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हाल के िदन  म, सामािजक तथा औद्योिगक लाभ  के िलए पहले से पहचाने गए अनसुधंान सरुाग  को पांतिरत करने हेत ुिवज्ञान, प्रौद्योिगकी एव ंनवप्रवतर्न 
को समि वत करने की सभंा य आव यकता पर जोर िदया जाता रहा है। माचर् 2017 म बारहवीं पचंवषीर्य पिरयोजनाओ ंके समापन के साथ सरकार की योजना 
और िव  पोषण म भी मूलभूत बदलाव है। वैज्ञािनक योजनाए ँमाचर् 2020 म समा  होने वाले तीन वष  के िलए अिभकि पत की गई ह। बदले हुए पिर य के 
साथ सि मिलत हो ते हुए, सीएसआईआर-एनजीआरआई म विरत पांतरणीय पिरयोजनाओ ंसिहत नई पिरयोजनाए ँप्रितपािदत की गई ह। पृ वी िवज्ञान 
अनसुधंान को नई ऊंचाइय  तक ले जाने के िलए ससंाधन  को अनकूुलतम बनाने और उ ह समि वत करने के िलए सधुार सं थान के सगंठना मक ढांचे म रहे 
ह। सं थान की अनसुधंान पहल  को तीन यापक िवषय  म वगीर्कृत िकया गया है। जैसे िक भूगितकी, भूकंप जोिखम तथा भू-पयार्वरण और प्राकृितक ससंाधन। 
वतर्मान यान उपयुर्क्त आधािरत िवषय  के अनसुार पृ वी िवज्ञान के मह वपूणर् पहलओु ंको सबंोिधत करने वाले अनसुधंान पिरयोजनाओ ंपर है। उ च गणुव ा 
अनसुधंान के िलए यवुा भू-वैज्ञािनक  के शैक्षिणक याख्यान  (वाई ओ जी ए) की नई शु आत सीएसआईआर-एनजीआरआई के यवुा वैज्ञािनक  म पार िवषयी 
पार पिरक िक्रयाकलाप  को बढ़ावा द ेरही है। 

सीएसआईआर-एनजीआरआई का भू-िवज्ञान अनसुधंान म एक पहृणीय थान हािसल करना जारी है। हमारी वैज्ञािनक उ पादकता प्रितवेदन अविध के िलए 
अतंरार् ट्रीय और रा ट्रीय ख्याित की शोध पित्रकाओ ंम लगभग 260 अनसुधंान पत्र  के प्रकाशन, 60 तकनीकी प्रितवेदन  और 4 पेटे ट  के साथ समिुचत 
प से अ छी रही है। सीएसआईआर सेक्टरीय मॉनीटरन सिमित ने चार बारहवीं योजना पिरयोजनाओ ंकी समीक्षा की है और उ ह उ कृ  और उ लेखनीय 

बताया है। तीन वैज्ञािनक  को रा ट्रीय भू-िवज्ञान परु कार  से स मािनत िकया गया, और एसीएसआईआर एव ंअ य िव िवद्यालय  द्वारा उ नीस शोध छात्र  को 
सफलतापूवर्क उनकी पीएचडी उपािधया ँप्रदान की गई ह। 

पूवीर् धारवार के्रटॉन म, आधं्र प्रदशे-तेलंगाणा और अ य शी ड नेटवक  से यु प न के्षत्रीय भूकंप आकंड़  का प्रयोग करके िकए गए भूकंपी अ ययन बताते ह िक 
भूकंपीय गितिविध को प्रधान सरंचना मक प  जैसे िक गोदावरी ग्राबेन, न लमला अप पण अचंल और क्लोसपेट गे्रनाइट जैसे अतंवेर्धन  के साथ सहसबंिंधत 
िकया जा सकता है। उ र पि म - दिक्षण पूवीर् उ मखु भ्रंश परम लेट गित िदशा के अिभलंब ह और नविववतर्िनक गितिविध के साथ सपु्रकट ह, जबिक पूवीर् 
तट के समानांतर अप पण अचंल िवसिरत और कमजोर भूकंपनीयता िदखाते ह। कमजोर के्षत्र  म सू म-भूकंप गितिविध मॉनीटरन को बढ़ाना भूकंपनीयता की 
गहराई को और उद्गम कद्र सबंधंी िक्रयािविधय  को यव द्ध करने म मददगार होगा। 

कोयना-वानार् के्षत्र म, कम-ऊंचाई वायवुािहत गु व प्रवणता और चुबंकीय (ए जी जी एम) सवेर्क्षण  ने पि मी िह से की तलुना म खाई-प्रवण के पूवीर् िह से म 
बेसा ट की उ च मोटाई, और अधोकद्रीय मंडल के अड़ोस-पड़ोस म थानीय घन व िवषमताओ ंको प्रकट िकया। कोयना-वानार् भूकंप ोत के्षत्र से िघर ेहुए 
वेधिछद्र  म, जल तर म जो बदलाव दखेे गए ह, वे िबना िकसी पूवर्वतीर् सकेंत के भूकंप की घटना के साथ तु यकािलक ह। इस के्षत्र म पहले की भूकंप घटनाओ ं
की भूकंपनीयता और भ्रंश-तल आकंड़  से प्रधान पे्ररणाथर्क भ्रंश  के झान  का सटीक िचत्रण हो पाया है। इस के्षत्र म िनरतंर भूकंपनीयता के िलए एक कारण 
के प म रधं्र दाब िवसरण का िववेचन करने के िलए एक 3-िवमीय तरल प्रवाह सखं्या मक नमूना का उपयोग िकया गया था। हालांिक जलाशय म जल तर 
के उतार-चढ़ाव भूकंप पैदा करने के िलए पयार्  ह, सखं्या मक नमूना इंिगत करता है िक कोयना-वानार् के्षत्र म भूकंप  की उद्गम कद्र सबंधंी गहराइय  पर दाब के 

प्राक्कथन
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िवसरण को 2-6 मीटर / िदन के फासले म जलीय चालकता रखने वाला एक ऊ वार्धर भ्रंश सगुम बनाता है। भूकंप  को उ प न करने के िलए, कोयना के्षत्र की 
तलुना म वानार् के्षत्र के िलए एक उ चतर ऊ वार्धर चालकता की आव यकता होती है। 

पूवीर् धारवार के्रटॉन, दक्कन वालामखुी प्रांत, उ र पि म िहमालय का डोडा-िक तवार, गजुरात का भजु के्षत्र आिद के अद्यतनीकृत भूकंपनीयता मानिचत्र 
बिुनयादी सामग्री के प म भूकंप जोिखम मू यांकन म काम आएगें। ज्ञात भूकंप ोत  से सनुामी प्रित पण और भारत के पूवीर् और पि मी तट के समानांतर 
प्रमखु शहर  की आ लावन और तरगं  की अिधकतम ऊँचाइय  का पता लगाने के िलए िकए गए पिर य िवकास को, परमाण ुऊजार् सयंतं्र  और प्र तािवत 
क पसर बांध जैसे नाजकु िनमार्ण  के िलए सनुामी जोिखम का मू यांकन करने के िलए अनपु्रयोग िकया गया है। 

ब्र पतु्र मैदान  के कोिपली भ्रंश मंडल म, कोिपली और कालांग निदय  (उ र पूवीर् भारत) के बाढ़ मैदान िनके्षप  म सरंिक्षत भूकंपजिनत द्रवण आकृितया ँ(बालू 
डाइक) तीन समय-अतंराल  अथार्त् (i) वतर्मान से पहले 250 ± 25 वषर्, (ii) वतर्मान से पहले 400 से 770 वषर् और (iii) वतर्मान से पहले 900 ± 50 वष  के 
दौरान बनी पाई गई थीं। ये काल 3 पे्ररणाथर्क भूकंप घटनाओ ंके घिटत होने के समय  से मेल खाते ह, इस प्रकार ~ िपछले 1000 वष  के दौरान इस के्षत्र की 
परुा-भूकंपी इितहास की हमारी समझ म बढ़ो री हुई है। 

उ राखंड की दून घाटी म सिक्रय भ्रंश मानिचत्रण अ ययन गत भूकंप  और सतह पर इनके प्रभाव  को बेहतर समझने म मदद करगेा। िसधं-ुगगंा मैदान  के म य 
भाग के िलए अवसादी मोटाई, जो िक कुछ सौ मीटर से लगभग 4 िकलोमीटर तक बदलती है, को बहु प्राचिलक भूभौितकीय आकंड़  का प्रयोग कर िनधार्िरत 
िकया गया था। लखनऊ और कानपरु के्षत्र  म िकए गए अगभीर भूकंपी सवेर्क्षण  (एम ए एस ड यू और अपवतर्न) ने सू म अनकेु्षत्र वगीर्करण अ ययन  के िलए 
मह वपूणर् िवषयव त ुउपल ध कराते हुए मदृ ुअवसाद  के पी-तरगं और एस-तरगं वेग  का वभाव बताया। ये प्राचल अवसाद  म द्रवण का साम यर् और सतंिृ  
की सीमा का अनमुान लगाने म भी मदद करगे। 

बादल फटने की पिरघटना, जो िक अकसर िहमालय के दिक्षणी उपांत पर पावर्ितक प से बद्ध घाटी के भीतर 1000 - 2500 मीटर की ऊँचाइय  पर दखेी जाती 
है, की समझ को सबंिंधत ऊ मागितकी, भौितक प्रिक्रयाओ,ं पावर्ितक प्रणोदन और घटना से सबंिंधत अिनि तताओ ंका सं ेषण करने के द्वारा हािसल िकया 
गया था। हमार ेअ ययन  ने सूिचत िकया है िक िहमालय म चतथुर् महाक पी जलवाय ुऔर िववतर्िनकी यमनुा नदी के नदीय वाह जल से काफी प्रभािवत हुई है, 
िजसके पिरणाम व प िविश  थल प और िनके्षप बने ह, जो िक समकालीन भूकंप घटनाओ ंके िलए एक भडंार के प म कायर् करते ह। 

भूगितकी के्षत्र म, जीपीएस मापन और इनसार िव ेषण ने उ र पि मी िहमालय म िटहरी जलाशय के मौसमी जल तर बदलाव  के कारण हुए भूपपर्टीय िव पण 
के िविश  पे्रक्षण उपल ध कराए। उ र पि मी िहमालय और ल ाख के नीचे के्षत्रीय भूकंप यात्रा समय आकंड़  से अनमुािनत मोहो का भूकंपी वभाव बताता है िक 
यह िहमालय के तले उथले कोण (~ 2.58º) पर अधःके्षपण कर रहा है, जो िक दिक्षणी ित बती टुकड़ी के आगे उ र की ओर अचानक अिधक ढालू (~ 6.68º) 
बन जाता है और ल ाख के तले उथले कोण (~ 3.880) पर बना रहता है। पि मी िहमालय म ऊपरी प्रावार की भूकंपी असांत य  का अिभग्राही फलन िव ेषण 
के जिरए िकए गए िबबंिवधान गगंा मैदान और उ र पि मी िहमालय के तले ित बती िहमालय की तलुना म भीतरी भाग म ठंडे पदाथर् (सामा य से ~ 1000 स. 
कम) की मौजूदगी के कारण अिधक मोटे प्रावार सकं्रमण मंडल की मौजूदगी को उजागर करता है। कुमाऊँ-गढ़वाल िहमालय के तले भी मोहो गहराइया ँिनधार्िरत 
की गई ह। कुमाऊँ-गढ़वाल िहमालय म िकए गए भूकंपिववतर्िनक एव ंभूपपर्टीय प्रितबल के्षत्र अ ययन बताते ह िक अिधकांश भूकंप के्षप प्रकार की िक्रयािविध को 
सूिचत करते ह और उनका थानगत िवतरण बताता है िक यूरिेशयाई लेट के साथ भारतीय लेट के चालू सघंट्ट के पिरणाम व प होने वाली िवकृित, िजसे 
के्षप भ्रंश गित द्वारा िविनयोग िकया जा रहा है, मखु्यतः उ र नमनी मनु यारी के्षप और दिक्षण नमनी ट स के्षप पर है।

िविवध प्रोफाइल  के समानांतर िलए गए मैग्नेटोटेलूिरक (एम टी) आकंड़  से यु प न िकए गए भूपपर्टी प्रितरोधकता खंड  का उपयोग करके म य भारतीय 
िववतर्िनक मंडल (सी आई टी जेड) म िनचले भूपपर्टीय भूकंप  पर िकए गए अनसुधंान ने बताया िक म य-िनचली भूपपर्टी म मौजूद तरल-समदृ्ध कोटिरकाए ँया 
तो थानीय प्रितबल (तरल दाब) के ोत के प म या कम प्रितरोधक (कमजोर) मंडल  पर िववतर्िनक प्रितबल सांद्रण को बढ़ावा दनेे के िलए शैल  की अप पण 
साम यर् को कम करके भूकंप उ पि  को उ पे्रिरत करते प्रतीत होती ह।

सोपानी पेक्ट्रमी िविध का प्रयोग करके िलए गए वायचुुबंकीय आकंड़  से म य भारत म िकए गए आधार गहराई अ ययन दशार्ते ह िक उथली चुबंकीय 
िवसगंितय  के िलए गहराई 1 से 3 िकलोमीटर तक बदलती है, जबिक चुबंकीय आधार गहराई मान 2 से 7 िकलोमीटर तक बदलते ह। दिक्षण रीवा ग डवाना द्रोणी 
म अविश  गु व िवसगंितय  के 3 िवमीय यु क्रमण ने उ र म ितखी के िनकट और दिक्षण म शहडोल के िनकट दो प्रधान गत  को िन िपत करते हुए आधार 
म तरगंण  को उजागर िकया है। यह पाया गया है िक सोनाखान िश ट पट्टी के्षत्र की सीमा को सीमांिकत करने और यािमित को िचित्रत करने के िलए गु व िविध 
बेहतर अनकूुल है, जबिक चुबंकीय िविध िश ट पट्टी के्षत्र के सघंटक घटक  को िवभेद करने करने के िलए छ ीसगढ़ द्रोणी म उसकी वालामखुीय साहचयर् की 
िद्व बहुलक प्रकृित के कारण उपयोगी है। आद्यमहाक पी, बुदंलेखंड के्रटॉन म िकए गए ऊ मा प्रवाह, ऊ मा उ पादन और भूपपर्टीय तापमान अ ययन भारतीय 
शी ड के उ री और दिक्षणी िह स  के आरपार, घटती-बढ़ती सतही ऊ मा प्रवाह प्रविृ य  के बावजूद, एक समान प्रावार तापीय प्रविृ य  को प्रकट करते ह, 
इसका मतलब यह है िक भारतीय शी ड म यादातर अतंरा-के्षत्र और अतंर-के्षत्र िविवधताओ ंको ऊपरी भूपपर्टीय ऊ मा उ पादन म मौजूद िविवधताए ँ प  
करती ह। ने लू  िश ट पट्टी के्षत्र को शािमल करते हुए प्राग्जीव महाक पी पूवीर् कडपा द्रोणी के तले नीचे भूपपर्टीय सरंचना को िचित्रत करने के िलए अपनाई गई 
एक एकीकृत पद्धित से ग डवाना अवसाद  की एक पतली परत (~250 मी) की मौजूदगी 4.20 िकमी/सेकंड के एक सु प  वेग और िवजंमू  के्षत्र के आसपास 
करीब 40 िकलोमीटर के एक पाि र्क िवमीयता के साथ सामने आती है। 
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ब तर के्रटॉन के उ र पूवीर् िह से के िपथौरा के्षत्र से मेिफक और फेि सक मैग्मा की अ यो यिक्रयाओ ंके लक्षण बतलाने के िलए िकए गए के्षत्र और शैल-वणर्न 
सबंधंी अ ययन प्रकट करते ह िक सह-िवतलीय मेिफक डाइक, अग्रवधीर् सं पशर्, मैग्मीय प्रवाह बनुावट, िम ण और सकंरण अं य घटक मैग्माओ ंके सहकालीन 
अिभ थापन को बतलाते ह। मेिफक वालामखुी शैल  (2471 + 7 िमिलयन वषर्) और फेि सक वालामखुी शैल  (2463 + 14 िमिलयन वषर्) की U-Pb आय ु
कोठरी पट्टी के्षत्र म परुा-प्राग्जीवमहाक पी वालामखुी सिक्रयता को दशार्ती है। गढ़वाल के्षत्र, पूवीर् धारवार के्रटॉन से ~2.2 िबिलयन वषर् परुा-प्राग्जीवमहाक पी 
लंबी मेिफक डाइक पर िकए गए परुाचुबंकीय अ ययन, मखु्य चुबंक वाशेष वाहक के प म मैग्नेटाइट के साथ बहु के्षत्र प्रकृित को प्रकट करते ह। कावेरी सीवन 
मंडल (सी एस जेड) की भूपपर्टीय बनावट और िववतर्िनक क्रिमक िवकास पर िकए गए अ ययन उ च-कोिट अिधपपर्टीय, के्षप द्वधैक, ओिफयोलाइट, और सीवन 
के समानांतर त णतर अतंवेर्धन  को सूिचत करते ह, यह बताते हुए िक का.सी.मं. कैि ब्रयनपूवर् लेट िववतर्िनकी के िविवध चक्र  के अिधिच  को पिररिक्षत 
करता है।

उ च गणुव ा वाली आधार-रखेा को उ प न करने के िलए 1 एस आकंड़  म िसगनल और रव को पहचानने और ससंािधत करने के िलए एक नए ससंाधन 
औजार को िवकिसत िकया गया है और चालकीय के्षत्र  के थान  का मू यांकन करने के िलए पे्ररण सिदश  को पिरकिलत करने हेत ुअडंमान-िनकोबार द्वीप 
समूह और प्रायद्वीपीय भारत म तीन अलग-अलग थान  से चुबंकीय आकंड़  का प्रयोग िकया गया है।

प्राकृितक ससंाधन  के के्षत्र म, जीआरएसीई समय-पिरवतीर् गु व आकंड़  से द्र यमान अनमुान  के आनभुिवक लंबकोणीय फलन (ईओएफ के) िव ेषण  के 
मा यम से द्र यमान प्रित प  की िदक्कािलक िविभ नता को पहचानने के िलए अ ययन िकए गए ह। जीआरएसीई द्र यमान िसगनल प  प से िहमालय के्षत्र 
के पि मी, म य और पूवीर् िह स  म िवपरीत मौसमीपन, पि मी के्षत्र के ऊपर शीत सचंयन और म य एव ंपूवीर् के्षत्र  के ऊपर अ पाइन तथा मानसूनी सचंयन 
को दशार्ता है।

भूकंपीय आकंड़  का प्रयोग करके गैस-हाइडे्रट्स सतंिृ  के अ यनमुान की सम या से िनपटने के िलए, 1-िवमीय प्रितरोधकता सलेंख आकंड़  का उपयोग करके 
अनकुािरत एक 3-िवमीय िवषम प्रितरोधकता िनदशर् को गैस हाइडे्रट्स के अनमुान के िलए कृ णा गोदावरी द्रोणी म सफलतापूवर्क प्रदशर्न िकया गया। कृ णा 
गोदावरी द्रोणी म गैस हाइडे्रट धारी अवसाद  की सू म मापक्रम वेग सरंचना के िलए िनयत पृ भूिम घन व के साथ आविृ  के्षत्र म एक वािनक पूणर् तरगं प 
यु क्रमण (एफ ड यू आई) िनयोिजत िकया गया। इससे पता चलता है िक िवभक्त-िव तार आकंड़ा समु चय अध तल को पारपंिरक अक्षीय आकंड़  की तलुना 
म बेहतर िव ेषण कर सकता है। कोयला सं तर मीथेन (सी बी एम) और शेल गैस अ वेषण के सबंधं म कोयला सं तर-ि थित एव ंसबंद्ध सरंचना मक लक्षण  
के मानिचत्रण करने के िलए उड़ीसा, झारखंड और पि म बगंाल म 2 िवमीय एव ं3 िवमीय उ च-िवभेदन भूकंपी सवेर्क्षण (एच आर एस एस) िकए गए। 

अधो-बेसा ट िबबंिवधान की किठनाई को भारत के दक्कन वालामखुी प्रांत म िसनोर-वलोद प्रोफाइल के समानांतर प्रा  िकए गए िवरल िवशाल-कोण भूकंपी 
आकंड़  का प्रयोग करके िकरण-अनरुखे यु क्रमण से यु प न नमूने के िलए सांतिरत-जाल योजना का उपयोग करके िकए गए प्र या थ पिरिमत-अतंर पूणर्-तरगं 
प्रित पण की मदद से सघन सिं  भूकंपी आकंड़  को उ प न करके दूर िकया जा रहा है। िवशाल-कोण भूकंपी आकंड़  के िकरण-अनरुखे यु क्रमण के जिरए 
प्रा  नमूने के सरंचना मक लक्षण  ने मोटी बेसा ट  के नीचे भूकंपी ऊजार् के प्रवेश के िलए ठोस प्र या थ पिरिमत-अतंर पूणर्-तरगं प्रित पण की प्रभावशीलता 
को िविधमा य बनाया है। 

कई प्रिति त वैज्ञािनक, डॉ. वी.के. सार वत, सद य, नीित आयोग, भारत सरकार, डॉ. एम राजीवन, सिचव, पृ वी िवज्ञान मंत्रालय, भारत सरकार, प्रो. डी. 
बालसबु्रमिणयन, अनसुधंान िनदशेक, एल. वी. प्रसाद नेत्र सं थान, हैदराबाद और प्रो. डगलस ओ डेनबगर्, कनाडा ने याख्यान िदए ह। 22 माचर् 2016 को 
सीएसआईआर-एनजीआरआई और सीएसआईआर-आईआईसीटी द्वारा सयंकु्त प से आयोिजत िव  जल िदवस समारोह अ य उ लेखनीय घटनाओ ंम से है। 
“लैब टू लड एडं लैब टू पीपल” िवषय के अतंगर्त आम जनता को सीएसआईआर सगंठन  द्वारा प्रा  िकए गए पानी की गणुव ा और मात्रा से सबंिंधत अनसुधंान 
के जाचँ पिरणाम  से अवगत कराया गया। जनसाधारण के िलए िवज्ञान: एक िदवसीय आउटरीच कायर्क्रम, भारत अतंरार् ट्रीय िवज्ञान महो सव (आई आई एस 
एफ) के त वावधान म एक लोकिप्रय कायर्क्रम आयोिजत िकया गया था, और कई कायर्शालाए,ँ तथा एस ई जी डीआईएससी (िविश  प्रिशक्षक लघ ुपाठ्यक्रम), 
हमार ेज्ञान का आधार मजबूत करने के प्रयास म और साधारणतः वैज्ञािनक समदुाय के साथ िवचार  का िववेकपूणर् िविनमय करने के िलए आयोिजत िकया गया 
है। सीएसआईआर-एनजीआरआई ने सफलतापूवर्क 47वीं (िदसबंर 2015) और 49वीं (2018 जनवरी) एस एस बी एम खेल प्रितयोिगता की मेजबानी की है। इस 
उ सवी समारोह म कई सीएसआईआर प्रयोगशालाओ ंने सिक्रय प से म भाग िलया। पयार्वरण को व छ और हरा रखते हुए, सीएसआईआर-एनजीआरआई 
ने सफलतापूवर्क कायार्लय और कॉलोनी पिरसर म मदान का आयोजन िकया। 

मोटे तौर पर, ये सतंोषजनक वषर् रहे ह और म सभी वैज्ञािनक एव ंतकनीकी कमर्चािरय  को, वैज्ञािनक एव ंऔर तकनीकी कायर् बल म लगातार िगरावट और अ य 
मिु कल  के बावजूद, उनके सहयोग और कायर् के प्रित प्रवीण रवैये के िलए ध यवाद दतेा हू।ँ 

(वी.एम. ितवारी)
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In the recent past, there has been an emphasis on the plausible necessity to synergize science, technology and innovation to 
translate already identified research leads for the social and industrial benefits. There is also fundamental change in the government 
planning and funding with the culmination of XII Five Years Projects in March 2017, and the scientific plans are designed for 
three years, ending in March 2020. Aligning with changed scenario, new projects at CSIR-NGRI are formulated, including Fast 
Track Translational projects and reforms have been made in the organizational structure of the Institute to optimize resources and 
synergize them for taking earth science research to newer heights. The research initiatives of the Institute have been classified into 
three broad themes, namely Geodynamics, Earthquake Hazard and Geo-environment and Natural Resources and the present focus 
is on research projects addressing key aspects of earth science in accordance with the above based themes. Afresh start of Young 
Geoscientists Academic (YOGA) lectures are fostering cross disciplinary interactions amongst young scientists of CSIR-NGRI for 
high quality research.

CSIR-NGRI continues to occupy a coveted place in the geo-science research. Our scientific productivity has been reasonably good 
with publication of about 260 research papers in journals of international and national repute, 60 Technical Reports and 4 Patents 
for the reporting period. CSIR Sectorial Monitoring Committee has reviewed four XII Plan projects and has ranked them excellent 
and outstanding. Three scientists were proud recipients of National Geo-science awards, and nineteen research scholars were 
successfully awarded Ph.D degrees by AcSIR and other universities. 

Seismic studies in the EDC, using the regional earthquake data derived from Andhra Pradesh-Telangana and other shield networks 
reveal that the seismic activity can be correlated with major structural features such as Godavari graben, Nallamala shear zone and 
intrusions such as the Closepet granite. The NW-SE oriented faults are perpendicular to the absolute plate motion direction and are 
conspicuous with neotectonic activity while the the shear zones along the east coast show diffused and weak seismicity. Scaling 
up of micro-earthquake activity monitoring in weak zones will be helpful in constraining the depth of seismicity and also the focal 
mechanisms. 

In the Koyna-Warna region, low-elevation airborne gravity gradient and magnetic (AGGM) surveys revealed higher thickness 
of basalt in the eastern side of the escarpment in comparison with the western side, and the localized density heterogeneities in 
the vicinity of the hypocentral zone. In bore wells encircling the Koyna-Warna earthquake source region, observed water level 
changes are synchronous with the earthquake occurrence with no precursory signals. The seismicity and fault plane data of earlier 
earthquake occurrences in this region have enabled precise delineation of trends of the major causative faults. A 3-D fluid flow 
numerical model was used to investigate the pore pressure diffusion as a cause for continued seismicity in the region. Though the 
water level fluctuations in the reservoir are sufficient to trigger earthquakes, the numerical model suggests that a vertical fault 

FOREWORD
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with hydraulic conductivity in the range of 2–6 m/day facilitates the diffusion of pressure at focal depths of earthquakes in the 
Koyna–Warna region. For triggering of earthquakes, a higher vertical conductivity is required for the Warna region than for the 
Koyna region. 

Updated seismicity maps of eastern Dharwar craton, Deccan Volcanic Province, Doda-Kishtwar of NW Himalaya, Bhuj region of 
Gujarat etc. shall form the basic input in earthquake hazard assessment. Tsunami Modeling from known earthquake sources and 
scenario development for inundation and run up heights of major cities along the east and west coast of India, have been applied to 
assess the Tsunami hazard for critical structures like Nuclear Power Plants and proposed Kalpasar dam. 

In the Kopili Fault Zone of the Brahmaputra plains, seismogenic liquefaction features (sand dykes) preserved in flood plain 
deposits of Kopili and Kalang rivers (NE India) were found to have been formed during three time intervals i.e. (i) 250±25 yr BP, 
(ii) between 400 to 770 yr BP and (iii) 900±50 yr BP. These ages correspond to the occurrence timings of 3 causative seismic events, 
thus enhancing our understanding of the paleo-seismic history of this region during past ~1000 years.

Active fault mapping studies in Doon Valley of Uttarakhand would help in a better understanding of past earthquakes and its 
effects on the surface. The sedimentary thickness for the central part of the Indo Gangetic plains, varying from a few hundred 
meters to about 4 kms, was determined using multi parametric geophysical data. Shallow seismic surveys (MASW and Refraction) 
at Lucknow and Kanpur regions characterized the P-wave and S-wave velocities of the soft sediments giving vital inputs to the 
Micro zonation studies. These parameters will also help in estimating the potential of liquefaction and the extent of saturation in 
the sediments. 

The understanding of the phenomenon of cloudbursts, often observed in the elevation ranges of 1000 - 2500 m within the 
orographically locked valley on the southern rim of the Himalayas was achieved by synthesis of associated thermodynamics, 
physical processes, orographic forcing and related vagaries with the event. Our studies have indicated that the Quaternary climate 
and tectonics in the Himalayas is strongly influenced by the fluvial runoff of the Yamuna River resulting in characteristic landform 
and deposits, which act as a repository for the contemporary earthquake events.

In the Geodynamics domain, GPS measurements and InSAR analysis provided unique observations of crustal deformation, caused 
by the seasonal water level changes of Tehri reservoir in the NW Himalaya. The seismic character of the Moho beneath the NW 
Himalaya and Ladakh inferred from regional earthquake travel time data indicates that it is underthrusting at a shallow angle 
(~2.58º) beneath the Himalaya, which steepens abruptly (~6.68º) further north of the Southern Tibetan Detachment and continues 
at a shallow angle (~3.88º) beneath Ladakh. Imaging of seismic discontinuities of the upper mantle in the western Himalaya 
through Receiver Function analysis reveals the existence of a thickened mantle transition zone (~255-262 km) beneath the Gangetic 
Plain and NW Himalaya than the Tibetan Himalaya due to the presence of cold material within (~100ºC less than normal). Moho 
depths are also determined under the Kumaon–Garhwal Himalaya. Seismotectonics and crustal stress field studies in the Kumaon–
Garhwal Himalaya suggest that the majority of earthquakes indicate thrust type mechanism and their spatial distribution suggests 
that the strain resulting from the ongoing collision of the Indian plate with the Eurasian plate, is being consumed by thrust fault 
movement, mainly on the north dipping Munsiari Thrust and south dipping Tons Thrust. 

Investigations on lower crustal earthquakes in the Central Indian Tectonic Zone (CITZ) using crustal resistivity sections derived 
from magnetotelluric (MT) data along multiple profiles revealed that fluid-rich pockets in the mid-lower crust seem to catalyze 
earthquake generation either as the source of local stress (fluid pressure), or reduce the shear strength of the rocks to favour tectonic 
stress concentration at the low resistive (weak) zones.

Basement depth studies in Central India from Aeromagnetic data using scaling spectral method shows that the depth to the shallow 
magnetic anomalies varies from 1 to 3 kms, whereas the magnetic basement depth values vary from 2 to 7 kms. 3D inversion of 
residual gravity anomalies in South Rewa Gondwana basin has brought out undulations in the basement delineating two major 
depressions near Tikhi in the north and near Shahdol in the south. It is found that the gravity method is better suited to demarcate 
the boundary and delineate the geometry of the Sonakhan Schist Belt, whereas the magnetic method is useful to discriminate the 
constituent members of the schist belt due to its bimodal nature of volcanic association in Chhattisgarh Basin. Heat flow, heat 
production and crustal temperatures studies in the Archaean Bundelkhand craton reveal similar mantle thermal regimes across 
the northern and southern parts of the Indian shield, in spite of varying surface heat flow regimes, implying that most of the intra-
province and inter-province variations in the Indian shield may be explained by variations in upper crustal heat production. An 
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Integrated approach to delineate the crustal structure beneath Proterozoic eastern Cuddapah Basin covering Nellore Schist Belt 
reveals the presence of a thin layer (~ 250 m) of Gondwana sediments with a distinct velocity of 4.20 km/s and a lateral dimension 
of about 40 km around Vinjamuru region. 

Field and petrographic studies to characterize the interactions of mafic and felsic magmas from Pithora region of the north eastern 
part of the Bastar Craton reveal that the syn-plutonic mafic dykes, cuspate contacts, magmatic flow textures, mingling and 
hybridization suggest a coeval emplacement of end member magmas. The U-Pb age of the mafic volcanic rocks (2471 + 7 Ma) 
and the felsic volcanic rocks (2463 + 14 Ma) reflect Paleoproterozoic volcanic activity in the Kotri belt. Paleomagnetic studies 
of the ~2.2 Ga Paleo-Proterozoic long mafic dyke from Gadwal region, Eastern Dharwar craton reveal multi domain nature with 
magnetite as the main remanence carrier. Studies on the crustal architecture and tectonic evolution of the Cauvery Suture Zone 
(CSZ) indicate high-grade supracrustals, thrust duplexes, ophiolites, and younger intrusions along the suture suggesting that the 
CSZ preserves the imprints of multiple cycles of Precambrian plate tectonics.

A new processing tool is developed to identify and treat signal and noise in 1s data for high quality baseline generation and 
magnetic data from three different locations in the Andaman-Nicobar Islands and peninsular India has been used to compute 
induction vectors for assessing the locations of the conductive regions. 

In the realm of Natural Resources, studies have been made to identify spatiotemporal variation of mass patterns through Empirical 
Orthogonal Function (EOF’s) analyses of mass estimates from GRACE time-varying gravity data. GRACE mass signal clearly 
depicts contrasting seasonality among the western, central and eastern parts of the Himalayan region, winter accumulation over the 
western region and Alpine and monsoonal accumulation over the central and eastern regions. 

To overcome the problem of overestimation of gas-hydrate saturation using seismic data, a 3-D heterogeneous resistivity model 
simulated using 1-D resistivity log data has been successfully demonstrated in the KG basin for the estimation of gas hydrates. An 
acoustic full waveform inversion (FWI) in frequency domain with a fixed background density employed to the fine scale velocity 
structure of gas hydrate bearing sediments in the KG basin indicated that the split-spread dataset can resolve subsurface better 
than the conventional end-on data. 2D & 3D High-resolution Seismic surveys (HRSS) to mapping of coal horizons & associated 
structural features in relation to Coal Bed Methane (CBM) & Shale Gas Exploration were carried out in Orissa, Jharkhand and 
West Bengal. 

The difficulty of sub-basalt imaging is being overcome by generating dense synthetic seismic data with the help of elastic finite-
difference full-wave modeling using staggered-grid scheme for the model derived from ray-trace inversion using sparse wide-angle 
seismic data acquired along Sinor-Valod profile in the Deccan Volcanic Province of India. The structural features of the model 
obtained through ray-trace inversion of wide-angle seismic data has validated the effectiveness of robust elastic finite-difference 
full-wave modeling for penetration of seismic energy below thick basalts.

Several distinguished scientists, Dr. V.K. Saraswat, Member NITI AYOG, GoI, Dr. M Rajeevan, Secretary, MoES, GoI, Prof. D. 
Balasubramanian Director of Research L. V. Prasad Eye Institute, Hyderabad and Prof. Douglas Oldenberg, Canada have delivered 
lectures. Other notable events were the celebration of World Water day on March 22, 2016 jointly by CSIR-NGRI and CSIR-IICT. 
Under the theme “Lab to land and lab to people”, the common public were apprised of the research findings of CSIR organizations 
related to the quality and quantity of water. Science for the Masses: One Day Outreach Programme, a popular event was organized 
under auspices of India International Science Festival (IISF) and a number of workshops, and SEG DISC (Distinguished Instructor 
Short Course), have been conducted in an effort to strengthen our knowledge base and to have a judicious exchange of ideas with 
the scientific community in general. CSIR-NGRI has successfully hosted the 47th (December 2015) and 49th (January 2018) SSBM 
tournaments, with many CSIR Labs actively partaking in the festive events. Towards rendering the environment clean and green, 
CSIR-NGRI successfully organized Shramdan in the office and colony premises.

Largely, it has been a satisfying time of two years and I thank all the scientific and technical staff for their cooperation and proficient 
attitude towards work, despite the steady decline in scientific and technical work force and other odds. 

 (V.M. Tiwari)
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 EARTHQUAKE HAZARD AND GEOENVIRONMENT

1. Soft sediment deformation (SSD) structures in late Quaternary abandoned channel fill deposit of Yamuna 
River in NW Sub - Himalaya, India. 

The fluvial runoff in the Yamuna River shows a strong linkage to the late Quaternary climatic and tectonics 
in the Himalayas. This influences the growth of characteristic landform and deposits which act as a 
repository to the contemporary earthquake events. Three zones of SSD structures (seismites) are recorded 
in an abandoned depositional channel formed during 26-25 ka ago (Fig. 1.1a, b). The trigger mechanism is 
discussed in the seismically active Himalayan belt.

Fig. 1.1: Channel avulsion and formation of an abandoned channel with a lacustrine depositional 
setup in tectonically active Sub-Himalaya during ~25-26 Ka ago. 

2 . Cloudbursts in Indian Himalayas: A review

Cloudbursts are a sudden heavy deluge of 
precipitation in very less time interval over 
a very small area and are often observed 
in and around the elevation range of 
1000 - 2500 m within the orographically 
locked valley on the southern rim of the 
Himalayas (Fig. 1.2). However, their position 
and time of occurrences remain elusive 
and most of these events are reported after 
the occurrence of torrential precipitation 
driven flash floods affecting the downstream 
habitats in terms of loss of life and property. 
We synthesized and discussed the principal 
understanding of the cloudbursts based on 
associated dynamics, thermodynamics and 
physical processes leading to a cloudburst 
event including large scale orographic forcing 
and associated vagaries with the event.

Fig. 1.2: Distribution of cloudbursts in NW Himalaya. 
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3. ETAS Modeling of NW Himalayan seismicity

We carried out ETAS modelling of northwest Himalayan seismicity and a non-stationary ETAS model 
with a one change point corresponding to the 20th November, 2002 Gilgit-Baltistan, Pakistan earthquake, 
Mw 6.3 found in the Kashmir Gap region. The change in seismicity ended after October 8, 2005 Kashmir 
earthquake, Mw 7.6.

Attenuation studies in Kumaon – Garhwal Himalaya

We analyzed the strong motion of Kumaon- Garhwal Himalaya since 2006 and identified 58 earthquakes 
recorded by the network in the magnitude range 2.8≤ ML ≤5.3 and estimated QP=19f 0.92and Qs = 30f 0.95

using coda normalization method. These QP and QS values indicate heterogeneous and seismically active 
region. 

4. Active fault mapping of Doon Valley, Uttarakhand

Active fault mapping studies have been carried out in Doon Valley of Uttarakhand which is a synclinal valley 
occurring as piggyback basin in Sub Himalayan mountain front exhuming along the Himalayan Frontal 
Thrust (HFT). These studies help in understanding the past earthquakes in the above region and their effects 
on the surface. The landforms developed in the valley are repository to the gradational events that occurred 
due to climate-tectonic interaction during the Late Quaternary period. They also bear the evidences such as 
front parallel active faulting, which deformed the geomorphic surfaces and lithology developed during the 
period and preserved the evidence of intra-wedge (MBT-HFT) deformation partitioning in Sub Himalayan 
mountain front. These active structures have developed in response to the repeated earthquake ruptures 
through time and bear the evidences for the same.

The earthquakes also deform the contemporary sediments and cause soft sediment deformation (seismites) 
as observed in a 25-26 Ka old sediment column deposited in an abandoned channel of Yamuna river.

5.  Earthquake genesis in Nepal Himalaya: A perspective from imaging of the 25th April 2015 Mw 7.8 
earthquake source zone

The Mw 7.8 earthquake and its 
aftershock sequence ruptured producing 
>5 m coseismic slip on the décollement 
(Main Himalayan Thrust - MHT) and 
>1 m ground uplift in Central Nepal 
without any surface rupture. We imaged 
the seismic structure of the earthquake 
source region using receiver function 
analysis of the HiCLIMB and HIMNT 
seismic networks integrating it with the 
aftershock distribution, crustal structure 
and co-seismic geodetic studies 
suggesting that the rupture affected a 
duplex on the MHT and terminated at 
blind thrust beneath zone of maximum 
coseismic uplift (Fig. 1.3). Fig. 1.3: Schematic section showing rupture pattern during 2015
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6. Seismicity of Arunachal Himalaya

For the first time, CSIR- National Geophysical Research Institute (NGRI), Hyderabad took up a challenging 
task to install a dense network in an area like Arunachal Himalaya located in rugged topography and poor 
road conditions. 

i) Establishment of broadband seismological network:

The network is spread between 91°E to 96°E and 27°N to 30°N and has been providing data from December 
2009 to till date. A total of 38 three component broadband seismological stations were installed across the 
strike of the major tectonic features (Fig. 1.4). The stations are equipped with 120 seconds natural frequency 
sensors (CMG3T, STS2, KS200, RefTek and Trilliuim 120P) along with RefTek 151 data acquisition system. 

Fig. 1.4: Topography map of the 
Arunachal Himalaya along with major 
tectonic features: Main Central Thrust 
(MCT), Main Boundary Thrust (MBT), 

Main Frontal Thrust (MFT), Tidding 
Thrust (TDT), Mishmi Thrust (MT), 

Lohith Thrust (LT), Walong Thrust (WT), 
Kopili Lineament (KL) and Brahmaputra 
River (BR). Inverted triangles represent 

locations of 33 broadband seismic 
stations installed in Arunachal Himalaya. 

ii) Earthquake Catalog/Seismicity Analysis

Earthquake location: 650 local earthquakes (2009 December to 2014 January) were obtained by an 
iterative least-squares technique based on Geiger method (Fig. 1.5a). The velocity model estimated earlier 
by CSIR-NGRI consisting of five layers and having Vp/Vs ratio of 1.75 was used for estimating hypocentral 
parameters as the average root mean square value for the travel time residual was found to be ≤ 1 sec for 
all the earthquakes located using the arrival times from at least three stations. The earthquake magnitude 
ranges from ML 1 to ML 5 in the depth range of 1 to 63 km. The events with M ≥ 4 are 12, of which 9 events 
occurred towards the western side of the study region.

