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Bangladesh is vulnerable to a variety of natural hazards including frequent tropical cyclones, floods and, less commonly, earthquakes and tsunamis. The country has developed an effective response mechanism for frequently experiencing hazards. However, at the same time, the nation has not developed an effective response mechanism for earthquake as a result of limited experiences with this type of hazard in the recent past. This research constructs a new catalogue consisting of 144 earthquakes (between 810BC and 2015) occurring within Bangladesh and the adjacent region. From this new catalogue, the effects of earthquakes are available for 80 events which are used in order to construct the geography of hazard in Bangladesh. The construction of a detailed Modified Mercalli Intensity (MMI) map using the new earthquake data suggests that this will be useful for supporting future risk reduction efforts in Bangladesh. Specifically, the findings support the revision of the current seismic zoning map of Bangladesh to include Chittagong and Dhaka in the high-risk zone for effective earthquake risk reduction. Finally, this research concludes that analyses of long-term data helps to identify new hazard exposure and develop knowledge that is useful to formulate new disaster risk reduction policies and rectify existing know zones in Bangladesh.
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1 INTRODUCTION
Bangladesh has developed a well-planned disaster responses and mitigation mechanisms for tropical cyclones and floods, however, the mitigation programme for earthquake risk reduction is still in progress. Bangladesh is susceptible to earthquakes due to its location between active seismic zones within and adjacent to the nation. Earthquakes occurring from the adjacent region of Bangladesh has significantly affected this country (Alam and Dominey-Howes, 2014; Alam and Dominey-Howes, 2016). The present seismic zoning map and policies to mitigate the effects of the earthquake hazard in Bangladesh have been developed based on those earthquakes occurring only after 1885, neglecting the potential for large earthquakes from adjacent active faults, particularly the detachment thrust (Choudhury, 2005). Bangladesh is a heavily densely populated country having over 1,000 people per km2 and fragile infrastructure in major city areas. There is no Modified Mercally Intensity map to identify areas of social risk based on long-term hazard data. Therefore, more detailed archival research is required to identify high risk areas based upon available earthquake hazards in Bangladesh and adjacent regions.
In order to construct geographies of the earthquake hazard, it is necessary to understand the sources of hazards that originate in the region of Bangladesh. The Himalayan Mountains are located 200 km from the northern border of Bangladesh. Between the Himalayan Mountains and Bangladesh, the Dauki Fault and the Assam Seismic Fault are located (Figure 1). Additionally, the Bogra Fault System (BGF), the Jamuna Fault (JF), the Madhupur Fault (MF) and the Sylhet Fault (SF) are located within Bangladesh (Figure 1). To the south, the country is bordered by the Bay of Bengal. The Arakan Subduction Zone (ASZ) along the northern end of the Bay of Bengal extends up to the SE Bangladesh. It is a tropical low-lying country having a long funnel shaped coast (Figure 1). Bangladesh has experienced earthquakes those originated from within and adjacent seismic sources in recent and distant past.
[image: Figure 1]FIGURE 1 | Location of Bangladesh in relation to regional active fault sources and the primary physiographic units: Tertiary Hills, Pleistocene uplands (the Barind and Madhupur terrace) and Recent sediments. The red solid contour lines show the demarcation of different zones from the mean sea level. The green box shows the location of the Bengal Basin. Key features include ASZ, Arakan Subduction Zone; BD, Bengal Delta; BFS, Bogra Fault System; BR, Brahmaputra River; BT, Barind Tract; BS, Barisal; CC, Chittagong coast; CTFB, Chittagong-Tripura fold belt; DF, Dauki Fault; DK, Dhaka; FT, Faridpur Through; GH, Garo Hills; GR, Ganges River; HF, Haluaghat Fault; HT, Hatiya Through; JF, Jamuna Fault; JH, Jaintia Hills; KH, Khasi Hills; LH, Lalmai Hills; MF, Madhupur Fault; MT, Madhupur Tract; MR, Meghna River; MS, Mymensingh; RH, Rajshahi; SF, Sylhet Fault; SL, Sylhet Hills and SP, Shillong Pleateau (Source: map prepared adapting tectonic elements from Alam et al., 2003; Ali and Choudhury, 2001; Khan, 2012; Mukherjee et al., 2009).
The country is affected by earthquakes originating in India and Myanmar. In order to construct a complete geography of the hazard, it is necessary to consider active seismic sources from the adjacent countries particularly adjoining Bangladesh (Figure 1). The research proposes a new Modified Mercalli Intensity map which has been developed based upon the average effects of 80 earthquakes in Bangladesh occurring between BC810 and 2015 in Bangladesh and adjacent regions.
This paper begins with discussing earthquake hazard zoning and preparation activities. This is followed by a review of data sources used for this research. The methods of the new MMI map construction are detailed and illustrated followed by a presentation of the results. The last sections discuss the significance of the findings and detail the conclusions.
2 EARTHQUAKE HAZARD ZONING AND PREPARATION ACTIVITIES IN BANGLADESH
In the late 1970s and early 1980s, was a period were many bridges, buildings and industrial structures constructed throughout Bangladesh. Following this, the assessment of seismic risk in different regions in the country was a great concern of engineers and scientists (Ali and Choudhury, 2001). Research was undertaken to identify areas liable to severe seismic effects in Bangladesh (Kamal, 2008; Sarker et al., 2010). The seismic zoning maps of Bangladesh have been revised continuously with the revised standing orders on disasters which was published in 2010, emphasised the need for mapping areas liable to earthquake damage. To understand the effectiveness of program and policies in relation to earthquake risk reduction, it is necessary to review relevant policies and how they align. Earthquake hazard management includes three key initiatives a) seismic zoning and introduction of building codes, b) seismic and geomagnetic observatories and c) public education and awareness. The first two initiatives are much relevant to the background of this study have been detailed in the following sections.
2.1 Seismic zoning and introduction of building codes
The Geological Survey of India developed the first seismic zoning map for the sub-continent in 1935. North, north-east and south-east regions of Bangladesh had been included in the severe seismic risk zone of the Geological Survey of India map (Figure 2). After Bangladesh became an independent country in 1971, separating from Pakistan the mid 1970s, saw large industrial complexes (e.g., fertilizer factories et al.) built and designed which demanded a sophisticated investigation of seismic risk (Ali and Choudhury, 2001). The 12 May 1977 earthquake (Ms 5.7) along Bangladesh-India border further reaffirmed this requirement to be incorporated in their design. Consequently, in June 1977, the Government of Bangladesh formed a committee of experts to undertake seismic zoning of Bangladesh and formulate policy options. The committee reviewed all the available information, revised seismic risk maps and outlined the newly established building codes for earthquake resistant designs. In 1992, this exercise was repeated, with policies, rules and laws embracing new research and knowledge in earthquake zones and engineer and construction practices. Furthermore, seismic risk maps and building codes were revised to provide improved guidelines for earthquake resistant design. For this mapping exercise, Bangladesh was divided into three zones (Figure 3): Zone 3 (liable to severe damage); Zone 2 (liable to moderate damage); and Zone 1 (liable to slight damage).
[image: Figure 2]FIGURE 2 | Indian sub-continent seismic zone map which was prepared by the Geological Survey of India in 1935 (Source: redrawn from Ali and Choudhury, 2001).
[image: Figure 3]FIGURE 3 | The current seismic zoning map of Bangladesh indicating probable earthquake zone coefficients. The g value equals maximum ground acceleration that can be expected based upon historic earthquakes over the last 200 years. Zone 1 includes NE of Bangladesh and Sylhet City lies within this zone. Zone 2 includes Dhaka and Chittagong cities. Zone 3 includes SW Bangladesh (Source: redrawn from Ali and Choudhury, 2001).
2.2 Seismic and geomagnetic observatories
