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ANATOMICAL CHANGES TO THE WOOD OF  
MIMOSA OPHTHALMOCENTRA AND MIMOSA TENUIFLORA  

WHEN CHARRED AT DIFFERENT TEMPERATURES

Claudia Luizon Dias Leme1, Caroline Cartwright2 and Peter Gasson3

SUMMARY

Wood retains most of its qualitative features when charred, but the dimen-
sions and appearance of the cells change in various ways. Wood density, 
anatomical structure, moisture content, duration and temperature all in-
fluence wood behaviour when charred. This paper explores the qualita- 
tive changes that take place in the wood of Mimosa ophthalmocentra and 
M. tenuiflora when charred artificially at temperatures of 400, 600 and 
800 °C and compares them with charcoal produced in a traditional tem-
porary kiln in northeast Brazil. Our findings can be applied to interpret-
ing the conditions in which charcoal has been produced, and document 
what happens qualitatively to the vessels, fibres, axial parenchyma and 
rays in very dense Mimosa wood (>1.00). The observations are specific 
to these two species.

Key words: Mimosa, caatinga, charcoal, vestured pits, gelatinous fibres, 
gum, cell walls.

INTRODUCTION

This paper describes the anatomical changes that take place on charring Mimosa 
ophthalmocentra Martius and M. tenuiflora (Willd.) Poiret wood at four different tem- 
peratures (below 400, 400, 600 and 800 °C) and describes the anatomy of charcoal of 
the same species from a temporary kiln. These temperatures are thought to reflect the 
range of temperatures occurring in both open fires (Prior & Alvin 1986) and kilns. Wood 
anatomists are most familiar with examining sections with a light microscope, but the 
opportunity exists to examine charcoal, either with an epi-illuminating microscope, or 
as shown here with SEM. Our photographs demonstrate that all the qualitative charac-
ters one would expect to find in wood are preserved in charcoal, and that it is possible 
to infer the conditions under which the charcoal was formed. We anticipate that with 
increasing use of native and plantation-grown wood for charcoal, there will be a greater 
demand for the identification of charcoals to help determine whether the wood has 
been legitimately or illegally harvested. Archaeologists and palaeontologists are also 
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increasingly in need of reference charcoals to make identifications. The observations 
presented here are of interest to such workers, and also to those interested in renewable 
biomass resources, management of woodlands and forests for fuel wood and charcoal, 
and the ultimate policing of the use of fuel wood resources.
 Fuel wood and charcoal are of particular value in parts of the world with subsistence 
economies where fossil fuels are beyond the reach of local people. Charcoal from a 
wide range of tropical and temperate sources is also sold in the developed world for 
barbecue fuel. The two species we have studied are native to the caatinga (seasonally 
deciduous forest) of northeast Brazil and are traditionally used there for fuel wood and 
charcoal production (Lehtonen & Carvalho 1992; Braid et al. 1993; Nóbrega & Lima 
1994; Nóbrega et al. 1998). Thirty percent of all the energy produced in Brazil comes 
from biomass, and 12.7% of this comes from fuel wood and charcoal (EMBRAPA 
2007), so studies of this kind are becoming increasingly relevant. Most of the states in 
eastern Brazil produce large quantities of charcoal from plantations but official data 
imply that several northeastern states do not produce charcoal at all (IBGE 2008). This  
is misleading since 70% of domestic energy consumption comes from fuel wood 
and charcoal in the northeastern states, and in turn much of this originates from na-
tive species. Our work forms part of a collaborative project between RBG Kew and 
APNE (Associaçao de Plantas do Nordeste) aimed at managing native caatinga trees 
in Pernambuco by coppicing and pollarding (Figueirôa et al. 2006; Pareyn et al. 2007).  
A booklet describes how charcoal is produced in Pernambuco (SECTMA 2002). The 
current paper concentrates on two species of Mimosa. Two other species under inves-
tigation are Caesalpinia pyramidalis and Croton sonderianus, and will be dealt with 
elsewhere.

