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ABSTRACT
We assess the state of and potential for expansion of dendroarchaeological research in Egypt. We also report previously unpublished findings, which we hope will assist 

with the new effort in constructing tree-ring chronologies in Egypt. In doing so, we explain briefly some of the problems and potential of the future enterprise.
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INTRODUCTION

Nature and Origin of the Material

Dendrochronology, the science of dating using tree rings, was 
born in the arid American Southwest, an environment not unlike 
that of the Eastern Mediterranean. The use of tree-ring research to 
understand the ecological contexts and the chronology of archae-
ological phenomena in the American Southwest was so successful 
that it has since been emulated worldwide (Douglass 1929; Haury 
1935, 1962, 1994; Judd 1962; Webb 1983; Schweingruber 1988; 
Dean 1996; Bannister et al. 1998; Nash 1998, 1999, 2008; Nash 
and Dean 2005; Reid and Whittlesey 2005; Touchan and Hughes 
2009; Speer 2010; Cowie 2013). As the research methodology 
has been repeated in multiple archaeological contexts around the 
world, dendroarchaeology has become a discipline in its own 
right. In the Near East and Mediterranean, considerable progress 
has been made in constructing long tree-ring chronologies and 
using tree rings to date artifacts and buildings (Bannister 1970; 
Kuniholm and Striker 1987; Kuniholm 1996, 2000; Kuniholm et 
al. 1996; Touchan et al. 1998; Cichocki et al. 2004; Rich 2013). 
However, to date, little dendrochronological progress has been 
made in Egypt.

 For chronological sequencing, Egyptologists still rely heavily 
on chronologies based on ancient Egyptian sources: the Royal An-
nals, the Royal Canon of Turin, the King Lists, and Manetho’s Ai-
gyptiaka (see Hornung et al. 2006), and Classical and Near East-
ern textual evidence (for Near Eastern texts, see Kitchen 2013). 
Scientific dating techniques such as dendrochronology and radio-
carbon dating (Bronk Ramsey 2013) are still not widely used or 
properly applied. In the case of dendrochronology, this is because 

the technique is not widely known among Egyptian scholars, and 
with very few published demonstrations of how it could be used in 
Egypt, the potential of “lesser” material (structural timbers, badly 
degraded samples) to contribute to dendroarchaeological research 
has not yet been realized. We note that it was the objections of 
the Egyptologists—among others—to the first 14C curve, which 
resulted in research that led to a modified half-life for the 14C 
curve and then to the first tree-ring calibrated 14C curve. Although 
many Egyptologists believe that Egyptian chronology is stable 
and accurate, multiple disagreements in the literature show that 
is not really the case (Shaw 2000b; Hornung et al. 2006; Kitchen 
2013) despite ongoing improvements (Kitchen 2013). The New 
Kingdom chronology is fairly stable, but the Second Intermediate 
Period, the Middle Kingdom, the First Intermediate Period, and 
the Old Kingdom have chronological problems, with accuracy di-
minishing as one goes further backward in time.1 Astronomical 
sightings (e.g. the heliacal rising of Sirius) are claimed by some 
to be accurate, but nobody knows where the sightings were made 
or whether the sightings were all from the same spot. A glance 
at Ryholt’s (1997) drawings of the remaining fragments of the 
king list on the Turin Papyrus shows how many gaps there are. 
Also problematical are the possibilities of co-regencies or gaps 
between reigns or rulers whose names are missing altogether—
especially in the Second Intermediate Period—so that the kind of 
precision provided by tree-ring dates of the American Southwest 
is lacking. A further complicating factor is the need to reconcile 
the Egyptian with the Mesopotamian chronology, which has its 
own problems.2

1. At a symposium to celebrate the 60th anniversary of the Oriental Institute in 
Chicago, the late Klaus Baer said he could go up or down 200 years for the Old 
Kingdom, and it would not bother him a bit.
2. At that same symposium, the late Dietz Edzard said he had no faith whatever in 
the Venus “Doublets,” which are supposed to provide firm dates for Mesopotamia.
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Wood and Its Uses in Ancient Egypt

Bryant Bannister (1963) said that in order for dendrochronology 
to be carried out three conditions must first be met. The ancient in-
habitants of a region must have used wood in quantity in their con-
structions. The wood must be crossdatable, and enough of it must 
be preserved for proper study. All three of these conditions can be 
met—in certain circumstances, as outlined below—in Egypt.

Wood was a major resource in the civilizations of the ancient 
Near East (Thirgood 1981; Gilbert 1995; Hepper 1996; Kuni-
holm 1997), including Egypt, thereby fulfilling Bannister’s first 
criterion. Because of the lack of adequate rainfall, Egypt itself 
produced few large trees and so relied on imported wood. Typi-
cal of local woods are sycamore fig (Ficus sycomorus) nht 

a. Sycamore fig nht  

(Hannig 2006, p. 418),   

glyph,    

b. The Nile acacia ^nDt/^nD (Hannig 2006) 

(Hannig 2006, p. 831),  , ,     

glyph,       , ,  ,  

 

c. Tamarisk  jsr  

(Hannig 2006, p. 104),  , ,  

glyph,   , ,  

d. Carob nDm(Hannig 2006) 

