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ABSTRACT
Whole rock geochemical analysis has been carried out on

samples from Dhauladhar and Dalhousie granites of the north-
western region of Himalayas. The mineral assemblage of these
granites is K-feldspar, plagioclase, and biotite, with Dhauladhar
granite being richer in plagioclase and biotite than the Dalhousie
granites. The Dhauladhar granites are mostly coarse to medium-
grained porphyritic, variably mylonatized and biotite bearing
whereas, the Dalhousie granites are fine-grained two-mica granites.
The silica-rich (SiO2=64-72 wt %) Dhauladhar granites have a
potassic (K2O/Na2O> 0.9-1.8) and peraluminous (A/CNK=1.03-
1.3) character. Dalhousie granites show a similar character, albeit
to a different degree (SiO2=69-74 wt %), (K2O/Na2O > 1.1-1.5) ,
(A/CNK=1.3-1.7). The Dalhousie granites are richer in, U, Th, and
LREE, yet extremely depleted in  Sr, Ba, Nb. They have flatter
REE patterns with comparatively strong Eu anomaly (Eu/Eu*=
0.02-0.04). The Rb/Ba vs Rb/Sr and CaO/Na2O vs Al2O3/TiO2  ratios
indicate sedimentary source with the psammitic nature for
Dhauladhar and pelitic nature for Dalhousie granites. However,
the  Eu/Eu* value indicates that plagioclase abundance is greater
in Dhauladhar granites than in Dalhousie granites. The present
study suggests that Dalhousie granites being more evolved than
Dahuladhar granites.

INTRODUCTION
The Paleozoic era is marked by voluminous addition of granitic

bodies into the continental crust and, the genesis and evolution of
these granitic bodies hold valuable information on the origin and
evolution of continental crust through the geological times (Kemp
and Hawkesworth, 2003; Frost and Frost, 2013). Granitic bodies of
Paleozoic age that are exposed in the  Himalayas are referred to as
Lesser Himalayan Granitic belt (LHGB) (LeFort et al. 1983; Frank et
al., 1977; DeCelles et al., 2000; Miller et al., 2001; Singh and Jain,
2003; Cawood et al., 2007). This Lesser Himalayan Granitic Belt
(LHGB) is exposed within the Lesser Himalayas (geographically) but
are the part of Higher Himalayan Crystallines (HHC) and occurs all
along the Himalayas from the Besham in Swat valley (NW Himalayas)
to the Bomdila gneiss in Arunachal Pradesh (NE Himalayas) (Singh,
2005; Singh and Jain, 2003). These granites are pre-Himalayan granitic
suites showing broad similarity in geochemistry and petrological
characteristics to each other. Both S-type granites with similar syn-
collision tectonic setting (Le Fort et al., 1987; Singh and Jain, 2003).
However,  detailed geochemical and isotopic data indicate that these
bodies often mark a complicated history of multistage and hybrid
processes (Sylvester, 1998; Patiño Douce, 1997, 1999; Singh and Jain,
2003; Cawood et al., 2007).

In this study, the magma sources and the petrogenitic process of
Dhauladhar and Dalhousie granites are discussed and  the relationship
between their generation and evolution by whole-rock geochemical
analysis (major and trace elements) is ascertained.

GEOLOGY OF THE REGION
The Dalhousie and the Dhauladhar granites are named after their

respective geographic locations in the study area (Le Fort, 1986). The
Dhauladhar and the Dalhousie  granites are part of the Lesser
Himalayan granitic belt (LHGB). The Dhauladhar granites are situated
in the southern slopes of the Dhauladhar range. Petrographically these
granites are medium to coarse-grained and exhibit gneissose to
porphyritic texture. The intense ductile deformation associated with
Himalayan orogeny has resulted in mylonitization of these granites
(Le Fort, 1983; Singh and Jain, 1996; Singh et al., 2002; Singh, 2003;
Singh and Jain, 2003).

