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Abstract 

Field and remote sensing based investigations were carried out to establish the main lithologie and 
structural features of the basement rocks outcropping around the Mongo area, Central Chad, related 
to the Guera Massif inferred to be part of the Pan-African orogeny. The main results allowed the 
distinction of four groups of rocks, based on relative chronology, ajfected by four deformation phases. 
(i) The first group, comprised of gabbroic rocks, emplaced be/ore the crystallization of (ii) diorites, 
granodiorites, and hornblende-biotite granites (granite 1), followed by (iü) the emplacement of two 
micas granites (granites JI), intruded by (iv) discordant fast stage biotite granites (granites Ill) . 
Relative to the third deformation phase D3, responsible of the development of NNE-SSW to ENE- WSW 
trending shear zones, the first two groups of rocks are described as pre-tectonic, white the two micas 
granites are syntectonic and the fine-grained biotite granites, discordant in respect to S3 foliation 
plans, are post-tectonic. Dl and D2 deformation phases ajfected bath Group 1 and Group 2, but are 
lacking from the two micas and the biotite granites. ln contras!, the fast deformation phase D4 is 
ubiquitous and responsible of brittle structures, comprising dykes, Jaults and diaclases. These new 
data on the lithology and structure of the Guera Massif are discussed in terms on their bearing on the 
Pan-African orogeny, in particular for the Saharan Metacraton, to which it may no longer be 
associated, raising the issue of the boundaries of this enigmatic remobilized continental crus!. 

Keywords: Pan-African, Saharan Metacraton, Guera Massif, Chad, Mongo. 

Résumé 

De nouvelles données basées sur les observations de terrain et la télédétection sont utilisées pour 
établir les principales caractéristiques lithologiques et structurales des roches du socle affleurant dans 
le secteur de Mongo, au Centre du Tchad, attribuées au Massif du Guéra supposé appartenir à 
l'orogenèse Panafricaine. Les principaux résultats permettent de distinguer quatre groupes de roches 
sur la base de la chronologie relative à leur mise en place, lesquels sont affectés par quatre phases de 
déformation : ( i) le premier groupe, constitué de gabbros, s'est mis en place avant la cristallisation de 
(ii) diorites, granodiorites, et granites à hornblende-biotite (granite 1), suivis (iii) de la mise en place 
de granites à deux micas (granites II), intrudés par (iv) les granites discordants à biotite (granites III). 
Par rapport à la troisième phase de déformation D3, responsable de l'apparition de zones de 
cisaillement orientées NNE-SSW à ENE-WSW, les deux premiers groupes de roches sont pré
tectoniques, tandis que les granites à deux micas sont syntectoniques et les granites à biotites, 
discordants sur les plans de foliations S3, sont post-tectoniques. Les phases de déformation Dl et D2 
affectent à la fois les roches du Groupe 1 et celles du Groupe 2, mais ne sont pas observées dans les 
granites à deux micas (Groupe 3) et les granites à biotite (Groupe 4). Au contraire, la dernière phase de 
déformation D4 est ubiquiste et responsable de la formation de structures cassantes, comprenant des 
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dykes, des fai lles et des diaclases. Ces nouvelles données sur la lithologie et la structure du Massif du 
Guéra sont discutées afin de faire ressortir leur impact sur l'orogenèse panafricaine, en particulier sur 
le métacraton du Sahara, auquel le Massif du Guéra ne peut plus être rattaché, ce qui pose des 
questions relatives aux limites de ce domaine énigmatique représentant une croûte continentale 
remobilisée. 

Mots-clefs: Panafricain, métacraton du Sahara, Massif du Guéra, Mongo, Tchad. 
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1. Introduction 

The Guera Massif in central Chad, inferred to 
be part of the Pan-African orogeny, has been 
the focus of few studies which established its 
main petrographic features [l-3], and none of 
them served as basis for structural 
characterization. As a consequence, it is very 
poorly known and Jacks accurate correlations 
with the neighboring Pan-African domains. 
Hence, further investigations including field 
and remote sensing based mapping as the onset 
of a research program, encompassing 
petrologic, geochemical and geochronological 
studies, appear to be necessary in order to 
constrain the origin of this Massif and to 
strengthen regional correlations. In this paper, 
we present new data from the Mongo area 
belonging to the Guera Massif. Our new data, 
derived through field observations and remote 
sensing, are used to constrain the geologic and 
structural framework of the study area. A 
geologic and structural map is proposed. Such 
a map may serve as a basis for further 
geological investigations and as a valuable tool 
for water and minerai exploration. 

