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1 GENERAL INFORMATION OF GAMNOM NI, CR, CO AND PGE
BLOCK:

Features Details

Block ID Gamnom Ni, Cr and PGE Block

Exploration Agency | United Exploration India Pvt. Ltd. (UEIPL)
Commodity Nickel, Chromium, Cobalt and PGE

Mineral Belt Manipur Ophiolite Belt

Completion period with 12 months

entire time schedule to

complete the project

Objectives Exploration for Nickel, Chromium, Cobalt and

PGE is governed by the industrial demand of the
mineral. Demand of the above-mentioned
minerals is increasing day by day for various
industrial uses.

Based on the evaluation of geological and
geochemical data available, the present
exploration program has been formulated to
tfulfill the following objectives.

i. To carrv out Geological & Structural
mapping on 1:5000 scale for
identification of Nickel, chromium,
cobalt and PGE bearing formation (host
rock) with the structural features to
identify the surface manifestation and
lateral disposition of the mineralized
ZOTIES.

ii. To collect surface (Bedrock/stream
sediment) samples & analyse for Nickel,
chromium, cobalt and PGE and decide
further course of Exploration program.

ili. Geomagnetic and Self potential survey
will be conducted to identify the
potential area for drilling.
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Features Details

iv. To know the subsurface extension of ore
body boreholes will be drilled based on
analytical results of surface samples and
geophysical anomaly data.

v. To estimate reconnaissance resources as
per UNFC norms and Minerals
(Evidence of Mineral Contents) Rule-
2015 at G-3 level mineral exploration.

‘Whether the work willbe | UEIPL and its associates

carried out by the

proposed agency or

through outsourcing and
details thereof

Components to be

outsourced and name of

the outsourced agency
Name / number of the 5 geoscientists will involve (2 geologist, 1
geoscientists geophysicist, 1 rtesource geologist, 1 GIS
specialists)
Expected field days 8 months
1 | Location
Latitude 25°0'31.928" Nto 251 33.416" N
Longitude 94° 26' 26.208" Eto 94° 27' 34.830" E
Village Gamnom
Teﬁsﬁfi‘ﬂuf{ 1=
Districts Kamjong
State Manipur
2 Area (hectares/square
Kilometers)
Block Area 1.50 Sq. Km.
Forest Area Data Not Available
Govt Land Area Data Not Available
Private Land Area Data Not Available
3 Accessibility (Arial
Distance)
 Nearest Rail Head ‘Silchar
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Features Details

Road A metaled road is passing through the
proposed block boundary and connect with
NH-102 A.

Airport Imphal International Airport (90 km).

4 Hydrography _ o - -
Local/Surface Drainage The overall drainage pattern shows dendritic to

Pattern sub-parallel drainage.
Rivers/Streams Some 1%t and 27 order streams are running
through the block boundary.
5 Climate
' Mean Annual Rainfall 124 mm.
Temperature The weather conditions in this area is
(December)(Minimum) characterized by a mild and moderate climate.
Temperatures In winter, there iz much less rainfall here than
(June)(Maximum) in summer. The Koppen-Geiger climate

classification identifies this particular weather
pattern as belonging to the category of Cwb. The
average temperature is 16.5 ®C. The annual
precipitation in this location is approximately
1489 mm.

6 Topography
Toposheet Number 83K/8

Morphology of the area The area consists of highly rugzed topography
with hills running along the NW-SE direction.

7 | Availability of baseline
geoscience data

Geological Map 1:50000
(1.50k/25k)
Geochemical Map 1:50000

Geophysical Map (Aero- Not Available
physical, Ground
geophysical, regional as

well as local scale GP
maps)

'8 | Justification for taking | This block has been identified based on analytical
up Reconnaissance results of the Geochemical data carried out by GSI in

the proposed block. There are 15 BRS points noted
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Features

Details

Survey/ Regional
exploration

within the proposed block, where values of Cr vary
from 2229 to 228416 ppm (Average: 24682 ppm)
and Ni varies from 500 to 4167 ppm (average value:
2326 ppm). Therefore, the proposed block is very
much potential for Ni, Cr and associated Co deposits
and required for detail exploration.

The depth persistence of the podiform chromite
within the transitional-cumulate peridotite is to be
investigated along with depth persistence of the
deposit. The limonitic and saprolitic soil capping
developed above the mafic/ultramafic rocks is a
target zone for mineralization of Ni, Co, PGE.

Field study carried out by UEIPL geologists also
recorded the presence of chromite pods within
transitional peridotite. Lateritic soil capping
observed in and around sheared Peridotite is also
important target zone for Nickel and PGE

prospecting.

2 DETAILED DESCRIPTION OF THE PROPOSAL.:

2.1 Block Summary:

2.1.1 PHYSIOGRAPHY:

The area is characterized by

a rugged hilly terrain with N-5 to NINW-SSE

trending parallel ridges intervened by deep and wide valley. In the proposed
block, elevation is varied from 1360 m to 2221 m. The inherent lithology
exposed in the area controls the physiography, the ridgses within the project
area are made up of mafic and ultramafic rocks (Figure 1).
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Figure 1: Physiographic map of proposed block

2.1.1.1 Drainage:
The overall drainage pattern shows dendritic to sub-parallel drainage.

Dralnage Map of Proposad Block for Nickel, Chromium and PGE In Gamnom anea
Dintrict: Kamjong, State; Manipur, Area: 1,50 Sg.Km
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Figure 2: Map showing drainage pattern of proposed block
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2.1.2 BACKGROUND GEOLOGY (REGIONAIL GEOLOGY & GEOLOGY OF
THE BLOCK):

2.1.2.1 Reginal Geology

The eastern part of the Indian subcontinent reveals the presence of oceanic lithosphere
that was emplaced during the Late Jurassic period, over the continent. This fragment
denotes an accretionary wedge in the supra-subduction zone, as the Indian plate is
subducted below the Myvanmar plate. It is known as the Naga Hills Ophiolite Belt
(NHO). The WHO ophiolite belt trends NNE-55W and spans about 200 km in length
and 15 km in width. It is surrounded on the east by Cenozoic sedimentary rocks of the
central lowland of Myanmar and on the west by Paleogene Dizang sediments
(Chattopadhyvay et al., 1083).

The stratigraphic succession of Manipur shows the vounging direction towards west
to east. The tectonic stratisraphic domain of Manipur geology can be classified into
four units -1) Low-grade meta-sedimentary unit in the easternmost part represented
by slate and phyllite 2) Linear WNINE-55W trending dismembered tectonic slices of
Ophiolite Belt, 3) Thick Palaeogene folded sedimentary sequences revealed by the
Disang and Barail groups and 4) Neogene sediments of Surma Basin which constitutes
sedimentary units of Surma, Tipam, and Dupitilla Groups.

The first detailed geological investigation in Manipur was carried out by D.R. Oldham
in 1883. Pascoe conducted further investigations in 1912 and 1950 and reported the
presence of serpentinite along the contacts of the Disang and Makware beds of Burma.
The Geological Survey of India conducted a series of mineral investigations and
systematic geological mapping programs in different parts of Manipur in the late
1050s. The preliminary investigations of various workers, including Chakraborty and
Raina (1985), Dutta (1950), Alwar et al. (1060-61), and Ghosal (1972), focused on areas
around Nungou, Ningthi, Kwatha, Nampisha, Humine Moreh, and Ukhrul for
limestone. Chattopadhvay and Roy (1975) mapped parts of Toposheet no. 83K/8 and
classified the geological suceession into two groups: Chingai Formation and Kongai
Formation. The Chingai formation was correlated with the Disang (Eocene Age).

Svstematic geological mapping in the eastern parts of the Ukhrul district carried out
by Shukla et al. (1085) records lherzolite and amphibolites in the ophiolite belt. Das
et. al.,, (1087) carried out an interdisciplinary study in ophiolites of Manipur and
evaluation of potential mineralization.

Page B
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Table 1:Generalized Litho-Stratigraphy of Manipur State. (Modified After Ibotombi
& Singh, 2006 And Kesari, 2011)

AGE

GROUP

FORM
ATION

LITHOLOGICAL DESCRIPTION

Recent

Quaternary

Alluvium and terrace deposits, sand, silt, clay,
gravel, pebbles and boulders, etc.

T'nconformity

Oligoce
ne

Barail

Laisong

Thin to medium-bedded grey sandstone with
trace fossils, cross-bedded sandstone, ripple

marks, coal streaks and plant fossils

Gradational Contact

Eocene

Dizung

Upper
Disung

Thinly bedded shale with thin intercalations of
siltstone and sandstone containing exotic
blocks of limestone, polymictic conglomerate,
and quartzite. Ophiolite-derived lithic clast of
basalt, peridotite, and volcanic. Large-zscale
cross-bedded sandstone with trace fossils and
coal streaks.

Gradational Contact-———-—--—-—

Thin to medium bedded shale and Sandstone
rhythmite, thinly bedded shale with large scale
trough cross-bedded sandstone at places.
Contains exotic blocks of Quartzite and
limestone

Gradational Contact———————- I

Thinly bedded shale with thin intercalations of
siltstone and sandstone. Thin chart
interbedded with shale at places. Slate phyllite
at the base

~——————————Tectonic Contact—————

Cretaceo
usto

Oceanic
Pelagic

Lushat

Thinly bedded shale with siltstone
intercalations, thinlv bedded intercalations of

Page 7

Prepared By: United Exploration India Pvt. Lid. (NPEA)




NMET Proposal (For G3 exploration)
Gamnom Ni, Cr and PGE Block
Kamjong, Manipur

Lower Sediments voleano tuffaceous green, whitish and purplish
Eocene ash beds with marl, chert bearing radiolarians
and diatoms
s Gradational Contact--—--—-----—-—--
Cretaceo Ophiolit | Voleanic rocks with flow breecias, gabbro
usto e Suite | plagiogranite/pyroxenite/ilherzolite/hurzburg
Early ite/dunite/peridotite exhibiting high degree of
Eocene serpentinization with disseminated nodular,
massive podiform chromite and layered
chromite.
Base not exposed
Ophiolite belt

The Ophiolite Belt is the southern continuation of the Naga Hills Ophiolite Belt
showing a general NWE-55W trend. Lithologically the Ophiolite Suite is characterized
by tectonised mantle peridotite (lherzolite), transitional peridotite (mostly
hurzburgite), cumulate mafic/ultramafic sequence (peridotite, lavered gabbro,
anorthosite, and plagiogranite), volcanic (pillow basalt and andesite) and volcano-
clastics.

Tectonite mantle Peridotite

Tectonised mantle peridotite is partly exposed along the Shirui-Phangrai road section
and Gamnom-Singcha village road section as detached blocks and lenses embedded
within a strongly deformed and serpentinised matrix.

Transitional Peridotite

Transitional peridotite is mainly exposed at Shirui, Phangrai, and Gamnom villages,
characterized by harzburgite with minor lherzolite occurring as detached blocks and
lenses embedded within a stronglv deformed and serpentinised matrix, with thick
limonitic soil capping developed above the rock. The transitional peridotite occurs as
a lensoidal outcrop within the ocean pelagic sediments having varying dimensions in
linear arrangement following the NINE-SSW strike of these bodies having thrust
contact. Chromitite pods of varving dimensions are also found to occur within
transitional peridotite units.

Cumulate

Above the transitional peridotite, there is a layered mafic-ultramafic cumulate. This is
well exposed in the higher topographic reaches, such as the hilltops of Gamnom,
Shirui, Phangrai, and east of Kalhang Khunou village. The cumulate is represented by
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the peridotite and gabbro as major lithounits. The sparse vegetation cover in these
areas also makes the cumulate more visible.

Gabbro

The mafic camulates are characterized by the gabbro and its anorthositic variants
exposed east of Shirui peak and Gamnom village.

Volcanics

Volcanic rocks at the east of Phangrai zero point are represented by
vesicular/amyedular flow basalt, Andesite, and volcanic agglomerate. Theze rocks
interbed with chert and cherty limestone from Flinch Corner to the Gamnom village
section.

Ocean Pelagic Sediments

The ocean pelagic sediments are well exposed in the eastern part of the east of Kalhang
Khunou, Phangrai, and Gammnom-Singhcha villages, where the mafic-ultramafic
Ophiolite-thrusted slice sheets lie above the Ocean Pelagic Sediments (OPS).

Olistostrome

The olistrostromal lithounit occurs in close association with the Disang shale. The
major Olistostrome unit occurs in between the Disang Group of rocks and the
Ophiolite Belt. This lithofacies is characterized by the chaotic distribution of exotic
olistholit blocks of limestone, sandstone, and siltstone within shale along the Thoubal
River section east of Kalhang Khunou village.

Disung Group

The Paleogene Disang sediments are well exposed along the western part of Ukhrul
towt, Kachai, Lamlang, Tuinem. Tallui, and Phadang villages. Geomorphologically the
Paleogene sedimentary topography has attained second-order matured topography.
The Paleogene Disang sediments are dissected by the series of almost NINE-SSW
trending east-dipping thrust slices.

Lower Disang Formation: The lithofacies assemblage of this formation is defined
by the predominance of argillite lithofacies, which is well exposed in and around the
west of Ukhrul town, Choithor, Kachai, and Tulloi village sections.

Upper Disang Formation: This lithofacies overlies the Lower Disang Formation
having a gradational litho-contact. The area around Ukhrul town, Hundung, and
Shangshak Khunou villages is characterized by dark grey shale, siltstone, and
sandstone rhythmite sequences. The sedimentary structures have various proportions
of thin to thick horizontal laminations, large-scale trough cross-bedding, small-scale
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current ripple cross laminations, and ripple marks. Additionally, there have been
findings of Cruziana (Thallasinoid horizontalis isp. and Helminthopsis albelii sp.) and
Skolithos (Ophiomorpha isp. and Ophiomorpha nodusa isp.) ichnofossil assemblages,
as well as gastropod faunal assemblages like Turritella sp. and bivalia.

Barail Group

The Barail Group, represented by the Laisong Formation is well exposed in the western
part of and around Lamlang, Lamlang Shikor, Somdal Khullen, and Kachai, Hokhorim
villages. The Laisong Formation is characterized by the predominance of arenaceous
over argillaceous proportion. The presence of well-preserved plant leaves impressions
and wood fossils with coal streak located north of Shimi village support a shallow
marine deltaic depositional environment for the Laisong Formation.

Recent Alluvium
The recent alluvium consists of sandy soil, silt, and clay which can be categorized as
residual or transported soils. These sediments are visible along the Thoubal River and

its tributaries. This geological formation is characterized by large-scale cross-bedded
sand. which is a result of meandering fluvial deposits.
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Fig No 3: Geological map of the area around Ukhrul, Naga-Manipur Hills, Manipur
covering T.S. Nos. 83K/7.8,11 & 12.
(Modified after Joshi and Vidvadharan, 2008)

Structure

The intensity of deformation in the Ophiolite suite increases from west to east. The
tectonic contact between the Ophiolite and sedimentarv succession can be clearly seen
along the Gamnom-Singhcha village section. The strike of the bed is NNE-SSW, with
a sub-vertical eastward dip ranging from 78° to 88°. Within the mafic/ultramafic
sequence, the contact zone shows extensive development of mylonite,
serpentinization, and talcose alteration. The OPS in this zone are slightly
metamorphosed to slate and phyllite, which are easily identified by the slaty cleavage
and sweat quartz veins aligned along the 51 planes.
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2.1.2.2 Local Geology

The proposed block occupies 1.50 =q. km and part of the Manipur ophiolite belt.
During the field visit by UEIPL geologists Peridotite, Sandstone, Shale have been
found. Peridotites are serpentinized at places and sheared also. Laterite soil profile has
been found over the peridotites at some places. The detail stratigraphic succession will
be confirmed after detail geological mapping. However, considering the regional
geology, Ophiolite unit represented by peridotite is older and probably the Sandstone

and Shale belongs to Upper Lushat formation.

{
il

Fig No 4: Serpentinized Peridotite Fig No 5: Sheared Peridotite

2.1.3 MINERAL POTENTIALITY BASED ON GEOLOGY,
GEOPHYSICS, GROUND GEOCHEMISTRY:

Reconnaissance survey for chromium, nickel and base metal mineralization in
Gamnom-Yentem area in part of Ophiolite belt, Ukhrul District, Manipur (G-4)
was carried out by Imomeren Ao (Senior Geologist) and Vales Savio Peter

(Senior Geologist) in 2019-20.

Thizs block has been identified based on their analytical results of the
Geochemical data. There are 15 BRS points noted within the proposed block,
where values of Cr vary from 2229 to 328416 ppm (Average: 24682 ppm) and

N1 varies from 500 to 4167 ppm (average value: 2326 ppm).
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Further, the petrochemical samples in the form of fresh grab samples were
analyzed and the values of Cr ranges between 2872 to 302143 ppm (Only 4
samples within the proposed block). Ni values ranges between 2516 to 11254
ppm (Only 4 samples within the block).

Therefore, the proposed block is very much potential for Ni, Cr and associated
Co deposits and required for detail exploration.

Location of Samples within Proposed Block for Nickel and Chramium in Gamnom area
District: Kamjong. State: Manipur. Area: 1.50 Sq.Km
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Fig No 6: Sample Location within the Block

Table 2: Analysis of Bed Rock Samples

SAMPLE Cr N
NO. (ppm) (ppm)
BRS01/1A/10 2813 2394
BRS05/1A/19 328416 200
BRS07/1A/19 2797 2202
BRS14/IA/19 3864 e
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BRS15/1A/19 3621 4167
BRS16/IA/19 2524 | A
BRS17/1A/19 2332 1520
BRS19/1A /10 2411 2027
BRS20/IA/19 2517 2340
BRS21/1A /19 2030 2045
BRS22/IA /19 2724 2031
BRS23/IA/19 6870 1937
BRS24/IA/19 2628 2368
BRS25/14/19 2753 3371
BRSz27/1A/10 2220 2254

Table 3: Analysis of Petrochemical Samples

Cr Ni
Sample ID (ppm) (ppm)
PCS05/14/19 2872 8048
_ PCS07/1A/19 3251 2516
L PCS08/1A/19 302143 NA
PCS11/IA/19 4839 H2a4

Table 4: Analysis of Pit Samples

Cr i
Sample ID (ppm) (ppm)
PTSog /1A /22 233312 1206
PTS10/1A/23 277101 1484
PTS18/1A/19 3120 2430

Page 14

Prepared By: United Exploration India Pvt. Lid. (NPEA)




NMET Proposal (For G3 exploration)

Gamnom Ni, Cr and PGE Block
Kamjong, Manipur

12026

PTS520/1A/19 3502

|
GEOLOGICAL MAP OF PROPOSED I ®
GAMMNOM BLOCK B

L
&  COOFIDRNETE FORTE
SaEkoM BLOCK BOUNDARY |

Formation

F TITE IS
aF AT E - [N T

= : L "z ¥ M

TS [ 1 B |

Figure 7: Geological map of the proposed block
(Source: Geological Survev of India)

2.1.4 SCOPE FOR THE EXPLORATION:

Geological mapping in 1:4000 scale

Bed Rock Sampling

Stream Sediment Sampling

Soil Sampling

Pitting and trenching

Scout Drilling

Petrographic study

Geophysical investization (Magnetic survey)
Petrographic study

Chemical analysis and ICPMS of the samples for PGE and AAS for Ni,
Cr.

T e e o
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k. Geological report preparation.

2.1.5 OBSERVATION AND RECOMMENDATIONS OF PREVIOUS WORK:

Reconnaissance survey for chromium, nickel and base metal mineralization in
Gamnom-Yentem area in part of Ophiolite belt, Ukhrul District, Manipur (G-4)
was carried out by Imomeren Ao (Senior Geologist) and Vales Savio Peter
{Senior Geologist) in 2019-20.

This block has been identified based on their analytical results of the
Geochemical data. There are 15 BRS points noted within the proposed block,
where values of Cr vary from 2229 to 328416 ppm (Average: 24682 ppm) and
INi varies from 500 to 4167 ppm (average value: 2326 ppm).

Further, the petrochemical samples in the form of fresh grab samples were
analyzed and the values of Cr ranges between 2872 to 302143 ppm (Only 4
samples within the proposed block). N1 values ranges between 2516 to 11254
ppm (Only 4 samples within the block).

Therefore, the proposed block is very much potential for Ni, Cr and associated
Co deposits and required for detail exploration.

Based on the evaluation of previous work, the present Preliminary Survey
program at G-3 level has been prepared. The Geological Mapping combined
with surface, stream and soil sampling, pitting, trenching fallowed by
geophysical investigation scout drilling will be helpful in assessing the
disposition of the mineralized zones, structural features like shears and faults
if any.

2.2 Previous Work:

2.2.1 GSI EXPLORATION:

Reconnaissance survey for chromium, nickel and base metal mineralization in
Gamnom-Yentem area in part of Ophiolite belt, Ukhrul District, Manipur (G-4) was
carried out by Imomeren Ao (Senior Geologist) and Vales Savio Peter (Senior
Geologist) in 2019-20.

This block has been identified based on analyvtical results of the Geochemical data
carried out by GSI in the proposed block. There are 15 BRS points noted within the
proposed block, where values of Cr vary from 2229 to 328416 ppm (Average: 24682
ppm) and Ni varies from 500 to 4167 ppm (average value: 2326 ppm). Therefore, the
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proposed block is very much potential for Ni, Cr and associated Co deposits and
required for detail exploration.

The depth persistence of the podiform chromite from the transitional-cumulate
peridotite is to be investigated along with depth persistence of the supergene
enrichment of Cr, Ni and Co from the limonitic and saprolitic soil capping developed
above the mafic/ultramafic rocks.

Further, Geochemical Mapping was also carried out within Toposheet area 83K/8
which also includes our proposed block (in Field Seaso:2018-1g) By A Elow (Senior
Geologist) L. Somorjit Singh (Senior Geologist), Geological Survey of India.

2.3 Block Boundary:

The block falls in survey of India toposheet no 83K/8 of Manipur and covers
1.50 Sq. Km area in and around villages named Gamnom of Kamjong district.

The Co-ordinates of the corner points of the proposed block area are given
below.

Table 5: Block Boundary Coordinates

Point ID LAT LONG
1 25°1'33.416" N | 94°26'55.257" E
2 25°0°54.813"N | 94°27'34.830" €
[ 3 25°0'31.928" N | 94°27'0.494"E
4 25°1'19.565" N | 947 26'36.298"E

2.4 Planned Methodology

The exploration program is proposed in accordance to the objective set for
preliminary survey (G-3) of the block. The Exploration shall be carried out
as per Minerals (Evidence of Mineral Contents) Rule-2015. Accordinglv, the
following scheme of exploration is formulated in order to achieve the
objectives. The details of different activities to be carried out are presented
in subsequent paragraphs.

i) Geological Mapping: Geological mapping will be done in the entire
area on 1:4000 scale. Rock types, their contact, structural features will
be mapped. Surface manifestations of the mineralization available along
with their surface disposition will be marked on map.
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ii)

v)

vi)

Geochemical Survey: Regional grab/ chip/ stream sediment,/ soil
sampling to be carried out at regular interval.

a. Grab Sampling: During the course of Geological mapping, bed
rock samples shall be collected for identifying various litho units.

b. Soil Sampling: Soil samples will be carried out in entire area to
delineate mineralized zone.

Ground Geophysical Survey: Based on the geology of the area.
Magnetic survey will be conducted.

Pitting: Shallow trenching/Pits (Excavation) shall be carried out in the
potential ZONes identified based on the
results of geological mapping and geochemical sampling. A provision of
shallow pitting on mineralized zones (if any) (im X 1m X
1m) with 100 cubic meters is kept.

Scout Drilling: Based on Geological Mapping, Geochemical Sampling,
the extension of the mineralized zones (ore bodies) will be marked. To
find out the potentiality of mineralized zones in strike & dip direction, 4
no scout boreholes involving 500m of drilling will be carried out for
upper (first) level of intersection of mineralized zones.

Chemical Analysis: All samples need to analyzed for Cr, Ni, Co and
PGE (Bed Rock Sample).

vii) Petrographic study: XEF studies have mostly been performed on

samples to determine the grain size morphology and crystallinity.

viii) Data verification and Quality Check: Standard reporting of resources

are classified and estimated by using two types of data. Data aequired from
previous exploration and data generated by exploring the block. Data
verification and Gap analysis is the interpretive or indirect methods.
Interpretive Data may include results from mapping, seismic, magnetic, gravity
and other geophysical and geological surveys. An Interpretive Data, may be
used in conjunction with Explored Data to improve confidence levels.

QA/QC will be strietly followed during the collection, recording and storage of
any of the data ultimately used in the geclogical report preparation. This
programme should be concerned with, but not limited to, data verification, drill
sample recovery, sample size, sample preparation, analytical methods, the use
of duplicates/blanks/standards, effects of multiple periods of data acquisition
and consistency of interpretation in three dimensions.
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2.5 Nature Quantum and target

Components 1G3 ' Quantum of Work
Geological i) 1:4000 Scale Geological mapping
Mapping 1.50 sg.km

i) Assessment of
lithology, structure,
surface mineralization
and analysis of old
history of mining if any
Geochemical i) Regional grab/ chip/ BRS: 75
Survey stream sediment/ soil | Soil Sample: 100
sampling
Geophysical Magnetic Survey Ground Magnetic
Survey Survey over 5350
station point
Pit Sampling 100 Cubm
Scout Drilling Few boreholes if required along 200 m
the positive profiles delineated by
surface sampling/ pitting/
trenching
Core sample Sample from mineralize zones as | 200 nos. drill core
well as hanging wall/ footwall samples and 100 no Pit
side to be collected. samples
Geochemical To understand the chemical ICPMS: 100
Analysis analysis data for searching the ICPMS PGE: 50
required mineral

' Petrographic and | Principal rock tvpes, mineral XRF: 100
mineralogical assemblage, identification of
studies minerals of interest
Synthesis of all i Integration of regional | 3 Hard copies
available data geophysical, geological

and geochemical data,
. . if not done earlier
Not required in L. Synthesis of all
the quantum of available data and
the work report writing
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2.6 Project schedule

Month-1 | Month-2 | Month-3 | Month-4

Month-5

Month-6

Month-7

Month-8

Month-g

10
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2.7 Project cost

Item of Work *

Unit*

Rates as per
NMET SoC 2020-
21

Estimated Cost

of the Proposal

Rates
as per
SoC*

(a)

SoC-
Item
No. *

Total

Qty. | Amount
(b) (Rs)

(a*b)

Remarks

Geological
Mapping Other
Geological Work
& Surveying

Geological
mapping, (1:4000
scale) & Trenching
, drilling work

a. Charges for
Geologist per day
(Field) for
geological
mapping &
trenching work,
drilling work

day

12b 11,000

180 | 19,80,000

b. Labours
Charges; Base
rate

day

522

360 | 187920

Party)

d. Charges for one
Sampler per day (1

one
sampler

per day

152 | 5400

35| 1,758,500

e Labours (4 Nos)

day

522

140 73,060

Sub Total- A

24,18,500

Ground
Geophysical

Magnetic (30 Lkm)

Point

32a 1800

2000 | 36,00,000

Geophysicist party
days (Field)

per day

3.18a

11,000

30 | 330,000
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c. Labours
Charges

‘day‘

31,320

Sub Total-B

39,614,320

TOTAL FIELD
EXPLORATION
COST

63,80,820

EXPLORATION
COSTFOR
NORTH EAST
STATES AND
HILLY TERRAIN

"Charges for
Geaologist per day
(HQ)

day

Section
5 of SoC

9.000

g0

2,13,75,747

8,10.000

Exploration rates
shall be 3.35
times higher than
the normal SoC
rate for carrying
out exploration
work in North
Eastern States
and hilly terrain
of Himalaya
_region.

Geophysicist party
days (HQ)

per day

3.18b

9.000

30

2 70.000

LABORATORY
STUDIES

Chemical
Analysis

Geochemical
Sampling-Surface
samples
(Bedrock/Channel
[Soil/Stream
sediment)

a ICPMS

MNos

4114

7,731

100

7.73.100

b. ICPMS-PGE

Mos

41.5d

11.800

50

5.90.000

c. XRF

Mos

4.11ba

4,200

100

4 20,000

Physical &
Petrological

| Studies
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Preparation of thin
section Nos 41 2 353 50| 117650
_ | Study of thin
| section Nes: | 434 | 458 50| 211,600
Digital
Y| Photographs os | #37 | 280 | 0| 14000
Sub-Total 32 06.350
E |TotalAto G 2,45,82,097
| Reimbursement
5 Hard will be made after
Geological coples submission of the
F | Report with a 5.2 5.2 (iii) 19,04,821 f;li:ﬁﬁ'"ﬂ'ﬂ
Preparation soft Copies (5 Nos) and
copy the soft copy to
| NMET.
G Peer review ASEEEF
Charges decision w0
| EA will be
reimbursed after
submission of the
Preparation  of | 5Hard E% ?f the Eﬂm Etumaﬁ E?fh
| |Emoraton | copes || Con e s
roposa ) with a . Lakhs 3,80,000 | with Maps and Plan
{5_ Hard copies | soft whichever as suggested by
with a soft copy) copy is lacs the TCC-MMET in
its meeting while
clearing the
proposal.
I | Total Estimated Cost without GST 2,68,96,918 |
GST will be
reimbursed as per
J | Provision for GST (18% of J) actual and as per
48,41,445 notified prescribed
| | | rate
K | Total Estimated Cost with GST 3,17,38,364
or Say Rs.In
Lakhs 317.38
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GEOCHEMICAL MAPPING IN THE OPHIOLITE BELT IN PARTS OF UKHRUL
DISTRICT, MANIPUR IN T.S. NO. 83K/8
(Field Season: 2018-19)

Code No.: MIAGCS-GCM/NC/NER/SU-MAN/2018/17531

By

A. Elow, Senior Geologist and Laishram Somorjit Singh, Senior Geologist

ABSTRACT

An area of 671 sq. bon. was taken up for Geochemical Mapping (GCM] as a part of National
Geochemical Mapping Programme during F.8. 2018-19 in Toposheet number 83K/8 bounded by
latitudes 25°00 to 24%15 'N and longitudes 94°15 o 02°30° E on 1:50,000 scale covering part of
Ukhrul district, Manipur State. The main ebjective of the NGCM is to create seamless geochemical
maps of different elements for the entire country, which can be used as a geochemical baseline
database for managing/developing natural resources and applications in  agricultural,

arvironmental, public health and other spheres af societal concern.

The study area lies in the eastern part of the Manipuwr state, Prominent Geological set of the
study area can be classified into three domains viz. a). Ophiolites Belt exposes in the eastern side,
occupving about 27% of the study area. Lithologically, it is characterized by tectonised mantle
peridotite (lherzolite), tramsitional peridotite (mostly hwpzburgite), cumulate mafic/ultramafic
sequence (hurzburgite, layered gabbro, anorthosite and plagiogranite), volcanic (pillow basalt and
andesite) and velcano-clastics. Petraographic studies show that transitional and cumulate peridotite
is domimantly hurcburgite in nature. b). Paleocene o Oligocence sedimentary stccession occupying
the cemtral and western part that covers an area of about 70%of the studv area This unit is
represented by the Disang and Bavail Group of rocks Exotic blocks of purplish to whitish colour
limestone which vields Graphia sp. which Is a Creataceous marine fauna, indicates the age of the
exotic limestone block. ¢) Holocene to Recent Alluvium Group represents the youngest stratigraphic

succession, characterised by the sandy to clayey soil, pebbles, cobbles and boulders, mostly derived



from the adiacent Ophiolite Belt and Paleogene sedimentary terrain. Physiographically, the area
represents a rugged topography which is controlled by the structure and its inherent lithalogy. The
overall drainage pattern shows dendritic to sub-parallel pattern. The higher ridges on the Ophiolite

Belt show sparse vegetation caver, mid slopes are covered by moderately thick pine forest,

A total of 168 nos. of stream sediment samples (55) were collected from 2 x 2" grid, 09 Nos.
each of soil (C —Horizon) and regolith (R), 09 duplicate Stream/Slope wash, 09 stream water

samples from 3' x 3' grid interval were collected for chemical analysis and 16 rock samples were

collected for petrography study.

The analytical results of package 4 (major oxides) and H (REEs and Trace elements) have
been received. In general, the elemental distribution pattern of elements in stream sediment of the

areq is coherent with the underlving and swrounding lithology.

The stream sediments collected from in around east of Khalhang Khullen, Phangrai, Shirui
and Gamnom villages having its provenance from the Ophiolte Belt shows anomalous values of Cr
(038 to 4810 ppm), Ni (917 to 5681 ppm) Co (88 to 678 ppm) and Fe;O0; (16.23 to 20.13%). Strong
pasitive carrelation is observed between Cr, Ni, Co, Cu and Fe;0; The presence aof these elemental
anomalous values is substantiated by the field evidences of podiform chromite, ferric chromite,
lateritic/limonitic soil capping above the serpentinised mafic/ultramafic rocks. Petrographic studies
also corroborate the geachemical anomaly. High degree of serpentinisation af primary elivine and
pyroxene is noted; magnetite and Cr spinel is commonly associated with olivine minerals and

orthopyroxene which is highly altered to serpentinite.

The soil samples (Regalith & C-Horizon) show enrichment of elements like 8i0, K20, Mg,
Al:Q5, Fe;O; Ba, Cr, Ni and V, and depleted in T:0; MnO, CaO and E;0. The C-horizon soil
sample shows slightly higher values as compared with the overlving regolith soil sample. Two soil
samples collected from Ophiolite Belt show anomalous values of FelQO3, Cr and Ni, with Fe2O3:
45.01%, Cr: 11288 ppm and Ni: 4588 ppm respectively. The REE pattern for the soil pattern shows
similar concentration, the soil sample from the exposed Barial rock soil profile shows lowest

concentration and slight negative Eu anomaly is commonly ebserved in all the soil samples.



Two blocks has been identified and demarcated as block-A and B for the mineral

commodities af Cr, Ni and Co to take up for mineral investigation, the exposed podiform chromite
Jrom the tramsitional-cumulate peridotite and supergene enrichment of Cr, Ni and Co from the

limonitic and saprolitic soil capping developed above the mafic’ultramafic rocks.



GEOCHEMICAL MAPPING IN THE OPHIOLITE BELT IN PARTS OF UKHRUL
DISTRICT, MANIPUR IN T.S. NO. 83K/8
(Field Season: 2018-19)
Code No.: MIAGCS-GCM/NC/NER/SU-MAN/2018/17531

CHAPTER 1
1. Imtroduction

1.1 General:

The National Geochemical Mapping (NGCM) was launched by the Geological Survey of
India during the annual Field Season: 2001-02. The NGCM work in Manipur state was mitiated
during Field Season 2010-2012, grving priority m the Obvious Geological Potential (OGP) areas
represented by the mafic/ultramafic rocks of Manipur-Nagaland Ophiolte Belt. The main
objective of the programme 15 to generate seamless geochemical baseline database which will be
helpful in identification of target areas for mmeral exploration. managing and development of
natural resources, applications in environment, soil fertility, human and animal health
agriculture, forestry, waste disposal. natural hazards and other societal concerns. Ophiolite suite
of rocks are exposed about 24% of the study area | which can be categonized as Semn Obvious
Geological Potential area.

1.2 Location and accessibility:

The present study area falls under Survey of India Toposheet No. 83K/8 that comes under
the mrisdiction of Ukhrul and Kamjong districts. Manipur State. The study area 1z well
connected with Imphal (State Captal) by NH-130 with a distance of around 80 km, and also
comnected with Kohima via Mao and Kamjong via Gamnom by state highways. The district
headquarter, Ukhrul town, is connected to the rest of the willages within the study area viz.
Furing. Phungcham_ Paorer. Lamlong, Tuinem Kachai Shangshak Khullen Mapum Gamnom,
Shirui, Phangrai, Lunghar, Sthai Khunou, Khamason Kalhang Khullen and Kalhang Khunou by
non-metalled motorable roads or foot tracks.
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Fig 1.1: NGCM stafuz map showing location of the sudy area.
1.3 Physiography, Drainage, Land use and Land cover:

The area 1s characterized by a rugged hilly terram with N-§ to NNE-SSW trending
parallel ridges mtervened by deep and wide vallev: The drainage system in the western part of
the study area represented by the Paleogene sediments 1s dramed by the Thoubal River, which is
jomned by many tributaries; amongst them the name of Asui and Khanai Khong can be
mentioned. Towards the eastern part of the study area, tributaries originating from the Ophiolite
Belt flows either westerly or easterly. The Yangui and Ri rivers onigmate from the eastemn
Dphiolite Belt and flows westerly across Disang rocks joining southerly flowing Thoubal River.
The overall dramnage pattern shows dendritic to sub-parallel drainage The drainage density is
high with a wide network of perennial rivers and streams.
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Fig 12: Dramage map of the study area (Toposhest No.83K/)



The highest elevation of the area 1s Shirui (Siroht) peak with 2568m above MSL lying 1n
the eastern part and the lowest elevation is 840 m above msl located in the southwestern part of
the area along the Thoubal river course. The inherent lithology exposed mn the area controls the
physiography, the nidges on the eastern part of the area are made up of mafic and ultramafic
rocks and characterised by the sparse vegetation cover. The mid slopes are covered by
moderately thick pmne forests. The western part 1s covered with thick vegetation and the low-
Iying wide vallev areas found on etther side along the streams are mostly cultivable land.

2565 m (M5L)

Fig 1.3: DEM map for the study area (Toposheet No.83K/E)
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1.4 Water supply

In the study area villages are mostly situated along the top of the nidges and whollw

depend on the accumulated water collected from streams and springs. Tradmionally, villagers
]



carefully managed the low lymng areas and water bodies for wrigation, power generation and
drinking purposes etc. These age old water management practices are not reliable for all seasons
leading sertous water scarcity during peak winter. PHED Ukhrul has come up with a free mobile
water supply scheme for the people as an alternative arrangement to ease the hardship of water

scarcity due to acute depletion of water at Shirut hills during this lean season.

1.5 Soil erosion

Towards the eastern part of the study area. moderate to ligh degree of soil erosion 1s
observed along the mid-slope of reddish brown to black limonttic soil developed on brecciated
and highly serpentinised mafic-ultramafic rocks. Such erosion can be seen at Phangrai, Shirug
Huishu and Gamnom areas.

Soi1l erosion within the Paleogene sedimentary terrain 1s mainly anthoropogenic mduced
by the fresh slope cutting for road construction and rampant deforestation for wooden logs as
well as to extend JThum cultivation along the slope. Rain water acts as a triggering factor for seil
eroston in these deforested parts. During ramy season. ramn water promotes sheet as well as gully
erosion which s well contributed by the exposed steep slopes in scantily vegetated/cleared forest

area.

The alluvmum terrace on the either side of the river bank of Thoubal river and other major
river system. which 1s extensively used for paddy cultivation. suffers high erosion destroving the

paddy during monsoonal high water discharge along the river meandermg course.
1.6 Chmate:

The area emjoys tropical to sub-tropical climate with brief summer and monsoon. and a
long winter season Summer 15 the shortest season which lasts from May to June. The
temperature during the summer season varies between 20°C to 38°C. With the onset of summer
season the southwest monsoon wind starts blowmng from the early davs of May and continues

upto the months of August and September. Heavy ramfall and thunder storms are experienced



during the rainy season, which makes favorable condition for the cultivation of rice, a major crop
of the state. Winter usually sets in October and lasts till upto March During the month of
December and January, the area experiences severe cold with the drop of temperature below
10°C. Strong wind blows from the northeasterly direction during the the month of February and
March. The average maximum temperature varies from 23 to 30°C (between July and
September) and the average rainfall of the area 1= of about 2000- 2300 mm Statistical booklet of

Mamipur Forest, 2003).
1.7 Flora & fauna:

The state of Manipur 15 picturesquely adorned with diverse species of flora and fauna
Some species which are unique to this particular region are being endangered. Considering the
biodiversity and to ensure conservation of the flora and fauna, most of the parts of South-East
Asia including Manipur and s adjoming regions of the Indo-Myanmar Hill Ranges have been
declared as a bio-diversity hot spot by World Wildlife Fund. The Shirus (Sarohi) Hill National
Park falls i the present study area and is the only home of the state flower Shirui (Sirohi) Lily
(Lilium mackliniae) and is also clammed that the state bird Nongyeen (Syrmaticus humice humia )
is also found in the area The present day forests in the area consisits of Oaks (Quercus).
chestnuts in high altttude areas, Pines (Pirus longifolia), Kokiliwon (a species of Rhododendron),
Cane (drundo donax), Bamboo (Bambusoideae), and bamboo (dcacia mnilotical, palm
{Arecacene). femns (Cycas species). canes (Arundinaria), orchids (Orchis). and varieties of
thorny bushes (Erica). creepers and also wild oranges (Citrus aurartium), papava (Carica),
banana (Musa paradisica). gooseberry (Phyllanthus emblica). lemon trees (Citrus limon) etc.
The local people generally produces wood charcoal by burning Pine and Sal from forests m open
dug out pits.

The state forest 1s the home to many wild amimals like wild cat (Felis silvestris). bears
(Ursus maritimus), deers (Odocotleus Virginianus), wild boars (Sus Secrafa). monkevs (Macaca
fascicularis), Mithun (Bos frontalis). wild buffale (Bubalus arnee), wild-boars (Sus scrofa),
Jungle cats (Felis chaus), porcupine (Erethizan Dorsaumt), squirrel (Sciuridae). flving squirrel

{Pteromyini), snakes (Chilomeniscus cinctus) . lizards (Coleomx variegatus ), gibbon (Heoolock

8



hoolock)etc. Besides, several types of birds are also present mcluding Tragopan (Tragopan
bivthii) m the area. In Manipur, four varieties of hornbills are also found here. The most unique
member of the fauna of Mampur is the dancing deer. also known as Sangai Indiscrominate
hunting, deforestation for Jhum culttvation for logs by the inhabitant plavs a major role 1n
depleting the rich and rare fauna and flora 1n the area

1.8 Present worl:

To fulfill the objectives of generating the geochemical database of Degree sheet 83K as
part of the NGCM programme for the F.S. 2018-19, Geochemical Mapping was carried out 1n
TS Nos. 83K/B on 1:30.000 scale by usmg multi elemental analyses. The field work was
initiated on 13™ June. 2018 and closed-on 21® March. 2019 after achieving the targets. The NQT
of the tem along with the achievements are given in Table 1.1, the personnel and their field stays
details in Table 1.2

Table 1.1: Nature and quantnm of work and time schedule:

Mo tuze- of wodk Total workload envizaged for| Total r’s.c:hierement. sifce commencement
F3: 2018-19 {Apnl 2018)
1.GCM (1:30,000 zcale) 671 sqkm 672 Sqbm
2.Sampling
a.) Stream sediment zamples 168 noz. 168 No=
(555) (2 lm X 2'lom)
b.} So1l zample (C- horizon) 09 nos. 09
c.} Regolith samples (R 09 nes. 09
d.) Stream water samples (SW) 09 nos. 09
e.) 3% Duplicate Samples 02 nos. 09
3. Chemical analysis of samples (Az | (168+18+-0-9=204 noz ) 168 555, O each Regolith and Soil, 9 water
per NGCM package) samples, 9 duplicate and 18 P'S samples are
submitted.
4. Petrography Two slidez per major
lithounit& other lithounit of 18 Nos.
interest
5. Value addition and updation of Az necessary #* valoe addition are highlighted below
existing geological map

g

¥ Pockets of Ophiolite body are mapped along Ukhml-Halang road section and Kalthang Khunou. Village.

¥ Three types of limestone facies in the stndied area viz {1) Excotic whitizsh limestone blocks- Graphia sp. (i1)
Purplizh colour limestone having lithic clast of volcanic bombz and (i) Whitish limestone (Marl)
mterbeded with volcanic ash beds and purplizh colour volcano zedimentary shale facies



Table 1.2: Field stays details of Officers:

| Field days of officers and Supervisory officers

Remarks ( if any
Name of the officers Total field days -:_:fﬁcer mpenism_'}-'_o-_ﬂ‘tcer
iz changed after initiation
| of the project)
| A. Elow, S1. Geologist 124 days
|'L. Somorjit Singh, Sr. Geologist "~ 121 gays N
| C. Debojit Singh, Director 07 days
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CHAPTER 2
2. GEOLOGY

21 Regional Geology:

The eastern part of the Indian sub-continent exposes a segment of the Late Jurassic period
Neotethvs oceanic lithosphere emplaced above the continent as accretionary wedge being in the
supra-subduction zone where the Indian plate subducted below the Myanmar (Burmese)
microplate. The fragment of ocean lithosphere designated as Naga Hills Ophiolite (NHO) belt
exhibits a linear NNE-SSW trending tract with a length of about 200 km and has an average
width of about 15 km The Ophiolite Belt 15 bounded on the east by the Cenozoic sedimentary
rocks of cemtral lowland of Myanmar and to the west by Paleogene Disang sediments
(Chattopadhyay et al.. 1983).

In general the stratigraphic succession of Manipur shows younging towards west from
east (Fig 2. 1) The tectono stratigraphic unit of Manipur geology can be broadly classified mnto
four domamns viz. (1) Low grade meta-sedunentary unit in the easternmost part represented by
slate and phyllite (11) Linear NNE-5SW trending dismembered tectonic shices of Ophiolite Belt
(111) Thick Palacogene folded sedimentary sequences represented by the Disang and Barail
groups and (1v) Neogene sediments of Surma Basm which constitutes sedimentary units of
Surma_ Tipam and Dupitilla Groups.
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Table No. 2. 1: Generalized litho-stratigraphy of Manipuor state.

Age Group Formation Lithological description
Recent Quaternary Sand, silt, gravel. boulder, clay etc
TUnconformity:
| Mio-Pliocene | Tipam | | Sandstone, clay: e,
Gradational Contact
Bokabil
Miocene Surma Bhuban Shale, siltstone alteration with minor sandstone
Unconformity
Renji
: - Teaam Coarse, grtty, massive and well bedded
Qiigacknss Baftgl - sandstone with current bedding and ripple marks
Ensong with plant remains and coal streaks and
conglomerates .
Upper Disang | Shale, siltstone, greywacke with rhythmite, |
Eocens Dhsang ohistostrome with fossils and tectonic slices of |
. |ocpholiferocks. _
Lower Dusang | Shale, wacke with rhythmite and minor
sandstone bands
Tectonic Contact
Creataceous to Oceanic Lushat [
Lower Eocene Pelagic Shale interbeded with cherts (red. green and |
Sediments grey  colour chert) bearing radiolanan and
diatoms. wacke and voleano sediments.
Volcanic rtocks with flow  breccias,
Creataceous to Ophiolite Suite | gabbro/Plagiogranite pyroxenite’ ilherzolite/
Early Eocene harzburgite/dunite peridotite  exthibiting  hing
degree of zerpentimisation with disseminated
nodular and massive podifrom chromite.

Base not exposed

(Source: Modified after Ibotombi & Singh, 2000 and Kesari, 2011 )
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2.2 Previous work:

The first broad geological account of Manipur was recorded by D R Oldham, when he led an
expedition i 1883 Subsequentlv. Pascoe (1912) gave a classical account of the various mafic
and ultramafic suites, later recognised as ophiolite, during his traverse to Saramat: Peak. Pascoe,

(1950) reported intrusive occurrence of serpentinite along the contacts of Disang and Makware
beds of Burma

The Geological Survey of India has carned out muneral mvestigation and systematic
geological mapping programs m different parts of Manipur since late 50°s. Preliminary studies
for copper and nickel mineralization around Nungou, Ningthi, Konkan-Thana were carried out
by Chakraborty and Rama (1985). Dutta (1939) camied out preliminary investigation for Nickel
at Kwatha, Nampisha Humine area and reported nickel concentration on serpentmised dunite.
Anand Alwar et al_ (1960-61) also carried out mvestization for nickel and copper mineralization
in Moreh area. Ghosal (1972) carried out detailed investigation for limestone m Ukhrul and was
of the opinion that the contact of cretaceous beds with rootless ultramafic serpentintte overlving
the Disang shale 1s tectomic and allochthonous 1n nature.

Mazumdar and Rapa (1972-73) carried out systematic geological mapping and mineral
investigation in the serpentintte belts in parts of eastern Manipur districts. The high values of
nickel (74000 ppm) and cobalt (425 ppm) in soil were reported. Ghosh et al (1980) carried out
integrated survey in parts of ultramafic belt of Manipur and located several small pockets of
chromite m Gamnom area. They opmed that the sedimentary rocks occurring on both sides of the
ultramafic body are of the same origin. Vidvadharan and Joshi (1984) carried out systematic
geological mapping m parts of Ukhrul district (Ophiolite Belt) and differentiated sedimentary
rocks occurrtng on both sides of the ophiolite belts. They designatated the sedimentary untt
occurring i the western part of ophiolite as “wild flysh™ and sediments towards east of the
ophiolite belt as epmmetamorphic sediments equivalalent to Nimi Formation of Nagaland. In the
course of mapping they have found a number of pockets of limestones 1n both the sedimentary
units.

Chattopadhvay and Rov (1973) mapped in parts of Toposheet no. 83K/8 and classified
the geological suceession mto two groups viz., Chingai Formation and Kongai Formation The
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Chingai formation was correlated with the Disang (Eocene Age) and dismembered Ophiolitic
suite of rocks associated with chert, graywacke, shale, claystone mudstone. Whereas Kongai
Formation 1z separable from the former by an unconformitive and consists of conglomerate,
arkosic sandstone etc. and was assigned Mio- Pliocene age. The upper unit of arenaceous beds
has been correlated with Barail Group on the basis of fossil evidence and presence of streaks and
lenses of coal

Gaur and Khan (1984) reported the occurrences of exotic limestone blocks and boulders
of variable size and shape within the shale’silistone at New Paovi, Paoret Phungcham and
Huining villages Occurrences of salt spring of about 0.5 m mn diameter was reported along the
side of Vonlakunga Lok loeated about 3.0 km NNE of Thiwa village, and the brine from the well
15 processed for common salt by the locals. Shukla et al. (1985) carried out systematic geological
mapping i the eastern parts of Ukhrul district and recorded lherzolite and amphibolites in the
ophiolite belt. They have carried out systematic geclogical mapping -around Kudengthabs,
Chandel district and reported chromite and Rodmgites within the ultramafics. Das et. al, (1987)
carried out an interdisciplinary study m ophiolites of Manipur and evaluation of potential
mimeralization. Based on thew field observation they suggested tectonic contact between
sedimentary rocks and ophiolite sutte of rocks and the dismembered ophiolite suite of rocks do
not preserve any stratigraphic control.

The NGCM project carried m the adjacent proposed areas (1.5 No. 83L/7) of Toposheets
No. 83K/6, 7. 10, 11 & 12 reported by Chubala et al . 2015 has high values of Cr and N1 of about
3231ppm and 2988ppm was reported from the grid nos. 83K/11/058/15 and 83K/11/098/15
respectively which corresponds to the ultramafics of Ogphiolite suite of rocks in parts of T S
83K/ 11 and water samples analysis from the Olistostromal hithounit in parts of T.5 nos. 83K/6,
10 & 11, the CaCOsz values ranges from 270ppm to 420ppm. Kevilhoutuo Theunuo et al . 2013
carried out Specialized Thematic Mappimng and reported the occurrences of isolated lensoidal
bodies of chromitite at Nungbi Phangrai-Shiru. Gamnon, Pushing and East of Apong villages,
where Chromitites occurs as pods, lenses, dissemination and stringers within the dunite and
harzburgite rocks of transitional peridotite unst. Malachite stains in pillow basalt and alteration

zone characterized by pseudogossan and boxwork structures.
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23 Geology of the study area:

The present study area 13 bounded by Latstude 25° 0" to 25° 153" and Longitude 94° 15" to
94° 30" covering an area of 671 sg km mcluding both Obvious Geological Potential and Non-
Obvious Geological Potential (Non-OGP) areas. The OGP area 1s represented by the Ophiolite
Belt. which is dismembered tectonic slices comprising predominantly of mafic-ultramafic rocks
with less volcanics and pelagic sediments. The Ophiolite occupy about 27% of the study area and
exposed in the eastern part of the study area in and around Shirui, Phangrai. Gamnon. Nungh
Khunou, Huishu, Sthai Khullen. Mapum and Singhcha villages:

The non-OGP area occupies the western margin with respeet to the Ophiolite Belt,
characterised by the thick folded Palacogene sedimentary succession (Disang and Barail groups
of rock) occupying about 70%. Litho-facies assemblages of Paleogene sediments 15 characterised
by shales. phyllites, slates, siltstones and well bedded compact flaggy sandstone and subordinate
chale. thin bedded hard zandctone and inter-bedded chale. The Recent Allovium szediments
represented by clavey soil and lithified pebbles. cobbles and boulders of sandstones, siltstones
and chert occuptes about 3% of the study area. The lithostratigraphy of the study area 1s given
below m Table No 2.2

16



Eald e L

=o3un =

T -

rmane

Faesaga

e
Bl ST i ey rea o P i i PPN
[ e T i s AN
i
1 [ e |—J L S Bl [ et e Et— TE] e i
|| s ) £ el T e
|

- i e g Rt g T hlieencall ] ey PSR |
i lais 2 i i ] e
- -.-pqnmm—t:h.m:-. [rre— I_E -
T | e e gl

Fig 2.2: Geological map of the study area (Toposheet No 83K/8)



Table No. 2.2: Litho-stratigraphy of the study area.

