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ABSTRACT 

The petrography and chemistry of the fifteen (15) samples collected from the Mush Valley, 40 kms 

north of Debre Berhan has been described in this paper. On the basis of petrography, the bulk of the coals 

fall. under the category of carbargillites and carbonaceous s1.1.le,. O.1.ly the samples from the lower part of 

the section (MS-5, 5a, 5b, 5c) fall under the category of sub-bituminous coals and the samples (MS- 5i, 

5i 2 ) _ ,under the category of lignites with a parting. The coals of the lower p irt are ch1r.1cterized by reflect

ance vitrinoids (V3 and V4 ) ; while the lignites by . xylinoids (less than 0.3 Ji,, reflectance). The lower portion 

coal samples gave a calorific value of3600 c1lories/gram and the S3,mples from the middle p .:1.rt of the section 

gave a value of 2300 c2.lories/gn-.m. 

Of the fifteen samples only (MS-5a, 5b, 5c and 5i) have fixed carbon content (34% , 32% , 58%, 

48% and 41 %) and volatile content of(36%, 43%, 14%, 33% and 31%) respectively. The sulphur content 

of the coals is remarkably high and samples (MS-5g, 5h, 5i, 23, 24, 25, 26 and 28) have a high ash con

tent and moisture. 
Owing to the high ash content, low carbon content and calorific value and inacEssibility of the area, 

the coals are not amenable for large scale commercio.l exploitation. As the content of carbon is low, it is 

suggested that the coals may be gasified at the spot and used. 

INTRODUCTION 

The paper presents the petrography and chemical studies of the carbonaceous de

posits intercalated with the sediments exposed at the Mush Valley, situated 40 _k.ms_ f:r:<?.!Il 

Debre Berhan between the coordinates 9° 45' 49" N and 39° 40' 7" E. The area occu

-pied by the sediments along with the carbonaceous deposits comprise roughly five sq~are 

kilometers. The coals from the Mush Valley has been reported by jELENC (1966). The 

study was undertaken to explore the possibilities of finding an economic potential for . the 

exploitation of the intercalated low rank coals. 

GEOLOGICAL SETTING 

The lignite bearing sedimentary successjon of Mush Valley area lie upon the Mio

Pliocene volcanic rocks of rhyolitic composition (JusTIN V1SENTINE et al., 1974). The con

tact is not exposed. The sequence, which is tectonically undisturbed, consists of an as

sociation of sandstones, siltsfones and shales irregularly alternating with carbonaceous 

shales strata showing thin lignite seams. These rocks are as thick as 384 meters, and are 

overlain by 134 meters of tuff that is occasionally interbedded with basalt and palaeosols. 

This volcanic elastic sedimentary rocks crop out in the valleys of Mnsh river and 

its tributaries. The exposures were examined carefully and eleven sections were measured 

to compute the stratigraphic thickness and to study lateral and vertical variation (BABU 

et al., 1979). 
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Map 1. ~fap showing area of study and geological distribution of the ).lio-Pliocene rock units of the Mush 
Valley a rea, Ethiopi1. 

Five principle terrigenous rock types occm within the studied sections : Silts and 
siltstones (60° ~ of the total sequence) ; Sands and sandstones (20%) ; Conglomeritic 
silts tones and graYelly silt (9° ~) ; Shales and mudstones (6%) and Carbonaceous shales 
and shales (5~~ )-

~.fETHODS or IX\r:STIG.-\TIOX 

Systemaric sampling of the coals as well as the associated sediments ,vas undertaken 
and in all 15 coal samples were taken for the pm-pose of petrographic as well as proximate 
chemical analysis. T he posi tion of the coal samples is shown in ~1ap-1. The samples 
were crushed to pass through 20 mesh sie,·e, and every care was taken to avoid superfines. 
The crushed -20 mesh siew fraction was coned and quartered to get a representative 
sample of nm grams, mixed with an epoxy resin and made in to a pellet with a ~1illan 
rnoun ring press under a pressure , ·arying between I 0000-1 50000 PSI. The pellets were 
polished and the macerals were estimated under the reflected ligh t using an oil immersion 
lense. The coal powders were also subjected to proximate analysis using litera ture pro-
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d (F AN 1964 WELCHER, 1963 and open space). The chemical parameters ce urcs AIRM · , , . . · t ·e volatiles ash sulphur and nitrogen. The reflectance was measured pcrta1ns to 11101s m , •, , . , . . . 
l . • ·d of selected maccrals by usmg Berek s m1cro-sht photometer usmg glass on t 1e v1tnno1 s · . . . 
d d rI'h lor·i· c.1c values of the bulk compos1tae samples of the sub-b1tummous stan ar s. e ca 11 

• • 

l • • · 1 _ ·e also determined by usmg Baum-Calorimeter. anc. lw111t1c coa s we1 ~ . 
::-Tl · · . f petroo-raphy and chemistry in the various samples is shown and 1e vanat10n o ::, 

presented m Figure-1 and Table-I. 

