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Abstract 
 

Geochemical studies of shale samples from Barail Group occurring in and 
around Mandardisa, North Cachar hills, Assam have been carried out The 
major, minor and trace elements present in the shale samples show significant 
results in determining provenance and source rock composition, tectonic 
setting, palaeoweathering, chemical maturity and palaeoclimate. The different 
bivariate plots suggest their derivation from felsic source rock of granitic 
dominated upper continental crust. In the CaO-K2O-Na2O ternary plot of the 
shale samples fall in active continental margin. The CIA values indicate 
moderate to high degree of chemical weathering. The shales of the studied 
area show increasing chemical maturity under humid climatic condition. 
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Introduction 
Shales are considered to represent the average crustal composition and the provenance 
in a much better way than sandstones (McCulloch and Wasserburg, 1978), because of 
the homogeneous nature and post-depositional low permeability. Geochemistries of 
shales are best suited for provenance studies. Major and trace element geochemistry 
of shales has been proved useful in provenance and palaeoenvironment studies of 
many sedimentary basins (eg., Cullers, 2000; Bhat and Ghosh, 2001; Lee, 2002; 
Hofmann et. al., 2003). Immobile elements such as Al, Ti and Zr are particularly 
helpful for estimating the nature of source rock (Taylor and McLennan, 1985). 
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Tectonic setting of sedimentary basins is based on relative variation of major elements 
within shales (Roser and Korsch, 1986; Zhang et. al., 1998; and many others). Major 
element analysis is equally applicable in understanding paleoweathering and 
paleotectonic setting (Taylor and McLennan, 1985; Hayashi et. al., 1997; Nesbitt, 
2003). Hence many studies have used the major, minor and trace elements 
geochemistry as a tool to characterize source rock weathering, provenance and 
tectonic setting from the terrigenous sediments of India (Das, et. al., 2006; Dey et. al., 
2009; Nagarajan et. al., 2007; Ranjan and Banerjee, 2009) 
 The relative distribution of the immobile elements that differ in concentration in 
felsic and basic rocks, has been used to infer the relative contribution of felsic and 
basic sources in shales from different tectonic environments (Wronkijewicz and 
Condie, 1989). It has been observed that the ration of Ti and Al can effectively be 
used as an index of provenance, since they behave as immobile phases because of 
their low solubility and similar behaviour during weathering (McLennan et. al., 1979). 
 
 
Geology of the Area 
The Tertiary sedimentary rocks are well exposed in and around Mandardisa of North 
Cachar Hills, Assam. The area is covered by the survey of India toposheet no. 83G/2 
and lies between the longitude 93°05/- 93°10/E and latitude 25°40/- 25°45/N. (Fig.1) 

 
 

 
 

Figure 1: location map of the study area. 
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 The sedimentary rocks exposed in the area dominantly composed of sandstones 
with siltstone and shale which represent the Barail Group of rocks. As the area is 
geologically virgin, no detail lithology of the rocks is found elsewhere. However, 
after field observations, the following stratigraphic succession has been made along 
with salient lithological characters. 
 
Stratigraphic succession of the study area (Table - 1) 

 

 
 

 
Geochemical Analysis 
Geochemical analysis of shales from Barail Group mainly includes major and minor 
element oxides and trace elements. 
 
Analytical Note 
16 representative shale samples were analysed for major, minor and trace elements. 
The shale samples were analysed in the department of Instrumentation and USIC by 
XRFS method. The major, minor elements (oxides) and trace elements have been 
studied for chemical analysis. 
 
Major and minor elements oxides 
The percentage of major and minor element oxides of shale samples of studied area 
includes SiO2, Al2O3, Fe2O3, Na2O, K2O, Cao, MgO, TiO2, MnO and P2O5. These 
are shown in Table 1. These oxides are used for determination of source rock 
composition, tectonic setting, palaeoweathering environment, chemical maturity and 
palaeoclimate. 
 
