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Abstract: The Patharkhola area is exposed in the core of the southern limb of the Dudhatoli syncline in the
Kumaun Lesser Himalaya. Garnet mica schists of the Patharkhola occur in the folded outcrop pattern being loca-
ted in between the limbs. They are dominantly composed of garnet, biotite, muscovite, chlorite, plagioclase and
a subordinate amount of quartz. Garnet, both xenoblastic as well as idioblastic, is wrapped round by phyllosilicates
minerals. These investigated rocks exhibits slightly LREE depleted patterns (La /Sm = 0.7, La /Yb = 0.64) with
flat HREE patterns (Sm,/Yb, = 0.89). Field evidence along with geochemical characteristics suggests that the
Patharkhola schists are peraluminous in nature, showing sedimentary sources having silt to silty clay protolith.
They were formed in active continental margins in arc-type setting where the sediments were received both from

arc and continental crust.
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1 Introduction

The Himalaya, an arc-shaped mountain belt covering
whole boundary of northern India is a type example
of intercontinental collision between Indian and Asian
plates around 55 Ma ago (Mukherjee, 2015; Yin, 2006).
In the past, the structure, stratigraphy and tectonics of the
Kumaun Lesser Himalaya have been described by Joshi
& Tiwari (2009), Joshi et al. (2017) and Rana & Thomas
(2018). In Kumaun region, the Lesser Himalayan sequence
is delineated by Main Central Thrust (MCT) from the
Higher Himalayan in the north and by Main Boundary
Thrust (MBT) from the Siwaliks in south (Thakur et al.,
2010). The rocks of the Dudhatoli group (Rana & Thomas,
2018) are exposed in the Patharkhola area. The “Inner
Schistose Series” or the “Metamorphic and Crystalline
Nappe’ Tectonic Zone” of Lesser Himalaya forms a distinct
structural unit which has witnessed multiple deformation

* The garnet mica schists from Patharkhola, Kumaun Lesser

Himalaya forms a part of Dudhatoli Almora group.

The geochemical data clearly demonstrates that the Pathar-
khola schists are characterized by their high alkali content
and silica-saturated nature exhibiting slightly LREE depleted
patterns (LaN/SmN = 0.7, LaN/YDbN = 0.64) with flat HREE
patterns (SmN/YbN = 0.89).

Shale dominated protolith representing nearby source sedi-
ments in arc type environment is inferred for the Patharkhola
schists.

and polyphase metamorphism. The Dudhatoli Crystallines
extend from Garhwal in WNW to Kumaun in ESE. Kumar
& Agarwal (1975) included Mandhali, Chandpur and
Nagthat Formations and Dudhatoli-Almora Crystallines
under a newly constituted group namely Dudhatoli
group where the Dudhatoli-Almora Crystallines are the
topmost horizon. Rocks of the Dudhatoli group have been
considered to be of Precambrian age (Kumar & Agarwal,
1975). In Kumaun Himalaya, the Munsiari gneisses of
Almora Group were dated as 1830 + 200 Ma. old (Bhanot
et al.,, 1977). Islam et al. (2005) proposed Proterozoic
granitoids of Lesser Himalaya grouped into older clusters
of 2200-1800 Ma and younger clusters of 1400-1200
Ma. Rana & Thomas (2023) studied the thermal and
structural character of garnets from garnet mica schists
of Patharkhola which is found to be of magnesian rich
showing decomposition at higher temperatures. The
metamorphic terrain exhibits multiple deformation patterns
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Fig. 1a. Generalized geological map of Himalaya, Modified after Yin (2006).

and polyphase metamorphism (Joshi & Tiwari, 2009)
which is well exposed in the central part of Almora nappe.
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Fig. 1b. Geological map of the study area (Modified after Thomas & Thomas, 1992).
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In Lesser Kumaun Himalaya, extensive work has been
carried out on the pelitic gneisses and granites, rather less

on the low-grade metamorphic i.e. schists
and phyllites (Phukon et al., 2018; Das et
al., 2019). Rana et al. (2023) studied the
phyllites of Patharkhola and opined that
the phyllites have high alumina content
with enrichment of trace elements formed
in active continental margins. The area
around Patharkhola, exposes rocks of
Lesser Kumaun Himalaya, lies between
longitude 79°09'E to 79°17'56"E and
latitude 29°47'42"N  to 29°56'69"N
with an approximate area of around 120
square kilometres (Fig. la). The rock
types exposed in the area are gneisses,
schists and phyllites (Fig. 1b). The main
aim of the present paper is to provide
geochemical character and petrogenesis
of schists.