MATERIALS  AND  METHODS

Study sites and source of material
 Wood samples were collected during harvesting of trees for the Kew/APNE fuel 
wood project at IPA (Institute for Agronomic Research, Pernambuco) experimental 
research stations of Sertânia and Serra Talhada in the caatinga of Pernambuco State in 
northeast Brazil (Pareyn et al. 2007).
 Trunk wood samples of Mimosa ophthalmocentra and M. tenuiflora have a basic 
density of approximately 1.12 and 1.11 g/cm3, respectively. Most of our samples were 
blocks measuring approximately 1 cm3 before charring. A few samples of these two 
taxa were taken from a temporary kiln made especially for the purpose in Sertânia. 
Both individual trees, and thus all samples except for the kiln-produced charcoal,  
have unique reference numbers: 3xxx for Mimosa ophthalmocentra, and 4xxx for  
M. tenuiflora. These numbers are given in the figure captions and will allow access to 
detailed information on the location, size and health of the given tree.

Preparation of charcoal
 Six samples of each species (dried in an oven at 60 °C and for 48 hours), one sample 
from each tree, were subjected to the following treatment:

Downloaded from Brill.com05/19/2023 07:30:11PM
via free access



335Dias Leme et al. — Charcoal of Mimosa

 a) 1 hour at 200 °C plus 2 hours at 300 °C;
 b) 1 hour at 400 °C;
 c) 2 hours at 400 °C;
 d) 1 hour at 600 °C;
 e) 2 hours at 600 °C;
 f) 2 hours at 800 °C.

In all the treatments the samples were wrapped in aluminium foil and accompanied 
by a small piece of aluminium with the sample number engraved on it. Charring was 
undertaken using a Carbolite Kiln with controlled temperature and time, in a restricted 
air supply. The samples were heated for 10 minutes to reach treatment temperature, 
charred (following the scheme above) and then left for 30 to 60 minutes to cool down 
to ambient temperature. At 800 °C the aluminium foil disintegrated but the charcoal 
remained intact.
 Traditionally made charcoal samples were also retrieved for examination from a 
temporary kiln at Sertânia. The method follows that employed by those local people 
with no access to a permanent (brick) kiln, to produce charcoal for domestic use. The 
kiln comprised a pit dug into the ground and was filled with branches of the two Mi-
mosa species (and also Caesalpinia pyramidalis and Croton sonderianus, but these 
taxa are not dealt with here) which had been left to dry in the sun for two weeks. The 
branches were covered with soil leaving a few air holes, ignited and allowed to burn 
for three days. Although the temperature in the kiln was not measured it is known to 
be somewhere between 400 and 700 °C (Frans Pareyn, pers. comm.).

Scanning electron microscopy (SEM)
 Charcoal samples were fractured along the transverse, tangential and radial planes. 
These were small enough to mount onto traditional SEM stubs. Some samples were 
attached to stubs using Blu-Tack© (the proprietary name for a putty-like pressure-
sensitive adhesive) and examined uncoated in a Hitachi S-3700N variable pressure 
SEM (VP-SEM). Images were obtained at up to c. 1,000 times. For more detailed 
examination of fibres and vestured pits at higher magnification, charcoal pieces were 
mounted on to the stubs with Leit-C cement, coated with platinum for four minutes 
using an Emitech 550 sputter coater and examined in a Hitachi S-4800 field emission 
SEM (FE-SEM).
 These two SEM techniques have advantages and disadvantages. Field emission 
scanning electron microscopy (FE-SEM) offers the flexibility to achieve high resolution 
imaging with good contrast definition. In addition the choice of Lower or Upper sec-
ondary electron (SE) detector can be used to accentuate surface morphology according 
to the detector position. Using a proportional mix of the signals from both the Lower 
and Upper SE detectors, yields images that exploit the best features of each detector. 
The FE-SEM was used for documenting selected platinum-coated samples of charred 
Mimosa tenuiflora and M. ophthalmocentra as well as specimens of both taxa charred 
in the temporary kiln. Most of the samples were examined in the FE-SEM at 20 kV or 
15 kV, at a working distance of between 12 mm and 16 mm.
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 The variable pressure scanning electron microscope (VP-SEM) was used to ex-
amine uncoated specimens of charred Mimosa tenuiflora and M. ophthalmocentra as 
well as specimens of both taxa charred in the temporary kiln in Brazil. For charcoal 
samples which need to be submitted for radiocarbon dating, VP-SEM has the advan-
tage over FE-SEM as the charcoal does not have to be coated with gold, platinum or 
gold-palladium. Using the VP-SEM with the 40 Pa or 50 Pa chamber, pressure can 
eliminate surface charging on non-conducting samples. Imaging in variable pressure 
mode can be either from a backscattered electron detector (BSE), showing elemental 
contrast, or a secondary electron detector designed to work in a gaseous environment, 
i. e. an environmental secondary electron detector. Our samples were imaged in BSE 
mode which, compared with the crisp, good contrast definition of a FE-SEM image, 
can sometimes appear less sharp. Although comparing unfavourably in sharpness, 
there was no loss of information produced and SEM examination was much quicker 
using BSE mode in the VP-SEM. The samples were examined in the VP-SEM at  
15 kV or 20 kV, with a chamber pressure of 40 Pa (unless they showed a tendency for 
charging in which case the pressure was increased to 60 Pa) at a working distance of 
between 15 and 22 mm. The greater working distance, especially when above 20 mm 
(in comparison with the FE-SEM at 12–16 mm) allowed a greater depth of focus and 
ability to tilt the specimen.

