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Characterization and origin of silicic
and alkali-rich glasses in the Upper
mantle-derived spinel peridotite xeno-
liths from alkali basalts, Deccan Trap,
Kutch, northwest India
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Petrological, textural and chemical characters of glas-
ses found as discrete pockets in the spinel lherzolite
xenoliths from Kutch region are discussed. These glas-
ses are silica-saturated and alkali-rich in composition
and display sharp contacts with the primary mineral
assemblage of the spinel lherzolite. In contrast, the
basaltic melt infiltrating the xenoliths exhibits reaction
textures. We have attempted to compare these glass
compositions with worldwide occurrences. In the absence
of any trace-element data, we have used the trace-
element data of the Cr-diopsides from the same
xenoliths and have discussed the mechanisms of glass
formation. The glass formation is attributed to the
metasomatic fluids, mostly carbonatitic in compo-
sition, which is in agreement with our previous work
on these xenoliths. The metasomatism has occurred at a
shallow level (7-12 kbar), slightly above the carbonatite
stability field.

STUDY of mantle xenoliths provides significant informa-
tion about the composition of the mantle and the processes
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which impress the mantle composition. The compositions
of silicate melts potentially in equilibrium with the
earth’s mantle have long been of interest to petrologists
and geochemists. In recent times, the glasses in the mantle
xenoliths have been studied in great detail so as to under-
stand the genesis of silicate melts at mantle depths, and
pressure and temperature conditions. Glasses represent such
melts, with high silica content (up to 72% SiO,) occur-
ring as inclusions and discrete pockets within the mantle
xenoliths, and have been reported from a variety of set-
tings. Xenolith glasses have a wide range of major element
composition; this has been clearly brought out in the com-
pilation of the glass compositions world over by Draper
and Green'.

The formation of glasses has been ascribed to a variety
of processes, including infiltration of the host lavas®, and
breakdown of amphibole or phlogopite in response to de-
compression melting to give rise to silica-undersaturated
liquids. These then react with mantle minerals, especially
orthopyroxene and crystallize olivine and clinopyroxene,
leaving more silica-rich residual liquids®*. The second
model includes partial melting of mantle xenoliths at short
residence times in crustal magma chambers during ascent
to the surface in the host magma’. Other models imply
formation of silicic melts at mantle depths.

Large group of glasses, however, have remained unex-
plained by the various processes listed above'. These glas-
ses are rich in SiO, (> ~ 60 wt%), AlLO; (18-20 wt%)
and alkalies (Na,O + K,O up to 17 wt%). This prompted
several researchers to advocate the hypothesis that such
melts could represent a type of metasomatic agent circu-
lating in the upper mantle®’. Experimental investigations
have suggested that highly silicic melts could be formed
by small degrees of in situ partial melting in the upper
mantlem; such melts are enriched in silica—alumina and
alkalis, and depleted in MgO, FeO and CaO. It is also pro-
posed that the silicic, aluminous alkaline melts could be
formed by low-degree partial melting of peridotite enriched
in alkalis, volatiles and other low melting-temperature
componentsl. Recently, on the basis of chemical criteria,
the formation of such silica and alkali-rich glasses (with
Na,O content up to 14 wt%) has been ascribed to the
process of carbonatite metasomatism'".

In the Kutch mantle xenoliths, the glasses generally
occur as pockets or as discrete grains along with the re-
crystallization of neoblasts of opx and cpx. Majority of
these glasses are spongy, dirty green in colour. Chemically,
they are Si0,—Al,0-Na,0-K,0-rich and TiO,—FeO-MgO-
Ca0-P,0s- poor types, similar to the set of glasses des-
cribed from Canary Islands. The Kutch mantle xenoliths
which host the silicic glasses are devoid of any hydrous
mineral phases; however, they are cryptically metasoma-
tised'?. The mantle xenoliths are spinel lherzolite in com-
position; the details of which have been described
elsewhere'”. The silica content of the glasses varies
between 55 and 65%. In the light of the various models
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described for the formation of glasses, we aim to discuss
the origin of the Kutch glasses.

