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Abstract

:

The conservation and protection of painted rock shelters is an important issue. Throughout the world, if unprotected, they are vulnerable to vandalism or to industrial activities such as quarrying. This research explores the integrated use of a Geographic Information System (GIS) with a multi-criteria decision support system and fuzzy logic to identify possible rock art sites over the Vindhyan Plateau in the district of Mirzapur, Central India. The methodology proposed compares results obtained by spatial modelling with validation data derived from recent exhaustive field surveys of more than forty newly discovered rock-shelters in the Vindhyan region. The zones obtained by predictive modelling are in agreement with validation datasets and show that the method can be used for new site prospection. This method represents a potential tool for landscape planners and policy makers to employ when seeking protection from anthropogenic activities of potential areas of painted rock-shelter sites and archaeological deposits.
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1. Introduction


Rock-shelters and caves are fixed natural structures in the landscape with distinct topography and geomorphological characteristics, and have been used in a variety of human activities (e.g., shelter, rock art) for much of prehistory [1]. While painted rock shelters have been well characterized in Europe [2], America [3], Africa [4], etc., in India studies have been regionally focused, leaving some areas where little is known about the distribution of such sites [5]. The gaps in our knowledge are exemplified by the recent discovery of previously unrecorded painted rock shelters in Central India [6], which forms the data set for this study. In an Indian context, even the most recent research work has mostly been confined within the premises of geology, indicating a partial relation to the archaeological paradigm [7,8,9].



The detection of archeological sites through field surveys is difficult in the region because of the complex terrain and lack of proper transportation [6]. Involving local people in site exploration is very labour intensive and expensive, and provides less coverage of the survey area. The advent of geospatial technologies has led to a considerable amount of work being undertaken to map and characterize landscapes [10,11,12] and archaeological features [8], and could be useful for monitoring rock art, with predictive geospatial tools used to locate likely areas to prospect. Sophisticated terrain mapping through geospatial data combined with predictive modelling can resolve the problem of identifying painted shelter sites in a more cost-effective and efficient way [13,14]. The combination of GIS and fuzzy logic is particularly powerful. Fuzzy logic has successfully been used so far for stone tool classification, typological classification [15], settlement pattern analysis [16], landscape classification [17], archaeological data visualization [18], and archaeological simulation and modelling [19]. Given its tremendous scope and already proven potential, its integration with GIS can be used jointly to collect, store, classify, examine, and manage the data that assists predictive modelling [20].



To our knowledge, detailed methodological and problem-oriented research using remote sensing and GIS data has never been attempted in this region, despite the fact that in prehistoric archaeology the applications of remote sensing and GIS have gained considerable popularity in other parts of the world [21,22]. Prehistoric sites have been characterized using remote sensing and fuzzy logic GIS according to their palaeo-geographical, geo-morphological, and archaeological features in order to understand the geographic location and contextual parameters of the sites [6,23,24]. These parameters are used to identify unexplored areas with similar characteristics and arguably the highest probability of containing similar sites. The model is then validated with the distribution of known sites in the area. The outcome of this study and research, both in the field and in the laboratory setup, can be used to sensitize local people, the state, and the central government to protect the rock art sites in the surveyed and studied region. Relevant authorities and concerned institutions located in the regions of the rock art sites can be given information about prehistoric social choices, land use patterns, and, finally, about the potential of rock-shelter archaeology. The identification of areas in which new sites could be found is highly relevant to the protection of this archaeological heritage from rapid site destruction resulting from such activity as deforestation and illegal mining of the sandstone.




2. Description of the Study Area


Central India represents a vast corpus of painted rock shelters in and around Mirzapur district, covering an area of 4522 square kilometres [25]. Mirzapur (Figure 1) is located under the Vindhyan sandstone hills and has a dendritic drainage pattern associated with the prominent rivers of the region such as the Ganga, Belan, and Son [26]. The Vindhyan range, being a border between Northern and Peninsular India, spreads from Gujarat state in the West to Uttar Pradesh state in the North through Madhya Pradesh. It is situated at the southern border of the Gangetic valley and forms the border of the lower Sivalik and the Himalayan Ranges. The Upper Vindhyan formations comprise mostly sandstone and quartzite. The valleys of Mirzapur were the home of non-hierarchical prehistoric hunter-gatherers for a long period of time, as evidenced by the presence of numerous rock-shelters containing various imageries depicting several themes and styles, and by scattered stone tools on their surfaces.



