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Abstract 
Rare earth elements (REE) in sedimentary rocks are most suitable for source 
rock characterization. Rare earth element data of the sandstones of the unme-
tamorphosed Meso-Neoproterozoic Chhattisgarh and Indravati basins and 
the metamorphosed Paleoproterozoic Sakoli and Saucer basins of the Bastar 
craton have been studied for source rock characterization. The quartzites have 
higher ∑REE mean value (145 ppm) compared to the sandstones (34 ppm). 
The REE patterns of all the three formations of the Chandarpur Group of the 
Chhattisgarh basin and the Tiratgarh Formation of the Indravati basin are 
uniform and there are no systematic differences in REE patterns among dif-
ferent formations of the Chandarpur Group and the Tiratgarh Formation. 
The REE patterns of the quartzites are similar to the REE patterns of the 
sandstones. Chondrite-normalized REE patterns with LREE enrichment and a 
strong negative Eu anomaly of the sandstones and quartzites gives a broad 
hint about felsic source rocks. The source rocks are identified as Archean gra-
nite and gneiss of the Bastar craton. The REE mixing modeling of the sand-
stones and quartzites suggest that the exposed the Proterozoic upper crust of 
the Bastar craton during the sedimentation of the Paleoproterozoic Sakoli and 
saucerand the Meso-Neoproterozoic Chhattisgarh and Indravati basins of the 
Bastar craton was largely consisted of gneissic rocks (70%), with a little con-
tribution (20%) from Late Archean (2.5 Ga) granites. The present study does 
not suggest any significant change in the upper crustal composition during 
Proterozoic in the Bastar craton. 
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1. Introduction 

Sedimentary rocks preserve a record of the provenance [1] which in turn is 
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important to understand the geologic history, tectonic setting and crustal evolu-
tion during the deposition of sediments. It is, however, true that framework 
grains, on its own, sometimes fail to reflect the true crustal setting, because the 
sediment particles get modified during diagenesis and weathering. Hence, judi-
cious chemical analyses of sedimentary rocks provide important information 
about the characteristics of the provenance. Several trace elements like Y, Th, Zr, 
Hf, Nb, Sc and rare earth elements (REE) are most suitable for discriminations 
of provenance and tectonic setting because of their relatively low mobility dur-
ing sedimentary processes and their short residence times in seawater [2]. These 
elements probably are transferred quantitatively into clastic sediments during 
weathering and transportation, reflecting the signature of the parent materials 
and hence are expected to be more useful in discriminating tectonic environ-
ments and source rock compositions [1] [3] [4]. Rare earth elements (REEs) 
have very similar geochemical properties and are not easily fractionated during 
sedimentary processes and will not be affected to any great extent during a silici-
fication episode [1]. The REEs are considered to be essentially uniform in abun-
dances in fine grained clastic sedimentary rocks and are not significantly affected 
by weathering, diagenesis and most forms of metamorphism [5] [6] [7]. The 
REEs are, therefore, very important in understanding crustal evolution. 

In this paper, we have used the rare earth element (REE) data of the sand-
stones of the unmetamorphosed Meso-Neoproterozoic Chhattisgarh and Indra-
vati basins and the metamorphosed Paleoproterozoic Sakoli and Saucer basins of 
the Bastar craton for source rock characterization and to know the Proterozoic 
crustal composition. 

