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MESSAGE


I am glad to know that the Ocean & Atmospheric Science and Technology Cell (OASTC) which was established in Mangalore University through a MoU to carry out research in Marine Geology and Geophysics of the coastal and offshore regions of the Arabian Sea is holding a Two-day National Workshop on Present and Future Trends in Marine Geology and Geophysics.


The Workshop lays emphasis on recent advances in Marine Geology and Geophysics the two areas which are very relevant in the present context.  The focus of the Workshop will be primarily on data and technologies for measuring various oceanic parameters/processes as well as on methodologies and applications which will be effectively documented.


I am confident that the Workshop which is being held in the decennial year of the establishment of the Cell will foster dialogue between researchers, senior scientists and practitioners in the development and use of advanced technology.  It will also help young participants to imbibe the full potential of the advanced techniques which in turn will further the frontier of Earth Science.


On this occasion, let me congratulate the organizers of the Workshop for their initiative and wish the deliberations a grand success.
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Formation of Non-Persistent Mud banks And Creation of Artificial Mud banks 

C. Jayaprakash and A. C. Dinesh

Marine Wing, Geological Survey of India, Mangalore – 575 001
Email: jayaprakashc@hotmail.com

    
The mud banks found along Kerala coast can be classified into persistent and non-persistent types based on their activity and sustenance. The persistent mudbanks occur off Alleppey coast are very active during monsoon and are sustained through out the year with decreasing intensity. On the contrary, occurrences of mudbanks at several places such as Narakkal, Chetuwa, Quilandi etc. reported during monsoon are disappearing after a short span of time. These are non-persistent mudbanks. They are characterized by their non-periodicity and inconsistency. Their recurrence in the same area sometimes takes several years. Persistent mudbanks are formed due to the presence of zaherite (Al12(SO4)5 (OH)26. 20H2O) along with gibbsite, (Dinesh & Jayaprakash, 2008) in the muddy sediments occurring in shallow water.  Bathymetry also plays a key role in delineating the seaward periphery of mud banks.

      
Present studies on mud bank and non-mud bank sediments suggest that non-persistent mud banks are formed due to gibbsite and/or gypsum.  Gibbsite (Al(OH)3) and gypsum (CaSO4. 2H2O) are bipolar with a positive aluminium end and a negative hydroxyl and sulfate ends respectively.

       
During monsoon the pounding waves impart large quantities of energy on to the seafloor causing to strip off the adsorbed cations from the clay minerals, making them negatively charged.  When bipolar minerals such as gibbsite and gypsum are present in the sediments, the clay minerals get attracted towards their positive end.  In this process, the clay minerals flocculate and settle.  The clustering of clay particles causes the sediments to remain loosely packed.  This enables the sediments to carry large quantity of pore water resulting in the increase of volume.  This volume change causes the seafloor to stand out as an elevated platform which dampens the waves and forms a mudbank.

      
This study shows that mud banks can be created artificially by introducing about 3 to 4% of zaherite-gibbsite-gypsum mixture into the near shore clayey sediments where suitable bathymetry exists.  If the coasts are protected by creating mudbanks artificially, huge amount spent for coastal protection and its subsequent maintenance could be reduced.  More over this will not affect the aesthetic beauty of the beaches and will also help to increase fish productivity.

Provenance studies based on clay mineral content in the sediment cores from the Western Continental Margin, off Karnataka Coast

C. Krishnaiah, M. K. Girish Chandra, S. K. Sandhya, Rajesh, 

Reshma M. Rodrigues and A. V. Ganesha*
Ocean and Atmospheric Science & Technology Cell, Mangalore University, Mangalagangothri - 574 199

*Ghousia College of Engineering, Ramanagaram, Bangalore District - 571 511


Sediments in the western continental margin of India are mainly derived from the hinterland sources: the Indus derived sediments to the north, Deccan basalts derived sediments in the central part of and granite-greenstone terrain derived sediments in the south.   To understand the source of sediments off Karnataka coast, three gravity cores were chosen, each from northern (off Karwar), central (off Kundapur) and southern (off Mangalore) region from water depths of ~1000-1500m. The length of the cores, varied from 3.5-4m.


Textural and clay mineral identification and semi-quantification to understand the down core profile were carried out using XRD. All the three cores are dominantly silty clay in composition. Clay mineral content in the northern (off Karwar) region shows that illite is the dominant mineral followed by kaolinite, chlorite and smectite. Central (off Kundapur) region shows the dominance of montmorillonite followed by illite, kaolinite and chlorite. The core from the southern (off Mangalore) region also shows the abundance of montmorillonite followed by illite, kaolinite and chlorite. The dominance of illite in the northern part indicates in put from the Indus fan. The central and southern parts have sediments derived from the Deccan Volcanic Province and the Dharwar craton.   The distribution pattern of clays also suggests that the dominant direction of sediment transport is from north to south.

Paleoproductivity study from southeastern Arabian Sea

V. Yoganandan,1 H. Gangadhara Bhat2 and C. Krishnaiah1
1Ocean & Atmospheric Science and Technology Cell, Mangalore University,

Mangalagangothri - 574 199
2Department of Marine Geology, Mangalore University, Mangalagangothri - 574 199

Email: yoganandan1@rediffmail.com

In the present study an attempt has been made to reconstruct the paleproductivity fluctuations based on the sedimentary calcium carbonate and organic carbon variation using a 5.2 m long gravity core raised from the upper continental slope of southeastern Arabian Sea. The down-core variations of both parameters as well as textural parameters, show productivity changes from MIS-4 to the present  

The CaCO3 and OC record shows a systematic trend in relation with glacial and interglacial stages.   It shows that these proxies can be used to study climate-induced productivity of the study area. The increased CaCO3, OC, sand %, and reduced silt and clay % during the late Holocene; and  decreased CaCO3, OC, sand %, and increased silt and clay % during glacial to early Holocene suggest increased productivity during late Holocene and reduced productivity between last glacial to early Holocene.  During MIS3, increased CaCO3, OC, sand % and reduced silt and clay % suggest increased productivity. MIS 4 shows the decreasing trend of CaCO3 and OC and increased percentage of silt and clay which suggest reduced productivity when compared to MIS 3. Overall observation of all these proxy trends suggest increased productivity during the interglacial period and reduced productivity during glacial periods. 

Quantification of marine clay minerals using advanced analytical instruments 

A.V. Ganesha1, C. Krishnaiah2 and H. Gangadhara Bhat3
1Department of Civil Engineering, Ghousia College of Engineering, Ramanagaram – 571 511

2Ocean & Atmospheric Science & Technology Cell, Mangalore University, Mangalagangothri - 574 199

3Department of Marine Geology, Mangalore University, Mangalagangothri - 574 199

Email: ganesh_geol@rediffmail.com

Illite, kaolinite, smectite and chlorite are the principal clay minerals of marine sediments and their morphological, mineralogical, geochemical and isotopic studies reveal the source rock and paleoclimatic conditions of formation. The conventional qualitative and quantitative methods of estimation of clay minerals are normally done by XRD technique and the whole rock geochemical studies by ICP-AES/MS or XRF. Though the regular laboratory investigations like SSC, OC, CaCO3 content, bulk density for the whole rock and detailed XRD studies for clay fractions provide most of the reliable information pertaining to origin of clay minerals and conditions of formation, these cannot provide the actual chemical data of a particular clay mineral  in the system. This gap can be filled by adopting advanced techniques like FTIR, TEM, SEM, DTA and EPMA which can quantify the clay minerals to the grain-size level.

The incorporation of different cations in octahedral or tetrahedral or vacant sites in clay minerals and variation in trace elements would give more authentic and error-free chemical data of the clay fractions and the source rock as well. Thus, the geochemical studies on individual clay sized fractions using advanced analytical techniques  on deep marine core sediment of Arabian Sea has been undertaken. Here, we present, the sample preparation method, different instruments and their techniques and preliminary analytical work pertaining to deep marine core samples. This study has provided information on the precise chemical composition of clay minerals along with structural formulae, properties of hydroxyl component (OH vibrations) and Al-Fe-Mg-OH stretching for the core samples. 

