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Five Cretaceous alkaline—carbonatite igneous com-
plexes are reported from the Assam—Meghalaya Pla-
teau. These alkaline intrusions have been interpreted
to be coeval and associated with the 117-105 Ma Ra-
jmahal-Sylhet flood basalt province. With the exist-
ing age information it is possible that this alkaline
magmatism may be a late magmatic stage of the Ra-
jmahal-Sylhet large igneous province. Therefore, it
is essential to determine high-precision ages for these
alkaline complexes in order to understand the de-
tailed temporal evolution and genesis of this basaltic
and alkaline magmatism. Out of five igneous com-
plexes, Sung Valley, Swangkre and Samchampi have
been dated, but the emplacement ages of the other
two, i.e. Jasra and Barpung, are poorly constrained.
The present communication reports a new, high-
precision U-Pb zircon/baddeleyite age for a differen-
tiated portion of gabbro phase of the Jasra igneous
complex.

THE majority of carbonatite occurrences worldwide are
associated with alkaline, mafic and ultramafic rocks and
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a, Map of NE India showing location of alkaline—carbonatite igneous complexes and Sylhet and Rajmahal

traps. 1, Swangkre; 2, Sung Valley; 3, Samchampi; 4, Jasra; and 5, Barpung. DF, Dauki fault; BF, Bramhaputra fault;
b, Geological map of the Jasra igneous complex (modified after Mamallan et al.'?).

together form alkaline—carbonatite igneous complexes
(ACICs). The coincidence of such complexes with
major crustal structures (faulting and rifting) is well
established">. Woolley' has also correlated alkaline—
carbonatite magmatism, in space and time, with major
orogenic and tectonic events. A similar effort has also
been attempted for the Indian alkaline—carbonatite com-
plexes’, but high-precision age constraints are generally
not available for the latter. Several alkaline—carbonatite
igneous complexes are reported from northeastern
India’, viz. Swangkare, Sung Valley, Samchampi, Jasra
and Barpung (see Figure 1 a). These igneous complexes
are also associated with an uplifted horst-like feature,
the Assam—Meghalaya Plateau (AMP), bounded by the
E-W trending Dauki and Brahmaputra faults>*. Another
deep fault, the N-S trending Nongcharam fault, is also
associated with AMP’. Out of these five igneous com-
plexes, only the Sung Valley intrusion has been studied
in detail®'°. Considering all the age determinations re-
ported in Table 1 for the Sung Valley intrusion, there
exists a large range of emplacement ages between 90
and 150 Ma. But if we considered the geochronological
study of Ray et al”'® who used a variety of material to
date the emplacement age of the Sung Valley ACIC by
different methods (see Table 1), one can obtain a good
estimate of the emplacement age for this intrusion of
around 107 Ma. This age is well supported by ages of
other ACICs™!' as all these complexes were probably
emplaced within a short span of time’. The 107 Ma
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Swangkare’ and ~ 105 Ma Samchampi'' intrusions have
been dated using K—Ar and fission track methods, re-
spectively (see Table 1). There is currently no age data
available for the Jasra and Barpung igneous complexes.
Another important point is that all these NE Indian
ACICs have similar petrologic and geochemical character-
istics™; it could be interpreted that they all are derived from
a single magmatic episode at around 107 Ma (ref. 7).

The Jasra igneous complex comprises ultramafic (dif-
ferent types of pyroxenite), mafic (olivine gabbro and
basic dykes) and alkaline (syenite, trachyte, carbonatite
and ijolite) rocks and associated fenite'’. Pyroxenites
and gabbros form the main body of the complex, which
mainly intrudes the Proterozoic Shillong group represented
by quartzite, phyllite and amphibolite. In places, rocks of
Shillong group show an intrusive relationship with Neopro-
terozoic granitoids. Other associated rock units of the com-
plex display an intrusive relationship with pyroxenites and
gabbros. Carbonatite occurs as very thin veins. A geologi-
cal map of the area'” is presented in Figure 1 b.

In order to determine a high-precision U-Pb zir-
con/baddeleyite age for the Jasra complex, we have se-
lected a differentiated gabbro sample. This 0.5 kg
sample was collected from the Langsang Nala gabbro
(Figure 2). It shows a central differentiated part
(syenite) bordered by gabbro. The sample was selected
for the U-Pb study because felsic differentiated portions
of mafic complexes often contain zircon and/or
baddeleyite in sufficient quantities for age-dating. Un-
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Table 1. Geochronological data on northeastern India ACICs
Complex Method Material Age (in Ma) Reference
Sung Valley ACIC
Fission track Apatite 90+ 10 6
K-Ar Phlogopite from carbonatite 1495 7
Pb-Pb Carbonatite (WR) 134 £20 8
Ar—Ar Pyroxenite {WR) and phlogopite from carbonatite 107.2 £ 0.8 9
Rb-Sr Carbonatite (WR), pyroxenite {WR) and phlogopite 106 £ 11 10
from carbonatite
Swangkre ACIC
K-Ar Lamprophyre 1073 7
Samchampi ACIC
Fission track Apatite ~ 105 11

Figure 2.

