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The Alwar complex is situated in the northern part of 
the Aravalli orogen, NW India and contains A-type 
granites of late Palaeoproterozoic age. The current 
study focusses on the Harsora and Dadikar plutons to 
characterize and constrain the tectonic setting of  
Palaeoproterozoic felsic A-type magmatism in this 
crustal segment using whole-rock geochemical data. 
The rocks studied are metaluminous to slightly per-
aluminous A-type ferroan granites. The granites are 
generally characterized by strongly fractionated 
LREE patterns with nearly flat HREE profiles and 
show moderate to strong negative Eu anomalies, in 
addition to prominent negative anomalies in Ba, Nb, 
Sr, P and Ti. The results show the post-collisional set-
ting of A-type granites in the northern Aravalli orogen 
and signify that A-type granites may not only form in 
anorogenic setting. This study provides a new dimen-
sion to the understanding of palaeoproterozoic geo-
dynamic evolution in the Aravalli orogen. 
 
Keywords: A-type granites, post-collision, Aravalli oro-
gen, Alwar complex, whole-rock geochemistry. 
 
GRANITOIDS form one of the most common components 
of the continental crust1,2, especially in Precambrian ter-
rains. Knowledge of nature and genesis of granitoids is, 
therefore, crucial for understanding the evolution of any 
crustal block. Based on chemistry and petrography, grani-
toids are usually classified into I-S-M and A-types3–5. 
The term A-type granite was introduced by Loiselle and 
Wones4 for a specific suite of granitoids, which are  
anhydrous, alkaline and anorogenic6,7. A-type granites 
occur in a number of regionally extension-related envi-
ronments, such as continental rift zones, post-collisional 
setting, and even in subduction-related settings4,7–11. 
Therefore, they provide significant information on the ex-
tensional magmatic processes that contribute to the chem-
ical evolution of upper continental crust10,12. 
 In the northern Aravalli orogen, a number of A-type in-
trusions occur in two igneous-metamorphic complexes, 
designated as the Alwar complex13–15 and the Khetri 
complex16–20, also known as the Alwar basin or the Khetri 
basin. These rocks are late Palaeoproterozoic spanning an 
age range of 1.72–1.70 Ga (refs 14, 18, 19, 21). However, 
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the tectonic setting of these rocks is not well constrained, 
except for some passing references that these are anoro-
genic13,16. This information is, nevertheless, critical to 
comprehend the geodynamic evolution of the Aravalli 
orogen. The present study deals with geochemical inves-
tigations on two A-type plutons (Harsora and Dadikar) 
from the Alwar complex of northern Aravalli orogen, and 
these granites were generated in a post-collisional exten-
sion setting. 
 The Alwar complex is covered by the rocks of Delhi 
Supergroup, and these rocks in the complex are strati-
graphically classified into an older Raialo Group, over-
lain by the Alwar Group and the younger Ajabgarh 
Group22,23 (Figure 1). The rocks of Raialo Group are pre-
dominantly carbonates with quartzite and metavolcanics. 
The Alwar and Ajabgarh Groups are dominantly charac-
terized by arenaceous and argillaceous rocks respectively. 
The rocks show polyphase deformation, and three main 
folding phases have been recognized24. The first phase of 
deformation produced a series of moderate to shallow 
plunging NNE-SSW trending isoclinal folds (F1). These 
were subsequently refolded into a set of folds (F2) with 
steep or vertical axial planes. These two generations of 
folds are co-axial and their interference has resulted in a 
‘hook-shaped’ geometry. The latest generation of folds 
(F3) is represented by broad wrap gentle folds and kink 
bands. These folds have sub-vertical plunge with WNW–
ESE trending axial planes. The metamorphism in the  
region resembles a type between Barrovian and Abu-
kuma, and has been estimated to took place at 500–550C 
temperature and 300–400 MPa pressure25,26. The type of 
fold geometry and style, and the metamorphic history of 
the Alwar complex are apparently identical to that of the 
Khetri complex27–32. 
 The igneous rocks, occurring in the area, are represented 
by mafic sills and dykes, granitoids and pegmatites14,33. 
The granitoid rocks of Dadikar and Harsora plutons are 
located in the NW of Alwar town (Figure 1). Biju-Sekhar 
et al.14 classified these granitoids as A-type granites and 
also reported their ages by zircon EPMA method at 
1780–1726 Ma. 
 The Harsora pluton is exposed amidst alluvium and 
quaternary sand as an elongated body. Its maximum pre-
sent day dimension is 8  5 km, and due to sand cover, it 
is not possible to study the contact relationship between 
the granite and the Delhi rocks. The majority of the plu-
ton is made up of grey to greyish pink granitoids, which 
are well-foliated (Figure 2 a) in a NE-SW direction with 
easterly dips of 45–64. It is largely a two-feldspar gran-
ite with biotite or amphibole or both as the major miner-
als. The biotite and amphibole are Fe-rich annite (average 
XFe = 0.73–0.82) and hastingsite (average XFe = 0.89–
0.96; Kaur et al. unpublished data). Another subordinate 
variety is a non-foliated, white albite granite with negli-
gible mafic minerals. This variety is identical to the  
extremely metasomatized albite granites of the Ajitgarh 

