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A new find of uranium mineralization associated with 
granite mylonite and cataclasite near Devri area 
(23°31′35″, 83°08′35″, 64M/2), Surguja district, Chhat-
tisgarh is significant in enhancing the uranium poten-
tial known from the Proterozoic Surguja Crystalline 
Complex (SCC). Scanty radioactive surface outcrops 
extending for 30 m length with 10 m width were ob-
served within paddy fields and soil-covered area. 
Shielded probe logging of the trench dug at the radio-
active outcrop indicated mineralization of 0.014% 
eU3O8 × 5.6 m. Initial exploratory core drilling has in-
dicated strike and dip continuity of mineralization at 
depth for at least 260 and 100 m respectively, with the 
number of mineralized intercepts varying from 
0.010% eU3O8 × 1.0 m to 0.028% eU3O8 × 4.68 m. Ex-
tensive shearing, cataclasis, mylonitization, calcitiza-
tion, ferruginization and sericitization is associated 
with mineralized shear zone at depth. Data obtained 
so far in Devri area indicate a satellite uranium de-
posit in addition to the Jajawal deposit in the west and 
Dumhath in the east established earlier within the 
SCC. Gravity, magnetic and IP geophysical surveys 
along the main ENE–WSW structural grain may help 
in establishing high resistivity, low magnetic zones 
and deciphering the shear zones. This would help in 
tracing the shear zone for establishing uranium min-
eralization. 
 
Keywords: Crystalline rocks, radioactive outcrops, 
shear zone, uranium mineralization. 
 
THE Surguja Crystalline Belt (SCB), 80 km long and 10–
30 km wide extends from Palamau district of Jharkhand 
in the east to Surguja district of Chhattisgarh in the west, 
and is a part of the Chhotanagpur Younger Mobile Belt 
(CYMB)1,2. It comprises Palaeo- to Mesoproterozoic 
meta-sedimentary and unclassified crystalline rocks  
exposed as inliers in the area covered by Gondwana 
sedimentary rocks. The SCB in the central and western 
part of Surguja district comprises meta-sedimentary 
rocks, granites, pegmatites and migmatites (banded and 
augen-type), which have been affected by intense multi-
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ple folding, shearing, remobilization and migmatization3. 
The trend of SCB is parallel to Satpura orogenic trend of 
Sarkar1 and varies between E–W and ENE–WSW; it is 
marked by intensely sheared, brecciated, silicified or  
desilicified and mylonitized rocks. The belt is fault-
bounded both in the north and in the south by Talchir and 
Barakar sequences of the lower Gondwana Supergroup, 
as seen near Jajawal–Pakni–Dumhath in the west and 
Gopalpur–Rajpur in the east. SCB is known for numerous 
occurrences of uranium mineralization in a variety of 
cataclastic and migmatized rocks associated with major 
shears. Exploration for uranium in Surguja district was 
started in 1969 and the first breakthrough came in 1970 
with the discovery of uranium anomaly in the syenites at 
Dhabi (64 M/3, Figures 1 and 2). Follow-up integrated 
air-borne surveys, reconnaissance radiometric surveys 
and interpretation of Landsat imageries led to the discov-
ery of several radioactive anomalies, both due to uranium 
and thorium, along the shear zone in northern part of 
Surguja district. Further exploration by the Atomic Min-
erals Directorate for Exploration and Research (AMD) in 
the last four decades indicated SCB as a uranium pro-
vince by establishing uranium deposits at Jajawal (1976) 
and Dumhath (1974), and significant mineralization at 
Jhirat, Kansisot, Piparpan, and over 100 uranium anoma-
lies of various dimensions associated with granites, peg-
matites, migmatites, Gondwana sediments and stream 
sediments in parts of Survey of India toposheet 64M 
(Figure 1)4. The discovery at Devri reported here enhances 
the uranium potential of the Jajawal–Anjani–Pakni–
Devri–Dumhath belt (Dumhath uranium deposit – 248 ton-
nes of 0.034% U3O8; east Jajawal – 1439 tonnes of 
0.050% U3O8)4. 
 Near Devri, granites gneisses, meta-sediments and 
pegmatites are exposed close to Jojh in the north (Figures 
1 and 2), whereas in the south near Godkatwa nala and 
Chandaura, quartzite and calc-silicate rocks are exposed. 
They show various degrees of deformation. Minor open 
folds with plunge towards WSW are common in quartzites. 
At Devri–Jojhpara, most of the area is covered by culti-
vated fields and a small mound of sheared and brecciated 
granite gneiss 10 m × 30 m is exposed. Such exposures 
are scarce (Figure 2). The foliation in sheared granite 
gneiss dips at 65–70° due north. Three sets of joints 
N70°E–S70°W, N50°W–S50°E and E–W are common. 
 Water samples from borewells, dugwells and surface 
waters (stream) generally indicated < 1.0–3 ppb uranium, 
but an anomalous concentration of 150 and 50 ppb was 
observed in the borewell located 250 m south of the 
trench in Devri–Jojhpara. Water is Na–Ca–HCO3-type 
with pH ranging from 6.7 to 7.5. Based on the analytical 
results of the samples from the trench and water samples, 
an area of 2 km × 2 km (Figure 2) was selected for  
exploratory drilling. Bore holes encountered pegmatite, 
granite gneiss, quartzite, chloritized granite, mylonite, 
migmatites, amphibolite and cataclasite at depth. Altera-

