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Laboratory data of velocity (Vp and Vs) and quality 
factor (Qp and Qs) of a large number of charnockites 
and associated granitoid gneisses of Kudankulam are 
reported in this article. The results show linear rela
tionships between density and velocity, and density 
and Q values of both the rocks. Charnockites show 
higher velocities and a wide range of Poisson's ratio 
and Q values compared to granitoid gneisses. The 
laboratory velocity data when extrapolated to high
pressure conditions are comparable to the published 
field velocity data from deep seismic sounding studies, 
which were carried out in the southern part of the 
Southern Granulite Terrain. 
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CHARNOCKITIC rocks and other high-grade granulites of 
deep crustal origin are well exposed in the southern parts 
of the well-known Southern Granulite Terrain (SGT) of 
South India1-A Several geological, geochemical and geo
chronological studies of charnockites and associated 
rocks of the SGT have contributed in understanding the 
evolution of early continental crust, regional tectonics 
and the granulite grade metamorphism5,G. Integrated geo
physical surveys carried out along some of the geotran
sects running across the prominent shear zones of the 
SGT have yielded valuable data on crustal-velocity struc
ture7-9; electrical-conductivity structure10

,11 and heat-flow 
estimates 12. All these integrated studies have revealed 
that the SGT has a complex and long-lived tectonic his
tory from Palaeoarchean to Neoproterozoic (3000 to 
550 Ma), and the present-day exposed granulite terrains 
represent the exhumed portions of the middle and lower 
continental crust of the earth5. Further, charnockites of 
more than one generation are recognized in the SGT. Al
though progressive formation of charnockites from 
gneisses was observed in many parts of Tamil Nadu and 
Kerala13,14, reports of arrested partial conversion of gneiss 
to charnockite have also appeared2,15,lG. In some places it 
is not clearly known whether the gneiss-charnockite rela
tion is prograde or retrograde. The estimated pressure and 
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temperature conditions for the formation of charnockites 
and other granulite facies rocks of the SGT are also re
ported to vary widely2. The sources for the influx of CO2 
for charnockitization are also found to be different in dif
ferent parts of the SGT3,15,17,18. All these factors have a 
strong bearing on rock properties, and also influence the 
geophysical field data and its interpretation for under
standing and deciphering the crustal structure and tecto
nic evolution of the SGT. 

Laboratory data on physical properties, especially elas
tic wave velocities (Vp and Vs), of the exposed granulite 
rocks of deep crustal origin can provide broad constraints 
for the interpretation of seismic data of deeper crustal 
levels19-21 . But there has not been any systematic study or 
data of Vp , Vs and Poisson's ratio (v) of charnockites and 
other granulite facies rocks of the SGT to enable a com
parison with the properties of deeper crustal levels. Only 
limited data of Vp under high-pressure conditions are 
available for Pallavaram charnockites22 and ultramafic 
rocks of Peninsular Indii3

-
2G. We have recently taken up 

the study of physical properties of charnockites and other 
granulite facies rocks of all the important crustal blocks 
of the SGT. The results obtained on velocities, Poisson's 
ratio and attenuation (Q-l) measurements of some of the 
granulite facies rocks from Mahabalipuram in the Madras 
Block have been reported recentll7,28. In this article, the 
results of elastic wave velocities (Vp , Vs), Poisson's ratio 
(v) and quality factor (Q) of some borehole samples of 
charnockites and associated granitoid gneisses of Kudan
kulam which is close to Kanyakumari and belongs to the 
Nagercoil Granulite Block (NGB) of the southernmost 
part of the SGT, are presented and discussed. 