2. Geological Setting  

Extensive Meso-Neoproterozoic sedimentary successions occur in a number of 
cratonic basins in the IndianPeninsula. The basins occupy large areas of cratonic 
blocks [8]. The Bastar craton is bounded at the periphery by the Proterozoic 
mobile belts viz. Mahanadi graben in the northeast, Godavari graben in the 
southwest, Satpura mobile belt in the north-northwest and Eastern Ghat mobile 
belt in the southwest (Figure 1). The Proterozoic sedimentary basins of the Bastar 
craton have been divided into the Paleoproterozoic and the Meso-Neoproterozoic 
sedimentary basins [11]. The Paleoproterozoic Sakoli and Sausar basins of the 
Bastar craton occur in the northern part of the Bastar craton in the proximity of 
Central Indian Tectonic Zone (CITZ). These basins are highly deformed and me-
tamorphosed [11]. The Sakoli and Sausar sediments show greenschist to lower 
amphibolite facies of metamorphism [12]. The Sakoli Group consists of sedimen-
tary rocks including mostly metapelite and quartzite with basalt and rhyolite 
(Table 1). The Sausar Group comprises of quartzite, pelite and carbonate associa-
tions along with stratiform manganese deposits [15] (Table 1). The age of the se-
dimentation of the Sakoli and Sausar basins have been considered to be Paleopro-
terozoic [16] [17] [18]. The Meso-Neoproterozoic sediments of the Bastar craton 
occur in two major basins viz. the Chattisgarh and Indravati basins (Figure 1). 
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The rocks of these basins are unmetamorphosed conglometrate, sandstone, limes-
tone, chert and dolomite (Table 1). The age of the Chattisgarh and Indravati ba-
sins have been placed in the Meso-Neoproterozoic era [19]. 

3. Sampling and Methodology 

The fresh samples of the Paleoproterozoic quartzites and the Meso-Neoproterozoic 
 

 
Figure 1. (a) Geological map of the India showing major Archean cratons including the Bastar craton [9]. (b) Geological map 
showing locations of the Paleoproterozoic and Meso-Neoproterozoic basins of the Bastar craton from which the samples have 
been taken [10]. Numbers refer to sample locations. 
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Table 1. The general stratigraphic successions of the Proterozoic sedimentary basins of the Bastar cra-
ton are given below [11] [13] [14]. 

Meso-Neoproterozoic basins of the Bastar craton 

Indravati basin  Chattisgarh basin 

  (Chattisgarh Supergroup) 

Indravati Group  Raipur Group 

  Formation Lithology 

  
Tarenga 
Formation 

Purple shale, and 
purplelimestone 

  
Chandi 
Formation 

Grey and pink 
limestone 

  
Gunderdehi 
Formation 

Pink and purple 
shale/grey shale 

  
Charmuria 
Formation 

Grey limestone/ 
White to buff clays 

Formation Lithology Chandrapur Group 

Jagdalpur 
Formation 

Calcareous Shales with purple and gray  
stromatolitic dolomite 

Kansapathar 
Formation 

White sandstone 

Kanger 
Limestone 

Purple limestone grey limestone 
Chopardih 
Formation 

Reddish brown and 
olive green sandstone 

Cherakur 
Formation 

Purple shale with arkosic sandstone and  
chert pebble conglomerate, grit 

Lohardih 
Formation 

White pebbly 
sandstone 

Tiratgarh 
Formation 

Chitrakot sandstone member 
(quartz arenite) 

  

 
Mendri sandstone member 
(subarkose and conglomerate) 

  

Unconformity 

Archean granites, gneisses and older supracrustals (Sonakhan greenstone belt). 

 
sandstones were collected from the outcrops. Locations of the samples are 
shown in Figure 1. The rock samples have been collected from the Paleoprote-
rozoic Sakoli and Sausar basins and the Meso-Neoproterozoic Chhattisgarh and 
Indravati basins of the Bastar craton with a view to observe spatial as well as 
stratigraphic variations (Table 1). Extensive care has been taken to collect only 
the fresh samples from the outcrops. Prior to geochemical analysis, the rocks 
were studied under the microscope. Effects of alterations were observed in thin 
sections, and the samples which show no alteration effects, were opted for the 
geochemical studies. After careful petrographic studies from the point of view of 
secondary alterations, and also for representation of maximum possible spatial 
and temporal variations of the clastic rocks, altogether ten samples were selected 
for the geochemical analysis. Out of the ten samples, three quartzite samples be-
long to the Pawni Formation of the Sakoli basin, and the Junewani Formation of 
the Sausar basin. Five sandstone samples belong to the Lohardih Formation, the 
Chopardih Formation and the Kansapathar Formation of the Chhattisgarh basin, 
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and two sandstone samples belong to the Tiratgarh Formation of the Indravati 
basin. Trace elements and rare earth elements were analyzed on ICP-MS (Perkin 
Elmer Sciex ELAN DRC II) at National Geophysical Research Institute (NGRI), 
Hyderabad. The precision of ICP-MS trace elements and REE data is better than 
5%. International standards like GSR-4 (sandstone) and JG-2 (quartzite) were used 
for calibration and testing of accuracy. Details of the analytical techniques, accu-
racy and precision of the instrument are described in Roy et al. [20]. The rare earth 
data of the sandstones and quartzites are presented in Table 2. 