1. Previous works 

The Guera Massif is made of magmatic and 
metamorphic rocks of inferred Neoproterozoic 
age, buried under a sedimentary cover 
dominated by quaternary alluviums [l]. 

The magmatic rocks are composed of gabbros 
intruded by several granitoids distinguished on 
the basis of their relative age as the older 
granites and the younger granites. The older 
granites are more or Jess deformed and display 
a minerai composition typical of calc-alkaline 
granitoids, with hornblende as a cardinal 
constituent. They are intruded by younger and 
Jess abundant granites where biotite is the main 
ferromagnesian minerai, outcropping as 
hillocks, and lacking any internai deformation. 

The metamorphic rocks are made of 
metavolcanic-sedimentary sequences described 
near the localities of Lele-Dolko (schists, 
marbles, quartzites, amphibolites, meta
andesites) and Goz-Beida (micaschists, 
quartzites, paragneisses and orthogneisses). 

2. Materials and methods 

2.1. Field investigation 

A Garmin GPS has been used to locate, in 
terms of latitude and longitude, most of the 
outcrops from the study area. Structural data 
were collected using a BRUNTON compass 
with an integrated clinometer for plunges and 
dips determinations. The software 
STEREONET version 8.9.2 served as a tool 
for structural data presentation and 
interpretation. 

Field investigation allowed the direct 
acquisition of physical and alphanumeric data 
for the description and interpretation of 
petrologic and structural features from several 
outcrops in the study area. 

Petrologic descriptions are mainly based on the 
evaluation of minerai compositions, cross
cutting relationships between distinct 
lithologies, the nature, geometry, texture and 
structure of enclaves, etc. They were useful for 
lithologie discrimination and allowed the 
establishment of relative chronology between 
the main rock types. In some cases, potential 
genetic links and petrogenetic processes are 
inferred from field observations. 

Structural analyses based on field observations 
are used to distinguish the main deformation 
phases and describe their related structures. 

2.2. Remote sensing and satellite images 
processing 

The Landsat Enhanced Thematic Mapper 
(Landsat ETM+) satellite offers a diversity of 
images covering the Guera Massif in Central 
Chad. For the purpose of the present study, we 
used the Landsat ETM+ scene 036-929, 
captured on 071

h December 2000. The selected 
scene has the advantage to be already corrected 
for geometric distortions. It is almost free of 
clouds and vegetal cover is reduced to its 
minimum on the ground. The scene is localized 
on fig. l by its corner coordinates. 

Severa) image enhancing techniques have been 
applied using the open source GIS software 
ILWIS version 3.8.3 to single or multiple 
bands in order to improve their appearance on 
the screen. These techniques include, as 
examples of single band operations, the 
contrast stretching and the spatial filtering, 



 

Revue Scientifique du Tchad - décembre 2013 

while principal components analysis, color 
composites of enhanced single bands and 
image classification have been used as multiple 
bands operations. 

A: N12"30'; E17"30' 
8: N12. 16'; E19•11· 
c : N1o•s3·i e1r 10· 
D: N1o•Jr; E1a·so· 

Figure 1 : Localization of the Landsat ETM+ scene 
036-929 used in the present study (red square 
within the map of the Republic of Chad and a 
mosaic of four topographie maps covering the 
Guera Massif). A, B, C and D are the corners of the 
Landsat scene identified by their longitude and 
latitude coordinates. 

Contrast stretching allows the use of the entire 
range of brightness values assigned to image 
pixels, from a minimum of 0 to a maximum of 
255, while the original image di splays only a 
part of this spectrum. The result is an enhanced 
image optimized for visual interpretation. We 
used, for the purpose of this work, two distinct 
techniques of contrast stretching. When the 
original distribution of pixel values is 
Gaussian, a linear contrast stretch is applied. In 
contrast, where the input range is not 
uniformly distributed, a histogram-equalized 
stretch is preferred, as it assigns a larger 
brightness range in the resulting image to the 
frequently occurring pixels from the input 
hi stogram. 