2 Macroscopic properties

In the area under investigation, schists
are highly fragile and powdery in nature.
Depending upon the biotite, muscovite
and/or chlorite content, they exhibit
a variation in colour from pinkish brown,
dark brown, light grey to greenish green,
(Fig. 2a, c). Increased percentage of
quartz and feldspar imparts compaction.
The schists of the area are characterized
by the presence of garnet which ranges
in size from 0.1 cm to 0.2 cm in hand
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specimens (Fig. 2a). On weathering, pink garnet crystals
impart a reddish brown tinge to the rock and when removed,
leave behind small pits of reddish-brown colour. These are
foliated medium to coarse-grained rocks where schistosity
is defined by the parallel alignment of phyllosillicates
showing folding and crenulations due to deformation.

3 Petrography

Rock samples have been collected from the entire area
of the exposure of garnet mica schist terrain. Samples
showing well-developed internal structures have been
studied in detail and discussed here. Schists of the area
is dominantly composed of garnet, biotite, muscovite,
chlorite, plagioclase and subordinate amount of quartz.
Two distinct varieties of garnet have been identified.
Garnet-I occurs as pre-kinematic porphyroblasts, shattered
and stretched parallel to the foliation, (Fig. 2¢), containing
ilmenite and quartz as inclusions and are highly fractured.
Garnet has both xenoblastic as well as idioblastic textures
suggesting the reaction:

Muscovite + Chlorite + Quartz = Garnet + Biotite + Water

Garnet-1I occurs as rolled garnet wrapped round by
flaky minerals and imparts a closed eye structure, (Fig.
2d). Two variants of Biotite recognised as Biotite-I, (Fig.
2b, d), as coarse lepidoblastic in intimate association with
Muscovite-1 defining the foliation while Biotite-1I occurs
as cross-cutting relationship with Biotite-I. Chlorite-I
occurs as lepidoblasts, light greenish in colour showing
pleochroism from light green to green in colour, defining
the schistosity plane in close association with Biotite-I
and Muscovite-I. Chlorite-II occurs as very similar to
Chlorite-1, occurring as lepidoblasts cross cutting the
schistosity plane varying from sub-parallel to low angles.
Tiny shreds of plagioclase occur in the schists lying
parallel to the schistosity plane in close association with
quartz. At a few places, it is usually altered to sericite as
a common alteration product. Apatite occurs as inclusion
in feldspar and muscovite.

Fig. 2. (a, b) Field photograph showing pitted garnet; (c) Photomicrograph of stretched garnet parallel to foliation (d) Rolled garnet
wrapped by flaky minerals (under plane polarised light).
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4 Geochemistry and petrogenesis

The results of the major oxides, trace elements along
with rare earth elements (REE) are tabulated below in
Table 1. Rock samples were crushed, and then pulverized
using an agate carbide ring grinder. Major oxides and
selected trace element concentrations present in the rock
were measured on powder pellets by X-ray Fluorescence
Spectrometer (XRF; Siemens SRS-3000) in the Wadia
Institute of Himalayan Geology (WIHG), Dehradun. The
samples were analysed in the same institute for their REE
and some trace elements by Inductively Couple Plasma-
Mass Spectrometer (ICP-MS; PerkinElmer SCIEX ELAN
DRC-e) using the open system rock digestion method. Rock
powders were first thoroughly dissolved in HF and HNO,
in Teflon crucibles and heated over a hot plate for three
hours to prepare solutions from which trace elements and
REE abundances were determined. Analytical precision

for major elements is well within+2 -3 %and+5-6 %
for trace elements. Accuracy of rare earth elements ranges
from 2 to 12 % and precision varies from 1 to 8 %.

The SiO, and ALO, content varies from 64.74 to
75.78 % and from 10.53 to 19.88 %, respectively. The
average Na,O and K O content in the schists is 2.59 %
and 2.67 %, respectively. The average K O/Na O ratio
of these rocks is 1.06; whereas TiO, content of the rocks
varies from 0.61 to 0.8 %, as per Herron (1988), Fig. 3
(a) plot log(Fe,O,/K,0) versus log(SiO,/Al,O,) plot for
classification of terrigenous sediments and shale, all
studied samples of garnet mica schists fall within the shale
to wacke-shale junction field specified for silty to silty clay
protolith. This is due to the high Fe,0,/K,O ratio with less
SiO,/Al O, ratio representing that the schists have been
derived from shale-dominated environment.

