
ISSN 0975-6175 (print) /2229-6026 (online)  | CODEN SVCIC9 

© The Author(s) 2024| Published by Mizo Academy of Sciences | CC BY-SA 4.0  

 

 

Received 27 Jun 2025 
Accepted 31 Jul 2025 

 
*For correspondence:  

zaman.farha@outlook.com  
 

Contact us: 
mizoacadsci@gmail.com   

 

The Brahmaputra valley was formed by stratified deposits of Palaeo-Proterozoic to 
Recent sediments that were drained from the Himalaya, Assam-Arakan, and 
Shillong-Mikir Hill ranges. The underlying hydrogeologic system was developed by 
alluvium (sand-silt-clay mixtures) layer. Several ancient kingdoms have thrived 
because of this hydrogeologic environment as a whole prior to the Ahom dynasty 
(1228-1826 AD). Ahoms were the final monarchs and they made a major impact on 
Assam’s history, particularly about pond building methods. This study has 
investigated tectonic and hydrogeological aspects of the major pond series in the 
Sivasagar District, Assam, using satellite imageries, subsurface lithologic 
distribution (panel or fence diagram from boreholes data), water table, and surface 
water variation. The regional groundwater flow is parallel to the east-west linearly 
aligned major ponds. The moat, or jamuna, that is built around these large ponds 
plays a vital part in preserving the water level. The sandy clay layer is found on top 
of the aquifer creating confined aquifers that have kept the water pressure 
constant, with the foothills having the maximum water pressure. Majority of ponds 
close to the foothill, therefore, do not need Jamuna surrounding them. The area is 
controlled by the splaying of the Jorhat Fault, the Naga Thrust zone, and local 
tectonic features. Conversely, the water from the Jamuna, paleo-channels, and 
channels has fed the large ponds in the valley. The water level has been sustained 
by the hydrogeologic environment as well as the link between the Jamuna and the 
ponds' effluent-affluent groundwater.  
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designs and the unorthodox approaches used for 
such construction is unparallel and is no less than 
any aesthetic design and architectural technologies 
of present times.8 Their medium of construction 
was evolved with time, from perishable materials to 
brick and lime mortar.9,10,11 In Sivasagar (earlier 
known as Sibsagar), there were more than 170 
Pukhuris i.e., ponds or tanks, many of which now 
have been dried up, encroached, and filled up. The 
ponds were built at an elevated part from the 
surroundings and have thick boundaries. They also 
constructed temples on the bank, which might be 
one to four in number.12 There is a historical 

Introduction  
 
In the 18th century, the ruling Ahom dynasty 

(1228-1826 AD) of the plains of Brahmaputra 
Valley, Assam of northeast India (Fig. 1 and 2) had 
constructed many monuments like mounted 
domes- Moidam, cultural and royal palaces- 
Ghars, Temples and man-made ponds or the 
Pukhuri (Fig. 1). They constructed such 
architectural marvels with ancient myths based on 
futuristic approach and understanding of geology 
and engineering. Most fascinating among all 
these features are these ponds of varying 
sizes.1,2,3,4,5 The Ahom’s were advanced in matters 
of science and technology.6,7 Their creativities, 
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Figure 1.  Location map of the study area representing (A) the tectonic factors associated with eastern 
part of the Brahmaputra Valley once ruled by the Ahom Kings. They constructed (B) Several 
big pond or Pukhuris, (C) Moidams and (D) Temples  

Figure 2. Regional Tectonic setup of the Brahmaputra Valley which is also known as Assam Valley, 
northeast India. The Red box indicating the study area (Map from Berger et al.41).  



36  www.sciencevision.org 

Volume 25 | Issue 1-3| Jan – Jul 2025 

 

 

significance of ponds in Brahmaputra valley, both 
during pre- and post- Ahom times. Many 
kingdoms like Danov, Borman, Shalstambha, Pal 
etc. have ruled the historical Kamrup State across 
the Brahmaputra Valley during pre-Ahom era 
(Barpujari12 and references within). There are many 
evidences indicating digging or construction of 
ponds during their respective regimes. Seventh 
century famous king Bhaskar Borman had 
constructed many reservoirs.1 On the other hand, 
Pal kingdom also built many temples in the entire 
Brahmaputra Valley.4 Jitari, Bhuyan-Samanta, 
Chutia, Kachari, and Koch people afterwards 
prioritized excavating and building ponds.3,4,6 