......... ,., ... , .. , 
L•• w,,,...,. •• 

l. ....... ,.1 ..... , 
"'•· 111,,11 ..... .. 
• ,.,t1•1 et urti• 
., •• 11,tt 

....... , .. , ........ 
L•• v,1,1■••• 

....... 1 .. ,., ..... , 

Hi1• V1tflHI. eN ....... 

P[TROGRAPHY 

20 0'11, 

-IIIACUAL P[lltC•TAG[ 

ann Minerol "'otltr 

~ u,11tu,e10 

CZZJ c, ...... 

- V_.ttfllOid 

SAMPLES 

29 

2, 

2, 
2• 

21 

,,z 

,r, 
,, 
,H 
jG 

j[ 

,o 
,c 
,a 

,. 
IIIS S 

PAOXIMA TE ANAL Y~S 

1 0 1 • 0 • 
Mo_:twrt Vo~hlt A•~ F C 

1 <) 7 
SC PYAS 

--- IN FREQUENCY >IU .. B[AS ---

Fig. I. Petrochemical variations in coal samples from Mush Valley, Ethiopia. 

PETROGRAPHY 

The vitrinoids are very low in these coals and only in the lower part of the section 
(MS- 5, 5a, 5b, 5c) seems to possess a relatively higher percentage of vitrinoids as com
pared to the middle and upper parts. Vitrinoids are the bright components with and 
without structure. The vitrinoids with structure are frequently filled in by granular 
mineral matter, possibly clay minerals. Occasionally fine-grained micrinite is found 
associated in the cell cavities of vitrinoids. The reflectivity determined on these vitrinoids 

.gave the value ranging between 0.20- 0.40 falling in between xylinoids and vitrin,oids. 
The exinoids comprise chiefly sporinoids, resinoids. The sporinoids were dis

tinguished into two groups on the basis of size namely microsporinoids and megasporinoids. 
Resinoids occur as globular bodies and rodlets. The sporinoids show a better preserva-
tion than resinoids. The lower portion (MS-5, 5a, 5b, 5c) are more abundant in exinoids 
than the other samples. 

The inertinoids represented by fusinoids, micrinoids, semi-fusinoids and scleroti
noids are very much abundant in samples (MS-5i, 5ii, 5i

2
). The fusinoids are found 
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Table I-Petrographic composition of coals from Mush Valley Arca 
- ----~---

Sample Nos. Vitri- Exinoids Inetino- Jlu~inoids Micrinoi- Sclcroti- Semi-
M .M. 

J-' u.~inoids noids ids d s n,, ids 
- -----

MS-5 18.3 23 .2 O.G () . (j 24.7 40 .8 16.2 16 .4 
MS-SA 16.0 29.4 24 . ."i 0 .4 0 .3 

47 .0 7.6 21.8 
MS-SB 26.2 16.4 15 .3 1.0 0 .9 22.8 33.6 17.4 
MS-SC 21.6 33.1 17 .8 18 .6 0 . .'i 0.2 37.1 8 .2 
MS-SD 10 .3 27 .8 30.2 14 .6 13.7 0.8 I. 1 31. 7 
MS-SE 5.4 15.4 31. 1 48 .1 16 . 1 13 . 1 I. 2 () . 7 

MS-SG 3.8 16. 1 22 .2 57 .9 13.9 7 .4 0 . ,, 0.3 

MS-SH 9.4 27 .3 37 .0 26.3 19. 2 16.8 1 .0 
MS-51 11.2 29 .4 43 .0 16 .4 20 .3 21. .5 0.4 O.B 
MS-5I1 2 .9 20 .1 21.3 55.7 11 .4 9 .2 0. 7 
MS-5I2 23 .1 29 .7 40.9 6.3 20.4 18 .2 1.4 0.9 
MS-23 4 . 7 21.3 21.3 52.7 12.6 7 .6 0.7 0.4 
MS-24 11. 3 20.2 22 .3 46 .2 11.9 9 .4 0.2 0.8 
MS-25 3 .6 14 .3 15.9 66 .2 6.4 9.4 0. 1 
MS-26 2.9 12 .7 20 .3 64 . l 8.1 12 .2 

' MS-28 2 .1 11.5 20.7 65.7 7.8 12 .5 0.3 0. 1 

in two habitats namely with large cells and small cells. Micrinoid is chiefly fine-grained 
and granular type. Semifusinoid and sclerotinoid are very scarce and hardly exceeds 1 % . 