Field observations and systematic surveys suggest that the soil of the region is heterogeneous in nature, depending on the undulating topography, underlying hard rock strata, vegetation, and rainfall. The Indo-Gangetic alluvium soil, red, and mixed red soils of Mirzapur are rich in kankar nodules or the concretions of lime, evidenced by field-work and published work. The texture of the soil determines the shape, size, and smoothness of the granules. The red, black, and yellow colours of the soil from the Mirzapur district are due to the presence of iron, organic matter or humus, micro-organisms, copper, and manganese. The predominant red clay is extremely ferruginous or rich in iron, and the fertile alluvium varies from sandy to clayey loam at different locations within the district [27,28].




3. Datasets and Methodology


The data set mainly consists of a Shuttle Radar Topographic Mission (SRTM) digital elevation model, photographs of the rock art, district resource and planning maps, and topographical sheets. Firstly, all datasets were reprojected to World Geodetic System (WGS) 84 with the Universal Transverse Mercator (UTM) Zone 44 cartographic system. The district resource maps, which are available from the Geological Survey of India, Calcutta were subsequently digitized, georeferenced, mosaiced, and incorporated into the GIS database to model the rock-shelters of Mirzapur region. ArcGIS version 10.1 was used in this study for all the data analysis and layer integration. In order to overlay and integrate raster thematic maps of different spatial resolutions, all the data layers were spatially co-registered to bring them in the same spatial reference frame. Thus, an image to image co-registration of all the Geospatial datasets was performed. The SRTM DEM was used as the reference image to which all other available thematic images were co-registered. Approximately 50 commonly identified Ground Control Points (GCPs) were selected based on random sampling from easily detectable corner points (e.g., road junctions). Positional root mean square error (RMSE) was kept below one pixel (i.e., 90 m of SRTM DEM) in both x and y dimensions while geo-referencing.



To construct predictive models for classifying new site clusters on the landscape, the character of the Palaeolithic records has been investigated and examined to enable key variables embedded within the local geology and geomorphology to be included. A suite of raw data was obtained by means of site discovery, thorough exploration and survey work, detailed documentation, and cataloguing of the archaeological sites. Detailed field surveys and integration of spatial and non-spatial data of archeological significance in GIS was carried out to detect and characterise the prehistoric painted rock art sites of Mirzapur. Environmental factors that could have affected choice of occupation in prehistoric Mirzapur were geospatially examined, and specific weight factors were allocated in terms of the location of the archaeological sites [29]. After completing this step, an integration of all the defined key variables was carried out in a GIS environment using weighted overlay techniques and Fuzzy Logic System.



A set of seven key combinations of variables was then chosen (Table 1) to characterise areas where probable sites might be found. Combinations of geological, geo-morphological, geo-mineralogical, hydro-geological, and geo-technical variables associated with all the documented sites of different cultural periods were subsequently extracted to build a predictive model to characterise the prehistoric sites on the landscape. These combinations can provide different weightings of the variables (Table 2). Thematic maps as predictive models were then generated by integrating the data, in terms of nature, quality, and quantity, into a suite of sophisticated statistical software to characterise the existing rock-shelter sites and to identify areas of high potential to find sites of different and/or similar cultural periods with similar attributes [30]. The distribution of known and documented rock art sites was then compared to the model prediction, and a map was presented in order to understand and visualise how the parameters and their inter-relationships directly connected with the pattern of sites.



While conducting the systematic survey and exploration in the field, various types of maps were used, including Survey of India topographical sheets, district resource maps, road maps, tourist maps, and local maps found in literature reviews. As the area of exploration was extremely remote and administrative boundaries recently underwent drastic changes when Sonbhadra received the status of an independent district from Mirzapur, all the maps and local oral anecdotes were used in conjunction to explore the sites. Coordinates of the sites and those of important landmarks were obtained by handheld Garmin e-Trex 60. After three seasons of field work, the baseline maps were created in the laboratory. The SRTM digital elevation model was used to calculate slope and aspect of the area and topographical sheets and other maps were digitized and georeferenced to obtain geomorphology, geohydrology, geo-mineralogy, and geology maps. All these constituted part of the input datasets.



Multi-criteria analysis and Fuzzy logic were then implemented in tandem, first to understand the nature of the field data and then to understand how both techniques impart similar results for predictive modelling in terms of rock-art site prospection and future work. Although the technical applications of MCE weight assignment and fuzzy logic have been arbitrary, they have shown extremely useful for spatial analysis, integration, and modelling. Both techniques are briefly described in the following sections.