There are numerous Chutia Kingdom remains, 
including the ponds they built, in the modern 
Lakhimpur district of Assam (such as Gorkhiya Dol 
or the temple in Dhakuakhana) and Siang district 
of Arunachal Pradesh. Along the banks of the 
Dibong and Dikrong Rivers, British army 
commander Captain Hannay recorded the remains 
of old temples and ponds. Ponds were utilized by 
the Kachari tribe to define the border in the 
Gaurisagar area of the Sivasagar district. The 
Silpukhuri ponds, which are designated as the 
Kachari and Ahom kingdoms' border, are located 
in each of the Hatighuli, Mitong Naktani, and 
Khonakhokora localities.4,7,9 

 
Several ponds were built during the Ahom 

dynasty, including the well-known Sivasagar, 
Joysagar, Rudrasagar, and Gaurisagar as well as 
other smaller ponds to show respect for the Kings, 
Queens, and other significant people.1,5 Ponds 
were utilized to store water and used to produce 
fish, crops as well as in royal rites. Additionally, 
water sports were practiced here. Their building 

process largely hinges on the lunar tide cycle first, 
followed by locating an artesian aquifer or spring 
source. Pond construction is under Chang Rung 
Phukan's (a gazetted officer in the Royal assembly) 
supervision. The source is entered using a long, 
pointed stick or piece of hollow wood with a sharp 
bottom end. Later, large tree trunks with an 
outside surface spiraling inward are put in the 
center, known as Nagmaari. At the base of it, a 
Tamrapatra (special copper sheet) is positioned. 
The Tamrapatra is covered in specially made juice 
while also being topped with charcoal or stone 
fragments. The water is filtered using this process.7 

From high to low areas, fireclay and iron rods 
connect each of the ponds. Their construction 
strategies for the future, however, have never been 
examined in such depth previously. Ahom built the 
pond by digging only to some meters and then 
dug up the outer boundary as a closed water 
channel surrounding the main water body (Fig. 3). 
This was called as Jamuna or moat. It has very 
significant role in maintain the water level in the 
main pond, however exact process was not 
discovered which drives this research work. These 
water bodies might have important role in 
maintaining the ponds throughout. This worked as 
a system and somehow maintained the water level 
for ages. Though there are some hypotheses 
behind this but no one has ever proved how the 
water level is maintained throughout different 
centuries in all seasons. This also works as water 
reservoir which might be related to their 
preparation for any dry season or high heat 
conditions; though this area is subjected to high 
precipitation due to Indian Monsoon. Moreover, it 
might also work as flood water management 
system to uphold the excess water during the 

Figure 3.  Ahoms’ built moat, locally known as Jamuna which helps to maintain the water level in the 
ponds. The sketch after Chauley10. 
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rainy season.  
 
The proposed area under this study lies within 

the Ahom’s capital region in Assam valley 
bounded by the Himalayas in the north and Naga 
Hills in the south. It comprises of alluviums with 
shelf (Mikir Hills) and geosynclinal facies-Naga 
Hills.5 There are many tectonic features present in 
the region including some major faults such as 
Naga-Disang thrust zone in the south, Jorhat Fault 
in the west and geologic features like Nazira Low 
in the eastern side as shown in Fig. 1A.13,14,15 The 
Naga-Disang fault zone is comprised of thrust 
splays that includes minor sub-Thrusts.4,5,16 It has 
pronounced effect on the tectonics of the region. 
These thrusts are active and a number of local 
faults have generated due to ongoing deformation 
in the foothill area because of splaying from the 
Naga Thrust.16,17,18,19 The study area falls under the 
direct influence of the Naga orogeny together 
with influences of climate that gave rise to present 
topography. Tectonic control and thereby the 
hydrogeologic factors on the formation of the 
Brahmaputra valley shape both the distribution of 
the natural water bodies as well as the civilization 
on the northeast India. The age of the geological 
formations of the Brahmaputra valley spans from 
the Palaeo-Proterozoic to the recent.20,21,22,23 The 
older rocks consist of a complex of metamorphic 
gneiss to schist rocks. Quartzite and phyllite make 
up the Neo-Proterozoic group, which is overlain 
by continental shelf sediments from the lower 
Tertiary that date back to the Eocene, shelf 
sediments from the upper Tertiary to Oligo-Mio-
Pliocene, and undifferentiated older and younger 
alluvium from the Quaternary.24-32 In the 
Brahmaputra flood basins, significant rainfall of up 
to 400 cm per year enables adequate groundwater 
replenishment. According to Central Ground Water 
Board33, the groundwater table typically sits 10 m 
or less below ground level. Additionally, the 
groundwater exists in both confined and 
unconfined settings. This also reflects in the 
various water bodies present in the valley.  