In the Kutch region, the Deccan Traps are confined to a
long strip bordering the Mesozoic highlands from Lakhpat
in the northwest to Anjar in the east. Seven flows have
been identified'*; they dip gently southwards and rest dis-
conformably on Mesozoic sediments. The trap flows in
Kutch have been considered to be the earliest Deccan
eruptions'”. The alkaline rock in central Kutch occurs as
plug, sheet or cone-like intrusions and entrains ultramafic
xenoliths of mantle origin'®'". These alkaline rocks are
considered to be volcanic centres'® and are situated to the
north and northwest of the main Deccan province, within
areas once covered by Deccan lavas that are now seen as
outliers. The plug-like intrusions occur at Dhrubia, Sayala
Devi, Vethon and Dinodhar, while Bhujia hill and Lodlai
on the other hand, have sheet-like alkaline bodies. The ave-
rage xenoliths are between 1 and 2 cm, but xenoliths as
large as 4 to 5 cm are common, especially at Bhujia. In
the sheet-like bodies, the xenoliths are concentrated in
the central portion as against the neck levels in the plugs
from Dhrubia and Sayala Devi. The alkaline rocks are
mostly represented by alkali olivine basalts and basa-
nites. These basalts are feebly porphyritic with olivine
and occasionally, clinopyroxene phenocrysts. In thin sec-
tions, some of these phenocrysts show marginal embay-
ment, the groundmass is fine-grained and composed of
olivine, clinopyroxene, microlites of plagioclase and opaque
oxides with patches of analcite. Nepheline rarely occurs
as modal mineral phase. The alkali basalts in Kutch are
nowhere in direct contact with the Deccan tholeiite, but
several lines of evidence suggest that they can be spa-
tially and temporally correlated to Deccan basalts. **Ar—
**Ar ages for alkali basalts and tholeiite samples from the
Kutch region of the Deccan Trap range between 64 and
67 Ma, indicating a close temporal association between
these two types of magmatism'®. These basalts are petro-
logically similar to those from Reunion Island in the
Indian Ocean. The ultramafic xenoliths entrained in the
alkaline volcanics hence represent the lithospheric mantle
that is spatially and temporally related to the Reunion/
Deccan plume, and may help us to understand the nature
of the plume-affected mantle.

Olivine (ol), orthopyroxene (opx), clinopyroxene (cpx)
and spinel (sp) in order of abundance dominate the xeno-
liths. The relatively small size of the xenoliths precludes
the determination of precise mineral modes. However, an
attempt has been made to determine the average modal
abundances by point counting at least 50 samples from
different areas. The olivine content varies between 50
and 60%, opx between 15 and 20% and cpx between 2
and 13%. The reddish-brown, aluminous spinel ranges
from 0.5 to 4%. The spinel peridotites typically are fine-
grained (0.5 to 2 mm) and unfoliated, and are of type-1
(Cr-diopside-spinel) Iherzolites’™*!. They exhibit mostly
protogranular® or xenomorphic granular™ microstructures.
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However, a few samples from Sayala Devi locality are
coarse-grained with weakly-defined planar fabric. Olivine
in all samples displays strain shadows and kink bands
and in most samples, olivine contains trails of fluid inclu-
sions. The cpx occurs mostly as discrete grains smaller
than the olivines or opx, and shows finely-spaced exsolu-
tion lamellae of opx. Spinels in the xenoliths are reddish-
brown in colour and occur in close association with opx
and cpx. Neoblasts of olivine opx and cpx are sometimes
observed armoring the large porphyroclasts of olivine
and opx. Such neoblast formation has been ascribed to
in situ heating and metasomatism during magmatism’>*
in the xenoliths from Canary Islands. Glass in the xenolith
is generally of two types, colourless, and dirty-green to
brownish in colour, the details of which are described
later in the communication. Volatile bearing phases such
as amphibole or phlogopite have not been observed in any
of the xenoliths studied.

Glass in the Kutch xenoliths exhibits different modes of
occurrence. Minor amount of glass occurs as inclusions in
olivine porphyroclasts and at times forms trails, suggest-
ing a secondary origin. Similar inclusions are also obser-
ved in some of the opx porphyroclasts along with thin
platelets of brown spinel and birefringent acicular crystals
of rutile. The glass is coloured or colourless type and
both types can occur in one single xenolith. Brownish
glass mostly occurs as small isolated pockets in the peri-
dotite. It also occurs as micro-veinlets, sometimes invad-
ing into the mineral phases. When it occurs as pockets,
the glass contains numerous small grains or microlites of
both olivine and cpx. The glass patches are typically con-
nected by thin channels of interstitial glass. Locally, the
glass layers expand into continuous films of glass along
grain boundaries. These glasses can be referred to as ‘jacket
glasses’, following Edgar et al®. These glasses have
sharp contacts with the surrounding host minerals, show-
ing no evidence of reaction. This is in stark contrast to
the basaltic and basanite melt infiltrating into the xenolith
and frequently reacting with the xenolith mineral phases,
forming reaction rims. Incidentally, we wish to empha-
size that any hydrous mineral phases such as phlogopite
or amphibole, as has been reported from many spinel-
lherzolite xenoliths in other parts of world, are typically
absent in the Kutch xenoliths.

On the basis of compilation of glass compositions in the
mantle xenoliths from different parts of the world, certain
distinct features have been brought out'. These include:
(a) glasses have a wide range of major element composi-
tions; (b) many glasses are alkaline (Na,O + K,O up to
17 wt%); (¢) mg-numbers range from 25 to 90, MgO con-
tents show a wide range, from <1 to > 12 wt%; (d) TiO,
content correlates negatively with that of SiO,; (e) highly
silicic glasses have generally low TiO,, i.e. less than 1
wt%; (f) Al,O; content varies between 12 and 25 and
does not correlate with SiO, or molar N/K; (g) like TiO,,
MgO, FeO and CaO contents exhibit a crude negative rela-
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tionship with that of SiO,; (h) most of the silica-rich glas-
ses (> 63 wt% Si0,) have FeO + MgO < 3 wt% and CaO
rarely exceeds 3 wt%; (i) most xenolith glasses have more
Na than K; (j) there appears to be no major-element com-
position features of the glasses that are peculiar to a par-
ticular tectonic setting.