Earthquake Relocation: To reduce the errors due to unmodelled velocity structure and also to better 
the understanding of the tectonics of a seismically active region, accurate relative hypocentral locations 
and earthquake focal mechanisms are very important. Thus, 510 events were relocated using the double 
difference algorithm. The reliability of the events is indicated by a considerable decrease in the relative 
residuals to 0.08 sec. Most of the relocated events are clustered towards the western side of the study 
region, between 91° and 93° E longitude and 26.5° to 28° N latitude (Fig. 1.5b). Interestingly, less number 
of earthquakes observed in the vicinity of the historic 1950 Assam border earthquake of M 8.7 indicate that 
the Lohith and Mishmi thrusts may not be active presently. The relocated earthquakes are clearly oriented in 
the NW-SE direction without following any major geological fault systems like MBT or MCT, suggesting 
a hidden seismogenic structure across the main geological features in the study area.
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Fig 1.5. (a) Initial earthquake locations and (b) the hypoDD relocated earthquake locations, 
along with major tectonic features as in Fig. 1.4.

iii) Moment Tensor Solutions:

Moment Tensor Solutions define the type of faulting that occurred during an earthquake and provide key 
information for seismotectonic studies and these solutions are calculated using full-waveform inversion and 
deviatoric inversion which is applicable on all scales: from micro to large earthquakes. The moment tensor 
solutions for 12 selected events of ML ranging from 3.3 to 5.0 are obtained using full waveform inversion. 
In this method, the synthetic waveforms are generated by using the discrete wave number method. The 
moment tensor is calculated by the least-square minimization between observed and synthetic data (the 
displacement waveforms). The inversion is repeated for a series of trial source positions and origin times, 
while the best position and time are chosen based on absolute value of the correlation coefficient between 
the observed and synthetic waveforms. The observed and synthetic waveforms match well and a very good 
correlation is obtained at 3-6 stations (Fig. 1.6). In the present study, we determined both full MT and 
deviatoric MT inversions for multiple point sources. 

Fig. 1.6: The top panel indicates the match 
between the synthetic (red) and observed 

(black) traces at 6 stations. The station codes 
are given on the left side for each trace the 
three box indicate each component, the NS, 
EW and Z. The bottom left panel indicates 

the correlation and the right panel shows the 
obtained final focal mechanism.

The focal mechanism solutions obtained in the present study covering the lesser, sub and higher Himalayas 
(Fig. 1.7) demonstrate both the thrust and strike-slip mechanisms. The pure thrust mechanisms are observed 
at shallow depths and the deeper events (>20 km) are influenced by a significant amount of strike-slip 
component (Fig. 1.8). The dominance of strike-slip mechanism clearly indicates the active role of transverse 
tectonics in the eastern Himalaya akin to Sikkim and Nepal Himalaya.
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Fig. 1.7: Focal Mechanism solutions obtained in the study region from December 2009 to January 2014 along with the 
earthquakes along with seismological stations (green inverted triangles), topography and major tectonic faults (notation 

same as figure 2). The depth of each event is indicated at the top of each focal mechanism.

Fig. 1.8. Depth distribution of Focal mechanism solutions

7. Paleoseismic investigations in the Kopili Fault Zone of North East India: evidences from liquefaction 
chronology.

Seismogenic liquefaction signatures (Fig. 1.9) have been observed in the Kopili Fault Zone of the 
Brahmaputra plains, NE India. The trenches excavated at two locations in the flood plain deposits of Kopili 
and Kalang rivers revealed extensive liquefaction with more than 20 sub parallel sand dykes having major 
orientation in NE-SW direction. The age constraints in terms of respective lower and upper bound age 
brackets for individual dykes suggest three time intervals of their formations i.e. (i) 250±25 yr BP, (ii) 
between 400 to 770 yr BP and (iii) 900±50 yr BP. These new ages of liquefaction features correspond to the 
occurrence timings of causative seismic events which are in addition to the known historical earthquakes 
and thus enhance our understanding of the paleoseismic history of this region during past ~1000 years. 
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Fig. 1.9: Emplacement of multiple sand dykes and growth of lateral spread in one of the section 
in Kopili Fault zone. 

9. Microzonation studies in parts of the Indo-Gangatic Plains of the Indian shield

The shear wave velocity of the top soils is an important tool to estimate the frequencies and amplifications 
during ground motion. According to National Earthquake Hazard Reduction Program (NEHRP) of U.S., 
soil type can be classified into FIVE types based on shear wave velocity (Vs). Based on this study, CSIR-
NGRI had identified a few areas in India to assess the earthquake damage. 
Multichannel analysis of surface wave (MASW) technique was used to 
estimate the shear wave velocity from ground roll followed by imaging the 
shallow subsurface basaltic layers in earthquake-prone regions. 

Seismicity and geotechnical characteristics of the subsurface were assessed 
to understand the earthquake impact in and around Lucknow, Kanpur and 
Allahabad. Based on the Seismo-tectonic information and hydrogeological 
conditions, MASW, Refraction and site response data acquisition were 
conducted at 210 locations in and around Lucknow. Passive and active 
seismic studies were carried out in and around Lucknow city to estimate 
the shear wave & P-wave velocities in site classification. The results of the 
studies revealed good correlation with different near surface geological 
data. The geophysical studies were conducted at nearly 115 locations of 
Kanpur region and the computed shear wave velocity is shown in Figure 
1.10. Fig. 1.10. Shear wave velocity 

Image of Kanpur district, U.P.

10. Subsurface structure and basement configuration beneath Central Ganga plains using Magnetotelluric 
(MT) methods

To decipher the local site conditions (i.e., thickness of sediments) which are responsible for ground motion 
amplification in central part of Indo- Ganga Plains, MT data was obtained along 6 profiles and integrated 
with seismological data from 42 broad band and strong motion velocity meters (Fig. 1.11). The study 
revealed a sedimentary thickness varying from a few hundred meters to about 4 kms for the study region.
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Fig. 1.11: Location map of strong motion velocity meters (inverse 
triangles) and Magnetotelluric profiles (black lines). Black 

star indicates the epicentral location of April 25, 2015 Gorkha 
earthquake. Filled color circles represent the epicentral location of 

earthquake with magnitude >=5 (2010-2016)

11. Magnetotelluric constraints on the occurrence of lower crustal earthquakes in the intra-plate setting of 
Central Indian Tectonic Zone (CITZ)

The occurrence of lower crustal earthquakes was investigated using crustal resistivity sections derived 
from magnetotelluric (MT) data along multiple profiles across the CITZ and subsurface constraints 
obtained from other geophysical and geological data. MT models (Fig. 1.12) inferred small volume (<1 
vol. %) of aqueous fluids in most of the parts of the lower crust, which in conjunction with xenoliths and 
other geophysical data supports a predominant brittle/semi-brittle lower crustal rheology. The resistivity 
models, particularly a new resistivity model across the 1938 Satpura lower crustal earthquake epicenter 
also showed localized deep crustal zones with higher fluid content (2.2 - 6.5 vol. %), which imply high 
pore pressure conditions. The above observations and the significant strain rate evidenced for the region 
provide favorable conditions (strong/moderate rock strength, moderate temperature, high pore pressure and 
high strain rate) for brittle failure to occur in the lower crust. The fluid-rich pockets in the mid-lower crust 
seems to catalyze earthquake generation either as the source of local stress (fluid pressure), which together 
with the regional stress produce critical seismogenic stress conditions, or reduce the shear strength of the 
rocks to favour tectonic stress concentration at the low resistive (weak) zones, which is being transferred to 
seismogenic faults to cause an earthquake.

Fig. 1.12: Major tectonic features, 
epicenters of major earthquakes occurred 
(magnitude 5 and above) and resistivity 
models along different MT profiles (filled 
rectangle symbols) in the Central Indian 

Tectonic Zone. 
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12. Updating the seismicity maps

CSIR-NGRI has been operating more than 170 broad band seismological stations in India for seismological 
studies and monitoring of earthquakes around nuclear power plants. Updated seismicity maps have been 
prepared for eastern Dharwar craton and south eastern part of the Deccan Volcanic Province in the Peninsular 
shield, Doda-Kishtwar of NW Himalaya, NE India (Fig. 1.13) and Bhuj region of Gujarat. These studies 
shall form the basic input in earthquake hazard assessment before laying of gas pipelines (GAIL, Reliance), 
for construction of irrigation/hydroelectric power project (Central Water commission) and nuclear power 
plants (NPCIL).

Fig. 1.13: Updated seismicity maps of NW Himalaya, NE India and 
eastern part of India

13. Geological & geophysical site investigation studies for various Nuclear Power Plants (NPP)

Feasibility studies were carried out to help in establishing the power projects at (i) Gorakhpur, Haryana; 
(ii) Mithivirdi, Bhavnagar, Gujarat; (iii) Chutka, Mandla, Madhya Pradesh; (iv) Kudankulam, Tamilnadu; 
(v) Kovvada, A.P. The important factor in assessing the seismic hazard is the amplification of strong 
ground motion caused due to the distant seismic sources, especially in lower frequencies. Thus, while 
conducting investigations for NPP, it is important to evaluate the seismic hazard at different scales. Hence, 
the investigations have been carried out on three scales, viz., regional (300 km), intermediate (50 km) and 
local site (5 km) from the NPP site.
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i) Power Plant Site at Gorakhpur, Haryana

The Geophysical Logging data acquired in one 
RB-1 borehole using Temperature, Guard resistivity, 
Density, Caliper and Sonic probes up to the depth of 
110 m are in agreement with the broad lithology of 
the area at Gorakhpur site (Fig. 1.14).

ii) Power Plant Site at Mithivirdi, Bhavnagar, Gujarat

The IRSP6-LISS-IV and High Resolution Satellite 
imageries (QuickBird) within 50 and 5 Km radius 
from NPP site respectively were procured from 
National Remote Sensing Center, Hyderabad. In 
50 Km radius, 23 lineaments were ground checked 
earlier and most of the lineaments/faults are not 
seismogenic and no significant movements were 
noticed along these lineaments. The identified 
lineaments are totally controlled by joint patterns. 
The joints trending N70ºW & S70ºE and N10ºE, 
S10ºW, N50ºW and S50ºE, N35ºW, & N 45ºW and 
S45ºE, N 40ºE and S 40ºW and N-S & E-W were 
observed at different locations along the lineaments. 
Two lineaments (North of the plant area and Jaspara-
Kukad) are identified with in 5 Km radius in high 
resolution Quickbird satellite imageries. Nine sites 
at Deri, Rel, Danakshari, Adi Bheet, Katumbi within 
5 km radius from the NPP site were identified for 
seismic refraction and Site amplification studies. 
The MASW studies revealed shear wave velocities 
ranging from 100 m/s to >1000 m/s.
It is inferred from the seismic velocities that the 
area covered within the 5 Km radius is occupied by 

Fig. 1.14 Geophysical logs comprising of Temperature, 
gamma, Density, resistivity and Caliper up to a depth of 

100 m in the borehole RB-1 at NPCIL site near Gorakhpur.

Fig. 1.14b: 2D seismic section at Gorakhpur, Haryana.

weathered basalt with a velocity of 400-600 m/s up to depth of 20 m. The massive basalt is present from the 
depth of 20 m extending up to the depth of 50 m. No major structural disturbances are observed from the 
seismic studies except the presence of weathered basalt.
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14. Earthquake hazard Assessment of vulnerable areas in India

i) Kachchh Region

An attempt was made to understand the seismogenesis of earthquakes in Bhuj, by characterizing the 
physical properties of the earth’s interior and synthesizing the ground motion for Bhuj region due to 
various seismic sources. The Kachchh seismic network of 11 three-component broadband seismographs, 10 
strong-motion accelerographs and four broadband seismographs in Rajasthan helped in defining three 
distinct source zones, the E-W trending north Wagad fault, the E-W trending Gedi fault and the NW-
SE trending Banni fault. Diffused micro earthquake activity is also observed along the source region of 
the 1819 Allah Bund Fault (ABF), Island Belt Fault (IBF) and Katrol Hill Fault (KHF). The estimated 
average frequency dependent QC relationships in the frequency range of 1.5-15 Hz for the Kachchh region 
range between (81.6±1.025) f(1.12±0.01) and (304.2±1.018) f(0.68±0.009) for lapse time windows of 20 and 90s 
respectively. The estimated Q0 values at locations in the Mesozoic Kachchh rift basin (main aftershock 
zone) are found to be low in comparison to the unrifted areas at a distance from it.

ii) Central Ganga basin 

The data was obtained from a seismological network of 46 broad band and strong motion velocity meters 
continuously operating from 2008. The dominant frequencies in the central Ganga plains at various sites 
vary between 1 s to about 7 s which affect the tall buildings. Using the earthquake recordings of shallow 
earthquakes at soft sites and hard reference sites, we computed standard spectral ratios (SSRs). SSRs at 
sites near the Himalayan foothills, where the sediment thickness is ~4 km reveal a broadband amplification 
with a fundamental frequency of 0.13 Hz. The amplification at this frequency varies between 20 and 60. 
The amplification at the fundamental frequencies exceeds at all soft sites. Calculations based on reasonable 
earthquake source and attenuation models and application of random vibration theory suggest that peak 
ground acceleration and peak ground velocity at soft sites near the foothills, located 100 km from the 
epicenter, would be amplified by a factor of 2–4 and 6–12, respectively. The spectral ratios and peak 
ground accelerations, peak ground velocity and peak ground displacement form the input design parameters 
for critical and life line structures. Further, the hazard allows the civil engineers to estimate the Risk of 
vulnerable built in environment of this region.

15. Discrimination of Explosions and Earthquakes

We compare the P-, S- and Lg- spectra of the 11th May, 1998 Pokhran underground nuclear explosion (NE) 
with those of an earthquake (EQ) of comparable magnitude that occurred in its vicinity (~100 km west) 
on 9th April, 2009, utilizing the waveforms recorded by a Global Seismograph Network station at Nilore 
(NIL), Pakistan (Fig. 1.15a). The contiguous occurrence of these events and the similarity of the travel 
paths provided a good opportunity to discriminate the nature of the sources. Our results suggest that the 
Pn/Lg and Pn/Sn amplitude ratios of the explosion and earthquake waveforms exhibit distinct differences 
in the higher frequency window. Further, since the P-phases have high signal to noise ratio compared to 
their S counterparts, we utilize their spectra to derive the source parameters of the NE and EQ sources (Fig. 
1.15b). Our results show that the seismic moment, corner frequency and source dimension of the explosion 
are ~1.58×1017 Nm, 1.18 Hz and ~0.793 km respectively. The moment magnitude (MW) and surface wave 
magnitude (MS) for the nuclear explosion are estimated to be ~5.4 and ~3.57 respectively. The values of 
MW (5.3) and MS (4.3) obtained by us for the earthquake are consistent with the estimates in the Harvard 
catalog and earlier published results (Fig. 1.15c). The estimate of MW for the nuclear explosion was hitherto 
not available. Lastly, we estimated the yield of the NE to be ~50 kt from the surface wave magnitude.
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Fig. 1.15a: Location map of 11th May 1998 Pokhran nuclear explosion 
site (inverted black triangle, NE) and a nearby earthquake (solid square, 
EQ) occurred on 9th April, 2009. Both are having comparable body wave 
magnitudes of 5.2 (EQ) and 5.2 (NE) as reported by USGS. In the present 
study, the seismological waveforms are from GSN broadband station NIL 
(open triangle), where both the sources are recorded simultaneously. The 

focal mechanism of the earthquake is also shown (Fault Plane 1: Strike=153, 
Dip=60, slip=179; Fault Plane 2: Strike=243, Dip=89, slip=30).

Fig. 1.15b: Signal to noise ratio 
analysis of P, S, and Lg phases 

for earthquake (red) and nuclear 
explosion (blue) are displayed. Each 

phases are indicated at the top of 
each sub-plot. The upper half of each 

panel represents the displacement 
spectrum (darker color) of respective 

phase and noise spectrum (light 
color). In the lower panels represent 

the signal to noise ratio in logarithmic 
scale for both the sources i.e. 

black: earthquake and gray: nuclear 
explosion. The dash line indicates 

threshold signal to noise ratio of 2.0.

Fig. 1.15c: Various empirical magnitude (Ms)–
yield (Y) relations* (gray thin lines). Worldwide 

estimation of yields from different nuclear 
explosion are also shown in different symbols. 

For comparison, our estimate of yield for 
Pokhran explosion from the present study using 

single station is denoted by thick black cross 
and that is quite consistent with the already 

reported values. 
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16. Ground Penetration Radar: imaging shallow subsurface as intervention to urban problems

Characterization of underground leakage from civic utility, formation of subsurface cavity and subsidence 
of infrastructure and road in form of sink holes in urban setup was carried out through GPR mapping and 
ground and infrastructural characterization. 

Fig. 1.16a, b: Schematic diagram showing possible reason of 
formation of sink hole near Clock tower in Secunderabad. The 

leakage from the drinking water line removed the loose soil 
fill along the pit for laying the pipe. The general gradient of 

water connecting line is towards the sewage line pit causing 
loosening and migration of soil in the sewage pit leading to 

sinking of road in sewage cavity.

17. Stress drop variations and source scaling relations of moderate earthquakes of the Indian tectonic plate. 

We investigated the source characteristics of 53 earthquakes in and around the Indian-subcontinent through 
a grid search technique applied to the P- and S- wave displacement spectra of regional waveforms registered 
at 42 broadband seismic stations (Fig. 1.17a). In addition, we estimated the P- and S- wave attenuation 
factors representative of the various tectonic regions that constitute the Indian shield (Fig. 1.17b). We 
analysed the sensitivity of the displacement spectrum to various parameters and found that for a Brune-
type source model, the seismic moment is the best estimated parameter compared to others like the corner 
frequency. Our estimates of moment magnitudes are within the range of 1014-1020 (Nm), with the crack radii 
being less than ~12 km. The non-uniform distribution of the static stress drop along the Himalaya, Burmese 
arc and the western Indian regions (Fig. 1.17c) indicates that the central Himalayas are prone to frequent 
failures owing to the lesser stress drop in contrast to the north-western Himalaya and Burmese arc regions. 
Our results suggest that median stress drops are independent of the earthquake mechanism.
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Fig. 1.17a: Map of the study area with source distribution 
(solid circles) and the location of broad band seismic stations 
(inverted triangles) whose data have been used in the present 
study. The connecting lines denote the source-station pairs. 
The focal mechanism of all the events are also shown with 

strike slips are distinguished. The sizes of the mechanisms are 
proportional to the magnitude of the event. Thick black curve 
indicates the plate boundary. Different tectonic boundaries are 
also indicated e.g. IGP: Indo Gangetic Province, AC: Aravalli 

Craton, BC: Bundelkhand Craton, SC: Singhbhum Craton, BtC: 
Bastar Craton, DVP: Deccan volcanic Province, WDC: Western 
Dharwar Craton, EDC: Eastern Dharwar Craton, SGP: Southern 

Granulite Terrain.

Fig. 1.17c: Stress drop distribution at the source 
with moment weighted focal mechanism. Please 

see the text for detail description. The focal 
mechanisms are also shown corresponding to the 
stress drop. The letter I indicates the earthquakes 

occurring within the plate. The numbers adjacent to 
the circles indicate the approximate stress values. 

The horizontal lines at the center of each circles are 
the error in deviation in median.

Fig. 1.17b: Qp and Qs images 
estimated in the present analysis with 

major tectonic boundaries (white 
polynomials). The numbers indicate: 
1: Indo-Gangetic basin, 2: Aravalli 
craton, 3: Bundelkhand craton, 4: 

Singhbhum craton, 5: Bastar craton, 
6: Deccan volcanic province, 7: 

Eastern-Dharwar craton, 8: Western-
Dharwar craton, 9: Cuddapah 

basin. The black curve lines are the 
contours superimposed on the image 

with the corresponding values.
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18. Seismicity in the Eastern Dharwar Craton (EDC) 

The moderate sized earthquakes such as the Ongole earthquake (1967), Bhadrachalam earthquake (1969) 
are notable among the earthquakes in the EDC. CSIR-NGRI has been operating 15 broad band seismological 
stations for the last ten years. Seismicity in EDC using regional earthquake data mainly from Andhra Pradesh-
Telangana network, Koyna and other shield networks reveals that the seismic activity can be correlated with 
major features such as geological boundaries, rift zones such as Godavari Graben, shear zones namely 
Nallamala shear zone and intrusions such as the Closepet granite (Fig. 1.18). The clusters of earthquakes 
are related to prominent faults of this region, whereas areas of scattered small events can be related to 
minor sub faults which branch out from the main faults. Readjustments within the upper crustal blocks are 
continuously taking place and could be the reason for numerous micro earthquake occurrences observed 
in eastern Dharwar craton and surrounding regions, especially in Godavari graben and Cuddapah basin 
for which the network detection capability has tremendously increased. The NW-SE oriented faults which 
are perpendicular to the absolute plate motion direction are conspicuous with neo tectonic activity. Apart 
from these, the shear zones in Cuddapah basin and along the east coast are found to be active. The diffused 
and weak seismicity in these zones could be attributed to reactivation of the adjoining shear zones. The 
elastic strain energy released due to these earthquakes is basically a part of the intra-plate seismicity along 
faults of various sizes where the elastic stresses build up and release periodically due to the north-eastward 
motion of the Indian plate. It is also possible that the processes responsible for the observed seismicity 
along the coastal region could originate from rifted margins and differential crustal movements. The other 
significant observation is that the earthquake activity is confined to the first 15 km which is conspicuous of 
the intra-plate seismicity of this region. 
However, deeper earthquakes have been 
observed in rift zones such as Godavari 
graben and the Main fault which is close 
to the Mettur shear zone. The focal 
mechanisms estimated for two source 
regions i.e., the Closepet granite and 
main fault are strike slip in nature and 
coincide with the present day tectonics. 
In conclusion, the need for monitoring 
micro-earthquake activity at places of 
pre-existing zones of weakness where 
the micro-earthquakes occurred is the 
need of the hour especially as we can 
constrain the depth of seismicity and 
also their focal mechanisms. About 40 
earthquakes have been recorded with 
magnitudes varying between 0.9 and 
3.8. The seismicity distribution for the 
year 2016 reveals that the earthquakes 
are mainly confined to the vicinities of 
the Nagavali, Kaddam, Gundlakamma 
and Addanki-Nuzivid faults. 

Fig. 1.18: Seismicity in EDC and adjoining regions 
during the study period.
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19. Micro earthquake activity in Nellore region, Andhra Pradesh

Chakalikonda - Kothapeta villages located in Nellore Green Schist Belt of southern Peninsular India 
experienced intense micro earthquake activity during 2015-2016 and we have recorded about 223 
earthquakes. The activity began on October 17, 2015 with an earthquake of magnitude 2.8. To monitor 
the seismic activity in this region, CSIR-NGRI installed four seismic stations encompassing the zone of 
activity and later an accelerograph at Chakalikonda to study the nature of ground motion spectra. Strong 
motion recordings of two micro earthquakes of June 2016 were studied in detail. The peak ground motion 
acceleration of 0.16 g was observed for the event M2.8 whose epicentral distance was about four kilometres 
from the accelerograph. During the one year of operation of the seismological network, 4 earthquakes of 
magnitude greater than 3 were recorded with the largest being M 3.6, 32 earthquakes in magnitude range of 
2-2.9, 96 earthquakes in the magnitude range of 1-1.9 and 91 earthquakes in the magnitude range of 0.1-0.9. 
It can be observed from the epicentral plot (Fig. 1.19a) that the seismicity is confined to a region of about 10 
km in length predominantly in the NE-SW direction. In the vicinity of this seismogenic sources, villagers 
felt maximum ground shaking and the focal depths are confined within the upper crust with focal depths 
ranging between 3-9 km (Fig. 1.19b). This type of micro earthquake activity may perhaps be associated 
with dynamics of the hydrologic cycle known as hydro seismicity and these occurrences could recede over 
time.

Fig. 1.19a: Seismicity at Chakalikonda in Nellore district Fig. 1.19b: Depth sections of seismicity along the fault 
and perpendicular to the fault

20. Earthquake Precursory Studies and Tsunami Modeling

The tsunami generated on 27th November 1945 due to an earthquake of magnitude of 8.1 in the Makran 
Subduction zone (MSZ) is one of the most devastating tsunamis in the Arabian sea. One of the conspicuous 
features in the Arabian sea, about 1700 km from the MSZ is the Lakshadweep islands. Tsunamis generated in 
the MSZ would travel into the Arabian sea and cause damage along the west coast of India and Lakshadweep 
islands. Mathematical simulation of the tsunami generation from this zone, its propagation into Arabian sea 
and its effect on the Androth island of Lakshadweep is studied through the use of a mathematical model. 
The possible arrival time and the wave heights along different locations of the selected island have been 
quantified. Different scenario by varying fault parameters and manning coefficient is computed and the 
differences in the arrival time and tsunami wave amplitude in each case are plotted. From our simulation 
for the 1945 earthquake, we observe that the run-up heights are in the range of 0.8 m to 1 m. In several 
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locations, we do not observe 
any region being inundated 
probably due to lack of reliable 
and accurate bathymetry and 
topography information along the 
Islands of Lakshadweep. 

A possible large tsunamigenic 
earthquake from Western Makran 
region is considered. The initial 
deformation at the source at t=0 
Sec. is obtained and is plotted in 
Figure 1.20a. The runup heights 
in this case is almost 1.3 m, 
and the map is given in Figure 
1.20c. Figure 1.20b shows the 
directivity of the tsunami wave 
and Figure 1.20d shows the run 
ups at different locations. 

Fig. 1.20: (a) Sea floor Deformation (b) Directivity of tsunami Wave 
(c) Run-Up map (d) Graph showing the Run-Up heights.

21. Airborne gravity gradiometry study over Koyna-Warna Region

Gravity gradient observations have advantages over conventional gravity data, since the former are less 
sensitive to the edges of bodies and contain no directional information. Considering the inaccessibility 
due to the reservoir and surrounding rugged terrain, low-elevation airborne gravity gradient and magnetic 
(AGGM) surveys were conducted over the study area of 5,012-line km along N–S flight paths at an average
120-m drape surface, cutting across the Koyna seismic zone (Fig. 1.21a). It provides both regional 
information about the thickness of the Deccan Traps and the occurrence of localized density heterogeneities 
in the vicinity of the hypocentral zone. Subsurface model provides thickness of the Deccan basalts, which 
varies from 400 to 1,700 m showing a higher thickness in the eastern side of the topographic escarpment 
compared to the western side (Fig. 1.21b). Our results also find support from the palaeomagnetic observation 
that normally magnetized basalts occur above ~500–600 m msl.

Fig. 1.21: (a): Topography map of the 
Koyna-Warna region along with the 

reservoirs and the two boreholes. White 
line shows location of a profile along which 
vertical cross section is generated from 3D 
subsurface model beneath Koyna-Warna 
region constructed from joint modelling 

of gravity, gravity gradients and magnetic 
data. (b) Vertical cross section along the 
north-south flight path showing observed 
and computed vertical gradient along with 

magnetic anomalies for comparison. 
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22. Periodic variation of stress field in the Koyna–Warna reservoir triggered seismic zone inferred from focal 
mechanism studies

While the role of reservoirs in triggering earthquakes has been widely discussed, the actual tectonic 
mechanism controlling earthquake genesis in the Koyna–Warna region is hardly understood. This region 
is exclusively governed by earthquakes of strike–slip and normal fault mechanism distinct from the thrust 
faulting seen in other active zones in the Indian region. In the present study, a comprehensive catalog 
of 50 focal mechanism solutions of earthquakes that occurred during the last 45 years in the region is 
developed, both from previous literature and from moment tensor inversion studies using broadband data 
from a local seismic network operating since 2005 (Fig. 1.22). The seismicity and fault plane data have 
enabled precise delineation of trends of the major causative faults, which are further accentuated using the 
double-difference technique. Stress inversion of the focal mechanism data has provided the best fitting 
principal compressive and tensile stress field of the region, which in conjunction with the deciphered fault 
zones provides a feasible model of seismogenesis in this region. Based on the observed temporal variation 
of faulting mechanism, a model of alternating cycles of predominantly strike–slip and normal faulting is 
proposed, which is attributed to a periodic peaking and relaxation respectively of the horizontal compressive 
stress field in this region due to the Indian plate collision with Eurasia.

Fig. 1.22 (a): Number of earthquake 
focal mechanism solutions of strike–slip 

(blue) and normal (red) type plotted 
as a function of time smoothened by a 

moving average window. The alternating 
predominance of each type is visible. 

(b) Variation of P-axis plunge with time, 
indicating the segregation of strike–
slip type (plunge b45°) and normal 

type (plunge N45°). (c) The proposed 
model of peaking and relaxation of the 

horizontal tectonic stress as a function of 
time, corresponding to the predominance 
of strike–slip and normal faulting above 
and below the critical threshold of stress 

build-up respectively. 
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23. Borehole Seismic Network at Koyna, India

To improve the accuracy of locations of the 
triggered earthquakes in Koyna, a unique network 
of eight borehole seismometers surrounding 
the seismicity was designed. Five of these have 
been installed at depths varying from 1134 to 
1522 m within the basement, well below the 
Deccan basalt cover. As it is difficult to install the 
borehole seismometers with desired orientation 
of the horizontal components, amplitudes of P 
waves were used to decipher the true orientations 
after installation. Analysis of data for the period 
March–June 2015 demonstrated that there is a 
remarkable increase in the number of earthquakes 
located with the help of borehole seismometers. 
Using the existing network of 21 broadband 
surface seismometers, 184 earthquakes of ML 
≥0:5 were located; however, with the borehole 
seismometers, the number of the located events 
increased to 888. The data also indicate an 
increase in seismic activity corresponding to the 
period of increase in the rate of emptying of the 
Koyna and Warna reservoirs. Based on seismicity 
and logistics, a block of 2 × 2 km2 area has been 
chosen for drilling the first pilot borehole of ~3 
km depth, where M≥ 2 earthquakes have been 
occurring frequently since 2005 (Fig. 1.23).

 Fig. 1.23: (a) Earthquakes of magnitude ≥2.0 during August 
2005–December 2015. Dotted lines indicate a swath of 2 km 
area of the Block-D. Dashed line indicates the Donachiwada 
fault zone. (b) Depth section for the 2 km wide swath in (a) 

above. Dotted lines indicate the area of 2 × 2 km2.

24. Investigations related to deep drilling to study reservoir-triggered earthquakes at Koyna, India

Exploratory investigations had been launched to constrain subsurface geology, structure and heat flow 
regime in the area that provide critical inputs for the design of the deep borehole observatory. Several core 
boreholes drilled in this region have penetrated the Deccan Traps and sampled the granitic basement. Studies 
on cores provided new and direct information regarding the thickness of the Deccan Traps, the absence of 
intra-Trappean sediments and the nature of the underlying basement rocks. Temperatures estimated at a 
depth of 6 km in the area, made on the basis of heat flow and thermal properties data sets, do not exceed 150 
°C. Low-elevation airborne gravity gradient and magnetic data sets covering 5,012 line km, together with 
high-quality magnetotelluric data at 100 stations, provide both the regional information (about the thickness 
of the Deccan Traps) and the occurrence of localized density heterogeneities and anomalous conductive 
zones in the vicinity of the hypocentral zone. The details of these studies are mentioned below:

i) Lidar and surface studies over Koyana Warna region

LiDAR surveys for mapping fault system patterns and geomorphological features in the Deccan Basalts to 
document geometry, kinematics and hydraulic connectivity of fault and fracture systems and to evaluate 
structural controls on the reservoir induced seismicity patterns of the area have been completed over an 
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area of 1,064 km2 centered on the Koyna seismic zone. A high definition DEM has been generated along 
with slope and aspect. Three sets of major lineaments have been identified. The density of mapped minor 
lineaments shows a good correlation with epicentral locations of earthquakes (Fig. 1.24). 

Fig. 1.24: Airborne LiDAR derived major lineaments in three distinct trends 
(a), (b), (c) and minor lineaments (d). (e) Intersecting lineaments, minor 

lineament density and epicentral locations

iii) Airborne Gravity Gradiometry and Magnetics

For the first time, spatially homogeneous AGG 
and magnetic data across the Western Ghats 
are recorded to generate a 3D structural setting 
beneath Koyna-Warna region and across the 
Western Ghats. The results from magnetic field 
provide an average 0.4 to 1.4 km thick basaltic 
layer varying from western to eastern region 
of Deccan trap. These results are supported by 
palaeomagnetic observation in terms of rock 
properties and indicate good match with borehole 
results in the region of Rasati and Udgiri. First 
stage results of Deccan trap thickness guided 
us for further borehole locations for drilling. 
Thicker trap layer is found in the eastern part of 
the Western Ghats escarpment compared to the 
western part (Fig. 1.25).

Fig. 1.25: Construction of 3D model based on gravity 
gradiometry and aeromagnetic data with constraints 

from MT and seismology results
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iv) Magnetotellurics

Raw magnetotelluric (MT) data and preliminary modeling identified a weak zone near Udgiri region which 
coincides well with the borehole observations. The impedance phase indicates the Deccan trap thickness 
variation from west to east. Modeling of the MT data clearly brings out block structure along Koyna 
profile and rules out the possibility of sub-trappean sedimentary column. Distinct electrical signature in the 
basement along Koyna and Warna profiles suggests the presence of a fault zone which may be related to the 
surface tectonics (Fig. 1.26).

Fig. 1.26: Two dimensional geo-electric images 
of the subsurface along Koyna (top) and Warna 

(bottom) profiles

v) DRS and CSAMT

Deep Resistivity Sounding (DRS) data at 8 stations and CSAMT data along a 400 m profile near Rasati have 
been acquired. Basement depth of around 1200-1400 m has been inferred based on DRSK01 and DRSK04 
stations. The maximum current electrode spacing at the above two DRS stations was 5000 m. Modelling of 
CSAMT data indicate the basement at a depth of 950 -1050 m below ground level, with resistivity between 
1000 and 1200 Ω-m (Fig. 1.27)

Fig. 1.27: One dimensional subsurface geological interpretation of DRS data
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vi) Drilling-Coring and logging

Drilling of eight fully cored, 
exploratory boreholes to an 
estimated depth of around 1500 
m each, is aimed at penetrating 
the entire Deccan Traps pile and 
a few hundred meters into the 
underlying crystalline basement. 
Among these, three boreholes 
are being studied in detail by 
NGRI, one of them having 
oriented coring. Structural 
logging and lithologging have 
been completed, geophysical 
logs including sonic and ATV 
have been processed. The data 
are being correlated to evaluate the geophysical signatures of geological features. Thin sections have been 
prepared from selected samples to assess the structural imprints on the mineral assemblages (Fig. 1.28).

Fig. 1.28: Litholog, geophysical logs and ATV images from Phansavale borehole

25. Understanding Conspicuous Gravity Low over the Koyna–Warna Region

The seismically active Koyna–Warna zone is marked by a large conspicuous negative gravity anomaly, 
the cause of which are yet to be fully understood. Recent findings from the boreholes drilled in the Koyna 
and Killari seismic zones, both of which penetrated the thick Deccan volcanic cover and the underlying 
Archean basement, have motivated us to revisit the Bouguer gravity field over this region. Using the finite 
element method of regional-residual separation, our study reveals the presence of two thick low-density/
low-velocity crustal zones below the Koyna–Warna region, the shallower one between 5 and 13 km depth 
and the deeper one between 35 and 43 km depth just above the Moho (Fig. 1.29). Both these zones appear 
to contain mantle metasomatised and fractionated magmatic material, respectively.

Interestingly, the hypocenters of all M ≥ 5 
Koyna earthquakes occur within the upper 
low-velocity/low-density zone. We also 
suggest high-order crustal exhumation 
below this region, which led to the removal 
of the entire sedimentary and granitic upper 
crustal column. This process has brought 
denser mid-crustal lithological facies close 
to the surface. Quaternary uplifting and 
movement of fault blocks along the old as 
well as newly created fault planes seem to 
be still continuing. A paleo-rift may have 
existed beneath this region below which 
Moho temperatures (*600°C) and mantle 
heat flow (*31 mW/m2) are still high 
(Fig. 1.29). Fig. 1.29: Interpreted Depth model at Koyana Region
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26. Long term and annual influence of Aswan reservoir (Egypt) on the local seismicity – a spatio-temporal 
statistical analysis

Earthquakes continue to occur in the Kalabsha embayment region near the Aswan reservoir (Egypt) for 
more than three decades. These earthquakes, including the 1981 main shock (M 5.3), have been considered 
to be reservoir triggered and pore pressure appears to be the main factor for their occurrence. However, 
influence of reservoir water levels on the earthquakes of the region, which is significant in the initial period, 
is reported to be weakening with time. We statistically analyzed the influence of the reservoir water levels 
on spatio-temporal distribution of the earthquakes for the period 1982-2013. We divided the seismicity of 
various zones in different time windows, depending upon their clustering, and employed the power spectrum 
and singular spectrum analysis (SSA). The influence of long term and annual variations in the water level 
on the seismicity is very much apparent in SSA. In the 45 years of reservoir filling history, episodes of 
water levels more than 170 m, which lead to filling of the embayment region, appear to correlate with the 
increase in seismicity of the Aswan region. In the power spectrum analysis, a strong annual peak is found 
for water level time series. However, in the earthquake time series, on an average, a moderate and weak 
annual period cycle is present in the initial (1982-1988) and in the later (2001-2013) period, respectively 
(Fig. 1.31). In the intermediate period (1989-2000), when the water level was the least in the embayment 
area, a very weak annual cycle is present. Non-consideration of spatiotemporal variation in the seismicity 
leads to erroneous and misleading results of no or weaker reservoir influence in the later period. This also 
highlights that the time and space dependent pore pressure diffusion process is likely to be responsible for 
earthquake triggering in the Aswan region.

Fig. 1.30: First and second reconstructed time 
series, highlighting the (a) annual and, (b) 

long term influence of the reservoir water level 
variations on the earthquake time series. For the 

sake of clarity in the argument, only the variations 
(V) are shown. (c) Water level variations in the 

Aswan reservoir since 1968, along with the 
all-earthquakes (M≥2.2) in the region. A solid 
horizontal line shows the water level at 170 m. 
A vertical arrow shows the main earthquake of 

November 14, 1981 (M 5.3).
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27. Paleoclimate studies using a massive Porites lutea coral core from the Kavaratti Island, Lakshadweep 
Archipelago 

The Lakshadweep Archipelago in southwest India, housing numerous coral colonies, is one of the spectacular 
tropical island ecosystems. This region is climatologically active as it is influenced by both southwest and 
the northeast monsoons (Fig. 1.31). Amongst the various massive coral colonies found around these islands, 
Porites sp. are the most common, which grow at a rate of 1 to 2 cm/year. Massive Porites sp. corals have 
frequently been used as archives for high-resolution paleoclimatic reconstructions as they can grow for 
hundreds of years. As instrument-derived observations cover only the last few decades, scleractinian Porites 
sp. corals are ideal archives to retrieve historic and paleoclimatic records on high-resolution (~monthly) 
time scales. 

From this region, using scleractinian corals, only a few studies have been carried out to reconstruct the 
historic-SST using the stable oxygen isotope compositions in corals. However, the stable oxygen isotopic 
composition of coral skeletons depends on the temperature as well as the isotopic composition of surrounding 
seawater. The oxygen isotopic composition of seawater is affected by evaporation and precipitation and 
covaries with salinity. To overcome this problem, it has been demonstrated that Sr/Ca ratios in corals can be 
used as a proxy for SST independent of salinity. 

The first monthly Sr/Ca record from a massive Porites lutea coral colony in the Kavaratti Island was 
generated. This record extending from 1981 to 2008 was used to test the influence of local as well as large-
scale climate dynamics, in particular the influence of El Nińo Southern-Oscillation (ENSO). The raw coral-
Sr/Ca record displays clear seasonal cycles (in any given year) with a prominent minimum and maximum 
value (Fig.1.32a). In some years, the coral-Sr/Ca record shows intraseasonal secondary highs and secondary 
lows between August and January. The x-radiography of the coral core shows the annual density banding 
couplets (Fig. 1.32b). The gridded SST data sets (ERSST v3b and Reynolds OISST), for the study region, 
correlates significantly (p<0.001) with the Sr/Ca proxy record for monthly as well as extreme values. The 
best amplitudinal fit of monthly resolved coral-Sr/Ca with Reynolds OISST and ERSST is shown in Figure 
1.32c. 

The study site is located in a region where the annual mean SSTs have steadily increased in the recent 
times. Further, there are reports that the western Indian Ocean has warmed by 1.28ºC for the time period 
1901-2012. The steady warming of SST at the study site and adjacent regions might be inducing thermal 
stress on corals, which grow in the lagoon areas of these islands. The bleaching event associated with the 
strong El Nińo event of 1998 is clearly recorded in the coral as a stress band (Fig. 1.32b) with exceptionally 
low annual growth of only 4 mm in this year compared to average annual growth of 13 mm for the entire 
record (Fig.1.32d). We looked into more details to find out the climatic conditions that were responsible for 
bleaching this coral in 1998 but not in other El Nińo years. First, we overlapped the average summer SSTs 
obtained from Reynolds OISST and the coral-Sr/Ca data sets (Fig. 1.33a). In addition, Nińo 3.4 positive 
temperature anomalies were also plotted in the same figure as the western Indian Ocean normally warms 
during El Nińo years and this warming has been reported to be more persistent during the non-El Nińo 
years. It was evident that some (major) El Nińo events have a larger effect on the coral-geochemistry (Fig. 
1.33a) and coral-growth (Fig. 1.32d) than others, which are less well recorded. To investigate further and to 
identify years with thermal stress, we generated the coral bleaching HotSpots using Reynolds OISST data 
sets (Fig. 1.33b). The highest HotSpot value of >1ºC in the month of May 1998 apparently stressed the coral 
which led to its bleaching. The frequent occurrence of HotSpot values ranging between 0 and 1 indicates 
that the region is under thermal stress conditions (level: “bleaching watch”). The bleaching threshold SST 
in this region is 31.1ºC, which is 1ºC higher than the maximum monthly mean of the study area.
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Fig. 1.33: (a) Local summer (March, April, May) 
average SST from Reynolds OISST with coral-Sr/

Ca (summer average: March, April, May). The bright 
orange bars represent the positive temperature 

anomaly in the Nino3.4 region. Blue vertical bars 
represent the positive Sr/Ca anomalies (in the years 

1987, 1998, and 2003). The light-green vertical bars 
represent the negative Sr/Ca anomalies (in the years 
1983, 1989, and 1990). The year 1998 marks the 

highest summer-average SST of 30.4˚C. (b) HotSpot 
values (red vertical bars) calculated from Reynolds 
OISST monthly data sets. The year 1998 has the 
highest HotSpot value (>1˚C). The maximum 

monthly mean and the bleaching threshold SST of 
this region is 30.1 and 31.1˚C, respectively.