Major ion geochemistry of the Godavari River, India

K. Balakrishna
Department of Civil Engineering, Manipal Institute of Technology, Manipal University, Manipal - 576 104
A detailed study of the Godavari River system, the largest in peninsular India was carried out to determine (i) the extent of different sources controlling the major ion geochemistry of the Godavari River; (ii) Understand the silicate weathering rate; and (iii) CO2 consumption via silicate weathering.  Samples (n=48) for this study were collected from 22 stations across the Godavari River catchment during peak, moderate and lean seasons.  More than 2/3rd of the samples have total dissolved solids (TDS) ranging from 200-500 mg/l. and approximately 1/3rd of the samples have TDS <200 mg/l. Station Gangakher has TDS >500 mg/l which could be because of low discharge during the lean season coupled with the constant inflow of domestic and industrial effluents into the river.  The dominant source of major ions in the Godavari River could be from the weathering of silicate rocks in all the seasons. Silicate weathering rate (SWR) in the river Godavari basin is of the order of 6.5 tons km-2yr-1.  The SWR of Godavari River is 3.3 times higher than the world average and 2.2 times higher than the world’s largest river Amazon.  The high SWR in the Godavari could be due to the topography, and higher rainfall and runoff in its upper catchment. The CO2 drawdown due to weathering is estimated to be 1.92x105 moles km-2yr-1. The CO2 consumption rate of Godavari is 2.13 times higher than the world average and 3.84 times higher than the world’s largest river Amazon.  This could be because of the dominant presence of silicate bearing basaltic rocks in its upper catchment.  
GStat- A Software for Grain Size Statistical Analyses 
CM Diagrams and Sediment Trend Maps
A. C. Dinesh 

Marine Wing, Geological Survey of India, Mangalore - 575 001
Email: acdinesh@rediffmail.com

GStat is a software coded in Visual Basic 6 with the following facilities.

Data Output 

Graphic Measures: Logarithmic and Geometric 

Moment Measures: Arithmetic, Logarithmic and Geometric

Diagrams

1. Cumulative Curves

2. Frequency Curves

3. CM Diagrams

4. Triangular Plots

5. Scatter Plots

6. Friedman Diagrams

7. Sediment Trend Maps (using Gao’s trend vectors)

Tables

1. Weight Percentage

2. Cumulative Weight Percentage

3. Percentile Values

4. Modes

5. CM Values

6. Mc Laren Values

7. Gao’s Vectors

8. Statistical Parameters

9. Granule-Sand-Silt-Clay Percentage

10. Sediment Classifications

11. Sediment Types

Data Input:
 
Sieve data can be 1ф, ½ ф and ¼ ф intervals, pipette data may be of conventional or customized. Particle Size Analyser (PSA) data are also processed. The 'Raw Data' is copied from Excel Sheet and pasted on the 'Data Input Window' to make 'Final Raw Data' which is used for all types of grain-size analyses. While preparing Final Raw Data, all types of errors are checked and supply an error report to the user.

Output Tables:

 The data output window provides output tables and diagrams. After selecting the output type as graphic measures or moment measures, one can customize the output table by selecting the items from the list. Once the 'Show Table' button is pressed, the desired table will appear on a separate window. Apart from this, weight percentage, cumulative weight percentage, percentile values, Gao’s vector table etc can also be retrieved as separate tables. Statistical Parameters like median, mean, sorting, skewness and kurtosis are calculated using graphic (logarithmic and geometric) as well as moment (arithmetic, logarithmic and geometric) measures. The output table can be directly pasted on Excel sheet. Mc Laren values comprising mean, sorting and skewness are calculated using logarithmic moments. The values are used to understand the linear trend of sediment transport. 

Output Diagrams

User can easily draw frequency and cumulative curves. Percentile values used in Graphic measures are calculated from cumulative curves drawn on a probability chart reproduced in the software. Sediments classified using the triangular plots of Shepard (1954), Gorsline (1960) and Folk et al., (1970).  CM values are calculated in microns and two CM diagrams are given in the software. The first one is used to differentiate sediments deposited in different environments and the second one is to understand depositional processes in beach environments. Scatter Plots viz; Mean Vs Sorting, Mean Vs Skewness, Mean Vs Kurtosis, Sorting Vs Skewness, Sorting Vs Kurtosis and Skewness Vs Kurtosis plots are drawn just by a click. Friedman's Mean Vs Skewness and Sorting Vs Skewness diagrams using logarithmic moments to differentiate beach and dune sands and beach and river sands respectively can also be drawn without much effort. 
Sediment Trend Analysis 
Sediment trend vectors are calculated by supplying the necessary ‘input file’ comprising mean, sorting and skewness to Gao’s programme through G-Stat. The trend maps projected in Mercator are prepared using these vectors. In the input file, user can change the X-Y data type as kilometers, meters, miles etc., and also critical distance and scaling factor. Sediment trend map prepared using Gao’s vectors will be highly helpful to know the behaviour of sediment transport in river mouths, estuaries, deserts etc. The database in G-Stat is populated with data on coastlines of different resolutions, geographic locations (places, river mouths, shoals, reefs etc.) and bathymetric contours. One can easily superpose these on the sediment trend map.
Sea wall - A solution for coastal protection?

N. M. Shareef 
Marine Wing, Geological Survey of India, Mangalore - 575 001
Email: shareef_n123@rediffmail.com


Coastal zone management has been an issue of concern throughout the world especially in countries which have vulnerable coast lines. Various protection methods, both hard engineering techniques like “sea walls, groynes, detached break waters and revetments” and soft options like beach nourishment, sand dune stabilization and geotextiling etc are adopted in different parts of the world which are specific to individual coast lines. Adopting any of these methods without understanding the morphology of individual coastline will be detrimental to the very beach and coastline it is intended to protect. Not only the the protection method, the design and the location also matters a lot in ensuring the desired result. The economics as well as the aesthetic aspects of the project should be borne in mind before conceiving the coastal protection methods. Human strategies on the coast have been heavily based on a static engineered response, whereas the coast is in, or strives towards, a dynamic equilibrium. Solid coastal structures are built and persist because they protect expensive properties or infrastructures, but they often relocate the problem downdrift or to another part of the coast. Soft options like beach nourishment, while also being temporary and needing regular replenishment, appear more acceptable, and go some way to restore the natural dynamism of the shoreline. However, with all these available options,the best and the most reccomended method is “do nothing” or “leave it to the nature”.

Rock magnetic records in a sediment core from the Indian sector of the 
Southern Ocean and its implications on the environmental and climatic variability during the late Quaternary

M. C. Manoj and M. Thamban

National Centre for Antarctic and Ocean Research, Headland Sada, Goa 403 804

Email: meloth@ncaor.org, manojmc@ncaor.org

High-resolution rock magnetic parameters were studied in a well-dated sediment core collected from the Indian sector of the Southern Ocean (location: 43° 42’ S and 45° 04’ E). We have evaluated the various rock-magnetic parameters and their paleoclimatic relationship based on the differences in concentration, grain size and composition of magnetic minerals during the past ~65,000 years. Concentration dependent parameters such as mass specific susceptibility (, anhysteretic remanent magnetization (ARM) and saturation isothermal remanent magnetization (SIRM) show generally increased values during glacial period and low values during the interglacial period. The various magneto- granulometric parameters reveal dramatic pulses synchronous with the well known ice rafting events called Heinrich Events (HE), widely reported from North Atlantic and other parts of the world ocean. The HE episodes are characterized by higher concentrations of magnetic minerals, by coarser-grained ferrimagnetic minerals, e.g., magnetite and by a lower ratio of ferrimagnetic to antiferromagnetic, e.g., goethite, hematite, minerals. High values of S-ratio indicate that the mineralogy is dominated by fine grained magnetite. The timing and characteristics of the rock magnetic parameters clearly substantiate the large scale fluctuations in the supply of terrigenous (related to ice rafting) as well as biogenic (related biological productivity) material, in tandem with the distinct changes in the environmental and climatic fluctuations in the Southern Ocean.

Importance of Bioinorganic Chemistry for Monitoring and Mitigating 
Environmental Degradation

Busnur R. Manjunatha

Department of Marine Geology, Mangalore University, Mangalagangothri - 574 199


The major portion of any living being is made up of few elements such as carbon, hydrogen, oxygen, nitrogen, phosphorus, sodium, potassium, chlorine, calcium, magnesium, sulfur and some time silicon in diatoms.  A number of biogeochemically important trace elements, for instance particularly manganese, iron, nickel, cobalt, copper, and zinc are also considered as essential elements/nutrients for the growth of organisms. The relative proportions of these elements vary depending upon the nature of primary food generated in the phytoplankton. 


Major elements serve as macro-nutrients, while the trace biogeochemically important trace elements function not only as micro/nano nutrients, but also as catalysts for regulating bio-chemical reactions at molecular level. Therefore, the interaction among physical, chemical, and biological processes that govern cycling of biologically essential elements in the Earth’s environments is the main aspect of biogeochemistry.


