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15.1 ≤ÃhflÏyÓöy Ä í˛zˆÏj¢ƒ

˛õ,!ÌÓ#ˆÏï˛ xy!òü ≤ÃyˆÏîÓ˚ !ã˛•´•z ç#ÓyŸ¬ Óy ú˛!§° (fossil)– ~à%!° ˆÎö §%≤Ãyã˛#ö ˛õ,!ÌÓ#Ó˚ xydÜ˛ÌyÓ˚ ~Ü˛ ~Ü˛!ê˛
˛õyï˛y– ç#ÓyŸ¬Óy•# ˛õyÌÓ˚à%ˆÏ°y •° •y!Ó˚̂ ÏÎ˚ ÎyÄÎ˚y xï˛#ï˛ •z!ï˛•yˆÏ§Ó˚ §y«˛#– ~à%!° ~Ü˛!òˆÏÜ˛ ˆÎüö ÓˆÏ° ˆòÎ˚
í˛z!qò Ä ≤Ãyî#çàˆÏï˛Ó˚ í˛zÍ˛õ!_ xÓ°%!Æ !Ü˛ÇÓy Ü ˛ü!ÓÜ˛yˆÏ¢Ó˚ Ü˛Ìyñ ˆï˛ü!ö çyöˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚ §ü%oñ ü•yˆÏò¢ñ
ˆüÓ˚%≤ÃˆÏòˆÏ¢Ó˚ ≤Ãyã˛#ö xÓfiÌyö ˆÜ˛üö !åÈ°– ~üö!Ü˛ñ ≤Ãyã˛#ö ˛õ,!ÌÓ#Ó˚ !Ó!û˛ß¨ §üˆÏÎ˚ ˛õ!Ó˚̂ ÏÓˆÏ¢Ó˚ !Ó!û˛ß¨ áÑ%!ê˛öy!ê˛
!Ó£ÏÎ˚ §¡õˆÏÜ≈˛Ó˚ xˆÏöÜ˛ ï˛Ìƒ ç#ÓyŸ¬ ˆÌˆÏÜ˛ ˛õyÄÎ˚y ÎyÎ˚–

í˛zˆÏj¢ƒ ı ç#ÓŸ¬ §¡õˆÏÜ≈˛ üyö%£Ï !ã˛Ó˚̂ ÏÜ˛Ôï)˛•°#– ≤Ãyã˛#ö ˛õ,!ÌÓ#Ó˚ •y!Ó˚̂ ÏÎ˚ ÎyÄÎ˚y ç#ÓˆÏöÓ˚ xö%§rôyˆÏö ~áö
≤Ãôyö §•yÎ̊ •° ç#ÓyŸ¬– ~•z ~Ü˛Ü˛!ê˛ ̨õyë˛ Ü˛ Ï̂Ó̊ xy˛õöyÓ̊y ç#Óy Ï̂Ÿ¬Ó̊ §ÇK˛yñ ≤ÃÜ˛yÓ̊ñ ~ Ï̂òÓ̊ öyüÜ˛Ó̊îñ ç#ÓyŸ¬#Ü˛Ó̊ Ï̂îÓ̊
˛õÂô!ï˛ ~ÓÇ ç#ÓˆÏŸ¬Ó˚ à%Ó˚%c §¡õˆÏÜ≈˛ §üƒÜ˛ xÓ!•ï˛ •ˆÏÓö–

15.2 ç#ÓyˆÏŸ¬Ó˚ §ÇK˛y

!Ó!û˛ß¨ ≤ÃyÜ,˛!ï˛Ü˛ ˛õÂô!ï˛ˆÏï˛ y!ê˛Ó˚ ö#ˆÏã˛ ã˛y˛õy ˛õí˛¸y ≤Ãyî# Óy í˛z!qˆÏòÓ˚ ˆò•yÓˆÏ¢£ÏˆÏÜ˛ ‘fossil’ Óy ç#ÓyŸ¬ Ó°y •Î˚–
ú˛!§° Ü˛Ìy!ê˛Ó˚ í˛zÍ˛õ!_ •ˆÏÎ˚ˆÏåÈ °y!ï˛ö Ü˛Ìy Úú˛!§!°§Û (fossilis) ˆÌˆÏÜ˛ ÎyÓ˚ üyˆÏö •° áÑ%ˆÏí˛¸ ÓyÓ˚ Ü˛Ó˚y– ï˛y•z
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ˆÓ˚yüyö §y¡ÀyˆÏçƒÓ˚ §üÎ˚ ˆÌˆÏÜ˛ xT˛yò¢ ¢ï˛Ü˛ ˛õÎ≈hsˇ ç#ÓyŸ¬ Ó°ˆÏï˛ ˆÓyé˛yï˛ Îy !Ü˛å%È üy!ê˛ áÑ%ˆÏí˛¸ ˛õyÄÎ˚y ˆÎï˛
ï˛yˆÏÜ˛•z– ~áö xÓ¢ƒ ç#ÓyŸ¬ Ó°ˆÏï˛ û)˛ï˛y!_¥Ü˛ Î%ˆÏàÓ˚ ≤ÃyˆÏîÓ˚ !ã˛•´ˆÏÜ˛•z ˆÓyé˛yÎ˚ ÎyÓ˚ üˆÏôƒ ˛õˆÏí ¸̨ í˛z!qò Ä ≤Ãyî#Ó˚
ˆò•yÓˆÏ¢£Ï Ä ï˛yˆÏòÓ˚ ˜ç!ÓÜ˛ Ü˛ˆÏü≈Ó˚ !ã˛•´– ˜ç!ÓÜ˛ Ü˛ˆÏü≈Ó˚ !ã˛•´ Ó°ˆÏï˛ xy!òü ≤Ãyî#Ó˚ ˛õyˆÏÎ˚Ó˚ åÈy˛õñ §%í ¸̨Aà Óy àï≈˛ñ
ã˛°yˆÏú˛Ó˚yÓ˚ òyà ~ÓÇ ˜ò!•Ü˛ !Ó!Ü ˛Î˚yçyï˛ ˛õòyÌ≈ •zï˛ƒy!òˆÏÜ˛ ˆÓyé˛yÎ˚–