Fig. 1.31: (a) Location map of the studied 
coral site at the lagoon of Kavaratti (*) Island, 

Lakshadweep Archipelago, Arabian Sea. (b) The 
Lakshadweep High (LH) and (c) Low (LL). Wind 
directions associated with the (d) northeast and 

(e) southwest monsoon. 

Fig. 1.32: (a) Raw coral-Sr/Ca record showing clear seasonal 
extremes. Blue arrows indicate the summer peaks (1 to 28) and 

their marked locations (in cm down core, x-axis). Red arrow 
points to the peak corresponding to the 1998 El Niño related 

stress band (bleaching event). Pink circles demarcate the 
regions of intraseasonal secondary highs and lows (SHSL); seen 

in 1988, 2006 and 2007. (b) X-radiography of the coral core 
showing annual density banding couplets. Black lines mark the 
sampling transects. Red arrow marks the strong 1998 El Niño 

related stress band (bleaching event). White arrow shows coral-
growth direction. (c) Best amplitudional fit of monthly-resolved 
coral-Sr/Ca with Reynolds OISST and ERSST. Also shown is the 
analytical precision (2 ; 0.02 mmol/mol. Pink circles show the 
prominent Secondary highs and Secondary lows. (d) Extension 

rate (in mm/year) of the coral core. 
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28. Increased chemical weathering during the deglacial to mid-
Holocene summer monsoon intensification

Chemical weathering and the ensuing atmospheric carbon 
dioxide consumption has long been considered to work on 
geological time periods until recently when some modelling 
and natural records have shown that the weathering-related 
CO2 consumption can change at century to glacial-interglacial 
time scale. Last glacial to interglacial transition period is a best 
test case to understand the interplay between Pco2-temperature-
chemical weathering when a pulse of rapid chemical weathering 
was initiated. It is observed from a high resolution 54 ka record 
from the Andaman Sea in the northern Indian Ocean (Fig. 1.34) 
that the chemical weathering responds to deglacial to mid-
Holocene summer monsoon intensification in the Myanmar 
watersheds. The multi-proxy data (Al/K, CIA, Rb/Sr, 87Sr/86Sr 
for degree of weathering and 143Nd/144Nd for provenance) reveal 
an increase in silicate weathering with initiation of interglacial 
warm climate at ~17.7 ka followed by a major change at 15.5 
ka (Fig. 1.35). Inferred changes in chemical weathering have 
varied in tandem with the regional monsoonal proxies (δ18Osw-
salinity changes of Northern Indian Ocean, effective Asian 
moisture content and δ18O records of Chinese caves) and are 
synchronous with changes in summer insolation at 30°N and 
δ18O of GISP2 implying that chemical weathering was not 
a later amplifier but worked in tandem with global climate 
change (Fig. 1.35). Fig. 1.34: Location map (generated by using 

GMT68 (v4.5)) of (a) elevation contours and 
river paths of Myanmar, bathymetry of the 

Andaman Sea along with; (b) Alcock and Sewell 
seamount complex; (c) shelf sediments of 

Arakan (SK175/3), river mouths off Irrawaddy 
(SK175/38), Sittang (SK175/48), Salween 
(SK175/52), gravity core SK168 (all from 
this study); (d) published records MD77-

169, MD77-176, RC12-34412; SK234/6022; 
NGHP01-17A23.

Fig. 1.35: Downcore plots of (a) 87Sr/86Sr of SK168 (present study); (b)  Nd of SK168 (present study); (c)  18Osw 
of Andaman Sea of RC12-34429; (d) Planktonic foraminifer (Globigerina Bulloides) % in SK16835; (e) Salinity record 
in 126KL core of Bay of Bengal27; (f) pCO239; (g) 18Osw of middle-west Bay of Bengal from SK21828; (h) 18O of 
stalagmites of Chinese caves 69,70; (i) summer insolation at 30°N31; (j) 18O of ice core from Greenland ice-sheet 

program GISP271. For clarity, we have restricted the time series records to 32 ka. The blue color shaded region represents 
the period with coeval increase in chemical weathering and the deglacial monsoon.
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Natural Resource Exploration
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NATURAL RESOURCE EXPLORATION
1. Computation of the gravity field and its gradient: Some applications

A MATLAB computational algorithm has  been developed to calculate the gravity field and full gravity 
gradient tensor for an undulated surface followed by regular geometries like an infinite horizontal slab, 
a vertical sheet, a solid sphere, a vertical cylinder, a normal fault model and a rectangular lamina or 
conglomerations of such bodies and the results are compared with responses using professional software 
based on different computational schemes. Real subsurface geometries of complex geological structures of 
interest are approximated through arrangements of vertical rectangular laminas (Fig. 2.1). The geological 
application of this algorithm is demonstrated over a horst-type structure of Oklahoma Aulacogen, USA and 
Vredefort Dome, South Africa, where measured GGT data are available.

Fig. 2.1: A map view of complex behaviour of gravity gradients for prism model.

2. Spatio-temporal patterns of mass changes in Himalayan glaciated region from EOF analyses of 
GRACE data. 

The present study attempts to identify spatiotemporal variation of mass patterns through Empirical 
Orthogonal Function (EOF’s) analyses of mass estimates from GRACE time-varying gravity data for 
the period of 2002-2013 (Fig. 2.2a). GRACE mass signal clearly depicts contrasting seasonality between 
central-eastern and western parts of the Himalayan region, following climatic regimes of two regions: 
winter accumulation over western region i.e. Alpine and monsoonal accumulation over central and eastern 
regions. Furthermore, Mode 2 (~12%) of EOF signal indicates three patterns in which the central part 
shows dominant positive signal in the December and negative in the June probably related to subsurface 
hydrology and mass accumulation signal in western Himalaya. EOF of seasonal removed signal shows 
two prominent trends, mass increase in the western part and decrease in the central and eastern parts of 
Himalaya, similar to accumulation/ablation over these regions reported earlier using different observational 
techniques (Fig. 2.2 b). Considering a less hydrological influence in the NW Himalaya region, we analysed 
it in detail and found that the average mass in the region increased initially with a faster rate from 2002-
2008 and then stabilized.
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 (a)                                                                                                          (b)
Fig. 2.2: Hydro-climatic division in Himalayas

3. Gas hydrates from model based seismic 
impedance inversion in Mahanadi basin

We have performed impedance inversion 
along a seismic line in Mahanadi basin by 
model-based acoustic impedance technique 
and estimated saturation of gas hydrates 
within the stability zone. The saturation of 
gas hydrate is generally estimated from the 
electrical resistivity log based on Archie’s 
empirical relation and from sonic velocity 
log using rock physics modeling at the well 
location. However, a quantitative estimate 
of gas hydrate in both lateral and vertical 
direction along a seismic line is essential 
for evaluating the resource potential. This 
can be achieved by post stack impedance 
inversion constrained by well log data 
in the absence of pre-stack seismic data. 
The model based acoustic impedance 
inversion provides the values of acoustic 
impedance and seismic velocity. Rock 
physics modeling then provides an estimate 
of gas hydrates. The present study suggests 
that the saturation of gas hydrates along a 
seismic line (Fig. 2.3) passing through site 
NGHP-01-19 is ~3% above the base of 
gas hydrate stability zone (BGHSZ). This 
shows close correspondence with the gas 
hydrate saturation of 2.4% that has been 
measured directly from the pressure cores 
at site NGHP-01-19.

Fig. 2.3: (a) Initial model for model based acoustic impedance 
inversion of 2D multi-channel seismic data, (b) Result from model 

based P-impedance inversion of the stacked volume along 2D 
seismic profile crossing well NGHP-01-19. Color-code shows 
inverted P- impedance in ((m/s) × (g/cc)), (c) Estimated gas 

hydrate saturation along 2D seismic profile using effective medium 
rock physics model on inverted velocity. Gas hydrate zone (GHZ) 

marked with arrow. Black dotted curve shows the BGHSZ.



33CSIR-NGRI Biennial Report 2015-17

4. Gas hydrates from 3-D heterogeneous resistivity model in KG basin 

Since pure gas hydrates have much higher resistivity than that of host sediments, their presence increases 
the resistivity of the formation, which can be used for the delineation and assessment of gas hydrates. As 
characterization of gas hydrate reservoir from seismic data assumes homogeneous distribution, it leads to 
overestimation of gas-hydrate saturation. To overcome this problem, we propose a method for the estimation 
of gas hydrates from 3-D heterogeneous resistivity model simulated using 1-D resistivity log data in the 
KG basin in the eastern Indian offshore. The simulated resistivity model contains small scale variations of 
the reservoir and maintains all properties like root mean square fluctuation, characteristic scales and fractal 
dimension of the observed log. We have estimated volumetric gas hydrate saturation using the simulated 
3-D resistivity model. The porosity used for the estimation of gas hydrates is calculated from simulated 
density field generated using the observed density log data. The average gas hydrate saturation is estimated 
with a pore volume of 9.84% of over a 1000 x 1000 x 131 cubic meter volume (Fig. 2.4).

Fig. 2.4: Left - 3-D cross-sectional view of gas hydrate saturation (left) calculated from simulated heterogeneous 
resistivity and density. Right - A 3-D volumetric view (1000 m x 1000 m x 131 m) of gas hydrate saturation model 

over gas hydrate bearing zone around the borehole NGHP-01-10A.

5. Gas clouds/chimneys from seismic data using artificial neural network 

We have developed a workflow based on neural network to compute a mega attribute from a set of known 
seismic attributes that can discriminate geologic features from gas clouds/chimneys. Application to time 
migrated 3D seismic data in Maari field of highly structured and deformed Taranaki basin of New Zealand 
has brought out clear gas clouds that have originated from the Late Cretaceous source rocks (Pakawau 
Group) and migrated into the Eocene (Kapuni Group) and Miocene (Mahakatini Group) formations 
(Fig. 2.5). The study also reveals that the gas seeped through the overlying Pliocene to recent formations, 
the imprints of which are observed as pockmarks on the seabed. The findings correlate reasonably with 
the results from Moki-1 well available in the study region. This workflow can be used for interpreting 
plausible geological features such as faults, mud diapirs, mud volcanoes, salt bodies, slum deposits, debris 
flows from seismic data. Several fault intersection zones (weak zones) within the reservoirs exhibit high 
probability of gas chimneys. This study acts as an add-on-tool for understanding the petroleum system 
and provides preventive clues for mitigating hazards in future exploitation program. The technique can be 
extended in characterizing reservoir properties such as the porosity, permeability, saturation etc.
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Fig. 2.5: 3D visualization of gas clouds rising from 
thermally matured source rock and propagating 

through Eocene and Miocene sandstone reservoirs 
to the seabed.

6. Seismic vis-a-vis sonic attenuation of gas hydrate bearing sediments in KG offshore 

Seismic velocity in gas hydrate-bearing sediments is more than that of the background, intuitively implying 
that there would be a reduction in seismic attenuation (or inverse Q) of such sediments. However, the 
attenuation, measured in sonic frequency range from various gas hydrate provinces, exhibits a notable 
increase. Here, we compare the attenuation derived from the MCS and sonic data sets at the same location 
of KG basin. The role of complex geology in attenuating seismic signal is also studied through synthetic 
seismogram generation and computing attenuation for different geological scenarios. It has been found that 
the inverse Q obtained from the field seismic data compares well with the inverse Q computed for a simple 
layered geological model. The results indicate that the inverse Q (0.0029) from field seismic data is 4.3 
times lower than the inverse Q (0.0123–0.0125) obtained from the sonic data, implying that the thickness 
of gas hydrate layer in KG basin is not sufficient enough to average the bulk properties. Our results also 
indicate that there could be substantial contribution of the pore scale interaction to the observed attenuation.

7. Full waveform inversion of split spread multichannel marine seismic data of KG basin 

Estimation of hydrate saturation from seismic reflection data is the primary goal of a gas hydrate exploration 
program. This requires higher resolution velocity models that can be obtained from standard travel time 
tomography. Here, we employed an acoustic full waveform inversion (FWI) in frequency domain with 
a fixed background density to resolve the fine scale velocity structure of gas hydrate bearing sediments 
in the Krishna Godavari basin of eastern Indian margin. Conventional multichannel seismic data were 
acquired in 2010 using 360 channels with 12.5 m receiver interval, 25 m shot spacing and 100 m near offset 
for the investigation of gas hydrate in this region. We make use of moderate offset conventional end-on 
multichannel seismic data that are transformed into split spread configuration using reciprocity for FWI. 
Data redundancy in split-spread configuration provides faster convergence and better resolution resulting 
in a geologically meaningful velocity model. We made use of a smoothed interval velocity model derived 
from root mean square (RMS) velocity as an initial model and carried out FWI for fourteen frequencies in 
the range of 8 to 21 Hz at 1 Hz interval. The results demonstrate that the split-spread dataset can resolve 
the subsurface better than the conventional end-on data. This is proved by a marked improvement in 
identification of the free gas layer below the hydrate bearing sediments and many structural features like 
conspicuous faults in the final image (Fig. 2.6). 
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Fig. 2.6: Inverted velocity models after 40th iteration at frequency 15 Hz (left) and 21 Hz (right), for 
end-on (a and b) and split-spread configuration (c and d), respectively. Arrow marks and circles 

show some of better resolved structures in split-spread configuration compared to end-on.

8. Sub-basalt Imaging of Mesozoic Sediments along Sinor-Valod Profile of Deccan Syneclise, India.

To overcome the difficulty of sub-basalt imaging, we have generated dense synthetic seismic data with 
the help of elastic finite-difference full-wave modeling using staggered-grid scheme for the model derived 
from ray-trace inversion of sparse wide-angle seismic data acquired along Sinor-Valod profile in the 
Deccan Volcanic Province of India. The generated full-wave synthetic seismic data have been processed 
and imaged using conventional seismic data processing technique with Kirchhoff pre-stack time and depth 
migrations. The obtained seismic image correlates with all the structural features of the model obtained 
through ray-trace inversion of wide-angle seismic data, validating the effectiveness of robust elastic finite-
difference full-wave modeling approach for penetration of seismic energy below thick basalts. The full-
wave modeling has the capability of deciphering small scale heterogeneities imposed in the model as a 
measure of the rugose basalt interfaces, which could not be dealt with ray-trace inversion. We were able 
to accurately image thin low-velocity hydrocarbon bearing Mesozoic sediments sandwiched and hidden 
below the two thick sequences of high-velocity basalt layers lying above the basement (Fig. 2.7). 

Fig. 2.7: The interpreted PSDM 
seismic image superimposed on the 
background P-wave velocity model 
derived along the Sinor-Valod profile 

in Deccan Syneclise showing the 
presence of thick basalts as trap with 

sub-trappean hydrocarbon bearing 
Mesozoic sediments hidden below it 

lying above the basement.

Basin Top Basalt

Top Sandstone

Mesozoic

Basement

Bottom Basalt
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9. Delineation of large-wavelength sub-volcanic Mesozoics in Saurashtra

Inversion of wide-angle seismic data along a NW-SE trending Jodia-Ansador profile in the trap-covered 
Saurashtra Peninsula reveals Mesozoic sediments sandwiched between the overlying Deccan Traps (4.85-
5.0 km/s) and underlying basement (5.8-6.1 km/s). The travel time skip and amplitude decay in seismic 
refraction data have been utilized as an indication for the presence of low velocity sediments below the Trap
cover. Corresponding to the lower bound velocity of 3.2 km/s, we find the sediment thickness varying 
between 800 and 1500 m. Based on upper bound velocity of 4.3 km/s, we found both the sediment thickness 
and basement depth increase by 500 to 850 m. The thickness of sediments is more in the NW (~2200 m) 
decreasing to ~1.0 km near Atkot and almost becomes negligible towards SE, suggesting the former to be 
an important zone for hydrocarbon exploration. The basement with a velocity varying between 5.8-6.1 km/s 
shows a sudden upwarp between Rajkot and Atkot. The overall velocity and boundary uncertainties are of 
the order of ±0.15 km/s and ±0.15 km respectively (Fig. 2.8).

Fig. 2.8: The P-wave velocity model along the Jodia-Ansador profile shows low velocity Mesozoic sediments (4.3 km/s) 
between Trap and basement. Inverted triangles at top show the location of shot points.

10. Sub-basalt sediment imaging — The efficacy of magnetotellurics (MT) 

We evaluated the efficacy of MT methods estimating the subsurface models in combination with borehole 
and seismic data. For this purpose, we considered two different geological scenarios represented by trap 
covered areas in India: one like the Saurashtra peninsula (i.e., solely trap covered areas)and the other 
the Cambay basin where the trap itself is overlain by conductive sedimentary column. It is shown from 
inversion of synthetic as well as real data that in the first case, the MT alone produces highly dependable 
subsurface models, while in the second case, a constrained inversion of MT data using inputs from seismic/
borehole results for overlying Tertiary sediment thickness, provides a more realistic sub-basalt subsurface 
model than that retrievable from any one of the individual methodologies (Fig. 2.9).
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Fig. 2.9: One-dimensional interpretation of rotationally invariant determinant average MT impedance data from 
constrained inversions. General surface geology along with the seismic shot points marked with pink symbols is 
presented above the geoelectric model. The dotted lines represent the bottom of the trap (green) and Mesozoic 
sediments (black) as inferred from wide angle seismic data. Layered resistivity models for sites representative 

of the southern, central and northern segments of the MT profile are shown on the top. The general stratigraphy 
observed in the deep borewell at Lodhika is compared for site 12.

11. Deep Resistivity Sounding (DRS) and Controlled Source Audio-frequency Magneto-telluric (CSAMT) 
studies near Tatapani Geothermal region, Chhattisgarh State, India

The most promising geothermal field of Tatapani region is located in the Balrampur district of Chhattisgarh
state in Central India (Fig. 2.10a). The ENE-WSW Tatapani fault passes through the thermal zone and many
NE-SW cross faults control the thermal activity around this area. The subsurface geo-electrical structure of
this region has been delineated using DRS data at 38 stations with maximum current electrode separation 
varying from 400 m to 10000 m based on the accessibility around the locations in the area. The layer 
parameters i.e., resistivities and thicknesses of various layers have been determined from 1D modeling of 
all the DRS data and presented along three geo-electrical sections. A distinct resistivity contrast has been 
found among the different geological regions around the study area i.e. Tatapani fault, Proterozoic and 
Gondwana regions to deeper levels (i.e. > 1500 m). The relatively conductive zone up to 1500 m below 
ground level (bgl) near Tatapani hot spring area is delineated and its extension to deeper levels is indicated 
from DRS study. All DRS data acquired from Tatapani (up to AB/2 = 10000 m) have not indicated the 
terminal raise at 45o, characteristic of the infinite resistivity substratum at depth which may be due to the 
possible presence of low resistivity formation at depth in the Tatapani study area. A relatively conductive 
sub-surface is delineated on the northern side of the Tatapani fault on all the three profiles while a relatively 
resistive sub-surface is delineated to the south of the fault.
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 Fig. 2.10a: Location map of DRS & CSAMT location, Tatapani Geothermal region

Fig. 2.10b: Profile 1 – Contours of Smoothed resistivity model together with 1D inversion models, Tatapani area
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Further, DRS data was acquired along a 3200 m profile with CSAMT data and presented as 1 D smoothed 
resistivity model (Fig. 2.10b). In addition, a high resolution CSAMT measurements are conducted along 
a 300 m line on the profile near the Tatapani hot spring with station spacing of 20 m. Scalar CSAMT data 
has been acquired using a 20 meter electric-field (Ex) dipole parallel to the profile line with orthogonal 
magnetic field (Hy). Measurements are made at each CSAMT station with 33 discrete frequencies in the 
band from 0.125 Hz to 8192 Hz.

The pseudo resistivity and interpreted geo-electrical sections are prepared along the profile with 7 DRS 
stations cutting through the Tatapani hot spring. The 1D layer model of DRS near Tatapani Hot spring 
clearly indicated a top Gondwana sandstone layer underlain by a conductive layer (230 Ohm-m) with a 
thick (670 m) pink granite / granitic gneiss (1220 Ohm-m) intrusive. The geo-electrical profile shows a 
conductive zone between two high resistive zones around the hot spring which extends up to 1500 m below 
ground level (bgl) and still may continue further indicating conductive zone at depth. The CSAMT results 
also indicate a sharp conductive zone extending up to a depth of 1500 m (bgl) near Tatapani hot spring 
correlating with the corresponding DRS models. 

The present study demonstrates clearly that both DRS and CSAMT methods are effective in delineating 
sub-surface geological structure near Tatapani geothermal region up to a depth of about 1500 m. The high 
resolution CSAMT data is also effective in resolving fine lateral variations within 300 m near the Tatapani 
hot spring.

12. Quantitative interpretation of CO 2 in the Sleipner gas field of the North Sea 

Sleipner gas field in the North Sea (Fig. 2.11a) is the world’s first industrial scale CO2 injection project 
designed specifically to reduce the emission of greenhouse gas where CO2 separated from natural gas 
produced in the gas field is injected into the Utsira sand, which is a major saline aquifer in the North Sea 
basin. From the time-lapse (4D) seismic data, CO2 plume is observed as a number of bright sub-horizontal 
reflections within the reservoir. Correlation of log data with the seismic data indicates that CO2 accumulates 
within a series of interbedded sandstones and mudstones beneath a thick cap rock of mudstone. 

The six seismic surveys during 1999 to 2008 resulted in mapping of nine reflective horizons within the 
reservoir. Comparison with the baseline seismic survey of 1994 (pre-injection) provides a clear impression 
of the migration of CO2 plume. We attempted to model CO2 distribution quantitatively within the reservoir 
by applying a pressure-dependent differential effective medium (PDEM) theory using 4D seismic data. 
Pre- and post-injection acoustic impedances are calculated by inverting post-stack seismic data of 1994 
and 2001 using a model-based inversion technique. A 3D CO2 saturation volume is estimated using PDEM 
theory from inverted acoustic impedance of the year 2001 taking the reference of that from the results 
of pre-injection data of the year 1994 (Fig. 2.11b). Since the gas distribution type is seldom known, we 
estimated the saturation distribution using both a homogeneous and a patchy distribution pattern of CO2 
in our rock physics model to be around 0–20% and 0–80% respectively of the total porosity within ~200 
m thick reservoir unit. 5–7% uncertainty in the predicted CO2 saturation is estimated using a Monte-Carlo 
simulation technique. Our results indicate that a large amount of CO2 is accumulated as patches of gas 
within sand layers capped by mud layers, though some amount of gas may have mixed uniformly with 
water.
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Fig. 2.11a: Study region showing the Sleipner Gas Field in 
the North Sea.

Fig. 2.11a: Study region showing the Sleipner Gas 
Field in the North Sea.

13. Deep Crustal Seismic Imaging of the Rewa Basin, Central India

Southern part of the Rewa basin is covered by basalts due to the outpouring of lava of Deccan Volcanism 
(65 Ma) during Late Cretaceous-Paleocene and the region is largely infested by mafic dykes and sills. Hence, 
the region is geologically very complex making it difficult to image the Gondwana sediments hidden below
the basalts and deep crustal structural features for crustal studies. To image both shallow and deep crustal 
structures and understand the tectonic and geodynamic settings of this region, deep seismic data have been
acquired along the 170 km long N-S profile from Rewa to Shahdol covering a mosaic of different rock 
types exposed on the surface such as Gondwana, Deccan basalts, Granites, Gneisses, Schists, Limestone 
and Shales (Fig. 2.12a). The modeling and imaging of seismic data acquired along this profile shows the 
presence of thick low-velocity Gondwana (>2.5 km) with velocity 3.5-4.0 km/s overlain by high-velocity 
Deccan basalts of 5.0-5.5 km/s in south of the profile towards Shahdol with basement depressions forming a
sedimentary graben. Towards the north of the profile, there is no signature of the presence of Deccan basalts
and the basement is up-warped forming a horst structure with granites/gneisses of the Vindhyan Super 
Group rocks at very shallow depth. The inversion of wide-angle seismic reflection data (Fig. 2.12b) clearly
depicts the upper-crust (10-12 km), mid-crust (20-24 km) and Moho (35-37 km) with velocities of 6.5 km/s,
6.9 km/s and 7.3 km/s respectively along this profile with a signature of the presence of the extension of the 
of major ductile shear zone (CITZ) towards south of the profile (Fig. 2.12c).
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Fig. 2.12a: The Geological map of the south Rewa Basin
showing different rock types exposed with corresponding

lithology. The pronounced effect of Deccan Volcanism in this
region is clearly indicated with the exposed Deccan basalts.
The N-S trending 170 km deep seismic profile (black line)
is superimposed on the map indicating wide-angle shots
(red stars with labels) as well as the CDP Reflection data

(green line) to image sub-trappean Gondwana sediments for
hydrocarbon exploration in the Rewa Basin of Central India.

Fig. 2.12b: Wide-angle seismic data for the shot (SP1) 
showing different phases on which the synthetics 

computed from the model is superimposed. 
(c) The corresponding ray-trace inversion (bottom 

panel) of the observed data for the same shot (SP1) in 
which theoretically computed data after inversion has 
been superimposed on the observed data (top panel) 

to show the nature of fit. The final derived model show 
the layers with different thicknesses 

with Moho upwarping.

14. Tomographic imaging of sub-trappean Gondwana sediments along Kuvari-Shahdol profile in the south 
Rewa basin of Central India 

To delineate the sub-trappean Gondwana sediments infested with several dykes and sills and the basement 
configuration, we have derived pre-stack depth migration (PSDM) seismic image with tomographic velocity 
model obtained along the 100 km long common-depth-point (CDP) seismic reflection data acquired along 
the N-S trending Kuvari-Shahdol profile in the Rewa basin. The stack section obtained using conventional 
velocity analysis and seismic data processing fails to provide good result and even the pre-stack time 
migration (PSTM) fails to image the complex geological structures in this sedimentary basin although it 
shows some improvement. Hence, a robust tomographic velocity modelling was adopted to image fine-
scale subtle subsurface geological structures with smooth velocity variations, which clearly depicted the 
presence and extension of basaltic trap with numerous dyke intrusions, alternate horst and grabens with 
deposition of thick (> 5.0 km) hydrocarbon bearing Gondwana sediments overlain by highly heterogeneous 
basalts (< 2.0 km thick). The PSDM image (Fig. 2.12c) shows all the subsurface geological structures 
corroborating with the tomographic velocity model indicating highly fractured basement interspersed by 
Gondwana sediments due to intense tectonic activity in this rift basin. The seismic image is well constrained 
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in which all the reflection events are flattened having minimum residual moveout (RMO) in the image 
gathers obtained with the help of tomographic imaging using constrained velocity inversion (CVI) and pre-
stack depth migration. The presence of numerous faults cutting across the Gondwana sediments deposited 
with alternate horst and graben structures and basement undulations with fractures facilitate as the conduits 
for the emancipation of volcanic lavas forming dykes and sills in this region, which are considered as lower 
crustal mafic rocks due to the Deccan volcanism. 

Fig. 2.12c: Pre-stack depth migration (PSDM) image superimposed on the tomographic velocity model in the background 
derived along the Kuvari-Shahdol seismic profile in the Rewa basin. The PSDM image clearly depicts different subsurface 
geological structures of horst and grabens, basaltic intrusives, basement undulations with complex geological structures 

with strong lateral and vertical velocity variations prevalent in this rift basin.

15. Crustal velocity structure of the Neoarchean convergence zone between the eastern and western blocks 
of Dharwar Craton from seismic wide-angle studies

The boundary between the Western Dharwar Craton (WDC) and Eastern Dharwar Craton (EDC) is marked
by a prominent shear zone, the Chitradurga eastern margin shear zone (CSZ). Several studies suggested 
Neoarchean convergence between the EDC and WDC, although there is a difference of opinions on the 
tectonic process. We present here the results of a new seismic refraction/wide-angle reflection experiment 
along a 200 km long profile across the WDC and EDC encompassing the CSZ to elucidate the crustal 
velocity structure of the convergence zone (Fig. 2.13a). Travel time inversion and amplitude modeling 
of the seismic data delineate a five-layered crustal velocity model for the Dharwar Craton with a 42 km 
thick crust in the WDC grading to a distinctly thinner crust up to 38 km, in the EDC (Fig. 2.13b). The 
transect is also characterized by a high-velocity (7.0–7.1 km/s) mafic lower-crustal layer, but with distinctly 
variable thickness of 10 km in WDC and 8 km in EDC (Fig. 2.13b). The transition from thick to thinner 
crust coincides with the contact of CSZ. The thick crust with a high-velocity basal layer is typical of 
Archean cratons, but more akin to Proterozoic terrains. The crustal velocity structure across the EDC–WDC 
boundary zone is consistent with the Neoarchean plate convergence model that invokes tectonic scenarios, 
such as accretion of a hot orogen, the EDC and/or westward subduction of the latter beneath the WDC. 
Spatial variation in the high-velocity lower-crustal layer across the craton is ascribed to post-accretional 
mafic magmatism and underplating mainly during the Paleoproterozoic and Phanerozoic.
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Fig. 2.13a: The location of seismic refraction and wide-
angle reflection profile in the Dharwar Craton, southern 

India. The inset shows an outline of India and the part of the 
Dharwar Craton. The Perur–Chikmagalur seismic profile-this 

study is shown with shot points SP1 to SP7. Major litho-
units and abbreviations are explained in the legend and text.

Fig. 2.13b: Crustal velocity model derived along the 
Perur–Chikmagalur profile. Numbers within the model 

are average P-wave velocities (km s−1) of various layers 
indicatingthe velocities. Inverted triangles at the top 

show the location of shot points.

16. Biomarker signatures of Permo-Triassic shales of Pranhita-Godavari Basin

The geochemical studies conducted in Pranhita-Godavari (P-G) basin for hydrocarbon exploration have 
indicated the presence of anomalous concentrations of light gaseous hydrocarbons of petrogenic origin 
in near surface soils. The main hydrocarbon source rocks are of Barakar formation which are expected to 
be thermally mature in the deeper parts of the basin. The core samples of carbonaceous shales and grey 
shales of Barakar and Kamthi collected at a depth range of 612-674 m and 240-439 m, respectively in three 
exploratory boreholes located in the Kothagudem and Lingala-Koyagudem coal belts of Godavari Valley 
Coal field were investigated for saturate biomarkers and carbon isotopes, to evaluate their source rock 
potential and depositional environmental conditions. 

For biomarker analysis, twenty-six powdered core samples belonging to Barakar and Kamthi formations 
were subjected to solvent extraction with azeotropic mixture of Dichloromethane/Methanol (9:1) in a speed 
extractor. Extracts were subsequently concentrated using multivapor. Further, the extracts were fractionated 
into saturated and aromatic fractions using column chromatography. 

The GCMS chromatograms of saturated hydrocarbon fractions from shale extracts of P-G Basin are 
characterized by high amounts of n-alkanes and isoprenoids (Fig. 2.14a). n-alkanes show a unimodal 
distribution ranging from n-C15 to nC32 with odd over even carbon n-alkanes of nC25 to C31. The carbon 
preference index (CPI) is the ratio obtained by dividing the sum of the odd carbon-numbered alkanes to 
the sum of the even carbon-numbered alkanes. CPI values for Barakar shales vary from 1.07 to 1.6 while 
for Kamthi shales it varies from 1.22 to 2.7. The CPI values > 1 suggest dominance of higher plant organic 
matter. The bulk carbon isotopic analysis of shales also infers terrestrial source of organic matter (-23.85 
to -21.2% (V-PDB)). The acyclic isoprenoids occur in significant amounts in P-G shales, with pristane/
phytane ratios > 2 indicating coastal swamp/peat swamp depositional environment under oxic to sub-oxic 
conditions. The crossplot of Pr/n-C17 and Ph/n-C18 (Fig. 2.14b) also indicates the shales contain terrestrial 
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organic matter deposited under oxic to sub-oxic environment. Fig. 2.14b also suggests that source of organic 
matter in Barakar and Kamthi shales are dominated by Type II-III oil-gas prone kerogen and Type III gas 
prone kerogen. The distribution of triterpanes (hopanoids) and steranes in saturated hydrocarbon fraction 
were studied using the mass fragmentograms at m/z 191 and m/z 217 (Fig. 2.15a & 2.15b). Hopanoids are 
dominated by a series of C27 - C30 hopanes, followed by C31 to C33 homohopane doublets comprising of R 
and S isomers. C32-homohopane ratios are used as thermal maturity indicator. The 22S/(22S + 22R) ratio 
rises from 0 to 0.6 during maturation. The C32 homohopane ratios of Barakar and Kamthi shales are in the 
range of 0.54 to 0.56 and 0.22 to 0.42. The ratios of Barakar samples are close to the equilibrium values (0.6) 
indicating that the samples have entered the phase of oil generation. The distribution of regular steranes 
is similar in all the samples with a dominant C29 over C28 and C27 sterane suggesting a strong terrestrial 
contribution of organic matter. The shales from Barakar formation of P-G basin exhibit a fairly good 
potential for generating oil and thermogenic gas upon thermal cracking. The thermal maturity parameters 
obtained from bulk organic geochemical analysis of these samples also corroborate with this inference.

Fig. 2.14: (a) m/z 57 mass chromatogram of alkanes (nC15-nC32) extracted from PG-24 (Barakar Formation); 
(b) Phytane to n-C18 alkane (Ph/n-C18) versus pristane to n-C17 alkane (Pr/n-C17), showing depositional conditions 

and the type of organic matter in the analyzed Barakar and Kamthi shales.

Fig. 2.15: a) m/z 191 mass chromatogram of hopanes showing pentacyclic triterpanes; 
b) m/z 217 mass chromatogram of steranes.
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17. Geochemical studies on gold bearing boninites and banded iron formations (BIFs) from Shimoga 
greenstone belt, western Dharwar Craton (WDC), India

The petrographic and geochemical characteristics of mafic volcanic rocks from Kudrekonda Formation 
of Shimoga greenstone belt, WDC indicate that they are boninites and the quartz veins present in them 
consist of native gold grains. These boninites occur within the abandoned gold mine and the EPMA analysis 
indicates that the grains range from native gold to gold-silver alloy (Fig. 2.16). The mafic volcanic rocks 
with high MgO (22-31 wt.%) content and Al2O3/TiO2 (24-76), CaO/TiO2 Ni, Cr, Co, LILE and LREE along 
with low TiO2 and (Gd/Yb)N reflect their boninitic affinity. Their geochemical characteristics including 
the U-shaped chondrite normalized REE patterns, predominant negative anomalies at Nb, Ta, Zr, Hf and 
Ti on primitive mantle normalized spider diagrams reflect on intraoceanic subduction zone processes for 
their generation. Their Nb-Th-Zr relationship along with Dy/Yb and La/Yb ratios reflect on fluid related 
enrichment of mantle source and shallow level partial melting of spinel peridotitic mantle. Based on the 
geochemical studies on the boninites and BIFs of Shimoga belt, a model has been proposed explaining 
their generation in diverse tectonic settings. The BIFs were deposited in a marine environment proximal 
to a mid-oceanic ridge. The hydrothermal activity under reducing and low oxygen fugacity conditions 
generated gold bearing fluids which migrated and enriched gold in BIFs. Kudrekonda boninites erupted in 
a juvenile subduction zone where active spreading ridge transformed to an intraoceanic arc. Decarbonation, 
desulphidation and metamorphism of subducted oceanic lithosphere coupled with devolatilization of 
metasomatized mantle generated the auriferous fluids and resulted in gold mineralization in the boninites 
of Shimoga belt.

Fig. 2.16: Back scattered electron images showing the occurrence of gold grains hosted in iron oxides and 
quartz, native gold grains and gold-silver alloy.
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18. Integrated Geophysical studies for mapping mineralization zones

Time Domain Induced Polarization (TDIP) investigation in conjunction with high resolution electrical 
resistivity tomography surveys carried out at seven sites along a 5.2 km line in Jashpur and Raigarh districts
of Chhattisgarh State helped in the demarcation of mineralized zones. These sites are confined to 
ultramaficmafic- felsic intrusive complexes representing gabbro-pyroxenite-granite sequences characterized 
by gold - sulphide mineralization. A good correlation was found between 2D inverted resistivity tomography
and time domain Induced Polarization (IP) models. Both high resistivity-high chargeability as well as 
low resistivity-high chargeability conditions (Fig. 2.17a) have been inferred from these datasets which 
is consistent with conductive metallic mineralization. Interpretation of the Pharsabahar-Pandripani site, 
reveals a chargeability magnitude of 9-14 mV/V, which represents a strong metallic conductor associated 
with gold-sulphide ore body (Fig. 2.17b). Thus, the present study suggests a new scope for application of 
resistivity and IP tomography surveys for mineral prospecting in this favourable geological settings.

Fig. 2.17: (a) 2D inverted resistivity model with two high resistivity bodies separated by a low resistivity zone
showing a resistivity contrast (b) Chargeability model showing a large volume of rock mass with high

chargeability right from the center to the northern side in the section and a low chargeability over the high
anomaly at Pharsabahar site.
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19. Aquifer characterization using advanced geophysical techniques in representative geological terrains of 
India 

The AQUIM pilot project has yielded exceptional results on high resolution aquifer mapping in 
representative hydrogeological terrains of India. A major challenge was to translate the geophysical results 
into the hydrogeological models to facilitate aquifer modeling. For this, the borehole geophysical logs 
and drilling logs were integrated to prepare borehole lithologs that helped to calibrate the AEM (Airborne 
Electromagnetic Method) derived resistivity distribution. The calibrated AEM resistivity were finally used 
to digitize litho-boundaries along the individual flight lines. These boundaries were contoured using kriging 
interpolation along the individual flight lines using a search radius of 50 m and across various flight lines 
with a search radius of 500 m, to construct the lithological setup in 3D. This lithology was constrained 
with the piezometric water level to construct major hydrogeological units viz., de-saturated aquifer (over-
exploited layer currently unsaturated and with potential for managed aquifer recharge), aquitard, aquiclude, 
principal aquifers, bedrock, etc. 

Analysis of the AEM data in the pilot areas demonstrated the efficacy of the employed approach in mapping 
the 3D configuration of aquifers in diverse hydrogeological settings. Some major findings of the AQUIM 
program include: 

1)  Demarcation of low salinity aquifer zones below highly saline top aquifers in Thar Desert, 

2)  Mapping of several basaltic flows and aquifers within the Deccan Traps in Maharashtra, 

3)  Delineation of paleochannels in Ramgarh Desert; Dausa, Rajasthan; Gangetic plains, Bihar; and 
Cuddalore coastal region, Tamil Nadu, 

4)  Identification of a two- layered aquifer system in the Arsenic- affected Patna region. Vital information 
on the disposition and merging of the mapped aquifers is found to be crucial in designing an Arsenic 
free aquifer management plan, 

5)  Mapping of potential fractured aquifer zones controlled by tectonic features in the hard rocks in 
Tumkur area, Karnataka and Dausa, Rajasthan, 

6)  Demarcation of suitable zones for artificial recharge utilizing early time information from the AEM 
data. 

The AEM survey was found to be a cost-effective and fast approach to delineate the aquifers over a large 
area. The six selected regions represent more than ninety percent of the hydrogeological settings in India. 
The pilot surveys helped in developing protocols in terms of optimal parameters for the AEM surveys in 
different hydrogeological terrains. 

The dual moment AEM surveys efficiently delineated the 2/3D configuration of aquifers in the six pilot 
areas and the results show a good correlation with the available geological, hydrogeological and borehole 
information.

Salient features from alluvium covered quartzite hard rock at AQRAJ, Dausa district, Rajasthan is shown 
in Fig. 2.18 with geological map and structural; (ii) geological cross section along profile AB prepared by 
GSI; (iii) AEM resistivity map along profile CD approximately 20 km parallel to south of AB; and (iv) 
Hydrogeological cross section revealing compartmentalized aquifer system in underlying quartzite hard 
rock. The above results are supported by borehole litholog superimposed on the profile and also shown 
separately (Fig. 2.18).
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Fig. 2.18: Geophysical and hydrogeological 2D/3D models of AQRAJ, Duasa district, Rajasthan 

Fig. 2.19: Apparent Susceptibility image of the study area derived from the aeromagnetic image. Observe the “drag” and shift 
features (yellow arc shaped) and double dashed line trending NE-SW (Yellow colour) showing the inferred strike slip fault.

Similarly, maps showing 3D aquifer geometry have been prepared with fracture network and their 
connectivity in hard rock, 3D distribution of aquifer setup and their interconnectivity and also palaeo river 
channels in Middle Ganga Plain and coastal aquifers, etc. for other pilot areas located in Maharshtra and 
Karnataka. These results for each pilot area are presented at every 2 km x 2 km nation grid called as National 
Aquifer Grid and provided to CGWB for groundwater modelling for effective groundwater management.

20. Aeromagnetic Analysis to Locate Potential Ground Water Zone - A Case Study from South Indian Shield

Analysis of total intensity Aeromagnetic anomaly image and the apparent susceptibility image of Eastern 
Dharwar Craton (EDC), in conjunction with hydrological and geomorphological data has resulted in 
delineating an unmapped fault structure. The occurrence of ground water in the study area is controlled by 
E-W & NW-SE trending dykes. Spectral and quantitative analysis of the aeromagnetic data of the study area 
indicated 150 m thick top layer associated with weathered and sheared granite gneissic terrain which could 
be a profitable zone for ground water exploitation (Fig. 2.19).
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21. Development of carbon based nano tracer for groundwater application 

The broad objective of the activity is to develop nano particle tracers (Carbon and Iron based) and to 
study their performance in relation with conventional tracers during flow in porous geological medium and 
quantification of hydrological parameters. Synthesis and development of nano particle tracers suitable for 
hydrogeological studies were carried out at PSG, Coimbatore (collaborating organization). The screening 
tests were conducted to ensure the best tracers which do not stick inside the geological medium and also 
show flow characteristics similar to conventional tracers. The results obtained were used to identify a nano 
tracer (carbon based) for laboratory and field scale studies. Comparative performance of developed particle 
tracers with radio-tracer tritium was attempted in laboratory columns filled with medium sand and loamy 
soil. The data generated have been used for estimation of dispersion coefficients and flow parameters. The 
breakthrough curves obtained for an experiment are shown in Fig. 2.20.