Trace elements 
The trace element concentrations in sediments result from the influence of 
provenance, weathering, diagenesis etc. Trace elements are important for various 
applications. Certain trace elements because of their relatively low mobility have been 
used to distinguish depositional environment, source rock composition and tectonic 
setting. The different trace elements present in shale samples are shown in Table 2. 
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Immobile trace elements of Cr, Ni, V and Sc concentration suggest the felsic source 
rock. The presence of V and Cr indicates an oxic depositional condition (Jones and 
Manning, 1994). The sufficient amount of Co, Cr, Ni and Zn in the shales suggests 
that these elements were derived from ferromagnesian minerals of metamorphic rocks 
(Raghuwanshi, 2007). 
 The overall trace elements present in the shale samples of studied area indicate 
unstable tectonic setting. 

 
Table 2: XRFS Chemical analysis data of major and minor element oxides. (All 
values in wt%) 

 

 
 
 

Provenance and Source Rock Composition 
This type of bivariate plots between Al2O3/TiO2 and Al2O3 is used widely 
provenance indicator for many sedimentary terrains (McLennan et. al., 1979; 
Schieber, 1992). Most of the plots suggest granite (felsic) source rock for the shales. 
(Fig 2). 

 

 
 

Figure 2: Al2O3/TiO2 vs Al2O3 plot (After Schieber, 1992) 
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 The bivariate plots between Al2O3 and TiO2 for the shales indicates the source 
into two categories based on relative contribution of granitic and basaltic provenance. 
 Moreover, Zr is one of the most immobile phases amongst the trace elements and 
it is considered as useful tracer for source rock composition (Hayashi et. al, 1997). 
Since both Zr and Ti behave as immobile phases in the weathering profile, 
transportation and deposition. Hence, ratio of the two elements can be used for a 
valuable indicator of the source rock. (Hayashi et. al, 1997) Therefore, abundance of 
these two elements faithfully reflect the composition of the source rocks. Zirconium 
content of the Barail shale samples from 146 to 267 ppm, which is similar to the 
average value for granite. 
 The bivariate plot of Al2O3 vs TiO2 (After McLennan et. al, 1979) indicates the 
acidic and basic igneous source rocks (Fig.3) and the TiO2 versus Zr plot (Fig.4) 
represents predominantly felsic source rock for Barail shales. 

 

 
 

Figure 3: Al2O3 vs TiO2 bivariate plot (After McLennan et. al, 1979) 
 
 

 
 

Figure 4: TiO2 vs Zr plot for the Barail shales. (After Hayashi et. al., 1997) 
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Tectonic Setting 
The K2O vs Na2 (Crook, 1974), K2O/Na2O vs SiO2 plot (Roser and Korch, 1986) 
and CaO-K2O-Na2O ternary plot (Bhatia, 1983) may be used to determine the 
tectonic setting of shales. 
 The K2O/Na2O ratio varies distinctly for different tectonic environments with 
respect to the SiO2 content. Roser and Korch (1986) demonstrated three different 
tectonic setting of sedimentary basins i.e., passive margin or intracratonic, active 
continental margin and oceanic island arc margin, based on a bivariate plot between 
SiO2 and K2O/Na2O. The method has been applied to shale samples for the 
depositional basin of the area.. The study suggests tectonically active setting for the 
basin. (Active continental margin) (Fig.5) 

 

 
 

Figure 5: Tectonic discrimination diagram (Roser and Korsch, 1986) 
 
 

 The K2O vs Na2O plots of Barail shales fall in quartz rich field of Crook (1974) 
(Fig.6). McLennan et. al (1993) also observed same result from this type of study and 
suggested the derivation fo shales from a granite dominated upper continental crust. 
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Figure 6: K2O - Na2O diagram (After Crook, 1974) 
 
 

Palaeoweathering Environment 
The rate of chemical weathering of source rocks and the erosion rate of weathering 
profiles are controlled by climate as well as source rock composition and tectonics. 
An useful way to interpret the Palaeoweathering of the rock is chemical index of 
alteration (CIA) = (Al2O3/ Al2O3+CaO+Na2O+K2O)x100 (Nesbitt and Young, 
1982). 
 CIA values range from almost 50 in case of fresh rocks to 100 for weathered 
rocks. CIA values thus increase with increasing weathering intensity. CIA values for 
shales vary between 65 and 75 (Taylor and McLennan, 1985; Young and Nesbitt, 
1988). The range of values suggests moderate to high degree of chemical weathering 
in the source area. The present CIA values of shale samples are shown in Table-3. 

