
Proc. Indian Acad. Sci. (Earth Planet. Sci.), Vol. 94, No. 2, July 1985, pp. 99-110. 
© Printed in India. 

Preliminary studies on the geochemistry of the Cauvery river basin 
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Abstract. Samples of water and sediments were collected over a three year period from the 
entire region of Cauvery river basin excluding the estuary. On the basis of our observations, we 
have calculated the average composition of the Cauvery river at several locations from the 
catchment to the river mouth, the downstream profile of sediment load, annual erosion rates, 
solute and sediment fluxes and have predicted on long term changes. The sediment chemistry 
was determined by x-ray fluorescence (xar) technique, and calculated mean compositions of 
the Cauvery and its tributary bed and the suspended sediment were compared to those of 
world average river sediments. Downstream profiles of some of the elements appear to be 
controlled by size and mineralogical characteristics besides local factors specific to the location 
of the samples. Interelemental relationships indicated good correlation among the transition 
elements indicating their co-genetic behaviour within the drainage basin. 

Keywords. Geochemistry; Cauvery river basin; sediment load; annual erosion rates; x-ray 
fluorescence; co-genetic behaviour. 

1. Introduction 

Geochemical cycling of elements is receiving wide attention due to the need for 
understanding the pathways of pollutants through our present environment. River 
processes form a major link in the geochemical cycle. Several zttempts have recently 
been made to understand river transport of materials. The most important of these are 
by Gibbs (1977), Martin and Meybeck (1979) and by Milliman and Meade (1983). 
Global estimates on fluxes given by Garrells et al (1975), Martin and Meybeck (1979) 
and Nriagu (1979) are largely based on studies of a few low-sediment rivers such as the 
Amazon and Yukon and some large North American rivers. Asian rivers contribute 
more than 70 % of the global sediment input to world oceans (Milliman and Meade 
1983); thus any understanding of the geochemical behaviour of  elements in our 
environment would require the study of large Asian rivers. With this objective in mind, 
the authors have been studying the large rivers of the Indian sub-continent. The present 
report is based on preliminary studies on the geochemistry of the entire Cauvery river 
basin. 

2. The Cauvery river basin 

The cauvery river is the eighth largest river (in terms of discharge) in the Indian 
subcontinent. It has a drainage area of about 90,000 km 2 covering a distance of 800 kin, 
from Coorg in the Western Ghats to the river mouth at the Bay of Bengal. Hemavati, 
Kabini, Bbavani and Amaravati are the major tributaries. Some of the important 
hydrological data for the Cauvery river basin are summarised in table 1. 
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Table 1. Some hydrological characteristics of the Cauvery river basin 

Drainage 
Annual run off a area a Mean discharge b .rvs c TSM c 

River site (million m3/yr) (km z) (m3/sec) (ppm) ppm 

Hemavathi 2520 5200 80 95-221 1-30 
Krishnaraja sagar 6200 - -  197 110-167 7-45 
Kabini 2600 6700 83 105-246 5-8 
Mettur dam 14380 - -  457 83-238 1-5 
Bhavani 3090 7144 98 115-337 10-50 
Amaravati 1080 5200 34 128-617 20-35 
Upper Anicut 18970 - -  602 138-321 15-50 
Lower Anicut 20950 87900 665 125-274 1-30 

*Annual run-off and drainage area (from Rao 1975); bealculated from annual run-off: erange of values; 
TDS--total dissolved solids. 

While the upper reaches of the river basin drain predominently the Precambrian 
shield rocks, the downstream regions lie on the Tertiary sedimentary rocks and Plio- 
Pleistocene sediments. The upper reaches cover an elevated (topographic high) plateau 
and the river drops its height sharply by more than 200 metres into the plains after the 
Sivasamudram falls. Boreholes near the river mouth indicates cretaceous and probably 
upper Gondwana sediments, below 3000 m (Wadia 1975). 

The Cauvery is one of the most intensively utilised river basins in India. Since most of 
the water is withdrawn for irrigation at several stations along its course, several 
distributaries form a net work of broad (about 100 kin) and shallow delta at the river 
mouth. 