Geologically the Dhauladhar region is characterized by multiple
events of metamorphism and deformations, both pre and post-
Himalayan.  From south to north, the  Precambrian to Cenozoic
metasedimentary, sedimentary, and volcanic rocks of the area are
divided by three major tectonic boundaries: the Drini thrust, the MBT
(Main Boundary Thrust ) and the MCT (Main Central Thrust), locally
known as Panjal thrust (Fig 1). The southernmost of these, the Drini
thrust, separates the Tertiary sedimentary Shiwalik rocks in the south
from the Dharamshala Formation in the north. The Dharamshala
Formation is characterized by micaceous sandstones inter-bedded with
clay sediments of four varieties (viz., crimson red, green, maroon and
red color combinations) (Nautiyal et al., 1952). The MBT thrusts the
Dharamshala traps over the north of Dharamshala Formation.
Dharamshala traps are in turn thrust over by the Precambrian
metasedimentary rocks of the Salkhala Formation across the Panjal
thrust. The Dhauladhar and Dalhousie granites of Paleozoic age occur
within the Salkhala Formation.

The Dalhousie granite exposed in Dalhousie town which is situated
in the NW of Dhauladhar granites is a light coloured,  massive,  and
homogeneous granitic body and is petrographically, a medium-grained
rock with biotite, muscovite and abundant large phenocrysts of K-
feldspar. Muscovites are present in the center of the pluton and the
biotites are concentrated along the margins (Mukherjee et al. 1998;
Lahoti et al. 2017). The granitic body shows a sharp intrusive contact
with the country rock. On the basis of the contrasting physical
appearance, the Dalhousie granites have been divided into two units’
viz., (i) western granitic bodies and (ii) main granitic body (Eastern
granites) (Bhatia and Kanwar, 1973). The western granitic bodies are
also referred as “outer granite bands” occur in the carbonaceous shale
belt of the Panjal traps; are also thrust over by the schist, phyllite,
 and quartzite of the Salkhala Group (McMohan, 1881; Thakur et al.
1995). The main granitic body is divided into eastern granite
(Kumar and Bhatia, 1975) and “inner granitic band” (McMohan, 1881).
The study area falls within the inner granitic band. The granites from
this unit have “a typical granitic composition and are comprised of
quartz, feldspar (orthoclase and microcline). At places, the granitic
bodies occur as aplites representing as the last phase of the magma to
crystallize.

  Field observation in Dhauladhar granites shows mylonitic texture
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(Fig 2a) as a result of intense ductile deformation during Himalayan
orogeny. The exposure of these bodies suggest the extremely deformed
charasterstic not only at the margins but continues along the exposure.
However, Dhalhousie granites show typical granitic texture (Fig 2b,c).
Apart from textural difference, the darker minerals content are less in
Dalhousie granites as compared to Dhauladhar granites.

Detailed petrographic studies show that both Dhauladhar and
Dalhousie granites are composed of K-feldspar, plagioclase, quartz,
muscovite, biotite and tourmaline along with accessory minerals like
zircon and apatite. Plagioclase and K-feldspar crystals are > 2 mm in
size. However, the modal percentage of plagioclase is comparatively
higher than K-feldspar in Dhauladhar granites and the reverse is true
for Dalhausie granites. Samples from both the locations show perthetic
texture along with the inclusions of quartz and plagioclase (Fig 3i). In
most of the samples quartz shows undulose extinction with sutured
crystal boundaries (Fig 3b), indicating that the rocks experienced
stress during or after emplacement (Fig. 3d,f). Tourmaline present in
Dhauladhar granites shows sharp zoning (Fig.3c,g). Biotite is
dominant ferromagnesium mineral in Dhauladhar granite having dark
brown to medium brown colour. The ferromanganese mineral-rich parts
of the Dhauladhar granite form melanocratic bands which alternate
with the silica-rich leucocratic bands. In contrast, the ferromagnesium
minerals do not form separate bands in the Dalhousie granite and appear
to be disseminated within the rock. At some places, especially in
Dhauladhar granite, biotite has been altered to chlorite (Fig.3d).

ANALYTICAL TECHNIQUE
Whole rock geochemical analysis has been made on twenty-six

(26) fresh granitic samples from both Dhauladar and Dalhousie
granites. The samples have been crushed and powdered using jaw
crusher and  Retsch Disc Mill in sample preparation laboratory at the
Department of Earth Sciences, IIT Roorkee. Major elements were