!ÓK˛yö# ¢ú‰˛ (Schopf, 1975) ç#ÓyŸ¬ˆÏÜ˛ ˆ•yˆÏ°y!§ö (holocene) û)˛hflÏÓ˚#Î˚ Ü˛y° §yÓ˚î#Ó˚ öÓ#öï˛ü í˛z˛õÎ%à
Îy xyç ˆÌˆÏÜ˛ 10,000 ÓåÈÓ˚ xï˛#ï˛ˆÏÜ˛ ˆÓyé˛yÎ˚ Óy ï˛yÓ˚ ˆÌˆÏÜ˛ ˆÓ!¢ ≤Ãyã˛#ö ≤ÃyˆÏîÓ˚ x!hflÏˆÏcÓ˚ ≤Ãyüyîƒ !ã˛•´
!•ˆÏ§ˆÏÓ Óî≈öy Ü˛ˆÏÓ˚ˆÏåÈö– ˛õ%Ó˚yí˛z!qò!Óò fiê%˛Î˚yê≈˛ Ä Ó˚ÌÄˆÏÎ˚° (Stewart Ä Rothwell, 1992) ç#ÓyŸ¬ˆÏÜ˛ ≤Ãyã˛#ö
≤ÃyˆÏîÓ˚ ≤Ãï˛ƒ«˛ Óy ˛õˆÏÓ˚y«˛ ≤Ãüyî ÓˆÏ° x!û˛!•ï˛ Ü˛ˆÏÓ˚̂ ÏåÈö– ~áyˆÏö í˛z!qò Ä ≤Ãyî#Ó˚ ˆò•yÓˆÏ¢£ÏˆÏÜ˛ ≤Ãï˛ƒ«˛ ≤Ãüyî
~ÓÇ ï˛yˆÏòÓ˚ ˜ç!ÓÜ˛ Ü˛ˆÏü≈Ó˚ !ã˛•´ˆÏÜ˛ ˛õˆÏÓ˚y«˛ ≤Ãüyî !•ˆÏ§ˆÏÓ üˆÏö Ü˛Ó˚y •Î˚–

xˆÏöÜ˛ !ÓK˛yö# ã˛yÓ˚ •yçyÓ˚ !á fiê˛˛õ)Ó≈ ˛õÎ≈hsˇ §üÎ˚ˆÏÜ˛ ç#ÓyˆÏŸ¬Ó˚ §#üyˆÏÓ˚áy !•ˆÏ§ˆÏÓ üˆÏö Ü˛ˆÏÓ˚ö– ˛õÓ˚Óï˛#≈
Ü˛yˆÏ°Ó˚ ç#ÓyŸ¬ˆÏÜ˛ ˛õÓ˚yç#ÓyŸ¬ (subfossil) Ó°y ˆÎˆÏï˛ ˛õyˆÏÓ˚– ~ˆÏòÓ˚ !öˆÏÎ˚ àˆÏÓ£Ïîy !Ü˛å%Èê˛y ç#Ó!Óòƒyñ !Ü˛å%Èê˛y
ö,ï˛_¥ (anthropology) Óy ≤Ãbï˛ Ï̂_¥Ó̊ (archaeology) xyÄï˛yÓ̊ ü Ï̂ôƒ ̨õ Ï̂í˛̧–

15.3 ç#ÓyŸ¬ã˛ã≈˛yÓ˚ §Ç!«˛Æ •z!ï˛•y§

ç#ÓyˆÏŸ¬Ó˚ !ÓK˛yö!û˛!_Ü˛ ã˛ã≈˛yÓ˚ ¢%Ó˚% •Î˚ •zí˛zˆÏÓ˚yˆÏ˛õ xT˛yò¢ ¢ï˛y∑#Ó˚ ˆ¢£Ïû˛yˆÏà– !Ó ˆÏê˛ˆÏöÓ˚ í˛z•z!°Î˚yü !fløÌ
(William Smith, 1769-1839) ~ÓÇ ú ˛yˆÏ™Ó˚ ÓƒyÓ˚ö Ü%˛!û˛ˆÏÎ˚Ó˚ (Gorges Baron Cuvier, 1769-1832)

§Ó≈≤ÃÌü ç#ÓyŸ¬ã˛ã≈˛y ¢%Ó˚% Ü˛ˆÏÓ˚ö– !fløÌ §Ó≈≤ÃÌü !¢°yhflÏÓ˚ !ÓöƒyˆÏ§ (stratigraphy) ç#ÓyˆÏŸ¬Ó˚ ≤ÃˆÏÎ˚yà !Ó£ÏÎ˚Ü˛
àˆÏÓ£Ïîy Ü˛ˆÏÓ˚ö– ïÑ˛yÓ˚ üˆÏï˛ ≤Ã!ï˛!ê˛ !¢°yhflÏˆÏÓ˚ !Ü˛å%È !ÓˆÏ¢£Ï ç#ÓyŸ¬ ÌyˆÏÜ˛ Îy hflÏÓ˚!ê˛ˆÏÜ˛ |ˆÏôù≈ Ä xôhflÏÓ˚ ˆÌˆÏÜ˛
˛õ,ÌÜ˛ Ü˛Ó˚ˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚–

Ü%˛!û˛ˆÏÎ˚Ó˚ ç#!Óï˛ ≤Ãyî#Ó˚ xAà§ÇfiÌyˆÏöÓ˚ §ˆÏAà xŸ¬#û)˛ï˛ ≤Ãyî#Ó˚ ï%˛°öyü)°Ü˛ !Óã˛yÓ˚ Ü˛ˆÏÓ˚ ï˛yˆÏòÓ˚ ˛õ%öà≈ë˛ö
Ü˛ˆÏÓ˚ö Îy ˆÌˆÏÜ˛ ≤Ãüy!îï˛ •Î˚ ˆÎ xï˛#ˆÏï˛ ~üö §Ó ≤Ãyî#Ó˚y !åÈ° ÎyÓ˚y xÓ°%Æ •ˆÏ°Ä ï˛yˆÏòÓ˚ ˆò•àë˛ö Óï≈˛üyö
≤Ãyî#ˆÏòÓ˚ üˆÏï˛y•z !åÈ°– ï˛y•z àˆÏÓ£Ïîy ˆÌˆÏÜ˛ Óï≈˛üyö ≤Ãyî# Ä í˛z!qˆÏòÓ˚ §ˆÏAà xï˛#ˆÏï˛Ó˚ ç#ÓÜ%˛ˆÏ°Ó˚ ï%˛°öy Ü˛Ó˚yÓ˚
˛õÌ ≤Ã¢hflÏ •Î˚–