Fig. 2.20: Breakthrough curves tritium and carbon tracer obtained from laboratory column test

22. Hydrochemical earthquake precursory studies in the Koyna Region

Koyna-Warna region of Western India is an active seismic zone due to the Reservoir Induced Seismicity. 
Earthquake precursor studies were carried out using the hydrochemical and stable isotope signatures in 
the groundwater from 15 bore wells (with depth between 100-250 m) for more than 12 years (Jan. 2005 
to Feb. 2017). Out of the few bore wells in Koyna region showing cyclic variation in hydrochemistry, 
Govare well is more sensitive and the hydrochemical cycle is closely associated with local earthquakes of 
M >5 for two cycles (Fig. 2.21 a and b). However, the earthquakes with M <5 that occurred either close 
to the observation well or in the Warna cluster, did not generate the hydrochemical precursory changes. 
The increase in hydrochemistry irrespective of groundwater level has been hypothesized as mixing of 
two aquifer waters with different hydrochemistry due to the stress built in this area. However, during the 
present cycle, probable occurrence of earthquake during first quarter of 2015 as indicated by the precursory 
signatures has not occurred till date although the precursory signatures still indicate possible earthquake in 
this area. Hence, the increase in hydrochemistry, indirectly indicates the on-going earthquake processes in 
the region.
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Fig. 2.21: a) Seasonal variation of groundwater level in the Govare well. EC of groundwater measured periodically and 
hourly monitored (Jul. 2007 to Feb. 2017) are closely followed each other and shows cyclicity. Earthquakes of M > 4 

occurred in the region are also shown. b) hydrochemical and stable isotope values (periodic measurements) like Cl, SO4, F 
and 18O are also shows cyclic change.

23. Assessment of Mineral Content in Drinking Water Sources of Dantewada District, Chhattisgarh, India 

CSIR-NGRI has carried out a water quality study of drinking water sources of NMDC plant sites situated 
at Bacheli, Kirandul and Donimalai to ascertain mineral content and suggest scientific methodologies for 
increasing minerals in drinking water. Seasonal groundwater and surface water monitoring was carried out 
during pre and post monsoon seasons. The salient water quality features revealed that raw water and treated 
water supplied from Bacheli and Kirandul Township possess low TDS and other mineral concentrations 
below the desirable limits set by BIS: IS10500, 2012. The drinking water supplied in Donimalai is from 
Narihalla Dam and is having all essential minerals in required quantities. The concentration of heavy metals 
viz., AI, As, Mn, Cr, Cd, Co, Ni, Cu, Pb and Zn in the drinking water supply of all the three plants are 
within desirable limits of BIS:IS10500/WHO drinking water standards. Based on the studies conducted, the 
following are the important findings: 

● The drinking water supplied in Donimalai from Narihalla Dam possesses all essential minerals in 
required quantities. 

● The water quality analyses of drinking water supply in the Bacheli and Kirandul Townships indicated 
that except low mineral concentration, no appreciable quantity of heavy metals, fluoride and iron was 
found. The water is free from any type of contamination and is the best available natural water in the 
vicinity. 
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● The low minerals in drinking water could be increased by addition of sufficient quantity of the required 
minerals in the drinking water. 

● Before arriving at any definite conclusion about low mineral consumption and its health affects it is 
strongly recommended to carry out a study of the consequences of drinking low mineral water by the 
residents of Bacheli and Kirandul.

24. Village level sustainable water solutions in drought prone / water scarcity areas

Geophysical investigations were carried out in a few problematic areas of Andhra Pradesh for drinking water 
source finding and groundwater augmentation for improving groundwater level and quality improvement.

Giddalur and Cumbum mandals, Prakasam district, Andhra Pradesh

To ensure safe drinking water source to the problem villages of Giddalur and Cumbum mandals, geophysical 
investigations mainly deep Vertical Electrical Soundings were carried out at 20 locations in the study 
region. The studies indicated moderate to higher potential aquifer zones within the depth zone of 200 m 
in the shale-phyllite and shale-quartzite contact zone formations. A bore hole drilled by RWS, Panchayat 
Raj at VES2 struck potential aquifer zone in the depth zone of 125 to160 m with the yield of 2 to 2.5” 
(Fig. 2.22). 2D Electrical Resistivity Tomography survey conducted at this location indicated occurrence of 
high resistive zone from 100 m onwards. The litholog and thin section analysis of bore hole rock samples 
collected from deeper depths indicate that the high resistivity layer corresponds to quartzite formation
 (Fig. 2.23). Thus, the shale-quartzite contact zone acts as potential groundwater zone. Based on interpretation 
of VES data, 10 bore holes were recommended for drilling up to maximum depth of 200 m.

Fig. 2.22: VES, ERT and bore hole litholog at VES 2
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Fig. 2.23: Thin section of bore well quartzite (Transition quartzite) sample and 
standard quartzite sample in microscope

25. Assessment of Groundwater conditions and water quality around the Peenya industrial development 
areas in Bangalore

Sub-surface conditions in and around the premises of Peenya Industrial Area (PIA), Bangalore, were 
assessed through deployment of Electrical Resistivity Tomography (ERT) imaging system at 28 locations 
using Wenner-Schlumberger Configuration. Additionally, the analysis of groundwater/surface water 
samples collected in the watershed covering PIA, Bangalore revealed that the groundwater is contaminated 
with total Chromium and Hexavalent Chromium and other toxic elements (Fig. 2.24).

Fig. 2.24: Total Chromium and Hexavalent Chormium distribution in the Peenya Industrial Area 
during post-monsoon season-2016
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26. Groundwater exploration for selection of new bore hole sites at Borabanda division of Greater Hyderabad 
Municipal Corporation (GHMC) 

At the request of GHMC Hyderabad, CSIR-NGRI carried out geophysical investigations (ERT, GPR, 
VES surveys) in Borabanda division for selection of new bore hole sites for drinking water requirement 
(Fig. 2.25a). A ERT image and GPR image along a profile is shown in Fig. 2.25 b and c. Preliminary survey 
and geophysical investigations indicate that the area has potential groundwater sources mainly at shallow 
depths and in fractures at deeper depths. Based on hydrogeological and geophysical surveys, 10 sites were 
recommended for bore hole drilling up to maximum depth of 150 m.

Fig. 2.25a: Location of ERT and GPR survey profiles in Borabanda area, Hyderabad

E-1 (East) E-41 (West)
Drilling site

Fig. 2.25b: ERT profiles (Schlumberger configuration) and location of bore hole site (site 1)
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Drilling site

Fig. 3.28c: Typical image of a GPR profile (using 40 Mhz antenna) with drilling location
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Geodynamics



56 CSIR-NGRI Biennial Report 2015-17



57CSIR-NGRI Biennial Report 2015-17

GEODYNAMICS
1. In SAR and GPS measurements of crustal deformation due to seasonal loading of Tehri reservoir in Garhwal 
Himalaya, India

The unique observations of crustal deformation caused by the seasonal water level changes of Tehri 
reservoir in the Garhwal region of NW Himalaya are reported from GPS measurements and Interferometric 
Synthetic Aperture Radar (InSAR) analysis. All GPS sites along the Himalaya are strongly influenced by 
seasonal hydrological and atmospheric loading. However, the GPS site KUNR located near the reservoir 
additionally exhibits anomalous variations due to seasonal water loading and unloading by the reservoir. 
Our InSAR analysis confirms that the seasonal filling of the reservoir causes measurable subsidence in its 
neighbourhood (Fig. 3.1). In addition to the elastic deformation caused by the seasonal reservoir loading and 
the negligible poroelastic deformation caused by associated fluid pressure changes, there is an unaccounted 
biannual deformation in the east component of the GPS time-series which we suspect to be caused by altered 
hydrological conditions due to the reservoir operations. Understanding the crustal deformation processes 
due to such anthropogenic sources helps in separating the deformation caused by tectonic, hydrological and 
atmospheric effects from that caused by these activities.

Fig. 3.1: (a) Observed LOS deformation from InSAR due to difference in water levels in the Tehri reservoir on 22 May 
2007 and 22 November 2007, (b) simulated LOS deformation, and(c)the residual between the observed and simulated 
LOS deformation. (d) West-east profile passing through the KUNR GPS site. Black broken lines and grey dots are the 

median and scatter in the LOS deformation along a1-km wide swath across the InSAR image. Corresponding simulated 
displacement due to the reservoir is also shown by red line.

2. Seismic character of Moho beneath the NW Himalaya and Ladakh inferred from regional earthquake travel 
time data

We studied the uppermost mantle velocities and dip of the Indian Moho beneath the NW Himalaya and 
Ladakh using 42 regional waveform data recorded on 15 seismographs along a ~600 km-long profile. We 
used the two-way travel time and interstation velocity methods. The apparent Pn and Sn velocities beneath 
the NW Himalaya are 8.08 ± 0.04 and 4.64 ± 0.07 km/s respectively for earthquakes occurring south of the 
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profile (downdip, western Indian shield) and 8.70 ± 0.13 and 4.76 ± 0.12 km/s for earthquakes from north 
(updip, western Tibet). Similarly, these velocities beneath Ladakh are 7.18 ± 0.07 and 4.32 ± 0.05 km/s for 
earthquakes due south (downdip, north Indian shield) and 8.50 ± 0.10 and 4.39 ± 0.12 km/s for earthquakes 
due north (updip, western Tibet). These velocity variations constrain the Moho dip at ~2.4º ± 0.148º beneath 
the NW Himalaya and ~6.6º ± 0.548º beneath Ladakh. Considering the varying dips along the profile, 
we observe that the true Pn (8.37 ± 0.07 km/s) and Sn (4.70 ± 0.1 km/s) velocities are higher for the NW 
Himalaya than for Ladakh (7.73 ± 0.08 and 4.33 ± 0.09 km/s). The large variation in interstation Pn velocity 
is observed between the station pairs near the Indus Zangpo Suture zone due to steep dipping (~7.18º to 
6.268º) of the Indian Moho. In the Himalaya region, the interstation and average values of the velocities 
and Moho dip are comparable, whereas a variation is observed in different segments of the Ladakh region. 
The results show that the Indian Moho is underthrusting at a shallow angle (~2.58º) beneath the Himalaya, 
steepening abruptly (~6.68º) further north of the Southern Tibetan Detachment and continues at a shallow 
angle (~3.88º) beneath Ladakh (Fig. 3.2).

Fig. 3.2: Variations in the dip of the Indian Moho from the Main Frontal Thrust (MFT) to 
Karakoram Fault (KF), in the western Himalaya - Ladakh. 

3. Imaging of seismic discontinuities of the upper mantle in the western Himalaya through Receiver Function 
analysis

We present the image of seismic velocity discontinuities of the upper mantle in the depth range of 200 
to 800 km beneath the western Himalaya from Gangetic Plain (27.5ºN latitude) to Ladakh-Karakoram 
region (35ºN latitude), an active collision zone of Indo-Eurasian plates. We used 2088 receiver functions 
calculated from the data obtained from 44 digital broadband seismological stations. The results show a 
sharp 410 km discontinuity in the range of ~393 – 406 km from Gangetic Plain till Indus Zangpo Suture 
(IZS) which is disturbed (double peaked) further north of the IZS. The 660 km discontinuity shows flat and 
sharp variations in the Gangetic Plain through Himalaya and elevated by ~12 to 17 km beneath Tibetan 
Himalaya to the north of IZS (Fig. 3.3). We observe a distinct northward dipping velocity interface to the 
north of IZS in the depth range of ~460 to 490 km which indicates down going Indian subducting slab 
reported in earlier studies. This velocity interface may be responsible for the earlier 660 km phase beneath 
this region. Thickened mantle transition zone (~255-262 km) is observed beneath Gangetic Plain and NW 
Himalaya than Tibetan Himalaya due to presence of cold material within (~100ºC less than normal).
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Fig. 3.3: (Left) The stacked Receiver Functions from the Gangetic Plain to Ladakh-Karakoram i.e in the Tibetan Himalaya 
without bootstrap technique (a) and with bootstrap resampling (b). The color scale indicates size of the amplitude. 
(Right) Depth of (a) 410 km discontinuity, (b) 660 km discontinuity and (c) thickness of the mantle transition zone

4. Sediment thickness beneath the Indo-Gangetic Plain and Siwalik Himalaya inferred from receiver function 
modelling 

The Indo-Gangetic Plain and the adjoining Siwalik Himalaya are seismically the most vulnerable regions 
due to the presence of thick sediments that amplify the seismic waves due to an earthquake in the region 
affecting a large population. We investigate the sedimentary structure and crustal thickness of the region 
through joint inversion of the receiver function time series at 14 broadband seismograph locations and the 
available Rayleigh velocity data for the region. Results show a significant variation of sedimentary layer 
thicknesses from 1.0 to 2.0 km beneath the 
Delhi region to 2.0–5.0 km beneath the Indo-
Gangetic Plain and the Siwalik Himalaya (Fig. 
3.4). As we progress from Delhi to the Indo-
Gangetic Plain, we observe a decrease in the 
shear velocity of sedimentary layer from ~2.0 
km/s to ~1.3 km/s while the layer thickness 
increases progressively from ~1.0 km in south 
to 2.0–5.0 km in the north. Average S-velocity 
in the sedimentary layer beneath the Siwalik 
Himalaya is ~2.1 km/s. Crustal thicknesse 
varies from ~42 km in the Delhi region, ~48 
km in the Indo-Gangetic Plain, ~50 km in the 
western part of Siwalik Himalaya to ~60 km in 
the Kumaon region of Siwalik Himalaya.

Fig. 3.4: Sedimentary thickness variations beneath Indo-Gangetic 
Plain and Siwalik Himalaya. Colored concentric circle shows the 

back azimuthal variations of sedimentary thickness
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5. Seismotectonics and crustal stress field in the Kumaon–Garhwal Himalaya 

We present fault plane solutions of 94 well located small-to-moderate sized (1.5 ≤ ML ≤ 5.4) earthquakes, 
which occurred in the Kumaon–Garhwal Himalaya during 2005–2008, using P-wave polarity and body 
wave amplitudes. These earthquakes show a mixture of thrust, normal and strike-slip type mechanism, with 
a majority being thrust type. Most of the thrust earthquakes occur at a depth of 8–22 km in the Main Central 
Thrust (MCT) zone and the Lower Himalaya. The spatial distribution of these earthquakes suggest that the 
strain resulting from the ongoing collision of the Indian plate with the Eurasian plate is being consumed 
by thrust fault movement mainly on the north dipping Munsiari Thrust and south dipping Tons Thrust. 
The strike-slip earthquakes are mainly observed in the Lower Himalaya as well as around the Munsiari 
region in the MCT zone. The normal earthquakes are also observed in different parts of the Kumaon–
Garhwal Himalaya and the Gangetic plain. Their occurrence is attributed to the local structure(s) as well 
as the flexure of the Indian plate. Stress tensor inversion of the calculated fault plane solutions indicates 
that the maximum compressive stress in the Gangetic plain is N–S directed and near vertical; whereas in 
the Kumaon–Garhwal Himalaya, it is near horizontal and NNE–SSW directed, correlating well with the 
prevailing stress condition due to northward movement of Indian plate (Fig. 3.5).

Fig. 3.5: Spatial distribution of fault plane solutions in different regions 
(a) MCT zone (b) Lower Himalaya and Gangetic plain

6. Evidence for an extensive intrusive component of the Deccan Large Igneous Province in the Narmada Son 
Lineament region, India from three dimensional magnetotelluric studies 

The crustal electrical structure beneath the western segment of Narmada-Son lineament zone in Central 
India has been imaged using magnetotelluric (MT) data set of 153 stations distributed over a grid (~7–8 
km site spacing). Three dimensional modeling of this data set brought out several major crustal conductors
with different geometries at different depth levels in the crustal column (Fig. 3.6). The conductive features,
correlating with gravity high anomalies and high seismic velocity zones are interpreted to be mafic ultramafic
bodies derived from mantle. We infer that these bodies represent the intrusive component of the Large 
Igneous Province (LIP) of the Deccan volcanic episode triggered by the passage of the Indian continent 
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over the Reunion hot spot during the Late Cretaceous. The disposition and the geometry of the subsurface 
magmatic bodies, which must have served as magma chambers for outpouring of the Deccan lavas, suggest 
that they are closely related to the plumbing geometry of the LIP of the Deccan volcanic episode.

Fig. 3.6: Horizontal depth section derived from 3D inversion of full tensor MT data at depths 20, 30 km 
are presented along with gravity contours (white lines) superimposed. Narmada (N), Tapti (T) and 

Barwani-Sukta (B) faults are marked with red lines
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7. Basement depth in Central India from Aeromagnetic data

The Central Indian region reveals a complex geology covering the Godavari Graben, the Bastar Craton 
(including the Chhattisgarh Basin), the Eastern Ghat Mobile Belt (EGMB), the Mahanadi Graben and some
part of the Deccan Trap, the Northern Singhbhum Orogen and the Eastern Dharwar Craton. The region is 
well covered by reconnaissance scale aeromagnetic data, analyzed for the estimation of depths to basement
and shallow anomalous magnetic sources using scaling spectral method. The depth to the shallow magnetic
anomalies are found to vary from 1 to 3 km whereas magnetic basement depth values are found to vary from
2 to 7 km. The shallow basement depth of 2 km corresponds to the Kanker granites, a part of the Bastar 
Craton, whereas deeper basement depth of 7 km is for the Godavari Basin and the southeastern part of 
the EGMB near the Parvatipuram Bobbili fault. The obtained basement depth values correlate well with 
the results from earlier geophysical studies, which are limited to few tectonic units whereas our present 
estimation provides detailed magnetic basement mapping in the region. 

8. Structural Mapping Based on Potential Field and Remote Sensing Data, South Rewa Gondwana Basin, 
India 

Intracratonic South Rewa Gondwana Basin occupies the northern part of the NW-SE trending Son-Mahanadi
rift basin of India. The new gravity data acquired over the northern part of the basin depicts WNW-ESE 
and ENE-WSW anomaly trends in the southern and northern parts of the study area respectively. 3D 
inversion of residual gravity anomalies has brought out undulations in the basement delineating two major 
depressions (i) near Tihki in the north and (ii) near Shahdol in the south, which is again divided into two 
sub basins by an ENE-WSW trending 
basement ridge near Sidi. Maximum 
depth to basement is estimated as 5.5 
km within the northern depression. 
The new magnetic data acquired over 
the basin have brought out ENE-WSW 
to E-W trending short wavelength 
magnetic anomalies attributed to 
volcanic dykes and intrusives having 
remanent magnetization corresponding 
to upper normal and reverse polarity 
(29N and 29R) of the Deccan basalt 
magnetostratigraphy (Fig. 3.7). Analysis 
of remote sensing and geological data 
also reveals the predominance of ENE-
WSW structural faults. Integration of 
remote sensing, geological and potential 
field data suggest reactivation of ENE-
WSW trending basement faults during 
Deccan volcanism through mafic dykes 
and sills. Therefore, the South Rewa 
Gondwana basin has witnessed post rift 
tectonic event due to Deccan volcanism. Fig. 3.7: GIS integration map of surface and subsurface structures with 

rose diagrams. In the figure, Grav - Gravity, Mag - Magnetic, RS - Remote 
Sensing, HZ - Horizontal Gradient
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Fig. 3.8: Interpreted depth model at Umred Coal Basin, Nagpur, Maharashtra

9. Regional and residual gravity anomaly separation using Singular Spectrum Analysis 

A new method based on Singular Spectrum Analysis (SSA) is proposed to filter gravity data. The SSA 
based low pass filtering is employed to separate regional gravity anomaly from high frequency residual 
background. The data adaptive decomposition in SSA frequency filtering facilitates to reduce the artefacts 
in the filtering of spatially non-linear and non-stationary gravity data. Initially, the method was tested 
on synthetic gravity data added with white Gaussian noise in comparison with FFT based wave number 
filtering and Wavelet filtering techniques. Testing on synthetic data suggests a good match between pure 
synthetic data and SSA filtered output whereas the output of wave number filtering and wavelet methods 
shows clear deviations from the pure synthetic data. Then, the SSA method was applied on the gravity 
anomaly data from two parallel profiles near Nagpur, Maharashtra, India to filter residual gravity signal. 
Further, the regional anomaly separated using SSA filtering algorithm was modelled using the GM-SYS to 
develop a regional model of crustal structure of the study region. The regional models generated from the 
two profiles agree with each other and also correlate well with known regional geology. The model suggests 
(i) a basin structure with variable trap and sedimentary thicknesses and (ii) deep seated fault structure on 
either sides of the basin is in good agreement with the Magneto Telluric results (Fig. 3.8). Thus, it can be 
concluded that the SSA filtering technique is a robust tool for regional gravity anomaly separation.
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10. Radioelemental concentrations (Th, U, K) and radiogenic heat production of the granites and gneisses of 
the Central Indian Suture Zone (CISZ)

In present study, granites and gneisses were collected from fresh outcrops/quarries along the CISZ covering
the Betul belt and the northern and southern parts of Mahakoshal belt. We have measured radio elemental 
(Th, U and K) concentration of 92 rock samples (Fig. 3.9) using laboratory low-level spectrum-stabilized 
multichannel gamma-ray spectrometer. Radiogenic heat production is calculated from the above data along 
with their density.

Results show that the granites and gneisses of the CITZ show highly variable radio-elements (Th, U, K) and 
high heat production (HP) with higher values in pinkish granite compared to the grey granite, biotite granite 
and gneisses in respective areas. (b) Granites from the northern part of Mahakoshal belt show slightly lower 
Th, U, K and heat production compared to the southern part. (c) Granites from the Betul belt shows highest 
Th, U, K and heat production. (d) Heat production is controlled by Th, contributing 50 - 70% in total heat 
production. Thus, the preliminary study suggests two distinct radio elemental and heat production scenarios 
in the CITZ. 

Fig. 3.9: Geological map of the Central Indian Tectonic Zone, CITZ (modified after Roy et al., 2002). CIS: Central Indian 
Shear Zone, TS: Tan Shear Zone, TF: Tapti Fault, SNNF: Son Narmada Northern Fault, SNSF: Son Narmada Southern Fault. 

Present study locations are shown by black rectangles. H: Harda, B: Betul, J: Jabalpur, U: Umaria, M: Majuli, B-S: Bargaon-
Singrauli, S: Sidhi. Earlier study locations are shown by red rectangles: Tirodi, A-D: Amagaon-Dongargarh, TP: Tattapani.



65CSIR-NGRI Biennial Report 2015-17

11. An Integrated approach to delineate the crustal structure beneath Proterozoic eastern Cuddapah Basin

We have reprocessed the deep seismic sounding data over Proterozoic eastern Cuddapah basin covering 
Nellore Schist Belt, Ongole domain of the Eastern Ghats Belt and adjacent East Coast Terrain and integrated 
the obtained results with other geophysical studies to decipher the subsurface crustal structure. The derived 
shallow seismic section showed presence of a thin layer (~ 250 m) of Gondwana sediments with a distinct 
velocity of 4.20 km/s and a lateral dimension of about 40 km around Vinjamuru region of the Nellore 
Schist Belt. Another important finding has been the depiction of sediments with velocities of 5.3 and 5.5 
km/s (comparable to upper and lower Cuddapah sediments) between Nellore Schist Belt and the east coast, 
indicating possible presence of an additional Proterozoic sedimentary terrain, overlying the concealed 
Archean crystalline basement. 

12. Geochemical and stable isotope signatures of Proterozoic stromatolitic carbonates from the Vempalle 
and Tadpatri Formations, Cuddapah Supergroup, India: Implications on Paleoenvironment and depositional 
conditions

Spectacular stromatolitic dolomites with varied morphological features are preserved in the Vempalle and 
Tadpatri Formations of the Proterozoic Cuddapah basin, eastern Dharwar Craton. They exhibit stratifera, 
columnar, conical, domal and spheroidal/lobate morphologies in which columns are branched at some places 
(in Tadpatri Formation). Based on their trace elements such as REE+Y and stable isotope compositions 
(carbon and oxygen), the Vempalle stromatolites have been classified as three types. Vempalle I stromatolites 
exhibit pronounced positive Eu anomalies with small scale positive Ce anomalies whereas Vempalle II 
counterparts have slight negative to positive Eu, feeble positive Ce and positive Gd anomalies. Vemaplle 
III stromatolites display positive Ce, Eu and Gd anomalies. The Tadpatri Formation stromatolites have 
pronounced Gd anomalies with low 
order positive Ce and Eu anomalies. 
Significant depletion in δ18O is 
observed in Vempalle and Tadpatri 
Formations. The Tadpatri stromatolites 
display variations in negative δ18C, 
whereas the Vempalle stromatolites 
possess both positive and negative δ18C 
thereby reflecting their deviation from 
the popular belief of the boring billion 
concept of displaying Midproterozoic 
δ18C stasis. The flat REE patterns, Ce, 
Eu and Gd anomalies, chondritic to 
superchondritic Y/Ho ratios collectively 
reflect on marine water conditions for 
their deposition with variable inputs of 
siliciclastic/terrigenous materials and 
hydrothermal signatures. These cherty 
dolomitic stromatolites were deposited 
in subtidal-intertidal-supratidal zones 
of a shallow shelf of Proterozoic open 
ocean under warm, alkaline and anoxic 
conditions (Fig. 3.11). 

Fig. 3.11: Schematic diagram showing paleo environmental conditions 
of the Tadpatri and Vempalle stromatolites depicting their formation in 
subtidal-intertidal and supratidal conditions based on morphological 

and geochemical studies (not to scale). 1-4 are field photos of Vempalle 
stromatolites and 5-8 are Tadpatri stromatolites. 1 and 5 are formed in 
supratidal zone, 2, 3, 6 and 7 are formed in intertidal zone; 4 and 8 are 

formed in subtidal zone.
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13. Evidence of rifting from seismic refraction tomography in West Bengal sedimentary basin

We have delineated a pseudo 3-D configuration (Fig. 3.12) of the West Bengal sedimentary basin from first 
arrival seismic traveltime tomography, which shows south-easterly dip of the basin. The model is assessed 
through chi-squares estimates, rms residual, 
travel-time fit, rays traced and resolution by 
checkerboard tests. It depicts smooth velocity 
variations of Recent, Quaternary and Tertiary 
sediments of velocity 1.8–4.3 km/s deposited 
over the Rajmahal Trap (RT) of 4.8 km/s velocity 
and the basement (5.9 km/s) down to a maximum 
depth of 16 km. The study identifies a regional 
feature, known as the hinge zone, where stable
Indian shield ends and a sharp increase in 
sediment thickness occurs. The hinge zone may
represent the relict of continental and 
protooceanic crustal boundary formed during 
the rifting of India from Antarctica. The regional
gravity map of the Bengal basin clearly brings 
out the hinge zone with a linear gravity high that 
is compatible with the seismic data. Presence 
of hinge zone and subsurface RT in the basin 
suggests the influence of rifting of India from 
the combined Antarctica–Australia at ~130 Ma 
due to mantle plume activity on the structure and 
tectonics of the West Bengal basin.

Fig. 3.12: Pseudo 3-D velocity structure of the 
West Bengal basin.

14. Crustal structures and sub-surface density distribution beneath the Chhattisgarh basin and Sonakhan 
Schist Belt–inference from gravity-magnetic signatures 

The gravity data over the Chhattisgarh basin was analysed to delineate the deep crustal structures to 
understand the process of basin evolution. The most significant feature of the Bouguer anomaly map of the 
basin is a large wavelength circular relative gravity high centered near Raipur in the center of the basin. 
It is conspicuous due to the fact that a relatively low gravity anomaly is expected over the undeformed 
sedimentary basin. A low pass filtered regional gravity map with a cut off wavelength of 150 km shows a 
prominent nearly circular relative gravity high of about 30 mGal in the center of the basin encircling the 
Bilaspur, Raipur and Sonakhan. Nature of this anomaly suggests a 3D high density mafic/ultrmafic source at 
deeper depth. 3D inversion of this anomaly based on Parker-Oldenburg algorithm requires a 6 km thick high 
density (3.1 g/cm3) mafic magma underplating above the Moho (Fig. 3.13) to match the observed gravity 
signal. Interestingly, other Meso-to-Neo Proterozoic (1.9-1.6 Ga) intracratonic sedimentary basins of India, 
namely Cuddapah and Vindhyan basins have also revealed high velocity and high density underpaletd 
mafic magma at the base of the crust and suggested plume-lithosphere interaction as a possible geodynamic 
process for its genesis. Though the igneous activities are very sparse in Chhattishgarh basin, subsurface 
presence of mafic dykes of Deccan age near Raipur indicates that high density mafic underplating beneath 
the Chhattisgarh basin could be the consequence of extensive modification of the crust of Bastar craton 
through Deccan plume/hot spot interaction. Hence, it is postulated that the interpreted high density mafic 
underplate could be a result of Deccan volcanism.
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The NW-SE trending Sonakhan Schist belt of Archean 
to upper Proterozoic age located at the southern fringe 
of Chattisgarh basin, the only one occurring in Bastar 
craton has not been studied in detail by geophysical 
methods in spite of its large potential for base metal 
and precious metals. The schist belt comprises mainly 
bimodal volcanic rocks represented by bimodal 
basalts and meta rhyolites, banded iron formation 
and is traversed by younger un-deformed and un-
metamorphosed basic and acidic intrusive. Gravity 
and magnetic data over the Sonakhan belt depicts a 
number of short wavelength anomalies superposed 
on a prominent NW-SE trending linear gravity and 
magnetic anomaly trend, which was otherwise, not 
reflected in the gravity map series of India-2006 due 
to sparse data coverage.

Joint modelling of residual gravity and magnetic anomalies along two SW-NE profiles traversing the 
Sonakhan schist belt and Northern part of Chhattisgarh basin has given a robust estimate of sediment 
thickness and configuration of the schist belt and its extension beneath the Chhattisgarh basin. It is found 
that gravity method is better suited to demarcate the boundary and delineate the geometry of the schist belt 
whereas magnetic method is useful to discriminate the constituent members of the schist belt due to its 
bimodal nature of volcanic association.

Fig. 3.13: 3-D geometry of the magmatic underplating 
layer above the Moho below the Chhattisgarh basin. 

(Average Moho depth =38 km, Thickness of high density 
mafic underplated layer =6-8 km)

15. Geochemical investigations on volcanic rocks of Bundelkhand Craton 

The Neoarchean Bundelkhand greenstone sequences at Mauranipur and Babina, within the Bundelkhand 
Gneissic Complex preserve a variety of magmatic rocks such as komatiitic basalts, basalts (Type I, II and 
III), felsic volcanic rocks and high-Mg andesites belonging to the Baragaon, Raspahari and Koti Formations. 
The intrusive and extrusive komatiitic basalts are characterized by low SiO2, high MgO, moderately high 
Fe2O3, Al2O3, and TiO2 with super to subchondritic (Gd/Yb)N ratios indicating garnet control on the melts at 
source. The intrusive komatiitic suite (amphibole bearing pyroxenites) of Ti-enriched and Al-depleted type 
possesses predominant negative Eu and positive Nb, Ti and Y anomalies. They show high Cr (22,461-3,110 
ppm), Ni (2,536-320 ppm), Sr, Ba, Sc and V with low Rb, Cs and Nb (0.3-0.6 ppm), LREE enrichment 
compared to the Al-enriched extrusive type. Based on geochemistry, basalts can be classified into three 
types with varying SiO2, TiO2, MgO, Fe2O3, Al2O3 and CaO. At similar SiO2 content of type I and type III 
basalts, the type II basalts show slightly high Al2O3 and Fe2O3 contents. Significant negative anomalies of 
Nb, Zr, Hf and Ti, slightly enriched LREE with relatively flat HREE and low ∑REE (10-90 ppm) contents 
are observed in type I and II basalts. Type III basalts show high Zr/Nb ratios, TiO2, but possess strikingly 
flat Zr, Hf, Y and Yb. Type III basalts are uncontaminated when compared to Type I and II basalts. Andesites 
from Agar and Koti areas have high SiO2, moderate TiO2, slightly low Al2O3, medium to high MgO and 
CaO contents. Total alkali content of Agar felsic volcanics of BaragaonFm differ significantly from Koti 
rhyolites of KotiFm in which anomalously high Cr, Co and Ni contents are observed. Tholeiitic to calc 
alkaline affinity of mafic- felsic volcanic rocks and basalt-andesite-dacite-rhyolite (BADR) differentiation 
indicate a mature arc and thickened crust during the advanced stage of the evolution of Neoarchean 
Bundelkhand greenstone belt in a convergent tectonic setting where the melts were derived from partial 
melting of thick basaltic crust metamorphosed to amphibolite-eclogite facies. The trace element systematics 
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suggests the presence of arc-back arc association with varying magnitudes of crust-mantle interaction. La/
Sm, La/Ta, Nb/Th, high MgO contents (>20 wt.%), CaO/Al2O3 and (Gd/Yb)N >1 along with the positive Nb 
anomalies of the komatiite basalts reflect a mantle plume source for their origin that has been contaminated 
by subduction-metasomatized mantle lithosphere. The overall geochemical signatures of the ultramafic-
mafic and felsic volcanic rocks endorse the Neoarchean plume-arc accretion tectonics for the development 
of the Bundelkhand greenstone belt sequences (Fig. 3.14). 

Fig. 3.14: a) Schematic cross section representing presently exposed sequence of Mauranipur-Babina Greenstone Belt, 
b) Schematic model showing genesis of Type- I, II and III basalts along the andesite–rhyolite-dacite sequence in an intra-

oceanic island arc setting, Type II basalts are erupted in a back-arc-basin setting. The komatiitic basalts were erupted 
through mantle plume in an oceancrust (Vertical and horizontal- Not to Scale).

16. Heat flow, heat production and crustal temperatures in the Archaean Bundelkhand craton, central India: 
implications for thermal regime beneath the Indian shield 

For the first-time, heat flow and heat production studies have been reported from the Bundelkhand craton, 
central India and these datasets have been used to constrain the crustal thermal structure of the craton. 
It also allows comparisons of this craton in the northern Indian shield with the craton of the southern 
Indian shield. Temperature measurements have been carried out in 10 boreholes at five sites in the craton, 
combined with systematic thermal conductivity measurements on major rock types yielded low heat flow 
in the range 32-41 mWm-2. Heat flow values shown in Fig. 3.15 indicate distinctly low values compared to 
generally observed high heat flow values in the other parts of the northern Indian shield. Radio-elemental 
measurements on 243 samples of drill cores and outcrops reveal both large variability and high average 
heat production for the Neo-Archaean to Palaeo-Proterozoic granites (4.0 ± 2.1 (SD) μWm-3) relative to the 
Meso-Archaean TTG gneisses (2.0 ± 1.0 (SD) μWm-3). On the basis of new heat flow and heat production 
datasets combined with available geological and geophysical information, a set of steady-state, heat flow-
crustal heat production models representative of varying crustal scenarios in the craton are envisaged. 
Mantle heat flow and Moho temperatures are found to be in the range of 12-22 mW m-2 and 290-420oC, 
respectively (Fig. 3.16). This study reveals similar mantle thermal regimes across the northern and southern 
parts of the Indian shield, in spite of varying surface heat flow regimes, implying that much of the intra-
province and inter-province variations in the Indian shield can be explained by variations in upper crustal 
heat production. 
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Fig. 3.15: Geological map of the Bundelkhand craton, central 
India, showing heat flow data with blue open circles and 

sample locations for high-temperature thermal conductivity 
(HT-TC) study by black solid circles. Heat flow shown at 
Shivpuri (N=7), Khor (N=2), Indora (N=2) and Panna 
(N=8) areas represent average heat flow for the area 
and distribution of boreholes in these areas are shown 

separately for clarity in the bottom panels. Other sites with 
single boreholes (DN, CHP-1, and CHP-2) are shown in the 

geological map.

Fig. 3.16: Plausible crustal heat production models and crustal temperature-depth (T-z) profiles for the Bundelkhand 
craton. The contribution of heat production (A in μW m-3) from each layer in the crustal column to surface heat flow 

(top of the model) is shown within the layer. Data used are: (a) for models 1, 2 and 3, A: 4 for granites and A: 2 for TTG 
gneisses, (b) for models 4, 5 and 6, A: 1.9 for granites and A: 1 for TTG gneisses. For all the models in (a) and (b), A: 
0.4 for metavolcanics-metasediments, A: 0.5 for mid-crustal rocks and A: 0.2 for granulites. Mantle heat flow is shown 

at the bottom of each model. The mantle heat flow estimated from model-2 is not considered in modeling as it is showing 
unrealistic value. (c) Comparison of crustal T-z profiles in the Bundelkhand craton for five heat production models (solid 

black lines) and the Dharwar craton (grey shaded region)
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17. Temperature-dependent thermal conductivity of the granitoids from the Bundelkhand craton, central India 

For the first time, thermal conductivity (TC) measurements on higher temperatures (up to 300oC) have been 
carried out in India with a steady-state laboratory apparatus. Installation of the apparatus (guarded heat 
flow meter, DTC-300) and calibration (with the ASTM E1530 standard) were carried out. Details of the 
apparatus along with the calibration curve are shown in Fig. 3.17.

During the previous years, we carried out systematic heat flow studies in the Bundelkhand craton, central 
India covered by gneisses and three different varieties of granitoids, e.g., potassic granitoid, biotite granitoid 
and sodic granitoid. For arriving at precise thermal structure of the craton, TC variations with temperature 
for the existing lithologies are essential. Therefore, TC measurements at higher temperatures (from 25oC 
to 300oC) were carried out on ten samples that consist of granitoids as discussed above. Sample locations 
are shown in Fig. 3.15. Present study shows that the rate of decrease in TC with increase in temperature 
for various types of granitoids is different and ranges between 10% and 35% for the studied temperature 
range. Moreover, within each variety of granitoids, the rate of decrease in TC with temperature is dependent 
on their TC at room temp. Further study is necessary to arrive at robust values of temperature-dependent 
thermal conductivity of these granitoids which will be used to arrive accurate, precise thermal model for 
the craton.

(a) (b) (c)

Fig 3.17: (a) Steady-state apparatus, (b) Schematic diagram of stack, (c) calibration curves in the temperature range 
50-300oC using five standards. Thicknesses of the standards (in mm) are given in parentheses.

18. Interaction of coeval felsic and mafic magmas from the Kanker granite, Pithora region, Bastar Craton, 
Central India

Field and petrographic studies are carried out to characterize the interactions of mafic and felsic magmas 
from Pithora region of the north eastern part of the Bastar Craton. The MMEs, syn-plutonic mafic dykes, 
cuspate contacts, magmatic flow textures, mingling and hybridization suggest the coeval emplacement of 
end member magmas (Fig. 3.18). Petrographic evidences such as disequilibrium assemblages, resorption 
textures, quartz ocelli, rapakivi and poikilitic textures suggest magma mingling and mixing phenomena. 
Such features of mingling and mixing of the felsic and mafic magma manifest the magma chamber processes. 
All these features are well-documented in the study area. Field and petrographic evidences suggest that the 
textural variations from Pithora region of Bastar Craton are the outcome of magma mingling, mixing and 
hybridization processes.
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Fig. 3.18: (a) Alkali feldspar phenocryst of the crystallizing host granite entering into MME, and some phenocrysts at the 
contact of MMEs and the host; (b) Syn-plutonic mafic dyke showing the chilled margin, and K-feldspar phenocryst along 

with later formed epidote vein cross-cutting the host granite and the syn-plutonic mafic dyke.

19. Geochemistry and geochronology of bimodal volcanic rocks from Kotri belt, Bastar Craton, Central India

Detailed geochemical and U-Pb zircon geochronology and Lu-Hf isotopic sytematics have been carried 
out on the bimodal volcanic of Kotri belt and Dongargarh granites to evaluate their age, ancient crystal 
component, their genesis and geodynamic setting. The geochemical characteristics indicate that the 
bimodal basalt-rhyolite sequences and the granites were generated in an extensional setting similar to a 
back arc basin. The U-Pb age of the mafic volcanic rocks gave an age of 2471±7 Ma and the age of the 
felsic volcanic rocks vary from 2479±13 Ma and 2463±14 Ma reflecting on Paleoproterozoic volcanic 
activity in the Kotri belt. The granites yielded an age of 2506±50 Ma suggesting their emplacement during 
Archean-Proterozoic transition. The Lu-Hf isotopic systematics suggest that the source material evolved 
from the subduction of Paleoarchean felsic crust. The integrated geochemical studies reflecting on island 
arc magmatism and crustal anatex is responsible for the evolution of Neoarchen-Paleoproterozoic crustal 
growth in the Central India (Fig. 3.19).

Fig. 3.19: Eruption of Kotri bimodal volcanics in an island arc setting depicting the arc migration 
towards the continental margin
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20. Three-dimensional lithospheric structure of the eastern Indian shield 

We analyzed satellite gravity and geoid anomaly and topography data to determine the 3D lithospheric 
density structure of the Singhbhum Protocontinent. The LAB across the Singhbhum craton is at a depth of 
about 130-140 km (Fig. 3.20). In Bastar craton and Bengal basin, the LAB dips to about 155 ± 5 km depth. 
The confluence of Mahanadi and Damodar Gondwana basins and the foreland Ganga Basin is characterized 
by a deeper LAB lying at a depth of over 170 and 200 km, respectively. In the Bay of Bengal, the LAB is at 
depth of ~100-130 km except over the 850E ridge (150 km), and off the Kolkata coast (155 km). Significant 
density variation as well as an almost flat crust–mantle boundary indicates the effect of significant crustal 
reworking. 

Fig. 3.20: Lithospheric models derived from 3D 
inversion the pixel size corresponds to 30 × 30 km. 

White lines correspond to limits of tectonic units, 
black lines are isolines. Roman numbers are as, 
I: Eastern Ghats Mobile Belt, II: Baster Craton, III: 

Singhbhum Craton, IV: Northern Singhbhum Mobile 
Belt, V: Chhotanagpur Gneiss Complex, VI: Damodar 

Basin, VII: Mahanadi Basin, VIII: Ganga Basin, IX: 
Bengal Basin

21. Radioelements (Th, U, K) and radiogenic heat production from the northern part of the Singhbhum craton, 
Eastern Indian Shield

The Singhbhum craton in the Eastern Indian shield is one 
of the oldest cratons covering an area of ~40,000 km2. Core 
of the craton consists of ~3.45 Ga Older Metamorphic 
Group (OMG), Older Metamorphic Tonalitic Gneisses 
(OMTG) and 3.4–3.3 Ga Singhbhum Granites (SBG). 
The OMG and OMTG occur as enclaves within younger 
SBG. The time difference between the emplacements 
of the OMTG and the early phases of younger granitic 
intrusion was of the order of 100 to 200 Ma. On the basis 
of geochronological and geochemical variations, three 
phases of the granites have been identified namely SBG 
I, SBG II and SBG III; SBG III being the youngest. 

