy by Adobe illustrator.

Fig. 11: X ray Radiography photos of corn mummy.
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