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We propose an application of the microtremor (ambient noise) H/V spectral ratio technique to identify signifi-
cant rheological boundaries at shallow depths, estimate thickness of both lignite bearing Tertiary sedimentary
sequence and late Cretaceous Deccan basalt flows and comprehend basinal geometry of Umarsar Basin (Babia
syncline). Forty-six stations were gauged in a grid format at ~250 m resolution during the microtremor survey.
Themicrotremor H/V spectral ratio technique takes into account the frequency of the ratio between the horizon-
tal (NS+EW) and vertical components of persistent Rayleighwaves in the area. Depth estimates aremade using
Mean_Vs (433.69m/s) from three borehole records (MMA_Vs (431.6 m/s), MMB_Vs (406.86 m/s) andMMC_Vs
(462.6 m/s) using standard relationship between depth and velocity. In the present study, we recognize three
rheological interfaces viz., L1 interface (0.2328 Hz to 0.3862 Hz), L2 interface (0.7843 Hz to 2.5123 Hz) and L3 in-
terface (6.2477 Hz to 27.1119 Hz). The geology and stratigraphic records supplement correlation for L1, L2 and L3
interfaces with Mesozoic–Deccan Trap (M-DT) boundary, Deccan Trap-Tertiary (DT-T) boundary, and bound-
aries between shale carbonate hardpans within sediment sequence belonging to Naredi Formation respectively.
The estimated depth range for M-DT boundary (L1) is 281–466 m and for DT-T boundary (L2) is 43–138 m. The
subsurface image acquired from the frequency records advocates for a palaeo high in SE portion that retains its
entity over the present landscape. The frequency records advocate for 369 m to 206 m thick Deccan basalt and
85 m to 18 m thick lignite bearing Naredi Formation. The ambient noise seismic study further suggests NW-SE
trending basin geometry of Babia syncline comprising three distinct depressions having six local depocenters.
Finally, we propose the microtremor H/V spectral ratio technique as a tool to develop economical borehole
planwith realistic reserve estimate and a step forward towards rapid economical assessment covering largemin-
ing lease areas complementary to local geological studies.

© 2018 Elsevier B.V. All rights reserved.
1. Introduction

The Indian Tertiary brown coals (lignite) that are commercially
mined in states of Gujarat, Rajasthan, Jammu & Kashmir, Kerala, Tamil
Nadu and Pondicherry (Mineral Reviews Part-III, 2017) can be placed
together in a regional context (Sanfilipo et al., 1992; Kumar et al.,
2014). The synchronous Tertiary brown coal development occurs
within widely spaced basins in Indian subcontinent as well as across
globe viz., Europe, Africa, South America, North American and
Australia are further envisaged to be governed through eustatically
driven mechanism instead of localized structural control (World
a.ac.in (D.A. Sant),
n (G. Rangarajan),
Energy Council, 2013). In the state of Gujarat, reserves of brown coal
are reported from Panandhro, Matanomadh, Umarsar (western
Kachchh Basin: Biswas, 1992: Fig. 1); Bhavnagar (western fringe of
Cambay Basin: Thakur et al., 2010); and Rajpardi-Vastan (eastern fringe
of Cambay Basin: Chandra and Chowdhary, 1969and Agrawal, 1984;
Sahni et al., 2006); Mahesana - Kalol subsurface lignite (north Cambay
Basin: Das et al., 2006). The potential of brown coal are further proved
across Great Rann of Kutch into Rajasthan (Barmer and Bikaner:
Kumar et al., 2014) and in Sindh province of Pakistan(Sanfilipo et
al., 1992). Drilling boreholes in a gridded array up to certain fixed
depth has remained a popular method to carry out exploration for
brown coal in the region as well as in the lease areas. We propose
the microtremor H/V spectral ratio technique as a geophysical tool
for the first time to explore the same. The microtremor measurements
supplemented with few exploratory boreholes provide an understand-
ing of basin morphology (shallow, deep or marginal portion within
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Fig. 1. (a)Regional geological map of NWKachchhMainland (after Biswas, 1992 and Saraswati et al., 2016).MMCore A,MMCore B, andMMCore C are located SE ofMatanomadh village.
(b)Geological map of the study area. (c)Half filled circle in a grid format are the sites of microtremor measurement (stations 1 to 46) placed along with topographic contours at Umarsar
lease area.
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basin). The results obtained from such studies would assist mine plan-
ner to decide boreholes location, their depths and number of bore-
holes reducing cost of exploration and leads to better reserves
estimation.
In the present study, we exemplify results from our microtremor
survey (during field season December 2014) in upcoming lease area of
Umarsar lignite mine in western Kachchh. In the study area the lignite
bearing lower Tertiary sedimentary sequence imparts a strong