Group

Formation

Lithological description

Recent

Quaternary

Alluvmim and terrace deposits, sand, silt. clay,
gravel. pebbles and boulder etc.

Unconformty:

Oligocene

Barail

Lasong

Thin to medium bedded bluish grev sandstone with
trace fossils, cross bedded sandstone, ripple marks,
coal streaks and plam fossils

Eocene

Disang

Upper Disang

Thinly bedded shale with thin intercalations of
siltstone and sandstone contatming exotic blocks of
limestone, polymictic conglomerate and quartzite
Ophiolite derived lithic clast of basalt peridotite
and volcanic. Larpe scale cross bedded sandstone
with trace fossils and coal streaks.

——Gradational Contact—
Thin to medium bedded shale and sandsmnr
thythmite. thinly bedded shale with large scale
trough cross bedded sandstone at places. Contains
exotic blocks of quartzite and limestone.

 Gradational Contact———

!

Lower Disang

Thinly bedded shale with thin intercalations of
siltstone and sandstone. Thin chert interbedded
with shale at places. Slate and phyllite at the base.

| Creataceous
| to Lower

|

Eocene

Oceanic

Pelagic
Sediments

Lushat

Tacmmc Coniact

e, s

Thinly bedded shale with siltstone intercalations,
thinly bedded intercalations of velcano tuffacecus
green. whitish and purplish ash beds with marl
chert bearing radiolarian and diatoms.

——-Gradational Contact—————

| Creataceous

to Early
Eocene

Ophiclite Suite

Volcame rocks with flow breccias,
oabbro/plagiogranite/ pyroxenite itherzolite/
harzburgite/dunite/ penidotite exhubiting high degree
of serpentsuisation wirth dissemnated nodular,
massive podifrom chromite and layered chromite.

Base not exposed
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2.3.1 Ophiolite Belt

The Ophiolite Belt m the study area 1s the southern contmmuation of the Naga Hills
Ophiolite Belt showmg general NNE-SSW trend. The siudy area 15 devoid of complete
continuous Ophiolite sequence owing to ts complex SZZ tectonic setting. The Ophiolite body
occurs as dismembered tectonic slices of variable dimensions sandwiched within the Paleogene
sedimentary successions. In general the width of exposed outcrop is wider i the northern side

and gradually decreases in size southerly.

Lithologically the Ophwolte Sutte 1z characterized by tectomised mantle peridotite
(lherzolite), transitional peridotite (mostly hurzburgite), cumulate mafic/ultramafic sequence
(peridotite. lavered gabbro, anorthosite and plagiogranite). volcamic (pillow basalt and andesite)
and volecano-clastics. The sporadically exposed volcanics (pillow bazalt and andesie) mter-
bedded with chert are uncommonly observed. Peridotite rock represents the largest Ophiolite
rock type 1n the study area and constiute about 70-—80% of the dismembered complex Varying
degree of serpentimisation within the mafic’ultramafic rocks 15 commonly observed. The
mafic ultramafic rocks are overlain by the thin Ocean Pelagic Sediments (OPS).

The mafic'ultramafic rocks exposed proximal to the contact zone, shows shearmg,
brecciation and fracturing with well developed multiple slickensides surfaces. The reddish to
orange colour m-situ limonttic soil profiles of varving thickness 0.3 to 3 .5m are well developed
above the ultra-mafic bodies. Few localised lateritic soil profiles are also developed above the
mafic/ultramafic rocks.

2.3.1.1 Tectonised mantle peridotite

Tectonised mantle peridotite is partly exposed along Shirui-Phangrai road section and
Gammom-Singcha village road section as detached blocks and lenses embedded within a strongly
deformed and serpentinised matrix (Fig: 2.3). The high degree of serpentimization of the parent
ultramafic peridotite coupled with pervasive shear foliation has overprinted over its original
igneous structure (Fig: 2.4). Few relict orthopyroxene gramns are observed giving resolved

mineral grain texture embedded within the light green to greenish brown colour serpentinised
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groundmass (Fig: 2.3). The peridotites are characterized by presence of fibrous or bladed variety
of serpentines giving a scaly appearance to the rock with slickensides 1n all possible orientation.
Within the tectomised peridotte pronounced thin to thick (Imm to 3cm) serpentintte vemns
dissects wregularly across the rock body (Fig: 2.6).

2.2.1.2 Transitional penidotite

Transitional peridotite 13 mainly exposed at Shirui Phangrai and Gamnom wvillages,
characterised by harzburgte with minor lherzolite occuring as detached blocks and lenses
embedded within a strongly deformed and serpentimised matrix, with thick limomitic seil capping
developed above the rock (Fig:2.7). The high degree of serpentmisation with talcose vems
intruding parent ultramafic peridotite coupled with pervasive shear foliation has overprinted over
its original igneous structure (Fig: 1.8). The transttional peridotite occurs-as lensoidal outerop
within the ocean pelagic sediments having varying dimensions i linear arrangement following
the NNE-S8W strike of these bodies having thrusted contact. At field harzburgite rocks are
identified based on the presence of relict orthopyroxene (~40%) grams which exhibits bronze
luster and hob-nail texture within a highly serpentimised ground mass (Fig:2 9). The rock 1= light
to dark green in colour with medmm specific gravity. The harzburgite peridotite 1s discernible
only 1n less altered parts which apparently occur as lensoidal pods and angular clasts of different
sizes within serpentimsed foliated/schistose rocks. In lherzolite, relict orthopyroxene grains are
less and hob-nail texture 1s uncommeon They are light green to greenish brown in color and more
serpentmised than harzburgite rocks. Both the penidotites are characterized by presence of
fibrous or bladed variety of serpentines grving a scaly appearance to the rock with slickensides 1n
all possible orientation Some resolved wregular bronzite mneral grams are observed with
olivine neo-blast mndicating early crystallised bronzite crystal mingling with the new batch of
melt that has been introduced into the system. whereas the early formed olivine crystals are

mostly altered to serpentinte minerals (Fig:2 10).

Chromitite pods of varving dimensions are also found to occur within transitional
peridotite unit. Chromitites are dark grey to black. massive, hard and resistant unit with high

specific gravity. It occurs as pods and lenses of varying dimensions. They occur as massive
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podiform type or as stringers and dissemunated type. These pods are generally associated in the

locales where serpentinites are dominant. However, pods of chromitite bodies associated with
harzburgite rocks are also observed.

2.3.1.3 Cumulate:

Lavered mafic-ultramafic cumulate lies above the transitional peridotite, which 15 well
exposed at the higher topographic reaches, characterised by the sparse vegetation cover which
are well exposed at the hilltop of Gamnom, Shirui, Phangrai and east of Kalhang Khunou village

in the study area

Cumulate are represented by the peridotite and gabbro as major lithounit Cumulate
pendotitic rocks are represented by the medwm to very coarse gramed, melanocratic, hard and
massive, which exhibit crude layvering (Fig: 2.11). At places the rolled boulders of cumulate
peridotite, mostly harzburgite are also commonly observed along the river section. The rock is
coarse to very coarse grained melanoeratic. It is characterized by large grains of orthopyroxene
(lmm — 1.5 cm) embedded within the dark serpentinised groundmass and it 13 the most abundant
mineral i harzburgite based on outcrop modal analysis (Fig:2 12). The orthopyroxene 15 brown
to green colour. The resistant orthopyroxene minerals protrude out 1n a weathered surface and
give a typical "Hob-nail” texture. The crude lavering observed in the rock 15 marked by grain size

differences.

Lherzolite wariety 15 rare and the isolated bouldery out crop 15 dark green to black in
colour. They are hard, massive, and compact and the relict prism of orthopyroxene grains are
sparsely distributed in dark crvstalline serpentine matrox. Dunite 15 mostly altered to serpentinite
and often eroded. However at places, light dull mattv green color dunite rocks occur as minor
patches and lenticular bodies are observed at places in Phangrai Shirui and Gammom village as
1solated pods within cumulate peridotite. It shows mesh texture of serpentine and asbestos and
occurs as pockets within the peridotite. It also hosts pods and lenses of chromate (Fig: 2.13) or as
disseminated euhedral specks of chromite. The limonitic soil profiles of varying thickness (dm to

10m) characterised by the colour layering of reddish to orange colour in-situ are well developed
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above the ultra-mafic bodies (Fig:2 14). Few localised laterstic soil profiles are also developed

above the mafic/ultramafic rocks.
2.3.1.4 Gabbro

The mafic cumulates are characterised by the gabbro (Fig: 2.13) and it’s anorthositic
(Fig: 2.16) variants exposed east of Shirui peak and Gammom village. They occur often 1 close
association with ultramafic cumulate sequence of dunite, harzburgite and pyroxenite. Lavered
gabbros are mesocratic medmum to coarse gramed, with highly weathered outcrop look. Mineral
assemblage mncludes feldspar along with pyroxene minerals. Crude layering can be observed at

the outcrop scale. It occurs as intrusrve within the lowermost transitional peridotite unit.
2.3.1.5 Volcanics

Volcanic rocks in the study area are represented by a) vesicular/amygdular flow basalt b)
Andesite and d) volcanmic agglomerate. These rocks occur at east of Phangrai zero point
interbedded with chert and cherty limestone, Flinch comner to Gamnom willage section.
Vesicular/amygdular basalts (Fig: 2.17 & 2.19) are identified in the field outcrop by the tvpical
triple point junction of the pillow lobes, which 15 highly weathered to reddish brown look, the
chilled outer margin are highly weathered and altered spilitic groundmass as matrix are observed.
However, the radial cracks are well observed with vesicles vugs-filled with amyedules of
zeolites and caleite. Spheroidal weathering 15 common in this rock. The pillow basalts are
characterized by stackmgs of round to elliptical pillows of various sizes (50-93 cm mn diameter)
(Fig: 2.17).

Volcanic andesite occurs above the basalt in the ophiolite sequence, charactenised by the
light green. wviolet and grey coloured and amygdoidal volcanics, which are well exposed along
east of Phangrai zero pomnt and Shirui peak foot-track, which 15 mter-bedded with volcano
sedimentary purplish shale facies and chert. Volcanic agplomerate units 15 characterized by the
angular to sub-rounded wvolcanic clasts of different sizes ranging from 3 to 80 cm. Larger
volcanic fragments have vesicles and amvyegdules filled by secondary quartz_ calcite and zeolites,
the sub-rounded clasts identified as lapillis and bombs. Sub-rounded wvolcanic bombs are
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observed within the purplish limestone (Fig: 2.19), which mdicates volecanic eruption coeval with
the deposition of limestone. The outcrop exhibits a typical weathering pattern with dark reddish
grey to maroon soil colour and whitish volcanic ash beds interbedded with shale are commonly
observed (Fig:2 20}

2.2.2 Ocean Pelagic Sediments

The ocean pelagic sediments 1z well'exposed in the eastern part of the study area along
east of Kalhangs Khunou, Phangrai and Gamnom-Smghcha villages. where the mafic-uliramafic
Ophiolite thrusted slice sheets lies above the OPS. The ocean pelagic sediments 15 broadly
characterised by the thick unit of grey to khaki green shale with dark grey chert nodules and thin
interbeds of chert. pelagic limestone and siltstone. Chert occurs at the lower stratigraphic
lithounits characterssed by the grey and green colour mter-bedded with volcanic basalt and
andesite. Disseminated pyrites are commonly observed within the chent (Fig 2.21). Thin to
medium bedded. grevish to light greenich colour pelagic limestone beds are anter-bedded with
grevish shale and variegated colour volcano sedimentary facies (red to purplish shale, green to
buff-whitish volcanic ash beds) (Fig 2. 22). The limestone 1z mostly composed of micritic and

sparitic calcites.

The OPS exposed along the eastern side of the Gamnom wvillage has a well defined
tectonic litho-contact with the ophiolite. The OPS exposed at the contact are slightly
metamorphosed to dark to greenish greyv colour slaty-shale and phylite. The slaty-shale and
phyllite are defined by the thin N-S trending foliations with sub-vertical dips. the sweat quartzs
veins are aligned along the N-5 trending foliation plane and fractures.

2.3.3 Olstostrome

The ohistrostromal lithountt 1n the present study area occurs in close association with the
Disang shale. The major Olistostrome untt occurs i between Disang Group of rocks and the
Ophiolite Belt. This Ithofacies 1s characterized by chaotic distribution of exotic olistholit blocks
of limestone, sandstone and siltstone within shale along the Thoubal Biver section east of

Kalhang Khunou village (Fig:- 2.23). The exotic limestone contains cubic crystals/disseminated
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grams of pyrite (Fig: 2 24) mdicating reducing peleodepositional environment. The olistolths of
exotic sandstone blocks i1s characterised by sugary tecture with quartz veins dissecting across the
rock (Fig: 2.23). Variegated colour banded chert (Fig- 2.26) and Opluolite dermved lithic
fragments are observed within the shale at places.

The exotic blocks of red radiolarian chert observed within shale untt correspond to the
Upper Jurassic age (Alan T. Baxter et al, 2011) which occurs adjacent to the exotic limestone
blocks (Fig: 2.27). The olistoltths of exotic hmestone blocks observed m and around Ukhrul
town and Flinch corner yields mega fauna like Graphia sp. (Fig: 2 28) which 15 one of the index
fossil of Cretaceous age. The limestone has pyrite crystals, which indicates reducing deposttional
environment prevailing during the tune (Cavalazzi B. etal | 2011) (Fig: 2.24).

2.3.4 Disang Group

The Paleogens Disang sediments are well exposed along the western part of the studied
area along Ukhrul town Kachai Lamlang. Tumem Tallui and Phadang willages.
Geomorphologically the Paleogene sedimentary topography has attained second order matured
topography. The Paleogene Disang sediments are dissected by the series of almost NNE-585W
trending east dipping thrusted slices. The Disang-Ophiolite tectomic contact exposed at the
foothill of Shirui peak 1s characterised by the tectonic boudinage of sandstone within Disang
shale and silicified hard compact sandstone. Large exotic blocks of whitish colour hmestone,
which are dissected by a series of calcttic vems with pyrite bearing Creataceous fauna Graphia
sp. (Khangkhui and Mova cave), hard indurated sandstone dissected by series of cross quartz
veins (Nungshang village) and polimictic conglomeratic blocks (North and East of Hundung
village) are juxtaposed above the Disang sediments as thrusted chppe. marked by a highly
crushed myolmitc carbonised shale with slickenside surfaces at the basal litho-contact. On the
basis of lithofacies assemblages and structural disposition of the strata. the Paleogene Disang
Group has been drvided into two formations as Lower Disang and Upper Disang formations.

{a) Lower Disang Formation: The Iithofacies assemblage of this formation is defined
by the predominance of argillite lthofacies, which 1s well exposed in and around west of Ukhrul
town, Choithor, Kachai and Tullot willage sections (Fig: 2.29). Lithologically the Disang
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sediments are represented by the thick dark grey to khaki green splintery shale with 4-6cm
diameter dark greyv chert nodules at places elucidating the deposttion below the Carbonate
Compensation Depth (Fig: 2.30). At places minor thinly bedded rhythmic sequences of
sandstone/siltstone and shale are observed within the argillite dominated sedimentary facies.
Associated sedmmentarv structures wmclude thin horizontal laminations, thin lenticular beddings
with small scale ripple cross lammation. The devoid of mega-faunal and trace fossil assemblages
which supports the distal continental shelf facies.

{b) Upper Disang Formation: This Iithofacies overlies the Lower Disang Formation
having a gradational lttho-comtact Lithologically, characterised by the predominance of
thythmite sequences of dark grey shale. siltstone and sandstone mn varying proportions. which 1s
well exposed in and around Ukhrul town. Hundung and Shangshak Khunou willages. The
lithofacies assemblages in the upper stratigraphic horizons indicates more arenaceous proportion
in the stratigraphic successions (Fig: 2.31). some turbidite sedimentary facies are noted at Shirut
village Associated sedimentary structures mcludes thm to thick honizontal laminations, large
scale trough cross bedding. small scale current ripple cross laminations and nipple marks.
Ichnofossil assemblages of Cruziana (Thallasinoid horizomtalis 1sp. and Helminthopsis albeli
isp.) (Fig: 2.32) and Skolithos (Ophiomorpha i1sp. and Ophiomorpha Nodusa 1sp.) (Fig: 233 &
34) and ichnofossils and gastropod faunal assemblages (Twrritella sp. and bivalvia) (Fig: 2.35 &
36) along with coal streaks having well defined cellulose fibrous striations of wood mdicates

shallow marine to brackish water deposttional environment.

2.3.5 Barail Group

The Barial Group, represented by the Laisong Formation are well exposed n the western
part of the study area in and around Lamlang, Lamlang Shikor, Somdal Khullen and Kachai
Hokhorim villages. Barail Group of rocks has limited outcrop distribution as it rarely occurs mn
the study area. Few outcrops are exposed around Lunghar and Shirui village. The Laisong
Formation is characterised by the predominance of arenaceous over argillaceous proportion,

represented by the coarseming upward parasequences (Fig: 2.37). Isolated channel filled are
observed along Shirui-Paorei village section, characterized by medmum to very thickly bedded
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buff to bluish grey, fine to medmm grained, moderately hard and compact large scale trough
cross bedded sandstone with quartzite basal pebbly lag deposit(Fig: 2 38). The Paleogeographic
slope deduced from the paleo-current filt correction analysis (Fig: 2.39) mdicates the north-
westerly paleo-geographic slope direction during the Late Focene to Early Oligocene time. The
presence of well preserved plant leave impressions (Fig: 2.40) and wood fossils with coal streak
(Fig: 2.41) located north of Shirui wvillage supports shallow marine deltaic depositional

environment for the Laisong Formation

2.3.6 Recent alluvium

The recent alluvium 1s represented by the sandy soil silt and clay. The soils are both of
residual and transported types. These sediments are exposed along Thoubal River and their
tributaries. This Ithofacies 1s characterised by the large scale cross bedded sand of meandering
fluvial deposits (Fig: 2.42). Clayev soil (Fig: 2.43). pebbles, cobbles (Fig: 2.44) and boulders
(Fig: 2. 45) that are mostly dermved from the adjacent Ophiolite Belt and Paleogene sedimentary

terramn are also observed.
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Fig 2.3: Tectonized pendotite. Location: West of Shangshak .Fi,, 2.4: Tectonized pendofite embedded wathin foliated
village near Azsam Rifle cutpost s&rpentmasada‘m.udmass Lni:atulu Shnmpmk_

Fig 2.5 Tectonised penidotite with sparse anhedral pyToxene  Fig 2.6 Serpentinite vein dissecting scross with peridotite.
grainz embedded wath serpantimised g;ruu.'ndm:m Location: Shann peak
Location: Easzt of Shangshak village

Fig 17: Thin limonific soil profile developed above Fig 2.8: Two setz of asbestos vein dissection the tectomized
Tranzitional-Cumulate peridotite tock pendotite.
Location: Shirm-Phangrai road section. Location: West of Shirm peak.
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Transitional peridotite pyroxene grains embedded with
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Fig 2.9:
serpentinized gr
Location: East of Shangshak willage.

around the margin of resolved opx gram.
Location: Ezst of Shangzhek nillage.

Fig 211: Crude layered banding of Cumulate pendetite
showing hob-nail texture. Location: Shiru peak

o L2 :
- LT W 4
j' M e i..._

Fig 2.13: Pods of massive chromite within Cumulate peridotite.
Location: Shimi-Phanprai village road section

Fig 212 Cumulate pendofite showing euhedral OPX
{Bronzite  muneral embedded with serpentmized
pendofite groundmass.  Location: Shinn pesk

Fig 214 3 oil profile lﬂped ahove
cumulate pendotite.  Location: Phangrai village:
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Fig 2.19: Amygdular volcanic bomb within limestone. Fig 2.20: Voleame ash bed inter-bedded with shale.
Location: East of Phangra willage. Location: East of Phangral village.
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Fig 222 Thfﬂl".-' er-bedded bEdded‘-..{aIi 11.11‘]1 l'ﬂlcamcash

Fig 2.21: Diszeminated pirite within chert nodules.
Location: Eastof Paoret village, bed. Location: East of Phangrai village.

— o i i b 4 ’1 *
Fig 2.23: Olistoliths n:nf sandstone 511tstn:ma mli limestone mthm Fiz 224: Pyrite mﬁtals mﬂun EKCI'IIL‘ olistolith blnck nf
zhale. Location: East of Paorel 11!Inga. limestone. Location: Near 34 BRTF camp, Ukhml

Fig 2 26: Olistolith block of variezated colour banded chert.

Figllichinckuf-mndsianewithjm‘enﬂeqnartz& Location: East of Nunehi vl
ation: Munghi village.

Location: Near Ehangihu cave.
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Fig 2.27- Exofic ith block of red radinlarian chert.
Location: SE of Choithar village.

Fig 2.2%: Thin intercalations of shale and siltstone. ]
Location: East of Kalhang Khullen village zlong Thoubal River.

Fig 2.31: Thickly
Location: North of Kalhang Khullen village

Fig 2.28: Graphia sp. within exotic limestone block.
Location: East of Hundung village.

Fig 2.30; Chert nodules within shale.
Location: Esst of Kalhanz Khullen village.

- ] iy . N

Fig 232 Criziama ichnofacies (Trail marks) withm shale and
miltstone intercalations.

Location: South of S4BRTF camp
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Fig 2.34; Skafithos ichnofacies (Dopnchma) within thinly lammated
Fig 2 33: D&zm i Nodtiza nmn:.hm ':thmmdst ; B : : P -
& Luc:fmnﬂ Smrfth:aﬂ an'k:I}Eu!q:;wn 2w e siltstone. Location: East of Kachai village.

Fiz 236 ?weteﬂa wﬂhm dsaa,
Location: Southeast of Ukdrul towm.

Fig 2.35: Shell fragments of bivalves within
Location: Southeast of Uldirul towm.

FIE 2 3]‘ Med:um to thn:kl‘l. bedded sandstmﬂ wrththmshale
intercalations. Fig 2.38: Trough creas-bedded sandstone wath pebbly basal lag.
Location:West of Flinch corner along Thoubal River. Location: North of Phungcham village,



Fig 239 Rose diagram’ depictimg NW (321.7°) palec-current flow

direction, Fig 2.40: Plant leaf impression within sandstone.
Location: Southeast of Ukhrul tovm.

i ¢ < JEN . 3=
Fip 2.41- Waod fowsil marked by cell dlose Bber s coal
streak within sandstone. Location: Southeast of Ukhrul town.

2 Y AN FLEN
Fig 2 42: Large zcale cross bedded zand aleng the Thoubal River bank.  Fig 2.43: Clavey silt slong the Thoubal River tributary rver bark.
Location: Thonbal River bank. East of Phatang village Location:Morth of Furing village
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Fig 2.44: Boulders along the Thoubal River course.

- & S

= . = -
Fig 2.45: Pebbles and cobbles along the Thoubal River bank.

Location: Along Thoubal River bed Location: Thoubal Rrver; west of Ukhral

2. 3. STRUCTURE

The Ophiolite surt represented by the mafic-ultramafic sequence m the present study area
occurs as rootless tectonic slices delimited in east and west by ocean pelagic sediments and
Paleogene sedimentary successions (Fig.2 3 1). The intensity of deformation increases from west
to east, the tectonic contact between the Ophiolite and sedimentary succession 15 well observed
along Gamnom-Singhcha village section, where the strike of the bed is NNE-SSW sub-vertical

dipping easterly (78°—88%). The extensive development of mylonite (Fiz.2.3.2). serpentinization.

talcose alteration are observed at the contact zone within the mafic/ultramafic sequence. The
OPS are slightly metamorphosed to slate and phyllite which are well defined by the slaty
cleavage and sweat quartz vems aligned along the S1 planes (Fig. 2.3 3). Away from the contact
zone, the ophiolite rocks mostly represented by the peridotite which are highly brecciated with
well developed slickenside surfaces of more than two sets with high degree of serpentimsation
mdicating floor rock crushing due to thrusting movement. Zone of brecciation are observed at
the Shirui peak having general strike NNE-S5W within the cumulate penidotite, characterised by
the angular fragments of ultramafic rocks embedded with the highly foliated serpentinite
groundmass, indicating that the large ophiolite exposed along Shirmui-Phangrai hill ranges are not
single tectonic slice body but series of tectonic slice that are juxtaposed upon each other
(Fiz 23 4)
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A hillock of hard indurated sandstone, which 15 dissected by the series of quartzs veins
(Fig.2 3.5) was observed along the Shangshak wvillage road section (BRTF quarry point) and
classified as a tectomic clippe. The basal contact is characterised by the highly sheared and
myolonitised ultramafics and shale (Fig 2.3 6) indicating the sole surface over which the
sandstone hillock has moved over.

Strata bound thick polymictic conglomerate unit within Disang sediments having limited
lateral facies contmuity was observed along NE of Ukhrul town The lithic clast azsemblages
consist of red radwolarian chert, grey chert. quartzite and sandstone. This unit is underlain by
highly sheared and mylonifised carbonaceous shale (Fig.2.3.7). Well developed slickenside
surface and sweat quartzs veins are also observed at the comtact ‘zone (Fig238) This
Polymictic conglomeratic unit was redefined as a clippe.-Small scale mesoscopic fault and joints
are commonly observed within the Paleogene sandstone and shale intercalations.

i . I x

' - - T 5 = .' 1..\.....-. » = - &l b AR AR
Fig 2.3.1: Tectonic contact between Ophiclite and Paleogene  Fa d myolimifized contact zone.
sedimentz Location: East of Gammom villape. Location: East of Gamnom village.

'nl1]: R T,

- -

e R, - W - A i Fieh -l u P
Fig 1.3.3: Qruartz vein align paralle] to the slaty cleavage. Fig 2.3 4: Breceiated zone within ophiclite body.
Location: Gamnem-Shingcha village road zecticn. Location: Shiru peak.
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of Fig 13 H-Ig]lh shﬁn'ad and mydmmad serpentimized
mafic ukramfic rock. Location: East of Shangshak
willage.

Fig 233 Quartz vemn dissectmg amos: the body

sandstone. Location: East of Khanghbh village.

- ';-

Fis 237 Highly sheared and m}'nlnnhsed mbmm:ms Flg 238 mgm}r'ﬂlmed and myolinitised mizad
shale at the base of the clippe. Location: Southeast ‘mafic uliramfic rock  Location: Southeast of 34
of Ukhrul town BRIF camp.

2.4 Petrographical Study

(a). Transitional peridotite

Harzburgite 15 the most common peridotite found n the study area. Mineralogically,
characterised by predominance of olivine. orthopyroxene with minor amount of clinopyroxene
and chrome spinel. High degree of serpentimisation of primary olivine and pyroxene is observed,
which show mesh texture. Serpentimization of olivine releases fine opaques as magnetite
{(Fig.2 4.1, Fig.2 4 7). Clinopyroxene also occur as exsolved phase within erthopvroxene (Fig.
2.4.2). Secondary olivine occurs as neoblast along the resolved gram boundarv of primary
orthopyroxene grain and fractures planes (Fig2 4 3 and 2 4 4).
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(b). Cumulate

Harzburgite iz the dominant rock of ultramafic cumulates with minor ilherzolite i the
study area. Mineralogically, characterised by predommance of olivine, orthopyroxene and
clinopyroxene. The rock 1z characterized by mterlocking gramns showing hypidiomorphic
granular texture. Orthopyroxens 1s.coarse grained, feebly pleochroic and show shight pinkish
colour. Small olivine grain occurs as mclusion within orthopyvroxene and serpentine vemlets
traverse across both the mmerals (Fig 4 10, Fig 4 11, and Fig 4.12). Spinel harzburgite consisting
of serpentinised olivine, non-pleochroic orthopyroxene and partially reabsorbed Cr-spinel with
inclusions of serpentine. Cr-spinel with enveloped by magnetite and magnetite veins cut across
vermicular spinel and exhibits xenomorphic texture.

Therzolite 15 characterized by the predominant of olivine, opx with minor amount of cpx,
Cr-spinel and magnetite. Primary olivine shows high degree of serpentinisation exhibiting strong
mesh texture. The Cr-spinel occurs as reddish brown to vellowssh brown in colour and
commonly assoctated with olivine minerals and orthopyvroxene. Magnetite occurring as exsolved
phase of spinel shows anhedral gram boundary. Olrvrmne neoblast are seen along the grain
boundaries of orthopyroxene and clinopyroxene grain boundarv and fractures.

{c). Volcanics

Basalts are the predommnant volcanic rock comprising of plagioclase, clinopyvroxene,
quartz, k-feldspar, opagques and glass. The cenmtre portion of the pillow basalt shows the
predominance of plagioclase feldspar phenocryst, which shows ophitic, sub-ophitic.
Clinopyroxene with glass matrix groundmass between inter phenocryst grain boundary.
Plagioclase occurs as coarse laths of phenocryst grains. Chloritization of clinopyroxene and
sausuritization of plagioclase 1= commonly obzerved (Fig2.49 and 2.4.10). The outer chilled
margin of the pillow basalt shews few phenocryst of subhedral to anhedral plagioclase feldspar,
showing sub-ophtiic texture embedded within the fine ground matrix of glass and pryroxene
(Fig. 24.11 and 2.4.12).

{d) Chromite:

Chromite mineralisation occurs withm transtional and cumulate peridotite as orbicular
and massive podiform chromite. The individual chromite grains shows subhedral grain
boundary, high relief and highly fractured. The inter chromite grain boundary and brecciated
fracture are filled by the serpentinised ground matnx (Fig: 2.4 13).

(e). Sedimentary rocks

(1) Chert

The chert shows the mono-mineral composition of crvpto-crystalline silica. The recyrstalised
quartz vemns dissect across the body, which shows micro faulting which indicates deformation
pressure solution secondary recrystalisation along the weak plane (Fig 2. 4.14)
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(11) Sandstone

The modal analysis of the sandstone shows lithic quartz arenite composttion, characterised by
the predominance of undulose quartz with Ithie fragment of shale. Bimodal grain size
distribution 1s observed, the larger quartz gratn shows sub-angular to sub rounded gramn boundary
and the smaller gramn shows sub-rounded to rounded grain boundary, elucidating two provenance
area. The mter-muneral gram contact 15 most line contact with Iittle point and sutured contact.
The undulose extinction of quartzs gramn 15 commeon, indicating the deformational stress that the
rock has undergons. (F1g.2.4.14)

Fig:2 43 (PPL) ' N Fig-2.44 (CPL)

Fig: 2.4.1 and 2.4 2: Photomicrograph of transitional pendotite-showing highly fractured olivine and kaghly altered to ssrpentme
forming mesh or sieve textre with yermicnlar magnetite bodies along the marpin Ex=olution of clinopiyroxens m
orthopyroxene 1z commoenly obzerved Chrome spinel

Fig: 24 3 and 2:4.4: Photomicrograph of transitional penidofite showing mesh texture of pnmary orthopiToxene and corroded
rezolved gramm boundary sumounded by the serpentimzed pround metnx with olivine necblast along the
orthopyroxene grain boundary and fractures:
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Fig:2.4.7(PPL Fig:2.4 §(CPL)
Fig; 2.4.5 and 2.4.6: Photomicrograph of Spmel harzburgite showing serpentinised clivine, non-pleochroic crthepyroxene and
partially reabsorbed Cr-spinel wath mclusions of serpentine. Cr-spmel with enveloped by magnetite and magnetite veins dissects
the Cr-zpinel

Fig: 2.4.7 and 2.4.3: Photomicrograph of Therzolite showing serpentinized ohivine exhibiting strong mesh texture, Cr-spmel and

magnstite veins are seen within serpentinized primary olivine and orthopyromene. Olivine neoblast are seen along the grain
bomdanes of orthopyrokene and clmopyroxene gram boundary and frachures.
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Fig:2.4.11 (PPL)

Fig: 2.4.9 and 2.4.10: Photomicrograph of pillow basalt shows the predominance of plagioclase feldspar phenceryst, which
shows ophific, sub-ophitic Clinopyroxene with glass mafrx groundmas: between inter phenceryst gram
boundary.

Figt 2.4.11 and 2.4 12: Photomicregraph of outer ehilled margin of the pillow basalt shows few phenocryzt of subkedral to
anhedral plagioclasze foldspar. showing sub-ophifie texture embedded within the fine pround matrixof glas:
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Figt 2.4/15: Phetomicrograph of chromite showing highly brecciated mature, where the inter-cumulste grain pore spaces and
fractures are filledwith zerpentinized proundmass.

Fig:2.4.14 (CPL)

Fig: 1.4.14: Photomierograph of chert showing the dominant mono-mmeral silica with recyrstalized quartz vemn dizsecting across
the rock showing micro faulimg.

Fig: 2.4.15: Photomicrograph of lithic quart= arenite having lithie frasment of shale. The quartz grain shows bimodal grain zize
distribution:
2.5 Economic Geology

The chromitite and limestone bodies” broadly represents the important economic mineral
resources i the present studv area, which is located along the central and the eastern margin of

the studied T.S. No. 83K/8. The minor minerals 1n the study area are reprezsented by the medmum
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to thickly bedded sandstone of Laizong Formation and exotic sandstone blocks which is
extenstvely used for dimensional sandstone for road construction. building matertal and sand
mining.

a). Chromitite

Chromite as identified 1 the field by the dark grey to black colour, high specific gravity
and occurs as massive, orbicular, pods, lenses, dissemination and stringers within the transitional
and cumulate peridotite (dunstic and harzburgite rocks). The occurrences of several chromitite
bodies were located along the NNE-SSW trending hill ridges at Phangrai. Shirui and Gamnom
villages (Fig 2.5 1). Several chromitite bodies occurning as pods and boulders are observed along
the streams originating from the higher Ophiolite ndges.

Thin limonttic reddish soil capping is observed along the NNE-S5W trending flat
undulating topographic higher ridges of Phangrai-Shirui and Gamnom villages. The thickness of
this limonitic soil inereases towards mid-slope area. where distinct layering of reddish to
yellowish colour is observed (Fiz.2.5.2). Thin locals of laterstic bed developed above the
mafic/ultramafic rocks are observed at Phangrai ridee (Fig 2.5 3). This limonttic soil capping and
lateritic beds can be a good prospect for mineral commodities like Cr. N1 and Co.

b). Limestone

The limestone occurs mostly as exotic blocks within Paleogene sediments. Limestone
also occurs as bedded deposit i minor amount mn the eastern part of the study area. Broadly
limestone occurrences in the study area can be categornized into three facies viz.

{1) Exotic whitish colour limestone blocks dissected by calcitic veins across the body
vielding Cretaceous faunas (Globotruncuna Sp. and Graphia Sp.) are observed i and around
Ukhrul town, Shangshak Khullen, Hundung, Choithor, Khangkhui and Mova villages. (Fiz.2.5.4)

(11) Exotic purplish colour limestone blocks contaming volcanic bombs. This limestone
facies shows distinct whitish to grey colour bands. The occurrences of this facies 15 localised 1n
nature within Paleogene sediments and i1s exposed east of Phangrai wvillage (Fig 2.5 3)

(111) Rhythmic sequence of thin marl and volcano-sedimentary sequences interbeds within
the OPS (Fig.2.5.6). This facies 1s laterally persistent along the strike length and limited in
stratigraphic thickness and 15 well exposed along Phangrai-Sthai village section and Kalhang

Khunou-Huishu villages section.
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Comparing the three limestone facies

observed m the study area, the exotic whitish

colour limestone blocks of Cretaceous limestone is the most prospecting limestone deposit in the

study area

Fig 251: Chromite boulders exposed above
maficolitamafic teddizh zcil Location: Phangrai
hill top.

ma:ﬁx:u_lhama.ﬁc rock  Location: Flinch comer-
Gamnom village section

Fig. 2.5 3 Thmlatentlc b-ed daveluped abuve.ma.ﬁnrult:ama.ﬁc
rock. Location: South of 34BRTF camp.

Fig 234 Medltmtﬂ ﬂ:uu:'.kh beddﬂd hmsmnrwﬁh&m zhale
miercalation (Cretacams age}. Location: Ukhrul town.

Fig. 2.5.3: Limestons containing volcanic bombs.
Location: Eazt of Phangrar village.

Srry
Fig .,J §: Thin mtema!atlcms of hmns:tme and volcanic ash
bads (Upper Cretaceous-Lower Eocene age).

Location: East of Phanaral villazs.

43




CHAPTER 3
3. SAMPLING METHODOLOGY AND PROCEDURE

GSI has adopted the first and second GCM guidelines of the Forum of European
Geological Surveys (FOREGS), a forum of geochemists and geologists of 26 European countries
and the GCM work carried out by China and few other countries. Sampling was carried out on
toposheet basis. Sampling was done as per the methods and procedures of Standard Operating
Procedure (SOP) for National Geochemical Mapping (NGCM) provided by GS5I ( Year 2014).
Different features and parameters have been taken mto consideration while carrymg out
geochemical mappmg. Some of the mmportant features are the sampling equipment, sampling
media, processing and storage of samples and sample contamination. Due care was taken and
constant vigil was kept during the entire process of sampling right from sample collection up to
sample storage. Two thematic maps of the study area have been prepared viz. Landuse &
Landcover map and Geomorphological map (fig 1.4 & 1.3). These two maps have been prepared
with the help of google maps, google earth, toposheets as well as field observations:

i1 Equipment used in sampling:
a) Toposheet of the area as a base map for controlling locations.

b) Geological map on 1:30,000 scale for the target area in order to understand geological
setup and determining spatial limitations of sampling.

c) Dramage maps (1:50.000 scale) of the sampling area for planning and executing the
stream sediment sampling which forms base for preparing contour maps of various elements

analysed(Fig. 1.2 ).

d) Implements'tools required for stream sediment sampling like field data sheets, GPS,
digital camera, hand scoops, polythene sample bag. stickers for numbering, permanent
marker pen of various colour and weighing machine etc ; for processing the samples like -
120 nvlon sieve, plastic tub, brush for cleaning the sieves, wooden pestles for powdering

lumps, cloth duster, plastic sheet for covermg the samples m drymg (if required), PET jars of
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500 gm & 250 gm capacity etc. For water sampling, water sampling kit which includes
disposable syringes, disposable filters, funnel Jerry can, plastic bottles of 300 ml 200 ml &
100 ml size, nitric acid (HNO3) and potassmom dichromate (KiCr:0-), distilled water 1s
required.

32 Sampling media

The sampling media as listed below have been selected on consideration of their most
representative nature of the surface emvirotiment, and therefore are the most commonly used

media i the geological investigations.

s Stream sediment/slope wash (S} reflects the average geogenic composition of a catchment

basin.

s Soil Regulith (R): upper horizon'top soul (0-23cm) without the top organic layver {(<2mm). It
reflects variations i geogenic compositions of the uppermost lavers of the earth's crust. C-
horizon: a 23 cm layer within a depth range of 30 em to 200 em. Comparison of soil and
regolith would grve mformation about environmental changes affecting amthropogenic

contamination of the top layer (R).

® Stream water (filtered and unfiltered) (W): reflecting interplay i the geo-sphere. At the same

time it 15 the main source of drinking water.

¢ Rock sample: Microscopic study of rock.

3.2.1 Stream sediment/slope wash samples (S)

Stream sediment sampling was taken up on 2 km x 2 km_ The origin of the grid was kept
at the SW corner of the toposheet (1:30.000). this leads the extreme northern row and the eastern
columns to be hittle larger or smaller than the standard 2 km x 2 km ones_ If 1t 15 more than 50%
of the size_ it has been considered as an mndependent and if it less than 50%, it has been merged
with the adjacent grid. The stream sediment samples collected from the 1% 2% or 3 order

streams. In case dramnage iz absent, slope wash materials and materials generated by small scale

gully erosion have been collected from the lowest elevation within that 2km x Zkm gnd
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considering it to be '0" order stream from 3 to 3 places of the slope to make a representative

sample of the cell Each stream sediment sample comprises materials taken from 3 to 3 places
from both sides of the stream bank over a stream stretch of 30 to 200 m length Materials
collected are of finer grain size (natural fraction) available at the center of the stream Due care
has been taken not to collect the material fallen from the banks of the stream while collecting
samples from narrow channels. Similarly, contamination has been avoided while sampling. The
field datasheet contaming of 17 components has been filled properly. The data of latitude,
longitude and elevation have been taken with the help of GPS,

001 -

Toposheet No. 83K8
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|
002 —>

Left corner of

Topo

sheet

Sample numbering scheme
Sample numbering starts from
SW corner of toposhest

Cell No : 83K8/001/5/19

T.S. No/ sample No/ Medium of
sampling/ year

Dimesion of cell 2 km x 2 km

Sample codes

S - Stream sediments
C/'R - Soall ('C horizon,

_ 'R Regolith)
W - Water

Fig3.1: Sample numbenng scheme

In Ukhrul district. the areas are covered with thick vegetation and show steep nidges and

narrow gorges topography. Many sample collection points are located in rugged and maccessible

terrain. Due to non-availability of dry stream sediment in this region, wet samples weighing
about 3 to 7 kg each were collected in thick polvthene bags with proper labeling.
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Fig 3.2: Collection of Stream Sediments Fig 3 3: Collection of StréamSediments.
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3.2.2 Soil samples: Regolith (R) and C- horizon ( R & C):

Soi1l samples have been collected from a suttable site where soil profile 15 well developed
within the 5" x 5" grid where one Toposheet 15 drvided into 9 quadrants (1.2, 3. 4. 5.6, 7. 8 & 9)
starting from the SW corner of the toposheet. The soil sample collection site was decided aftera
careful study of the residual soil developed 1n the area. While sampling, care has been taken not
to collect transported matenial such as alluvium or colluviom and emphasis has been given on
collecting residual soil Soil samples were not taken from the agricultural lands as far as possible
since the contamination of topsoil due to human activity may be there. Samples from two
different depths were collected from each sampling site 1.e. topsoil/regolith (R) from 0-23 cm
(excluding materials from the orgamic layer wherever present) and a sub soil sample (C) from a
23 em thick section within a depth range of 50 to 200 cm (the C soil horizon). Where soil profile
does not reach a depth of 75 cm. then lower samples were taken after undoubtedly identifying
the soil profile as 'B' or 'C' horizon

Fig:3.5: Soil sam!jng profile from Ophiolite Belt Fig'ﬂ_: Soil samphing profile from Disang Group

Fig 3:8: Sm.'l samp]mg pruﬁle ﬁ'om Dlmnstmme
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3.2.3 Stream water samples (W):

Stream water sampling was done t1n 5” x 5" grids from flowing streams which represents
that particular grid 1.2 the water basm should originate within the grnid and covering maximum
area. The water samples were collected m transparent white prescribes bottles for the following

analysis.

s 1 x 1000 ml bottle unfiltered water for-major IC 1on and mercury analvsis.
e 1x100 ml bottle filtered water ICP-MS and ICP-AES analysis.
e 1 x60 ml bottle for (Dissolved Organic Carbon) analysis.

Fig.53.10: Water sample collechon

The following procedure was followed during collection of the stream water samples:

1. Label all the bottles as per the guidelines.

]

. Marked sample location in the map and data sheet.

3. Rinsed the polythene decanter twice and filling with stream water.

.-'"—

Filled 100 ml sample bottle with filtered water. after ninsing it twice with filtered sample

water.

:-JI

Filled the 100 ml bottle with filtered water in the same way as above.
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. Rinszed the 300 ml sample bottle with sample water twice and filled it up so that bottle 1s

completely filled with water and no air bubbles are left in the bottle.

. In laboratory or in comparable conditions, soon after sampling (at least on the same day), 1.0

ml of conc. HNO; acid was added to the 60 ml filtered water sample bottle with a droplet
bottle. Then, the bottle was closed tightly and shook 1t up i order to get the acid well mixed

with the water.

. Added potassmum dichromate to water samples 'in the Ho sample bottle. Added a pinch

E:Cr04 to 100 ml water bottle_

. Total alkalinity measurements defined as the guantity of 1on such as C{)f; HCOy. OH"
HS10:. H:BOs, I—[PDE' and H:POy™ in water that will neutralize hydrogen ion. However, in
most waters HCOz 1s the dommant ion between pH 4.5 and 8.3. The alkalinity is often
expressed as milligram per litre of CaCQ3z. This 15 to be determined by Titration.
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Fig 3.11: Strezm Water Sample Location Map (Toposhest Wo 83E8)

3.2.4 Duplicate samples:

Duplicate stream sediment samples (3% of the total stream sediment samples collected)
have been collected at the same time of stream sediment sample collection at different places in

the same area using the same methodology of stream sediment sample collection. Duplicate
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Name of the Sampler A Elow
Designaiion: Senior Geologist

stream sediment samples are collected for comparative studies in between the analytical data of
duplicate sample with original stream sediment sample to confirm the precision of equipments
and methodologies followed during sampling and chemical analysis. Permissible variation in
between the analytical results indicates the accurateness in the methodologies.

32,5 PRocksampling:
Rock samples have been collected from the well expozed fresh rock surfaces of different
lithounits of the area to study the petiographyv and geochemistry of the rocks i the area. The

samples were collected for preparation of thin section for micrescopic study. Due care has been
taken to avoid the collection of weathered rock while sampling.

3.3 Field Data Sheet:

The collection of stream sediment samples was recorded m the 27 column field data
sheet. The field data sheets have been appended to the report. The details of the columns and

abbreviations used are given below:-

NATIONAL GEOUHEMICATL MAPPING

Drare 05/11° 201 8

Repion: Norih Eastern Sample Media® Stream sediment Soil

Operation: STU-MEN State: Manipur ; z
S 4 5 Toposhert NocB3IK/E
Derrict: Tk Site Descmiption Composic No.
SL . . . B Stream Tpstream Basin aren Stream
M. Grid MNo. Longitude Latitmde Elevation Sample Type Order L. gy (i i) {hm?) Conditian
BO R4FITRAT" 25 ranen 1924 bt Ind 2100m =1 Wt (Peaesual
Chanmel Structural
Characie Sg;::ﬂﬂjﬁ Raock rvpe Rock Formadon Group Arrncmre Maea mlrtmf lk;::_:l;‘uf
r o
1 MNatural Pebbly Sand Immeans Harrbarets Dphiokite St Uﬁ'&m Foliation \;[;_ful;s
i . Remarks an
Land use | Landscape type ;’;Llli Contaminstion | Soll horfzen Seil depih Slope geological
B -
Forest Undulatmg ﬁmﬁﬂ slopims, > 70°
{33

Foot Mote: Sample Tyvpe: Steam sediment (3558), Tank sedmment (T5), Soil (B); Water Soeamn water (8W), Spring water (5F), Well (WW, Streamn order
12345 ere. Sueamcondmon: Wet (W), Dy (D), Channel character: Matural(), Reinforced (B Manmade (3 ere . Sgeam bed predomnant matenal:
Crawel (0, Sand (5d), Sit (St} Clay (CL Rockw (B Rock type: Igneous basic ([gRh Imeous metamorphic [Ighi). Metamorphic (M), AMetamorphic high
made (Bhg), Sedunentary (5), Fock:. Four latter code may be used g Granne (GEAN), Amplabobits (AMPH), Quartsite (QUAR). Formation: Bolabil
Dapitily etc ; Growup: Sipma. Toam sic ;. Simcture: Course gramed etc - Struchoral meanoement: Stakce & Thip =tc ; Landscape: Plam (P, Undolating {17
Rugped (B ) Land use: Agnculiure (A) Pasture land (F), Forest (F), Bamen (B, Others: Speaify; Contanmmatere Cld werkang {0W), Mine dumg (3410, Otkess
Spercify: Solhorizon: Weatheredbed rock B & C honrons with calearsous concemrations (Cret), C-honzonwithowt cale areons concatration (C), Transportad

sosl (A}
Himman Health

Fig 3.12: Field data Sheet
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3.4  Processing and storage of samples:

Mostly the samples collected from the field are wet or with high moisture content due to
prolong monsoon. thick vegetation and humid climate of the area. The wet stream sedument
samples collected from the field were spread out on transparent plastic sheets at field camp to dry
the samples naturally. After drying, the samples were de-lumped using wooden-mortar and
pestle, and sieved through -120 mesh. At least 1000 gm sample was collected for each 2 x 2km
grid sample and divided into two parts of 500 gm each by coning and quartering. One part was
stored at GCM repository as original sample for each grid sample and the other 500g will be sent
to the Chemical Lab for amlvsik

For soil samples, the samples were de-lumped and sieved with -120 mesh after drying by
spreading over transparent plastic sheets. Two sets of samples weighmg 300 gm each were
collected from the processed Regolith and C-horizons of each soil sample. One set of samples
was sent for chemical analvsis and the other set was stored at GCM repostory for finure

reference.

For petrographic studies, the collected rock samples were sent to the petrology lab for the
preparation of thin section for microscopic studies.

Fig 3.13: Sun drying of the stream zediment zlope wash Fjgi.lsl:ilelnnqﬁng siream semj';f:;pe wash
samples at camp. ‘samples at camp
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Proper numbering of samples and recording of data were done mn the 17 colummn standard
field data sheets which were further entered in the NGCM Excel data sheet of GSI. So. the
numbering of a untt sample was recorded as Toposheet: No. /Unnt or Cell Grid No./Name of
media Year of collection Where §3K8/1/5/14 represents a cell samples (2 km x 2 km) m which
°S7 stands for stream sediment. Similarly, ‘R for regolith or topsoil. "C” forsoil from C-honzon,
"W’ for water sample. 'HM' for heavy muneral "BR® for bed rock samples of XRD analysis and
‘P8 for petrographic study samples stand for other media.

3.5 Sample contamination:

Contamination during the course of the sampling process has been taken due care. In the
agricultural and cultivated areas where possible pesticides |/ insecticides contamnation is
expected. samples were collected during dry season Settlements/inhabitation areas may also
contribute to sample contamination. 5o, samples were collected keeping these factors m mind to

avoid contamination
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CHAPTER 4

4. STATISTICAL ANALYSIS AND CHEMICAL DATA

Geochemical mapping require handling of varous analytical data base on stream
sediment, soil and water samples collected from given specified area High quality and
consistenicy of the obtained data are ensured by using standardized sampling methods and by
treating and analyzmg of all the data statistically.

4.1 Statistical analysis:

A total of 168 stream sediment/slope wash samples. 18 soil samples, 9 duplicate samples
and 9 stream water samples have been collected and sent to Chemical Laboratory for analysis.
Package A (Major & Minor Oxides and some Trace Elements) and Package H (Trace and RE
Elements) analysis result of the total 168 stream sediment/slope wash samples, 18 soil samples
and 9 duplicate samples have been recerved (Annexure I, II, III, IV, V, VL VIII IX and X).
For stream water sample analysis, Package B and C analysis results have been recerved
{Annexure VII). Results of the remaming samples are vet to be recerved from Chemical
Division. Analytical result status along with the packages index 15 given in annexure X1

Table 4.1: Methodologies emploved for analvsiz of samples
Packages Methods | Elements

Package A | XRF | Major, Minor oxides and some trace elements

Package B | GF-AAS | Au
‘Package C | F-AAS | Liand Ce

Package D | HG-AAS | As, Sb, Se and Te

Package E | SIE | F

Package F | GF-AAS | Cd and Ag

Package G | GF-AAS | Hg

Package H | ICP-MS | REE & HREE and some trace elements

Package 1 T AAS/ICP | Platinum and Palladium
Package W(A) +W(B)+W(C) Major, Minor and trce elements in

water spmples, Bicarbonates, salinity, PH e
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4.1.1 Check for errors and outliers

The count function was used to find out number of numerical entries i each column and
checking was done for counts less than the actual number of samples. The number of entries
showing values below detection limit were recorded. then the auto filter option was used to
check for the errors due to comma. blank space, ‘0" in place of “0°, etc. and necessary

corrections were made.

4.1.2 Statistical treatment of data in MS Excel
The elemental data recenved were treated statistically. The analyvtical data of some

elements contains values below the detection limet and required data validation was done.

