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Preliminary fracture analysis from the frontal most exposure of a major roof thrust in the
Eastern Himalaya: Insights from the Ramgarh thrust, Sikkim Himalaya
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BACKGROUND

Shear zones are discrete zones of localized deformation.
Representation of an ideal shear zone (Fossen, 2016)
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In this study, we investigate the deformation signatures
related to the shallow crustal conditions of a major thrust
from an active fold thrust belt.

When thrust faults cut up-section, shear zone rocks record
overprinting of plastic with quasi-frictional deformation
structures.

(a) Cartoon showing progressive thrusting and overprinting of deep
crustal with shallow crustal deformation structures (b) Shear zone rocks
recording plastic deformation- Mylonites (c) Shear zone showing quasi-
frictional deformation structures



BACKGROUND 3 o

Fracture orientations within deformed rocks | 5 A8\ .
relate to the orientation of principal stresses f o/ ;f
during their formation (Fig. a) Lo '
ok
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Fracture formation has both structural . .
(position within the fold, overburden etc.) /
and lithological (composition, thickness of —

- - : (Fossen, 2016)

mechanical units etc.) controls (Fig. b)

Objectives:

* |dentification and characterization of fracture systems from a major
shear zone of an active fold thrust belt (FTB).

* To understand how fracture attributes vary with structural distance and
mechanical anisotropy within a major shear zone.

* Estimation of paleostress using mesoscopic brittle structures from the
shear zone and thereby compare local stress with far-field stress.

IMPLICATIONS

Help identify the factors that affect fracture
formation and propagation.

Give insights into the local stress orientations
during shallow crustal deformation of a major
shear zone.

Give insights into how local stress compare
with regional stress.
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(a) Orientation of various fracture types with
respect to the principal stresses (b) Cataclastic
deformation bands in sandstone that fade away in
underlying fine grained unit( c) Representation of
convergent boundary setting with convergence
related regional stress orientations



STUDY AREA

INDEX:
[ Tethyan Himalaya
[ Greater Himalaya
-Lesser Himalaya - Ophiolite
- Subhimalaya - Miocene Leucogranite 26

(Yin, 2006)

. Siwalik Group Paro Formation

Gondwana Group ] Kanchenjunga
. Daling Group Gineiss

. BuxaGroup .
Il Lingstc Gneiss I——Lesser Himalayan duplex —|

| Darjeeling Rangit I Daling I
Semi- klippe _l I_ I_

duplex duplex

B (180°)

(Parui et al., in revision)

Ramgarh thrust (RT) is an intermediate
crustal thrust of the Sikkim Himalayan fold
thrust belt that has recorded a translation of
~58-65 km. RT has emplaced from a
minimum depth of ~12 km and hence records
overprinting of deformation structures. RT
acts as the roof thrust of Lesser Himalayan
duplex, hence got reactivated several times,
and records a long deformation history. RT
carries Daling quartzites and phyllites in the
hanging wall, therefore exhibits mechanical
anisotropy. Daling rocks show evidence of
quasi-frictional deformation in the form of
cataclasite zones and fracture systems. (a)
Regional map of the Himalayan FTB (b)
Regional map of Sikkim- Himalaya (c)
Balanced cross section of Western Sikkim
Himalaya. Study area marked with ~ B'(000°)
red asterisk. STDS

(Bhattacharyya et al., 2015) — 20



METHODS LAB ANALYSIS

FIELD ANALYSIS

« Collection of structural data » Fracture characterization with respect to bedding
« Estimating thickness and composition of beds » Analysing fractures to test the effect of structural
« Fracture characterization in the field Scanline  distance, lithology and thickness of beds
- Establishing temporal relationships between fracture sets *  Paleostress estimation using conjugate shear fractures.
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Low angle fractures
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(a) Photograph showing bedding- cleavage relationship (b) Photograph showing differentETitho-units (c) Exposed shear fracture surface showing

slickenlines and slickensteps (d) Crosscutting relation between fractures (e) Fracture characterization with respect to bedding. Different fracture

sets marked in different colours (f) Scanline constructed for the high angle fracture intensity analysis (g) Orientation of principal stress axes with
respect to conjugate shear fractures (h) Stereographic projection of conjugate shear fractures and principal stress axes



RESULTS | FRACTURE CHARACTERIZATION WITH RESPECT TO BEDDING
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RESULTS | FRACTURE CHARACTERIZATION BASED ON THE MODE OF OPENING TEMPORAL RELATIONSHIP
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RESULTS | FRACTURE ATTRIBUTE STUDY
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RESULTS | PALEOSTRESS RECONSTRUCTION USING CONJUGATE SHEAR FRACTURES

 Dihedral angle between the mean shear fracture clusters ~54°.
* Cluster #1 and Cluster #2 are oriented ~ 27° and ~ 32° to the mean

bedding, respectively.
* The local maximum principal stress (c,) IS oriented sub-horizontally

with a SSW trend (14°, 216).

Cluster #1 Cluster #2
Mean orientation: 90°, 098 Mean orientation: 77°, 331

Equal area, lower-nemisphere projections (a) Shear
fracture cluster 1 (b) Shear fracture cluster 2 (c)
Orientation of principal axes o,, o, and o;.
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