Image of Fig. 1
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impedance contrast with underlying Deccan Traps (basalt flows) giving
a strong H/V resonant frequency peak that can draw a parallel with
depth of Deccan Trap-Tertiary sedimentary interface. The microtremor
measurements supplemented with geology have enabled us (i) to
map pre-Tertiary highs and lows, (ii) to estimate thickness of lignite
bearing sedimentary sequence (Neardi Formation) and underneath
Deccan basalt, (iii) to develop subsurface image for Mesozoic–Deccan
Trap and Deccan Trap-Tertiary boundaries and (iv) to decode architec-
ture of Umarsar basin (Babia syncline).
2. Geology

In the western Kachchh, brown coal is well developed within the
early Tertiary (Eocene-Paleocene) sedimentary sequence (Naredi For-
mation/Matanomadh Formation) aggraded over late Cretaceous Deccan
Traps and Mesozoic sedimentary sequence (Fig. 1, Table 1: Biswas,
1992, 2016; Dutta et al., 2011). The study area forms a part of depression
called Babia syncline (Biswas, 1992) bounded by high ground to east
exposing Cretaceous sandstone-shale belonging to Bhuj Formation
followed by shale-volcanoclastic sequence alongwestern fringe belong-
ing to Matanomadh Formation. The western high ground exposes
basalts belonging to late Cretaceous Deccan Traps followed by clay-
limestone sequence along eastern fringe belonging to Maniyara Fort
Formation (Fig. 1). The study area shows aggradation of thick shale-
clay sequence (Naredi Formation) intercalated with lignite and bands
and carbonate hardpans of wackestone and packstones (foraminiferal
limestone and carbonate rocks; Table 1). that pinch out laterally within
shale-clayey Naredi Formation. The sediment sequence was deposited
in pre-Tertiary depression in lagoonal to coastal marsh to back swamp
environments. Largely the attitude of the Tertiary sediment sequence
is horizontal to gentle westerly dip at places (Khozyem et al., 2013).

The shale and volcanoclastic sediment intercalated with lignite
seams belonging to Matanomadh Formation (late Paleocene) are
exposed further SE of study area. Matanomadh Formation encompasses
a shale-dominated sedimentary sequence intermingled with
volcanoclastic sediment. The sequence is intercalated with lignite
seams at the basal portion whereas calcareous mudstone bands caps
the sequence (Dutta et al., 2011). Three exploratory boreholes drilled
by Gujarat Mineral Development Cooperation viz., MM Core A(97.5 m
deep from the surface), MM Core B(89.5 m deep from the surface)
andMM Core C(95 m deep from the surface) SE of Matanomadh village
were used to validate the results. The boreholes MM Cores A, B, and C
represents a shale-dominated sequence intercalatedwith 8 to 10 lignite
seams (~1 m thickness) followed by Deccan basalt at depth of 96.53 m,
86.5 m, and 93.5 m respectively (Fig. 2).
Table 1
Lithostratigraphy of NW Kachchh Mainland (after Biswas, 1992, 2016).