A. Basic and univariate statistics

The descriptive statistics function of MS Excel was used to find the univariate statistics
containng the number of samples or count {n). minimum value, maximum value, mean, median,
variance, standard deviation skewness and kurtosis for stream sediment samples and soil
samples (Table 42 & 43). The mean median and mode values were compared to have a
theoretical assessment of the normality in the distribution of element. Threshold and anomaly
values were calculated using the following formula:

Threshold = Mean + 2 x Standard Deviation (SD); Anomaly = 2 x Threshold value (TV)

Table 4.2: Univariate statistical summanyof the major oxides fromthe stream sediment/slope wash zamples

{values are in % and a=168)

" Oxides Mean Median | Minimum | Maximum | Variance | Std Dev. | Skewness | Kurtosis |
Si0; (%) 59.26 60.34 36.61 80.02 524 | 7.24 -0.93 1.41
AlOs (%) 1457 1506 | 308 20.02 74 271 .38 3.05
Fe05(%) | 749 | 648 | 236 | 2043 | 173 | 416 | 290 | 949
Ti0; (%) 0.88 0.87 0.22 1.97 0.1 0.23 1.20 5.85
Ca0 (%) 0.49 0.40 0.06 2.09 0.1 0.33 1.80 | 424
MgO (%) 2:37 144 | 058 24.92 1.0 3.31 437 21.22
MnO (%) 0.17 0.12 | 003 168 0.0 018 511 33.73
Nas0 (%) 0.46 045 | 007 142 0.1 0.23 080 | 134
K50 (%) 1.72 1.77 0.18 3.37 0.3 0.53 -0.12 174
£,05 (%) 0.15 013 | 006 0.46 00 | 0.06 171 | 378
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Table 4 3: Univariate statistical summary of Trace elements from the stream sediment/slope wazh samples (values
are in ppm Sppb and a=168)

Elements Mean Median | Minimum | Maximum | Variance 5D Skewness | Kurtosis
25 (ppm) 279.35 237.00 25 00 844 00 18456 5 13585 152 3.02
Co (ppm) 4317 23.00 2.00 678.00 51512 7177 5.26 37.99
cr {ppm) 565.68 229 50 5200 481000 | 8662734 | 93073 295 7.89
Cu (ppm) 32.08 32.00 9.00 71.00 98.6 993 070 135
Ga (ppm) 1556 16.00 500 2400 112 335 024 022
Nb (ppm) 1294 1200 | 025 35.00 19.0 435 228 10 88
 Nifppm) | 36369 96.50 |  17.00 568100 | 6599547 | 81237 365 15.08
b (ppm) 1736 17 00 1.00 38.00 32 57995 571 035 1.02
Rb (ppm) 86.04 87.01 18.29 164.66 5348 23.12 0.08 1.66
Se (ppm) 1669 1600 | 500 36.00 233 487 1510 479
Sr (ppm) 67.78 69 50 1400 21000 6035 24 57 1.00 614
Th (gpm) 1048 10.14 2.72 1927 80 2383 026 0.94
V {ppm) 123.92 121.50 54 00 375.00 12093 3477 3.26 19.78
Y (ppm) 22 80 "23.00 5.00 53.00 3472 585 069 450
Zn (ppm) 89.73 91.00 36.00 157.00 3898 19.74 053 115
" zr(ppm) | 224.40 224 50 31.00 57500 | 56089 74.89 0.81 4.64
La (ppb) 3227 31.01 10.48 58 16 736 858 024 0.75
Ce ( ppb) 60.90 5851 | 19.02 11917 282 4 16.80 0 66 1.45
or | pob) 744 711 2.07 14 65 41 203 053 156
Nd [ ppb) 27 41 26.20 7537 58.79 57.7 7.59 078 2 50
Eu | ppb) 1.24 119 0.250 297 0.2 0.40 1.00 3.23
sm ( ppb) 548 533 1.49 12.73 26 1.61 125 4.41
&d | pob) 529 512 150 12 64 24 153 126 429
Tb ( ppb) 0.79 076 022 1.89 0.1 0.23 0.88 3.68
Dy { pob) 466 453 | 130 1055 15 1.21 098 355
Ho [ ppb) 089 08 | 025 194 0.05 022 042 379
~ Er (ppb) 265 262 075 514 03 057 0.39 279
Tm ( ppb) 0.33 025 0.13 0.79 0.0 0.13 1.26 0.32
Yb { ppb) 278 276 079 462 0.3 0.54 016 213
Lu | pphb) 0.34 025 0.13 0.74 00 0.13 092 071
sn (ppm) 3.58 349 0.48 1112 23 152 1.80 6.06
HF (ppm) 878 8.69 179 26.93 12.1 348 152 6.64
Ta (ppm) 1.15 1.10 0.12 415 0.3 052 160 6.96
Ge (ppm) 149 1.33 0.66 541 0.4 0.64 3.16 12.98
" 8e (ppm) 151 151 0.44 275 0.2 041 034 082
U (ppm) 215 216 066 | 353 02 0.49 028 136
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CHAPTERSS

5. GEOCHEMICAL ANOMALY

Applied geochemical surveys essentially serve two basic purposes:

1. Detection of geochemical anomalies both natural e g . related to mmneral

occurrences, and anthropogenic, €. g related to industrial releases; and

2. Mapping and establishing natural background levels or baselines.

Present work aims to depict the elemental distribution in the study area using the contour
maps. The spatial distribution maps of different elements produced here are a prerequistte for
mineral investigation, as also helpful mn environmental assessment, agriculture, health and for any
rural or urban development planning. The stream sediment/slope wash samples in general do not
represent a single litho unst but rather represents a combined lithology of the area. Broadly the
surface geology and geochemical signature are complhimentary of each other. But there could be
discrepancies owing to the unavailability of exposures. These areas require further detailed study.

5.1. NORMAL BACKGROUND VALUES

The Background i1s defined as the normal abundance of an element m barren earth's
material For a spectfic element the normal background values differs in different types of earth
materials'media under differemt chemucal condimions. For example, the standard normal
background value for Pb, Co, etc_ are different in soil, stream sediment/slope wash samples, bed
rock, stream water sample media, and also varies in different conditions depending on the
chemical environment, which 1s controlled by the latitude and longitude. Certain environmental
conditions can erther enrich or deplete the elemental concentrations. Thus the distribution of an
element in a specific media 1s not uniform and is expressed as a range of values. In the present
study the dispersion of the values about the mean, 1e. dispersion by one standard dewviation
(between M+15D and M-15SD) 15 considered as the background value for a specific element.

60



Values about the mean, 1.e. dispersion by two standard dewviations (between M+25D and M-25D))
are high or low values.

The univariate statistical parameters of major and trace elements of the stream
sediment/slope wash samples are given in Table 4.1 and 4.2 respectively. The frequency table
and cumulative percentage for major elements and trace elements are grven along with the spatial

elemental distribution maps.

5.2 Preparation of Geochemical Maps

Mere observation of the tabulated analvtical data does not give any impression about the
nature of distributions of the elements, nor does this tabulated data help much m
understanding the relation between element dispersion pattern with the geology of the
area. Therefore, preparation of element distmbution maps 15 one of the main objectrves for any
geochemical mapping project to understand the distribution of the elements and ther relation
with the geology of the area. Apart from giving clues for potential area of nuneralization, these
maps can be used for the purposes of environmental assessment, agricultural best practices,
health_etc. The composttion of the sediments which are the product of weathering and erosion
of soil and rocksin the upstream catchments area closely approximates with the natural

sample (Howarth and Thorton, 1983).

The spatial distribution maps or the geochemical maps of the 10 major and 36 trace
elements were prepared (Fig 5.1 to 3.46) to study the mfluence of surface lithology on sediment
geochemistry. Surfer-8 software was used for preparation of geochemical maps by ordinary
kriging method. The geochemical distributions of the elements were then compared with the
geology of the area by overlayving geochemical maps of the elements on the geological map of
the study area. The high values (=M+25D) i the overlay map are shown as blue hatch while
significant values (=M+35D) are shown as blue colour. The M+2SD and M+35D values of each
element were calculated along with therr percentage of observed values above and given mn Table
5.1
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Table 5.1: Table showing background value, anomalous value and sipnificantly anomalon: values of Oxides and

Trace elements from the siream sediment/zlope wash zamples along with their % of no. of

' observations (values are in ppm & ppb and n=168)
{Bﬂh;;g?:?und (PmM:rﬁf!EUS {Sig_hal;?]ﬁg]nus Sample?'i:]MQSD Sample?'};]lmhl’rSD
Value) Value) Value)

Si0s (%) | 665024 | 73.74449 80.98656 0.60 0.00
AlO; (%) | 172910 | 20.00538 22 71974 0.60 0.00
Fe:0s(%) | 116553 | 1581531 19.97531 6.55 293
TiOz (%) 11177 1.349509 1581288 357 238
Ca0 (%) 0.8242 1155779 1.487359 655 1.79
MgO (%) 5.6884 9003526 1231865 476 298
MnO (%) 0.3644 0.554258 0.744095 298 1.19
NazO (%) 0.6880 0.918162 1.148315 2.38 0.00
Ka0 (%) 2 2491 2781443 3313779 357 0.60
P20 (%) 0.2100 0.273642 0.337279 536 238
Ba(ppm) | 4151998 | 551.0544 686.909 476 1.79
Co(ppm) | 1149444 | 186.7161 258 4879 476 179
Cr(ppm) | 1496.4167 | 2427155 3357.893 833 417
Cu(ppm) | 420089 | 5194038 61.87188 417 119
Ga(ppm) | 189124 | 2226533 25 61823 179 0.00
Nb (ppm) | 17.2995 | 2165701 26.01453 417 1.79
Ni(ppm) | 1176.0865 | 1988442 2800.818 595 357
Pb(ppm) | 230710 | 28.77886 34 48675 417 0.60
Rb (ppm) | 109.1757 | 132.3025 155.4293 3.57 1.19
" Se(ppm) | 215143 | 2633804 31.16183 417 357
Sr (ppm) 92 3465 | 116.9133 141.4801 179 0.00
Th (ppm) 133178 | 16.15077 18.9837 298 0.60
V(ppm) | 1586915 | 193.4663 228 2411 238 1.19
Y (ppm) 286496 | 3450167 403537 357 0.60
Zn (ppm) | 109.4691 | 1292119 148 9548 357 1.19
Zr(ppm) | 2992971 | 374.1895 4490818 238 1.79
La (ppb) | 408530 | 4943145 58.00993 476 0.60
Ce (ppb) | T77.7049 | 9450969 111.3145 476 119
Pr (ppb) 9.4753 11.50683 13.53834 417 1.19
Nd (ppb) | 350108 | 4260997 50.20916 476 1.19
Eu ( ppb) 1.6458 2.051491 2457214 357 1.79
Sm (ppb) | 7.0892 8.695233 10.30123 2.98 119
Gd { ppb) 6.8326 8.365959 9.899293 298 1.79
Tb ( ppb) 1.0188 1.251227 1.483645 417 119
' Dy (ppb) | 58672 7.07680 8 286464 476 0.60
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" He (ppb) 11172 1.339984 1562817 476 0.60
| Er (ppb) 32263 | 3.800198 4374048 357 0.60
Tm (ppb) | 04666 0.600919 0.735266 476 0.60

" Yb (ppb) 33237 3.866343 4408968 357 0.60
Lu ( ppb) 0.4829 0.621478 0.76001 357 0.00
Sn (ppm) 51057 6.630857 8.155974 476 298

| Hf (ppm) 12.2626 | 1574367 19.22474 238 1.79
" Ta (ppm) 16695 | 2188095 2 706651 417 1.19
Ge (ppm) 21376 2781436 3.42624 476 298

" Be (ppm) 19178 2 32555 2733298 476 0.60
| U(ppm) 2:6458 3137956 3.630947 2.98 0.00

5.2.1 Correlation Matrix:

correlation matrix 15 a table showing cormrelation coefficients between vartables. Correlation

coefficient is a measure of strength and direction of the linear relationship between two variables.

From bivariate statistical analysis, correlation among the elements was determuined. A

The values of the correlation coefficient can range from -1 to +1. A high positive correlation

(Value close to +1) between a pair of oxides/'elements mndicates high degree of geochemieal
affinity between the pair. A high negative correlation (Value close to -1) between a par of
oxides/elements indicates high negative geochemical affinity between the pair. Arbatranly more

than 085 correlation values between two vanables assume to be very strongly correlated. The

correlation value between 065 and 0.85 1s considered as strong correlation while value n

between 0.3 to 0.65 as moderate. Moderate correlation. strong correlation and very strong

correlations are represented by red. blue and green colors respectively in the correlation tables
(Table nos. 5.2, 5.3 and 5.4).
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Table: 3.2, Correlation matrix of Oxides

Si0: | A0z | Fes03 | TiOs | Ca® | MgO | MnO | NaxO | Kx0 | PaOs
Si0z 1.00
Al2O3 0.25 | 1.00
Fes0; | -0.81| -0.40 1.00
Tio- 018 | 044| -028| 1.00
Ca0 -0.60,|" -0.35 0.36 | -0.12 | 1.00
MgO -0.62 | -0.68 0.47.| -0.50| 054 1.00
MnO -0.54 | -D.34 069 | -0.18] ©023| 023| 100
Na,0 012| o040| -026| 033} 006| 0.20] -027| 100
K0 31| 076| -851) '0:30| -0.22| 0544 034| 0.37| 1.00
P.0Os -0.36| 003|. 034| 026| 039| -001|.027| -0.12| -0.01] 1.00
Table: 5.3. Gorrelation Matrix of Rare Earth Elements
La Ce |Pr. |Nd |Sm_|Eu |Gd |[Th [Dy |Ho |[Ee |Tm [¥b |Lu
La 1.00
Ce 053 | 100}
Pr 0.97 | 094, pi.00
Nd 0.84 | 0.92 }=0.95 | 1.00
Sm 082 | 083| 092|096 1.00
Eu 067 | 0.68| 078 | 0.85 | 0,95 |1.00
Gd 079 | 0.:81| 089|083 | 099|085 | 100
Th 074 | 075 | o84| 08| 097|056 058 1:00
Dy | 672]| 074] os2|087| oss|ossfo9r] 03] 1.00
Ho 074 | 0.75| 082|087 | 0392|080} 094 ] 097 098 | 100
Er 075 | 075| o083 | 086 | 080| DE7 ) 092] ‘095| 0.97 | 0.99 | 1.00
Tm 053 | 055 059|062 067 (063|070 0.71 075|073 | 0.74 | 100
Yb 074 | 073| o80|082| 083 0.78| 084 | 088|031 | 095] 038| 0.72| 1.00
Lu 048 | 047| 053|055| 058|053 | 061| 064|068 | 0.68| 0.70 | 0.89 | 0.73 | 1.00
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Tabla: 5.4 Correlation Matrix of Trace Elements

Ba Co cr Cu Ga N Ni b Ro Sc Er gl Th W ¥ In Z sn HF Ta Ge e
Ba 100
Co ois | 100
o5 06 | 087 | 100
cu 35 | 637 | 023 | 1oO
Ga 034 | 032 | 045 | 033 | 1m0
Nb 024 | 023 | 029 | 009 | 038 | 100
i 0.00 083 | o8s | 07 | @43 | O30 |L10G
Ph 034 | 009 | €19 | 033 | 53 | 0210 w3s | 100
Ry 039 | 032 | 038 | 005 | 089 | 030 |040 | 053 1,;uu Y
[ 026 | 044 | 043 | 058 | 027 | 007 | 047 | 011 | 000 | 100
5 024 | 043 | 057 | 004 | 048 | 028 | 054 | 024 | 030 | D14 100
h 041 | -021 | 026 | 0oz | 053 | o406 031 | 054 | 0383|0080 pis. | 100
v 25 | g26 | 015 | 054 | pag | a1 | oaF | 0as | oo |Vesd | fodi | shos | loo
¥ 033 | 042 | 056 | 023 | 073 | 046 | 049 | 052 | 059 |lo6s || 0so/| osz | 026 | 100
7n 047 | 020 | 028 | 060 | 049 | 018 | 024 | w27 | 033 | os5 | o3| o2& | oS3 | D29 | 1m0
7r 000 | -053 | 050 | 043 | 0Q4 | 027 | 053 ﬁ:r__ar.'[ D22 {931 029 | 033 | 025 | D32 | 032 | 100
&n 003 | -002 | 002 | £02 | 006 |--001 | 002 | D4 | 002 —'Exm 003 -l}-!ﬂ 402 | 001 | DoO7 000 100
HE 005 |04z | 038 | B4z | oos | gas | woas | 0o | oa3coeaz | oes))oe3 || s | dte | 035 | oE7 | woz | oo
Ta 034 | 031 | 035 | 007 | 020 | o075 | 036 | oo7 | 025 |.-028 | 035 | 033)| 0as | 041 | 003 | 032 | 002 | 0z | 1m0
Ge 021 | 080 | 077 | D49 | oo | 003 | 073 | o4 | 031 | 07| w39 | 000 | D46 | 018 | 059 | 048 | O05 | 046 | 023 | 100
Be 043 | -010 | 023 | D32 074 | 040 | 023 | 063 pg3 | oz | 02 | 073 | D=3 067 D47 | 047 00 009 030 015 1.00
u 038 |02 | 024 | 012 | o4 | 023 | 035 | 057 | oB9 | op4 | D14 | DEE | o004 | 041 | D1 | osp | o4 | o2 | P3F | wao | oeo
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5.3. Distribution of Major Elements in the Stream Sediments

The major oxides represented by the 10 elements (1e. 510;. ALOs Fe 05 Ti0s,
Ca0, MgO, MnO, Na;O_ K20 and P20s) forms the basic building block of all major rock
forming munerals. This major oxide plavs a vital role in understanding the petrogenesis of
igneous, metamorphic and sedimentarv rocks. The Si03 is used as an important mdex
mineral for petrogenstic studies of 1zneous rock as ‘an mdex of magmatic differentiation
The higher values of 5103 in the study area are confined within the Paleogene Disang and
Barial sediments are exposed. The Fe203 and MgO shows higher values in the eastern part,
where mafic/ultramafic rocks are well exposed with varying thickness of lateritic soil
capping is developed above the protolith rock. The CaO shows shows higher values along
the eastern part of the study area where exotic limestone blocks and thinly interbedded
marl and shale of the Ocean Pelagic Sediments are exposed.

5.3.1 Silicon (Si):

25.25

252

Z5.16

20,14

25,05

2425 = 3 ] 94.5

1] 2.5 i 10 kin
Scale

Fig. 5.1a Spatial distribution of 5i0), mn the Sream sediments.
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o Class Interval | Frequency | Cumulative %
Histogram 40 4 2.38%
TE 120.00% 45 ? E._ES%
100.00% 50 6 10.12%
80.00% 55 17 20.24%
. 60 43 45.83%
7 65 61 82.14%
i 70 25 97.02%
- 2000% . 75 4 99.40%
-+ o.oo% 80.02 1 100.00%
@#ﬁ!"h"@é"ﬂﬁ‘*‘?& ,.f:::'!uf ;
e —&— Cumulntive % I“fi !I'r,-"’. g‘:‘u
Cor- §)

Fig 5.1b. Spatial distribution of Si0. in the stream sediment slope wash samples
' overlaid on geology of the ztudy area.



510: in stream sediment

The median value of 5107 in stream sediments 15 59.26 % with values varies from
36.61 to 80.02 %% (Annexture-I). The maximum concentration is observed from Paleogene
Barail sediments (Grid No. 161 of T.5. No. E3K/8). The mummum concentration 1s
recorded from the eastern part of the study area, where the Ophiolite sutte of rocks are
exposed (Grid No 24 of T.S. No. 83K/8).

The distribution of 8103 in the area as evidenced from the contour map (Fig 3.1a) 15
mainly controlled by the underlying inherent hthology that contributes sediments to the
stream/river systemn. The western part of the area shows higher 510; concentration, which
corresponds to Paleogene sediments as compared with the sastern part of the area where
Ophiolite Belt 15 exposed (Fig 5 1b). The very fine grained quartz'feldspar/clay might have
contributed 510; to the adjoining streams,

In the eastern part of the study area. the weathering of the silicate mineral phases in
the ultramafic sutte of rocks like olivine, pyroxene and feldspar could have contributed
5107 1n the adjoming streams.

In stream sediment, 510> shows positive correlation with Al:Os, T10;, K70 Na;O
and Zr but shows negative correlation with Fe:0s. CaD, Mg0Q and MnOQO. The strong
positive correlation between 810 and Zr and Ti0> suggest the presence of rutile and ziwcon
as heavy mineral m the stream sediments in the western part of the area, where the

Paleogene sediments are exposed.
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5.3.2. Aluminium (Al):
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| .'_.r TE
Al20: in stream sediment

The median value of ALOs in stream sediments is 14.58 %. The variation of ALOs
content 15 3.01 to 20.02% (Annexture-1) with maximum concentration in the eastern part of
the study area (Grid No.101). The lithology associated with the sample is mostly of
Paleogene sediments represented by shale. The stream sediments shows close to normal
distribution with negative skewness value of -1.38 and positive kurtosis of 3.05.

The distribution of él‘a_ﬁ)g. in the area is mainly mm;,callbdby the presence of
phvllosilicate clay minerals within shale (Fig. 5.2b). The source for the alumina rich clay
may be from the weathering of feldspar in sandstone and siltstone. ALO;3 has good positive
correlation with TiO;, NayO and K;0. which suggest the presence of phylllosilicate clay
minerals, in the western part of the study area dominated by the Paleogene sediments.
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5.3.3. Iron (Fe):

25.25

252+

2515+

258.9-
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Fig. 3.3a Spatal distmbution of Fe 0, in the stream sediment zlope wash samples

Frequency

a0

™

Histogram

~ 13000%
100.00%
BODD
3.00%
An O

- RO
o00%

LR R S R it x"ﬂ]{‘-‘ —8— Cumulative %
Fesy% 2

Class Cumulative
Interval Frequency %

3 2 1.19%
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Fe;0; in stream sediment
The median value of Fe:O; in stream sediments is 6.48% and the values varies
from 236 to 29. H‘L’-ﬁ[ﬁnnexturglj.fshov{ipg maximum value m the south western corner of
the study area (Grid No.10) where transitional peridotite (hurzburgite) is exposed. The
distribution is positive skewed with a value 2.90 of and positive kurtosis of 9.49.

In general stream sediment samples having its provenance from the Ophiolite Belt
shows higher value of Fe;Os (Fig. 5.3b). The high degree of serpentinisation of the
rivafifulinamaiis el inhe Onlsotite eI YD Connrihiie the FesOs: i sems sailimens
as supported by the good positive correlation with CaO, MgO. MnO. Co, Cr and Ni.
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5.3.4. Manganese (Mn):
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MnO in stream sediment

The median value of MnO in stream sediments is 0.05%, and the values vary from
0.03 to 1 68% (Annexture-T) showing maximum value i the south eastern part of the study
area (Grid No. 64) where Ophiolite body is exposed. The distribution is pgsﬁn‘ciy skewed
with a value of 5.11 and positive kurtosis of 33.73.

The higher values of MnO lie mostly in mafic/ultramafic exposed areas (Fig. 5.4b).
The higher zones of MnO may be due to the presence of metamorphic origin minor
manganese bearmng muneral phase m the thrusted contact zone. The MnO shows strong
positive correlation with FeaO3, MgQ, P20s, Co, Ni. Cr, Cu and Ba. This may be due to the
presence of MnO as accessorv phase within olivine and pyroxens mineral of
mafic/ultramafic rocks of Ophiolite Belt exposed in the eastern part of the study area.
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5.3.5. Magnesium (Mg):
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MgO in stream sediment

The median value of MgO in stream sediments is 1.44% with values varies from
059 to 24.92% (Amnexture 1) showing maximum Value i the eastern part ofthe study area
(Grid No. 101) where the Ophiolite sutte of rocks are exposed. The distribution pattern
showa Pﬂﬁtﬁﬁmsg‘ ﬂf 4 .38 and posttive kurtosis value of21.22.

The distribution of MgO is comparatively higher in the eastern part of the study
area where Ophiolite bodies are exposed (Fig 5.5b). MgO has a strong positive correlation
with Fe:0Oy, CaO, MnO, C‘a; Ni and Cu. which suggest the presence of mafic/ultramafic
peridotite rock minerals that has undergone serpentinisation and subsequent weathering of
Mg bearing mineral phase like olivine, pyroxene, amphibole, spmel. serpentine and talc.
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5.3.6. Calcium (Ca):
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Ca0 in stream sediment

The median value of CaO i stream sediments is 0.40% with values varying from
0.06 to 2.09% (Annexture-I) showing maximum value i Grid No 24 where mafic and
ultramafic rocks are exposed. The distribution is highly positive skewed and kurtosis with
values of 1.81 and 4 24 respectively.

Ca0 distribution map shows higher concentration is slightly higher in the eastern
part of the area. where the exotic limestone blocks and thinly bedded chert are exposed at
the outcrop (Fig. 5.6b). CaO in stream sediment has a strong positive correlation with
MgO. Fe:0; NaxO & Sr suggest the presence of limestone which is supported by the field
evidence of exotic limestone blocks and thinly bedded mar] with Olistostrome and Ocean
Pelagic Sediments.
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5.3.7. Sodium (Na):
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Fig. 5.7a. Spatiz]l disinbution of INa /0 in the stream sediment/slope wash zamples.
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The median value of Na;O in stream sediments is 0.45% with values varying from
0.07 to 1.42% (Annexture-T) showing maximum value in the south western corner of the
study area, Grid No.43 of T.S. No. 83K/ where rocks of Ocean Pelagaic Sediments are
exposed. The lower values of NayO are observed all along the geological terrain (Fig. 5.7a
& b) and shows both positively skewed and kurtosis having values of 0.81 and 1.34
distribution is respectively. |
The NaO is alkali metal and associated mamly with silicate mineral phases like
feldspar in shale, siltstone and sadstone of Disang and Barail rock. In the Ophiolite rock
NayO 1s associated with feldspar mineral phase in basalt, plagiogranite and gabbro. The
lower values of Na>O suggest that the Na;O released by the weathering of feldspar mineral

into clay is strongly dispressed and dissolved i the water media and leached out of the
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system The positive correlation of Na;O with other mobile elements like CaO, K0 and Sr

supports the same.

5.3.8. Potassium (K):
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Fig. 5.8a Spatial distributicn of K.0 in the stream sediment slope wash samples.
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Fig. 5.8b. Spatial distribation of K.O in the stream sediment’slope wash samples
overlaid cn geology of the study arez.
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K:0 in stream sediment

The median value of K;O 1n stream sediments 1s 1.77% with values varying 0.18 to
3.37% (Annexture-I) showing maximum value in the south sastern corner of the study
area, Grid No.23 of T.5. No. 83K/8 where Olistostromal lithounit are exposed. The

distribution is represented by a negative skewness of -0.12 and positrve kurtosis of 1.74.

Potassmum is very soluble and occurs as sumple cation K+ over the entire stability field of
natural water (Brookins 1988). But its mobility 15 limited by s incorporation mto clay minerals,
adsorption mto surface of the clay minerals and organic matter. and consumption by growing
plants and thus does not get flushed out of the provenance. Hence, K;0 content in stream
sediments 15 mversely propertional with gram size; $10; decreases and K;O increases in fine
gramed samples. K70 shows positrve correlation with Al O3, 510;, T10; and St

5.3.9. Titanium (Ti):
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Fig. 3.9a Spatial distribution of Ti0, m the stream zediment zlope wash samples
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TiO- in stream sediment

The median value of T10; in stream sediments 1s 0.87% with values varying from
0.22 to 1.97% (Annexture-I) showing maximum valie i Grid No_ 63 of 83K/ where the
Ophiolite sutte of rocks are exposed. The distribution of T10; 15 almost uniform throughout
the area (Fiz. 5% & b). The stream sediments show close to normal distribution with
postive skewness value of 121 and positive kurtosis of 5 85 and doesn't show good
posttive/negative correlation with other oxides/elements. This mav be due to the absent of
may be due to absence of TiD: bearing mneral phases like rutile, which 1s commonly

associated with felsic 1gneous rock and the studv area i the eastern part 1s dommated by
the mafic/ultramfic rocks of Ophiolite Belt.

5.3.10. Phosphorous (P):
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Fig. 5.10a. Spatial distribution of P; O in the stream sediment/slope wash samples
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Fig. 5.10b. Spatial distribution of PO, in the stream sediment/slope wash samples
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P>0: in stream sediment

The median value of P20s in stream sediments 15 0.13% with values varying from
0.06 to 0.46% (Annexture-T) showing maximum values i the south eastern part of the
study area, Grid No. 63 of T.5. No. 83K/8 where the Ophiolite rocks are exposed. The
distribution is positively skewed with a value of 1.71 and positively kurtosis of 3.78. The
overall P2O; values are low in the area (Fig. 5.10a & b). Slightly higher values are
observed in hilly areas. where terrace agriculture farming s practice by the locals. The
positive correlation with Mn0, Fea0s;, Ti0: and Ca0 not much geogenic control The
slightly high values of P20s; mawv be due to anthropogenic factor of using fertilizer in the
agriculture farm.

5.4. Distribution of Trace Elements in the Stream Sediments

The trace element plays a vital role in understanding the petrogenesis of igneous,
metamorphic and sedimentary rocks. The 22 trace elements (Ba. Co. Cr, Cu, Ga, Nb, N1
Pb.Bb, Sc, 5r. Th, V. Y. Zn. Zr, Sn, Hf Ta. Ge, Be and U) were analysed in the present
study. The trace elements like Y, Th. Zr. Nb. T1 and Sc are most sutted trace elements for
provenance and tectonic setting because of ther relatively low mobilty durmg
sedimentary processes and low residence time in sea water (Holland_ . 1978). In general the
incompatible trace elements like K. Rb. 5r, Ba, Zr and Th are more concentrated in the
sediments represented by the Paleogene Disang and Ocean Pelagic Sediments. The trace
elements like Ni, Co and Cr are compatible with mantle phase minerals like olivine,
pyroxene, spinel and garnet The higher values of N1 Co and Cr are observed from the
eastern part of the study area where mafic/ultramafic rocks are well exposed. Cr being a
trace element plays the major role in chromitite rock, which 1s well exposed i the
Ophiolte Belt of the study area. The high amount of Cr and N1 are stongly dispersed mto

stream sediments dertved from the mafic/'ultramafic provenance.
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5.4.1. Barium (Ba):

2525

Fig. 5.11a Spatial distribution of Ba in the stream sediment'slope wash samples
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Ba in stream sediment I 1__
The median value of Eﬂﬂsﬁﬁiﬂ imaita
25 to 844ppm (Annexture-1T) showing maximum value in the north eastern part of the
study area, Grid No. 128 of T.S. No. 83K/8 where the exotic limestone blocks and thinly
intercalated marl with volcanosedimentary facies of Ocean Pelagic Sediments (OPS) are
exposed. The stream sediments show positive skewness and kurtosis with values of 1.52

and 3.03 respectively.

The distribution of Ba in the area is higher in the OPS but slightly lower in the
Paleogene sediments (Fig. 5.11a & b). Ba has good positive correlation with most of the
major oxides except Si07. MgO and Na;O. The higher values of Ba in the OPS and areas
where exotic limestone blocks having caverns are exosed may be due to meteoric water
leaching of some barite veins within limestone and marl and subsequently concentrated
within the stream sediments.
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Fig 512a Spatial distribution of Ga in the stream
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5.4.3. Scandium (Sc):

2525

Fig 5.13a Spatial distribution of Sc in the stream
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The median value of Sc in stream sediments is 16 ppm with values varying from 3
to 36 ppm (Annexture-I) showing maximum value in the south castern part of the study
area, Grid No. 64 of T.S. No. 83K/8 where OPS and mafic-ultramafic rocks are exposed
(Fig5.13a & b). It shows positive skewness and kurtosis values of 1.51 and 4.80
S i . 3 i
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5.4.4. Vanadium (V):
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V in stream sediment

Vanadmuum in stream sediments has a median value of 1215 ppm with values
varying from 54 to 375 ppm (Annexture-TI) showing maximum value in the south castern
part of the study area. Grid No.63 of T.S. No. 83K/8 (Fig 5.14a & b) where cumualate
peridotite host podiform massive ferric chromite. Petrographic studies of harzburgite rock
shows chrome spiel ﬂﬂdmﬂgﬂeﬁt&‘mlmmhmhamgﬂe The V may be
associated with mantle mineral phases like ferric chromite and magnetite and the
subsequent serpentmisation and weathering of the rock may have contributed to the stream
sediments.
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5.4.5. Thorium (Th):
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2515+

Fig 5.152 Spatial distribution of Th in the stream sediment/slope wash samples.
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Th in stream sediment

The median value of Th in stream sediments is 10.14 ppm with values varying from
2.72 to 1927 ppm (Annexture-1T). The slightlty high values are observed in Disang and
OPS sediments, the maximum values in the south eastern part of the study area, Grid No.
12 of T.S. No. 83K/8 where OPS shale arc well exposed (Fig. 5.15a & b). The distribution
is positive skewed with a value of 0.27 and positive kurtosis of 0.94. Th being a robust
relative immobile radioactive element and is mostly assocla‘ted with fine grain sediments,
which can have both proximal and distal provenance and shows good positive correlation
with radioactive.

97



3.4.6. Lead (Pb):
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Pb in stream sediment

The median value of Pb in stream sediments is 17 ppm with values varving from 2
to 38 ppm (A‘iﬁez:l‘ﬂm—ﬂ} Tlmh:ghe:rvahle! of Pb are observed where Ophm}ite rocks are
exposed. The higher values are observed in near tectonic contact zone between Ophiolite
and OPS (mostly marl thinly interbedded with shale) with maximum value observed in
Grid No.23 of T.S. No. 83K/8 (Fig.5.16a & b). The distribution is very near to normal
distribution with positive skewness and kurtosis values of 5.68 and 53 80 respectively. The
higher values of Pb may be due to the presence of some Pb bearing metamorphic mineral
phases at the tectonic contact zone.
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5.4.7. Nickel (Ni):

Fig 5.17a Spatial distribution of Ni 10 the stream sediment/slope wash zamples.
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The median value of Ni in stream se nts is 96 5ppm with values varying from
17 to 5681 ppm (Annexture-IT) showing maximum value in the eastern part of the study,
where the mafic/ultramafic rock hosting podift chromite are well exposed. The
maximum value is observed in Grid No. 102 of T.S. No. 83K/8. where, vm]nng,ﬂnchms
of lateritic soil capping 1s above the mafic/ultramafic rock (Fig.5.17a & b). The distribution
is positively skewed and kurtosis with values of 3.635 and 15.08 respectively.

Ni shows strong positive correlations with Fe03. MgO. Cr and Co. which may be
due to the presence of N1 bearing mineral phases within the lateritic soil profile are mamnly
goethite., garmierite and ulmannite. The high Ni values in the eastern part of the studv area
can be accounted dus to the weathering of the lateritic soil (duricrust. plasmic and saprolite

soil) that has contributed Ni in the stream sediments.
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5.4.8. Cobalt (Co):
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Fig.5.18a Spatial distribution of Co in the stream sediment slope wash samples
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Co in stream sediment =M

The median value of Co in stream sediment is 23 ppm with values varying from 2
to 678 ppm (Annexture-II) showing maximum value in Grid No. 182 of T.S. No. 83K/8
where Ophuolite suite of rocks are exposed. The stream sediments show very near to
normal distribution with positive skewness value of 5.26 and positive kurtosis of 37.99.

The distribution map shows a high concentration in the eastern part of the area,
where the Ophiolite rocks are well exposed (Fig. 5.18a & b). However, relatively low Co
concentration is noted within the Paleogene sediments. The Co fiom the stream sediments
derived from the Ophiolite Belt in the eastern part shows very strong positive correlation
with Fe;0;. Ni and Cr. suggesting the association of Co in mineral phases like garnierite
and cobaltite within the lateritic soil. The subsequent weathermg may have contributed Co
i Phie i e imsnte.
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5.4.9. Rubidium (Rb):

" ﬁls § . 10 L

By + 1I0.00% - - %
™ 100.00% .20 1 0.60%
&0 an 2.:3}3%_
BICOM = r
= 60 14 11.31%
E = sanan 80 43 36.90%
%0 - ..1:::_1 ?1 79.17%
120 26 94.64%
10 [Fe 140 5 97.62%
" o 165 4 100.00%
na 40 & &l 108 120 144 65
W —@— Curmalatv= %

104



B v tiey [ tepm oy
Py I A

—

Rb has 2 median vale of §7.01ppm in stream sediments of the area with values
varying from 18.30 to 164.66ppm (Annexture-IT). The higher values of Rb correspond to
carbonate rocks mostly exotic limestone blocks and thinly interbedded marl with volcano-
sedimentary facies with maximum value observed in Grid No. 23 of T.S. No. $3K/8 (Fie
5.19a & b). The distribution show positive skewness and kurtosis with values of 0.09 and
1.6 respectively. Rb shows good positive correlation with other radioacti
St. Thand U.

ve elements like
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5.4.10. Strontium (Sr):
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Sr in stream sediment . = '.‘.‘.'-"'. e i

The median value of S in stream sediments is 69.50ppm with values varying from
14 to 210ppm (Annexture-IT). The high values of Sr i the study area correspond to the
eastern part of the study area_ where carbonate sedimentary facies are exposed. The highest
value is observed in Grid No_ 49 of T.S. No. 83K/8 where a hillock of exotic limestone
block with interconnected cave is exposed (Fig.5.20a & b). The distribution is positive
skewed and kurtosis with values of 1.00 and 6.14 respectively.

The Sr does not occur in free state m nature and occur mostly in association with
other minerals dominantly carbonate. Sr similar atomic radii with Ca can have mutual
substiution with each other (Maronie Wilson., 1989). The extensive dissolution of
limestone by the meteoric water as evident by the interconnected caves within limestone
block may have contributed Sr in the sedmments.
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5.4.11. Yttrium (Y):

25.25-

Fiz. 5.21a Spatial distribution of ¥ in the stream sediment/slope wash samples.
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The median value of Y in stream sediments is 27 ppm with values varying from 5
to 53 ppm (Annexture-TT). The higher vahies of Y are observed from the eastern part of the
study area, with maximum value in Grid No.77 of T.S. No. 83K/8 where rocks of Ophiolite
and OPS are exposed (Fig. 5.21a & b). The distribution is positive skewed and kurtosis
with values of 0.70 and 450 respectively. Y behaves as an incompatible clement
resembling HREE. The h:gh'ualuﬂs of Y in the ophiolite belt ‘may be due to the presence
el phése: Tk garnci e sphibole. b 1l e Rplliots déieved Tom 1he
mafic/ultramafic rocks. |
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5.4.12. Zirconium (Zr):
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Fig. 5.22a Spatial distribution of 71 in the stream sediment/slope wash samples.
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Zrm stream sediment N m nmy

The median value of Zr mstrﬂnmdmxwtsml?& 5 ppm with wh:esvarymgﬁmm
31 to 575 ppm (Annexture-TT). The higher values of Zr are observed mtthﬁstﬂmpﬂn of
ﬂlesmdymwhﬂel’ﬂimgene s&dimeﬁisareeqused_Thﬁmamm value in the south
easten corner of the study area in Grid No. 41 of T.S. No. 83K/8 (Fig 5 22a & b). It shows
positive skewness and kurtosis with values of 0.81 and 4.64 respectively. The strong
positive correlation of Zr with major oxides like $10; and TiO; suggest the presence of
zircon as a heavy mineral phase within the Paleogene derieved stream sediments.
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5.4.13. Niobium (Nb):
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The median value of Nb in stream sediments of the study arca is 12 ppm with
values varying from 0.25 to 39 ppm (Annexture-IT). The higher values of Nb are observed
withidithe OPS; with maximun valiein the north casteen part of the seady aréa, Giig No.
142 of T.S. No. 83K/§(Fig.5.23a & b). The underlying lithology is represented by thinly
interbedded ‘marl with tuffaceous variegated shale. It shows a positive skewness and
kurtosis values of 2.28 and 10 89 respectively. Ta shows very strong positive correlation
with Nb.
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5.4.14. Chromium (Cr):
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Cr in stream sediment B ST

The median value of Cr in stream sediments is 229 5ppm with a range of values
from 52 to 4810ppm (Annexture-IT) showing maximum value in the north eastern corner of
the study:area; Grid No. 182 of T.S. No. ‘83K/8 where rocks of Ophiolite suite are well
exposed. The distribution is highly positive skewed with a value of 2.95 and positive
kurtosis of 7.9,

Cr content of the whole area is almost high However, the maximum concentration
of Cr is confined along the eastern part of the area. where Ophiolite rocks are well exposed
(Fig.5.24a & b). Cr shows strong positive correlation with Fe;0s;, Ni, Co and Cu suggest
good prospect of chromium minerlisation which is collaborated by the field evidence of
podiform chromitite within the transttional and cumulate peridotite. Chromium occurs m
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the environment primarily in two valence states, trivalent chromium Cr (III) and
hexavalent Cr (VI). Cr (III) is much less toxic than Cr (VI). Toxicity of Cr in soils and
stream sediments is less compared to that of water (Das & Mishra 2007).
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Fig.3.23b.Spatial distribution of Cu in the stream sediment’slope wash samples
overlaid on geology of the study area.
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Cu in stream sediment

The median value of Cu in the stream sediments of the study area is 32ppm with
values varying from 9 to 71ppm (Annexture-IT). The high values of Cu are observed in the
castern part of the study area, where mafic/ultramafic rocks are exposed. The highest value
is observed in the south eastern corner of the study arca in Grid No. 11 of T.S. No. 83K/8.
The distribution is positive skewed and kurtosis with values of 0.7 and 1.35 respectively.

The distribution pattern of Cu is more in the sheared zone of Ophiolite body (Fig.
5.25a & b). which 1s ﬁudﬂutb}'theﬁm&quaﬁ.hﬂt stain within serpentinised
peridotite Cu shows a strong gﬂﬁdﬁﬁﬁﬂ% fation

lation .ﬁ%ﬁ. CrmdFEﬂh
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Fig.5.26a Spanal disiribution of Zn in the sitream sediment 'slope wash zamples.
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Fig.5.26b.Spatial distribution of Zn in the stream sediment/slope wash samples

overlaid on geology of the study area.
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Zn in stream sediment

The median value of Zn in stream sediments 1s 91 ppm with values varyving from 36
ppm to 157 ppm (Annexture-IT) showing maximum value in the southern part of the study
area, Grid No_ 10 of T.S. No. 83K/8 where Ophiolite rocks are exposed (Fig. 3 26a & b). It
shows positive skewness and kurtosis with values 0f 0.33 and 1.13 respectively.

5.4.17. Beryllium (Be ):
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Fig.527a Spatial distribution of Be m the stream sediment /slope wash samples
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Histogram
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Fig.3.27h.Spatial distribution of Be in the stream sediment /slope wash samples
overlaid on geology of the study area.
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B i e sodinsent

The median value of Be in stream sediments is 1.51 ppb with values varying from
0.44 to 2.75 ppm (Annexture-IT). The high values of Be are observed mn the eastern part of
the study area, where the Ocean Pelagic Sediments are exposed (Fig. 5.27a & b). The
haighest value in the samhwesmmfﬂm Eﬂ:lﬂ?‘ﬂaaiﬂ Grid No. 29 of T.S. No. 83K/8
where the Olistostrome, Paleogene wﬂmsﬂ The distribution 1s positive
skewness and kurtosis waﬂi whles-dfﬁB-i and 0. ﬁtm&m&hr The Be showmg high

values mﬁmmof{lmmmybednetufhnmafﬂebwmgmmaﬂpm

Fig 3.28a Spatial distribution of Ge in the stream sediment'slope wash samples
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Class Interval | Frequency | Cumulative %
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Fig.5.28b.Spatial m{!f Ge mﬂmmw&m wxsh samples
overlaid on geology of the study area.
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Ge in stream sediment

The sdiin; vilic oF Ge it sticaiivssdiments i 133 ppb with valods varvine G
0.66 to 542 ppb (Annexture-IT) showing maximum value in southern part of the study
area, Grid No. 10 of T.S. No. 83K/8 Whﬁemﬁm dfaphjcliie and olistostrome are exposed.
The distribution is positive ﬂ;ewe:d and lcmtc,ﬁm with a value of 3.16 and 1298
respectively. Thed:m*hn _I--mmmmmwig, 5.28a & b).

5.4.19. Tin ﬁn}:
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Fig.5.29% Spatial distribittion of Sn in the stream sediment/slop
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Sn in stream sediment
The median value of Sn in stream sediments is 3.48 ppb with values varying from
0.48 to 11.13 ppb (Annexture-II). The distribution is positive skewness and kurtosis with
values of 1.80 and 6.06 respectively. The higher values of Sn are observed with the OPS
and Disang sediments, with 1 m!ﬁﬁmmﬂhﬂnpﬂtﬂfthestud}fmmﬁmi
 Paleogeas sedimentary rocks are exposed (Fig 529
&Bb). The high values in the mmamybe&ueﬁﬁgmeamnbwmgmw
minerals likﬂ*i:assﬁuﬁe within the sedimer

No. 138 of T.S. No. 83K/8 whﬂ;" 3

e

5.4.20. Haﬁ:mﬁﬂfﬂ
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Scale

Fig.3.30a Spatial distribution of Hf in the stream sediment slope wash samples.
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Fig 5 30b_Spatial distribution of HE in the streamy sediment slope wash samples
overlaid on geology of the study area.

Hf in stream sediment
The median value of Hf m stream sediments is 8.69 ppb with values varymg from

1.80 to 26.93 ppb (Annexture-IT). The high values of Hf are observed in the western part of
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the study area where the Paleogene Disang and Barial sediments are exposed. with
maximum value in Grid No. 41 of T.S. No. 83K/8 (Fig.5.30a & b). The distribution is
positive skewness and kurtosis with values of 1.52 and 6.65 respectively. Hf shows a very
strong positive correlation with Zr as well as shows positive correlation with Th and U,
which suggest the presence of Hf within Zircon mineral within the Paleogene sediments,
which are subsequently fractionated into streams sediments due to weathering.

5.4.21. Tantalom (Ta):

25.25+
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Fig 53 liﬁpzﬁﬂ distribution of Ta in the stream sediment/slope wash samples.
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Ta in stream sediment

The median value of Ta in stream sediments is 1.10 ppb with values varying from
1.13 to 4.16 ppb (AnnextureIT). The higher values of Ta are observed within the OPS,
with maximum value in the north eastern part of the study area in Grid No. 142 of T_S. No.
83K/ (Fig.5.31a&b). The underlymg lithology is represented by thinly interbedded marl
values of 1.60 and 6.96 mpmaﬂy Ta shnwsver]r strong positive correlation with Nb.

5422, Eﬁmﬂﬂ%@? \- S U E;E L@-} I.
. e~ P e

2525

Fig. 3.32a Spatial distribution of U in the stream sediment'slope wash samples.
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Fig.5.32b.Spatial distribution of U in the sream sediment/slope wash saimples
overlaid on geclogy of the study area.
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U in stream sediment

The median value of U in stream sediments is 2 .16 ppb with values varying from
0.67 ppm to 333 ppb (Annexture-II) showmg maximum value in south western part of the
study area, Grid No. 29 of T.5. No. 83K/ where the Paleogene Disang, Olistostrome and
OPS sediments and are exposed (Fig. 3. 32a&b). The distribution 1 negative skevness with
values of -0.28 and positive kurtosis with values of 137 respectively. U shows strong

positive correlation with radioactive elements like Rb and Th

5.5. Distribution of Rare Earth Elements in the Stream Sediments:

The rare earth elements (REE) are the most useful of all trace elements and
BREE studies have important applications in igneous. sedimentary and metamorphic
petrology. The REE comprise the series of metals with atomic muombers from 57-71 1e_ La
to Lu. The REE are divided into three series as hight rare earth elements (LREE: La. Ce_Pr.
Nd. Pm and 5m), meduumn rare earth element (MREE: Eu, Gd, Th and D};} and heavy rare
earth element (HREE: Ho, Er. Tm. Yb and Lu) depending upon the atomic numbers. All
the REE form +3 ions of similar ionic radii and thus show similar physical and chemical
properties. However the small but steady decrease in 1onic radu with mcreasing atomic
number 15 responsible for small differences m thewr behaviour which 15 explotted by a
number of petrological processes causmg the REE series to become fractionated relative to
each other. It 15 this phenomenon which 1s used in geochemistry. The REE are regarded as
amongst the least soluble trace elements and are relatvely immobile during low-grade
metamorphism. weathering and hydrothermal alteration. All the REEs show very strong
positive correlation with other each other. The stream sediment samples shows shight
enrichment of LREE as compared with the MREE and HREE, with overall higher REE
dispersion values confined within south eastern part of the study area. The lithofacies
exposed 13 dominantly of thinly mterbedded marl variegated tuffaceous volcano
sedimentary facies and shale.

132



5.5.1. Lanthanum (La):
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Fig.5.33a Spatial distribution of La in the stream sediment’zlope wash samples.
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10.48 to 58.16 ppb (Annexture-1IT) showing maximum value in the south eastern corner of
the study area, Grid No.13 of T.S. No. 83K/8 where rocks of ocean pelagic sediments are
exposed (Fig.5.33a & b). The distribution is positive skewed with a value of 0.24 and
positive kurtosis of 0.75.
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5.5.2.Cerium (Ce):

2525

252~

25,1~

25.05-

Fig.5.34a Spatial distribution of Ce in the stream sediment /slope wash samples
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Ce in stream sediment

The median value of Ce in stream sediments is 58.5 ppb with values varying from
1500 e TR N s (S et itn e 1T, i i b i eastern part of the
study asea, GridNo: 114 of E:S. No. B3RS where peean pelagic sediméntsiind aphiolite
are exposed (Fig.5. 3411&11} 'I']mdmﬂﬁmnlsposmw skewed with a valie of 0.66 and
pnmtneku:tﬂs:scflflﬁ mmﬂﬂf(}e mﬁﬂer'sa:hﬂ:lﬁ:tsmmmeasthcﬁner
sediments has more surface area and adsorbed on the surface.
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5.5.3. Praseodymium (Pr):
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Fig.5.35a Spatial distubution of Pr in the stream sediment/slope wash samples.
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Class Interval | Frequency | Cumulative %
4.00 a 4.76%
6.00 23 18.45%
8.00 86 65.64%
10.00 36 91.07%
12.00 H 97.62%
14.00 3 99.40%
16.00 1 100.00%
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Pr in stream sediment

The median value of Pr in stream sediments is 7.11 ppb with values m}_&m
2.07 to 14.65 ppb (Annexture-1IT) showing maximum value in eastem part of the study
arca, Grid No. 114 of T.S. No. 83K/8 where ocean pelagic sediments and ophiolite are
exposed (Fig 5:35b). The distribution is positive skewed with a value of 0.53 and positive
kurtosis of 1.56. The distribution map shows uniform and moderate distribution (Fig.
5.33a). . -
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5.5.4. Neodymium (Nd):
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Fig 5.36a Spatial distribution of Nd m the stresm sediment/slope wash samples.
Histogram
oo 230005 =
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B
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area, Gnll No. 114 of T.S. No. BEKJ’E wham_ﬁtean pelagﬂ: sediments and ﬂphﬁiﬂc are
exposed {F@&Qiﬁh}'}:’lﬁ distribution is positive skewed w‘lthavahmnfﬂ_?ﬂgmi positive
kurtosis of 2.5. The Nd distribution map shows moderate values throughout the area as
shviri i Fig 5,368, |
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5.5.5. Samarium (Sm):
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Fig.5.27a Spatial distnbution of Sm in the siream sediment/slope wash samples.
Histogram Class Interval | Frequency | Cumulative %
B0 - g A 2.40 4 2.38%
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i T 3.60 5 98.21%
i {0
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Sm in stream sediment

The median value of Sm in stream sediments is 31.01 ppb with values varying from
1.50 to 12.73 ppb (Annexture-IT) showitig maximum value in the eastern part of the study
area, Grid No. 115 of TS. No. 83K/8 where rocks of OPS and Ophiolite are med (Fig.
5.37b). The distribution is positive skewed with a value of 1.23 and positive kurtosis of
441 The distribution map shows uniform and normal distribution throughout the study

area (Fig. 5.37a).
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5.5.6. Europium (Eu):
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Fig.3.38a Spatial distribution of Eu in the stream sediment slope wash Samples.
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Eu in stream sediment

The median value of Eu in stream sediments is 1.20 ppb with values varying from
0.25 ppb to 2.97 ppb (Annexture-III) showing maximum value in the eastern part of the
study area. Grid No. 114 of TS. No. 83K'S where Barail Group of rocks are exposed
(Fig.5.38b). The dfﬂﬂhmmmpﬂsiiweskewﬁmm a value of 1.004 ap¥ositive urtosi
of 3.23. '

The distribution map shows relatively moderate values with uniform distribution in
major part of the area (Fig. 5;3!5?3). Fu 1= strongly fractionated mnto feldspar durmng
fractional cyrstallisation of magma.
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5.5.7. Gadolinium (Gd):
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Fig 5.3%a Spatial distribution of Gd in the stream sediment/slope wash Samples
Histogram Class tatervol | Frequency | Cumulative %
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. &0.00% 6.00 69 79.17%
g 7.20 18 89.88%
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The median value of Gd in stream sediments is 5.12ppb with values wm]rmgﬁhm
15t0 12.65ppm (Annexture- ﬂl}shﬂﬁ'mgmanmmwhemthe eastern part uft&_,;tud}r
area. Grid No. 114 of T.S. No. 83K/8 where rocks of ophiolite are exposed EFlgﬁ_?sz),
The distribution 1s positive skewed with a value of 1.26 and positive mmsmﬂidjﬂ

Gd shows uniform and relatively low distribution throughout the area (Fig. 5.39%).
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5.5.8. Terbium (Th):
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Fiz 540z Spatial distribution of Th i the stream sediment slope wash samples

Freque sy

Histogram

a0 60 000 108 120 100 150 180 280

Th [ppb)

—— i etive 3

= 120.00%

100.00%%

& OEs

Bl e

Al D7

HIDrs

+ 0.0

il 1.5 10 km
Scale

Class Interval | Frequency | Cumulative %
0.40 7 A4.17%
0.80 16 13.69%
0.80 74 57.74%
1.00 43 86.31%
.20 15 95.24%
1.40 ) 98.21%
1.60 2 99.40%
1.80 0 99.40%
2.00 1 100.00%
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' The median value of Tb in stream sediments is 0.76 ppb with values varying from
0.22 to 1.90 ppb (Annexture-TIT) showing maximum value in eastern part of the study area.
Grid No. 77 of T.S. No. 83K/8, where the ophiolite rocks are exposed (Fig.5.40b). The
distribution is positive skewness and kurtosis with values of 0.88 and 3.69 respectively.

