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Abstract: The Meso-proterozoic Cuddapah basin has volcaniclast in the Vempalli and Tadipatri Formation of the Papagni sub basin. 

The quaternary ash beds are recorded along the number of river valleys located within the Cuddapah basin. In the Kadapa district the 

light several occurrences of tephra between Vamsadhara Valley in the north and the Sagileru Valley in the south. The source of the 

volcanic lasts of the Papagni sub-basin has been clearly identified but the source for quaternary ash beds of the Sagileru river basin is 

yet to be established clearly. The perusal of literature indicates the possible acidic composition of these beds. The REE pattern of these 

rocks is also aimed that may through light on the nature of the magma that has contributed to the formation of these beds. 
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1. Introduction 
 

The term Tephra was introduced by Thorarinsson in 1954 

to designate pyroclastic ejecta. It is now well entrenched in 

the geological literature as a substitute for the more popular 

term „volcanic ash‟. Tephra occurrences are widespread all 

over the world. Prior to its discovery from Andhra Pradesh, 

tephra occurrences are reported from Ganga, Son, Narmada 

and Vamsadhara River Valleys in different States of India 

(Acharyya and Basu 1993,Rachna Raj 2008). It was 

reported from Sagileru valley for the first time in the 

southern part of peninsular India (Singa Raju and Sivaji, 

1991a) and several discoveries followed it from 

Vamsadhara in the north to the Sagileru in the south. An 

attempt is made here to document all the occurrences of 

tephra in Andhra Pradesh and characterise them. 

 

 

2. Geological Setup 
 

In the Quaternary sequence of Andhra Pradesh, tephra 

occurs as lenses and layers within fluvial deposits or 

directly rest over basement rocks. It stands out as a 

relatively resistant band than the enclosing fluvial 

sediments. The major part of the study area its cover shales 

(figure -1). The contact of the ash bed with underlying 

sediments is usually very sharp and distinct, whereas the 

upper contact is normally gradational or diffused. The ash 

is light and greyish, acquiring brownish tinge on oxidation. 

It is massive and devoid of sedimentary structures in 

general. At a few places, lamination, banding, contortion 

and slump structures are present. The thickness of the ash 

bed varies from 10 cm to 2 m in general. And thickest ash 

bed is recorded from Sagileru Valley where it is about 6 m 

thick (see figure no.2) 

 

 
Figure 1:  Location Map of in Sagileru River Vally 
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Figure 2A:  Photographs showing the cliff section of ash bed in Sagileru River Vallyits about  

  Less than 10cm width. 

 

 
Figure 2B:  Photographs showing ash bed in Sagileru River Vally its about More than 5m width 

 

3. Geochemistry 
 

Seven samples of volcanic ash from Sagileru river valleys 

were processed the bulk samples and glass shards separated 

from them were analysed for the major, minor oxides and 

Trace and REE, to study the chemical composition of the 

glass shards and that of the corresponding bulk sample. 

Details of chemical composition are given in Table-1. A 

comparision of the bulk composition of the ash and that of 

the constituent glass shards shows that SiO2 is depleted and 

Al2O3, MgO, CaO are enriched in the former. The 

differences are mainly due to contamination of bulk sample 

with the detritals during transportation or deposition. 

However, the possibility of alteration also cannot be ruled 

out.  

 

The Sagileru ash beds is found to be rich in silica (SiO2 = 

68.48%) and K2O is low compared to SiO2 (table 1). It 

shows a lower light REE (La, Ce, Pr, Nd, Sm) and higher 

heavy REE (Ho, Er, Tm, Yb, Lu) and in REE data show 

strong negative Euand Tm anomaly indicating progressive 

removal of plagioclase feldspar during fractional 

crystallization of the source magma  larger Eu and Tm  

anomaly (table 1, figure 4). The analyses given in table 1 

for other localities, for the purpose of comparison are 

actually calculated to 100% on a volatile free basis. The 

water content of ash beds of Indian occurrences given by 

Shane et al (1995) varies between 3.92 and 4.45% and in 
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the samples of western continental margin by Pattan et al 

(2001) between 1.99 and 7.3%. Schulz et al (2002) reported 

LOI values forSagileru ash beds to be about 6%. The total 

of the analyses at Sagileru is 87% (table 1).The siliceous 

nature of the ash shows its unaltered state of preservation. 