(Hannig 2006, p. 449), ,  

glyph,    ,  

 
(Hannig 2006; Gale et al. 2009), the Nile acacia (Acacia nilot-
ica) ^nDt 

a. Sycamore fig nht  

(Hannig 2006, p. 418),   

glyph,    

b. The Nile acacia ^nDt/^nD (Hannig 2006) 

(Hannig 2006, p. 831),  , ,     

glyph,       , ,  ,  

 

c. Tamarisk  jsr  

(Hannig 2006, p. 104),  , ,  

glyph,   , ,  

d. Carob nDm(Hannig 2006) 

(Hannig 2006, p. 449), ,  

glyph,    ,  

 (Hepper 1990; Hannig 2006; Gale et 
al. 2009), tamarisk (Tamarix nilotica and Tamarix aphylla) jsr 

a. Sycamore fig nht  

(Hannig 2006, p. 418),   

glyph,    

b. The Nile acacia ^nDt/^nD (Hannig 2006) 

(Hannig 2006, p. 831),  , ,     

glyph,       , ,  ,  

 

c. Tamarisk  jsr  

(Hannig 2006, p. 104),  , ,  

glyph,   , ,  

d. Carob nDm(Hannig 2006) 

(Hannig 2006, p. 449), ,  

glyph,    ,  

 (Hannig 2006; Gale et al. 2009), carob (Cerato-
nia siliqua) nDm 

a. Sycamore fig nht  

(Hannig 2006, p. 418),   

glyph,    

b. The Nile acacia ^nDt/^nD (Hannig 2006) 

(Hannig 2006, p. 831),  , ,     

glyph,       , ,  ,  

 

c. Tamarisk  jsr  

(Hannig 2006, p. 104),  , ,  

glyph,   , ,  

d. Carob nDm(Hannig 2006) 

(Hannig 2006, p. 449), ,  

glyph,    ,   (Lucas and Harris 1962; Baum 1988; 
Hannig 2006; Gale et al. 2009), doum palm (Hyphaene thebaica) 
mAmA 

a. Doum palm mAmA  (one word) 

  

 

b. Doum palm mAmA  (three words) 

	   ,	  det.	   	  

 , det. ,  
	  

 (Lucas and Harris 1962; Baum 1988; Ward 
2000; Hannig 2006; Gale et al. 2009), and date palm (Phoenix 
dactylifera) bnrt 

e. Doum palm mAmA  

(Hannig 2006, p. 320),  ,  

glyph,   , ,  

f. Date palm bnrt 

(Hannig 2006, p.254),  

glyph,    

g. Cedar mrw  

(Hannig 2006, p. 348),  

glyph,    

h. Cedar a^ 

(Hannig 2006, p. 159),  

glyph,    

 (Greiss 1957; Baum 1988; Hannig 2006; 
Gale et al. 2009). These species usually produced poor quality 
wood with small lengths and cross-sections that limited the types 
of constructions in which they could be used (Killen 2001). The 
difficulty with these local types of wood is that if any part of their 
ring growth is caused by irrigation the climate signal will be hard 
to detect. The most common imported types of wood are cedar 
(Cedrus libani) 

mrw	  

 

 

 

m3m3 

	  

	  

	  

	  

 mrw? / 

e. Doum palm mAmA  

(Hannig 2006, p. 320),  ,  

glyph,   , ,  

f. Date palm bnrt 

(Hannig 2006, p.254),  

glyph,    

g. Cedar mrw  

(Hannig 2006, p. 348),  

glyph,    

h. Cedar a^ 

(Hannig 2006, p. 159),  

glyph,     a^? (Lucas and Harris 
1962; Meiggs 1982; Nibbi 1987; Wilson 1997; Cichocki 2003; 
Hannig 2006; Gale et al. 2009), juniper from the Levant, and cy-
press (Cupressus sempervirens) (Lucas and Harris 1962; Hepper 
1990; Gale et al. 2009). Although there is a debate whether mrw 
or a^ is the word for cedar, on the deck of the Khufu boat I at Giza 
there is a box (as yet unidentified as to species) with an inscription 

that says “this box is made of meru-wood” (Lanny Bell, personal 
communication). It has been recently stated that mrw is “a type of 
fir tree from Lebanon,” probably “cedar of Lebanon,” while a^ is 
“fir wood” (Wilson 1997; El Gabry 2014).3

Wood was utilized in ancient Egypt in different ways, especial-
ly in the making of statues, coffins, and funeral boxes, and a va-
riety of wooden items (Engelbach 1931; Oakley 1932; Gale et al. 
2009; Deglin 2012; El Gabry 2014). Woodworking was among 
the advanced technologies in ancient Egypt (Oakley 1932; Lucas 
and Harris 1962; Killen 1994b, 2001, 2009; see Table 1). 

