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Diagenetic talc of Jhiroli, Kumaun
Himalaya
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Talc/soapstone deposit of Kumaun Lesser Himalaya is
mainly associated with magnesite. It occurs in small,
irregular patches and pockets within the magnesite
and sometimes with dolomite. Talc in the interstitial
spaces of magnesite occurs as fillings of stylolitic
veins, as well as in patches heavily corroding the mag-
nesite grains lying in contact. Tremolite, chlorite and
other low grade metamorphic minerals are absent while
chalcedony is sometimes present in intimate associa-
tion with talc in the stylolitic veins and in the patches.
Talc is extremely fine-grained, sometimes scaly and at
times fibrous. These features indicate that talc is neither
hydrothermal in origin nor is produced by stresses
acting on the carbonate rock. Presence of pyrite grains
in talc and host magnesite is indicative of a reducing
environment. X-ray diffraction and infrared studies
reveal that there is no other metamorphic mineral
present. Fluid-inclusion study of host magnesite sug-
gests that the minimum temperature of homogenization
(Th) ranges between 220 and 300°C. The antipathic
relationship between silica and talc suggests that the
latter is a product of diagenetic processes, being formed
by reaction of magnesite and silica at temperature less
than 300°C.

Keywords: Diagenetic processes, Kumaun Lesser Hima-
laya, metamorphic minerals, talc.

PROTEROZOIC talc/soapstone deposit of Deoban Forma-
tion in the Jhiroli area is a part of Kumaun Lesser Himalaya.
It is situated between lat. 29°45°30” and 29°47°30” N, and
long. 79°44’ and 79°46” E. Talc is a hydrothermal or
metamorphic mineral, characteristic of green schist facies
and occurs in shear zones where it is considered as an
alteration product. The genesis of talc/soapstone which re-
volves around the metamorphic/hydrothermal process, is
still debated. Some workers suggest that talc is a product
of hydrothermal replacement’?, while others contend that
it represents a low-grade metamorphic reaction product of
magnesite and silica’°,

The Deoban Formation consists of a thick pile of cal-
careous and siliceous metasedimentary rocks belonging to
Kumaun Lesser Himalaya Upper Middle Riphean age’. It
occurs in and around the study area, surrounded by three
villages, i.e. Chaugaon Chhinna, Bilori and Kathpuria.
The basement of the Deoban Formation is the Rautgara
Formation that consists of predominantly pink, grey and
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white well-bedded, highly jointed arenites interbedded with
subordinate brown, green and black argillites. This formation
is best exposed along the motor road, southwest of Kath-
puria Chhinna. The Deoban Formation occupies a major
portion of the study area® (Figure 1). It consists of shale/
slate, dolostone with cherty and argillaceous intercalations
and magnesite.

Megascopically, talc varies from pure white colour to
dark grey depending on the content of impurities. The
mineral shows typical greasy lustre with development of
perfect basal cleavage in some cases. It occurs both as
massive bodies as well as in the form of foliated soap-
stone rock. Microscopically, it shows an extremely inter-
esting relationship with magnesite. At times it contains
euhedral to subhedral minute opaque pyrite grains (Figure
2 a and b). Talc also contains abundant relicts of magnesite
crystals having the usual optical characters and showing
all stages of corrosion and replacement of the latter (Fig-
ure 2 b and c). Relicts of quartz are rarely seen, which
sometimes show corrosion effects by talc. In talc aggre-
gates some interesting structures are developed, such as
the presence of chert laminae (Figure 2 d). The fine talc
developed at the contact of magnesite is somewhat
coarser than the talc developed elsewhere and is also
much later in origin. Scanning Electron Microscopic (SEM)
study suggests that the contact of talc with magnesite is corro-
sional in which the former is seen to occur as finger-like
offshoots or protrusions into the magnesite (Figure 3 a and
b), indicating a diagenetic replacement origin for talc.
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The major mineral phases of two representative samples
of carbonate were identified by X-ray diffraction data,
which reveal the presence of carbonate minerals such as
magnesite, dolomite, calcite and siderite, apart from talc
(Figure 4 ¢ and ). Two more representative samples of
carbonate with talc were analysed by infrared (IR) spectra
(Figure 5), which exhibits the presence of magnesite,
dolomite, talc, calcite and quartz.

Triphase inclusions (NaCl-H,O + halite) are characterized
by the presence of a solid phase, cubic in nature and identi-
fied as halite (Figure 6 @). The homogenization temperature
of these triphase inclusions in talc with magnesite varies
between 240 and 300°C, with temperature of homogeni-
zation (Th) maxima around 260 = 10°C (Figure 7 a). The
biphase, i.e. liquid—NaCl and vapour-H,O (Figure 6 b)

Figure 2. a, Photograph showing rhomb of magnesite corroded by
talc, which indicates diagenetic replacement of magnesite by fine-
grained talc. Scattered grains of pyrite are also observed. b, Photomi-
crograph showing corroded relict of magnesite surrounded by talc. ¢,
Photograph showing small relict of magnesite in talcose groundmass. d,
Photomicrograph showing faint development of chert laminae in tal-
cose groundmass. Extremely fine grained pyrite is seen in chert lami-
nae. These laminations are interpreted as being relict structure.
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Figure 3. a, Contact of magnesite and talc showing corrosion structure probably during late diagenesis. b, Talc is seen to send finger-like off-
shoots or protrusions into the magnesite, indicating diagenetic replacement by talc.
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Figure 4. a,b. X-ray diffractogram of Jhiroli carbonate.

aqueous homogenization temperature in talc with magne- homogenization temperature range of 220-265°C with a
site ranges from 221 to 251°C with maximum fluid inclu-  pronounced peak at 220-230°C (Figure 7 ¢).