The Bangladesh Meteorological Department established an observatory in Chittagong in 1954, with facilities for seismic and geomagnetic observations (Ali and Choudhury, 2001). Until 2007, this was the only seismic observatory in Bangladesh. Although in 1977 the committee of experts recommended the establishment of a minimum of three observatories throughout the country, it has taken over 30 years to establish such observatories which are located in Sylhet, Rangpur and Gazipur (Figure 3) including the modernisation of the Chittagong centre in 2007. Currently in Bangladesh, different institutions such as Dhaka University Earth Observatory (DUEO), Bangladesh University of Engineering and Technology (BUET), Geological Survey of Bangladesh (GSB) and Bangladesh Meteorological Department (BMD) operate seismic monitoring networks separately of each other.
Efforts to identify areas of high seismic risk in Bangladesh have been in progress for some time (Kamal, 2008; Sarker et al., 2010). A number of UN funded projects have worked and been continued to work retrofitting in Dhaka, Sylhet and Mymensingh. There is also still an outstanding need to identify and retrofit fragile buildings in Dhaka and other major cities of Bangladesh (Paul and Bhuiyan, 2010). The pre 2012, policies and practices, which are based on tropical cyclones and floods, may not be adequate to mitigate the consequences of earthquake and tsunamis. However, the drafted disaster management policies of 2012, have initiated several effective measures for earthquake risk reduction. These include:
• enhancing institutional capacity to mitigate earthquake risk, updating building codes, purchasing equipment for the fire service and civil defense department to effectively respond in the post disaster period;
• generating awareness among people about earthquake hazard and risk and arranging training for volunteers;
• developing seismic hazard risk maps for urban areas (for example, Dhaka, Chittagong, Sylhet and Rangpur);
• retrofitting fragile buildings in the above urban areas and developing guidelines for people about the retrofitting;
• developing a program of actions to mitigate consequences of earthquake occurrence in local level urban administration. For example, forming disaster management committee and volunteer teams for awareness generation and operating search, rescue operations with highest participation of local people;
• enhancing earthquake hazard response mechanisms in institutions (Hospital, school and garments);
• conducting research about earthquake hazard and risk; and
• enhancing efficient and professional management team in post disaster rehabilitation.
The review of the work of the Ministry of Disaster Management and Relief, and Disaster Management Department suggests that the Government of Bangladesh is still working towards identifying earthquake prone areas and improving DRR for earthquake related hazards. In order to develop an effective earthquake risk reduction program, it is necessary to review past hazard events and their geographical distribution and impacts in Bangladesh. This research will show how reviewing long-term earthquake data can help accurately identify appropriate seismic risk mapping in Bangladesh.
3 DATA SOURCES AND METHODS
The records of Bangladesh earthquakes can be classified according to four types of data sources: geological, archaeological, historical and instrumental data. Each type of record has been collected from existing recognised and published sources. In order to develop a comprehensive earthquake catalogue, data sources were obtained from online global earthquake databases e.g., the National Geophysical Data Center (NGDC, 2012) and Geoscience Australia (GA), (Geoscience Australia, 2011a), International Seismological Centre (ISC, 2023), Incorporated Research Institutions for Seismology (IRIS, 2023), the Novosibirsk Tsunami Laboratory, Russia (NTL), regional catalogue (i.e., Oldham, 1883), annals, chronicles, diaries, letters, travellers, published earthquake catalogues, articles in the peer reviewed literature, books, reports, newspaper articles, local historical books, institutional and administrative memoirs and the historical archive from the India Office Records of the British Library and Royal Society, London. Whilst this research focuses on identifying events that have affected Bangladesh, it has broadened the study to include the area located between Latitude 18.5°S to 28.15°N and Longitude 87° E to 95.5° E to ensure the comprehensive coverage of the study area and adjacent seismically active regions (Figure 1).
3.1 Recording and conversion of earthquake magnitudes
While collecting and collating earthquake magnitudes from secondary sources listed below Table 1, it has been noted several challenges relating to the use of different magnitude scales and the lack of any magnitude scale for some events. On occasion, a source provides Modified Mercalli Intensity (MMI) values for the effects of an earthquake. However, when neither an MMI or magnitude scale was provided, it has been attempted to collect and review the effects of the earthquakes if available. After careful analysis of the effects, this has been converted to the MMI scale and a new MMI value has been provided in Table 1. In this study, when a source material item has been consulted, it is considered to be a secondary source. For example, for the 1764 event, this study has consulted several sources (Anon., 1897; Chandra, 1977; Nandy, 1994), which are considered as secondary sources. Nandy (1994) referred to Campbell (1809) from where information was collected for this particular event. At this stage, this study is not able to consult Campbell (1809) and consider this reference as a primary source for that event. Hence, primary sources are those that this study has not yet consulted for a particular event and secondary sources are those that this has consulted.
TABLE 1 | A catalogue of historical and palaeoseismic evidence of earthquake in Bangladesh and adjacent regions between BC810 and AD2015.
[image: Table 1]For quantification and graphical presentation of the earthquakes, the size of earthquakes should be classified based on their magnitude or intensity scales. For the new earthquake catalogue presented in Table 1, the size of earthquakes was provided in magnitude scales by most source materials. The conversion of earthquake scales from either “magnitude” to “intensity” or vice versa, could distort the actual values of the size of each earthquake. In some cases, intensity values were recorded from secondary sources (Table 1). For example, for the 1676 earthquake (Even #13 in Table 1), an intensity value of 7 was provided by the source document; this intensity value has been converted to 5.7 on the magnitude scale. This conversion of the intensity values of earthquakes to magnitude measured on the Richter scale were performed using the magnitude and intensity relationship (see supplementary material Table 1) provided by the Missouri Department of Environmental Resources (Gere and Shah, 1984). It should be borne in mind that MMI values are often skewed to higher values by locations with higher shaking susceptibility, certain types of soil texture, or locations with buildings that respond to a particular ground shaking frequency in disastrous ways (Ambraseys and Douglas, 2004). As such, converted magnitude from the MMI that has been provided in Table 1 should be treated with caution for the purpose of reuse and further research to more accurately refine these MMIs is required but was beyond the scope of this research.
3.2 Cross checking and validation of data
A total of 99 source documents were consulted to assist with development of the new earthquake catalogue (Table 1). However, inconsistencies in citations, differences in the date of events, differences in magnitude and intensity were identified. Accordingly, it was necessary to employ a rigorous system for cross-checking and validating data. This has been achieved by cross-checking multiple sources and performing a content analysis. This process verifies the date of occurrence of an event, explores inconsistencies in citations and identifies problems relating to magnitudes of earthquakes and evaluates likely effects. The new catalogue Table 1 is the output of this process.
3.3 Data analysis
To construct a geography of earthquake hazards in Bangladesh, the locations of earthquake epicenters are presented in a series of maps to reveal hazards and risks in Bangladesh. A new MMI map is constructed by using the content analysis of 47 source documents for 80 earthquake events occurring in Bangladesh and adjacent regions. Arc GIS was used to construct this map. The presentation and analysis of these earthquakes provides much better earthquake hazard geographies and associated risks in Bangladesh than has previously been available.