The A/CNK values of schists ranging from 1.8 to 2.8
support its characterization as a strongly

peraluminous, relatively potassic-rich
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igneous rocks, Garrels and Macken-
zie (1971). It is evident that all sam-
ples fall within the field specified for
sedimentary rock. The plot between
SiO, and other oxides, (Fig. 3c) shows
good correlation, which indicates co-
herent behaviour of elements during
different processes. SiO, versus AL O,,
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and is substantially supported by the
good regression of silica with Rb,
La, Y and Ce. The behaviour of trace
elements in the schists has also been
studied with the help of variation dia-
grams presented in (Fig. 3d). Trace
elements show good correlation with
respect to SiO,.

During metamorphism, the REE are
very little fractionated and also immo-
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Fig. 3. (a) log (Si0,/AL0,) versus log (Fe,O,/K,0) after Herron (1988) for classification
of terrigenous sediments and shales; (b) K,0/AlL0, versus Na,O/Al,O, after Garrels &

Mackenzie (1971).
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ed up to the upper amphibolite facies
regional metamorphism, (Taylor &
McLennan, 1985). On the other hand,
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REEs have been shown to be mobile to some extent during
metamorphism (McLennan, 1982).

The REE content of a metamorphic rock directly mimics
that of the protolith. This assumption has formed the basis
for a great number of studies in which the evolution of the
protolith was examined in detail without specifically testing
for the immobility of the REEs (Grauch, 1989). In this
context, the issue of REE migration during metamorphism

Rock/Post-Arch. Aust. Shale-PAAS  Taylor-McLennan 1985-REEs

in close proximity to the PAAS. The higher LREE/HREE
ratio indicates a high degree of fractionation during the
metamorphic stage as no such chemical heterogeneity has
been observed in the protolith. The steep LREE and gentle
HREE with negative europium anomaly are depicted by
the Patharkhola schists. The similarity in the values of
schists with PAAS is interpreted to be steaming from the
chemical homogeneity of the protolith which has changed
avery little during the metamorphism (Likhanov,
2008). These aforementioned features are typical

?

T of post Archean clay shales which are caused by

the occurrence of erosional products of upper
continental crust material (an average of 23
Australian shales of Post Archean age), (Taylor
& Mclennan, 1985) which imputes the presence
of erosional products of sedimentary rocks in

Th

01 1 1 1 1 1 1 1 1 1 1 1 1 1
Ce Nd Eu

La Pr Sm Gd Dy Er

Fig. 3. (¢) REE normalised plot (Taylor & Mclennan, 1985).

has been long debated between proponents of isochemical
metamorphism and those of metasomatism. The only
certainty is that REEs are mobile in certain circumstances
(Vocke et al., 1987) and immobile in others (Rolland et
al., 2003). Despite some progress in this direction, the
nature of these circumstances has rarely
been determined. Further research on

Sc Zr/10

100
a typical lithologically and chemically
distinct types of sample suites may help
our understanding of REE contents in
metamorphic rocks, because they may
contain a record of REE mobility or
immobility (Grauch, 1989).

The analyzed REE data for the
schists were normalized to Post Archean
Australian Shales (PAAS), normalised
values are from Taylor & Mclennan
(1985).

They exhibits slightly LREE depleted
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patterns (LaN/SmN = 0.7, LaN/YbN =
0.64) with flat HREE patterns (SmN/
YbN =0.89). Concentration of lithophile
elements (Rb, Cs, Baand Sr) along with
HFSE (Y, Nb and Zr) have shown values
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(Bhatia, 1983).
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the detritus accompanied by the decrease in the Eu content
during the sedimentation process of residual plagioclase
(Taylor & Mclennan, 1985).

5 Tectonic implications

Studies have traditionally shown that geochemistry
plays a crucial role as sensitive indicator in determining
the provenance of sedimentary and metasedimentary
rocks and also to constrain the tectonic setting in which
they were deposited (e.g., Bhatia, 1983; Bhatia & Crook,
1986; Roser & Korsch, 1986; Madukwe et al., 2015;
Grizelj et al., 2017). Trace elements such as Co, Sc, Ni,
Zr, Th, La and others are used for tectonic environment
discrimination due to their fractionation and low mobili-
ty in sedimentary environments. Bhatia, (1983) proposed
ternary plots of Sc-Th-Zr/10 and Sc-La-Th to ascertain the
tectonic settings. The process of collisional tectonics and
deformation is formed during the mechanism of orogeny
or plate convergence leading to the formation of continen-
tal arc or active continental margin settings. These depo-
sitional environments forming in these regions are usually
underlain by thick and elevated continental crust, (Bha-
tia & Crook, 1986). Geochemical composition of schists
plotted in these ternary plots, falls in the active continental
settings (Fig. 4a). Conversely, the plot of SiO, versus K,0/
Na,O, shows that schists of Patharkhola have been formed
in the active continental margin (Fig. 4b).

