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Graphite is widely associated with the metasedimen-
tary rocks of the Almora Group, predominantly in the 
Gumalikhet Formation, which were metamorphosed 
up to the upper amphibolite grade. This graphite  
occurs in the form of layers, bands, pockets and 
lenses, hosted within the garnetiferous mica schist and 
quartzite. The carbon isotope analyses of the repre-
sentative samples of Almora graphite are presented 
here. The δ 13C values range from –23.2‰ to –31.7‰, 
however with mean value of –29.08‰, which attri-
butes that graphite is crystallized from the biogenic 
carbon during the metamorphism of the host sedi-
ments.  
 
Keywords: Almora crystallines, carbon isotopes, 
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ALMORA nappe, the largest among the detached thrust 
sheets of the crystalline rocks in the Lesser Himalaya, ex-
tends from the West of Nayar River to the East of Kali 
River in Indian Himalaya, and further to the Dandeldhura 
region in western Nepal. It comprises the allochthonous 
Precambrian crystalline rocks termed as Almora Group1–7, 
which from their root zone of the Munsiari Formation, 
are thrust over the Precambrian–Lower Palaeozoic 
autochthonous metasedimentary sequence of the Lesser 
Himalaya. The rocks of the Almora Group are bounded 
by Almora Thrust which in the North separates them 
from the underlying metasedimentaries, and in the South 
forms the contact with low grade rocks of the Ramgarh 
Group7. The extension of this thrust in the western Nepal 
is designated as Dandeldhura Thrust2. Some of the work-
ers considered that the Almora nappe includes both the 
Ramgarh Group and the overlying Almora Group2–4. The 
Almora Group comprises granitic and pelitic gneisses, 
gneissose granite, augen gneisses, granite, mica schists, 
garnetiferous mica–quartz schists, quartzite and phyl-
lites8,9. The Rb–Sr whole rock age assigned to the granitic 
gneiss of the Munsiari Formation is 1830 ± 200 Ma10, and 
to the gneisses from a similar nappe in Lesser Himalaya 
is 1865 ± 50 Ma. The granitic intrusions present in the 
nappe are about 560 ± 20 Ma-old11. A number of workers 
have studied the geology, structure, petrology and meta-
morphism of the Almora Group3–9. Valdiya7 classified 
rocks of the Almora Group into three formations, viz. 
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Saryu Formation, Champawat Granodiorite and Guma-
likhet Formation. Whereas a few other workers4 consider 
two broad divisions for Almora Group, viz. the Saryu 
Formation largely consisting of the metamorphosed 
sediments and the Champawat Granodiorite. Recent stu-
dies have shown the records of metamorphism up to 
kyanite grade, and T–P varying from 450°C, 4 kb to 
709°C, 7.9 kb in the rocks of the Almora Group4.  
 The graphite is common in the schists and gneisses of 
the Lesser and Higher Himalaya, and is particularly wide-
spread in the Kumaun Himalaya. Earlier work12 (Bhat-
tacharji, T. K., 1965, unpublished report) carried out on 
this graphite reports the deposits of graphite schist near 
Persal, Sirar and Kalimat areas in the Kumaun Himalaya, 
wherein the reserves of Sirar and Kalimat area are esti-
mated about 8–10 m tonne each. The occurrences of the 
graphite are also reported in the Munsiari Formation pro-
posing that this was formed by the metamorphism of the 
organic material7. Conclusive evidence for the origin of 
widely scattered graphite in Lesser Himalaya has been 
largely awaited. We present here the carbon isotope data 
of the representative graphite from the Almora Group as  
 
 

 
 
Figure 1. a, Field photograph of a typical graphite enriched zone in 
Almora crystallines. b, Schematic diagram of the geological cross-
section of graphite mineralized zone in garnetiferous mica schist. 

evidence to delineate the origin of the Lesser Himalayan 
graphite. Graphite is found as small occurrences to the 
sizable deposits in the Almora Group of rocks, wherein it 
is either present as graphitic schist or quartzitic graphite. 
It occurs in the forms of layers, nodules, lenses and pock-
ets (Figure 1). The host rocks for this graphite are gar-
netiferous mica schist and micaceous flaggy quartzite of 
the Gumalikhet Formation (Figure 2). The minerals asso-
ciated with graphite are quartz, biotite, muscovite, chlo-
rite, garnet, feldspar, tourmaline and apatite. Specks of 
the opaque minerals such as pyrite, illmenite and  
uncommon chalcopyrite are also seen though not ubiqui-
tous. These sulphide minerals are often altered to go-
ethite, limonite and malachite. Under the reflected light 
microscopy Almora graphite is strongly pleochroic and 
anisotropic. The grains and the laths of this graphite are 
anhedral to subhedral in shape. They are disseminated in 
the host rock, and usually aligned along the foliation en-
veloping quartz and garnet grains.  
 The graphite may be found associated with genetically 
diverse rock types such as magmatic, chemical precipi-
tated calcareous rocks or the metamorphosed pelites, and  
 