Spatial filters are used to highlight or suppress 
specific features in an image based on the 
frequency of variations in tone between 
contiguous areas. A filter is a window 
composed of a fixed number of pixels (3x3, 
5x5, 9x9, .. ., (2n+ l)x(2n+ 1)) moving on an 
image and performing a computation using the 
values of the pixels under the window and 
assigning to the central pixel the resulting 
value. A low-pass fil ter is designed to highlight 

large homogeneous areas of similar tone and 
reduces smaller details in an image, while a 
high-pass filter is devoted to the opposite and 
serves to sharpen the appearance of fine details 
in an image. Directional filters, also called 
edge detection filters, are useful in geology 
because they are designed to delineate linear 
features such as faults, lithologie boundaries 
and hydrographie networks. 

Principal components analysis is performed in 
order to reduce overlap of information in 
multiple bands operations. lt uses a set of input 
bands to create new, uncorrelated layers or 
components. The use of such layers in color 
composites is very useful because each band 
carries a maximum of original information and 
the redundant data are cancelled or reduced to 
a minimum by the way. 

Color composites, based on the combination of 
the spectral values of three di stinct bands 
assigned shades of Red, Green and Blue (RGB 
mode), have been used to improve the 
visualization of images on the screen. 

Unsupervised classification is used to assign 
ail the pixels in the image to particular classes 
according to their spectral values. These 
spectral classes are furthermore matched to 
information classes (geologic units, water 
surfaces, etc.) based on the accurate 
interpretation of the data. 

The pixels of the panchromatic band ETM+ 80 
and the thermal infra-red bands ETM+ 61 and 
ETM+ 62 have been resized to a value of 28 .5 
m x 28.5 m on the ground, yielding new bands 
that have been used together with other 
enhanced images in multispectral operations 
such as color composites in RGB mode. 

3. Main results 

3 .1. Field data 

3. 1.1. Rock types 

Severa! magmatic rocks are described from the 
study area and their relative chronology is 
established. These rocks include gabbros, 
diorites, and granites as the main petrographic 
types. Gabbro-diorites and granodiorites often 
occur in an intermediate position, separating 
gabbros from diorites, or diorites from granites 
respecti vel y. 

7 _, 
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These different magmatic rocks constitute a 
basement buried under a sedimentary cover 
dominated by quatemary alluviums. 

Figure 2 : A. : Maflc microgranular enclaves 
(MME) within a dioritic host. At the contact 
between the enclave and the diorite, the presence of 
granitic veinlets interleaved with maflc refractory 
residue indicate that the hot, maflc magma intruded 
the dioritic host when it was already crystallized 
but remained still close to ifs solidus. The presence 
of schlierens within the diorite suggests that 
interactions between the je/sic and maflc bodies 
took place earlier, when they were in a liquid state. 
B. : MME (E2) and gabbroic xenolith (El) within a 
granodiorite. C.: Relations among the third 

deformation phase, diorites and flne-grained biotite 
granites (see text for discussions). D.: Discordant 
flne-grained biotite granites ajfected by C4 Jaults. 
E.: Stereoplots of Slpoles (red fllled circ/es), Li 
(black diamonds), L3 (black triangles) and S3 
planes (fines): discussions in the tex!. 

Many dol eritic dykes post-dating the basement, 
but pre-dating the quatemary cover, are 
described from the study area. 

a) Gabbros 

Gabbros have been identified as xenolithic 
enclaves within the various rock types 
mentioned above (fig. 28). Large outcrops of 
this rock type have been already identified in 
few localities from the Guera Massif, including 
Bitkine [1, 3] outside our study area. Gabbroic 
enclaves are dominated by plagioclase, 
pyroxene and amphibole as the main magmatic 
minerais, epidote and chlorite as the secondary 
minerais related to greenschist facies re
crystallization . 

b) Diorites 

Diorites are abundant throughout the study 
area. Their minerai composition is dominated 
by amphibole, biotite and plagioclase as the 
primary magmatic minerais, frequently 
replaced by epidote and chlorite. Quartz has 
been described both from the primary and the 
secondary assemblages. 