Tb shows uniform and relatively low distribution throughout the area (Fig. 5.40a).
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5.5.9. Dysprosium (Dy):

25.25

Fig.5.41a Spatial distribution of Dy in the stream sediment slope wash samples

Hist i Class Cumulative
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Dy in stream sediment

The median value of Dy in stream sediments is 4.53 ppb with values varies from
1.30 to 10.56 ppb (Annexture-IIT) Shﬂwlﬂgﬁmﬁnmm value in the eastern part of the study
area, Grid No. 77 of T.S. No. 83K/8, where the ophioite rocks are exposed (Fig:5.41b). The
distribution is positive skewness and kurtosis with values of 0.98 and 3.55 respectively. Tb
shows uniform and relatively low distribution throughout the area (Fig. 5.41a).

150



5.5.10. Holmium (Ho):
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Fig 3. 42a Spatial distribmfion of Ho 1n the stream zediment slope wazh zamples
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Phie et yalie 6£ 155 il sl GLAate, 089 pob with valies wanig Jroin
0.25 o 1.94 ppb (Annexture-IIT) showing maximum value in the eastern part of the study
afca, Grid No. 77 o£ T.5-No. 83K/8 where rocks of ophiolite are exposed (Fig.5.475). The
distribution is positive skewness and kurtosis with values of 12.95 and .1151?3;;%;;&&%@_
Ho shows uniform and relatively low distribution throughout the area (Fig.5.422).
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5.5.11. Erbium (Er):
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Fig.5.43a. Spatial distnibution of Er 10 the streamn’ sediment’slope wash samples
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Class Interval | Frequency | Cumulative %
1.0 1 0.60%
1.5 4 2.98%
2.0 ] 5.95%
2.5 53 37.50%
3.0 73 80.55%
3.5 15 92.26%
4.0 10 98.21%
&5 2 599.40%
2.0 59.40%
5.5 1 100.00%
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Er in stream sediment
The median value of Er in stream sediments is 2 62 ppb with values varying from
0.75 to 5.14 ppb {Ameme—[[{}!ihuwmg mamumvaht in the eastern part ﬂffhasmdy
area, Grid No.77 of T.S. No. 83K/8 where rocks of ophiolite rocks are exposed (Fig 5 43b).
The distribution is positive skewness and kurtosis with values of 039 and 280
respectrvely. Er fﬁﬁh‘ﬁmm&nﬂlﬁrﬂﬂiy with relatively hwvahasﬁﬂ}ugi@m the area (Fig.
5.43a).
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5.5.12. Thuliuvm (Tm):
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Fiz 3 44a Spatial distnbution of Tm in the stream sediment’slope wash samplez
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Class Interval | Frequency | Cumulative %
0.2 1 0.60%
0.3 115 69.05%
0.4 7 73.21%
0.5 14 81.55%
0.6 23 95.24%
0.7 6 98.81%
0.8 2 100.00%
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‘The median value of Th is 0.25 ppb with varying from 0.13 to 0.79 ppb
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5.5.13. Ytterbium (Yb):
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Fig 5452 Spatial distribution of ¥b in the stream sediment slope wazh samples.
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The median value of Yb in stream sediments is 2.76 ppb with values varying flom
0.80 to 4.62 ppb (Annexture-IIT) showing maximum value in the eastern part of the study
area, Grid No.77 of T.S. No. 83K/8 where ophiolite rocks are exposed (Fig. 5.45b). The
distribution is negative skewness with values of -0.16 and positive kurtosis with values of
2.13 respectively. The distribution of Yb in the study area is uniformly low (Fig. 5.43a).
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5.5.14. Lutetium (Lu):
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Fig.5.46a Spatial distribution of Lutin the giream sediment/slope wash samples.
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Class Interval | Frequency | Cumulative %

0.2 1 0.60%

0.3 109 65.48%
0.4 4 67.86%
05 9 73.21%
0.6 37 95.24%
0.7 7 99.40%
0.8 1 100.00%
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Lu in stream sediment ey .

The median value of Lu in stream mam is 0.25 ppb values varying from 0.13
to 0.74 ppb (Annexture-IIT) showing maximum value in the eastern part of the study area,
Grid No. 77 of To5, No. 83K/8 whete rocks of ophiolite are’exposed,(Fig.5.46b). The
distribution is positive skewness with values of 0.92 and negative kurtosis of -0.71
respectively. The distribution pattern of Lu in the study area shows low to moderate
uniform distribution throughout the entire area (Fig. 5.46a).
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CHAPTER 6

6 Study of Water, Soil and Duplicate Samples

6.1. Water Sample Analysis

Total 9 nos. of water samples were collected from different locations each from
5'%5" grids of the Toposheet. In some cases artificial structures are erected across the
channel for creating dam to store water for lean period and due to this interference, water
gets contaminated beyond the limit where chemical analysis would reflects average geo-
genic composition of a catchment basin. The stream water samples were collected in good
quality plastic contamer (Torsen bottles) from the flowmg stream. The stream water
samples thus collected was stored 1n four different bottles from each of the sample location
pomts and submitted to the Chemical Division,. NER  for analysic of elements
recommended for GCM.

Analytical results of 9 stream water samples comprising the values of trace
elements are recerved and tabulated in Annexure -VII. The result shows most of the

elements are below detectable limit Univariant statistical summary of some of trace

elements and REEs from the water samples are grven in the table below.

Table 6.1: Water Samples with location

5l Sample No. Location Elevation

No. in Metre
Il Grid Number Latitude Longitude

1 | 83K8/A1/W/18 A1 25°1011.219° N | 94°18'41 511" E 1210

2 | 83KB/A2/W/18 A2 25°07'17 579" N | 94°1722.912"E 1170
3 | 83K3/A3/WI18 AJ _25°02'14.635° N | 94°18'40.471"E 1210
4 83K8/B1/WI18 B1 25°10°38.092" N | 94°23'47 12" E 1260

5 | 83K8/B2/W/18 B1 25°09°48.891" N | 94°24'5597"E 1236

6 | 83K8/B3/W/18 B3 25°02'32 492" N | 94°22'18.857" 1373
|7 | 83K8/C1W/18 C1 25°14'21 814" N | 94°29'27 106" E | 1245

8 | B3KB/C2/W/18 c2 25°09'3122" N 94°25'4 528" E 1312

9 | B3K8/C3W/18 C3 25°03'24 266" N | 94°25'4 105" E 1625
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Table 6.2: Statistical summary of some of trace elements and REE: in water samples.

Flomanfs | Maan' | Med | Mm | Max Vari 8D | Skew | Kuwt | M+SD | MSD | M#2SD | M3ISD | M#+35D | M3SD
Al 3119 | 2826 | 1200 | 10000 | 71421 | 2672 | 237 | 606 | 7@ 448 2464 | 2226 | 11136 | 4339
Ti 5429 | 4980 | 1891 | 10100 | 68429 | 2616 | 050 | 069 | 8045 | 2814 | 10661 198 13277 | 2418
Cr 1428 383 250 | 10000 | 93638 | 3060 | 3IL | 976 | 4483 | -1632 7549 | 4695 | 10609 | 7733
Mn 3027 983 330 | 10100 | 130439 | 3632 | 137 | 054 | 6639 | 585 | 10231 | 4197 | 13863 | 7809
Ca 1034 625 015 | 10100 | 101484 | 3186 | 316 | 000 | 4219 | 213 | 7405 | 5338 | 10590 | 8513
Ni 1146 143 117 |~70100 | <8R93R\ 3146 | 316 | Top0. | 4233 | 20007 7438 | 5146 | 10585 | 8293
Cu 1263 276 179 | 10000 | 96338 | 304 | 316 | 999 | 4572 | -1836 | TA6 | 4940 | 10580 | 8043
Zn 5486 | 3819 | 2602 | 10100 | 86933 | 1948 | 034 | 179 | 843 | 2537 | 11383 417 14331 | 335
Ca 1023 014 012 |.10100 | 1007326 (93189 [™&l3e | 1000 | 04212 | 2167 | F402 | B356 | 10591 | 8546
Eh 1072 | 063 | 038 10100 | 100620 | 3172 | 316 1000 | 8244 | 2100 5 L ey 105.38 5444
Sr 14685 | 139.13 | 5321 | 24976 [\S15273 | 7178 | 036 | -137 | 21864 | 3307 | 29042 319 36220 | 6849
b 1016 | Go8 0.04 | 10109 | 101869 | 3182 | 316 | 1000 | 4208 |"2175.| 7400 | 5367 | 10591 | 8559
Ae 1018 011 005 | 10100 | 101803 | 3181 | 316 | 1000 | 4210 | -2170 | 7401 | 5362 | 10591 | 8553 |
cd 1022 013 010 {.20k00 | 101746 3190 | 3ie | 1000 | 4212 | 2168] 7401 |.533% | 10591 | 8348
Sn 1048 044 015 | 0100 | 101168 | 3181 | 316 || 1000 | 4229 | 2133 | 7409 | 5313 | 10590 | 8494
= 1040 0.1% 011 | 10100 | 1013.62°} 3184 | a6 1000 | 4223 | 2144 | 7407 | 5338 | 10581 | 8512
Cz 1411 ool 001.) 10100 | 101986 | 394 | %16 | 1000 4205 | 218 7358 | -5376 | 10392 | 8570
Ba 2503 | 1226 | 8.350-| 10100 | %0308 | 2834 | 23| 7@ | 37 | 331 8171 | 3165 | 11004 | -59.99
La 10.19 .10 006 | 10100 | 101817 | 31%1 /| 336 | 1000 | 2209 | =2i7z | 7400 | 5363 | 10381 | 8554
Ce 1027 01% 011 | 10000 | 101628 | 3183 | 316 | 1000 | 4215 | 2161 ' 7403 | 5349 | 10591 | 8537

1912 002 0.01 | 10100 | 101973 | 3193 | 316 || 1000 | 4205 | -21.82 | 7398 | 5375 | 10582 | 8368

Nd 1016 007 004 | 10100 | 101873 | 3192 | 306 | 1000 | 4208 | 2176 | 7400 | 5367 | 10591 | 85359
TR 0.02 001 | 10000 | 101973 | 3193 316 | 1000 |||4205 | 2182 7398 | 5375 | 10892 | 8568

Hf 10.77 o7 009 | 10100 | 100543 | 317v | 316 | 999 248 | 2094 | 7418 | 5265 | 10589 | 8436
Ta 1032 024 004 | 10100 | 101530 | IEBE| 316 | 1000 | 4218 | 2155 7404 | 5341 | 10591 | 8528
Pi 1024 016 008 | 10000 | 101707 | 3L89 [ 336 | 1000| 4213 | 2166 | 7402 | 5355 | 20591 | 8544
An 1011 0.01 000 | 10100 | 101990 | 3184 | 316 | 1000 | 4204 | 2183 | 7388 | 5376 | 10382 | 8570
Ph 1110 105 070 | 10100 | 99790 | 3159 | 316 | 999 | 4269 | 2049 | 7428 | 5208 | 10587 | 5366

6.2. Soil Sample
Soil is one of the commonly available media for sampling and reflects variations in
geogenic composition of the uppermost layvers of the Earth's crust. Soil samples were
collected from 5" x 3' grid. The purpose is to see the possibility of any deposits. From each
zoil sample collection site, two samples were collected by cutting a vertical section through
the soil profile. One sample 15 collected from the upper horizon (Regolith) after removing
the organic matter within top 0-25 cm depth and the other sample from within a depth of
50-200 cm.
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A total of 18 soil samples of -80 mesh gram size (9 numbers of Regolith and 9

numbers of C-Horizon) have been collected one each from 53° x 3" gnd. 02 C-horizon and
02 regolith samples each from soil developad from Ophiolite Belt, Olistostrome, Disang
and Barial Group and one Ocean Pelagic Sediment (OPS) are collected. Analvtical results
of 46 elements (Major, Traces and REE) are available (Annexure IV, V & VI).

Table 6.3: Soil Samples with Location

s1 Composite Location | Elevation
No. Sample No. In Metre
Grid Number Latitude (N) Longitude (E)
1 83K8/A1R/19 A 25°10°49. 094" 94°18"15.78" 1359
2 83K8/A1/C/19 Al 25°10°49 094" 94°18™5.78" 1359
3 SIKB/AZ/RME A2 25821 78" 94°16°40.06" 1575
4 | 83K8/A2/C/19 A2 25°821.78" 94°16'40.06" 1575
£y, 83K8/A3RMY Ad 25°131.86" 947192 61" 1224
4] 83K8/A3ICM9 A3 25%1"31-86" 94°19'2 61" 1224
7 §3Ka8/B1/R/19 B1 25°12°36.339" 94°22°2.307" 1830
3 83K8/B1/C/19 B1 25°12'36.339" 94°22°2.307" 1830
9 | B83K8B2/RNMI B2 25°5'43.42" 94°22'40.94" 1684
10| 83Ka/B2/C19 B2 25°5'43 42" | 94°20'40.94" 1684
11 | 83K8BIRMI B3 25°2:0.52" 94°19'42.14" 1334
12 83K8/B3/C/19 B3 25°2'0.52" 94°19°42 14" | 1334
13 83KB/IC1/RM19 C1 25°12'30 88" 94°27'9 45" 1673
14 83KEB/C1/C/19 C1 25°12'30.88" 94°27'9.45" 1673
15 83K8/C2/R/M19 c2 257817 .88" 94°27'41.45" | 1915
16 83KBIC2/C/19 c2 25°8'17.88" 94°2741.45" | 1915
|17 | 83KSIC3RMY | €3 | 25°12514" | 94°26'A563° | 1972
18 B3KB/C3/CMY9 C3 257125 94°26'4563° | 1972
Table 6.4: Statistical summary of major oxides in soil samples (Regolith)

Oxides: Mean Median | Minimum | Maxmuom | Variance | Std.Dev. | Skewness | Kurtosis
=00 53,228 52140 31170 72550 145,825 12123 1889 4026
Tioz 0333 1010 D410 1080 o042 D.208 2531 5783
Af20i 13710 14730 B7i0 16370 5577 2382 1248 1508
rea03 11538 7.310 434p 45910 170,958 13075 2798 5045
MinO D.163 0,120 D040 o5ig 0.023 0151 | 1808 3316
MgO 1383 1050 0.750 2350 0238 B3l | 0563 1456
a0 D37 0.200 D.050 0410 D012 D111 | 229 5633
NaIo D.129 0.140 D.010 0230 0.004 ops0 | -0z 2573
%20 1184 1780 D320 1640 0128 0372 | 1676 3509
POS 0104 0.100 D.070 0150 0.001 oo | 087 0.776

163




Table 6.5: Statistical summary of major oxides in soil samples (C-Horizon)

Oxides Mean Median | Minimum | Maximom | Variance | Std.Dev. | Skewness | Kurtosis
i 341 s332 3378 5757 108.26 1040 23 553
s 080 084 0.40 107 0.04 D21 204 480

203 15.24 15.43 7.21 18.74 10.58 325 214 5.81
= 1180 707 552 4535 16116 1263 2857 533
it 0.15 007 003 080 0.06 025 235 541
Mg 161 113 072 443 148 132 152 349
a0 007 008 0.0z 01t ooe 003 -0.25 048
Nt 0.20 0.13 D08 065 0.03 Dis 152 723
0 153 150 D55 218 0.25 D50 060 0.85
. 0.03 008 D08 0.13 000 0.0z 0.8 075
Table 6.6: Statistical summary of Trace elements in soil samples (Regolith)

Elements | Mean | Median | Minimum | Maximum | Variance Std.Dev. | Skewness | Kurtosis
Ba 23700 244.00 g8.00 37100 811250 A007 03t 045
ca ot e | 21100 1500 233.00 500319 7073 259 £.94
= 109811 267.00 142.00 6749.00 4612456 85 214766 286 831
o5 3722 26.00 1400 136.00 141944 3758 281 8.16
i 1683 17.00 1100 200 1561 388 -3 088
M 1544 15:00 500 2100 1228 350 034 167
Ni £25.00 5100 5100 455500 215401675 1467 66 287 2.33
— 17.44 17.00 300 2400 18.03 425 -D.ES 140
= 1758 14.00 500 5100 154.03 1281 277 7.57
& 4311 45.00 10.00. 58.00. 20186 1421 172 3.86
v 147.33 124.00 33.00 326.00 5337.50 72.05 223 522
v 144 2100 13.00 2800 1878 410 DES 219
= 5511 75.00 50.00 233.00 311836 5554 224 5.60
2 21044 24200 26.00 277.00 £215.03 78.84 -1.84 3.80
sn 235 220 152 344 0.28 D53 n0s -1.00
i 235 5.07 086 11.07 10.76 328 171 3.10
Ts 1.78 141 0.22 206 032 0.56 0.83 0.43
Ge 182 145 108 4.70 129 114 252 £.65
Be 163 153 038 283 051 078 2139 564
U 255 250 1.27 342 044 D5 D8 0.70
i 10.24 10.35 751 1272 259 173 -0.07 063
b 7870 53.53 3815 3463 32478 1802 -130 408
= 1258 1255 £z 1678 10.35 33t 0.50 11
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Table 6.7: Statistical summary of Trace elements in soil samples (C-horizon)

Elements Mean Median | Minimum | Maximum = Variance Std.Dev. | Skewness | Kurtosis
8a 24011 243.00 137.00 361.00 5218.35 78.85 0.02 145
o 45,78 1800 10,00 243.00 SES0.94 75.44 2.80 500
or 1573.00 22300 12100 11383.00 1365311000 3595.36 235 875
cu 37.67 3200 2400 2000 28850 1693 ] 333 5388
Ga 1689 17.00 1300 20,00 B35 239 p4z 168
N 1533 1400 5.00 2100 2719 am 023 157
Ni 720.89 115.00 45.00 458300 2498829 85 158077 288 g4l
oh 1811 19.00 5.0 28.00. 57.61 759 039 049
o 1832 1400 1100 3700 8144 .02 149 1327
- 47.22 43.00 15.00 74.00 23118 15.21 0327 177
v 14500 135.00 104.00 26100 2179.00 4568 277 583

¢ 23.88 7400 14.00 29.00 23,61 485 053 D23

n 96.00 &7.00 4500 17400 1212 no 3481 135 322

7 217.00 227.00 5600 28500 411500 5415 77 418

= 331 283 190 335 358 197, 258 T.02

& 947 10.09 357 1220 5.64 238 114 117

Ta 146 1565 0as Z03 017 D41 014 -L50

o 155" 142 115 538 156 179 260 703

- LD 168 1.24 25 014 038 0.08 155

U 254 297 123 397 075 0.87 -0.49 004

- 1255 1249 10.68 1516 207 144 063 017

RS B9.74 8670 4685 13377 489 45 2313 054 B0

™ 13.75 1464 5.34 2052 2236 473 -031 0.22

Table §.8: Statistical summary of REE elements in soil samples (Regolith)
Elements Mean Median | Minimum | Maximom | Variance Std.Dev. | Skewness | Kurtosis

La 3711 3585 1567 4511 74.28 B62 297 5.95
Ca £7.4 £6.59 5137 BETO 10788 1039 043 051
Pr 761 757 3785 385 278 167 -157 401
Nd 2632 2817 13.35 34.30 3307 575 142 38z
Eu 0.37 093 0.77 125 0.03 017 1.00 -0.20
Sm 433 4.9p 342 5.62 083 o9l 031 1032
Gd 4.70 448 343 .20 0.87 0.93 075 pza
b 0.69 063 0.56 0.93 0.02 014 123 002
Dy 423 3.88 33g 5.57 056 0.75 1.17 0.14
Ho 0.97 093 07z 177 0.03 017 057 007
B 257 255 134 3.28 017 042 0.04 0.57
Tin 044 044 032 0.55 0.00 0.06 003 070
Vi 278 286 214 3.44 014 037 ooz 065
L 0.46 048 0.34 0.57 0.00 0.08 -0.40 104
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Table 6.9: Statistical summary of REE elements in soil samples (C-horizon)

Elements l Mean Median | Minimum | Maximum | Variance | 5td.Dev. | Skewness | Kurtosis
L | 38545 33451 21.042 45 661 L6478 7515 -1.754 3763
e | 73.310 B0.071 334915 59.219 314853 | 203659 : 0748 0318
Pr | B8.420 8.856 4552 10.547 3447 13857 -1.033 13231
Hd | 30573 30.832 21678 37.627 XTa74 | B.2gl . 0.215 0418
Eu | 1125 1114 0724 1.452 0058 . L 0050 -0.543
S | 5615 5356 3352 7324 1364 I 1158 1 -0.550 0504
G | 5287 5.520 3213 7,108 1320 | 1145 0,283 0365
Tb D72 oA o503 1010 D26 ;. 0.150 0065 0393
Dy 4665 4576 3250 5746 ~1L7B5 E 0.840 0.165 -1.105
Ho 1.055 1.064 05859 1.230 0043 D220 -1.135 1531
Er 2784 2832 1488 3455 0348 0530 -1.353 2340
Tm 0.458 0450 0248 0574 0.0E0 0055 -1.477 -2 683
Yh 2577 F135 1540 3.632 D413 | D643 -1.501 2712
is 0492 0.524 247 0595 (14151 ' 0.106| -1783 3481

6.2.1: Interpretation of soil samples

The soil samples shows enrichment of major elements like 5102, K20 and MgO
and immobile elements (AlOs. Fe:Oz) and depleted i T102. MnO. CaO and K;0. The C-
horizon soil sample shows shightly higher values as compared with the overlying regolith
soil sample (Fig 6.1). The 5i0: shows higher valies in the central and western part of the
study area as compared with the eastern part. The higher concentration of trace elements
like Cr, N1 and Co 1s observed in the eastern part as compared with the central and western
part of the study area. The soil samples from Ophiolite Belt exposed in the eastemn part of
the study area show anomalous values of Fe)03; Cr and N1 The REE pattern for the soil
pattern shows similar concentration, the soil sample from the exposed Barial rock soil
profile shows lowest concentration and slight negative Eu anomaly is commonly ebserved
i1 all the soil samples. (Fig 6.2 )

The soil samples of the Paleogene sedimentary terram (1e, Disang. Barial and
Olistostrome) and OPS show similar geochemical behavior. The 5107 shows high values of
510; ALO; and Fe;Os which 15 in coherent with the underlying lithology of sandstone.
siltstone and shale. The slight high values of Cr (206 to 340ppm) and W1 (138 to 476ppm)
15 shown by the samples in the central part of the study area. which may mdicate sediments
partially having its provenance from the Ophiolite Belt exposed in the eastern part.
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The lateritic soil cappmng developed above the prololith mafic/ultramafic rock
varies mn exposed outcrop thickness (0.5 to 3. 5m) having boardly four soil horizons (1e.,
ferric rich duricrust capping, plasmic limonitic soil horizon, oxidised goethite rich soil
horizon, saprolitic soil horizon and saprock associated with saprolite so1l).

The soil samples from Ophiolite Belt show anomalous values of Fe;O3; Crand Ni
Phangrai soil sample collected from regolith horizon characterised by the reddish limonitic
soil (83K8/C2/R/19: Cr: 6749 ppm. Fei0s: 45.91% and Ni: 4555 ppm) and brownish
vellow saprolitic soil horizon (83K8/C2/C/19; Cr: 1288 ppm. Fe;0::12.33 % and Ni- 798
ppm) and Gamnom (83K8/C3/R/19 shows Cr: 12868 ppm. FeiOs: 13.23% and Ni: 687
ppm) and 83KB/C3/C/19: Cs: 11388 ppm, Fex03:45.29 % and Ni: 4888 ppm. The high
values of Cr can be correlated with the chromite pod mineralisation exposed in the outerop
surface. The high values of Fe;O3 are supported by the presence of oxidised zone having
goethite rich nodules within lateritic soil profile. The high values of Ni suggest some
presence of Ni bearing mineral phases like garnierite and goethite.
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The potentially harmful elements (PHE s), known to have adverse physiwological
significance at relatively low levels, imnclude As, Cd, Pb. Hg and some of the daughter

products of U. These elemental concentration values of the soil have a diverse application
in medical, health, environment and other societal 1ssues. Many health problems have been

found to be associated with the consumption of low or excess of micro, minor, REE and
some other metals like Nb, Mo, Ta. Cs. Co, Cd. Hg. As and F ete. that directly or indirectly

imparts an adverse effect.

The agricultural activities mav be avoided as far as possible m such pockets where

there 15 very ligh mcidence of certam toxic elements. According to the U.S.
Recommended Daily Allowances (USEDAs) and biological roles of elements that the
National Research Council (1989) lists as essential to health (Table 6.10 ) certain elements

plays an important biolegical role.

Table :6.10 T.5. Recommended Daily Allowance: (USED Az} and biological roles of elements that the

- National Research Council (1985) lists as essential to health |~

[Element  [UskoA | siologicalrole I §
| Calcium (Ca) 8001200 mg Needed to build strong bones and teeth; for blocd clotting, neural
transmission; and muscle function.
| Chlorine/Chlori | 750 —=3600 mg Meesded to maintain water balance, osmotic pressure, and acid-base
| de(Cl) balance, for digestive acid
Chromium (Cr} 50 =200 pg Meeded for glucos2 metabolism
| Copper (Cu) 1.5-3mg Respiratory and red blood cell function; present in oxidative enzymes
Fluorine,/Fluori 15—-4mg fluoride, prevents tooth decay or disease
| de (F) )
lodine {I) 150 pg Needed for thyroid hormones, to control body temperature,
metabelism, reproduction, andGrowth
| lron (Fe) 10-15mg Needed for hemoglobin in blood, energy production, and a healthy
| immune system
| Magnesium 280 =350 mg Meeded for healthy bones and blood vessels, muscle function, nerve
| (Mg) transmission; and energy formation
| Manganese -5 mg Promaotes growth, development, and cell function; cofactor in @ number
| (Mn) of enzymatic reactions
Molybdenum 75250 pg Promuotes growth, development, and cell function; essential cofactor in
| {Mo) certain enzymes
I Phosphorous BOO—1200 mg Essential for healthy bones and energy production; present in almost
{{P) = every cheitifeal Feactifih within e body, >
Potassium K} 20003500 ;g E-eg_l..rtates body fluid balance; sids muscle contraction and neural
transmission
Selenium (5e) 55 —70 ug Prevents cardiovascular disease and cancer; detoxifies several major
| sadium (Na) 5002400 mg Aids muscle contraction and neural transmission; maintains blood
| pressure
| Zinc {Zn) 12 -15 mg Maintains senses of taste and smell, and healthyimmune system and

growth; protects liver from chemical damage
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Certain elements are toxic and are hazardous to plants and human health Ranges for

various levels of contamination for elements 1n soil and their toxicity impacts are provided

in the Table 4.6 of WHO and others and Table 6.9 (CCME 1996).
Table:6.11 Micronutrient levels (ppm) in Soil (Compiled from WHO data and others)

. : - Nvegige range in CDﬂCEﬂtl’aﬁl.:Jﬂ in the soil |
Elements | Deficiency Wormal Toxicity v zample (Median valpe of C
horizon of zoil)
Fe <20 20-1000 2000 & above 30-1000 47,384
hin <80 90200 200 & above 260-840 3008
Ce <25 25-460 60 & above 0.3-63 16.3
N1 <100 100-N:A I 2-730 31
Co =10 10-25 25 & above 14-29 22
Zn | <10 10-128" 120°& sbove 34-84 43
B | <10 10-80 80 & above 2-138 INot analvzed.
Mo =0.1 0.1-890 90 & above 0.35-5.8 2.63

Table :6.12 Environmental and human health soif quality guidelines (CCME 1996, updated 2004) A/l values

in ppm

Element | Crustal Sail Agricultural Soil Toxic China 55

abundance | abundance | Average | Range | Agri. | Industrial Av Arnd Humid
Cu 70 30 1324 1205 63 100 |21 128 214
Zn 80 90 64 17125 | 200 | 360 | 696 526 | 74
Pb 16 35 32 3189 |70 600 (249 207 | 308
As 5 6 5.8 <1-95 12 12
Sb 02 1 20 40 0.76 033 |074
Cd 0.2 0.35 00610 [oorzis Ti1a |27 |
Cr 100 70 54 14-1300 | 64 37 56.4 3 534
Co 20 i 54 0.1-70 |40 300 [112 7 2
Ni 80 50 20 0.2-450 |30 30 [ 237 145 |219
Mo 1.5 12 18 0:613-17 | 3 10 [ 09 0.83 1.04
He 0.03 0.06 0.03 00503 |66 |30 | 36 ppb | 12 ppb | 62 ppb
Se 0.05 04 0.33 0.00535 | 1 39 I
v 100 00 5% L 18ns, S IB0 | 130
F 950 200 329 10-1360 | 200 | 2000
I 0.14 5 28 0.1-10

Crustal average & soil abundance: from geochemical tables
Agr. Soil from book on Essentials of Medical Geology, Ed: Olle Selinuz & others, 2005 Elsevier Pub.
Taxic: From Canadian Soil Quality guidelines (CCME 1996)
China Streams Sedimenis (33); From Chinese Publication
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6.3. Duplicate Samples

Total 09 nos. of duplicate stream sediment/slope wash samples were collected from
different locations of the study area. Each of the duplicate samples was collected from 3" x ¥
quadrant grids of the toposheet. All the duplicate stream sediment/'slope wash samples
were collected at the same time and same location of the ongmnal uvnit cell stream
sediments collected. After processmg the samples, a unique different number has been
assigned and sent for analysis to check precision of the whole sampling process, including
variability mherent at the field stte, as well as varability from sample processmg and
analysis. Analvtical result of the entwe duplicate samples 1z available (Major. Traces &
REE). Permissible variation in between the analytical results indicates the accurateness m
the methodologies. Analvtical result of duplicate samples and corresponding stream

sediments/slope wash samples of elements (majors, traces and REEs) 15 grven in

Annexure-VIII, X and X

172



CHAPTER 7

7. SUMMARY, CONCLUSION AND RECOMMENDATION

7.1. Summary

During the field season 2018-19 Geochemical Mapping was taken up i Ukhrul
district, Mampur covering parts of T.5. Nos. 83K/8 i 1:50.000 scale covering an area of
671 Sgkm The studv area can be broadly classified mto two geological domains as
Ophiolite sutte of rocks overlain by the Ocean Pelagic Sediments (OPS) and Paleocene to
Oligocence sedimentary succession. The maimn objective of the NGCM is to generate
seamless geochemical baseline database for managing'developing natural resources and
applications in agricultural environmental public health and other spheres of socistal

CcOoncern.

The analytical results of major oxides (package A), trace & REE s (package H) are
available. Analytical result of the stream sediment/slope wash samples for 46 elements
were recetved, of which analytical data of stream sediment/slope wash samples of 10 major
oxides and 22 trace elements. 14 REEs were mterpreted by untvariate and brvariate
statistical methods to understand the nature of distribution of the elements as well as
interrelation between the elements. Geochemical maps depicting spatial distribution of the
elements were prepared to interpret ther distribution pattern in a secondary geochemical

enviromment.
7.2 Conclusion

The elemental distribution pattern of major oxides / elements in stream sediment of
the area 1z mamnly controlled etther by the underlying and surrounding lithology as well as

physiography of the area.

(1). The high values of Cr (32 to 4810 ppm). Ni (917 to 3681 ppm) and Co (88 to 678
ppm) are observed in the stream sediments collected from eastern part of the study area 1e,
NNE-58W trending nidges of Phangrai Shiui and Gamnom village, where
maficultramafic rocks of ophiolite 15 exposed. Cr shows strong positrve correlation with
N1, Co. Cu and Fe;03; good correlation with Ba, Zn, Ge, CaO, Mg0O, MnO and P;Os Cr

shows negative correlation with all the REE except Ge, which shows strong positive
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correlation The strong positive correlation of Cr with N1 and Co indicates derrvation of the
sediments from the mafic/ultramafic mantle peridotite. The presence of podiform chromite
in the field outcrop corroborates the geochemical anomalies.

{11). The stream sediments samples collected from the ophiolte belt exposed in the
eastern part of the study area e, WNE-S5W trending midges of Phangrai Shirui and
Gamnom village shows high values of Fe;Q3 (16.23 to 29.13%). Fe;0; shows strong
positive correlation with Cr, Ni. Co. Cu. V., Sc. MnO and moderate positive comrelation
with Ca0Q_MgO_P10s and Ba. Fe:03 shows negative correlation with all the REE expects
Ge. which shows strong posttive correlation Field observation reveals the association of
Fe with chromite as fermic chromite at Gamnom village as well as the presence of
lateritic/hmonitic soil capping above the mafic/ultramafic rocks 18 commonly observed in
the outcrop; where ophiolite body 15 exposed. Petrographic studies shows high degree of
serpentimisation of primary olivine and pyroxene, where of olivine releases fine magnetite
mineral grains. Cr spinel 15 commonly associated with olivine minerals and orthopyroxene
which 1= highly altered to serpentinite.

{m1). 510; value in the samples dertved from paleogene sediments shows high
concentration ranging from 56 to 80.2%. The highest 5107 is reported from the Laisong
Formation of Barial Group, where the rock exposures are mostly bluish grey, fine to
medum gramed sandstone. OPS show $510; value between 30 to 56% and Ophiolite Belt
derived stream sediments shows low 5107 concentration (36 to 30%). Silica (S103) 1= the
major constituent of nearly all rocks, higher concentration m felsic and itermediate
igneous rocks as compared with mafic and ultramafic rocks.

{1v). Two soil and regolith samples each from soil developed from Ophiolite Belt,
Dlistostrome, Disang and Barial group and one Ocean Pelagic Sediment (OPS) are
collected. The soil samples shows a general shows similar enrichment of major elements
like $10;, K20 and MgO. Al;O5. FeoOs and depleted in T102, MnO. Ca0 and K,0O. Trace
elements ke Ba, Cr, Ni and V shows relative enrichment as compared with other trace
elements. The C-horizon soil sample shows shightly higher values as compared with the
overlying regolith soil sample.

{v). The two so1l samples from Ophiolite Belt show high values of Fes0Os, Cr and Nuo

Phangrai soil sample collected from regolith horizon characterised by the reddish limonitic

174



soil (83K8/C2/R/19; Cr: 6749 ppm. Fe203: 45.91% and Ni: 4555 ppm) and brownish
yvellow saprolitic soil horizon (83K8/C2/C/19; Cr: 1288 ppm. Fe:03:12.33 % and Ni: 798
ppm) and Gamnom (83K8/C3/C/19 shows Cr: 12868 ppm, Fe03: 13.23% and Ni: 687
ppm) and 83K8/C3/C/19: Cr: 11388 ppm. Fey03:45.29 % and Ni: 4888 ppm The REE
pattern for the soil pattern shows similar concentration, the soil sample from the exposed
Banal rock soil profile shows lowest concentration and slight negative Eu anomaly 1s

commonly observed in all the soil samples.

7.3 Recommendation:

1. Detail subsurface study 1s requied along the NNE-SS8W trending ridges of Phangrai,
Shirut and Gamnom village where preliminary findings of podiform chromite/ferric
chromaite hosted bv mafic/ultramafic rocks of ophiolite occurred.

2. The stream sediments having its provenance from mafic/ultramafic rocks exposed
along east of Kalhang Khullen, Phangrai, Shirni and Gamnom willage give high
values of Cr (4810 ppm), N1 (3681 ppm) and Co (678 ppm). The thick hmonitic
and saprolitic soil capping developed above the mafic/ultramafic rock shows
supergene enrichment of Fe;0s, Cr. Ni and shightly Co. The mneral investigation
of supergene ennichment deposits of N1 and Co by systematic detail sampling of
different soil horizons of the laterite, limonitic and saprolite is required. Two blocks
has been identified as prospect block for the muneral commodity Cr, N1 and Co and
demarcated as block-A and B to take up for detailed muneral mvestigation (Fig.7.1).

3. The detailed specialised thematic mappmg 1s recommended for identification of the
differemt facies of limestone (1e, exotic limestone bocks within Paleogene
sedimentary succession, imstu  limestons’'mar]l interbedded with volacano
sedimentary facies and limestone containing volcanic bombs) which 1s exposed in
and around Ukhrul town, Shangshak Khullen, Hundung Chotthor, Khangkhut
Mova villages, east of Phangrai village, Phangrai-Sihai village section and Kalhang
Khunou-Huishu willages section. The detailed lithofacies mapping along with
systematic sampling of limestone for paleontological studies and chemical analysis

for preliminary limestone grade classification can be taken up.
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LOCALITY INDEX

8l Mo Locality Name Lengitnde Latitnde
1 Kachai Hokhorim 94" 16° 44.77 25147 1677
2 Huimi 04" 1977307 25714735347
3 Salchang 94%22750.73" 255147 46.657
4 Pacrei 94°24° 1187 2571473317
3 Kalhang Khullen G477 20165 25 1473597
& Kachai Ngarei 04716 53727 25713730887
7 Kachai Sinphungrim 04" 15733 507 2513 274
8 Phungcgam 94232814 25" 12934.027
o Nungbi Khunou 9472712837 25"12°6 97"
190 Tallui 947197 38337 25" 11 21.08°
11 Shangram (Samdal Khullen) 0417 23157 25°00° 55.097
12 | Furing 94" 22 2491 25107 1737
13 Phungrim 047257 18347 25°00°53 57"
14 | Lunghar 94"26" 2302 25101377
13 Sihar 94" 29" 27.89" 257 107 7.90™
16 Ngaiu 94719 4120 25°08°3408°°
17 Siruhi {Sirui) 04" 75"23.28" 35707 46,83
18 Langdang Khullen 04"24° 1028 257671307
19 | Ukhruol 0947217 5023° 2506 31227
20 | -Salichar 91°18723 82" 257052877
21 Lamlang Gate 94" 171046 25" 04" 51.84™
22 | Hungdung Upper 94" 21 3127 25704 46,77
23 Choithar 94724 308" 257047 36.64°
24 Kangktini Khullen 94" 25" 2 79" 257037 40.98”
25 Hungdung Lower 94°20° 53.88" 25703 45.18”
26 | Tushar 04"1871250" 25703 2495
27 Chahi o4" 17720/11" 25°04° 10317
28 Ringul 94%15° 829" 257037 360
29 Simit 9417 40.84~ 250271599
30 | Nungshang khullen 9472374722 25002° 56.15"
31 Pushing 94"20° 38327 2570275634
32 | Nungshang Chinkha 04" 2074408 25°01° 832
33 Lambui 04"16°58.05 25"0°50.75
34 Shangshak Khullen 04" 2072786 257073324
35 Sangjing 04°21°49.87" 25°0° 55.84™
36 Changa 94°247 49437 25°0 27457
37 Singcha 04”25 4935 25°07 2015
38 Gamnom 04271823 2571°31.14
39 Samszat 947237379~ 25'8° 35449
40 Phangrai 94728 7.60° 2598°13.55"
11 Phatang 04" 17°28.08™ 2570751357
42 Tuinem 94" 15" 30.86" 25777047
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Analytical data of Major and Minor Oxides of Stream Sediment/Slope Wash Samples

(Values in %)

Annexure - |

Sample No. 5i02 Alz03 Fez03 TiO2 Ca0 MgO MnO Naz0 K0 Pz0s
B3EEQ0L/R1E8 66.14 14.14 5 500 1.00 0.40 126 0.09 .48 153 0.0o
S3KE/002/5/18 61.38 1352 6.16 1.25 0.56 1.12 015 023 196 (.34
B3KE/003/3/18 5875 18 88 6.63 .94 0.42 138 0.14 0.47 205 011
B3KS/004/5/18 60.37 16:52° .66 1.00 0.64 F1p 211 0.43 1.87 0.15
B3KE/0055/18 5862 1920 6.03 0.28 032 1.20 0.1 027 2.43 0.18
B3EE006/5/18 67.33 1372 594 125 0.26 1.01 013 .19 148 0.11
BSEKE008/5/18 6268 3.61 5.67 113 0.66 1.07 .19 021 1.78 0.20
BIKE/000/3/18 64.65 1414 508 1.08 «E]_ﬁri 0.97 .12 0.28 1.76 0.16
B3EE0I0VRE 3920 12.01 29.13 047 0.43 361 0.53 015 077 0.17
S3EE/0ILS18 40.53 1535 2482 080 9.23 146 0.45 0.16 1.18 021
B3KE012/5/18 37.10 16.65 7.19 1.08: 0.15 129 17 .35 241 0.14
S3K8/013/5/18 57.36 17.18 613 137 f.22 .74 029 0.49 227 018 |
B3KEQI4/5/18 5002 13.67 544 0.70 137 51 0.08 671 1.76 020
S3K8/015/5/18 66.11 14.18 4.95 085 012 113 007 57 134 0.09
BIKE/016/3/18 B3 83 1505 531 0.86 823 1.086 (.05 0.44 214 0.11
B3EE/017/5/18 6138 16:09 125 1.08 0.355 1.20 .16 .49 1.26 012
B3KE/018/5/18 6151 15.25 632 1.09 0.23 0.78 0.24 0217 1.45 0.14
BSEEQIO/R/1E 61 81 1401 6.01 123 018 0.82 0.16 0.23 161 023
S3K8/020/5/18 56.20 1337 ot 100 (048 319 0:17 .20 1.28 030
BIKE/021/5/18 6065 16.49 580 gor 0.53 158 11 0.53 201 0.13
B3KE/022/5/18 56.66 1716 6.38 1.03 0.77 1.68 013 .60 233 0.18
S3EE/023/5/18 3223 1845 632 0.86 0.85 148 .19 031 337 026
S3EEM024/5/18 3661 062 2541 046 2.09 217 051 .15 0.47 0.14
S3K8/025/5/18 42 89 1377 15.24 0.65 0. 70 259 042 Q.17 1.12 0.25
B3KE027/5/18 71.07 12 46 4.70 098 017 0.96 0.07 .25 127 0.08
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Annexure - |

Sample No. 5i0, AlyO4 Fe;0y TiOz CaO MgO MnO Na;O K20 P30s
B3E8/028/5/18 63.66 14.18 4.98 Q.70 0.30 1.08 0.08 0.66 1.86 010
S3KE8/029/5/18 37288 20.02 =531 0.20 0.61 1.16 0.08 1:17 326 0.11
B3KES/030/5/18 63.14 15.96 6.45 0.96 036 144 .13 040 1.67 0.12
B3E8/031/5/18 3006 18.55 666 0.97 048 123 014 0.72 1.87 0.12
83K5/032/5/18 61.68 16.17 6.97 DEI.’t 0.44 141 011 0.4 183 .12
83K8/033/5/18 6202 1542 Sioh 096 339 1321 011 0.68 1.86 0.17
S3K5/034/5/18 61.86 16:12 6.81 098 0.29 142 019 021 216 0.16 |
B3K8/035/5/18 5851 15.95 6.83 0.08 .70 1.50 oy 039 1.75 013
B3KE/036/5/18 5442 1847 3.80 084 029 1.82 022 034 2.02 0.16
83K5/037/5/18 4101 268 10:13 0.65 1.16 14.01+ 022 035 0.93 023
B3EE/038/5/18 4081 BB7 16.94 026 148 16.86 0.32 0.17 027 012
83K5/039/5/18 36.70 16:66 .02 147 012 1.12 0.14 030 137 0.16
B3EE8/040/5/18 63.29 1620 6.7%: ﬂ?ﬂ‘ 0.21 130 0.07 033 1.83 0.09
S3KE/041/5/18 63.62 13.66 4.04 0474 032 093 007 061 1.76 0.09
B3KE/042/5/18 67.07 1484 4.06 LLGT 0.30 a7y 009 0:15 1.91 0.15
B3E8/043/5/18 60.10 1712 6.91 0o 033 1.53 0:11 0.76 1.03 0.12
S3K5/044/5/18 6141 13.66 386 1.04 100 1:21 0.04 030 1.30 0.16
83K8/045/5/18 37.06 15.89 6.48 (0.87 213 111 015 0.1a 1.61 0.16
S3KE/046/5/18 3503 15.09 6.20 093 0.49 127 021 021 1.84 023
B3E8/047/5/18 5555 17.55 504 0.85 041 216 0.06 047 1.81 0.1
B3KER048/5/18 58.00 17.82 692 091 0.43 237 012 0.71 215 0:10
S3KE/049/5/18 3039 17.34 TO7 092 017 122 019 0386 191 024
B3E8/050/5/18 61.23 17.51 347 0.84 02 128 0.07 041 2.60 0.1
83K8/051/5/18 4008 12.42 10.52 054 1.16 12.20 027 0:31 1.03 024
$3K8/052/5/18 51.02 8.10 12.72 0.52 087 7.01 036 045 0.75 0.33
B3KEB/053/5/18 7162 1199 344 0.85 0.48 110 011 028 152 013
B3KE/054/5/18 692.35 12.83 495 0.82 D15 1:12 0.07 0.34 1.63 0.11
B3E8/055/5/18 6328 1599 631 103 0.30 127 014 0.35 1.70 0.08
S3K5/056/5/18  63.16 1481 448 0.7y 041 126 011 0.68 208 .12
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Annexure - |

Sample No. SiO; | AlLO; | FesO; | TiDs | CaO | MgO | MnO | Na:O | KO | PsOs
83K8/057/5/18 5841 | 15.77 735 1.07 0.39 134 0.1 0.58 1.86 0.13
83K8/058/S/18 6293 | 1416 | 5094 0.01 03 164 0.11 0.48 1.76 0.12
33K8/059/5/18 5455 | 1897 921 111 0.61 132 029 0.48 234 0.12
83K8/060/S/18 5527 | 17.55 7.75 0.87 0.11 1.73 011 0.33 19 0.13
83K8/061/5/18 59.52 156 6.4% 0.83 0.4 149 0.11 0.44 1.78 0.12
83K8/062/S/18 5468 | 1404 801 088 | 033 23 0.16 0.57 1.63 0.16
83K8/063/5/18 3884 | 1626, |, 1437 197 0.54 1.89 93 0.66 0.82 046 |
83K8/064/5/18 4878 | 1166-] 17.05 0.61 0.41 4153 1.68 0.36 1.0 0.17
83K8/065/5/18 5300 | 1356 8 0.8 0.51 527 0.18 034 2.06 0.15
83K8/066/5/18 sT1 | 1704 7.68 08 | o011 128 0.06 0.1 1.43 0.09
83K8/067/S/18 67.67 | 1336 4.04 074 | 022 1.12 0.05 0.54 1.54 0.00
83K8/068/S/18 6602 | 1515 531 077 0.34 1.16 0.12 0.42 157 0.1
83K8/069/5/18 6133 | 156 6.52 o8 | 037 1.89 0.12 0.59 1.01 0.1
83K8/070/S/18 5042 | 1634 2.00 08 037 1.65 0.09 0.62 178 0.07
33K8/071/S/18 5538 | 16.45 4.65 084 | 023 127 0.05 0.7 312 0.09
R3K8/072/S/18 6166 | 14.79 6.44 115 0.45 1.08 0.12 0.24 1.84 0.16
83K8/073/5/18 5847 | 1849 6.09 083 | 037 131 02 0.46 225 0.07
83K8/074/S/18 6248 | 1459 5.01 095 031 1.04 0.12 027 155 0.14
83K8/075/5/18 5128 | 1403 630 079 | 137 1.61 03 0.28 221 0.29
83K8/076/5/18 43.02 5.00 16.23 0.41 1.16 15.94 0.34 021 0.56 0.13
83K8/077/5/18 5302 | 1671 6.76 0.87 0.36 265 0.51 0.81 2.80 031
83K8/078/5/18 5432 | 1841 6.33 0.87 0.6 192 02 0.79 297 0.19
R3K8/070/S/18 5053 | 1551 6.14 0.84 0.68 171 0.15 0.26 168 0.2
83K8/080/S/18 6237 | 1591 6.6 0.91 0.06 111 0.09 0.13 151 0.07
83K8/081/S/18 6276 | 1557 5.11 0.73 0.41 1.55 0.1 0.73 1.96 0.12
83K8/082/S/18 6212 | 13.79 404 0.88 0.52 1.04 0.14 0.41 1.68 0.16
33K8/083/5/18 57.86 15.7 7.06 084 | 026 1.98 0.09 0.54 1.78 0.09
R3K8/084/S/18 6241 | 1612 6.12 0.83 0.38 141 0.08 0.64 1.04 0.13
83K8/085/5/18 T 6121 | 1528 6.36 09 0.42 1.69 0.09 0.75 1.79 0.1
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Annexure - |