tion features like feldspathization, calcitization, ferrugini-
zation, chloritization and epidotization are extensive. 
Shearing is common. Radioactivity is associated with 
mylonites, cataclasite and sheared granite gneisses.  
Results of exploratory drilling of the first few bore holes 
(DEV-1, 2, 3 and 4) drilled up to 265 to 342 m depths 
have been promising with intercepts of correlatable ura-
nium mineralization zone, to establish considerable dip 
and strike extension (Table 1). Core loss due to shearing 
and mylonitization is common in this area, but less in 
comparison to that in Dumhath and Jajawal deposits. 
Each bore hole intercepted a number of mineralized 
bands, e.g. 12 in DEV-1, 10 in DEV-2, 4 in DEV-3 and 
21 in DEV-4. Shear zone vis-à-vis uranium mineraliza-
tion trend strikes N70°E and dips about 50–70° towards 
north. Intensive subsurface exploration is needed to es-
tablish the shear zone and its bearing on uranium miner-
alization. 
 Petrographically, radioactive core samples have been 
identified as granite cataclasite comprising microcline, 
perthite, quartz and biotite. Biotite of two generations is 
observed. Myrmekitic intergrowth of quartz and plagio-
clase, quartz and potash feldspar graphic texture are  
observed. K-metasomatism is represented by engulfing of 
plagioclase by microcline. Undulatory quartz represents 
shear deformation. Other effects of shearing are the pres-
ence of turbid plagioclase and its alteration to sericite and 
kaolinite and grain boundary granulation. Rock is also 
fractured and filled by secondary calcite. Pyrite is com-
mon and occurs along the foliation planes defined by bio-
tite and is also granulated. X-ray diffraction studies 
indicate presence of coffinite (uranium-bearing silicate 
mineral, U(SiO4)1–x(OH)4x). Other radioactive minerals 
like uraninite, monazite, thorite and xenotime have also 
been identified. Albite, chlorite, magnetite, muscovite, 
microcline, pyrite, quartz, hornblende, biotite and spes-
sartite occur as accessory minerals. 
 Geochemically, radioactive core sample shows low 
SiO2 (42.52%), Na2O (0.15%), K2O (3.13%), MnO 
(0.75%), and high FeO (19.39%), Al2O3 (12.41%), MgO 
(4.45%), TiO2 (3.34%) and CaO (9.32%). Calcite is 
common and occupies minor fractures. Low silica content 
resulted due to desilicification during shearing. Leachable 
uranium is 0.20% out of 0.21% U3O8 (total). FeO 
(14.4%) is more than Fe2O3 (6.5%). Core sludge sample 
has shown 86–90% leachability by hot agitation leaching 
with –100# size fraction, pH 1.8, using 45 kg/tonne 
H2SO4 and 5.0 kg/tonne MnO2 with contact time of 
2 hours, reflecting favourable ore mineralogy and benefi-
ciation characteristics. 
 The ENE–WSW trending Proterozoic SCB is a zone of 
severe deformation affecting many rock types and is 
characterized by the development of many major parallel 
shear zones. It hosts numerous uranium occurrences as 
well as important uranium deposits. Uranium mineraliza-
tion is associated with migmatites, granite mylonites, 
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Figure 1. Geological and structural map, Surguja shear zone, Chhattisgarh. 
 