4. Results 

Total REE concentration in the sandstones of the Chandarpur Group is variable 
with the highest value in the Chopardih Formation (39 ppm) and the lowest value 
in the Kansapathar Formation (13 ppm). However, the ∑REE concentration 
 

Table 2. Rare earth element (REE) and trace element data of the sandstones and quartzites. 

 Sandstones Quartzites  

 Chhattisgarh basin Indravati basin  Sakoli basin Saucer basin  

Elements LF  CF  KF  TF   PF JF  

(in ppm) RN-438 RN-423 RD-405 RD-409 RD-520 JC-542 JT-547 Average DS-526 AD-536 ST-530 Average 

La 8.6 9.4 3.4 2.9 4 16.9 9.2 7.8 5.4 69.7 21.3 32.2 

Ce 16.9 17.8 6.2 5.3 7 30.7 18 14.6 11.7 136.5 39 62.4 

Pr 1.7 1.7 0.75 0.62 0.77 3.4 2 1.6 1 14.5 3.9 6.48 

Nd 6.7 6.6 2.7 2.2 2.2 12.2 8 5.8 3.7 57 13.9 24.9 

Sm 1 0.98 0.56 0.47 0.33 2.2 1.6 1 0.74 10.8 2.5 4.7 

Eu 0.22 0.16 0.13 0.11 0.07 0.43 0.29 0.2 0.1 1.6 0.28 0.67 

Gd 0.83 0.84 0.46 0.37 0.39 2 1.3 0.91 0.62 8.8 1.7 3.7 

Tb 0.12 0.11 0.08 0.06 0.07 0.43 0.22 0.16 0.1 1.4 0.26 0.61 

Dy 0.56 0.58 0.39 0.31 0.38 2.7 1 0.87 0.66 10.3 1.5 4.1 

Ho 0.1 0.09 0.07 0.05 0.08 0.57 0.22 0.17 0.07 1.2 0.16 0.48 

Er 0.28 0.3 0.23 0.16 0.24 1.7 0.62 0.5 0.23 4.2 0.53 1.6 

Tm 0.04 0.05 0.04 0.03 0.04 0.32 0.11 0.09 0.03 0.57 0.08 0.23 

Yb 0.33 0.32 0.28 0.19 0.26 1.9 0.65 0.57 0.36 6 0.87 2.4 

Lu 0.04 0.04 0.03 0.02 0.04 0.32 0.1 0.09 0.06 1 0.16 0.41 

Zr 65.2 76.3 72.8 71.9 57.3 1243.2 154.7 ND 80.7 648.8 118.4 ND 

Th 1.9 2 1.9 1.5 1 9.3 4.3 ND 4.7 19.1 15.3 ND 

Y 2.9 2.6 2.2 1.7 2.4 16.4 6 ND 3.7 65.5 8.8 ND 

LREE 34.9 36.48 13.61 11.49 14.3 65.4 38.8 30.8 22.54 288.5 80.6 130 

HREE 2.52 2.49 1.71 1.3 1.57 10.37 4.51 3.56 2.23 35.07 5.54 14.2 

LREE/HREE 13.8 14.6 7.9 8.8 9.1 6.3 8.6 8.6 10.11 8.2 14.5 9.2 

∑REE 37.42 39 15.32 13 15.87 76 43.31 34 24.77 323.6 86.14 145 

(La/Yb)n 18.6 21 8.7 10.9 11 6.3 10.1 9.8 10.7 8.3 17.5 9.6 

(Gd/Yb)n 2 2.1 1.3 1.6 1.2 0.8 1.6 1.3 1.4 1.2 1.6 1.2 

Eu/Eu* 0.73 0.53 0.78 0.8 0.59 0.62 0.6 0.63 0.45 0.5 0.4 0.49 

LF—Lohardih Formation; CF—Chopardih Formation; KF—Kansapathar Formation; TF—Tiratgarh Formation; PF—Pawni Formation; JF—Junewani 
Formation; ND—not determined. 
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of the Tiratgarh Formation of the Indravati Group is higher than all the three 
formations of the Chandarpur Group (76 ppm). The chondrite normalized REE 
patterns [21] of all the three formations of the Chandarpur Group of the Chhat-
tisgarh basin and the Tiratgarh Formation of the Indravati basin are uniform 
