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We summarize geophysical information from North 
America and India, and find many similarities in the 
deep crustal structure of the two continents. From this, 
we infer that similar processes have operated, particularly 
in the accretion and stabilization of the cratonic re
gions. Seismic images and other data suggest that plate 
tectonic processes have been active, both in the North 
American and Indian shields, since the late Archean. 
Precambrian orogens and high-pressure granulite ter
rains of both regions have developed nearly identically 
through time since about 2500 Ma. Such similarities 
invite direct comparisons of deep crustal structure. 
Here we present results from work in North America 
including: maps of crustal thickness, maps of average 
P-wave velocity of the crystalline crust, maps of average 
Pn (sub-Moho) velocity, and statistical analysis of crustal 
properties. 

THE seismic structure of the crust and upper mantle provides 
critical information regarding the composition and evolution 
of the lithosphere. Studies have been conducted on a global 
basis in a wide range of geologic and tectonic environments. 
These environments include: shields, platforms, orogens, 
rifts, and highly-extended crust. These studies have aided 
our understanding of the geologic and tectonic processes 
responsible for the evolution of the crust l

-4. In addition, 
seismic profiles can reveal much along active crustal fault 
zones, where seismic hazard is high. 

Until recently, past geophysical studies in India have been 
mainly confined to crustal investigations, and therefore this 
comparative review will focus on the crust. We summarize 
velocity-depth structure in different geological settings 
as deduced from refraction studies, but also to illustrate 
the finer structural variations depicted in the reflectivity char
acter. In addition, we discuss the seismicity of the two con
tinents. 

*For correspondence. (e-mail: vijayraov@yahoo.co.in) 
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Geology and tectonics 

North America 

The core of the North American continent is composed of 
several Archean cratons including the Superior, Slave, 
Nain, Hearne, Wyoming and Rae (Figure 1). These cratons 
were welded together during Paleoproterozoic collisions and 
have been coherent since 1.7 Ga5

. Plate tectonic processes, 
believed to have been active since the Archean, have dic
tated the evolution of this continent. The present-day con
tinental boundaries evolved during the Paleozoic era, and 
the two main Paleozoic features of the continent are the 
western Cordillera and the Appalachian fold belt in the 
west and east respectively. 

The oldest rocks within the present-day Western Cordillera 
are Precambrian, and the Cordillera now extends from Mex
ico to Alaska6 (Figure 1). The Archean and Proterozoic rocks 
of the Cordillera were truncated by late Proterozoic rifts 
(related to the break-up of a late Proterozoic supercontinent), 
which formed a carbonate-dominated stable continental mar
gin lasting from the Cambrian to the Early Carboniferous. 
This margin has been active since 300 Ma, first with a series 
of accretions that formed such structures as the Sierra 
Nevada mountains, and then since 25 Ma with the extension 
that formed the Basin and Range Province6

. 

The Appalachian fold belt of eastern North America 
consists of the eroded core of a Paleozoic mountain chain that 
extends some 3000 km from the southeastern United States 
to Newfoundland (Figure 1). The Appalachian mountains also 
contain a record of a number of arc-continent, and continent
continent collisions, as well as numerous rifting events 7 . 

India 

The Indian subcontinent is a mosaic of several Archean 
cratonic blocks including the Dharwar, Bhandara, Singhbum, 
Southern Granulites, Bundelkhand and Mewar crustal8

,9 

(Figure 2). The Indian Shield has evolved as a result of 
the interaction of these crustal blocks which are separated 
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Figure 1. Generalized map of the cratons and major structural features of North America (after Hoff
man5

). YS, Yellowstone; LV, Long Valley. Ages of formation are given in the key at right. 

by rifts, suture zones, and fold belts. Several of these suture 
zones have been reactivated during various geological periods 
since the Proterozoic. The Aravalli, Satpura, Delhi and 
Eastern Ghats are the important Paleo-Mesoproterozoic 
fold belts of the Indian shield. 

The Indian subcontinent is primarily made up of Pre
cambrian rocks. The Dharwar craton (3400 Ma) is a typical 
Archean greenstone-granite-gneissic terrain as observed 
elsewhere in the world. The Narmada-Son lineament (NSL) 
is the dividing line between the northern and southern cratons, 
and extends to a distance of 1600 km in the NE-SW direction, 
from the west coast to the northeastern margin of the Indian 
Shield. It is regarded as a Paleoproterozoic plate boundary 
which reactivated as a rift during subsequent periods. The 
less deformed intra-cratonic Vindhyan, Cuddapah, Chat
tisgarh and Bastar basins are formed during Mesoprotero
zoic period at the paleo-plate boundaries (Figure 2). 

The Indian continent was a part of Gondwanaland during 
the Paleozoic era. Present-day continental margins are formed 
during the Mesozoic rifting in the east and west with the 
separation of Australia, Antarctica and Africa/Madagascar 
during 130-80 Ma period. The Himalayan mountains are 
evolved during the Eocene by the collision of the Indian 
plate with the Eurasia. 

