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revealed that when the noise is present, the efficacy of the
scheme deteriorated for model II. In the case of mode] IV
when (py/p;) <1, Aa% for all the parameters is nearly
the same as that obtained for the data not corrupted by
random noise.

There appears to be a way out to invert the near zone
CSAMT data which is a necessity to probe deeper layers.
The scheme presented can be extended to multi-layer sec-
tions without much difficulty. However, the case of resis-
tive substratum (two-layer or A-type three-layer model)
appears to have poorer resolvability in view of large
errors in Aa% for depth factor (Tables 7 and 8).
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Clinopyroxenite xenoliths from the
Deccan Trap lavas of Kutch
and Mumbai

D. Chandrasekharam* and K, C. Vinod

Department of Earth Sciences,flndian Institute of Technology, Powai,
Mumbai 400 076, India

Only a few occurrences of mantle xenoliths have been
reported in the Deccan basalt province. These include
the spinel peridotite and spinel lherzolite from Kutch
and clinopyroxenite (with minor olivine) from Murud-
Janjira coast. We now report hitherto unknown clino-
pyroxenite xenoliths from Kutch and Powai. The
Kutch xenoliths are accidental and the Powai xenoliths
are cognate. The Kutch clinopyroxenite xenoliths
appear. to have been formed due to the reaction
between the mantle, containing olivine and ortho-
pyroxene, and carbonated alkaline magma at about
1100°C and 17 kb pressure. The Powai xenolith repre-
sents cumulates of clinopyroxenes in the magma
chamber which were picked up and brought up by a
subsequent eruption.

IN the vast Deccan flood basalt province of India, mantle
xenoliths are quite rare. However, a few occurrences of
mantle xenoliths are known in the province'™, The xeno-
liths 1n alkali olivine basalts from Kutch, Gujarat com-
prise dunites, spinel peridotites® and spinel herzolites®,
xenohiths of clinopyroxenites (with minor olivine) are
found 1n the lamprophyre dykes of Murud-Janjira along
the western coast of India *, We report here, two hitherto
unknown types ol Xenoliths, namely clinopyroxenite
xenoliths from the alkali olivine basalts of Dhrubiya and
Nana, Kutch (Figure 1 a) and also from the tholeitie
basalts of Powai, Mumbai (hencetorth termed as “campus
xenoliths™; Figure 1 H) and discuss in detail their petro-
graphic characteristics,

The alkali olivine basalts of Kutch containing  the
xenohiths have been dated at about 64 Ma (ret. 4). The
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Figure 1. Map showing the occurrence of clinopyroxenite xenoliths 1in Kutch {a) and in Powai (). Deccan flood basalt province.

Figure 2. Photomicrographs of clinopyroxenile xenoliths from Kutch. Scale is shown as bar (= 0.15 mm) in the photographs. a, Fine-grail?ed
alkali olivine basalt enclosing clinopyroxenite xenolith, Sinall euhedral olivine grains are seen in the groundmass; b, Clinopyroxencs showing
spongy border and enclosing exsolution lamellae: ¢, Pyrometamorphic texture around pyroxenes and spinels; d, Pyrometamorphic texture and reac-
tion rims around clinopyroxenes enclosing tiny plagioclasc laths and pyroxene grains. Spinels are seen as curvilinear bodies.
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clinopyroxenite xenoliths occurring at Dhrubiya (lat.
23°8’N; long. 69°30’E) and Nana (lat. 23°17°N; long.
09°22°E) in Kutch, are rectangular in shape and vary in
size from 1 X 0.5 cm to 0.5 X 0.3 cm.

The most common and easily identified texture in peri-
dotite and pyroxenite xenoliths is the pyrometamorphic
texture developed due to local partial melting of the xeno-
liths®. Pyroxene grains develop spongy border zones at
the beginning of melting. Clinopyroxene, due to partial
melting produces plagioclase, augite and spinel. The
Dhrubiya clinopyroxenite xenoliths (Figure 2 a) show
pyrometamorphic texture characterized by the spongy
appearance of pyroxene grains due to the solidification of
partial melts (Figure 2 b). These melted portions of the
pyroxene grains exhibit reaction rims enclosing tiny pla-
gioclase laths and clinopyroxene grains (Figure 2 ¢). The
large, curvilinear spinel formed due to partial melts, occu-
pies the clinopyroxene grain boundaries (Figure 2 ¢ and d).
Further, stray grains of clinopyroxene xenocrysts exhi-
biting pyrometamorphic texture and exsolution lamellae

RESEARCH COMMUNICATIONS

are also present in the host basalt. The 2V, and Z.c of the
clinopyroxenes vary between 58-62° and 40-43°, respec-
tively, designating them as diopsides.