4. Multi-Criteria Evaluation (MCE) and Weighting Assignment


The MCE analysis is mostly based on Analytical Hierarchy Principle (AHP) given by [31]. In MCE, a pair-wise comparison is used for the selection of preferences for both criteria and choices. It is a 9 ranking scale to compare choices in the model, in which 1 represents the least weight followed by 2 to 9 in ascending order of importance. After pair-wise comparisons on criteria, a matrix representation of the model is obtained called as the ‘decision matrix’. A linear algebra transformation of the decision matrix was then used. The consistency of the selection and the knowledge-based judgments involved are dependent on the eigenvalue of the decision matrix, which finally leads to the consistency ratio calculation for the preference of choices, which should be less or equal to 0.1. The first step in calculation of the consistency ratio is the calculation of the consistency index (which is the maximum eigenvalue of the comparison matrix). The Consistency Ratio (CR) is a result of the division of the Consistency Index (CI) by the Random Inconsistency index (RI). The numerical basis of the MCE is represented through the Equations (1)–(3).



The priorities of the criteria are estimated from the principal eigenvector “e” of the matrix “M”, calculated from Equation (1):


   M e =  λ  max   e     



(1)




in which λmax is the largest eigenvalue of the matrix “M” and the eigenvector “e”. The eigenvector obtained is then normalized to yield a vector of weights corresponding to individual attributes.



The Consistency Ratio (CR) and Consistency Index (CI) are calculated to determine whether the evaluation is successful or not [11]. CR < 0.1 indicates good consistency [31]; however, if it is >0.1 the comparison is inconsistent and hence there appears a need for reassessment. The CR and CI can be expressed by Equations (2) and (3), respectively:


   C R = C I / R I     



(2)






   C I = (  λ  max   − n ) / ( n − 1 )     



(3)




in which n is the number of variables and RI is the Random Inconsistency Index.



In this study, expert knowledge-based rank assignment is used for all the variables used, decided after the MCE. All the datasets are then overlaid on a GIS platform and integrated based on the degrees of influence on prehistoric rock art occurrences using a weighted overlay analysis. More details about this methodology can be found in [31,32,33].




5. Fuzzy Logic System (FLS)


Fuzzy logic is fundamentally a supervised, semi-automatic algorithmic classification schema [34,35] in which archaeological elements can be embedded. Depending on the nature of membership function, different parameters and/or a set of parameters can be chosen to compare, associate, identify, and describe relationships among different elements of a membership function. Zadeh implemented fuzzy set theory to produce domain-specific outputs in which the variables under question represent non-linear relationships and enhanced complex interactions [36]. Deploying standard statistical measures, fuzzy set theory handles a small fraction of the entire decision spectrum, particularly in the case of data-sparse domains, when the data input is large but the knowledge domain is small, enabling real-time decision making [37]. Following this method, a combination of several classes of output can be generated. In FLS, numerical sets are replaced by precise linguistic variables denoting associated levels of membership depending on categorical input and output [38]. Fuzzy logic considers the intermediate and uncertain values as crisp inputs. Fuzzy sets can trace and quantify uncertainties within the data, efficiently overriding intrinsic subjectivity within the data domain by means of fuzzification, in which crisp variables are altered into fuzzy or continuous inputs [39]. Membership functions (MF) can be defined by various structures in which the most predominant ones are bell curves, triangular, and trapezoidal. The numbers of domain specific variables are proportional to each and every MF, predefined by individual input/output. Fuzzy sets recognize 1 and 0 as defined membership functions, in which 0 is false and 1 is true.



The functions are described by four parameters x1, x2, x3, and x4, in which x1 and x4 locate the “feet”, while x2 and x3 denote the “shoulders” of the trapezoid. The membership functions for rock art detection use the trapezoidal function model (Figure 2) and can be defined as


     f  (  x ,  x  1 ,      x 2  ,  x 3  ,  x 4   )  = m a x  (  m i n  (    x −  x 1     x 2  −  x 1    , 1 ,    x 4  − x    x 4  −  x 3     )  , 0  )      



(4)







While applying the criterion of FLS in rock art research (Figure 2 and Figure 3), the crisp inputs include vicinity of water resources, geomorphology, geohydrology, geology, geomineralogy, aspect, and slope, while the crisp outputs are the category of the rock art sites that establish low, moderate, and high parameters set for the rock-shelters. For all the rules the AND fuzzy operations are applied, and the intersection or minimum between the two sets can be expressed as


      μ a    ∩  ​   μ b    ∩  ​   μ c    ∩  ​   μ d    ∩  ​   μ e    ∩  ​   μ f    ∩  ​   μ g  = min  [   μ a   ( x )  ,  μ b   ( x )  ,    μ c   ( x )  ,  μ d   ( x )  ,  μ e   ( x )  ,    μ f   ( x )  ,    μ g   ( x )   ]      



(5)




in which μ is the degree of truth for each crisp input, and a, b, c, d, e, f, and g are the variables—vicinity of water resources, geomorphology, geohydrology, geology, geomineralogy, aspect, and slope, respectively.