analyzed at Wadia Institute of Himalayan Geology and trace elements
were analyzed at Institute Instrumentation Center at Indian Institute
of Technology, Roorkee. For Major elements, pressurized pellets were
prepared and X-ray fluorescence spectrometry (XRF), a study was
performed at 12kv tube voltage and, 40 µA tube current in VAC with
no filtered path. The samples were subjected to a lifetime of 200
seconds. The emission intensity of the radiation was measured with
the suitable X-ray spectrometer using international reference standards
JG-1a. The detailed protocol has been described by  Satyanarayanan
et al. (2014). The accuracy and precision of the XRF data with standard
(JG-1a) are better than ±0.5%. The trace element and REEs
concentrations were determined using an ELAN DRC-e (Perkin Elmer)
Inductively Coupled  Plasma Mass Spectrometer (ICP-MS). The
digestion process has been followed as per the lab established protocol
in TIMS (Thermal Ionization Mass Spectrometry) lab at the Institute
Instrumentation Center at Indian Institute of Technology Roorkee. The
analytical error in results for the standard (GSP-2, BCR-2 USGS, USA)
is better than 5%.

RESULTS
Whole-rock major- and trace-element analytical data are given in

(Table 1).  The average silica content ranges from (64-72 wt %) for
Dhauladhar granites and (69-74 wt %) for Dalhousie granites. The
differentiation index (D.I.) increases systematically from least
differentiated Dhauladhar granites to Dalhousie granites (Fig 4a). The
AFM diagram shows the calc-alkaline enrichment trend (Fig 4).  The
Harker diagrams (Fig. 5) shows generally smooth, coherent trends of
oxide enrichment and depletion from Dhauladhar to Dalhousie.  The
plots show a systematic increase in Al2O3, K2O, and P2O5 and decrease
in CaO, Fe2O3, MgO, TiO2, MnO with increasing SiO2. The extremely
positive trend of K2O (Fig. 5) along with the moderate positive
correlation of Na2O+ K2O  with SiO2 indicates the evolution in the

Fig.1. Geological map of the study area (a) geological map of Dalhousie area modified (after Bhatia and Kanwar. 1990 and Mukherjee et al.,
1998) with sample locations for geochemical analysis dates. (b) Geological map of the Dharamshala–Baijnath area (after Mahajan. 1991).With
sample locations for geochemical analysis.

Fig.2. Field photographs of Dalhousie and Dhauladhar granites  (a) Dhauladhar mylonetised with big porphyroblasts of feldspars (location
32°7'29.9": 76°39'35.4"). (b) Quartz vein in Dalhousie granites. (c) Dalhousie granites with fine-grained vein.



JOUR.GEOL.SOC.INDIA, VOL.93, APRIL 2019 401

subalkaline field. All samples are peraluminous in composition with
A/CNK (molar Al2O3/CaO+ Na2O+ K2O) A/CNK (Avg. 1.09)
(Table1).

On primitive mantle normalized multi-element spider diagram (Fig
7), all the samples show similar trace element distribution patterns.
Enrichment of LILE (Cs.Rb, Th, U)  to HFSE (Nb, Ti), high Rb, Th as
compared to Nb and large negative Ba anomaly represent the crustal
dominance patterns (Fig.7) (Thirwall & Jones,1983). However, as
compared to Dhauladhar granites, Dalhousie granites display higher
Rb and  Rb/Sr (4.99-66.9) ratios and lower Sr content. The trace
elements variation trends, of both Dhauladhar and Dalhousie granites,
are scattered and show less correlation with SiO2. The scattering in
the variation diagram of both major and trace elements shows the
fractionation as well as the heterogeneity in the source (Rollinson,
2014). As shown in (Fig. 6) Sr, Ba, Zr, show a nearly decreasing
trend as we go from Dhauladhar to Dalhousie. However, Rb shows
nearly increasing trend from Dhauladhar to Dalhousie, while other
show scattered or minor change in their trends.  Chondrite-normalized
REE diagrams (Fig.8) show moderate to less negative Eu anomalies
(0.04-0.05) moderately flat LREE patterns (LaN/SmN =1.9-2.8 ) and
nearly flat to positive HREE patterns (GdN/YbN=0.69-2.4). Dhauladhar

granites display a relatively narrow range, with (ΣREE 31-124). In
contrast, the REE patterns of Dalhousie granite show a more
variation (ΣREE 34-174) and relatively stronger negative Eu anomaly
(Eu/Eu*= 0.01-0.03).

