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ABSTRACT

Published detrital zircon ages and Sm-Nd isotopic data from the Himalayan orogen suggest that the protolith of the Higher
Himalayan Gneisses received its material mostly from the Circum-East Antarctic Orogen and adjacent Archaean blocks
including Western Australia and East Antarctica, and partly from the Lesser Himalayan Metasediments. The original material
of late Proterozoic to early Paleozoic clastic strata in the northern fringe of the Indian craton including those of the Tethys
Sedimentary Sequence is considered to be mostly derived from the Higher Himalayan Gneisses, and for some amount,
possibly from the Circum-East Antarctic Orogen and the Lesser Himalayan Metasediments, and only small amount, in
the western area, from the Arabian Nubian Shield. The above results do not support the isolated block of the Indian craton
apart from other crustal blocks during the Neoproterozoic, but is in support of the juxtaposition of the Indian craton with
the Mesoproterozoic Circum-East Antarctic Orogen during the Neoproterozoic, and thus support the Mesoproterozoic
assembly of East Gondwana.
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INTRODUCTION

East Gondwana is regarded to have assembled during the
Pan-African (ca 450-700 Ma) orogeny according to recent
studies (Li et al. 2008), in contrast to the classical model
that it assembled during the Mesoproterozoic Grenvillian
orogeny (the Circum-East Antarctic orogeny) and suffered
strong reworking events during the Pan-African times (Unrug
1992; Yoshida 1995). Objection to the classical idea mostly
born from palacomagnetic studies. Here we give a review
of detrital zircon age studies from the Himalaya to constrain
the above topics; either East Gondwana was born by the
Pan-African or the Grenvillian orogenies.

Detrital zircon U-Pb/Pb-Pb ages and rock Sm-Nd isotopic
data from rocks of major geologic units of the Himalayan
orogen (Fig. 1) so far published provide some constraints
on the time of the assembly of East Gondwana. Parrish
and Hodges (1996) pointed out a distinct difference in both
the detrital zircon ages and °Nd values between the Lesser
Himalayan Metasediments (LHM) and the Higher Himalayan
Gneisses (HHG, also referred as the Higher Himalayan
Crystalline Sequence). Their conclusion was further
supported by later studies (DeCelles et al. 2000; Robinson
etal. 2001; Argles et al. 2003; Myrow et al. 2003; Martin et
al. 2005; Gehrels et al. 2006a, 2006b). Yoshida and Upreti
(2006), by analyzing existing geochronologic data, pointed
out that the provenance of the HHG is most possibly the
Circum East Antarctic Orogen (Yoshida 1995, Yoshida et
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al. 2003). They (Yoshida et al. 2006) further examined areal
and temporal polarities in the variation of detrital zircon
age populations of the upper Proterozoic to lower Paleozoic
formations including the Tethys Sediments (TTS, also
referred as the Tibetan Tethys Sedimentary Sequence) and
pointed out a possibility that although most part of detrital
zircons are considered to have been derived from the HHG,
some part of zircons in the TTS and related formations
might have been derived from the CEAO and a small part
from the Arabian Nubian Shield (ANS). They also pointed
out that the population of zircon ages thought to have been
derived from the ANS increased both in the western areas
and in the upper horizons of the TTS. The geochronologic
data and arguments from the Himalayan orogen cited above
clearly show that during the Neoproterozoic, the Himalayan
belt (hereafter referred as the proto-Himalayan belt) was
juxtaposed with the CEAO. This indicates that the Indian
craton was not an isolated block apart from other cratonic
blocks, but was juxtaposed with the CEAO, since the proto-
Himalayan belt is generally regarded to have constituted the
northern fringe of the Indian craton during the Proterozoic
- Paleozoic times (Myrow et al. 2003, 2006). The data and
arguments above have given a constraint to the past location
of the Indian craton in relation to East Antarctica as well as
East Gondwana (Fig. 2). The present paper reviews above
studies and stresses that the proto-Himalayan belt as well as
the Indian craton was a part of East Gondwana during the
Neoproterozoic.
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Fig. 1: Geological outline of the Himalayan Orogen (Modified after Searle et al. 2003)
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Fig. 2: Gondwana assembly and the Himalayan basins (proto-Himalayan belt) after ca 1000 Ma Circum-East Antarctic orogeny

(CEAO) for India-Australia-Antarctic sector and after ca 550 Ma for Africa-Indian sector (cited from Yoshida and Upreti 2006).
HH and ROSS are the late Pan-African orogens and not the rejuvenated craton.
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Fig. 3: Characteristics of Detrital zircon ages and TDM ages
from the Himalayan rocks. The figure is compiled from data
after Martin et al. (2005), Parrish and Hodges (1996), Robinson
etal. (2001) and Argles et al. (2003). The base figure is extracted
from Martin et al. (2005)