4 RESULTS AND DISCUSSION
In the following sections, it has been introduced key aspects of data, and discussed spatial-temporal distributions of earthquake events in the entire study region and analysed earthquake hazard geographies in Bangladesh.
A total of 144 earthquakes have been identified in the study region between 810BC and AD 2015. Of these events (Table 1) one earthquake (event # 5) was identified from archaeological sources, four earthquakes (event # 1, 2, 4, and 8) were identified from geological sources, the remaining 94 events were identified from historical and instrumental sources. The catalogue comprises the event number, the event date, earthquake locations (including coordinates and geographical location names), earthquake parameters (magnitude, intensity and focal depth), earthquake effects (deaths, injuries, damage in million US $ and house destroyed) information about primary and secondary sources for the event and key comments about earthquakes.
4.1 Earthquakes in and adjacent to Bangladesh
A total of 144 earthquakes are reported to have affected Bangladesh and the adjacent region (Table 1). The locations of these earthquakes are shown in Figures 4, 5. Evidence for three paleoseismic events in 810-400BC, 535-530BC and AD645-980 became available through the geological investigation of the great AD1897 earthquake in Assam (Rajendran et al., 2004). Banerji (1923) and Chaudhury (1964) found the evidence of the AD825-835 earthquake by conducting archaeological investigation in Assam. The geological records of the AD1440-1470 earthquake emerged from the work of Morino et al. (2011) at Mymensingh. Analysis of earthquakes generated in Bangladesh and adjacent areas indicate that the 1762, 1885 and 1897 earthquakes in Bangladesh caused widespread damage. A repeat of similar earthquakes from any of the active seismic sources could cause damage, destruction and death within major population centres in Bangladesh. The effects of recent earthquakes occurring in 1977, 1997, 1999, 2003, and 2007 suggest that lesser magnitude earthquakes could cause significant damage to urban centres that are home to large highly exposed and huge vulnerable communities.
[image: Figure 4]FIGURE 4 | Earthquake distribution in Bangladesh and adjacent regions from BC810 to AD1900. The dates of all of the major events are labelled in map. High magnitude earthquakes are located in the active seismic areas in Bangladesh and adjacent India and Myanmar. ASZ, Arakan Subduction Zone; BFS, Bogra Fault System; CCF, Chittagong Cox’s Bazar Fault; DF, Dauki Fault; HF, Haluaghat Fault; JF, Jamuna Fault and SF, Sylhet Fault (Source: base map adapted from Mukherjee et al., 2009).
[image: Figure 5]FIGURE 5 | Earthquake distribution in Bangladesh and adjacent regions areas from 1900 to 2015. The dates of all of the major events are labelled in map. High magnitude earthquakes are located in the active seismic areas in Bangladesh and adjacent India and Myanmar. ASZ, Arakan Subduction Zone; BFS, Bogra Fault System; CCF, Chittagong Cox’s Bazar Fault; DF, Dauki Fault; HF, Haluaghat Fault; JF, Jamuna Fault and SF, Sylhet Fault (Source: base map adapted from Mukherjee et al., 2009).
4.2 The construction of a new MMI map for Bangladesh
Analysis of the 47 reports (see list of reports below Figure 6) that contain information relating to the effects of 80 earthquakes suggest that severe damage occurred to bamboo houses and masonry buildings in Bangladesh. Disturbances of inland water bodies were also observed in Bangladesh. Co-seismic subsidence, uplift, landslides and compaction were associated with the 1762 earthquake (Alam and Dominey-Howes, 2014). Subsidence and uplift are evidence of neotectonic activity in Bangladesh and adjacent areas (Khan and Chouan, 1996; Hoque and Alam, 1997; Das et al., 2010). The existing flow of the Jamuna River came into its present course only after the 1787 earthquake (Kamaluddin and Rahman, 1985; Bandyopadhyay et al., 2021; Richards et al., 2021). Before the shift of its course, it flowed further east by its original name ‘Old Brahmraputra’ before meeting the Meghna River (Rennell and Banks, 1781; Richards et al., 2021). Additionally, the uplift of the Madhupur surface was possibly associated with the occurrence of the 1762 earthquake (Fergusson, 1863).
[image: Figure 6]FIGURE 6 | The types of impacts caused by earthquakes in Bangladesh (Source: reports numbers at the bottom of Table 1 #s 2, 3, 4, 5, 10, 11, 15, 21, 22, 23, 26, 47, 48, 50, 51, 52, 53, 54, 55, 56, 61, 62, 64, 65, 69, 70, 71, 75, 77, 80, 81, 83, 86, 99, 104, 111, 112, 114, 116, 127, 140, 143, 150, 151, 152, 153, 159, 161, 162, 163, 164, 165, 166, 167, 168).
The effects of earthquakes reports are obtained for 80 events (Table 1 events # 8, 9, 14,16, 17, 21, 23, 37, 38, 39, 42, 43, 44, 55, 64, 69, 74, 76, 79, 84, 85, 95, 97, 98, 107, 108, 161, 119, 153, 165, 168, 170, 178, 190, 191,196, 204, 209, 217, 236, 245, 260, 262, 268, 269, 274, 278, 282, 322, 333, 341, 363, 378, 382, 396, 401, 407, 408, 411, 426, 428, 429, 430, 439, 441, 442, 445, 446, 447, 452, 457, 459, 460, 475, 503, 512, 536, 561, 562). An analysis of 47 reports on 80 earthquakes suggests that in eight (i.e., Bandarban, Kurigram, Kishoreganj, Mymensingh, Sunamganj, Sirajganj, Sylhet, and Tangail) of 64 districts, the effects were over IX on the MMI scale (Figure 7). These districts are located in the northern region of Bangladesh and are close to the Bogra Fault System, Dauki Fault, Haluaghat Fault, Jamuna Fault, Madhupur Fault, Sylhet Fault, and Himalayan seismic sources. The results of the highest risk districts based on the effects of earthquakes measured on the MMI scale coincide with the current seismic zoning map of Bangladesh (Figure 2).
[image: Figure 7]FIGURE 7 | An MMI map of the average effects of 80 earthquakes in Bangladesh occurring between BC810 and AD2015 in Bangladesh and adjacent regions. BB, Bandarban; BE, Bagerhat; BG, Bogra; BH, Bhola; BR, Barguna; BS, Barisal; CB, Cox’s Bazar; CD, Chuadanga; CG, ChapaiNawabganj; CL, Comilla; CP, Chandpur; CTG, Chittagong; DK, Dhaka; DP, Dinajpur; FN, Feni; FP, Faridpur; GB, Gaibanda; GJ, Gopalganj; GP, Gazipur, HG, Habiganj; JD, Jhenidah; JP, Jaipurhat; JL, Jamalpur; JS, Jessore; JK, Jhalkati; KC, Khagrachari; KG, Kishoreganj; LP, Lakshmipur; LH, Lalmonirhat; KH, Khulna; KM, Kurigram; KS, Kustia; MA, Magura; MB, Moulvibazar; MG, Munshiganj; MP, Madaripur; MS, Mymensingh; MH, Meherpur; NA, Narayanganj; NH, Noakhali; NK, Netrokona; NN, Noaganj; NT, Nattore; NP, Nilphamari; NR, Narail; NS, Narshingdi; PB, Pabna; PG, Panchgarh; PJ, Pirojpur; PK, Patuakhali; RB, Rajbari; RJ, Rajshahi; RM, Rangamati; RP, Rangpur; SG, Sunamganj; SJ, Sunamganj; SH, Sylhet; SK, Satkhira; SP, Shariatpur; TG, Tangail; TN, Thakurgaon (Source: reports numbers at the bottom of Table 1 #s 2, 3, 4, 5, 10, 11, 15, 20, 21, 22, 24, 32, 33, 34, 35, 36, 37, 40, 41, 42, 43, 44, 46, 47, 48, 49, 51, 52, 53, 54, 56, 68, 71, 72, 79, 84, 85, 86, 87, 91, 93, 94, 95, 96, 97, 98, 99).
The damage intensity caused by earthquakes in Chittagong was rated VIII on the MMI scale. The high MMI value for Chittagong is due to the effects of historical and recent earthquakes that occurred in 1762, 1842, 1851, 1997, 1999, 2003, 2007, and 2008. Chittagong is located along the Arakan Subduction Zone and is close to seismic sources in Myanmar. The damage intensity reached VI on the MMI scale in Dhaka. Although, Dhaka city is comparatively far from seismic sources, the fragile infrastructure and fluvial delta experienced a multitude of different types of effects from earthquakes occurring from adjacent sources. The MMI in the SW districts were 5 or below indicating that they were prone to less damage.
5 CONCLUSION
This research documented and analysed geological, archaeological and documentary records of earthquakes in Bangladesh to better understand and quantify the hazard–a first step towards improved earthquake risk reduction. The key finding from this research reveals that using long-term hazard data in conjunction with spatial analysis could provide an opportunity to detect areas of high earthquake occurrences. However, records are only available for greater magnitude (7 and above) earthquakes of 1762, 1885, and 1997. No detailed records are available for lesser magnitude earthquakes. This research also supports the revision of current seismic zoning map of Bangladesh to include Chittagong and Dhaka in the high-risk zone for effective earthquake risk reduction. Finally, this research concludes that analyses of long-term data help identify new hazard exposure and develop knowledge that can be useful to formulate new disaster risk reduction policies and rectify existing ones in Bangladesh.