DISCUSSION
The composition of a source rock, its partial melting conditions

and the magma evolution processes (magma mixing and fractional
crystallization and assimilation) are the major factors, which affect
the geochemical characteristics of the granites (Clemens and Stevens.,
2012; Collins and Sawer., 1996; De Paolo, 1981; Gao et. al, 2014).
All the geochemical features of Dhauladhar and Dalhousie granites
contain Al-rich minerals (muscovite and biotite) with high SiO2
indicate S-type characteristics of the granites, derived from a melt of
metasedimentary source in upper crust (Chappell and White, 1992,
2001; Clemens, 2003; Healy et al., 2004). The samples from the
Dhauladhar granites show peraluminous to weakly peraluminous
(A/CNK) character (Table 1)  with the high CaO/Na2O (>0.3) ratios
and comparatively high Sr content (Fig.10), indicating more mature
plagioclase-rich psammatic source (Chappell and White, 2001). On
the other hand, high Al2O3/TiO2 and low CaO/Na2O (< 0.3) ratio

Fig.3. Photomicrographs of Dhauladhar and Dalhousie granites showing (a) alignment of microcline phenocryst, biotite, muscovite along with
the anhydral quartz grains. (b) recrystallized quartz grains. (c) Altered plagioclase phenocryst in the matrix of fine-grained quartz and mica. (d)
Elongated and deformed twin feldspar porphyroclast along with quartz, muscovite, biotite and chlorite in the matrix shows the two different
events of deformations. (e) Alignment of zircon grains in biotite. (f) extremely fine grains, feldspar, and muscovite forming localized micro-
shear zone. (g) Tourmaline crystal with quartz. (h) Sample from Dalhousie granite shows fine to medium grain. (i) Feldspar grain shows the
perthite texture with the inclusions. All the photographs are taken under cross Nicoles, PPL abbreviations (Qtz) quartz, (Pl) plagioclase, (Mus)
muscovite, (Bt) biotite, (Tur) tourmaline, (Zr) Zircon.
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Table 1. Major and trace elemental data of Dalhousie and Dhauladhar granites

Dalahausie granites Dhauladhar granites

Sample DG2/ DG3/ DG4/ DG6/ DG7/ DG9/ DG10/ DG11/ DG12/ DG13/ DG14/ DG15/ DG18/ DP1/ DP3/ DP4/ DP6/ DP7/ DP8/ DP10/ DP11/ DP12/ DP13/ DP14/ DP15/ DP16/
2 3 4 6 7 9 10 11 12 13 14 15 18 1  3 4 6 7 8 10 11 12 13 14 15 16