3. Methodology 

Samples of river water, suspended and bed sediments were collected at 16 locations 
along the river as well as the tributaries. The locations were chosen so to represent all 
the regions of the river basin, major urban areas, dams etc. Between 1979 and 1982, 
samples were collected 4 times (October 15-31, 1979; December 1-25, 1980; May 
17-June 5, 1981; August 2-31, 1982) to broadly cover seasonal variations (summer, 
monsoon, post-monsoon and winter). Figure 1 shows the flow pattern and sample 
locations in the river basin. While measurement of suspended sediments and water 
chemical analysis were carried out on all samples in each batch collected, suspended 
sediment mineralogy, bed sediment size studies and chemistry of bed and suspended 
sediments were carried out on limited samples only. 

Standard analytical procedures (atomic absorption spec~rophotometer-cations; 
calorimetry-anions and silica; pH-ion analyser for pH, CI- and F-  ) were adopted for 
water chemistry and sediment filtration. Suspended sediments were filtered with a 
Millipore filter ((~45 micron). Grain size analysis of bed sediments was done by the 
sieving technique and the chemistry of bed and suspended sediments was done by x-ray 
fluorescence technique (details reported in Van Grieken et a11980). For cation analysis, 
the analytical precision was better than 5 %; for anions including fluoride, it was 9 %. 
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Figure I. Drainage basin map of Cauvery river basin with sampling locations. 

F o r  sediment  analysis  by  xRv, L~EA s tandard  soil-5 was also run,  table  2 gives observed 
and r ecommended  values for  the s tandard .  

Discharge  da t a  for  the Cauvery  river a t  impor t an t  locat ions  were ob ta ined  f rom 
unpubl ished  repor t s  o f  the I r r iga t ion  and  W a t e r  Resources  sect ions o f  the K a r n a t a k a  
and Tamil  N a d u  Governments .  

4. Results and discussion 

4.1 Chemical and suspended load 

A m o n g  the 16 sampl ing  locat ions,  eight  a re  on either side o f  the junc t ions  o f  the 
t r ibutar ies  with the Cauvery.  The  average chemical  compos i t ion  o f  var ious  t r ibutar ies  
and  o f  the Cauvery  river a t  impor t an t  loca t ions  in the Cauvery  and  her t r ibutar ies  a re  
summar ized  in table  3. The  average values were calculated f rom the da t a  ob ta ined  in 

Table 2. Analysis (#gg- 1) of IAEA soil 5 standard by XRF 

Standard deviation Standard deviation 
Element Average value* per on Recommended value 

Mg 16,000 1,800 780 15,000 
AI 73,100 1,800 800 81,900 ::1:2,800 
Si 247,000 5,000 2,000 330,000 
K 15,400 300 140 18,600 + 1,500 
Ca 22,100 900 410 22,000 
V 195 15 7 151 
Cr 28 6 2 28 -t- 3 
Mn 908 47 21 852 + 37 
Fe 43,600 2,200 980 44,500 + 1,900 
Co 30 - -  - -  15 + 1 
Ni 10 1 0 13 
Cu 88 5 2 77 + 5 
Zn 379 19 9 368 + 8 

*Average of six measurements. 
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four seasons. The upstream regions of the Cauvery as well as its tributaries in this 
region have "ms (total dissolved solids) values less than-the corresponding downstream 
values. The two distinct regions of the basins have geological as well as geographical 
differences. Marginal increase of TDS downstream may be due to two reasons: (a) highly 
weatherable tertiary sediments; (b) very dense population and hence increasing impact 
of use of water on water quality. The bulk of the TDS values is made up of alkalinity and 
some of the tributaries, such as Amaravati, carry a large SO2 2 load as well. Most of the 
SO2 2 is likely to be of secondary source, as was reported for the Ganges river water by 
Handa (1972). 

Figure 2 shows an example of the downstream profile in the Cauvery river basin. 
Conductivity is used here to illustrate changes in the dissolved constituents. Similar 
downstream changes in the profile of suspended sediments are also shown. Unlike 
major Indian rivers such as Ganges (Subramanian 1979), there are several dams and 
reservoirs along the course of the Cauvery. The suspended sediments settle in these 
regions; as a result, TSM (total suspended matter) profile is generally negative 
downstream. There is an abrupt change in the basin bed topography from high plateau 
to flat plain at Sivasamudram falls and the resultant force of  water causes resuspension 
of bed sediments. The TSM profile shows a small increase in this region. In addition, the 
suspended waste materials brought by tributary Amaravati adds upto the TSM load after 
the tributary junction. 