15.3.1 ˛õ%Ó˚yí˛z!qò!ÓòƒyÓ˚ •z!ï˛•y§

1820 !á fiê˛yˆÏ∑ fiê˛yö≈Óyà≈ (Sternberg), §Ó≈≤ÃÌü ˛õ%Ó˚yí˛z!qò!Óòƒy (Palaeobotany) §¡∫̂ Ïrô Ó•z ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ö
~ÓÇ ~•z ÓåÈÓ˚!ê˛ˆÏÜ˛ í˛z!qò ç#ÓyˆÏŸªÓ˚ !m˛õò öyüÜ˛Ó˚ˆÏîÓ˚ §)ã˛öyÓ˚ ï˛y!Ó˚á ÓˆÏ° àîƒ Ü˛Ó˚y •Î˚– ˛õˆÏÓ˚ Ó !öÎ˚yê˛≈
(Brongniart, 1828), ïÑ˛yÓ˚ @ˇÃˆÏrÌ û)˛ï˛y!_¥Ü˛ Ü˛y° xö%ÎyÎ˚# ˛õ%Ó˚yí˛z!qòˆÏÜ˛ ˆ◊!îÓÂô Ü˛ˆÏÓ˚ˆÏåÈö– ˆÎüö (1)

!Ü ˛ˆÏ≤WzyàyˆÏüÓ˚ (Cryptogam) Î%àñ (2) ú˛yî≈ Ä Ü˛!öú˛yÓ˚̂ ÏòÓ˚ Î%àñ (3) §y•zÜ˛yí˛ˆÏòÓ˚ Î%à ~ÓÇ (4) à%ÆÓ#ç#ˆÏòÓ˚
Î%à– §üˆÏÎ˚Ó˚ §ˆÏAà §ˆÏAà í˛z!qòˆÏòˆÏ•Ó˚ àë˛ö˜Ï¢°# ˆÎ §Ó˚° ˆÌˆÏÜ˛ Ü ˛ü¢ ç!ê˛°ï˛Ó˚ •ˆÏÎ˚ˆÏåÈ ï˛yÓ˚ flõT˛ ≤Ãüyî
~áyˆÏö xyüÓ˚y ˛õy•z– Ü ˛ˆÏü Ü ˛ˆÏü ˛õ%Ó˚yí˛z!qò!ÓK˛yö#Ó˚y xŸ¬#û)˛ï˛ í˛z!qˆÏòÓ˚ xhsˇà≈ë˛öñ !ÓÓï≈˛öñ ˛õ%Ó˚yˆÏû˛ÔˆÏày!°Ü˛
˛õ!Ó˚̂ ÏÓ¢ §¡∫̂ Ïrô ˆÜ˛Ôï)˛•°# •ˆÏï˛ ÌyˆÏÜ˛ö– ~•z §Ó !Ó£ÏˆÏÎ˚Ó˚ Ä˛õÓ˚ !Ü˛å%È @ˇÃrÌÄ ≤ÃÜ˛y!¢ï˛ •Î˚– ˆ°áÜ˛ˆÏòÓ˚ üˆÏôƒ
ˆàyˆÏÎ˚˛õyê≈˛ (Goeppert, 1836) §ü °yí˛zÓyÜ˛ (Solms-Laubach, 1887), çy•z°yÓ˚ (Zeiller, 1900),

ˆ˛õyˆÏê˛y!öˆÏÎ˚ (Potonie, 1921) ≤Ãû,˛!ï˛ xöƒï˛ü í˛zˆÏÕ‘áˆÏÎyàƒ– ˛õÓ˚Óï˛#≈Ü˛yˆÏ° xyö≈”˛ (Arnold, 1947),
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~ö!í»˛í˛zç (Andrews, 1947), ˆí˛!°ˆÏû˛y!Ó˚Î˚y§ (Delevoryas, 1952), ã˛ƒyˆÏ°yöyÓ˚ (Chaloner, 1958),

fiê%˛Î˚yê≈˛ (Stewart, 1978), ˆê˛°Ó˚ (Taylor, 1982) ≤Ãü%á ˛õÈ,!ÌÓ# !Óáƒyï˛ ˛õ%Ó˚yí˛z!qò!ÓòàˆÏîÓ˚ àˆÏÓ£Ïîy°kô ú˛°
xyô%!öÜ˛ ˛õ%Ó˚yí˛z!qò!ÓòyÓ˚ §)ã˛öy Ü˛ˆÏÓ˚ ~ÓÇ í˛z!qò!ÓòƒyÓ˚ ~•z ¢yáy!ê˛ xyhsˇç≈y!ï˛Ü˛ ≤Ã!ï˛¤˛y Ä fl∫#Ü,˛!ï˛ °yû˛ Ü˛ˆÏÓ˚–
û˛yÓ˚ï˛Ó£Ï≈ Ü˛Î˚°y§• xöyöƒ àˆÏ[˛yÎ˚yöy û)˛hflÏÓ˚ §ü,Âô •ÄÎ˚yÎ˚ fl∫û˛yÓï˛•z ~Ó˚ Ä˛õÓ˚ àˆÏÓ£ÏîyÓ˚ í˛zÍ§y• ˜ï˛!Ó˚ •Î˚–
û˛yÓ˚ï˛#Î˚ û)˛ï˛y!_¥Ü˛ §ˆÏÓ≈«˛î (Geological Survey of India) ~Ó˚ ≤Ã!ï˛¤˛y •ÄÎ˚yÓ˚ ˛õÓ˚ ~•z !Óû˛yˆÏàÓ˚ û)˛ï˛y!_¥Ü˛
Ä°ôyü Ä ü!Ó˚§ (Oldham & Morris, 1863), ú˛y•zfiê˛üƒyöˆÏê˛° (Feistmantel, 1876) û˛yÓ˚ï˛#Î˚ !ö¡¨
àˆÏ[˛yÎ˚yöyÓ˚ (Lower Gondwana) í˛z!qòÜ%˛° §¡õˆÏÜ≈˛ Ó•% ≤Ãyüyîƒ ï˛Ìƒ ≤ÃÜ˛y¢ Ü˛ˆÏÓ˚ö ÎyÓ˚ üyôƒˆÏü û˛yÓ˚ï˛#Î˚
˛õ%Ó˚yí˛z!qò!ÓòƒyÓ˚ §)e˛õyï˛ •ˆÏÎ˚̂ ÏåÈ ÓˆÏ° üˆÏö Ü˛Ó˚y •Î˚–