OBSERVATIONS

Original wood
 The original wood is typical of many mimosoid legumes (see Evans et al. 2006, where 
both species are illustrated). The vessels are solitary and in small clusters, fibres are 
generally thick-walled with narrow lumina and many have gelatinous inner walls. Axial 
parenchyma is aliform and confluent and often in marginal lines. Mimosa tenuiflora 
has much less abundant axial parenchyma (as seen in TS) than M. ophthalmocentra, 
but surprisingly the density of the wood is much the same (1.12 and 1.11 g/cm3, Silva 
2006). In TLS the rays are fairly short, non-storied and up to 2 or 3 cells wide. In RLS 
they are homocellular and composed entirely of procumbent cells. Vessel pits are 
vestured and perforation plates simple. Gum is of very variable abundance in vessels 
(rare or absent in some samples), and can also occur in some axial parenchyma and ray 
cells. Prismatic crystals of calcium oxalate are located in chambered axial parenchyma 
strands, and are particularly abundant in marginal parenchyma.

Charring below 400 °C
 Charring wood below 400 °C results in darkening of the external surface to a red-
dish-brown or chocolate colour. The anatomical structure hardly changes and because 
combustion is incomplete charcoal is formed (cf. Braadbaart & Poole 2008).

Charring at 400 °C
 Charcoal does not begin to form until a temperature of ~360 °C has been reached 
and maintained for a period of time (see Braadbaart & Poole 2008 for further details). 
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The time needed to form charcoal depends on the size and type of material. For grape 
and grain seeds this may be only an hour (Cartwright 2002), but for African savannah 
acacia woods three hours or more may be necessary (pers. obs.).
 After charring for one hour at 400 °C there is very little difference in the behaviour 
of normal and gelatinous fibres. Radial to oblique fissures begin to occur among the 
fibres, and tangential fissures occur along the marginal axial parenchyma where there 
are abundant crystals (Fig. 1). We speculate that the presence of crystals may influence 
this fissuring, because it rarely occurs in the paratracheal and vasicentric parenchyma 
where crystals are much less abundant. Also, since marginal parenchyma often extends 
some distance tangentially once a crack has begun it is likely to extend significantly. 
Moreover the vessels begin to lose their circular outline and become more angular as 