To characterize the radiogenic heat production of the 
granitoid as a part of the heat flow study, we have 
systematically measured radioelemental (232Th, 235U and 
40K) abundances on 104 samples from northen part of the 
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Fig. 3.21: Pie diagram showing contribution of Th, 
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Singbhum craton (Hata-Rairangapur region) using laboratoy low-level counting gamma-ray spectrometer. 
Studied samples are from OMTG and three phases of the granites (SBG I, SBG II and SBG III). Priliminary 
analysis shows that the radioelements vary in a narrow range for the above four rock formations. Concentration 
of Th in the OMTG, SBG I and SBG II is half of that in the SBG III. Concentration of U and K for the 
studied rocks are low and similar. Consequently, radiogenic heat production of SBG III is marginally higher 
than other formations. With regard to heat production, half of the contribution comes from Th (46 to 59%) 
and rest is from U (26 to 36%) and K (14 to 23%) (Fig. 3.21). The study brings out a significant conclusion 
that gneisses and the granites of the Singbhum craton have very low radioelememtal abundances compared 
to the most of the granites in the different geological provinces of the Indian shield, such as the granites of 
the Bundelkhnad craton, the Bastar craton, the Aravalli province, the Eastern Dharwar craton, etc. Further 
studies are in progress to find out the plausible causes for the lower radioelemental abundances. 

22. Paleomagnetic study of 1765 Ma dyke swarm from Singhbhum Craton: Implications to the Paleogeography 
of India 

The first key paleopole is a result of paleomagnetic study on a precisely dated 1765.3±1.0 Ma WNW-
ESE trending dyke swarm from Singhbhum Craton. This pole has been used in this study to propose the 
paleogeographic reconstruction of India with Baltica Craton and North China Craton. Incremental alternating 
field (AF) and thermal demagnetization, isolated high coercivity components with north to north-westerly 
declination and shallow negative inclination from 9 sampling sites represent different individual dykes. 
The primary origin of the ChRM is supported by the positive baked contact test. The WNW-ESE trending 
dykes yield a mean paleomagnetic direction with a declination = 329.2° and an inclination = −22.8° (k = 
31.6; α95 = 9.3°). The positive bake contact test proves the primary nature of remanance. The pole position 
of Singhbhum Craton at 1765 Ma is 45°N, 311°E (dp=5.2 and dm=9.9). Paleogeographic reconstruction at 
ca. 1770 Ma (using this data), supported by geological, tectonic and metallogenic evidences indicate that 
the Baltica Craton and India linkage could have been stable for at least ~370 Ma (~1770-1400 Ma). There is 
also reasonable evidence in support of India-North China Craton spatial proximity at ~1770 Ma (Fig. 3.22).

Fig. 3.22: Paleogeographic reconstruction at ~1770 Ma.
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23. Evolution of Sutures/Shallow Mantle Boundaries 

We initiated an experiment to examine the crustal structure and composition of Southern Granulite Province 
of India, using passive seismological data recorded by a network of broadband seismic stations. Our results 
clearly show that the composition and seismic structure of the crust across the northeast arm of the Karur-
Kambam-Painavu-Trichur shear zone is distinct (Figs. 3.23 a, b).  This is pronounced even beyond Karur 
across the eastern and western segments of the Madurai block along its meridional arm as well as across the 
Namakkal block. These vivid depth images with differing crustal compositions across the blocks, together 
with occurrence of alkali syenites and other rock types reminiscent of collision enable us to demarcate the 
unambiguous presence of a suture in the region.

Fig. 3.23a: Distribution of Vp/Vs values of the Southern Granulite Province. These values across the designated eastern 
and western segments are distinct. The distributions of alkaline rocks and carbonatites (star) and anorthosites (diamonds) 
are shown. Broken lines in different colors represent major shear/fault zones in the region. A geosuture is demarcated by 
the white dashed line based on a jump in the Moho depth across our station locations. Note its broad agreement with the 
Karur-Kambam-Painavu-Trichur shear zone (KKPTSZ) and Jhavadi fault (JF) mapped on the surface. Each degree in the 
diagram corresponds to ~111 km. Abbreviations used are as follows: AKSZ-Achankovil shear zone, BSZ-Bhavani shear 

zone, EDC-Eastern Dharwar craton, EMDB-Eastern Madurai block, JF-Jhavadi fault, KKB-Kerala Khondalite block, KKPTSZ-
Karur-Kambam-Painavu-Trichur shear zone, MBSZ-Moyar-Bhavani shear zone, MNB-Madras-Nilgiri block, MPF-Mettur-
Palakode fault, MSZ-Moyar shear zone, NB-Namakkal block, PCSZ-Palghat-Cauvery shear zone, WDC-Western Dharwar 

craton, WMDB-Western Madurai block.
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Fig. 3.23b: Comparison of crustal parameters presented in three-dimensional perspective views. (A) Pms arrivals (P-to-s 
mode conversion from the Moho boundary), (B) Moho depth, H and (C) average SiO2 contents corresponding to stations 

across which we observe Moho offsets and distinct crustal Vp/Vs ratios (Fig. 1). Approximate surface dispositions of 
major shear/fault zones within the region are displayed using colored broken lines. Note that distinct crustal characteristics 
are evident between the eastern and western segments roughly across the NE arm of the Karur-Kambam-Painavu-Trichur 
shear zone and Jhavadi fault. Observed distinction of crustal parameters in the study region together with other surface 
geological evidences for operation of a Wilson cycle lend unambiguous support to convergence between the discrete 

eastern and western segments. Each degree in the diagram corresponds to ~111 km.

24. Lithosphere-Asthenosphere Boundary beneath Cambay Rift Zone of India 

Cambay Rift Zone (CRZ) is an ancient rift that had last witnessed volcanism and rifting activity 68-65 
million years ago, when the Indian plate migrated over the Deccan plume, potentially signifying the presence 
of a shallow LAB. We apply converted wave techniques to a teleseismic earthquake dataset to image the 
mantle below the CRZ (Fig. 3.24a). We place the Lithosphere-Asthenosphere Boundary beneath this rift at 
a depth where a ~10% drop occurs in shear wave velocity. The seismic velocity structure indicates that the 
lithosphere thickness varies from ~60 km beneath the rift to ~110 km beneath rift walls. Furthermore, the 
upper mantle discontinuities (410 and 660 km discontinuities) are found to be thinner by ~2 sec (i.e. ~20 
km) with delayed 410-km discontinuity and normal 660-km discontinuities (Fig. 3.24b). We infer this to be 
caused by a thermal anomaly in the upper mantle. The surface heat flow at CRZ is high.

A geothermal gradient extrapolated from the surface heat flow intercepts CO2 -bearing mantle peridotite 
solidus at 60 km, and thus could signal the presence of small amounts of carbonatite-type magma 
(Fig. 3.24c). We suggest that the CRZ might become reactivated by the generation of small pockets of 
melt at the LAB, which is being triggered by a thermal anomaly in the upper mantle beneath this currently 
inactive rift.
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Fig. 3.24b: Geodynamic model and wave form modeling.

Fig. 3.24a: Map with broadband seismic station distribution and profiles. AB and CD are two profiles with tick marks along 
which the seismic sections have been analyzed in Fig. 3.24b . Red inverted tingles are the broadband seismic stations. 
Crosses (in cyan) around the stations are the conversion points at a depth of 100 km for S-to-p waves. The major rifts 
are also shown in red. CRZ: Cambay Rift zone, NR: Narmada rift and KR: Kachchh Rift. The extent of Deccan basalt in 

western and central India is also shown. The key map in the right top shows the present day location of Reunion and the 
approximate track of the hotspot (thick black line). The numbers in the key map indicates the position of hotspot in Ma. The 

small rectangle in red color in key map is our study region. The inset in lower left (in oval) indicates the zoomed version 
of a portion of Cambay Rift Zone (shaded region) and a geological section is also shown in the lower right. The geological 

section shows the marine inclusion of the thick shale of early Eocene.
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Fig. 3.24c: Geotherm in the Cambay Rift. The black line is the 
estimated geotherm (c) for northern section of the Cambay 
Basin where the gradient estimated was 30oC/km upto first 

35 km depth. Other two sets of estimated geotherms are also 
plotted with different gradients (see text for detailed discussion) 

of 20oC/km (curve a) and 25oC/km (curve b). The light green 
shaded region indicated as continental geotherms are also shown 

for comparison. Extrapolated Cambay geotherm (dashed line) 
intersects the peridotite-CO2 solidus at about 60 km, which is 
the depth where basaltic melt would be expected to form from 
a carbonated peridotite beneath Cambay rift. The presence of 

basaltic melt at such depth is consistent with the occurrence of a 
sharp LAB in this area

25. The role of crystallised magma and crustal fluids in intraplate seismic activity in Talala region (Saurashtra), 
Western India: An insight from local earthquake tomography

The Talala region in Saurashtra, Western India is one of the seismically active intraplate regions on the 
Earth. In recent past, this region has been the site of moderate magnitude earthquakes as well as swarm-type 
earthquake activities. To understand the processes of earthquake generation in this intraplate setting, we 
constrained the earthquake distribution pattern along with the crustal seismic P-wave velocity (Vp) and Vp/
Vs variations, using local earthquake data. We inverted 2470 P- and 2230 S-wave arrival times from 550 
earthquakes which were recorded over 11 seismic stations during 2007 to 2012. The earthquake distribution 
shows that the seismicity follows a ~NNE–SSW trend, extending for a distance of ~25 km and up to 15 
km in depth. The seismic tomographic images show that the swarm-type earthquake activities at shallower 
depths are mostly in the zone of lower Vp and lower Vp/Vs (Fig. 3.25) whereas, the moderate magnitude 
earthquakes are occurring in a ~NW trending zone of higher Vp and higher Vp/Vs, possibly indicating 
a zone of crystallized mafic magma transported from deeper Earth. This zone represents a pronounced 
heterogeneity and provides locale for stress accumulation in this region. After 2001 Bhuj earthquake 
(Mw 7.7), the ~NNE–SSW trending fault got activated due to stress perturbation and caused bigger 
earthquakes in this region. Moreover, the crystallized mafic magma is possibly feeding fluids at shallower 
depths for causing the swarm-type earthquake activities in this region.

Fig. 3.25: Vertical cross-sections of the Vp and Vp/Vs perturbations 
along a profile in Talala region, SW Saurastra. The Vp and Vp/Vs 
variation scales (in %) are shown in the side of respective plots. 
Small open circles show the small earthquakes that occurred 

within 10 km width in either side of the profile and recorded during 
2007–2012. The pink stars show the moderate magnitude Talala 
earthquakes (in years 2007 and 2011). The arrow along with “F” 

shows the location of ~NNE–SSW trending fault.
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26. Deep Seismic Study in the Kutch to image hidden faults 

The Kutch rift region is characterized by significant seismic hazard. Accurate spatial extent of the faults 
that produced major earthquakes in the past remains speculative. For subsurface imaging and mapping the 
faults causing the earthquakes in this region, deep seismic reflection study has been carried out along two 
N-S trending profiles (Fig. 3.26a) passing almost orthogonal to the nearly E-W trending faults. Seismic data 
from 300 receivers per shot have been acquired with 2 ms sampling interval. In order to image the crust 
down to Moho, farthest offset was kept at 12 km distance. As most of the faults are reported to be south 
dipping, asymmetric split spread configuration has been adopted with more number of receivers/channels 
kept towards the north in order to get deeper information. We have used 50 kg explosives as charge in each 
shot hole for better penetration of energy within the earth and corresponding reflections from deeper target 
layers are recorded. A raw shot gather is shown in Fig. 5b to represent the deeper reflections recorded for 
imaging the subsurface targets of interest (Fig. 3.26b).

Fig. 3.26: (a) Geotecton ics of Kutch Rift showing major faults. Executed DSS Profiles are marked by red color lines cutting 
across several faults in the Kutch region responsible for large magnitude earthquakes. Fig. 3.27 (b) Raw seismic data 
(pre-processed) acquired along the profile show prominent reflections (marked by red arrows) at 4 s, 5 s, 6s, and 7s, 

which can be used to image the extension of the faults responsible for the earthquakes in Kutch.

27. Interpretation of potential field anomalies along with other geophysical anomalies across Eastern Dharwar 
Craton, south Indian shield: possible geodynamical implications

Recently acquired potential field data was integrated with other geophysical anomalies associated with 
Cuddapah basin, Nellore Schist Belt and Eastern Ghats terrain of Eastern Dharwar Craton to examine the 
generative mechanism of major crustal features. Our study indicates that the initial extent of the Cuddapah 
basin sedimentation may have been much larger, extending by almost 50 to 60 km west of Tadipatri during 
Paleoproterozoic period. Similarly, Nallamalai Fold Belt rocks bounded by two major faults coinciding 
with extremely low gravity may have occupied a large terrain in western Cuddapah basin also before their 
abrasion. The crustal seismic and gravity signatures would confirm presence of a totally distinct geological 
terrain east of the Cuddapah basin. It is likely that the extent of Proterozoic sedimentation was much larger 
than that known today. In addition, presence of a seismically detected Gondwana basin over Nellore Schist 
Belt, apart from some similar subsurface Gondwana occurrences recently delineated in intracratonic parts, 
would indicate that Dharwar Craton was rifting even during Gondwana period, thereby challenging the long 
held view of cratonic stability.
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28.Seismic evidence of crustal low velocity beneath Eastern Ghat Mobile Belt, India

The Ongole domain of Krishna Province is a seismically active region that has experienced four moderate 
earthquakes of magnitude ≥ 5.0, with a maximum magnitude of 5.4 that occurred on 27th March 1967. 
The crustal shear wave velocity structure in the Eastern Ghat Mobile Belt has been investigated using 
joint inversion of receiver functions and Rayleigh wave group velocity at 5 locations in the study region. 
The results show crustal thickness varying from 37 to 42 km and average shear velocity from 3.67 to 3.78 
km/s in the study region. A low velocity layer of variable thickness and velocities (3.54 - 3.7 km/s) is also 
observed in the region (Fig. 3.27) at a depth of ~20 km which may be due to the presence of fluid in the 
crust, and perhaps may be one of the causes of the intraplate earthquakes in the study region.

Fig. 3.27: Common Conversion Point (CCP) depth migrated receiver function along the seismic stations profile. Moho depth 
(cyan square) and the depth of the low velocity layer (gray square) obtained from joint inversion modeling are projected on 
the Common Conversion Point image and the values are shown by black texts. Hypocenter of all the earthquakes (cyan and 
magenta circles, and red star) within 110 km ranges from the seismic profile, are also projected on to the depth migrated 
Common Conversion Point image. Low velocity zone (LVZ, in blue color text) is marked by black dashed curves. Positive 

and negative amplitude are shown in blue and red color, respectively. Surface elevation (Elv.) and the location of the 
stations (red triangles) are also shown

29. The Veligallu ultramafics: Neither komatiites nor boninites

Lutetium-Hf isotope systematics of the ultramafic rocks in the Veligallu greenstone terrane, eastern Dharwar 
craton, India are characterized by positive initial εHf(2.696 Ga) = + 3.0 to + 6.5 (Fig. 3.28a), consistent with an 
origin from a long term depleted mantle source relative to a chondritic reservoir at ~2.7 Ga. Geochemically, 
the ultramafic rocks are characterized by high MgO = 23 – 33 wt. %, Mg# ~ 89, Cr = 2290 – 3855 ppm and 
Ni = 604 – 966 ppm contents; moderate to low SiO2 = 52 – 49 wt. %, Al2O3 = 9.2 – 4.7 wt. %, and TiO2 = 
0.30 – 0.14 wt. %. To first order, these chemical compositions broadly resemble komatiites. Conversely, 
the rocks exhibit higher than chondrite Al2O3/TiO2 (21-37) ratio, depletions in their middle-REE relative 
to the heavy-REE i.e. GdN/YbN< 1 (Fig. 3.28b), and negative Nb, Ti, and positive Zr (Hf) anomalies in a 
primitive mantle normalized trace element variation diagram (Fig.3.28c); attributes indicating a “boninite-
like affinity”. Hence, the Veligallu ultramafics lack the key geochemical characteristics that would indicate 
a plume origin typically attributed to komatiites. Post-magmatic low grade metamorphism, hydrothermal 
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alteration and element mobility, and /or contamination by Archean upper continental crust cannot be 
the cause of these geochemical patterns. The study indicates that the Veligallu ultramafic rocks are not 
melts sensustricto as they have significantly high Mg-number and MgO contents. Rather, these rocks are 
interpreted as the products of fractional crystallization of orthopyroxene ± olivine from a basaltic melt, and 
hence resemble cumulates. The spatial and temporal association of these ultramafics having “boninite-like 
affinity” with the arc basalts, andesites and adakites in the Veligallu terrane presumably indicates their 
origin in a Neoarchean arc setting.

30. The Electrical Resistivity Structure of Lithosphere across the Dharwar Craton Nucleus and Coorg Block 
of South Indian shield 

Two-dimensional lithospheric resistivity structure of the Western Dharwar Craton (WDC) and adjoining 
Coorg Block delineated from Magneto telluric studies indicates isolated low resistivity zones in the crust and 
three striking upper mantle conductive features within the high resistive Archean lithosphere. The crustal 
conductors in the WDC show a good spatial correlation with the exposed supracrustal rocks conformable 
with the relic schist belt channels having conductive mineral grains. Conductive zones within the Coorg 
crust might be related to the relatively young (933 Ma) metamorphic processes in the area and/or possible 
fluids derived from the Cretaceous passage of Reunion plume in the proximity of Coorg area. A near vertical 
conductive structure extending from the lower crust into the upper mantle coincides with the transition zone 
between Coorg and WDC (Fig. 3.29) interpreted as the suture zone between the two tectonic blocks providing 
evidence for the individuality of the 
two Archean terrains. An anomalous 
upper mantle conductive zone found 
beneath the craton nucleus may indicate 
a modified cratonic lithosphere. This 
could have been derived due to the 
collision between Coorg and WDC, and 
possibly survived by the subsequent 
multiple episodes of melt and fluid 
infiltration processes experienced 
in the region. Thick (~190 km) and 
preserved lithosphere is mapped at the 
eastern segment of WDC. Resistive 
lithosphere of ~125 km thickness is 
imaged for the Coorg Block.

Fig. 3.28: Veligallu arc magmatic rocks (A) whole-rock Lu-Hf isochron plot (B) Chondrite normalised Rare Earth Elements  
(C) Primitive mantle normalised Trace Element variation Diagram 

Fig. 3.29: Two-dimensional resistivity model of the lithosphere across the 
Western Dharwar Craton and Coorg Block.
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31. Paleomagnetism of ~2.2 Ga longest dyke in Eastern Dharwar craton: implications related to the age of 
emplacement

New paleomagnetic and rock magnetic results are reported for ~2.2 Ga Paleo-Proterozoic long mafic 
dyke trending NNW-SSE to E-W in Gadwal region, eastern Dharwar craton. Fifty oriented samples were 
collected from 10 sites along this long dyke of a multi domain nature with magnetite as the main remanence 
carrier. Paleomagnetic results reveal mean directions at Dm=217°; Im=-19° (N=7, α95= 12.8 and k=23.18) 
and yield a paleopole at lat.54°S; 354°E (dp=7; dm=13). (Fig. 3.30)

 

Fig. 3.30: This new pole is identical to earlier reported paleomagnetic poles in eastern Dharwar craton

32. The accretion of Precambrian continental crust in southernmost India: new Zircon U-Pb ages, geochemistry 
and Hf-isotopic systematics of charnockite orthogneisses

The southernmost part of the Indian peninsula represents the deep crustal section of a compleT PrecamTrian 
terrane, a part of the Southern Granulite terrane (SGT). During the Tate Neoproterozoic to Early TamTrian 
period, the region was centrally located in a Timalayan-scale orogenic Telt descriTed as the East Tfrican 
Trogen (ETT) that lay across the present continental fragments of TraTia, East Tfrica, Tadagascar, 
India, Sri Tanka and Tntarctica. Tnderstanding the chronology and geodynamics of crust Tuilding and 
reworking processes in the ETT and southern India is therefore an important research topic attracting 
consideraTle international attention. Tn E-WTtrending crustal-scale shear zone, the Palghat-Tauvery suture 
zone system, which formed during the late NeoproterozoicTTamTrian (0.75T0.50 Ga), marks a prominent 
terrane Toundary separating terranes with a predominantly late Neoarchean (ca. 2.5 Ga) regional granulite 
metamorphism to the north from those with an EdiacaranTTamTrian (0.T3T0.50 Ga) regional granulite 
metamorphism to the south. T detailed study was undertaken involving TT-ITPTS zircon T-PT dating 
and TT-TT-ITPTS zircon Tf isotopic compositions of the dated zircons apart from detailed wholerock 
petrology, geochemistry of 11 selected charnockite orthogneiss samples from the Tadurai, Trivandrum, and 
Nagercoil Tlocks. The data Trings out the following important features of the SGT. 

T Together  with  puTlished  geochronological  data, our  new  zircon  T-PT  age  data  for  charnockite 
orthogneisses representing the Tadurai, Trivandrum and Nagercoil Tlocks of the Southern Granulite 
terrane provide evidence for four distinct episodes of felsic magmatism. These include ca. 2.T2T2.4T 
Ga in the northern Tadurai Tlock (Neoarchean to Siderian Period), ca. 2.05T1.84 Ga in the Trivandrum 
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block and Nagercoil block (Orosirian), ca. 1.0–0.9 Ga in the southern Madurai block, southeast of the 
Suruli shear zone (early Tonian), and ca. 0.80–0.76 Ga widespread in the southern and eastern Madurai 
block (late Tonian). 

• The four spatio-temporal magmatic groups show distinct zircon Hf isotopic signatures (Fig.3.31a) 
indicating predominantly juvenile protoliths in the case of the Orosirian and the early Tonian suites 
and essentially crustal sources with limited or no mantle component in the case of the Siderian and late 
Tonian suites. 

• The two-stage zircon Hf model ages (TC
DM) are generally consistent with whole-rock Sm-Nd model 

ages and indicate the role of crustal components up to ca. 3.2 Ga in the generation of the Siderian and 
late Tonian charnockite protoliths. 

• This study reports for the first time juvenile Orosirian magmatism in the Trivandrum and Nagercoil 
blocks, which are separated from the northern terranes by juvenile Neoproterozoic crust in the 
Achankovil and southern Madurai blocks. This is interpreted to indicate that the Trivandrum and 
Nagercoil blocks may either have formed the leading edge of the African margin, or they possibly 
represent an additional Neoproterozoic microcontinent. 

• The Madurai block, Trivandrum block, and Nagercoil block domains of the Southern Granulite terrane 
were affected by one or two episodes of regional high-grade metamorphism (and charnockite formation) 
during the protracted interval pertaining largely to the Ediacaran–Cambrian period, which could mark 
a final stage in the amalgamation of the Madurai-Trivandrum-Nagercoil blocks to the Dharwar craton 
along the Palghat-Cauvery suture zone. It is concluded that the amalgamation of these terranes south 
of the PCSZ with the Archean Dharwar craton coincided with the closure of the Mozambique Ocean 
toward the final stage of Gondwana supercontinent formation and development of the East African 
orogeny (Fig. 3.31b)

 Fig. 3.31a: U-Pb age vs. Hf(t) representation of the zircons from charnockiteorthogneiss samples from different spatio-
temporal groups in the Madurai, Trivandrum, and Nagercoil blocks of the Southern Granulite Terrane. 

DM-depleted mantle; CHUR-chondritic uniform reservoir.
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Fig.3.31b: Geological sketch showing 
different Precambrian terranes and major 

shear/suture zones within the different 
continental fragments in a Gondwana 

reconstruction and their potential correlation 
with terranes in southern India. The major 

geological blocks, formations, and structures 
include: NT-Antananarivo block; IT-Itermo 

Group; MO-Molo Group; AD-Androyen block; 
VO-Vohibory block; CDNC-Cabo Delgado 
nappe complex; BS-Betsimisaraka suture; 
R-Ranotsara shear zone; PCSS-Palghat-
Cauvery shear system; ASZ-Achancovil 

shear zone; the eastern and western limits 
of East African orogen (EAO); NMB-northern 

Madurai block; SMB-southern Madurai 
block; TB+NB-Trivandrum and Nagercoil 
blocks; WC-Wanni complex; HC-Highland 
complex; DM-Dronning Maud Land; KD-

Krishnagiri domain. The inset shows a tight 
fit of Gondwana fragments: M-Madagascar, 
SL-Sri Lanka; I-India; P-Patagonia; SA-South 

America; Ant-Antarctica; Aus-Australia. 
Please see text for references; VC-Vijayan 

complex

33. Upper-mantle anisotropy beneath the south Indian Shield: Influence of ancient and recent Earth processes 

We obtained shear-wave splitting parameters from core-refracted phases like SKS, SKKS, and PKS at 
75 digital broadband seismic stations almost uniformly spread over the south Indian Shield representing 
varied geological terrains, including the western Dharwar craton, the eastern Dharwar craton, the Southern 
granulite terrain, and the continental margins along the west and east coasts (Fig. 3.32a). A majority of the 
stations over the Dharwar craton show delay times of 1–1.6 s, indicative of a 150–200-km-thick anisotropic 
layer correlating with the lithospheric root, while segments like the Pan-African Southern granulite terrain 
have delay times of 0.5–0.7 s, suggesting an internally deformed and thin anisotropic layer, possibly due to 
recent plate-tectonic and geodynamic processes. The average direction of anisotropy is generally ~N30°E, 
correlating with the present-day plate motion, with local deviations where the direction of anisotropy 
correlates with the orientation of the regional shear zones. Stations close to the continental margin show 
large time delays (up to 2 s) with the fast axis parallel to the rift axis. Further, we infer a layered anisotropic 
lithosphere in the south Indian Shield as revealed in 90° periodicity of the two anisotropy parameters (fast 
direction and delay time). The upper lithosphere represents the depleted Archean mantle, while the lower 
lithosphere could be transformed to more fertile mantle due to subsequent deformation. This study suggests 
that the observed anisotropy over the south Indian Shield is the result of complex interplay between the 
architecture of an Archean craton and its subsequent deformation in different geological domains due to 
deep Earth processes.
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Fig. 3.32: (b) Moho depth and (c) Vp/Vs variation maps of the South India

Fig. 3.32a: Seismic anisotropy in South 
Indian Shield

34. The deep geology of South India inferred from Moho depth and Vp/Vs ratio 

We present a comprehensive study of thickness and composition of the crust; and the nature of crust–mantle 
boundary beneath Southern India using P-wave receiver function from 119 seismic stations (Fig. 3.32a). 
Data from distributed network of seismograph location encompass geological domains like mid to late 
Archean Dharwar craton, Archean and Proterozoic metamorphic terrains, Proterozoic basin, rifted margins 
and escarpments, and Deccan volcanics. Except for the mid to lower crust exhumed Archean terrains 
(of West Dharwar and Southern Granulite), all other geological domains have crustal thickness in the range 
of 33-40 km. In the western Dharwar, crustal thickness increases from ~40 km in the north to over 50 km 
in the south. The Archean domain of granulite terrain is thicker (40-45 km) and more mafic compared to 
its counterpart in south deformed at 550 Ma (Fig. 3.32b). Most of the crustal blocks have low to moderate 
Vp/Vs (1.72-1.76) representing a felsic to intermediate composition. 
Exception to the above include Archean granulite terrain with high Vp/
Vs (1.76-1.81) suggestive of more mafic crust beneath them (Fig. 3.32c).  
When accounted for the paleo burial depth of 15-25 km, the study 
suggests a possible Himalaya-Tibet like scenario beneath the mid-late 
Archean in southwestern Dharwar and north granulite terrain showing 
progressive densification of deeper crust. This led to a gradational crust-
mantle transition that is otherwise sharp elsewhere. The study suggests 
a more homogenized and felsic nature of the Precambrian crust beneath 
the terrains formed after 2.6 Ga, possibly due to delamination of the 
mafic lower crust. Our study does not suggest any distinction between 
late Archean and Proterozoic crusts. The Deccan volcanism at 65 Ma 
does not appear to have altered the crustal character beneath it and is 
similar to the adjoining late Archean east Dharwar craton. The western 
Ghat escarpment and the coastal plain formed due to separation of India 
from Madagascar are underlain by mafic lower crust. 
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Fig. 3.33: (a) Sphene bearing Syenite (b) Allanite bearing Syenite (c) Apatite crystals 
(d) REE enriched

35. Mineralogy and Geochemistry of REE bearing Alkaline Plutons in and around Ananthapur and Chittor 
districts, Andhra Pradesh, India 

Preliminary assessment of REE (rare earth elements) and rare-metal potential and geochemical 
characterization, with implications for metallogeny, is currently underway at alkaline syenite complexes 
in Andhra Pradesh. The alkaline complexes are located to the west and south-west of the Paleoproterozoic 
Cuddapah basin in the Ananthapur district. Several alkaline plutons ± nephyline syenite earlier reported by 
GSI, were relooked for REE bearing minerals and their REE contents. The main Dancherla syenite body 
is oval-shaped with a total area of around 18 Km2 at the current level of exposure. It consists of medium- 
to fine grained mesocratic syenite, leucocratic, porphyritic and quartz syenite in cross-cut relations with 
diabase hornblendite dyke swarms. The SEM and microscopic studies revealed REE bearing minerals like 
Eudeilyte, Zircon, Sphene (Fig. 3.33a), Allanite ((Fig. 3.33b), Apatite (Fig. 3.33c), REE enriched (Fig. 
3.33d) with opaques and Fe oxide phases. The total REE in one of alkaline plutons with Nephline bearing 
syenites is 800 ppm. The Major element distributions show simple trends of decreasing MgO, FeO, P2O5 
and TiO2 contents with increasing SiO2. Bulk-rock chemical analyses gave > 8 wt.% Na2O, > 5 wt.% K2O, 
low CaO and MgO contents (< 5 wt.%) and ~16 wt.% Al2O3. In binary Na2O+K2O vs. SiO2 diagrams, the 
samples plot in the nepheline syenite. Our preliminary geochemical data suggest enrichment in light REE 
and flat heavy-REE distribution in chondrite-normalized patterns. In some samples, positive Eu anomalies 
were detected, suggesting plagioclase enrichment. The maximum La and Ce concentrations recorded thus 
far are 200 and 350 ppm, respectively. Binary diagrams showing variations in Hf-Zr and Nb-Ta ratios show 
a positive correlation and indicate an overprint from externally derived fluids.

(a)

(c)

(b)

(d)
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Fig.3.35 Geophysical logs comprising of resistivity, sonic and 
acoustic televiewer, in the depth section 380–452 m in the 

borehole KBH-9 at Khadi, near Koyna, Maharashtra 

36. Crustal architecture and tectonic evolution of the Cauvery Suture Zone, Southern India

The Cauvery suture zone (CSZ) in southern India has witnessed multiple deformations associated with 
multiple subduction-collision history, with incorporation of the related accretionary belts subsequently 
into the southern continental margin of the Archean Dharwar craton since Neoarchaen to Neoproterozoic. 
The accreted tectonic elements include suprasubduction complexes of arc magmatic sequences, high-
grade supracrustals, thrust duplexes, ophiolites, and younger intrusions that are dispersed along the suture 
(Fig. 3.34.). The intra-oceanic Neoarchean-Neoproterozoic arc assemblages are well exposed in the form of 
tectonic mélanges dominantly towards the eastern sector of the CSZ and are typically subjected to complex 
and multiple deformation events. All these observations suggest that the CSZ is an important zone that 
preserves the imprints of multiple cycles of Precambrian plate tectonic regimes.

Fig. 3.34: A schematic regional N-S cross 
section across the CSZ representing the 

distribution of different mafic and ultramafic 
complexes, ophiolites, granitic intrusions and 
associated high-grade assemblages along the 
major thrust systems with reference to crustal 

scale flower structure.

37. Geophysical logging in Koyna-Warna region 

The objective of this study is to identify weak 
zones if any and also the lithology of Koyna-
Warna region. The Geophysical Logging data 
was acquired at the eight bore holes in different 
phases of which two bore holes namely KBH-
5R and KBH-9 were drilled at Phansavule and 
Khadi. The Tertiary era saw the mountain building 
activity of the Himalayan region in the extra-
Peninsula. During the Late Pliocene times, the 
land connecting India with east Africa became 
submerged under the Arabian Sea resulting in the 
straight west coast of India. These factors were 
believed to be responsible for the major tectonic 
features in the Indian Peninsula (Fig.3.35).
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38. Lithospheric Density Structure of Andaman Subduction Zone from Joint Modelling of Gravity and Geoid 
data

In the present study,we have delineated the 2D density structure of the Andaman subduction zone through 
the joint modelling of gravity and geoid data set derived from the satellite altimetry and interpreted it in 
term of dynamics of the region. The major features of the density structures are : subduction of Indian plate 
up to ~180 km depth; anomalously thicker oceanic crust below the Ninetyeast Ridge, Sewell rise and in 
the shelf region; comparatively thin lithosphere under the over riding plate (Fig. 3.36). Further, the lowest 
gravity anomaly marks the interaction of subducting oceanic crust with overriding upper mantle.

Fig. 3.36: Topography/Bathymetry map is 
superimposed by the Tectonics. NER is showing 
the Ninetyeast Ridge, Andaman Trench, Andaman 
Is (Island), Nicobar Is (Island), IB (Invisible Bank), 
SR (Sewell Rise), AR (Alcock Rise), CB (Central 
Basin), EAB (East Andaman Basin), CAB (Central 
Andaman Basin), WSR (West Sewell Ridge), NSR 
(North Sumatra Ridge), Gulf of Martaban, and MR 
(Mergui Ridge) Red colour east-west line is the 2D 
profile, and white line is the seismic line which is 

used for upper crustal constraint.

39. Lithospheric Architecture beneath Andaman arc and seismic evidence for tearing of Indian oceanic plate

Segmentation of a subduction zone through tearing is envisaged as an inevitable consequence of the 
differential rate of slab roll back along the strike of convergent plate boundaries. It is a key feature that 
controls plate tectonics and seismogenesis in a subduction setting. Globally, lithospheric tears are mostly 
recognized by seismic tomography and seismicity trends. However, such an intriguing feature has never 
been imaged with high resolution. Here, we present seismological evidence for tearing of the Indian oceanic 
plate at shallow depths along the Andaman arc. Our image of the subducted plate using the shear-wave 
receiver function technique reveals three distinct plate segments. The middle lithospheric chunk has an 
abrupt offset of ~20 km relative to the northern and southern segments along the entire stretch of Andaman-
Nicobar Islands (Fig. 3.37). We interpret that this abrupt offset in the base of the lithosphere is caused by the 
tearing of the subducted oceanic plate. For the plate age of~80 to 60 Ma, the lithospheric thickness varies 
from~40 to70 km.
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Fig. 3.37: Receiver function image along the north-south profile EF parallel to the trench, with the station locations (red 
inverted triangles). The average thickness of the lithosphere (blue color) is ~50 km from north to south along the arc 
except in the vicinity of ~8 deg latitude, where it deepens to~80 km. Interestingly,the positive phase(red) which is at 

~20 km all along the profile suddenly deepens to ~40 km, where the base of the lithosphere is deepest. The seismicity 
(Mb>5, black dots) with mega earthquakes of 2004, 2005 and 2010 are well within the lithosphere. The gravity gradient 

anomaly (right-most top inset) clearly shows that negative gradient around the place, where we observed the tearing in slab 
(indicated by box). This abrupt offset of the middle part of the lithosphere has been interpreted to be caused by the tearing 
in oceanic slab (interpretive model in bottom-right inset). The model shows that the tearing in slab facilitates the 3D corner 

flows and surface magmatism. The numerals 1, 2 and 3 denote the three distinct lithospheres observed in our seismic 
sections corresponding to those in the inset cartoon.

40. Continental like crust beneath the Andaman Island through joint inversion of receiver function and surface 
wave from ambient seismic noise

We studied the shear wave velocity structure of the crust beneath the Andaman Island through joint inversion 
of the teleseismic receiver function and Rayleigh wave group velocity measurements from 10 broadband 
seismographs over the Island. The group velocities in the periods from 5 to 21 s are obtained using cross-
correlation of ambient seismic noise data recorded by these seismic stations for six months. Joint inversion 
results show ~2 to 6 km thick subsurface low shear velocity (Vs ~1.3–2.5 km/s) layer followed by a 12–14 
km thick layer of silicic material (average Vs ~3.5 km/s). The lower crust is mapped as an 8–12 km thick 
mafic layer with Vs ~4.0 km/s while the uppermost mantle shows a shear wave velocity of ~4.55 km/s. 
The near-surface low-velocity layer is interpreted as the Andaman flysch sediments. The crustal thickness 
beneath the Andaman Island 
varies from ~24 km in the north 
to ~32 km in the south. The shear 
wave velocity-depth results show 
that the crustal structure beneath 
the Andaman Island is akin to 
continental crust, possibly the 
Burma continental crust. The 
subducting Indian plate may lie 
down below this overriding plate 
(Fig. 3.38).

Fig. 3.38: Crustal shear wave velocity structure beneath the Andaman Island 
showing continental like crust beneath the Andaman.
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41. The Ezhimala Igneous Complex, southern India: Possible imprint of Late Cretaceous magmatism within 
rift setting associated with India–Madagascar 

The gabbro–granophyre–granite complex of Ezhimala emplaced along the western rifted continental margin 
of India preserves evidence for bimodal magmatism, with related magma mixing and mingling processes. 
Detailed petrological, geochemical, zircon U–Pb geochronological and Lu–Hf isotopic data were obtained 
from the Ezhimala Igneous Complex (EIC) that provide insights into the Late Cretaceous magmatic 
activity. Field investigations and petrographic observations in Zircon U–Pb data from the granophyres 
show emplacement ages of 93.21 ± 0.6 Ma and 94.26 ± 0.92 Ma. The evolved Lu–Hf isotopic systematics 
for these rocks are indicative of the involvement of older crustal material during magma genesis. The 
geochemical systematics together with isotopic data suggest magma generation in a rift-related setting, and 
interaction with or melting of Neoproterozoic basement rocks. The timing of magmatism broadly correlates 
with the Late Cretaceous Marion hotspot activity which is considered to be responsible for the break-up of 
India and Madagascar. We thus interpret the EIC to be one of the rare signatures in southern India for the 
final phase of rifting of Gondwana.

42. Elastic Anisotropic Finite-difference Full-wave Modeling and Imaging of the Tilted Transversely Isotropic 
(TTI) Media 

Imaging below the tilted transversely isotropic (TTI) media poses serious problem and distortions of the 
subsurface geological targets for hydrocarbon exploration, which is very common in fold-thrust belts or 
active tectonic areas like the Rocky Mountain Foothills of Canada or Foothills of the Himalaya. To model 
and image below the TTI media having symmetry-axis orthogonal to the dipping anisotropic layers, a TTI 
thrust sheet is considered for elastic anisotropic finite-difference full-wave modeling to generate synthetic 
seismic data using the robust staggered-grid scheme of wave propagation. Free-surface boundary conditions 
at the top and absorbing boundary conditions for other three sides of the model have been imposed to reduce 
the undesirable edge effects and suppress dispersions. The synthetic seismic data generated for the TTI 
thrust model are migrated using the anisotropic Kirchhoff pre-stack depth migration (PSDM) followed 
by migration velocity analysis (MVA) with travel-time computations using anisotropic ray tracing for 
the model to image below the thrust sheet (Fig. 3.39a). The MVA algorithm adopted also estimates the 
anisotropic parameters  and δδ accurately within the acceptable error limit through successive iterations 
of inversion and parameter update, which result in sufficient flattening of the reflected events (Fig. 3.39b) 
in the common image gathers (CIGs). This is a powerful and stable methodology to handle large tilts (ν  = 
60o) of the steeply dipping reflectors in complex geological structures like TTI thrust model without much 
distortion of the CIGs (Fig. 3.39b) for which the symmetry-axis of each TTI block is set orthogonal to the 
bottom of the reflectors having different tilts. 

Fig. 3.39: (a) Kirchhoff pre-stack depth migrated image obtained using the true model parameters of the TTI thrust model. 
(b) The corresponding common image gathers (CIGs) are well flattened and displayed in the CMP domain at every 0.7 km 

intervals
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43. Development of Rare Earth Element -2, International Certified Standard Reference Materials using Energy 
Dispersive XRF (ED-XRF) Technique

The source of REE-2 is a carbonatite with rare earth elements obtained from a Canadian mining company. 
The mineral species include: dolomite (35.4%); ankerite (22.6%); siderite (13.0%); barite (8.6%); chlorite 
(5.0%); apatite-REE and calcite (each at 3.1%); hornblende (1.7%); pyrite (1.3%); fergusonite (1.1%); 
allanite (0.9%); galgenbergite and monazite (each at 0.6%); apatite and magnetite (each at 0.4%); rutile- Nb 
(0.3%); hastingsite, parisite, quartz and Y-Ti-niobate (each at 0.2%); bastnaesite, biotite, Ca-Fe-REE, Ca-
Ti-Ce-Nd-silicate, chevkinite, hematite, sphalerite, titanite-REE and Y-Ca-silicate (each at 0.1%); annite 
and Ca-betafite (each at 0.03%); molybdenite and titanite (each at 0.02%); ilmenite, orthoclase and thorite 
(each at 0.01%). After crushing, milling and sieving, the recovery of the minus 75 μm fraction recovery 
was 70%. The product was blended, and then bottled in 100-gram units and sent to CCRMP, Canada for 
testing choosing a method of their own choice. Apart from CSIR-NGRI EDXRF (Epsilon-5) facility around 
the world, twenty industrial, commercial and government laboratories participated in an inter laboratory 
measurement program using methods 
of their own choice. The data was 
subjected to ANOVA to calculate the 
consensus values and other statistical 
parameters from the data from inter 
laboratory measurement program. 
Thirty-three analytes were certified. 
Apart from that, uncertified values for 
Twenty-four provisional values were 
derived from 8 or 9 sets of data that 
fulfil the CCRMP statistical criterion 
regarding agreement. The values 
reported by EDXRF were on par 
with CCRMP international standards 
and norms followed. The REE-2 
(Fig.  3.40) is suitable for the analysis of 
rare earth elements and other elements 
in ores at concentrations ranging from 
major, minor to trace levels.