The values also fall very close to the values of glass shards 

from various northern Indian Ocean sites (Schulz et al 

2002). Slightly higher values for the oxide of iron could be 

due to the Fe2O3 value in Sagileru sample 2.61.A strong 

negative Euand Tm anomaly (figure 4) is also comparable 

with other continental Indian findings (Schulz et al 2002; 

Westgate et al 1998; Chesner and Ettlinger 1989; Pattan et 

al 2001 and Song et al 2000, Dhrama Rao 2012). The ash 

has been recognized as Sagileru ash beds by its lower light 

REE (La, Ce, Pr, Nd, Sm) content and higher heavy REE 

(Ho, Er, Tm, Yb, Lu) content and a larger Eu and Tm 

anomaly (table 1). The highly silicic nature of the ash of the 

Sagileru sample is very typical of the rhyolite (Fig 3A) and 

closely resembles and all the samples indicate alkaline 

affinity (fig 3B) 

 

 
Figure 3: A) Geochemical discriminatory plots for the Sagileru ash beds, plots after (Cox et al 1979) B) SiO2 vs K2O  

(Peccerillo and Taylor 1976). 

 
Figure 4: (A) Chondrite normalized (after MBaynton 1984) REE pattern of ash sample from the Sagileru ash beds  showing 

strong negative Eu and Tm -anomaly, area enclosed within blue line indicates compositional range of the distal Sagileru river 

beds found in India 

 

4. Discussion and Conclusion 
 

The Sagileru volcanic event is one of the small eruptions 

during the Quaternary. This volcanic mega eruption (Rose 

and Chesner 1987, 1990; Knight et al 1986; Acharyya and 

Basu 1993) occurred in the Indonesian archipelago on 

northern Sumatra some 70,000 years ago during a major 

shift in global climatic conditions from interglacial marine 

isotopic stage (MIS) 5 to glacial MIS 4 (Ninkovich et al 

1978). More than two orders of magnitude larger than any 

historical eruption, It is estimated that at least 1% of the 

Earth was covered by more than 3-4 m of ash known as 

Sagileru ash beds. The widespread tephra bed is reported 

from eastern and western parts of the Indian subcontinent 

(Acharyya and Basu 1993; Ninkovich et al 1978 and 

Chesner et al 1991) to the Arabian Sea (Schulz et al 1998), 
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Indian Ocean (Pattan et al 1999) and also to the south 

China Sea (B¨uhring et al 2000 and Song et al 2000). The 

Sagileru event is believed to have a potential magnitude 

relevant to the global climate system (Singurdsson 1990) 

and has been held responsible for the shift to glacial climate 

(Chesner et al 1991; Rampino and Self 1992, 1993). 

However, evidence for a Sagileru triggered volcanic winter 

is ambiguous (Schulz et al 2002). According to Izett et al 

(1981) pumice shard develop from relatively highly viscous 

rhyolitic magmas with temperature <850◦C, whereas the 

bubble wall and bubble junction shards develop from lower 

viscosity rhyolitic magmas at temperature > 850◦C. The 

morphology suggests ash to be of Younger Sagileru ash 

beds of Indonesian origin. The geochemical data strongly 

suggest that the ash found in Sagileru River basin is 

associated with the Toba mega eruption of ∼ 74 ka. The 

Thermoluminescence (TL) dating of the lower part of the 

exposed sediment succession of this surface at Tilakwada, 

in the lower Narmada basin has yielded an age of < 90 ka 

(Chamyal et al 2002). This correlates very well with the ash 

found in almost the North part of the correlatable 

succession in the Sagileru River basin. The middle part of 

the sedimentary unit of Sagileru River points towards a low 

energy weak fluvial regime during the deposition of these 

sediments. The change in sediment characteristics from 

coarse to fine and from lower unit to middle unit also 

indicates towards the climatic fluctuations during this time. 

This is also supported by Kale et al (2004) in their studies 

on ash associated alluvial sediments of Deccan Trap region 

of India. The present finding of Sagileru ash beds at 

western continental margin further enlarges the estimated 

area and volume of fall out of Quaternary eruption. It 

requires further re-assessment of the volume of ash and its 

palaeoclimatic implications. Chronological studies of this 

ash bed in future could help establishing a precise time-

controlled stratigraphy of the Quaternary sediments of 

Sagileru river valley. 

 