 

 
 

Figure 2. Geological map and bore hole plan of Devri area, Surguja District, Chhattisgarh (64 m/2). 
 
 
cataclasite, quartzites and other variants of the crystalline 
belt in an en-echelon pattern in Chikni–Mahan–Jajawal to 
Pakni in the west, Jhor–Dumhath–Jhirat in the central 
part and Tatapani in the eastern part of the belt. Devri oc-

currence lies in the 5 km long unexplored area between 
Pakni and Dumhath on a parallel shear. Meagre radioac-
tive surface expressions in Devri area form part of the 
shear zone, which can now be extended further east up to 
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Table 1. Bore-hole details and gamma ray logging data, Devri area, Surguja district, Chhattisgarh 

 Mineralized band at 0.010% eU3O8 Mineralized band at 0.020% eU3O8 
   
BH no. Location and Drilled From To Grade Intercept From To Grade Intercept 
RL (m) inclination depth (m) (m) (m) (%) (m) (m) (m) (%) (m) Rock type 
 

DEV-1 168.0 m N15°W of 311.40 90.95 92.05 0.015 1.10   – – Biotite and chlorite- 
566.8 Trench-2/50°due  140.15 141.85 0.015 1.70   – –  rich veins traversing 
  S20°E   171.75 172.55 0.019 0.80 171.35 172.35 0.022 0.50  pink feldspar-rich 
    190.75 192.35 0.050 1.60 190.85 191.75 0.075 0.90  brecciated granite 
    221.25 222.15 0.110 0.90 221.35 222.05 0.140 0.70  (cataclasite) 
    231.45 235.55 0.023 4.10 231.95 232.75 0.029 0.80 
        233.85 234.85 0.036 1.00 
    235.85 237.95 0.055 2.10 236.25 237.75 0.071 1.50 Chloritized granite 
    246.95 247.95 0.014 1.00 – – – –  mylonite 
    264.95 267.65 0.021 2.40 – – – – 
    268.35 269.55 0.026 1.20 – – – – 
   269.95 271.25 0.012 1.20 – – – – 
    272.65 274.05 0.094 1.20 272.85 273.75 0.120 0.90 
    276.55 280.15 0.068 3.60 276.85 278.15 0.035 1.30 Chloritized granite 
        278.25 279.95 0.110 1.70  mylonite 
 
DEV-2 225.00 m N22°W 264.95 43.55 44.55 1.20 0.017 – – – – Brecciated granite 
566.8 of W-24/55° due  53.95 55.65 1.70 0.017 – – – –  

S20°E  87.15 88.35 1.20 0.014 – – – –  
    137.35 138.35 1.00 0.017 – – – –  
 
DEV-3 26.00 m, S70°W 329.00 92.45 93.15 0.043 0.70 92.55 93.05 0.054 0.50 Granite gneiss with mafic 
581.234 of DEV-1/50° due  95.45 97.35 0.017 1.90 95.95 96.25 0.022 0.30  minerals and mylonite 
  S20°E  140.25 140.85 0.023 0.60 140.45 140.75 0.031 0.30 Migmatite 
    190.95 191.35 0.019 0.50 191.05 191.25 0.033 0.20 Chloritized grey 
             granite mylonite 
    200.25 202.25 0.014 2.00 – – – – Brecciated chloritized grey 
             granite 
    234.85 236.35 0.020 1.50 234.95 235.15 0.024 0.20 Migmatite 
        235.45 236.15 0.024 0.70 Granite with altered 
    237.25 238.65 0.012 1.40 – – – –  feldspar and biotite 
    253.45 255.15 0.011 1.70 – – – –  
    298.45 299.55 0.011 1.10 – – – –  
 
DEV-4 70.00 m, S20°E of 341.85 27.85 29.95 2.10 0.021     Quartz mica schist 
581.234 DEV-1/50° due  115.35 116.20 0.90 0.030 115.35 115.95 0.039 0.6 Brecciated granite 
  S20°E  117.75 119.75 2.00 0.022 117.75 118.45 0.025 0.7 
    144.55 145.85 1.30 0.023 119.35 119.55 0.029 0.5 
    148.55 149.25 0.70 0.031 148.65 149.05 0.044 0.4 
   178.35 180.35 2.00 0.025 179.45 180.05 0.048 0.5 
   190.35 191.15 2.80 0.033 191.45 192.75 0.032 1.3 Migmatite 
   204.35 209.15 4.80 0.028 204.45 205.05 0.1 0.6 Brecciated granite 
   235.45 238.35 2.90 0.035 – – – –  with altered feldspar 
   240.25 241.85 1.60 0.020 240.45 241.25 0.026 0.8  and iron oxide 
   242.05 243.95 1.90 0.031 242.45 243.35 0.047 0.9 
    266.05 267.35 1.30 0.017 266.65 266.95 0.025 0.30 
   274.95 276.55 1.60 0.018 – – – – 
   286.25 288.25 2.00 0.029 286.25 287.65 0.036 1.4 
   296.35 297.45 1.00 0.018 – – – – 
   298.65 300.95 3.30 0.014 299.35 299.65 0.023 0.3 
   304.35 311.85 7.50 0.030 – – – – 
   312.15 314.45 2.30 0.016 312.65 313.05 0.026 0.4 
   319.15 321.15 2.00 0.016 – – – – 
    322.25 324.25 2.00 0.014 – – – – 
    326.15 327.85 1.70 0.024 326.25 326.95 0.031 0.7 