REE-2  REE-1

Fig. 3.40: Fused glass beads REE-2 and REE-1 

44. Pre-outburst trace of the Reunion mantle plume inferred from inversion of 3D Magnetotelluric (MT) data 

Imaging of regional scale deep 3D electrical resistivity variations in Rajasthan and its adjoining regions was 
carried out using the long period MT data. This region is covered by the geological formations starting from 
3.5 Ga to as young as Quaternary sediments, disrupted by a number of episodes of crustal accretion, rifting, 
sedimentary basin development, magmatic emplacement and mantle plume influence.

The retrieved 3D electrical conductivity model (Fig. 3.41) shows a high conductive (< 10 Ohm-m) zone 
confined to a ~100 km NW-SE corridor at the base of the lithosphere, starting from Jaisalmer in the NW 
to Ujjain in the SE which can be attributed to the pre-outburst trace of the Reunion mantle plume. It is 
also interesting to note that the volume of the high conductive zone increases towards SE and raises to 
shallow level which might have acted as a feeder to conductive magma chambers ultimately resulting in the 
outpouring of the Deccan traps at ~65 Ma.
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Fig. 3.41: Electrical conductivity anomaly (<10 Ohm-m) inferred from LMT data in NW India indicating the horizontal flow 
and upward intrusion of mantle material, which can be attributed to the pre-outburst trace of the Reunion mantle plume.

45. Near-surface thermal modeling

Numerical solution for near subsurface temperature has been obtained for time dependent recharge. The 
calculated thermal profiles for various values of step changes in the recharge, duration of high values of 
recharge, and the heat transfer coefficient have been studied. Analysis of simulated temperature signals 
for sudden step decrease of recharge shows slower rise in the surface temperature to the prescribed air 
temperature. The calculated surface temperature decreases for higher recharge values after a time period to 
join the surface temperature anomaly curve for lesser value of recharge (Fig. 3.42 a,b). This transition time 
depends upon the duration of step changes and lower level of recharge rates. These results will be helpful 
in understanding borehole temperature data to assess the effect of climate change both in terms of changes 
in the air temperature and rate of recharge. The temperature – depth profiles in the crust are obtained by the 
heat conduction equation. The temperature changes in the crust are mainly due to variation in the thermal 
parameters like heat source and thermal conductivity. The thermal conductivity in the crust varies with depth 
as well as with the temperature. The heat 
conduction equation becomes nonlinear 
due to thermal conductivity as a function 
of depth and / or function of temperature 
and it is difficult to solve analytically. 
The numerical technique based on the 
finite element method is used to solve 
this nonlinear heat conduction equation to 
calculate the temperature – depth profiles. 
We also studied the relation between 
surface heat flow and heat generation due 
to variations in the thermal conductivity. 
These results are important in quantifying 
the thermal variations in the crust.

Fig. 3.42: (a)Temperature depth profile for step-change 
in ground water recharge (b) surface 
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46. Martian meteorite Tissint records unique petrogenesis among the depleted Shergottites

Tissint (Fig.3.43), a new unaltered piece of Martian volcanic materials, is the most silica poor and Mg-
Fe-rich igneous rock among the “depleted” olivine-phyricshergottites. Fe-Mg zoning of olivine suggests 
equilibrium growth (<0.1°C h-1) in the range of Fo80–56 and olivine over growth (Fo55–18) through a process 
of rapid disequilibrium (~1.0–5.0 °C h-1). The spatially extended (up to 600 lm) flat-top Fe-Mg profiles of 
olivine indicates that the early-stage cooling rate of Tissint was slower than the other shergottites. The 
chemically metastable outer rim of olivine (<Fo55) consists of oscillatory phosphorus zoning at the impact-
induced melt domains and grew rapidly compared to the early to intermediate-stage crystallization of the 
Tissint bulk. High-Ca pyroxene to low-Ca pyroxene and high-Ca pyroxene to plagioclase ratios of Tissint 
are more comparable to the enriched basaltic and enriched olivine-phyricshergottites. Dominance of augite 
over plagioclase induced augite to control the Ca-buffer in the residual melt suppressing the plagioclase 
crystallization and also caused a profound effect on the Al-content in the late-crystallized pyroxenes. Mineral 
chemical stability, phase-assemblage saturation, and pressure–temperature path of evolution indicates that 
the parent magma entered the solidus and left the liquidus field at a depth of 40–80 km in the upper mantle. 
Petrogenesis of Tissint appears to be similar to LAR 06319, an enriched olivine-phyricshergottite, during 
the early to intermediate stage of crystallization. 
A severe shock-induced deformation resulted in 
re-melting (10–15 vol%), recrystallization (most 
Fe-rich phases), and exhumation of Tissint in 
a time scale of 1–8 yr. Tissint possesses some 
distinct characteristics, e.g., impact-induced 
melting and deformation, forming phosphorus-
rich recrystallization rims of olivine, and 
shock-induced melt domains without relative 
enrichment of LREEs compared to the bulk; and 
shared characteristics, e.g., modal composition 
and magmatic evolution with the enriched 
basaltic shergottites, evidently reflecting unique 
mantle source in comparison to the clan of the 
depleted members.

Fig. 3.43: Backscattered electron (BSE) image of one whole 
section of Tissint. Some of the olivine (Ol) magacrysts are 

marked.

47. In situ remediation of aldrin via activated persulfate oxidation 

Aldrin is an emerging and priority toxic pollutant attracting significant attention due to its global distribution, 
high persistence and bioaccumulation property. In this study, the degradation of aqueous aldrin by means 
of activated persulfate (S2O8

2-, PS) with ferrous ion (Fe2+) was investigated. The PS- Fe2+ system achieved 
high levels of reduction capacity of aldrin. The effects of various factors including Fe2+ dosage, initial 
pH and molar ratios of PS/Fe2+ were established (Fig. 3.43). The experimental results showed that aldrin 
completely degraded in 180 min. with PS/ Fe2+/aldrin molar ratio of 50/50/1. Degradation of aldrin was 
fitted with pseudo-first order kinetic model, and the rate constant was found to increase with increasing Fe2+

and PS molar concentrations, however decreased with increasing initial aldrin concentration. Degradation 
rate of aldrin is more favorable in acidic conditions in comparison with alkaline pH value. Aldrin and 
its degradation product (i.e. dieldrin) are identified by means of GC-MS spectral analysis. Additionally, 
simultaneous complete degradation of dieldrin with same experimental conditions of aldrin is perceived. In 
conclusion, iron (Fe2+) activated PS oxidation is a highly capable technique for aldrin contaminated ground 
water remediation.
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Fig. 3.43: Simultaneous degradation of aldrin and dieldrin

48. Thermal conductivity of granitoids by direct and indirect methods

Thermal conductivity (TC) can be measured directly in the laboratory by steady-state method or transient 
method. For constructing thermal model or other geophysical model, a value is assumed for TC due to 
lack of proper sample for TC measurement in the laboratory or lack of available TC data in that region 
which may lead to very ambiguous results. To overcome such unavoidable situations, indirect methods 
can be used to calculate TC. One of the indirect methods is calculation of TC from the mineralogical 
composition of the rock and the TC of individual minerals, using various mathematical mixing models, 
namely, arithmetic mean, geometric mean, harmonic mean, effective mean and Hashin-Shtrikman mean. In 
the above calculation, minimum, mean and maximum mineral TC can be taken into account.

In the continents, granitoids/TTG gneiss constitute significant component of the upper crust and its thermal 
conductivity plays an important role in understanding the crustal and sub-crustal thermal structure. In the 
present study, an attempt has been made to study the difference between the measured and calculated 
thermal conductivity of the granitoids and TTG gneisses. Samples are K-feldspar enriched pink granitoid 
(PG), biotite enriched granitoid (BG), mafic minerals/Na-feldspar enriched grey granitoids (GG) and TTG 
gneisses from the Bundelkhand craton (BnGC), central India. Geochemical characteristics of the rocks have 
been shown in Fig. 3.44a. 

Density and porosity of the studied rocks are calculated by measuring weight in air and in water, both at 
dry and saturated conditions. Mean density for various types of granitoids (i.e., PG, BG and GG) ranges 
between 2.63 and 2.67 g cm-3 and for BnGC is 2.62 g cm-3 (Fig.3.44 b) while the porosity is <1% for 
the studied samples. Thermal conductivity (TC) of the samples is measured in the laboratory at dry and 
saturated conditions using the steady-state divided-bar method. Due to their low porosity, there is no 
significant variation in TC at dry and saturated conditions. Hence, the saturated TC has been considered 
for further analysis. Mean saturated thermal conductivity for various types of granitoids (i.e., PG, BG, GG) 
ranges between 2.5 and 2.7 W m-1 K-1 and for BnGC is 2.9 W m-1 K-1. Data (Fig. 3.44b) depicts an inverse 
relation between thermal conductivity and density. Gneisses show highest thermal conductivity and lowest 
density among all the rock types. On the other hand, grey granites show lowest thermal conductivity and 
highest density. 



94 CSIR-NGRI Biennial Report 2015-17

In this study, mineralogical compositions are determined from the petrographic and geochemical studies. 
Geochemical analysis is made using high resolution ICPMS and XRF facilities. Results show that the 
harmonic mean model provides the best agreement between measured and calculated values for rocks with 
minimum mineral thermal conductivity with a deviation between -28% and 1% (Fig. 3.46c). Calculated 
thermal conductivity shows very little improvement by considering two-phase system due to its low porosity. 

Fig. 3.44a: Plotshows total alkalis against silica (TAS 
diagram) for the various types of Bundelkhandgranitoids 
and TTG gneisses. Symbols are: K-feldspar enriched pink 

granitod (PG): open square; biotite enriched granitoid (BG): 
open triangle; Na feldspar rich grey granitod (GG): open 

circle; TTG gneisses (BnGC): open diamond. 

Fig. 3.44b: Mean thermal conductivity (TC) versus mean 
density for the studied rocks with standard errors.

Fig. 3.44c: Plot showing measured thermal conductivity 
(mea) versus calculated harmonic mean thermal 

conductivity (cal) for the studied rocks. Calculated thermal 
conductivities shown by three different symbols are 

determined by considering minimum, mean and maximum 
mineral thermal conductivity.
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49. ‘Apparent’ space-time mismatches over the Indian subcontinent since the Mesozoic and phenomenon of 
lateral channeling

The Indian lithosphere has undergone significantly a large number of high intensity geodynamical events 
over past 150 Ma e.g. continental breakups and collision, mantle plume induced LIPs, and high plate 
velocity. This has raised a few ‘apparent’ space-time (or cause & effect) mismatches. For example, (i) 
development of Rajamahendri traps, and Salma dyke of early Tertiary ages is attributed to the distantly 
located Reunion mantle plume near the west coast, and (ii) mid-Cretaceous volcanism along the eastern 
margin of the Madagascar- before its breakup from the central Gondwanaland (or Greater India) along the 
present western margin of India and is attributed to the Marion plume. But, between 100-150 Ma, the paleo-
position of the Marion plume is supposed to be near the northern part of the eastern margin of India, and 
close to Antarctica. This study suggests that such ‘apparent’ space-time mismatches could be resolved by 
invoking channeling of thermo-magmatic fluxes from the mantle plumes since when an upwelling plume-
head reaches base of the continental lithosphere, its hot material tends to flow laterally also, through certain 
facilitating corridors, generally the mobile belts (Paleo sutures/rifts) because the lithosphere, under them, is 
relatively thin, in comparison to that beneath the older/cratonic parts. This fact and composition of mobile 
belts allow long distance flow (or channeling) of mantle plume material and heat, as has been evidenced 
elsewhere also. This process seems to resolve the ‘apparent’ space-time mismatches and the phenomenon 
may be utilized in understanding older formations also.

50. The lithospheric electrical resistivity structure of the Marwar craton, Rajasthan, India 

Among the known Archaean cores (Dharwar, Bundelkhand, Bastar, Singhbhum and Marwar) that constitute 
Indian continental block, the Marwar craton forming a part of NW India is the least studied. This region 
is important due to the occurrence of hydrocarbon deposits (Jaisalmer and Barmer basins), and also due 
to its key role played in the geodynamical evolution of the Indian plate. The known geological history 
indicates the collision process between Marwar and Bundelkhand cratons in the Proterozoic and influence 
of Reunion mantle plume during 80-65 Ma. In order to delineate the lithosphere structure and also to assess 
the imprints of the various past tectonic processes operated in the region, we conducted a magnetotelluric 
(MT) experiment along a 600 km long NW-SE oriented traverse extending from Jaisalmer in the northwest 
to Banswara in the southeast cutting across the Delhi-Aravalli Proterozoic mobile belt. Broad-band (0.001 – 
1000 s) MT data has been acquired along this traverse with a station interval of ~6 km and long period (30 – 
30,000 s) data at every third site (~20 km spacing) with a recording period of 4 and 20 days respectively. The 
shallow resistivity section clearly brought-out the basement topography beneath the Jaisalmer Basin with 
different layers within the basin. The high resistive (>104Ohm.m) Marwar craton is reflected in the deeper 
section (up to ~150 km) with its eastern boundary limiting at Sirohi. A low resistive (1000-2000 Ohm.m) 
lithospheric block has been identified between Sirohi and Udaipur. The resistivity features observed in the 
two-dimensional model are discussed in light of the geodynamics of the region.

51. Geomagnetic observatories to monitor changes of magnetic field and related hazards

HYB (IMO) and CPL (provisional status) magnetic observatories are contributing data in 1 min resolution to 
the international community, while efforts are underway to produce 1 s data from CPL through installation 
of new sensor and use of new software. Development of new processing tools has been taken up through an 
Indo-Russian collaborative project, so that signal and noise in 1 s data can be identified and treated for high 
quality baseline generation. The international project MAGNIO, sponsored by ICSU has been completed 
successfully and cooperations with observatories in the region of northern Indian Ocean are being put in 
place.
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Data from 5 remote stations in A&N and Lakshadweep islands have been acquired, processed and 
compared. Effects of local noise and temperature variations have been examined and removed/adjusted. 
The variabilities have been examined in terms of ionospheric and magnetospheric mechanisms and their 
correlations with variations of induction effects have been assessed. The data has been used to compute 
induction vectors at three different locations in the Andaman-Nicobar Islands and also peninsular India for 
assessing the locations of the conductive regions.  

52. Geothermal Climate Change Observatory, Choutuppal

Operation of the Geothermal Climate Change Observatory located in CSIR-NGRI campus at Choutuppal 
successfully produced records through the year without any major gaps. Air temperature variations over 
the length of the record are relatively smooth and show good correlation with different seasons. During the 
winter, the daily mean temperatures dipped to a low of about 20oC and gradually increased thereafter to 
reach about 39oC in summer in all the annual cycles. Solar radiation shows a larger day-to-day variability. A 
general correlation between the time series for air temperature and solar radiation is observed over the length 
of the record. Almost the entire annual rainfall at this site occurs in the monsoon season with a mean daily 
rainfall ranging between 0-30 mm but reaches levels of 50-100 mm on individual days. The area remains 
practically dry during the rest of the year. The time series for wind speed shows slightly higher values as 
well as larger variability during the monsoon months relative to the rest of the year. Winds from the south 
dominate the post-monsoon, winter and summer seasons whereas south-westerly winds characteristic of the 
southwest monsoon prevail during the monsoon season.

53. GPS Studies in Antarctica and Indian Region

Analysis of continuous GPS measurements 
indicate that the Indian permanent GPS station 
at Maitri moves at a velocity of 6 mm/yr 
predominantly towards north, consistent with the 
expected plate motion of Antarctic plate at this site 
(Fig. 3.45 a). The Euler pole estimated for the 
Antarctic plate is Latitude = 58.6985±0.41182, 
Longitude = -130.1819±0.41613, Angular velocity 
= 0.21534±0.0021293. The plate is largely 
aseismic and there is no significant internal 
deformation. East Antarctica is found to be more 
stable compared to west Antarctica and a signature 
of relative motion between east and west Antarctica 
is supposed across Trans Antarctic mountains near 
Southern Victoria Land. Fig. 3.45a: Velocities of the Antarctic sites in ITRF 2008.

The ionosphere response to the great intraplate Indian Ocean earthquake of April 11, 2012 (Mw 8.6) and 
its largest aftershock (Mw 8.2) is analysed using GPS Total Electron Content (TEC) measurements. Data 
from the dense GPS networks, SuGAR (Sumatran GPS Array) and the permanent Andaman-Nicobar array 
are utilized for this study. The observed phenomenon of Coseismic Ionospheric Disturbance (CID) splitting 
into two modes, north and south of the epicenter is akin to the well documented effects of anisotropy on 
wave propagation. The anomalous azimuthal variation of the Rayleigh wave radiation pattern best explains 
the observed N-S asymmetry of CID.
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Analysis and viscoelastic modeling of the GPS measurements from Andaman-Nicobar Islands is being 
done to understand the mechanism of post-seismic deformation and to estimate the rheological parameters 
such as viscosity and elasticity of the subsurface material. Continuous GPS measurements from Koyna-
Warna region, which produces reservoir triggered earthquakes supposedly are being analysed to understand 
crustal motions and influence of seasonal variations on the GPS time series.

To study the deformation, in the India-Tibetan convergence of the Karakoram fault system NGRI has 
established nine GPS sites across the Karakoram fault and five more sites are yet to be established across 
the Kaurik Chango rift. For Seismic hazard assessment in the Kashmir Himalaya. 12 GPS sites have been 
identified and 9 of them established in Jammu and Kashmir region. Ten GPS sites across different faults 
of the Shillong plateau have also been established to understand the kinematics of the faults bounding the 
Shillong plateau. GPS measurements from the Garhwal-Kumaun Himalaya (Fig. 3.45b) are modeled to 
estimate the rate of strain accumulation (18 mm/yr) in the frontal part of the Himalaya. Coupling ratio 
estimated from GPS measurements along MHT in Garhwal indicates future potential for the occurrence of 
a great earthquake.  

Fig. 3.45b: Coupling derived using inversion of geodetic data in 
Kumaun-Garhwal Himalaya. The Topography elevation of 3.5 km is 
shown by sky blue colour contour line. A coupling of 1implies that 
the fault is completely locked during the interseismic period, while 
a coupling of 0 corresponds to the creeping part of the fault. Note, 
the coupling value is ~1 in the frontal part of MHT and it decreases 

to ~0 in the Higher Himalaya suggesting that the frontal part of 
the MHT is perfectly locked and is aseismically creeping under the 

Higher Himalaya.

The static and dynamic coseismic displacements from the GPS data obtained from the Nepal region has 
provided constraints on the rupture extent. Coseismic offsets were estimated at 20 sites in India (Fig. 3.45c) 
out of which only four sites immediately to the south of the rupture, showed discernible coseismic horizontal 
offsets ranging between 3 and 7 mm toward north. We inverted these offsets along with 13 other offsets at 
GPS sites in Nepal and 33 offsets at sites in China, for the estimation of slip distribution on the causative 
rupture. We assumed that rupture occurred on the Main Himalayan Thrust (MHT). In our estimated slip 
model, high slip reaching 5 m occurred east of the main shock epicenter and the slip on rupture terminated 
close to the Main Boundary Thrust (MBT). Thus, the rupture for this earthquake remained blind, increasing 
the potential for future earthquake in the shallow, ruptured part of the MHT. 

Fig. 3.45c: Estimated coseismic offsets at various GPS sites in India 
and Nepal due to the 25 April 2015 Gorkha earthquake, Nepal. The 
aftershocks and the focal mechanisms of the mainshock and an 

earthquake on 12 May 2015 are also shown. Coseismic offsets at GPS 
sites from China are also shown. red arrows- coseismic offsets greater 
than 100 mm, blue arrows- coseismic offsets > 10 mm and <100 mm 

and black arrows- coseismic offsets less than 10 mm
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The ionosphere response to the April 11, 2015 (Mw 7.8) Gorkha earthquake, occurring in the Himalayan arc, 
was analysed using GPS Total Electron Content (TEC) measurements from GPS sites in Nepal and India, 
situated both close to and far from the epicentre. In the near field, the Coseismic Ionospheric Disturbance 
(CID) following the earthquake rupture propagation arrived east of the epicentre, within 5-7 minutes with a 
propagation velocity of 980 m/s, equal to the speed of the shock acoustic waves at the ionospheric heights, 
and on to the west with a reduced speed of 650 m/s, within 8-11 minutes after the earthquake occurrence. 
The phenomenon of CID splitting into two modes, east and west of the epicentre, was observed. In the far-
field region, up to epicentral distances of 2200 km, Rayleigh wave induced disturbances are recorded with 
a propagation speed of 2.6 km/s. The characteristics of this dip-slip earthquake are well projected in the 
TEC waveforms (Fig.3.45d). The ambient magnetic field in the mid-latitudes prohibited the propagation 
of ionospheric disturbance in the northward direction and the observed primary CID was essentially in 
congruence with the rupture propagation of the earthquake in the E-SE direction. The ionospheric effect 
to this earthquake has been studied using GPS measurements in view point of source directivity, rupture 
propagation and associated surface deformations over and near the fault plane. The same has been 
corroborated by Interferometric Synthetic Aperture Radar (InSAR) data sets in collaboration with Indian 
Institute of Geomagnetism, Mumbai. 

Fig. 3.45d: Traces of bandpass filtered (1-10 min) coseismic TEC variation as observed by GPS satellites (a) at sites east 
of the epicentre and (b) west of the epicentre. The vertical line indicates the origin time of earthquake. Distances of the SIPs 

of GPS sites from the epicentre are indicated on the right side. (c) Stacked time series using the slant-stacking method.

54. Plausible deep seated intrusives below Mare Fecunditatisreigon: Results from Gravity Recovery and 
Interior Laboratory (GRAIL) mission.

The Gravitational Field of the Moon has been determined by the tracking of radio signals emitted by 
orbiting Spacecraft data by inverting the gravity anomalies. Observations from GRAIL mission have 
provided high precision and resolution gravity data of the Moon. Apart from several interesting features, 
the global topographic map (Fig. 3.46a) shows that the near side of the Moon (right half of the map) is 
at a lower elevation than the far side (left half) on average. The near side also has a thinner lunar crust, 
most of the lunar maria and mare basalts. The low areas (blue) are the floors of large impact basins. The 
large blue patch on the lower left is the South Pole-Aitken basin, the largest known impact basin in the 
solar system at 2500 km across and 12 km deep. The ancient SPA basin is scarcely visible in photographs 
because it is overprinted by more recent craters of various sizes. We have studied surface and subsurface 
density structures of mare fecunditatis region using the gravity anomalies and topography (Fig. 3.46b). The 
high positive gravity anomalies (Fig. 3.46c) observed in the proximity of wrinkle ridges of the region are 
attributed to plausible deep-seated intrusives beneath this region.
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Fig. 3.46: (a) Global topographic map of the Moon showing the outline of the study region by a rectangular red box. 
This map is plotted in Hammer’s projection centered at 270°E longitude, showing the near and far sides of the Moon 

on either side. (b) Topographic map (c) Regional gravity anomaly map of the mare fecunditatis region. These maps are 
plotted in Mercator projection (origin at 180°E and 0°N).

55. Petrophysical properties of Lonar basalts 

We studied 55 block samples from the eject blanket and wall of Lonar crater to understand the meteorite 
impact process. From these samples of massive, vesicular and amygdaloidal basalt and red bole materials, 
156 core specimens were obtained for laboratory measurements. The petrophysical properties of Lonar 
ejecta samples are as follows: density ranges from 2.07 to 3.00 g/cc with an average of 2.73 g/cc; 
VP from 1258 to 6281 m/s with an average of 4787 m/s; VS from 813 to 3636 m/s with an average of 2843 
m/s; P-wave attenuation varies from 0.002 to 69.59 dB/cm with an average of 8.62 dB/cm and S-wave 
attenuation from 0.22 to 232.88 dB/cm with an average of 31.91 dB/cm. The wide range in all these physical 
properties indicates variation in petrological types of basalts and anisotropy. The empirical relation between 
velocity and density and attenuation and velocity shows a strong correlation between various petrophysical 
properties with R2 value > 0.5. The velocity increases linearly with an increase in density (Fig. 3.47a) 
whereas the attenuation decreases exponentially with an increase in velocity (Fig. 3.47b). The exponential 
relation indicates that a little change in velocity makes a greater variation in attenuation. The data would be 
used for refining spallation model for Lonar crater.
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Fig. 3.47a: Relationship between density and velocity of basalts from Lonar crater

Fig. 3.47b: Relationship between attenuation and velocity of basalts from Lonar crater
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Sanyasi Rao, M, Devleena Mani, Kalpana, MS, Dattatray J Patil, Anurodh M. Dayal 2016 - 
Geochemical Characteristics of Carbonaceous Shales from the Surkha Lignite Mine, Saurashtra 
Basin, India: Implications for Gas Potential International Journal of Petroleum and Petrochemical 
Engineering (IJPPE), 2(3), PP 4-16 ISSN 2454-7980. 

Satish Kumar V, Sankaran S, Taufique Warsi, Amarender, B and Ratnakar Dhakate, 2016 - Mapping 
of salinity ingress using GALDIT Model for Sirkali coastal region: A case study, Journal of 
Geographic Information System (JGIS), 8(4):526-536. 

Satish Kumar, V, Amarender, B, Ratnakar Dhakate, Sankaran, S and Rajkumar, R 2016 - Assessment 
of groundwater quality for drinking and irrigation use in shallow hard rock aquifer of Pudunagaram, 
Palaghat District, Kerala, Applied Water Sciences, 6(2), 149-167.
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Satyanarayanan, M, Eswara Moorthi, S, Subramanian, S, and Periakali, P 2016 - Factor analysis of 
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southern India. Applied Water Science, Doi: 10.1007/s13201-016-0411-6. 

Satyanarayana, E, Ratnakar Dhakate and Muralidhar, M 2016 - Major ion chemistry of Groundwater 
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India, Hydrology Current Research, 7(3): 253 Doi: 10.4172/2157-7587.1000253. 

Sesha Sai, VV, Tarun C Khanna, Rama Krishna Reddy, N, 2016 - Red beds in the Cuddapah Basin, 
eastern Dharwar craton, India: Implications for the initiation of sedimentation during the Proterozoic 
Oxygenation event. Journal of Indian Geophysical Union, 20(3), 342-350. 
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Sreenivasulu, V, Dharmendra, V, Balaram, V, Rao, CN, Krishnaiah, A, Zhengxu, H and Zhen, Z 
2017 - Determination of Boron Phosphorus and Molybdenum Content in Biosludge Samples by 
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10.3390/App7030264.

Shankar, U, Bhowmick, D. & Sain, K 2016 - Estimation of gas hydrate saturation using model based 
acoustic impedance inversion from Mahanadi offshore basin, Jour. of Indian Geophysical Union, 
20(3), 309-315.

Chapters in Books and Books

Ahmed, S., Arora, T., Sarah, S., Dar, F.A., Gaur, T.K., Warsi, T. and Raghuvender, P. 2016 - Viewing 
Sub-Surface for an Effective Managed Aquifer Recharge from a Geophysical Perspective, 
Chapter 18 In Thomas Wintgens, Anders Nättorp, Elango Lakshmanan and Shyam R. Asolekar 
(Eds.) Natural Water Treatment Systems for Safe and Sustainable Water Supply in the Indian 
Context: Saph Pani, IWA Publishing, UK., Pages: 301-315, ISBN: 978178 0407104. 

Amarasinghe, M., Sonkamble,S., Jampani, M., Wajihuddin, M., P. Elango, E., Starkl, M., Sarah, S., 
Fahimuddin, M. and Ahmed, S. 2016 - Developing Integrated Management Plans for Natural 
Treatment Systems in Urbanized Areas - Case studies from Hyderabad and Chennai, Chapter 15 In 
Thomas Wintgens, Anders Nättorp, Elango Lakshmanan and Shyam R. Asolekar (Eds.) Natural 
Water Treatment Systems for Safe and Sustainable Water Supply in the Indian Context: 
Saph Pani, IWA Publishing, UK., Pages: 251-264, ISBN: 978178 0407104.

Balaram, V., Kamala C.T., Sreenivasa Rao A., Satyanarayanan M., Subramanyam K.S.V. and Sawant. 
S 2015 - Platinum, Palladium and Rhodium in Road Dust /Top Soils from Major South Indian Cities: 
Implications on Environment and human health, Geostatistical and Geospatial Approaches for the 
Characterization of natural Resources in the Environment: Challenges, Processes and Strategies, 
pp. 240-243. Proc. International Conference, Capital Publishing Company with Springer Germany 
(In Book). DOI: 10.1007/978-3-319-18663-4, ISBN.978-3-319-18662-7

Boisson, A., Alazard, M., Picot-Colbeaux, G., Pettenati, M., Perrin, J., Sarah S., Dewandel, B. Ahmed, 
S., Maréchal, J.C. and Kloppmann, W. 2016 - Percolation tanks as managed aquifer recharge 
structures in crystalline aquifers - an example from the Maheshwaram watershed, Chapter 7 in 
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Thomas Wintgens, Anders Nättorp, Elango Lakshmanan and Shyam R. Asolekar (Eds.) Natural 
Water Treatment Systems for Safe and Sustainable Water Supply in the Indian Context: 
Saph Pani, IWA Publishing, UK. Pages: 113-125, ISBN: 978178 0407104.

Devleena Mani, Kalpana, MS, Patil, DJ and Dayal AM 2017 - Organic matter in gas shales: Origin, 
Evolution and Charactertization 2017 - In: Dayal AM and Devleena Mani Tiwari (Eds.), Shale Gas, 
Exploration, Environmental and Economic Impacts, 25-54.

Kloppmann, W., Sandhu, C., Groeschke, M., Pandian, R.S. Picot-Colbeau, G., Fahimuddin, M., 
Ahmed, S., Alazard, M., Amerasinghe, P., Bhola, Punit., Boisson, A., Elango, L., Feistel, U., 
Fischer, S., Ghosh, N.C., Grischek, T., Grutzmacher, G., Hamann, E.,Nair, I.S., Jampani, M., 
Mondal, N.C., Monninkhoff, B., Pettenati, M., Rao, S., Sarah, S., Schneider, M., Sklorz, S., 
Thiery, D. and Zabel, A. 2016 - Modeling of natural water treatment systems in India: learning from 
the Saph Pani case studies, Chapter 14 In Thomas Wintgens, Anders Nättorp, Elango Lakshmanan 
and Shyam R. Asolekar (Eds.) Natural Water Treatment Systems for Safe and Sustainable 
Water Supply in the Indian Context: Saph Pani, IWA Publishing, UK., Pages: 227-249, ISBN: 
978178 0407104 

P.R. Reddy & K. Sain, 2015 - ‘Near Surface Earth System Sciences’, Edited the Abstract Volume of the 
52nd Annual Convention of Indian Geophysical Union held at NCAOR, Goa during November 
3-5, 2015, Eds., www.igu.in, p.195.

Steven C. Clemens, Wolfgang Kuhnt, Leah J. LeVay, Clara T. Bolton, Priyank Jaiswal, Xuan Ding, 
Sunghan Kim, Karen Gariboldi, John B. Kirkpatrick, Pallavi Anand, Liviu Giosan, Gianluca 
Marino, Takuto Ando, Edmund C. Hathorne, Philippe Martinez, Milos Bartol, Yongsong 
Huang, Dinesh Naik, Netramani Sagar, Goichiro Uramato, Aditya Peketi, Katie Taladay, 
Yoichi Usui, Stephen C. Phillips, Samuel N. Taylor, Jiasheng Wang, Marci M Robinson, 
Kaustubh Thirumalai, Masanobu Yamamoto, Oscar E. Romero, Liping Zhou, and Kate 
Littler 2015 - International Ocean Discovery Program Preliminary Report, 353. http://dx.doi.
org/10.14379/iodp.pr.353.2015 Publisher: International Ocean Discovery Program, ISSN: 
World Wide Web: 2372-9562

Sugantha T., Mu. Ramkumar, V. Balaram, Jyotsana Rai, M. Satyanarayanan 2015 - Environmental and 
climatic conditions during the K–T transition in the Cauvery basin, India: Current understanding 
based on chemostratigraphy and implications on the KTB scenarios. In: Chemostratigraphy 
- Concepts, Techniques, and Applications (Edited by Mu. Ramkumar), ISBN: 978-0-12-
419968-2, Elsevier publications, pp. 131–171.

Sunder Raju, P. V. & Eriksson, P. G. 2015 - Evolution of  3.5–2.5 Ga basins of the Dharwar Craton. In: 
Mazumder, R. & Eriksson, P. G. (eds) Precambrian Basins of India: Stratigraphic and Tectonic 
Context. Geological Society, London, Memoirs, 43, 223–230, http://dx.doi.org/10.1144/M43.15.

Books Published

Anurodh Mohan Dayal and Devleena Mani, Shale Gas: Exploration, Environmental and Economic 
Impacts. ISBN: 978-0-12-809573-7 Elsevier Publications 2017.

S. Raju, “Let us have a New Earth” in Tamil Language. Published by URATHA SINTHANAI, CHENNAI.
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Technical Reports 

Preparation of a status report on an Unconfirmed Volcano, off Pondicherry coast. NGRI-2015-EXP-873.

Block Dynamics modelling of the Kachchh rift zone, Gujarat, India. NGRI-2015-SEISM-874.

3D Modelling of MT data and interpretation for geothermal source zone near Chabsar, Gujarat. NGRI-
2015-EXP-875.

Assessment of contaminant migration from disposal of Hussainsagar lake bed sediments in the proposed 
Granite Quarry Pits, Gajularamaram, R.R. district, NGRI-2015-ENVIRON-876.

Integrated Geophysical survey for identification of concealed Sulphide ore deposit at Banera copper prospet, 
Bilwaradistrict, Rajasthan state with resistivity imaging, Induced polarisation and Horizontal loop, 
electromagnetic technique (HLEM), Technology Quality, Innovative practices. NGRI-2015-
EXP-877.

Study of source and seismic Hazard associated with the uninterrupted occurrences of intraplate earthquakes 
in the Kachchh seismic zone, Gujarat, India. NGRI-2015-SEISM-878.

Mapping subsurface hard and soft rock with complex geological terrain for Groundwater prospecting in 
Thadipatri Mandal, Ananthapur district, Andhra Pradesh. NGRI-2015-GW-879.

Hydrogeological inferences using Heliborne Transient Electromagnetic and Ground Geophysical data in 
AQBHR area, Patna district, Bihar. NGRI-2015-GW-880.

Earthquake monitoring around Nagarjuna Sagar, Srisailam and Sriramsagar reservoir for the period January 
-December 2014. NGRI-2015-SEISM-881. 

Micro-Seismic studies through operations of VSAT seismic network around Kalpakkam. NGRI-2015-
SEISM-882.

Feasibility of managed Aquifer recharge in Karst aquifers of Raipur through hydrogeophysics. NGRI-
2015-GW-883.

Hydrological and Geophysical investigations for enhanced recharge to a Dugwell at NGRI, Hyderabad, 
India. NGRI-2015-GW-884.

Groundwater Data generation at NPP site, Kaiga, Uttar Kannada, Karnataka: Hydrological and Geophysical 
investigations. NGRI-2015-GW-885.

Study of earthquake processes in the Koyna-Warna region through borehole seismology and related studies 
in exploratory boreholes. NGRI-2015-SEISM-886.

Exploration of subsurface manganese minerals by Gravity and magnetic methods in Nagpur and Bhandara 
districts of Maharashtra. NGRI-2015-EXP-887.

Assessment of chromium leachate from Ferro chrome slags in to the groundwater using integrated 
Hydrogeophysical and modelling studies, Andhra Pradesh. NGRI-2015-ENVIRON-888.

To Carry out High resolution principal aquifer mapping and establishing methodology for up scaling to 
nationwide acquirer mapping under AQDRT, Jaisalmer, AQRAT, AQMAH, AQBHR, AQKAR, 
AQTND AQDRT, Jaisalmer district, Rajasthan. NGRI-2015-GW-889.
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High resolution principal aquifer mapping and establishing methodology for up scaling to nationwide 
aquifer mapping AQRAJ, Dausa district, Rajasthan. NGRI-2015-GW-890.

High resolution principal aquifer mapping and establishing methodology for up scaling to nationwide 
aquifer mapping AQMAH, Nagpur district, Maharashtra. NGRI-2015-GW-891.

High resolution principal aquifer mapping and establishing methodology for up scaling to nationwide 
aquifer mapping AQBHR, Patna district, Bihar. NGRI-2015-GW-892.

High resolution principal aquifer mapping and establishing methodology for up scaling to nationwide 
aquifer mapping AQKAR, Tumkur District, Karnataka. NGRI-2015-GW-893.

High resolution principal aquifer mapping and establishing methodology for up scaling to nationwide 
aquifer mapping AQTND, Cuddalore district, Tamilnadu. NGRI-2015-GW-894.

Geological and seismic to studies align the Ethane pipeline route from Dehej to Nagothane in Gujarat and 
Maharashtra states. NGRI-2015-EXP-895.

Re-Evaluation of the deep electrical structure of Tatapani hot spring area using reprocessed using advance 
MT data analysis and 3D modelling approaches. NGRI-2015-EXP-896.

Deep Resistivity Sounding studies in and around Tatapani geothermal region, Balrampur District, 
Chhattisgarh State, India. NGRI-2015-EXP-897.

Seismological studies for delineation of hidden faults in the Earthquake prone Kutch region. NGRI-2015-
SEISM-898.

Study of earthquake processes in the Koyna-Warna region through borehole seismology and related studies 
in exploratory boreholes. NGRI-2015-SEISM-899.

Aquifer Characterization using advanced Geophysical techniques in representative Geological terrains of 
India. NGRI-2016-GW-900.

Hydrogeological, Geophysical and Drinking Water Quality Studies in Kirandul Iron Ore Mining Project, 
NMDCL, Dantewada district, Chhattisgarh. NGRI-2016-GW-901.

Hydrogeological, Geophysical and Drinking Water Quality Studies in Bacheli Iron Ore Mining Project, 
NMDCL, Bacheli Township, Dantewada district, Chhattisgarh. NGRI-2016-GW-902.

Hydrogeological, Geophysical and Drinking Water Quality Studies in Donimalai Iron Ore Mining Project, 
NMDCL, Donimalai Township, Bellary district, Karnataka. NGRI-2016-GW-903.

Assessment of origin of seepages in and around the M/s. Sri Chaitanya Chlorides Pvt Ltd, IDA, Pashamylaram, 
Patancheruvu, Medak district and recommendations of remedial as well as preventive measures. 
NGRI-2016-ENVIRON-904.

Imaging of 3D Geoelectric subsurface structure of the structure zone of 2001, Bhuj Earthquake with 
Magnetotellurics. NGRI-2016-EXP-905.

Establishment of Techvill at Mandollagudem Gram Panchayat, Nalgonda district, Telengana NGRI-2016-
SEISM-906.

Geophysical and Seismological studies in the Koyna-Warna region. NGRI-2016-SEISM-907.
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2D electrical resistivity tomography survey for mapping dump material in Sri Lakshmi Narasimhaswamy 
temple complex area, Banjara Hills, Hyderabad. NGRI-2016-GW-908.

High resolution Geophysical investigation from 2D electrical resistivity tomography for delineating Sound 
Ater zones in and around Garh Khatanga area, Ranchi, Jharkhand. NGRI-2016-GW-909.

Block dynamics modelling of the Himalayan frontal area, India. NGRI-2016-SEISM-910.

Report for 2015 book of Magnetic Observatories (Hyderabad and Choutuppal and field stations. NGRI-
2016-Mag Obs-911.

Delineation of crustal structure of Ganga Basin through magnetotelluric investigations. NGRI-2016-
LITHOS-912.

Earthquake monitoring around NagarjunaSagar and Srisailam reservoirs for the period from Jan 2015-Dec 
2015. NGRI-2016-SEISM-913.

Earthquake monitoring near Sriramsagar Reservoir, Telangana for the period from Jan 2015-Dec 2015. 
NGRI-2016-SEISM-914.

Installation and operation of strong motion Accelegraph at Srisailam Dam. NGRI-2016-SEISM-915.

Geophysical investigations for locating water well drilling sites in Goghat-Ii block of Hooghly district 
under West Bengal accelerated development of minor irrigation project. NGRI-2016-GW-916.

Geophysical investigations for locating water well drilling sites in Narayangarh, Kharagpur-I & II and 
Banipur blocks of Paschim Medinipur district under West Bengal aerelerated by WAPCOS limited. 
NGRI-2016-GW-917.

Geophysical investigations for locating water well drilling sites in Aushgram–I&II blocks of Bardhaman 
district under West Bengal. NGRI-2016-GW-918.

Geophysical investigations for locating water well drilling sites in Old Malda and Gazole blocks of Malda 
district under West Bengal. NGRI-2016-GW-919.

Geophysical investigations for locating water well drilling sites in Raghunathpur-I Block of Murshidabad 
district under West Bengal.NGRI-2016-GW-920. 

Geophysical investigations for locating water well drilling sites in Balurghat block of Dakshin Dinajpur 
district under West Bengal. NGRI-2016-GW-921.

Geophysical investigations for locating water well drilling sites in Matiari& Mal blocks of Jalpaiguri district 
under West Bengal.NGRI-2016-GW-922.

Geophysical investigations for locating water well drilling sites in Mahabhanga-I and Sitalkuhi blocks of 
Coochbihar district under West Bengal. NGRI-2016-GW-923.

Progress of work at Minicoy magnetic Observatory running at CPCRI campus, Lakshadweep Islands. 
NGRI-2016-MAG-OBS-924.

The Structure and dynamics of Groundwater systems in north western India under Past, Present and future 
climates by MoES. NGRI-2016-GW-925.
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Geophysical investigations for locating water well drilling at site campus, Karadyal, Bidar, Karnataka 
for selection of new bore hole sites to meet the water need of a residential school. NGRI-2016-
GW-926.

Storage & disposal facilities of water, Rainwater, Raw material and effluent in M/s. DRL CTO unit IV, 
Jeedimetla, IDA Phase III. NGRI-2016-SEISM-927.