The rock is characterized by the presence of an 
internai deformation delineated by the 
preferential orientation of the primary 
magmatic minerais. lt comprises several types 
of enclaves, with xenol iths of gabbros and 
mafic microgranular enclaves (fig. 2A) as the 
dominant ones. The presence of similar 
euhedral plagioclase crystals within the 
diorites and their mafic microgranular 
enclaves, sometimes di sposed across the 
boundary of the enclaves, abundant mafic 
schlierens and mutual cross-cutting 
relationships between both facies in a single 
outcrop (fig. 2A) are indicative of 
hybridization between one mafic magma and a 
felsic one [ 4-12]. In some cases, this 
hybridization is highlited by the presence of 
gabbro-diorites separating domains of basaltic 
and dioritic compositions (fig. 2A), often with 
a progressive passage from the gabbro-diorites 
towards the gabbros or the diorites. Numerous 
granitic veins of variable width, composition 
and texture cross-eut the diorites. 

Besides the presence of a pervas1ve 
foliation delineated by the preferential 
orientation of the primary magmatic minerais, 
local shear zones associated with dextral or 
sinistral kinematic indicators are described 
within the diorites, but they lack from the 
intrusive granites (fig. 2C). The secondary 
minerais (epidote, chlorite, actinolite) are 
abundant within such shear zones which 
display structures and textures typical of 
cataclasites, protomylonites and mylonites, 
distinguished on the basis of the shape and size 
of crystals which may record brittle 
(cataclasites, protomylonites) or ductile strain 
(mylonite). 

c) Granodiorites 

Granodiorites, cross-eut by several aplitic and 
pegmatitic veins of granites, are described 
either as an intermediate facies interleaved 
between diorites and granites with a 

8 
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progressive passage from the granodiorite to 
the granite or to the diorite, or as larger 
individualized magmatic bodies. The minerai 
compos1t1on of granodiorites comprises 
orthoclase, plagioclase, quartz, and biotite 
usually predominating over amphibole, except 
where granodiorites separate granites from 
diorites. 

Mafic microgranular enclaves, schlierens and 
xenoliths are common features of the 
granodiorites (fig. 2B). Xenoliths are described 
either as amphibolites or micro-gabbros based 
on the presence or the absence of an internai 
deformation, as well as the nature of the 
predominant ferromagnesian minerai 
(amphibole or pyroxene). 

d) Granites 

Three types of granites are distinguished based 
on their minerai composition, texture and 
mode of emplacement. 

Coarse-grained porphyroid hornblende-biotite 
granites, associated with diorites and 
granodiorites, are comprised of quartz, 
orthoclase, plagioclase, biotite and amphibole. 
They have elongated mafic microgranular 
enclaves and schlierens disposed parallel to 
more or Jess developed foliation planes. 

Fine-grained biotite-granites outcrop as 
discordant massifs intruding the homblende
biotite granites. Their minerai composition is 
usually devoid of amphibole. Mafic 
microgranular enclaves and schlierens are not 
reported, while xenoliths of gabbros, diorites, 
granodiorites and hornblende-biotite granites 
are common. 

Two micas granites, composed of quartz, 
potassic feldspar, muscovite, biotite and 
gamet, are described as concordant bodies 
injected within shear zones and intruding the 
diorites near the locality of Hile Kordo, located 
few kilometers to the west from Mongo. 

4.1.2. Deformation phases 

Four distinct deformation phases, described 
below as Dl , D2, D3 and 04, affected the 
rocks exposed in the study area. 

a) The first and second deformation phases 
(Dl and 02) 

Figure 3 : Results of image processing using the 
software ILWIS 3.8.3. A, B & C: Linear stretching of the 
original band Landsat ETM+ 30 (A) y ielded an enhanced 
image (B) characterized by an expanded domain of used 
pixel values (blue fine on C) compared to the original 
band (red fine on C). D & E: gray scale and RGB zoom 
on the study area. F: extraction of finear f eatures. C4 
structures: red. Roads: black. Rivers: blue. G: 
representation of finear features and lithologie contours 
as inferredfrom several processing stages. 