The mineral matter chiefly comprising clay minerals, sulphur minerals is very 
much abundant in the top portion (23, 24, 25, 26 and 28) and exceeds more than 50% 
thereby relegating the samples to carbargillites and carbonaceous shales. However, the 
mineral matter is low in samples MS- 5, 5a, 5b, 5c and in samples 5i, 5i

2 • 

CH EMISTRY OF COAL 

The average analysis of two runs of the fifteen samples of the coal is presented in 
Table-2. 

The means of results of duplicate determinations carried out, on representative 
samples are found to be acceptable for ~he determinations. The moisture content due to 
·some technical problems was not determ1~ed as sampled out, but determinations are done 
as received by the analyst. Some correct10ns due to the test procedures such as blank de-

. terminations have not been done. 
As may be noted from Table-2, samples (MS-5, 5a, 5b, 5c, 5d and Si) have a fixed 

,carbon content of 34% , 32%, 58%, 48% and 41 % ; Moisture content of 17°/c 17°/c 
1001 1501 and 23 % ; V olatile matters of 36%, 43% , 14%, 33% and 340; 0

' . 
1
°' 10, 10 . . . 10, respective y. 

·The rank of coal increases with the mcrease m the amount of fixed carbo d . . n content an -decrease of moisture and vo_latile matter. The above listed samples are better than the 
-remaining samples as volatile matter and fixed carbon are the most im t . ' . . por ant contn-· butors to the energy produced when coal 1s burnt . This had been verified b h 

r. b Y t e range of appearance of the samples that vary 1rom rown to black. The lowe . 
· · h 'l h ·d . r port10n coals, which are sub-b1tummous are black, w 1 e t e rm dle portion coals wh· h 

1c are ligni tes are brown in colour. 
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Table 2-'-Chemical composition of coals from Mush Valley Ar~a 
----- -

Vola tile Ash Fixed Nitrogen Sull:1 te Pyl'i t ic Sample Moisture 
Carbon Sulpur S111fi.11· 

--- ---- - ----
34±1 0 .24±0.01 I -11_±2 I . 2 _ I . 2 MS-5 17±1 36±2 14±1 

MS-5B I 7±1 43±2 8±1 32±1 0.27±0,01 2 . IJ : 2 7 . '.l 1-:1· 

MS-5C 10±1 14±2 19±1 58±1 0.22±0 ,0 1 1.3:J.-: 3 (i ,0± '.l 

MS-5D 15±1 33±2 4±1 48±1 0.27± 0,01 0. 74-±3 7 . G:J: 4 

MS-5E 21±1 30±2 30±1 19±1 0 .30±0.01 l.5±3 7 .2:J-_'2 

MS-5G 10±1 28±2 54±1 9±1 0.54±0 ,01 0 ,3±4 (i .1-J: 1 

MS-SH 15±1 19±2 62±1 5±1 0.29±0 ,01 0. 1± 2 7,0± 1 . 
'' • I \ ¥, 

MS~SI - 29±1 28±2 28±1 15±1 0.33±0,01 1.1± 1 J4. .G± 3 

MS-5I1 14±1 22±2 59±1 6±1 0 .24±0 .0 I 0,6±4 5.1 ± 4· 

MS-SI! 23±1 34±2 2±1 41±1 0.17±0,01 0,5± 1 12 .7±3 

MS-23 11±1 25±2 56±1 9±1 0 .47±0 .0 l 0.3±1 5,6±4 

MS-24 10±1 16±2 50±1 24±1 0.59±0.01 0, 1±3 2.9±4 
MS-25 21±1 17±2 57±1 6±1 0.27±0,01 0,2±4 4.3±2 _, 
MS-26 16±1 20±2 56±1 7±1 0.33±0,01 0.4±1 6 ,4±2 ; 
MS-28 15±1 24±2 56±1 5±1 0.39±0,01 0.1±1 14 .4·±2 : 