An overview of the methodology adopted in this study is provided in Figure 4.




6. Results and Discussion


6.1. Categorisation and Weighting Assignment of Thematic Layers


The various thematic layers digitized and generated in this study form the basis of AHP-MCE. In this section, all the thematic layers are discussed in terms of their suitability towards the rock art prediction. The 1–9 value based ranking criterion was used for the pair-wise comparisons and subsequently for the weighting calculation.



6.1.1. Vicinity of Water Resources and Archaeological Site Locations


The most striking feature of the area surveyed is the undulating hills and small hillocks representing forest cover within the valleys. It is expected that prehistoric foragers and hunters of game collected local forest produce and exploited the water resources from the catchment area for their survival. The presence of several water resources in these forest areas is likely a useful predictor of rock art creation, as prehistoric humans, like every living, being must have required constant source of water for their livelihood. Hence, the probability of having rock art areas near water resources is more justifiable than in faraway areas.



In order to delineate the possible impact of water resources, the buffer map of the vicinity to water resources with different colour regimes is generated with an interval of 3 km, and the classes obtained are on the basis of the vicinity to water resources (Figure 5a), named as near, intermediate, and far. These criteria receive individual values of 9, 4, and 1, respectively. The highest value represents considerably close proximity between the painted shelters and water resources. All the surveyed sites of South-Western and part of Central Mirzapur are situated very close to water resources. The parameter of water resources has been given a normalized weighting of 2.35%, much lesser than other parameters like geology and geomorphology, since it is difficult to ascertain the changing relationship of landscape and water resources both in the present and in the past, which, by and large, is highly dependent on the local climate and environment. The model here predicts and follows the same logic for the existence of similar shelters in Eastern, Central, and South-Eastern parts of the Mirzapur district. Where waterbodies are present in the catchment and microregion, there is a high probability that prehistoric sites will also be there. The proximity to water would mean higher chances of the presence of a rock art site than location further away, as [40] has mentioned that these hunter-gatherers generally confined activity to 10 km from their base points.




6.1.2. Influence of Geo-Morphological and Geo-Hydrology on Archaeological Sites


The geomorphology of the study region is shown in Figure 5b. It is covered by the Banda Plain (43.30% of the total landmass) along with the Older Flood Plain (4.15%), Varanasi Plain (19.55%), and the Vindhyan Plateau (33.00%). From the point of view of the geotechnical characters, the region of Mirzapur is comprised of alluvium (66.17%), older sediment (4.75%), quartzite (28.15%), and silt clay (0.93%). The quaternary deposits of the Son valley have been divided into five alluvial formations, the Sihawal, Khunteli, Patpara, Baghor, and Khetaunhi formations [41]. Several fieldwork visits have indicated that the rock-shelters are largely located in the plateau area and not on the plains. This distinction is quite stark. Prehistoric settlers appear to have followed the geomorphology of sandstone formations in the region for painting activities. The plains have far fewer rock art sites, although all the geomorphological parameters here have been given equal stress to provide a detailed glimpse of the region, both for present times and the past to delineate the preferences of the prehistoric hunter-gatherers.



The parameter of geomorphology has been given a normalized weightage of 24.90%. The Vindhyan Plateau, Banda Plain, Varanasi Plain, and Older Flood Plain received individual values of 9, 5, 3, and 1 depending on the presence of previously documented and newly found archaeological sites in each group. In Mirzapur, for example, most rock-shelters are situated in the Vindhyan Plateau.



Geo-hydrologically (Figure 5c), recent alluvium comprises 3.45%, sandstone comprises 74.20%, and older alluvium is 22.35% of the total geographic area. Geo-hydrology here has been an important criterion to assess the availability of water resources near to the rock art sites. The groundwater here is mostly restricted to the weathered residuals of sandstone, dolomite, and limestone fractured zone. Beneath the recent alluvium, older alluvium, silty clay, and sand, the groundwater is confined down to 300 m. All of the painted rock-shelter sites here are made of sandstone, which covers a large part of Mirzapur. The parameter of Geohydrology has been given a normalized weightage of 15.55%. The individual criterion sandstone, older alluvium, and recent alluvium received values of 8, 4, and 1, respectively. Sandstone obtained the highest value, since all the sites are congregated in sandstone hills in Mirzapur.