 
In the present context, study of the human 

made water bodies i.e. the ponds were undertaken 
which seems to be aligned along the Naga thrust.5 
The recharge zone is located at a higher level in 
this region. As it is observed that south of Jorhat 
fault consists of highlands whereas north part 
comprises of lowlands. Both the Naga thrust and 
the Jorhat Fault have uplifted the region over the 
course of time. The recharge zone in this region 
has been uplifted too. The Naga thrust is active in 
the present times. The neotectonic activities in the 
region indicate activeness of the same. In the 
Assam valley, the bank stratigraphy of Dikhow 
River reflects the deformation of Quaternary 

sediments like changes in dip from north bearing 
to south in different places. This deformation of 
the soft older alluvium indicates that the area is 
undergoing deformation during post-Pliocene 
time.5   

 
Regional Tectono-Hydrology  
 

The Brahmaputra basin is a composite 
foreland basin positioned between the Assam-
Arakan thrust region and the northeastern 
Himalayan foothills.34,35,36,37 The Naga Thrust and 
the Himalayan Frontal Thrust have established a 
structural triangular zone that includes the 
basin.38,39,40,41 The Himalayan orogeny to the north, 
the Mishmi thrust to the east, and the Assam 
Arakan mountains to the south have all had 
significant tectonic influences on the basin layout. 
(Fig. 2). It is distinguished by an asymmetrical 
slope that dips gradually in the direction of the 
Naga Hills in the south and the Himalayan foothills 
in the north.36,37,42,43,44,45 The Shillong plateau uplift 
to the southwest partially disrupts the northeast 
side of the basin, which is terminated at the 
Mishmi Thrust to the northeast. The central 
basement of the basin has undergone intense 
flexure and structural arrangements because of the 
Indian Plate's convergence with the Eurasian plate 
and its collision with the Burmese Plate, producing 
a number of highs and lows.40,46-51 The sediments 
were separated into various lithological groups 
and placed on top of the crystalline rocks. These 
deposits, which include limestone, shales-
sandstone, coal-shale beds, significant sandstone, 
mottled and variegated clays, intercalated sands, 
and substantial alluvium cover, were created in a 
range of shallow marine, deltaic, and fluvial 
environments.35,36,40,52-57 The basin currently 
receives sediment from all three sides, i.e., north, 
south, and east, due to the massive fold and thrust 
belts that surrounds it (Fig. 2).36,40,45   

 
The Brahmaputra River basin covers 5,80,000 

square kilometers, with China (50.5%), India 
(33.6%), Bangladesh (8.1%), and Bhutan (7.8%) 
sharing it. Although the river does not pass 
through Bhutan, 96% of the nation is within its 
catchment area. The catchment area in India spans 
1,94,413 square kilometers and includes the states 
of Arunachal Pradesh, Assam, West Bengal, 
Meghalaya, Nagaland, and Sikkim. In Assam, the 
valley is primarily covered with more recent and 
older alluviums, with crystalline rock remnants 
mounting out in certain places. Most rivers flow 
down the Himalaya, Mishmi-Naga Hills, Karbi Hills, 
and Shillong Plateau during the monsoon. Most of 
the runoff water comes from this, which maintains 
the sediment flux from the incipient of the valley. 
The distribution of the sand and clay layers 
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beneath the topsoil was shown to affect the 
ground water. The Brahmaputra flood plains 
receive enough groundwater recharge thanks to 
heavy rains of up to 400 cm each year. 
Groundwater table typically sits 10 m or less below 
the surface, though susceptible to the seasonal 
variability (Fig. 4).33 The subsurface alluvium 
contains confined and unconfined groundwater. 
The aquifer is made up of sand, silt, clay, and 
gravel, with medium- to coarse-grained sand 
making up around 50% of the total aquifer 
material. The crystalline gneiss-schist complex and 
limestone are the subsurface materials in the 
center region of the Brahmaputra valley, which is 
partly mountainous.57 The horizon contains 
groundwater that travels through joints, cracks, 
and fissures. In the southern portion of the 
Brahmaputra valley, semi-consolidated sediments 
are revealed, together with mudstone and 
sporadic patches of sandstone. These result in the 
formation of regional groundwater conditions 
from 130m to 40m distributing west to east of the 
Brahmaputra Valley.  