Age Formation Lithology

Neogene
Oligocene Maniyara

fort
Claystone, limestone, glauconitic gypseous
shale

Middle Eocene Fulra
limestone

Foraminiferal grainstone and packstone

Harudi Claystone, limestone, coquina
Upper Paleocene
to Lower Eocene

Naredi Ferruginous claystone Assilina packstone &
wackestone glauconitic gypseous shale

Upper Paleocene Matanomadh Laterite, volcanoclastics tuffaceous shales,
sandstone, bentonitic clays

Upper Cretaceous Deccan traps Basalt
Lower Cretaceous Bhuj

formation
Sandstone, Shale

Upper Jurassic Juran
formation

Calcareous Sandstone, Shale

Fig. 2. Comparison between resonant frequency and the depth of stratigraphic boundary
along MM Core A, MM Core B, and MM Core C drilled by Gujarat mineral development
corporation SE of Matanomadh village (Fig.1). The resonant frequency 1.1178 Hz (MM
Core A), 1.1759 (MM Core B)and 1.2369 (MM Core C)are compared with DT-T boundary
along cores at depth 96.53 m, 86.50 m and 93.50 m respectively.

Image of Fig. 2


Fig. 3. Scatter plot showing spectral frequency of H/V recorded along stations 1 to 46. The continuous line represents the Mean value of resonant frequency where as dashed line marks
mean resonant frequency ± standard deviation. The figures on the right hand side top indicate file number. f0, f1, f2 and f3 are the resonant frequency peaks at one-sigma significance.
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Fig. 3 (continued).
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Fig. 3 (continued).
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Fig. 3 (continued).
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3. Microtremor studies and results

Ambient noises persisting in the region act as a source for
microtremors. These microtremors generate characteristic frequency
which in turn resonates along sediment/rock interfaces having strong
acoustic impedance/contrasting density at shallower depth (Ohta et
al., 1978; Celebi et al., 1987; Lermo et al., 1988; Field et al., 1990;
Hough et al., 1991; Konno and Ohmachi, 1998; Ibs-Von Seht and
Wohlenberg, 1999; Aki and Richards, 2002; Parolai et al., 2002). These
resonating frequencies derived from microtremors strongly correlate
with the velocity of seismic waves and the thickness of the sediments
(Ibs-Von Seht and Wohlenberg, 1999; Parolai et al., 2002). Nogoshi
and Igarashi (1971) proposed the technique for characterizing amplifi-
cation of the seismic waves for each site by taking the ratio of the hori-
zontal (NS + EW component) and vertical component (H/V) of the
noise spectrum. The H/V ratio normalizes the source effect and
enhances site effect. Microtremor method was further enhanced in
Fig. 4. Bubble diagram shows variation in the resonant frequency of forty-six stations where th
blue colour represent frequency for L1 interface (M-DT boundary) that ranges between 0.2328
ranges between 0.7843 Hz to 2.5123 Hz; whereas green colour represents L3 interface (shale-
references to colour in this figure legend, the reader is referred to the web version of this artic
reference to their applications (Nakamura, 1989; Field and Jacob,
1993; Delgado et al., 2000; Parolai and Galiana-Merino, 2006;
Bonnefoy-Claudet et al., 2006; Garcia-Jerez et al., 2006; Nakamura,
2008; Nakamura, 1989; Boxberger et al., 2011; Mahajan et al., 2011;
Bignardi, 2017).

In the present scenario, the microtremor survey was carried out in a
grid pattern for upcoming area under Umarsar Lignite Mine lease.
Microtremor measurements were taken along forty-six stations at an
approximate interval of 250 m (Fig. 1 b and c). The measurements
were also carried out at the borehole sites SE of Matanomadh village
(Fig. 1a). Lennartz seismometer (5 s period) and a City Shark-II data
acquisition system are used in the present survey that records
microtremors in NS, EW, and vertical directions for over 40 min, at a
rate of 100 samples/s (Sukumaran et al., 2011; Joshi et al., 2018; Sant
et al., 2017). Fourier amplitude spectra of H/V components of persisting
seismic waves were calculated from forty-six stations using the
GEOPSY(SESAME European Project, 2004). The H/V spectral ratios
were further plotted between 0.2 Hz and 30 Hz that include the com-
plete range of resonating frequencies recorded within the study area
(Fig. 3). Fig. 3 shows themean value of the frequencies as well as corre-
sponding values of mean ± standard deviation providing error esti-
mates within the resonant frequencies.