Petroliferous basins from the Mesozoic to the present are 
situated in between cratons and also along the continental 
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margins. Some of these basins are covered with younger 
flood basalts. The Crozet/Kergulean hotspot (115 Ma) in 
the east and the Reunion hotspot (66 Ma) in the west also 
influenced the evolution of the continent, resulting in the 
extrusion of the Rajmahal and Deccan flood basalts 
which now cover ~20% of the surface of the Indian sub
continent (Figure 2). 

Comparison of seismicity patterns 

Earthquakes are one of the primary indicators of present
day plate boundaries. The western margin of the North 
American plate is clearly identified by the presence of 
earthquakes (Figure 3). Likewise, the present northern 
plate boundary of the Indian shield (Himalayan ranges) is 
also clearly identified by seismicity (Figure 3). Intracon
tinental seismicity observed in the Indian shield along the 
mobile belts (Figure 2) indicates the locations of paleo-plate 
boundaries (sutures) as well. These paleo-boundaries have 
deep-seated faults which are being reactivated due to stress 
accumulation. Eighty per cent of intraplate earthquakes occur 
at these paleo-plate boundaries 10. Many of these paleo-plate 
boundaries also exhibit high heat flow which raises the 
brittle-ductile transition. 

The seismicity associated with the Narmada-Son lineament 
(NSL; Figure 2) includes the Jabalpur earthquakes (21 May 
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Figure 2. Generalized tectonic map of India. Abbreviations are, Early-late Proterozoic fold belts: AFB, 
Aravalli Fold Belt; DFB, Delhi Fold Belt; 5MB, Satpura Mobile Belt; EGMB, Eastern Ghat Mobile Belt; 
BPMB, Bhavani Palghat Mobile Belt; NSL, Narmada Son Lineament; CIS, Central Indian Suture. Pro
terozoic Basins: CuB, Cuddapah Basin; Ba, Bastar Basin; ChB, Chattisgarh Basin; VB, Vindhyan Basin. 
Phanerozoic Basins: GB, Godavari Basin; MB, Mahanadi Basin; BB, Bengal Basin; CB, Cambay Basin; 
KB, Kutch Basin. Metamorphic activities: a, 2500 Ma; b, 1800 Ma, c, 1100 Ma; d, 550 Ma. 
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Figure 3. Comparison of seismicity in North America and India. Earthquakes shown are from 1973 to 
present, 5.0 <~ M <~ 9.0 and were of shallow «33 km) depth. Note that seismicity clearly delineates 
tectonic plate boundaries in western North America and northern India (Himalayas). 
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Comparison of the number of known crustal profiles for 
North Am8rtca (1419 data points) and India (23 data points). 

Figure 4. Comparison of available crustal structure data for North America and India. In regions 
where data density is poor. extrapolation techniques are used to infer crustal properties. Also. one can 
infer properties of the crust in data-poor regions that are of similar tectonic origin to other. better
studied areas. 

1997, M = 6.0 and 17 May 1903, M = 6.0), the Son-valley 
earthquake (2 June 1927, M = 8.5) and the Satpura earthquake 
(14 March 1938, M= 6.2). These events could be attri
buted to reactivation of faults situated at the edges of different 
sub-blocks located all along the 1600 km lineament. Other 
seismic zones are associated with mega-shear zones located 
along the Eastern Ghat mobile belt (e.g. the Ongole earth
quakes, 12 October 1959, M= 6.0, and 27 March 1967, 
M = 5.4) and western part of the Indian shield. 

In addition, the 26 January 2001 M= 7.2 Bhuj earth
quake in Gujarat province, India may be compared to the 
1811-1812 M ~ 8.0 earthquakes of the New Madrid Area, 
North America 11. These events were all intracontinental, 
and not associated with plate boundary events. In Gujarat, 
the earthquake was possibly related to the hotspot track 
responsible for the formation of the Deccan Traps. The New 
Madrid Seismic Zone, however, is thought to be associated 
with a failed rift through the North American continent dating 
from the late Precambrian and/or early Paleozoic l2

. No 
hotspots are associated with the New Madrid seismicity. 

Seismic data, analysis, and main features of 
continental crustal structure 

Seismic methods have been used extensively for determining 
the structure of the crust and upper mantle. We concen
trate here on those crustal and uppermost mantle studies 
that have utilized controlled-source seismic refraction and 
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deep crustal reflection data 13,14. The main advantages of 
such studies are: (i) the exact time and position of the 
seismic sources are accurately known; (ii) there is no reliance 
on passive (earthquake) sources that may occur infrequently 
and/or have an unsuitable spatial distribution; (iii) the re
cording geometry of the seismic investigation may be 
planned in relation to the specific geologic or geophysical 
target. 

Crustal reflection studies in the near-vertical range 
produce the highest resolution geophysical images of the 
crust and upper mantle I5

-
17

. The seismic properties most 
readily obtained from reflection profiles are reflectivity 
patterns which correlate with distinct geologic settings2

. 