 
Methodology  
 

For proper tectono-hydrological analysis, 
geological field-based investigations have been 
conducted in all of Assam's Sivasagar and 

Charaideo districts as well as those that bordering 
Nagaland. Pond elevation and in relation to the 
Jamuna and other neighboring areas were 
recorded during the field visit.  First, a remote 
sensing approach was used with Google Earth and 
ArcGIS, Global Mapper to analyze satellite images. 
The identification of changes in the channel 
morphology and water bodies was made much 
easier by these imageries. Additionally, the 
connection between rivers and ponds may be 
seen. In addition to direct geological research, 
water table contour maps and fence diagrams 
were produced using subsurface drilling data from 
the Public Health Engineering Departments 
(PHED). This is followed by preparation of geologic 
maps and sections. Detail studies of the geologic 
attributes would be recorded during the field 
visits. Later, the features were plotted in the 
geologic map by using GIS software.  Application 
of Geospatial technology for understanding the 
water level with respect to the surrounding 
conditions are collected and corrected with the 
field data. Correlation of the litho-logs, generated 
from the borehole data, with hydro-geologic 
studies to understand the reason behind constant 
water level. The borehole data have been acquired 
from the PHED of Sonari, Nazira and Sivasagar 
under Government of Assam. Moreover, 
topographic maps and satellite imageries were 
evaluated for identifying major active faults. 

 

Figure 4. Regional hydrogeologic map of Brahmaputra valley (source CGWB33) 
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Results  
 

The first outcome appeared from the historical 
literature which suggests the Ahom people 
possess the expertise for the pond construction. 
The indigenous knowledge system that they used 
in the identification and construction of the ponds 
became obsolete in the course of history. Satellite 
imageries and Google earth images inferred that 
the area is comprised of many small to medium 
paleochannels which became route for the 
overflow water during the floods (Fig. 1B). The 
ponds are found to be associated with these 
paleochannels either directly or indirectly. The 
three major ponds of the Sivasagar districts are 
Sibsagar, Joysagar, Rudrasagar and Gaurisagar. 
These ponds were built around the Dikhow River. 
There are three ponds on the western bank of the 
river and one on the eastern part. The perimeter 
(P) and the area (A) of these ponds are Sibsagar P 
= 2.87 km, A= 0.51 sq. km; Joysagar P= 2.84 km, 
A= 0.50 sq. km; Rudrasagar P= 2.98 km, A= 0.55 
sq. km; and Gaurisagar P= 2.82 km, A= 0.49 sq. km 
respectively. These ponds never dried up and 
therefore study of such ancient techniques might 
be the solution to water crisis. Their construction 
method of putting hollow wood and then the 
Nagmaari is very systematic way to pierce the 
aquifer in such a way that most of the 
groundwater pressure remains in the same region. 

   
In present day context, the using of borehole 

data helps us to create the subsurface lithological 
distribution as panel or fence diagram (Fig. 5) and 
water table contour map (Fig. 6). These 
illustrations indicate that the sandy clay layer 
mostly present in the top part of the entire study 
area, however, its thickness is more near the 
foothills and less towards the northern part in the 
valley. On contrary this also reflects that the 
thickness of the water rich sand layers are more in 
the valley than near the foothills, below the clay 
part. This also reflects on the regional water table 
contour map which infers that the overall natural 
flow of the groundwater is towards north-west 
meeting at the Brahmaputra. The ponds near the 
foothills or Naga Thrust do not contain any 
additional moat around it, which reflects shallower 
confined aquifer (Pond number 1-20, in Fig. 6). 
When we consider Gaurisagar, Rudrasagar and 
Joysagar ponds, it has been observed that the 
Rudrasagar present in lower than the other two, 
maintain the overall regional aspects of the 
groundwater flow. The ponds and Jamunas built 
around the ponds have a great significance. 
Jamuna maintains water level in the ponds as 
stated by many authors but how they do that was 
not clear. The graphical representations for each of 
the site indicate that water level in Jamuna is lower 

than the ponds. 
 