DATA AVAILABILITY STATEMENT
The raw data supporting the conclusion of this article will be made available by the authors, without undue reservation.
AUTHOR CONTRIBUTIONS
The author confirms being the sole contributor of this work and has approved it for publication.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Akhter, S. H. (2010). “Earthquakes of Dhaka,” in Environment of capital Dhaka - plants wildlife gardens parks air water and earthquake ed . Editors M. A. Islam, S. U. Ahmed, and A. K. M. Rabbani (Ramna, Dhaka, Bangladesh: Asiatic Society of Bangladesh), 401–426. 
 Alam, E., and Dominey-Howes, D. (2016). A catalogue of earthquakes between 810BC and 2012 for the Bay of Bengal. Nat. Hazards 81 (3), 2031–2102. doi:10.1007/s11069-016-2174-7
 Alam, E., and Dominey-Howes, D. (2014). An analysis of the AD1762 earthquake and tsunami in SE Bangladesh. Nat. Hazards 70 (1), 903–933. doi:10.1007/s11069-013-0841-5
 Alam, E., Dominey-Howes, D., Goff, J., and Chagué-Goff, C. (2012). Tsunamis of the northeast Indian ocean with a particular focus on the Bay of bengal region—a synthesis and review Indian ocean with a particular focus on the Bay of bengal region– a synthesis and review. Earth-Science Rev. 114 (1–2), 175–193. doi:10.1016/j.earscirev.2012.05.002
 Alam, M., Alam, M. M., Curray, J. R., Chowdhury, M. L. R., and Gani, M. R. (2003). An overview of the sedimentary geology of the Bengal Basin in relation to the regional tectonic framework and basin-fill history. Sediment. Geol. 155, 179–208. doi:10.1016/s0037-0738(02)00180-x
 Alam, M. J., Bhuiyan, M. A. R., and Islam, M. R. “Seismic structural assessment of damaged Chittagong public library building during 27 July 2003 earthquake,” in Proceedings of the 4th International Conference on Earthquake Engineering,  (Taipei, Taiwan, October 2006). 
 Ali, M. H., and Choudhury, J. R. (2001). “Assessment of seismic hazard in Bangladesh,” in Disaster in Bangladesh: Selected readings. Disaster research training and management centre ed . Editor K. Nizamuddin (Dhaka, Bangladesh: University of Dhaka), 197. 
 Ambraseys, N., and Douglas, J. (2004). Magnitude calibration of north Indian earthquakes. Geophys. J. Int. 159, 165–206. doi:10.1111/j.1365-246x.2004.02323.x
 Ambraseys, N. (2000). Reappraisal of north-Indian earthquakes at the turn of the 20th century. Curr. Sci. 79 (9), 1237–1250. 
 Anon, (1897b). Cablegraphic news. KalgoorieWestern argus. Parkes, Australia: National Library of Australia, 19. 
 Anon, (1988). Earthquake in Bihar-Nepal: Felt in entire country. Bangladesh: Bangladesh Observer. 
 Anon, (1897a). Earthquakes in India. Lawrence, New Zealand: Tuapeka Times, 1. 
 Anon, (1843b). Journal of the asiatic society of bengal. Calcutta, India: Bishop's College Press. 
 Anon, (1844). Journal of the asiatic society of bengal. Calcutta, India: Bishop's College Press. 
 Anon, (1849). Journal of the asiatic society of bengal. Calcutta, India: Baptist Mission Press. 
 Anon, (1843a). The asiatic journal and monthly register for British and foreign India, China and australasia. Leadenhall Street, London: Parbury, Allen, and Company, 25. 
 Anon, (2023). The journal of asiatic society of bengal. Huay Ya, Chonburi Province, Thailand: White Lotus Press, 1053. 
 Ansary, M. A., Al-Hussaini, T. M., and Sharfuddin, M. (2000). “Damage assessment of july 22, 1999 moheskhali earthquake, Bangladesh,” in Proceedings of the 8th ASCE specialty conference on probabilistic mechanics and structural reliability,  (Indiana, USA, July 2000), 22–26. 
 Bandyopadhyay, S., Das, S., and Kar, N. S. (2021). Avulsion of the Brahmaputra in Bangladesh during the 18th–19th century: A review based on cartographic and literary evidence. Geomorphology 384, 107696. doi:10.1016/j.geomorph.2021.107696
 Banerji, R. D. (1923). Annual report. Archaeological society of India. Calcutta, India: Central Publication Branch, 80–81. 
 Bapat, A., Kulkarni, R. C., and Guha, S. K. (1983). Catalogue of earthquake in India and Neighborhood from historical period up to 1979. Roorkee, India: Indian Society of Earthquake Technology, 211. 
 Bath, M. (1973). Introduction to Seismology. New York, NY, USA: Halsted Press, 395. 
 Benerji, S. K. (1957). Earthquakes in the himalayan region. Jadavpur, Calcutta, India: Indian Association for the Cultivation of Science, 64. 
 Berninghausen, W. H. (1966). Tsunamis and seismic seiches reported from regions adjacent to the Indian Ocean. Bull. Seismol. Soc. Am. 56, 69–74. doi:10.1785/bssa0560010069
 Bilham, R., and England, P. (2001). Plateau ‘pop-up’ in the great 1897 Assam earthquake. Nature 40, 806–809. doi:10.1038/35071057
 Bmd, (2011). Earthquake data in and around Bangladesh from 1918 to 2010. Bangladesh meteorological department (BMD), meteorological complex, agargaon, Dhaka, government of the people’s republic of Bangladesh. Web access at http://www.bmd.gov.bd/Earthquake.php.
 Campbell, L. D. (1809). A view of the history of hindustan and of the politics, commerce and literature of asia. London, UK: The Asiatic Society. 
 Chakrabarti, P. G. D., and Gosh, C. (2011). National workshop on earthquake risk management in the north east region Guwahati, Assam, India: National Institute of Disaster Management, 24–25. 
 Chandra, U. (1977). Earthquakes of Peninsular India-A seismotectonic study. Bull. Seismol. Soc. Am. 67 (5), 387–1413. 
 Chaudbury, M. H. (1965). “Seismology in India,” in Individual studies by participants to the international Institute of Seismology and earthquake engineering (Tokyo, Japan: International Institute of Seismology and Earthquake Engineering), 14–33. 
 Chaudhury, P. D. (1964). Archaeology in Assam. Gauhati, India: Dept. of Archaeology, 77. 
 Choudhury, J. R. (2005). Earthquake-tsunami: The threat looms. Independent weekend. Dhaka, Bangladesh: Free Press Ltd. 
 Curray, J. R., Emmel, F. J., Moore, D. G., and Raitt, E. W. (1982). “Structure, tectonics and geological history of the north-eastern Indian Ocean,” in The Ocean basin and margin ed . Editors A. E. M. Nairn, and F. G. Stchli (New York, NY, USA: Plenum Press), 399–450.
 Das, J. D., Saraf, A. K., and Shujat, Y. (2010). A remote sensing technique for identifying geometry and geomorphological features of the Indo-Burman frontal fold belt. Int. J. Remote Sens. 31 (61), 4481–4503. doi:10.1080/01431160903154366
 Dasgupta, S. “Earthquake geology, geomorphology and hazard scenario in northeast India: An appraisal,” in Proceedings of the National workshop on earthquake mitigation strategy in northeast,  (Guwahati, Assam, February 2011), 24–29. 
 Davidson, C. (1936). Great earthquakes. London, United Kingdom: Thomas Murty and Co., 286. 
 Duda, S. J. (1965). Secular seismic energy release in the circum-Pacific belt. Tectonophysics 2 (5), 409–452. doi:10.1016/0040-1951(65)90035-1
 Fergusson, J. (1863). On recent changes in the delta of the Ganges. Q. J. Geol. Soc. Lond. 19, 321–354. doi:10.1144/gsl.jgs.1863.019.01-02.35
 Gait, E. A. (1906). A history of Assam. Darjeeling, India: Thacker, Spink and Co., 383. 
 Geoscience Australia, (2011a). Earthquake@Geoscience Australia. Symonston, Canberra, Australian: Geoscience Australia. 
 Geoscience Australia, (2011b). Earthquake@Geoscience Australia. Available:http://www.ga.gov.au/earthquakes/searchQuake.do?(Accessed 28th June, 2011). 
 Gere, J. M., and Shah, H. C. (1984). Terra non firma: Understanding and preparing for earthquakes. New York, NY, USA: W. H. Freeman, 204. 
 Gulston, E. (1763). An account of an earthquake at chattigaon: Translated from the Persian by mr. Edward gulston, in the service of the honourable east India company, and communicated by him to the reverend mr. Hirst. Philos. Trans. 53, 1683–1775. 
 Gupta, H., and Gahalaut, V. (2009). Is the northern Bay of bengal tsunamigenic?Bull. Seismol. Soc. Am. 99 (6), 3496–3501. doi:10.1785/0120080379
 Gupta, H. K. (1993). Seismic hazard assessment in the Alpine belt from Iran to Burma. Ann. Di Geofis. 36 (3-4), 61–82. 
 Gutenberg, B., and Richter, C. F. (1965). Seismicity of the earth and associated phenomena. New York, NY, USA: Princeton University Press, Hafner Publishing Company, 310. 
 Hirst, W. (1763). An account of an earthquake in the east indies, of two eclipses of the sun and moon, observed at Calcutta. Philosophical Trans. 53, 1683–1775. 
 Hoque, M., and Alam, M. (1997). Subsidence in the lower deltaic areas of Bangladesh. Mar. Geod. 20 (1), 105–120. doi:10.1080/01490419709388098
 Hough, S. E., Bilham, R., Ambraseys, N., and Feldl, N. (2005). Revisiting the 1897 shilong and 1905 kangra earthquake in the northern India: Site response, moho reflections and a triggered earthquake. Curr. Sci. 88 (10), 1632–1638. 
 Hunter, W. W. (1876). “A statistical account of bengal,” in Chittagong hill tracts, and districts of Chittagong, noakhali, tripperah, hill tripperah (London, UK: Trübner and Co.), 444. 