pluton and also those of the Khetri complex15,20,34. This 
granitoid type is not considered for magmatic characteri-
zation in the present study as such rocks provide mislead-
ing interpretation20. The Dadikar pluton is an oval-shaped 
body elongated in NE–SW direction, and is enveloped on 
all sides by the Delhi metasedimentary rocks, dominantly 
quartzite with minor marble (Figure 2 b). Its dimensions, 
at the current level of exposure, are 5.25  4.25 km. The 
quartzite is considered to be part of the Alwar Group33. 
The Dadikar pluton along with the country rocks form a 
large-scale dome with ends tapering towards northeast 
and southwest directions, and has a relatively wider cen-
tral part33. The contact between granite and quartzite is 
delineated by a zone of deformed conglomerate (Figure 
2 c). The lack of any intrusive relationship between gran-
ite and quartzite, but occurrence of conglomerate between 
them, indicates the basement nature of the granite. This 
interpretation supports the finding of Biju-Sekhar et al.14 
who proposed that A-type granites in the Alwar complex 
formed basement for the Delhi sedimentation. Similarly, 
based on field observations and U–Pb detrital zircon age 
data from the Alwar quartzite, Kaur et al.35 advocated 
that the Khetri A-type granites formed the basement for 
sedimentation of the Delhi rocks. These workers also  
reported the occurrence of sedimentary breccia and  
deformed conglomerate at the contact of the country 
rocks and A-type granites of the Khetri complex15,20. The 
Dadikar pluton is also comprised of similar varieties of  
 
 

 
 

Figure 1. Geological map of the Alwar complex showing major litho-
logical units, including the occurrences of A-type granites (modified 
after Singh55). AJ: Ajitgarh, BD: Barodia, BR: Bairat, DK: Dadikar and 
HR: Harsora. 
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Figure 2. Representative field and photomicrographs of the Harsora and Dadikar plutons, showing: a, biotite 
and amphibole defining foliation in the Harsora granite (plane polarized light); b, Dadikar granite and the envel-
oping quartzite; c, deformed conglomerate at the contact between the Dadikar granite and quartzite; the length of 
the pen is about 14 cm; d, overall view of the Dadikar granite showing plagioclase and microcline with diffused 
margins (cross nicols). 

 
 

 
 

Figure 3. QAP classification diagram of Streckeisen36 showing CIPW 
normative compositions of the Harsora and Dadikar granites. 
 
 
the granitoids (Figure 2 d) with the same mineralogy as 
that of the Harsora pluton. 
 Whole-rock elemental data for granitoids under con-
sideration were obtained from Activation Laboratories 

Ltd (for details see www.actlabs.com), and are presented 
in Table 1. A number of international rock standards, 
such as BCR2, W2a, JR1, DNC1, BIR1a, SY4, etc. were 
used to monitor the accuracy of the analyses. Duplicate 
measurements of samples 2HR-24 yielded a precision of 
<1 to 4% (SD, standard deviation) for trace and rare earth 
elements, except for V (9%) and Nb (6%). It is 1.5% for 
major elements, except for MgO (1.9%). In the CIPW-
normative QAP ternary diagram (Figure 3) given by 
Streckeisen36, most samples occupy the field of granite 
(monzo) and are thus classified as granite sensu stricto. 
This classification is also confirmed by the normative 
Ab–Or–An compositions37 (Figure not shown). The aver-
age Si contents in the granites is >70 wt%, indicating that 
the rocks are evolved. The major element abundances in 
both plutons are similar, although Harsora granites tend 
to be relatively poor in alkalis (av. Na2O = 2.92 wt% and 
av. K2O = 5.07 wt% in the Harsora granites and  
av. Na2O = 3.24 wt% and av. K2O = 5.28 wt% in the Da-
dikar granites). Also, the Dadikar granites show more en-
richment in Zr, Th and Hf abundances than the Harsora 
counterparts. The total REE abundances are greater in 
Dadikar compared to Harsora. The granites display varia-
bly fractionated REE profiles (Figure 4 a); the REE  
patterns for the Dadikar granites are more strongly 
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Table 1. Representative whole-rock chemical compositions for the Harsora and Dadikar granites, northern Aravalli orogen, NW India 