Geologic setting and description of rocks 

Rock samples in the present study are from a project site 
for rock-engineering applications at Kudankulam (Figure 
1). Several geological and geophysical studies are being 
conducted there for site characterization and site-response 
studies. Deep seismic sounding (DSS) studies along a 
220 km long N-S geotransect from Vattalkundu to Kanya
kumari (Figure 1) cutting across the Achankovil Shear 
Zone (ACSZ), is the latest geophysical studl. The char-
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Figure 1. Generalized geological framework of the southern part of the Southern Granulite Terrain showing major granulite 
blocks and shear zones (after Sajeev et 014

), the DSS profile from Vattalkundu to Kanyakumari (after Rajendra Prasad et 019
) 

and the present study area (Kudankulam). 

nockites and associated granitoid gneisses of Kudanku
lam belong to the Nagercoil Granulite Block (NGB). The 
NGB is one of the three important crustal blocks of the 
southern part of the SGT. The NGB that is at the south of 
the ACSZ is bounded by the Trivandrum Block (TGB) in 
the north and extends into the tip of the peninsula in the 
south (Figure 1). The NGB is also adjacent to the Kerala 
Khondalite Belt (KKB). The NGB comprises mostly 
massive charnockites and pyroxene granulites3

. 

Core samples from 15 closely-spaced, shallow bore
holes drilled down to a depth of 20 m at the project site 
have been used for the present study. A large number of 
them are fresh, garnet-free, massive charnockites and 
granitoid gneisses. The charnockites are medium-to
coarse grained and occur at depths ranging from 1.5 to 
15.0 m in nine boreholes. The rock samples of the other 
six boreholes are medium-grained granitoid gneisses at 
shallow depths «15 m). In some boreholes, both gneisses 
and charnockites occur at different depths. The modal 
composition data (vol. %) for some of the samples are 
presented in Table 1. The charnockites contain less quartz 
(22.63%), more plagioclase (50.53%) and are totally free 
from garnet compared to those of Mahabalipuram char
nockites of the Madras Block28

. These charnockites 
contain small amounts of clinopyroxene (4.64%), ortho
pyroxene (1.66%) and haematite (2.9%), whereas the as
sociated granitoid gneisses contain more quartz (28.72%), 
less plagioclase (45.77%) and smaller quantities of pyro-
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xene. These variations in mineral composition can influ
ence the data on velocities and Poisson's ratio of the 
rocks studied, as discussed later. 

Experimental 

The test samples (30 mm dia and ~60-70 mm long) were 
prepared from NX size cores (54 mm dia). Measurements 
of Vp , Vs, Qp and Qs were carried out under room condi
tions on at least three samples of each lithological unit, 
following our earlier published methods23

,29-31. While 
velocities are based on travel-time measurements, Q is 
obtained from pulse-width measurements in rocks, as dis
cussed elsewhere28

,31. Prior to the measurement of velo
city and Q, all the test samples were oven-dried and 
cooled to room temperature for the removal of moisture. 
The density data (p) were obtained from the measurements 
of mass (m) and bulk-volume (v) of each oven-dried test 
sample using the formula p = mlv. The time-of-flight (or 
travel time) measurements were made in the test samples 
at 1.0 MHz frequency using time-of-flight ultrasonic 
pulse transmission technique30

,3\ in which arrival times 
of compressional (tp ) and shear (ts) waves are measured 
accurately (error ±1 %) in each test sample. A high-energy 
pulser on the driving side and a digital storage oscillo
scope on the receiving side were used for the measure
ments of travel time and pulse width of the first received 
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Table 1. Modal composition (vol. %) data of some charnockites and granitoid gneisses of Kudankulam, Tamil Nadu 

Sample Quartz Plagioclase K-feldspar Clinopyroxene Orthopyroxene Ilmenite Haematite Apatite Sphene 

Charnockites 
BH-1 (22) 19.55 
BH-2 (12) 23.13 
BH-4 (94/1) 27.98 
BH-6 (60/1) 22.67 