6.1.3. Impact of Geological Distribution on Archaeological Sites


Geologically (Figure 5d), the region of Mirzapur is comprised of alluvium (66.17%), older sediment (4.75%), quartzite (28.15%), and silty clay (0.93%). Older sediment represents the location for most of the surveyed sites in the region. The Ganga is the major river of Northern India, situated to the North of the Narmada river, and joined by various rivers from Southern India. Around 60 million years ago, the Deccan Trap basalt erupted in India, then situated near the equator, to create the present-day stream system. Intensive and extensive research conducted in past decades on sections of Belan and Son valley has led to the discovery of many Acheulian sites with stratigraphic control. Fluvial deposits on several occasions revealed stone tools ranging from the Acheulian to the Neolithic, and fresh field observations complement the fact that prehistoric tools primarily made of crypto-crystalline and occasionally quartzite are abundant in and around the area of Mirzapur. Srivastava [42] proposed three distinct climatic phases on the basis of calcrete formations in the alluvial sequences of the Ganga-Ramganga interfluves reinforced by clay mineralogical data. The stratigraphy of the Holocene period in the alluvial plains mainly represents the interposition of Aeolian and Lacustrine deposits. This reveals high-frequency changes in the hydrological system activated by monsoonal inconsistencies. The parameter of hydrogeology has been given a normalized weightage of 38.60%. In the local geology, painted sandstone shelters located in the older sediment and alluvium together might delineate the choice of the mobile hunter-gatherers in terms of prehistoric site selection and mobility pattern. This is why, in the ranking criteria, older sediment, alluvium, quartzite, and silty clay have been given individual ranks of 9, 7, 3, and 1. The sites are located in rocky regions where sandstones are plentiful and they are located away from the alluvial plains. It is quite probable that prehistoric hunter-gatherers deliberately avoided the alluvial plains due to natural hazards like flood. The rock art sites might have been used as areas of congregation and the imageries probably assisted the prehistoric dwellers to communicate group identities among several small bands.




6.1.4. Geo-Mineralogy and Distribution of Archaeological Sites


From geo-mineralogical point of view (Figure 5e), the Banda Alluvium represents 34.93%, Laterite 1.62%, Middle Vindhyan 30.81%, Terrace Alluvium 7.83%, Upper Vindhyan 4.01%, and Varanasi Alluvium 20.80% of the total lithological unit. The model of geo-mineralogy of the area predicts that the Middle Vindhyan unit of the district is equally important in terms of finding and locating new prehistoric sites, adding cultural heritage value to the region. Together, the Banda and Varanasi Alluvium forms the older alluvium group that is lower to Late Pleistocene in age. The Banda Alluvium is comprised of polycyclic sequences of grey to yellowish grey clay and silt with quartzo-feldspathic sand, whereas the Varanasi Alluvium shows evidence of polycyclic sequences of yellowish brown to khaki silt clay with ferruginous sand and kankar. The lower, middle, and upper Vindhyan, together known as the Vindhyan supergroup, forms one of the largest and thickest sedimentary successions in the world [43]. The Middle Vindhyan unit forming the Kaimur group is composed of quartzite and shale and is Neo-Proterozoic in age. Similarly, the Upper Vindhyan is composed of shale and sandstone and forms the Rewa group. Terrace alluvium, being Holocene in age, forms the newer alluvium group and has an alternate sequence of grey to khaki silty-clay and sand. Finally, the laterite capping with dark brown and maroon colour with dense limonite forms a part of the lithological unit. The parameter of geominerlogy has been given a normalized weighting of 9.5%. The Upper Vindhyan, Banda Alluvium, Middle Vindhyan, Varanasi alluvium, Laterite, and Terrace Alluvium received values of 9, 8, 6, 4, 2, and 1, respectively. The Upper Vindhyan group, having received the highest value, indicates its association with the maximum number of sites in the region. The values decrease gradually as the number of sites decrease in the other regions. The hunter-gatherers used crypto-crystalline materials, such as locally available chert, chalcedony, quartz, jasper, agate, and other such materials, to make prehistoric tools like blades, scrapers, burins, awls, points, etc. On-foot surveys and field-work in this region suggest that the Upper Vindhyan group provided ample raw materials to the prehistoric hunter-gatherers to make stone tools. The presence of greater number of painted rock-shelters in this region, along with raw materials for stone tool production, is probably, therefore, no coincidence, and it is important to understand and acknowledge the geo-mineralogical component to understand the availability of local raw materials and their proximity to painted rock-shelters.



There is some overlap between geohydrological and geological types (e.g., alluvium), but function-wise they have different operations. One type is more related to age of formation (geological), while the other type is related to hydrological behaviour of stratum (geohydrological). This is the set standard criteria followed by geologists. Alluvium classes are further refined in the geohydrological maps as recent alluvium, older alluvium, and sandstones. However, geologists focus on broader classes and their formations. That might be the reason distribution is not exactly the same in the thematic layers.