 Iris, (2023). Seismic event data. Seismological facility for the advancement of geoscience. access on 14 May 2023 at https://ds.iris.edu/ds/nodes/dmc/data/types/events/.
 Isc, (2023). ISC bulletin: Event catalogue search. International seismological centre (ISC). accessed on 19 May 2023 at http://www.isc.ac.uk/iscbulletin/search/catalogue/.
 Islam, S. I. (2004). Banglapedia: National encyclopedia of Bangladesh. Dhaka, Bangladesh: Asiatic Society of Bangladesh. 
 Islamabadi, A. (1987). Chattragram smwarani (A memorial in Chittagong) (in Bengali). Chittagong, Bangladesh: Azadi Printers Limited, 159. 
 Iyengar, R. N., Sharma, D., and Siddiqi, J. M. (1999). Earthquake history of India in medieval times. Indian J. Hist. Sci. 34 (3), 181–237. 
 Jaiswal, R., Rastogi, B. K., and Murty, T. S. (2008). Tsunamigenic sources in the Indian ocean. Sci. Tsunami Hazards 27 (2), 32–53. 
 Kamal, A. S. M. M. (2008). Seismic hazard assessment for Chittagong city corporation area, Bangladesh. Int. Geol. Congr. Oslo , 6–14. doi:10.4172/2167-0587.1000154
 Kamaluddin, A. F. M., and Rahman, K. M. (1985). “The pattern of the structures of rural employment in Bangladesh – a study of the thanas in Sirajganj,” in Geographical essays (New Delhi, India: Inter India Publications). 
 Khan, A. A., and Chouan, R. K. S. (1996). The crustal dynamics and the tectonic trends in the Bengal Basin. J. Geodyn. 22 (3-4), 267–286. doi:10.1016/0264-3707(96)00022-1
 Khan, A. A. (2004). Earthquake vulnerability and hazard assessment in the active collision margin of Bangladesh with special reference to Dhaka, Chittagong, and Sylhet triangular region. Bangladesh: Research Report Ministry of Science and Information and Communication Technology Government of Bangladesh, 96. 
 Khan, A. A. (2010). Earthquake, tsunami and geology of Bangladesh. Dhaka, Bangladesh: University Grant Commission of Bangladesh, 331. 
 Khan, A. A., and Hossain, M. M. (2005). Recurrence of 1885 bengal earthquake and hazard vulnerability status of Dhaka metropoliton city, Bangladesh. Orient. Geogr. 49 (2), 205–216. 
 Khan, A. A. (2012). Seismogenic sources in the Bay of Bengal vis-à-vis potential for tsunami generation and its impact in the northern Bay of Bengal coast. Nat. Hazards 61, 1127–1141. doi:10.1007/s11069-011-9970-x
 Lomnitz, C. (1974). Global tectonics and earthquake risk. Amsterdam, Netherlands: Elsevier. 
 Lyell, S. C. (1875). .Principles of geology London, UK: Murray, 1–179. 
 Mandal, P., Rastogi, B. K., and Gupta, H. K. (2000). Recent Indian earthquakes. Curr. Sci. 79 (9), 368–379. 
 Martin, S., and Szeliga, W. (2010). A catalog of felt intensity data for 570 earthquakes in India from 1636 to 2009. Bull. Seismol. Soc. Am. 100 (2), 562–569. doi:10.1785/0120080328
 Middlemiss, C. S. (1885). Reports on the bengal earthquake of july 14th, 1885. Rec. Geol. Surv. India 18, 200–221. 
 Milne, J. “Catalogue of destructive earthquakes,” in Proceedings of the 81st meeting of the British Association for the Advancement of Science,  (Portsmouth, London, 1911), 649–740. 
 Mithal, R. S., and Srivastava, L. S. (1962). “Seismicity of the area around Baraundi, Bihar,” in Proc. Symp. Earthquake eng (Roorkee, India: University of Roorkee), 527–538. 
 Morino, M., Kamal, A. S. M. M., Muslim, D., Ali, R. M. E., Kamal, M. A., Rahman, M. Z., et al. (2011). Seismic event of the Dauki Fault in 16th century confirmed by trench investigation at gabrakhari village, Haluaghat, Mymensingh, Bangladesh. J. Asian Earth Sci. 42, 492–498. doi:10.1016/j.jseaes.2011.05.002
 Mukherjee, M., Fryar, A. E., and Thomas, W. A. (2009). Geologic, geomorphic and hydrologic framework and evolution of the Bengal basin, India and Bangladesh. J. Asian Earth Sci. 34, 227–244. doi:10.1016/j.jseaes.2008.05.011
 Murty, T. S., and Rafiq, R. (1991). A tentative list of tsunamis in the marginal seas of the north Indian Ocean. Nat. Hazards 4 (1), 81–83. doi:10.1007/bf00126560
 Nandy, D. R. (1994). Earthquake hazard potential of central and south Bengal Basin. Indian J. Earth Sci. 21 (2), 59–64. 
 Neic, (2023). Earthquake events. NOAA national centres for environmental information (NEIC). access on 21 May 2023 at https://www.ngdc.noaa.gov/hazel/view/hazards/earthquake/search.
 Ngdc, (2012). Global significant earthquake database from 2000 B.C. to present. Available: http://www.ngdc.noaa.gov/hazard/earthqk.shtml (Accessed June 1, 2012). 
 Nutalaya, S., Sodsri, S., and Arnold, E. P. (1985). Series on Seismology. Thailand: Southeast Asia Association of Seismology and Earthquake Engineering and U. S. Geological Survey. 
 Oldham, R. D. (1883). A catalogue of Indian earthquakes from the earliest time to the end of A.D 1869. Memoirs Geol. Surv. India 19 (3), 163–215. 
 Paul, B. K., and Bhuiyan, R. H. (2010). Urban earthquake hazard: Perceived seismic risk and preparedness in Dhaka city, Bangladesh. Disasters 34 (2), 337–359. doi:10.1111/j.1467-7717.2009.01132.x
 Pervez, I. A., and Ram, A. (1997). Probabilistic assessment of earthquake hazards in the North-East Indian peninsula and Hindukush regions. Pure Appl. Geophys. 149 (4), 731–746. doi:10.1007/s000240050049
 Rajendran, C. P., Rajendran, K., Duarah, B. P., Baruah, S., and Earnest, A. (2004). Interpreting the style of faulting and paleoseismicity associated with the 1897 Shillong, northeast India, earthquake: Implications for regional tectonism. Tectonics 23 (TC4009), 419–429. doi:10.1029/2003tc001605
 Rastogi, B. K., and Jaiswal, R. K. (2006). A catalogue of tsunamis in the Indian Ocean. Sci. Tsunami Hazards 25 (3), 128–143. 
 Rennell, J., and Banks, J. (1781). An account of the Ganges and burrampooter rivers. Philosophical Trans. R. Soc. Lond. 71, 87–114. 
 Richards, K., Brammer, H., and Saunders, L. P. (2021). The historical avulsion of the Tista River, and its relationship to the Brahmaputra: Map and archive evidence from 1750 to 1835. Geogr. J. 187 (3), 253–268. doi:10.1111/geoj.12391
 Richter, C. F. (1958). Elementary Seismology. San Francisco, CA, USA: W. H. Freeman, 768. 
 Rizvi, S. N. H. (1970). Bangladesh district gazetteers, Sylhet. Dhaka, Bangladesh: Government of the People’s Republic of Bangladesh. 
 RizviS.N.H., (1969). East Pakistan district gazetteers: Dacca. Dhaka, Bangladesh: East Pakistan Government Press, 353. 
 Sarker, J. K., Ansary, M. A., Rahman, M. S., and Safiullah, A. M. M. (2010). Seismic hazard assessment for Mymensingh, Bangladesh. Environ. Earth Sci. 60 (3), 643–653. doi:10.1007/s12665-009-0204-4
 Sharfuddin, M. (2010). “Earthquake hazard analysis for Bangladesh,”. MSc Thesis (Dhaka, Bangladesh: Department of Civil Engineering, Bangladesh University of Engineering and Technology). 
 Singh, K. (1966). Earthquakes in India and neighbourhood. Indian J. Meteorology Geophys. 4 (17), 521–528. doi:10.54302/mausam.v17i4.5753
 Singh, V. P., and Shankar, D. (1992). On the seismicity and tectonic activity of the Bengal Basin. Mausam 43, 371–378. doi:10.54302/mausam.v43i4.3504
 Smith, R. B. (1844). Memoir on Indian earthquakes, Part III. J. Asiatic Soc. Bengal 156, 964–983. 
 Steckler, M. S., Akhter, S. H., and Seeber, L. (2008). Collision of the ganges–brahmaputra delta with the Burma arc: Implications for earthquake hazard. Earth Planet. Sci. Lett. 273, 367–378. doi:10.1016/j.epsl.2008.07.009
 Tandon, A. N. (1950). The very great earthquake of August 15, 1950. Sci. Cult. 16 (4), 14. 
 Tillotson, E. (1951). The great Assam earthquake of august 15, 1950. Nature 167, 128–130. doi:10.1038/167128a0
 United Nations Office for the Coordination of Humanitarian Affairs, (1993). India earthquake september 1993, UN DHA situation reports. New York, United States: United Nations Office for the Coordination of Humanitarian Affairs, 1–8. 
 Usgs, (2023). Earthquake hazard program. United states geological Survey (USGS). accessed on 17 May 2023 at https://earthquake.usgs.gov/data/comcat/.
 Verelst, (1763). An account of the earthquakes that have been felt in the province of islamabad, with the damages attending them, from 2nd to the 19th of april, 1762: Translated from the Persian, and communicated to henry vansittart, esq; president and governor of fort william in bengal, by mr. Verelst, chief of the hon. East India company’s Affairs at islamabad. Philos. Trans. 53, 1683–1775. 
 Webster, J. E. (1911). Eastern bengal and Assam district gazetteer: Noakhali. Allahabad, India: The Pioneer Press, 107. 
 Wei, L., Nengqian, J., and Zhuoli, L. (1987). Deformation and displacement fields of the Himalayan arc, seismicity and large earthquake hazards in its eastern segment and vicinity. Tectonophysics 138 (1), 93–107. doi:10.1016/0040-1951(87)90068-0
Conflict of interest: The author declares that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2023 Alam. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/feart-11-1187176-g005.gif