6 Conclusion

The garnet mica schists of the Patharkhola area forms
a part of Dudhatoli Almora group in Kumaun Lesser
Himalaya. Petrographically, the garnet mica schist is
dominantly composed of garnet, biotite, muscovite, chlo-
rite, plagioclase and a subordinate amount of quartz. It
is observed that the prekinematic garnet wrapped round
first generation biotite and muscovite. Second generation
Biotite-II and Muscovite-1II occur as cross-cutting relation
with the Biotite-1 and Muscovite-1.

The geochemical data reflects that Patharkhola
schists are alkali rich with silica-saturated nature. These
investigated schist exhibits slightly LREE depleted
patterns (LaN/SmN = 0.7, LaN/YbN = 0.64) with flat
HREE patterns (SmN/YbN = 0.89). The log(Fe,0,/K,0)
versus log(SiO,/AlO,) plot shows that the protolith of
schists is mainly shale-dominated, representing nearby
source sediments formed in arc-type environment. Their
geochemical signature further suggests that the schists of
Patharkhola have formed in active continental margins.
Thus we considered that the Lesser Himalayan rocks
have formed in arc-type active continental setting where
the sediments where received from both from the arc and
continental crust.

139

Acknowledgements

The authors thank the Head, Department of Applied
Geology, Doctor Harisingh Gour Vishwavidyalaya, Sagar
(M.P.) and the Department of Science and Technology,
New Delhi, India, for providing facilities as including
PURSE-Phase-II for conducting present research work.
Thanks to Igor Petrik from Slovak Academy of Sciences
and one anonymous reviewer for critical review for the
improvement of manuscript.

References

AUDEN, J. B.,1937: Structure of the Himalaya in Garhwal. Records
Geol. Surv. of India, 71, 407—433.

BaLi, R. & AcarwaL, K. K., 1999: Microstructures of
mylonites in the Almora Crystalline Zone, Kumaun Lesser
Himalaya. Gondwana Res. Group Mem., 6, 111-116.

BARKER, F., 1979: Trondhjemite: definition, environment and
hypotheses of origin. In: Developments in petrology, Elsevier,
6, 1-12.

BuanorT, V. B., SINGH, V. P., KansaL, A. K. & THAKUR, V. C.,
1977: Early Proterozoic Rb-Sr whole-rock age for central
crystalline gneiss of Higher Himalaya, Kumaun. Geol. Soc.
India, 18, 2, 90-91.

BHARGAVA, O. N., FRANK, W. & BERTLE, R., 2011: Late Cambrian
deformation in the Lesser Himalaya. J. Asian Earth Sci., 40,
1,201-212.

Buaria, M. R., 1983: Plate tectonics and geochemical
composition of sandstones. J. Geol., 91, 6, 611-627.

BHATIA, M. R. & CROOK, K. A., 1986: Trace element characteris-
tics of graywackes and tectonic setting discrimination of sedi-
mentary basins. Contr. Mineral. Petrology, 92, 2, 181-193.

BLEVIN, P., 2003: Metallogeny of granitic rocks. In The Ishihara
Symposium. Granites Assoc. Metallogen., 14, 5-8.

CHAPPELL, B. W., 1974: Two contrasting granite types. Pacific
Geol., 8, 173—174.

CULLERS, R. L., CHAUDHURI, S., ARNOLD, B., LEE, M. & WOLF,
W. J., 1975. REE distributions in clay minerals and in
the clay-sized fraction of the lower Permian Havensville
and Eskridge shales of Kansas and Oklahoma. Geochim.
cosmochim. Acta, 39, 1691-1703.

DE LA RocHE, H. D., LETERRIER, J. T., GRANDCLAUDE, P. &
MARCHAL, M., 1980: A classification of volcanic and plutonic
rocks using R1R2-diagram and major-element analyses — its
relationships with current nomenclature. Chem. Geol., 29,
1-4, 183-210.

FLEET, A. J., 1984: Aqueous and sedimentary geochemistry of
the rare earth elements. /n: Developments in geochemistry,
Elsevier, 2, 343-373.

Frost, B.R., BARNES, C. G., CoLLINS, W. J., ARcULUS, R. J., ELLIS,
D.J. & Frosr, C. D., 2001: A geochemical classification for
granitic rocks. J. Petrology, 42, 11, 2033-2048.

GAIROLA, V. K. & JosHi, M., 1978: Structure of a part of Dudatoli-
Almora crystalline thrust sheet around Thalisain, district
Pauri Garhwal — Structure d’une partie de la nappe charriée
cristalline de Dudatoli-Almora dans la région de Thalisain,
district de Pauri Garhwal Himal. Geol., 8, 1, 379-398.