Field photograph showing differentiated central part (Sy,
syenite) of a gabbroic body (Ga).

der the microscope, this sample is primarily equigranu-
lar hypidiomorphic, but in places panidiomorphic and
allotriomorphic textures are also present. This textural
variation is related to a range in crystal shapes, although
most crystals show subhedral characteristics. The main
mineral constituents are orthoclase, nepheline, hyper-
sthene, biotite, ilmenite, apatite, augite/aegirine—augite,
titanite, sulphide, zircon and baddeleyite. Euhedral
crystal morphologies are exhibited by titanite, apatite,
nepheline and ilmenite.

The differentiated portion of this gabbro sample se-
lected for the study (JS-5) was pulverized using a jaw
crusher and disk mill. Zircon and baddeleyite were
separated by a series of mineral separation steps that
include the use of a Wilfley table, Frantz isodynamic
separator and heavy liquids (methylene iodide). All
mineral grains selected for analysis were carefully ex-
amined at high magnification using a stereomicroscope.
The grains were first washed in 4N HNOj;, H,O and
acetone. All crystals were weighed and placed into
10 ml TFE Teflon dissolution vessels together with a
mixture of HF and HNO; (10:1) and a measured
amount of mixed **’Pb—""U tracer solution. After a dis-
solution period of 5 and 7 days at a temperature of
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220°C, uranium and lead were isolated using standard
anion exchange chromatography' closely following the
procedure outlined in Heaman and Machado'. All
analyses were performed on a VG354 thermal ioniza-
tion mass spectrometer at the Radiogenic Isotope Facil-
ity, University of Alberta. The uranium decay constants
used in this study are 1.55125 x 10""°yr' (**U) and
9.8485 x 107 yr ! (*U).

The heavy mineral fraction isolated from sample JS-5
consisted of apatite, augite, zircon, titanite and a minor
amount of baddeleyite and sulphide. Titanite occurs as
straw-yellow fragments with abundant mineral inclu-
sions and veining. Zircon occurs as colourless skeletal
grains and fragments with rare crystal face develop-
ment. Baddeleyite occurs as tiny tan to brown parts of
blades.

The U-Pb results for two multi-grain zircon fractions
and one multi-grain baddeleyite fraction are shown in
Figure 3 (baddeleyite is denoted by a shaded ellipse)
and Table 2. The zircon fractions have moderate ura-
nium content (430 and 362 ppm, respectively) and high
Th/U (> 2) which, combined with the skeletal habit, is
typical of zircon that rapidly crystallizes from a mafic
magma. The single baddeleyite analysis has a moderate
to high uranium content of 1040 ppm and low Th/U
(0.04), also typical of baddeleyite that crystallizes di-
rectly from a mafic magma. The model ages reported in
Table 2 for all three analyses are quite similar and plot
on (as in the case of analysis #1) or very close to the
concordia curve. The **°Pb/>**U ages for zircon fraction
#1 and baddeleyite fraction #3 are identical (105.2 + 0.6
and 105.2 + 0.8 Ma, respectively) and the weighted
average “"°Pb/?**U age of 105.2 £ 0.5 Ma (2 sigma) for
these two fractions is considered the best estimate for
the emplacement age of the Jasra gabbro. The slightly
older age for zircon fraction #2 could reflect the pres-
ence of a small inherited Pb component

The precise U-Pb zircon/baddeleyite age of
105.2 = 0.5 Ma obtained in this study for the Jasra gab-
bro is similar to slightly less-precise ages obtained for
other alkaline complexes in northeastern India. These
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CFB magmatism. Thus it is important to work on the tem-
poral relationship between ACICs and CFBs, which may
certainly play an important role for understanding the ori-
gin of ACICs.

The majority of carbonatite occurrences worldwide
are Cretaceous in age (< 200 Ma)' and are temporally
linked to the formation of large igneous provinces im-
mediately prior to the break-up of the supercontinent
Pangea. The exact timing of this alkaline—carbonatite
magmatism globally is critical in evaluating the details
of magmatic processes operating within mantle plumes
and could provide a detailed record of the break-up his-
tory of the supercontinent Pangea.

1. Woolley, A. R., in Carbonatites: Genesis and Evolution (ed.
Bell, K.}, Unwin Hyman, London, 1989, p. 15.

2. Srivastava, Rajesh K. and Hall, R. P., in Magmatism in Relation
to Diverse Tectonic Settings (eds Srivastava, Rajesh K. and
Chandra, R.), A. A. Balkema, Rotterdam, 1995, p. 135.

3. Kumar, D., Mamallan, R. and Dwivedy, K. K., J. Southeast
Asian Earth Sci., 1996, 13, 145.

4. Desikachar, S. V., J. Geol. Soc. India, 1974, 15, 137.

Golani, P. R., ibid, 1991, 37, 31.