and there are no systematic differences in REE patterns among different forma-
tions of the Chandarpur Group and the Tiratgarh Formation (Figure 2). The 
REE patterns of the quartzites are similar to the REE patterns of the sandstones 
(Figure 2). 

When the mean REE concentration of the Paleoproterozoic quartzites are 
compared with the Meso-Neoproterozoic sandstones, it is observed that the qu-
artzites have higher REE mean value (145 ppm) than the sandstones (34 ppm). 
However, on an average, the sandstones and the quartzites have REE abun-
dances lower than that of the NASC due to higher quartz content.  

The REE contents show large variations between the quartzites and the sand-
stones. It may be due to the reason that REEs normally reside in fine fraction 
and it has been inferred that trivalent REEs are readily accommodated in most of 
the clay-mica minerals (phyllosilicates) enriched with alumina and ferric iron 
[22] [23]. Thus, the sandstones with higher quartz and lower mica content have 
lower REE content, while the quartzites with lower quartz and higher mica con-
tent have higher content of REE than the sandstones [5]. Good positive correla-
tion of LREE and HREE with Zr, Th and Y of the sandstones indicate allanite, 
monazite and zircon control on REE (Figure 3). In contrast, LREE and HREE in 
the quartzites do not show good correlation with Zr, Th and Y indicating little or 
no control of allanite, monazite and zircon on REE in the quartzites (Figure 3). 

5. Discussion 
5.1. Source Rock Characterization 

Although there are variations in absolute concentrations of REE between sand-
stones formations of the Chandarpur group and the Tiratgarh Formation of 

 

 
Figure 2. Chondrite-normailzed REE patterns for the sandstones of the Meso-Neoproterozoic 
Chattisgarh and Indravati basins and, the quartzites of the Paleoproterozoic Sakoli and 
Sausar basins of the Bastar craton. 
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Figure 3. Plots of REE vs. Y, Th and Zr for the sandstones of the Meso-Neoproterozoic 
Chhattisgarh and Indravati basins and, the quartzites of the Paleoproterozoic Sakoli and 
Sausar basins of the Bastar craton. 

 
the Indravati Group, but they have almost similar ratios of LREE/HREE (avg. 
8.6). The REE patterns of the sandstones are highly fractionated and uniform 
with LREE enrichment (La/Yb)n = 9.8, flat HREE (Gd/Yb)n = 1.3 and signifi-
cant Eu anomaly (avg. 0.63) (Table 2). There are no systematic variations in 
REE patterns among the sandstones formations (Figure 2). 