Figures 1–4. Mimosa ophthalmocentra, all VP-SEM, 400 °C for one hour, except Fig. 4, 300 °C 
for two hours. — 1: 3178. TS at low magnification, radial fissures are frequent among the fibres, 
and one prominent tangential fissure is along a marginal parenchyma band. Most crystals are 
aligned tangentially along marginal parenchyma bands. — 2: 3178. TS showing several ves-
sels containing gum which has shrunk away from the centre to coat the inner vessel walls often 
resulting in cross-shaped splits. — 3: 3178. TLS showing prismatic crystals in chambered axial 
parenchyma cells, non-septate fibres, vessel elements and rays 1–3 cells wide. — 4: 3317. TLS. 
Intervessel pit membranes seen from the outer vessel wall. Some vestures can be seen where 
the pit membrane has collapsed on to them. — Scale bar of 1 = 500 µm, of 2 = 150 µm, of 3 = 
100 µm, of 4 = 2.5 µm.
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Figures 5–9. Mimosa tenuiflora. All 400 °C for two hours, except Fig. 7, 400 °C for one hour. —  
5: 4329. TS showing three vessels containing gum which fully occludes two vessels and has 
shrunk out to the vessel wall on the third (top left). VP-SEM. — 6: 4329. TLS. Perfect gum casts 
in one vessel (several elements) have shrunk slightly away from the vessel walls. VP-SEM. — 
7: 4183. TLS of almost perfect gum casts of two vessel elements revealing impressions of the 
intervessel pitting. FE-SEM. — 8: 4329. RLS. Vestured pitting from the outside vessel wall; pit 
membranes no longer present. FE-SEM. — 9: 4329. RLS. View of vessel from outside show- 
ing bulging and bursting of the pit membranes. FE-SEM. — Scale bar of 5 = 100 µm, of 6 =  
200 µm, of 7 = 50 µm, of 8 = 2.5 µm, of 9 = 25 µm.
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they collapse slightly (Fig. 2). The crystals usually retain their shape (Fig. 3) but some 
of them can begin to crack. Gum in the vessels begins to shrink away from the vessel 
walls producing vessel casts (Fig. 2, 5–7). In cross section the gum is amorphous on  
the outside but porous (spongy) on the inside (Fig. 5). The middle lamella disappear- 
ed so that the cell walls of adjacent cells appear amorphous and continuous (Fig. 5). 
This is particularly apparent in the fibres that have thick walls but less apparent in the 
thinner-walled axial parenchyma. These changes become more pronounced after two 
hours.
 At 400 °C vestured pits are perfectly preserved (Fig. 8) but the pit membrane has 
often collapsed onto the vestures (as seen from the outside of a vessel in Figure 4). 
Vapour pressure causes bulging and sometimes bursting of the pit membranes, as shown 
in Figure 9.