Statistically significant H/V spectral peaks were further identified
individually using custom-written Matlab code (Joshi et al., 2018; Sant
et al., 2017). Peaks are considered to be statistically significant if they
are at least one standard deviation greater in amplitude than the base-
line activity. These peaks correspond to significant frequencies viz., f0,
f1, f2, and f3,(Table 2 and Fig. 3)which are determined as follows. The fre-
quency corresponding to the largest amplitude peak is taken to be f0;
the frequency corresponding to the next largest peak is taken as f1 and
so on.

The thickness (h) of soil/sediment layer over the bedrock can be re-
lated theoretically with the fundamental resonant frequency (fr) of H/V
spectral ratio (Ibs-Von Seht and Wohlenberg, 1999).

h ¼ a f r
b ð1Þ

where a and b are obtained by nonlinear regression between the
thickness and the fundamental resonant frequency. For a given
e diameter of bubbles captures the amplitude of resonant frequency at ≥1 sigma level. The
Hz to 0.3862 Hz; orange colour represents frequency for L2 interface (DT-T boundary) that
carbonate hardpans) that ranges from 6.2477 Hz to 27.1119 Hz. (For interpretation of the
le.)

Image of Fig. 3
Image of Fig. 4


Fig. 5. Scattered plot shows estimation of errors in depth calculation of stations 1 to 46. The depths of interfaces are calculated using velocities derived from three-core sites viz., MMA_Vs
(431.6m/s), MMB_Vs (406.86m/s) andMMC_Vs (462.6m/s) using Eq.2. Mean velocity (M_Vs= 433.69m/s) is used for constructing themodel for the study area. The estimate of errors
in depths of interfaces is shown by ploting Mean Depth ± standard deviation for each station.
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fundamental resonant frequency, if the velocity of seismic waves (Vs)
for a given interface is known, the depth of the interface is given by
(Parolai et al., 2002):

h ¼ Vs=4f r
2 ð2Þ

Similarly, if the depth of the interface is known based on available
core record, the velocity of seismic waves (Vs) can be determined
using Eq.(2).

The robust nature of equation in different terrainswith single funda-
mental resonant frequency as well as multiple resonant frequencies is
ascertained through work carried out by various workers to sight few
examples: Zhao et al. (2007) studied Yinchuan basin, Japan observing
the fundamental frequency values are in good agreement with the
isopachous line of the Tertiary basement and captures the tectonic var-
iation; Sukumaran et al. (2011) demarcated pre-quaternary morphol-
ogy in lower Narmada valley, India; Paudyal et al. (2013) worked in
Kathmandu Basin estimating thickness of lacustrine sediments suggest-
ing model for basement topography; Benjumea et al. (2016) studied
Hontomin, Burgos region in Spain dominated by a shallow complex
structure and carbonate rocks suggests H/V technique is a fast and af-
fordable method that enables to obtain a sediment thickness map of a
complex near-surface area; Scheib et al. (2016) worked in Nullarbor
Plain,Western Australia suggesting passive seismic approach is a useful
screening tool for the mineral exploration industry in areas that are
under cover allowing for better targeting and cost-reduction;Joshi et
al., 2018 distinguished Champaner metasediment from granite pluton
inferring role of granite emplacement in deformation of measedimnts;
Sant et al., 2017 carried out subsurface mapping of Banni Plains,
Kachchh, India inferring structural history; Yan et al., 2018 estimated
thickness of Antarctic ice sheet applying H/V spectrum inversion
confirming robust nature of Eq.2.

In the present study, subsurface lithological variation is described
based on three exploratory borehole records Core MMA, Core MMB
and Core MMC (see section 2, Fig. 1 and Fig. 2). The lithological records
along the three cores MMA,MMB and MMC reveals presence of Deccan
basalts at depth of 96.53, 86.5 and 93.5 respectively. In the study area,
the only substantial interface that would provide a strong impidence
contrast is the one along Deccan Trap-Tertiary sedimentary interface.
Microtremor measurements at the Core sites MMA,MMB and
MMCendorse 1.1178 Hz, 1.1759 Hz and 1.2369 Hz respectively as the
most prominent resonaant frequency correlatable with Deccan Trap-
Tertiary sedimentary interface.