 
 
Figure 2. a, Photomicrograph of the graphitic quartizite. b, Photo-
micrograph of the garnetiferous mica schist with graphite flakes. 
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the source of carbon in graphite can be biogenic or abio-
genic13–17. The organic material present within the sedi-
ments can be converted to graphite or carbon may be 
abiogenic directly precipitated from the C–O–H fluids in 
the reducing environment. The devolatization and decar-
bonation reactions during metamorphism particularly in 
the presence of carbonate minerals can produce carbon 
through the released CO2 (ref. 17). The amorphous car-
bon can be converted to graphite or even diamond when 
subjected to the suitably high pressure and temperature 
conditions18,19. Overall, the graphite disseminated in the 
host rocks is considered to have crystallized from the 
carbonaceous material. Whereas, the carbon for the 
graphite occurring as veins and along the shear zones is 
deemed to have derived from magmatic/metamorphic flu-
ids. In view of such diversity in graphite formation, the 
source of carbon is vital in understanding the graphite 
origin. The carbon isotopic ratio (13C/12C) in graphite has 
potential for discriminating its various origins20. This is 
supported by a number of studies carried out on the car-
bon isotopic composition of graphite13,14,16,21,22. These 
studies have established that the graphite formed through 
the participation of biogenic carbon is enriched in the 12C, 
whereas the graphite formed from the abiogenic carbon 
has high 13C. The ratio of these isotopes of carbon is rep-
resented by δ 13C‰, which can typically characterize the 
source of carbon involved in graphite crystallization. The 
δ 13C‰ can be expressed through the formula: δ 13C‰ = 
[{(13C/12C) graphite sample/(13C/12C) standard} – 1] × 
1000, wherein the standard is carbon isotopes in belem-
nite of the Pee Dee Formation (PDB) of Chicago. 
 The carbon isotope analyses of six numbers of the  
selected graphite samples were carried out at the Environ-
mental Isotope Laboratory, Department of Geosciences, 
University of Arizona. The selected samples represent 
different bands of graphite occurring in Lohaghat, Sirar, 
Makraon and the Banlekh areas. All these locations are 
within the Almora nappe, and comprise Almora Group of 
rocks. Five samples represent typical graphite found 
within the Gumalikhet Formation, whereas one sample 
(RR-2) from the Banlekh area represent minor graphite 
occurrence within the Champawat Granodiorite. Overall, 
four samples from the graphite schists and two from the 
graphitic quartzite have been analysed. The δ 13C of 
graphite were measured on a continuous-flow gas-ratio 
mass spectrometer, Finnigan Delta PlusXL coupled to an 
elemental analyser. The samples were combusted in the 
elemental analyser. Standardization for δ 13C is based on 
acetanilide for elemental concentration, NBS-22 and 
USGS-24. Precision based on repeated internal standards 
is better than ± 0.09‰ for δ 13C.  
 The obtained values of δ 13C for Almora graphite are 
shown in Table 1. It is evident that δ 13C values for the 
studied graphite vary from –23.2‰ to –31.7‰, with a 
mean value of –29.08‰. However, the value of –23.2 is 
obtained only for one sample (RR-2) collected from near 

Banlekh, close to the southern border of Almora nappe. 
This sample is from the uncommon thin graphite bands 
hosted within the schists that are part of the Champawat 
Granodiorite Formation. The δ 13C values for other samples 
vary between –29.4 and –31.7, and those obtained for 
graphite schists and the quartzitic graphite are matching. 
There is also no difference between δ 13C obtained for the 
graphite from different locations within the Gumalikhet 
Formation of Almora Group, such as for the Sirar deposit 
and for the graphite bands from the Makraoun area.  
 In general, the carbon isotope ratios in graphite vary 
from +10‰ to –45‰ as compared to the standard PDB‰. 
The graphite formed by the carbon generated through the 
decomposition reactions possible in the carbonate litho-
logy shows δ 13C values between about +10‰ and  
–5‰. Whereas the δ 13C values for the magmatic carbon 
range from –7‰ to –15‰. The δ 13C values of graphite 
derived from the organic carbon vary from –17‰ to as 
low as –40‰. The mean δ 13C values given by Galimov23 
are characteristics for the carbon derived from different 
sources, viz. it is 0‰ in carbon from the carbonates and  
–7‰ for the magmatic source. The lowest value (cf.  
–24‰) is for the organic carbon.  
 The work carried out on a wide variety of graphite also 
shows that distinctive values of δ 13C are obtained for 
graphite crystallized from carbon of diverse origin (Fig-
ure 3). Even within a deposit of graphite, the δ 13C may 
show variation with respect to carbon source and thereby 
the origin of graphite. Such results are evident in graphite 
present in the Kerala Khondalite Belt wherein the range 
of δ 13C from –8.2‰ to –12.4‰ is measured for the 
shear-hosted graphite, and from –10.1‰ to –15.1‰ are 
for the pegmatite-hosted graphite. Herein, further con-
templation is available from the graphite disseminated in 
the country rock showing enrichment of lighter carbon 
with δ 13C from –17.5‰ to –31.1‰, which attribute bio-
genic carbon21,22,24. The study on the single graphite crys-
tal suggested that a variation in the carbon isotope is 
possible during the overgrowth depending on the carbon 
source25. The δ 13C of vein deposited graphite from 
Bogala Mine, Srilanka shows a mean value of –7.76‰, 
and its range is interpreted as it is fluid-deposited graph-
ite with carbon source from the mantle26. The wide range 
of δ 13C for graphite from Eastern Ghats is about –2.4‰ 
to –26.6‰, which points to the graphite origin from the 
carbon of different sources, i.e. by the metamorphism of 
 