The host alkali olivine basalts at Dhrubiya and Nana
are holocrystalline, microphyric and contain plagioclases,
chinopyroxenes and opaques. Two varieties of euhedral
olivine phenocrysts with a maximum size of 1 mm also
occur within these basalts. The first type has a sharp grain
boundary and encloses minute opaques (Figure 3 a) while
the second type shows reaction borders, encloses innu-
merable opaque, fluid and melt inclusions, and is zoned
and twinned (Figure 3 b). The 2V, of the first type varies
from 88 to 90°, indicating their Fo content to be between
85 and 89%, while the 2V, of the second type varies from
83 to 85°, indicating their Fo content to be greater than
90%. We consider the second type to be xenocrysts.
Analcite often occurs as patches enclosing clusters of
apatite needles.

Occurrence of basaltic xenoliths in the rhyodacites/
trachytes of Mumbai island has been reported earlier”'".

Figure 3. Photomicrogtaphs of clinopyroxenite xenoliths from Kutch ta, b), and Powai (¢, d). Scale is shown as bar (= 015 nun) in the photo-
graphs. g, Euhedral olivine phenocryst in alkalt olivine basalt of Kuich; b, Euhedral zoned olivine xenoeryst iom Kuteh, extubiung stple twinning
on {100). Note innumerable fluid and mult inclusions in the prain; ¢, Polygonal campus xenolith showing sharp contact with the host aphysic basalt,
The dark patches are clinopyroxenes in extinction position. Note the absence of pyrometamorphic teatwe around the clinopyrosenes, d. Nudular-
shaped campus xenolith with radiating sheaths of iwinned clinopyroxenes. Dark patchies are clinopyroaences in extinction posinon. Note the opaguses
arranged in conceniric cireles, within the pyroxene grains in ¢ and .
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However, a larce number of circular patches of ¢lino-
pyroxenite xenoliths varying in size tfrom < { mm to 5 mm
in a tholentic basalt flow are now reported tfrom Mumbai,
These ‘campus xenoliths” occur i a basalt tflow seen
within the campus premises of the Indian Institute of
Technology (IIT), Powai (lat. 19°8'N; long. 72°56’E:
Figure 1 b). These xenoliths comprise clinopyroxenites
with polygonal, rounded er nodular outhines (Figure 3 ¢
and ). Pyrometamorphic texture, which is conspicuous in
Kutch xenoliths, 1s not observed in the campus xenoliths
where their contact with the host basalt is sharper. In
some cases the pyroxenes are arranged in a radiating
pattern (Figure 3 ¢). Innumerable minute opaque inclu-
stons, arranged in concentric circles, are seen in the
pyroxene grains (Fgure 3 d). Spinels, which are very
conspicuous in Kutch xenoliths, are totally absent in the
campus xenoliths. Twinning is quite common in the pyro-
xenes of these xenoliths (Figure 3 ¢ and d) but absent in
those of Kutch. The 2V, and Zic of the clinopyroxenes
vary between 32-60° and 38-40°, respectively, which
correspond to augites and ferroaugites. Though kink
bands have been reported in several xenoliths''"'%, such
bands are not observed 1n either the Kutch or the campus
xenoliths.

The basalt tlow hosting the campus xenoliths is medium-
grained, holocrystalline, aphyric, subophitic and contains
plagioclase laths, pyroxenes and opaques. Olivine occurs
occasionally as subhedral grains and is altered to idding-
site. Thus based on the texture and mineralogy, it is appa-
rent that the Kutch xenoliths are accidental while the
campus xenoliths are cognate.

The occurrence of three compositionally different types
of xenoliths (spinel peridotites, spinel lherzolites and
clinopyroxenites) implies that either the mantle below
Kutch is zoned or layered and contains these types of
rocks which were picked up by the alkali olivine basalt
extrusive or the clinopyroxenites are the products of reac-
tion between peridotite (olivine and orthopyroxene) and
carbonated alkaline magma at temperatures between 1050
and 1100°C and 17 kb pressure'”. Considering the proxi-
mity of the xenolith-beaning flows to the carbonatite
province of Gujarat, it 1s quite likely that the Kutch clino-
pyroxenite xenoliths got formed due to the later process.
The campus xenoliths, on the contrary, seem to represent
cumulates of clinopyroxenes in the magma chamber which
were picked up and brought up by a post-pyroxenite pulse
of eruption. Detailed investigation on the mineral chemi-
stry and whole rock isotope geochemistry of the Kutch
and campus xenoliths is presently going on in order to
decipher their petrogenesis.
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Parasitic protozoa lack the de novo purine biosynthet
pathway and rely exclusively on the salvage pathw:
for their purine nucleotide requirements’'. Purine sa
vage enzymes are therefore potential chemotherape:
tic targets. This paper reports the cloning and deducs
amino acid sequence of Plasmodium falciparu
adenylosuccinate synthetase (PfADSS), an enzyn
involved in purine salvage. PFADSS exhibits 67
homology with that of the human enzyme. On expr
ssion in E. coli, enzymatically active ADSS was pr
duced as deduced by functional complementatic
analysis. The PfADSS activity was shown to be inh
bited by hadacidin, a known competitive inhibitor
this enzyme.

ALMOST all protozoan parasites lack the biosynthet
machinery required for the de novo synthesis of purine:
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Nucleotide sequence reported in this paper is available in the Ge
Bank™ data base under the accession number AF095282.
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