Discussion  
 
The Naga-Schuppen belt cause bending and 

flexural deformation the entire Cenozoic 
sediments including the alluvial which results into 
the neotectonic and active tectonic deformation. 
The major subsurface thrusting followed by 
oblique faulting of the lithostragraphic units have 
shaped the entire valley, it is the upper more 
recent sediments that cause formation of hydro-
geologic setting of the Brahmaputra Valley. 
Presence of Naga thrust, Jorhat fault, Nazira low 
and other small local active tectonic features have 
control over the subsurface and surficial landforms 
and lithological distribution and thereby the 
groundwater system. These tectonic forces, 
however, does not formed in few years and 
therefore the long scale tectonic factors have 
remained same. The forces have caused rise of the 
sand and clay layers in some places and subsides 
in some other, though very rarely in the valley (Fig. 
4). The groundwater has regional west-southwest 
trend which follows sharp change in the 
groundwater contour in the upper Assam area, 
specially around the study area.  

 
The construction of the ponds in the ancient 

Assam, especially during Ahom regime was 
remarkable and the geo-engineering aspects were 
quite ahead from their time. It is quite interesting 
that the major ponds around Sivasagar were built 
in a straight line, near east-west direction. 
Moreover, their shape is quite similar though they 
are little bit rectangular rather than exactly square, 
as mentioned by many authors.4 This infers their 
understanding of the ancient vedic knowledge 
which indicate that the such water structures are 
less susceptible to evaporation. Their entire pond 
construction method starting from exploration to 
dedication or opening for use completely based 
on ancient scientific knowledge. Exploration of the 
best site reflects either identification of water 
seepage or near surface water table. The clay 
mixed sand works well for the capillary action from 
the water table to the surface which put offs the 
diyas. Digging up of the soil layers to some extent 
lowers the ground level and in the same time 
increase the bank heights of the ponds. This helps 
to accommodate more water. Inserting a hollow 
wood works as exploratory well which would 
confirm the presence of the artesian aquifer below 
which mostly available around the sandy part of 
the alluvial. This part is thicker near the Sivasagar 
region, away from the hill fronts. When the 
Nagmaari is inserted with proper rituals and the 
entire materials one above the other, this reflects 
their understanding of the purification of the 
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Figure 5.  The Panel or fence diagram from the borehole data indicates presence of sandy 
aquifer and clayey impermeable layer, making a confined ground water system, 
which is thicker towards the valley. 

Figure 6. The regional water table contour (Blue lines) map reflecting west-northwest ward 
flow of the groundwater (blue dotted arrow) towards the valley.  
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groundwater.  
 
However, majority of the people are unaware 

of the fact that they not only understand the local 
hydrology, rather also have regional tectono-
hydrologic perspective. The regional water table 
contour map, which reflects the overall 
groundwater flow towards west-northwest 
direction, follows the same east-west line near the 
three ponds (Fig. 5).58 The middle pond is situated 
in lower elevated region than the other two while 
maintaining a regional flow. The major role of the 
Jamuna which levels below the ponds works as 
local equalizer for the groundwater table. It works 
both as Effluent during monsoon (when water 
flows pond to Jamuna and then to nearby small 
channels or paleo-channels) and affluent/influent 
during winter or less rainfall time (Jamuna to 
Pond).  

 
There are some ponds which do not pose any 

Jamuna in it, majority of which present near the 
foothills. These localities have been investigated in 
the field to explore the cause behind their 
sustainability. They mostly have thicker sandy clay 
top, above the confined aquifer and the presence 
of recharge zone adjacent to it provide enough 
water pressure from the subsurface. Moreover, 
tectonic uplift of the aquifer resulted in the 
shallow aquifer zone, along with the presence of 
both confined and semi-confined aquifer all along 
the foothills. The confined and/or semi-confined 
aquifers are present near the surface, which lies 
above the major confined aquifers below. 
Therefore, these ponds receive water from both 
the hydrologic setting which is controlled by the 
tectonic features associated with the orogeny.  

 
Presence of confined aquifers in the near 

subsurface zone draws attention for detailed study 
to regarding the liquefaction potential of the 
region. More detailed interpretation of the 
tectonics of the region could be generated from 
the local lithological and structural data together 
with the neotectonic signatures. Geologic studies 
facilitate understanding of such landscape 
evolution with respect to time and space. Research 
on the past and present conditions of the 
landscape around these monuments would 
advance the relevant information regarding the 
future of this region. The methodology of pond 
construction if researched properly could also be 
employed in regions of similar geological setup to 
prevent drought or water crisis.   
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