  Harsora granite Dadikar granite 
 

Sample no. HR-1 HR-7 HR-16 HR-20 2HR-24 2HR-31 DK-8 DK-9 DK-10 2DK-19 2DK-28 
 

SiO2 71.82 74.76 73.65 73.05 73.52 69.38 74.30 73.37 76.18 73.15 74.93 
TiO2 0.34 0.06 0.18 0.31 0.40 0.54 0.14 0.25 0.09 0.29 0.20 
Al2O3 13.04 12.68 12.84 12.89 12.81 13.19 11.95 13.37 12.61 12.47 12.89 
Fe2O3

t 3.46 1.17 1.78 3.05 3.45 5.18 2.16 2.90 1.11 3.09 2.48 
MnO 0.04 0.01 0.01 0.03 0.04 0.07 0.01 0.02 0.005 0.03 0.02 
MgO 0.35 0.05 0.19 0.37 0.34 0.60 0.11 0.24 0.05 0.20 0.16 
CaO 1.52 0.78 0.98 1.43 1.62 2.15 0.73 1.24 0.86 1.20 1.10 
Na2O 2.79 3.20 2.87 2.89 3.03 2.77 2.94 3.55 3.37 3.87 2.99 
K2O 5.07 5.34 5.69 5.03 4.75 5.00 5.57 4.66 4.98 4.53 5.31 
P2O5 0.10 0.03 0.04 0.09 0.09 0.13 0.04 0.06 0.01 0.07 0.09 
LOI 0.52 0.52 0.55 0.60 0.60 0.70 0.62 0.60 0.73 0.66 0.59 
Sum 99.05 98.61 98.78 99.75 100.70 99.69 98.58 100.30 100.00 99.57 100.80 
V 7 7 5 7 6 10 2 4 1 4 2 
Cr 18 18 9 17 13 30 <5 14 <5 9 7 
Co <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 
Ni 24 25 26 26 22 21 24 17 23 22 22 
Zn <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 <20 
Ga <30 <30 <30 <30 <30 40 <30 <30 <30 <30 <30 
Rb 20 20 18 18 20 19 22 21 20 22 21 
Sr 343 270 398 305 278 251 251 237 358 232 312 
Y 57 73 32 55 68 78 26 69 25 44 40 
Zr 54 58 82 52 51 50 53 54 47 76 39 
Nb 213 322 152 192 295 293 219 251 110 362 207 
Ba 9 14 11 8 14 14 10 12 14 18 12 
Pb 482 734 211 470 639 717 187 404 75 388 218 
Th 21 28 24 18 34 23 39 27 52 28 47 
U 43 48.7 85.2 41.7 48.7 34.4 112 44.5 61.5 47.9 101 
Hf 12.9 13.2 23.2 9.1 11.6 7.8 14.1 9.1 16.5 5.2 16 
Ta 5.4 8.1 5.2 5 7.4 7.6 7.1 7.2 4.5 10.4 7 
La 78.6 46 97.3 73.2 85.1 66.8 224 87.2 35.8 98.7 129 
Ce 154 99.6 185 144 168 130 402 164 71.8 197 230 
Pr 16.5 11.8 19 15.6 16.7 14.4 37.1 17.3 7.46 22.6 20.8 
Nd 57.1 44.5 62.7 53.2 56.4 51.9 112 56.6 24.6 81.9 60.2 
Sm 11.3 12.2 12.3 10.9 10.8 10.4 16.2 10.6 5.2 17 8.7 
Eu 1.17 0.21 0.75 1.14 1.5 1.63 0.64 0.68 0.25 0.84 0.44 
Gd 10.4 13.9 11.7 9.7 9.7 9.8 11.8 8.4 4.7 15.1 6.4 
Tb 1.7 2.6 2.1 1.7 1.6 1.6 1.8 1.4 0.9 2.4 1 
Dy 10.4 17 13.9 9.9 9.6 9.7 10.2 8.6 5.8 14.8 6.2 
Ho 2.1 3.5 3 1.9 1.9 1.9 2 1.8 1.3 3 1.3 
Er 6 10.4 8.9 5.6 5.7 5.4 5.8 5.4 4.2 8.5 3.9 
Tm 0.9 1.59 1.43 0.84 0.84 0.81 0.86 0.86 0.73 1.21 0.61 
Yb 6.1 10.1 9.6 5.5 5.7 5.3 5.5 5.8 5.2 7.8 4.3 
Lu 0.91 1.48 1.47 0.84 0.88 0.83 0.82 0.86 0.84 1.13 0.66 
REE 357.2 274.9 429.2 334.0 539.5 320.1 830.7 369.5 168.8 472.0 473.5 
(La/Yb)N 8.8 3.1 6.9 9.0 28.3 12.1 27.7 10.2 4.7 8.6 20.4 
(La/Sm)N 4.3 2.4 4.9 4.2 5.9 4.5 8.6 5.1 4.3 3.6 9.3 
(Gd/Yb)N 1.4 1.1 1.0 1.4 2.7 1.7 1.7 1.2 0.7 1.6 1.2 
Eu/Eu* 0.33 0.05 0.19 0.34 0.52 0.24 0.14 0.22 0.15 0.16 0.18 
ASI 1.03 1.02 1.02 1.02 1.00 0.97 0.99 1.03 1.01 0.94 1.04 