We calculated velocity (Vs) for the sedimentary unit above the Ter-
tiary sedimentary-Deccan Trap interface for MMA,MMB and MMC sta-
tions using Eq.2. We further use mean value of Vs for calculating
depth of various other resonanat frequency ensuing from Station 1 to
Station 46 in the study area (Table 2). Finally, a terrain base equation
is obtain from a scattered plot drawn between resonnant frequency
against calculated depth.

h ¼ 108:43 f r
−1 ð3Þ

The errors in depth calculation are further estimated taking standard
deviation of depths calculated for all 46 stations considering Vs from
stations MMA,MMB and MMC. Fig. 4 illustrates calculated mean depth
values as well as values of mean depth ± standard deviation.

The resonating frequency for the Umarsar area falls into three
distinct groups viz., 0.2328 Hz to 0.3862 Hz (L1 interface: recorded
along 8 stations); 0.7843 Hz to 2.5123 Hz (L2 interface: recorded along

Image of Fig. 5


Fig. 6. Cross section across station 1 in west to station 9 in east (Babia syncline) show three layered model viz., M-DT boundary (L1 interface), DT-Tertiary boundary (L2 interface) and
carbonate hard pans-shale boundary (L3 interface).
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44 stations) and 6.2477 Hz to 27.1119 Hz (L3 interface: recorded along
20 stations) (Fig. 5).

So as to define L1, L2, and L3 interfaces, we draw a subsurface cross-
section from station 1 (in west) to station 9 (in east) (Fig. 6). Based on
geology and stratigraphy of Guneri-Mundhan Dome east north east of
study area (Biswas, 1977, 2016), Bhuj Formation is likely to extend fur-
ther west in the study area. The identified interface at depth of 423 m
below surface under station 9, interface at depth of 421m under station
8, is classified as L1 interface referred as Mesozoic–Deccan Trap bound-
ary (M-DT boundary). The L2 interface is identified at depth of 131 m
(station 5)to 125 m (station 4)from the surface is classified as Deccan
Trap -Tertiary sedimentaries (DT-T boundary). Whereas L3 interface
possibly points towards the interfaces between thin intercalated car-
bonate hard pans within clay of Nerdi Formation at depth of about
4 m to 5.4 m (station 2 and 5). The study further determines thickness
of Nerdi formation from 93m at station 5 to 31m at station 1)and Dec-
can Basalt from 368at station 3 to 313 m at station 8.

In the study area, L1 interface (M-DT boundary) is conspicuous along
stations 2, 3, 5, 8, 9, 37, 43, and 45. The depth of M-DT calculated based
on Eq.(3) falls within the bracket of about 466 m (station 3 and station
9)to 280 m (station 37) from the surface. The Mesozoic sedimentaries
are recorded at the shallower depth around station 37 (280 m), station
43 and station 45 (400 m) whereas deeper depths are recorded along
three stations are 9 and 3 (466 m), station 5 (442 m), and station 2
and station 8 (421 m) from the surface (Fig. 7).

L2 interface is the most pronounced interface recorded along forty-
four stations. L2 Interface demarcates boundary between underlying Dec-
can Trap and overlaying Tertiary sedimentary. DT-T boundary is observed
to be as deep as 138 m (station 42) 131 m (stations 5, 12, 30, 35, 43 and
44) below surface and as shallow as 43 m (station 37) and are exposed
along low domal hills further, west of station 1 (Fig. 1). The present stud-
ies identify three depressions comprising six depocenters (A B, C, D,E and
F)demarcated by two local highs X (demarcating depocenter B\\C from
D)and Y (demarcating depocenter D from E and F)(Fig. 7).

L3 interface signifies locally presence of shallow carbonate hardpans
of wackestone and packstones that pinch out laterally within shale-
clayey Naredi Formation (Fig. 6). Hardpans are encountered at an aver-
age depth of 2 m to 3 m, deepest at 11.5 m (station 37).
4. Discussion

The subsurface investigation was carried out applying microtremor
H/V spectral ratio technique in upcoming Umarsar lease area western
Kachchh. The studies reveal control of pre-Deccan Trap morphology
restricting Deccan basalt flow to southwest whereas the pre-Tertiary
morphology defines NW-SE trending Babia syncline inscribing local
highs and lows that control distribution and thickness of lignite seams
within clay-shale sequence and general Naredi Formation (Fig. 7b).