Charring at 600 °C
 Radial and tangential cracking begins at 400 °C and becomes very apparent at 600 °C. 
In TS the tangential cracks are seen to occur along the marginal axial parenchyma, 
especially where there are very abundant crystals (Fig. 10). We initially assumed that 
the radial cracks would be along the rays, but close examination of the TS shows that 
often the cracks are among the fibres. These radial cracks can be seen between the fibres 
in TLS (Fig. 17). In Mimosa ophthalmocentra separation of the cells within the rays 
in a longitudinal direction can also be seen in TLS (Fig. 13, 16). Where the ray cells 
break apart (TLS, Fig. 13) the cells have shrunk away from each other and separated 
at the middle lamella (RLS, Fig. 14, 15). In M. tenuiflora the ray cells may remain 
unseparated (Fig. 24).
 The behaviour of ray cells is in contrast to that of the fibre cell walls. These become 
amorphous and generally do not break apart except where there are radial fissures. These 
cracks are localised and are not generally well developed (Fig 17). The corners be- 
tween the fibres often become obvious because an intercellular space develops (Fig. 11). 
 As with the ray cells along the bands of marginal parenchyma long chains of crystals 
become exposed (Fig. 10). The abundance of crystals in this position may influence split-
ting in this region since the aliform and confluent parenchyma contains fewer crystals 
and does not split in the same way. Although the dimensions of the parenchyma cells 
change, they do not separate. Moreover, since they are so thin-walled (relative to the 
fibres), they are more prone to exhibiting intercellular spaces at the corners (as shown 
in Fig. 44 for kiln produced M. tenuiflora).
 At 600 °C there is a very clear difference between normal and gelatinous fibres. The 
cell walls of the normal fibres become entirely amorphous and there is no indication of 
the location of the middle lamella (except at fibre corners where there may be spaces). 
With gelatinous fibres, the inner wall either shrinks completely away from the S3 layer 
of the secondary wall (Fig. 11) or it coalesces (melts) into one side of the secondary 
wall (Fig. 11, 12). In contrast gelatinous fibres are only recognisable because they retain 
their lumen and look as though a given fibre has two lumina, one large and one much 
smaller (Fig. 11).
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Figures 10–15. Mimosa ophthalmocentra. All 600 °C. — 10: 3178. TS showing two tangential 
fissures along the marginal parenchyma, packed with chambered crystals either side of one ves-
sel with shrinking gum. VP-SEM. 600 °C for two hours. — 11: 3178. TS of gelatinous fibres. 
The pale tube-like gelatinous wall of one fibre has separated from the main fibre wall and is  
“floating”. To the left are three adjacent fibres where the gelatinous wall has broken away from 
the majority of the fibre and fused to one side giving the appearance of three small lumened fibres 
inside three larger ones. Two much smaller lumina near bottom right are intercellular spaces. 
The cell walls are amorphous and there is no sign of the middle lamella. FE-SEM. 600 °C for 
one hour. — 12: 3178. TS. A single prismatic crystal showing small pits on the surface. Also two 
gelatinous fibres top right. FE-SEM. 600 °C for one hour. — 13: 3178. TLS showing a biseriate 
ray that has split axially (vertically). Each ray cell has shrunk so that there is also space between 
each cell horizontally. FE-SEM. 600 °C for one hour. — 14: 3317. RLS. Outside view of three 
procumbent ray cells that have shrunk away from each other along the horizontal walls. FE-SEM. 
600 °C for two hours. — 15: 3317. RLS. View of procumbent ray cells that have shrunk away 
from each other along the horizontal walls. FE-SEM. 600°C for two hours. — Scale bar of  
10 = 150 µm, of 11 & 12 = 2.5 µm, of 13 = 50 µm, of 14 & 15 = 10 µm.
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Figures 16–18. Mimosa ophthalmocentra. All 600 °C for two hours. — 16: 3178. TLS showing 
axial separation of the rays. VP-SEM. — 17: 3317. RLS showing axial parenchyma strands where 
the cell wall seems to have melted on to the chambered crystals and some axial separation of 
fibres. FE-SEM. — 18: 3178. RLS showing vestured intervessel pitting. FE-SEM. — Scale bar 
of 16 = 100 µm, of 17 = 50 µm, of 18 = 10 µm.

Figures 19–22. Mimosa ophthalmocentra. All FE-SEM, 600 °C for two hours coated. — 19: 3317. 
RLS. Gum in vessel has formed bubbles which look like tyloses. — 20: 3317. RLS. Vessel walls 
(centre of image) showing expansion between adjacent vessels and displaced pit membranes. — 
21: 3317. RLS. Vestured intervessel pits on outer vessel wall, and to either side the inner vessel 
walls are covered with gum which obscures any pit details. — 22: 3317. RLS. Vestured pits from 
outside of vessel. Pit membranes have gone except for one on far right. — Scale bar of 19 = 50 µm,  
of 20 = 10 µm, of 21 = 25 µm, of 22 = 5 µm.
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 At 400 °C gum in the vessels often shrinks away from the vessel wall to leave a 
gum cast whereas at 600 °C the gum often shrinks towards the wall, forming a hole in 
the centre of the vessel (Fig. 10). This hole becomes cross-shaped (as in Fig. 2) and 
finally coats the vessel wall and obscures the pitting. Figure 19 shows gum which has 
formed bubbles due to the high temperature and has taken on an appearance similar to 
tyloses.
 Vestured pits in the vessels are remarkably well-preserved (Fig. 18, 21, 22). From 
the inside of the vessel, perfectly preserved vestured pits can only be found where a  
thick layer of gum on the inner wall is absent. On the external surface of the vessel 
wall, where the middle lamella/pit membrane has gone, vestured pits can easily be 
seen virtually unchanged (Fig. 21, 22). This is also the case in longitudinal section 
(Fig. 20). In places, the pit membrane has bulged (as in Fig. 9 at 400 °C) whereas oth-
ers have shrunk back cloaking the vestures which protrude from below (as in Fig. 4 at 
400 °C).
 The prismatic crystals are located in chambered axial parenchyma cells. Crystals 
which appear intact at low magnification often have small pores (Fig. 12) on their sur-
face whereas the crystals from fresh (uncharred wood) material have a smooth surface. 
Some crystals have fractured in several places. In some cases the cell walls melt and 
the crystals appear to be embedded in amorphous cell wall material.