Eu/Eu* = EuN/(SmN  GdN)1/2. 
 
 
fractionated ((La/Yb)N = 4.7–27.7) than those of the Har-
sora granites ((La/Yb)N = 3.1–10.1). The granites of both  
plutons also show nearly flat HREE profiles (average 
(Gd/Yb)N = 1.4; Table 1) and moderate to strong negative 
Eu spikes, for example, Harsora: Eu/Eu* = 0.05–0.49. In 
the multielement spider diagram (Figure 4 b), the granites 
display prominent negative spikes in Ba, Nb–Ta, Sr–Eu, 

P and Ti, which may be ascribed to the fractionation of 
K-feldspar and/or biotite, rutile, plagioclase, apatite and 
titanite, respectively at some stage in the history of the 
source or magma38. 
 The ASI (molar Al2O3/(CaO–3.3P2O5 + Na2O + K2O), 
corrected for the CaO content of apatite)39 values of the 
granites from two plutons are overlapping and varies from 
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Figure 4. (a) Chondrite-normalized REE and (b) Primitive mantle (PRIMA)-normalized multi-element diagrams for the 
Harsora and Dadikar granites. The normalizing values in both diagrams are after McDonough and Sun56. 

 
 

 
 

Figure 5. a, FeOt/(FeOt + MgO) versus SiO2 (wt%) classification  
diagram40. The Fe-number (Fe*) dividing line is after Frost and Frost57. 
b, Nb (ppm) versus 104  Ga/Al classification diagram of Whalen et 
al.58. 

0.92 to 1.06 (Table 1), suggesting that the granites are 
metaluminous to slightly peraluminous. The granites are 
ferroan and fall in the field of A-type ferroan granites 
(Figure 5 a) as per the classification scheme of Frost et 
al.40. Their A-type affinity is also confirmed by the Nb 
values and Ga/Al ratios (Figure 5 b), and by the presence 
of Fe-rich mafic minerals8. Eby9 subdivided A-type gran-
ites into two chemical groups of different sources and 
tectonic environments. The granites of A1 group were 
generated from an OIB-like source via differentiation of 
basaltic magma in a true anorogenic setting, whereas 
those of A2 group were formed from the continental crust 
in post-collision or post-orogenic extensional environ-
ment. Both Harsora and Dadikar granites form a tight 
cluster within the field of A2 granites in a Y–Nb–3Ga  
ternary diagram (Figure 6 a) and their Y/Nb and Yb/Ta 
ratios also confirm these rocks as A2 granites (Figure 
6 b), which are likely to form in post-collisional or post-
orogenic extensional setting. The granites plot at the  
triple junction of syn-collision-volcanic arc-within plate-
granites in the Rb versus Y + Nb diagram (Figure 7) of 
Pearce et al.41, which is a characteristic feature of post-
collision magmatism42. The post-collision setting of these 
granites is also indicated by their high alkalis, FeOt, Zr, 
Y, and low Sr, CaO and MgO abundances43. The negative 
Nb anomaly, which is also the characteristic feature of 
most subduction-related magmas, is attributed to the pre-
ferred retention of Nb in residual titanite in the subducted 
slab or mantle wedge44. This possibility is not valid in the 
present scenario because the granitoids were generated in 
an extensional regime rather than in a subduction-related 
setting. Moreover, the negative Nb anomaly is also inter-
preted as a consequence of crustal contamination of  
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mantle melts38,45. This is also not applicable to the studied  
A2-type granites, which are formed from crustal-derived 
magmas9. 
 