Table 1. Carbon isotope data for the graphite in Almora crystallines 

Sample No. δ 13C (‰)    
 

RR-2 –23.2 SD 0.09 
RR-43 –31.3 True value –29.48 
RR-44 –31.7 Offset –0.41 
RR-173 –29.4 Mean –29.08 
RR-451 –31.3   
RR-452 –31.3   
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Figure 3. Diagram showing the range of δ 13C values in Almora graphite together with known graphite deposits of the world. (Modified after Dis-
sanayake16.) For the references cited in the figure, the readers are referred to Dissanayake16, and Hahn-Weinheimer and Hirner20. 
 
 
organic material, through the carbonates sources and/or 
mantle derived27.  
 The δ 13C obtained for the Almora graphite is –23.2‰ 
to –31.7‰ with an average of –29.08‰, but most samples 
show narrow range of –29.4 to –31.7‰. These measured 
values suggest that the Almora graphite is formed 
through the metamorphism of the organic carbon. This 
organic carbon was possibly derived from the carbona-
ceous material distributed in the sediments during their 
deposition28. The graphite associated with the Almora 
crystalline rocks is scattered within the schists and the 
quartzites, and the carbonate lithology is also not signifi-
cant in the host rocks. The δ 13C range rules out the pos-
sibility of the fluid deposited graphite, which is also 
substantiated by the disseminated nature of this graphite, 
presence of graphite nodules and its widely scattered  
nature. A comparison of the δ 13C values obtained for  
Almora graphite with the globally known major graphite 
deposits (Figure 3) also attributes that our data match 
well with the δ 13C values presented earlier for the graph-
ite crystallized from organic carbon during metamor-
phism of host sediments. 
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A cDNA fragment ca. 1.2 kb encoding the coat protein 
and the 3′ untranslated region (UTR) of Dasheen  
mosaic virus (DsMV) infecting Amorphophallus 
paeoniifolius was successfully amplified from infected 
plant tissues using specific degenerate primers. Re-
verse transcription-polymerase chain reaction prod-
ucts were sequenced and found to be derived from the 
expected virus. Two specific probes, cDNA probe and 
riboprobe were generated from the amplicon, com-
prising the coat protein gene and the 3′ UTR. The 
probes were then successfully used for the diagnosis of 
the DsMV infecting A. paeoniifolius through nucleic 
acid spot hybridization. The probes detected only the 
DsMV infecting A. paeoniifolius, while they did not 
detect the DsMV from Colocasia esculenta or Xantho-
soma. 
 
Keywords: Amorphophallus paeoniifolius, Dasheen 
mosaic virus, elephant foot yam, Potyvirus, riboprobe. 
 
ELEPHANT foot yam (Amorphophallus paeoniifolius,  
family Araceae) is an important edible tropical tuber crop 
of South-east Asian origin and grown widely in Philip-
pines, Malaysia, Indonesia and Southeastern Asian coun-
tries. Due to its high production potential (50–60 t/ha), 
nutritional and medicinal values and good economic  
returns1, it has achieved the status of a cash crop. The  
tubers are popularly used as vegetables in various  
delicious cuisines and in the preparation of indigenous 
ayurvedic medicines2. Among diseases of A. paeoniifolius, 
the mosaic disease caused by Dasheen mosaic virus 
(DsMV) belonging to the genus Potyvirus of Potyviridae 
family is the most destructive. Infection by DsMV causes 
the leaves of A. paeoniifolius to exhibit mosaic, leaf 
puckering and even shoestringing-like symptoms. A  
major concern of the viral infection is the reduction in the 
tuber yield, due to perpetuation of the virus through  
infected planting materials. 
 In India, 24–88% mosaic incidence with a maximum 
yield loss up to 38% was reported from Amorphophallus 
growing areas in Uttar Pradesh3. In our survey also, viral 
disease incidence of 5–10% was observed in other major 
A. paeoniifolius growing states of India, viz. Kerala,  