Bioinorganic chemistry is a growing subject, which is just like culturing studies in biology. This subject has wide applications for budgeting of elements not only at local/regional scale, but also global extent. Any change in the relative proportions of nutrients may reduce biodiversity thereby blooming certain unwanted weeds in an environment. Some issues relating to these aspects will be discussed.
Occurrence of offshore sand in Ponnani area, Kerala state and 

its utility as construction material
K. C. Chandrashekharaiah, S. V. Hegde, A. V. Gangadharan, K. K. Bhat,

C. Jayaprakash, N. M. Shereef and C. V. Gopalan

Marine Wing, Geological Survey of India, Mangalore – 575 001

Email: gopalancv@yahoo.com


Offshore sand can be mined and extracted for construction purposes substituting the river sand. Relict sand occurs in mid-outer continental shelf areas of Kerala coast, especially northern Kerala at distances of 10 to 15 km from shore. Preliminary studies on   seabed samples indicate the presence of sand bodies. Based on encouraging results, detailed investigation was taken up by GSI, Marine Wing, Mangalore, during 2007-08. An area of 160 sq km off Ponnani was covered by vibrocore sampling onboard research vessel Samudra Shoudhikama. The area surveyed forms part of the Cochin basin extending from south of Ponnani lineament to Kodungallur with sedimentation history from late Cretaceous onwards. The thick sediment pile was contributed from a dominant fluvial system which was reworked in the offshore by fluvial discharges and helped to build up a succession beginning with bathyal coarse clastic sequence followed by shale, silt and sandstone of Quaternary formation. Bathymetry in the North Ponnani block was carried out along seven lines of 11 km length. Water depth in this block varies from 23 to 40 m. and sea bottom surface has a gentle westerly slope.  In 27 vibrocores, sand is a major unit with intercalations of silt, clay, carbonaceous matter, peat, wood and shell fragments. All the units contain fragments of gastropods and bivalves. Some clay units are oxidized and some are black in colour due to the presence of carbonaceous matter. Small granules are also found in some cores and silt unit shows the presence of pieces of beach rock at a depth of 3.67m. Peat and carbonaceous wood are also noticed in few cores. In some cores, the thickness of sand reaches up to 4m. The recovered cores vary in length from 55 cm to 4.29m.The percentage of sand fraction in each core sample is 90% .Fine sand (70%) dominates over coarse sand (30%). The carbonate sand varies from 10% to 20 %.  Detailed study has revealed that the overall quality of sand in the northern block appears to be good, as all cores have sand right from the surface. Hence, from these preliminary observations as well as core logs, prospects of utility of sand as construction material in the northern block appear to be highly promising.
Diagenetic and detrital sources for the sediments from the Carlsberg Ridge, Indian Ocean

A. B. Valsangkar1, D. V. Borole1, Niyati G. Kalangutkar1, Archana S. Shejwalkar2, 

Nelita O. Fernandes3 and Cliffa C. Dias1

1 National Institute of Oceanography, Dona-Paula, Goa - 403 004

2 Present address: School of Earth and Ocean Sciences, University of Victoria, Victoria BC, Canada

3 Present address: Directorate of Mines and Geology, Panaji, Goa - 403 001


Samples from spade and gravity core sediments from the western Carlsberg Ridge (CR) in the Indian Ocean have been studied for the sand, silt and clay content, clay mineralogy, carbonate, TOC, Fe, Mn concentrations, and magnetic susceptibility (χ), to understand the processes responsible for the sedimentary environment. The U-Th radiochemical measurements were carried out to determine the sedimentation rates. The down core sediments have high CaCO3, moderate TOC and very low χ, and high accumulation rate (3 cm/kyr). The clay mineralogical and geochemical data suggest a major continental source. The Mn-Fe distribution in the sediments do not support the volcanic or hydrothermal input, and the consistent peaks observed at different core depths are ascribed to sedimentary diagenesis as supported by high U content.
The flank (3700-4600 m water depth) sediments of the CR have higher CaCO3 range (47 - 76 %) than the valley (4300 to 4400 m) sediments (17 - 58 %). Higher carbonate content (>70 %) in the flank sediments imply high biological productivity in the area and suggests higher sedimentation rates for CR. The CR sediments are predominantly silt throughout and sometimes show presence of clay. The flank sediments of the CR are characterized by high illite (40 - 50 %) and low smectite (< 20 %), whereas the axial valley sediments have comparatively low illite (30 - 40 %) and high smectite clay (30 - 40 %). High illite and high chlorite content of the CR sediments (~ 20 - 30 % in the axial valley, ~ 18 - 35 % on flank) strongly point towards the Arabian Sea sediments as a source. The increase of K content with depth, which is observed in almost all the cores, also indicates that K is incorporated by the detrital input.  The studies show that the major sources for the CR sediment are continental, biogenic and diagenetic. 

Distribution of Neomonoceratina iniqua in the 
sediments of Mullipallam Creek, near Muthupet, Tamil Nadu, 
Southeast Coast of India and its significance
S. M. Hussain and A. Kalaiyarasi

Department of Geology, University of Madras, Guindy Campus, Chennai - 600 025

Email: smhussain7@hotmail.com

Ostracods are characterized by a dorsally hinged, bivalved carapace (comprising a left and right valve), which is laterally symmetrical. Ostracods are abundant and diverse group of tiny crustaceans with a long fossil record from Ordovician to Recent. Ostracods live in environment in which the controlling factors are temperature, bottom topography, depth, salinity, dissolved oxygen, substrate, food supply and sediment organic matter. However, the major controlling factors governing Ostracod distribution in estuarine environments and continental shelf zones are salinity, water temperature and substrate. Coastal zones are very sensitive to environmental changes. The study area is a mangrove wetland located in the southern-most end of the Cauvery delta in the districts of Thiruvarur and Tanjavur along the coastal zone of Bay of Bengal and Palk Straits.

In the creek, twenty-four sediment and water samples were collected (Lat. 10°18’13” to 10°20’71”N and Long. 79°30’90” to 79°34’87”E) during June 2006 representing pre-monsoon period. A total of 25 species of Ostracod fauna belonging to 19 genera, 11 families, 2 superfamiles and 2 suborders of the order Podocopida, have been identified by referring to standard publications and supplemented with SEM photomicrographs. Few species endemic to Indian waters are recorded. Neomonoceratina iniqua is the only species dominant (90% and above) in the entire population. Some taxa recorded in the creek are due to the tidal influence. All the species are well preserved. In general, the recorded Ostracod assemblage is strongly of tropical, shallow and brackish water habitat in nature.

            In modern marginal-marine settings, it is known that variations in salinity determine the composition and diversity of the Ostracoda and there are well-defined assemblages, each dominated by just two or three species, which represent oligohaline, freshwater to brackish, brackish to marine and fully marine environments. In some environments, Ostracod assemblages are dominated by a single taxon. In the study area also Neomonoceratina iniqua is a dominant and persistent taxon. This is often the case in biologically ‘stressed’ environments such as hypersaline waterbodies, intertidal settings or reduced-oxygen conditions. The sedimentological parameters such as sand-silt-clay, CaCO3 and Organic matter and hydrographical characteristics viz., temperature, salinity and dissolved oxygen were determined for all the 24 samples and correlated with the standing crop of N. iniqua. Due to high tides (average range of ˜ 3 m) and consistent deposition of sediments being brought by the distributaries of Cauvery such as Koraiyar, Paminiyar, Kilaithangiyar Rivers particularly during NE monsoon led to the growth of mudflats. Further, the anthropogenic interference through salt pans and agricultural activities in the wetland has increased over the years and created much stress in the creek. In such cases, one species appears to have a physiological (or perhaps reproductive) advantage over its competitors that allows it to dominate the assemblage, sometimes to the exclusion for all other species, but usually to the extent that it constitutes more than 90 percent of the total assemblage. In the creek, N. iniqua appears tolerant to this stressed environmental conditions and  dominant in the entire Ostracod assemblage. The abundance of single taxon in this type of environmental conditions may be used as a proxy for the interpretation of paleomicroenvironmental niche.  