 
 

Figure 6. (a) Y-Nb-3Ga ternary and (b) Y/Nb versus Yb/Ta diagrams 
of Eby9. 

 

 
 

Figure 7. Rb (ppm) versus Y + Nb (ppm) tectonic discrimination dia-
gram41. Field of post-collision granites is after Pearce42. 

 The northern India, including the Aravalli orogen as 
well as the Lesser Himalaya, experienced an Andean-type 
subduction related magmatism at ca. 1.85 Ga, the timing 
of which is correlatable with the assembly of Columbia 
supercontinent46–50. The next phase of magmatic activity 
recorded in the Aravalli orogen is the 1.72–1.70 Ga A-
type magmatism14,18,19. The relaxation phase following 
collision is often referred to as post–collisional period 
characterized by voluminous magmatism, whereas the 
within-plate settings are characterized by sparse but 
widespread magmatism51. Therefore, the gap in plutonism 
between 1.85 and 1.72 Ga in the Aravalli orogen pro-
bably represents a time span from subduction to post-
collision, including the main phase of collision. Thus the 
Alwar granites may further record a case of A-type mag-
matism in post-collisional extensional environment and 
signify that A-type granites may not be restricted to ano-
rogenic setting. These results provide a new dimension to 
the understanding of palaeoproterozoic crustal evolution 
in the Aravalli orogen. Furthermore, crustal anatexis trig-
gered by hot mantle-derived underplated magma is con-
sidered as the most favourable process of A-type magma 
generation in post-collisional extensional setting11,52–54. 
The contribution of mantle melts in the generation of  
A-type magmas is still not well understood. Based on the 
above arguments in conjunction with coeval nature of  
A-type granites of Alwar and Khetri complexes, it is en-
visaged that crustal reworking was a dominant process 
during 1.72–1.70 Ga in the northern Aravalli orogen. This 
possibility should be further explored by radiogenic iso-
topic studies, in particular Lu–Hf isotope system. 
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Conservation of jack wood  
(Artocarpus heterophyllus Lamk.)  
sculptures in an ancient temple in  
Kerala, South India: identification of  
heritage wood samples, neem  
gum–cashew nut shell liquid  
application in consolidation and  
preservation 
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This present communication deals with the anatomical 
identification of wood samples of an ancient archaeo-
logical monument in India, Sri Vishnu temple, Kada-
vallur in Thrissur (Kerala) and the consolidation of 
fissures and cracks formed due to seasoning over a 
period of time using neem gum and preservation using 
cashew nut shell liquid extract. Neem gum which has 
anti-bacterial qualities and CNSL organic extract 
which has anti-termite and anti-fungal preservative 
action are found suitable for conservation and preser-
vation of these sculptures. The active ingredient in  
organic preservative, CNSL, was analysed using 
HPLC and compared using UV spectra. The peaks of 
monoene, diene and triene in anachardic acid are visi-
ble in the spectra. The preservative, CNSL, also  
enhanced the aesthetic appeal of the jack wood sculp-
tures. CNSL-coated jack wood had lower moisture  
absorption as demonstrated by Karsten tube experi-
ment. The results imply that the strength of the mate-
rial formed out of neem gum and wood powder used 
for filling of cracks and fissures can be modified as 
per requirement using distilled water and that the  
application is reversible. This method of conservation 
was found suitable under warm and humid conditions 
to which these sculptures are subjected to. 
 
Keywords: Conservation, CNSL, heritage wood, pres-
ervation, wooden sculptures. 
 
THE dexterous consolidation and filling up of cracks finds 
much application in heritage sculptures. In the case of 
conservation of wooden sculptures the present methods 
largely depend on synthetic adhesives like cyanoacrylates 
and epoxy resins. The low compatibility and irreversibil-
ity of these materials and their synthetic nature make 
them less attractive for heritage conservation. Tradition-
ally, the temples and other ancient structures of Kerala 