The quartzites also show variations in absolute concentrations of REE. The 
quartzites have almost similar ratios of LREE/HREE (avg. 9.2), (Gd/Yb)n = 1.2 
and Eu/Eu* = 0.49 to sandstones (Table 2). The REE patterns of the quartzites 
are highly fractionated and there are no systematic variations in REE patterns 
among the quartzites samples (Figure 2). When compared to NASC, the sand-
stones and the quartzites have lower ∑REE abundances. It is due to higher quartz 
concentration and lower amount of heavy minerals which is consistent with pe-
trography. However, when quartzites are compared with sandstones, it is ob-
served that quartzites have higher ∑REE abundances (Table 2). Understanding 
the origin of the depletion of Eu, relative to other chondrite normalized REE in 
clastic sedimentary rock is fundamental to any interpretation of crustal compo-
sition and evolution [2]. The most significant observation in this regard is that 
virtually all post-Archean sedimentary rocks are characterized by Eu depletion 
of approximately of comparable magnitude. The most striking evolutionary pat-
tern of sedimentary trace element patterns is for Eu/Eu*. Archean sedimentary 
rocks are not anomalous or only slightly anomalous with respect to Eu anomaly 
(Eu/Eu* = 1) but post-Archean sedimentary rocks on average show a significant 
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and constant depletion in Eu (Eu/Eu* = 0.65). This break in composition cor-
responds to the Archean-Proterozoic boundary [2]. It has also been generally 
observed that contrary to the Archean, post-Archean sedimentary rocks are 
enriched in LREE, depleted in HREE and having Eu/Eu* < 1 and (Gd/Yb)n < 2 
[24]. It is because LREE (La-Sm) are more incompatible in typical igneous diffe-
rentiation processes than the HREE (Gd-Lu). Therefore, there is a general in-
crease in the LREE/HREE ratio from more mafic to more felsic composition. 
Archean samples generally fall in the range of LREE/HREE = 6 - 9 and 
post-Archean samples typically have values in the range of LREE/HREE = 8 - 12 
[2]. Hence the REE patterns and the ratios like LREE/HREE, (La/Yb)n, 
(Gd/Yb)n and Eu/Eu* gives a broad hint of felsic source rocks. 

All the sandstone and quartzite samples show Eu/Eu* in a narrow range with 
an average of 0.63 for sandstones and 0.49 for quartzites and are identical to that 
of the UCC (0.65) and granite of the Bastar craton (0.65) (Table 2). Eu is not 
fractionated during weathering or digenesis relative to other REE [1]. Therefore 
increasing size of Eu anomaly in these samples reflects input from source rocks 
with an increasingly large negative Eu anomaly. There is no systematic differ-
ence in REE patterns among the formations of the sandstones and quartzites, 
probably due to presence of common heavy minerals like zircon and garnet de-
rived from common felsic source [2]. The average (Gd/Yb)n of sandstones is 1.3 
and that of quartzites is 1.2 and this ratio is close to UCC. Therefore, we assume 
that these sandstones and quartzites were derived from source rocks similar to 
UCC. Average ∑HREE (~3.56) of sandstone and average ∑HREE (~3.56) of 
sandstone shows a strong depletion of ∑HREE relative to quartzites and UCC, it 
is due to lesser concentration of heavy minerals especially zircon and garnet 
which have a high concentration of ∑HREE. Low amounts of heavy minerals in 
sandstones compared to quartzites are consistent with petrography. The sand-
stone samples have average (Gd/Yb)n ratio of 1.3 and quartzites have average 
(Gd/Yb)n ratio of 1.2 suggesting that these sediments were derived from sources 
having somewhat depleted ∑HREE felsic rocks like granites and gneisses rather 
than mafic rocks. 

These REE data of sandstones and quartzites have been compared with availa-
ble REE data of the Archean Basement rocks like granites, gneisses and mafic 
volcanic rocks of the Bastar craton [25] [26] to delineate the end member com-
positions (Figure 4). The general shapes of REE patterns for sandstones and qu-
artzites are similar to the granite and gneiss of the Bastar craton and do not 
match with the REE patterns of mafic volcanic rocks (Figure 4). This suggests 
that sandstones and quartzites could have been derived by the contributions 
from nearby gneisses and granites of the Bastar craton and contribution from 
mafic volcanic might be insignificant. However, there may be some contribution 
of sediments from mafic volcanics also, but the REE budget in clastic sedimen-
tary rocks is chiefly controlled by granitoids, which mask the contribution of 
mafic-ultramafic components [27]. Further, (La/Yb)n, (Gd/Yb)n and Eu/Eu* ra-
tios of granite and gneiss of the Bastar craton overlap with the respective ratios 
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Figure 4. Chondrite normalized average REE patterns of the Paleoproterozoic quartzites 
and the Meso-Neoproterozoic sandstones of the Bastar craton. Chondrite normalized 
REE patterns of the granite, gneiss and mafic volcanic rocks of the Bastar craton have 
been shown for comparison. Data of the granite and gneiss of the Bastar craton have been 
taken from [25], mafic volcanic rocks from [26] and Chondrite normalization values 
from [21]. 