Variation in sediment dynamics during monsoon along Malvan-Devbag beach, Sindhudurg District, Maharashtra, West Coast of India
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The study area which forms a part of the Konkan region situated along the Sahyadri Ranges on India’s west coast, is acquiring international fame for its natural beauty and the scenic locations on beach and estuarine environment, making it a traveler's hot spot. This has turned the area in to one of the busiest coast. Apart from the beautiful beaches and island forts, the coast is also well known for fruits- mangoes, cashew nuts and kokum. The coastal ecosystem here is unique owing to the diverse tectonic, fluvial, coastal, and Aeolian processes. These geological and geomorphological processes, which have acted in varying degrees and duration during the Quaternary Period, have left their imprints in the form of various geomorphic features along the coast such as beach ridges, backwater lagoon systems, estuary and creek systems, spit and bar systems, etc. The presence of islands composed of crystalline rocks off the mainland close to the coast, the presence of bays, and a jagged shoreline are indicative of a submergent coast. Studies of various researchers including the present author have revealed the presence of beach ridges, occurrence of coral reefs, and lignite beds with in-situ mangroves high above the present sea level along the Maharashtra coast. These aspects present the evidences for both an emergent and submergent coast, suggesting a combined nature of coast. The coast is also regarded as one of the biodiversity hotspots of the country.


The present work is the outcome of first phase of our research where in sediment dynamics involving textural distribution, depositional environment, sediment movement etc have been studied for sediments representing monsoon environment along Malvan-Devbag beach, which stretches over 15 kms in length. The southern half of the beach is a barrier type with a spit formation at the southern end at the confluence of River Karli and Arabian Sea. 73 sediment samples were collected across the beach at 10m interval along 10 study sites. These sediments were subjected to textural analysis to obtain the graphic as well as moment textural parameters. The bivariant plots of mean size vs. standard deviation and CM patterns indicate that, the sediments become finer towards north with improvement in the sorting. The McLaren’s sediment transport model do not show much significance along the beach except for stations 5-7, which show strong onshore transport with 0.01 level of significance (stns. 5 and 6) and mild offshore transport with 0.05 level of significance of case C at station 7. The cross-shore transport also does not show any significant trend except for reference point samples, which shows strong northerly transport of 0.01 level of significance of case C. The study of alongshore currents also support the sediment movement due north.

Geochemistry of inner shelf sediments off Honnavar and Bhatkal, 
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Inorganic sediment geochemistry – major, trace and rare earth elements - of inner shelf region off Honnavar and Bhatkal have been studied to understand the source of the shelf sediments.  TiO2   content in the sediments of the study area (0.92 – 1.33 %) is much higher than that of the North American Shale Composite (NASC) (0.78%), the Russian platform sediments (0.795%), or average of World Rivers (0.789%). Al2O​3   abundance in the sediments of the study area (11.8-13.76%.) is low compared to the NASC (16.9%), Post Archaean Average Sediments (PAAS) (18.9%) and average upper crustal composition (15.2% ) and it  shows low order negative correlation with the CaO.  Fe2O3 content (5.71% - 7.1%) and Fe2O3/ Al2O3 ratios vary  between 0.48-0.55. and the narrow range of values preclude significant authigenic Fe bearing minerals or Fe coating on the settling particles in the study area. The average CIA value (62.35) and the range 54.54 to 67.19 calculated from the geochemical data for the sediments of the study area are higher than the upper crust (UC), and less compared to the post Archaean average shale PAAS and NASC. Positive correlation between Al and Fe, Ni, Cr, V suggest adsorption processes in the deposition of Cr, Fe, Ni, and V. In chondrite normalized rare earth element plot, the sediments of the inner shelf region off Honnavar and Bhatkal show light REE enrichments and a fractionated REE pattern (La/Yb)N ratio (10.3- 12.94) and (Ce/Yb)N ratio (6.19-9.94), with distinct -ve Eu anomaly (0.43-0.54). The observed geochemical characteristics have been interpreted to be due to mixed provenance- felsic and mafic. This suggests that the source material came from north and that there was a southerly drift.
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Floating breakwaters act as physical barrier to ocean waves and attenuation of waves takes place by energy dissipation due to a strong wave-structure interaction. There are many places in the marine setting where the traditional, fixed structure is not suitable.  Floating breakwater appears to be a competitive alternative where the exposure to the extreme wave is limited for some natural or operational reason. They are adoptable to varying water levels caused by tidal fluctuations. They have several desirable characteristics such as small capital cost, adaptability to varying harbour shapes and sizes, low construction time and freedom from scouring compared to fixed breakwaters of rubble, timber and piling. The design of the floating breakwater is based on the principle that more than 73% of wave energy is concentrated at the surface in deep waters, which is to be dissipated. The present work consists of a series of experiments on study of wave attenuation by Horizontal Interlaced Multi-Layered Moored Floating Pipe Breakwater (made of PVC pipes) model. The experiments were conducted with three layers of pipes of 25 mm diameter with spacing to diameter ratio, S/D=3 interlaced horizontally. 

The objective of the present study is to investigate the influence of relative breakwater width (W/L), wave steepness (Hi/L), relative wave height (Hi/d) on the transmission coefficient (Kt) and Kr. Non-dimensional graphs indicating the variation of Kt with respect to Hi/L for d/W value 0.074 and Kt Vs W/L with Hi/d as parameter ranging from 0.15 to 0.40 were drawn.  The experiments are being conducted in a regular wave flume on a 1/30 scaled down model with the width of the breakwater ranging from 1645 mm to 5436 mm. 

The range of values on which the experiments were conducted is as follows:

Width (W) = 5.14 m, depth (d) =50 cm, Hi = 6, 9,12,15,18 cm, T= 1.2, 1.4, 1.6 1.8, 2.0, 2.2 sec.  The relative wave height (Hi/d) ranged from 0.12 to 0.36, and the d/W value was 0.0920. The transmission coefficient (Kt) obtained from the above parameters ranges from 0.37 to 0.88 and Reflection Coefficient (Kr) ranges from 0.03 to 0.32.

Laboratory investigations on Berm breakwater using concrete cubes 
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Breakwaters are part and parcel of all ports and harbours and due to globalization, shipping of goods around the world is predominantly done through the waterways. This has necessitated the construction of breakwaters in deeper waters under more hostile environmental conditions to satisfy the greater draft requirements of the new and advanced vessels. This results in the use of very large weight protective armour unit. This has compelled the designers and researchers to substitute the traditional approach used in the past with the new and efficient design concepts. The concept of “Berm Breakwater” is a step forward in this direction. A wide berm at or around the water level comprising an armour layer which undergoes reshaping in response to wave action thus resulting in  a stable profile, forms the basic principle of design of berm breakwater.

        
The objective of the present study is to investigate the influence of wave height, wave period and berm width on the stability, wave runup and wave rundown aspects of berm breakwater using concrete cubes as armour unit.

        
The experiments are being conducted with a berm breakwater model of 1:30 scale, constructed using concrete cubes in a two-dimensional regular wave flume of dimension 0.71m x 1.1m x 50m.The breakwater model consists of 3 layers namely, the primary layer, secondary layer and core.

        
The experiments were conducted under following conditions: berm width = 45cm, water depth = 43cm, breakwater slope 1:1.5. The weight of concrete cube is 79.5gm. The wave heights used in the experiments were 10, 12, 14, and 16cm and wave periods were 1.6 and 2.0sec.

       
From the experiments it is observed that stability number varies from 2.30 to 3.59 .The runup values (Ru/Ho) vary from 0.52 to 0.79, range of rundown values (Rd /Ho) varies from 0.45 to 0.65. The cubes from the toe portion are displaced causing damage to the breakwater. The waves of 2 seconds period only caused intermediate damage to the structure.

Salt water intrusion in coastal aquifers and its remedial measures
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Salt water intrusion is a major concern in coastal aquifers around the world. Almost two thirds of world population lives within 400 km of shoreline which occupies 10% of earth’s surface. Most of these coastal regions depend on groundwater as the main source of fresh water for drinking, industry and agricultural purposes. As the coastal population grows at an alarming rate, fresh water supplies are constantly being depleted, causing salt water to intrude into coastal aquifers due to decrease in hydraulic pressure gradient. Under hydrostatic conditions, in an unconfined coastal aquifer, according to Ghyben-Herzberg principle, if the water table is lowered by 1m, the saltwater-fresh water interface rises by 40m and vice-versa.  The relation is hs = 40 hf where hs = depth below mean sea level where interface occurs and hf = elevation of groundwater table above mean sea level. The potential pathways for salt water intrusion includes hydraulic connection to coastal aquifer beds exposed at the seafloor, flow along buried ancient stream channels and flow through crushed rock in fault zones. The key to controlling saltwater intrusion is to maintain proper balance between water being pumped from aquifer and amount of water re-charging it. Excessive pumping from coastal aquifers should be prevented at any cost. For this, public awareness programme is required. Constant monitoring of the saltwater–fresh water interface is necessary. The other methods include artificial recharge of fresh water near coastal area and by constructing underground barriers between aquifer and seawater. This will increase the hydraulic pressure gradient towards land.