Mineralia Slovaca, 55, 2 (2023)

GrizeLs, A., PeH, Z., TiBLIAS, D., Kovaci¢, M. & KURECIC,
T., 2017: Mineralogical and geochemical characteristics of
Miocene pelitic sedimentary rocks from the south-western
part of the Pannonian Basin System (Croatia): Implications
for provenance studies. Geosci. Frontiers, 8, 1, 65-80.

Humphris, S. E., 1984: The mobility of the rare earth elements
in the crust. In: Developments in Geochemistry, Elsevier, 2,
317-342.

IrRvINE, T. N. & BARAGAR, W. R. A., 1971: A guide to the chemical
classification of the common volcanic rocks. Canad. J. Earth
Sci., 8, 5, 523-548.

IsLam, R., AuMaD, T. & KHANNA, P. P., 2005: An overview on
the granitoids of the NW Himalaya. Himalayan Geol., 26, 1,
49-60.

JosHi, M. & TiwaARri, A. N., 2007: Folded metamorphic reaction
isograds in the Almora Nappe, Kumaun Lesser Himalaya:
Field evidence and tectonic implications. Neu. Jb. Geol.
Paldont., Abh., 215-225.

JosHi, M. & Tiwari, A. N., 2009: Structural events and
metamorphic consequences in Almora Nappe, during
Himalayan collision tectonics. J. Asian Earth Sci., 34, 3,
326-335.

JosHI, M. & Tiwarl, A. N., 2004: Quartz C-axes and metastable
phases in the metamorphic rocks of Almora Nappe: evidence
of pre-Himalayan signatures. Current Sci., 87, 995—-998.

JosHi, G., AGARWAL, A., AGARwAL, K. K., Srivastava, S.
& VaLpivia, L. A., 2017: Microstructures and strain
variation: Evidence of multiple splays in the North Almora
Thrust Zone, Kumaun Lesser Himalaya, Uttarakhand,
India. Tectonophysics, 694, 239—248.

JosHi, M., KuMAR, A., GHOSH, P., Das, B. P. & DEvi, P. M., 2019:
North Almora Fault: a crucial missing link in the strike slip
tectonics of western Himalaya. J. Asian Earth Sci., 172,
249-263.

KARIMPOUR, M. H., 1983: Application of trace elements and
isotopes for discriminating between porphyry molybdenum,
copper, and tin systems and the implications for predicting
the grade. Glob. Tecton. Metallog., 29-36.

Mackenzig, F. T. & GArrers, R. M., 1971: Evolution of
sedimentary rocks. New York, Norton.

MaDUKWE, H. Y., OBasi, R. A., FAKOLADE, O. R. & BASSEy,
C. E., 2015: Provenance, tectonic setting and source-area
weathering of the coastal plain sediments, South West,
Nigeria. Sci. Res. J., 3, 11, 20-31.

MCcLENNAN, S. M., 1982: On the geochemical evolution of
sedimentary rocks. Chem. Geol., 37, 3—4, 35-350.

MEenDI, S. H., KUMAR, G. & PrRAKASH, G., 1972: Tectonic evolution
of eastern Kumaun Himalaya: a new approach. Himalayan
Geol., 2, 481-501.

MOLNAR, P. & TAPPONNIER, P., 1975: Cenozoic Tectonics of
Asia: Effects of a Continental Collision: Features of recent
continental tectonics in Asia can be interpreted as results of
the India-Eurasia collision. Science, 189, 4201, 419—426.

MUECKE, G. K., PRIDE, C. & SARKAR, P., 1979: Rare-earth element
geochemistry of regional metamorphic rocks. Physics
Chemistry Earth, 11, 449-464.

MUKHERJEE, S., 2005: Channel flow, ductile extrusion and
exhumation of lower-mid crust in continental collision
zones. Current Sci., 89, 3, 435—436.

140

MUKHERIJEE, S., 2007: Geodynamics, deformation and mathe-
matical analysis of metamorphic belts of the NW Himala-
ya. Unpublished Ph. D. thesis. Indian Institute of Technology
Roorkee, 1-267.

MUKHERIJEE, S., 2013: Channel flow extrusion model to constrain
dynamic viscosity and Prandtl number of the Higher
Himalayan Shear Zone. Int. J. Earth Sci., 102, 1811-1835.

MUKHERJEE, S., CAROSL, R., VAN DER BEEK, P., MUKHERJEE, B.
K. & RoBINsON, D. M., 2015: Tectonics of the Himalaya: an
introduction. Spec. Publ., 412, 1, 1-3.