Figures 23 & 24. Mimosa tenuiflora. Both VP-SEM, 600 °C for two hours. — 23: 4251. TS of 
vessels showing the simple perforation plate margins. — 24: 4251. TLS showing vessel ele-
ments, rays that have not split axially and a few displaced crystals. — Scale bar of 23 = 50 µm, 
of 24 = 100 µm.
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Charring at 800°C for two hours
 The most striking difference at 800 °C is that tangential and radial splitting and dis- 
tortion have become even more pronounced (Fig. 25, 27, 29–32). Whereas the gelatinous 
fibres appear similar at 400 and 800 °C, the radial splits are clearly larger at 800 °C, 
in particular among fibre blocks (Fig. 25, 27) with many of the fibres in the area of 
separation looking as though they have been macerated (Fig. 30, 32). Intercellular 
spaces become very apparent in the corners between axial parenchyma cells (Fig. 28), 
and gum in parenchyma and ray cells becomes globular (Fig. 28), as does the gum in 
some vessels (Fig. 26).

Temporary kiln charcoal from Brazil
 Whereas experimental charring in the laboratory ranged from one to three hours, 
in Brazilian kilns the wood is burned for one to several days. The wood may be left 
in piles in the open for several weeks, but is more often put in the kiln regardless of 
its moisture content. Charcoal burners usually cut enough wood to fill the kiln (either 
temporary like this one or a permanent brick kiln) and process it without waiting for 
it to dry. Even though charcoal burners rarely consider drying the wood to be impor-

Figures 25 & 26. Mimosa ophthalmocentra (3178). Figures 27 & 28. Mimosa tenuiflora (4251). 
All VP-SEM, 800 °C for two hours. — 25: TS. The tangential split is along a marginal parenchy-
ma band and the radial splits are among the fibres. — 26: TS. Vessels, axial parenchyma and ray 
cells contain some globules of gum. — 27: TS. Radial splits are among the fibres. — 28: TS. 
Axial parenchyma cells with intercellular spaces at corners, globules of gum in some cells. — 
Scale bar of 25 = 250 µm, of 26 & 28 = 25 µm, of 27 = 100 µm.
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Figure 29: Mimosa ophthalmocentra (3178). Figures 30–32: Mimosa tenuiflora (4251). All  
VP-SEM, 800 °C for two hours. — 29: TLS. Rays have broken apart. Abundant prismatic crystals 
visible. — 30: TLS. Many fibres have separated giving a macerated appearance. — 31: TLS 
showing splits along the rays. — 32: TLS showing the splits along the rays and fibres. — Scale 
bar of 29 & 31 = 150 µm, of 30 = 200 µm, of 32 = 250 µm.
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tant, they do not mix wet and dry wood in the same kiln. Charcoal production in the 
temporary kiln takes longer than in a brick kiln, which can be completed in a single 
day. Although we did not measure the temperature reached in the temporary kiln, the 
inferred temperature of between 400 and 700 °C is lower than that produced in a tra-
ditional brick kiln (Frans Pareyn, pers. comm.).
 We examined charcoal of both species from the kiln to compare them with the ex-
perimentally produced charcoal. The overall structure was retained and the fibre walls 
behaved in the same manner as the wood samples subjected to temperatures of 600 °C 
suggesting that similar temperatures were reached in the kiln.
 In Mimosa ophthalmocentra pale radial streaks possibly indicate where subsequent 
splits would occur if charring had taken place at either a higher temperature, with higher 
moisture content, or over a longer duration (Fig. 33). The extensive radial and tangential 
splitting in the charcoal produced in the laboratory was not seen in the kiln charcoal. 
This could be because the latter had a higher water content (see Prior & Alvin 1986). 
Gum is of very variable occurrence in Mimosa (and many other legume woods), and 
was not found in the vessels of these particular samples (Fig. 33, 34), ensuring vestured 
pits were easily observed (Fig. 35–38). In M. tenuiflora the gum was visible in some 