6. Chattopadhyay, B. and Hashimi, S., Rec. Geol. Surv. India,
1984, 113, 24.

7. Sarkar, A., Datta, A. K., Poddar, B. C., Bhattacharya, B. K.,
Kollapuri, V. K. and Sanwal, R., J. Southeast Asian Earth Sci.,
1996, 13, 77.

8. Veena, K., Pandey, B. K., Krishnamurthy, P. and Gupta, J. N,
J. Petrol., 1998, 39, 1975.

9. Ray, J. S., Ramesh, R. and Pande, K., Earth Planet. Sci. Lett.,
1999, 170, 205.

10. Ray, J. S., Trivedi, J. R. and Dayal, A. M., J. 4sian Earth Sci.,

2000, 18, 585.
11. Acharya, S. K., Mitra, N. D. and Nandy, D. R., Surv. Mem.
Geol., India, 1986, 119, 6.
12. Mamallan, R., Kumar, D. and Bajpai, R. K., Curr. Sci., 1994, 66, 64.
13. Krogh, T. E., Geochim. Cosmochim. Acta, 1973, 37, 485.
14. Heaman, L. M. and Machado, N., Contrib. Mineral. Petrol.,
1992, 110, 289.

15. Baksi, A. K., Barman, T. R., Paul, D. K. and Farrar, E., Chem.
Geol., 1987, 63, 133.

16. Baksi, A. K., ibid, 1995, 121, 73.

17. Store, M. et al., in Proc. ODP, Scientific Results 120 {(eds Wise,
S. W. et al.), 1992, p. 33.

18. Toyoda, K., Horiuchi, H. and Tokonami, M., Earth Planet. Sci.
Lett., 1994, 126, 315.
19. Bell, K. and Siminetti, A., J. Petrol., 1996, 37, 1321.
20. Ray, J. S. and Pande, K., Geophys. Res. Lett., 1999, 26, 1917.
21. Renne, P. R., Eresto, M., Pacca, I. G., Coe, R. S., Glen, J. M.,
Prevok, M. and Perrin, M., Science, 1992, 258, 975.

22. Renne, P. R., Glen, J. M., Milner, S. C. and Duncan, A. R., Ge-
ology, 1996, 24, 659.

23. Duncan, R. A. and Pyle, D. G., Nature, 1988, 333, 841.

24. Venkatesan, T. R., Pande, K. and Gopalan, K., Earth Planet.
Sci. Lett., 1993, 122, 263.

w

ACKNOWLEDGEMENTS. We are grateful to Dhirendra Kumar,
Atomic Minerals Division for his valuable guidance and suggestion
for completing the fieldwork around Jasra. CSIR is acknowledged for
financial assistance (24(0251)/01/EMR-II).

Received 11 September 2001; revised accepted 24 December 2001

748

Estimates of coseismic displacement
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The M, =7.6 Bhuj earthquake of 26 January 2001
that occurred in the Kachchh Rift Basin (KRB) was
felt over a wide area in the country. Global Position-
ing System (GPS) measurements were made at
eleven sites in the epicentral area and at Jamnagar,
south of the KRB to estimate the total residual
displacements at these sites as a result of this earth-
quake. During the survey, seven Great Trigono-
metrical Survey (GTS) points (1857) were reoccupied
using GPS. An additional five GPS points were es-
tablished by C-MMACS for post-seismic studies. The
Jamnagar site was measured earlier in 1997 while
the seven GTS sites are those established during the
GTS, 144 years ago. Comparison of GPS (1997) and
GPS (2001) coordinates at Jamnagar gives the co-
seismic displacement vector of 16 £+ 8 mm at N35°E
for the four-year period (1997-2001); this is the only
GPS-GPS based estimate of coseismic slip of the
Bhuj earthquake. Comparison of GTS (1857) and
GPS (2001) coordinates at 7 GTS sites yields upper
bounds on the displacements suffered by these sites
as a result of the co-seismic slip of major events that
occurred in the intervening period. GTS (1857)-GPS
(2001) baselines oriented at low angles to the NNE—
SSW compression or transport direction have short-
ened in length, while those oriented at high angles
have been elongated. The two epochs of measure-
ments at the five GPS sites in KRB and Jamnagar
during February and July 2001, yield post-seismic
displacement rates averaging about 1 mm/month at
these sites. GPS (February 2001)-GPS (July 2001)
baselines, on the other hand, have shortened in
length irrespective of their orientation relative to the
NNE-SSW transport direction.

AN earthquake of moment magnitude M, = 7.6, rocked
the Rann of Kachchh and adjoining areas at 8 h 46 min
(IST) on the morning of 26 January 2001 (Figure 1).
This is the second catastrophic earthquake to have oc-
curred in Kachchh, 181 years after the M 7.5 (ref. 1)
earthquake of June 1819 which destroyed the towns of
Bhuj and Anjar and created an 80-km-long fault scarp
and a natural dam (Allah Bund) uplifted at its crest by
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