To follow the model of Douglass, Bannister, and Southwest-
ern archaeology in general (Douglass 1929; Haury 1935, 1962, 
1994; Bannister 1962; Bannister and Robinson 1975, 1992; Dean 
1978; Reid and Whittlesey 2005), the beginnings of a tree-ring 
record for Egypt should logically be rooted in trees that are grow-
ing in the larger region today (compare Dunwiddie 1979). If den-
drochronological research is going to succeed in Egypt, it is most 
probably going to have to be with cedar and juniper, both long-
lived trees that grow next to each other in the mountains of Leb-
anon, the Taurus Mountains of Turkey’s southern coast, and in 
Cyprus (Kuniholm et al. 2007). Juniper is less problematic (fewer 
missing rings) than cedar, and often when we have had pairs of 
chronologies from the same forest to compare, we have resorted 
to the juniper to solve the missing-ring problems with the cedar. 
Tree-ring patterns in Nilotic trees such as sycamore and tamarisk 
will depend on the water flow in neighboring canals rather than on 
prevailing climate. In most museum collections of Egyptian arti-
facts, one sees the word “wood” rather than proper species names 
(see e.g. Bassir 2013). It is not unusual for 95% or more of the ar-
tifacts to be acacia. Kuniholm has examined over 1000 samples of 
acacia for their dendrochronological potential without any success 
whatsoever. Ring boundaries are either invisible or practically in-
visible, and without identifying rings with precision dendrochro-
nology simply does not work. Attempts to come up with a proper 
ring count have been unsuccessful from the time of A. E. Douglass 

3. For extended discussions about various problems of identification of trees and 
timber in Mesopotamia—ethnographic, textual, philological, botanical, historical, 
dendrochronological—see Postgate and Powell (1992).

Table 1. Uses of wood in ancient Egypt.

Wooden remains
Predynastic 
Period

Archaic Period (First and 
Second Dynasties)

Old 
Kingdom

Middle 
Kingdom

New 
Kingdom 

Third Inter- 
mediate Period 

Late 
Period 

Structural timber X X X X
Coffins X X X X X X X
Statues X X X X
Furniture X X X X X X
Ships and boats X X X X X
Minor objects X X X X X X X
Based on Wittmack (1912); Brunton and Caton-Thompson (1928); Lucas and Harris (1962); Nibbi (1981, 1990); Killen (1994a, 1994b, 1996); 
Davies (1995); Ward (2000, 2006); Arnold (2001); Harvey (2001); Gale et al. (2009); Sowada (2009); Ward and Zazzaro (2010); Deglin 
(2012); El Gabry (2014). 
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on.4 On one of the sections Douglass collected in the 1930s from 
the Meidum Pyramid, a class of 10 students was tasked with estab-
lishing a ring count. They ended up with 10 different totals.

Although Lebanon, specifically Byblos, is generally thought to 
be the source for cedar wood found in Egypt, the Taurus Moun-
tains and Cyprus are an equally rich source of the material in all 
periods. Plans are in the works to have two M.Sc. students survey 
the hitherto unexamined cedar stands in the Taurus from the Aege-
an Sea to Antioch, even to the Anti-Taurus, to develop appropriate 
profiles for each subregion for the last 700 or 800 years or more. 
The forest stands (Figure 4) that have been sampled so far—not 
imported from anywhere else, but still standing in place—cross-
date with one another. The stand of some 400 surviving trees at 
Bcharré above Byblos has experienced so much human interven-
tion in recent years that its overall signal is noisy, but there are 
centuries when it and the Taurus and Cyprus fit together quite sat-
isfactorily. So far, there is no evidence for importation of Atlas 
cedar (Cedrus atlantica) from the far west of the Mediterranean.

We have a total of some 4000 years’ worth of cedar chronolo-
gies from the Eastern Mediterranean and more than 6000 years’ 
worth of juniper,5 though not all in one continuous sequence. As 
the next generation continues this work, it will be able to build on 
this with new material found in Egypt. But it must be remembered 
that any “Egyptian” chronology is going to be based on where 
those cedars originated, i.e. somewhere in the northeast corner 
of the Mediterranean (for a general overview of Egypt’s history 
from the beginning until modern times, see Bassir 2012).

Quantity and Preservation of the Material: Notes on the 
Mediterranean Timber Trade in Antiquity

Timber has been traded in the Mediterranean for at least 
5100 years, as early as the Predynastic Period in Egypt, before 
ca. 3000 BC (Shaw 2000b:480), evidenced by the finding of cedar 
charcoal at Maadi (ca. 4000–3200 BC) (Shaw 2000b:479) in the 
outskirts of Cairo (Rizkana and Seeher 1989; Nibbi 1990; Kuni-
holm et al. 2007). We have been accumulating physical evidence 
from a number of periods for the timber trade: in the Middle Ages 
west from the Black Sea and the Danube to Constantinople and 
Thessaloniki (Kuniholm et al., in press), in Venetian times south 
from the Alps to the Dalmatian coast and to Greece (Kuniholm et 
al. 2007) and the southern Levant (Lorentzen et al. 2011, 2012, 
in press), in Roman times south from the Alps to Pompeii and 

4. When Kuniholm and Newton visited the Boston Museum of Fine Arts to check 
the proveniences of Schulman’s samples (collected for Douglass), they noted that 
he had generally limited himself to Middle Kingdom material rather than to all 
of Pharaonic Egypt. Identifying the possibilities for crossdating was clearly on 
his mind. Also, in 1936 Douglass had the idea of employing W. S. Stallings on 
Egyptian dendrochronology, but this never came about (Nash 1999:203).
5. Having seen Lorentzen struggle with the Sinai wood, we are pessimistic about 
the dendrochronological potential for J. phoeniciae. There are too many missing 
rings. The Taurus junipers are far easier to deal with. B. Bannister (personal 
communication) says that the junipers northeast of the Four Corners of Arizona, 
Utah, Colorado, and New Mexico crossdate well, but the junipers a few miles 
away to the southwest do not crossdate at all—even with trees from the same stand.

