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Research Methods:

Summary & Ongoing Studies:

Modeled sedimentation rates, constrained by 14C chronology, are consistent 

with an age of ~75 ka at the depth of the ash layer

Geochemical data identifies the ash as a high silica rhyolite

Results taken together are consistent with the ~75 ka Toba eruption as 

the origin of the ash layer

Ongoing geochemical studies (rare earth element concentrations and lead 

isotope ratios) will further constrain the origin of the Site 19 ash layer

Ash Layers

Figure 1. Regional bathymetry and topography of 

the Indian continental margin regions. The four 

core sites are shown by red boxes and circled. In 

this study we focus on the shallow occurrence of 

volcanic ash recovered in the cores at Site 19, in 

the Mahanadi Basin (Collet, 2006). 

Introduction:

The study of marine sediments has 

allowed scientists to begin to understand the 

history of sedimentation in the world oceans. 

Critical to interpreting marine records is the 

establishment of time markers in the 

stratigraphy. During a 2006 expedition to the 

Indian Ocean, twenty-one sites in four areas 

of the seafloor were sampled in the 

continental margins offshore India (Fig 1).

A volcanic ash layer was recovered in a 

sediment core from the Bay of Bengal. Cores 

19A and 19B, where the ash layers are 

observed, are from the Mahanadi Basin site. 

This is a continental slope environment and 

the stratigraphy shows high a terrigenous flux 

from the continent and calcareous 

microfossils. Determining the origin of the 

volcanic ash and obtaining its age will 

provide valuable insights into the geologic, 

volcanic, climate, and sedimentary history of 

the region. 

Study Area:

Site 19

Figure 2. Photos of observed ash layers 

(A) Site 19A-2H1, (B) Site 19B-2H2. Note: 

disturbance due to coring has deformed 

the core in (A).
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Description of Ash Deposits:

 Pinkish-grey in color 

 Silt to very-fine-sand grain-size

 19A  ash layer is ~8 cm thick, 7.5 meters below 

seafloor

 19B ash layer is ~5 cm thick, 8.5 meters below 

seafloor

Surrounding Sediments:

Grey sediment in A is a nannofossil and plant debris 

bearing clay. 

Grey sediment in B is clay.

Magnetic susceptibility variability  terriginous flux

Favorable environment for microfossils

Sedimentation rate changes

Research Objectives:  

 determine the age of the volcanic ash

 measure major elements, rare earth elements and lead (Pb) isotopic ratios

 document volcanic glass shard morphology 

 characterize the ash and match findings to a volcanic source

Purpose:

Determine the age and source of 

the volcanic ash.

Selected  analyses will lead to the 

establishment of a time marker in the 

stratigraphy in the Bay of Bengal 

region 

Important for future studies that 

address the geologic record of 

oceanographic, tectonic, and 

climatological change
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Figure 3. Methods Flow Chart

Figure 4. Glass Morphology

1. Examination of Glass Shard Morphology:

3. Geochemical Characterization:

Electron microprobe analysis

 Determine the major element composition and  correlate to existing regional data

Results:

2. Radiometric Dating:

Volcanic ash can be dated by measuring the decay of radioactive isotopes in either in mineral grains or organic 

components. The Site 19A ash is very fine-grained and composed primarily of glass. 

39Ar/40Ar Method


39Ar is made in a reactor as a proxy for 39K, the parent isotope of 40K

Measure the abundance of 40Ar, the product of the decay of 40K, a radioactive potassium isotope


40Ar has a known half-life and the amount present will reveal the age of the ash deposit

Samples of hand-selected biotite and sanidine crystals were carefully selected for this analysis. Due to such small grain sizes and 

an underestimation of sufficient sample quantity by laboratory, the age error reported was too large for the measurement to be 

incorporated into this study.

Radiocarbon Method


14C has a half-life of 5,568 years

Measuring the abundance of inorganic 14C in microfossils near the ash layer will reveal the age of the 

overlying sediments and constrain the age of the ash

The bubble wall shard (Fig. 4. top right corner) is the dominant 

morphology in the ash layers. It is documented that the distinct shape 

and size of this morphology results in a very high drag coefficient , 

allowing the grains to travel  thousands of kilometers (Rose & Chesner, 

1987).

Figure 5. Radiocarbon ages of mixed planktonic foraminifera above the ash layer. 
1Sedimentation rate and age of ash are calculated from the depth of the ash within the core 

and distance from the oldest radiocarbon age. 

Figure 6. Titanium/calcium ratios at Site 19A

Figure 7. Youngest radiocarbon age 

calibrated to calendar  years using Calib 5.0. 

Figure 8. CaO/Al2O3 of glass shards at site 19 compared with 

results from Dehn, et al., 1991 and Westgate et al.,  1998.

Figure 9. FeO/CaO of glass shards at site 19 compared with 

results from Dehn, et al., 1991 and Westgate et al.,  1998.

Figure 10. Within the regional context, the 75 kya Toba 

eruptions is a good geochemical match to the Site 19 

ash layer. 

Figure 12. Map showing sites of cores containing 

Toba ash fallout. The red dot indicates the location   

of Site 19. (Adapted from Meng-Yang et al., 2004). 

Regional Context:

Verifying the origin of the ash observed in the northern Bay of Bengal sediment 

cores will enable us to make important temporal correlations between records 

of climate change, volcanic history, and regional geologic processes that occur 

in the region. 

Figure 11. USGS map of major volcanic eruptions 

that have occurred in Indonesia since the 1900’s. 

2σ: 19,203 –19,592 BP

*

Figure 4. Suite of common glass 

shard morphologies.

Site 19 ash