Influence of anthropogenic activities on coastal sedimentation pattern in the 
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Sedimentation along the coastal environment is highly complex, and responds sensitively to anthropogenic activity in addition to the natural conditions like wave currents, tidal processes, geomorphic setup, sediment influx and nature of sediment characteristics. In recent years, anthropogenic activities along the coast are increasing at alarming rate has lead to rapid changes in landform development and consequently to coastal zone management problem. Therefore, it is imperative to understand the influence of anthropogenic activities on coastal sedimentation for efficient management. In the present study shoreline region between Bhatkal and Baindur in Karnataka has been studied using Survey of India toposheet, Landsat data 1973, Landsat TM data of 1990 and IRS LISS data of 2002 & 2006. Previous seasonal studies along the coast have revealed cyclic seasonal variations - monsoonal erosion, post monsoonal accretion followed by two minor cycles of erosion and accretion between December and May.  Multidate images indicate significant changes especially in the vicinity of river mouths. Land use/land cover pattern  study indicates that the spit in front of the Yedamavina Hole  elongated by 85m towards South during the period between 1972 and 2002, and between the periods 2002 and 2006 it shortened by 57 m. Narrowing of the spit occurred after the construction of the sea wall on the northern bank. Sea walls are constructed at several places between Bhatkal and Baindur to protect the costal properties from the freak waves of SW monsoon.  Although, portion of the beach face where sea wall is constructed is protected, erosion is observed at some other locations where previously erosion was not recorded. These features reveal   shift in the zone of dominant erosion after construction of sea walls. Further, sea wall has not been constructed scientifically; it is more of dumping of available gneissic rock blocks. Removal of beach sand beneath the seawall by freak waves of monsoon lead to the collapse of the constructed seawall at many places. Another important anthropogenic activity is sand mining from the beach. About 100m3 per day of sand is being mined from the beach between Bhatkal and Baindur. Wherever sand mining is observed, severe erosion is observed in the vicinity. Land use/land cover change between the periods indicates significant change in land use pattern with regard to urban coverage, agriculture use and mangrove coverage. Influence of these features is interpreted in terms of sediment budget and sink. 
Major ions chemistry for understanding the influence of 
sea water on coastal aquifer south of Chennai, Tamil Nadu
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The coastal environment is getting affected due to rapid urbanization. Urbanization has lead to increased groundwater pumping for domestic use from coastal region which promote the inward movement of seawater. The present study was carried out in South Chennai coastal aquifer, with the objective of studying the effect of sea and contaminated canal on groundwater quality. The study area lies  south of Chennai city with Bay of Bengal to the east, Buckingham canal to the west, the Adyar estuary to the North and Muttukadu backwater to the South. Urban settlement is comparatively high to the north relative to the area to its south. Water samples were collected from 50 locations including open wells, bore wells and sea, during August 2008. The locations were selected in a profile manner i.e., perpendicular to the shoreline and Buckingham canal. Five profiles were selected perpendicular to the coast in the study area. The samples collected were analysed for major ions using ion chromatography. The regional groundwater flow direction is towards west and east from the centre. The dominant groundwater types are NaCl and CaHCO3. Along the direction of the flow, increase in the concentration of major ions was observed. The major process controlling the groundwater chemistry of the study area is ion exchange, evaporation, and evapo-transpiration. The concentration of major ions increases with respect to depth near the coast and Buckingham canal. The concentration of ions decrease from north to south as the land use is semi urban in the south. 
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Mudbanks are the calm patches of water within an agitated sea, formed due to wave damping and appear close to the shoreline of Kerala during the south west monsoon.  Detailed geological and geochemical studies were carried out in the mudbanks off Alleppey.  X-Ray Diffraction and chemical analysis of Alleppey mudbanks sediments have shown the presence of zaherite (Al12(SO4)5 (OH)26. 20H2O), which has not been reported from this area so far.  It has a density of 2.007 and occurs as extremely fine tubular and fibrous grains. Though electrostatically neutral, zaherite is bipolar. The concentration of zaherite calculated using SO4 content in the mudbank sediments varies between 2% and 3%.  Along with zaherite, gibbsite is also present in small quantity in the mudbank sediments which is also bipolar in nature.  Mudbank sediments are characterized by abnormally high water content and lack of cohesion and shear strength.  The water content in the Alleppy mudbank sediments ranges between 220 to 255%.

       
Mudbanks occur in shallow waters with their seaward periphery confined to the zone where the wave base confronts with the seafloor strongly.  Bathymetry has a key role in delineating the seaward periphery of mudbanks.  In this zone, large quantity of wave energy is transferred to the seafloor, a phenomenon which is maximum during SW monsoon.  Due to this, the bottom sediments undergo intense churning and are brought into re-suspension.  During this process, the adsorbed cations are stripped off from the flocculated clay minerals due to the energy imparted by the waves, making them negatively charged.  These charged minerals again flocculate by adsorbing cations from seawater. But when zaherite and gibbsite are present in the sediments, the clay minerals get attracted towards their positive ends than the less active sodium, potassium or magnesium ions available in seawater. In this process, the clay minerals flocculate by randomly sticking to zaherite and gibbsite grains and settle.  Due to this random orientation, the sediments remain loosely packed making them extremely porous.  The porous mud at the top and consolidated mud at the bottom with transitional boundary in between is collectively called as ‘dispersed mud’ which is responsible for wave damping and mudbank formation.

      
The extremely porous nature of mudbank sediments enables them to carry large quantity of pore water.  Hence, the volume of mudbank sediments is relatively higher than that of the adjoining sediments.  This increase in volume of sediments is responsible for the mudbank area to stand out as an elevated platform above the seafloor.  Since the energy transmitted by the pounding waves is maximum at the seaward periphery of the mudbank, this platform has maximum height in the region.
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Breakwater is a structure used to obtain tranquil conditions at its leeside. Rubble mound structures are widely used around the world as breakwaters and for shore protection. Concrete caissons are adopted, when sufficient quantity and good quality rubbles are not available in the vicinity of the proposed port construction site. Both  these types are expensive in deeper waters and hence special type of breakwaters which require less concrete per unit run and which transmits less wave energy is to be designed. Since in deeper waters, most of the wave energy is concentrated near the water surface, a structure, which can effectively intercept and dissipate or reflect this energy, is required. The presence of a horizontal plate near the free water surface reduces the wavelength over the plate, increases the wave height due to shoaling and a part of the incident wave energy gets dissipated by wave breaking, turbulence and by overcoming the friction developed on the plate surface. 
Plate breakwaters have the advantages of low interference with current and sediment transport while saving substantial quantity of material. They permit exchange of surface and subsurface water and living organisms and hence, suitable for ecologically sensitive region.
This paper examines the wave transmission over a rigid submerged horizontal and vertical plate using physical model studies conducted using monochromatic waves in a laboratory wave channel. 30cm wide plate with 3mm thickness is used in the model, with non-dimensional parameters d/gT2 ranging from 0.006 to 0.051 and ds/Hi (relative depth of submergence) ranging from 0 to -3.0. Vertical plate kept at the surface is effective for the entire range of wave parameters. The horizontal plate with ds/Hi = 0.33 to 1.0 is effective to bring the values of Kt below 0.6, when d/L > 0.22 and H0/gT2 > 7x10-3. Horizontal plate is more appropriate for the coastal protection works since it selectively reduces the dangerous short and steep waves.
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India has been traditionally vulnerable to natural disasters on account of its unique geo-climatic conditions. Floods, droughts, cyclones, earthquakes and landslides have been recurrent phenomena. About 60% of the landmass is prone to earthquakes of various intensities; over 40 million hectares is prone to floods; about 8% of the total area is prone to cyclones and 68% of the area is susceptible to drought. In the decade 1990-2000, an average of about 4344 people lost their lives and about 30 million people were affected by disasters every year. The unplanned development, population explosion and industrialization all together accelerate the natural disaster particularly in developing and under developing countries. Himalayan region is more susceptible for landslide activity and large number of landslides has been reported in past. Malpa Landslide in Pithoragarh district of Uttarakhand (1998) killed 380 persons and the entire village was washed away. September 20, 2008 Landslide in Shimla, (H.P.) killed 26 persons and damaged roads and bridges. 