 
Dumhath area. Mylonitization and ferruginization along 
with intense shearing are commonly associated with ura-
nium mineralization at Dumhath, while silicification 

along with shearing and mylonitization is prominent at 
Jajawal. Further south of Devri, near Darhora and Chan-
daura (Figure 2), a number of radioactive anomalies have 
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been located associated with granite mylonite, and leu-
cosome of migmatite in shears parallel to those found in 
Devri area. At Devri, the mineralized part of bore hole 
core shows intense shearing and mylonitization and frac-
ture-filling by calcite. The bore hole data accrued so far 
show several intercepts of mineralization associated with 
sheared granite and pegmatite, which are mylonitized, 
ferrugenized and calcite-rich. In addition to Devri occur-
rence, mineralization may extend further south towards 
Godkatwa and Chandaura; parallel shears are intercepted 
and the grade and thickness improve at the subsurface. As 
most of the area is soil-covered and used for rice cultiva-
tion and there are meagre outcrops, geophysical surveys 
can help in the exploration by tracing the shear zone in 
the subsurface, as has been observed in the bore holes 
drilled in Devri area. To confirm this fact, geophysical 
surveys (gravity, magnetic and resistivity) need be carried 
out in the Devri, Chandaura Darhora and Pakni sectors 
(Figure 1), so that parallel shears can be traced and the 
signature of alteration pattern can be perceived. 
 It is inferred that initial phase of uranium mineraliza-
tion is intrinsically associated with various rock types, 
including migmatites. Later it got mobilized during fold-
ing episodes and emplacement of granite and became 
concentrated in shears zones, which facilitated fluid 
movement. The block of Devri–Darhora–Pakni, which 
does not have much surface expression of mineralization, 
may add to uranium resource potential of SCB. 
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Bricks and mortars in Lucknow  
monuments of c. 17–18 century 
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Lucknow monuments which date back to 17–18th cen-
tury are large masonry structures built using thin 
burnt-clay bricks (lakhauri) and lime-crushed brick 
aggregate (surkhi) mortars. Studies were carried out 
to characterize engineering properties of old masonry 
materials and new mortars being used for the renova-
tion work. Mechanical properties of reclaimed lak-
hauri bricks were found comparable to good-quality 
contemporary bricks of the neighbouring region. 
Moreover, XRD and SEM–EDS analyses indicated 
that mineralogical composition is not too different, ex-
cept few minerals. The lime–surkhi mortar used in old 
masonry work was found to be lime rich with binder 
to aggregate ratio of about 1 : 2 to 3 by volume and is 
similar to those used in Byzantine structures of West-
ern and Central Asia. The renovation mortar had 
poor hydraulic property compared to old mortars  
indicated by TG–DTA analyses. 
 
Keywords: Bricks, chemical physical studies, historical 
mortars, Lucknow monuments. 
 
HISTORICAL buildings and monuments are a part of cul-
tural heritage and worth preserving. Therefore, civic socie-
ties and governmental agencies should pay more attention 
to their maintenance and preservation to protect them for 
the enjoyment of future generations. Lucknow monu-
ments are hallmarks of 17–18th century Awadhi architec-
ture of northern India, which are a kind of masonry 
structure of grand proportions. These large masonry 
structures were built using locally made thin burnt-clay 
bricks (lakhauri) and lime-crushed brick aggregate 
(surkhi) mortars. Two of the most prominent structures of 
this period are: (a) Bada Imambara (Imambara of Asaf-
ud-daula) and (b) Rumi Darwaza, a Romanesque gateway 
leading to the Imambara Complex (Figure 1)1. 
 Work at Rumi Darwaza was taken up recently by the 
Archaeological Survey of India (ASI), Lucknow, to repair 
the damage developed in the structure because of ageing, 
climatic conditions and vibration due to traffic movement 
through the gate. No significant retrofitting or interven-
tion work was carried out, though there were major 
cracks found in the structure. The current status of the 
Rumi Darwaza and the intervention work is shown in 
Figure 2. 
 Studies on the material characterization of historical 
masonry materials and structural analysis of the historical 