An additional feature of reflection studies is that the frequen
cies of reflected signals are higher compared to refracted 
waves, and thereby provide better resolution. In contrast, 
vertical reflections do not provide velocity information 
for the deep crust unless extremely long spreads are used. 

Seismic velocity distributions and crustal thickness values 
vary widely in different geological settings, however if enough 
data is collected, an extrapolation is possible to other re
gions of the Earth, and a comprehensive model may be 
produced. A program of assembling globally all seismic 
survey results in the format of localized one-dimensional 
velocity-depth functions is currently underway at the US 
Geological Survey (USGS) in Menlo Park, CA, USA. The 
details are described in ref. 18. Figure 4 shows some of 
the present-availability of data from North America and 
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Figure 5. Seismic velocity-depth models of various regions in the North America (after Mooney and Braile26
). 
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Figure 7. Seismic velocity-depth models of various regions of the Indian sub-continent (from Reddy et al. 4). 

from India. Numerous additional seismic surveys have 
been conducted in India to those shown on Figure 4, 
however, for our purposes, we mainly limit our interest to 
results published in international journals. 

Seismic velocity models of the crust generally consist of 
two or more layers separated by velocity discontinuities or 
steep gradients. In relatively stable continental regions the 
thickness of the crust, as defined by depth to Moho, is be
tween 30 and 50 km. The seismic velocity in the upper 
crustal layer (basement) is usually 5.6-6.3 km/s, and in
creases to 6.4-6.6 krn/s at a depth of 10-15 km. In many 
stable continental interiors, there is a third crustal layer 
with a velocity of 6.8-7.2 krn/s. The upper mantle velocity 
(Pn) below the Moho is typically about 8.0-8.1 kmls, but 
varies from 7.6-8.5 kmls. 
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Summary of existing data 

North America 

The deep structure of the North American lithosphere has 
been the subject of intense investigation since the pionee
ring work of Tatel and Tuve19 at the Carnegie Institution of 
Washington. Several summaries of the crustal structure of 
North America have been published over the past forty 
years20

-
27

. Velocity-depth models for important tectonic 
regions are presented in Figure 5. A generalized cross
section across the United States is shown in Figure 6. Cana
dian researchers have also published a great deal on crustal 
structure over the past fifteen years under the LITHOPROBE 
Program 16,17. These investigators have used coincident 
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Figure 8. Cross-section through the Indian Shield at 28°N, nOE to 18°N, 84°E. Vertical exaggeration is 2: I (From Mooney et aI44). 

seismic reflection and refraction studies to obtain higher
resolution data than previously possible. 

India 

Crustal seismic studies in India began in 1972. Twenty DSS 
profiles have been conducted totaling more than 6000 km. 
Long-range refraction and wide-angle reflection techniques 
with a dense detector spacing of 80-200 m and shot point 
interval of 10-40 km were used to acquire these data. 
Kaila and Krishna3 

, Mahadevan28 and Reddy et al. 4 have 
provided reviews of the Indian continental crustal structure. 
Measurements of crustal thickness fall into the range of 
35-40 km (Figure 7), with the biggest exception being 
the Himalayas which are known to have thicknesses up to 
80 km28

. 

A series of representative velocity-depth models for the 
Indian subcontinent are shown in Figure 7. The use of seismic 
reflection data and well-constrained velocity-depth profiles 
allows the creation of two-dimensional profiles across the 
Indian subcontinent. An example is shown in Figure 8. 
The Moho depth is seen to be around 38 km, and we note 
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several lenses of 7.3 krn!s velocity across the subcontinent. 
Also, the transition from the lithospheric to the asthenospheric 
mantle fluctuates by about 50 km across the profile. 

Discussion 

A comparison of the deep structure and seismicity of North 
America and India presents interesting observations, as 
these continents have had a similar geologic history since 
3500 Ma. We begin with some general comments before 
making specific comparisons below. 

Extensional and compressional forces playa major role in 
determining the structure of the crust and mantle litho
sphere. The thickest crust is generally observed beneath 
mountain belts, whereas thinner crust is generally found 
beneath highly-extended crust and at continental margins. 
However, some mountain belts such as the Rocky Mountains 
and the Appalachians have undergone post--collisional exten
sional collapse that has reduced crustal thickness. Phan
erozoic mountain belts are absent in India (excepting the 
Himalaya), so a comparison cannot be made. However, 
the Proterozoic crust of the Trans-Hudson orogenic region 
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Figure 9. Contour map of crustal thickness, He, under North America and the surrounding ocean basins. 
The average thickness of the continental crust, including the continental margins, is 36.7 km, with a stan
dard deviation (s.d.) of 8.4 km. 

of North America (Figure 1), and the Aravalli Delhi mobile 
belt ofIndia (Figure 2) still retain their crustal roots2

,29,30. 