Floods are probably the most recurring, widespread, disaster and frequent natural hazards of the world. India is one of the worst flood-affected countries, being second in the world after Bangladesh and accounts for one fifth of global death count due to floods. About 40 million hectares or nearly 1/8th of India’s geographical area is flood-prone. The plains of north Bihar are some of the most susceptible areas in India, prone to flooding. On December 26, 2004, a massive 9.0 magnitude earthquake generated a tsunami that caused great destruction and loss of life .The disaster struck more than 10 countries, killed at least 283,000 people and displaced a further 1.1 million in the countries bordering the Indian Ocean. Studies of the tsunami concluded that there is a need for more effective warning and preparedness to evacuate threatened populations. Among the various natural disaster/hazards that our planet earth is subjected to, an earthquake happens to be the most devastating, resulting in heavy loss of human life and material. India is unique as far as earthquakes are concerned.  Earthquake damage is to be reduced by the application of modern seismo-geotechnology. Efforts are being made to minimize loss of life and property by designing earthquake resistant structures.


As per the latest seismic zoning map brought out by the Bureau of Indian Standards (BIS), over 65% of the country is prone to earthquakes of intensity MSK VII or more. Some of the most intense earthquakes of the world have occurred in India, but fortunately, none of these have occurred in any of the major cities. India has highly populous cities including the national capital of New Delhi, located in zones of high seismic risk. Typically, the majority of the constructions in these cities are not earthquake resistant. Thus an earthquake striking in one of these cities would turn into a major disaster.


The Government of India–United Nations Development Programme (GOI-UNDP) Disaster Risk management Programme is a national initiative to reduce vulnerabilities of communities in some of the most hazard prone districts of India (169 cities and 17 states). The programme aims to contribute to social and economic development goals of National and State Governments, enable them to minimize losses and reduce their vulnerability to natural disasters. The programme relies upon a communities based approach to disaster management, and seeks to build capacities of communities, government functionaries and other stake-holders in disaster management, at all levels, in an organized manner.

When a hazard looms, advanced warning can make a critical difference in saving lives and protecting property.

USGS has formulated methods to provide warnings in advance of the onset of hazard. These include:

i) 
Develop new methodologies that use seismic data telemetry to reduce the response time for earthquake notification, in some cases even before shaking begins;

ii) 
Provide real time information from stream gauges and others to use in making forecasts and issuing flood warnings; 

iii) 
Develop and fully deploy debris flow early warning systems;
iv) 
Provide a five minute notification of ash–producing volcanic eruptions so that air traffic control centers can provide airline pilots and dispatchers enough lead time to alter flight plans;
v) 
Forecast the expected locations and relative magnitudes of extreme coastal changes 48 hours before hurricane landfall by using hurricane track and intensity forecasts supplied by the National Hurricane Center.

Disaster Management has to be a multi-disciplinary and pro-active approach. Besides various measures for putting in place institutional and policy framework, disaster prevention, mitigation and preparedness by, Central and State Governments, the community, civil society organizations and media also have a key role to play in achieving goal. 
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In the early days when breakwaters were built in relative shallow waters, the use of natural stones as armour units posed no problem since stones of required size/weight were easily obtained from quarries nearby. As the construction started moving into deeper waters, the wave load on armour increased requiring heavier armour units and it was found that natural stone no longer served the purpose of armour units since such large weights of stones were uneconomical to quarry or transport or were not available in the quarries nearby. With the development of concrete technology, the most logical solution was the use of concrete blocks instead of natural stones.
The paper discusses physical model study on the hydraulic performance of tandem breakwater system subjected to varying wave climate and water depths, while keeping crest width of submerged reef constant. It compares the results with those of a conventional single breakwater. The model consists of a conventional single breakwater protected by a submerged reef of crest width 0.2m and placed at seaward spacing of 4.0m. The breakwater in both studies (i.e., conventional single breakwater and tandem breakwater) are armoured with concrete cube while the submerged reef is constructed using natural stone armour. The models are tested in water depths (d) of 0.3m, 0.35m and 0.4m for waves of 0.1m to 0.16m height while the wave period (T) varied from 1.5sec to 2.5sec.
The data collected in the present experimental work, like, incident wave characteristics, wave run up and run down are expressed in non-dimensional quantities. The relationship between the parameters like relative run up (Ru/Ho), run down (Rd/Ho), deep water wave steepness parameter (Ho/(gT2)), coefficient of transmission (Kt) and damage level (S) are analysed.
It is concluded from the study that the relative run up and run down are up to 33.61% less and up to 54.48% less respectively when compared to that of the conventional single breakwater while the maximum run up and run down are respectively 1.67 and 0.78 times the deep water wave height. Coefficient of transmission (Kt) varies between 0.59 and 0.81 for the test parameters considered. It was found that the damage of breakwater is reduced up to 60.21% when compared to conventional single breakwater.

Monitoring short term morphological changes in and around Nethravathi-Gurupur estuary of Mangalore coast- A Geoinformatics approach
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Short term shoreline change detection studies and coastal mapping are very critical for navigation, coastal zone management and sustainable coastal development. In the present paper an attempt has been made to understand the dynamic marine and river environments responsible for the morphological changes in and around Nethravathi-Gurupura river mouths. The Nethravathi-Gurupura river system, the largest river basin of Dakshina Kannada of southern Karnataka, was chosen for the study due to the rapid industrialization and urbanization which is taking place in this basin. The aim of this study is to analyze the present dominant environment and the impact of human activity on this coast.  The satellite images obtained through remote sensing techniques provide synoptic, multispectral and multi temporal information, which can be used effectively for mapping, monitoring and understanding these changes. Various thematic maps like geology, geomorphology and land use/land cover maps of the lower reaches of the river basin have been generated based on the analyses of the remotely sensed data. Short term shoreline change (1992-2009 period) analysis has been carried out using multidated satellite images. The results obtained based on the multidated data study   show that the Bengre coast, north of the northern breakwater experiences accretion, while the Ullal coast, south of the southern breakwater generally experiences erosion. Accretion areas are located near coastal structures especially the breakwaters that block the along shore sediment transport. Added to this, the two ships drowned near the Bengre spit about 2 years back, act as temporary breakwater, and this has resulted in a convex beach near Bengre. Based on the study a GIS database has been developed and updated in order to provide access for future use and computer analysis.  The study includes an estimation of the coastal processes, the impact of the anthropogenic activities on these processes and finally, their documentation.  The study has indicated that the multidated satellite images can be used for coastal changes detection analysis and the accuracy could be increased by using high spatial resolution images.

Monitoring the land degradation and its influence on the coastal environment of Mangalore through RS and GIS approach
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The coastal environment of Mangalore is being degraded due to rapid increase of population and developmental activities along the coast.   In the present paper an attempt has been made to understand the coastal environment through an integrated approach of remote sensing and GIS techniques.  As the remotely sensed data provides spatial information in multispectral, and multidated mode, they can be successfully utilized for monitoring the coastal environment. The analyses of the Indian Remote Sensing satellite images have indicated that the land use, land cover has changed drastically over the last 15 years.  Agricultural areas have been converted into built up areas/industrial areas.  The improper land use/land cover practices are deteriorating the environmental conditions at an alarming rate. The lateritic hills/mounds which once existed in large numbers are disappearing and this has resulted in vegetation and topsoil loss and consequent land degradation. The soil brought from the laterite mounds/hillocks are being used as a filling material in the low lying areas. Improper drainage outlets cause artificial floods during monsoon. Multidated satellite images have been used to monitor such dynamic changes occurring in the coastal environment.  The integration of the information derived from the remotely sensed data with the field data in a GIS environment has helped in suggesting suitable management plans for the coastal environment.      
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The remotely sensed data like aerial photographs or satellite images have proved their capability and they can be used as valuable information sources for the analysis of the factors characterizing spatial variability that influence and condition the water runoff in a drainage basin. Nethravathi, a major river system of Dakshina Kannada district originates in the Western Ghats and has a large catchment area. Gurupur, Nethravathi and Kumaradhara are the three major tributaries of this river system.  In the present study, the morphometric and morphological analyses of the river basin has been carried out using topographical maps, Indian Remote Sensing Satellite images, aerial photographs and field work. Drainage maps were generated based on Survey of India topographical maps and updated using aerial photographs and IRS-ID hybrid data. The updated drainage maps were used for the morphometric analysis of the river basin. Various thematic maps like drainage density, drainage frequency, slope, dissection index, geology, geomorphology and land use/land cover map of the area has been generated using visual and digital analyses of the satellite data.  The river basin shows dendritic, parallel, radial, rectangular, braided and barbed drainage patterns. The drainage density and frequency are very high in the eastern part due to the high relief and intense precipitation. Analyses of remotely sensed data of the river basin together with observations in the field have provided evidence of neotectonic activity.     
A Study on Coastal/Estuarine Morphodynamics and Flood Prediction Model of the Swarna Estuary, Southwest Coast of India
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Coastal geomorphological processes dependant on the sources and volume of sediment supply, direction of its movement in the littoral zone. Estuarine environment is characterized by dynamic water bodies with different temporal changes that occur due to hourly (tide) to seasonal variations (river discharge). Any modification to the hydrological regime (tide, wave and river discharge) or sediment supply affects the estuarine evolution and alters the previously-achieved equilibrium system. The present study deals with morphodynamics of Swarna estuary and adjacent coastal region extending from l3°23'30'' to 13°28'30'' N latitude and 74°41'55'' to 74°45' E longitude. 