Coal contains carbon, hydrogen, nitrogen, sulphur and other elements in small 
quantities. The proportion in which the major elements are present differs greatly ·ii} 
different kinds of coal, As seen in Table-2, the sulphur content is reasonably high, \IVhil~ 
the acceptable limit of sulphur in coal should be less- than 2%. Samples 5g, 5h, 5i, 23, 24~ 
25, 26 and 28 have a high content of ash and moisture. The ash (noncombustible res·i~· 
due) of the fifteen samples appear to have different colours. Though spectrographic 
~nalysis of the ash has not been carried out, this variation in colour of ash can be explained. 
on the pet.rography, as due to the presence of titanium, manganese, iron and other inor~, 
ganic constituents contained in the mineral matter. .:: 

Two compositae bulk samples one from the lower horizon (Samples MS-5, 5a, 56, 
and Sc) and the other from the middle portion (Samples MS--Si, 5iv Si2) were sent for th~ 
calorific values abroad. The first set of samples gave a value of 3600 calories/gm ; whi~e 
samples from the middle portion gave a value of 2300 calories/gm. The reflectahc~ 
vitrinoids present in the compositae samples of MS-5, 5a, Sb and 5c conforms to V 3 and 
V 4 types of SPACKMAN (1958) ; while the vitrinoids of the compositae samples (MS-. st 
5i1, 5i1) can be hardly called vitr1noids as its reflectance is less than 0.30% and hence' f<;l'il~ 
under the category of xylinoids, characteristic of lignites. 

IJ .. 

. .. ;_· ~h ORIGIN OF THE DEPOSIT 

From the nature and · mode of occurrence, the coal bearing strata seems to be of 
fluvjatile origin deposited on the basalt substmtum. This is inferred from the fine-grain'eJ 
size, the presence of woody _lignite beds that contain petrified stumps in gro~th positi_OJ?., 
!he predominant dark colour, and the predominance of sedimentary structures ~uch .a~'
laminations and horizontal . beddings'. _ As these coal bearing sedi_ments rests on the, por~ 
phyritic basalts, it indicates that the coal bearing sediments are much younger than the 
basalts. This fact also explains the lower. degree of carbonization of the coals of th& 
Mush Valley, high inoisture.- and 'ash content and low calorific value:- ~ubsequently, thi 
coal beds must have been partly eroded by the Mush river. 



CQ)'\CLt:SlON 

The bulk of the coals, based on the pctrography fall under r:arbargilli te and car
bonaceous shales. Only the lower portion comprising the samples (MS --5, 5a, :jb, :,c) 
fall under the category of sub-bituminous coals and the samples (.5 i, Si2) un ckr lignite with a shale parting (Si; . T he calorific value is also low, but th e; samples of 11,wcr part 
(MS-S, 5a, 56, Sc) possess relatively a better value as compar(;d to (MS - 5i, 5i 1) . 
The coals of the lower portion possess vitrinoids of the type V 3 an<l V,

1, once again point
ing to sub-bituminous high volatile coals while the middle portion compr ising (MS - .5i, 
5i1) are characterized by xylinoids (less than 0,3% reflectance) characteristic of lignites. 

On the basis of petrography the fifteen samples can be grouped into four units 
namely : Unit-1 comprising samples (MS-5, 5a, 5b and Sc) ; U nit-2 comprising the samples (MS---5d , 5e, 5g an<l 5h) ; Unit-3 comprising the samples (MS--5i, .5i

1
, 5i

1
) an<l, 

Un~t-4 comprisi_ng the samples (MS- 23, 24·, 25, 2f> and 2B). J\mong these fo ur units 
Umt-2 and Umt-4 are practically useless being essentially carlJargillite and carbonaceous 
shales. But Unit-1 and Unit-3 falls under coal proper in which U ni t-I being sub
bituminous with a relatively better calorific value ; Unit-3 being li gnite with a shale parting in between (5i1 ) with a lower calorific value. Unit-I is not occurring as a strati
fied deposit, but occurs as pockets in silty sandstones and hence is not economical from 
the point of commercial exploita t10n. But the Umt-3 with the shale parting measures 
a thickness of about 4 meters and contains 40 to 50% carbonaceous matter . It also ex
tends considerably along the depositional strike. This unit can be exploited by small 
scale open cast mining and can be used after beneficiation (washing or heavy media 
separation), so that considerable shaly matter is removed and quality of the coal is in
creased. The alternative is to gasify the low content coal at the spot for commercial 
exploitation after assessing the amount of available reserves. 

Owing to the high ash content, low carbon content, low calorific value and the 
inaccessibility of the area and difficult transport facilities, the coal deposit is not economical 
for large scale commercial exploita tion. However, small scale mining can be under taken 
for limited use, after beneficiation. Because of the low content of carbon, it is suggested 
that these coals may be gasified at the spot and used. 
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