6.1.5. Aspect Maps in Relation to Archaeological Sites


The aspect maps of the area were divided into eight classes: namely, East, North-East, South-East, West, North, North-West, South-West, and South (Figure 5f). The highest values of 9, 7, 6, and 5 are given to East, North-East, South-East, and West, whereas lowest values of 4, 3, 2, and 1 have been assigned to North, North-West, South-West, and South. The Eastern aspect generally receives more sunlight than the Western one. The weightings also reflect that in this area North, North-West, West, and South-West slopes generally provide greater opportunities for rock painting to occur, since the creation of rock arts requires good sunlight. For the same reason, North-East, East, South-East, and South slopes are subject to lower weightings. The aspect parameter has been given a normalized weighting of 3.44%. This parameter is also important when analysed with emphasis on the role of social choice and the production and consumption of rock art in the past. Sites facing specific directions that have paintings at specific locations of the rock-shelter suggest the existence of ritual/sacred sites and/or hidden sites within an artificially constructed and contested landscape within the natural setting.




6.1.6. Impact of Slope on Archaeological Sites Distribution


Topography is an important physiographic factor related to human, wind, and flood behavior, and hence has the potential to affect the creation of rock art and the archaeology of an area. The area under study is very close to the River Ganges, which is perennial in nature and responsible for frequent flooding in the region. An area with very low slope has a greater chance of flood risk than a higher one. Therefore, the chances of finding rock art increase more towards higher slope than lower ones. The DEM (Figure 5g) of the area is converted into slope with only two categories, termed as low and high slope shown in Figure 5h. The frequency of sites decreases gradually with a lower slope. The locations of the sites reveal that almost all are situated in higher slope areas along the South-Western parts of the Mirzapur district. The slope parameter has been given a normalized weighting of 5.65%, in which high and low slopes take the values of 8 and 1, respectively. Characterising the present sites in terms of slope, the model predicts the possibility of finding other sites in the higher slope areas of the Mirzapur. Enhanced density of rock-shelters occurs at higher elevations, suggesting sacred or ritual sites hidden within the thickly vegetated forest cover and the presence of fewer sites at the lower elevations along the small rivulets suggests camp sites where the prehistoric hunter-gatherers might have preferred to carry out their utilitarian activities. By considering all the above parameters, the following equation (Equation (6)) has been estimated for the Delineation of Rock Art (DRA) using the weighting as provided by the MCE analysis, which is discussed in Section 4.


    D R A = 38.6 * G e o ​ log ​ y + 24.9 * G e o m o r p h o   log ​ y + 15.55 * G e o h y d r o ​ log ​ y + 9.5 * G e o ​ min ​ e r a ​ log ​ y +     5.65 * S l o p e + 3.44 * A s p e c t + 2.35 * V i c i n i t y   o f   w a t e r   r e s o u r c e s      



(6)









6.2. Rock Art Prospection Using the Fuzzy Logic System


The fuzzy logic approach helped substantially to understand the distribution of rock art sites in a region that vividly demonstrates the prehistoric land use patterns determining locale, the vicinity to water resources, and the availability of sandstone rock-shelters, both large and small, for painting activities and congregational and other ritualistic purposes.



Apart from the AHP-MCE based method, for a given location the fuzzy logic uses the seven crisp inputs—vicinity of water resources, geomorphology, geohydrology, geology, geomineralogy, aspect, and slope, and outputs the likelihood of painted rock art sites as Low (L), Moderate (M), and High (H). Likelihood categories can be produced with the help of a MFs graph that defines how each point in the input space is mapped to a membership value between 0 and 1. The input space in fuzzy logic refers to the universe of discourse, which contains all the possible elements of concern for rock art mapping. In Figure 6, the values L, M, and H denote the universe of discourse. We might say that the one is higher than the other, but such distinction is generally unhelpful, as it is not clear by what degree one is higher than the other. A better way of defining is through graphical representation, showing a smooth varying curve that passes from low to high. The output axis is a number known as membership value, between 0 and 1. The transition from low to high is known as membership function, which shows a significant difference between the categories chosen. Input variables for rock art prediction are chosen based on their ranking and feature score, e.g., the MFs for geology has four variables: older sediment, alluvium, quartzite, and silty clay, categorised as Very High (VH), High (H), Moderate (M), and Low (L), while geomorphology has also four variables, Vindhyan Plateau, Banda Plain, Varanasi Plain, and older flood plain, categorised as Very High (VH), High (H), Moderate (M), and Low (L). Similarly, the other crisp inputs used in this study can be generated through Table 2 with respect to their features and categories. The variables used in the FLS are briefly discussed in 5.1 and its subsections with respect to their influence on rock art sites and ranking. These crisp fuzzy inputs are assimilated into the inference in which the fuzzy rule base manages the inference for yielding a crisp fuzzy output (Figure 6). The degree of membership is determined based on the relations between the inputs, for which the desired output can be achieved. By taking the criteria (defined by the weightings in 6.1) as the vicinity of water resources, aspect, geo-hydrology, and slope are Low, and geo-mineralogy, geo-morphology, and geology are High; the rock art sites predicted by the model yielded a higher performance. (For these inputs, probability of finding new rock art sites was much more plausible and feasible than for the other possible assumptions).