Potential forcing mechanisms of coastal and estuarine processes like wave breaker directions, longshore currents, littoral drift, tidal currents associated with changes in the nearshore bathymetry and generation of sediment plumes have been noticed in the study area. Qualitative and quantitative evolution of the Swarna estuary during the past 38 years (1967-2005) have been analysed by integrating the field surveys, satellite images and topographic data in GIS context. Significant changes in erosion/accretion patterns of the estuarine banks, inlet configuration and adjacent spits; morphology, orientation and areal extent of braided islands have been assessed. There are about 15 islands in the estuary which have been studied in detail with respect to their origin and evolutionary changes. Morphological changes of the estuarine mouth and adjacent spits are ascribed to net southerly drift along the Kodi Bengre spit and the plumes acting as barriers for the drift. As a result, the estuarine mouth has migrated towards southeast and distal ends of the Oddu Bengre and the Kodi Bengre spits are subjected to erosion and accretion respectively. These changes in turn might have been responsible for changes in morphology and orientation of braided islands as well as net erosion of the Right bank (Rb) and accretion of the Left bank (Lb). 

A conceptual Inverse Distance Weighted (IDW) interpolation model was generated using >500 elevation points and validated to evaluate the impact of flooding on the estuarine shoals and islands due to heavy rainfall and/or sea-level rise. The ground truth survey data and interpolation model reveal that the gradient of the Swarna estuarine basin is towards north. The possibility of flooding of islands would be more on those close to the Rb and in the centre compared to the ones close to the Lb. On an average, 21-30% of the area of all braided islands would be flooded, if there is a rise in water-level by 0.5 to 1m.  As far as shoals are concerned, major portions of them will be submerged in water if there is a rise in water-level by the same magnitude.  
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Geographic Information System (GIS) is one of the most important tools for integrating and analyzing spatial information from different sources or disciplines. It helps to integrate, analyze and represent spatial information and database of any resource. Varada river Basin of Shivamogga District, Karnataka, India is the study area for groundwater quality mapping using the GIS. Though the basin receives heavy rainfall, it frequently faces water scarcity as well as water quality problems in some specific areas. Hence, a GIS based groundwater quality mapping has been carried out in the region with the help of data generated from chemical analysis of water samples collected from open dug wells in the basin. Groundwater samples show quality exceedence in terms of pH, hardness, EC and the salinity. These parameters indicate the level of quality of groundwater for drinking and irrigation purposes. Arc view 3.2a GIS software was used for generation of various thematic maps and for spatial analysis and integration to produce the final groundwater quality map. The groundwater quality map shows fragments pictorially representing groundwater zones that are desirable and undesirable for drinking and irrigation purposes. The chemical relationships in Piper and Gibbs diagram also suggest that the groundwater mainly belongs to acidic to neutral type. A comparison of groundwater quality in relation to drinking water quality standards proves that most of the water samples are suitable for drinking as well as for irrigation purposes.
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Over-pumping in sensitive portions of coastal aquifers can cause seawater intrusion. It often results in the degradation of water quality within the aquifer and may ultimately require costly remedial measures. In India, salinity problems have been observed in a number of places in coastal areas of the country. Actual and projected level of groundwater exploitation in Kundapura, Udupi and Mangalore in the southern Karnataka coast is 33%, 45% and 45%, respectively in 1998 and 79%, 90% and 80% respectively in 2012. Therefore there will be high possibility of the coastal areas of Kundapura, Udupi and Mangalore being subjected to sea water intrusion and needs to be studied in detail. In this paper, status of coastal aquifer in the southern Karnataka coast between Mangalore to Bhatkal has been discussed.  Water samples have been collected and laboratory tests have been conducted to check the concentration of Cl, which will be taken as the indicator of the salt water intrusion.  Based on this, a map showing the salt affected area of the region has been generated.  
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Processes such as tides and waves, river discharge, wind stress and turbidity currents modulate the transport and distribution of suspended sediments in coastal environment. The study of suspended sediment has an ecological importance because it is the main carrier of various inorganic and organic substrates and becomes the main substratum for biogeochemical processes. Suspended sediments also affect the penetration of light, transport of nutrients, shoreline morphology, and other coastal processes.   

The present study has been conducted along the southern Karnataka coast located between 12° 45’ N to 13° 45’ N latitudes and 74o 15’ E to 75o 15’ E longitudes. Ocean Colour Monitor (OCM) data of IRS-P4 satellite and LISS III data of IRS-1D satellite have extensively been used in the present study. The validated Tassan’s algorithm has been made use of for the retrieval of suspended sediment. The measurements have been drawn from the predefined stations on the maps covering the summer (January and February), pre-monsoon (April and May) and post-monsoon (October and November) seasons and have been analyzed to understand the spatial and seasonal distributions.

ANOVA test has shown that suspended sediment concentration varied significantly both spatially and seasonally. It was higher in estuaries and nearshore waters, and decreased towards the offshore. Stations that fall on 5m bathymetric contour recorded higher concentrations in all the seasons compared to the stations that are located far away from the shore. Higher concentrations were recorded in post-monsoon followed by pre-monsoon. The higher concentrations during post-monsoon can be interpreted as the impact of South-West (SW) monsoon. However, the latter can be attributed to the effect of turbulence generated by the changing wind, wave and current patterns during this period. 

Majority of the rivers in the study area originate in the Western Ghats and the valleys have steep slopes and high gradient in the initial stages of their flow.  Hence these rivers are expected to contribute good quantities of sediment into the Arabian Sea. But in comparison with the east flowing rivers, these rivers have very small drainage basins and they flow on hard rock terrain with the water flow being minimal during summer and pre-monsoon seasons. As a consequence, the net annual sediment supplied into the Sea is limited. However, during monsoon, the heavy precipitation sufficiently erodes the land and hence these rivers can carry good quantities of sediment along with high runoff. The higher sediment concentration recorded during the post-monsoon periods in the present study can be considered as an evidence for this. However, it should be noted that erosion of beaches by the energetic waves and turbulence generated by the stronger currents also contribute significantly to the increased concentrations during monsoon and post-monsoon seasons. 

The sediment redistribution pattern is affected by coastal configuration and various coastal processes. This has resulted in both depositional and erosional landforms in the study area. Based on the image interpretation and field observations, different landforms have been identified in the study area. Shoals and mudflats in the Netravathi estuary have been stabilized and emerge as islands. Beach ridges along Udupi-Kundapur sector, swales at Kaup, Padubidri, Panambur and Bengre beaches, mudflats in Chakra, a vast marsh land in Haladi and a few tidal flats in Kollur-Chakra-Haladi and Sita-Swarna estuaries have been noticed in the study.

Interpretation of satellite images has indicated that the littoral drift direction is south to north during monsoon and north to south during summer. Pre-monsoon and post-monsoon are the transitional periods and littoral drift may be either to the north or to the south depending on the wave approach angles. However, there are localized variations in some of the sectors because of the coastal configuration and presence of coastal structures. In the LISS imagery littoral drift direction can be determined by the shapes of the turbid plumes, which are elongated in the direction of flow of currents. The higher concentrations of suspended sediments recorded in the nearshore stations in the present can be attributed to the littoral drift.