Both compressional and extensional tectonic regimes have 
been imaged by seismic reflection studies. These results 
indicate that oppositely-dipping reflections are typical for 
collisional orogenies, interpreted as deeply-penetrating 
crustal-scale fault zones representing subduction/suture 
zones. In contrast, a horizontal reflection fabric usually 
corresponds to extended crust, such as the Basin and Range 
province, North America2 (Figure 1). 

Many tectonic domains of North America and India show 
similar characteristics. These include: reflectivity patterns, 
crustal velocity structure, crustal thickness, history of meta
morphism, and timing of formation. The mechanisms for 
evolution of similar tectonic domains seem to be compa
rable. A normal crustal thickness of 36-40 km seems to 
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be common for both regions when a mafic lower crust is 
present in an area of predominantly Proterozoic age. 
Phanerozoic basins have a crustal thickness of ~ 30 km, 
with some exceptions. 

Volcanic plateaus, such as the Columbia, Deccan and 
Chota Nagpur plateaus are associated with basaltic volcanism. 
The Columbia flood basalts of North America, and the Dec
can and Rajmahal basalts of India are found to be related 
to the Yellowstone, Reunion and Kerguelan hotspots, respec
tively. These hotspots are, in tum, related to the epeiro
genic uplift of these regions. 

Granulite facies metamorphic activities are observed 
around 2500 Ma at the boundary of the Dharwar craton; 
1750 Ma, in the NW Indian shield in the Aravalli Delhi 
fold belt region; 1100 Ma, in the Eastern Ghat region; 
and 550 Ma, in the southernmost part ofIndia (Figure 2). 
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Figure 10. Contour map of Poe, the average P-wave velocity of the consolidated (crystalline) crust. The Poe velocity dif
fers from P, (Figure 11) in that surficial sediments (in fact, velocities <5.8 km/s) are excluded from the calculation. The 
average velocity on continental crust is 6.45 km/s; on oceanic crust it is 6.61 km/s. These averages confirm the well
known fact that the crystalline oceanic crust is mafic (basaltic), whereas the continental crust is intermediate (equivalent 
to a diorite) (e.g., Christensen and Mooney43). 

The orogenic and granulite facies metamorphic activity in 
the Indian shield is found to have occurred at approxi
mately the same time as that of North America, and is 
likely related. Such an interrelationship is also observed in 
the North American continent. The Pan-African thermo
tectonic event at 550 Ma seems to be confined only to 
Gondwana continents. Hoffman5 and Lucas et al. 31 have 
suggested that the Trans-Hudson orogeny was formed as 
a part of a world-wide network of Proterozoic orogenic 
belts associated with the amalgamation of Archean cratons. 
These events could have been related to the formation of a 
supercontinent ~ 1800 Ma. 

Rogers32 has suggested the presence of two superconti
nents Rodinia and Pangaea around 1100 and 300 Ma respec
tively, and Condie33 points out that continental crustal growth 
is episodic. Thus, a third supercontinent at ~ 1800-
1900 Ma is likely to have existed. From the distribution 
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of U/Pb zircon ages from juvenile continental crust, Condie33 

suggested three supercontinent episodes during 2700, 
1900 and 1200 Ma, respectively. This evidence along with 
the tectonic activities observed both in the North American 
and Indian continental regions suggest that there were four 
supercontinents around 2500-2700, 1800-1900, 1100 and 
300 Ma with a ~ 700 Ma Wilson Cycle periodicity. This 
would suggest that many similarities in the two continents 
resulted from processes active on a global scale. 

Crustal and velocity structure of North America 

The contour maps presented in Figures 9-11 were constructed 
using commercial software employing the natural-neighbour 
technique for gridding. Smoothing of contours has not been 
applied. Certain regions with very sparse data (e.g. parts of 
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Figure 11. Contour map of sub-Moho P-wave velocity, p". The average velocity beneath continents and oceans are 
nearly equal (8.03 km/s and 8.06 km/s, respectively). There is a large contrast in values on either side of the Rocky Moun
tains: p" values of 7.8 km/s are common to the west whereas values are >7.9 to the east. A roughly north-south zone of 
high (8.2 km/s) p" velocity lies along the western edge of the Great Plains. Further east, lower values (-8.0 km/s) are typi
cally measured. 

Alaska, Baja California, Central America, the West Indies, 
and Greenland) yielded clearly erroneous contours. The con
tours in these regions were edited to avoid, for example, 
oceanic crustal thickness from appearing on continental 
crust. The raw data used are available at the Web address 
provided at the end of this article. 

Crustal thickness (He) 

Our map of the thickness of the crust under North America 
(Figure 9) indicates the following features. (i) Most of the 
crust under the Western Cordillera is thin (~30 km or less). 
This must result from the extension undergone by the region 
in the last 25 Ma. The exceptions are under the high moun
tains (Cascade, Sierra Nevada and Rocky Mountains). (ii) 
Thick crust (> 40 km) underlies the central region of the 
continent (Great Plains), as well as much of the Canadian 
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Shield. This essentially corresponds to the Precambrian craton 
of North America (,Laurentia'). (iii) Relatively thick crust 
also underlies regions that have undergone compression some 
time during the Phanerozoic (Alaska and Brooks Ranges, 
Mexican Highland, Appalachian Mountains, high mountains 
of point (i)). (iv) The high density of data along both the 
east and west coasts of North America have allowed the 
contouring software to automatically reproduce these 
margins to correspond well to the width and locations of the 
actual continental shelves. The average thickness of the crust 
is 36.7 km, with a standard deviation of8.4 km (Table 1). 