BH-8 (6) 19.93 
BH-9 (29) 22.51 

Ave. 22.63 

Granitoid gneisses 
BH-14 (24, 42) 27.79 
BH-15 (34/1) 29.65 

Ave. 28.72 

52.18 
49.38 
47.76 
51.92 
51.65 
50.28 

50.53 

46.83 
44.72 

45.77 

15.15 
19.63 
15.24 
13.99 
15.90 
14.93 

15.81 

18.03 
18.75 

18.39 

6.71 
1.09 
3.22 
4.94 
6.50 
5.38 

4.64 

2.55 
2.59 

2.57 

1.19 
2.58 
1.82 
1.75 
0.90 
1.69 

1.66 

1.13 
1.63 

1.38 

0.08 
0.09 
0.04 
0.06 
0.08 
0.06 

0.07 

0.06 
0.06 

0.06 

3.10 
2.86 
2.24 
2.83 
3.18 
3.17 

2.90 

2.52 
2.05 

2.28 

1.03 
0.81 
0.75 
0.82 
0.97 
0.96 

0.89 

0.49 
0.37 

0.43 

1.02 
0.43 
0.95 
1.02 
0.90 
1.02 

0.89 

0.60 
0.18 

0.39 

Table 2. p- and S-wave velocities, Poisson's ratio (v), Young's modulus (E) and Q values of some borehole samples of char
nockites and granitoid gneisses of Kudankulam, Tamil Nadu 

B.H. no. Sample no. Density (g/cc) 

Charnockites 
BH-1 
BH-2 
BH-3 
BH-4 
BH-5 
BH-6 
BH-7 
BH-8 
BH-9 

Granitoid gneisses 

22 
12 
33 

94/1 

80 
60/1 
28 
6 

29 

Ave. 

BH-4 8/1 
BH-4 68/1 
BH-10 83,93 
BH-10 96 
BH-11 24 
BH-11 35 
BH-12 89 
BH-12 105 
BH-12 108 
BH-14 24,42 
BH-15 34/1 

Ave. 

2.717 
2.733 
2.727 
2.725 
2.718 
2.759 
2.689 
2.784 
2.762 

2.735 

2.727 
2.673 
2.718 
2.718 
2.730 
2.748 
2.657 
2.653 
2.682 
2.698 
2.685 

2.699 

Vp(m/s) 

6042 
6197 
6289 
6131 
5998 
6172 
6219 
6021 
6138 

6134 

4742 
4613 
5338 
5146 
4843 
5695 
4646 
4808 
4717 
5890 
5992 

5130 

pulse for calculating velocity and Q, as discussed in our 
earlier papers28,30,31. 

Results and discussion 

Velocity-density systematics, Poisson's ratio and 
Q values 

The density, velocity and Q data (all average values) ob
tained from measurements made under room conditions 
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Vs (m/s) 

3223 
3302 
3325 
3640 
3317 
3308 
3518 
3587 
3249 

3385 

2595 
2529 
3098 
2885 
2732 
3122 
2633 
2797 
2544 
3169 
3176 

2844 

v 

0.301 
0.302 
0.306 
0.228 
0.280 
0.299 
0.265 
0.225 
0.305 

0.279 

0.286 
0.285 
0.246 
0.271 
0.267 
0.285 
0.263 
0.244 
0.295 
0.296 
0.305 

0.277 

E (GPa) 