 It is also observed that when the westerly waves approach the shore, onshore-offshore movement of the sediment is dominant. The suspended materials are transported several kilometers towards the offshore during monsoon due to the high discharge capacity of rivers and associated dominance of riverine currents over tidal currents. From the study, it is clear that during the fair-weather season when the longshore current is southerly, the coast shows an accretional trend and during monsoon when the longshore current is northerly, it shows an erosional trend. 
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         Targeting groundwater resources is very necessary as the available surface water is not sufficient to meet the demands owing to increase in population, agriculture, and industrial growth in Udupi District. For a proper understanding of the problem and remedial measures, there is a need to establish Ground Water Information System (GWIS), where data from various sources can be stored and analyzed in time and space.                Occurrence of groundwater in hard rock area is erratic and its analysis needs information on various parameters such as geology, geomorphology, recharge, aquifer geometry, porosity, specific yield, storage, yield etc., besides its variation in time and space. To develop GWIS of river basins of Udupi District, SuperWeb GIS has been used. In the present paper, an approach adopted for establishing GWIS of Udupi river basins and its analysis has been discussed. About 50 observation sites have been identified for generating GWIS of all river basins and it includes integration of information on water table fluctuation, geology, geomorphology, aquifer characteristics, electrical litho-log, topography, location and administrative details, depth of basement, aquifer hydro-geophysical parameters, plan and cross section of the aquifer etc.  The developed GWIS has helped in understanding and analyzing the groundwater potential of the river basins of Udupi District.  It is suggested that GWIS in other parts of the hard rock area may be attempted for planning and management of groundwater resources.

RS and GIS Applications for ICZMP - A case study of 
Coastal Region of Dakshina Kannada District
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The coast attracts vast human settlements due to its proximity to ocean's living and nonliving resources, as well as marine transportation and recreation. In the present scenario coastal areas are under great pressure due to increase in human population, over exploitation of natural resources and also due to improperly planned developmental activities.  Consequently these areas are vulnerable to environmental degradation, resource reduction and user conflicts. Coastal zones and resources associated with the coast are valuable natural endowments hence need to be managed for present and future generations. This requires an integrated and organized costal zone management plan which involves action of all institutions that are involved in coastal development. Management of coastal zone could be effective only if the decisions are based on appropriate, reliable and timely data and much of this data is likely to have both spatial and non-spatial component. The required qualitative and quantitative geographical data can be efficiently acquired and managed by using the integrated technology of Remote Sensing (RS) and Geographical Information System (GIS) and can be made use in developing appropriate Integrated Coastal Zone Management Plans (ICZMP). An attempt is made here to demonstrate  how RS and GIS is applied to prepare various types of thematic maps viz, Land use/Land cover(LU/LC) map, Inundation map, contour map and Digital Elevation Model(DEM) for  the study area which supports the development of ICZMP. 

The study area selected for the present work was coastal region of Dakshina Kannada District. The study area is situated along west coast of India and covers an area of 777 sq km. Data products viz. Toposheets of Survey of India (SOI) and multi-date satellite data of IRS-P6 LISS-III were used for the present work. LU/LC classification was performed by applying the supervised classification method and then change detection analysis was carried out for classified images of year 1997 and 2008. Shuttle Radar Topography Mission (SRTM) data, ERDAS IMAGINE, ArcGIS software were made use to develop Digital Elevation Model (DEM) of the study area and inundation maps were generated so as to identify the flood prone areas. The present study shows that the built-up area increased drastically by 168%.  On the other hand, evergreen forest area and water resources got decreased by 50.45% and 18.78% respectively within a short span of 11 years (between 1997 and 2008). Inundation maps were prepared for the study area and it was identified that marshy areas near the Gurupur River in Thokur and Malavur tend to get submerged for 1m rise in the water level The integrated technology was found to be effective not only in monitoring and analyzing the changing pattern of LU/LC but also in identifying flood prone areas and evaluating impact of LU/LC changes on Costal Zones.

Synergism of Envisat -ASAR and ASTER data for coastal zone morphological change detection in Cuddalore coast, Tamilnadu, India
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The evaluation of coastal zone landscapes and changes is based upon different sub functions which refer to landscape features such as water, soil, land-use, buildings, groundwater, and biotope types. Information about changes is useful for management of natural resources. Coastal geomorphology in Cuddalore coast has conspicuously changed partly by human activities and partly by natural processes. This study focuses on the assessment of coastal zone morphological changes based on the fusion of time-series hyperspectal and SAR data. In this work, Principal Component Analysis (PCA) technique is used for merging Envisat-ASAR and ASTER (VNIR) images to make use of the potential of data fusion techniques of image processing in the interpretation of coastal geomorphic features. This procedure has resulted in enhancing various landforms and its changes in the study area. Fusion of ASTER (VNIR) and Advanced Synthetic Aperture Radar (ASAR) images provides complementary data to increase the amount of information that can be extracted from the individual input images. Results of morphological changing condition map are useful tool for coastal disaster managements.
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Remote Sensing and geophysical techniques have been used for investigation in the environmental sciences with a remarkable success. Remote sensing techniques are advantageous because of their cost effectiveness, their ability to study inaccessible areas, synoptic view and repetitive coverage. Geophysical techniques too are non-invasive and can furnish broad composite images of subsurface over large areas at relatively low cost and high speed. In the present age of Geo-Information technology, it is almost becoming the norm to combine both remote sensing and geophysics in environmental studies. However, in engineering site investigations remote sensing and geophysics are rarely integrated and the present study aims to outline a methodology for the integration of these genetically related data sets with geological/geomorphological data serving as ancillary information, in engineering site characterization. The results of remote sensing and geophysical surveys were integrated in the GIS environment so that regional and local geology, sub surface lithologic layering, slope magnitude/aspect, bedrock structural features, depth to bedrock, aquifer types/ water resources, sub soil competence within the target site could be achieved.

In the present study, Udupi Taluk which lies between 13(05( N and 13(55( N latitude, 74(55( E and 75(23( E longitude has been investigated. The area is almost plain towards west with an undulating topography towards north–east. The general elevation of the area ranges from 20 m to 100 m above mean sea level. 

The results of remote sensing and geophysical surveys were integrated in the GIS environment so that regional and local geology, sub surface lithologic layering, slope magnitude/aspect, bedrock structural features, depth to bedrock, aquifer types/ water resources, sub soil competence within the target site could be obtained. The IRS LISS-III images of March-April period have been selected for the present study. The first band was separated from the BIL format of the data (which has all the four bands). It was then subjected to atmospheric corrections as the shorter wavelengths suffer to a greater extent from scattering phenomenon. Thereafter it was geometrically corrected and registered to a base map prepared using the Survey of India Topographical map of 1967-68. Polyconic projection with modified Everest datum (a local geodetic datum, based on the Everest spheroid) has been utilized for projecting the image as it best fits in the context of Indian subcontinent. The thematic maps like geology, soil, slope, geomorphology, landuse and landcover maps were prepared using visual and digital analyses and were integrated into a GIS data base using SuperGIS software. 
Most of the topsoil layer has resistivity values ranging from 10 Ohm-m to 3100 Ohm-m and thickness values ranging from 0.5m to 3m. The variation in receptivity is due to the variation in composition of the surface soil and moisture content. Resistivity, thickness, composition and texture of laterites vary from place to place. Resistivity of laterite ranges from 120 Ohm-m to 3500 Ohm-m. Low resistivity laterites are due to the presence of unleached clay minerals within the laterites. The resistivity survey shows high values of apparent resistivity, due the presence of weathered rock, mainly laterite. These regions are situated on the topographically elevated regions. The lithomargic clay region is underlined by gneiss of high resistivity values.  This perhaps is responsible for greater lightening strikes on these areas.

Drainage pattern provides indication of hydrogeological conditions of a region. Many factors such as lithology, nature and degree of soil development, its texture and structures, moisture content, permeability, vegetation cover and degree of fracturing in rocks control the drainage pattern of the region. The drainage density map of Udupi taluk shows low density on the eastern side of the taluk. This is due to the presence of highly resistant rocks like gneisses and granites and dense vegetation. Presence of porous laterite, sparse vegetation and relief due to lateritic mesas favor high drainage density in the central portion of the taluk. 

The study has indicated that the integration of remote sensing and geophysical techniques could be used to satisfactorily characterize the environment. Such an integrated approach is capable of furnishing information from different dimensions like air, ground surface and sub surface. For this purpose, a four-stage activity has been proposed which  includes remotely sensed data collection and analysis, ground truthing, sub surface investigations using geophysical methods, and finally  integration of the thematic information in a GIS environment. 