xÓ¢ƒ û˛yÓ˚ˆ Ïï˛ ˛õ%Ó˚yí˛ z!qò!ÓòƒyÓ˚ x@ˇÃà!ï˛ Ä !ÓhflÏyˆÏÓ˚Ó˚ §)ã˛öy Ü˛ˆÏÓ˚ö xôƒy˛õÜ˛ Ó#Ó˚Ó° §y•!ö
(1918-1953)– !ï˛!ö °ˆÏ«÷˛ÔˆÏï˛ ~Ü˛!ê˛ ˛õ%Ó˚yí˛z!qò!Óòƒy àˆÏÓ£ÏîyàyˆÏÓ˚Ó˚ (Birbal Sahni Institute of

Palaeobotany) ≤Ã!ï˛¤˛y Ü˛ˆÏÓ˚ö ˆÎáyˆÏö xyçÄ ˛õ%Ó˚yí˛z!qò!ÓòƒyÓ˚ !Ó!û˛ß¨ !Ó£ÏÎ˚ !öˆÏÎ˚ !öÎ˚!üï˛ àˆÏÓ£Ïîy •Î˚–
˛õ!ÿ˛üÓˆÏAà Ü˛!°Ü˛yï˛y !ÓŸª!Óòƒy°Î˚ ˆÌˆÏÜ˛ ˛õ%Ó˚yí˛z!qò!ÓòƒyÓ˚ §)e˛õyï˛ Ü˛ˆÏÓ˚ö xôƒy˛õÜ˛ x!üÎ˚ Ü%˛üyÓ˚ ˆây£Ï– ˆÓ˚î%
ç#ÓyˆÏŸ¬Ó˚ §y•yˆÏÎƒ §Ó≈≤ÃÌü !ï˛!ö•z û˛yÓ˚ï˛ÓˆÏ£Ï≈ Ü˛Î˚°yhflÏÓ˚ !ÓöƒyˆÏ§Ó˚ ˆã˛T˛y Ü˛ˆÏÓ˚ö (Ghosh & Sen, 1948)–
~åÈyí˛¸yÄ !ï˛!ö Ä ïÑ˛yÓ˚ §•ˆÏÎyà#Ó˚y û˛yÓ˚ˆÏï˛Ó˚ ˆÜ˛ü!Ó Î˚yö hflÏÓ ̊(Cambrian) ˆÌˆÏÜ˛ í˛z!qˆÏòÓ˚ §Ω˛yÓƒ §ÇÓy•# Ü˛°y
Î%=˛ ˆò•yÇ¢ Ä ˆÓ˚î% xy!Ó‹ÒyÓ˚ Ü˛ˆÏÓ˚ö (Ghosh & Bose. 1952)–

Óï≈˛üyˆÏö Ó#Ó˚Ó° §y•yö# ˛õ%Ó˚yí˛z!qò!Óòƒy àˆÏÓ£ÏîyàyÓ˚ Ä û˛yÓ˚ï˛#Î˚ û)˛ï˛y!_¥Ü˛ §ˆÏÓ≈«˛î (Geological

Survey of India) Ä. ~ö. !ç. !§. (Oil and Natural Gas Commission) ÄÎ˚y!òÎ˚y •zöfiê˛!ê˛í˛zê˛ xú‰˛
!•üy°Î˚yö !çÄ°!ç ~ÓÇ !Ó!û˛ß¨ !ÓŸª!Óòƒy°ˆÏÎ˚Ó˚ SˆÎüö Ü˛!°Ü˛yï˛yñ !ÓŸªû˛yÓ˚ï˛#ñ Óô≈üyöñ Ü˛°yî#ñ ~°y•yÓyòñ
öyà˛õ%Ó˚ñ °ˆÏ«÷˛Ôñ ˆÎyô˛õ%Ó˚ñ Ä§üy!öÎ˚yñ Ü%˛Ó˚%ˆÏ«˛e •zï˛ƒy!òV ˛õ%Ó˚yí˛z!qò!Óòƒy àˆÏÓ£ÏîyàyˆÏÓ˚ ~•z !Ó£ÏˆÏÎ˚Ó˚ Ä˛õÓ˚
!öÎ˚!üï˛ àˆÏÓ£Ïîy •Î˚– í˛z˛õ!Ó˚í˛z=˛ àˆÏÓ£ÏîyàyÓ˚à%!°ˆÏï˛ !Ó!û˛ß¨ §üˆÏÎ˚ ~ü. ~ö. ˆÓy§ñ ˆÜ˛. xyÓ˚. §%Ó˚ˆÏAàñ !Ó£÷$
!üˆÏeñ !òÓƒò¢≈ö ˛õrÌñ !§. !ç. ˆÜ˛. Ó˚yüyö%àüñ !Ó. !í˛. ¢ü≈y ≤Ãü%á !Óáƒyï˛ ˛õ%Ó˚yí˛z!qò!Óòàî àˆÏÓ£Ïîy Ü˛ˆÏÓ˚̂ ÏåÈö ~ÓÇ
û˛yÓ˚ï˛#Î˚ ˛õ%Ó˚yí˛z!qò!ÓòƒyˆÏÜ˛ §ü,Âô Ü˛ˆÏÓ˚̂ ÏåÈö–