Study of source process and seismic hazard associated with the uninterrupted occurrences of intraplate 
earthquakes in the Kachchh seismic zone, Gujarat, India. NGRI-2016-SEISM-928.

Hydrogeological and Geophysical investigations at Borabanda division of GHMC for new borehole sites to 
meet the water need in drought year period of 2016. NGRI-2016-GW-929.

2D electrical resistivity Tomography for mapping dump material in ISKCON temple complex area, Banjara 
Hills, Hyderabad. NGRI-2016-GW-930.

Measurement of magnetic variations along Southern Indian Ocean-Continent margin and adjoining islands 
to study crust/upper mantle structure through induction modelling, with focus on the deformation 
processes in Andaman arc. NGRI-2017-MAG-OBS-931.

Magnetic Data from MPGO institute of seismological research, Gujarat, MPGO sites at Vamka, Badargadh, 
Desalpur. NGRI-2017-MAG-OBS-932.

Patents 

A Canada Patent “An Exact Algebric Formula for the Impulse Response of a Plane Acoustic Reflector at 
Zero Offset Due to a point Acoustic Source” was Granted vide Patent No.CA2659782 issued on 
21/04/2015 to Santi Kumar Ghosh.

A Canada Patent “Development of a Technique Utilising Natural Carbon-13 Isotope for identification of 
early breakthrough of injection water in oil wells” was granted vide Patent No.CA2674127 issued on 
14/07/2015 to Balbir Singh Sukhija, Donti Reddy Venkat Reddy, Pasupuleti Nagabhushanam, 
Dattatray Jaiwant Patil, Syed Hussain.

An Indian Patent “Electronic Level Sensor and Timer Based Falling Head Soil Permeameter” was 
granted vide Patent No.IN271490, issued on 23/02/2016 to Devanatha Muralidharan, Nanduri 
Purushotham Rajendra Prasad, Rallapalli Suryanarayana Kanaka Srinivasulu.

An Indian Patent “A Process Utilizing Natural Carbon-13 Isotope for identification of early breakthrough 
of injection water in Oil wells” was granted vide Patent No. IN271522, issued on 24/02/2016 to 
Balbir Singh Sukhija, Donti Reddy Venkat Reddy, Pasupuleti Nagabhushanam, Dattatray 
Jaiwant Patil, Syed Hussain.
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APPENDIX-II

LIST OF ONGOING CONTRACT RESEARCH PROJECT (2015-17)

Title of the project Sponsoring 
Agency

Cost of the 
Project

(Rs. in lakhs)

Funds received
During 2015-16
(Rs. in lakhs)

Seismic Monitoring Station at Nagarjuna Sagar Govt. of A.P. 2.00
(Yearly)

---

Seismic Monitoring Station at Sri Ramsagar Govt. of A.P. 1.00
(Yearly)

1.00

Establishment of a telemetry network of Micro 
seismic stations for 500 MW PFBR at Kalpakkam

BNVNL 338.43 30.44

Studies on Gas Hydrate Exploration & Technology 
Development for its Exploitation

NIOT 4239.25 ---

ICP-MS 33.19

XRF 3.18
Plate Kinematics, Geodynamics and Earthquakes 
occurrence process in the Andaman Nicobar 
region using real time geodetic and seismological 
observations & earthquake awareness centre at Port 
Blair

MoES 576.09 ---

Studies on Cobalt crusts exploration MoES 85.67 ---

Geodynamics of Indo Burmese arc region: Geodetic 
measurement and geological investigations

MoES 244.40 ---

Real time monitoring of earthquake for short term 
forecast and understanding seismogenesis in the 
Koyna region, Western India

MoES 678.54 ---

Establishing permanent GPS stations at Ongole, 
Vishakhapatnam and Allavali in A.P. and at Silchar 
in Assam

MoES 444.01 ---

Spectroscopic characterization of select 
phyllosilicates: Implication to thermodynamic phase 
stability of hydrous minerals in Planetary systems

PRL 12.60 ---

Impacts of Meso-Scale watershed development in 
A.P. (INDIA) and their implications for designing 
and implementing improved WSD policies and 
programs

IWMI 32.22 5.61

Installation of Micro-Earthquake monitoring stations 
at RAPP, Rajasthan

NPCIL 220.00 ---

Strain budget, plate convergence and earthquake 
occurrence processes in the Garhwal-Kumaun 
Himalaya Using permanent and campaign mode 
crustal deformation measurements

MoES 415.32 20.91
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Title of the project Sponsoring 
Agency

Cost of the 
Project

(Rs. in lakhs)

Funds received
During 2015-16
(Rs. in lakhs)

Microzonation of Nanded City Nanded 
Waghalaya 
City Mun. 

Corpn.

5.00 ---

Delineation of the crustal structure of the Ganga 
basin through magnetotelluric investigations

MoES 69.46 6.00

Enhancement of natural water systems and treatment 
methods for safe and sustainable water supply in 
India

European 
Commission

222.13 17.95

Deep structure of the Indian Continent IFCPAR 100.17 ---
Measurement of Magnetic Variations along Southern 
Indian Ocean – continent margin and adjoining 
islands to study crust / upper mantle structure through 
Induction modeling, with focus on the deformation 
processes in Andaman arc

MoES 152.52 21.66

Electrical conductivity structure along the Jaisalmer 
– Banswara and Dungarpur – Chitturgarh transects 
in Rajasthan for Deep Continental Studies using 
Magnetotellurics

MoES 58.00 ---

Aquifers characterization using advanced 
geophysical techniques in representative Geological 
terrains of India

CGWB
(MoWR) 

2740.54 93.18

The Structure and dynamics of groundwater system 
in northwestern India under past, present and future 
climates

IIT, Kanpur 27.84 0.83

Geological and Geochemical Investigations of 
Precambrian Mafic Magmatism of Singhbhum 
Craton, Eastern India: Implications on Mantle 
Processes 

DST 16.66 3.00

Hydrogeological study in the watersheds covering 
the OMPL complex for generation of base line 
groundwater database and aquifer geometry and 
suggestion of measures to protect the groundwater 
regime

OMPL 38.21 6.87

Investigation of Seismicity & Lithospheric Structure 
in the Andaman-Nicobar Subduction Zone

INCOIS 222.25 ---

Shale gas potentiality evaluation of Damodar basin 
of India

CMPDI 813.84 250.00

Micro Earthquake Monitoring around Kakrapara 
Atomic Power Plant (KAPP)

NPCIL 220.00 ---

Rapid estimation of Centroid Moment Tensor 
solutions in North East India

DST 13.65 3.00
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Title of the project Sponsoring 
Agency

Cost of the 
Project

(Rs. in lakhs)

Funds received
During 2015-16
(Rs. in lakhs)

3D seismic studies to map the Coal horizons and 
to delineate the associated structural features at 
Belpahar area – III, Jharsuguda, Odisha

CMPDI 1130.00 400.00

Geology, Geochemistry and Isotopic studies in 
the Veligallu granite-greenstone terrane, eastern 
Dharwar craton, India: Implications for Archean 
Mantle Evolution, Metallogenesis and Crustal 
growth processes

DST 21.20 2.50

New materials as a Sorbents for separation and 
preconcentration of Trace Pollutants from Food, 
Beverages and Environmental samples

DST 8.04 3.48

Lunar Crustal thickness determination using gravity 
anomaly and topography datasets

SAC (ISRO) 14.16 2.50

Studies on chemical speciation and bioavailability 
of potentially toxic metals in soils of selected 
contaminated sites

DST 15.32 5.00

Analytical and numerical modeling of the error 
structure on the tsunami wave heights

DST 18.50 6.00

Integrated Geological Geochemical, Isotopic and 
Geophysical studies over the Paleoproterozoic 
Mahakoshal Fold Belt, Central India: Implications 
on Crustal Evolution and Metallogeny

DST 17.66 6.00

Study of source process and seismic hazard 
associated with the uninterrupted occurrences of 
intraplate earthquake in the Kachchh seismic zone, 
Gujarat, India

MoES 76.56 5.35

Studies on physicochemical and biogeochemical 
processes controlling the migration of heavy metals 
and oil products in the subsurface groundwater 
environment within urban areas 
(theoretical study, monitoring, and modeling)

DST 20.54 3.08

Geochemical survey for assessing the gas seepage 
in Deohal area using gas concentration and isotopic 
signature

OIL India 
Ltd.

14.50 ---

Controlled Source Audio-frequency Magnetotelluric 
(CSAMT) and Resistivity Imaging studies for 
identification of basemetal deposit and associated 
structural features around Thanewasna copper 
deposit, Mul Tehsil, Chadrapur district, Maharashtra 
state

MECL 25.00 ---

Origin, mobility of Platinum-Group Elements and 
risk assessment for humans and ecosystems in the 
environmental matrices of Hyderabad Mega city

DST 21.75 8.00
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Title of the project Sponsoring 
Agency

Cost of the 
Project

(Rs. in lakhs)

Funds received
During 2015-16
(Rs. in lakhs)

2D seismic survey for delineation of the subsurface 
fault in and around GHAVP site, Gorakhpur, Haryana 
State

NPCIL 503.20 323.66

Groundwater data generation in and around Kaiga 
NPP, Karnataka

BARC 16.40 ---

Methane Hydrates with Nano materials: Storage 
applications

DST 16.61 5.90

Kinetic studies of Methane Hydrate with clay 
particles and storage of methane gas by using 
Zeolites

DST 16.60 5.90

Heliborne Geophysical surveys over parts of 
Singhbhum shear zone, parts of Chattisgarh, Kaladgi 
& Bhima basins

AMD 5985.00 1989.62

Seismic hazard assessment in the Kashmir Himalaya 
using geological, seismological and geodetic data

MoES 1504.99 250.00

Exploration of subsurface Manganese minerals by 
gravity and magnetic methods in Bhandara and 
Nagpur districts of Maharashtra

MOIL Ltd. 84.00 31.01

Assessment of radionuclides (uranium, thorium and 
radium) in ground water used as source of drinking 
water in selected districts of A.P., India

DAE
(BRNS)

36.78 ---

Hydro-Geologic, Geophysical and Drinking water 
quality studies at Bacheli, Kirandul and Donimalai 
Iron Ore Mining projects of NMDC Limited and its 
periphery.

NMDC 116.00 72.38

Seismotectonic studies within 300 km radius from 
NPP site, Nuclear Power Corporation of India 
Limited at Banswara, Rajasthan

NPCIL 107.90 ---

Paleomagnetic investigations 
Across the one km long Koyna drill core

MoES 6.99 ---

Petrogenesis of mafic and ultramafic magmatism at 
Madawara Igneous Complex, Bundelkhand Craton: 
Implications for Platinum Group Elements (PGE) 
Metallogeny

MoES 16.02 ---

Chemometric and GIS based modeling of geogenic 
augmented fluoride contamination in crystalline bad 
rock aquifers of chronically endemic areas of A.P.

DST
(WOS-A)

27.75 7.00

Volcanic activity at Barren Island: vis-à-vis 
geodynamics of Andaman and Nicobar region

MoES 80.9 ---
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Title of the project Sponsoring 
Agency

Cost of the 
Project

(Rs. in lakhs)

Funds received
During 2015-16
(Rs. in lakhs)

Update of hydrologic, hydro-geologic, geophysical 
and water quality database for assessment of 
groundwater quality around the Ravva Onshore 
Terminal, Surasaniyanam, Uppalaguptam Mandal, 
East Godavari district, A.P. and comparison with 
the earlier database created by CSIR-NGRI during 
2006-2008.

CAIRN
India Ltd.

34.50 ---

Assessment of groundwater potential, water 
quality and development of groundwater flow and 
mass transport model for predicting contaminant 
migration, if any, in the proposed NFC plant & 
Residential complex watershed, Kota, Rajasthan

NFC 49.75 15.52

Geological and Seismic studies along the pipeline 
route 467 km length from Dahej Nagothane Ethane 
pipeline route in Gujarat and Maharashtra states

Reliance Gas 
Pipelines Ltd.

45.00 23.40

Characterisation of Seismic sources in the Peninsular 
shield

MoES 89.04 ---

Coal Bed Methane (CBM) reserves estimation for 
Indian Coalfields

CMPDI 457.06 ---

Assessment of groundwater water quality and 
development of groundwater flow and mass 
transport model for predicting leachability of 
chrome from slag, surface water and groundwater in 
the watershed covering Jindal chrome alloy facility, 
Kothavalasa, Vizianagaram District, A.P.

JSL 15.00 7.80

Uniting and networking the magnetic community in 
the Northern Indian Ocean region (MAGNIO)

ICSU 23.61 ---

Geochemical surveys for Hydrocarbons in Ruvu 
Block – Tanzania

Dodsal 
Hydrocarbons

37.27 9.87

Integrated Geophysical Survey with combination 
of Resistivity Imaging, Induced Polarisation (IP) 
and Horizontal Loop Electro Magnetic (HLEM) 
technique for identification of concealed Sulphide 
ore deposit at Banera Copper prospect, Bhilwara 
district Rajasthan

MECL 35.00 7.86

Geochemical and Isotopic studies on Archaean 
greenstone belts and Proterozoic Cuddapah Basin: 
Implications for Biogeochemical and Paleo-
environmental variations during the evolution of 
Dharwar craton

MoES 41.05 ---

Rock Magnetic and Anisotropy of Magnetic 
Susceptibility (AMS) studies of the Deccan trap 
Drill-cores around Koyna Reservoir: Implications to 
flow stratigraphy and rock deformation

MoES 7.85 ---
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Title of the project Sponsoring 
Agency

Cost of the 
Project

(Rs. in lakhs)

Funds received
During 2015-16
(Rs. in lakhs)

Seismic monitoring stations around NSRS dam at 
Srisailam

Irrigation & 
CAD, Govt. 

of A.P.

6.24 ---

Mapping subsurface hard and soft rock with complex 
geological terrain for groundwater prospecting in 
Tadipatri Mandal, Anantapur District, A.P.

Ultra Tech 
Cement 
Limited

10.67 5.58

Deep Resistivity Sounding Study for sub surface 
geo-technical structure and Re-evaluation of the 
deep electrical structure of Tattapani hot spring area 
using advanced MT data analysis and 3D modeling 
approaches

NTPC 70.00 54.35

Mapping subsurface hard rock complex geological 
terrain for groundwater prospecting in the new 
campus at IIAB, Ranchi

IIAB,
Ranchi

10.67 ---

Geological and morpho-tectonic mapping within 
5 km radius at proposed NPP site, Mithivirdhi, 
Bhavnagar district, Gujarat

NPCIL 43.05 ---

Age and Tectonothermal history of mafic and 
ultramafic rocks within the Cauvery Suture Zone, 
Southern India

SERB (DST) 11.40 ---

Geochemical isotopic and mineralogical 
investigations in bed sediments and suspended 
particulate matter of Krishna River

SERB (DST) 29.70 ---

Development of Decision Support Tool (DST) for 
sustaining water management in selected Sugarcane 
growing regions in India

WWF
India

104.94 ---

Study of earthquake processes in the Koyna - Warna 
region through borehole seismology and related 
studies in exploratory boreholes

MoES 748.00 416.50

Characterization, quantification and genesis of gas 
hydrate in Krishna-Godavari (KG) basin, Bay of 
Bengal using benthic foraminiferal, geochemical 
and geophysical studies

MoES 16.77 8.74

Geo-physical investigations for selection of 
observation wells around Cell No. 4 for monitoring 
and examining the drawings of the design of the 
Cell No. 4 & scientific evaluation of performance 
of Cell Nos. 1, 2 & 3 and also examining reasons for 
secondary leachate observed in Cell No. 3. 

Ramky 
Enviro 

Engineers 
Ltd.

8.68 8.88

Carbon dioxide & Methane Hydrate phase stability 
in sandy and clay environment: Laboratory studies

OIDB (DGH) 95.62 29.57

Stochastic modeling of thermal and rheological state 
of the lithosphere

DST 13.80 4.97
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Title of the project Sponsoring 
Agency

Cost of the 
Project

(Rs. in lakhs)

Funds received
During 2015-16
(Rs. in lakhs)

Geophysical investigations in M/s. Shantha 
Biotechnics Limited campus, Hyderabad

Shantha 
Biotechnics 

Ltd.

12.00 8.20

Geochemical controls and mechanism of fluoride 
release in groundwater from the alluvial aquifer of 
Dwarka river basin, Birbhum, West Bengal

SERB (DST) 5.90 1.70

Geological analysis of lunar cones, domes and 
lava flows in Imbrium, Tranquillitatis basins and 
Oceanus Procellarum region: Implications for 
volcanic evolution of the Moon

SAC (ISRO) 14.50 4.70

Block dynamics of the Himalayan frontal arc, India DST 24.37 12.18

Petrology, compositions and geochronology of the 
granitic basement underlying the Deccan volcanic in 
the Koyna-Warna region from a study of the drill 
core

MoES 196.75 191.50

Study of Moon and Mars analogues SAC (ISRO) 19.20 5.00
Resolving Surface and Subsurface Structure(s) in 
the Koyna-Warna region from multi-parametric 
geophysical data and their integration

MoES 10.14 7.00

Geophysical Deep Borehole Logging Studies 
at GHAVP 1&2, Gorakhpur district, Fatehabad, 
Haryana

NPCIL 30.00 23.40

Study on Assessment of origin of Seepages in and 
around M/s. Sri Chaitanya Chlorides Pvt. Ltd., IDA 
Pashamylaram, Patancheru (M), Medak district.

TSPCB 4.38 2.50

The behavior of volatile components in silicate 
and carbonate minerals at high pressure and 
high temperature: in-situ studies in modeling the 
processes of subduction metamorphism

DST 28.82 15.91

Micro Earthquake Monitoring around Gorakhpur, 
Haryana, Anu Vidyut Pariyojana (GHAVP) site, 
Fatehabad, Haryana

NPCIL 262.00 99.00

High pressure studies on Hydrous sulfates – 
Implications to Martian Subsurafce processes

PRL 24.00 8.40

Deep Seismic Profile in Kachchh MoES 304.13 232.31
Geophysical investigations for examining feasibility 
of drilling piezometers in Dr. Reddy’s Laboratories 
Ltd. Unit CT04, Jeedimetla

Dr. Reddy’s 
Laboratories 

Ltd.

7.00 7.21

Geophysical Surface Resistivity Survey to locate 
well drilling sites in various districts of West Bengal 
under the WBADMIP

WAPCOS 
Limited

45.00 11.77
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Title of the project Sponsoring 
Agency

Cost of the 
Project

(Rs. in lakhs)

Funds received
During 2015-16
(Rs. in lakhs)

2D Seismic survey for delineation of the subsurface 
faults for Kundankulam nuclear power plant site, 
Tamilnadu State

NPCIL 560.00 438.90

Geophysical Electrical Sounding, interpretation and 
providing points of drilling for groundwater

Super Geo 
Driller

140.46 32.00

Mineralogical and geochemical characterization 
of Indian glauconites for alternative potassium 
fertilizers

Ministry of 
Mines

27.50 12.50

Selected Gold Prospects: A Targeted Integrated 
approach through Geological, Geochemical and 
Geophysical studies in Greenstone belts of Eastern 
and Western Dharwar Cratons

SERB 10.80 6.00

Origin and evolution of crust in the NE part of the 
Singhbhum craton: constraints from geochemistry 
and geochronology of granitoids

MoES 4.70 1.40

Title of the project Sponsoring 
Agency

Cost of the 
Project

(Rs. in lakhs)

Funds received
During 2016-17
(Rs. in lakhs)

Seismic Monitoring Station at Nagarjuna Sagar Govt. of A.P. 2.00 ___
Seismic Monitoring Station at Sri Ramsagar Govt. of 

Telangana
1.00 ___

Micro earthquake monitoring for 500 Mw Prototype 
Fast Breeder Reactor (PFBR) at Kalpakkam

BNVNL 371.55 10.44

Studies on Gas Hydrate Exploration & Technology 
Development for its Exploitation

NIOT 
(MoES)

4239.25 320.00

Raman Spectroscopy ASL 8.50 4.41
Establishing permanent GPS stations at Ongole, 
Vishakhapatnam and Allavali in A.P. and at Silchar 
in Assam

MoES 444.01 ___

Installation of Micro-Earthquake monitoring stations 
at RAPP, Rajasthan

NPCIL 322.81 76.86

Microzonation of Nanded City Nanded 
Waghalaya 
City Mun. 

Corpn.

5.00 ___

Iron isotope fractionation during ore genetic 
processes: a new exploration tool

DAE
(BRNS)

19.88 ___

Deep structure of the Indian Continent IFCPAR 100.17 ___
Measurement of Magnetic Variations along Southern 
Indian Ocean – continent margin and adjoining 
islands to study crust / upper mantle structure through 
Induction modeling, with focus on the deformation 
processes in Andaman arc

MoES 152.52 12.00
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Title of the project Sponsoring 
Agency

Cost of the 
Project

(Rs. in lakhs)

Funds received
During 2016-17
(Rs. in lakhs)

The Structure and dynamics of groundwater system 
in northwestern India under past, present and future 
climates

IIT, Kanpur 
(MoES)

33.41 ___

Investigation of Seismicity & Lithospheric Structure 
in the Andaman-Nicobar Subduction Zone

INCOIS 222.25 ___

Shale gas potentiality evaluation of Damodar basin 
of India

CMPDI 813.84 98.00

Micro Earthquake Monitoring around Kakrapara 
Atomic Power Plant (KAPP)

NPCIL 220.00 ___

Geology, Geochemistry and Isotopic studies in 
the Veligallu granite-greenstone terrane, eastern 
Dharwar craton, India: Implications for Archean 
Mantle Evolution, Metallogenesis and Crustal 
growth processes

DST 
(Young Sct.)

21.20 ___

Seismic Imaging of crust / mantle structure in 
Cuddapah Basin and adjoining regions of South 
Indian shield: possible role of episodic magmatic 
activity and its related mineralization

DST 
(WoS-A)

25.90 ___

New materials as a Sorbents for separation and 
preconcentration of Trace Pollutants from Food, 
Beverages and Environmental samples

DST 8.04 ___

Lunar Crustal thickness determination using gravity 
anomaly and topography datasets

SAC 14.16 1.50

Studies on chemical speciation and bioavailability 
of potentially toxic metals in soils of selected 
contaminated sites

DST 15.32 ___

Analytical and numerical modeling of the error 
structure on the tsunami wave heights 

DST 
(WoS-A)

18.50 ___

Integrated Geological Geochemical, Isotopic and 
Geophysical studies over the Paleoproterozoic 
Mahakoshal Fold Belt, Central India: Implications 
on Crustal Evolution and Metallogeny

DST 10.00 4.50

Study of source process and seismic hazard 
associated with the uninterrupted occurrences of 
intraplate earthquake in the Kachchh seismic zone, 
Gujarat, India

MoES 76.56 ___

Origin, mobility of Platinum-Group Elements and 
risk assessment for humans and ecosystems in the 
environmental matrices of Hyderabad Mega city

DST
(SERB-FTP)

21.75 __

Methane Hydrates with Nano materials: Storage 
applications

DST
(WoS-A)

14.19 4.00

Kinetic studies of Methane Hydrate with clay 
particles and storage of methane gas by using 
Zeolites

DST
(WoS-A)

14.19 4.00
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Title of the project Sponsoring 
Agency

Cost of the 
Project

(Rs. in lakhs)

Funds received
During 2016-17
(Rs. in lakhs)

Heliborne Geophysical surveys over parts of 
Singhbhum shear zone, parts of Chattisgarh, Kaladgi 
& Bhima basins

AMD 5985.00 1684.80

Seismic hazard assessment in the Kashmir Himalaya 
using geological, seismological and geodetic data

MoES 1504.99 72.13

Assessment of radionuclides (uranium, thorium and 
radium) in ground water used as source of drinking 
water in selected districts of A.P., India

DAE
(BRNS)

36.78 9.51

Seismotectonic studies within 300 km radius from 
NPP site, Nuclear Power Corporation of India 
Limited at Banswara, Rajasthan

NPCIL 107.90 ___

Paleomagnetic investigations across the one km 
long Koyna drill core

MoES 6.97 1.00

Petrogenesis of mafic and ultramafic magmatism at 
Madawara Igneous Complex, Bundelkhand Craton: 
Implications for Platinum Group Elements (PGE) 
Metallogeny

MoES 16.02 5.34

Chemometric and GIS based modeling of geogenic 
augmented fluoride contamination in crystalline bad 
rock aquifers of chronically endemic areas of A.P.

DST
(WoS-A)

21.35 12.00

Volcanic activity at Barren Island: vis-à-vis 
geodynamics of Andaman and Nicobar region

MoES 80.90 ___

Update of hydrologic, hydro-geologic, geophysical 
and water quality database for assessment of 
groundwater quality around the Ravva Onshore 
Terminal, Surasaniyanam, Uppalaguptam Mandal, 
East Godavari district, A.P. and comparison with 
the earlier database created by CSIR-NGRI during 
2006-2008

CAIRN India 
Ltd.

34.50 16.30

Assessment of groundwater potential, water 
quality and development of groundwater flow and 
mass transport model for predicting contaminant 
migration, if any, in the proposed NFC plant & 
Residential complex watershed, Kota, Rajasthan

NFC 49.75 ___

Characterisation of Seismic sources in the Peninsular 
shield

MoES 89.04 ___

Coal Bed Methane (CBM) reserves estimation for 
Indian Coalfields

CMPDI 457.06 ___

Geochemical surveys for Hydrocarbons in Ruvu 
Block – Tanzania

Dodsal 
Hydrocar-

bons, Tanza-
nia

37.26 ___
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Title of the project Sponsoring 
Agency

Cost of the 
Project

(Rs. in lakhs)

Funds received
During 2016-17
(Rs. in lakhs)

Geochemical and Isotopic studies on Archaean 
greenstone belts and Proterozoic Cuddapah Basin: 
Implications for Biogeochemical and Paleo-
environmental variations during the evolution of 
Dharwar craton

MoES 41.05 6.99

Rock Magnetic and Anisotropy of Magnetic 
Susceptibility (AMS) studies of the Deccan trap 
Drill-cores around Koyna Reservoir: Implications to 
flow stratigraphy and rock deformation

MoES 7.85 ___

Seismic monitoring stations around NSRS dam at 
Srisailam

Irrigation & 
CAD Dept., 
Govt. of A.P.

6.24 ___

Mapping subsurface hard and soft rock with complex 
geological terrain for groundwater prospecting in 
Tadipatri Mandal, Anantapur district, A.P.

Ultratech 
Cement Ltd.

10.67 5.58

Deep Resistivity Sounding Study for sub surface 
geo-technical structure and Re-evaluation of the 
deep electrical structure of Tattapani hot spring area 
using advanced MT data analysis and 3D modeling 
approaches

NTPC 70.00 ___

Mapping subsurface hard rock complex geological 
terrain for groundwater prospecting in the new 
campus at IIAB, Ranchi

IIAB,
Ranchi

10.67 6.00

Geological and morpho-tectonic mapping within 
5 km radius at proposed NPP site, Mithivirdhi, 
Bhavnagar district, Gujarat

NPCIL 43.05 ___

Age and Tectonothermal history of mafic and 
ultramafic rocks within the Cauvery Suture Zone, 
Southern India

SERB
(DST)

11.40 3.00

Geochemical isotopic and mineralogical 
investigations in bed sediments and suspended 
particulate matter of Krishna River

SERB
(DST)

29.70 8.00

Development of Decision Support Tool (DST) for 
sustaining water management in selected sugarcane 
growing regions in India

WWF
India

104.94 ___

Study of earthquake processes in the Koyna-Warna 
region through borehole seismology and related 
studies in exploratory boreholes

MoES 748.00 ___

Characterization, quantification and genesis of gas 
hydrate in Krishna-Godavari (KG) basin, Bay of 
Bengal using benthic foraminiferal, geochemical 
and geophysical studies

MoES 16.77 ___
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Title of the project Sponsoring 
Agency

Cost of the 
Project

(Rs. in lakhs)

Funds received
During 2016-17
(Rs. in lakhs)

Geo-physical investigations for selection of 
observation wells around Cell No.4 for monitoring 
and examining the drawings of the design of the 
Cell No.4 & scientific evaluation of performance of 
Cell Nos. 1, 2 & 3 and also examining reasons for 
secondary leachate observed in Cell No.3. 

Ramky 
Enviro 

Engineers 
Ltd.

8.68 ___

Carbon dioxide & Methane Hydrate phase stability 
in sandy and clay environment: Laboratory studies

OIDB 95.62 5.00

Stochastic modeling of thermal and rheological state 
of the lithosphere

DST
(WoS-A)

13.8 4.00

Geophysical investigations in M/s. Shantha 
Biotechnics Limited campus, Hyderabad

Shantha 
Biotechnics 

Ltd.

12.00 4.12

Geochemical controls and mechanism of fluoride 
release in groundwater from the alluvial aquifer of 
Dwarka river basin, Birbhum, West Bengal

SERB
(DST)

5.90 ___

Geological analysis of lunar cones, domes and 
lava flows in Imbrium, Tranquillitatis basins and 
Oceanus Procellarum region: Implications for 
volcanic evolution of the Moon

SAC
(ISRO)

14.50 4.70

Block dynamics of the Himalayan frontal arc, India DST 24.37 ___
Petrology, compositions and geochronology of the 
granitic basement underlying the Deccan volcanic in 
the Koyna-Warna region from a study of the drill 
core

MoES 196.75 ___

Study of Moon and Mars analogues SAC (ISRO) 19.20 1.00
Resolving Surface and Subsurface Structure(s) in 
the Koyna-Warna region from multi-parametric 
geophysical data and their integration

MoES 10.14 ___

Geophysical Deep Borehole Logging Studies 
at GHAVP 1&2, Gorakhpur district, Fatehabad, 
Haryana

NPCIL 30.00 ___

The behavior of volatile components in silicate 
and carbonate minerals at high pressure and 
high temperature: in-situ studies in modeling the 
processes of subduction metamorphism

DST 28.82 ___

Micro Earthquake Monitoring around Gorakhpur, 
Haryana, Anu Vidyut Pariyojana (GHAVP) site, 
district Fatehabad, Haryana

NPCIL 262.00 52.25

High pressure studies on Hydrous sulfates – 
Implications to Martian Subsurafce processes

PRL 
(PLANEX)

24.00 2.00

Deep Seismic Profile in Kachchh MoES 304.13 ___
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Title of the project Sponsoring 
Agency

Cost of the 
Project

(Rs. in lakhs)

Funds received
During 2016-17
(Rs. in lakhs)

Geophysical investigations for examining feasibility 
of drilling piezometers in Dr. Reddy’s Laboratories 
Ltd. Unit CT04, Jeedimetla

Dr. Reddy’s 
Laboratories 

Ltd.

7.00 ___

Geophysical Surface Resistivity Survey to locate 
well drilling sites in various districts of West Bengal 
under the WBADMIP

WAPCOS 
Limited

45.00 12.23

2D Seismic survey for delineation of the subsurface 
faults for Kundankulam nuclear power plant site, 
Tamilnadu State

NPCIL 560.00 ___

Geophysical Electrical Sounding, interpretation and 
providing points of drilling for groundwater

Super Geo 
Driller

140.46 ___

Mineralogical and geochemical characterization 
of Indian glauconites for alternative potassium 
fertilizers

Ministry of 
Mines

27.50 ___

Data Generation for Aquifer Mapping with focus on 
Palaeo-Channels in parts of Ganga-Yamuna Doab, 
Allahabad & Kaushambi district, Uttar Pradesh

CGWB 420.75 ___

Selected Gold Prospects: A Targeted Integrated 
approach through Geological, Geochemical and 
Geophysical studies in Greenstone belts of Eastern 
and Western Dharwar Cratons

SERB
(DST)

10.8 ___

Deformation across the Karakoram fault and 
Kaurik Chango rift and its implications on the NW 
Himalayan tectonics

MoES 167.1 ___

Origin and evolution of crust in the NE part of the 
Singhbhum craton: constraints from geochemistry 
and geochronology of granitoids

MoES 4.7 1.40

Development and testing of nano-geo tracers: 
Understanding groundwater flow dynamics and 
contaminants migration in various geo-environments

DST 16.2 8.10

Integrated Geophysical, Hydrogeological and 
Water quality studies for Assessment of sustainable 
groundwater in the downstream of operating A. 
Narrain Iron ore mines of M/s. Vedanta Limited 
(ML No. 2236), Chitradurga district, Karnataka

Vedanta 
Limited

10.09 8.12

Assessment of Groundwater conditions and water 
quality around the Peenya Industrial Development 
areas Phase I and Phase II in Bangalore

KSPCB 
(Karnataka)

30.16 15.61

Geomorphic characterization of flash floods and 
mass wasting in upper Ganga terrain of Garhwal 
Himalaya: role of climate-tectonic interaction in 
gradation processes

NMHS 
(GBPIHED)

49.2 25.72
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Title of the project Sponsoring 
Agency

Cost of the 
Project

(Rs. in lakhs)

Funds received
During 2016-17
(Rs. in lakhs)

Ground-motion modeling of the Kachchh rift basin, 
Gujarat using available seismological data and 
information

DST 3.92 1.80

Li isotope systematic in weathering profile and bole 
beds

SERB-NPDF 16.2 8.60

Geophysical Investigations for planning Mega 
Recharge Scheme of Groundwater in Tapi river 
basin, Maharashtra

WAPCOS 
Limited

94.04 4.56

Geological and Geophysical studies of Balai 
Lineament and systematic studies of Geological 
maps & reports of GSI on Jabalpur – Mandla fault 
within 50 km radius for Chutka site, Madhya Pradesh

NPCIL 88.69 26.60

Development of a unified system for processing 
and real time analysis of geomagnetic time series 
from high and low latitude observatories for study 
of meridional propagation of disturbances during 
storms and sub-storms

DST 26.35 13.17

Impact cratering processes on Mars: Insights into 
spallation, ejecta mobility and target properties

ISRO 24.16 10.15

Additional Geotechnical investigations including 
geophysical survey (seismic refraction, MASW and 
HVSR test) at Anji Bridge of Katra-Dharam section 
of USBRL project

IRCON 
International 

Limited

8.28 3.72

Deciphering the origin and evolution of organic 
matter in aerosols using molecular and stable 
isotopic techniques

DST 
(WOS-A)

26.18 9.10

Assessment of sources of nitrate pollution in 
groundwater and its mitigation measures

SERB-NPDF 19.20 9.60

Nature and regularities of induced seismicity in 
areas of tectonic and anthropogenic impacts from 
field and laboratory data

DST 41.60 13.86

Palaeo-weathering, palaeo-atmospheric condition 
and earth surface processes during the Late 
Archaean-Palaeoproterozoic transition, Singhbhum 
Craton, India

SERB-NPDF 19.20 1.50

Facies analyses and geochemistry of clastic rocks of 
the Neoproterozoic basins of Trans-Aravalli region: 
Implications for paleo-weathering, provenance and 
geotectonic evolution

SERB-NPDF 19.20 4.00
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ABBREVIATIONS USED

AMD  –  Atomic Minerals Directorate

ASL  –  Advanced Systems Laboratory

BARC  –  Bhabha Atomic Research Centre

BHAVINI  – Bharatiya Nabhikiya Vidyut Nigam Limited

CGWB (MoWR) –  Central Ground Water Board (Ministry of Water Resources)

CMPDI – Central Mine Planning and Design Institute

DAE – Department of Atomic Energy

DST – Department of Science and Technology

ICSU – International Council of Scientifi c Unions

IFCPAR  – Indo-French Centre for the Promotion of Advanced Research

IIAB, Ranchi  – Indian Institute of Agricultural Biotechnology

IIT, Kanpur  –  Indian Institute of Technology, Kanpur

INCOIS  – Indian National Centre for Ocean Information Services

IWMI – International Water Management Institute

JSL  – Jindal Steel & Power Ltd.

KSPCB  – Karnataka State Pollution Control Board

MECL – Mineral Exploration Corporation Limited 

MoES  – Ministry of Earth Sciences

MOIL – Manganese Ore (India) Limited

NFC – Nuclear Fuel Complex

NIOT – National Institute of Ocean Technology

NPCIL – Nuclear Power Corporation of India Limited

NTPC – National Thermal Power Corporation

NMDC  – National Mineral Development Corporation

NMHS  – National Mission on Himalayan Studies

OIDB  – Oil Industry Development Board

OMPL  – ONGC Mangalore Petrochemicals Limited

PRL  – Physical Research Laboratory

SAC, ISRO  – Space Applications Centre, Indian Space Research Organisation

SERB (NPDF)  – Science and Engineering Research Board (National Post-Doctoral Fellowship)

TSPCB  – Telangana State Pollution Control Board

WWF-India  – World Wide Fund for Nature - India
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APPENDIX-III
AWARDS 

Name of the Awardee 
Dr./Mr./Ms. Name of the Awards

Bhaskar Rao, Y. J. B. Rama Rao Birth Centenary Award-2015, Geological Society of India 

Dewashish Kumar Best Paper Award in Earth System Sciences, 104th Indian Science Congress 
(ISC)   Tirupati, Andhra Pradesh

Kalachand Sain Anni Talwani Memorial Prize  by Indian Geophysical Union 

Keshav Krishna, A. National Geoscience Award - 2016 

Mounica, J. Award for Best Paper Presentation- Remote sensing in National Space 
Science Symposium (NSSS-2016)

Nimisha Vedanti
Uma, V.

D Lal award for best paper published in the Journal of Indian Geophysical 
Union

Sandeep Kumar Gupta National Geoscience Award-2014 

Shakeel Ahmed Savitri Chadha Memorial award -2016 by the Indian National Committee 
of International Association of Hydrogeologists (INC-IAH).
Award of Excellence in Groundwater Investigation and Management 2016

Simanchal Padhy National Geoscience Award -2014  

Subramanyam, K. S. V. Smt. Manthripragada Sita Devi and Rama Rao Gold Medal, Indian Society 
of Applied Geochemists (ISAG), Hyderabad-2016

Surinaidu, L. Young Promising Scientist from developing countries - 2017 
by European Water Resources Association

HONOURS

Name of the Awardee 
Dr./Mr./Ms. Name of the Honour

Abhey Ram Bansal 1) Fellow of National Academy of Sciences, India
2) Fellow of Indian Geophysical Union
3) Editorial Board Member of the Hindi, Patrika “VIGANIK”, BARC 

Mumbai
Kalachand Sain 1) Hon. Secretary of Indian Geophysical Union

2) Elected Alternate Delegate of Asia-Pacific Region to AAPG House of 
Delegates

3) Adjunct Professor at the Al-Habeeb College of Eng. & Tech., 
Hyderabad

Kalpana, M. S. Associate Fellow of the Telangana Academy of Sciences   
Mohan Rao, Ch. President of Executive Council of Telangana State Akademi of Sciences. 
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Name of the Awardee 
Dr./Mr./Ms. Name of the Honour

 Parthasarathy, G. 1) Executive Council Member, Telangana Academy of Sciences 2015-
2018.

2) Editorial Member, Karbala International Journal of Modern Science, 
2015-http://www.journals.elsevier.com/karbala-international-journal-
of-modern-science/editorial-board/

3) Member, IUGG-IGU National Committee, Indian National Science 
Academy INSA-ICSU. 

4) Life Member, Astronautical Society of India, ISRO, Bangalore
Prabha Pandey Associate of Telangana Academy of Sciences.
Prasanta K. Patro Member of the Editorial Board, Journal of Geophysics of AEG
Sahebrao Sonkamble Associate Fellow, Telangana Academy of Sciences- 2015 
Tiwari, V. M. 1) Fellow of  Telangana Academy of Sciences (TAS)

Uma, V. Anni Talwani Women researcher grant-2016
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Ph.Ds AWARDED

Name of the 
Candidate Mr. /Ms. Topic Name of the Guide University

Chimay Haldar Crustal structure of the Indian 
continent and mid-oceanic crust 
from Teleseismic Receiver 
Functions and its implications

Dr. Prakash Kumar AcSIR

 Dubey, C. P. Application of Gravity and 
Gravity Gradient on Geological 
Interpretation

Dr. V. M. Tiwari Andhra 
University

 Mysaiah, D. Application of Ground 
Penetrating Radar (GPR) for 
Utility Identification-Case 
Studies

Prof. N. Sundararajan 
(OU) & Dr. T. 
Seshunarayana 

Osmania 
University 

Nageswara Rao, B. Crustal and Lithospheric 
structure of the Bastar craton: A 
Gravity perspective

Dr. Bijendra Singh Osmania 
University

Padma Rao, B. Seismic Structure of the 
Lowermost Mantle (D″ Layer) 
Beneath the Indian Ocean Geoid 
Low”

Dr. M. Ravi Kumar AcSIR

 Pavan Kumar, V. Probing of Seismic Anisotropy 
Beneath the Indian Sub-
Continent Using Core Refracted 
Shear Waves

Dr. S. S. Rai
 

Osmania 
University

 Phani 
Chandrasekhar, N.