73.44 
77.57 
78.75 
88.64 
76.54 
78.40 
84.18 
87.75 
76.10 

80.15 

47.24 
43.94 
65.00 
57.49 
51.62 
68.85 
46.55 
51.65 
44.95 
70.23 
70.65 

56.20 

75.91 
96.78 

204.61 
87.00 
81.17 
86.94 
90.82 
84.42 
79.06 

98.52 

33.81 
15.78 
49.91 
37.51 
28.93 
79.50 
29.95 
29.94 
25.56 
67.63 
67.37 

42.35 

Qs 

66.95 
69.25 

215.00 
57.16 
63.23 
68.55 
72.45 
27.27 
64.03 

78.21 

14.07 
27.01 
60.95 
41.84 
72.47 
46.14 
38.38 
41.33 
46.06 
51.92 
60.71 

45.53 

on three specimens of each lithological unit are shown in 
Table 2 for the charnockites and granitoid gneisses. The 
data were obtained from measurements carried out on nearly 
60 core samples of charnockites and granitoid gneisses. 
Poisson's ratio (v) and Young's modulus (E) were also 
computed using the standard relationships between velo
cities and elastic moduli (Table 2). The density (p) of char
nockites range from 2.689 to 2.784 glee (ave 2.735 glee), 
while Vp range from 5998 to 6289 mls (ave 6134 m/s) 
and Vs range from 3223 to 3640 mls (ave 3385 m/s) 
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Figure 2. Plots showing the relationship between density (p) and P-wave velocity (Vp ) (a) and density (p) and S-wave velocity 
(Vs) (b) of charnockites and granitoid gneisses. 

(Table 2 and Figure 2). Poisson's ratio ranged between 
0.225 and 0.306 (ave 0.279), and Young's modulus vary 
from 73.44 to 88.64 GPa (ave 80.15 GPa) for the char
nockites (Table 2). The Q data of rock samples showed a 
wider range than velocities, since attenuation (Q-l) is a 
more sensitive parameter (Table 2). The granitoid 
gneisses show lower values of density, velocity, Young's 
modulus and Q compared to the charnockites (Table 2), 
whereas the values of Poisson's ratio charnockites and 
gneisses are comparable. The density-velocity and den
sity-Q relationships for the rocks are shown in Figures 2 
and 3 respectively. The large variations in velo-cities and 
Q values of charnockites and gneisses are due to the dif
ferences in their mineralogical composition and meta
morphic histories. The granitoid gneisses show large 
variation in velocities and Q (Figures 2 and 3) compared 
to charnockites, which indicates significant changes in 
their mineralogical composition caused perhaps due to 
the retrograde metamorphism of charnockites. The results 
show the expected increasing trend in velocities and Q 
with increase in density, although the scatter is more in 
the Vs-p and Qs-P relationship, especially for the grani
toid gneisses (Figures 2 band 3 b). The granitoid gneisses 
used for the present study are not oriented samples, and 
the direction of gneissosity with respect to the direction 
of propagation of the elastic wave also has a significant 
influence on velocity and Q. Another reason for the large 
scatter is due to the fact that these results have been ob
tained under room conditions and not under hydrostatic 
pressure. Linear regression analysis confirms once again 
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that velocities and Q increase with the increase in density 
of the rocks (Figures 2 and 3). 

Dependence of Vp and Poisson's ratio on mineral 
composition 

Though the data are limited, the dependence of velocities 
and Poisson's ratio on mineral composition has been exam
ined. The results show some interesting relationship bet
ween the plagioclase content and Vp and v of the rocks 
(Figure 4 a and b). The variations in quartz and pyroxene 
do not seem to have any significant influence on Vp and 
Vs in these charnockites. These observations are similar 
to the results obtained from measurements made on Ma
habalipuram charnockites, in which a marginal increase 
in Vp and a nearly constant Vs were observed with increase 
of plagioclase in them28

. This is understandable because 
quartz has a lower density, velocity and Poisson's ratio 
than plagioclase and pyroxene21

,32. Data on the velocity 
and Poisson's ratio of charnockites in the present study 
show fairly good agreement with the results reported on 
Vp for Pallavaram charnockites by Birch22 and Pois
son's's ratio by Christensen21 for the mid-crustal rocks. 
The Pallavaram charnockites (p = 2.740 g/cc) show Vp of 
6150 mls at 10 bar confining pressure and 6460 mls at 
10 kilobar confining pressure22

. Though the charnockites 
are low-porosity rocks, application of hydrostatic pres
sure can certainly reduce the anomalies noticed among 
the velocities and attenuation in them at NTP conditions. 
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Figure 4. Plot showing the effect of plagioclase on P-wave velocity (Vp ) (a) and Poisson's ratio (v) (b) of charnockites and granitoid gneisses. 