sion homogenized temperature around 220-230°C (Figure Talc is a common mineral intimately associated with
7 b), whereas biphase inclusions in dolostone furnished a  the crystalline magnesite of Jhiroli. The quartz free talc—
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magnesite assemblage is common in the Dewalthal area’
and must have been formed at a temperature of 650°C and
pressure 2 kbar in contact with solutions of nearly pure
H,O0 or mixture of HO and CO,. This finding is based on
the investigation of mineral equilibrium in the system
MgO-Si0,-H,0-CO; in which it was pointed out that
progressive enrichment of the fluid phase in CO, and later
H,O during the early stage of metamorphism of carbonate-
bearing rocks led not only to recrystallization of the car-
bonate sediments but also promoted reaction of magnesite
with quartz to produce talc at low temperatures’. Talc
present in the calc zone of Chamoli area is of two genera-
tions. The early talc, present on the intergranular margins
of magnesite, appears to have developed contemporane-
ously with magnesite. The other, occurring in the form of
veins and cleavage filling in magnesite, occurred later than
magnesite'”.

Extremely fine-grained, scaly and fibrous talc and ab-
sence of tremolite and chlorite may indicate that it is
formed during diagenesis. Presence of euhedral to sub-
hedral minute opaque pyrite grain in talc is indicative of
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Figure 5. Infrared spectra of Jhiroli carbonate.

Figure 6.

a, Photomicrograph showing three-phase primary fluid in-
clusion in talc with magnesite, i.e. solid—halite, liquid—NaCl and va-
pour—-H,O. b, Photomicrograph showing two-phase primary fluid
inclusion in talc with magnesite, i.e. liquid—NaCl and vapour—H,0O.
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reducing environment during diagenesis. Talc is seen to
send finger-like offshoots into the magnesite and its con-
tact with the latter is corrosional as indicated by SEM ob-
servations. Jhiroli talc appears to have been formed around
300°C, which has led to widespread diagenetic replace-
ment. Evidences of formation of other metamorphic min-
erals like chlorite and tremolite are entirely lacking. The
higher temperature of 480°C is possible only at XCO, of
nearly one (1.00), the fluid pressure being 1 kbar''. How-
ever, a temperature of 650°C appears improbable, as at that
temperature and with the moderate XCO, (0.50), diopside
would have formed at 1.5 kbar fluid pressure’. Irregular
pockets of very fine-grained white talc in metadolomites
are not affected by shear'?, In this case, transition from
metadolomite to talc is gradual and the original layering
is preserved, suggesting diagenetic transformation without
significant volume change. This type of deposit has no
clear relation to shear zones or to igneous intrusions. The
possibility of talc being of diagenetic origin is supported
by several workers who have suggested a diagenetic origin
for talc in the evaporitic sediments''. It is also noted that
talc and other minerals in the Zechstein (upper Permian)
sediments are diagenetic in non-evaporitic rocks'. Talc
from a dolomitic limestone has also been reported'®. These
authors favour a sedimentary (diagenetic) origin for talc
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Figure 7. Histogram of homogenization temperatures and their fre-

quencies for triphase inclusion in magnesite with talc (a), biphase inclu-
sions in magnesite with talc (b) and biphase inclusions in dolostone (¢).
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in limestone. The occurrence of talc as a clay mineral in
sedimentary rocks is also suggested'’. Field, petrographic
and SEM studies, as well as XRD, IR observations and
fluid inclusions studies reveal that the antipathic relations
of silica and talc are indicative of the fact that the latter is a
product of diagenetic sedimentary environment, being formed
by the reaction of magnesite and silica (3MgCO; + 4Si0; +
H,O + MgSi 010(OH), + 3CO,) at a temperature less
than 300°C.
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Shoreline changes during the last 2000
years on the Saurashtra coast of India:
Study based on archaeological
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Shoreline shift coupled with sea-level change have al-
ways remained intriguing aspects due to wider ramifi-
cations for the populations living on the coast. Different
methods are employed to understand and explain
their causes and quantum. In this communication an
attempt is made to study shoreline and sea-level
changes during the last 2000 years on the basis of ar-
chaeological evidence. Archaeological excavations un-
dertaken at Bet Dwarka (western most part of India)
revealed an interesting cultural sequence commencing
from protohistoric period (3800 yrs BP) to historical
period (1600 yrs BP). Excavation was undertaken in
six trenches up to the lowest level of archaeological
findings. The results from these trenches suggest that
the oldest habitation was situated below the present
high water line. This is an indication of a lower sea
level during that period of settlement. "*C ages and ar-
chaeological data suggest a time bracket for these
habitations between 2050 and 1650 yrs BP (calibrated).
Analysis of sea level versus ancient settlement suggests
that around the Christian era sea level was lower by
2 m than the present. The remains from the excavation
also suggest that one of the attractions for early set-
tlers was the availability of marine resources around
the island. Data from early historical period and other
archaeological sites situated along the Indian coast
confirm this finding.

Keywords: Archacological evidence, Bet Dwarka,
Saurashtra coast, shoreline and sea level.

THE fluctuations of sea level played a prominent role in
the emergence and decline of cultures during Pleistocene
and Holocene periods. Several authors have updated sea-
level studies along the west coast of India'~’. There are
well-defined observational data on Quaternary sea-level
oscillations based on geological proxies like coral, lime-
stone, foraminifera and other marine organisms. Focusing
on long time-frames involves a high degree of error due
to various reasons like paucity of data, methods of measure-
ment, instrumental errors, etc. In comparison, archaeo-
logical evidences, when available, provide foolproof
manifestation of the event that has taken place in one parti-
cular geographical entity. Ancient settlements also pre-
serve each event, whether it be environmental, political,
cultural diffusion, etc. that occurred in the course of time.
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