Study of Geomagnetic Field 
variations at low-latitude and 
Equatorial sites of India

Dr. Kusumita Arora &
Prof. P. Rama Rao (AU)

Andhra 
University 

 Rajeev Kumar Yadav Strain Budget and Seismo 
tectonics of Northwest Himalaya 
using GPS measurements

Dr. V. K. Gahalaut AcSIR

Ravi Kumar, M. Crustal and Lithosphere   
Structures of Himalaya – Tibet 
and Indian continent based on 
Gravity Studies

Dr. D. C. Mishra Osmania 
University

Ritima Das Shear Wave Velocity and 
Anisotropy of Crust Beneath 
South India

Prof. Shalivhan (ISM) & 
Dr. S.S. Rai 

ISM, Dhanbad

Shib Sankar Ganguli Integrated Reservoir Studies 
to Understand Co2- Enhanced 
Oil Recovery and Sequestration 
Process in a Mature Oil Field, 
Cambay Basin, India

Prof. V. P. Dimri &
Dr. Nimisha Vedanti

AcSIR

Srinvasa Rao, N. Water budget of Ganga river 
basin through a hydrological 
model using space and land 
observations

Dr. V. M. Tiwari Andhra 
University
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Name of the 
Candidate Mr. /Ms. Topic Name of the Guide University

 Sunil K. Roy Seismic Anisotropy of the Upper 
and Lower Mantle using Shear 
wave splitting measurements at 
Indian stations

Dr. D. Srinagesh Osmania 
University

Sunil Rohilla Shear wave velocity Structure 
of Koyna-Warna region using 
Ambient Noise Correlation and 
Receiver functions

Dr. N. Purnachandra Rao AcSIR

 Suresh, G. Seismicity and source 
characterization in eastern 
dharwar craton and neighbouring 
tectonic regions

Dr. D. Srinagesh Osmania 
University

Tabish Raza Glacial to Holocene variations in 
surface and deep water masses 
of the North Indian Ocean using 
isotopic and trace elemental 
proxies from marine sediments

Dr. S. Masood Ahmad 
 

Osmania 
University

 Uma, V. Fractal based permeability 
modeling and time-lapse 
seismic response evaluation 
using well log data for reservoir 
characterization and CO2 – EOR 
study

Dr. V. P. Dimri Osmania 
University

 Utpal Saikia Seismotectonics of South India 
and Earth’s deep structure along 
a profile from the west to east 
coast of India

Dr. M. Subrahmaniam 
(AU) & Dr. S. S. Rai 

Andhra 
University

 Vijaya Kumar, T. Geochemistry, Sm-Nd and U-Pb 
zircon ages of Oddanchatram 
and Perinthatta Anorthosite 
massifs, southern India and 
geotectonic significance

Dr. Y. J. Bhaskar Rao Osmania 
University
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APPENDIX – IV
DEPUTATIONS 

Name of the Scientist/
Technical Officer & 

Designation Shri/Smt/Ms/Dr
Country 
visited

Period of deputation 
From         To Purpose

Ram Mohan, M., Prin. Sct. Germany 30-03-15 29-06-15 Raman Research Fellowship
Kusumita Arora, Prin. Sct. Austria 12-04-15 17-04-15 European Geosciences Union 

General Assembly
Chadha, R. K., Chief Sct. Mexico 13-04-15 16-04-15 Indo-Mexican joint workshop 

on Earthquake Hazard
Satyanarayana, H. V. S., 
Sr. Prin. Sct.

USA 21-04-15 30-05-15 Equipment training 
program on strong motion 
accelerograph systems

Waseem Raza, Tech. Asst. Germany 02-05-15 10-05-15 IRMS operator training course 
on MAT 253, and EA

Joshi Catherine, Sr. Sct. Switzerland 15-05-15 25-05-15 Operational training of the 
GPS Instrument Amit Kumar Bansal, 

S. T. O. (2)
Simhadri Naidu, M., 
Tech. Asst.

Canada 01-06-15 06-06-15 Equipment training program 
at Nanometrics

Sanjay Kumar,  Sct.
Simanchal Padhy, Prin. Sct. Japan 01-06-15 31-08-15 Visit to Earthquake Research 

Institute, University of Tokyo
Sunder Raju, P. V., Prin. Sct. Japan 07-06-15 15-06-15 Equipment training program
Arif. Mohd., Tech. Asst.
Sunil Roy,  Tech. Asst. USA 08-06-15 12-06-15 Equipment training program
Venkatesh Vempathi, S. T. O.
Kusumita Arora,  Prin. Sct. Germany      

& Czech 
Republic

17-06-15 02-07-15 To attend IUGG 

Ajay Manglik, Sr. Prin. Sct. Czech 
Republic

22-06-15 02-07-15 26th International Union 
Geodesy and Geophysics 
(IUGG) ConferenceSatyavani, N., Sr. Sct.

Tiwari, V. M., Prin. Sct.
Srinagesh. D., Chief Sct.
Tiwari, R. K., Chief Sct.
Kalachand Sain, Sr. Prin. Sct.
Veeraswamy,  K., P. T. O.
Shashidhar, D., Sct.
Phani Chandra Sekhar, N.,
S. T. O. (1)
Srinivasa Rao, N., Tech. Asst.
Nandan, M. J., Prin. Sct.
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Name of the Scientist/
Technical Officer & 

Designation Shri/Smt/Ms/Dr
Country 
visited

Period of deputation 
From         To Purpose

Rama Mohan, K., Sr. Sct. Russia 02-07-15 09-07-15 Indo-Russian Bilateral 
ProgramKeshav Krishna, A., Sr. Sct.

Chandra Prakash Dubey,               
CSIR-SRF

Czech 
Republic

10-07-15 16-07-15 Student Education (SEG) 
Program, 6th International 
science Student Conference Shib Sankar Ganguli,  

CSIR-SRF
Kalachand Sain, Sr. Prin. Sct. Singapore 02-08-15 07-08-15 12th Annual Meeting Asia 

Oceania Geosciences Society 
(AOGS)

Rajanikanta Singh, M., PA III Czech 
Republic

16-08-15 21-08-15 Goldschmidt Conference

Subash Chandra,  Prin. Sct. Denmark 19-08-15 19-10-15 Advanced interpretation 
techniques in the field of 
Heliborne Geophysics 

Satyanarayana, H. V. S.,               
Sr. Prin. Sct.

         USA 23-08-15 01-09-15 Equipment training 
program on strong motion 
accelerograph systems

Satrughna Mishra,  PA II Germany 04-10-15 09-10-15 Student Oriented International 
Programme

Ajai Malkoti, UGC-SRF USA 8-10-15 23-10-15 Society of Exploration 
Geophysicists (SEG) Meeting

Kalyan Netti, Sr. Sct. Hong Kong 18-11-15 20-11-15 International Conference 
HxGN LIVE

Kusumita Arora,                           
Prin. Sct.

Japan 19-11-15 20-11-15 4th International Workshop on 
Future Earth in Asia, 
1st Meeting of the Regional 
Advisory Committee for 
Future Earth in Asia

Shakeel Ahmed, Chief Sct. USA 14-12-15 18-12-15 AGU Fall Meeting as a 
memberSurinaidu, L., S. T. O.

Sateesh Chandrapuri, Sct. Antarctica 01-01-16 13-02-16 35th Indian Scientific 
Antarctica Expedition

Sahebrao Sonkamble, Sct. Niger 09-03-16 16-03-16 Project for Geophysical 
Survey in Niger

Shakeel Ahmed, Chief Sct. Sudan 17-02-16 24-02-16 GWADI Advisory Group 
Meeting

Nimisha Vedanti, Sr. Sct. Canada 31-03-16 30-06-16 Raman Research Fellowship
Sahebrao Sonkamble, Sct. Niger 15-04-16 25-07-16 Groundwater investigations in 

NigerNagaiah, E., T. O.
Joy Chaudhry,  PA II
Lohit Kumar, K., Tech. Asst.
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Name of the Scientist/
Technical Officer & 

Designation Shri/Smt/Ms/Dr
Country 
visited

Period of deputation 
From         To Purpose

Kusumita Arora, Prin. Sct. South 
Korea

24-04-16 28-04-16 KAST International 
Symposium on Future Earth 

Srinagesh, D., Chief Sct. Mexico 25-04-16 10-05-16 Indo-Mexcian Joint Project 
(CONACyT)

Kalyan Netti, Sr. Sct. USA 02-05-16 05-05-16 EMC Annual International 
Conference

Kusumita Arora, Prin. Sct. Paris 02-05-16 03-05-16 BCMT Scientific Council
Prantik Mandal, Sr. Prin. Sct. Russia 07-05-16 24-05-16 Indo-Russian Collaborative 

program
Tanvi Arora, Sct. Iran 19-05-16 26-05-16 Discussions regarding joint 

scientific collaborations in the 
field of Geosciences

Shib Sankar Ganguli, SRF Austria 29-05-16 03-06-16 78th European Association of 
Geoscientists and Engineers 
(EAGE)

Debajeet Barman,  PA III

Patro, B. P. K.,  Prin. Sct. Germany 06-06-16 11-06-16 Equipment training program
Rama Mohan, K.,  Sr. Sct. Japan 26-06-16 01-07-16 Goldschmidt-16
Patro, B. P. K.,  Prin. Sct. USA 14-011-16 18-11-16 Equipment training program 
Ashok Babu, G., Sr. Prin. Sct.
Srinagesh, D., 
Chief Sct.

Russia 14-07-16 21-07-16 Scientific discussions at 
Schmidt Institute of Physics of 
the Earth, Russian Academy 
of Sciences 

Kusumita Arora,
 Prin. Sct.

Russia 14-07-16 21-07-16 Conference on Data Intensive 
System Analysis for 
Geohazard Studies

Ashok Babu, G.,
Sr. Prin. Sct.

China 31-07-16 05-08-16 13th Annual Meeting Asia 
Oceania Geosciences Society 
(AOGS)

Chandra Shekar Rao,  K.,        
S. T. O. (3)

Ukraine 04-08-16 09-08-16 Testing of geophysical 
equipment, and discussions, 
modernization of software and 
hardware

Netramani Sagar,  Sct. England 08-08-16 12-08-16 Equipment training program
Ashok Babu, G., Sr. Prin. Sct. Thailand 14-08-16 20-08-16 23rd Electromagnetic 

Induction workshop
 

Patro, B. P. K.,  Prin. Sct.
Ujjal Kumar Borah,  PA III
Ravi Shankar,  CSIR-SRF Beijing, 

China
18-08-16 20-08-16 7th International Dyke 

Conference
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Name of the Scientist/
Technical Officer & 

Designation Shri/Smt/Ms/Dr
Country 
visited

Period of deputation 
From         To Purpose

Nishu Chopra,  PA III South 
Africa

27-08-16 02-09-16 35th International Geological 
CongressKalachand Sain,  Sr. Prin. Sct.

Parthsarathy, G.,  Chief Sct.
Swarnapriya Ch., Tech. Asst.
Tanvi Arora,  Sct.
Phani Chandra Sekhar,  N., 
T. O.

Belgium 04-09-16 10-09-16 17th IAGA workshop on 
Geomagentic Observatory 
Instruments, Data Acquisition 
and Processing

Srijayanthi, G., PA III Myanmar 26-09-16 21-10-16 International Training course 
on Seismolgy, Seismic Data 
Analysis, Hazard Assessment 
and Risk Mitigation organized 
by GFZ

Purnachandra Rao,  N., 
Chief Sct.

Vietnam 10-10-16 19-10-16 Training of Vietnamese 
scientists in the field of 
reservoir earthquake studySatyanarayana, H. V. S., 

Sr. Prin. Sct.
Prantik Mandal, 
Sr. Prin. Sct.

Japan 12-10-16 10-11-16 Bilateral Joint Research 
Project between India and 
Japan

Parthsarathy, G., 
Chief Sct.

Beijing, 
China

13-10-16 15-10-16 Award of The Best Referee of 
Geoscience Frontiers for 15

Ajay Malkoti, 
UGC-SRF

USA 15-10-16 19-10-16 International Exposition & 
86th  Annual Meeting of SEG

Shakeel Ahmed,  Chief Sct. China 25-10-16 27-10-16 G-WADI Global Conference
Lohit Kumar, K., Tech. Asst. Niger 06-12-16 21-02-17 Groundwater exploration in  

Niger, AfricaJalandhar, D., PA II
Subash Chandra,  Prin. Sct. USA 12-12-16 16-12-16 AGU Fall Meeting
Syed Adil Mizan,  UGC-SRF France 04-01-16 03-06-17 Raman Charpak Fellowship
Amit Kumar Bansal, S.T.O. (2) Antarctica 13-01-17 10-02-17 36th  Indian Scientific 

Expedition
Kusumita Arora, Prin. Sct. Japan 23-01-17 25-01-17 5th  International Workshop on 

Future Earth in Asia
Shakeel Ahmed, Chief Sct. Portugal 20-03-17 21-03-17 Workshop on Connection 

young researchers: best 
practices of EU-India Ph.D. 
programmes

Simanchal Padhy,  Prin. Sct. Japan 27-03-17 26-01-18  JSPS Fellowship
Satyavani, N., Sr. Sct. New 

Zealand
30-03-17 29-06-17 Raman research Fellowship
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APPENDIX – V 
HUMAN RESOURCES and BUDGET DETAILS

Details of CSIR-NGRI Manpower as on 31-03-2016

Category Men Women Total
Scientist 24 6 30
Senior Scientist 19 7 26
Principal Scientist 19 2 21
Senior Principal 
Scientist

13 2 15

Chief Scientist 9 1 10
Gr.III 90 20 110
Gr.II 47 5 52
Gr.I 29 3 32
Administration
(including Isolated, Canteen & 
MTS)

80 22 102

Staff details as on 31-03-2016

Cadre Sanctioned 
Strength

Working 
Strength Vacancies OBC SC ST UR PWD Female

Gr.IV Scientists 150 102 48 15 15 3 69 3 17
Gr.III Technical 155 110 45 21 20 8 61 1 20
Gr.II Support 154 52 102 18 11 3 20 0 5
Gr.I Support 88 32 56 14 6 1 11 1 3
Administration
(including MTS, 
Canteen & 
Isolated)

192 102 90 29 19 2 52 2 22

Total 739 398 341 97 71 17 213 7 67

Other Scientists and Student details as on 31-03-2016

Category Men Women Total
Emeritus Scientists 5 0 5
Raja Ramanna Fellows 3 0 3
CSIR/UGC JRF/SRF/RAs 32 8 40
Project Assistants 117 40 157
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Details of CSIR-NGRI Manpower as on 31-03-2017

Category Men Women Total
Scientist 18 6 24
Senior Scientist 21 6 27
Principal Scientist 22 3 25
Senior Principal Scientist 10 1 11
Chief Scientist 10 2 12

Gr.III 86 20 106
Gr.II 42 5 47
Gr.I 19 3 22
Administration
(including Isolated, Canteen & MTS)

73 22 95

 

Staff details as on 31-03-2017

Cadre Sanctioned 
Strength

Working 
Strength Vacancies OBC SC ST UR PWD Female

Gr.IV Scientists 150 99 51 16 15 3 65 3 18
Gr.III Technical 155 106 49 18 19 8 61 1 20
Gr.II Support 154 47 107 5 8 3 31 0 5
Gr.I Support 88 22 66 11 6 1 4 1 3
Administration
(including MTS, 
Canteen & 
Isolated)

192 95 97 29 19 2 45 2 22

Total 739 369 370 79 67 17 206 7 68
                 

Other Scientists and Student details as on 31-03-2017

Category Men Women Total
Emeritus Scientists 2 0 2
Raja Ramanna Fellows 2 0 2
CSIR/UGC JRF/SRF/RAs 35 11 46
Project Assistants 113 42 155
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BUDGET DETAILS
(Rupees in Lakhs)

Budget /Expenditure 2015-16
A Revenue

1 Salary and Salary Linked expenditure 3306.493
2 Contingencies 286.000
3 Lab Maintenance 296.500
4 Staff Quarters(Maintenance) 67.000
5 Chemicals, Consumables and other research expenditure 215.000

 Sub-total 4170.993
B Capital

1 Works & Services 92.001
2 Apparatus & Equipment 1315.000
3 Books & e-journals 110.000
4 Other capital items 29.996

Sub-total 1546.997
C 12th  Plan Projects

1 Revenue expenditure 1049.091
2 Capital expenditure 217.000

Sub-total 1266.091
Grand Total 6984.081
External Cash Flow 4988.465

(Rupees in Lakhs)
Budget /Expenditure 2016-17

A Revenue
1 Salary and Salary Linked expenditure 3382.723
2 Contingencies 306.000
3 Lab Maintenance 350.000
4 Staff Quarters(Maintenance) 52.000
5 H. R. D 0.345
5 Chemicals, Consumables and other research expenditure 450.000

 Sub-total 4541.068
B Capital

1 Works & Services 272.655
2 Apparatus & Equipment 900.000
3 Books & e-journals 110.000

Sub-total 1282.655
C 12th  Plan Projects

1 Revenue expenditure 2229.810
2 Capital expenditure 238.000

                                                               Sub-total 2467.810
Grand Total 8291.533
External Cash Flow 2531.378
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APPENDIX -VI
DISTINGUISHED LECTURES, IN-HOUSE TALKS AND YOGA SEMINARS

DISTINGUISHED LECTURES
Date Speaker Title

25-05-2015
Dr. Stuart Walley, 
Country Director (Asia and Middle East) 
Paradigm Geophysical Ltd.

The Work Flow for shale gas.

29-06-2015
Dr. Ganashyam Swarup, 
Chief Scientist, CCMB, Hyderabad.

Some important achievements in 
Biology.

07-07-2015
Dr. Frank Lisker,
University of Bremen (Germany)

The Mesozoic basin system of Antarctica 
and its link to India.

08-07-2015 1)  Dr. R. N. Singh,  Emeritus Professor, 
AcSIR-NGRI, Hyderabad, Former Director, 
CSIR-NEERI, Nagpur

2)  Dr. Kabir Roy Chowdhury, 
Former Scientist, CSIR-NGRI and 
University of Utrecht, Netherlands

3)  Dr. U. Raval, 
Former Scientist, CSIR-NGRI

Is Mathematics the language of nature?

16-10-2015 Mr. Fabrice Bancel,
Export  Manager,   SETARAM 
Instrumentation, France

Developments in the high pressure 
calorimetry technique and review of 
recent calorimetry investigations on gas 
hydrates

02-11-2015 Dr. R.N. Singh,
Emeritus Professor, AcSIR-NGRI, Former 
Director, CSIR-NEERI, Nagpur

Tectonic modeling with special reference 
to Indian region

19-11-2015 1) Prof. Jean Paul Montagner, IPGP, Paris
2) Prof. Elenore Stutzmann, IPGP, Paris

1) Anisotropic structure of the earth and 
its monitoring
2) Composition of seismic broadband 
noise.

20-11-2015 Prof. Jean Besse, 
IPGP, Paris

India-Asia collision, kinematics of the 
Indian and Pacific Ocean and subsequent 
4d history of plates in the mantle.

01-01-2016 Dr. A. K. Chaturvedi,
Addl. Director, (R & D)
AMD / DAE, Begumpet, Hyderabad

Locating Concealed Mineral Deposits: A 
Challenge

19-1-2016 Prof. Hitoshi Kawakatsu,
Earthquake Research Institute, University of 
Tokyo

Elucidation of the lithosphere/
asthenosphere system of “normal” 
oceanic mantle: toward Pacific Array.

24-02-2016 Mr. Adam Pascale,
 ES&S, Australia

Newly developed strong motion 
accelerograph and EQSERVER 
software”

06-03-2016 Dr. Kyle Brock, 
GeoTomo USA official

GeoTomo: Near Surface Seismic 
Imaging and Processing.
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Date Speaker Title
10-03-2016 Dr. V. Keshav Rao, 

Senior Consultant &Advisor, ONGC
Well log Interpretations to Aid Reservoir 
Characterisation in CBM Exploration.

22-03-2016 Dr. K. S. Valdiya, Honorary,Professor of 
Geodynamics, JNCASR, Bengaluru.

Drying up of Prehistoric River Saraswati: 
Geological Aspects and Socio-
cultural  Fallouts.

28-03-2016 Dr. R. Jayan Perumal,
Interpretation of LiDar data Products

Active fault mapping and its 
Characterisation along the Himalayan 
Frontal Thrust of India: Insight to 
the patterns of strain release along a 
continental convergent plate boundary.

29-03-2016
Dr. P. K. Jain,
Scientist F, ARCI, Hyderabad.

Carbon and its Multidimensional Uses.

30-03-2016 Prof. R. N. Singh,
Emeritus Professor, AcSIR-NGRI, Former 
Director, CSIR-NEERI, Nagpur

Inventing Earth’s Surface.

02-08-2016 Dr. Paramesh Benerjee,
Earth Observatory of Singapore

Airborne LiDAR in Nepal: An EOS 
initiative to search for Paleo-Earthquakes 
in Himalaya.

16-08-2016 Dr. Srikumar,
Post-Doctoral Research fellow, Marine 
Geophysics, School of Earth Sciences, 
University College Dublin, Ireland

Geological Controls on Fluid Flow and 
Seepage in Western Svalbard fjords, 
Norway

02-09-2016 Dr. Peter Planitz,
Senior Application Specialist, Agilent 
Technologies, Wolbrom (Germany)

New Developments in the Field of ICP-
MS Technology-The QQQ-MS and its 
relevance in Geo Science Applications

14-09-2016 Dr. R. K. Mishra, 
Director CCMB

Health Care: Dreams and Possibilities

21-09-2016 Dr. S. Jeevananda Reddy,
Former Expert F.A.O. and Chief Tech. 
Advisor(retd.), W.M.O.

Climate Change and its Impacts: Ground 
Realities

09-11-2016 Dr. D. D. Ojha,
Former Chief Scientist, Ministry of Water 
Resources, Govt. of India.

Invisible Pollution in the Environment, 
Its harmful Effects and Preventions

22-11-2016 Prof. C. K. Shum,
Ohio State University, USA

Interdisciplinary Earth Science and 
Satellite Geodesy

01-12-2016 Prof. Frederic Nguyen,
From University of Liege, Belgium

Comparison of temperature from DTS 
and ERT with direct measurements 
during heat tracer experiments in 
heterogeneous aquifers.

06-12-2016 Dr. Angus I Best,
Head of Marine Geoscience at the National 
Oceanography Centre in Southampton, UK

Methane gas and hydrate morphology 
effects on seismic wave attenuation in
seafloor sediments

2-01-2017 Prof. D. Balasubramanian,
Distinguished Scientist & Director of 
Research Emeritus, L V Prasad Eye Institute 
(LVPEI), Former Director CSIR-CCMB

Science and Humanities- How can the 
Twain meet?
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Date Speaker Title
17-01-2017 1) Dr. Li Zhao,

Visiting Taiwanese Scientist

2) Dr. Yih-Min WU,
Visiting Taiwanese Scientist

1) Experiments in Non-linear Seismic 
Inversions

2) Performance of a Low-cost 
Earthquake Early Warning System 
(P-alert) during the 2016 ML6.4 
Meinong (Taiwan) Earthquake

03-02-2017 1) Mr. Vladimir Smrinov,
Institute of Physics the Earth, Russian 
Academy of Science.
2) Mr. Alexander Ponomarev,
Moscow State University, Faculty of 
Physics.

Laboratory Modeling of Transient 
Seismic Process

3) Mr. Valentin Mikhailov, Institute of 
Physics of the Earth, Russian Academy 
of Science (IPERAS), Moscow State 
University, Faculty of Physics

Geodynamic Applications of Modern 
Satellite Technologies

6-02-2017 1) Dr. Anna Likhacheva and
2) Dr. Sergey Goryinov,
From IGM, Novosibirsk

Spectroscopic and diffraction studies 
at high pressure: from silicate minerals 
to organic compounds(an overview 
of recent experiments in novosibirsk 
institute of Geology and Mineralogy, 
Russian Academy of Sciences

7-02-2017 Ms. Loren Shur,
Matlab Geophysics Technical Expert, USA

MATLAB for analysing and Visualizing 
Geospatial Data

8-02-2017 Dr. Sylvain Ferrant,
Associate Researcher in Center for the 
Study of the Biosphere from Space, 
University of Toulouse, France

Controversial notions of decadal trends 
in groundwater fluctuations in hard-rock 
aquifer in South-India

28-02-2017 Dr. S. K. Satheesh,
Chairman, Divecha Centre for Climate 
Change & Professor, Centre for 
Atmospheric & Oceanic Sciences, Indian 
Institute of Science, Bengaluru

Light-Absorbing Short-
Lived Climate Forcers:
Science and Policy

09-03-2017 Dr. J. V. S. S. Narayana Murthy,
G&G Software Consultant to ONGC and 
GERMI Chennai India

Passive Seismic Tomography (PST), QC 
and application of PST-derived velocity 
for seismic imaging

17-03-2017 Prof. Kimiyuki Asano,
Associate professor DPRI, Kyoto 
University, Kyoto, Japan

Ground motion simulation of the Osaka 
Sedimentary Basin, Japan, using the 
three-Dimensional Velocity Structure 
Model
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IN-HOUSE TALKS

Date Speaker Title

08-04-2015 1) Mr. Rajesh, R., RA

2) Dr. Farooq Ahmad Dar,
Project Sct.

1) Singular Spectral methods for geophysical 
data processing.
2) Recharge estimation in carbonate Aquifer.

07-05-2015 1) Mr. Chinmay Haldar, 
SRF

2) Dr. Chandrakala, K.,
DST Women Sct.

1) Seismic structure of the lithosphere and 
upper mantle beneath the ocean islands near 
the mid oceanic ridges.
2) Crustal velocity structure of Cuddapah 
Basin.

03-07-2015 Dr. Pandey, O. P.,
FNASc and Emeritus Sct.

Initiating Innovative Research: Some 
Practical Tips to young researchers.

25-08-2015 Ms. Srijayanthi, G.,
PA-III

Seismic Anisotropy and Dynamics of 
Subduction: The Andaman Example.

11-09-2015 Dr. Devender Kumar,
Prin. Sct.

Hindi Talk: Investigations of Paleo 
earthquakes – An Indian Perspective

11-03-2016 1) Dr. (Mrs). Malaimani, E. C.,
Former Chief Sct., CSIR-NGRI

2) Dr. Mrs. Nandini Nagarajan, 
Former Sr. Prin. Sct., CSIR-NGRI

Nature doesn’t  Discriminate-Why Should 
we? - A Spin-Off.

27-09-2016 Dr. Anand K. Pandey,
Prin. Sct.

Hindi Talk:
Active Faults of Himalaya

25-10-2016 Mr. Sunil Kumar Roy,
PA –III

Seismic Anisotropy of Upper and Lower 
Mantle using Shear wave splitting 
measurements at Indian Stations

20-12-2016 Dr. Tanvi Arora,
Sct.

Contribution of Hydro geophysical studies 
towards Managed Aquifer Recharge

6-01-2017 Dr. Shakeel Ahmed, 
Chief Sct.

Removing bias in numerical modelling of 
aquifers through application of the theory of 
Regionalized Variables

03-02-2017 Dr. Rangarajan, 
Chief Sct.

Groundwater security for drinking and 
irrigation, in problem areas - Experimental 
investigations and strategy development.
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YOUNG GEO SCIENTISTS ACADEMIC (YOGA) SEMINARS

Date Speaker Topic

30-09- 2015 Dr. Devender Kumar Liquefaction based Chronology of Large to great 
Earthquakes in Kopili Lineament Zone, NE India

Ms. Sabitha, D. Nanomaterials for Environmental Applications

16-11- 2015 Mr. Srikanth, N. Heliborne geophysical data acquisition using  VTEM, 
AGRS Systems 

22-11- 2016 Dr. Lakshmi, K.J.P. Petrophysical properties of Deccan basalts

Dr. Keshav Krishna, A. X-ray Fluorescence Spectrometry as an efficient 
monitoring tool for Environmental Pollution studies

21-12- 2016 Dr. Chandrakala A Re-look at crustal structure of Cuddapah basin and 
adjoining regions

Dr. Shib Ganguly Integrated Studies for feasible CO2 enhanced oil recovery 
and its sequestration in an Indian Mature oil field

13-01- 2017 Dr. Prabha Pandey Gradation as proxy to climate tectonic interaction in 
Himalayan terrain

Dr. Sanjay Kumar Local Earthquake Tomography of the Koyna-warna 
region, Maharashtra, India

25-01-2017 Dr. Satish Kumar, K. Magnetic Mapping of Banded Iron Formations (BIFs), 
Sandur Schist Belt, Dharwar Craton

Mr. Satish Chandrapuri A step towards TEM System

8-02-2017 Dr. Niraj Kumar Crustal Structure and Geodynamic evolution of the 
Southern Granulite Terrain, from Isostatic considerations

Dr. Mohanty, A.K. Geohydrological Studies around Uranium Mining sites in 
Jaduguda, East Singbhum District, Jharkhand

22-02-2017 Dr. Satyavani, N. Signal enhancement of multi-component data by wave 
field separation

Mr. Pradeep Naick, B. MT data Processing - An alternate approach

8-03-2017 Mr. Sudesh Kumar Crustal thickness variation beneath Deccan Volcanic 
Province and EasternDharwar Craton through Receiver 
Function modelling

22-03-2017 Dr. Venkateswarlu, M. The drift of Indian subcontinent during upper Cretaceous 
Period: New Paleomagnetic results from Cauvery Basin, 
India

Dr. Shashidhar, D. Seismogenic faults at Koyna, India
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Chairman:
Prof. B.B. Bhattacharya
INAE Distinguished Professor
S.N. Bose National Centre for Basic Sciences, 
Kolkata 

External Members:
Dr. V.P. Dimri
INSA Senior Scientist
CSIR-National Geophysical Research 
Institute (NGRI), Hyderabad  

Prof. Archana Bhattacharyya
Emeritus Scientist
Indian Institute of Geomagnetism, New Panvel, 
Navi Mumbai 

Prof. Rengaswamy Ramesh
FGSI Outstanding Scientist
Physical Research Laboratory, Ahmedabad 

Dr. Jayaraman Srinivasan
Professor
Centre for Atmospheric and Oceanic Sciences
Indian Institute of Science, Bengaluru 

Agency Representative
Dr. Gopal Dhawan 
Chairman-cum-Managing Director
Mineral Exploration Corporation of India 
(MECL), Nagpur 

DG Nominee
Dr Pijush Pal Roy
Scientist H & Head, Blasting Division
CSIR-Central Institute of Mining & Fuel 
Research (CIMFR), Dhanbad 

Sister Laboratory Representative
Director
CSIR-National Institute of Oceanography (NIO), 
Dona Paula, Goa

Cluster Director
Director 
CSIR-Central Electronics Engineering Research 
Institute (CEERI), Pilani 

Invitee
Shri Ashwani Gupta
Scientist ‘G’
Department of Scientific & Industrial Research 
(DSIR), New Delhi 

Director 
CSIR-NGRI, Hyderabad

Permanent Invitee
Head or his nominee
Planning & Performance Division
CSIR, New Delhi

Secretary:
Dr R.K. Tiwari – Upto Jan 2016
Scientist G
CSIR-NGRI, Hyderabad.

Dr Ajay Manglik – From Feb 2016
CSIR-NGRI, Hyderabad.

APPENDIX-VII

COMMITTEES

RESEARCH COUNCIL MEMBERS  
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CSIR-NGRI Management Council
(for the period from 01.01.2014 to 30.09.2016)

Director, CSIR-NGRI, Hyderabad Chairman 

Director, CSIR-CCMB, Hyderabad Member 

Dr. G. Parthasarathy Member
Chief Scientist, CSIR-NGRI, Hyderabad      

Dr. (Mrs.) Kalpana Member
Principal Scientist, CSIR-NGRI, Hyderabad     

Shri R. Thandan Babu Naik Member
Senior Scientist, CSIR-NGRI, Hyderabad     

Head, PME & BDG Member

Dr. Maheswar Ojha,  Member
Scientist, CSIR-NGRI, Hyderabad 

Dr. K. Veeraswamy,  Member
Principal Technical Officer, CSIR-NGRI, Hyderabad    

Smt. M. Vijaya Kumari,  Member
Finance & Accounts Officer, CSIR-NGRI, Hyderabad    

Controller of Administration, CSIR-NGRI, Hyderabad  Member-Secretary
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CSIR-NGRI Management Council
(for the period from 01.10.2016 to 31.12.2017)

Director, CSIR-NGRI, Hyderabad Chairman

Director, CSIR-CCMB, Hyderabad Member

Dr. Shakeel Ahmed Member  
Chief Scientist, CSIR-NGRI, Hyderabad      

Dr. R. Hirwani Member
Ex-In-Charge & Consultant, CSIR-URDIP, Pune     

Dr. (Mrs.) Viswajanani Sattigeri  Member
Sr. Principal Scientist, RPP&BD Directorate, CSIR, New Delhi 

Dr. Prasanta K. Patro Member
Principal Scientist, CSIR-NGRI, Hyderabad      

Dr. Satyavani Nittala Member
Senior Scientist, CSIR-NGRI, Hyderabad      

Dr. Mysaiah Dasari Member
Scientist, CSIR-NGRI, Hyderabad      

Dr. D. J. Patil Member
Principal Technical Officer, CSIR-NGRI, Hyderabad      

Smt. M. Vijaya Kumari Member
Finance & Accounts Officer, CSIR-NGRI, Hyderabad      

Scientist-in-Charge/Head Member
PME & BDG, CSIR-NGRI, Hyderabad       

Controller of Administration, CSIR-NGRI, Hyderabad Member-Secretary



171CSIR-NGRI Biennial Report 2015-17

APPENDIX – VIII
MoUs SIGNED

Date Collaborator Area of Research

13-05-2015 Oil Industry Development 
Board

Carbon dioxide & Methane Hydrate Phase stability 
in Sandy and Clay Environment : Laboratory 
studies

28-12-2015 Central Ground Water 
Board

Data Generation for Aquifer Mapping  with focus 
on Palaeo-Channels in parts of Ganga-Yamuna 
Doab, Allahabad & Kaushambi district, Uttar 
Pradesh

29-02-2016 Super Geo Driller Geophysical Electrical Sounding, interpretation 
and  providing  points of drilling for groundwater in 
Niger

02-12-2016 Bureau de Recherches 
Géologiques et Minières

8th Rider (MoU signed in 1999).Establish scientific 
co-operation between CSIR-NGRI and BRGM in 
the field of ground water through setting up of a 
research centre

03-01-2017 World Wide Fund for 
Nature – India

Development of Decision Support Tool  (DST)  for  
sustainable water management in irrigation in India

31-01-2017 Hyderabad Metropolitan 
Water Supply & Sewerage 
Board

To provide technical support in Ground Penetrating 
Radar and GIS based asset management work and 
any other S&T work.

09-03-2017 Atomic Minerals 
Directorate

Heliborne survey for an estimated total of 15,000 
line kilometers by CSIR-NGRI by May 2018.
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APPENDIX – IX
IMPORTANT EVENTS

CSIR Foundation Day 2015

The CSIR Foundation Day 
(26-09-2015) was celebrated by 
keeping the Institute open to the 
students and public. Prof. C. V. 
R. Murty (Director, IIT, Jodhpur) 
delivered a talk on the topic “India 
at Technology Cross-Roads: Let us 
solve the Diffi cult Problems now 
onwards”. Awards were presented 
to meritorious students (Wards of 
NGRI Staff). The superannuated 
staff members were felicitated by 
the Chief Guest.

47
th SSBMT (outdoor Zonal) 

at CSIR-NGRI

The 47th SSBMT outdoor 
zonal was organized by CSIR-
NGRI during December 9-12, 
2015. Well-known ex-cricketer 
of India, Sri SL Venkatapathy 
Raju was the chief guest at the 
inauguration function. There 
were about 154 participants 
from 7 different labs of the 
CSIR, India.
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National Science Day 2016

A talk on “Indian Missile 
Technologies” was delivered 
by Dr. G. Satheesh Reddy, 
Scientifi c Advisor to Raksha 
Mantri, Govt. of India, 
Distinguished Scientist & 
Director, RCI (DRDO), 
Hyderabad
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World water Day 2016

On the World Water Day, Padma Bhushan Prof. K. S. Valdiya (Former vice chancellor of Kumaon 
University), delivered a talk on the topic “Drying up of Prehistoric River Saraswati: Geological Aspects 
and Socio-cultural Fallouts” on 22nd March 2016. CSIR-IICT also joined the event along with CSIR-NGRI 
reaching the common public to apprise them the research fi ndings of different research organizations related 
to quality and quantity of water with a slogan “Lab to land and lab to people”. The staff as well as their 
families, research scholars and school children dressed in uniform took a Water Walk in the heart of the city, 
the Necklace Road, Hyderabad and walked about 3 Km with banners.
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CSIR Foundation Day 2016

CSIR Foundation Day was 
celebrated by the institute by 
organizing various events. A talk 
was delivered by Dr. Madhavan 
Nair Rajeevan, Secretary, Ministry 
of Earth Sciences, Govt. of India 
on the topic Science of Climate 
Change: New Initiatives on 28th 
September 2016. 
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CSIR-NGRI Hindi Fortnight Celebrations-2016

CSIR-NGRI Foundation Day Celebrations- 2016

To mark the CSIR-NGRI Foundation Day, a talk titled “Science & Technology for Transformation of INDIA: 
Challenges for Earth Science Team” was delivered by Padma Bhushan Shri V. K. Saraswat Member Niti 
Aayog, Govt. of India on 17th October, 2016.
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Precursory event to the India International Science Festival (IISF) 2016 

India International Science Festival on the theme “Science for the Masses: A public Outreach Program” 
was organized by the institute as a precursor event of Indian International Science Festival. A Popular talk 
on Earthquakes was delivered by Dr. D. Srinagesh and an interaction session with students was organized 
on 15th November, 2016.
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Distinguished Instructor Short Course (DISC)

Geophysical Electromagnetics- Fundamentals and Application was organised at CSIR-NGRI during Feb 
27-28, 2017. About 100 scientists, offi cers and researchers from GSI, AMD, ONGC, IITs, universities and 
CSIR-NGRI participated in this course.

National Science Day- 2017

To commemorate the National Science Day, 2017, a talk was delivered on “Light-Absorbing Short-Lived 
Climate Forces: Science and Policy” by Dr. S. K. Satheesh, Chairman, Divecha Centre for Climate Change 
& Professor, Centre for Atmospheric & Oceanic Sciences, Indian Institute of Science, Bengaluru.
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World Water Day 2017

To bring awareness on the water resources on the occasion of World Water Day, a Multi-Stakeholders 
Consultation Meet on “Role of Residence Welfare Associations and Communities in Water Conservation 
and Strengthening Water Supply” was organized by the institute in collaboration with Greater Hyderabad 
Municipal Corporation (GHMC), Hyderabad Metro Water Supply and Sewerage Board (HMWSSB)
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APPENDIX - X
SUPERANNUATIONS

S.No. Name Shri/Smt./Dr./Ms. Designation Date of Retirement

1 Anjamma, D. Lab Asst. 30-04-2015

2 Sathiabhama Amma,  P. P. Asst. (G) (MACP) 30-04-2015

3 Shaik Sadiq Ali Sr. Tech. (2) 30-04-2015

4 Manna Singh MTS (MACP) 30-04-2015

5 Naidu,  K. A. CoFA 30-04-2015

6 Sydaiah,  K. Sr. Tech. (2) 31-05-2015

7 Chadha,  R. K. Chief Sct. 31-05-2015

8 Gogoi,  N. K. Sr. Prin. Sct. 31-05-2015

9 Bachan Devi Lab Asst. 31-05-2015

10 Ramulu,  M. MTS (MACP) 30-06-2015

11 Ramulu,  N. MTS (MACP) 30-06-2015

12 Prasada Rao,  O. Sr. Tech. (2) 31-07-2015

13 Masood Ahmad,  S. Chief Sct. 31-07-2015

14 Vidya Sagar,  G. S.T.O. (3) 31-07-2015

15 Sambasiva Reddy,  M. S.T.O. (2) 31-07-2015

16 Rama Chary,  J. Lab Asst. 31-08-2015

17 Venkat Rayudu,  M. P.T.O. 31-08-2015

18 Ismail,  Md. Sr. Tech. (2) 31-08-2015

19 Prameela Devi,  Ch. MTS (MACP) 31-08-2015

20 Sankaran,  S. Chief Sct. 30-09-2015

21 Anil Kumar Chief Sct. 30-09-2015

22 Sumitra,  G. Asst. (F&A) (MACP) 30-09-2015

23 Bijendra Singh Chief Sct. 30-11-2015

24 Raja Sekhar,  V. S.T.O. (3) 31-12-2015

25 Lal Chand MTS 31-01-2016

26 Radha,  K. Sr. Steno (MACP) 31-01-2016

27 Tiwari,  R. K. Chief Sct. 31-01-2016

28 Parameshwar, P.  S.T.O. (2) 31-01-2016
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S.No. Name Shri/Smt./Dr./Ms. Designation Date of Retirement

29 Ramavati  Mathur Chief Sct. 29-02-2016

30 Sharma, S. D.  Sr. Prin. Sct. 29-02-2016

31 Sardar Harbans Singh Sr. Tech. (2) 31-03-2016

32 Manohar Goud,  T. Asst. Gr. I (F&A) 31-03-2016

33 Prabhakara Prasad,  P. Sr. Prin. Sct. 30-04-2016

34 Mohan Reddy,  A. Lab Asst. 30-04-2016

35 Satyanarayana,  B. Sr. Tech. (2) 30-04-2016

36 Vijaya Gopal,  B. Chief Sct. 31-05-2016

37 Pochaiah, B.  Sr. Tech. (2) 30-06-2016

38 Gaffar,  M. A. Sr. Tech. (2) 30-06-2016

39 Uppalaiah,  A. Sr. Tech. (2) 30-06-2016

40 Venugopal,  S. L. Lab Asst. 30-06-2016

41 Srinivasa Rao,  S. Lab Asst. 31-07-2016

42 Narayana Reddy,  G. Sr. Tech. (2) 31-08-2016

43 Seshamma,  N. V. S.T.O. (2) 31-08-2016

44 Raghunandan,  D. MTS (MACP) 31-08-2016

45 Yousuf Ali,  Md. MTS (MACP) 31-08-2016

46 Parnika Patnaik (Deemed retirement) AO 02-09-2016

47 Solomon,  K. N. Lab Asst. 31-10-2016

48 Anwar,  Md. MTS (MACP) 31-10-2016

49 Prasada Rao,  P. P.T.O. 31-12-2016

50 Phuleswar Bora MTS (MACP) 31-12-2016

51 Balraj,  G. Lab Asst. 31-01-2017

52 Shyamala Devi,  R. PS 31-01-2017

53 Satwant Kaur Lab Asst. 31-01-2017

54 Nagraj,  V. Lab Asst. 28-02-2017

55 Paramjit Singh Lab Asst. 28-02-2017
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APPENDIX - XI
IN MEMORIUM

S.No. Name Designation Demised on
1. Shri Krishna Rao, S. Asst. Gr. I (S & P) 15-10-2015

2. Shri Ashok Babu, B. Sr. Tech. (2) 16-11-2015

3. Shri Mallesh, V. Lab Asst. 04-01-2016

4. Shri Azad Singh MTS 04-03-2016

5. Shri Gurubachan Singh Lab Asst.
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S.No. Name Designation Demised on
6. Shri Sridhar, V. S.T.O. (3) 22-06-2016

7. Shri Ramachandra Reddy, J. MTS 03-01-2017

8. Shri Satyanarayana, D. Lab Asst. 03-03-2017