According to the fuzzy logic, far Eastern and Northern parts of Mirzapur demonstrate fewer rock art sites, being very close to the Ganga river and on the floodplain, while the Southern and South-Western parts of Mirzapur represent higher concentrations of rock art. The sites are mostly located on the hilly terrains of Vindhyan Plateau. The Low, Moderate, and High regions given by the fuzzy logic model correspondingly signify the presence of no/lesser rock art, very few sites, and highly painted rock art sites, respectively.




6.3. Validation of the Predictive Model


Field-work and exploration in Mirzapur and adjoining regions over three years revealed many new painted shelters with archaeological deposits in them. To support the results, a plethora of stone tools (Figure 7) have been found from the painted rock art sites, indicating rich archaeological deposits. Some examples of rock art discovered are shown in Figure 8. The images have been enhanced using D-Stretch software for better visibility, as the actual images are quite discoloured and faded, and it is quite difficult to distinguish several of the motifs and other associated imageries. Almost all the surveyed rock-shelters that had paintings are entirely made of sandstone [44,45]. Survey suggests that some rock-shelters in this region might have had rock-paintings in the past, but due to anthropogenic, climatological, and, mostly, taphonomic action, the rock art is rapidly disappearing from these sites. The sites are more frequently found distributed away from the major rivers of the region, such as the River Ganges. They are situated along the small seasonal and/or perennial streams and springs. The South-Western part of Mirzapur represented the highest density of rock art clusters (see Figure 9). The South-Western part is located in the rocky outcrop of the region, a natural choice for the hunter-gatherers to look for rock-shelters made of Vindhyan Sandstone for painting purposes, offering a suitable region of interest, whereas the North-Eastern part is situated near to the Ganges flood plain, particularly in the alluvium rich area.



Nearly 30 rock art clusters have been discovered in the region. The field data clearly suggests a preponderance and congregation of sites at the higher elevations and along the South-Western part of Mirzapur. The validation MCE-GIS simulated results show that out of 30 rock art cluster points obtained using GPS (Global positioning System), 25 points are falling where the model simulated results indicated a very high chance of rock art with an accuracy of 83.33%, and the remaining 5 points fall within regions low and moderate probabilities (accuracy 16.67%). Similar validation results are also obtained in the case of fuzzy logic, which indicates that both methods are performing equally well (Figure 9). The main advantage of AHP-GIS has been its easy implementation and lower complexity compared to fuzzy logic, which requires more sophisticated computation. The application of fuzzy logic has been useful in this research, since it not only confirms an already deployed MCE-AHP model but is also in agreement with the field data. All the models envisaged in this study are in full agreement with the field-work data and can be implemented for future research work in adjoining regions.





7. Conclusions


Research and surveys have demonstrated the role of geography and geology in determining the choices of the hunter-gatherers in terms of the production of rock art at these sites. The application of predictive maps in the near future would save significant time and other resources related to original research work. This research successfully enabled the mapping of the rock-shelters in different parts of Mirzapur, modelling them for different elevations and regions. The location and characterisation of the rock-art sites in the present day landscape context have been revealed using GIS, field-work, and satellite topography data, in addition to the Fuzzy Logic System. These tools were found to be effective and efficient at building a model for visualising and understanding the spatial distribution of the factors influencing prehistoric social choice behind the formation of painted archaeological sites. The database built into this study provides a useful starting point to better understand the unresolved problems of rock art evolution, along with the formation and possible relationship between the archaeological sites of Mirzapur in the past and the present-day landscape. Both the sandstone rock-shelters and landscape are immobile and not susceptible to large scale changes. This methodology would aid the exploration and detection of several other potential sites within and outside the surveyed region, examining the concept of sacred and camp sites and their hidden and open aspects within the landscape.