1954 !á fiê˛yˆÏ∑ xyhsˇç≈y!ï˛Ü˛ ̨õ%Ó˚yí˛z!qò!Óòƒy §ÇfiÌyÓ˚ (International organization of Palaeobotany)

≤Ã!ï˛¤˛y •Î˚– ~•z §ÇfiÌy ˆÌˆÏÜ˛ ˛õ,!ÌÓ#Ó˚ !Ó!û˛ß¨ ≤Ãyhsˇ ˆÌˆÏÜ˛ ˛õ%Ó˚yí˛z!qò!ÓòƒyÓ˚ !Ó!û˛ß¨ !Ó£ÏˆÏÎ˚Ó˚ Ä˛õÓ˚ àˆÏÓ£Ïîy°kô
ú˛° ≤ÃÜ˛y!¢ï˛ •Î˚–

15.4 ç#ÓyŸ¬Óy•# !¢°yÓ˚ ≤ÃÜ,˛!ï˛

≤Ãyhsˇ!°!˛õ

!¢°y (rock) û)˛cˆÏÜ˛Ó˚ ≤ÃyÌ!üÜ˛ í˛z˛õyòyö– ~Ü˛ Óy
~Ü˛y!ôÜ˛ á!öç ˛õòyÌ≈ (mineral) !öˆÏÎ˚ ˜ï˛!Ó˚ •Î˚
!¢°y– !¢°y !ï˛ö Ó˚Ü˛ˆÏüÓ˚ •Î˚ (1) xyˆÏ@¿Î˚ !¢°y
(igneous rock), (2) ˛õy°!°Ü˛ !¢°y (Sedimen-

tary rock) Ä (3) Ó˚ )˛õyhsˇ!Ó˚ï˛ !¢°y (Meta

morphic rock)–

˛õy°!°Ü˛ !¢°yhflÏÓ˚ ç#ÓyŸ¬ §ÇÓ˚!«˛ï˛ •ÄÎ˚yÓ˚ çöƒ
xyò¢≈– §yôyÓ˚îï˛ !ü!• Ü˛yòy˛õyÌÓ˚ Óy ˆÓˆÏ° ˛õyÌˆÏÓ˚
§ÇÓ˚«˛î ö%!í˛¸ ˛õyÌÓ˚ Î%=˛ !¢°yÓ˚ ˆÌˆÏÜ˛ û˛yˆÏ°y •Î˚
§ü%oçyï˛ (marine) ˛õyÌˆÏÓ˚Ó˚ hflÏÓ˚ !üT˛ç° çyï˛
(freshwater) ˛õyÌˆÏÓ˚Ó˚ ï%˛°öyÎ˚ §%!ÓöƒhflÏ Ä !ü!•
≤ÃÜ,˛!ï˛Ó˚ •Î˚– ï˛yåÈyí˛¸y §ü%oçyï˛ hflÏˆÏÓ˚ ã%˛ˆÏöÓ˚ ˛õ!Ó˚üyî
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ˆÓ!¢ ÌyˆÏÜ˛ Îy xy§ˆÏ° §ü%oçyï˛ ç#ˆÏÓÓ˚ ˆò•yÓˆÏ¢£Ï
ˆÌˆÏÜ˛ xyˆÏ§– ˆÓˆÏ°˛õyÌÓ˚ (sandstone) Ä ˆ¢°
(shale) ˛õyÌÓ˚ ˜ï˛!Ó˚Ó˚ í˛z˛õyòyö xyˆÏ§ í˛zÑã%˛ çyÎ˚ày Óy
í˛z˛õï˛ƒÜ˛yÓ˚ «˛Î˚çyï˛ oÓƒ !•ˆÏ§ˆÏÓ öò#ˆÏflÀyï˛ !òˆÏÎ˚ çüy
˛õˆÏí˛¸  öò#ü%ˆÏá– xˆÏöÜ˛ §üÎ˚ öò#ü%ˆÏá ˆåÈyˆÏê˛y ˆåÈyˆÏê˛y
Óm#ˆÏ˛õÓ˚ §,!T˛ •Î˚– ˛õ%Ó˚yç#Ó#Ó˚ §üˆÏÎ˚ (palaeozoic

era) ~•z Ó ˚Ü˛ü §,!T˛ Óm#ˆ Ï ˛õ•z !öí˛ z• zÎ ˚Ü ≈ ˛  Ä
ˆ˛õö!§°û˛y!öÎ˚y xM˛ˆÏ° !åÈ° Archaeopteris Óy
Lepidodendron ˆòÓ˚ xÓ˚îƒ– xˆÏöÜ˛§üÎ˚
xyˆÏ@¿Î˚!à!Ó˚Ó˚ °yû˛yhflÏÓ˚ «˛ˆÏÎ˚ !àˆÏÎ˚ ˆÎ hflÏÓ˚ §!M˛ï˛ •Î˚
ï˛yÓ ˚ üˆ Ïôƒ ç#Óyˆ ÏŸ¬Ó ˚ §ÇÓ˚«˛î •Î˚– ~û˛yˆ ÏÓ•z
û˛yÓ˚ï˛ÓˆÏ£Ï≈Ó˚ òy!«˛îyï˛ƒ (Deccan trap) Ä Ó˚yçü•°
(Rajmahal trap) ê˛∆yƒˆÏ˛õÓ˚ §,!T˛ •ˆÏÎ˚ˆÏåÈ ÓˆÏ° üˆÏö Ü˛Ó˚y
•Î˚– í˛z£÷≤ÃflÀÓˆÏîÓ˚ çˆÏ° ˆÎ á!öç ÌyˆÏÜ˛ ï˛yˆÏï˛Ä
ç#ÓyŸ¬ §ÇÓ˚!«˛ï˛ •Î˚ñ ˆÎüö flÒê˛°ƒyˆÏu˛Ó˚ !Óáƒyï˛
Ó̊y•z!öã˛yê≈̨  hflÏÓ̊ (Rhynie chert)–