The first deformation phase is recorded by the 
diorites, granodiorites and hornblende-biotite 
granites. lt is responsible of a pervasive 
foliation Sl delineated by the preferential 
orientation of plagioclase and biotite crystals 
together with a compositional banding, and a 
minerai lineation Ll resulting from the 
alignment of amphibole crystals. S 1 plans and 
Ll lines, plotted as stereogram in fig. 2E, 
indicate that the foliation has been affected by 
a subsequent folding event, producing regional 
upright P2 folds, as inferred from the 
distribution of pole axes clustering in two 
groups of similar trends (N l 40- l 90°E), but 
dipping in opposite directions, either towards 
the east or the west, with dips values ranging 
from 10° to 40°. Only few points plot outs ide 
these ranges on fig. 2E. The minerai lineations 
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associated with S 1 plans plunge towards the 
north or the south, with plunge values 
comprised from 0° to 40°. 

b) The third deformation phase (03) 

The third deformation phase 03 is related to 
the development of brittle to ductile shear 
zones and affected the diorites, granodiorites 
and hornblende-biotite granites, but is lacking 
from the fine-grained biotite granites (fig. 2C). 
A disjunctive schistosity S3 grading into a 
mylonitic schistosity is described within the 
shear zones, with S3 planes bearing minerai 
and stretching lineations. Abundant secondary 
minerais of greenschist facies metamorphic 
grade, crystallizing after plagioclase, 
amphibole and biotite, typify the shear zones. 
Kinematic indicators point out for dextral and 
sinistral movements related to these shear 
zones, as mentioned above. 

The foliation planes associated with the shear 
zones are not affected by any folding stage 
(fig. 2E). They strike N25-75°E, with dips 
values usually greater than 50°SE. Hence, they 
may not be considered as axial plan fol iations 
relative to P2 folds. On the other hands, P2 are 
upright folds, more likely related to a pure 
shear regime rather than a simple shear one. 
Accordingly, we deduce that the shear zones 
developed after P2 folding and produced 03 
structures, such as S3 and L3, the latter 
structures exhibiting generally low plunge 
values (10-30°), either towards the NE or the 
sw. 

c) The fourth deforrnation phase (04) 

The fourth deformation phase affected ail rock 
types and produced several vertical brittle 
structures, including diaclases, faults and 
dykes, especially within the granites (fig. 20). 
These brittle structures, described as C4, are 
clearly identified on satellite images. 

4.2. Remote sensing 

Severa! enhanced images have been used to 
map the extension of the rock types identified 
previously and the tectonic framework of the 
study area. 

Sorne of the images enhanced following the 
techniques described in the previous sections 
are represented on fig. 3. Both grey scale 
images and color composites have been used to 

extract lithologie and structural features. In 
particular, an RGB combination of the 
stretched equivalents of bands ETM+30, the 
resized bands ETM+6 l and ETM+80, yielded 
the best results for the discrimination of 
lithologies and extraction the hydrographie 
networks (fig. 3E). The contours of the 
discordant granites are clearly exhibited on the 
enhanced image derived from band ETM+ 1 O. 
No enhancement allowed the discrimination of 
granodiorites from hornblende-biotite granites 
on satellite images due to their similar minerai 
compositions. 

C4 structures show variable trends with NE
SW and NW-SE identified as the main 
conjugate directions (fig. 3F). These structures 
seem to affect the sedimentary cover, although 
such an observation is not confirrned by field 
investigations. In fact, this is an artifact due to 
the weak width of the sedimentary cover, the 
observed C4 structures being recorded by the 
buried basement. 

The geologic and structural map of the Mongo 
area (fig. 4) is drawn as a graphical synthesis 
highlighting most of the relevant results 
obtained from field investigation and remote 
sensing. 
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Figure 4 : Geologic and structural map of the 
Mongo area. 

5. Discussions 

5.1. Relative chronology of rock types and 
relations to deformation phases 

Four distinct rock types are identified from the 
Mongo area. These are (i) gabbros, described 
as xenolithic enclaves within the (ii) diorites, 
(iii) granodiorites, and (iv) granites. 
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Furthermore, within the group of granites, 
three different types are recognized: 
hornblende-biotite granites, crystallized at the 
same time as the granodiorites, are intruded by 
biotite granites, while two micas granites are 
intrusive within the diorites. 

Although compraising gabbroic xenoliths, the 
crystallization of diorites seems to be 
concomitant with mafic magmas injection, as 
attested by ubiquitous mafic microgranular 
enclaves and schlieren type structures, also 
reported from the granodiorites and 
hornblende-biotite granites, while lacking from 
the biotite granites and two micas granites. 