MUKHERIJEE, S., PUNEKAR, J. N., MAHADANI, T. & MUKHERJEE,
R., 2015: Intrafolial folds: review and examples from the
western Indian Higher Himalaya. Ductile shear zones: From
micro-to macro-scales, 182—205.

Nakata, T., 1989: Active faults of the Himalaya of India and
Nepal. Geol. Soc. Amer., Spec. Pap., 232, 1, 243-264.

O’CONNOR, J. T., 1965: A classification for quartz-rich igneous
rocks based on feldspar ratios. US Geol. Surv., Profess. Pap.,
525B, B79-B84.

PEARCE, J. A., HARRIS, N. B. & TINDLE, A. G., 1984: Trace element
discrimination diagrams for the tectonic interpretation of
granitic rocks. J. Petrology, 25, 4, 956-983.

RANA, H. & THOMAS, H., 2018: Geology of the Patharkhola area,
Almora District, Uttarakhand (India): with special reference
to the lithology and field relation. Bull. Depart. Geol., 1-6.
DOI: https://doi.org/10.3126/bdg.v20i0.20716.

Rana, H., THomas, H., Soni, A. & SHUKLA, S., 2023:
Petrochemistry of Phyllites from Patharkhola, Lesser Kumaun
Himalaya with Reference to Tectonic Implications. Earth
Planet, 2, 2, 1-9. DOI: https.//doi.org/10.36956/eps.v2i2.842.

RanNa, H. & Traomas, H., 2023: Structural, Micro-Structural and
Thermal Characterizations of Natural Garnet of Regions of
Patharkhola from the State of Uttarakhand of India. Bull.
Pure Appl. Sci., Geol., 1.

Rao, Y. B., CHETTY, T. R. K., JANARDHAN, A. S. & GOPALAN,
K., 1996: Sm-Nd and Rb-Sr ages and PT history of the
Archean Sittampundi and Bhavani layered meta-anorthosite
complexes in Cauvery shear zone, South India: evidence for
Neoproterozoic reworking of Archean crust. Contr. Mineral.
Petrology., 125, 2-3, 237.

RoseRr, B. P. & Korsch, R. J., 1986: Determination of tectonic
setting of sandstone-mudstone suites using SiO, content and
K,0/Na O ratio. J. Geol., 94, 5, 635-650.

Rossi, J. N, ToseLLL A. J., Baser, M. A., SiaL, A. N. & Bagz,
M., 2011: Geochemical indicators of metalliferous fertility
in the Carboniferous San Blas pluton, Sierra de Velasco,
Argentina. Geol. Soc. London, Spec. Publ., 350, 1, 175—186.

SHAND, S. J., 1943: Classic A/CNK vs A/NK Plot for
Discriminating Metaluminous, Peraluminous and Peralkaline
Compositions. New York, Hafner Publishing.

THAKUR, V. C., 2004: Active tectonics of Himalayan frontal thrust
and seismic hazard to Ganga Plain. Current Sci., 1554—1560.

THAKUR, V. C., JAYANGONDAPERUMAL, R. & MALIK, M. A.,
2010: Redefining Medlicott — Wadia’s main boundary fault
from Jhelum to Yamuna: An active fault strand of the main
boundary thrust in northwest Himalaya. Tectonophysics, 489,
1-4, 29-42.



Rana, H. et al.: Geochemical characteristics and tectonic interpretation of garnet mica schists of Patharkhola area in Kumaun Lesser Himalaya,
Uttarakhand Himalaya, India

THoMaAS, T. & THOMAS, H., 1992: Fold flattening and strain studies
in a part of Almora Crystalline Zone, around Tamadhaun
Kumaun Himalaya. /ndian Mining and Engineering Jour.,
5-7.

TAYLOR, S. R. & McLENNAN, S. M., The Continental Crust: its
Composition and Evolution. Oxford, Blackwell Scientific
Publication, pp. 312.

VALDIYA, K. S., 1980: Stratigraphic scheme of the sedimentary
units of the Kumaun Lesser Himalaya. In: Valdiya, K. S.,
Bhatia, S. B. (eds.): Stratigraphy and Correlation of the
Lesser Himalayan Formation. Delhi, Hindustan Pub. Corp.,
7—48.

VALDIYA, K., 1980b: Geology of Kumaun lesser Himalaya. W. 1.
H G, 291-295.

VaLpiva, K. S., 1988: Tectonics and evolution of the central
sector of the Himalaya. Phil. Trans. Roy. Soc. London. Ser. A,
Mathem. Phys. Sci., 326, 1589, 151-175.