xy Ï̂@¿Î̊ !¢°y ̨õ,!ÌÓ#Ó̊ xû˛ƒhsˇ̂ ÏÓ̊ ÌyÜ˛y ï˛Ó̊° !¢°y
Óy üƒyàüy (magma) xyˆÏ@¿Î˚!à!Ó˚Ó˚ çµy°yü%á Óy
û)˛!üç ú˛yê˛° !òˆÏÎ˚ ˆÓ!Ó˚ˆÏÎ˚ ~ˆÏ§ çüyê˛ ˆÓÑˆÏô ˜ï˛!Ó˚
•Î˚– ˆÎüö @ˇÃyöy•zê˛– öò#Óy!•ï˛ ˛õ!° hflÏˆÏÓ˚ hflÏˆÏÓ˚ çüy
•ˆÏÎ˚ hflÏÓ˚#û)˛ï˛ •ˆÏÎ˚ ˛õy°!°Ü˛ !¢°y ˜ï˛!Ó˚ Ü˛ˆÏÓ˚– ˆÎüöñ
ˆÓˆÏ°˛õyÌÓ˚ (sandstone) ã%˛öy˛õyÌÓ˚ (limestone)–
xyÓyÓ˚ ≤Ãã˛[˛ ï˛y˛õ  ã˛yˆÏ˛õÓ˚ ú˛ˆÏ° xyˆÏ@¿Î˚  Ä ˛õy°!°Ü˛
!¢°y Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚– ˆÎüö !ö§‰ (gneiss), üyˆÏÓ≈°
(marble) •zï˛ƒy!ò–

15.5 xŸ¬#û˛Óˆ ÏöÓ˚ ôÓ˚ö  (modes of fossilization)  Ä ç#Óyˆ ÏŸ¬Ó ˚
≤ÃÜ˛yÓ̊ (kinds of fossils)

!û˛ß¨ !û˛ß¨ xŸ¬#û˛ÓˆÏöÓ˚ ôÓ˚ö xö%ÎyÎ˚# ç#ÓyŸ¬ !Ó!û˛ß¨ Ó˚Ü˛ˆÏüÓ˚ •Î˚– ~à%!° í˛z!qò Óy ≤Ãyî#Ó˚ ˆò•yÇ¢ñ ï˛yÓ˚ åÈy˛õ
xÌÓy ˜ò!•Ü˛ !Ó!Ü ˛Î˚yçyï˛ ˛õòyÌ≈Ä •ˆÏï˛ ˛õyˆÏÓ˚– í˛zÍ˛õ!_àï˛û˛yˆÏÓ ç#ÓyŸ¬ˆÏÜ˛ !ö¡¨!°!áï˛û˛yˆÏÓ û˛yà Ü˛Ó˚y ÎyÎ˚–

xŸ¬#û˛ÓˆÏöÓ˚ ôÓ˚ö ç#ÓyˆÏŸ¬Ó˚ ≤ÃÜ˛yÓ˚ í z̨òy•Ó̊î

1. !§ Ï̂ü Ï̂rê˛¢ Ï̂öÓ̊ (cementation)

ú˛ Ï̂° í z̨!qò‡≤Ãyî#Ó̊ í z̨̨ õ!Ó̊ï˛ Ï̂°Ó̊
(surface preservation by

cementation or authigenic

preservation)–

2. ç#ÓˆÏòˆ Ï•Ó˚ ¢=˛ xÇˆ Ï¢Ó˚
§ÇÓ˚«˛î  (hard part preser-

vation or duripartic preser-

vation)–

3. xAàyÓ˚#û ) ˛ï˛ ! ˛õT˛ xÓfiÌyÎ˚
§ÇÓ˚«˛î (coalified com-

pression)–

SÜ˛V ü%!oï˛ Óy åÈy˛õ (impres-

sion)

SáV ¢yCÓ#Î˚ Óy xö%Ü,˛!ï˛ ç#ÓyŸ¬
(cast)–

SàV ˆüy”˛ (mould)–

Ü˛ƒy°y!ü!ê˛§ (Calamites) Ü˛y Ï̂u˛Ó̊
åÈy˛õñ !fiê˛àüy!Ó˚Î˚ (Stigmaria)

ü)ˆÏ°Ó˚ xö%Ü,˛!ï˛–

ˆfiê˛∆yüyˆÏê˛y°y•zê˛ çyï˛#Î˚ ã%˛öy˛õyÌÓ˚
(stromatolite) ~ÓÇ í˛yÎ̊yê˛ü çyï˛
üy!ê˛ (diatomite)–

!°àöy•zê˛ (lignite), Ü˛Î ˚°y
(coal)–
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xŸ¬#û˛ÓˆÏöÓ˚ ôÓ˚ö ç#ÓyˆÏŸ¬Ó˚ ≤ÃÜ˛yÓ˚ í z̨òy•Ó̊î

4. ç#ÓˆÏÜ˛yˆ Ï£ ÏÓ ˚ á!öç˛õ,=˛
§ÇÓ˚«˛î (Cellular

permineralization)–

SÜ˛V ˆ˛õ!ê˛∆ˆÏú˛Ü˛§yö (petrifac-

tion)–
SáV §ü#Ü˛Ó ˚î (mummifica

tion)

(i) ÓÓ˚̂ Ïú˛Ó˚ üˆÏôƒ §ÇÓ˚«˛î–
(ii) xƒyüÓyˆÏÓ˚Ó˚ (amber)

üˆÏôƒ §ÇÓ˚«˛î–

Ó˚y• z !öÎ˚y (Rhynia),

í˛ƒyˆÏí˛yçy•z°ö (Dadoxylon),

Ü˛Î̊°y ̂ ày°Ü˛ (coal ball)–
fff!≤’ˆÏfiê˛y!§ö í˛z˛õÎ%ˆÏà çüyê˛ ÓÑyôy
x!ï˛Ü˛yÎ̊ •y!ï˛ (mammoth)–
xŸ¬#û)˛ï˛ Ó˚çˆÏöÓ˚ (resin) üˆÏôƒ
xyê˛ˆÏÜ˛ ÌyÜ˛y Ü˛#ê˛˛õï˛Aà–