Sample No. Si0; Al,0, Fe,04 Ti0s CaO MgO MnO Na;0O K20 P05
$3IK8/086/S/18 62.56 14.81 5.17 0.82 0.36 1.14 0.1 0.67 1.82 0.16
83K8/087/8/18 67.07 12.04 491 0.85 0.19 0.98 0.06 0.34 1.24 0.1
83K8/088/5/18 51.78 15.22 9.16 0.66 0.96 6.21 0.21 0.58 2.02 0.12
SIKB8/D8I/S/18 38.74 538 13.97 0.29 1:17 20.1 .29 0.15 038 0.09
83K8/090/5/18 45.86 978 13.16 07 1.02 234 0.57 026 1.23 0.28
83K8/092/5/18 57.59 1527 685 0.93 0:39 133 0.14 0.18 1.78 0.13
83K8/093/5/18 62.1 13.18 5.78 0.86 0.27 1.62 0.14 0.22 1.56 0.14
$3K8/004/5/18 6420 1493 16 0.76 0.14 102 0.08 0.34 1.38 0.15
83K8/095/5/18 67.07 13:22 327 0.67 0.25 0.88 0.1 035 1.49 0.21
83K8/096/5/18 6939 1263 181 0.97 0.13 0.92 012 0.19 1.46 0.12
83K8/097/'5/18 5002 1743 6.73 0o 031 17 0.07 0.74 1.97 0.08
83K8/008/8/18 58.12 1639 8.04 09 0.47 1.45 €12 0.6 1.73 0.07
$3K8/100/5/18 63.57 15.8 5.56 0.82 03 1.41 .00 0.34 1.57 0.12
83KS8/101/8/18 4435 3.08 11.97 ‘022 1.03 24.92 0.21 0.12 0.18 0.06
83K8/102/5/18 4549 9.31 21.2 048 0.58 7.98 0.32 0.07 0.58 0.09
83K8/103/'5/18 50.32 10.12 14 4 0.72 0.69 2.83 .72 0.21 1.05 0.22
83K8/105/5/18 57.67 14 87 6.5 0.75 0.86 237 0.15 (.38 1.74 0.24
83K8/106'5/18 62.75 13.18 3.15 0.86 0.77 715 0.15 0.44 1.04 0.23
83KS8/107/8/18 62.82 13.42 5.89 0.88 0.36 1.66 0.13 0.22 1.88 0.17
$3K8/108/8/18 64.79 15.44 477 0.74 0.31 1.52 0.05 0.77 1.85 0.09
83K8/100/5/18 64.73 14.75 5.94 0.8 0.48 1.65 0.11 04 1.65 0.14
83K8/110/5/18 45.76 6.98 17.46 0.49 131 807 04 0.17 0.44 0.06
83K8/111/8/18 69.17 11.13 3.83 1.03 .31 0.86 012 0.31 1.26 0.12
83K8/112/8/18 70.55 10.63 4.64 124 0.08 0.59 0.21 0.18 1.26 0.13
$3K8/113/5/18 63.58 14.58 5.82 0.86 0.25 0.08 0.38 1.7 0.11
83K8/114/'5/18 67.5 13.47 494 0.89 0.15 1.07 0.06 04 1.62 0.1
83K8/115/5/18 50.88 13.18 10.26 1.15 0.36 1.89 0.13 0.52 3.19 0.11
83K8/116/5/18 489 10.68 16.24 0.73 0.4 347 0.65 0.18 1.14 0.26
83K8/118/5/18 3666 15.15 7.4% 0.82 06 2.56 0.23 0.46 1.98 0.33
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Sample No. 5i0, AlyO4 Fe;0y TiOz CaO MgO MnO Na;O K20 P30s
B3EE8/119/5/18 63.65 14.33 5.9 0.83 0.27 196 0z 042 1.35 0.12
S3K8120V5/18 3900 15.87 636 0.87 033 1.63 014 022 2 0.13
B3KS/121/5/18 T1.82 12.44 300 ove 0.23 .93 004 024 1.36 0.09
B3EEM2NE/18 66.42 1330 4.19 086 035 122 008 0.57 1.82 0.1
83K58/123/5/18 53.85 16.89 FF 0.83 @22 177 013 032 2.07 0.1
BIK8/124/5/18 60.06 16093 677 088 0.76 161 011 082 1.87 013
B3KE/125/5/18 6148 16:62 6.81 0.86 0.75 163 014 0.79 194 613
B3E8/126/5/18 603 15.87 6.03 0.83 042 1.29 009 g6l 1.89 0.13
B3KEM127/R/E 5848 1558 6.49 091 038 1.62 0.14 057 158 014
83K5/128/5/18 5193 14:13 4.86 0.82 1.09 123 015 05 1.82 0.22
B3E8/120/5/18 6142 327 TO6 125 025 1.68 034 0.33 1.47 0.15
83K8/130V5/18 30.83 14.83 441 1.61 178 2.5 018 a8.72 1.8 627
B3EE/131/5/18 60.25 15.95 117 0.83 0.45 2.08 0.08 0.72 202 0.11
S3KE8/133/5/18 5063 15:33 T.08 ‘078 042 2:52 007 0.79 1.79 0.09
B3K8/134/5/18 66.83 1453 4.71 0.78. 0.18 .96 005 014 1.66 0.1
B3KE8/135/5/18 61.58 1433 538 078 0.65 1.71 016 0:35 107 0.15
S3K58/136/5/18 64.14 13.67 493 085 026 103 0.08 053 L.37 .12
B3IK8/137/5/18 5797 15.87 6.82 1.03 @76 1.18 017 043 i, 012
SB3KE/138/5/18 60.12 16:51 7.1 095 0.43 I35 011 0.72 2.08 0.12
B3E8/139/5/18 6377 15 6.00 0.84 0.3 125 011 078 1.74 0.1
B3KE/140/5/18 62.24 1547 749 088 0.24 117 017 049 103 012
S3K5/141°5/18 60.14 16.5 393 085 0.42 142 015 0.59 217 013
B3E8/142/5/18 5220 14 81 547 1.03 13 3.18 018 1.06 218 032
83K58/143/5/18 34:55 14.01 111 161 0.74 1.88 023 142 0.32 01
B3E8/144/5/18 58.13 13.88 6.12 0.83 0.4 1.88 0.1 0.55 1.56 0.14
B3KE/145/5/18 5785 16.8 6.8 0.81 0.42 2:00 015 059 1.88 013
B3EE/146/5/18 60.28 16:51 6.31 0.77 0.5 2.33 0.1 0.73 1.81 0.1
B3E8/147/8/18 60.65 16.77 T.58 054 021 182 0.08 0.67 19 0.09
S3K5/145/5/18 66.64 1289 361 0.68 0.6 1.03 019 034 142 024
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Annexure - |

Sample No. 5i0, AlyO4 Fe;0y TiOz CaO MgO MnO Na;O K20 P30s
B3E8/149/5/18 62.02 13.12 2192 0.63 0.33 0.54 016 0.138 1.65 0.15
S3KE1505/18 38.1% 16:65 T35 1.02 054 135 012 0.48 1.86 0.12
B3KS/151/5/18 59.53 15.8 6.59 09 0.7 B51 012 0.78 1.9¢ 0.15
B3EE/152/5/18 6103 16.58 6.84 1.03 042 131 017 062 2.08 0.12
83K5/153/5/18 6209 15.79 673 0.84 0.35 1.44 013 029 LT .12
BIK8/154/5/18 5481 1522 677 1.03 1.¥ 133 038 028 225 a3
B3KE/155/5/18 5721 16:]5 6.61 1.05 0.73 L8 0. 1—1‘ 0.71 2.63 013
B3E8/156/5/18 60.47 15.03 5.84 1.22 0.53 1.18 03 045 202 0.22
B3KE/157/R/E 67.73 1153 4.21 091 0.49 134 0.08 047 164 014
83KE5/158/5/18 3784 1585 163 0.88 0.38 1.98 0z 031 LT7 0.16
B3EE/150/5/18 6533 1321 300 094 0.3 136 0.09 0.32 1.69 0.16
83K8/160/5/18 6247 14.81 527 081 0.25 1.43 0.03 0.38 1.63 612
B3E8/161/5/18 80.02 881 2.36 0.71 0.13 0.63 .00 024 1.01 0.11
83KE8/163/5/18 64.75 1436 5:15 ‘081 0.2 1.15 0.03 069 1.65 0.1
B3K5/164/5/18 63.31 Y5ET 5.91 L0:93 031 1.14 01 a:37 1.7 0.12
B3KE8/165/5/18 5841 19.05 6.67 0.80 037 1.5 01 0:71 26l 0.09
83K58/166/5/18 64.71 1409 6.6 0.81 0.24 1.68 0.07 084 135 0.09
BIK8/167/5/18 32703 0.09 3:15 10.63 278 10.5 0.1e 047 0.9 012
83K8/168/5/18 60.53 15.48 6.01 091 052 1.84 018 043 2:55 0.12
B3E8/169/5/18 54.97 11.% 8.51 148 092 4.66 A7 1.16 1.36 013
B3KERNT0/R/E B9 14.75 5.85 08 0.29 1.87 007 047 174 0.1
83K58/176/5/18 61.88 1635 6.02 0.54 026 136 0:05 0.64 201 0.1
B3EE/1T78/5/18 65.63 1575 6.76 0.97 02 123 0.05 0.59 1.86 0.09
83K8/179/5/18 6583 1384 397 088 0.4 1:67 b1 0.68 149 011
B3EE/180/5/18 61.72 16:14 373 0.78 0.53 118 0.08 0.66 1.93 0.12
B3KE/181/5/18 6428 1312 633 0.72 0.51 293 011 064 1.55 011
B3EE/132/5/18 47.82 981 24.7 0.65 D21 1.9 141 0.07 0.63 0.07
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Analytical Data of Trace Elements of Stream Sediment/Slope Wash Samples

(Values in ppm)

Annexure-1l

SampleNe. | oo | co| er [cu |Ga|Ne | Ni|Pb| RO [Sc| S| | v Y|z | 2 Sn Hf | Ta | Ge | Be | U
83KBM00USM3 |340 |10 | 140 |24 |17 [12 |41 |16 |7750 |15 |69 | qqg7 | 114 |23 |64 | 247 |45 1266 | 147 | 141 | 153 | 237
B3KE/02SMS | 461 (21 [182 |30 |17 |17 |41 |20 |ggam |20 |72 [43gx | 130 |25 |98 | 284 | a4 706 |100 | 144 | 184 | 236
83KB/00SMB | 305 |31 [190 |41 |20 [0 |79 |17 | 0843 |19 |87 |490 | 146 |27 |96 | 190 | cg 745 |o0os | 184 | 191 | 217
8IKB/O4/S/MS | 415 |24 [174 |28 |20 |16 |56 |20 |qp370 |17 |80 [4303 | 136 |26 |90 | 244 | 355 950 |129 | 179 |220 | 225
83KBM05/S/M18 | 429 |16 [ 135 (32 |22 |13 |37 |2 |64 |19 |78 |45sg | 135 |31 [100 | 272 | 449 ads || 455 | 145 | 344 | 548
B3KBMO0G/SM1Z | 373 |20 197 |28 |17 |18 |50 |16 |gegr |18 |52 | 4545 | 122 |26 [72 [ 318 |34 1344 | 157 152 | 171 | 291
83KB/008/5/18 | 428 |21 | 155 |36 |17 [ 4 |37 |23 | 40033 |17 |62 |43 | 120 |20 |96 | 244 | 35 862 | 143 | 150 | 180 | 2586
83KBM009/SME | 374 |18 | 215 |32 |17 |14 [S7T |16 |ggg1r |20 |74 | go0p | 127 |23 |83 | 247 |34 986 | 126 | 136 | 174 | 215
GIKEMOINSNE | 300 | 310 | 3922 115 |14 |12 283 |17 | 79qg |33 |20 | qpgg (193 |15 | 157 | 16 (375 356|046 |[542 |172 |216
BIKSOIUSMS [ 320 [187 | 3820 |71 |18 |14 [1597 |18 [ gosr |33 |27 | 43m0 |225 |97 [ 952 | 136 | 449 320 |o068 | 439 | 208 | 301
8IKEMI12SMS | 534 |18 [ 145 |37 |23 |17 |62 |14 | qeoqn |20 |62 | 4goy |55 (28 | 118 | 239 | oy g41 |13 | 174 |228 | 339
8IKS/01HSME | 390 (17 [152 |34 |20 |20 |51 |23 |qag32 |18 |77 |4m3s | 183 [33 |11 | 217 | 3g 760 | 122 | 152 | 240 | 306
SIKEBOI4S/M8 | 262 (21 [331 |27 |13 |8 |97 |14 |7345 |21 |106 |7a4 |07 |19 |8 |28 | 443 581|053 | 113 | 113 | 177
B3KBO1SISME | 175 (15 [ 547 |22 |15 |10 |77 |23 |goog |7 |63 | sz | M2 |2 3B | g 1304 |079 | 127 | 124 | 2234
BIKBMIEISHE | 252 |14 576 |22 (18 |1 |79 |23 [gyo3 |7 |73 |oggs | 122 |2 [74 |3480 |a4s 1337 |o7s | 124 | 152 | 237
8IK8/M17/SM8 | 243 (20 [156 |27 |17 |16 |52 |24 |qp3q7 |18 |80 [4372 | 138 |27 |83 | 238 345 885 | 116 | 162 |180 | 227
BIKAMIBIS/E | 312 |9 | 140 |29 |16 |8 |38 |31 | 1pe7g |18 |50 | 4773 | 136 |23 |74 | 289 | 5es iois | 4w | 1ae | 158 |aee |
B3KBIOINSMB | 346 |15 | 151 |20 |18 |18 |33 |30 | 49035 |16 |58 |q577 | 134 |24 |56 | 264 | 440 906 |142 | 150 | 163 | 274
83KA/M20/S18 | 299 |26 [549 |38 (18 |13 | 301 |24 |ggp3 |19 |49 |4359 | 133 |23 |93 | 210 | 359 694 | 111 | 162 | 169 | 2865
83KBMO2VSME | 245 |24 228 |28 (16 |10 [ 105 |20 [gaae |18 |71 g | 131 |23 [®4 |22 o4 785 |ose | 125 | 145 | 204
BIKBUZUSIE | 348 |25 | 216 |34 |18 |14 | 109 |30 | qqag5 | 18 | 122 | qa43 | 132 |30 | 117 | 243 | 3gg 830 | 111 | 158 | 214 | 251
B3K823SM8 (552 (18 |17 |30 |2 |14 (47 |33 | jeaee |22 |72 | 475 |24 |30 [103 [217 | o4 683 | 100 | 148 | 258 | 378
G3K8/024/5/18 | 239 | 246 | 3881 |53 |10 |7 | 3763 |8 4541 |35 |18 | gq7 [124 |4 128 | 6D 136 184 | 040 | 420 |093 | 128
8IK8/025/513 | 648 | 186 | 2539 |56 |16 | 10 | 1685 |20 | gqo5 |35 |37 | 49gp | 137 |17 | WD | 137 | 554 370 | 089 | 354 | 172 | 255
83KB/027/5/18 | 198 |4 [205 |20 |13 |13 |57 |18 |7qms |14 |55 |g7z | 104 |23 |64 | 279 | 4gs 970 | 089 | 112 | 110 | 229
83KA/O28/SM8 | 248 (13 [T |21 |12 |8 |67 |22 |gaqg |16 |73 |7g1 |96 |19 |82 | 483 | 445 1979 | o072 | 116 | 102 [213

191




Annexure-1l

Sample No. Ba | Co | Cr

Cu Ga|Nb| Ni Pb| Rb S5c | Sr Th V | Y| Zn | Zr Sn Hf Ta | Ge | Be U

SIKSMO29SME | 420 |12 | 106 |15 |21 [ 14 |24 |26 | 44995 |20 | 116 | 4gqp | 106 |38 | 101 | 309 | 458 1257 | 116 | 151 | 275 | 3s3
B3KEM030/5M18 | 181 |17 | 221 |30 |18 (13 |92 |20 |g4q7 |16 |63 1144 | 136 |22 |9 21 | 259 741 |o9s | 152 | 170 | 218
| BIBO3USME | 230 |30 | 157 |38 |20 |1 |43 |2 a3 | 19 |8 | ggs 143 |22 |82 | 210 |57o 733 | 074 | 145 | 157 | 291
GIKBI0325ME | 263 |14 | 229 128 1T | |71 122 gggy |19 (T3 g5 | 13T |25 91 ) 302 457 1207 | 108 | 171 [ 183 | 229
B3K8/033SM8 | 195 |25 | 2090 |27 |16 |12 |62 17 |ggan |17 |81 935 123 |23 |82 | 248 |34 976 093 | 127 | 151 | 208
83K8/034/S18 | 363 |15 | 166 |32 |18 [16 |74 |26 | 4pox | 18 |58 378 | 139 |27 | 1M1 | 225 | 40s 832 | 123 | 180 | 187 | 253
S3KS/M3S/SM8 | 421 (20 | 203 |35 |18 |13 |80 |23 |gag3 |19 |75 1083 | 133 |23 |83 | 285 | a4 1145 | 109 | 158 | 192 | 245
G3KEM03GIEME | 238 | 45 | 268 | 51 21 13 38 | 25 0587 24 71 {258 160 | 30 | 112 | 246 146 935 095 | 1905 | 2p3 | 233
B3KAM037/5M18 | 159 [ 106 | 958 (28 |10 |7 97 |13 |c408 |17 |3 |s5sg 106 |13 |70 | 38 299 354 | pa3 | 187 |og1 | 113
B3K8/038/SM18 | 126 | 259 | 3081 |40 |9 025 | 2793 | 7 2921 |2 |16 |40p |87 |9 |88 |45 208 180 | 030 | 288 |oss | oas
BIKBMOWSE [ 260 |21 [344 |22 119 |17 | 162 |24 | q19p35 |20 | 48 1768 | 191 |2 | 97 270 | 454 1206 | 157 | 182 | 161 | 304
B3KA/04NSM8 | 183 |24 | 227 |28 |18 |9 97 6 |gg00 |22 |70 wag | 138 |21 |87 | 207 | 5gg 215 |os2 | 180 | 188 | 218
21 &7 |55 | ag7 2693 | 079 116 | 125 [ 284

B3IKBO4USIE | 224 |18 | 971 |24 |12 |8 | 100 |18 |7453 |16 |78 |ggp | 105

B3KEMO42SME | 211 |2 |53 |17 |14 |8 |41 |20 |00 |18 |40 |gq5 |84

&
%

279 1356 | 080 | 1.14 | 116 | 232

SIKSNSNS1E 235 18 179 36 15 11 59 25 9160 19 a3 1035 139 23 94 25 3.9 25T .94 1567 170 244
SRS D4HSMG 255 13 173 24 14 13 35 19 8343 15 70 12.98 123 21 a4 231 379 25,34 1.2 113 181 253
B3KED4ASSME 318 11 278 " | 17 13 53 19 109,80 17 44 12.18 133 s | 75 24 413 10265 1.16 1.55 1.42 293
SIKGD4E/S1G 336 23 175 42 18 12 65 17 10036 v 58 1079 144 19 93 182 3.75 755 086 123 158 342
83KaM47/SM8 | 95 |14 | 167 |32 |19 (12 |86 |14 |8569 |16 |63 |960 | 135 |22 |97 | 188 | 358 767 | 065 134 [171 [ 205
aIKa04a5M18 322 28 237 46 22 12 121 prts 10875 22 T4 {250 152 26 11 211 178 014 1.01 171 302 935

83KSM4S1M8 | 555 |45 | 128 |42 |18 | M |47 |16 |9417 |18 |210 | 1048 | 142 |21 | 116 | 181 | 373 735 | 045 | 119 | 126 | 220
S3KEMS0SM8 1379 |9 |70 |40 |19 |17 |3 l16 [13470 [14 |29 | 1567 | 109 |34 |80 | 245 | 419 1018 | 146 | 121 | 237 | 309
83KA/OS1SMS | 228 | 128 [ 1007 |49 |13 |6 | 1036 |11 |=caqp |20 |32 |c5gg |96 |18 |81 |96 545 387 | o4 | 193 |ogs3 | 122
83KBIOSYSME | 307 | 174 | 1566 |39 |10 [7 [ 1451 |9 |30 |20 |35 | 748 |84 |14 [121 |93 561 208 | 064 | 300 | 124 | 139
8IKBMOS3SME | 223 (18 [ 523 |15 |12 |1 |47 |15 |gsgy |15 |62 |g4o |88 |18 |58 | 37T | qa4 ai: | ooy | aE | o |oas |
B3KBMOS4S/M18 | 201 |16 [ 524 |23 |15 |1 |61 |16 |77g3 |16 |55 |gog |02 |21 |8% | 353 |55 218 lors | 121 | 112 | 219
8IKEM5S/SM8 | 312 (25 [ 233 |35 (18 |13 |83 |12 |44 |20 |74 | 4ps5y | 138 |24 |94 | 280 | 4q9g 233 | 0o | 144 | 150 | 294
GIKBIOSBISME | o37 |20 (404 [28 |13 |10 [o7 |15 |8s61 |10 |86 [&73 | 102 [23 |72 | 247 | 345 969 | 110 | 100 | 126 | 201
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Annexure-1l

SampleNo. | g, co| ¢r | Cu |Ga|Nb | Ni (Pb| Rb |Sc| S| Th | Vv Zn | Zr | Sn | Hf | Ta | Ge | Be | U
GIKBIOSTISME 1096 |18 | 138 |37 |18 |17 [58 |19 |9616 |15 |76 | 1we2 | 154 [20 | 103 | D18 | 366 874 |o0s6 | 130 | 170 | 186
| B3KBMS8SM8 | 459 |21 | 179 |34 |4 (14 [ 130 |15 | 9491 (16 |67 | 1100 | 114 |24 |8 | 179 | 524 713|103 | 125 [143 [ 215
BIKB/OSHSME | op |32 | 142 |51 |24 |48 |77 |32 | 11185 |23 |03 [ 1355 | 167 [34 | 123 |22 | 409 845 | 053 | 181 |244 | 204
GIKBIOBVSME | 933 |21 | 164 |33 |18 |11 (109 |18 | 10026 |19 |57 [ 1009 | 145 |20 | 107 | 971 | 359 731|037 | 131 | 156 | 201
83KEMBYSNE | opg |21 |202 |20 |15 [12 |124 |16 |85 |16 |75 |907 |121 |24 |93 | 244 |B0S 042 | 065 | 135 |138 | 193
BIKBIOGZSNB | 358 |45 (o972 |33 |17 |14 |52 |22 |o730 |18 |68 [ 176 | 135 [ 26 | 104 | 207 |am2 900 | 035 | 155 | 166 | 221
G3KSMB3SMS | 535 |32 |52 |44 | 20 17 |8 |4322 |34 |& |272 |375 |36 |123 |10 | 350 454 | 013 | 210 |077 | o080
BIKSMEHS/18 396 | 141 2911 |55 |14 |8 2632 | 19 | 5641 s |39 586 159 |21 | 78 100 308 43 |01 | 283 | 159 [120
BIKBOBS/SIE | aag |62 |86 |33 |16 |15 | 770 |17 | 99484 | 1o |gg | 141685 | 407 |27 |@o | 220 | 2138 [9330 | y346 | 1735 | 1909 | 2600
S3KBI06B/SM8 | 435 |22 |383 [32 |16 |13 [138 |11 |7914 |16 |29 |83 |13 |18 |74 |23 |amm 1164 | 141 | 135 [129 | 234
BIKBOGTISI8 (198 (17 [s530 [26 |12 |11 | @9 16 | 75.10 14 | 60 808 |97 |22 |60 289 3.55 1199 | 206 | 106 | 109 | 189
S3K8MOBESM8 | opg |23 331 |27 |12 |12 |8 115 |693® |1 |6 |789 |97 |20 |72 |25 | 408 1.1 | 183 | 107 | 123 | 169
GIKSIO6WSNE | 995 |25 | 243 |40 |47 |43 [153 |19 |1w794 (16 |78 920 |124 |23 |o3 | 180 | 361 735 | 094 | 133 |161 | 187
S3KSMTOSME | 483 |19 | 241 |38 |17 | M | 118 |20 | 9544 |17 | 107 |833 | 129 |22 |8 | 175 | 340 639 | 023 | 148 | 168 | 164
BIKBOTUSIB | 480 |11 |208 |28 |19 |12 |41 |22 | 105897 |45 |g | 90104 |43 |54 |51 |49 | 1730 | 10594 | 403 | 1.082 | 1493 | 2219
S3KBI0TZSNE :::5 18 | 123 |39 |17 |22 |56 |18 | 10770 |18 |82 | 1268 | 140 |25 [105 | 242 | 400 957 | 163 | 143 | 188 | 218
B3K&IOTHSME | 222 |26 | 131 [33 |20 |12 |74 |22 |1w0979 [15 | o7 1061 | 138 |26 | &7 196 | 405 795 |120 |132 165 | 210
BIKBOTASNB 1205 |49 |175 |24 |14 |13 [58 |13 |9828 |14 |70 |947 | 104 |18 | 8 213 | as2 360 | 115 | 106 | 134 | 203
83KSM75SM8 | 73 |23 | 113 |44 |17 |1 |66 |21 11063 [19 | 101 | 1084 | 115 |27 | 1o | 187 | 370 636 | 099 | 121 [175 | 210
BIKSIOTEIS/8 (110 | 197 [ 2534 |34 |10 |7 3044 | 2 211 18 |3 407 123 |1 | 77 52 323 236 |01 | 2724 | 054 | o8
S3K&MTTISING | 550 |33 |252 (47 |18 |14 | 246 |38 [ 13622 [15 |85 | 1456 | 129 |53 | 122 | 219 | 958 748 | 203 | 182 |253 |275
83KaM78/SM8 |57 |25 | 182 |38 |20 |16 | 119 l27 |13135 [15 |98 1528 | 118 |35 | 113 | 332 | 595 1271 1263 | 177 | 261 | 311
BIKBIOTHSNB | 354 |26 | 344 |30 |13 |1 [157 |8 |o083 |93 |50 [846 | 109 [16 |87 | 180 | 345 579 | 106 | 105 | 120 | 183
S3K8M0BOSMS | 938 |21 287 |24 |15 (15 |12 7 |®3a7 |13 |3 (1323 | 113 |20 |76 | 248 | 386 591 | 168 | 126 |136 | 271
GIKBIOBVSME | 993 (14 |19 |23 |14 |9 127 112 |8347 |14 |@ |763 105 |21 [74 |25 337 go0 | 145 102 | 122 [197
S3KSMBXSNE | 043 |45 | 222 |24 |12 [12 |66 |15 | 10951 |12 |80 |892 |07 |17 |84 | 203 | 344 496 | 123 | 101 | 114 | 205
BIKBMB3SNS 1200 |20 [208 |36 |17 |10 | 126 |14 |9540 |15 |75 |e21 |122 |22 |o3 |7E | 3% 894 | 089 | 130 [181 | 199
GIKBI0BASME | 476 |19 |210 (25 |16 |12 [68 |19 |8753 |1 |75 [977 |1 |25 | ¢ 267 | 3.40 1195 | 114 | 121 [142 | 194
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Annexure-1l

SampleNo. | g | ¢o | ¢r | Cu (Ga|Nb | Ni |Pb| Rb | Sc| S| Th | v Zn | Zr | Sn | Hf | Ta| Ge | Be | U
GIKBIOBSSMB 1092 |29 |157 |33 |16 |12 |78 |18 |&720 |17 |7 |o9es |15 |2 |8 | »7 |37 926 | 106 | 120 | 147 | 199
| BIKBM86/SM8 | 142 |24 |78 |22 |15 [13 |71 |13 |8031 |12 |74 903 |13 |23 |8 |24 |320 981|117 | 106 | 127 | 189
BIKBIOBTISME | 450 |42 |237 |21 |12 |42 |71 |16 |e696t |15 |60 [787 |91 |18 |68 | 263 |410 1087 | 172 | 101 [ 109 | 199
GIKBI0BHSME | 432 |88 |991 |24 |14 |12 [1208 |20 | 10298 |13 |67 [ 1162 | 100 [23 |85 | 170 | 374 748 | 073 | 150 | 164 | 226
B3KBIOBYSMB | o5 |79 | 3060 |22 |5 |z |2s10 12 21129 |48 |16 [3300 |5 |6 lss | & 0922 | 2706 | gogg | 1936 | 0.444 | 0.666
B3KB/OOIS1E |59z 147 [ 3188 |32 |13 |13 | 1108 |28 | 92138 | qa |a3 | 171 | 435 |45 | 432 | 457 | 2687 | 78T | yqg5 | 2052 | 1433 | 2425
83KSMS2SM8 | 993 |25 | 204 |37 |18 (15 | 112 |18 | 10084 [16 |53 | 1292 | 119 |23 |93 | 229 | 458 958 | 142 |125 |158 | 279
BIKSMO3S/M8 (o248 |24 [2095 [33 |14 |13 | 113 |14 | 9568 15 | 45 059 [ 113 |19 |72 182 |355 883 |101 |104 132 [225
S3KSMS4IS1M8 | 459 |43 (382 |17 |12 [ M |91 |9 |79 |16 |53 |772 |®% |25 |67 | 275 | 424 1195 | 104 | 059 | 098 | 195
S3KBI09WSMB | 95 |41 |575 [42 |10 |10 [49 |11 |7214 |13 |4 |787 |72 |12 |4 |284 |309 1204 | 093 | 089 | 099 | 187
BIKB/096ISIE (243 (23 [238 (200 |12 |13 | &7 12 | 73.02 11 (58 (603 |9 |20 [75 219 | 327 1306 | 099 | 067 | 085 [ 162
83K8M097/SM8 | ogg |23 | 230 |33 |19 |12 |99 112 |o9494 |1 |a2 (992 140 |26 |9 | 235 | 344 872 | 102 | 127 |151 | 227
GIKSMO9BSME | 343 |23 |133 |41 |18 |13 |85 |23 |9575 |48 |89 | 1040 | 145 |24 |93 | 184 | 344 913 |090 | 126 | 148 | 240
B3KBM00SE | 138 |16 |2s0 |23 |14 |10 |75 |14 | 67615 | 7 |g3 |8848 | 408 |22 |85 | 3sg | 1874 | 16880 | g7 | 1.087 | 1.310 | 2280
SIKEMAUSAS |25 | 441 | 2567 |97 |6 2474 |1 |9339 |9 |14 |18 |63 |5 [s58 |3 341 835 125 | 138 [172 |19 |
GIKBMOZSME | q90 | 206 | 2850 |42 |1 5681 |9 |4841 |27 |18 733 [151 |15 [ 114 [ 76 3.30 358 | 047 | 288 | 108 | 153
B3KBMO03SME | 594 | 455 | 2852 |37 |13 |43 | 1851 | 15 | B9SSE | ap 1458 | q48 | 16 | 427 | 141 | 1944 | 5912 | yo4g | 2319 | 1.444 | 2400
B3KEMOSISMS | 35p (24 |35 |30 |15 |10 | 153 |16 | 98052 |45 |gx | 10236 | 447 |19 | sg | 473 | 1708 | 8287 | gg3n | 1161 | 1523 | 2119
GIKSMDB/SMS 1339 |22 385 |15 |12 |13 |138 |16 |5966 |8 |64 |960 |88 |17 |64 |212 | 324 1107 | 129 | 089 | 108 | 213
BIKSNO7ISMS 295 |25 [ 184 | 31 17 (14 [422 |15 | 8815 17 164 [ 105 |2 |31 1497 349 871 127 | 103 | 144 | 248
GIKSMOBISME | 450 |20 423 |30 |12 |M 106 |11 |6648 |12 |81 |714 106 |21 |72 |313 |59 1119 | 107 | 105 | 105 | 177
B3KBMONSMB | 954 |31 | 204 |33 |16 |11 | 154 |17 | 86490 |49 |72 | 10041 | 450 |22 la7 | 314 | 1847 | 88688 | yp45 | 1153 | 1520 | 2194
SIKBMIOVSME |00 | 190 | 3950 |20 |9 |8 [ossa |8 |o773 |21 |26 |38 |47 |10 |74 |87 270 394 |031 255 |058 | 086
SIKBMIVSAS 1475 |42 [132 |19 |11 |17 |43 17 |6784 |11 |58 | 169 |88 |26 |84 | 278 (317|785 | 179 | 097 | 117 | 230
GIKBMZSNE 989 |29 113 [19 |12 |23 [28 |16 |7631 |19 |52 [1289 |90 [2 |51 |28 |319 885 | 241 [109 |113 | 246
BIKEM13SME | a9 ot0 |33 |1a |11 las |29 | 7203 |45 |gs | 10123 | 443 |28 |77 | 342 | 1435 | 13738 | 1043 | 1126 | 1415 | 2353
SIKEMIASIS 1467 |99 [218 |25 |13 |14 |69 |14 |6324 |15 |86 [815 |96 |24 |74 | 234 |390 747|110 | 106 | 106 | 195
GIKBMINSME | 269 |53 | 128 |50 |23 |27 (113 |15 | 12327 |15 |39 [960 | 128 [37 | 142 | 250 | 389 741 | 239 | 219 | 259 | 085
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Annexure-1l

SampleNo. | g, | co| ¢r | Cu|Ga|Nb | Ni Pb| Rb |Sc|sSr| T™h | v |Y|zn| zZr | sn | Hf | Ta | Ge | Be | U
BIKSMIBISME | 4gm | 150 | 2130 |32 |15 |13 | 1453 | 19 | 92278 |sog |37 | 12849 | yog |45 | 1ap | 1g0 | 2340 | 5499 | yqa3 | 2507 | 1531 | 2673
B3KSM18ISM8 | 389 |33 | 201 |45 |17 (M [ 165 |17 |9779 [ 17 |71 | 930 | 130 |26 | 103 | 150 | 361 522 | 093 | 134 |161 | 174
BIRGMINSME | 494 |22 | 311 |20 |14 |43 [148 |13 |7026 |13 |44 [938 |98 |20 |75 | 224 | 331 897 | 118 | 113 | 126 | 209
GIKBM2WSME | o35 |28 | 261 |37 |15 |14 [128 |19 |9463 |12 |57 [920 |13 |22 |8 |88 |327 661 | 120 | 124 | 142 | 183
83KEN2NSN8 | 471 |16 |367 |23 |12 |13 |75 |12 |7078 |1 |55 |975 |s& |13 |58 | 278 | 338 1175 | 136 | 1.03 | 123 | 229
BIKBMIVSNB 1203 |24 | 366 (19 |12 |92 [108 |13 |6597 |10 |69 [815 |94 |19 |65 |25 |203 794 108 | 091 | 103 | 200
S3KEMN235M8 | j04 |43 | 195 |55 |18 [0 | 164 |19 [9810 |20 |62 | 1043 | 143 |30 | 103 | 153 | 3m 610 | 093 | 151 | 177 | 204
BIKEM24/5/18 (197 (16 [175 [33 |18 |13 | &0 16 | 9178 19 |94 1085 [132 |25 |98 224 438 961 150 | 138 | 179 | 212
83K8M23/S1M8 1949 |22 | 188 |34 |13 (13 |90 |24 |s662 |16 |89 | 1089 | 123 |25 |95 | 256 | 457 1179 | 145 | 147 | 170 | 211
83K8N2GSMB | 487 |19 | 170 |25 |16 |13 [67 |17 |7989 |14 |83 |@11 117 |23 |8 |233 |378 926 | 136 | 120 |145 | 194
BIKBMZTISME (205 |24 [145 [36 |16 |11 |66 12 | 70:32 16 | 63 9.43 19 |23 | 107 | 218 401 909 | 141 |122 |142 [216
83K8M28/518 | gaq |14 |08 |22 |15 |14 |50 119 |9823 |13 |15 | 1259 |9 |27 |94 | 255 | 470 064 | 181 | 111 | 185 | 254
GIKSM2SME | 5oy |49 | 724 |41 |14 |20 |568 |16 |8983 |48 |58 | 1108 |18 |26 |120 | 247 | 435 983 |221 | 180 | 151 | 257
S3KEN30SE | 441 | 28 | 313 13 |34 |10 |11 |5515 |18 | 115 | 756 [155 [25 |93 | 256 | 37s 842 | 283 | 157 | 151 | 171
BIKBM3USNS 1493 |25 [182 |39 |17 |12 | 133 [16 |&8145 |13 |70 |oe42 |132 (23 |93 |70 | 410 781|119 | 126 | 148 | 185
GIKBMINSNE | 44 |30 | 266 |39 |15 |9 168 |15 | 9807 |16 |78 |12 |132 |2 |96 | 167 | 399 682 | 133 | 147 | 174 | 184
B3KEM34SM8 | 457 |14 | 350 (15 |13 |12 |74 |18 | 6658 13 |48 |945 |8 |20 |70 25 | 8&2 1166 | 121 121 | 121 [ 203
BIKBMIWSNB 1952 |27 350 |27 |13 |40 [131 |13 |78m |15 |90 [@8s59 | 113 [18 |92 | 235 | 552 10.97 | 104 | 142 | 132 | 185
83KBM3BSMB | 190 |17 |238 |97 |13 |11 le |12 | 80512 |45 |gs |9565 | 403 |18 |72 | 191 | 1845 |7201 | jgq7 | 0.953 | 1219 | 2240
BIKBMITISM8 345 |28 [135 |40 |20 |95 |89 |20 | @4 19 |80 1203 | 143 |28 | o4 773 442 1022 | 177 | 150 | 189 | 199
83K8M38I518 | 998 |24 | 142 |20 |13 [15 |75 |23 |9es7 |15 |91 [1180 |136 |27 |97 |23 | 1113 | 924 |158 | 148 | 183 | 209
BIKBMIWSMB | 438 |23 | 177 |25 |16 |10 |78 |21 | 99638 |45 |76 | 13813 | 447 |24 lss | 2aa | 3973 |9917 | 1337 | 1.908 | 1380 | 2498
BIKBMANSNB 1949 |31 |185 [31 |18 |95 o4 |26 |10299 |17 |70 [1315 | 134 [28 |99 | 240 | 373 1041 | 177 | 163 | 200 | 219
B3KBMAVSM8 1304 |26 173 |31 |16 |14 |84 120 |9185 |15 |84 | 1260 | 119 |29 |88 | 300 | 374 1386 [ 172 | 130 [ 191 | 282
GIKBMAZSNE 1094 |32 |213 |42 |19 |39 [135 |11 |e584 |19 |128 [837 | 184 [2 |97 | 240 |840 903 | 416 | 182 | 164 | 228
83K8N43S1M8 | 447 |33 |56 |43 |17 |8 |24 |7 |1830 |20 |73 |459 |303 |23 |73 | 137 | 364 340 | 056 | 171 | 083 | 101
BIKEM44SNS 1489 |22 209 |35 |13 |13 142 |15 | 7485 |16 |65 |984 |108 [18 |79 | 186 |37 601 |11 | 121 [137 | 192
GIKBMANSNE | 472 |28 |207 [35 |17 |1 [134 |16 |8923 |14 |78 [985 |124 [24 |88 | 180 | 614 539 | 132 | 144 | 154 | 196
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Annexure-1l

SampleNo. | g, | co| ¢r | Cu|Ga|Nb | Ni Pb| Rb |Sc|sSr| T™h | v |Y|zn| zZr | sn | Hf | Ta | Ge | Be | U
GIKBMABISMB | og |26 | 242 |37 |17 |10 [186 |20 |6755 |16 |81 [s@0 | 122 |24 |95 | 483 | 557 435 |o097 | 118 | 128 | 185
B3K8N4TISNE 1451 |23 | 180 |30 |18 (12 129 |22 |9107 |16 |74 | 10008 | 130 |24 |9 | 187 | 382 585 | 127 | 151 | 162 | 204
BIRSMABISME | 455 |41 | 373 |23 |39 1 |67 |12 | 59863 64 |730 |72 |16 |8 | 238 |268 706 | 0095 | 080 |097 | 176
GIKBMANSME | 359 |7 | 508 |18 |12 |12 |42 12| 77.66 49 |935 |59 |18 |61 280 | 491 1037 | 146 | 104 [ 081 | 219
83KENS0SM8 | o709 |21 | 153 |31 |18 |15 |8 |16 |9572 |19 |71 | 1237 | 150 |24 |14 | 203 | 319 430 | 146 | 154 |175 | 224
BIKBMSUSNB 1993 |20 |148 |34 |17 |13 [89 |13 |o577 |15 |84 [1212 | 125 [24 |95 |232 |276 575 | 143 | 144 | 179 | 209
S3KEMS2SM8 | 933 |29 | 138 |37 |18 |16 |77 |22 | 10588 [17 |88 | 1352 | 135 |29 |97 | 231|920 511 | 161 | 150 | 184 | 224
BIKBMSISM8 (4184 (38 [234 [36 |15 |12 | 185 |25 | 7748 16 | 55 Wey 127 |23 |77 214 336 819 |124 129 [152 [213
S3K8N54SM8 1849 |31 | 187 |59 |16 (14 | 103 |15 | 7996 |16 | 114 | 886 | 114 |26 | 114 | 139 | 342 688 | 129 | 128 | 154 | 180
S3KBNSWSMB |28 |23 | 106 |48 |17 |15 [46 |12 |8442 |21 |72 |9m4 |41 [33 |9 190 | 349 799 |138 138 |177 | 197
SIKGEM5ESM18 3n8 75 116 30 16 73 B4 0 o 056 15 £g 9891 115 ] o4 730 1,754 10457 | 0911 | 1177 | 1.529 | 2271
83K8NSTSNE 1053 |21 |253 |21 |12 |15 |18 |8 [8175 |14 |0 |1wo04 |80 |22 |66 | 214 | 714 812 | 187 | 112 |121 | 247
GIKSMSBSME | o937 |28 |210 |37 |18 |14 148 |21 |sosd |99 |84 |1031 |137 |25 [123 |27 | 340 894 | 136 | 138 [153 | 204
S3K8N5%SM8 | 481 |23 (204 |30 |13 [13 | 107 |14 | 7633 | 9® 67 | 933 |104 [24 |79 | 200 |37 813|126 | 108 | 127 | 194
BIKEMBUSMS 1469 |43 [234 |26 |15 |12 |98 19 |e830 |10 |70 [818 |02 |22 |8 |21 |37 856 | 115 | 103 [ 128 | 184
SIKEMBUSIE |1 |7 | 412 | o 7 |12 |32 |43 | 74339 |43 |34 | 10408 |54 |49 |35 | 3pg | 1904 | 7041 | 1850 | 1121 | 1574 | 2367
B3KBMEXSME | 200 |43 |265 |25 |13 |10 | 121 |15 | 48289 |42 |74 | 9251 |40 |20 |or | 219 | 1272 | 13458 | 0.099 | 0664 | 0.778 | 2308
BIKBMGASNB 1293 |49 |229 |34 |16 |14 [84 |16 |7706 |15 |69 [015 | 103 [23 |79 | 231 | 382 958 | 152 | 129 | 137 |22
83KEMBSSME | 934 |97 | 173 |31 |22 (12 |96 |16 [11368 (18 | 107 | 1088 | 139 |27 |99 | 213 | 354 925 |132 |142 |176 | 213
SIKSMBBI3MS | 137 |17 | 238 | 25 13 |12 |152 | 18 | 5873 12 | 63 770 106 |22 | 297 309 942 112 | 117 | 123 | 189
83K8NBTISNE | 475 |57 | 1349 |23 |12 [ @ 1114 |8 | 4034 |9 53 | 650 |94 [97 |71 | 140 | 310 562 | 083 | 159 |087 | 137
S3KEMNBESNS | 494 |20 | 183 |35 |19 |16 116 |25 | 10634 |18 |80 1519 | 115 |36 |9 | 230 | 366 989 | 183 [132 |18 [277
BIKBMEHNSNB 1990 |4» |569 |42 |13 |26 [576 |7 |4538 |17 |94 |686 | 125 [26 |8 | 185 |325 653 | 250 | 152 | 115 | 134
B3KBMTBISMB | 294 |30 | 271 |28 |14 |12 | 143 |18 | 86330 | 45 g7 |9715 | 493 |22 |74 |2pp | 1402 |[8352 |o0882| 1012|1388 | 2237
BIKSMTEISME | 997 |28 |37t |33 |15 |12 | 179 | qa | 87695 15_""?5 12468 | 41 |93 |8 | g7 | 1655 | 9124 | 1229 | 1240 | 1571 | 2513
BIBUTESIE | 471 |19 |61 |26 |16 |18 |78 |22 90122 | o |sg | 10451 | 420 |28 |92 |28 | 1983 | 12956 | 1.055 | 1.173 | 1518 | 2452
SIKEMTHSMS | 435 |21 |280 |28 |13 |14 | 137 |23 | 73421 |4g |73 | 11034 | yq0 |22 |79 |3 | 1356 | 9988 | 1039 | 1163 | 1403 | 2349
8IKSMB0IS13 | 188 |18 | 280 33 14 |11 | 195 |11 | 83259 |43 |7 | 11982 | g3 |95 | s | 3@ | 1350 | 9153 | 0871 | 1.097 | 1.500 | 2371
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Analytical Data of Rare Earth Elements of Stream Sediment/Slope Wash Samples
(Values in ppm)

Annexure - Il

Sample No. La Ce Pr | Nd | Eo | Sm | Gd | Tb | Dy [ ]| & || ow | ¥6 [ it
SIB0015M18 3665 6696 E459 3054 113 559 51D :73 4.36 Das 259 025 283 025
E:ﬁ;:&fﬂﬂzf&ﬂ 8 4403 285 988 3599 134 635 613 .86 495 098 280 025 3.16 050
BIHE003ISME 3459 G7.68 B.75 3357 180 T37 726 ]_ﬂﬂ BA5 115 320 052 3.30 054
SIS 004SME 4179 J6.50 963 3541 141 644 609 050 532 102 301 050 337 051
GIKG002/SMS 45.09 2403 in7a 39.68 165 Te2 726 108 528 131 356 053 1E 0.0
SIKB/00B5M1E 4524 B&36 1047 . 3745 132 6.9 633 o9z 5.50 109 323 054 1.46 055
SIKE00EISIE #122 | %24 | 929 | 3333 | 107 | 548 | 504 | o7 | 43 | o088 | 265 | 025 | 300 | 025
S3KS009/5M18 Eri-y) 67.96 253 3052 b 544 sgo | o7 433 087 Fcg 025 274 025
SIS 010518 27.23 5116 & 99 2117 0EL- 41% 416 060 3.72 oo 209 025 225 025
BIKB011/S/18 3244 5295 737 1619 tog | 533 | 529 | 079 | 476 0.50 267 | 025 | 2% | D25
SIS 2518 53712 102 27 1251 4368 175 851 816 115 6.50 k 124 355 059 E 0.59
GIRA013M5M18 LE.16 107.88 13.40 47.20 1E0 867 821 115 B7L 128 359 0645 3.81 D2
SIB0145M18 24 43 4559 600 2245 107 464 442 OBS 3.79 D73 212 025 237 025
SIKE015518 3052 57.6B 752 770 137 567 h6S 084 492 055 277 025 298 050
BIB0BSME 3076 5334 751 2747 130 5_":-_3 537 0.82 5.01 100 ¥g? 025 3.08 050
SIS TISME 4184 T355 981 35.75 152 J.00 6.B8 098 580 | 109 308 051 314 051
SIKG018'3M18 4263 31.86 5.66 32.88 108 F 577 0Bl 4534 0a3 304 052 134 053
SIB095M18 4520 B292 10004 3452 11d 586 537 0.75 445 o 282 025 309 025
B3KA/020/S/18 35.14 6934 | 807 z796. | 107 | 518 | 513 | o7e | 942 | ose | 238 | o025 | zm | 035
S3KB021/5M18 2817 5266 6932 2524 124 5_115 512 .77 485 0.e0 263 025 290 025
SIKS022/SME 45:13 B408 ime2 35950 183 87 7T 11z 623 11z 326 053 3.30 052
SIKBNZ2IEME 4316 29,70 1154 41 2E 174 819 768 116 690 127 3ITE 053 34 0LES
SIHBI024/5/18 15.93 2951 354 1271 056 261 262 025 243 0.25 142 0.25 155 025
GIRGI025/5M1E 2954 5542 €45 2336 o.54 456 456 Q.67 4,04 | o.78 232 025 242 023
S3KB027/5M8 2867 5523 534 25.14 0.95 471 4159 065 411 [ 0.86 258 025 274 025
SIE0285M15 2232 4236 LEE 2338 115 453 437 066 413 I DIF7 224 025 242 025

198



Annexure - Il

Sample.No. la | Ce | Pr | Nd | Eu | Sm| Gd | To | Dy | Ho | Er | Tm | ¥Yb | Lu
B3KEI029/S/18 4507 8940 | 1135 4219 205 | 893 | 868 | 131 | 752 | 143 | 397 | 065 | 396 | De4
BIKEDI0ISE 3332 6238 783 2856 1130 | s | iss2 hazs | 452 | oo | 272 | o2s | 251 | 02s
BIKBI031/SIE 31.23 58.75 745 7763 127 | 527 | 502 | o34 | 436 | 087 | 252 | 025 | 2% | 025
83KBI032ISI18 3574 &725 545 3151 133 627 |, 587 | 089 | s30 | 1oi | 287 | 025 | 305 | 025
B3KEI03NS/1E 29.54 57200 )} fas a8, || 133%| "s@sf || 557\ oss: | saF | ao0Y| 288 | 025 | 298 | oso
BIKE0ISIE 42.00 7817 977 3513 139 679 | 49| 09s | s40 | 10z | 298 | 025 | 300 | 025
83KEI035/518 3751 7161 870 o 126 | 588 | 538 | o079 | 4ss | @95 | 2m | g25 | 293 25
B3KBI036/5/18 34.49 7031 86 3473 201 ~{"B13+| 825 | 128 706 | 128 | 353 | 057 | 346 | 056
BIKBIDITISME 1432 032 332, 1251 o | z7 | 278 | 025 | 28 | ose | 1e4 | 025 | 173 | 025
BIKEI0IBIS/1E 10.92 048 746 917 025 196 | 294 | 025 | 202 | 025 | ‘117 | 025 | 124 | 035
B3KB/03IS/1E 4333 9765 | 1184 | 4337 167 | 839 | 8o | 120 | 713.] 134 | 380 | oss | 335 | D@1
BIKBI040/S/18 31.00 5862 737 2683 135 | sae| a7z | o7 | a1z b | 263 | 025 | 277 | 025
BIKE/D41/SI8 26,50 50.56 670 2476 222 |s29 | 542 | 077 | 434 | ps3 | 254 | 025 | 299 | ps1
BIKEI042/S/15 27.73 5311 645 2273 Doz | 425 | 406 | o6l | 351 | 067 | 204 | 025 | 229 | 025
B3KBI043/5/118 3176 60.37 779 2840 138 |'s87 | 554 | om4 | 485 | 0oy | 27 | 025 | 282 | 025
83KBI044/5/118 3337 61.98 7.60 2660 102 | 492 | 473 | 074 | 450 | D32 | 294 | os1 | 338 | 055
BIKEI045/5/18 3649 E961 .44 2935 1ic ¥] ssan | 598 | o7si| 436 | oss | 252 [ e2s | 293 | 0os
BIKB/046/S/18 3106 58.61 7.17 2508 096 | 452 | a5 | oe1 | 367 | o073 | 228 | 025 | 252 | 025
83KEI047/SM18 3152 5307 664 2433 | a0t | 444 | 430 | 063 | 380 | 077 | 237 | 025 | 2% 25
B3KBI048/S/118 36.42 g3.45 896 3321 157 | 710 | 689 | 20z | 593 | 109 | 316/ | 625 | 33 | os5
BIKEID40/S/15E 3404 | sE59 712 26.44 171 | 543 | 485 | o071 | 424 | vs3’ | 258 | 025 | 2e5 | 025
BIKEI0S0/S/18 50.09 99.59 9.70 3318 231 | 583 | 647 | oose | s75 | 215 | 3ms | os8 | 357 | os8
B3KB/N51/S/18 1830 3575 483 1939 141 \vav0'| 467 | 073 | 422 | 038 | V220 | o25 | 2z | 035
BIKBI052/S/18 2389 470 553 2011 090 | 403 | 390 | 057 | 343 | oes | 182 | 025 | 1 | 0325
BIKE/053/SIE 30.14 55.69 6.84 2452 D90 | 431 | 420 | os0 | 376 | 078 | 226 | 025 | 257 | 025
BIKEI0S4/S/1E 28,97 5305 629 2467 101 | 488 | 445 | 067 | 399 | oo | 245 | o25 | 273 | 025
B3KBI055/S/118 33.94 64.51 819 28.95 196 | 563 | 5318 | oz | 452 | 085 | 253 | 025 | 28 | 025
83KBI0SE/S/18 30.79 53.05 676 552 197 | 538 | 511 | o7 | 449 | oss | 255 | 025 | 259 | 025
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Sample.No. la | Ce | Pr | Nd | Eu | Sm| Gd | To | Dy | Ho | Er | Tm | ¥Yb | Lu