The mean composition of the tributaries reflect the sub-basin geology, and in the 
Amaravati region the varying levels of local human influences on water quality. Though 
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Figure 2. D o w n s t r e a m  profi le fo r  conduc t iv i ty  and  tota l  s u s p e n d e d  ma t t e r  (TSM) in the  
Cauve ry  r iver  basin.  
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no corrections have been made for atmospheric recycling, the chemical load and 
composition of the Cauvery at its mouth is close to that of Indian average 
(Subramanian 1979) which is slightly higher than the world average of Livingstone 
(1963). 

4.2 Erosion rates 

Based on mean ~ s ,  TSM values from this work (table 1) and the annual run offat several 
locations (Rao 1975), fluxes, erosion rates and other denudation parameters have been 
calculated. These data are presented in table 4. For comparison, the average values for 
the Indian subcontinent from Subramanian (1978), and the average for the continents 
are shown. The only significant contribution of the Cauvery basin to the subcontinent 
wide process is in terms of total chemical load and the chemical erosion rates (CER) 
(1"6% the chemical load and 25% the CER of the Indian average). Total fluxes and 
erosion rates for the Indian subcontinent are of course very high, relative to the global 
averages, due to the extreme levels of sediment loads in the Ganges-Brahmaputra 
system (Milliman and Meade 1983; Subramanian 1979). 

Within the Cauvery basin, various fluxes and rates indicate no uniformity, primarily 
due to different sub-basin geology, elevation and various degrees of human impact on 
water chemistry. Since the chemical fluxes and rates are based on observed l~s values, 
corrections for atmospheric recycling and substraction of  urban and agricultural drain- 
offcontribution will yield the component of TDS truly derived by chemical weathering. 
At present sufficient data are not available to effect these corrections. Hence table 4 
values perhaps show the upper limit. In similar studies on Chinese rivers, Hui Ming Hui 
et al (1982) also observed high TDS values without correction for precipitation chemistry 
and pollution components. On the other hand, StaUard and Edmond (1982) improved 
on Gibbs (1977) data for the Amazon after exfensive monitoring of precipitation 
chemistry over the Amazon basin. Thus, our fluxes and rates though averaged over a 
3 year period may not tfuely reflect natural geochemical processes in the Cauvery river 
basin. 

4.3 Bed sediment 

Size analysis of bed sediments indicate that fractions greater than 1000/an are the 
important size population, in the river basin. Dominance of quartz is consistent with 
the coarseness of the bed sediments. Sand fraction is generally dominent except near the 
river mouth where silt becomes significant. Clays fractions which dominate the 
particulates (Subramanian 1980) were generally absent in the bed sediments. Within the 
sand fraction, distribution of individual size population varies longitudinally but not 
systematically. Figure 3 shows the general trend in the downstream profile of mean size 
(graphic mean) and organic matter content. The maxima and minima in the plot 
generally correspond to either a reservoir region or tributary. The upstream region 
(above Sivasamudram falls) has sediments (dominant population above 1000#m) 
which are coarser relative to the downstream region (river mouth area). Godavari and 
Krishna sediment have size population in the silt-clay range (Naidu 1966; Subramanian 
1982). On the other hand, upper regions of Ganges and some of her tributaries have 
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F i g u r e  3. Downstream profile in mean grain size (graphic mean expressed in Phi units) 
(4~ = - l og2  D ~  where D ~  is diameter in ram) and organic matter content in the bed 
sediments. 

generally coarse (sand) bed sediments (Singh 1974). Physical weathering is not very 
efficient in the Cauvery river basin (chemical/physical Catio is about 40, see table 3). In 
addition, several dams in the river arrest the process of abrasion so that the sediment 
grains remain in similar size classes released during the initial weathering process. 