Crystalline crustal P-wave velocity (Pee) 

Regions with thick accumulations of low-velocity sediments 
strongly influence the contour map of whole-crustal P-wave 
velocity. Thus, we have also calculated the average P-wave 
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Table 1. Comparison of statistical analyses of Braile36 (North America), Christensen and Moonel3 

(global), and Chulick and Mooney27 (North America). H, ~ crustal thickness; Poe (S,,) ~ average P-wave 
(S-wave) velocity of the crystalline crust (i.e. below sediments); p" (S") ~ P-wave (S-wave) velocity of 

the uppermost mantle. n ~ number of data points; x ~ average value, ± (J ~ standard deviation 

Christensen 
Braile36 and Mooney43 

H, (km): n~ 337 560 
x~ 36.10 39.17 

± (J ~ 8.97 8.52 

Poe (km/s): n~ 255 560 
x~ 6.435 6.45 

±(J~ 0.235 0.23 

p" (km/s): n~ 320 560 
x~ 8.018 8.07 

±(J~ 0.205 0.21 

velocity in the crystalline crust (i.e. below surficial sedi
ments, here taken as Vp < 5.8 kmls). The largest regions with 
high P cc velocities (6.8 km/s) are within ocean basins 
(Figure 10). Exceptions are mentioned below. Continen
tal crust generally has lower P cc velocities (6.4-6.8 km/s). 
A close examination of Figure 10 reveals several important 
features. First, there are a number of continental regions 
of anomalously high (6.8 krn/s) velocity. These include 
the Kapuskasing Uplift of southern Canada, where high
velocity lower crustal rocks have been thrust to shallow 
depth, the mafic volcanic crust of the Mid-Continental 
Rift (Figure 1), and Cambrian rifted crust of eastern Texas. 
There are also a number of regions with relatively low Pcc ve
locity, most notably the Western Cordillera. As previously 
noted, this is a region of recent extension and crustal 
thinning, and therefore has relatively high heat flow. Low 
P cc also underlies portions of the southern Atlantic 
Coastal Plain and Appalachian Mountains. 

Sub-Moho P-wave velocity (Pn ) 

The contour map of Pm the seismic velocity of the uppermost 
mantle, is presented in Figure 11. Note that there is insuf
ficient azimuthal coverage to make corrections for seismic 
anisotropy, which may amount to 2-6% in the uppermost 
mantle34

. However, the following trends are evident from 
the map. First, regions of extension (i.e. East Pacific Rise 
and Western Cordillera), with thinned crust and/or high 
heat flow are delineated by low P no Second, high values 
(8.2 krn/s) follow a north-to-south trend under the Great 
Plains. Third, lower values of ~ 8.0 krn/s underlie the re
gion just to the east of the Mississippi River, while 
somewhat higher values (> 8.1 km/s) lie to the southeast 
under the Appalachian Mountains and Gulf Coastal Plain. 

As noted in ref. 27, this pattern is intermediate between 
that of James and Steinhart35 and Braile36

. Nonetheless, 
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Chulick and Mooney27 

(continental crust only) 

997 
36.72 
8.39 

983 
6.456 
0.244 

906 
8.033 
0.186 

Chulick and Mooney27 

(all crust) 

1238 
8.041 
0.215 

much of the continental interior is underlain by mantle 
with P n = 8.1 ± 0.1 krn/s. We note that there are relatively 
few publications from North America reporting P n greater 
than 8.3 kmls. However, P n velocities as high as 8.6 kmls 
have been reliably determined in central Canada37

. These 
high values were measured along the fast direction of a 
mantle with 4-5% seismic anisotropy. Thus, the Pn velocity 
structure of the continent warrants further analysis, especially 
with regards to a more thorough consideration of seismic 
anisotropy. 

Crustal and velocity structure of India 

Since only a portion of the available crustal structure data 
from India is presently incorporated in the USGS database, 
current contour maps of this region are crude by comparison 
to those for North America discussed above. Therefore, we 
will discuss trends apparent in the velocity-depth models 
presented in Figure 7, which are representative of all currently 
available data. 

The crust of India is generally around 40 km thick. It is 
thickest along the east-central coast (~45 km, Godavari 
region), but thins considerably (to < 30 km) to the northeast 
along the eastern and southeastern flanks of the Mahanadi 
and Bengal Basins (Figure 2), respectively. This is probably 
due to a transition from continental to oceanic crust in these 
regions. Note that there is a similar thinning of the crust along 
the west coast under Kutch. The Cambay basin (Figure 2) 
is characterized by an upwarp of Moho during the late 
Cretaceous period, probably representing a transition
type crust marking a major source of the Deccan trap 
flows which have spread large distances in all directions. 