WEBB, A.A. G., YIN, A., HARRISON, T. M., CELERIER, J., GEHRELS,
G. E., MANNING, C. E. & GROVE, M., 2011: Cenozoic tectonic
history of the Himachal Himalaya (northwestern India) and
its constraints on the formation mechanism of the Himalayan
orogen. Geosphere, 7, 4, 1013—1061.

WEBB, A. A. G., 2013: Preliminary balanced palinspastic
reconstruction of Cenozoic deformation across the Himachal
Himalaya (northwestern India). Geosphere, 9, 3, 572-587.

YN, A., 2006: Cenozoic tectonic evolution of the Himalayan
orogen as constrained by along-strike variation of structur-
al geometry, exhumation history, and foreland sedimenta-
tion. EarthSci. Rev., 76, 1-2, 1-131.

Geochemické charakteristiky a tektonickd interpretacia granatickych svorov oblasti
Patharkhola v Kumaunskych Malych Himalajach, Uttarakhandské Himal4je, India

Pohorie Himalaje tvori oblukovy horsky pas pokryvajuci
celt hrani¢nu zonu severnej Indie. Je typovym prikladom
zrazky medzi indickou a azijskou litosférickou platiiou
v obdobi pred priblizne 55 milionmi rokov (Mukherjee,
2015; Yin, 2006). Struktare, stratigrafii a tektonike uzemia
Kumaun v Malych Himalajach sa venuju viaceré prace
(Joshi a Tiwari, 2009; Joshi et al., 2017; Rana a Thomas,
2018). V oblasti Kumaun je sekvencia Malych Himalaji
oddelena hlavnou centralnou preSmykovou zonou (Main
Central Thrust; MCT) od Vyssich Himal4ji na severe.
Hlavny hrani¢ny presmyk (Main Bondary Thrust; MBT)
oddel'uje tato sekvenciu od oblasti Siwalikov na juhu
(Thakur et al., 2010). Horninové subory skupiny Dudhatoli
(Rana a Thomas, 2018) vystupujt v oblasti Patharkhola.

Vnutorna bridli¢natd séria, oznacovana aj ako tekto-
nickd zona prikrovu metamorfovanych a krystalinickych
hornin, tvori v Malych Himaldjach vyraznu $truktirnu
jednotku s polyfazovou deformaciou a metamorfozou.
Krystalinikum masivu Dudhatoli vystupuje od lokalit
Garhwal na ZSZ po Kumaun na VSV. Kumar a Agarwal
(1975) zahrnuli Mandhali a formacie Chandpur a Nagthat,
rovnako ako krystalinikum Dudhatoli-Almora, do novo-
vytvorenej skupiny Dudhatoli, v ktorej kryStalinikum
Dudhatoli-Almora reprezentuje najvyssi horizont. Hor-
niny skupiny Dudhatoli sa povazovali za prekambrické
(Kumar a Agarwal, 1975). V Kumaunskych Himalajach
boli ruly jednotky Munsiari skupiny Almora datované
na 1 830 + 200 mil. r. (Bhanot et al., 1977). Islam et al.
(2005) rozélenili proterozoické veky granitoidov Ma-
lych Himalaji do dvoch skupin: 2 200 — 1 800 mil. .
a 1400 — 1 200 mil. r. Rana a Thomas (2023) studovali
termalny a Strukturny charakter granatov z granatickych
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svorov v bridliciach z lokality Patharkhola. Zistilo sa, ze
st bohaté na Mg, ¢o doklada ich vyssieteplotny rozklad.

Studovany terén vykazuje polyfizovii deformaciu
a metamorfozu (Joshi a Tiwari, 2009). Je to dobre po-
zorovateIné v centrdlnej casti almorského prikrovu.
V Kumaunskych Malych Himalajach sa realizoval roz-
siahly vyskum pelitickych ral a granitov a v menSom roz-
sahu aj nizkostupiiovych bridlic a fylitov (Phukon et al.,
2018; Das et al., 2019). Rana et al. (2023) stadiom pathar-
kholskych fylitov dospeli k zaveru, ze fylity s vysokym
obsahom Al a obohatené stopovymi prvkami vznikli na
aktivnom kontinentalnom okraji.

Oblast’ okolo lokality Patharkhola s vystupovanim
hornin Malych Kumaunskych Himalaji je ohranicena ze-
mepisnou dizkou 79° 09' V az 79° 17' 56" V a zemepisnou
Sirkou 29°47'42" S az29° 56' 69" S. Ma rozlohu priblizne
120 km? (obr. 1a). Vystupujicimi horninami su ruly, brid-
lice a fylity (obr. 1b). Clanok je zamerany na geochemicky
charakter a petrogenézu bridlic.