 
of sandstone and quartzites samples again suggesting that granite and gneiss 
could have been the source rocks for these sandstones. It is here necessary to 
mention that that the Paleoproterozoic Sakoli and Saucer sediments have un-
dergone greenschist to lower amphibolite facies of metamorphism. According to 
McLennan [1] (1989) REE are mobile in some circumstances and these circums-
tances has rarely been debated. The REE patterns of the quartzites and their ra-
tios like (La/Yb)n, (Gd/Yb)n and Eu/Eu* are similar to sandstones and Archean 
granite and gneiss of the Bastar craton. It indicates that the REE in quartzites 
have not been mobilized during metamorphism and therefore directly mimic the 
REE patterns of the protolith.  

Therefore with the identification of several likely source components it is 
possible to quantitatively model the relative contribution of granite, gneiss and 
mafic rock end members in the source terrain of the exposed upper crust which 
contributed detritus to the sandstones of the Chhattisgarh and Indravati basins 
and, the quartzites of the Sakoli and Saucer basins of the Bastar craton. The REE 
data of basement granite and gneiss [25] mafic volcanic rocks [26] occurring in 
the Bastar craton are taken as end members for modelling purpose. To deter-
mine the contribution of these components of basement rocks to the overall 
composition of sandstones and quartzites, the mixing calculations are per-
formed. Parameters and results of mixing calculations are shown in Table 3 and 
Figure 5. REE modeling reveals that average sandstone represent mixture of se-
diments derived from a provenance consisting of 20% granite (G), 70% gneiss 
(Gn) and 10% mafic rocks (M). The total individual REE abundances and ratios 
like (La/Sm)n, (La/Yb)n and (Gd/Yb)n are in excellent agreement with model 
values. Interestingly, the average quartzite also shows best agreement with the 



H. Wani 
 

25 

model of mixture of sediments derived from a provenance consisting of 20% 
granite (G), 70% gneiss (Gn) and 10% mafic rocks (M). The ratios like (La/Yb)n 
and (Gd/Yb)n are also in excellent agreement with model values.  

The significant outcome of the modeling is that the exposed the Proterozoic 
upper crust of the Bastar craton during the sedimentation of the Paleoprotero-
zoic Sakoli and saucer and the Meso-Neoproterozoic Chhattisgarh and Indravati 
basins of the Bastar craton was largely consisted of gneissic rocks (70%), with an 
little contribution (20%) from Late Archean (2.5 Ga) granites. The composition 
of Paleoproterozoic upper crust of Bastar craton seems to be similar to that Me-
so-Neoproterozoic upper continental crust. The compositional similarity can be 
adequately attributed to the continuous unroofing of gneissic and granitic rocks 
with minor contribution from mafic volcanic rocks. 

5.2. Proterozoic Crustal Composition 

The mixing REE modeling and other REE characteristics show dominant mixing 
of two end member felsic source compositions (gneiss 70% + granite 20%) and 

 
Table 3. Results of mixing calculations. 