Major Element
SiO2 69.08 71.10 71.50 71.00 71.11 73.74 73.60 74.42 68.21 73.00 69.17 73.03 74.42 70.42 71.60 68.03 67.34 69.33 68.89 69.75 69.48 72.11 71.03 67.82 64.56 66.80
TiO2 0.10 0.27 0.21 0.16 0.16 0.17 0.13 0.21 0.15 0.15 0.13 0.14 0.07 0.60 0.63 0.59 0.30 0.53 0.41 0.60 0.56 0.39 0.32 0.40 0.28 0.28
Al2O3 17.14 16.20 15.57 16.43 16.24 15.21 15.28 15.41 18.03 15.65 16.43 15.37 14.95 15.22 16.57 15.86 15.14 13.59 16.02 15.11 14.70 15.64 15.75 14.52 14.90 14.81
Fe2O3 1.05 2.31 1.78 1.64 1.59 1.77 1.46 2.02 1.89 1.56 1.44 1.41 0.91 4.49 4.75 4.46 2.51 4.23 3.12 4.50 4.49 3.31 2.83 3.16 2.63 2.58
MgO 0.12 0.26 0.49 0.18 0.17 0.19 0.18 0.25 0.56 0.26 0.19 0.23 0.10 0.89 1.04 0.96 0.08 0.49 0.28 0.88 0.78 0.41 0.35 0.28 0.23 0.26
MnO 0.04 0.04 0.03 0.04 0.03 0.04 0.04 0.04 0.02 0.03 0.03 0.03 0.03 0.05 0.05 0.05 0.03 0.05 0.04 0.05 0.06 0.04 0.04 0.04 0.04 0.04
CaO 0.45 0.78 0.50 0.68 0.64 0.47 0.50 0.40 0.37 0.40 0.54 0.43 0.32 3.07 2.98 2.49 1.57 1.85 2.18 3.09 2.16 2.07 1.08 1.89 1.05 1.07
Na2O 4.02 3.66 3.44 3.83 3.86 3.45 3.81 2.85 2.90 3.69 3.67 3.43 3.62 3.42 3.27 2.64 2.97 2.60 3.62 3.37 2.87 3.23 2.76 2.95 2.85 2.84
K2O 4.48 4.31 3.47 5.06 5.08 4.42 4.38 3.98 4.58 4.60 5.19 5.15 4.99 3.28 3.75 4.51 5.42 3.99 4.83 3.26 4.21 4.52 4.88 4.95 4.51 4.52
P2O5 0.35 0.24 0.24 0.28 0.26 0.25 0.25 0.22 0.29 0.29 0.29 0.26 0.25 0.32 0.19 0.19 0.15 0.20 0.17 0.32 0.20 0.18 0.19 0.16 0.18 0.18
SUM 96.83 99.17 97.23 99.30 99.14 99.71 99.63 99.80 97.00 99.63 97.08 99.48 99.66 99.16 97.79 98.55 98.60 99.13 98.70 98.52 99.36 98.68 97.95 97.83 98.78 97.61
LOI 1.25 1.24 1.39 1.26 1.05 1.00 1.25 1.06 1.77 1.68 1.18 0.98 1.07 1.07 1.38 1.56 1.02 1.37 1.29 1.50 1.59 1.26 1.19 1.34 1.07 1.11
Q 28.56 32.33 37.82 28.70 28.58 36.46 34.32 42.38 33.82 33.90 27.63 33.19 34.27 29.68 25.33 29.37 29.46 37.78 24.27 29.59 32.45 28.88 33.20 29.76 36.49 35.45
Or 26.20 24.87 19.38 29.49 29.63 25.68 25.47 22.94 25.78 26.59 30.23 29.90 29.26 17.33 19.79 24.45 31.83 22.47 27.93 17.21 23.10 25.78 28.05 28.64 26.13 26.09
Ab 34.01 30.97 29.11 32.41 32.66 29.19 32.24 24.12 24.54 31.22 31.05 29.02 30.63 28.97 27.69 22.37 25.16 22.03 30.64 28.48 24.29 27.31 23.39 24.96 24.14 24.00
An 0.00 2.30 0.91 1.54 1.48 0.70 0.85 0.55 0.00 0.09 0.78 0.44 0.00 13.14 13.52 11.12 6.80 7.89 9.73 13.24 9.40 9.10 4.14 8.34 4.07 4.17

Trace  Element
V 3.74 2.72 12.41 7.75 7.02 7.77 5.96 9.00 6.46 6.54 6.23 6.70 2.53 57.00 62.00 59.00 27.00 37.00 45.00 59.00 54.00 38.00 29.00 36.00 26.00 12.00
Cr 2.81 17.78 1.40 0.94 0.62 1.49 2.86 1.95 1.02 1.43 1.40 0.64 6.19 42.00 49.00 45.00 32.00 37.00 36.00 42.00 39.00 34.00 40.00 18.00 27.00 22.00
Co 27.21 4.27 33.39 20.05 14.83 18.75 24.83 26.91 22.27 20.23 20.10 21.10 16.92 41.00 40.00 39.00 34.00 49.00 51.00 40.00 71.00 56.00 39.00 51.00 78.00 79.00
Cu 3.40 4.27 4.43 3.09 3.40 12.46 3.74 4.88 1.89 1.16 5.92 5.61 1.12 20.00 18.00 13.00 9.00 9.00 9.00 15.00 13.00 12.00 19.00 11.00 11.00 9.00
Rb 496.65 378.02 287.85 324.92 278.95 311.99 281.05 264.95 260.25 240.96 322.82 281.84 500.74 167.00 180.00 196.00 281.00 242.00 276.00 171.00 237.00 230.00 336.00 265.00 318.00 352.00
Cs 61.57 59.94 36.69 41.67 33.64 32.34 34.74 33.57 29.85 23.37 40.62 30.69 42.82 5.00 5.00 4.00 13.00 9.00 13.00 7.00 7.00 5.00 14.00 10.00 10.00 39.00
Ba 35.69 106.37 57.37 229.43 210.48 121.41 128.53 130.67 98.42 169.00 166.60 187.95 19.04 460.00 490.00 678.00 460.00 497.00 242.00 460.00 403.00 437.00 298.00 411.00 279.00 158.00
Th 4.89 26.04 16.03 8.09 6.48 6.47 7.43 8.52 5.63 7.02 5.76 6.76 4.08 17.00 33.00 27.00 14.00 40.00 53.00 25.00 42.00 24.00 33.00 36.00 33.00 11.00
U 2.23 4.84 3.12 2.74 2.11 1.91 2.29 1.95 1.71 1.70 1.78 1.41 3.82 1.00 5.00 1.00 5.00 6.00 2.00 7.00 5.00 3.00 4.00 8.00 1.00
Nb 10.75 13.44 14.66 11.50 14.64 17.48 20.77 15.50 17.38 6.92 5.65 13.49 15.11 18.00 17.00 17.00 14.00 20.00 22.00 18.00 19.00 16.00 21.00 16.00 18.00 16.00
Pb 11.47 20.32 12.17 28.90 28.06 19.96 17.38 17.54 5.47 13.27 23.10 18.62 6.76 39.00 39.00 44.00 37.00 61.00 37.00 33.00 40.00 39.00 37.00 51.00 38.00 41.00
Sr 16.21 32.88 17.36 60.98 55.81 31.39 34.22 32.09 20.05 29.30 41.94 40.49 7.48 171.00 194.00 172.00 110.00 135.00 87.00 170.00 123.00 140.00 94.00 120.00 94.00 57.00
Hf 0.94 0.98 0.92 0.89 0.81 0.79 0.94 0.98 0.91 0.88 0.77 0.87 0.71 1.12 1.49 1.65 0.97 0.82 0.91 1.25 1.11 0.89 1.63 1.65 0.93 0.79
Zr 34.17 39.16 41.66 10.68 22.57 22.70 28.68 22.33 27.31 14.77 11.42 23.84 21.95 268.00 273.00 252.00 187.00 232.00 303.00 272.00 314.00 188.00 158.00 226.00 151.00 72.00