Herculaneum (Kuniholm 2002), and in all periods—Predynastic 
through Ottoman—south to Egypt (Meiggs 1982; Rizkana and 
Seeher 1989; Kuniholm et al. 2007; Mikhail 2011). What this 
complexity of trade means is that dendrochronological dating in 
any of these target areas is not always going to be straightforward. 
Such possible links may often be hundreds of kilometers away.

Although the Dynasty IV Pharaoh Sneferu brags on the Paler-
mo Stone about how he was the first to bring cedar from Leba-
non—some 40 shiploads of it—every piece of wood in his tomb- 
chamber in the Bent Pyramid at Dahshur (collected half a cen-
tury ago by Bryant Bannister) is juniper, possibly the first docu-
mented instance of fraud in international commerce (Kuniholm 
et al. 2007), and see Meiggs (1982) as well as Arnold (1991:Fig-
ures 5.24 and 5.25) for an image [captioned there as cedar] of the 
juniper timbers in the tomb-chamber at Dahshur.6

Dieter and Dorothea Arnold (personal communication) say that 
typical 19th century excavation notebooks in Egypt record that a 
wooden coffin a day was given to the cook for hot water and cook-
ing. How many of these coffins were cedar7 is anybody’s guess. 
In spite of this unfortunate practice, Egyptological collections 
still have wood in quantity, not just the more elegant samples on 
display but the less glamorous—but therefore possibly drillable 
or sawable—samples in the reserve collections. The prospect 
of scanning objects photographically to measure the rings as at-
tempted (unsuccessfully) by Cichocki is daunting. Because some 
cedar rings can be as small as 0.01 mm, a superficial examination 
of the surface of the object does not provide the needed resolu-
tion. Photographs, after all, cannot be sanded and polished.

A notable exception to the inadequacy of the scanning effort 
is the cedar plaque of Hathor in the Metropolitan Museum (Fig-
ure 1). Because she was neither painted nor stuccoed, and be-
cause the plank was cut radially, the rings could be measured with 
precision.8 When wood from that century becomes available for 
comparison, she should be datable.

In more recent centuries, for the last 300 years of the Ottoman 
Empire, there was a brisk exchange of Anatolian timber (includ-
ing cedar) for Egyptian grain (Mikhail 2011), summed up in the 
three volumes of Ottoman forestry documents published by the 
Çevre ve Orman Bakanlığı (1999–2003). There are more Otto-
man forestry documents in the Istanbul archives, which await 
translation. We suspect that a thorough investigation of the Is-
lamic period monuments—religious, civil, and military—in Cai-
ro will yield the necessary cedarwood or juniper wood for this 
research. Colleagues in the Antiquities Service and in the Awqaf 

6. From these junipers in the Bent Pyramid, we have a 351-year chronology, 
which is earlier than anything available for comparison from Anatolia. For cedar 
in general, see Rich (2013), updating the work of the late J. P. Brown (1969), and 
see also the papers in the First International Cedar Symposium (Turkish Forestry 
Research Institute 1990). 
7. As far as we know, nobody has made a serious investigation as to whether the 
use of cedar for a coffin had anything to do with the status of the deceased.
8. Hathor was measured twice by two of us with identical results.
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(responsible for administering and maintaining all religious struc-
tures) should help gain an entrée.9 Not to be overlooked are the 
authorities in charge of highway-building, dam-building, land 
reclamation, canalization, and the like. If they, too, can be alerted 
as to the significance of any wooden material in their jurisdiction, 
this as well will be of importance. One anecdote as to why this 
will be important should suffice.

A single Directorate is not always on the qui vive about the im-
portance of such material. A number of decades ago, the Lebanese 
highway department found an enormous cedar log in a landslide 
near one of their highways. Somebody was clever enough to bring 
the log to the American University of Beirut campus where it now 
resides under a shed roof. Some years ago, Ramzi Touchan of the 
LTRR was able to take a couple of increment cores from it. He 
then had a section 14C dated and was informed that it was of no 
archaeological interest whatever since it was from 7500 years ago 
(R. Touchan, personal communication). His informant did not 
know that a date from 7500 years ago is of considerable archaeo-
logical significance because that is the time of the transition from 
the Neolithic to the Chalcolithic. So, future researchers would be 
well advised to begin with a certain amount of evangelism among 
the various Directorates. Arabic translations of some of the perti-
nent dendrochronological literature, as our Egyptian archaeolog-
ical colleagues have proposed to produce, would be a big help.

Is “Long-Distance” Crossdating Possible?

Some readers may find it difficult to entertain the notion that a 
wooden object found in Egypt can be dated on the basis of com-
paring its ring patterns with Turkish material.

Example One: Ottoman

In her recent dissertation, Brita Lorentzen (2013) found that 
the trimmed cedar floorboards (with an end date of 1811) of the 

9. Ottoman and Mameluke structures or objects are not likely to be as controversial 
as Pharaonic objects. If we succeed in getting firm dates, the scholars of the Bronze 
Age will get the message about the possibilities for their period.