Figures 33–36. Mimosa ophthalmocentra. All FE-SEM, from temporary kiln. — 33: TS. Some 
radial fissures are beginning to appear as white lines. — 34: TS showing intervessel pitting, 
axial parenchyma and fibres. — 35: RLS. Vestured pits on inner (left) and outer (right) vessel 
walls. — 36: RLS much higher magnification detail of part of Fig. 35 showing vestures, two pit 
apertures and intact pit membranes where the outline of vestures can be seen protruding slightly. 
— Scale bar of 33 = 500 µm, of 34 = 50 µm, of 35 = 10 µm, of 36 = 2.5 µm.
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Figures 37–39. Mimosa ophthalmocentra. All FE-SEM, from temporary kiln. — 37: TLS. Vessel  
lumen wall with vestures along the inner pit margins. — 38: RLS. Outer vessel wall. Some 
vestures have melted and stretched from one side of the pit aperture to the other. — 39: TS of 
crystals in axial parenchyma and adjacent gelatinous fibres. The straight striations on the crystals 
were seen only on kiln charcoal. Note the stringy appearance of the microfibrils of the gelatinous 
walls of two fibres. — Scale bar of 37 & 38 = 2.5 µm, of 39 = 5 µm.

→
Figures 40–44. All Mimosa tenuiflora. All FE-SEM, from temporary kiln. — 40: TS. Normal 
axial parenchyma in the top half and a pith fleck in the bottom half. Fibre walls have coalesced 
and fibre lumina are very narrow. On the right a large patch of gum has spilled out of a vessel 
obscuring its wall. — 41: TS of a single vessel with a thick layer of gum covering the inner ves- 
sel wall. — 42: TS of walls of three adjacent vessels showing the pit apertures, vestures and the 
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remains of the middle lamella and pit membranes. — 43: TS showing completely amorphous 
cell walls of fibres and gelatinous fibres, and a broken crystal with a granular structure in an  
axial parenchyma cell. This picture is easier to interpret when Fig. 11 has been seen first. —  
44: TS. A hexagonal axial parenchyma cell with well-developed intercellular spaces at each cell 
corner. — Scale bar of 40 = 100 µm, of 41 = 50 µm, of 42 = 10 µm, of 43 & 44 = 5 µm.
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vessels and had shrunk onto the inner vessel wall (Fig. 40, 41). At the congruence of 
three vessels, splitting of the pit membrane and vesturing in the pit apertures can be 
seen (Fig. 42).
 The vestures sometimes appear to have melted and formed strands of material cross-
ing the pit aperture from one vesture to another (Fig. 38), but how this occurs is unclear. 
Globular pieces sometimes extend away from the pit apertures and are presumably 
remnants of vestures that have broken away (Fig. 37). Intercellular spaces are usually 
well developed in axial parenchyma (Fig. 44).
 Some crystals have begun to disintegrate and take on a granular texture when broken 
(Fig. 43). In contrast, the crystals appeared striated (Fig. 39). This suggests that the 
extended charring time in the kiln may have had an effect on crystal structure.