The glass compositions in Kutch xenoliths also show
wide compositional variation. They are mostly silica-rich
where the SiO, wt% varies between 58.22 and 65.65%.
These glasses are typically alkali-rich, with Na,O + K,0
varying from 5.02 to 14.45%. Out of the 14 glasses ana-
lysed, six have K,O > Na,O, while the remaining eight
have higher Na,O content. TiO, content is typically less
than 1 wt% and correlates negatively with that of SiO,.
Similarly, Al,O; content, which is typically high (17.04
to 25.32 wt%), also correlates negatively with that of SiO,.
This is in contrast to the generalizations made above for
occurrences in other parts of the world. FeO, MgO as well
as CaO contents are low and generally follow the trend
observed for glasses the world over. FeO and MgO con-
tents correlate negatively with that of SiO,. From the
major-element values, the CIPW normative composition
for the glasses was calculated. Among the 14 glasses,
nine are silica-saturated and are qtz-normative, while the
remaining are moderately undersaturated with silica and
are nepheline-normative.

The composition of the allied mineral phases such as
ol, opx, cpx and spinel occurring as microlites within the
glass pockets, was also determined so as to understand
any mutual relationship, if any. CaO content of the glass
correlates positively with that of olivine. Similarly, Al,Os,
Na,O and TiO, contents of the glass correlate positively
with those in the cpx. Al,O; content of the glass exhibits
negative correlation with that of the opx, while Na,O
content of the glass shows sympathetic relationship with
that of opx. TiO,; and Na,O contents of the cpx correlate
positively with that of the opx, while the CaO content
exhibits a negative correlation. Thus, a consanguineous
behaviour is observed among the glass and other allied
mineral phases, especially glass and cpx, where the rela-
tionship is more pronounced.

In the Na,0-CaO-K,O triangular diagram (Figure 1),
the glass compositions make two distinct domains; the glas-
ses in the xenoliths from Bhujia plot near the Na,O side
of the triangle, while the remaining plot on the central
part of Na,O—K,0O-side line. In Figure 1, when the com-
position of the host lava is plotted, it plots separately
towards the CaO side of the triangle. When compared to
the fields marked for other localities world over, the
Kutch glasses plot close to the glasses from Grande
Comore. However, xenoliths from Grande Comore have
phlogopite as the hydrous phase, which is absent in case
of the Kutch xenoliths. The K,O + Na,O ratio in the
Kutch glasses increases with silica-saturation. The com-
position of the host lava is however silica undersaturated
and closely corresponds with the composition of basanite
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from Grande Comore. The broken line in Figure 1 repre-
sents the boundary between xenoliths containing anhydrous
and hydrous phases.

The Kutch xenoliths are devoid of any hydrous mineral
phases such as amphibole, apatite or phlogopite. Thus,
the formation of glass by decompression of any hydrous
minerals®®*® is completely ruled out. The lack of any
hydrous phases would also rule out the in situ melting
model*. Host-magma infiltration in the Kutch xenoliths is
generally seen only at the contact between xenoliths and
the host-rock basanite. In such cases, however, the indi-
vidual minerals exhibit reaction rims. The analysed glasses
occur as pockets and have sharp contacts with the princi-
pal mineral phases from the xenoliths. Contrasting che-
mical characteristics are observed between the host rock
and glass compositions, such as Na,O content and Na,O/
K,O ratio. Therefore, the model explaining glass forma-
tion due to infiltrating basaltic melts®™ ! is inapplicable
to the Kutch glasses. A slight variant of this model is the
one given for the La Palma xenoliths’”*, where glass for-
mation has been ascribed to the processes involving infil-
tration of basaltic melts into mantle peridotites, followed
by reaction and crystallization. In the samples from La
Palma, the veined xenoliths show a gradual transition from
basaltic to Si-rich melts where TiO,/Al,O; decreases with
increase in the K,O content, which resembles the basaltic
melt. The glasses analysed in the Kutch xenoliths gene-
rally are Si—-Na—K-rich glasses, where the SiO, content
has narrow range (58.22 and 65.65%). Besides, TiO,/
Al,O5 does not show any relation with K,O. The ratio of
Ti0,/Al,05 should generally decrease in glasses with in-
creasing silica content, if there is reaction between the
infiltrating basaltic melt and mantle-wall rocks™. In the
Kutch glasses, this ratio does not show any relation with
Si0, and remains constant. Hence, the possibility of glass
formation due to reaction between basaltic melt and peri-
dotite-wall rock is ruled out. Draper and Green', on the
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Figure 1. Na,0O-CaO-K;O triangular plot for Kutch glasses with other
world occurrences (after Neumann and Wulff-Pedersen™).
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