Table:1  showing comparison of major oxides of Sagileru river 

Sample no S2 S3 S4 S6 S8 S9 S11 
 

Sample no S2 S3 S4 S6 S8 S9 S11 

SiO2 68.77 71.08 71.44 67.05 68.47 69.20 63.33 
 

Y 33 32 34 30 34 31 25 

TiO2 0.16 0.14 0.11 0.20 0.14 0.25 0.44 
 

Nb 15 16 16 14 15 15 14 

Al2O3 0.16 0.14 0.11 0.20 0.14 0.25 0.44 
 

Mo 3.3 2.8 2.7 2.1 2.8 1.9 1.3 

Fe2O3t 2.12 1.84 1.58 2.85 1.81 3.03 5.03 
 

Cd <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

MnO 0.07 0.07 0.06 0.06 0.07 0.06 0.08 
 

In <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

MgO 0.66 0.39 0.29 0.91 1.37 0.82 1.99 
 

Sb <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

CaO 1.89 1.19 1.04 1.23 1.80 0.99 1.18 
 

Sn <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.6 

Na2O 2.89 2.69 2.88 3.17 3.18 2.69 1.85 
 

Te <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 

K2O 3.61 3.61 4.12 4.01 3.73 3.87 4.15 
 

Cs 9.9 9.3 9.6 9.6 9.5 10.4 11.5 

P2O5 <0.05 <0.05 <0.05 <0.05 0.05 <0.05 <0.05 
 

La 33 31 34 29 31 32 33 

BaO <0.05 0.06 0.05 0.08 <0.05 0.05 <0.05 
 

Ce 65 61 65 58 63 64 66 

SrO <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
 

Pr 7 6 7 6 6 6 7 

ZrO2 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 
 

Nd 23 21 22 21 22 23 24 

LOI 6.09 5.92 5.23 6.46 6.10 5.52 6.65 
 

Sm 5 4 4 4 4 5 5 

Ag <1 <1 <1 <1 <1 <1 <1 
 

Eu 0.6 <0.5 <0.5 0.5 0.5 0.6 0.7 

As <5 5 <5 <5 <5 <5 5 
 

Gd 5 4 4 4 4 5 4 

Cu 7 10 7 11 10 11 14 
 

Tb 0.8 0.7 0.7 0.7 0.8 0.7 0.6 

Ni <5 <5 <5 8 5 9 15 
 

Dy 5 5 5 4 5 5 4 

Pb 33 26 31 27 30 26 24 
 

Ho 1.0 0.9 1.0 0.9 1.0 0.9 0.7 

S 136 161 154 228 180 132 174 
 

Er 3.4 3.2 3.4 3.0 3.5 3.1 2.5 

V 12 <10 <10 21 11 25 46 
 

Tm <0.5 <0.5 <0.5 <0.5 0.5 <0.5 <0.5 

Zn 19 18 13 25 18 25 44 
 

Yb 4.1 3.8 4.0 3.5 4.0 3.6 2.9 

Li 18 17 13 28 16 24 37 
 

Lu 0.5 0.5 0.6 0.5 0.6 <0.5 <0.5 

Be 2.7 2.6 2.7 2.6 2.5 2.7 2.7 
 

Hf 3.0 3.0 3.1 3.0 3.0 3.0 3.1 

Sc 4 3 3 5 3 6 10 
 

Ta 1.5 1.5 1.6 1.4 1.5 1.4 1.2 

Co 3 3 2 3 2 5 10 
 

W 3.0 3.1 3.2 2.8 3.1 2.9 2.3 

Ga 15 15 15 15 15 16 19 
 

Tl 0.8 0.9 0.8 0.7 0.8 0.7 0.7 

Ge <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 
 

Bi <0.5 <0.5 <0.5 <0.5 <0.5 <0.5 0.5 

Se <0.5 0.8 0.8 0.6 0.7 1.0 <0.5 
 

Th 30 29 31 27 30 27 23 

Rb 237 229 239 218 230 233 227 
 

U 4.3 4.2 4.5 3.8 4.3 4.0 3.0 

 

References 
 

[1] Acharyya S K and Basu P K (1993) Toba ash on the 

Indian subcontinent and its implications for correlation 

of late Pleistocene alluvium; Quat. Res. 40 10–19. 

[2] B¨uhring C, Sarnthein M and Leg 184, Shipyard 

Scientific Party (2000). Toba ash layer in the South 

China Sea: evidence for contrasting wind directions 

during eruption Ca.74 ka; Geology 28 275–278. 

[3] Boynton W V (1984) Cosmochemistry of the rare earth 

elements: meteorite studies. In: Henderson P (eds) 

Rare Earth Element Geochemistry. Elsevier, 

Amsterdam, pp 63-114. 

[4] Chamyal L S, Maurya D M, Bhandari S and Rachna 

Raj 2002 Late Quaternary geomorphic evolution of the 

lower Narmada valley, Western India: implications for 

neotectonic activity along Narmada-Son Fault; 

Geomorphology 46 177–202. 

Paper ID: ART20173290 465 



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2015): 78.96 | Impact Factor (2015): 6.391 

Volume 6 Issue 5, May 2017 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

[5] Chesner C A and Ettlinger A D (1989) Composition of 

volcanic allanite from the Toba Tuffs, Sumatra, 

Indonesia; Amer. Mineral. 74 750–758. 

[6] Chesner C A, Rose W I, Drake A D R and Westgate J 

A (1991) Eruptive history of Earth‟s largest 

Quaternary caldera (Toba, Indonesia) clarified; 

Geology 19 200–203. 

[7] Cox K G, Bell J D & Pankhurst (1979) The 

Interpretation of Igneous Rocks. Allen & Unwin, 

London. 

[8] Dharma Rao, C.V., Santosh, M., Kim, S.W., (2012). 