OPS/images/feart-11-1187176-g006.gif





OPS/images/feart-11-1187176-g003.gif





OPS/images/feart-11-1187176-g004.gif





OPS/images/feart-11-1187176-g007.gif





OPS/images/feart-11-1187176-t001.jpg
Earthquake locations  Earthquake parameters Earthquake effects Primary  Secondary Comments

Location  Lat Long nitude  Intensity Deaths Injuries Damage  House

names. (inm destroyed/
US$)  damaged

" sopc. - © IndaAsam | 261 925 ° . . . . . . % Radiocarbon
00 dating of

sediments

clibrated age

S10BC-400

2 sspe- B w1 9256 . . + . . . % Radiocarbon
B datng of

sediments

clibrated age

S358C-530

3 oo © o ndaAsam | 261 925 ° . . . . . . % Radiocarbon
dating of
sediments
alibraed age
61580980

4 ssms - © ndacAsam | 261 9256 8 . . . . . . . 515,99 “The carthquake
destroy temples
and palaces in
Assam

s 101470+ © o Bagaden | 2505 %03 ¢ . . . . B . 0 he
radiocarbon
ageofcharcoals
shows date as
1440-1470

6 1518 . © o ndaand 26 %47 9 . . . » » 5 30,42,52.98  Thefirst

Bangladesh recorded
carthquake in
Bangadesh.
Sylhet and
Chitagong
were violntly
shaken

7 159 . © o ndacAsam | 261 9256 7 9 . . . . . 9

s 1601 . © IndasAsam | 261 9256 . . . . . i %2

9 1612 . © indasAsam | 261 9256 6 . . . . . . : 2.42,46.92 Most severe
damage
occured in
Bangladesh

10 1649 . © IndiasAsam | 261 9256 3 3 . . . . . 6

u 1663 2 19 IndicAsam | 261 | 9256 8 . . . . . s 42,929, Theanhquike

97,98 was so
devastative that
Mir Junla is
beleved to
have fled
Assam

I 1664 . © Bagadeh |23 %0 M7 . . . . . 0,51 “The carthquake
maybe relevant
o the activiy
of the Dauki
Fault

5 1676 om0 |t Bangadeh | 222 o148 | 57 7 . . . . . a6 Chitagon was
destroyed by an
carthquake and
severe tropical
eyclone

1 1679 i B Mynmar | 1902 9357 7 9 . . . . B 6 The carthquake
was very severe
and afected a
wide area of
Arskan, Bengal
and India

15 1696 . © IndasAsam 261 9256 . . . 5 P . : 0 “The reign of
King Rudra
Singha
experienced
earthquakes
wice in
1696 and 1749

16 1749 . © IndasAsam | 261 9256 . . . B 3 : B ;

7 1750 . © Mynmar 185 94 57 7 . . . . . 1 L6 “The carthquake

const may have
caused
eruptions of
mud volcanoes

1 762 1 2 Bngadeh: | 2 %28 n S 0 . B * 6 1234734 Alametal

Chitagong SOILIG | 043,530,532  (012)
1718, 77,79, concluded the
©20 9% carthquake

caused local
tsunamis and
hug effcts on
social

infrastrctures

19 1762 7 B Indi 23 2 43 50 . . . F . - DRI

Kolkata

0 1764 6 4| bugaden 2 86 . . . . . ) 102,71 Many houses

India: on the destroyed and

bank of the large number

Ganga River of people and

catle were
Yilled o

2 1772 . © o IndiAsam | 261 9256 M,65 . . 3 $ B . % The
carthquakes
damaged the
part of Assam

2 175 4 10 Bangadeh: | 2338 | 9025 43 5 . . . . . 2,98 Severe

Dhaka carthquake flt

Dhaka

» 1787 . © Bangadeh | 226 8943 7 0 . . . . . 46,5098 Thearthquke
caused shifing
of river courses

2 1808 4 B ndi 26 84 43 5o . . . . . 2 10,2071 Crcsinhouse

Kolkata walls were

abserved

2 1810 4 L ind 23 w2 a7 I . . . . . 10,2071 Thearthquke

Kolkata el vry.

severcly in
Kolkata

% 1810 5 B ndi 23 m2 |43 s . . . . . i w07

Kolkata

7 1811 2 U di 23 w2 s 6o . . . . . . R TI

Kolkata

» 1812 5 0 Bangladesh Dhaka | 6 s . . . . . . 2.9 The carthquake
elt volenty in
Sylhet

» 1816 7 0o ndi 23 w2 37 e . . . . . won -

Kolkata

30 1822 1 3 Bangadeh | 243 %05 | 7A% a0 * . - . . El 20,7198 Several shocks
feltin Bengal