Rare Earth Element
La 5.11 29.17 20.15 13.40 9.86 9.76 11.37 12.85 8.14 9.24 9.53 9.81 4.10 11.37 4.90 13.12 5.17 20.07 15.48 7.98 17.15 7.60 8.03 8.34 10.80 3.77
Ce 11.28 66.41 44.80 28.29 21.30 21.27 24.29 26.33 17.29 20.59 20.38 21.16 9.84 22.58 10.26 26.24 10.50 41.00 30.63 16.63 33.93 16.39 17.17 17.75 22.83 8.41
Pr 1.41 8.02 5.29 3.31 2.52 2.60 2.91 3.24 2.07 2.46 2.43 2.55 1.21 2.68 1.14 2.92 1.16 4.49 3.42 2.28 3.71 1.96 1.93 2.01 2.64 1.04
Nd 5.46 31.81 20.26 12.47 9.54 10.09 11.09 12.73 7.79 9.64 9.57 9.98 4.75 10.70 4.80 12.45 4.19 18.21 12.86 7.90 14.41 7.60 7.91 8.49 10.87 3.81
Sm 1.48 6.91 4.63 3.47 2.76 2.73 2.87 3.47 2.18 2.76 2.61 2.71 1.36 2.35 0.91 2.26 0.92 3.38 2.69 2.08 2.82 1.60 1.44 1.49 1.95 0.91
Eu 0.11 0.37 0.28 0.53 0.46 0.33 0.34 0.35 0.37 0.40 0.40 0.39 0.05 0.60 0.18 0.49 0.22 0.40 0.63 0.86 0.54 0.44 0.23 0.24 0.38 0.26
Gd 0.93 4.10 2.71 2.18 1.71 1.83 1.77 2.19 1.46 1.73 1.73 1.71 0.88 2.84 1.00 2.59 1.12 3.97 2.84 2.23 3.23 1.69 1.50 1.50 2.01 0.88
Dy 1.24 4.06 2.91 2.37 1.78 2.31 1.85 2.53 1.54 1.99 1.94 1.93 1.53 1.86 0.51 1.39 0.73 2.19 1.55 1.54 1.87 1.18 0.67 0.66 0.89 0.45
Ho 0.21 0.77 0.56 0.42 0.31 0.42 0.36 0.44 0.27 0.37 0.36 0.34 0.33 0.50 0.10 0.29 0.18 0.44 0.42 0.63 0.43 0.35 0.15 0.13 0.24 0.19
Yb 0.47 1.59 1.33 0.72 0.60 0.90 0.84 0.84 0.56 0.61 0.73 0.61 1.04 1.30 0.27 0.79 0.51 1.37 1.01 1.13 1.18 0.76 0.42 0.38 0.56 0.35
Lu 0.07 0.20 0.17 0.09 0.07 0.11 0.10 0.10 0.06 0.07 0.10 0.08 0.13 0.26 0.03 0.09 0.08 0.15 0.23 0.44 0.21 0.21 0.08 0.06 0.15 0.14
Y 6.81 21.45 15.08 10.68 8.21 11.01 9.35 11.73 7.63 9.40 9.54 9.04 8.88 59.00 38.00 32.00 42.00 29.00 53.00 59.00 41.00 42.00 17.00 25.00 16.00 11.00
LREE/HREE 2.55 4.44 4.19 3.73 3.66 2.82 3.71 3.31 3.28 3.18 3.12 3.40 1.67 0.76 0.56 1.55 0.50 2.36 1.11 0.58 1.51 0.77 1.85 1.38 2.49 1.40
Eu* 4.49 18.93 13.42 15.21 12.72 10.16 10.93 11.99 9.97 11.79 11.15 11.44 3.24 11.16 3.59 9.58 4.11 8.33 12.83 16.25 10.70 8.71 5.03 5.40 7.97 5.36
La/Lu n 8.30 16.02 12.73 15.72 14.87 9.23 11.89 13.79 13.78 13.75 10.53 12.66 3.29 4.72 17.95 15.99 6.63 14.13 7.17 1.96 8.80 3.92 11.25 15.13 7.59 2.83
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(Fig.10) in the Dalhousie granites indicate a less mature metapelitic
source for these granites (Sylvester, 1998; Jung and Pfander, 2007).
The inhomogeneity in the source rock is also reflected by the initial
87Sr/86Sr ratios, where the initial 87Sr/86Sr  ratios of Dhauladhar granites
is 87Sr/86Sr = (0.71947±0.72404) (Chaudhry,1996) and
(0.7698±0.0041) for Dalhousie granites (Kansal et al.,2003).
Nevertheless, similar primitive mantle-normalized spider diagrams
and similar chondrite-normalized REE patterns indicate that these
granites were  formed in a similar tectonic setting.