Cryogenian volcanic arc in the NW Indian Shield: 

zircon SHRIMP U-Pb geochronology of felsic tuffs 

and implications for Gondwana assembly. Gondwana 

Research. doi:10.1016/j.gr.2011.10.014. 

[9] Izett G A, Obradovich J D, Nasser C W and Cebula G 

T 1981 Potassium Argon and fission track ages of 

Cerro Tole do rhyolite tephra in the Jamezmountain 

New Mexico; In: Short contribution to isotope research 

in the western United States; U. S. Geol. Surv. Prof. 

Pap. II 99-D, 37–43. 

[10] Kale V S, Joshi V U and Hire A S 2004 

Palaeohydrological reconstructions based on analysis 

of a palaeochannel and Toba-Ash associated alluvial 

sediments in the Deccan Trap region, India; J. Geol. 

Soc. India 64 403–417. 

[11] lowerSagileru basin in Prakasam and Cuddapah 

districts, Andhra Pradesh. Rec. Geol. Surv. Ind. Vol. 

124, pt-5, pp. 45-47. 

[12] Ninkovich D, Shackleton N J, Abdel-Monem A A, 

Obradovich J D and Izett G K (1978) K-Ar age of the 

late Pleistocene eruption of Toba, north Sumatra; 

Nature 276, 574–577. 

[13] Pattan J N, Shane P and Banakar V K (1999) New 

occurrence of youngest Toba tuff in abyssal sediments 

of the central Indian basin; Marine Geol. 155 243–248. 

[14] Pattan J N, Shane P, Pearce N J G, Banakar V K and 

Parthiban G (2001) An occurrence of ∼74 ka Youngest 

Toba Tephra from the western continental margin of 

India; Curr. Sci. 80 1322–1326. 

[15] PeccerilloA& Taylor S R (1976) Geochemistry of 

Eocene calc-alkaline volcanic rocks from the 

Kastamonu area, Northern Turkey. Contrib Mineral 

Petrol 58: 63-81 doi: 10.1007/BF00384745 

[16] Rachna Raj (2008) “Occurrence of volcanic ash in the 

Quaternary alluvial deposits, lower Narmada basin, 

western India” J. Earth Syst. Sci. 117, No. 1, pp. 41–

48. 

[17] Rampino M R and Self S (1992) Volcanic winter and 

accelerated glaciation following the Toba super-

eruption; Nature 359 50–52. 

[18] Rampino M R and Self S (1993) Climate-volcanism 

feedback and the Toba eruption of 74,000 years ago; 

Quat. Res. 40 269–280. 

[19] Rose W I and Chesner C A (1987) Dispersal of ash in 

the great Toba eruption; Geology 15 913–917. 

[20] Rose W I and Chesner C A (1990) Worldwide 

dispersal of ash and gases from the earth‟s largest 

known eruption:Toba Sumatra, 75 ka.; 

Palaeogeography, Palaeoclimatology, Palaeoecology 

(Global and Planetary Change Section) 89 269–275. 

[21] Schulz H, Von Rad U and Erlenkeuser H (1998) 

Correlation between Arabian Sea and Greenland 

climate oscillation of the past 110,000 years; Science 

393 54–57. 

[22] Schulz H, Emeis K Ch, Erlenkeuser H, Von Rad U and 

Rolf Ch (2002) The Toba volcanic event and 

interstadial / stadial climates at the marine isotopic 

stage 5 to 4 transition in the Northern Indian Ocean; 

Quat. Res. 57 22–31. 

[23] Shane, P.A.R., John Westgate, Martin Williams and 

Ravi Korisettar (1995): New Geochemical Evidence 

for the Youngest Toba Tuff in India. Quat. Res. 44, pp. 

200-204. 

[24] Sigurdsson H (1990) Evidence of volcanic loading of 

the atmosphere and climate response; 

PalaeogeographyPalaeoclimatologyPalaeoecology89 

277–289. 

[25] Singa Raju, V., and SIVAJI, K (1991 a): Quaternary 

and geomorphological studies for diamond in  

[26] Song S R, Chen C H, Lee M Y, Yang T F, Iizuka Y 

and Wei K Y (2000) Newly discovered eastern 

dispersal of the younger Toba tuff; Marine Geology 

167 303–312. 

[27] Thorarinsson,S., (1954): the eruption of Heckla 1947-

48, part 2, Ch. 3, The tephra – fall from Hekla on 

March 29, 1947, Soc. Sci. Islandica, Reykjavik, pp 1- 

68 

[28] Westgate J, Shane P, Pearce N, Perkins W, Korisettar 

R, Chesner C, Williams M and Acharyya S K (1998) 

All Toba tephra occurrences across peninsular India 

belong to the 75,000 years B.P. eruption; Quat. Res. 50 

107–112. 

Paper ID: ART20173290 466 