BIKBO5TISIE 3814 65.45 738 2857 120 531 438 o7 an DAz 247 | 025 253 025
BIKB/05E/5ME 3551 £3.88 ‘B12 3002 130 584 555 .82 480 0.54 282 025 287 025
BIKBI059/S/18 4837 56.15 1171 4530 252 386 251 143 7:60 134 373 057 3.45 0.54
S3KB/060/SM18 32.00 5478 562 2352 Doz 420 389 0.58 353 074 238 | 025 2:3 0.25
S3KEI0E1/S/18 2529 5035 543 2859 1zc% 534 || 522 073 463 0.29 2565 0.25 276 025
SIKBIE2ISM1E 35581 6177 726 330 135 593 581 p2s | s5a9 098 287 | 025 288 025
S3KBI063/SM13 1318 2780 283 17.00 170 503 58D 13" [} 739 147 | 432 071 437 =
SIKE064/5M18 2187 4250 LR 2058 2.10 532 543 0.85 473 D86 | 234 | 025 | 236 0.25
G3KB065/5/18 s0021 | 82627 | 104ED | 3m403 1485 | 7408 | €344 | 1010 | 5885 | 1131 | 3233 | 0530 | 3272 | 0538
S3KEI0EEISI1E 2943 5784 508 2052 o078, | 35S 381 0.56 343 B0 | X9 || 0325 243 0.25
SIKBIOETISME 26.89 4357 628 2310 i | 482 457 0.69 389 D76 | 229 | 025 242 75
B3KEI06E/S/ME 2547 4815 T4 2154 o6 | 430 2413 0.1 363 B.71 214 | 025 237 | 025
BIKE0EIS18 3073 57.05 719 2619 129 | 588 | 535 073 | 451 028 259 | 025 266 025
BIKBOTOISME 2585 4870 515 2315 119 432 453 071 | 4318 o.81 233 | 025 248 | 025
SIKBEOTISME 35365 | 99233 | 7y | 28937 | 1508 | 06053 | 5536 | O35 | 4724 | 092 | 2758 | 0454 | 2991 | D498
S3KBIOT2EM1E 4546 g0.13 370 3412 1328 .09 553 077 | 453 DEg | 263 | 0325 2.80 0.25
BIKBIOTISME 3585 £3.28 781 a1 138 579 545 081 4.53 0.85 289 | 025 3.08 051
SIKEIOTHSME 336 5567 667 2315 087 411 388 | 054 333 o70 | 223 025 245 0.25
S3KBIO0TSISME 3804 B5.58 569 33376 183 584 | BES 028 540 ogg 283 | D25 bl S .
SIKBEOTESME 1235 2463 TE2 385 025 286 213 | oz 200 0.25 119, | 625 | 121 0.25
BIBOTTISME 54.08 117263 1373 5453 2.85 1271 1265 190 1056 154 514 0.739 462 0.74
SIKEOTEISIE 43.49 9005 1147 4504 197 BE2 830 126 765 137 | 40 0.56 4.06 D.E5
SIKEOTISME 30,55 5259 5.18 2154 L e 375 056 | 341 053 208 | 025 214 | 025
B3KEI0B0/S/E 3551 7347 753 2545 0.77 471 434 053 353 o7z | 22 | 025 254 | 025
BIKB081/5/18 2384 47.74 565 2169 113 483 475 0.75 .40 084 252 025 265 025
BIKE0B2S/M1E 2881 5223 £33 23.74 083 451 | 387 055 350 073 23 | 025 247 0.25
5IKBE0835ME 2956 53.68 531 2525 118 514 [ 4891 073 | 43s 0.84 243 | 023 266 | 025
S3KBI084/SM18 23.05 53.76 521 2540 134 535 572 OED | 468 0.30 266 | 025 2.80 0.25
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Sample.No. la | Ce | Pr | Nd | Eu | Sm| Gd | To | Dy | Ho | Er | Tm | ¥Yb | Lu
B3KE085/5/18 033 55.81 7.03 2611 148 535 508 078. | 459 D.88 263 025 278 0.25
BIKB/0BES/M1E 27.08 5075 £43 24.10 113 518 512 073 a472 0.80 267 025 275 0.25
BIKBI0BTISIE 357 45.26 538 20.10 081 3.87 357 055 345 070 217 | 025 | 240 | 025
S3KB0B8SM18 3472 63,08 5.05 2g.82 122 5.85 551 0.81 466 08 265 02s 268 0.25
§3KB/0B9/5/18 10.485 19023 || 2073 7538 031f | I4ss | 15000 |.0223 | 1301 | 0254 | 0753 | CAF9 | 0799 | 0134
SIKB0I0S1E 33532 4115 | 6370 22756 | 0813 | 4289 | 4163 | 0618 | 3637 | 0707 | 2132 | 0382 | 2253 | D379
83K8/092/5M18 3583 E2.A5 762 2653 102 453 498 072 478 Da8s 754 025 267 25
§3IKBDI3EME 3076 55.33 674 1369 0.84 a1e 413 0.60 359 D71 219 0.25 241 0.25
B3KE/004/5/15 2543 4857 611 2343 134 545 | 533 0.53 485 D31 263 025 282 0.25
S3KB/095/5/18 2438 48.77 582 2258 109 [t 512 0.80 463 0E7 243 025 248 0.25
S3IKB0IEIS1E 2011 3730 415 1433 054 279 283 0.25 262 D52 163 025 184 0.25
B3KB097/S/18 3086 58.33 741 765 133 530 553 082 482 093 178 025 232 0.25
53KE/DIBISIE 3ts3 5316 753 2824 138 | 589 563 084 5.08 0a7 294 050 311 D51
B3IKEM00/S/15 17238 | 45835 | 5530 22388 1136 | 4723 | 4546 | 0725 | 4375 | D868 | 2620 | 0458 | 2975 | D511
§3IKE/101/5M18 3003 55.84 7.08 3575 133 |/582 5322 081 468 029 2561 025 70 0.25
S3KBM02'5M18 2342 3|21 510 1220 076 384 371 056 319 D51 180 025 180 0.25
B3KBEM03/5/18 37.114 | SE409 | 6500 24627 | 0913 | 4852 | 4585 | 0672 | 3874 | 0754 | 2226 | 0376 | 2357 | 03
SIKB05/5/18 32618 | 52719 | 6779 25030 172 | 5030 | 4539 | 0738 | 4217 | 0810 | (2367 | 0395 | 2508 | 0410
83KB/06/S/18 2945 53.10 610 217 oo 435 | 419 (=] ERi=] B2 213 025 234 25
§3IKB(107/SM18 33355 6076 733 2622 056 467 467 058 403 D81 244 025 258 0.25
BIKB/108/5/15 2223 45.07 531 19.80 102 418 413 053 377 0.74 218 025 238 0.25
S3KB/109/5/18 32.062 53014 | 6863 25515 1354 | 5356 | 5182 | 0785 | 4530 | 0892 | ZE32 | 0442 | 2799 | D489
S3IKBM10/5M18 11.93 7511 270 929 D25 |+1m3 130 0.25 177 0.25 109 025 in 0.25
B3IKB111/5/18 3212 5937 733 2691 108 531 510 077 466 0ez 176 025 232 0.25
BIMBM12/SM1E a0.01 7343 B34 3135 103 555 513 076 471 .85 232 025 3.05 05t
BIKB/113/5/15 31891 | 54935 | 7059 26351 1418 | 5838 | 5e40 | 0881 | 5297 | 1003 | 2826 | 0455 | 3470 | 0537
SIKB145M18 2435 5018 580 2145 093 433 407 053 333 077 234 025 155 0.25
S3KBM15/5M18 5335 11317 1455 5220 297 | 1273 | 1145 1.55 2.06 138 372 054 ERL 0.25
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Sample.No. la | Ce | Pr | Nd | Eu | Sm| Gd | To | Dy | Ho | Er | Tm | ¥Yb | Lu
53IKBM16/S/18 35.648 £1701 | 6793 23981 | omaz | 4853 | 4436 | 0644 | 3781 | 07ES | 2192 | 03e4 | 2325 | D363
BIKB/118/5/15 29.10 55.57 525 7592 137 565 555 0.88 454 0.1 puli-1-) 0.25 258 25
BIKEI119/S/18 3683 53.05 577 2063 0.26 381 357 057 334 066 200 | 025 | 2m | 025
S3KBM20/5M18 2224 54.19 558 23596 1on| 451 443 0.67 4,04 0.3 233 02s 251 0.25
S3KBM21/5/18 3026 55.75 529 24.50° =l 4430 | 4143 0.61 373 075 237 025 258 025
SIKBM22/518 2533 52497 504 2204 0.87 4.02 376 0.59 370 076 233 025 255 0.25
83KBM23/5M18 3056 E2.06 7.87 3042 188 739 753 117 652 118 | 3326 0Lz 333 0.52
SIKB124/5M18 3319 £193 782 22.07 142 .15 552 083 510 D99 287 025 3.00 0.25
B3IKBM125/5/15 3435 61596 7.20 23.80 140 501 | 580 og7 | =m11 036 287 025 34 0.25
S3KB/126/5/18 3030 60,31 5a7 26.10 130 | s4s 5.8 0.82 477 =5 2569 025 280 0.25
SIKBM2TISM1E 28.34 59.04 681 2473 107 | 483 445 0.67 410 0.83 255 025 275 75
B3IKB/128/5/18 3857 £8.95 575 3158 137 624 | E&S 082 434 094 282 025 257 0.25
B3BT9S8 3958 160 s.02 3224 133 614 | 582 083 518 102 2383 050 3,18 0.52
BIKB/130/5/15 42.45 7273 528 34.84 182 685 (2] 054 533 0.87 273 025 27 0.25
S3IKBM3IEME 27.33 5415 548 1389 1154 | 487 464 0.6 406 078 234 025 248 0.25
S3KBM133/5M18 2976 E0.21 7.00 2618 12z 541 511 075 443 0.87 puli-+: 025 2.5 0.25
B3KEM34/5/18 2731 5538 617 2233 084 | 406 385 0.55 343 059 216 025 235 0.25
GIKB3SS1E 2554 5114 592 2195 106 452 230 064 373 074 222 025 233 0.25
83K8(136/5M18 31019 51683 | 6530 25080 1341 | S006 | 45E2 |'0679 | 4045 | 0805 | 2435 | 0413 | 2627 | D444
SIKBE13TISME 3939 76.66 9.5 34.60 166 717 | sot 059 551 102 3.00 025 233 0.25
BIKB/138/5/15 3553 74.32 551 317 153 358 553 033 577 110 321 053 3n 0.52
S3KB/139/5/18 38121 9517 | 2191 34043 1534 | 6856 | 6621 | 1010 | 5845 | 1109 | 3224 | 0531 | 3323 | 0540
SIKBN40/5/18 3g1z 7845 882 3221 145 | 653 532 053 5.33 104 3.03 050 318 051
B3IKBM41/5/18 3806 7623 852 3348 150 651 651 039 577 113 333 054 344 057
BIBM42/S/18 4127 823z o84 37239 217 778 733 108 £.08 302 320 050 3.03 0.25
BIKE/143/5/15 1413 3157 358 1437 088 354 375 058 45g 0.2 287 025 310 0.25
SIKB 1447518 246 53.45 561 24.06 093 453 473 061 367 074 2327 025 242 0.25
S3KBM45/5M18 2233 0,33 7.09 26.84 137 57% 573 085 438 0.94 273 02s 281 0.25
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Annexure - Il

Sample.No. la | Ce | Pr | Nd | Eu | Sm| Gd | To | Dy | Ho | Er | Tm | ¥Yb | Lu
83KA/146/5/18 2418 | 4850 | 568 2133 108 | 455 | 433 | o056 | 332 | 075 | 22 | 025 | 235 | 025
B3KB/147/5/18 2375 6154 | 729 77.78 143 | eo1 | 570 [oss | soz | o97 | 283 | o025 | 298 | 025
83KS(148/S/13 2272 43.43 492 1756 | 075 | 332 | 326 | 050 | 315 | 064 | 202 | 025 | 218 | 025
S3KB149/5/18 2653 s407 | 580 | 2143 083 %05 ,|, 401 | 053 | 357 | 072 | 207 | 025 | 226 | 025
83KB/150/5/18 3596 | 7408 || Eas 3108, | 140 e20 | 579 | o83 | 489 | poes | 288 | 025 | 23 | 025
83KE/151/5/158 35.10 7056 ED6 56 | 149 | 636 | eos | @92 | s25 | 160 | w297 | 025 | 312 | 025
83K8/152/518 4023 | B426 | 945 568 171 | 742 | 718 | 106 | 603 | 238 | 331 | o053 | 335 | DS3
83KB153/5/18 022 6357 | 700 | 2580 112 |"508 | 498 | o071 | 423 | o8 | 257 | 025 | 2e&3 | ©02s
BIKE154/5/18 3223 60.98 7.75 2842 132 | 540 | 533 | oB1 | 473 ez | 272 | 025 | 277 | 025
83KB/155/5/18 3746 £5.19 306 3511 176 75| w28 ) 110 | s4%”| 119 | P3a2 || ose | 237 | o0ss
83KB/156/5/15 26357 | 50019 || 6818 | 26232 | 1448 | 5878 | 5907 | 0936 | 5357 | 0997 | 2895 | Dass | 2071 | 05is
B3KB/157/S/18 3472 6229 7.73 27.26 096 (477 | aB4 | oes | 393 oso | 233 | 025 | 252 | 025
83KA/158/5/18 3031 5335 7.25 2615 210 |54 | 451 | o7z | 426 | 084 | 250 | 025 | 2e3 | 025
B3KB/159/5/18 2248 | 538 682 2455 100, | 484 | @38 | os4 | 301 | 077 | 234 | @25 | 281 | 035
83KB/160/5/18 2430 | 4653 £00 2m 105 | 455 | 457 | o72;| 435 | 081 | z43 | 025 | 236 | 0.25
S3KB161/S/18 33123 | &3706 | 7779 | 28737 | 140z | 5627 | 5709 | 0879 | 5240 | 1025 | 3041 | 0513 | 3.269 | 0.540
B3KB/163/5/18 25776 | asass | 5790 | w617 | 0778 | 3795 | 38a1 | os5vs | 3728 | o745 | 2245 | 03ss | 2523 | Dazs
83KA/164/5/18 3047 s238 723 2594 || 1ps | 511 | 482 | o70 | 440 | oss | 261 [ 025 | 28 | 025
83K8/165/5/18 3173 6116 7.72 2895 | 247 {599 | 590 | 087 | sas | 100 | 298 | oso | 31 | 03
83KB/166/5/18 2130 | 4044 525 1955 103 | 427 | 438 | o067 | 401 | ove | z21 | 025 | 240 | 02s
BIKB/167/5/18 19.70 3593 469 17.36 082 | 353 | 2345 | o051 | 303 | ose | 172 | 025 | 176 | 025
83KB/168/5/18 44.40 g268 | 1172 | 4279 212 | 938 | 910 | 132 | 740 | 136 | 3W0 | 083 | am | 0ex
83KA/169/5/18 37.43 58.29 z2s 3374 | 192 | 7ae | e9v | 102 | ss0 | 103 | 287 | 025 | 274 | 025
B3KBT0/S/18 5674 | 47641 | 6371 | 23563 | 1110 | 4827 | 4511 | oyos | 2338 | oss7 | 2567 | D43 | 2758 | Des2
83KATE/S/18 32875 | 59928 | 7862 | 29498 | 1323 | 5822 | 5691 | 0672 | 5151 | 0993 | 2953 | 043 | 3211 | psiz
BIKB/1TEIS/E 77817 | S1eo4 | 7002 | Ze788 | 141w | 5725 | 5721 | o676 | sa03 | 0972 | 2831 | 0474 | 3047 | 0508
SIKBTHSE 28633 | 53215 | 7081 | 265884 | 1258 | 5474 | 5288 | 0835 | 4570 | 0543 | 2806 | 0472z | 300z | o502
33KB180/5/18 28697 | 51845 | 7100 | 26934 | 1319 | 5542 | 5464 | 0837 | 5007 | 0.975 | 2877 | 0478 | 3087 | 0511
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Annexure - Il

Sample No. La Ce Pr Nd Eu | Sm | Gd | Tb | Dy | Ho | Er | Tm | Yb | Lu
8IKE/131/5/15 26450 | 50121 | 6279 | 23320 | 1036 | 4620 | 8424 | 0867 | 3328 | 0776 | 2330 | 0330 | 2505 | D.407
83KB/182/5/18 25374 | 1083260 | 6384 | 23085 | 1017 | 4737 | 507 | o715 | 4714 | oso0 | 2257 | 0386 | 2441 | 0393
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Analytical Data of Oxides of Soil Samples

Annexure - IV

(values in %)
Sample No. SiO; | Ti0; | AlO; | Fe0; | MnO | Mg0 | CaO | NaO K0 P50s
23K8/A1RI19 66.04 1.02 1242 |\ 542 015 075 0.08 0.14 1.40 .11
23K8IA1/CI19 6427 0.90 1511 552 0.09 113, 011 | 019 1.33 013 |
83K8IA2/IRIM9 §5.07 1.01 13.64 5.96 0.15 0.9 0.12 0.11 1.39 0.11
83K8/A2ICI19 5332 1.05 16.76 7.54 0.07 n.o8 0.06 0.10 1.71 0.08
83K8/AVRM9 5314 0.91 1637 | 731 0.05 1.00 0.0 0.16 1.19 0.08
23K8/ANC/19 54.84 107 15.46 6.79 000 0.79 0.05 0.12 1.76 0.08
23K8/B1/R/19 7255 089 | 1196 | 444 0.04 0.76 0.16 0.13 0.99 0.07
23K8/B1/C/19 5869 | 0.81 17.52 7.07 0.04 2 66 0.0 0.65 218 0.06
33K/B2/R/10 67.14 1.08 1486 | 653 0.05 0.93 0.10 0.13 1.14 0.08
83K8/B2/C/19 57.04 1.06 15.74 6.49 0.05 0.85 0.06 013 1.32 0.06
83KS/BVR/19 6017 1.04 1553 | 812 011 173 017 0.15 1.64 0.13
83K8/BIC/19 67.97 0.90 1549 | 562 003 .72 0.05 016 150 0.06
83IKBIC1/R1Y 6057 1.00 15.17 8.37 D12 1.69 0.08 0.19 1.29 0.10
83K8/C1/CI10 56.80 0.94 18.74 361 0.08 168 0.09 0.23 212 0.10
83K8IC2/RI19 31.17 0.41 8.71 4591 | 051 224 0.05 0.01 0.32 0.10
83K8IC2ICI19 5800 0.95 1511 | 1233 0.06 123 0.09 0.1 127 0.07
83KSICYRI19 51.70 1.04 1473 | 1323 D29 235 0.41 0.23 1.30 0.16
83IKBICICI10 2378 0.40 7.21 4525 0.80 443 0.02 0.08 0.55 0.13
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Analytical data of Trace Elements of Soil Samples
(Values in ppm)

Annexure -V

Sample No. Ba Co Cr Cu Ga Nb Mi Pb | “5¢ 5r v Y In Ir sn Hf Ta Ge Be u As Rb Th

BWEAIRIS | 234 | 17 | o6 | 22 | 13 | 6 | 57 | 27 | 12 | a5 | w04 | 227 63 |78z | 2729 | 18313 | 4647 | 1135 | 1717 | 2598 | S092 | 82863 | 13553
sucaavcie | 133 | 13 | 23 | s | 19 s | m 2| 12 Va1 |22 | 88 |27 | 1502 | ssw | 1ies | 13a | 1235 | 217 | 11336 | 7550 | 10473
BHAOMMY | 3p4 |22 | 25 | @2 | 13| 1B | W | 3. 9 38 | 111 | 23 | 58 | 276 | 3140 | 10868 | 1607 | 1266 | 1593 | 3332 | 10,195 | 34691 | 16750
SIEACHY | 21 | 19 | 223 | 37 | 1@ |31 | 15 | 23 | 14 | 41 | 136 | 24 | 85 | 285 |.2s9@3 | 12204 | 1560 | 1626 | 2070 | 3853 | a5162 | 122774 | 18927
suceasm1e | 10z | 20 | 28 | 26 | a7 |Mas | s [faed| 14 | 45 | 1mE\ 2l | 75 | 252 | 1805 | gosr | 1S3 | Mess | 135t | 2307 | 12423 | 72pos2 | 11080
BIEAYCAY | 208 | 18 | 178 | 21 | a7 |eag | s3sf® | 11 | 49 | 192 |e?3: | sz [ 237 | 2o7v | aper0 | 4707 | 404 | 1681 | 3130 | 12453 | 105392 | 15538
BWSBURMI | 264 | 16 | 268 | 14 | 11 | a5 | 53 |14 | 11 | 50 | &8 | 20 | 30 (248 | 214 :LE.'-.FBBQ 1409 | 1082 | 0577 | 2577 | 8346 | 69394 | 12005
SaKsBWeMY | 76 | 11 | 60 | 3 | 20 |0 | 129 | 12 | 16 | 57| 43¢ | @9 |95 | g | ziow | 9222 | osse | 1437 | zoo7 | 2oss | 12510 | 97783 | 11e37
BWEB2MM9 | 283 | 15 | 142z | 18 | 19 | 23 | (51| 24 | 14 | 48| 135 | 28| B8 | 277 | 2830 | 1toes | zoel | 1413 | 1384 | 3422 | 12724 | 88308 | 16703
BSEICHa | 358 | w0 | 121 | 24 | A7 | a8 | 53 | a7 | 12 | 4|l um3 U 336 | 272 | 8350 | 10090 | 2005 | 1333 | 1333 | 3354 | 43196 | s3947 | 15187
SawemImiy | 294 | 25 | ze7 | 35 | 17 | 17 | 58 | 17 | 12 | ss /| 136 | 20 | S 2203 | 7766 | 1263 | 1456 | 1723 | 1978 | 10350 | 92465 | 11.85%
BSBNCAY | 243 | 1z | 312 | 25 | 12 | 12 | 45 | 10 | 313 | 53| 104 | 20| 48 | 208 | 2198 | 11502 | 1491 | 1146 | 1752 | 2593 | 11904 | 80774 | 10538
BHCARMY | 187 | 86 | se0 | 38| 1 | is | ave | 19 | a7 | s& | avm | @r)|) oa 2080 | BSer | 1549 | 1Ter | 1701 | 2717 | 10562 | #3533 | 12585
83K8/C1CMS | 227 | 27 | 279 | 44 | 20 | 14 | 302 | 27 | 20 | 74 | 151 | 29 | 103 | 206 | 2697 | 9228 | 1583 | 1649 | 2258 | 2972 | 11438 | 107460 | 14642
S3KHC2RTD 95 | 233 | 6749 | 136 | 23 | & |4555 | @ 51 |40 | 326 | 13| 233 | 26 | 1524 | 0863 | 0220 | 4704 | 3625 | 1272 | 7509 | 36148 | 5588
SIBCUC/M9 | 213 | s8 | 1288 | 32 | 1@ | 2 | 79 | 28 | 28 | 37 b oasy | 27| 415 | 253 | 2745 | 10981 | 2029 | 2406 | 1835 | 3967 | 18184 | 86695 | 20515
sacacamrie | 37 | 77 |18 | 28 | 2 | w4 | e | 17 | 17 | 28| 193 | 25| 115 | 167 | 2690 | 5929 | 003 2273 | 1868 | 2.855 | 10918 | 87356 | 13.083
SIBCHCMY | 137 | 243 | 17383 | B0 | 12 | 8 |4mss | 5 37 | 18 | 261 | 24 | 3 | 66 | 2833 | 4570 | D970 | E256 | 1567 | 1233 | 10682 | 46855 | 5339
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Analytical data of Rare Earth Elements of Soil Samples

Annexure - V|

(Values in ppm)
Sample No. La Ce Pr Nd Eu Sm : Gd Th Dy Ho Er Tm Yb Lu
B3K8/A1/R/9 | 38.850 | 65.025 | 7.552 | 26.473 | 0.849 | 4.664 | 4296 | 0611 | 3.735 | 0.676 | 2.367 | 0.409 | 2.609 | 0.439
B3KB/A1/C/19 | 33638 | 56.426 | 6.838 | 24570 | 0.925 | 4629 | 4.255 | 0.634 | 3991 | 0.948 | 2.541 | 0.433 | 2.757 | 0.461
B3K8/AZR/19 | 38504 | 77739 | 8225 [ 28304 | 0882 | 4901 | 4993 | 0726 | 4352 | 1.010 | 2673 | 0459 | 2 948 | 0.497
B3KB/A2IC/19 | 41.874 | 99219 | 8.947 | 30599 | 0.994 | 5336 | 5520 | 0.771 | 4576 | 1.064 | 2.892 | 0.490 | 3.135 | 0.530
B3KB/AJ/R/I | 34.658 | 57.667 | 6.866 |24.121 | 0.863 | 4368 | 3981 | 0.597 | 3.874 | 0.931 | 2554 | 0.440 | 2.360 | 0.485
83KBIA3IC/19 | 39.451 | B2.564 | 8856 | 30.832 | 1.015| 5395 | 4966 | 0.703 | 4272 | 1.010 | 2.742 | 0.470 | 3.025 | 0.502
83K8/B1/R/19 | 36.976 | 63193 | 7473 | 26564 | 0935 | 4929 | 4476 | 0.648 | 3.877 | 0.878 | 2326 | 0.388 | 2.516 | 0.423
B3K8/B1/C/19 | 38.623 | 63.415 | 8307 | 30.988 | 1492 | 6461 | 6360 | 0964 | 5586 | 1.227 | 3.107 | 0.512 | 3.201 | 0.524
B3K8/BZ/R/19 | 42613 | 86.696 | 9.846 | 34.899 1252 | 6.620 | 6197 | 0.926 | 5565 | 1.266 | 3.281 | 0.548 | 3.442 | 0.566
B3K8/B2/C/19 | 42429 | 80.071 | 9404 | 33599 | 1.166 | 6138 | 5573 | 0.813 | 5009 | 1167 | 3.098 | 0.523 | 3.361 | 0.560
' 83KB8/B3/R/9 | 41816 | 68.985 | 8.376 | 29.506 | 1.016 | 5023 | 4481 | 0624 | 3792 | 0.891 | 2397 | 0.404 | 2573 | 0.426
83K8/B3/C/19 | 39.050 | 66.213 | 7.844 | 28236 | 1.114 | 5310 | 4801 | 0691 | 4056 [ 0.933 | 2.437 | 0.406 | 2.561 | 0.431
83K8/C1/R/19 | 39.806 | 69.663 | 7.969 | 28172 | 0.930 | 4877 | 4307 | 0.627 | 4004 | 0.991 | 2.698 | 0.462 | 2.958 | 0.497
83KB/C1/C/19 | 45.141 | 84522 | 10.449 | 37.024 | 1.338 | 6547 | 5785 | 0.859 | 5.457 | 1.280 | 3.456 | 0.574 | 3.632 | 0.595
BIKBIC2/RIM9 | 15672 | 51317 | 3758 | 13855 | 0.770 | 3424 | 3428 | 0560 | 3385 | 0.717 | 1.837 | 0.321 [ 2139 | 0.341
83K8IC2/C/19 | 45661 | 93.447 | 10547 | 37.627 | 1.358 | 7.324 | 7.108 | 1.010 | 5746 | 1.278 | 3.293 | 0.558 | 3.579 | 0.580
83K8/C3/R/19 | 45.108 | 66.886 | 8.452 | 30,364 | 1.255 | 5.987 | 6.134 | 0.932 | 5.353 | 1.200 | 2.995 | 0.486 | 3.001 | 0.481
83K8/C3/C/19 | 21.042 | 33915 | 4592 [ 21678 [0724 | 3392 | 3213 | 0503 | 3290 | 0589 | 1.488 | 0.246 | 1540 | 0247
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Analytical data of Stream Water Samples: Trace Elements (All Values in ppb)

Annexure - VIl

Sample No. Li Be Al Sc Ti v Cr | Mn Co Ni Cu Zn | Ga | As Rb Sr Y
S83IKBATMWME | <10 =01 | 2653 =25 | 48.40 <5 <5 | 8785 | 035 1.36 280 | 2766 | D.16 =1 0.8 | 157.20 | D06
SIKBIAZIWHME | <10 = 0.1 =25 =25 | 3487 <5 <5 | 3497 | 026 117 272 | 4146 | 014 | <1 0.62 | 13417 | 0.6
SIKBIAIWMB | <10 =01 34.43 =25 | 7460 <5 <5 (| 1265/ 035 157 328 | 8910 | D15 =1 098 | 22595 | 009
S3IKBBIWAS | <10 =01 <25 =25 | 5464 <5 =5 | 611 | 024 1.34 264 | 3174 | 0.14 =1 0.85 | 24976 | 0.04
83K&B2WME | <10 <04 =25 =25 | 45130 =5 | =5 | 3758 | 024 137 243 | 2602 | 014 <1 0.71 14409 | 010
S3IKB/BIWHME | <10 < 0.1 3492 | <25 | 3552 <5 541 | 700 | 0.22 132 355 | 7882 | D14 <1 0.57 84.01 0.09
SIKBICIWAME | <10 <01 | 2999 | =25 | 8353 =5 516 | 619 | 033 176 402 | 3410 | D14 =1 066 | 24357 | 009
83IKBIC2WNHE | <10 =01 =25 =25 | 1891 =5 i092:{ 330 | 045 2.18 179 | 3493 | B12 =1 0.38 53.21 0.04
83KB/CIWAMS | =10 | =01 | 3700 | =25 | 30.28 <5 “|'j780 | 592 . 622 | 152 | ¢25 | @375 | 013 | =1 057 | 7558 | 0.07

Sample No. Mo Ru Rh As cd Sn Sh' | 'Cs Ba La Ce Pr | Nd Sm Eu Gd Tb
S3IKBATMWME | <05 | <002 | =001 | 013 0.13 0.33 020 | OOl | B850 0.07 0.13 001 | 005 | <003 | <003 | 00z | <00
S3IKB/AZWHME | <05 | <002 | <001 | 008 011 050 | 148 | oo1 | 1195 | o008 0.15 002 | D.O6 | <003 | <003 | 002 | <0.01
S3IKB/AIW/IB | =05 | <002 | <001 | 011 0.16 e72 | 029 |'por | 3339 | 014 0.29 003 | 010 | <003 | <003 | 002 | <00
S83KS/BIWHE | <05 | <002 | =001 | 005 012 <03 | 015 | ooz | 1256 | oo | o012 001 | 008 | <003 | =003 | <002 | <001
S3KEB2W S =05 =002 | =001 g1 0.13 0.37 0.16 001/ /| 1130 0.12 0.27 002 | 008 | =003 | =003 0.02 = 0.01
S3IKB/BIW/18 | 050 | <002 | <001 | 014 0.12 aEs. | oFF om | #in | ‘013 0.27 002 | D09 | <003 | <003 | 003 | <0.01
SIKB/CTWME | 068 | <002 | <001 | 005 0.15 <03 | 024 | 001 | 3502 | 008 0.15 002 | D07 | <003 | <003 | o002 | <0.01
SIKB/C2WAHE | <05 | <002 | =001 | 007 0.10 =03 | o1 | 001 | 1137 | o006 0.11 001 | 004 | <003 | =003 | =002 | <001
83IKB/CIWME | <05 | <002 | <001 | D19 0.15 053 | 016 | 001 | 1388 | 011 0.22 002 | 008 | <003 | <003 | 002 | <0.01

Sample No. Dy Ho Er Tm Yb Lu Hf Ta W Re Ir Pt An TI Ph Bi U
S3IKBANWAME | <001 | <001 | <001 | <001 | <001 | =001 | 132 | 075 | <05 | <0.01 | o001 018 | 002 | <001 | 072 =0.02 | <0.02
SIKSIAZWHE | <001 | <001 | =001 | <001 | <001 | <001 | 053 | 017 | <05 | <001 | =001 | 010 | 001 | <001 | 100 | <002 | <002
83KB/A3MWHME | <001 | <001 | <001 | <001 | <001 | <001 | 082 | 027 | <05 | <001 | <001 | 014 | D01 | <001 | 210 | <002 | <002
83K8/B1W/18 | <001 | <001 | <001 | <001 | <001 | =001 | 008 | 007 | <05 <001 | <001 | 008 | 001 | <001 | 110 | <002 | <0.02
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Annexure - VIl

BIKE8B2ZWHE | =001 | <001 | =0D1 | =007 | =001 | =004 0.71 023 | =056 | =001 | =007 018 | D01 | =001 070 =0.02 | =0.02

SIKS/BIWME | <001 | =001 | =001 | =001 | =001 | =001 | 0395 025 | =05 | =001 | <001 021 | pO1 | =001 0.83 =0.02 | =0.02

S3KB/CA/WME | =001 | =001 | =001 | =001 | =007 | =004 | 028 008 | =05 | =001 | =001 012 | DO1 | =001 166 =002 | =0.02

83K8IC2AWHME | =001 | =001 | =001 | =001 | =001 | =001 0.29 004 | =058 | =001 | <001 | 012 | 000 | =001 0.78 =0.02 | =0.02

83KB/CIWME | <001 | <001 | <001 | <001 | =001 | <0.04 166 031 | =04 | =001 001 023 | DOl | =001 118 =0.02 | =0.02
Sample No. Hag

B3KBATIMWHE =3

B3KEAZWHE <3

B83KB/AINWME <3

S3KE/B1/WMB <3

B3KE/B2MW/MB =3

B3KB/BIWHE <3

83K8/ICIWNE <3

83KB/IC2AWHE <3

83IKB/CIWHE <3
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Analytical data of Oxides of Duplicate Stream Sediment/Slope wash Samples

with Original Samples (Values in %)

Sample No. 5i0z | TiOz | Alz03 | Fe:0: | MnO | MgO | CaO | Na:0 | K0 | P20s
83K8/006/S/18 | Original | 67.33 | 125 | 1372~ | 594 | 013 | 101 | 026 | 019 | 148 | 011
83K8/201/S/18 | Duplicate | 68.97 | 116 | 1285 | 583 | 012 | 099 | 024 | 015 | 141 | 011
83K8/011/5/18 | Orginal | 4053.| 080 | 1535 | 2492 | 045 | 146 | 023 | 016 | 118 | 0.21
§3K8/202/5/18 | Duplicate | 4819 084 | 1512 | 2504 | 049 | 153 019 | 011 | 124 | 023
83KB8/015/S/18 | Original | 66111 | 085 | 1418 | 495 | 007 | 113 | 012 | 057 | 184 | 009
83K8/203/S/18 | Duplicate | 66:31 | 080 | 1392 | 486 | 0D6 | 109 | 010 | 054 | 177 | 009
83K8/080/S/18 | Original (6237 | 091 | 1501 | 660 | 009 | 111 | 006 | 013 | 151 | 007
83K8/204/5/18 | Duplicate | 6225 | 091 | 1584 | 659 | D09 | 103 | D05 | 013 | 149 | po7
83K8/097/518 | Original | 5992 | 091 | 1743 | 675 | 007 | 170 | 031 | 074 | 197 | 008
83K8/205/5/18 | Duplicate | 6045 | 091 | 1693 | 673 | 007 | 164 | 030 | 075 | 192 | 007
83K8/143/S/18 | Original | 4549 | 0.48 931 | 2120 | 032 | 798 | 058 | 007 | 058 | 009
83KB/206/S/18 | Duplicate | 3757 | 023 | 325 | 1331 | 0.09 | 2311 | 145 | 013 | 023 | 012
83K8/097/S/18 | Original | 5455 | 161 | 1401 | 111 | 023 | 188 | 074 | 142 | 032 | 01
83K8/207/5/18 | Duplicate | 61.08 | 160 | 1353 | 1111 | 023 | 198 | 073 | 182 | 031 | 010
83K8/146/5/18 | Onginal | 6028 | 0.77 | 1651 | 681 | 01 | 233 | 05 073 | 181 | 01
83K3/208/5M18 | Duplicate | s1.18 | 077 15.34 687 | 00 | 259 | D47 0.70 170 | 009
B3K8/164/S/18 | Original | 6331 | 093 | 15317 | 591 | 01 | 114 | 031 | 037 | 1.7 | 012
83K8/209/5/18 | Duplicate | 63.77 | 090 | 1467 | 588 | 010 | 1.30 | 023 | 037 | 159 | 011

Annexure - VI
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Analytical data of REEs of Duplicate Stream Sediment/Slope wash Samples
with Original Samples (Values in ppb)

Annexure - |X

Sample No. La Ce Pr Nd Sm Eu E Gd Th Dy Ho Er Tm Yb Lu
83K8/006/5/18 | Original | 46.24 | 8636 | 1047 | 3745 | 679 | 1.32 J 633 | 092 | 550 | 109 | 3.23 | 054 | 3.46 | 055
83K8/201/5/18 | Duplicate | 46454 | 78.658 | 9.426/| 33300°] 1210 | 6114 | 5.839 | 0.830 | 49B1 | 1160 | 2.920 | 0.48% | 3.129 | 0.520
§3KB/011/S/18 | Original | 3244 | 6895 | 737 | 2619 | 534 | 1.08 | 529 | 0.9 | 476 | 0980 | 2.67 <05 | 206 | <05
83K8/202/5/18 | Duplicate | 35.819 | 70.156 | 7450 | 26.785 | 1.080 | 5497 | 5.469 | 0.820 | 4760 | 1.065 | 2.726 | 0.45% | 2.935 | 0.474
83K8/015/5/18 | Original | 3092 | 5768 |.752 | 27.70 | 567 | 1.32 | 569 | 084 | 4082 | 095 | 277 | <05 | 298 | 050
83K8/203/5/18 | Duplicate | 30.862 | 51.750 | 6.810 | 25.575 | 1.302 | 5.418 i'5135 0.795 4641 |'1031 | 2616 | 0.437 | 2820 | 0.474
83KB/080/S/M8 | Original | 3681 | 7347 | 753 | 2545 | 471 | 0.77 : 434 | 059 [.353 | 092 | 228 | <05 | 254 | <05
83K8/204/5/18 | Duplicate | 38.042 | 569,997 | 7.171 | 24.410 | 0.800 | 4.093 | 4189 | 0501 | 3659 0867 | 2343 | 0411 | 2721 | 0.458
B3K8/097/S/18 | Original | 30.86 | 5833 | 741 | 2766 | 570 | 133 | 553 | 082 | 482 | 0.93 | 278 | <05 | 292 | <05
B3KB/205/5M18 | Duplicate | 35.766 | 59.705 | 7.817 | 29.106:| 1429 | 6.048 | 5.824 | 0.889 | 5233 | 1.191 | 3.039 | 0.511 | 3.266 | 0.545
83K8/143/5/18 | Original | 2342 | 3881 | 510 | 1880 | 384 | 076 | 371 | 056 | 319 | 061 | 180 | <05 | 1.80 | <05
83KBIEDEISHSH_E}upIicatE £291 | 11.134 | 1.261 | 4465 | 0191 | 0.934 | 0.940 | 0.144 | 0.846 | 0.195 | 0.507 | 0.087 | 0.552 | 0.094
G3K&/0T7ISME | Original | 1412 | 3197 | 358 | 1437 | 354 | 098 | 375 | 068 | 458 093 Z87 | <05 | 310 | <05
83K8/207/5/18 | Duplicate | 16634 | 33.628 | 3,830 | 15303 | 1.045 | 3.751 | 4112 | 0745 | 4952 | 1.181 | 3.090 | 0.523 | 3.362 | 0.547
83K8/146/S/18 | Original | 2418 | 4850 | 568 | 21,39 | 455 | 1.08 | 439 | 066 | 392 | 075 | 226 | <05 | 235 | <05
83K8/208/5/18 | Duplicate | 30.889 | 50.580 | 6.576 | 24,597 | 1.210 | 5:107 | 4.945 | 0.746 | 4.316 | 0.961 | 2.441 | 0.404 | 2.586 | 0.426
BIKB/M64/S/18 | Original | 3047 | 5838 | 7.23 | 2594 | 511 | 1.09 ! 487 | 070 | 440 | 0BR | 261 | <05 | 283 | <05
83K8/209/5/18 | Duplicate | 35.419 | 59.668 | 7.395 | 27.195 | 1.152 | 5.336 I 4.958 | 0.755 | 4.631 | 1.054 | 2.754 | 0.469 | 2.992 | 0.495
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Analytical data of Trace Elements of Duplicate Stream Sediment/Slope wash Samples
with Original Samples (Values in ppm)

Annexure - X

Sample No. Ba |Co | Cr | Cu | Ga |Nb| Ni (Pb| Sc S| V [ Y |Zn |Zr| Sn Hf Ta u Be | Ge | As Rb Th
B3KBM06/S/1E | Onginat | 373 | 20 | 197 | 28 | 17 |18 | so | 16 | 38 | 52| 122 | 26 | 72 [3:8| 329 | 13as | 157 | 291 | 171 | 152 | 747 | 8682 | 1545
B3KBI201/S/18 | Dughcate | 231 | 21 | 157 | 32 | 15 | 19 | 61 | 22 | 12 | 52 | 115 | 24 | 68 | 295 | 6527 | 11127 | 1874 | 2662 | 1669 | 1457 | 8775 | 83114 | 14048
BIKEDIVSME | Ongindl | 320 | 187 | 3829 | 71 | 98 | 14 | 1517 | 18 | 33 | 27 | 225 | 17 |as2 {36 | 413 | 320 | 0ss | 301 | 209 | 433 | 1400 | 9057 | 1380
B3KB/202/5118 | Duphicat= | 346 | 204 | 3889 | 82 | 21 | 16 | 1671 | 22 | 35 | 29 | 222 | 22 | 161 | 151 | 2558 | 5874 | 1174 | 3077 | 2085 | 4136 1“;_" 85553 | 135882
BIKBOIS!SIE | Onginat | 175 | 15 | 547 | 22| 15| 10 | 7 |23 | 17 | e3¢ 42| 21 | 9 |3mU| 250 | 1384 | 0o | 234 | 124 | 137 | 659 | s026 | 1052
83KB/Z03/5/18 | Dupicate | 145 | 23 | 486 | 23 | 24 | 11 | 8 | 12 | 12 | 58 | 95 | 21 | 63 | 321 | 2340 | 19668 | 1414 | 2195 | 1208 | 1137 | 6868 | 77585 | 8972
BIKEOBOSAS | Onginal | 238 | 21 | 287 | 24 | a5 | 15 | 12 | 17 | 43 |32 | a3l g0 76 (248 | 386 | 551 | 168 | 271 | 136 | 126 | 1073 | 8317 | 1373
83KB/Z04/S/16 | Dupbcate | 239 | 24 | 262 | 26 | 16 | 24 | 109 | 20 | 11 | 32 | 114 | 18 | 78 | 247 | 2695 | 12079 | 1705 | 2856 | 1535 | 1344 | 9583 | 90537 | 13736
B3KEMET/SNE | Onginal | 289 | 23 | 230 | 33 | 19 | 12|39 | 22 | 1si |82 | 180 | 26| %6 | 235 | 344~ B72 | 1m2 | 227 | 151 | 127 | 928 | 9494 | 9.2
B3KBI205/5/18 | Duphicate | 266 | 22 | 206 | 35 | 18 | 12 | 95 | 16 | 14 | 81 | 131 | 26 | 90 | 231 | 2709 | 9446 | 1386 | 2438 | 1702 | 1412 | 9274 | 93241 | 10770
B3KB/143:5/18 | Ongnal | 190 | 206 | 2859 | 42 | 11 | 9 | 5681 | 3 27 (l18l| 151 | 15 | 114 | 76 | 330 358 | 047 | 153 | 108 | 288 | 736 | 4841 | 733
B3KBZ08/5118 | Duplicate | <50 | 202 | 2796 | 13 5 € |2198 | 10 | 10 |18 | 71 | & | 53 | 26 | 1157 | 0733 | 0354 | 04134 | 0296 | 1706 | 1727 | 19243 | 19830
BIKBOLTIS(IE | Onginat | 117 | 33 | 56 | 43 | 17 | &8 24 7 | 21| 73 | =203 [ 23| 79 | 137 | 364 | 340 | 056 | 101 | 053 | 171 | 381 | 1830 | 459
83KB207/SM18 | Dupicate | 171 | 33 | 56 | 41 | 16 | 8 30 2 | 29 | 73 | 304 | 24 | 82 | 136 | 1699 | 5153 | 0859 | 1106 | 0963 | 1813 | 2835 | 19561 | 4897
B3KB/146/S/18 | Onginast | 201 | 26 | 242 | 37 | 17 | 0 | 166 | 20 | 16 | 81| 122 | 24 | o5 |13 | 557 | 435 | p97 | 165 | 128 | 118 | 807 | €755 | 880
B3KB/208/SM18 | Dupbicate | 180 | 25 | 262 | 36 | 17 | 11 | 160 | 11 | 16 | 82 | 120 | 22 | 95 | 186 | 1841 | 7.947 | 1108 | 1857 | 1567 | 1338 | 7301 | 87354 | 9338
BIKBHE4SIE | Onginat | 218 | 19 | 221 | 34 | 5 | 14 | 84 | 16 | 15 | €9 | %03 | 23| 79 |21 | 3832 | 958 | 152 | 226 | 137 | 13 | 954 | 7706 | 101s
B83KB/209/5/18 | Dupicate | 230 | 23 | 226 | 35 | 24 | 15 | 8 | 20 | 14 | 63 | 107 | 23 | 83 | 235 | 1676 | 8100 | 1115 | 2428 | 1502 | 1229 | 9284 | 82714 | 11087
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Annexure - Xl

Status of Analytical chemical data Received

Lab No. Media of Samples | Packages Received
3249 (50 samples) | Stream Sediment Samples | A B.D.E.F.GH.J
3406 (96 samples) | Stream Sediment Samples ,- AFGH
3477 (9 samples) | Water samples G
3478 (27 samples} Soil samples and Duphcai‘e ! AH
samples |
3493 (22 samples) | Stream Sediment Samples | A H

Chemical Analysis Packages Index:

psa “c'l"‘:g'; TMWMT; Ouides & Elenpents Analyssd
$103. AlOs, Fes0s. TiO3, CaO _MsO. MnO. Na:0. K20,
A XRF P:0s. Ba, Co. Cr. Cu. Ga. Nb, Ni. Pb, Rb. Sc. Sr. Th, U. V.
Y. Zn Zr
B. GF-AAS Ay
G F-AAS Li
D. HG-AAS | As._ Sb. Bi Se. Te
E ISE 'F
F. GF-AAS Cd.Ag
G. CV-AAS | He
_ La. Ce. Pr. Nd. Eu. Sm. Gd. Tb. Dy. Ho_ Er. Tm. Yb_ Lu_ U,

2| M IHfTaGeBe
I FAGFAAS | Pt Pd
I ICP-MS | Mo. In_ Cs. TL W. Sn

W [ pH. EC. HCOS_ CL 504, NOi. Cay.. Nax, K. PO4._

(A) Si0y
Water W @) La, Ce. Pr. Nd. Eu. Sm. Gd. Tb. Dy, Ho. Er. Tm. Yb. Lu, U,
Samples Hf Ta Ge.Be
W (C) As E B
W (D) Hg
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CHAPTER 1
SUMMARY

Reconnaissance survey for chromium, nickel and base metal mineralization in Gamnom-
Yentem area in part of Ophiohite belt, Ukhrul District, Manipur (G4)
Item Code: M2AFGBM-MEP/NC/NER/SU-MAN/2019/24286
Field Season: FS 2019-20
By
Imomeren Ao, 5r. Geologist
Vales Savio Peter, Sr. Geologist

Dunng FS 2019-20_ reconnaissance survey was carried out with an objective to locate
mineralised zones of chromium. nickel, and base metals in ultramafic and mafic rocks of
Gamnom-Yentem area i the Mamipur Ophiolite belt. The proposed area is bounded by
coordinates (a) 23°03'20" 7 94°25'33", (b) 25°03'20" / 94729'30", (c) 24°58'33" / 94°27'44"_ (d)
24°58'00" / 94°24'54" (e) 25°00'00" / 94°24'54”, fall within toposheet mo. 83K/S and 83L/5.
Large scale geological mapping (1:12,300 secale) involves systematic collection of bed rock
samples, petrochemical samples, petrological samples. pithing/trenching samples for an area of
60sq km.

The study area represents the thrusted sequence 'of the Nagaland Hill Ophiolite complex
along the subduction zone of the Indian plate below the Burmese plate. The study area exposes
mafic-ultramafics. and olistolithic unit. The ultramafics are dominated by pendotite with
different degrees of serpentimization Pamially serpentinized pendotite often exhibit well
developed hob nail texture on the surface where pyroxene minerals protrudes out as resistant unit
from serpentimized ground mass. Development of slickensides 1s a commonly observed. The
mafic 1z represented by massive gabbro which occurs as intrusive within the ultramafics which
occur in 2 locations in the study area. one at Gamnom and another west of Pushing. The
olistolithic unit is characterized by chaotic distribution of rocks such as shale, chert, cherty
limestone and serpentinized ultramafics, within an argillaceous matrix. The ultramafic sequence
has a thrusted contact with the olistolithic unit. The lithological contacts are rarely exposed as
most of them are covered by debris flow from steep hills, thick vegetation and weathered soul,
impeding delineation of contact.

The peridotite body shows cumulates of varying dimensions from 0.5cm to lem. The
peridotite 15 belongs to the transitional penidotite zone which 1s confinmed by thin section studies
and detection of neoblastic olivine and corroded chrome spinel Within this host rock of
transitional penidotite, it is observed that chromitite pods of dimension 1-2m occurs in patches
west of Gamnom. south east of Khangkhui Khullen and west of Pushing To delineate the
extension of these chromitite pods, 20 cum of trenching was carried out at Gamnom and 10
cum in Khangkhui Khullen, 10 cum in Yentem and 10 cum in Pushing where evidences of
podiform chromite were encountered. However, the extension of the chromitite pods could not



be established. At places where deep red soil was observed soil samples were collected to
ascertain the concentration of Nickel.

Sampling was carmed out mainly from the transitional peridotites, considering the
reported occurrences of chromitite within them  Chromite occurrences were reported near
Gamnom, South of Khangla Khullen and west of Pushing villages. Durning the course of large
scale mapping, 130 nos. of bed rock samples (BRS). 23 nos_ of petrochemucal samples (PCS), 10
nos. of platinum group of elements samples (PGE), 23 nos._ petrological samples, 10 nos. of ore
microscopy samples and 30 cu m trenching samplings were carned out. to evaluate the
mineralization of the area.

Petrological studv of penidotite reveals that the pendotites are mamnly harburgitic in
composition having equi-modal percentage of clinopyroxene and orthopyroxens with olivine,
chrome-spinel and magnetite completes the accessory mineral phase Relict chrome-spinel
(showmng corroded boundary) and relict skeletal magnetite 1s observed 1n harzburgite.
Development of neoblastic olivines at the cost clinopyroxene and orthopyroxens 15 observed
which 1s due to melt-rock mteraction mnvolving dissolution of pyroxenes and crystallization of
olivine in the mantle segment. Grain boondaries of relict clinopyroxenes are corroded. Olivine
and orthopyroxene are partially serpentinised. All these evidences prove that this pendotite
(harzburgite) belongs to the transitional peridotite layer of the ophiolite sequence. Gabbro m thin
section exhibit sub-ophitic to ophitic texture of pyvroxens and homblende within altered
plagioclase laths. Clinopyroxenes are mostly altered to chlorite. Amphibole 13 formed by the
breakdown of pyvroxene. Sericitization of plagioclase 1s commonly observed.

The analviical result of the transitional penidotite(Harzburgite) 1s characterised by Fez0s
(7%-13.7%). MgO (29% - 40.72%). AlO3z (0-17.62%). TiO:2 (<0.01-1.9%). Cr (37ppm-
0234ppm),. N1 (30-8606ppm). Va (0-611ppm). Co (3-436ppm). Cu (=3-9%9ppm). Pb (2-14ppm).
Zn (53-274ppm); i samples which are chromitite bearing transitional peridotites (harzburgite)
show Cr203 values ranging from 31.11% to 33.53%. High wvalues of nickel have been observed in
samples collected during trenching at Gamnom which ranges from 1.07% -1.79% and in Yentem
one sample yields 1. 41% of nickel 21 nos of red soil samples were collected and the results
showed Fe10: percentages ranging from 10% to 43.75% and AlLOs ranging from 0.2-14 66%.



CHAPTER 2

INTRODUCTION

In the eastern extremities of Nagaland and Manipur State, chromium and other mafic-
ultramafic rock hosted metal deposits, including those nich in nickel, copper, platinum-group
elements (PGEs). or vanadmm, are generally found m layered mafic-ultramafic igneous
complexes. Mafic-ultramafic bodies belonging to the Naga-Manipur Hills ophiolite belt of rocks
are exposed bearing NNE-S55W trend, they are tectomically sandwiched between the Disang
flyvech in the west and low grade metamorphic rocks in the east The linear belt bearing
dismembered slices of ophiolite rocks runs from Mon district in northern Nagaland and extends
to the southem parts of Manipur. The aenial width of these rocks varies from 3 to 15 km in and
comprises a wide variety of litho-members derived from oceanic, volcano-clastic and volcano-
plutonic origins that have been subject to a wide range of deformation, subduction and
exhumation. The litho-units belongmg to the Naga-Manipur Hills ophiolite belt of rocks include
serpentinite. peridotite (mainly harzburgite with minor lherzolite). pyroxenite. dunite. gabbro.
amphibolite, basalt. spilite, basaltic andesite, trachyvte. diorite, plagiogranite; tuffaceous
volcanics, chert, limestone, inter-layered chert-volcanics, agglomerate tuff greyvwacke,
tuffaceous shale/phyllite, schist, granulite ete In the proposed study area. the peridotite bodies
are thrusted over the sedimentanes (variegated shale. grey shale. slate, siltstone intercalated with
sandstone) and podiform chromite has been reported in these. Several investigations have shown
high contents of Cr, N1 and associated metals at Gamnom, Khangkui Khullen and Pushing.