 Average Average Average Average Average Mixing results 

 sandstone (S) Quartzite (Q) Granite (G) gneiss (Gn) volcanics (V) G20:Gn70:V10 

Elements ppm N ppm N ppm N ppm N ppm N ppm N 

La 7.8 33 32 135.9 57 239.9 29.7 125.3 9.2 38.9 33.07 139.6 

Ce 14.6 23.8 62 101.8 134 218.4 61.2 99.9 18.5 30.2 71.47 116.6 

Pr 1.6 17.3 6.5 69.8 18 191.5 7.4 79.7 2 22.1 8.92 96.3 

Nd 5.8 12.7 25 54.5 56 122.4 22.5 49.2 8.5 18.5 27.78 60.8 

Sm 1 6.9 4.7 31.7 9.2 62.3 4.2 28.9 2 13.7 4.98 34 

Eu 0.2 3.5 0.7 12 1 18.4 0.8 14.21 0.65 11.5 0.825 14.7 

Gd 0.91 4.5 3.7 18.7 7 35.5 3.3 16.633 2.4 12.2 3.95 19.9 

Tb 0.16 4.3 0.6 16.8 1.2 35.4 0.56 15.512 0.5 13.8 0.682 19.3 

Dy 0.87 3.5 4.1 17 6.4 26.2 2.6 10.65 2.7 11.3 3.37 13.8 

Ho 0.17 3 0.5 8.7 1.2 21.9 0.45 8.2418 0.62 11.3 0.617 11.3 

Er 0.5 3.1 1.6 10.5 3.9 24.6 1.4 8.75 1.8 11.4 1.94 12.1 

Tm 0.09 3.6 0.2 9.1 0.6 25.5 0.22 8.9069 0.32 12.9 0.312 12.6 

Yb 0.57 3.5 2.4 15.1 4.3 26.8 1.5 9.5031 1.8 11.3 2.09 13.1 

Lu 0.09 3.4 0.4 16.9 0.7 27.6 0.26 10.569 0.28 11.3 0.346 14 

(La/Yb)n  9.8  9.6  9.4  14.203  3.6  12.2 

(Gd/Yb)n  1.3  1.2  1.34  1.82  1.1  1.6 

Eu/Eu*  0.63  0.49  0.39  0.64  0.89  0.62 
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Figure 5. Results of REE modeling for estimating source rock contribution (a) REE pat-
terns of average quartzite and estimated provenance after mixing the end members in the 
proportion of 20 G:70 Gn:10 M. (b) REE patterns of average sandstone and estimated 
provenance after mixing the end members in the proportion of 20 G:70 Gn:10 M. The 
REE patterns of average quartzite and sandstone are in excellent agreement with the 
mixing results. 

 
one end member of mafic composition of insignificant contribution (basalt 
10%). This suggests that the geochemical transition from mafic rich crust to fel-
sic rich crust have occurred completely at Archean-Proterozoic boundary as 
seen in other cratons of the world [2] reflecting major development of continen-
tal crust during Archean not in the Proterozoic in the Bastar craton. When the 
REE characteristics of Meso-Neoproterozoic Chattisgarh and Indravati basins of 
the Bastar craton are compared with other Proterozoic basins of Indian Penin-
sula like the Vindhyan, Cuddapah and Kaladgi basins, these Proterozoic basins 
of Indian Peninsula also show dominant contribution from felsic source rocks 
[28] [29] [30] similar to the Proterozoic basins of the Bastar craton. This similar-
ity among these Proterozoic basins of Indian Peninsula indicates that these ba-
sins were developed on the upper crust of felsic composition dominated by the 
Archean gneiss and granite.  
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6. Conclusions 

The REE data indicates source rocks for the Meso-Neoproterozoic sandstones, 
and the Paleoproterozoic quartzites were felsic in nature and the source rocks 
are identified to be granite and gneiss of the Bastar craton. The data also show 
similarities in REE patterns and ratios like Eu/Eu*, (La/Lu)n, La/Gd)n ratios 
between the Meso-Neoproterozoic sandstones of the Chandarpur Group of the 
Chhattisgarh basin and the Tiratgarh Formation of the Indravati basin. The 
sandstones of the Chhattisgarh basin and the Indravati basin also show REE si-
milarities, thus indicate homogeneity in the source rock composition during the 
Meso-Neoproterozoic time and also indicate that the sediments for the Meso- 
Neoproterozoic Chhattisgarh and Indravati basins have been derived from simi-
lar sources i.e. granite and gneiss of the Bastar craton. REE modeling reveals that 
average sandstone and quartzite represent mixture of sediments derived from a 
provenance consisting of 20% granite (G), 70% gneiss and 10% mafic rocks (M). 

The granites of the Bastar craton were emplaced at ~2.6 Ga [17]. The interval 
between the granite emplacement in the Archean and their equal contribution in 
both the Paleoproterozoic and Meso-Neoproterozoic indicates continuous ex-
posure of granites during the Proterozoic. The overall REE characteristics of the 
sandstones and quartzites of the Bastar craton suggest that the composition of 
the source region of the Proterozoic rocks represented an evolved stage of do-
minant felsic crustal composition (gneiss + granite) of the Proterozoic conti-
nental crust in the Bastar craton. These features suggest the emergence of fully 
evolved upper continental crust on the Bastar craton during the Proterozoic. 
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