4.4 Sediment chemistry 

Table 5 summarises the chemical composition of bed sediments from the Cauvery 
basin. There are no earlier published reports on the chemistry of Cauvery river 
sediments. However, for other river basins in India, partial sediment chemistry have 
been reported; Borole et al (1982) for Narmada and Tapti, Sarin et al (1979) for river 
mouth sediments of Krishna, Godavari and Ganga, Handa (1972) for Ganga at 
Allahabad; and Subramanian et al (1985) for the sub-continent as a whole. The Cauvery 
bed sediments have 50 ~ more Si than the world average sediments (Si = 28-5 %, 
Cauvery mean Si = 41.9 %) of  Martin and Meybeck (1979) because of the dominance of  
quartz in the bed load. As a result, other elements are depleted in the Cauvery bed 
sediments relative to the world average. Individual tributaries show wide variation in 
their chemistry. All of them differ from the main Cauvery itself. The tributaries drain a 
wide variety of geological terrain; for example, the Bhavani drains unconsolidated 
sediments and the hill slopes of the intensively cultivated Nilgiris and shows higher 
levels of hydrogenous elements such as Fe, Mn and Ni relative to the Cauvery river. 

The chemistry of suspended sediments differ from that of the bed sediments in the 
Cauvery basin. Table 6 summarises the data on suspended sediments. The suspensions 
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Table 5. Chemical composition of bed sediments in the Cauvery river basin 

107 

H K B A C 
Element N 6 6 6 6 31 

Mg 9600 8100 13000 10000 8100 
AI 52100 35400 53000 61600 37600 
Si 353000 344000 319000 336000 410000 
K 18300 5350 7700 17400 8610 
Ca 8740 7920 14600 15300 6290 
Ti 1080 6880 4500 2010 2750 
V 35 95 145 75 74 
Cr 98 180 130 49 54 
Mn 204 360 535 184 212 
Fe 7090 17800 32600 11800 12600 
Co 10 19 22 16 15 
Ni 28 31 35 12 12 
Cu 4 9 12 3 3 
Zn 9 17 44 14 13 
Rb 74 22 28 50 29 
Sr 239 245 317 624 231 
Pb 20 6 12 19 7 

All values in pg/gm; N = number of smnples; H = Hemavati; K--Kabini; B = Bhavani; A 
-- Amaravati; C = Cauvery basin as a whole 

Table 6. Heavy metals concentration in the suspended sediments of the Cauvery river basin 

H K B A C a 
Element N 6 6 6 6 31 

Ti 51400 9300 6000 5100 3200 
V 3400 800 400 300 300 
Cr 5600 670 210 200 150 
Mn 46000 24500 4600 1900 1300 
Fe 91100 21000 10200 86000 62000 
Co 1100 280 200 1 50 100 
Ni 3500 500 230 150 150 
Cu 400 420 I00 100 60 
Zn 4500 4200 2900 450 500 
Pb 450 400 200 80 40 

aAbbreviations as in table 5; All values in/zg/gm 

are  enriched in Fe,  M n  and  o ther  t rans i t ion  elements  relative to  the  bed  sediments.  F e  
content  o f  Cauvery  par t iculates  ( 6 . 2 ~  average o f  31 s a m p l e s ) c o m p a r e  with the  F e  
levels r epor ted  for  Kr i shna  (Fe -- 6.9 ~ )  and  G o d a v a r i  (Fe --  7.23 ~o) sediments  by  
Sarin et al (1982). Similarly,  results  for  o the r  t rans i t ion  elements,  such 'as  Cr,  Mn,  Co,  
Ni,  C u  and  M n  for  Cauvery  par t icula tes  agree  wi th  those o f  G o d a v a r i  and  Kr ishna .  The  
mean value for  heavy meta ls  in the Cauvery  par t icula tes  exceed those  o f  wor ld  average 
o f  Mar t in  and  Meybeck  (1979). Several au tho r s  (Borole et a11982; G i b b s  1977; Mar t i n  
et al 1971; Tu rek i an  and  Scot t  1967) have observed  vary ing  levels o f  enr ichments  o f  
heavy meta ls  in r iver  par t iculates  s imilar  to  the Cauvery  r iver  system. Indiv idual  
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tributaries of the Cauvery have their own distinct particulate chemistry. For example, 
tributary Hemavati has its catchment covering parts of the Kudremukh iron-formation 
and the iron contents of particulates is very high (9" 11% mean of six samples); on the 
other hand, Amaravati drains an area of dense population, intensive cultivation and a 
large number of electroplating and leather industries. Hence in this case the high Fe- 
levels (8"6%, mean of six samples) do not reflect the true natural geochemical 
background. 