xyÜ,˛!ï˛àï˛ û˛yˆÏÓ ç#ÓyŸ¬ ò%•z ôÓ˚ˆÏöÓ˚ •Î˚– ò,¢ƒüyö (megafossil) ç#ÓyŸ¬ ˆÎà%!°Ó˚ ã˛y!Ó˚!eÜ˛ ˜Ó!¢T˛ƒ
áy!° ˆã˛yˆÏá ˆÓyé˛y ÎyÎ˚– ˆÎüö @’§˛õˆÏê˛!Ó˚§ (Glossopteris) ˛õyï˛y– áy!° ˆã˛yˆÏá ˆòáy ÎyÎ˚ öy ~üö ç#ÓyŸ¬ˆÏÜ˛
xî%ç#ÓyŸ¬ (microfossil) ÓˆÏ°– ˆÜ˛Ó°üye xî%Ó#«˛îÎˆÏsf•z ~ˆÏòÓ˚ ã˛y!Ó˚!eÜ˛ ˜Ó!¢T˛ƒà%!° ˆÓyé˛y ÎyÎ˚–
ˆÎüöÈÙÙÙÈ˛õÓ˚yàˆÏÓ˚î% ˆÓ˚î%ñ ˜¢Óy° •zï˛ƒy!ò–

~åÈyí ¸̨yÄ ç#ÓˆÏÜ˛yˆÏ£ÏÓ˚ xû˛ƒhsˇÓ˚fiÌ Ó˚y§yÎ˚!öÜ˛ ˆÎüö !≤Ã§ˆÏê˛ö (pristane) ú˛y•zˆÏê˛ö (phytane), !°à‰!ö§‰ñ
!Ü˛í z̨!ê˛ö ≤Ãû,̨ !ï˛ §ÇÓ˚!«˛ï˛ •Î˚– ~ Ï̂òÓ˚ Ó˚y§yÎ˚!öÜ˛ ç#ÓyŸ¬ (chemical fossil) Ó Ï̂°– x Ï̂öÜ˛ §üÎ̊ ̃ çÓ Ü˛yÓ≈ö üy!ê˛Ó̊
ö#ˆÏã˛ ï˛y˛õ Ä ã˛yˆÏ˛õÓ˚ ú˛ˆÏ° ˛õ!Ó˚Ó!ï≈˛ï˛ •ˆÏÎ˚ xoyÓƒ ˆÜ˛ˆÏÓ˚yˆÏçˆÏö (kerogen) Ó˚)˛õyhsˇ!Ó˚ï˛ •Î˚ Îy ˆÌˆÏÜ˛ xÓˆÏ¢ˆÏ£Ï
á!öç ˜ï˛° ˛õyÄÎ˚y ÎyÎ˚– §¡±!ï˛ !ÓK˛yö#Ó˚y (Golenberg, 1995) ç#ÓyŸ¬ ˆÌˆÏÜ˛ x!ÓÜ,˛ï˛ D.N.A. xy!Ó‹ÒyÓ˚
Ü˛ Ï̂Ó̊ Ï̂åÈö–

Ü˛áöÄ Ü˛áöÄ ç#ÓˆÏòˆÏ•Ó˚ xÇ¢ !ÓˆÏ¢£Ï Ü˛yÓ˚ˆÏî §¡õ)î≈û˛yˆÏÓ !¢°#û)˛ï˛ •Î˚ öy– ~Ó˚Ü˛ü x§¡õ)î≈û˛yˆÏÓ
xflø#û)˛ï˛ ˆò•yÇ¢ˆÏÜ˛ í˛z˛õç#ÓyŸ¬ (subfossil) ÓˆÏ°– xyÓyÓ˚ ≤Ãyî#Ó˚ ˜ç!ÓÜ˛ Ü˛ˆÏü≈Ó˚ !ã˛•´ ˆÎüö ˛õyˆÏÎ˚Ó˚ åÈy˛õñ
ã˛°yˆÏú˛Ó˚yÓ˚ òyàñ §%í ¸̨Aà Óy àï≈˛– ~Ó˚yÄ ç#ÓyˆÏŸ¬Ó˚ xyÄï˛yÎ˚ xyˆÏ§– ~ˆÏòÓ˚ ˆê˛∆§ ú˛!§° (trace fossil) Óy •zÜ‰˛ˆÏöy
ú˛!§° (ichno fossil) ÓˆÏ°– xˆÏöÜ˛§üÎ˚ ˛õyÌˆÏÓ˚Ó˚ ˆú˛yÜ˛ˆÏÓ˚ ˆÜ˛yˆÏöy åÈy˛õ í˛z!qò Óy ≤Ãyî# ˆòˆÏ•Ó˚ xÇ¢ ÓˆÏ° ºü
•Î˚– ~ˆÏòÓ˚ ˆü!Ü˛ ç#ÓyŸ¬ (pseudo fossil) Ó Ï̂°–

1. !§ˆÏüˆÏrê˛¢ˆÏöÓ˚ ú˛ˆÏ° í˛z!qò‡≤Ãyî#Ó˚ í˛z˛õ!Ó˚ï˛ˆÏ°Ó˚ §ÇÓ˚«˛î ı

SÜ˛V  åÈy˛õ (Impression) : xŸ¬#û˛ÓöÜ˛yÓ˚# ç#ÓˆÏò• Óy ˆò•yÇ¢ Î!ò ã˛ƒy˛õê˛y Ä !müy!eÜ˛ (two dimen-

sional) •Î˚ SˆÎüö ˛õyï˛yVñ xflø#û)˛ï˛ •ˆÏÎ˚ ˆ§à%!° åÈy˛õ (impression) ç#ÓyŸ¬ ˜ï˛!Ó˚ Ü˛ˆÏÓ˚– ~ˆÏï˛ ˆÎˆÏ•ï%˛ ˜çÓ
Ü˛yÓ≈ö ÌyˆÏÜ˛ öy ~•z ç#ÓyˆÏŸ¬ xhsˇà≈ë˛ö §¡õˆÏÜ≈˛ !Ü˛å%È çyöy ÎyÎ˚ öy– !Ü˛v ç#ÓˆÏò•yÇˆÏ¢Ó˚ í˛z˛õ!Ó˚ï˛ˆÏ°Ó˚ ≤ÃÜ,˛!ï˛ ˆÎüö
˛õyï˛yÓ˚ !¢Ó˚y í˛z˛õ!¢Ó˚yÓ˚ !Óöƒy§ ˛õÂô!ï˛ •zï˛ƒy!ò §¡õˆÏÜ≈˛ çyöy ÎyÎ˚–