Pri tektonickej interpretacii je dolezity geochemicky
vyskum sedimentarnych a metasedimentarnych hornin,
ktory dokaze citlivo preukazat’ ich povod a tektonické
prostredie ich vzniku. Analyzované udaje o REE bridlic
boli normalizované podla Archean Australian Shales
(PAAS) s normalizovanymi hodnotami podla Taylora
a Mclennana (1985).

Vykazuju mierne ochudobnené LREE (LaN/SmN
= 0,7, LaN/YbN = 0,64) s plochym priecbechom HREE
(SmN/YbN = 0,89). Koncentracia litofilnych prvkov
(Rb, Cs, Ba a Sr) spolu s HFSE (Y, Nb a Zr) ma hodnoty
v tesnej blizkosti PAAS. Vys$§i pomer LREE/HREE
oznacuje vysoky stupen frakcionacie poc¢as metamorfnej
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fazy, ked’ze takato chemicka heterogenita sa nezistila
v protolite. Patharkholské bridlice vykazuji strmé LREE
a mierne HREE s negativnou eurdpskou anomaliou.
Podobnost’ hodnoét bridlic s PAAS je interpretovana ako
kontaminéacia z primarneho prostredia, pretoze protolit
sa malo zmenil pocas metamorfézy (Likhanov, 2008).
Uvedené znaky st typické pre postarchaicku hlinu bridlic
s vyskytom erozivnych produktov z vrchnej kontinentalnej
kory (priemer z 23 australskych bridlic postarchaického
veku). Pritomnost’ erozivnych produktov sedimentarnych
hornin v detrite je sprevadzany poklesom obsahu Eu
pocas procesu sedimentdcie zvySkov plagioklas (Taylor
a Mclennan, 1985).

Stadie mnohych autorov preukazali, Ze geochémia
je citlivy indikator urcujici provenienciu sedimentar-
nych a metasedimentarnych hornin a tektonické prostre-
die, v ktorom sa nachadzali (napr. Bhatia, 1983; Bhatia
a Crook, 1986; Roser a Korsch, 1986; Madukwe et al.,
2015; Grizelj et al., 2017). Na urcenie tektonického pro-
stredia sa vyuzivaju predovSetkym stopové prvky ako
Co, Sc, Ni, Zr, Th, La a dal$ie. Na uréenie tektonické-
ho prostredia Bhatia (1983) navrhol ternarne diagramy
Sc-Th-Z1/10 a Sc-La-Th. Prejavy koliznej tektoniky a de-
formacie st v ramci orogenézy produktom konvergencie
litosférickych platni veducej k vzniku kontinentalneho
obluka alebo prostredia aktivneho kontinentdlneho okraja.
Depozi¢né prostredia v takychto regiénoch su zvycajne
podostielané hrubou a vyklenutou kontinentalnou koérou
(Bhatia a Crook, 1986). Geochemické zloZenie bridlic zo-
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brazenych v ternarnych diagramoch spada do prostredia
kontinentalnej kolizie (obr. 4a). Naopak, diagram SiO, vs.
K,0/Na,0O indikuje, Ze bridlice z Patharkholy sa vytvorili
na aktivnom kontinentadlnom okraji (obr. 4b).

V zavereCnom zhrnuti je mozné konstatovat, ze gra-
natické svory v oblasti Patharkhola, ktoré su sucast'ou
skupiny Dudhatoli-Almora v Kumaunskych Malych Hi-
malajach, petrograficky pozostavaju z granatu, biotitu,
muskovitu, chloritu, plagioklasu a druhoradého mnozstva
kremena. Zistilo sa, ze predkinematicky granat je obaleny
prvou generaciou biotitu a muskovitu. Druha generacia
biotitu-II a muskovitu-II sa vygenerovala priecne v mik-
rofraktrach biotitu-I a muskovitu-I. Geochemické udaje
dokladaju, Ze svory st bohaté na alkalie a nasyteny SiO,.
Vykazujii mierne ochudobnené LREE (LaN/SmN = 0,7,
LaN/YbN = 0,64) s plochym priecbchom HREE (SmN/
YbN = 0,89). Diagram log(Fe,0,/K,0) vs. log(SiO,/
ALQ,) doklada, Ze protolitom svorov bola predovsetkym
bridlica reprezentujuca zdrojové sedimenty z aktivneho
kontinentalneho okraja. To indikuje, ze horniny z Malych
Himal4ji sa vytvorili v prostredi kontinentalneho obluka,
kde detrit sedimentov pochadzal z tohto oblika, ako aj
z kontinentalnej kory.
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