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Online Supplement for “Clay Mineral Variations in Holocene Terrestrial 

Sediments from the Indus Basin” 
 

Age chronology by AMS radiocarbon and Optically Stimulated Luminescence (OSL) dating

The primary material (Mollusc shells and wood and plant remains) collected for AMS 

radiocarbon dating were analyzed at the National Ocean Sciences Accelerator Mass Spectrometry 

facility (NOSAMS) as the Woods Hole Oceanographic Institute, USA. The methodology for AMS 

radiocarbon dating is presented on the NOSAMS site http://nosams.whoi.edu and discussed in 

McNichol et al. (1995) 

Fluvial and flood plain sand and silt size fraction (90–125 µm) used for OSL dating was 

prepared under subdued red light conditions at Aberystwyth Luminescence Research Laboratory. 

The samples were treated with hydrochloric acid and hydrogen peroxide to remove carbonates 

and organic matter, and afterwards separated with heavy-density liquid (2.62< ρ <2.70 g.cm3) to 

obtained the desired fraction of quartz grains. The obtained quartz grains were etched with 

hydrofluoric acid to remove the alpha-irradiated outer surface and non-quartz minerals, and after 

all these processes were ready for OSL analysis.  

Sample locations are pointed out on the map of the study area (Fig. 1) in the manuscript 

and the radiocarbon and OSL ages are graphically shown on the sedimentary logs (Fig. S1).  All 

radiocarbon dates have been converted to calendar ages (2 sigma) using Calib 5.0.1 software 

(Stuiver et al., 1998) for the shells samples and for wood and  plant remains terrestrial IntCal04 

calibration of Reimer et al. (2004) were used. For OSL age calibration the Rodnight et al. (2006) 

method was adopted to choose the appropriate age model.

  

 
X-ray diffraction method for clay mineral quantification  

X-ray diffraction (XRD) is a reliable and commonly used method for the determination 

and quantification of clay mineral assemblages. In this study the semi-quantitative method of 

Moore and Reynolds (1989) is used to estimate the clay assemblage, which is based on peak-

intensity factors determined from calculated XRD patterns. Hillier (2003) described the method 
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used in the present study in detail, including its validation and an assessment of analytical 

uncertainty based on its application to prepared mixtures of pure clay minerals. For clay minerals 

present in amounts >10 wt %, uncertainty is estimated as better than ±5 wt % at the 95% 

confidence level. Uncertainty of peak area measurement based on repeated measurements is 

typically <5%, with the smallest peaks having the highest uncertainties. In addition to calculating 

the relative percentages of clay minerals in the samples, we also determine various ratios based 

on measurements of peak areas in the XRD patterns. These ratios are used to reconstruct changes 

in relative abundance and are directly proportional to ratios calculated from the exact values for 

individual mineral percentages. Data are presented as both relative percentages and as ratios to 

best illustrate factors that control trends.  
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FIGURE CAPTIONS 

 

Figure S1. Lithological columns for the four core and two trench (in box) sites. Black arrows 

show available age control presented in this paper. Ages derived from OSL are labelled as such. 

Ages at Keti Bandar are from Clift et al. (2008), while those at Tilwalla are from Clift et al. (in 

press). The ages from Marot, Nara and Fort Abbas are from Alizai et al. (2011). 

 

Figure S2. Schematic illustration of sedimentation rate at the Keti Bandar drill site. The age 

control is obtained from radiocarbon ages (Clift et al., 2008). The average sedimentation rate 

(cm/yr) is calculated for 13,000 yr. Solid vertical lines are radiocarbon ages and broken lines are 

1 error bars.  

 

Figure S3. Glycolated XRD pattern from contrasting clay mineral assemblages in Tilwalla Core. 

(A) is from a fine-grained sediment that is relatively poor in smectite (Sm), with evidence of 

mixed-layering with illite (I/S). Discrete illite (I) is more abundant and of lower crystallinity 

(wider peaks) and kaolinite (K) is relatively more abundant than chlorite (Ch). In contrast (B) the 

smectite-rich sample from a sand lense shows no evidence for mixed-layering, i.e. it is end-

member smectite, illite is less abundant and more crystalline (sharper peaks) and chlorite is 

relatively more abundant than kaolinite. The differences shown by these samples are consistent 

across the Indus flood plain. The patterns are offset vertically for clarity. 

 

Figure S4. Down-core variation in clay minerals at Fort Abbas showing variations in the relative 

abundance of kaolinite, smectite, illite and chlorite percentages along with chlorite/illite ratio and 

the crystallinity index for illite. (B) Variations in climate sensitive proxy ratios: s 

smectite/(illite+chlorite), kaolinite/(illite+chlorite), kaolinite/illite, kaolinite/smectite, 

kaolinite/chlorite and smectite/illite. 

 

Figure S5. Down-core variation in clay minerals at Fort Derawar showing (A) Variations in the 

relative abundance of kaolinite, smectite, illite and chlorite percentages, along with chlorite/illite 

ratio and the crystallinity index for illite. (B) Variations in supposedly climate sensitive proxy 
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ratios: smectite/(illite+chlorite); kaolinite/(illite+chlorite); kaolinite/illite; kaolinite/smectite and 

smectite/illite. 

 

Table S1. Clay mineral weight percentages from the Punjab and Nara regions analyzed in this 

study. 

 

Table S2. Clay mineral weight percentages from Keti Bandar located at the Arabian Sea coast, 

close to the Indus River mouth. 
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