In Ukhrul area of Manipur state, occurrences of chromatite were accounted for close to
Phangrai, Shirui. Gamnom, Shingcha and Pushing wvillages (Ghosh et al . 1980, Vidvadharan K
T. etal. 1985, Ramprasad. Y. et al.. 1982, 1984, Gupta, K.5. et al.. 1992, Theunuo, K. et al .
2013). Chromates were additionally revealed 1n the lower reaches of the Harbui Khayui nidge 1n
the South and Southwest augmentation of Gamnom. Large podiform disseminated chromite;
occurrences related with sepentinized harzburgite were accounted for near Gamnom (K. 5.
Gupta et al.. 1992). In Gamnom_ Ukhrul, Mantpur, magnetic survey separated three sorts of
anomalies_ 12 (1) high and sharp magnetic anomalies of short frequencies concervably relating
to chromite bodies and associated rocks, (2) Moderate to high magnetic anomalies indicates the
ultramafic bodies and (3) Flat magnetic anomalies having minor vanations relates to the
presence of tertiary sediments/soil cover or change in formation (R. Kumar et al.. 2016).
Ramprasad. Y et al, (1982, 1984) reported enrichment of Ni (up to 2000ppm) in the soil
developed over the ultramafic, near Gamnom area_ although Wi sulphides mineralization was not
reported.



2.1 PRESENT WORK

In pursuance of the Field Season Program of the Geological Survey of India, State Unat:
Manipur-Nagaland, Dimapur for the Field Season 2019-20. reconnaissance survey for
chrommm_ mickel and base metal mineralization was carmried out in Gamnom-Yentem area
Ukhrul District of Manmpur vide stem No. M2AFGBM-MEP/NC/NER/SU-MAN/2019/24256.
Large Scale Mappmg (LSM) of 60 sq. km_ area 1 1:12500 scale was covered around Gamnom-
Yentem, m Ukhrol district, Manipur. The mapping includes bed rock sampling along with
pitting/trenching and laboratory petrologv studies and analvsis ofi.samples. The Nature and
Quantum of work during the field season 1s given in Table. 1.

2.2 OBJECTIVE

To delineate potential zones of chrommm: nickel and base metal mineralization in ultramafic and
mafic rocks of Gamnom-Yentem area m Mampur ophiolite belt.

2.3 PERSONNEL

The personnel involved in the project with number of field days are tabulated below:

Sl No. Name of personnel Field days
1 Imomeren Ao, Sentor Geologist 120
2 Vales Savio Peter. Senior Geologist 115
3 I. K. Angami_Director 8

24 NATURE AND QUANTUM OF WORK

The nature and guantum of work camied out durning F. 8 2019-20 15 summarized in the
table. 1.



Table. 1: Nature and Quantum of work

25 ACKNOWLEDGEMENT

, 2 Total Workload | Work proposed for FS Total Achievement
Natteal Work envisaged quf;-zu (April,19 to Mar, 20)
Aenal Rec. Survey 300 sq. km 300 sq.km 300 sg.km
1. Geological Survey 60 sqg km 60 sq.km 60 sqgkm
LSM (1:12.500)
2 Technological survey
A Surface Exploration — 50 cum 30 cum 50 cum
Pitting and Trenching
3.5MPL:
a) BRS (Groove, Channel) 150 nos, 150 nos. 150
b) PTS 30-mps: 50 nos 50
[OPF iy | L 25mos Ly 25mos =N 2
d) OM 10 nos. 10 nos 10
() EPMA_ .. AUNEP e 12, 10 nos P ..
£ PCS 25 nos 25 nos 25
4.Chemical analyses (SMPL) 225m0s. | | 225 nos. 225
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CHAPTER 3
PROPERTY DESCRIPTION

3.1. Title of ownership: The area 1s under private ownershap of local people.
3.2 Details of the area:

3.2.1. Name of village/district/state: The area under investigation consists of Khanglchm
Khullen Village under Ukhrul District Manipur and Singcha Village, Changa village, Yentem
Village and Pushing village under the newly reconstituted Kamjong district; Manipur

3.2.2. Survey of India toposheets No.: 83K/8_83L/5

3.2.3. Geo-coordinates of the mapped block: The area is bounded by coordinates (a)
23°03°20" /'94°25'35" (b) 25°03°20" / 94229'30". (c) 24°38'53" / 94“2?'44"= (d) 24°38'00" /
94°24'54"_ (e) 25°00°00" / 94°24'54"_ (Fig.1)
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Fig 1. Location of the study area
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3.2.4. Cadastral details of the area with land use: Most part of the study area is under
thick vegetation cover. However at places of gentler slopes, cattle grazing and pond fish culture
are practiced by the local people: The land use/land cover map is given in Fig.2.
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Fig.2. Land use/land cover map of parts TS 83K/8 and 83L/5 covering the study area.
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(Map prepared Landslide Division, GSI. Nagaland and Manipur, Dimapur during 2017)

3.2.5. Free hold/lease hold: The land belongs to the local people and the land 1s not
leased.

3.2.6. Location and accessibility: The study area 1s comnected with Imphal by the
Imphal-Gamnom-Kamjong state highways. Interior villages are connected with thiz state
highway by non-metalled road. The nearest railhead 1s Dimapur railway station of the North East
Frontier Railwayvs (NEFE). The nearest airpost to the study area 1s Imphal international airport.

3.2.7. Physiography

Physiographically the area 15 characterized by a rugged hilly terram with N-S to NNE-
S55W trending parallel ridges with deep and wide gorges. The minimum elevation in the study
area 1s 365 m above mean sea level and the maximum elevation 15 2547 m above mean sea level
(Fig.3). The ridge tops of the area are usually occupied by ultramafic rocks with sparse
vegetation and pine tree cover whereas the slopes and gorges are cover with dense forest with

thick undergrowth which are impenetrable. Pine forests dominate in the higher elevation.

31.2.85. Drainage

There are no major rivers flowing through the study area but 1% order. 2™ order and 3™
order streams showing a dendritic pattern are present. The drainage density 1s high with a wide
network of streams. The highest elevation of the area 1s 2547m above msl lying in the north
western part, south of Khankui Khullen village. Comparatively gentler slopes and the low-lyving

valley areas along streams are usually cultivated. The drainage map of the area 18 shown in Fig 3.
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Fig 3. Drainage map superimposed on the Digital Elevation Model (DEM) map of the
area prepared using ASTER DEM.

3.2.9. Climate

The region experiences tropical to sub-tropical climate and the humidity ranges from
sweltering and sticky in peak summer and cold and dry in winter season. Winter begins from
October and extends to February and the temperature step by step ascends from April to
September. The normal minimum temperature shifts from 0° to 5° C_ during winter, sometimes
it dips under zero in the period of December to February. Very light snowfall and ground icing
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are normal in the higher elevations during the mid-winter. The normal extreme temperature
fluctuates from 25 to 30°C.

3.2.10. Rainfall

The monsoon season begins toward the end of Apnl and the area gets substantial
precipitation from southwest monsoon rains between May to September. The normal

precipitation of the zone 1s of around 2000-2300mm per annum.

3211 Flora and Fauna

The region 15 the home of a diverse assortment of plants and animals, some of which are
found in this district and are proclaimed endangered species by the Government of Manipur.
Considening the bio-varietv and to guarantee persistent protection of the verdure, a large portion
of the pieces of south-east Asia including Manipur and 1ts bordering area of the Indo-Myanmar
Hill Eange have been proclaimed as a bio-diversity hot spot by World Wildlife Fund. Natural life
populace in the region i1s exceptionally sparse i light of hunting and deforestations for

development and logging of wood.

The area harbours a large number of plant taxa. more than 1000 species of angiosperms.
Daversity of Algae. Fungi, Bryophytes, Ptenidophytes and Gymunosperms are still required to
explore, however, diversity of angiosperms are mostly explored. Dominant angiosperm families
are Orchidaceae, Asteraceae, Poaceae, Liliaceae (Liliom), Encaceae (mostly Rhododendron),
Zingiberaceae. Leguminosae, Fagaceae (Quercus & Castanopsis). Some Endangered and
endemic plants are Lilmuwm mackliniae Sealy, L. davidii Duch. Vaccinmum lamellatum
P F Stevens, Vaccinium manipurens (Watt ex Brandis) Sleumer, Agapetes mannu Hemsl, A,
borii Airy Shaw, Rhododendron johnstoneanum Watt ex Hutch: and so manv other species of
angiosperms and other plant groups which need to be explored for further documentation
purpose. (S. Panda, 2013)

Shiroy Lily, an endemic Lily, 1s declared as the State flower of Manipur since 21-3-1989 but has
unfortunately become a rare and threatened species due to intensive tourist activities which are

especially organized during the blossoming period of the lily. The dumping of waste, plastic,
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plucking of flowers and uprooting etc. have threatened the sustenance of the species. and
therefore the State Forest Department has been taking up several projects mvolving local
Tangkhul Nagas as volunteers with financial assistance from Forest Department to save Shiroy
Lily.

Like flora, faunal diversity is also more unique, much varied and not explored completely vet.
Mammals and birds are explored mostly while reptiles (recently seen Burmese subspecies of
Python, Python molums vittatus). amphibians, insects and other animals are less explored. The
following mammals and birds are observed: Leopard (Panthera tigris L), Gaur (Bos frontalis
Lamb), Wild dog (Cuon alpines Dhole), Hoolock Gibbon (Hylobates hoolock Harlan), stump-
tailed Macaque {Macaca arctoides Geofroy), Slow Lons (Nycticebus coucang Boddaert). Golden
Cat (Catopuma temminecki Vigors & Horsfield) and birds like Blvth's Tragopan (Tragopan
blythu Jerdon), Mrs: Hume's Pheasant (Syrmaticus humie Hume humie), Green Pea Fowl (Pavo
muticus: L), Greater 5Spotted Eagle (Aguila clanga Pallas). Spot-billed Pelican (Pelecanus
philippensis Gmelin), Rufous-necked Hornbill (Aceros nipalensis Hodgson)., Eve-browned
Thrush (Turdus obscures L), Grey Sibia (Heterophasia gracilis McClelland), Tickell’s Brown
Hombill (Annorrhinus tickelli Blyth tickelli), (S. Panda 2013)

3.3 INFRASTRUCTURES AND ENVIRONMENT

311 LOCAL INFRASTRUCTURE: All the willages (Khangkhui Khullen Singcha, Yentem,
Changa and Pushing), within the present investigation are connected by unmetalled road which
are motorable only during dry season. All these villages are small villages with an average of 30
partially eccupied houses as the owners have relocated to areas with better infrastructure like
Ukhrul town and Imphal city. Khangkhui Khullen and Changa are electrified and recerve regular
electricity. Sincha, Yentem and Pushing although electrified had complete blackouts for the
entire period we have worked there. Maobile network and internet conmectivity is vVery poor
the area where vou get good signal only on the peaks of the hills and that too the connectivity 1s

very weak

14



3.3.2. LOCAL INHABITANTS AND CULTURE:

The major nhabitants of area belong to Tangkhul Nagas, a Sino-Tibetan and Tibeto-
Burman origin. Linguistically, the Tangkhuls belong to a large language famuly called
SinoTibetan, within that family to the sub-family Tibeto-Bumman The earliest home of the
Tangkhuls was the upper reaches of Huang heo and Yangtze Rivers which lies in the Zinjiang
province of China One group moved towards east and southeast to be become known as
Chinese, another group moved southward to become the tribes of Tibeto-Burman which includes
the Tangkhuls and other Naga sub tribes. That was between about 10.000 B.C. to 8000 B.C.
Thus, the Tangkhuls as also other Naga tribes have travelled from China to Myanmar and from
there finally they came into their present land (Manipur) traversing through mnumerable snow
covered landscapes. mountains and wild forests confronting wild beasts and wild tribes. The
Tangkhuls came together with the Maos, Poumeis, Marams and Thangals because all of them
have references to their dispersal from Makhel a Mao village in Senapati district. They had also
erected megaliths at Makhel 1n memory of theiwr having dispersed from there to vanous
directions. (S. Panda. 2013)
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CHAPTER 4
PREVIOUS EXPLORATION

4.1. DETAILS OF PREVIOUS EXPLORATION/INVESTIGATION CARRIED OUT BY
OTHER AGENCIES/ PARTIES

The first geclogical survey of the ultramafic belt in Mampur-Nagaland belt was carried
out by Oldham (1883) 1 course of endeavor to Manipur Naga slopes; he gave a wide picture of
geology of Manipur. Later on Pascoe (19212) gave a classical account of the different mafic and
ultramafic suites_aftewhich then termed the lithounits as ophiolite, amid his traverse to Saramati
peak. There after again Pascoe. (1930) detailed intrusive event of serpentinite along the contacts
of Disang and Makware beds of Burma (with more prominent degree of metamorphism_ foliation
and intense textures) and estimated a plavsible Upper Cretaceous age for the serpentinite
Intrusion.

From the late 1950°s Geological Survey of India have carried out mineral investigation
and systematic geographical mapping programs in several parts of Manipur. Preliminary studies
for copper and nickel mineralization around Nungou, Ningth1, Konkan-Thana were carried out
by Chakraborty et al., (1958). Copper-Nickel mineralisation 1s hosted within the suite of altered
basic and ultrabasic rocks. The mineralized vein vanies in width from 2 inches to 1 ft and has
been exposed for a strike coherence of almost 4'-5" and found to proceed along plunge for around
5 ft. The most mineralized zone show regional trends of S20°E/N20°W direction near the base
and swivelling to N10°E/S10°W. Copper sulphide and ferrous/ferric sulphides are found as
fracture intrusions: The sulphide mineralization is controlled by large N/S trending joants in spite
of the fact that the individual pockets or lenses within the mineralized zone are orchestrated in an
en-echelon design. Tests of mineralized rocks analysed 3.35% Cu and 0.07% Nu

Prasad and Sharma (1977) amid their integrated survey including systematic geological
mapping for the appraisal of Nickel mineralization 1n soil along the Sangsai-Gamnon road and
systematic collection of integrated samples 1n select regions of ultramafic belt close to Gamnom,
Manipur East Dist, Manipur has established few chromatite pockets. Analytical results revealed
that Nickel value ranging from 120 to 8500 ppm, and Co from 120 to 760 ppm from 126 nos. of

soil tests.
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Sharma_ et al | (1982, 1984) carried out integrated survey for Nickel and related metal
within the region around Gamnon region, Manipur. Chromite stash of 10m x 2.5 m was detailed
within the hill top. northwest of Gamnom. Geochemical data of serpentinised peridotite shown
Nickel content within the range of 0.6-1 2% and revealed relatively high values of Nickel (up to
9000ppm) within the soil developed over the ultramafic. In spite of this fact that, no sulfide
bearing zone could be found in this range The thickness of the soil ranges from 0.5m to 4m as
observed in auger borehole dnlling. Thev reported that the A horizon 1s generally brown to
gravish and is upto 0.3 m and the B horizon upto 2 5m is characteristically brown to deep brown
and destitute of any ferruginous concretion. clayey in nature whereas the C honizon 1s developed
over pulvenized serpentinite .

Geological mappmg in parts of Ukhrmal ‘area Ophiolite Belt was camed out by
Vidyadharan et al (1984) and he futher separated sedimentary rocks occurring on both sides of
the ophiolite belts and assigned the sedimentary unit occurring within the western part of
ophiolite as “wild flysh™ and sediments towards east of the ophiolite belt as epimetamorphic
sediments identical to Nimi1 Formation of Nagaland. Within the course of mapping they have
found a number of pockets of limestones in both the sedimentary unit east as west of the
ophiolites. Chromite lenses, streaks and dissemination inside olivine and orthopyvroxene bearing
pendotite were detailed.

Upon request from the Directorate of Commerce and Businesses, Manipur for
investigation of chromitite occurrences within the lower reaches of Harbum Khayuoi hill in the
south and southwest extension of Gamnom, G5I has conducted detailed geophysical survey mn
Hangkau area and Phangrai area, Ukhrul district, Manipur amid F5: 1988-89 and FS: 1991-92
respectively. Das et al | (1989) detailed pod/pocket of chromite uncovered from the serpentinised
harzburgites. These pods/pockets are of measurement 10mX4dm_ profoundly elongate and occur
generally close or at the contact with coarse grained harzburgite around Hangkau area, Ukhrul
dist . Manipur. The investigation of chromatite yielded Fe (10.30-9.03%). Cr (30.30-24.60%), N1
(0.12-0.12%) and Mn (upto 0.14%). Bed rock sampling of harzburgite and sheared harzburgite
indicated Cr (0.10- 0.16%_ average 0.13) and N1 (0.12-0 54%_ average 0.32).

Venkataramana et al., (1989) concluded that from the order of magnitudes of magnetic
and resistivity values, the anomalies can be inferable to the sources at shallow depth. Further, N.
Venkataramana et al (1993) have concluded that a gravity nise of around 0.1-0.15 mgal was
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noticed over zones encompassing harzburgites having hob-nail texture. Shallow depth
persistence of 35-7 m was evaluated for anomalous zones containing known chromite
mineralization. Most of the known chromitite events are found to occur inside magnetic high
zones differentiated on the premise of mapgnetic properties of soil. rocks and chromite. The
minimum 15 confined to the ultramafics consisting of serpentinttes_ duntte and harzburgites. They
concluded that chromitite of Phangrai region are generally masswve and uneven type and 15 of
metallurgical and refractory grade.

Gupta et al_ (1991_ 1992) detailed ewvents of massive chromatite related with
sepentinised harzburgites as podiform lenses and boulders. nodular chromitite with nodules
extending from few millimetres to 0 3cm, which laterally grade to massive type and dispersed
chromitte ore in affiliation with magnetite These chromitites were detailed around Phangrai
slope. Siruha furor. between Siruhi-Lungha road related with serpentinized harzburgite. Limited
analysis of pit'trench samples indicate maximum value of Cr203 (53 29%), F2203 (14 77%).
ALRO3 (16.19%), MzO (18.24%) and N1 (0.23%) from 29 nos. of samples. They reported that
the chromite falls under grade-1 and Il categories.

Yanthan, et al during ES 2009-10 & 2010-12 for mvestigation for Platinum group of
element 1n ophiolite belt of Manipur, although encouraging PGE values were not detailed. they
have detailed metallurgical grade chromitite and high values of Nickel (up to 7910ppm) and
Chromimum (upto 2852ppm) in Manipur ophiolite. The contents of Platinum (2.5-20pph),
Palladium (2 5-5pph). Iradium (5-330ppk). Ruthenmm t35—34{}ppb} and Rhodmum (5-35ppb)
were detailed i chromatite. The peridotites have lower concentration of PGE as compared to
chromutites (Pt=2 3-30ppb: Pd=2 3-33ppb: Ir=1 5-15ppb: Ru=1 5-35ppb; Rh=1 5-10ppb).

Theunuo, et al, (2015) documented that the ophiolite sequences are influenced by
prominent high angle northeast-southwest anatomizing fault framework which not enlv controls
the outcrop pattern but also exhibits repetitions of members of ophiolite sequence including
oceanic pelagic sediment. The faulted contacts are charactenized by abundant silicification,
brecciation and gouges. The transitional peridotite of ultramafic ophiolite 1z additionally
traversed by several N-5 shear zones. They have detailed the biggest clusters of podiform
chromatite from Gamnom area. with a measurement of almost 100x50m. The massive chromitite
body occurs as pods and lenses inside coarse grained harzburgite. Events of chromaitite pods were

also detailed from Nungbi, Phangrai-Shirui, Gamnon, Pushing and East of Apong town, The
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examination of bed rock sample of peridotite demonstrated Nickel(1988-3996 ppm) and
Chrommum (1086-4772ppm).Occurrences of chromite have been reported from the adjoining
areas of Gamnom, Shingcha and Harbui Khayut hill ranges in Khangkhui hamlet, Ukhrul,
Manipur. GSI has located clusters of chromitite pods towards SE of Gamnom, and subsequently,
the Directorate of Commerce and Industries; Govt. of Manipur has further assessed these
resources in detail In Manipur ophiolite, chromitite occurrences are associated with ultramafics

as nodular and podiform bodies while few occur as massive bodies.

In view of the favourable and encouraging result of Chrommm. Nickel and associated
base metal mineralization reporied by the earher workers in the adjacent block and other part of

ophiolite of Nagaland and Manipur, the present reconnaissance survey work was carnied out.

4.2. DETAILS OF AERO-GEOPHYSICAL AND GEOPHYSICAL MAPPING

The present study area around Gamnom was surveved by magnetic methods (Kumar et
al.. 2016). They have reported overall magnetic varation of 2912 anT (46003 to 48915 nT) (Fiz.
4). On the premise of qualitative analysis of the Magnetic (T F.) outline, and magnetic profiles,
three sorts of magnetic anomalies were distinguished within the study area by them; 1. e high and
sharp magnetic anomalies of short wavelengths. moderate to high magnetic anomalies of varying
wavelengths and flat magnetic profiles. The noteworthy sharp high magnetic anomalies of brief
wavelengths, bipolar in nature having variations from 450 aT to 2900 nT, were traced at few
places within the study area. Thev reported that these high and sharp magnetic anomalies of short
wavelengths concervably correspond to chromite bodies and related rocks and the sharp gradient
of the magnetic anomaly show the shallow nature of the source rock. Further thev stated
moderate to high magnetic anomalies wide 1n nature, of the order of 1000 nT may represent the
ultramafics bodies whereas flat magnetic profiles having very small variations may reveal the
presence of tertiary sediments/soil cover or change in formation. According to them these
classification of magnetic anomalies has sigmificantly contributed in distinguishing different
geological formations and locating possible zones of chromite mineralization.

Their magnetic Reduced to Pole (RTP) map has shown that prominent high and low

zones within the ultramafics where the prominent magnetic highs are reflected as zones of highly
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serpentinized ultramafic rocks while magnetic lows correspond to harzburgites under soil cover
with less deformation Their studies revealed that shallower interface corresponds to the average
depth of smaller magnetic bodies at 53 m. while deeper interface represents the average depth of
basement at 100 m in the study area. Thev estimated average depths to the top of the causative
bodies producing the magnetic anomalies vary from 18 m to 46 m and having average width of
the bodies are varying from 70 m to 109 m and dip lying between 07° and 73°. They suggested
that nature of magnetic anomalies indicates the possibility of small sized and discontinuous
chromate bodies 1n the studyv area.
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CHAPTERS
GEOSCIENCE INVESTIGATION
51. REGIONAL GEOLOGY
5.1.1. Aerial reconnaissance

There 15 no earlier report available on aerial photographs. Aerial reconnaissance using
ASTER imagery was tried but due to the thick vegetative foliage and dense forests covering the
study area it was not possible to generate any distinguishable geological features nor could any
geographical features be identified prominently. The lineament could not be delineated from the
Google earth satellite tmagerv on the scale of the present mapping as the resolotion of Google

earth imagery 1s not that high and the thick vegetation proved to be a hindrance (Fig 5)

5.1.2. Brief regional geology

5.1.2. A. Ophiclite zone

Ophiolite zone 1s linearly aligned 1n north-south direction from Nagaland in the north and
nearly parallel to the eastern margin in the southern part of the Manipur. This belt extends to
southwest of Moreh. It occurs as a senies of lensoid bodies of ophiolite rocks of variable
dimensions. The bodies are steeply dipping and striking in NNE-S5W directions. They occur as
fault-contacted slices within pelagic shale-sandstone association. The ophiolites and enclosing
sedimentary rocks have been thrusted over by metamorphics in the northeastern part, which
comprise quarizite, phyllite and marble The thrusted contact 15 characterised by intense
fracturing, brecciation, mylonitisation and silicification (Venkataramana 1985). Ophiolite zone
contains a group of oceamic pelagic rocks which occur mainly i the east and mnelude chert, thin
limestone, quartzite and phyllite. The rocks exhibit feeble metamorphic characters but
occurrences of radiolaria and diatoms in the cherts bear a posttive indication of their origin 1n
deep oceanic sector. Vidhyadharan et al., (1984) have correlated this epimetamorphic rock
group, especially occurring in northeastern part of Mampur, to the Nimi Formation of Nagaland.
The major litho units of the ophiolite suite are described below starting from the bottom most to

the top most:
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5.1.2. A.i. Transitional peridoftite

Theunuo et al (2013), have stated that transitional peridotite consists mamly of
harzburgite with minor lherzolite occurs as detached blocks and lenses which are sometimes
strongly deformed and serpentimized and the degree of serpentinization ranges from 60 — 90
vol%. They have observed notable pervasive shear foliation marked by serpentine that has been
developed throughout the bodies of the transitional peridotite which tends to overpower the
original igneous texture. They observed that the original lithounits in the shear zomne could be
discernible only 1n shear lenses and extensive soil and forest cover impeded n delineation of

larger individual bodies.

Chromitite pods of varying dimensions were reported by Theunuo et al (2015) to eccur
within transitional pﬂ'ido‘tite unit as munor lithounits. They stated that the chromaitites were dark
grey to black, masstve. hard and resistant unit with high specific gravity and occurs as pods and
lenses of varving dimensions (1m X Zm upto 70 m X 40 m), as massive podiform type or as
stringers and disseminated type. The notable observation was that these pods of chromitite
bodies were mainly associated with harzburgite of the transitional peridotite.

5.1.2. Aqn. Cumulate

Theunuo et al (2013) have observed that the layered mafic-ultramafic cumulate consists
of peridotite and gabbro as major unit and occurs mostly at the hill top and/or higher topographic
level invarably overlying the transitional penidotite unit. Cumulate rocks are medium to very
coarse gramned. melanocratic, hard and massive, which exhibit crude lavering. Harzburgite 1s the
predominant cumulate penidotite mostly ocenming as bouldery outcrop. Lherzolite variety 1s rare
and the isolated bouldery out crop 1s dark green to black in colour and are hard, massive, and
compact and the relict prism of orthopyroxene grains are sparsely distributed in dark crystalline
serpentine matrix and characterized by conchoidal fractures. Dunite ts mostly altered to
serpentinite and often eroded showing light dull matty green color and occurring as minor
patches and lenticular bodies; sometimes they host pods and lenses of chromite or as
disseminated euhedral specks of chromite. Cumulate gabbros are mesocratic medium to coarse

grained, massive and hard composing of feldspar along with pyroxene minerals. Crude layering
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1s observed at the outcrop. sometimes they occur as intrusives within the lowermost transitional

peridotite unit.
5.1.2. Ani. Gabbro

Theunuo et al (2015) observed that the 1sotropic gabbro dykes are characterized by green
pyvroxene and dirty white feldspar minerals which can be seen in hand specimen. Gabbro body

of 2 m width and about 30 m length were intruded in ocean pelagic sediments.
5.1.2. A.iv. Volcanics

In the regional observations made by Theunuo et al (2015). volcanic rocks are
represented by a) vesicular flow basalt b) pillow basalt and c) volcanic agglomerate. These rocks
occur at north of Phangrai interleaved with chert and cherty limestone. However, smaller
outcrops without any extension were observed at Ningthi and north-west of Phangrai (30 m X 20
m). Vesicular’amvygdular basalts are characterized by vug-filled amyvgdules of zeolites and
calerte, showing spheroidal weathermg Pillow basalts were observed to be characterized by
stackings of round to elliptical pillows of various sizes (8-85 cm in diameter). In many sections
pillows are marked with chilled margin_ radial cracks and highly altered spilitic groundmass as
matrix. According to them agglomerate units consists of angular to sub-rounded volcanic clasts
of different sizes ranging from 4 to 30 cm. Larger clasts have vesicles and amvygdules filled by
secondary quartz, calcite and zeolites, the sub-rounded clasts could be identified as lapillis and
bombs and exhibit a tvpical weathening pattern with dark reddish grev to maroon soil color.

5.1.2. A.v. Ocean Pelagic Sediments:

The ocean pelagic sediments non-conformably occur over mafic-ultramafic sequence of
ophiolite and consist of slaty-shale and phyllite, chert bands and minor meta-arenite and
graywackes: Lensoidal outcrop of serpentinised pernidotite and volcanics were also observed
within the phyllites which are the predominant argillaceous rock of ocean pelagic sediment unit
and are dark to greenish grev in colour and thanly foliated with moderate to steep dip. Variegated
cryptocrystalline radiolanan chert occurs as 1solated bodies in different lithounits. Grey chernt
interbedded with khaki green shale 1s also observed at north-east of Nunghi that sometimes

occurring olistostrome. Sandstones with mudclasts are poorly sorted and dirty brown 1n color
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occurs as lensowdal bodies of varving sizes No primary sedimentary structures are usually

preserved in the rock.
5.1.2. A.vi. Olistostrome

According to earlier workers the major olistostrome unit occurs between Disang Group of
rocks and ophiolite and non-conformably overlie the mafic-ultramafic sequence of ophiolite
along the eastern and southern margin of ophiolite and oceamic pelagic sediments. They are
characterized bv chaotic distribution of olistoliths such as limestone, gquartzite, chert, cherty
limestone, silicified carbonate rocks, serpentinised ultramafics and gabbros, within an
argillaceous matrix. Sometimes deformed chert body are observed within the ohistostromal unit

as exotic blocks without any structural relation with the surrounding carbonaceous shale.

5.1.2. B. Disang group

The Dhsang rocks are essentially monotonous alteration of argillaceous and arenaceous
facies. The arenaceous material gradually increases from the bottom towards the top. They are
mainly composed of dark gray splintery and somewhere slaty with numerous thin ramnifying
quartz vemns. Few serpentinised intrusions are also marked here and there. Shales are dark-gray
in colour, friable with fine laminations and show gradual decrease towards the top where
sandstones predominate. Concentric flankings and curved faces are also seen m some of the
shale surfaces.

5.1.2. C. Barail group

5.1.2. C.i. Laisong Formation

The oldest Formation, Laisong Formation 1s represented by grey coloured medum to fine
grained, hard, micaceous sandstones with frequent intercalations of dark grey sandy shale and
slate. The thickness of individual sandstone beds varies from 30cm to 2.5 m in the area Dark
grey siltstones at the base of the Laisong Formation have wielded a rich assemblage of
invertebrate fossils. Fragmentary plant remains and ichnofossils are quite common. Evidently,

shallow marine conditions of deposition are suggested for the Laisong Formation. (Ranga Rao,

1983).
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5.1.2. C.i. Jenum Formation

Jenam Formation gradationally overlies Laisong Formation. Evans (1932) described that
the Jenam beds in the Schuppen Belt are argillaceous in the lower part and arenaceous in the
upper part and forms a fransitional zone with the overlying Renji Stage This Formation 1s
represented by a predominantly argillaceous sequence of dark grey siltstones, shales, thin
sandstone bands, carbonaceous bands, and a number of coal seams. Sedimentary structures in
siltstones include small scale cross laminations and parallel bedding shales contain molluscs and
carbonized plant matter at places.

5.1.2. C.u. Renji Formation

The top of Barail Group in Schuppen Belt 15 designated as Renj1 Formation which has a
great thickness of ferrugmous sandstone and gradtionally overlies jenam Formation. Due to
changes m depositional environment and unconformable overlap of Surma rocks; the thickness
of Renji rocks varies widely in the different tectonic slices of Schuppen Belt Evans (1932)
described this unit as “a great thickness of hard, ferruginous. usually massive sandstones
occurring above the soft Jenam beds™. It 15 made up of very thick multistoried sandstone umts

with a number of grit beds (2000 metres).

5.1.2. D. Surma group

5.1.2. D.i Bhuban Formation

The rock types comprise arenaceous units of Lower Bhuban, argillaceous facies of
Middle Bhuban and coarse grained sandstone of Upper Bhuban. Interbands of gray bluish clay
and clay partings are conspicuous of the group which distinguishes 1t from the underlying Barail
Group and overlying Tipam Group. At places Surma sedimentation commenced with the
deposition of Middle Bhuban Formation and iz followed by Upper Bhuban and Bokabil
Formations. Surma Group shows a distinctive pattern of progressive transgression of Surma Sea

in the Naga Hills Schuppen Belt, Prasad and Sarma (1981)

5.1.2. D.ii. Bokabil Formation
Bokabil Formaton, the topmost umit of Surma Group, displays characteristic lithological
attributes, with alternation of ripple drift, cross laminated sandstone and shales (200 metres). The

unit has a predominantly argillaceous lithology dominated by khaki coloured. finely cross
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laminated siltstones. sandstones with thin sandstone lenses. A fine alternation of laminated
sandstones and shales s the distinguishing feature of the Bokabil Formation (Yedekar and Ray,

1984). Bokabil Formation is dominantly argillaceous consisting of finely cross laminated, wavy
laminated and occasionally flaggy siltstone with alternating parallel laminated fine to medium

grained sandstones.

5.1.2. E. Tipam group

Tipam Group is developed m Schuppen Belt and Assam Shelf In Schuppen Belt 1t 1s
having a thickness of 1800-2200 metres in Zubza area and consists of the Tipam Sandstone and
Giryam Clay Formation.

5.1.2. E.i. Tipam Sandstone Formation

Tipam Sandstone Formation overlies Surma Group with gradational contact indicating
that Tipam-Surma contact may be a facies boundary and time transgressive. It 15 subdovided mto
the lower Tipam Sandstone Formation and the upper Girujan Clay Formation. Tipam Sandstone
Formation, exhibits very little variation m lithological characters, and comprises thickly bedded
bluish grey to light grey fermuginous sandstones with thin interbands of siltstones and shales,
which become light brown on weathening Fairly coarse current bedded sandstones and
megacross beddings make up the bulk of thus rock. Evans (1932) recorded that in outcrops of
Tipam Group southwest of Naga Hills the clav beds within Tipam Sandstone are generally rare
and appear to be lenticular. Tipam Sandstone in Naga Hills has yielded some bivalve fossils
only, which are not age specific. The microflora suggests a Middle- Upper Miocene age.
Multistoreved sandstone 1= common with streaks of lignitised material, petrified logs of wood
and clay pellets.

5.1.2. E.ii. Girgjan Clay Formation

Girgjan Clays rests over Tipam Sandstone Formation gradationally and comprises
argillaceous sequence of reddish, buff. grey mottled clays, sandy clays and channel sandstones.
Chakradhar and Gaur (1983) reported escape traces of worm burrows. Joshi and Yedekar, 1983
reported the best exposure of Girujan Clave in Schuppen Belt 15 seen in Merapani-Wokha road
section around Baghtv where mottled clay-channel sandstone association bears the distinct
environmental sipnature of flood plain deposits with network of meandering stream channels.

Petrographic studies reveal that quartz is the dominant mineral with a few plagioclase and rock
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fragments. Quartz grains are subrounded to subangular, moderately sorted and with fewer
matrixes (Prasad, 1981). The heavies show a high proportion of opaques and less epidote than
found in Tipam Sandstone (Jena and Devdas. 1984)

5.1.2. F. Namsang Formation

The woungest Neogene sequence of Schuppen Belt iz Namsang Formation It 1= well
exposed in Lakhuni and Changly Tectonic blocks, where locally 1t attains a thickness of 600
metres (Yedekar and Ray, 1984) It overlies Girujan Clays with an erosional unconformity,
marked by thick beds of conglomerate with subrounded clasts of sandstone and channel grits.
Namsang Beds are poorly conselidated and consists of mottled clays, sandstones, conglomerates,
grits and some lenticular lignite vanety of coal Pebbles are mainly of Barail and Surma
Sandstone, siltstone, and clay (Prasad; 1981 & Dewvdas and Gandhi, 1985). Pebble length varies

from a fewem to 20 cms.

5.1.2. G. Dihing Formation

Dihing Formation unconformably overlies the Namsang Formation and Girujan Clays
(Chakradhar and Gaur, 1985) which comprises of Pebble beds. It comprises thick beds of gravel
with subordinate clay and has a thickness of 150 to 2350 metres. The gravel beds exhibit poor
sorting. Nature and attitude of beds are i conformity: with the regional trend and help in
differentiating this formation from the overlyving Quaternary gravels which shares angular
unconformity. Dihing Formation from Tuli area was described by Sarma and Bhartiva (1978).
Boulders are uncommon. Pebbles are derived from older formations and cementing material 1s a

mixture of silica and clay.

5.1.2. H. Alluviam

The majority of the Quaternary deposits in the state are located in Imphal valley,
covering an area of about 2250 sq km. The older units viz._ Motbung and Kangla-Tonghi surface
are best developed in northern and western periphery of the walley. They abut against Tertary
hills having distinct fan characters. Selkmai surface 1= a flat to gently slopmg alluvial terrain
bearing both escarpments and overlapping relation with Kangla-Tongbi and Lamsang surfaces.

Lamsang surface shows relict flood plain features like levees and back-swamps. Lilong surface 1s
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laccustro fluvial in nature and comprises the present day natural levees of Imphal, Iril. Thoubal
and other tributaries. Evidences of neotectonism have been recorded in the northern part of the
Imphal valley_ and can be traced along the Limakong River, a tributary of the Imphal River. The
river sections expose a sequence of folded and tilted peat beds of probable Pleistocens age
overlain by a blanket of undisturbed Upper Pleistocene and Holocene fluviatile sediments.

5.1.3. Regional Stratigraphy
Table.2: Generalized stratigraphic succession of Manipur

(After GSL Misc. Publ 30. part IV. vol. - I (part-2). 2012)

| Age Group Formation Member Lithology
Fecent and Allovium Alluvium and Terrace deposit
Pleistocene
= g Unconformity e
Plio- Dihing Conglomerate, grity, sandstone and clay beds
Pleistocene
. Unconformmity
Pliccens Namsang Thick beds of grits and conglomerates with
oecazional sandstone and clavstone
E o Unconfomuty—————— - S L] |
Miccene Tipam Girgjan clay Clay, motiled sandy clay, mudstone with
subordinate fermeinons sandstone
Tipam Thickty bedded. medium to coarze fermuminous
sandstone zandstones with inferbands of ziltstones and clay
Miocene Summa Bolkahil Shale siltstone alteration with minor sandstone
Bhuban
e neyne Disconformable boundary-———
Fenp Coarze, pritty, mazsive and well bedded
Jenam sandstone with comrent bedding and nipple marks,
Oligocens Barail Laisong with plant remains and coal streaks and
conglomerate
Unconformity
Middle to Dizang Upper Dizang Shale, Siltstone, Greywackes with thythmite,
Upper Eocene minor zandstone bands with fossilz and slices of
_____ " ophiolite
Upper Lower Shale, Greywacke with thythmite minor
Cretaceous to Disang satidztone bands, Slate and phyllite
Lr. Eccene
Tectonic / Unconfornity:
Cretaceons to | Ophiolite Belt Luoshat Shale and =iltstone with interbands of radiolarian
Lr Eocene Formation chert and limestone
Ophiolite Dismembered tectonic zlices of serpentinites,
{Izneous) comulates and volcanic

25




5.2. DETAILED GEOLOGICAL EXPLORATION

5.2.1. Ouicrop map on 1:12.500 scale
The outcrop map on 1:12,500 scale is provided as Plate-T.
5.2.2. Large scale mapping on 1:12,500 scale

Large scale mapping covering an area of 60 sq km on 1:12500 scale was carried out
around Gamnom, Singcha. Yentem, Pushing, Changa and Khangkui Khullen t'ﬂlages.

The rock types of the study area mclude (1) Transstional Peridotite (Harzburgite), (i1)
Gabbro, and (11) Olistoliths.

The Ophiolite eccurs as dismembered tectonic slices and the sequences are affected by
prominent high angle NE-SW thrust system manifested by repetitions of members of transitional
pendotite, Gabbro and olistolith. The contacts between different lithologies are mostly concealed
under thick vegetation and scree and are mostly inferred. The thrusts are discerned only by the
break in stratigraphical order and by repetition of units. There 1s no surface mdication of these
thrusts which are generally concealed by the thick vegetative foliage. Due to complex nature of
deformation and alteration, the ophiolites are highly dismembered. However, voleanic rocks and
pelagic sediments associated with peridotite/ultramafics are considered as the topmost litho-
member of the Ophiolite sequence; this criteria has been used to delineate and differentiate
various tectonic slices. The various lithounits show a preferred N-S orientation with the general

strike of the thrmst. Lithostratigraphic succession of the studv area 1s given in Table 3.
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Table 3: Lithostratigraphy of the study area

Group Member Lithology | Description

Chaotic mixture of units such as chert and |
- - Olistoliths | serpentinized  ultramafics  within @ an

argillaceous to arenaceous matrix.

- Nonconfirmity——
i Mafic Gabbro Dark grev, Plutonic, large crystals of
| cumulates pyroxenes visible.

Ophiolite Suite J Transitional | Harzburgite | Green to dark grev;.crystals of pyroxenes
Pendotites visible clearly visible. This unit 1sthe host

| rock for podiform chromite.

Base not exposed

I . — — —_— )

5.2.3. Description of rock types

The study area exposzes predominantly the Ophiolite sutte comprising the dismembered 1)
transitional peridotite, 2) mafic cumulates consisting of gabbro and 3) olistoliths. The complete
ideal ophiolite sequence 15 not preserved in this study area and only two member units of the
ophiolite sequence are present here which are repeatedly thrusted over each other along with a
unconformable olistolithic unit (Plate-T).

5.2.3.1. Ophiolite suite

The major lithoumits includes: 1) Transitional Peridotite and 11) Mafic cumulate sequence
(zabbro).The contact between the ophiolite suite and the Olistoliths 1s unconformable trending
NE-SW direction. The dismembered ophiolite slices are lensoidal, curilinear, cuspate-lobate
shape and their disposition are the product of multi-episodes of thrusting. The transitional
peridotites are partially serpentimised and often exhibit well developed cumulate texture. Typical
hobnail textures are common weathenng features as ortho-pyroxene protrudes as resistant
mineral over the groundmass. Sporadic occurrences of gabbro cumulate show bouldery outcrop

and are noted 1n Gamnom and northwest of Pushing.
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5.2.3.1.a. Transitional peridotite

The occurrences of transitional penidotite are generally blocky and discontinuous and
blocks (Fig.5) are sometimes embedded within a strongly deformed and serpentinized matrix
(Fig.6). At places, thick limomtic soil developed over the peridotite. Only the Harzburgite
variation of the transitional penidotite 1s observed in the study area which 1s confirmed by thin
section studies and detection of neoblastic olivine and corroded chrome spinel.
5.2.3.1.a.i. Harzburgite

In field. the harzburgites show cumulate texture which upon weathering produces
hobnail texture. It 1s difficult to identify the nomenclature of these rocks directly in field (thin
section studies i3 a must) based on individual grains but some mineral grains like bronzite
{ortho-pyroxene) can be easily picked up due to its bronze color. (Fig.7) The rock as a whole 1s
light to dark green in colour. The harburgite unit here represents the fertile part of the
transitional zone of the mantle This unit has undergone serpentinisation to-a varying degree and
show an olive green colour with amorphous groundmass with shiny prism of pyvroxene attributed
for hobnail structure upon weathering. Serpentine and talc 15 developed along the fracture planes
due to shearing and are characterized by presence of fibrous or bladed variety of serpentines
giving a scaly appearance to the rock with slickensides 1 all possible orientation which in turn

results in total deformation of the primary 1gneous texture.
Chromitite

During the course of mapping isolated chromitite pods occur within host rock of transitional
pendotite (harzburgite) in Gamnom, west of Gamnom, south of Khankw Khullen and northwest
of Pushing village (Fig 8). Clusters of chromitite pods have been delineated and plotted on the
map (Plate-I). They are black to dark grey in colour elliptical in nature and their size varies from
0.25m to ?m in diameter. These chromitite pods have no evident structural or geological control

and relationship and occur as sporadic pods within the transitional peridotite (harzburgite).
5.2.3.2. Mafic Cumulate

Gabbro
Only gabbro belonging to the mafic cumulates is exposed in the area. Two discontinuous lenses

of gabbro are exposed one at Gamnom about 100m x 130m in dimension and another west of

32



Pushing B0mx 120m in dimension. They occur as oval-shaped bodies showing concordant
relationship with the transitional pendotite directly overlying it and the nature of this contact
appears to be gradational with the cumulate peridotites omitted as per the ideal ophiolitic
sequence. Hand specimens are marked by appearance of feldspar along with pyroxene minerals
and are light grey to dark grey in colour depending upon the degree of weathering. They occur as
thin shivers which die out after a short distance either gradationally into the transitional
peridotite. Mild pervasive shear foliation 1s observed (Fig. 9).

5.2.3.3. Olistolith

Dlistolithic nunit occurs mainly as an unconformable laver lving over the ophiolite suit of rocks
and 15 observed in the study area as repetitive units due to multiple thrusts (Fig. 10). The
olistolith ebserved juxtaposed with ophiolite suite contain solely sedimentary olistoliths viz.
sandstones bearing few limestone clasts/chert (Fig.11) of varving dimensions ranging from lem
to 20cm. The association of olistoliths in these olistolithic units indicate the origin or
development prior to emplacement of ophiolite suite (wherein only sedimentary units that was
available on the prevailing continental margin to the east of the basin). The continued subduction
during the Eocene Period would have destabilized the continental margin slope causmg
submarine mass movements which have given rige to these olistolithic units. Field observation

indicates that these olistolithic units are of tectono-sedimentary origin.
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Fig 5_Field photograph showing harzburgite of | Fig 6. Field photograph showing serpentimized

harzburgite of transitional peridotite northwest
of Pushing (25°03'09.1" / 94°28'10.1™)
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Fig. 7. Field photograph sh texture on |
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Fig & Field photograph showing chromitite pods south of Khankui-khullen (25°00479" /
94°25'47.9"
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Fig9 Field photograph showmg mafic | Fig 10 Field photograph ing exposure of

cumulate body of gabbro
(25°01'28" /94°27°8")

......

at Gamnom | argillaceous unit in olistoliths northwest of

Fig.11. Field photograph showing exposure of chert unit in olistoliths west of (Gamnom

(25°01'30.0" / 9452529 3")
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5.2.4. PETROLOGICAL STUDIES

5.2.4.i. Transitional peridotite

The transitional penidotites commonly occur in between tectomite and cumulate penidotite and
are mainly harzburzitic. Both ortho as well as chino pyroxenes and relict olivine (now serpentimsed)
porphyroclasts are having corroded grain boundary. Olivine occurs i two distinct modes: (a)
protogranular oltvine and (b) small neoblasts and fine-grained olrine often brecciated. As a whole,
transitional penidotite show prophvroclastic granular texture and contan spinel grains of lensoid and
equidimensional or skeletal shape Plastic stramn in the form of strain shadow in olivine porphyroclasts
and kink bands m pyroxenes represent post-igneous features. Chrome-spinel that notably occurs could
be part of relict chromite (Kamenetsky et al. 2001). Serpentinized pernidotite comprises of
partially serpentinized olivine, orthopvroxene and clinopvroxens with profuse development of

exsolution lamellae (Fig. 12).
5.2.4.i.a. Harzburgite

It shows protogranular texture defined by large hypidiomorphic to xenomorphic
orthopyroxenes, highly serpentinised olivine and minor clinopyroxenes (Fig. 13).The presence of
neoblastic olivine (Fig. 14) and cormroded chromie spinel (Fig. 15) (Fig. 16) are evident that this
Harzburgite belongs to the transitional zone of peridotites. Segmental foliation, granulation and
brecciation are common. Large orthopyroxene grams show zoning at the grain margin and
alteration (1.e. orthopvroxene to clinopyvroxene) at fracture zone are also observed.

The orthopyroxenes under plane light are pale colored with greemish to pinkish
pleochroism. Pure enstatites can be colorless. where as those with higher Fe contents correspond
to darker colors. They show high positive relief and euhedral crystals will be stubby prisms.
Anhedral grains may fill the space between other grains.

The clinopyroxenes under plane light show colorless, grey, pale green. pale brown, or
brownish green and darker colours corresponding to higher Fe content. They can be weakly
pleochroic and have a high positive relief with a typical pyroxene cleavage. Under crossed polars
they show lower to middle second order colours. Basal sections will show symmetrical
extinction, longitudinal sections will have inclined extinction and be length slow. They are

distinguished from orthopyroxenes by inclined extinction and higher birefringance.
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Apart from olivine grains are also present which show weak, pale green pleochroism in thin

section. Olivine 15 commonly recogmzed by 1t high retardation, distinctrve fracturmg, lack of cleavage,

and alteration to serpentine. Due to mitensive shear foliation, granulation and brecciation, most of

the grains are broken down into smaller grains and serpentinised but core remains unaltered.

Dunng the process of serpentimisation. opaque (magnetite) (Fiml7) get accumulated at the

networking veins of serpentinite.

g xm -

Fig. 12. Photomicrograph showmg exsolution
lamellae of Clinopyvroxene (CPX) within
orthopyroxene (OPX) surrounded by olivine

(OL) Partially serpentinised Harzburgite
(transitional peridotite) under crosspolarized
light at 4x magnification. West of Gamnom
(25°01'53.8" / 94°26'32.0")

Fig 13_Photomicrograph showing break down
of Orthopyroxene (0OPX) surmounded by
serpentinized oltvine (OL) m  Harzburgite
(transitional peridotite) under crosspolarized
light at 2 5x magnification. East of Changa
(25°00'50.6" / 94°25'3.9")
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Plg 14 Phatumn‘:mgraph shufmﬂg neabiasnc
olivine (NbOL) surrounded by serpentinized
Olivine 1 Harzburgite (transitional peridotite)
under cross polarized light at 4x magmfication.
East of Gamnom (25°01'28. ?“ 94227'12.9")
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F]‘.g ¥a: Photm:rm:mgraph showmg chrome
spinel (CrSp) surrounded by orthopyroxene
(OPX) in Harzburgite (transitional peridotite)
under cross polarized light at 4x magnification.

West nf Gﬂmnom (2:1'3{}1’53 8“ { 94°26'32. {) )]

Fig 16. Photomicrograph showing chrome
spinel (CrSp) summounded by orthopyroxene in
Harzburgite (transitional peridotite) under
plane polanzed light at 2.5x magnification.
south of Khangkui Khullen (25°00'39.5"/
04°25'42 8")

Phom:mcmgraph shl:m.'mg relict

Fig.17.
magnetite (Mag) surrounded by olivine n

Harzburgite (transitional pernidotite) under
cross polarized light at 4x magnification. East
of Gamnom (25°01'28.7" / 94°27'12.9")
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5.2.4.01. Mafic comulates

Gabbro
Thin section studies have revealed that the gabbro shows cumulate (ophitic to sub-ophitic)

texture in which the plagioclase laths (Fig 21) are summounded by homblende, chlorite (Fig 18)
clino pyroxenes (Fig 19) and minor skeletal magnetite gramns (Fig20) (Fig.22) Pressure exerted
due to thrusting has given rise to cataclastic texture in the weaker gramns which have broken

down mto finer grains.

Fiz 18. Photomicrograph showing sub-ophitic texture in gabbro with large plagioclase laths (Pg)
surrounded by chlorite (Cl) and homblende (Hb) also showing breaking down of smaller weaker
grains (cataclastic texture) due to exerted pressure of thrusting, cross polarized light at 2 3x
magnification Gamnom {25“01‘28.[].";' 042278

Fig.l_ migaph of Xenomorphic 1 Fzgjﬂ Photomicro grap£ of Skeletal

Clinopyoxene{Cpx) showing intergrowth with magnetite (Mag) grains within plagioclase
laths of plagioclase (P1) in gabbro. (PI) laths in gabbro
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Fig 21 Photomicrograph of fine laths of
plagioclase occurning as inclusion within
Clinopyroenexe (Cpx). Plagioclase and
Chnopyroxene laths often show intergranular

. Fig 22 Photomicrograph of Clinopyroenexe

(Cpx). plagioclase (P1) and skeletal magnetite

(Mag) within an altered plagioclase
groundmass.

__texture.

5.2.5. STRUCTURE

The mafic-ultramafic sequence of ophiolite belt the study area 13 bounded 1 west by
ocean pelagic sediments. The present outerop pattern and occurrence of various mafic-ultramafic
bodies, the overall shape of the ophiolite belt and 1ts contact relation with the olistoliths 15 mainly

controled by later deformation events.
5.2.5.a. Primary structures

Magmatic layering observed in gabbro and fransitional peridotite are the primary
structure in the mafic-ultramafic bodies of ophiolite. These magmatic layering are defined in
transitonal peridotite by grain size vanations of pyroxenes whereas in gabbro it 15 marked by
colour banding of mafic and felsic rich bands. Sedimentary rocks of olistoliths are marked by

layvered debris flows; although the lavering is not prominent.
5.2.5.b. Secondary structures.
Foliation

Weak foliations are developed in the transitional peridotite part of ophiolite at certamn

locations and are marked by development of serpentines and shear lenses.
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Zone of mtense brecciation, silicification. gouge and development of profise
slickensides were observed at many places which are indications of a zone of thrusting rather
than a sharp thrusted contact. Occurmrences of prominent brecciated zones were observed south of
Khangkui at the contacts of transitional peridotite and olistoliths Brecciated zones were also
observed around the olistoliths surrounded by transitional peridotites. These zones are generally
having north-south trend and are marked by angular clast of chert. greywacke, limestone and
fragments of ultramafics. Brecciated boulders. and/or discrete occurrences of gouge were seen
many a place at the contacts of transitional peridotite and oﬁsteliihs, however, their continuation

could not be traced due to inaccessibility: thick vegetations and soil.cover (Fig.23).