3 1822 s 16 ndi 23 82 |5 6 . . . » z 36 10,2071 Wallsofhouses

Kolkata were moved

from north to
south

2 1523 1 3 Kokam |23 82 43 50 . . . . . wwn -

3 1823 n % Kolaw 23 w2 43 50 . * * + . 57 10,2071 Accompanied
by
subterrancan

3 1925 ' 5 Bangdeh | 214 903 43 5 . . . . . EX Y 5

35 1527 2 Indi 23 w2 43 s . . . . . won -

Kolkata

36 1827 1 19 Indi 23 s2 43 50 . . . . . o won -

Kolkata

e 1928 7 s | 232 823 |57 700 + . * . * o 10,20 -

Kolkata

38 1828 9 B ndi 23 w2 43 5w . . . . . @ won -

Kolkata

3 1828 10 5 Bangdeh: | B2 024 5 . . . . . @ 2 Four di

Dhaka shocks in

W 1829 9 18 Indi 23 w2 s 6 . . . » B & wan -

Kolkata

@ 1830 2 31| Bungladesh: | 247 9159 65 . . . . . . o 2,48 Very vilent

Chitagong carthquake and

all houses were
serously
cracked

2 1832 India: Asam | 261 | 9236 65 . . . . . . . B The
carthquakes
damaged the
part of Assam

s 1834 7 8 | Bugdeh: | 2533 81 6 a0 . » . E . " w7 -

Rangpur

“ 1834 7 2 Bangadesh: | 2533 81 6 s . . . . . " non -

Rangpur

. 1802 5 2| ndicBengal | 25 &7 57 700 . . . . . S w0 -

6 1812 5 23 IndacBengl | 25 & 43 500 . . - . # n w7 -

7 1812 10 23 Bangadesh: | 247 9159 43 5 . : 4 . : » 9 Motion east to

Chitagong west

N 1802 n U Bangadeh | 24 892 M.73 9 . . . . . “ 0207, Fetabo

7.9 sharply at sea

o 1813 10 30 Mynmar | 185 941 6 s . . * - . & 2 Very sharp at

Ramree and Gukiong, on

Cheduba sea, 145 miles

o south

50 1815 7 2 India: 27 8443 5 * . . . . wnn -

Serampore,

Kolkata

51 1985 7 % India: 27 84 43 5 * * * : 5 020,98 -

Serampore

2 1815 s 6 | ndi 27 |84 |[M7aer |7 . . . . . s 7007 -

Guwahati,

Sylhet

s 1846 0 18| Bangadesh | 252 9023 M62 . - . . . . Friend of | 7,20 Masonry

India buildings were
cracked in
every diecton
Dhaka
st 1848 India: Asam | 261 | 9256 | 57 7 . . . . » - % “The earthquake
damaged the
part of Assam

55 1848 2 2 | india 23 82 43 50 . . . . - Friend of | 20,71 -

Kolkata India

s6 1818 n 30 India: 23 m2 |37 4o . : * . . Fiendof | 10,2071 -

Kolkata India

57 1849 1 2| ndi 23 s2 |37 e . . . . . 105 w0 -

Kolkata

58 1851 1 s | Bugdeh: | 247 9159 57 7 . . . - . Hooker's | 20 Motion

Chitagong Journal apparently
vol.2 from south

5 1851 3 9 | indi 23 w2 70 . . . . B Friend of | 10,20 s

Kolkata India

o 1952 2 9 | india 23 @2 |37 I - . . . . 10,20 =

Kolkata

o 1832 s 9 | Bugladesh: | 2343 9024 43 5 - . . - E Py 20 Oxclltion

Dhaka lasted

15 seconds

@ 1861 2 16 ndi 23 w2 57 700 . . . . . Friend of | 10,20 Water in tanks

Kolkata India rose about

03 m above its
level

@ 1861 1 18 india: 23 82 |37 4o . . . . . onn -

Kolkata

o 1864 1 5 Bangadeh: | 242 %024 4 . . . . . B Friend of | 10,20 Houses much

Dhaka India shaken

6 sotor " © o Bangade: | 222 9150 57 . S B . . 2 Aviolent shock

1865 Chitagong ofan
carthquake in
the yar
1764 or 1765,
wiggered mud
voleanoes

o 1865 n 17 Bungladeh: | 232 | 892 43 s . . . . . Ofical | 0,071 -

Jessore Record

& 1865 2 19 Bungdeh | 2323 9113 55 . . . . » - 7.20,37.91 Many buidings
were eracked in
Chitagon

o 1866 ' 6 B | 22 9l 37 4 . . . . . Friend of | 10,20 Lightshock

Chitagong India

®© 1866 5 B | ndicBengl |35 &7 560 s . . . . . Friend of | 7,10,20,71  Some houses

India el down.

70 1869 1 10 275 9325 | M73 . . . . B sL939798 -

7 1869 6 9 ndi 23 2 s . . . . . - DRI

Kolkata

3 1570 4 2| Bugladesh: | a2 9024 55 . . . . . Times | 7 E

Dhaka

7 1574 5 Bungladesh: | 2 8 . . . . . . : 2.8 B

Bhola

" 1576 n 15 Bungadeh | 242 9025 43 5 . . . . . 5.9 Itvas feltin
Dhaka

7 1985 7 W Bangadeh | 248 895 M.69 . 7 * . . 1.7,10,28,47,  The fel areas

51,71,85,86  extended in the
entie
northeast India
and Mysnmar

%6 1891 6 17 Bunglade: | 205 | 8655 5 s . . . . . 710 E

Sinjganj

7 1897 6 2 mdicAsam 26 91 M87 . o [C » * S0 12 | L7.21,2025 A greattidal

B 3,404,685 wave sweptup

w2 e e
Brahmaputra
River over
250 miles
from sea

7 1906 9 2 | indi 23 m2 | 5™ 6 . . . . . » 0.7 -

Kolkata

7 1906 2 6 dia 23 m2 5™ 6 . . . . . 3 10,71 -

Kolkata

50 1918 7 5 Bagdeh | 25 917 M76 . u 9 50 B * 125,81,76,  Severe damage

92,98 in Srimangal,
but minor
ffects in
Dhaka
5 1923 9 9 | Bugdeh | 2518 91 M71 . . 0 . . . . 0,88,92  Theearthquike
95,98 caused heavy.
damage in
Mymensingh

2 1930 7 2 IndaAsam | 258 %02 M7 > . ' * . . . 128,929 Theearthquake
caused major
damage in the
aastem
Rangpur
disrict

5 19% 9 2 Bagadeh | 219 9386 M,618 . * . . * * 8 -

5 1932 3 2| Bugldesh: | 25 0 M57 . . . . . . . 0384071 -

North

5 1932 3 27| Bugdeh | 213 2 M,57 . . . . . . 5 0.8 4

5 1932 9 no | ndis %3 92 MsE * * . : - - 0.5 B

B 1933 3 6 | Bughdeh 26 903 M.59 . . . . . . 5 i

58 1934 1 15 BharNewl | 265 | 865 M.84 . . . . . . . 76,88 “The carthquake
caused damage
in Rangpur

8 1935 3 2 Bangadesh: | 240 8904 M58 . . . . . . z 10.71,89,98 -

Pabna
%0 1901 i 2 Bhuan 7 e Mo . . . . . . 0,8 .
o 1950 s 15 IndicAsam | 2812 9405 | M6 . . . . . . 2,313 Waterbodiesin
2w Dhaka
remained in a
state of
agitation for an
hour

92 1950 3 2 Mynmar | 245953 M4 v . * + * * 126,98 In Dhaka
residents wake
wp and ran
outdoor

9 1957 7 U dia 5 s M7 . . . . . . %2 -

Myanmar

border

% 1057 2 6 | Bugladesh: 21 %0 B . B B . . 0 n -

Dhaka

9 1964 2 7 Mynmar |27 944 M6 . » . 8,9 -

% 1965 6 U Bhuan 702 936 | Mys1 . * + . s . 10,38 -

97 1967 9 6 | Bughdesh | 216 942 M.51 . . . . . . . 0,89 >

9% 1967 9 15 Bhuan 220 9148 | M58 . . . . . . i 0.8 2

9 1967 n W Bangadeh |25 913 M.53 . . » . . . 0.8 -

100 1968 2 27 Bangadesh | 2406 9136 | M54 - . . . . . 10,89 -

101 1969 5 1 Bhuan 2 w5 . . . . . . W .

102 1970 7 35 Bangadeh | 2542 883 M.54 . - . . . . i 0,89 :

103 1970 s 2 Bangadeh | 2002 L2 M,53 : - . . . . : 0,89 «

104 1071 2 2 Bangadeh | 248 9LAS | M54 . . . . - - 10,89 :

105 1072 n 6 hdmAsam | 27 842 | Myds . . . . . . 0,38 ,

106 1974 9 2 IndiacAsam | 2542 9054 My ds . . . . . . 0,8 :

107 1976 6 23| Bungdesh | 2120 8882 M,53 . . . . E . . 0.8 Water
movement in
sea adjcent to
the Chittagong
coust was
abserved by
Tocal people

108 1977 5 s | Bugladesh | 2489 9225 M,56 * 5 + . . . “The earthquake
had led to
cracking of at
least
5 buikdingsin
Sylhet

109 1977 5 L Bangadeh | 2175 9299 M57 . - . 200 . " 89,98 Cracks were

Myanmar developed in

border buildingsin
Chittagong and
people were
jured

1o 1979 4 U Bangadesh | 259 888 My4s + . . . . . 7 7.8 -

m 1084 5 2| Bugdesh | 342 913 M3 . . . . . 20,8 .