CHARACTERISTICS OF DETRITAL ZIRCON
AGE POPULATIONS AND ND ISOTOPIC RATIOS
OF MAJOR GEOLOGIC UNITS OF THE
HIMALAYAN OROGEN

A summary of geochronologic characteristics of the
major three geologic units of the Himalayan orogen is
shown in Fig. 3, modified after Martin et al. (2005), along
with characteristic age ranges of major orogenic peaks of
the ANS and the CEAO and age range of characteristic
geologic events in the HHG and LHG. In addition, there
are several important geochronological studies from the
Himalayan orogen (Parrish and Hodges 1996, DeCelles et
al. 2000, Robinson et al. 2001; Argles et al. 2003, Myrow
et al. 2003, Martin et al. 2005, Gehrels et al. 2003, 2006a,
2006b, Martin et al. 2011). Summarizing all these studies,
characteristics of detrital zircon ages and Sm-Nd isotopic
systematics of major geologic units of the Himalayan orogen
are given as follows.

The Lesser Himalayan Metasediments (LHM) gives
detrital zircon ages mostly older than ca 1.6 Ga with major
populations of ca 1.8-2.0 Ga and TDM of rocks ranges from
1.8 to 2.6 Ga with low initial Nd ratios from -15 to -30, with
an average of -23. The Neoproterozoic Higher Himalayan
Gneisses (HHG) shows major populations of detrital zircon
ages of ca 950 — 1250 Ma (Grenvillian ages) and TDM ages
of 1.3-2.2 Ga with initial Nd ratios of +1 to -20. The Tethys
Sediments (TTS) shows mostly similar characteristics with
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the HHG, except the addition of ca 500 - 600 Ma Pan-African
age populations of detrital zircons and slightly younger TDM
ages ranging from ca 0.9 Ga to 2.2 Ga.

GEOCHRONOLOGIC DATA FROM THE
ARABIAN NUBIAN SHIELD AND THE
CIRCUM EAST ANTARCTIC OROGEN

AND THE PROVENANCE OF THE HIGHER
HIMALAYAN GNEISSES

Extensive geologic and geochronologic data from the
Arabian Nubian Shield (ANS) have been given by Johnson
and Woldehaimanot (2003) and are summarized in Fig. 4.
According to them the basement geology of the ANS is
mostly composed of Neoproterozoic crystalline rocks, and
older rocks including Mesoproterozoic, Paleoproterozoic
and latest Archaean rocks are only sporadically cropped out.
U-Pb/Pb-Pb/Th-Pb detrital zircon and Rb-Sr whole-rock ages
range mostly from 550 to 900 Ma that form only one main
peak distribution. Nd model ages (TDM) are mostly younger
than ca 1.4 Ga, with mostly positive °Nd values. Older TDM
ages than ca 2.5 Ga and negative “Nd values occur only
rarely at scattered older blocks. The ANS is considered to
be in juxtaposition with the Indian craton during ca 550
Ma (Johnson and Woldehaimanot 2003) and Cretaceous
(Acharyya 2000). It is pointed out that although DeCelles et
al. (2000) suggested the provenance of the HHG to be the
ANS, the juxtaposition ages as well as the characteristics of
this shield mentioned above do not support their suggestion.

The late Mesoproterozoic Circum-East Antarctic Orogen
(CEAO) fringes most of the East Antarctic shield. It also
develops at the eastern margin of India, and continues to
western and southwestern margins of Australia (cf. Fig. 2,
referred after Yoshida et al. 2003). All areas of this orogen
are mostly composed of medium-high grade metamorphites
and plutonic rocks (Yoshida 1995; Yoshida et al. 2003).
Geochronologic data from some areas of this orogen near
by the proto-Himalayan belt in East Gondwana assembly
(Fig. 2) are summarized in Fig. 5. Extensive areas of this
orogen are superimposed by the ca 500-600 Ma Pan-African
orogeny. The earlier orogenic peaks of the belt are mostly
of the Grenvillian ages ranging from ca 1000Ma to -1400
Ma, with 800 - 1000 Ma ages in some areas. The Archaean
ca 2600-2800 Ma ages develop extensively in the Archaean
Yilgarn block and adjacent areas (Myers, 1993) and ca 2400-
2500 Ma ages are found generally in near-by Archaean blocks
of East Antarctica (Tingey 1991). TDM ages of the CEAO
range mostly from 1.6 Ga to 3.0 Ga, with the exception of
1.1-1.6 Ga and 3.0-4.0 Ga for the western margin of Western
Australia and Enderby Land in East Antarctica respectively.
These data are quite consistent with the detrital zircon age
data from the HHG and in favour of considering the source
material of these rocks almost totally to have been derived
from the CEAO and adjacent terrains as pointed out by
Yoshida and Upreti (2006), although the contribution from
the LHM for the older age populations is considered possible
(DeCelles et al. 2000).
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Fig. 4: Geochronologic data from the Arabian-Nubian Shield
(Modified after Johnson and Woldehaimanot 2003)