Ottoman police station or kishle in Jaffa, in the southern Levant 
matched the cedar and juniper tree rings from the Taurus Moun-
tains. The best fit was with the Çiğlikara Forest above Elmalı, 
northwest of Antalya. There were other significant fits with forests 
ranging from Bcharré, Lebanon, to Rhodes and even east Crete, 
but the best bet is that this was an export from Antalya. Her date 
also matches the historical record of construction in 1886/7. Given 
the size of the exterior rings, less than 1 cm of wood need have 
been trimmed off in order to account for the missing 75 years.

Example Two: Roman and Medieval

At Herculaneum and Pompeii, we have found imported Alpine 
spruce and fir (Kuniholm 2002). In Dubrovnik, we found Alpine 
fir that matches the profile of the Black Forest. Alpine larch is 
found in Hg. Paraskevi, a Crusader church in Chalkis on the is-
land of Euboea, Greece (Kuniholm et al. 2007), also in al-Aqsa 
Mosque in Jerusalem (Lorentzen 2013). Black Sea oak is found 
routinely in Constantinople/Istanbul and in churches, mosques, 
and fortifications in Thessaloniki (Kuniholm et al., in press).

Example Three: Bronze Age, the “Near Absolute” Chronology

For the Bronze Age and Iron Age, we have an extended, 
near-absolute tree-ring chronology mainly from Gordion/Porsuk/
Kültepe/Acemhöyük/Karahöyük-Konya, mostly juniper but with 
some cedar and occasional pines (Kuniholm 1977; Kuniholm and 
Newton 1990, 2011; Manning et al. 2001; Newton and Kuniholm 
2004; Kuniholm et al. 2005). In a perfect world, we would try to 
keep all the species separate, but given the gaps we have and the 
amount of time we are trying to cover, we have been forced to 
combine species. The graph in Figure 2 (Newton and Kuniholm 
2004) of the first half of a 2009-year floating chronology shows 
how complicated this 40-year exercise was. The wood was not 
excavated in any sort of logical or helpful order, nor is it now 
placed where we first thought it ought to be. We collected what 
we could when it was convenient for the excavators and when we 
could meet them on site.

9 
 

the rings as attempted (unsuccessfully) by Cichocki is daunting.  Since some cedar rings can be 

as small as 0.01mm., a superficial examination of the surface of the object does not provide the 

needed resolution.  Photographs, after all, cannot be sanded and polished. 

 A notable exception to the inadequacyof the scanning effort is the cedar plaque of Hathor 

in the Metropolitan Museum.  Since she was neither painted nor stuccoed, and since the plank 

was cut radially, the rings could be measured with precision.12When wood from that century 

becomes available for comparison, she should be datable. 

 

Figure 1: A plaque (capital face) of the goddess Hathor, Dynasty XXX (just before Alexander), 
in the Metropolitan Museum of Art in New York. Inv. 89.2.214, dimensions: 44.8cm. x 26.7cm.  
Gift, MMA, Egyptian Collection, 1898, no. 36. Cedrussp. See MMA Guide (1983) p. 106, fig. 
48. On the right Maryanne Newton measures the 129 rings without doing damage to Hathor’s 
complexion.  No 4th century B.C. cedar chronology yet exists against which to try to date her.  
(Photograph P. I. Kuniholm) 

 In more recent centuries, for the last 300 years of the Ottoman empire, there was a brisk 

exchange of Anatolian timber (including cedar) for Egyptian grain (Mikhail 2011), summed up 

in the three volumes of Ottoman forestry documents published by the Çevre ve Orman Bakanlığı 

(1999-2003).There are more Ottoman forestry documents in the Istanbul archives which await 

translation.  We suspect that a thorough investigation of the Islamic period monuments—

                                                
12  Hathor was measured twice by two of us with identical results. 

Figure 1. A plaque (capital face) of the goddess Hathor, Dynasty XXX (just before Alexander), 
in the Metropolitan Museum of Art in New York. Inv. 89.2.214, dimensions: 44.8 × 26.7 cm. 
Gift, MMA, Egyptian Collection, 1898, no. 36. Cedrus sp. See MMA Guide (1983) p. 106, fig. 
48. On the right, Maryanne Newton measures the 129 rings without doing damage to Hathor’s 
complexion. No 4th century BC cedar chronology yet exists against which to try to date her. 
Photograph P. I. Kuniholm.
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The archaeological sites represented above on the graph are on 
the central Anatolian Plateau in countryside that is today pretty 
much treeless (other than the willows and poplars that grow along 
the relatively few water courses). The huge, mudbrick, half-timber-  
framed, burned palatial buildings at Acemhöyük (from which we 
have 287 carbonized samples) south of the Great Salt Lake (Tuz 
Gölü) and Kültepe (from which we have 88 carbonized samples) 
just north of Kayseri (Newton and Kuniholm 2004, with refer-
ences to earlier publications) had an estimated minimum of 2000 
trees per building. These numbers were arrived at on site during 
discussions with the excavators and their architects. So little of 
the palace at Karahöyük (67 carbonized samples) on the western 
outskirts of modern-day Konya has been exposed that a similar 
estimate is impossible. These trees, mostly juniper, cedar, and 
pine, would have been brought to these sites, presumably by ox-
cart, from various forests along the Taurus Mountain chain, as 
they were to the Seljuk monuments in Konya. This implies a 
road system and political control over the countryside in the 18th 
century BC. Noticeable variations in the tree-ring patterns with-
in each site imply also that a variety of forests along the Taurus 
chain were the sources of the timber. We propose that some of the 
“Egyptian” cedars that we have dated also originated somewhere 
in these same mountains (see discussion below).