The peraluminous granites can be produced by partial melting of
crustal rocks under fluid-absent and water present conditions (Patiño
Douce and Beard, 1996; Singh and Johannes, 1996; Watkins et al.,

2007). The partial melting of metapelites under water present
conditions makes plagioclase less stable than mica (Conrad et al., 1988;
Watkins et al., 2007; Weinberg and Hasalova, 2015). The fluid flux
melting consumes a greater proportion of the plagioclase than
muscovite. Therefore, the granitic magma generated under water
present conditions have higher An-Ab component compared to Or
and higher Eu/Eu*. Micas are rich in Rb and poor in Sr content,
whereas the plagioclase is rich in Sr and poor in Rb (Inger and Harris,
1993; Harris and Inger, 1992), implying that the melts derived from
the muscovite dehydration melting should exhibit higher Rb/Sr ratios
than the melts derived from melting in presence of water. Because Ba
has high incompatibility with K-feldspar (Zheng et al., 2005), Ba

Fig.5. Major elements Harker variation plot of Dalhousie and Dhauladhar granites showing the correlation between SiO2 and (a) K2O, (b) Fe2O3,

(c) CaO, (d) Al2O3, (e) MnO, (f) P2O5, (g) Na2O, (h) TiO2, (i) MgO .

Fig.4. (a) Differentiation index (D.I.) increases vs SiO2. (b) AFM diagram show calc alkaline nature of granites (Irvine and Baragar 1971).
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Fig.6. Trace elements Harker variation plot of Dalhousie and Dhauladhar granites showing the correlation between SiO2 and (a) Th, (b) Rb,
(c) K, (d) Cs, (e) Sm, (f) Ba, (g) Eu, (h) Sr, (i) Zr.

Fig.7. Primitive mantle-normalized trace element spider diagrams primitive mantle normalized values are from Sun and McDonough (1989).
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Fig.8. Chondrite-normalized trace element spider diagrams primitive mantle normalized values are from Sun and McDonough (1989).