AGE POPULATIONS OF ZIRCONS FROM
THE UPPER PROTEROZOIC TO LOWER
PALEOZOIC FORMATIONS

The Tethys Sediments (TTS) has detrital zircon ages of ca
500 Ma and older, with a distinct major populations of ca 550
Ma, 900-1200 Ma and some minor older peaks, with younger
TDM ages and similar “Nd values with those of the HHG
(Argles et al. 2003; Myrow et al. 2003; Martin et al. 2005;
Gebhrels et al. 2003, 2006a, 2006b). All the characteristics
except the dominance of Pan-African age populations and
some young TDM ages, which are conformable with the
dominance of the Pan-African ages above, are quite similar
with those of the HHG, suggesting that the HHG is the
major provenance of the TTS. It should be noted, however,
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Fig. 5: Geochronologic data from a part of the Circum-East Antarctic Orogen. Data are referred to the following literatures. De
Paulo et al. 1982; McCulloch and Black 1984; Collerson and Sheraton 1986; Black et al. 1987; Grew et al. 1988; Belyatsky et al.
1990; Tingey 1991; Black et al. 1992, a and b; Zhao et al. 1992, 1993, 1995, 2000, 2003; Clarke et al. 1995, 1999, 2000; Sheraton
et al. 1992; Nelson et al. 1995; Carson et al. 1996; Kinny et al. 1993; Hensen and Zhou 1995; Zhang et al. 1996; Snape et al. 1997;
Shiraishi et al. 1997; Young et al. 1997; Boger et al. 2001; Mikhalsky et al. 2001: Tong et al. 2002; Rasmussen et al. 2002, Fitzsimons

2003 and references therein.
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Fig. 6: Polarity of detrital zircon age populations in lower Teth)
sediments from east (E) to west (W) (Compilation after Myro
et al. 2003; Gehrels et al. 2006a, 2006b)

that the peak 550 Ma age appears to be somewhat oldc
than early Paleozoic granite intrusions in the HHG, whic
generally range from ca 470- 500 Ma (Gehrels et al. 2006:
Cawood et al. 2007). Therefore, the ca 550 Ma populatio
can not merely be correlated with the Pan-African even
in the Higher Himalayan belt, but rather, possibly reflects
contribution from CEAO in which strong Pan-African even
of ca 500-600 Ma developed.

In the following, we try to examine the variations ¢
zircon age populations in upper Proterozoic -lower Paleozo
formations in the Himalayan orogen, regarding them to hayv
formed in nearly the same one basin extended along th
northern margin of the Indian craton (Myrow et al. 200:
2006; Torsvik et al. 2009).

\

To examine a possible polarity of zircon age populatior
from east to west, data from Tistung 2 from the Kathmand
Nappe (Gehrels et al. 2006a), lower Damgad Sandston
from the Dadeldhura Thrust Sheet (Gehrels et al. 2006b
member E of the Tal Group from the Lesser Himalayan
Zone of Uttaranchal (Myrow et al. 2003), and the Kunzam
La Formation from the Tethys Himalayan Zone in Himachal
Pradesh (Myrow et al. 2003) are together assembled in Fig.
6. The first two formations are regarded to be of the upper
Proterozoic (Gehrels et al. 2006), while the latter two are
referred to the uppermost Lower Cambrian or the Upper/
Middle Cambrian boundary (Myrow et al. 2003).

Although the depositional age of these formations are
somewhat deviated, we can generally see a characteristic
difference in zircon age populations between the eastern
and the western Himalaya, referring also the data of late
Proterozoic-Cambrian formations from Kathmandu,
Kaligandaki and Dadeldhura areas (Fig. 7). Zircon age
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Fig. 7: Polarity of detrital zircon age populations from lower
to upper Tethys Sediments in three different sections of the
Himalaya (Compiled after DeCelles et al. 2000, Martin et al.
2005 and Gehrels et al. 2006a and b)

populations in the western Himalaya (Uttaranchal and
Himachal Pradesh) have a tendency to increase ca 800-900
Ma and decrease ca 1100-1400 Ma populations compared
with those of the eastern Himalaya (Kathmandu and
Dadeldhura), thus appearing to suggest that the western areas
of the Himalaya received more material from ANS and less
material from CEAO compared to the eastern areas, referring
characteristic age populations of the ANS and CEAO as
shown in Fig. 3.
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The polarity of detrital zircon age populations from lower
to upper formations in three different sections, the age of
which range mostly from late Proterozoic to lower Paleozoic,
is examined in three areas from the Nepal Himalaya (Fig.
7). Data from the Kathmandu Nappe (Gehrels et al. 2006a)
show that age populations in the range of ca 500-750 Ma
become distinct and are younger upwards, considering their
sample from the Chisapani Formation to be above the Jurikhet
Formation (or even above the Tistung Formation), referring
the new stratigraphic interpretation given by Gehrels et al.
(2005a).