The whole of the Central and Southern region also showed moderate potential for the presence of many new and previously undocumented rock art sites. Future research work in these regions and localities along the local streams and rivulets might produce numerous further occurrences of painted sites. Regions in close proximity to the river did not reveal the presence of any rock art site from the survey and exploration. More research in the near future would pave the way to create a contingency plan to conserve and preserve the cultural heritage of Mirzapur and adjoining regions by exploring and documenting the existing sites throughout this part of Central India. This work will further help to identify the rock art sites of neighbouring districts, while the methodology delineated here could be superimposed on other potential archaeological landscapes across India as a whole. It is expected that this work will open up new avenues in the field of remote sensing and geographical information systems application in archaeology.
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Figure 1. Location of study area (Mirzapur, India). 
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Figure 2. Conceptual model of trapezoidal membership function. 
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Figure 3. Fuzzy architecture employed in this study. 
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Figure 4. Overview of the methodology used in this study. 
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Figure 5. Different thematic maps used in this study: (a) vicinity of water resources from archaeological sites, (b) geomorphology, (c) geohydrology, (d) geology, (e) geomineralogy, (f) aspect, (g) exaggerated DEM, (h) slope of the study derived from DEM. 
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Figure 6. Fuzzy logic output. 
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Figure 7. Non-patinated microliths from one of the painted rock-art sites in Mirzapur. 
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Figure 8. Painted rock shelters discovered during the field survey (a) Battle scene (b) Painting of Deer (c) Pair of Deer (d) Group of animals and hunting expedition. 
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Figure 9. Rock art sites based on (a) AHP-MCE approach and (b) Fuzzy logic. 
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Table 1. Weighting values of the variables.
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Geology

	
Geomorphology

	
Geohydrology

	
Geomineralogical

	
Slope

	
Aspect

	
Vicinity of water resources

	
Normalized Weights (%)






	
Geology

	
1

	

	
38.6




	
Geomorphology

	
0.5

	
1

	

	
24.9




	
Geohydrology

	
0.25

	
0.5

	
1

	

	
15.55




	
Geomineralogical

	
0.167

	
0.25

	
0.5

	
1

	

	
9.5




	
Slope

	
0.143

	
0.167

	
0.25

	
0.5

	
1

	

	
5.65




	
Aspect

	
0.125

	
0.143

	
0.167

	
0.25

	
0.5

	
1

	

	
3.44




	
Vicinity of water resources

	
0.111

	
0.125

	
0.143

	
0.167

	
0.25

	
0.5

	
1

	
2.35




	
CR

	
0.061
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Table 2. Weighting values and consistency ratio according to different parameters.
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	S.No.
	Theme
	Overall Rank of Theme
	Weighting
	Feature/Variable
	Individual Rank of Feature
	Consistency Ratio
	FLS





	1
	Geology
	9
	38.6
	Older sediment
	9
	0.06
	VH



	
	
	
	
	Alluvium
	7
	
	H



	
	
	
	
	Quartzite
	3
	
	M



	
	
	
	
	Silty clay
	1
	
	L



	2
	Geomorphology
	8
	24.9
	Vindhyan Plateau
	9
	0.07
	VH



	
	
	
	
	Banda plain
	5
	
	H



	
	
	
	
	Varanasi plain
	3
	
	M



	
	
	
	
	Older flood plain
	1
	
	L



	3
	Geohydrology
	7
	15.55
	Sandstone
	8
	0.08
	H



	
	
	
	
	Older alluvium
	4
	
	M



	
	
	
	
	Recent alluvium
	1
	
	L



	4
	Geomineralogical
	6
	9.5
	Upper Vidhyan
	9
	0.07
	VH



	
	
	
	
	Banda alluvium
	8
	
	H



	
	
	
	
	Middle Vidhyan
	6
	
	M



	
	
	
	
	Varanasi alluvium
	4
	
	L



	
	
	
	
	Laterite
	2
	
	VL



	
	
	
	
	Terrace alluvium
	1
	
	VVL



	5
	Slope
	4
	5.65
	High
	8
	0.00
	H



	
	
	
	
	Low
	1
	
	L



	6
	Aspect
	2
	3.44
	East
	9
	0.05
	EH



	
	
	
	
	North-East
	7
	
	VVH



	
	
	
	
	South-East
	6
	
	VH



	
	
	
	
	West
	5
	
	H



	
	
	
	
	North
	4
	
	M



	
	
	
	
	North-West
	3
	
	L



	
	
	
	
	South-West
	2
	
	VL



	
	
	
	
	South
	1
	
	VVL



	7
	Vicinity of water resources
	1
	2.35
	Near
	9
	0.02
	H



	
	
	
	
	Moderate
	4
	
	M



	
	
	
	
	Far
	1
	
	L







EH = Extreme High, VVH = Very Very High, VH = Very High, H = High, M = Moderate, L = Low, VL = Very Low, VVL = Very Very Low.
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