The Mesozoic high (below station 37) forms a subsurface relict of
southwestern limb of Guneri-Mundhan dome exposed further NNE of
the study area (Fig. 1b). The Guneri-Mundhan dome forms a part of
NW-SE, regional trending, arcuate structural grain along KachchhMain-
land hill range viz., Guneri, Mudhan, Jara, Jumara, Nara, Keera, Jhura,
Habo, and Khirsar Domes (from west to east: Fig. 1A of Sant et al.,
2017) developed because of emplacement of mafic pluton underneath
Mesozoic sedimentaries during late Cretaceous (Sen et al., 2016). The
Kachchh Mainland Hill range restricts Deccan Trap flows in SW region
(Sen et al., 2009). The absence of Deccan basalt flows across Kachchh
Mainland hill range (NE) in Banni plains (Sant et al., 2017), Nirona
Deep Core and Banni Deep Core (records from DGH) further support
role of Mesozoic high in study area. In the present study area the M-
DT boundary is encountered as deep as 465 m depth (station 9)and
421 m (stations 2 and station 8)and as shallow as 280 m (station 37).

The depression developed in forefront of Kachchh Mainland hill
range in the study area has accumulated Deccan basalt flows. The pres-
ent study suggests thickness of Deccan basalt (L1−L2) ranges between
386 m (station 9)and 208 m (station 37).

The study reveals post-Deccan Trap morphology is decisive for vari-
ation in the thickness of lignite bearing sediment sequence (Naredi For-
mation). The thick shale-clay sequence with lignite seams aggraded
over post Deccan Trap morphology within Babia syncline during
upper Paleocene- lower Eocene time. The Tertiary floor (DT–T bound-
ary) lies at shallower depth (43 m) at station 37 whereas at deeper
levels (138 m) at station 42 and 131 m (stations 5, 12, 30, 43, 44).

Fig. 7 depicts 3Dmodel for the Umarsar lease area that calls to atten-
tion three broadpre-Tertiarydepression (A-B-C;DandE-F) separatedby
highs (X and Y). The studies further map six lows (A, B, C, D,E and F)

Image of Fig. 6


Fig. 7. (a)2DPlan showing palaeo surfacemorphologyof L2 interface (DT-Tertiary boundary) in upcomingUmarsar lease area. The contours represent highs and lows alongDT-Tboundary.
Microtremormeasurement stations and their numbers are shown halffilled circle. (b)3Dmodel highlights present day topography of the study area, palaeo surface along L2 interface (DT-
T boundary) and palaeo surface along L1 interface (M-DT boundary). The palaeo surface modeled at M-DT boundary highlighting Mesozoic high around station 37. Impression of Palaeo
topographic high along M-DT boundary is further observed along DT-T boundary and present topography. The palaeo surface modeled at DT-T boundary highlighting NW-SE trending
Babia syncline. Themodel identifies three depressions (A-B-C, D and E-F) separated by two highs (X and Y)that trend NE-SWdiscordant to the Babia syncline. The study further identifies
six Tertiary depocenters (A, B, C, D, E and F)within three depressions and the peripheral margins of the Babia syncline, which are the most potential sites for lignite exploitation.
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Table 2
The table displays resonant frequency f0, f1, f2 and f3 classified based on peak amplification and their respective depth calculated using value ofmean velocity M_Vs (433.69 m/s) for forty-
six stations in upcoming lease area of Umarsar Lignite Mine.

Stationno. f0(Hz) M_VsDepth (m) f1(Hz) M_VsDepth (m) f2(Hz) M_VsDepth (m) f3 (Hz) (Hz) M_VsDepth (m)