Tectonic implications 

Among various physical properties, the laboratory data of 
Vp of the granulite facies rocks have been considered by 
several investigators to interpret the suites of exposed 
granulites as representatives of lower continental crust19

-
21

. 

The Vp in lower continental crust19 ranges mainly from 
6500 to 7500 mls and density from 3.0 to 3.2 g/cc. In 
South India, the minimum Vp of the 'lower crust' at 23 km 
depth is 6600 mls and it gradually increases to 7200 mls 
at 40 km depth, as reported from the DSS profile data 
from Kavali to Udipi7. At shallow crustal depths in the 
SGT, the seismic velocities8

,9,33 range from 6000 to 
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6500 mls for Vp and from 3000 to 3500 mls for Vs. DSS 
study of the subsurface velocity structure using P- and 5-
wave seismic refraction data and 2D tomographic images 
along a 220 km long N-S geotransect from Vattalkundu 
to Kanyakumari (Figure 1) cutting across the ACSZ, is 
the latest geophysical studl. The tomographic images 
show relatively high Vp (6300-6500 m/s) and high Vs 
(3500-3800 m/s) bodies at very shallow depths (0.5-
8.0 km) along that profile across the ACSZ9

. These ob
servations indicate that the rocks present at the shallow 
depths are high-grade metamorphic charnockites of 
deeper origin that are exhumed to shallow depths and dif
fer in composition from the rocks of the surrounding gra-
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nulite facies9
. Also, the charnockites present in Madurai 

and Trivandrum Blocks on either side of the ACSZ con
tain more garnet3

,34,35, which might have contributed to 
such high seismic velocities. On the other hand, the NGB 
charnockites are relatively free from garnet and the esti
mated pressure ranges from 4.0 to 6.0 kbar (ave 5.0 kbar), 
and the metamorphic temperature is quite high (up to 
934°C) for the formation of NGB charnockites3

. The cor
responding depth for the above-mentioned estimated 
pressure is ~15 km and the seismic velocities are expec
ted to be around 6500 mls for Vp and 3600 mls for Vs at 
that depth. In the absence of high-pressure laboratory ve
locity data of the charnockite rocks of Kudankulam, and 
by applying the velocity-pressure gradient values of Pal
lavaram charnockites (mean p = 2.740 glcc and Vp under 
room conditions = 6019 m/s) to the present data of 
Kudankulam charnockites (mean p = 2.735 glcc, mean 
Vp = 6134 mis, mean Vs = 3385 mls under room condi
tions), we conclude that the charnockites of the present 
study area would have Vp of the order of 6500 mls and Vs 
of the order of 3590 mls at 5.0 kbar pressure, corresponding 
to a depth of ~15 km. These pressure-corrected velocity 
values of Kudankulam charnockites are comparable to the 
DSS data at such depths9

,33. The gneisses which have 
shown lower wave velocities and moduli in accordance 
with the changes in mineralogical composition, are perhaps 
products of the retrograde metamorphism of the charno
ckites of the SGT and this requires detailed studies. 

Conclusion 

The observed large variations in the velocities and Q of 
charnockites and granitoid gneisses are due to the minera
logical differences between the two groups of rocks. The 
granitoid gneisses, compared to charnockites, show large 
variation in velocities and Q due to their complex miner
alogy. The pressure-corrected velocity data are compara
ble to the DSS velocity values at depths ~15 km in the 
southern part of the SGT. This lends support to the field 
inferences that charnockites of the present study belong to 
the high-grade metamorphic basic granulites which are ex
humed to shallow crustal levels. The interrelationships 
among the measured parameters, and the dependence of 
velocities on mineral composition are useful for applica
tions in the interpretation of seismic velocity and Q data 
for site characterization and rock-engineering applications. 
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