Is Interspecies Crossdating Legitimate?

This is a good—and reasonable—question. We have found 
good fits from modern forests for the last 6 to 8 centuries—espe-
cially when the overlap is long—between one species and anoth-
er, notably oak versus pine and juniper (Kuniholm 1996: Figure 3, 
reproduced herein as Figure 3). The terminal ring was present for 
each core or section and there was no question about the end date 
when we sampled each tree.10 But dendrochronology is more than 
just numbers (measured widths): comparisons of the morpholo-
gy of individual rings, the thickness and density of the latewood 
cells, and aberrations at the end of the growing season, for exam-
ple, are things that we take into account when crossdating but that 
do not show up on simple x-y graphs.

10. For comment on the various statistical tests (and their relative usefulness) that 
we use to confirm the visual fits, see Kuniholm and Newton (2011).

Observe that cedar is the most difficult of all (and has weaker 
statistics), partly because of the way cedars grow. In a worst-case 
scenario, on a piece of cedar from the forest at Bcharré in Leba-
non, where multiple interventions by the villagers have damaged 
the trees heavily, one ring was present as two rows of six cells on 
a single radius (discovered by R. Touchan), and then nothing at 
all on the rest of the cross-section. Cedars and junipers are often 
found growing together in the same forest, and we often use the 
less-erratic junipers as a corrective to look for and identify absent 
or partially absent rings on the cedars. What we seem to have 
here is a regional climate signal rather than just a species signal 
(Hughes et al. 2001).

Why Use “Floating” or “Near-Absolute” for Our Chronology?

Again, in a perfect world we would have an unbroken chain 
of tree-ring measurements from today back to the Bronze Age. 
Alas, in the centuries on either side of the year 1, we have a major 
gap, although a forthcoming publication addresses the substantial 
progress we have been making (Kuniholm et al., in press).

Until the links to the living trees of today are firmly established, 
we have had (and continue to have) to rely on 14C wiggle-matching 

Figure 2. Early half of a 2009-year tree-ring chronology from juniper, cedar, and 
pine, almost all of it constructed from carbonized timbers that were preserved after 
violent conflagrations. Figure 3. Interspecies crossdating among Aegean forests spanning the last 6 to 8 

centuries. The t-score is the most helpful diagnostic tool to help find a fit.

Cedars

Junipers

100 0 100 200 300 400 km

Figure 4. The map above of juniper and cedar forests (after Newton 2004) 
shows how far apart some of these trees grew. Maximum distances are over 
1000 km. That there is any fit at all among the data sets is highly satisfying.
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of specifically selected decadal samples from this long chronolo-
gy. Our first attempt, reported in Nature (Kuniholm et al. 1996), 
placed the recent end of it in 718 BC with an unacceptably high er-
ror margin of +76/–22 years. The next summer, Bernd Kromer in 
Heidelberg showed Kuniholm how his continued determinations 
on our wood matched the morphology of the master 14C curve so 
well that they forced us to move our chronology back 22 years so 
that it ended in 740 BC. This was reported in Science with a small 
error margin of +4/–7 years (Manning et al. 2001; and the com-
panion piece by Kromer et al. 2001). Subsequently, as reported in 
Antiquity (Manning et al. 2003) the error margin is reducible to 
1–3 years. The dendrochronological dates quoted herein are cited 
without this error margin. This is a bit of the history of the “float-
ing, near-absolute” chronology against which anything Egyptian 
is to be fitted. In all of this, the tree-ring chronology itself did not 
change, but its placement has varied as the new 14C dates came in.

The “Egyptian” Cedarwood Story that Future Researchers 
Need to Know

Years ago, we measured two Egyptian cedarwood objects of 
some mild interest: one was the Oriental Institute’s coffin of a 
certain Ipy-ha-Ishutef, the Army clerk (Egyptological colleagues 
tell us that “clerk” was perhaps something more like the Minister 
of Defense), and the second was the “Dahshur boat” in the Car-
negie Mellon Museum in Pittsburgh, both recently 14C dated and 
discussed in some detail by Manning et al. (2014).

These two objects provide a lesson in the problematic nature 
of dating such material and illustrate the issues for publication 
of any dates found. In 2000, an obligatory annual report on the 
year’s work to the Turkish General Directorate of Antiquities and 
Museums, and published by them a year later (Kuniholm 2001) in 
their Arkeometri Sonuçları Toplantısı (Meeting on the Results of 
Archaeometric Research), reported the following:

“The most significant development of the year was a test putting- 
together of 14 long tree-ring chronologies for the Early Bronze 
Age and the Middle Bronze Age, listed below in order by their 
starting date. These placements are still provisional, but they are 
worth reporting here simply because of the amount of time they 
cover—from 2944 B.C. to 627 B.C.”