Fig 23 Brecciated peridotite in a sandy matrix,
South of Gamnom (25°00'37.7"/ 94°27'54 9")
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The geological cross sections of the area also reveal process of reverse movement of
transitional penidotite blocks against olistoliths against sub-parallel longrudinal NE-S5W fault.
The thrusts are sinusoidal in nature and therefore some units like that of the mafic-cumulates
consisting of Gabbro die off after short distances. Repetitive stacking of these units due to thrust

dynamics are observed in the study area.

5.2.6. METAMORPHISM

Features bearing evidences of metamorphism is absent in the study area although high
pressure metamorphic rocks like gamet granulite. garnet amphibolites have been reported north
east of the study area around Tusom C.V (V.5 Peter et al, 2019). The study area does not exhibit
any metamorphic rocks as the peridotite here falls 1in the transitional peridotite zone and has not
been subducted to greater depths for the effect of metamorphism to be evident. The chromitites
are basically derived from the primary melt itself and do not appear to be products of
metasomatism. At -places, the original character of i1gneous rocks 1s altered because of
deformation and serpentinization but there are no major indicators to suggest that this zone has
undergone a considerable degree of metamorphism as no metamorphic rocks are observed to

oCCcur.

5.2.7. MINERALOGY OF THE ORE ZONES AND ORE TEXTURES

The occurrence of cluster of podiform chromite was delineated in Gamnom, south of
Khangku Khullen, Yentem and northwest of Pushing village during the course of mapping. The
chromitite occurs in cluster of different dimension (0.5 to 1.3m) within this area as isolated
bodies within the host rock of Harzburgite (transitional peridotite). They ocecur as podiform type.
Chromaitites are dark grey to black, massive, hard and resistant unut with high specific gravity.

Chromitite

Chromaitite occurs as 1solated pods within the host rock of harzburgite (transitional penidotite).
Ore microscopy studies reveal a cataclastic texture (Fig.24) 1 which the chromite grains (grev to
reddish grey) are highlv fractured and brecciated. The cores of these fractured gramns are well

preserved where as 1ts boundaries have been granulated and amalgamated into the surrounding
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minerals. Some samples show corroded grain boundaries in the chromite grains (Fig 23) within
the minerals of the host harzburite.

Fig. 24. Photomicrograph showing cataclastic
texture of chromite grains (Cr) in chromitite
reflected light at 2 5x magnification Gamnom
(25°00°58.7"/ 94°27'14.7")

Fig.25  Photomicrograph showing corroded
grains of chromite (Cr) m chromaitite reflected
light at 25x Gamnom
@5“%‘58.?" /94227147y

magnification.

Nickel

High values of nickel have been observed in samples collected during trenching at
Gamnom (trench 2). The values of chromium are notably lower in these samples. The details are
mentioned in the following part on discussion about pitting and trenching And the nickel values
at Gamnom (trench 2) range from 1.07% -1.79% and in Yentem(trench 4) the values of nickel

from one sample yields 1.41%.

5.2.8. SAMPLING

BED ROCK SAMPLING

130 Nos. of bed rock samples (BRS) in the form of grab samples. weighing
approximately 2-2 S5kg were collected by chipping the exposed rocks. These samples were
cleaned. dried. powdered and sieved through -120 mesh The szieved sample weighing about
5300gm each were collected. These samples are made into two halves of 230 gm each by coning
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and quartering. One half of 230gm of each samples was sent for laboratorv analysis as
recommended, while the other half 1s kept as duplicate samples for future reference. Due care

has been taken to avoid any type of contamination during processing of the samples. A total of
150 BRS were thus, collected, processed and analysed for, Cu, Pb, Zn, Ni, Co, Sb, Ba, B1, As,
Ag Au. Cr, V. Ti Trace and major oxides (Fefer Plate-11)

PETRO CHEMICAL SANMPLING

23 Nos. of Petro Chemical Samples (PCS ) in the form of fresh grab samples. weighing
approximately 2-2 Skg were collected by chipping the exposed rocks. These samples were
cleaned, dried. powdered and sieved through -120 mesh. The sieved sample weighing about
500gm each were collected. These samples are made into two halves of 250gm each by coning
and quartering. One half of 2502m of each samples was sent for laboratory analvsis as
recommended, whilethe other half 1s kept as duplicate samples for future reference. Due care
has been taken to avoid any tvpe of comtamination during processing of the samples. A total of
150 BES were thus, ¢ollected, processed and analysed for, Cu, Pb, Zn, N1, D:}_= Sb. Ba Bi. As,
Ag Au Cr, V. Ti Trace and major oxides and also REE.

PITTING/TRENCHING 5AMPLING

A total of 5 trenches, three having dimension 10mx1mx1m each were carried out near the
vicinity of chromitite occurrence to delineate the continuity of chromitite bodv. However only in
two trenches boulders of chromitite was intersected within 1m length of the trench In all other
trenches peridotite and red soils were encountered. Sampling was carried at Im mterval within
the trench and in all 30 nos. rock samples were collected. The samples were collected by
chiselling_ after cleaning the trench The processing of pitting trenching samples follows the
same methodology for preparation of bed rock samples (BRS).
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5.2.0. DISCTUSSION OF EESULTS OF CHEMICAT ANATYSIS SAMPLES
5.2.9.1. BED ROCK SAMPLES:

TRANSITIONAL PERIDOTITE (HARZBURGITE)

The analytical result of bed rock samples 1z given in annexure-I. The peridotite in the area 1=
characterised by the content of Fer0: (7%-13.7%). MgO (29% - 40.72%). ALO; (0-17.62%),
TiO2 (<0.01-1.9%). CrOz (37-6879%ppm); Cr (3Tppm-9254ppm), Ni (30-8606ppm). Va (0-
611ppm), Co (5-436ppm). Cu (<=5-9%ppm), Pb (2-14ppm), Zn (5-274ppm).

Scatter plots of whole rock analysis for MgO vs other major oxides (Fig 26) suggest that the
peridotites 1n the study area belong to the same peridotite type, which is:the transitional
peridotite variant as confirmed by thin section studies. This 1s supported by the fact that mostly
all the plots do not show much scattering from the normal and plots are clustered together.

The plots for whole rock major oxide i ACFE and AFEM ternary diagrams (Fig.27) suggest that
the penidotites plotted belong to the metamorphic peridotite type and cumulate peridotite type

according to the plots suggested by Coleman (1977).
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Fig.26. MgO vs other major oxides scatter plot of ultramafic rocks {oxide in %)
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Metamarphic Perdotite

Fig.27. ACM and AFM plots of ultramafic rocks with fields of ultramafic cumulates and metamorphic
peridotites after Coleman (1977)
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CHROMITITE

The analytical result of bed rock samples 15 given in annexure-l In samples which are
chromitite bearing transitional peridotites (harzburgite) the Cr values range from 31.11% to
53.53% (Fig 28).
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Fig 28 Vanation plot of Cr vs Ti vs Al vs Mn vs Ni tn red soil samples

52,02 PITTING/ TRENCHING :
Trench-1

This trench with a dimension of 10m x lm x lm was carned out at Gamnom at
(25°00°58.1" / 9472712 7). R L top 15 1922m R L bottom 1921m_ The trench was laid in E-W
across the general trend of the chromite occurrences mn Harzburgite groundmass with a lateritic
so1l. The details of the trench section and the corresponding sketch are given in Fig 29 and 30 In
thiz trench almost 40% of the samples are chromitite pods with chromite percentage ranging
from 34.1% to 44 .37% (Fig.31) (refer Annexure-IIT).
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Fig. 29. Field photographs showing section of trench-1 at Gamnom in transitional pendotite (25°00'58.1"
[ 94° 2T R2).|
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F1g.30. Schematic sketch of Trench-1
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Fig.31. Vanation plotof Cr vs Ni.in trench-1
Trench-2

This trench with a dimension of 10m x Ilm x lm was carmed out at Gamnom at
(25°00'58.3" / 84°26'59.9"). The trench was laid in E-W across the general trend of the chromite
occurrences. R L top 1s 1919m. RL bottom 1918m. The trench was laid m E-W across the
general trend of the chromite occurrences in Harzburgite groundmass with a lateritic soil The
details of the trench section and the corresponding sketch are given n Fig.32 and 33. In thus
trench almost all of the samples are show high nickel percentage ranging from 0.54% to 1.67%
1e. 0.54% to 1.67%. The chromium values range from 2433ppm to 3519ppm (Fig.34)(refer
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Fig 32. Field photographs showing section of trenich-2 at Gamnom in transitional peridotite (25°00'58.3"
/ 94°26'59.9"):
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Fig.33. Schematic sketch of Trench-2
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Fig 34 Vanation plﬂt_ﬂfﬂf v Ni in trench-2

Trench-3

This trench with a dimension of 10m % lm x Im was carried out south of Khangkui
Khullen (25°00'48.0" / 94°25'47.8"). The trench was laid in E-W across the general trend of the
chromite occurrences. R L top 15 1651m. R L bottom 1650m. The trench was laid in E-W across
the general trend of the chromite occurrences m Harzburgite groundmass with a latenitic soil.
The details of the trench section and the corresponding sketch are given in Fig 33 and 36. In this
trench almost 60% of the samples ared:lmﬁtepuds with chromite percentage ranging from
36.11% to 4731%. Also some of the samples show high nickel percentage ranging from
1225ppm to 18580ppm 1e. 0.23% to 1 85% (Fig 37). (refer Annexure-IIT)
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Fig 37. Vanation plut_n} Crvs Niin trench-3
Trench-4

This trench with a dimension of 10m x Im x 1m was carried out at Yentem (24°58'56.2" /
94°26'01.8"). RL top 1s 1515m. R L bottom 1514m. The trench was laid in E-W across the
general trend of the chromite occurrences in Harzburgite groundmass with a lateritic soil. The
details of the trench section and the corresponding sketch are given 1n Fig 38 and 39. The trench
was laid m E-W across the general trend of the chromite occurrences (Fig 40). {refer Annexure-IIT)
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Fig 38. Field photographs showing section of trench-4 of Yentem mn transitional peridotite
(24°58'562" /1 94°26'01 8").
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Fiz 39 Schematic sketch of Trench-4
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Fig 40. Vanation plat_c} Cr vs Ni in trench-4

Trench-5

This trench with a dimension of [0m x lm x lm was carried out west of Pushing
(25°02'53.1" / 94°28'30.3"). R L top is 1441m. R.L bottom 1440m. The trench was laid in E-W
across the general trend of the chromite occurrences m Harzburgite groundmass with a lateritic
soil. The details of the trench section and the npﬂ'gspcmdiﬂg sketch are given in Fig 41 and 42,
Chromium and nickel content is low in this trench (Fig 43). (refer Annexure-IIT)
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Fig 41 Field phutogtaphs shcmmg smt.tnn nf trench- 5 Wﬂst of Pushing in transitional penidotite
(25°02'53.1" /9492830 _]
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Fig 42 Schematic sketch of Trench-5
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Fig 43 Vanation plot. ﬂf Cr vs Ni mn trench-5

52.0.3. PETROCHEMICAL SA}..II'LES
GABBRO

Gabbro was sampled at Gamnom and west of Pushing: in one sample from the gabbro (PCS01) body at
Gamnom the “Ti was about 53525 the et 4 el B | anifoniee ceulibosition. The: sample: from he
Gabbro body in west of Pushing (PCS25) showed higher ALO; and lower Fe:0: compared to the gabbro
body at Gamnom (Fig.44) (refer Annexure-II) '
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Fig 44 Major oxide composition in Gabbros
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The REE plot of the gabbro samples show an almost uniform scatter plot Sample PC523 shows shightly
lower amounts of REE(Fig 45).

Spider plot— NMORB (Sun and McDonough 15589}
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Fiz 45 REE plot in Gabbro

RED SOIL

Red soil samples were collected at locations where they were present and the results show Fe:O;3
percentages ranging from 10% to 43.75% (Fi1g.46). (refer Annexure-IT)

B0



== Fe203(T){%)

==ilr==Cr [%)
s N (3]

45

61/ 1/€252d
6T/%I/L050d
6T /910257
4 61/v1/6T52d
6T/v1/2152d

Y ETVI/LTEDd

: 6T,/%/9T52d

* AT I/STSDd

6T/ FTSd
¥ 6T/ 1/ET5d
6T,/¥1/ZT52d
¢ GT/VI/ETTSHE
. 6L/ ETTENE
G TTTEE
. AT/ I/0TTSHE
 6T/VI/G0TSHE
6T/¥1/0T5H
¢ BT/ L0TSH
GT/%1/965HE
61,91 S6a5uE
{GT/vI/ETSYE

Fig 46. Vanation plot of Fe vs Al vs Cr vs Niin red soil samples

5.3. GEOPHYSICAL EXPLORATION

Geophysical survey was cancelled by the competent authorities.

No Geochemical data is available for the study area.

5.4. GEOCHEMICAL EXPLORATION
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CHAPTER 6

INTEGRATION OF GEOLOGICAL, GEOCHEMICAL AND GEOPHYSICAL
EXPLORATION DATA AND INTERPRETATION THEREOFF

OVERLAY STUDIES IN GIS (GEOLOGICAL, GEOCHEMICAL AND
GEOPHYSICAL MAPS)
Geochemical and Geophysical mapping was not mcluded as part of the present study.
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CHAPTER 7
MINERAL PROSPECT
7.1. SURFACE INDICATION OF MINERATIZATION

Surface indications of chromite mineralization have been recorded m the study area at
Gamnom, south of Khangkui Khullen and west of Pushing) during the course of mapping.

At Gamnom the podiform chromites are banded with strike direction north-south dipping
easterly. The chromitite pods are embedded in harzburgitic host rock and they are surrounded by
lateritic so1l {Fig.4?} and occupy the top of the hills. This area measures around 80m x 150m
West of Pushing the podiform chromitite is embedded in harzbusgitic host rock and is
surrounded by soil along the hill slope (Fig48). At south of Khankui Khullen the podiform
chromutite 1s embedded in harzburgitic rock and surrounded by lateritic soil (Fig 49).

Fig.47. Field photograph showing chromitite pods at Gamnom_ (25°00'58.7" / 94°27'14.7")
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7.2. MODE OF OCCURRENCE

In the study area, the chromititez occur in clusters as pods of dimensions ranging from
0.5m to 1. 5m . They occur as isolated bodies at Gamnom, South of Khanglui Khullen and
Pushing within a harzburgitic host rock surrounded by lateritic so1l. The colour of the chromitites
ranges from grey to black and appear as massive, hard units that are resistant to weathering with
a high specific gravity. The chemical analysis of chromitite bearng transitional peridotites
(harzburgite) shows Cr values ranging from 31.11% to 33.33% which is of metallurgical grade.
The lateral extension of the chromitite bodies could not be established by pitting'trenching.
(Plate-T)

7.3. NATURE AND CONTROL OF MINERATLIZATION

The chromitite 1n this area has been observed to occur within harzburgitic host rock
occurring m the transitional peridotite zone of the opliolitic sequence. This has been ascertamed
by the presence of neoblastic olivine and relict chrome spimel/magnetite specsin the groundmass.
The ACM and AFM plots (Fig.27) suggest that the peridotite falls in the ultramafic/
metamorphic peridiotes zone. Chrome—spinel (or chromite) i1z well established alteration-
resistant petrogenetic and tectonic setting indicator for mafic—ultramafic rocks (e.g. Barnes and
Foeder, 2001; Lee, 1999; Kamenetsky et al.. 2001: Arai et al 2006). There seems to be no
evidence as to why these clusters occur as isolated clusters with no general control. They appear
to be parts of dislocated tectonic slivers that have been thmsted over each other and occupy
random positions in the ophiolites of Manipur,
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7.4. DETAILS OF MINERALIZED ZONES

The details of chromitites with their chemical composition from and thewr location are given

below:

Table.4. Details of chemical composition of Chromitite along with locations:

SAMPLE NO. | BRSOS/1A/19 | BRS73/1A/19 | BRS77/IA/19 | BRS79/14/19 | BRS126/1A/19
location Gamnom Wer KSJ::;hgkt:rfl ::::;I:: WEEt. o
Gamnom | Pushing
f oy LV T e | Enibiegh, -, KhullegRodsh N
LATITUDE 25.0163 25.0111 25.0133 25.0086 | 25.0470
LONGITUDE 94.4541 94,4389 94.4300 944254 | 944751
LAB.NO. 3592/5 3732/60 3732/64 3732/66 | 3954/08
Sio; (%) 9.33 6.28 3.24 8.16 ’I 1.7
TiO: (%) 0.22 02 0.33 0.2 0.14
ALO: (%) 13,51 13.11 17.62 14930 | 1227
Fe,04T)%) | 1378 143 1641 16.29 *1. T ol
MnO (%) 0.17 0.19 0.19 022 # 017
MgO (%) 14.41 11.79 14.81 14.21 18.71
" €a0 (%) 0.29 071 ||| oos 0% | 008 |
Na:0 (%) 0.04 0.03 0.03 0.03 0.04
K20 (%) 0.01 0.02 0.01 0.03 0.01
P,0s (%) <0.01 <0.01 <0.01 0.03 <0.01
Ni (ppm) 500 1034 1061 1662 1533
cr (%) A8% 52.53% 45.48% 42.67% 31.11%
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Table.3. Details of chemical composition of Chromitite along with locations in trenching

samples:
TiDz: | kO3 | MnO | _ . Crz20s
SAMPLE NO. LOCATION LATITUDE | LONGITUDE | LAB.NO. Ni (%
e | o | e MP
PTS03/1A/10 Gamnom 25.0161 944535 | 3731/03 | 1181 | 12.88 | 1458 | 0.924 | 44.37
PTS08/1A/21 Gamnom 75.0161 | 94.4535 |3731/ps | 11.96 | 12.88 | 15.22 | 0.151 | 40.53
PTS0S/1A/22 Gamnom 25.0161 | 94.4535 | 3731/09 | 9.26 | 16.14 1762 | 013 | 341
PTS10/1A/23 Gamnom 25.0161 | 9445357 |'3731/10 | 11.04 | 14.11 _i_J_S.?E | 0.148 | 405
PTS25/1A/19 S'DEEfe‘ﬁk“' 25.0133 | 944298 | 2721/25[17.13 | 15.3 1485 0137 | 44.11
5.o0f Khangkui . ] .
PT526/1A/19 Khullen 250133 94,4299 | 3731/26 | 15.13 i| 12.19 | 179 | 0.134 | 3611
1 |
S.of Khangkui : ' |
PTS27/1A/19 Khullen 25.0133 94,4290 | 3731427 | 15.74 | 13.24 | 16.81 I 0.124 | 39.09
5.of Khangkui _ A1
pTS28/1Af19 Khullén 25.0133 8944299 | 3731/28 | 1848 | 16.06| 14.84 | 0:124 | 45.66
SN Sge F L T el LA AR pt* = | G | 8
S.of Khangkui / 5 = |
PT529/1A/19 Khullen 25.0133 944299 |- 3731/29 | 185 | 16.53 I 13.82 | 0125 | 47.51
S.of Khangkui e " "
PTS30/1A/19 ¢hullen 25.0133 04,4299 | 3731/30 | 1875 | 1546 | 14.77 | 0123 | 45.43

No significant mineralized zones could be delineated except for clusters of chromitite pods of
dimensions ranging from 0. 5m-1.5m at Gamnom._ south of Khangkui Khullen and Pushing and

the details of their chemical composition are stated above.

7.5. ALTERATION ZONES AND ITS RELEVANCE WITH MINERALIZATION

Fed so1l samples were collected at zones near the chromitite occurrences and they vielded ron

oxtde and alumina rich compositions. The details of the soil composition are mentioned below.

67




Table.6. Details of chemical composition of red soil samples:

SAMPLE NO. LATITUDE LONGITUDE | ALO; (%) | Fe,Os(T)(%) | Cr(%) | Ni(%)
BRS23/1A/19 25,0134 94.4514 7.31 30.67 0.6879 | 0.1937
BRSS5/IA/15 24,9818 94,4322 6.42 43.32 0.6914 0.5114
BRS96/IA/19 249833 | 94.4337 | 855 | 34.87 0.4988 | 0.2207
BRS107/1A/19 25,0138 94.4292 10.06 16.39 O.NA | 0.2348
BRS108/1A/19 25.0123 94,4286 833 | 4375 07094 | 0.3089
BRS109/1A/19 | 250103 | 944286 | 1466 | 3046 0 | 02615
BRS110/1A/19 25,0080 94,4294 6.59 37.50 0.59254 | 0.3953
BRS111/1A/19 25.0093 94,4304 8.03 32.44 0497 | 0.1865
BRS112/1A/19 25.0105 94,4304 11.45 28.58 -0 0.2811
BRS113/IA/19 25.0141 94.4308 1291 26.93 0 0.2806
PCS12/1A4/19 24,9818 94.4322 6.14 42.74 0 0

PCS13/IA/19 | 249833 | 944337 | 850. | 3376 A

PCS14/14/19 249823 94.4338 712 42.50 0 0

PCS15/IA/19 24.9825 94,4338 8.59 39.38 o 0

PCS16/IA/19 74,9747 94,4265 5.70 43.97 0 0

PCS17/1A/19 249745 94 4271 533 34.95 0 0

PCS18/1A/19 95.0119 94.4308 9.1 28.28 0.6849 | 0.4466
PCS19/1A/19 25.0165 94.4299 7.16 2971 07353 | 0.354
PCS20/IA/19 25.0374 94.4374 10.86 26.73 0.5068 | 0.2283
PCS07/IA/19 25.0134 94,4514 0.15 10.75 03251 | 0.2518
PCS23/IA19 | 250445 | 944722 10.78 3008 | 0678 | 05724

7.6. GENESIS OF MINERALIZATION/GENETIC MODEL OF MINERALIZATION

The mineralization of chromitite pods occurs in harzburgitic host rock. This harzburgite
1s part of the transitional peridotite zone of the ophiolitic sequence and 1s confirmed by traces of
relict chrome- spinel and relict magnetite 1n petrographic studies along with the occurrence of
neoblastic olivines. The podiform chromites are shightly deformed but show no evidences of
subsequent major tectonic events in the form of foliation and other metamorphic textures after
emplacement. Therefore, any tectonic setup of dissemiunation of these chromuitites can be ruled
out and they are part of the primary emplacement processes during the formation of the

ophiolitic units.
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CHAPTERS
RECOMMENDATION

Based on the analytical results, chromitite beanng transitional penidotites (harzburgite)
show Cr:0s values ranging from 31.11% to 53.53%, and also high values of nickel have been
observed at Gamnom which ranges from 1.07% -1 _79% and in Yentem vielding 1 41% of nickel
Scout drilling can be undertaken to check for the extent of depth of the chromaitite and nickel
occurrences in between. south of Khangkut Khullen (Block A). Gamnon (Block B and C) and
Yentem (Block D)) as demarcated on the map (Fig 50).

Red soil samples collected at Gamnom and south of Khangku Khullen showed FexOs
percentages ranging from- 10% to 43 .73% and AlO; ranging from 0.2-14.66%. Further detailed

studies can be undertaken.
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Table.7. Details of recommended blocks for further exploration:

Block Location of the blocks Significant values with sample no.
Latitude Longitude
521" 31" 04=25'41.1" BRS77T/IA/19 - 45 48% of Cr20s,
25" 5 8" 94526' 000" BRS79/TA/19 -42 67% of Cr20;3
A 25°0' 203" 94° 25' 51.8" PTS25/1A/19 - 44 11% of Cr05
25%0' 23 8" 94° 25 3147 PTS26/IA/19 - 36.11% of CrnOs,
PTS27/IA/19 - 39.09% of Crz0s,
PTS28/TA/19 - 45.66% of Cry0s
PTS29/TAM9 -47 51% of Cr2 03,
PTS30/IA/19 - 45.23% of CrO3
2578 1" 94° 26' 19.4"
23%H03" 9426 345"
B 2591245 | 94°26'242° BRS73/1A/19 -52.53% of Cr203
2520 279" 94 26'9.0"
2521 279" 94° 26' 573" PTSO3/TA/19 - 44 37% of Cr20s
25°1"23.1" 94° 27126.5" PTSO8/1A/19 - 40.53% of Cra0s,
C 25°0'32.7" 942 27" 11.8" PTS09/TA/19 - 34.1% of CnOs,
252 0'27.6" 04% 26" 47 7" PTS10/IA/19 - 40.5% of Cr203
PTS11/TA/19- PTS20/TA/19 showing N1
ranging from 0.54 to 1.676% from transifional
pendotite
247 59" 106" 947 25" 593" PTS33/1A/19—1 41% of Ni
24°59°02" 04" 26" 13.1" PTS36/TA/19 —0.88% of N1,
D 24° 58" 416" 04° 26" 56" PTS38/TA/19 — 0.88% of Ny,
25° 58437 04° 25' 50 4"
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CHAPTER 9
CONCLUSION

In the Gamnom-Yentem area, exploration for possible chromium, nickel and base metal
mimeralization was carried out during the course of Large Scale Mapping of 1:12,5300 scale. It 1s
part of the Manipur ophiolite belt which belongs to the Arakhan-Yoma fold belt.

The mapped area exposes a part of the ophiolite suite comprising of ophiolite units
forming tectonic slivers which is thrusted along with-elistolithic units around Gamnom_ Yentem,
south of Khangkui Khullen and Pushing villages. The ophiolite 15 domunated by transitional
peridotite along with thin shivers of Gabbro occurring at Gamnom and west of Pushing. This
ophiolitic unit 15 juxtaposed along with the later deposited unit of olistoliths comprising of
shales. sandstones and ophiolitic fragments. All the units occur as detached tectonic slivers
which bear an N-5 trend dipping easterly. The ophiolitic: rock do not exhibit any traces of
metamorphism and are thus confirmed to be part of the primary melt that was emplaced during
the layering of the ophiolite sequence. Due to this the original igneous fabric has been
maintained in fresh rocks belonging to the ophiohite sequence. But most of the surficial locations
expose only highly weathered parts of the penidotitic rocks (harzburgite) that have undergone
serpentinization. Hobnail texture which is a prominent feature of these weathered rocks is
noticed everywhere within the penidotites which exhibits the protruding large crystals of
orthopyroxenes within a ground mass of serpentinized penidotite. The gabbros form small
tectonic slivers that are wedged between the harzburgites and show sub-ophitic texture where the
amphiboles and laths of plagioclase are visible. The olistoliths comprise of thick sequence of
flvsch sediments with rthythmites of shale/slate, siltstone, and minor fine grained sandstone It
occurs with intercalation of siltstone and sandstone beds along with fragments of ophiolitic
rocks. The lithological contacts are rarely exposed as most of them are covered by slides from
steep hills_ thick vegetation and weathered soil, impeding delineation of contact.

Petrological studv of pendotite reveals that the pendotites are mamly harburgitic 1n
composition having equi-modal percentage of clinopyvroxene and orthopyvroxene with olivine,
chrome-spinel and magnetite completes the accessory mineral phase. Relict chrome-spinel
(showing corroded boundary) and relict skeletal magnetite 1s observed in harzburgite.

Development of neoblastic olivines at the cost clinopyroxene and orthopyroxens is observed
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which 1z due to melt-rock mteraction involving dissolution of pyvroxenes and crvstallization of
olivine i the mantle segment. Grain boundaries of relict clinopyroxenes are corroded. Olivine
and orthopyroxene are partially serpentinised. All these evidences prove that this penidotite
(harzburgite) belongs to the transitional peridotite laver of the ophiolite sequence. Gabbro mn thin
section exhibit sub-ophitic to ophitic texture of pyroxene and hornblende within altered
plagioclase laths. Clinopyroxenes are mostly altered to chlorite. Amphibole 13 formed by the
breakdown of pyvroxene. Sericitization of plagioclase 1s commonly observed.

The analytical result of the transitional penidotite(Harzburgite) 1s characterised by FeaOs
(7%-13.7%). MgO (29% - 40.72%). AlL:O:; (0-17.62%). Ti0:» (<0.01-1.9%). Cr (3/ppm-
9234ppm). N1 (30-8606ppm). Va (0-611ppm). Co (3-436ppm). Cu (=3-99ppm). Pb (2-14ppm).
Zn (3-274ppm); i samples which are chromitite bearing transitional peridotites (harzburgite)
show Cr203 wvalues ranging from 31.11% to 33.33%. High values of nickel have been observed in
samples collected during trenching at Gamnom which ranges from 1.07% -1.79% and mn Yentem
one sample yields 1.41% of nickel 21 nos of red soil samples were collected and the results
showed Fe203 percentages ranging from 10% to 43.73% and Al2O3ranging from 0.2-14 66%.
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LOCALITY INDEX

Location Latitude Longitude Toposheet No.
Gamnom 25°01°28" q4°2T8" E3K/8
Khankhui Khullen 25%03°30°" 94%25°10°* 83 K/8
Pushing 25%2730° 94929745 83 K/8
Singcha 25%0°30°" 04%29°45°° 83 K/8
Yentem 249597107 94%26°00° 83L5
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Plate |

LARGE SCALE GEOLOGICAL MAP
OF GAMNOM-YENTEM AREA,
UKHRUL DISTRICT, MANIPUR

IN PARTS OF T.S. NOS.83K/8 & 83L/5

(1:12,500)

94°24'55"E 94°25'56"E 94°26'57"E 94° Ef'EB"E 94°28'59"E
T N n
L
- A -
=3 o
£ 1 B
2 9
L L
o o
= =
o o
o &
o &
L L
o o
= =z
5| 5
ro) 0
o o
= s
e [
[l =)
a &
L ul
o o4
< > >
=) 2 o F o
4 . - Be)
34 ' X Legend e
a ® —\— Bedding a
\, g — & Folation
e L LT EL
Lithology Age
Qstalling [Palaensens. Focens)
B i {Cretacein - Palieotens)
0 2K.I t = {|Cretaceous - Palasocena)
I N E— lomelers gz burgl . ”
: = Ha::illgr:ﬂ Peridotite) [CTe1aCE0US - Palaeocent)
94°24'55"E 94°25'56"E 94°26'57"E 94°27'58"E 94°28'59"E
Cross-sectlon profile alang A-B .
A
-2000m

Cross-section profile along C-D

West

1878m
17S0m
1625m
1600
1378m
1250m
1125im
1000m

B
Scale X ¥=11 East

Scale: X 'Y=11 Eg=



Plate |l

LOCATION OF SAMPLING POINTS ON LARGE SCALE
GEOLOGICAL MAP OF GAMNOM-YENTEM AREA,
UKHRUL DISTRICT, MANIPUR IN PARTS OF

T.S. NOS.83K/8 & 83L/5 (1:12,500)
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Appendix-II1

INFORMATION SHEET FOR BIELIOGEAPHY DATABASE IN UNPUBLISHED REPORTS

TITLE OF FIELD

REQUIRED INFORMATION

TITLE Title of the report: Reconnaissance survey for chromium, nickel and base metal
mineralization 1n Gamnom-Yentem area 1n part of Ophiolite belt, Ukhrul District, Manipur

AUTH

TDOC

CONFE

CORP

BENE

DCNU

F5PR
DPUB

ABST

MPRF

(G4)

{As it appears in the report}

Name of author (5): Ao Imomeren, Vales Savio Peter.
{Surnames first, with first letter in capitals}

Type of documents: Finale report for the FS 2019-2020.

Fill in any one of the following-

Final report / Interim report /| General report / Preliminary report | Pre-
construction report / Post-construction report | Construction teport.

Identification of the confidentiality of the report.  Open

Fill in any one of the following-

Secret | Confidential / Classified /| Restricted / Open /| General |
Unclassified

Corporate body (ies):

Fill in name of the following from where report is being issued.

Region - North Eastern
State Unit : Manipur- Nagaland
Dhvision / Project - Mission-TTA

Name of the beneficiary of the study when G5SI has worked for some
external organisation or ministries: Not Applicable

{e.g Dent. of Irrigation, Govt. of Rgjasthan; Ministry of Defence}

Document number: FSP  No. MZAFGBEM-MEP/NC/NER/SU-
MAN/2019/24286, wvide ttem no: Mission: II-A {The item no. as it
appears in the Avnual Programme - F5SP}

Field Season Programme Year: 2019-2020

Date of publication of the document: March, 2021
{Year and month only}

Concise abstract of the document restricted to 2000 characters
(inclusive of blank spaces)

Included in the report

Mapping reference:

Toposheet (s) No.  : 83K/8 and 83L/5
Landsat Scene (s) No. if any: none



Appendix-IV

PROFORMA

Title of the Report

MName of theauthors

1:

Background of the investigation at whose :

instance or with what particular objective in
view the investigation was undertaken

Reconnaissance survey for chromium, nickel and

base metal mineralization in Gamnom-Yentem
area in part of Ophiolite belt, Ukhrul District,
Manmipur (G4).

Imomeren Ao | Vales Savio Peter

In  Ukhrul  distict of  Manipur
state Occurrences of chromitite were reported
near Phangrai, Shirnu, Gamnom, Shingcha and
Pushing willages (Ghosh et al. 1980,
Vidvadharan K. T. et al.. 1985, Eamprasad, Y.
et al, 1982, 1984, Gupta. KS. et al, 1992,
Theunuo, K. et al., 2015). New occurrences of
chromites were also reported in the lower
glevation of the HarbuiKhayu hilltop in the
South and Southwest extension of Gamnom.
Occurrences of massive chromite nodular
chromite disseminated chromite ore associated
with sepentinisedharzburgite were reported(E.

5. Guptaetal 1992).

(551 has conducted geophysical survey i
Hangkau and Phangrai area in Ukhrul district,
Manipur (N Venkataramana et al.. (1989.1993).
Significant and sharp magnetic responses have
been recorded over ultramafics and over known
chromite occurrences i the area. From the order
of magnitudes of magnetic and resistivity values,
the anomalies can be attributable to the sources
at shallow depth. Shallow depth persistence of 3
to 7 meters was estimated for anomalous zones
contaimng known chromitemineralization.

K. Sharma et al, (1982, 1984) reported
enrichment of Wi (op to 9000ppm) i the zoil developed
over the ultramafic, near Gamnom area. although Ni
sulphides mineralization was not reported.

Occurrences of chromite have
beenreported from the adjothing areas of
Gamnom, Shingcha and HarbuiKhayu hill
ranges i Khangkhui hamlet, Ukhrul, Manipur.
GSI has located clusters of chromitite pods
towards SEof
Gamnom, and subseguently, the Directorate of
Commerce and Industries. Govt. of Manipur has



further assessed these resources in detail In
Manipur ophiolite, chromitite occurrences are
associated with ultramafics as nodular and
podiform bodies while few occur as massive
bodies.

Prasad and Sharma (1977) duning their
integrated  survey  involving  systematic
geological mapping for the assessment of Ni
content 1n soil along the Sangsai-Gamnon road
and systematic collection of integrated samples
in select areas of ultramafic belt near Gamnom.
Manipur East Dist.. Manipur haz located few
chromitite pockets. Analvtical results indicate
that Ni value range from 120 to 8500 ppm, and
Co from 120 to 760 ppm from 126 nos. of soil
samples.

Gupta and Purushothaman (1991) carried
out preliminary investigation for chromite in
Phangrai and Mantumching blocks of Ukhrul
and Chandel districts, Manipur. They have
reported occurences of chromitite 1n the form of
pods, pocket and lenses withun  the
serpentinizedhurzbugite with varying degrees of
serpentinization. The large size of the chromite
pteces and the scale of the chromite segregations
that are randomly distributed certainly suggest
that the first stage of chromite formation was
related to a deep mantle magmatic segregation of
chromite. Limited analysis of pit'trench samples
indicate maxmmum value of Cr203 (53.29%),
Fe203 (14.77%). A1203 (16.19%) MgO
(18.24%) and Ni (0.23%) from 29 nos. of
samples. Thev reported that the chromite falls
under grade-1 and II categories.

Yanthan et al. (2012) camied out PGE
investigation i HarbuiKhayui-Gamnom area;
however, no encouraging values are indicated.
Higher values of Ni (1946 to 4101 ppm). Cr
(1697 to 2852 ppm) 1n peridotite and N1 (2159 to
2344 ppm) Cr (1511 to 2222 ppm) in harzburgite
were reported from 60 nos. of samples.

Theunuo et al  (2013) carried
outSpecialised Thematic Mapping (1:25.000) of
ophiolite smte of rocks of Manipur between
Ningtht to NunghiKhullen, Ukhrul Dhstrict,
Manipur and has reported large clusters of
chromitite pods from Gamnom area, with a
dimension of about 100mx30m. Ni values range
from 1988 to 3996 ppm,. and Cr from 1086 to
4772 ppm. The chromitite body occurs only as



pods and lenses within coarse grained
harzburgite.

Taking into consideration all the above aspects,
preliminary investigation has been camried out
during FS 2019-2020 with an objective to
delineate potential zones of chromimum, nickel
and base metal muneralization in mafic-
ultramafic rocks of Gamnom-Yentem area in the

Manipur ophiolitebelt.

2. Whether the item of investigation was : Yes. tem No. M2AFGEM-MEP/NC/NER/SU-
mcluded 1n the approved programme for the MAN/2019/24286.
vear concemed. If so, particulars, such as
item No., page reference etc. may be given

3. Date of commencement of the mvestigation - 10% June 2019
with month and year. and exact number of ] )
days spent by the officers(s) in the field i Imomeren 'fﬁ"':h Senor Gn_?alng,lst 12? da}rsi
connechion with the srestgtion Vales Savio Peter, Senior Geologist, 115 days.

4 Bnef comments by Director/ Supervisory ;I agree with the mmterpretation. conclusions and
officer on the conclusion and recommendations drawn by the authors m accordance
recommendation by the author(s) with with the field and available analytical data and
suggestion for implementing the same. recm_::mﬂnd fﬂ?ll.:ﬂ'\-' up of the i.nresﬂgation_ C_hrnmjtite

bearing transitional penidotites (harzburgite) show
Cr20; values ranging from 31.11% to 33.33%, and
also high values of nickel have been obszerved at
Gamnom which ranges from 1.07% -1.79% and in
Yentem wielding 141%. Scout dnlling as
suggested by the authors can be undertaken to
check for the extent of depth of the chromitite and
nickel Red soil samples collected at Gamnom and
south of Khangkui Khullen showed FesO3
percentages ranging from 10% to 43.75% and
AlOs ranging from 0.2-14 66%.

5. Please state specificallv how the results of : The mvestigation fulfilled its ohjective successfully
the investigation were achieved compared and has achieved the target i stipulated time though
with the objective for which 1t was the work was executed m adverse ground reality.
undertaken.

j«v{*f’"’

Place:Dimapur Signature:

Date:30.03.2021 Name: J. K. Angami

Designation. - Director



Appendix-V

FORMAT OF REPORT ON MINERAL EXPLORATION IN TEEMS OF UNFC COMPLIANCE

(35) Geology (Map with scale)

Complied (Plate-1)

Title of the Reconnaissance survey for chromium, nickel and base metal mineralization in
report Gamnom-Yentem area in part of Ophiolite belt, Ukhrul District, Manipur (G4)
Authors Imomeren Ao, Senior Geologist Year:

Vales Savio Peter, Semior Geologist 2019-20
Stage: G4 Nature of complance requived C““ﬂﬂmf‘m Remarks
I} Summary {11 Factual Data Complied (Summary)

(21 Eecommendations Complied (Page No: 72)

(31 Cost estimation Not complied
IT) Imtroduction (4) Scope & Purpose Complied (Page No. 7)

(3) Authority Complied (Page Ne. 7)

() CurrentPost Property Examination (BGI) Mot complisd

(7) Principal Sources of Information Complied (Page No. 7)

(&) Aclmowledgement Complied (Page MNo. 3)
gﬁgﬁ" (9) Size, Continuity: Shipe, siface rights Complied (Page No. 9)

(107 Third party izsue Not complied

(11) Climate nights with dates Complied (Page No. 13)

(12) Land Title Officer Neot comphied

(13) Lat Long Village towm distmet mine site Complied (Page No. 73}

(14} Acceszzibility/ infrastructure Complied (Page No. 11)

(13} Land nature ‘water timber/ power, gas/apricolture/ manpower Complied (Page No. 11)

(16) Environmental issues plan act park/preservation. Complied (Page No: 13)

(17} Clmate topoeraphy Complied (Page No. 13}

(1%) Impact on landzcape on mining Not complied

(19) Map of areaBlock with roads/aceassibility C”I“?I;fd{;ii :_-'11;“5“'1 |
IV) Hiztory (207 Previous werk highlights Complied (Page No.17-20)

(21) Attachment of previous maps'zections‘tables Ccrmp}i::d[;iihf‘age o4

(223 Previcus AMining History Not complied

(23) Reazons for closure Not complied

(241 Earfier production data Not complied

(23) Diata on nearby mines Not comphied
(V) Geoscience
mvestigation
(1) Geology (26) Stratizraphy {Pgﬂﬁs}

e o agee. 1720

(28) Structure (with maps/profiles) Complied (Page No. 45)

(29} Alteration Zones Complied (Page No:.70)

(30) Geotechnical “Not complied

(31} Adequacy of data density Complied (Plate-T)

(32) Reliability (quality & quantity) Complied {%P;?ge No. 72-

(33) Geological model Not complied
Egthl‘;f”g““”“ (34) Instrument & Technique .E?fgf';'f@i"fg J




(36) Geophy=mical (with maps & scale) Not Complied
(37) Geochemical (with map & seale) Not complied
(38) Data density of above Compled (Plate-123)
: : : Complied
(39) Size & style of mineralized zone (Page No. 66.70)
. Complied
S (Page No. 53-63)
(413 Metallurgical tests Not complied
(421 Deletenicus contamination source Net complied
(VI) Mineral
Deposits
EEP";:;“:“I =0f | (43) Type of mineralisation Complied (Page No66)
(44) Mode of cccurrence Complied (Page No. 68)
(43) Nature of mineralization (gosaan’alteration/struchure) Complied (Page No. 65)
i46) Reflectance of Mineralization oo geology/zp/ge Not complied
(47 Map given Complied (Plate-1)
(1) Sampling i i = : Comphed
ke (48) Quality & Cuantity of sample nformaticn (A LI
(49 Behability on rezource estimation Not complied
= : Complied
& 4] ] .
(300 Nature of s:ampling Bed rock grab/channel) (Pags No. 49)
. Complied
(31) Sampling method (Page No. 49)
(32) Introduction of duplicates in analbysis Not complied
(dIiItiﬁ-:ml}ms (53) Lal v
(34)- Analytical methods
(33) Precizion & accuracy
(36) Crogs check analysiz details Not complied
Odlty/Grade | (3T) Statistical data processing Nof simplivd
(38) Cut off prade Not complied
(39) Assumptions Net complied
1 g, !
) Bosnsmon (60) Geological interpretation fohmpliod Un e
(61} Statement of tonnage & grade Not complied
(62) Geometry of mineralization aszumed Not complied
(631 Method adopted to arnve eshimation Not complied
(64) Estimation Not complied
(VD Bconamic | (65) Rough estimation of economic visbility Not compiied
(6@) Inttinzic economic mterest Net complied
(571 Eventual economic exploration Not complied
CERTIFICATE: Certified that this repart i= in compliance with UNFC G-4 stape of Mineral investipation
Place: Date: Scrutimizer & Designation: Signature;




Appendixz-VI

GEOLOGICAL INPUTS
Information for Mineral Search and Exploration

A Number of field days spent by Geologist and Survevor:

5. No Name and designation Number of days
i Imomeren Ao, Senior Geologist 120
2. Vales Savio Peter, Senior Geologzist 115

B. Pitting and trenching: 50 cum
C. Dnilling - Nl

D. Laboratory analysis:

SL.. Nature of analysis No. Method Radicals
1. |Mineralogical Nil
11. [Chemical analysis of core Nil
samples
111 |So1l samples Nil
1v. |Rock samples (BRS, PCS_ PTS, 235 XFEF. Major oxides, REE,
PGE) ICP-MS |Traces, Base metal
v.|Gold Nil
vi. |Hydrological N1l
vii. |Geotechnical study Nil

vii1. | Petrological study 35
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2 THE GAFETTE OF INDIA - EXTRACRDINARY [ParTt I—SEC. 3{i}]

MINISTRY OF MINES
NOTIFICATION
New Delln, the 7th April, 2022

G.5.R. 284(E).—In exercise of the powers conferred under the second provise to sub-section (1) of
section 4 of the Mines and Minerals (Development and Regulation) Act, 1957 (67 of 1957) and consequent
upon accreditation provided by the National Accreditation Board for Education and Training of the Cuality
Council of India (QCI-NABET), the Central Government hereby notifies the M's. United Exploration India
Private Limited under "Category A Exploration Agencies' as specified in the guidelines for notification of
accredited private exploration agencies issued by the Government of India in the Ministry of Mines vide
order No. M VI-1615/7021-Mines VL dated the 12th Aupust 2021 (hereafter referred to as the said
euidelines for notification of accredited private exploration agencies) for the purposes of the said second
proviso to sub-section (1) of section 4 of the said Act.

2. The agency shall carry out prospecting operations in compliance with the conditions specified in
the said gumdelines for notifications of accredited private exploration agencies.

3. This netification shall come into force on the date of its publication in the Official Gazette and
shall remain valid for a period of three vears from the date of notification or till expiry or termunation of the
accreditation granted, whichever is earlier.

[F. No. M-VI-16:22/2022-Mines VI]

Dr. VEENA KUMARIDERMAT, Jt Secy.

LUploaded by De. of Ponfing at Govermment of India Press. FEmg Road, Mayapur, New Dalhi-110064
and Published by the Controller of Publications, Delln-110054. = -
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<+ ABOUT UNITED EXPLORATION INDIA PRIVATE LIMITED:

United Exploration India Private Limited (IEIPL) is an emerging consulting
firm managed by professionals and performed by a perfect mixture of technical
experience and energy, in field of mining, geology & survey wherein end-to-end

solutions is being offered to client.

UEIPL is an ISO 9o01:2015 company and has also been aceredited under the
scheme of QCI NABET as an Exploration (APA) and Mine Planning Preparation Ageney
(MPPA). A detail of the company can be sought out in the company’s website

UEIPL has been engaged in several nos. of exploration projects in India which
mvolves around 4.00 lakhs meter of drilling supervision. Besides Exploration and
Drilling Projects in both Coal and Non-Coal, UEIPL has also been engaged by several
esteemed clients for carrying out different reports like:

»
¥
=

b

b A S A A A

Geological Report of Coal & Non Ceal,

Mining Plan & Mine Closure Plan (for both Major and Minor Minerals),
Environmental Impaect Assessment & Environmental Management Plan
Study,

Technical Assessment reports during auctioning of both coal and mineral
blocks,

Due-diligence Reports for both Coal & Minerals,

Forest and Environment Clearances (through our associate M/s CEMC
Limited, Bhubaneswar, also a NABET accredited company),
Hydro-geological Study,

Geophysical Survey for Groundwater survey and mineral exploration
GIS and Remote Sensing for Land Information System,

Topographic and Stack (Volume) Survey work with DGPS and/or ETS.
Detailed Project Report and Feasibilitv Reports

District Survey reports

Besides the knowledge base report preparation, UEIPL alsc entered to caterthe
drilling needs of various clients.

Prepared By: United Exploration India Pvt. Lid. (NPEA)
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<+ STRENGTHS:
The strength of the organization is skilled human resources with an enriched

versatility with senior renowned professionals. The team 1s well composed of:
# 16 Geologists.
# 5 Mining engineers.
# 1Geophysicist.
# 3 Survevors.
2 drilling operators & other supporting staffs.
2 Civil Engineers.
1 Electrical Engineer.
5 Other Administrative officers and Staffs.

A A L

*+ ASSETS:

Beside our well-trained human resources UEIPL has a huge support of modern
software’s & equipment’s.

» SOFTWARE'S:
» GEOVIA Minex 6.3.
» GEOVIASURPAC 2022
« ARES Commander 2020 for survey data analysis,
volumecaleulation.
*  AutoCAD 2020 for survey data analysis, volume calenlation.
»  Arc-GIS Software.

» SURVEY EQUIPMENTS:

» Threas number of Total Stations: SOKKIA CX 65, SOKFKIA CX 101,
SOKKIA 107.
* (Omne Scanner: TRIMBLE STS 730

# DRILLING EQUIPMENTS:
» 1number KDR-500 and 1 umber KDR 750- 500 to 700m drilling

capacity.

» 2 number of Voltas 180 drill rig driven by P4 Engine. Capacity- 300

Prepared By: United Exploration India Pvt. Lid. (NPEA)
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meters,

1 number Joy-12B of 250m drilling capacity.

“» TEAM PROFILE:

job sinee joining in this organisation. Assisted
in different Geological Report Preparation
works.

Name Qualification Technical Experience [
Mr. JovdeepBanerjee | M.se. Geology, Having more than 20 years of experience in the
RQP- IBM. MAusIMM., field of mineral industry and has obtained vast
Project Coordinator under | experiences in the field of coal exploration, Iron
NABET Scheme of Ore exploration, Bauxite exploration, Chromite
Prospecting/ Exploration | Exploration, Graphite Exploration ete.
Agency (APA) & Mining | Throughout his career he has worked in beth
Plan Preparing Agency the domestic and overseas environment for
(MPPA). exploration and mining project
implementations. His strength lies in a
thorough understanding of resource modeling
and effective utilization of modeling software’s.
He is also an expert in the field of Remote
B sensing & GIS.
~ Mr. Indrajit M.Se in Geology More than 23 years of Experience in Geological
Mukherjee field, more than 12 years of experience in Forest
o | Clearence. . -
Dr. Sukhen M. Tech (2005) in Applied | 14 vears of experience. Specialized in mineral
Majumder, Geology, IIT, Kharagpur. exploration and project ~management,
Ph.D. (2004g) in Structural particularly in metals.
Geology, IIT-Kharagpur. Hi il include lorati 2
MAunsTMM. 15 5 nelu exploration prn;ect
Tockmieal = Aren  Fxpert management, defaf]ed s-trtlctu_ral mapping,
(Geo/HG) under NABET geulug;ca:l—genﬁechmcal logeing anﬂ'samp:hng,
Scheme of Prospecting/ | geochemical surveys, profile mapping, litho-
Exploration Ageney (APA) | stratigraphic correlation, database
& Mining Plan Preparing | management, quality analysis and quality check
Agency (MPPA). in compliance with international standards,
preparing geological reports. He has worked in
various exploration projects, mostly in different
parts of India and Africa.
~Mr. Debnath M.Se (Tech) from Banaras | More than 5+ vears of experience.
Adhikary Hindu University. Mr. Adhikary is being engaged in exploration

Prepared By: United Exploration India Pvt. Ltd. (NPEA)
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Name Qualification Technical Experience
' Mr. Deep Konar ‘M.Se. in Geﬂlogy fromlIIT | 5.0}?&3rsufﬁ'per'ience in managing expioratinn ]
Bhubanesyar, project. Prepared geological report. Software
modeling through Surpae.
Mr. Shouvik Sen M. Se Applied Geology 1 vear experience in project management,
from Calentta University | geclogical mapping, sampling, database
preparation, geological report preparation.
Sk. Rabiul Islam B.Sc. Hons. More than 15 years of experiences.
Survevors Competency | Surveying & leveling, assist to prepare Mining

Certificate from DGMS.
Tochtieal Aves Expert
(SUR) under NABET
Scheme of Prospecting/
Exploration Agency (APA)
& Mining Plan Preparing
Agency (MPPA).

| Ms. Jinia Rahaman

Plan/Review of Mining, Forest Diversion
proposal, liaison work with Indian Bureaun of
Mines, Forest department, Pollution Control
Board.

M. Sc in Geography
from Vidyasagar
University;

P.G. Diploma in Applied
Geoinformatics (Remote
Sensing & GIS)

Ms. Rahaman is having 2 vears of experience
and has been engaged in various GIS related
job.

#» ASSOCIATES FOR OUT SOURCE JOBS:

_JobType
Chemieal analysis

~_ Organization
SHIVA Lab, ]?;a.ngalore

Expertise
The laboratory is acereditated by NABL,
APEDA, FASSAI ISO gooi:2015 Certified
and recognized by other governmental
departments.

Prepared By: United Exploration India Pvt. Lid. (NPEA)
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