Crystalline compressional wave velocities throughout 
India are relatively high (6.4-6.6 kmls), with little indication 
of recent intracratonic extension. Sub-moho compressional 
wave velocities under much of India are similar to those 
under much of North America (~8.1 kmls). Again, like North 
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America there are exceptions. Under central India, along 
the Narmada-Son Lineament, there is a region of low P n 

(~7.9 km/s). In contrast, southern India is underlain by 
very high Pn velocities (~8.5 km/s, Cuddapah Basin). 

The Archean Dharwar craton (Figure 2) has velocities of 
5.9-6.4 km/s and 6.8-7.0 km/s for the upper and lower crust, 
and lacks a high velocity basal layer. The crustal thickness 
in the Dharwar craton averages 38 km, but significant lo
cal variations (thicker crust) have also been found. This is 
similar to the crustal structure of the Archean Superior prov
ince of North America38 (Figure 1). One contrast between 
these two regions is that the southern part of the Dharwar 
craton has undergone granulite facies metamorphism during 
the 2500 Ma whereas the Superior province has not. 

The Narmada-Son lineament (Figure 2) is the most con
spicuous linear geological feature in the Indian Shield, af
ter the Himalayas, and has played a significant role in the 
formation of a series of folded structures. This lineament 
cuts across central India in a NE-SW direction and has been 
periodically reactivated since the Precambrian. Results 
from five DSS profiles show variation of crustal thickness 
from 38 to 43 km across the lineament. A high velocity of 
6.9 km/s at a shallow depth of ~ 10 km with a 7.3 km/s 
high velocity layer above the Moho are indicative of mag
matic underplating in the region. Deep seismic reflection 
studies39 have indicated the operation of collisional tectonics 
during the Proterozoic forming a suture between the Dharwar 
and Bundelkhand cratons (Figure 2). This collision is thought 
to be responsible for the presence of a high-velocity layer at 
shallow depth. The region has repeatedly undergone reactiva
tion, and has witnessed seismic activity since the Protero
zoic. The region is also associated with high heat flow. 

Crustal reflection studies (under the Deep Continental 
Studies program) across the Paleo/Mesoproterozoic Aravalli 
Delhi Mobile Belt (Figure 2) in the northwestern Indian 
Shield have revealed deep-seated crustal scale thrust 
faults extending to the Moho and beyond. A thick, high 
velocity (7.3 km/s) lower crust is observed in this region40

. 

Similar structures are also observed in the Trans-Hudson 
orogenl 1 (Figure 1) of the North American continent. 
This part of the Indian Shield witnessed two collisional 
episodes, the Aravalli and the Delhi during the Protero
zoic at ~ 1800 and 1100 Ma which were contemporaneous 
with the Trans-Hudson and Grenvillean orogenies of the 
North America. 

Seismic tomography and heat flow studies41
,42 over the 

Indian shield have indicated a> 200 km lithospheric thick
ness for the Archean Dharwar craton and lower thicknesses 
(80-100 km) for the Proterozoic mobile belts (e.g. Eastern 
Ghat, Aravalli Delhi, Satpura Mobile Belts). Some of these 
Proterozoic mobile belts have been affected by the separation 
of India from the rest of Gondwanaland, and also by the 
influx of Deccan flood basalts, processes that together 
span the past 115 Ma. The 80-100 km lithospheric thickness 
in these regions is comparable to the North American conti
nental margins that were affected by extensional tectonics. 
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Conclusions 

Seismic studies have been conducted in North America 
and India, providing valuable insight into the geologic 
and tectonic history of these two land masses. In this study, 
we provide evidence that plate tectonic processes have 
operated in a similar manner in both regions (e.g. the devel
opment of fold belts and rift basins) since the end of the 
Archean. Also, the deep structure of the crust (i.e. seismic 
velocities and crustal layer thicknesses) is found to be 
comparable, but varies widely depending on the local geology 
of each continent. Moreover, similarities in crustal structure 
between the two continents are likely to have been the result 
of global mechanisms, such as supercontinent formation 
and breakup, rifting, and intraplate magmatism. 

The data that went into the North American portion of this 
study can be found online at: http://quake.wr.usgs.gov/ 
research/structure/CrustalStructure/namlindex.html 

1. Meissner, R., The Continental Crust: A Geophysical Approach, 
Academic Press, London, 1986, p. 426. 

2. Mooney, W. D. and Meissner, R., Multi-genetic origin of crustal 
reflectivity: A review of seismic reflection profiling of the conti
nental lower crust and Moho. In Continental Lower Crust (eds 
Fountain, D. M., Arculus, R. and Kay, R. W.), Elsevier, Amster
dam, 1992, pp. 45-79. 