And then, after a tabulation of what we then thought we had, 
including the sarcophagus of Ipy in Chicago at 2286 BC and the 
Dahshur boat in Pittsburgh at 2104 BC, the report continued:

“We thus have a ring-sequence of 1201 years for the EBA/
MBA, extending from 2944 B.C. to 1744 B.C. I concede, as I 
said at the outset, that the beginning is based on very short over-
laps. When more EBA wood appears, it will be entertaining to see 
whether this proposed placement is correct.”

Subsequently—that very year—we went back to the drawing 
board (literally: we were using paper graphs) to try the exercise all 
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the lid of Ipy’s coffin (left) as seen in the vitrine in 
Chicago and the Dahshur Boat during  reassembly (right below) in Pittsburgh and after 
reassembly (right above). The hull timbers of the latter were carved to shape rather than bent.  
One of the deck-planks amidships with 400+ rings showed cuttings from re-use.  
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Figure 5. The end grain of part of the lid of Ipy’s coffin (left) as seen in the vitrine in Chicago and the Dahshur boat 
during reassembly (right below) in Pittsburgh and after reassembly (right above). The hull timbers of the latter were 
carved to shape rather than bent. One of the deck-planks amidship with 400+ rings showed cuttings from reuse. 
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over again, as one always does in such a case where the sequenc-
es are short and the crossmatching tentative. Eventually, starting 
in 2000, we found much better visual and statistically significant 
placements for the two sets of ring series from both Ipy’s coffin 
and the Dahshur boat as explained below.

This work put the sarcophagus of Ipy at 2076 BC [right in the 
middle of a recently proposed 2σ 14C range of 2081–2063 BC 
(Manning et al. 2014)] and the Dahshur boat at 1883 BC [2 years 
outside the Manning et al. (2014) proposed 2σ range of 1898–
1885 BC]. Because no terminal rings or waney edges are pres-
ent on either the coffin or the boat, these are terminus post quem 
dates. They are dendrochronological placements, not against the 
big master chronologies from Kültepe and Acemhöyük, etc., but 
rather against some of the subsets of timbers that apparently came 
from different forests than timbers found in the adjacent rooms of 
the same palace that make up the bulk of the chronology.

After work with the modern cedars of the Taurus and Anti- 
Taurus is finished, we plan to return to the task of sorting out the 
various subsets of the Bronze Age cedars and their possible pro-
venience(s). We note—on the basis of Kuniholm’s and Newton’s 
experience in building the Anatolian chronology—that the first 
steps will be the hardest. As more measured objects are added to 
the corpus, the easier it should get.

Why Were the New Findings Not Published?

One might reasonably ask why we did not rush into print with 
our revised dendrochronological results back in 2004 and 2005.
First of all, the sarcophagus of Ipy—bought in the Cairo bazaar 
and thus without any stratigraphic context or legitimate prove-
nience—remains unpublished after a century in Chicago. The 
ticket on it says “Dynasty 9/10,” which could mean anywhere be-
tween 2160 and 2025 BC (Shaw 2000b:480). Secondly, the total 
documentation for the Dahshur boat is a telegram to the Carnegie- 
Mellon Museum from Mr. Andrew Carnegie in Egypt—which we 
were shown at the time we drilled the samples—that says, “AM 
SENDING BOAT,” although Jacques de Morgan may have seen 
the boat along with several other boats at Dahshur (and now see 
Patch and Haldane 1990). Thus, because these were two relatively 
isolated items of uncertain ancestry, it seemed pointless to contin-
ue announcing anything until additional late-3rd millennium or 
early 2nd-millennium wood came into the lab—which, although 
we expected it at the time, did not happen before Newton left 
in 2006 and Kuniholm retired—to confirm our findings. Thirdly, 
the overlaps, as noted in the captions to Figures 6 and 7, are very 
short. We did summarize the state of play in Anatolia in late 2004 
in the Braidwood Memorial Volume of TÜBA-AR (Newton and 
Kuniholm 2004) without mentioning the Egyptian material that 
seemed irrelevant for a paper whose focus was Bronze Age Ana-
tolia. Then, there is the issue of reuse: we had the once-in-a-life-
time opportunity to examine all six sides of each piece of wood 
that was part of the Pittsburgh boat before drilling it at a right 
angle to the ring growth. Cheryl Ward, who was working with 

us, recorded the curvature of the rings (Haldane 1984). Curiously 
enough, the timbers were not bent to shape but rather carved or 
adzed to shape the way one might carve up a watermelon. There 
must have been an extraordinary wastage of this valuable wood 
with “planks” as long as 4.19 m × 12 cm thick × 35.5 cm wide 
(Patch and Haldane 1990). Ward also made an attempt to line up 
knots and other features so that she could determine which tim-
bers might have been from the same tree. We were keenly aware 
that there was the possibility of reuse, but there was not one sin-
gle cutting to suggest any prior use for any of the hull timbers. 
One deck plank with some 400-odd rings, however, did show a 
number of cuttings indicating a prior existence and use. It does 
not crossdate with the hull timbers. Living cedars in the Taurus 
Mountains of the size of these hull timbers have diameters of over 
2 m, and ages range up to 700+ years. So we feel that PIT-1A and 
PIT-21A with their ring curvatures tighter than the rest of the hull 
samples represent the inner rings of very long-lived trees.