DISCUSSION

Our observations on the charcoal of both Mimosa species are very similar to those 
reported by Prior and Alvin (1983) for charring of oven-dried wood of Dichrostachys 
cinerea, a mimosoid legume from southern Africa (see Luckow 2005 for relationships, 
Prior & Gasson 1990 and Evans et al. 2006 for wood anatomy). At 300 °C the wood 
did not resemble charcoal, and normal fibres were still stratified, i.e. not amorphous 
and retaining some of their microfibrillar structure. By 400 °C the cell walls were 
amorphous, as observed here. As charring temperature increased the following phe-
nomena, observed by Prior and Alvin (1983), also occurred in Mimosa: separation of 
the G-layer of gelatinous fibres, its fusing to one side of the fibre (or sometimes floating 
free in Mimosa), the increasing fusion of normal fibres obscuring individual cells, the 
increasing appearance of intercellular spaces between axial parenchyma and ray cells, 
spongy appearance of crystals at 800 °C, rupturing of rays, and the fusion of gummy 
material to inner vessel walls obscuring their pits.
 Prior and Alvin (1986) developed their observations further by considering the ef-
fect of moisture content. Radial fissures along fibre blocks (not rays) were much wider 
in charcoal from saturated wood, and splitting of rays was most common and severe 
adjacent to normal non-gelatinous fibres. Prior and Alvin (1983) stated that gelatinous 
fibres contain a comparatively high proportion of bound water and therefore respond 
slowly to heat. Our observations show quite considerable modifications to these fibres, 
which nevertheless can be recognised even at 800 °C. Slocum et al. (1978) point out 
that at 100–200 °C water is given off. Between 200–300 °C hemicelluloses are trans-
formed followed by celluloses at temperatures above 240 °C, and lignin above 280 °C. 
Gmelin (1961) stated that decomposition of calcium oxalate to carbonate and carbon 
monoxide begins at 370 °C. Prior and Alvin (1986) observed that the maximum char-
ring damage to oven-dried wood occurred above 700 °C, but with saturated wood this 
was at 400 °C. The combination of high moisture content and crystal decomposition 
could enhance charring damage at this low temperature. Calcium oxalate crystals do 
not physically disintegrate until they reach a temperature of 1600 °C (Chrissie Prychid, 
pers. comm.), well above our charring temperatures. In a more recent study Braadbaart 
and Poole (2008) found that charring was affected not only by temperature but also by 
the rate and duration of heating. It is possible, therefore, that variations on these three 
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factors might also affect chemical changes, including crystal breakdown, differently 
with longer times at a lower temperature resulting in a similar end product to shorter 
times at a higher temperature.
 Prior and Gasson (1993) found that the most obvious changes on charring six African 
hardwoods (including two legumes: Acacia tortilis and Lonchocarpus capassa now 
Philenoptera violacea, see Gasson et al. 2004) from which the free water had been 
removed, were due to the nature of the fibres and the expansion of the axial parenchyma 
after charring at both 400 and 700°C. These temperatures were chosen to reflect the 
overall range of 300–800 °C found in open fires. Acacia tortilis was the species most 
similar anatomically to our Mimosa species, with aliform and confluent parenchyma  
and similar fibre structure (normal and gelatinous), although the rays are much larger 
in A. tortilis. Prior and Gasson (1993) were unable to quantify changes in axial paren-
chyma and fibres.
 The preceding discussion concentrates on the behaviour of legume woods similar 
to Mimosa. Prior and Alvin (1983, 1986) compared the behaviour of Dichrostachys 
with the very dissimilar Salix (much less dense wood). Prior and Gasson (1993) com-
pared six species and McGinnes et al.’s (1971) measurements of the shrinkage of oak 
(Quercus) all show that the behaviour of wood when charred is highly dependent on 
its anatomical structure, moisture content and the presence and abundance of crystals. 
Although Braadbaart and Poole (2008) consider both final temperature and duration at 
that temperature to be important factors in the formation of recognisable charcoal, they 
also record an increased shrinkage in the earlywood vessel diameters of Quercus with  
increasing temperature. In this paper we have avoided providing measurements of 
shrinkage, vessel diameter etc., because these are all so dependent on the original con- 
dition of the wood. We urge caution when speculating on the original dimensions of 
wood from charcoal samples when attempting climate reconstructions unless there are 
adequate data indicating the degree of shrinkage in the same or very similar taxa. Taking 
overall shrinkage figures for oak and extrapolating them to Mimosa for example, and 
perhaps going further to assume that the shrinkage of vessels in a particular direction 
is proportional to the overall shrinkage of the wood in that direction would be naïve. 
Our observations show very clearly that even charcoal produced at 800 °C retains the 
qualitative features necessary for identification so long as adequate reference material 
is available for comparison. We have also shown that there is a degree of predictability 
towards the behaviour of the various cell types when heated, and when armed with 
this knowledge it is possible to suggest the broad conditions under which the charcoal 
was produced.
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