 
 

Table 3: Trace element (All values in ppm) 
 

 



32  Sujata Sen et al 
 

 

Table 4: Showing CIA values of shale-samples 
 

 
 
 

 Weathering can be evaluated by plotting the CIA values in A-CN-K where A 
stands for Al2O2, CN stands for CaO+Na2O and K stands for K2O. The solid line 
represents the predicted weathering path for the samples of granitic composition. 
(Fig.7) Moderate to high weathering of the source rock is shown by the CIA values. 
The weathering conditions is thus a reflection of tectonic instability of the basin and 
relatively humid climatic condition. A-CN-K plot interpretation is also supported by 
TiO2/Al2O3 ratio that indicates granitic (Felsic composition) of the source rock. 

 
 

 
 

Figure 7: A-CN-K plot (After Nesbitt, 2003) 
 
 

 The diagnotic plot of Na vs Mg concentration of shale fall in the field of a marine 
to shallow marine depositional environment (Nicholson, 1992). (Fig.8) 
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Figure 8: Mg vs Na diagnostic plot (After Nicholson, 1992) 
 
 

 The Al-Si discrimination diagram of the shale (Choi and Hariya, 1992) decipher 
the hydrogenous origin. (Fig.9) 

 

 
 

Figure 9: Al-Si discrimination diagram (After Choi and Hariya, 1992) 
 

 
Chemical Maturity and Palaeoclimate 
Chemical Maturity Index (CMI) of clastic sediments can be expressed as SiO2% and 
SiO2/Al2O3 ratio defining chemical maturity (Pettijhon et. al., 1972). 
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 The shales show comparatively higher SiO2/Al2O3 ratio. The plot of SiO2 against 
Al2O3+K2O+Na2O against SiO2 in the Suttner and Dutta (1986) binary diagram 
(Fig.10) suggest increasing chemical maturity. 

 

 
 

Figure 10: Scatter Plot of Al2O3 + K2O + Na2O vs SiO2 (After Suttner and Dutta, 
1986) 

 
 Major elemental data provides useful information regarding the climatic 
conditions which prevailed during the deposition of sedimentary rocks (Suttner and 
Dutta, 1986). The bivariate plots of Al2O3+K2O+Na2O against SiO2 differentiate the 
climate conditions under which the sediments were deposited (Fig.10). 
 The plots of Al2O3+K2O+Na2O against SiO2 in the Suttner and Dutta (1986) 
binary diagram suggest mostly humid climatic condition. 
 
 
Conclusions 
The major, minor and trace-elements of the shale samples of the Barail Group show 
significant results in determining provenance and source rock composition, tectonic 
setting, palaeoweathering environment, chemical maturity and palaeoclimate. 

1. The bivariate plots of Al2O3/TiO2 and Al2O3 suggest granite (felsic) source 
rock for the shales. The bivariate plots between Al2O3 and TiO3 for the shales 
indicate the source into two categories based on relative contribution of 
granitic and basaltic provenance. The TiO2 vs Zr plot represents felsic source 
rock for the shales. 

2. For tectonic setting of shales, K2O vs Na2O plots of Barail shales fall in 
quartz rich field of Crook. K2O/Na2O ratio of these shales suggest their 
derivation from a granitic dominated upper continental crust. 

3. CIA values for shales vary from 65 to 75. The values suggest moderate to high 
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degree of chemical weathering in the source area. A-CN-K plot suggests 
granitic composition of the source rock. 

4. The diagnostic plot of Na vs Mg concentration of shales falls in the field of 
marine to shallow marine depositional environment and Al-Si discrimination 
diagram deciphers the hydrogenous origin of the shale. 

5. The shales show increasing chemical maturity under humid climatic condition. 
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