Figures 4a and b show the longitudinal profile of Fe as well as the Fe/AI ratio in the 
bed and suspended sediments. In both cases, Fe levels (figure 4a) in the upstream region 
(before Sivasamudram falls) differ from those in the downstream region. On the other 
hand, variation in the Fe/AI ratio downstream (figure 4b) was found to be erratic for 
particulates and systematic for bed sediments. Because of contribution from the 
upstream tributory Hemavati, both the Fe content and the Fe/AI ratio in the particulate 
are initially high. Due to deposition (as a result of reservoir/dam regions) of suspended 
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Figure 4. D o w n s t r e a m  profile in the Fe con ten t  (A) o f  suspended  sediments  and  bed 
sediments ,  and  (B) the  respective Fe/AI ratios. Fe  values are in ppm. 
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sediments, Fe as well as Fe/A1 ratio in bed sediments increase downstream. Forstner 
and Whittman (1981) have compiled several case studies where leeds of  Fe and other 
transition element varied longitudinally in diverse aquatic environments. 

Interelemental correlation was attempted for some of the transition dements. 
Table 7 shows the correlation matrix for bed sediments. All the elements Showed 
good correlation with each other. In similar analysis of data for the particulates, 
the correlation was found to be 0.90 or above for all the element pairs. 

5. Summary 

The water chemistry of  Cauvery river is similar to that of average river water from the 
Indian subcontinent. Individual sub-basins as well as regions of urban population show 
variations compared to the main river. Chemical weathering in the Cauvery basin is 
very significant and compared to other river basins, solute erosion rates are high. The 
bed sediments are dominated by sand size fractions and quartz. 

The chemistry of bed sediments differ from the world average river sediments due to 
the dominance of high silica minerals (quartz) in the bed load. On the other hand, the 
very fine particulates show enrichment of heavy metals relative to the world average. 
Transition elements correlate very well with each other in suspended as well as bed 
sediments. 

References 

Borole D V, Satin M M and Somayajulu B L K 1982 Indian J. Mar. Sci. 11 51 
Forstner U and Whittman G T W 1981 Metal pollution in the aquatic environment (Berlin: Springer-Verlag) 
Garrells R M, Mackenzie F T and Hunt C 1975 Chemical cycles and the global environment (California: 

William Kaufmann) 
Gibbs R J 1977 Bull. Geol. Soc. Am. 88 829 
Handa B K 1972 Indian Geohydrol. g 71 
Hal Ming Hui, Stailard R F and Edmond J 1982 Nature (London) 298 550 
Livingstone D 1963 Chemical composition of river water, V.S.G.S. paper D440 
Martin J M and Meybeck M 1979 Mar. Chem. 7 1 
Martin J M, Kulbick K and Degroot G 1973 Hydrochemistry (New York: Clarke & Co.,) eel  2, pp. 463~83 
Milliman J D and Meade R 1983 J. Geol. 9 21 
Naidu A S 1966 in Deltas in their geological framework (ed.) M L Shirley (Houston: Geological society) 

pp. 125-137 
Nriagu J O 1979 Nature (London) 279 409 
Rao K L 1975 India's water wealth (Delhi: Oxford University Press) 
Sarin M M, Borole D V and Krishnaswamy S 1979 Prec. Indian Acad. Sci. (Earth Planet. Sci.) A88 131 
Singh I B 1974 Sediment. Geol. 12 53 
StaUard R F and Edmond J 1982 J. Geophys. Res. 86 9844 
Subramanian V 1978 Prec. Indian Acad. Sci. (Earth Planet. Sci.) A77 77 
Subramanian V 1979 J. HydroL 27 33 
Subramanian V 1980 Mar. Geol. 36 M1 
Subramanian V 1982 Int. Assoc. Hydrol. Sci. 137 238 
Subramanian V, Van t'dack L and Van Grieken R 1985 Chem. Geol. 48 271-279 
Turekian K and Scott M 1967 Environ. Sci. Technol. 1 940 
Van Grieken R, Van t'dack L and Costra Dantas C 1980 Anal. Chim. Acla. 52 1859 
Wadia D N 1975 Geo/ogy of India (Delhi: McGraw Hill) 