1 1.5931 68.06
2 0.2576 420.89 27.1119 4.00 1.1178 97.00
3 0.2328 465.73 1.1178 97.00
4 0.8679 124.93
5 0.2449 442.72 27.1119 4.00 20.0113 5.42 0.8251 131.41
6 0.9604 112.89
7 0.913 118.75
8 1.0102 107.33 0.2576 420.89
9 25.7738 4.21 1.3687 79.22 0.2328 465.73
10 1.0102 107.33 6.2477 17.35
11 0.913 118.75
12 0.8251 131.41
13 27.1119 4.00
14 20.0113 5.42 1.2369 87.66 27.1119 4.00
15 0.913 118.75
16 20.0113 5.42 25.7738 4.21 0.9604 112.89
17 1.3011 83.33
18 1.2369 87.66
19 25.7738 4.21 1.0627 102.03
20 1.1178 97.00
21 2.1584 50.23
22 1.3687 79.22
23 27.1119 4.00 0.8679 124.93
24 1.1759 92.20
25 1.8543 58.47
26 1.5931 68.06
27 1.3011 83.33
28 0.913 118.75
29 1.1759 92.20 8.4645 12.81
30 0.8251 131.41
31 1.6758 64.70
32 1.3687 79.22
33 14.7704 7.34 1.2369 87.66
34 1.3011 83.33
35 0.8251 131.41
36 21.0502 5.15
37 2.5123 43.16 0.3862 280.74
38 1.3011 83.33
39 1.3011 83.33 25.7738 4.21
40 0.9604 112.89
41 19.0237 5.70 25.7738 4.21 0.8679 124.93
42 0.7843 138.24
43 16.3438 6.63 0.271 400.08 0.8251 131.41
44 0.8251 131.41
45 0.8679 124.93 0.271 400.08
46 25.7738 4.21 0.913 118.75
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within three depression and shallow peripheral regions that has sig-
nificant potential in encountering thick lignite seams. Themaximum
thickness estimated for Tertiary Formation along these lows are
A(131 m), B(131 m), C(102 m), D(79 m) E(131 m) and F(131 m).
Decrease in the sediment thickness along X(87 m to 83 m) and
Y(83 m to 92 m) suggest X and Y are pre-Tertiary highs. The study
proposes that variable thickness in Tertiary sequence is due to un-
even pre-Tertiary topography.

The microtremor measurement is the most economical technique
for estimating thickness of lignite bearing sedimentary sequence, Dec-
can Traps and depth of Mesozoic sedimentary rocks. The records gener-
ated further help to build subsurface morphological models for
prominent interfaces (M-DT boundary and DT-T boundary). The pres-
ent research is a step forward towards economical assessment ofmining
lease areas through controlled drill hole plan and for estimation of
reserves.

5. Conclusions

1. The present article discusses microtremor H/V spectral ratio tech-
nique as a rapid and economical tool to assess mining lease areas
and develop controlled drill hole plan and estimate reserves.
2. The microtremor H/V spectral ratio technique identifies highs, lows
and peripheral areas providing overall geometry of NW-SE trending
lignite bearing Tertiary basin (Babia Syncline)

3. The microtremor H/V spectral ratio technique successfully deciphers
rheological interphases. Viz., Mesozoic– Deccan Trap boundary (L1
interface: 0.2328 Hz to 0.3862 Hz), Deccan Trap- Tertiary boundary
(L2 interface: 0.7843 Hz to 2.5123 Hz) and boundaries between
shale- carbonate hardpans within sediment sequence belonging to
Naredi Formation (L3 interface: 6.2477 Hz to 27.1119 Hz).

4. Pre Deccan Trap image of Umarsar lease area distinguishes Mesozoic
high (below station 37) which forms a subsurface relict of south-
western limb of Guneri-Mundhan dome exposed further NNE of
the study area. The dome formspart of NW-SE regional arcuate struc-
ture (Kachchh Mainland Hill range) that restricts Deccan Trap flows
towards SW.

5. The present study estimates Mesozoic–Deccan Trap boundary at
depth of 465 m depth (station 9)and 421 m (stations 2 and station
8)and as shallow as 280m (station 37) whereas thickness of Deccan
basalt (L1-L2) is estimated between 386m (station 9)and 237m (sta-
tion 37).

6. Pre Tertiary image of the Umarsar lease area highlights three broad
pre-Tertiary depression (A-B-C; D and E-F) separated by highs
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(Xand Y). The thickness of lignite bearing Tertiary deposits is esti-
mated from 138 m to 43 m. The studies further map six lows (A, B,
C, D,E and F)within three depressions and enhances shallow periph-
eral regions that have proved to encounter thick lignite seams.
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