2 o84 9 30 | Bangadeh | 242 913 My51 . - . . . . < 10,89 5

s 1984 n 31| ndia Asam | 2464 9289 M6 . . . . . . 59,95 2

1 1988 2 6 | Bungldesh: | 2168 9157 M58 . 2 100 . C 1 -

Sylhet

s 1088 s 6 Mymmar 2504 512 M73 . 2 2 . . - B B

116 1088 s 2| mdieNepl | 267 | 868 M.78 . P . . : s 3698 Scismic seches

border abserved in

many rivers
including

capsiing boats
in the Jamuna
River killing
2 people and
missng almost
30 people

u7 1089 6 2 Bugdeh: | 218 8976 | M5 » 6 1 B * T E

Banaripara

s 1993 6 12 Bangadesh: | 2183 897 . . . . . . n B

South

1o 1997 5 s | Bugladeh | 2489 9225 M.e0™ |+ 3 . . : . 58 “The earthquake

Mb 56 had led to
cracking in at
least
5 buikdings in
Sylher

120 1997 n 2| ndias 22 927 M6 . st 3 200 . 1 3 120,42,45,  The collpse of

Bangladesh 6.89,95  buildings and

border: deaths

Chitagong occured in

Chitagong

I 1999 7 2| Bungladesh: | 2154 9189 M5ZWM, | ¢ 10 6 200 . 70 3 1,35,48,75,93  Houses cracked

Moheskhali 1200 and in some

sland casescollased

22 2000 1 3| inda- 213 27 Mas . » . . . . » i S

Bangladesh

border

23 2000 1 19 Bangladesh M5 » . B 100 . i o Few buidings
in areas of old
Dhaka city
were damaged

I 2008 7 % Bangadesh: | 285 9231 M,57 . w0 3 2 . 00 3 1,48,53,89,98  Trnsomer of

Borkal power supply

exploded in
Chitagong

25 2007 5 0| inda 2705 8844 | M43 » - . . . . s 0,89 =

126 2007 s 0 IndicAsam | 2627 89240 M5 . . . . . . - 0.8 :

127 2007 9 19 ndia 518 059 My51 » * . . . . - 10,89 -

18 2007 n 7| Bungladesh: | 2215 9238 | M52 . » . 10 . . 3 ' B

Bandarban,

Chitigong,

Rangamati

29 2008 1 L Bangadeh | 276 9233 M5 . s . . . . 3 189 -

Rangamati

130 2008 3 15 Bhuan 246 9145 . . . . . . 5 5

11 2008 5 » | india 624 9146 | MyaS . . . - . . - 0,8 E

152 2008 7 5| Inda 2607 9139 | Mss1 . . . . . . . 20,38 =

133 2008 9 22 | Bungldesh: | 235 907 My45 . . . . . . . 0.8 E

Sylhet

134 2009 ' 6 | Bugdeh | 2411 8925 M7 . . . . . . 0,8 .

135 2009 2 27 Bangadeh | 2029 8931 Myd8 . . . . . . 10,89 -

136 2009 7 B ndis %609 8939 Msas . . . . . . 0,38 .

137 2009 9 20 Bhuan 274 936 | M6 . - . . . . . 140,89 -

138 2009 0 30 Bhuan 229 946 | M.51 - . . . . i 0.8 .

139 2009 2 31 Bhuan 231 95 My53 * . . . . + 140 E

10 010 9 no ndis 352 %03 | M52 » - - - . - . Lo 5

11 2011 9 18 IndiSkkim | 2773 8815 | M.69 » . 07 . . . - 18 =

12 012 3 18 Bangadeh | 2366 026 | MyaS . . “ . - » - 8 Peoplein
Dhaka and
adjacent
distict got
panic

13 015 4 5 Nepa W15 8470 | M.78 15 0| 17866 ' e

Gorkha

m 015 5 2 Nepak 285 8607 | M.73 15 7 2500 1 -

Dolakha

Note Asterisk () indicates no information availabe
Refernce * and deal of primary and secondary sources for exch earhauake event referrd 10 n columas 15 and 16

NationalGeophysical Data Center (NGDC), 2012), 2 Gulston, (1763), 3. Verelt, (1763),4. Hirst, (1763),5. Banerf, (1923),6. Nutalaya, et al. 1985), 7. M, (1911),. Baat, et al.(1983),. Chaudbury, (1965),10. Chandra, 1977), 11.ingh. 1966), 12. Dvidson,
(1936), 13- Lomnitz,C., 1974), 11, Bath, (1973), 15.Chaudhary, 1964),16. Berninghausen, (1966), 17 Benerf,(1957), 18, Wel, and Zhuol (1987), 19, Ly, (1575),20.Okdham, (1853), 21, Anon, (1897a). 22, izv, (1970, 23. Richter, (1955, 24. Anon, (1897), 25
Pervezand Ram, (1997, 26. Duds, (1965),27. Gutenbergand Richter (1965), 28 K and Chouan, (1996, 29, Murty and Rafq (1991),30. Morino, 2011), 31, Tandon, (1950), 32 Tilltson, (1951), 3. Cureay, (1982), 4. Rennell and Banks, (1781), 35. Ansry, e al.
(2000)36. Anon., (1958),37. Iamabads, (1967, 3. 1SC, (2023) 39 NEIC (2023, 40. BMID(2011), 41, Huter (1876, 4. Isam, (2004), 43 Fergusson, (1863, 44. Mandal. et a. (2000) 45. United Nations Offc fr the Coordination of Humanitarian Affais (1993, 46
tyengar, t . (1999),47. Middlemiss, (1885, 48, Alam tl. (2006), 45, Hough,t al. 2005), 50. Alam et a. 2012),51. Ambrasys and Douglas (2004),52. Steckle, e al. (2008), 53, Khan (2010), 54 Kamaluddi and Rahman, (1985), 6. Anon. (18435),65. Khar,
(2004), 6. Anon. (18432, 67 Anon., (1544, 65. Ambraseys, (2000, 65. Anon. (1849), 70, Campbell(1809), 71 Nandy, (1994, 72 Singh and Shankar, (1992),73. Anon., (2023, 75 Paul and Bhufyan, (2010), 7. Gupta, (1993), 7. Gupta and Gahalaut, (2009),75.
Mithal and Srivastava (1962), 7. Webste, (191,80, Smith, (1844), 81. Al and Choudhury, (2001, 82. Rastogiand Jaiswal (2006, 83 Jaiswal,tal. (2008, 8. Sharfuddin, (2010), 85.Rivi (1969), 86, Khan and Hossain (2005),87. Bilham and England, (2001, 85.
Geoscience Australis, (20115), 89 USGS (2023), 90, IRIS (2023), 91. Rizvi, (1970), 92. Chakrabarti and Gosh, (2011), 93. Martin, and Seeligs, (2010), 94, Choudhury, (2005), 95. Dasgupts, (2011), 97. Gait (1906), 96. Akhter, (2010, 99. Rajendran, et al. (2004).






OPS/xhtml/nav.xhtml
Contents

		Cover

		A Modified Mercalli Intensity map of Bangladesh: a proposal for zoning of earthquake hazard		1 Introduction

		2 Earthquake hazard zoning and preparation activities in Bangladesh		2.1 Seismic zoning and introduction of building codes

		2.2 Seismic and geomagnetic observatories





		3 Data sources and methods		3.1 Recording and conversion of earthquake magnitudes

		3.2 Cross checking and validation of data

		3.3 Data analysis





		4 Results and discussion		4.1 Earthquakes in and adjacent to Bangladesh

		4.2 The construction of a new MMI map for Bangladesh





		5 Conclusion

		Data availability statement

		Author contributions

		Publisher’s note

		References









OPS/images/cover.jpg
’ frontiers | Frontiers in Earth Science

A Modified Mercalli Intensity
map of Bangladesh: a proposal
for zoning of earthquake hazard





OPS/images/feart-11-1187176-g001.gif





OPS/images/feart-11-1187176-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
P frontiers | Frontiers in Earth Science