Data from the Dadeldhura Thrust Sheet (Gehrels et al.
2006b) show a similar trend as the above regarding the
Pan-African age populations. Data from the Kaligandaki
area (Martin et al. 2005; DeCelles et al. 2000) which are of
the Higher Himalayan Gneisses with indistinct stratigraphic
relationships among the examined geologic units, are also
given for comparison since the Higher Himalayan Gneiss
here has mostly the similar age range from late Proterozoic
to early Paleozoic ( DeCelles et al. 2000) and further, is
considered possibly continuous stratigraphically with the
TTS in the area (Upreti and Yoshida 2005). The Kaligandaki
data show a similar signature in the varying mode of age
populations as those of the Kathmandu Nappe.

Regarding the Grenvillian age populations, no remarkable
variation is detectable in all three sections, in contradiction to
the suggestion by Yoshida et al. (2006). However, data from
the Tethyan strata of the Kaligandaki area (Fig. 7B) which
are derived from both Dadeldhura and Kaligandaki areas
including Jurassic formations (Kaligandaki) show the distinct
disappearance of older age populations (Ca 1100-1400 Ma)
and the occurrence of younger age populations. There is a
possibility that during the Mesozoic time contribution form
ANS increased and that from CEAO decreased, compared
with the early Tethyan times, although number of age data
from the Tethys sediments in the Kaligandaki area is very

small and further data are necessary.
\

DISCUSSIONS AND CONCLUSIONS

Detrital zircon age and Sm-Nd isotopic systematics
data and arguments mentioned above give constraints to
the tectonics of East Gondwana during the Proterozoic to
early Palaeozoic. These data suggest that the HHG should
have received the material mostly from the CEAO including
Western Australia and East Antarctica, and adjacent Archaean
blocks as pointed out by Yoshida and Upreti (2006), but not
from LHM in most part, which is regarded to have received
material mostly from the North Indian craton as pointed out
by DeCelles et al. (2000). The original material of the TTS is
considered to have been mostly derived from the HHG and
possibly, partly from the CEAO, and only very partly from
the ANS in the western areas. The contribution of LHM to
the TTS is very possible judging from geology, but is not well
suggested from above geochronologic data. The dominance
of slightly older Pan-African zircon age populations (ca 550
Ma) in TTS compared with prominent younger Pan-African
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ages (ca 450-500 Ma) of granite intrusions in the HHG
appears to suggest that a considerable amount of zircons of
the above age population were not derived from HHG but
sourced from CEAO. However, there is a possibility that
during the later times, the contribution of the ANS become
large and that of the CEAO become small, judging from the
pattern of age populations of the younger Tethys Sediments
which include Mesozoic formations (Fig. 7B).

The provenances of rocks of the major three geologic
units of the Himalayan orogen argued above do not support
the idea that the Indian craton was an isolated block far
apart from other crustal blocks during the Neoproterozoic
as shown by some authors (Pisarevsky et al. 2003; Li et
al. 2008). This is because the depositional age of original
sediments of the HHG is generally estimated to be middle
Neoproterozoic to early Palaeozoic. DeCelles et al (2000)
gave this range of sedimentation to be ca 800-480Ma, and
Yoshida and Upreti (2006) estimated it to be older than ca
550 Ma and the lower horizon (Formation I) might be early
middle Neoproterozoic, younger than ca 800 Ma. According
to the Cambrian assembly model of East Gondwana, the
Jjuxtaposition of the CEAO with the proto-Himalayan belt is
estimated to be early Palaeozoic, the climax time of the Pan-
African orogeny. With this model, it is impossible to derive
material from CEAO to the Neoproterozoic HHG basin of
the proto-Himalayan belt.

The data are supportive to the classical idea of the
juxtaposition of the Indian craton with the CEAO during
the Neoproterozoic~Cretaceous. The juxtaposition of the
Indian craton with the CEAO during the Neoproterozoic is
in support of the assembly of East Gondwana during the late
Mesoproterozoic Circum-East Antarctic Orogeny (Yoshida
1995; Yoshida et al. 2003), and thus is in contradiction to
both the recent models of the Pan-African assembly of East
Gondwana mentioned above (Fitzsimons 2000, 2003), and
isolated India-Enderby Land crust on the globe during the
Neoproterozoic as has been suggested from palacomagnetic
studies (Pisarévsky et al. 2003; Li et al. 2008).
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