What the confirmed dates (dendrochronology plus 14C) show 
is that crossdating between cedars and junipers from a variety 
of forests in the Taurus Mountains (as represented by the tim-
bers excavated at Kültepe/Acemhöyük/Karahöyük-Konya) and 
imported cedarwood and juniper found in Egypt is sometimes 
possible, although not always straightforward or easy. Thus, the 
Anatolian sequences can be used to date the imports as Lorentzen 

Figure 6. Screen shot of the visual fit between Kültepe 85 (in blue) and Chica-
go 4&5 (Ipy, in red) as we placed them 10 years ago with the latter ending at 
2076 BC. Although the t-score is 4.12 and the r-score is 0.41, the overlap is only 
86 years, and the trend coefficient is poor, so we held off announcing anything un-
til something better came along. We believe the source of these timbers is probably 
different from the rest of the KUL material.

Figure 7. Screen shot of CHI4&5.14C (Ipy, in blue) date-stamped 10/18/05 ver-
sus PIT555.mwn (Dahshur, in red) date-stamped 06/02/04 with the last ring of the 
former at 2076 BC and the last ring of the latter at 1884 BC plus one unmeasured 
ring, thus 1883 BC. The t-score is 3.09, n = 61 years, r-score is 0.38, but the trend 
coefficient is poor. We suspected at the time a missing-ring problem but could not 
prove it with the then available material.
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has now found for the Ottoman structures in the southern Levant. 
The dendrochronological potential for imported cedarwood found 
in Egypt is more exciting—even if challenging—than ever, and 
future workers will have a lot of data—some absolutely placed in 
time, some near-absolutely—to which to refer as they collect and 
measure more Egyptian material.

SUMMARY

This account highlights—and this cannot be emphasized too 
strongly—a difficulty inherent with dendroarchaeological proce-
dure, namely that our work is subject to the limitations of what 
the archaeological record provides and the material we gain per-
mission to sample, not necessarily in any logical or helpful order. 
Unlike our dendrochronological colleagues who work with for-
est materials, we cannot plan a sampling strategy and produce a 
publication based on these results. Instead, we have worked with 
difficult material as it emerged from the ground or from the muse-
ums and we have tried to provide the best information we could—
and as promptly as possible—for our archaeological colleagues 
and the permission-granting authorities. One European colleague 
suggested that we publish nothing on cedar—of which we had 
some 4000 years’ worth already in hand—until the chronology 
was complete and all the problems were worked out, but this was 
an unrealistic proposition.

The dates of 2076 BC for Ipy’s coffin and 1883 BC for the 
Dahshur boat—a combination of our 2004/2005 dendrochrono-
logical placements as supported by the 82 newly announced 14C 
determinations of Manning et al. (2014)—offer a satisfying pros-
pect for future investigation of imported cedarwood found in se-
cure contexts in Egypt. Although at this time there are no Bronze 
Age tree-ring chronologies for either Lebanon or Cyprus, living 
trees from the latter crossdate splendidly with the Taurus Moun-
tains only 60 km away, so unless the climate was radically differ-
ent from today’s—for which there is no evidence—the Bronze 
Age material should crossdate, too. Thus, anything imported into 
Egypt from the Taurus or the Anti- Taurus or Cyprus, or possi-
bly north Lebanon itself, ought to be datable against our master 
chronology, which spans the early 1st millennium BC, the entire 
2nd millennium BC, and most of the 3rd (Kuniholm et al. 2005). 
These chronologies, both absolute and near-absolute, are avail-
able to the next generation of workers as it begins its new work.

There are other obstacles that will no doubt slow the expansion 
of the dendrochronological technique in Egypt. One is the simple 
fact that many Egyptian scholars are unfamiliar with the methods 
and potential of modern dendroarchaeology. Publishing articles 
and fundamental books in dendrochronology in Arabic would be 
a good first step toward introducing the science of dendrochro-
nology to Egyptian scholars, Egyptologists, and other scientists, 
professionals, and a variety of authorities, and students across the 
Arabic-speaking world.

We need to provide training and hold workshops for Egyptian 
archaeologists, especially field archaeologists who may encounter 

material during excavations, to help them understand the princi-
ples of dendrochronology and how to identify good samples and 
submit them for analysis. Because current Egyptian law prevents 
the transfer of artifacts abroad, there is a real need to start a lab-
oratory of tree-ring research in Egypt—perhaps attached to the 
relevant department(s) in the Faculty of Sciences and the Faculty 
of Archaeology at Cairo University—and to work in coordina-
tion with other laboratories of tree-ring research.11 Ideally, the 
academic program in this new department should be interdisci-
plinary, combining Egyptian material culture, sciences, and sta-
tistics. Egyptian antiquities laws would also spur new technical 
developments in the field of dendrochronology itself. Under pres-
ent regulations, no coring can be carried out on wooden material 
in Egypt. Further development or improvement of scanning or 
photograph-based methods would advance dendrochronological 
work in Egypt, enabling studies to progress without harming any 
of the more sensitive items of material culture (Mitsutani 2004).
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