Fig.9. (A) & (B) Breakdown of muscovite in the absence of aquas
fluids leads to increase Rb/Sr ratios and decrease of Sr and Ba (Inger
and Harris, 1993), (C) haplogranitic system Q-Or-Ab with invariant
points at variable pressure and H2O activity  (Holtz et al.,1990). Colour
coded same as in Fig.7.
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fractionation behavior also provides an indication of melting
conditions. Dalhousie granites exhibit higher Rb/Sr ratios (4.9-66.9),
low Sr and Ba, a pronounced Eu anomaly and fall along the trend of
muscovite dehydration melting (Inger and Harris, 1993). The
Dhauladhar granites, on the other hand, show lower Rb/Sr ratios (0.9-
3.3), high Sr, Ba with negligible to no Eu anomaly, suggesting water
present melting (Fig. 9a,b). The higher FeO/MgO ration in the
Dhauladhar suite of rocks compared to the Dalhousie rocks is also
attributed to the melting in Dhauladhar area under water flux condition.
The continues trend in major and trace elements vs SiO2 (Fig.4)  along
with the similar primitive mantle-normalized spider diagrams and
similar Chondrite-normalized REE patterns indicate that these granites
were formed from a common source by the plagioclase fractionation
under fluid-absent and present conditions. The Q-Ab-Or diagram
suggests that these granites belong to the eutectics of the haplogranite
system having H2O in the system with  2 and 5 Kbar pressure (Holtz
et al,1992;  Holtz et al,1994).

The high Rb (<500) and low Sr and Ba in the  Dalhousie granites
indicate that the crystal fractionation was likely the main process of
the magma evolution.  In contrast, Dhauladhar has lower Rb (< 352)
higher Sr and Ba contents. These observations imply that plagioclase

fractionation is more prominent in Dalhousie granites than Dhauladhar
granites. Plagioclase fractionation has resulted in depletion of Eu from
the evolved melt which has been manifested in the form of a
pronounced negative Eu anomaly. Dhauladhar granites show less
pronounced to no Eu anomaly. Some studies (Bea et al., 2006; Zaraysky
et al., 2007) have used the Zr/Hf ratio as granite fractionation index.
Zr/Hf decreases with increasing evolution of a silicate melt (e.g. Irber,
1999). High Zr/Hf ratios in Dhauladhar granite (2.1-9)  compared to
Dalhousie granite (0.3-0.8)  indicates that the Dalhousie granites are
more evolved than Dhauladhar granites. The fractionation process can
also be identified by the use of log-log plots (Fig. 11) (Allègre and
Minster, 1978). The log-plots (Fig. 11) involving Rb, Sr, Eu/Eu* and
Ba illustrate the importance of K-feldspar and plagioclase fractionation,
and also for biotite fractionation. These plots show that Dhauladhar
samples show a shorter range of fractionation or less fractionation
controlled by biotite. In Dalhousie, samples extended fractionation
controlled by K-feldspar and plagioclase has produced the variation
in Sr, Ba, and Eu and a negative Eu anomaly

CONCLUSIONS
Present work indicates that both the Dalhousie and Dhauladhar

Fig.10. Interpretation of source rock composition (A) Rb/Ba versus Rb/Sr diagram, calculated source composition after Sylvester (1998)
(B) Al2O3/TiO2 versus Cao/Na2O, indicates the field of strongly peraluminous Sylvester (1998). Colour coded same as Fig.7.

Fig.11. (A) Rb vs. Sr, (B) Eu/Eu* vs. ba – log-log diagrams that indicate the role of rock-forming minerals in the fractional crystallization. In (A)
vectors of fractional crystallization for K-feldspar, plagioclase, and biotite (breaks and Moore (1992), and (B) (Landerberger and Collins 1996).
Colour coded same as Fig.7.
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granites are strongly peraluminous, silica-rich S-type granites, formed
from partial melting and crystallization of a metasedimentary source.
The detailed geochemical characteristics of these granites do not define
a single unit, rather indicate the complex history in which two
contrasting granites were formed. Partial melting of a meta-psammitic
source by muscovite dehydration melting in presence of water has
generated the granitic melt for Dhauladhar granites. Melt evolution
by fractionation has involved mostly biotite; feldspar has played a
minor role. In contrast, the melt for the Dalhousie granites has been
generated from a meta-pelitic source by muscovite dehydration melting
in the absence of water. Dalhousie granites are more evolved and
fractionated than Dhauladhar granites. Plagioclase fractional
crystallization has played a major role in the evolution of Dalhousie
granitic melt.
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