3. Kaila, K. L. and Krishna, V. G., Deep seismic sounding studies in 
India and major discoveries. Curro Sci., 1992, 62, 117-154. 

4. Reddy, P. R., Venkateswarlu, N., Koteswar Rao, P. and Prasad, A. 
S. S. S. R. S., Crustal structure of peninsular shield, India from 
DSS studies. Curro Sci., 1999, 77, 1606-1611. 

5. Hoffman, P. F., Precambrian geology and tectonic history of North 
America. In The Geology of North America - An Overview (eds 
Bally, A. W. and Palmer, A. R.), Geo!. Soc. Am., Boulder Co, 
1989,pp.447-512. 

6. Windley, B. F., The Evolving Continents, John Wiley, New York, 
1977, p. 526. 

7. Taylor, S. R., Geophysical framework of the Appalachians and ad
jacent Grenville province. In Geophysical Framework of the Con
tinental United States (eds Pakiser, L. C. and Mooney, W. D.), 
Geo!. Soc. Am. Mem. 172, 1989, pp. 317-348. 

8. Naqvi, S. M. and Rogers, J. J. W., Precambrian Geology of India, 
Oxford University Press, New York, 1987, p. 223. 

9. Radhakrishna, B. P., Suspect tectono-stratigraphic terrane elements in 
the Indian subcontinent. J. Geol. Soc. India, 1989,34,1-24. 

10. Gowd, T. N., Srirama Rao, S. V. and Chary, K. B., Stress field and 
seismicity in the Indian shield: effects of the collision between India 
and Eurasia. Pure Appl. Geophys., 1996, 146, 503-531. 

11. Dewey, J. W., Hill, D. P., Ellsworth, W. L. and Engdahl, E. R., 
Earthquakes, faults and seismotectonic framework of the contigu
ous United States. In Geophysical Framework of the Continental 
United States (eds Pakiser, L. C. and Mooney, W. D.), Geo!. Soc. 
Am. Mem. 172, 1989, pp. 541-575. 

12. McKeown, F., Overview and discussion: US Geological Survey 
Professional Paper 1236, 1982, pp. 1-14. 

13. Mooney, W. D., Seismic methods for the determining earthquake 
source parameters and lithospheric structure. In Geophysical 
Framework of the Continental United States (eds Pakiser, L. C., 
and Mooney, W. D.), Geo!. Soc. Am. Mem. 172, 1989, pp. 11-34. 

14. Braile, L. W., Keller, G. R., Mueller, S. and Prodehl, C., Seismic 
techniques. In Continental Rifts: Evolution, Structure, Tectonics 
(ed. Olsen, K. H.), Elsevier, Amsterdam, 1995, pp. 61-92. 

CURRENT SCIENCE, VOL. 88, NO. 10,25 MAY 2005 



15. Mathews, D. H. and Cheadle, M. J., Deep reflections from the 
Caledonides and Variscides west of Britain and comparison with 
Himalayas. In Reflection Seismology: A Global Perspective (eds 
Barazangi, M. and Brown, L. D.), Geodynamic Series 13, AGU, 
1986, pp. 5-19. 

16. Clowes, R. M., Calvert, A. J., Eaton, D. W., Hajna!. Z., Hall, J. and 
Ross, G. M., Lithoprobe reflection studies of Archean and Protero
zoic crust in Canada. Tectonophysics, 1996,264,65-88. 

17. Clowes, R. et aI., Canada's LITHOPROBE Project (Collaborative, 
multidisciplinary geoscience research leads to new understanding 
of continental evolution). Episodes, 1999, 22, 3-20. 

18. Chulick, G. S., Comprehensive seismic survey database for develop
ing three-dimensional models of the Earth's crust. Seismol. Res. 
Lett., 1997,68,734-742. 

19. Tatel, H. E. and Tuve, M. A., Seismic exploration of a continental 
crust. In Crust of the Earth (ed. Poldervaart, A.), Geo!. Soc. Am. 
Special paper 62,1995, pp. 35-50. 

20. Pakiser, L. C. and Steinhart, J. S., Explosion seismology in the 
western hemisphere. In Research in Geophysics, Solid Earth and 
Interface Phenomena (ed. Odishaw, J.), MIT Press, Cambridge, 
Massachusetts, 1964, pp. 123-147. 

21. Hart, P. J., The Earth's Crust and Upper Mantle, Geophysical 
Monograph, AGU, Washington DC, 1969, vo!' 13, p. 735. 

22. Heacock, J. G., The Structure and Physical Properties of the 
Earth's Crust, Geophysical Monograph, AGU, Washington DC, 
1971, vo!' 14, p. 348. 

23. Heacock, J. G., The Earth's Crust-Its Nature and Properties, 
Geophysical Monograph, AGU, Washington DC, 1977, vo!' 20, p. 
754. 

24. Prodehl, c., The structure of the crust-mantle boundary beneath 
different tectonic areas of North America and Europe as derived 
from explosion seismology. In The Earth's Crust (ed. Heacock, 
J. G.), AGU Monograph, 1977, vo!' 20, pp. 349-369. 