The imprints of the four deformation phases 
are taken into account to emphasize the 
chronologie succession of events during the 
progressive building of the Guera Massif. The 
first three deformation phases, associated with 
foliation and fold developments, are related to 
shortening in a direction perpendicular to the 
foliations and may be used as references for a 
chronologie classification of the different rock 
types. Hence, on the basis of the previous 
descriptions, gabbros, diorites, granodiorites 
and hornblende-biotite granites may be termed 
pre-D3 intrusions, while two micas granites, 
emplaced along D3 related shear zones, and 
are syn-03 intrusions. Finally, biotite granites 
which are not affected by the third deformation 
phase are examples of post-03 intrusions. 

Hence, based on these descriptions, the 
following scenario is proposed for the timing 
of rock types crystallization, and highlight 
their relative chronology: 

(i) Group l: at the onset of the building of the 
Guera Massif, gabbros crystallized from 
magmas produced by partial melting of the 
mantle. 

(ii)Group 2: Following the gabbros, diorites, 
granodiorites and hornblende-biotite granites 
(granites 1) crystallized, with part of the 
granodiorites resulting through processes of 
hybridization. Of course, this interpretation 
doesn't exclude the derivation through 
fractional crystallization of some granites 1 
and, perhaps, part of the granodiorites. 

(iii) Group 3: Subsequently, two micas 
granites (granites Il) crystallized and intruded 
the previous rocks before 

(iv) the emplacement of biotite 
granites (granites Ill), belonging to Group 4 in 
our classification and marking the last stage of 
a long and complex magmatic activity, prior to 
the development of the Jast deformation phase. 

5. 2. An attempt of regional correlation 

Following the work of [13] , the Guera Massif 
was inferred to be part of the Saharan 
Metacraton, a metacraton being a "craton that 
has been remobilized during an orogenic event 
but that is still recognizable dominant/y 
through its rheological, geochronological and 
isotopie characteristics." According to its 
lithology, the Saharan Metacraton is 
characterized by the presence of widespread 
pre-Neoproterozoic high grade metamorphic 
rocks intruded by Neoproterozoic granitoids. 
Low-grade metamorphic rocks are uncommon. 
Juvenile Neoproterozoic inputs are restricted. 

Assuming that the Guera Massif is a Pan
African terrane of Neoproterozoic age, it 
doesn't match the lithologie characteristics of 
the Saharan Metacraton. In contrast, the 
abundance of mafic rocks suggests an 
important juvenile contribution. Hence, the 
boundaries of the Saharan Metacraton, as 
defined by [13], need to be revi sited. 

5.3. Remaining key issues 

The geologic investigations of the Guera 
Massif rises some key issues related to the 
geodynamic significance of the Pan-African 
orogeny and its extension north of the Congo 
Craton. Of course, the first issue is to 
determine either the Guera Massif is part of the 
Pan-African orogeny or not. This means the 
implementation of geochronological studies. 
Further petrologic, structural, geochemical and 
isotopie studies at the scale of the Guera 
Massif will contribute to emphasize its main 
features and to discuss its significance in the 
framework of the Pan-African orogeny. 

6. Conclusion 

The Mongo area, part of the Guera Massif, has 
been investigated using field observations and 
basic remote sensing methods with the aim to 
identify its main lithologie and structural 
features. lt appears that four groups of rocks 
and four deformation phases took place during 
the building of the Guera Massif. Gabbros, 
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diorites, granodiorites and the homblende
biotite granites, termed granite I, emplaced 
prior to the first and the second deformation 
phases responsible of the formation of Nl40-
1900E trending, gently dipping foliations (D 1) 
affected by regional folding related to the 
formation of upright P2 folds. The third 
deformation phase D3, associated with N25-
750E striking shear zones, is contemporaneous 
to the emplacement of two micas granites or 
granites II before the end of the magmatic 
activity, marked by the crystallization of post
D3 granites (granites III). The last tectonic 
event is related to the formation ofNE-SW and 
NW-SE trending C4 brittle structure. Based on 
it lithologie feature, the Guera Massif is quite 
different from the Saharan Metacraton, raising 
some key issues related to the boundaries of 
this enigmatic domain attributed to the Pan
African orogeny. Hence, further 
geochronological, isotopie, petrologic and 
structural investigations at the scale of the 
Guera Massif are necessary in order to 
constraint the geographic extension and the 
geodynamic significance of the Pan-African 
orogeny north of the Congo Cra ton. 
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