25. Pakiser, L. C. and Mooney, W. D., Geophysical Framework of the 
Continental United States, Geo!. Soc. Am. Mem., 1989, vo!' 172, 
p.826. 

26. Mooney, W. D. and Braile, L. W., The seismic structure of the 
continental crust and upper mantle of North America. In The Geology 
of North America - An Overview (eds Bally, A. W. and Palmer, A. 
R.), Geo!. Soc. Am., Boulder, Colorado, 1989, pp. 39-52. 

27. Chulick, G. S. and Mooney, W. D., Seismic structure of the crust 
and uppermost mantle of North America and adjacent ocean basins: 
A synthesis. Bull. Seismol. Soc. Am., 2002, 92, 2478-2492. 

28. Mahadevan, T. M., Deep Continental Structure of India -A Review, 
Geo!. Soc. India Mem., Bangalore, 1994, vo!' 28, p. 569. 

29. Rajendra Prasad, B., Tewari, H. c., Vijaya Rao, V., Dixit, M. M. 
and Reddy, P. R., Structure and tectonics of the Proterozoic Ara
valli Delhi fold belt in the northwestern India from deep seismic 
reflection studies. Tectonophysics, 1998,288,31-41. 

30. Vijaya Rao, V., Rajendra Prasad, B., Reddy, P. R. and Tewari, H. 
C., Evolution of Proterozoic Aravalli Delhi Fold Belt in the 

CURRENT SCIENCE, VOL. 88, NO. 10,25 MAY 2005 

SPECIAL SECTION: INTRAPLATE SEISMICITY 

Northwestern Indian Shield from seismic studies. Tectonophysics, 
2000,327, 109-130. 

31. Lucas, S. B. et aI., Deep seismic profile across a Proterozoic collision 
zone: surprises at depth. Nature, 1993,363,339-342. 

32. Rogers, J. J. W., A history of continents in the past three billion 
years. J Geol., 1996, 104,91-107. 

33. Condie, K. C., Episodic continental growth and supercontinents: A 
mantle avalanche connection? Earth Planet. Sci. Let., 1998, 163, 
97-108. 

34. Anderson, D. L., Theory of the Earth, Blackwell Scientific Publi
cations, Boston, 1989, p. 366. 

35. James, D. E. and Steinhart, J. S., Structure beneath continents: A 
critical review of explosion studies 1960-1965. In The Earth Be
neath the Continents (eds Steinhart, J. S. and Smith, T. J.), AGU 
Monogr., 1966, vo!' 10, pp. 293-333. 

36. Braile, L. W., Crustal structure of the continental interior. In Geo
physical Framework of the Continental United States (eds Pakiser, 
L. C. and Mooney, W. D.), Geo!. Soc. Am. Mem. 172, 1989, pp. 
285-315. 

37. Nemeth, B. and Hajnal, Z., Structure of the lithospheric mantle 
beneath the Trans-Hudson Orogen, Canada. Tectonophysics, 1998, 
288,93-104. 

38. Durrheim, R. J. and Mooney, W. D., Evolution of the Precambrian 
lithosphere: Seismological and geochemical constraints. J Geo
phys. Res., 1994,99,15359-15374. 

39. Reddy, P. R. et aI., Deep crustal seismic reflection fabric pattern 
in central India-Preliminary interpretation. In Continental Crust of 
NW and Central India (eds Sinha Roy, S. and Gupta, K. R.), Geo!. 
Soc. India Mem. 31, 1995, pp. 537-544. 

40. Tewari, H. C., Dixit, M. M., Rao, N. M., Venkateswarlu, N. and 
Vijaya Rao, V., Crustal thickening under the Paleo/Mesopro
terozoic Delhi fold belt in the northwestern India: Evidence from 
deep reflection profiling. Geophys. J Int., 1997,129,657-668. 

41. Rai, S. S. et aI., Seismic tomography of the south Indian shield. 
Curro Sci., 1992, 62, 213-226. 

42. Pandey, O. P. and Agrawal, P. K., Lithospheric mantle deformation 
beneath the Indian cratons. J Geol., 1999,107,683-692. 

43. Christensen, N. 1. and Mooney, W. D., Seismic velocity structure 
and composition of the continental crust: A global view. J Geophys. 
Res., 1995,100,9761-9788. 

44. Mooney, W. D., Prodehl, C. and Pavlenkova, N. 1., Seismic velocity 
structure of the continental lithosphere from controlled source 
data. IASPEI Handbook, 2003, A81, 905. 

ACKNOWLEDGEMENTS. This study was carried out at the USGS, 
Menlo Park, USA with financial assistance from the USGS. PRR and 
VVR thank USGS (USA) and CSIRI NGRI (India) for all the support 
extended at different stages of the collaboration. We thank Mr M. 
Shankariah and Miss Orla Fitzpatrick for the preparation of figures, and 
Rolf Meissner and the late Ron Girdler for helpful comments. 

1651 