SáV  åÈÑyã˛ (mould) : !eüy!eÜ˛ (three dimensional) ç#Ó ̂ ò•yÇ¢ SˆÎüö Ü˛y[˛ Óy Ó#çV û)̨ hflÏ̂ ÏÓ˚ !öü!Iï˛
•ÄÎ̊yÓ̊ ̨õÓ̊ ï˛y xÓ°%Æ • Ï̂° û)̨ !ühflÏ̂ ÏÓ̊ ~!ê˛ Ä ç#Ó ̂ ò•yÇ Ï̂¢Ó̊ !eüy!eÜ˛ negative ~Ó˚ «˛ï˛ ~Ü˛!ê˛ úÑ̨ y˛õy (hollow)

fiÌyö §,!T˛ Ü˛ˆÏÓ˚ ~ˆÏÜ˛ åÈÑyã˛ ÓˆÏ°– ~•z åÈÑyˆÏã˛ ç#Ó ˆò•yÇˆÏ¢Ó˚ Ó!•û≈˛yˆÏàÓ˚ ã˛!Ó˚eà%!° SˆÎüö Ü˛yˆÏ[˛Ó˚ í˛z˛õ!Ó˚û˛yˆÏà
˛õeü)° Óy Ó#ç Óy ú˛° cˆÏÜ˛Ó˚ Ü˛yÓ˚%Ü˛yÎ≈ •zï˛ƒy!òV ¢%ô%üye §ÇÓ˚!«˛ï˛ •Î˚–

SàV  ¢yCÓ#Î˚ Óy xö%Ü,˛!ï˛ (cast) : í˛z˛õ!Ó˚í˛z=˛û˛yˆÏÓ åÈÑyã˛ ˜ï˛!Ó˚ •ÄÎ˚yÓ˚ ˛õÓ˚ ˛õÓ˚Óï˛#≈Ü˛yˆÏ° Ä•z úÑ˛y˛õy xÇ¢!ê˛
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˛õ!°hflÏÓ˚ myÓ˚y ≤Ã!ï˛fiÌy!˛õï˛ •ˆÏÎ˚ xy§° ç#ÓˆÏòˆÏ•Ó˚ üˆÏï˛y (positive replica) ˆòáˆÏï˛ ç#ÓyŸ¬ ˜ï˛!Ó˚ Ü˛ˆÏÓ˚ ÌyˆÏÜ˛–
xö%Ü,˛!ï˛ (cast) ÓˆÏ° fl∫yû˛y!ÓÜ˛û˛yˆÏÓ•z ~•z ç#ÓyŸ¬ˆÏï˛Ä ˆÜ˛yˆÏöy xhsˇà≈ë˛ö §ÇÓ˚!«˛ï˛ •Î˚ öy–

2. ç#ÓˆÏòˆÏ•Ó˚ ¢=˛ xÇˆÏ¢Ó˚ §ÇÓ˚«˛î ı ˆÜ˛yˆÏöy ˆÜ˛yˆÏöy §yü%!oÜ˛ ˜¢ÓyˆÏ°Ó˚ Ä ö#°yû˛ §Ó%ç ˜¢ÓyˆÏ°Ó˚ ã%˛ö
«˛Ó˚îÜ˛yÓ˚# xyÓÓ˚î ÌyˆÏÜ˛– ˛õÓ˚Óï˛#≈Ü˛yˆÏ° xyÓÓ˚î!ê˛ ¢=˛ •ˆÏÎ˚ x!ôÜ˛yÇ¢ ˆ«˛ˆÏe•z ˆò•yÜ,˛!ï˛ Ó˚«˛y Ü˛ˆÏÓ˚ !Ü˛v öÓ˚ü
xÇ¢!ê˛ xÓ°%Æ •Î˚– ˆfiê˛∆yüyˆÏê˛y°y•z!ê˛§ (stromatolites) çyï˛#Î˚ ã%˛öy˛õyÌÓ˚ Óy í˛yÎ˚yê˛ü çyï˛ üy!ê˛
(diatomite) ~û˛yˆÏÓÏ•z §ÇÓ˚!«˛ï˛ •Î˚– ã%˛ö xôÉˆÏ«˛˛õîÜ˛yÓ˚# ˜¢ÓyˆÏ°Ó˚ (Ca-precipitating algae, ˆÎüö
Dasycladaceae, Coccolithophoraceae ̂ àyeû%˛=˛ ̃ ¢Óy°V ̂ ò•yÇ¢Ä ~•zû˛yˆÏÓ §ÇÓ˚!«˛ï˛ •Î˚–

3. xAàyÓ˚#û)˛ï˛ !˛õT˛ xÓfiÌyÎ˚ §ÇÓ˚«˛î ı ç#Ó ˆò•yÇ¢ û)˛!ühflÏˆÏÓ˚ ˆ˛õÑÔåÈyÓyÓ˚ ˛õÓ˚ ï˛yÓ˚ Ä˛õÓ˚ Ü ˛üyàï˛ ˛õ!°hflÏÓ˚
çü Ï̂ï˛ ¢%Ó̊% Ü˛ Ï̂Ó̊– Ä˛õ Ï̂Ó̊Ó̊ ̨õ!°hflÏ̂ ÏÓ̊Ó̊ xï˛ƒ!ôÜ˛ ã˛y Į̈̂ õÓ̊ ú˛ Ï̂° ̂ ò• Ï̂Ü˛y Ï̂£ÏÓ̊ ̂ òÄÎ̊y°à%!° ã%̨ ˛õ Ï̂§ ÎyÎ̊ ú˛ Ï̂° ̃ çÓ Ï̂Ü˛y Ï̂£ÏÓ̊
ç°#Î˚ñ àƒy§#Î˚ Ä oÓî#Î˚ xÇ¢à%!° Ü˛üˆÏï˛ ÌyˆÏÜ˛ ~ÓÇ ô#ˆÏÓ˚ ô#ˆÏÓ˚ xAàyˆÏÓ˚ ˛õ!Ó˚Ó!ï≈˛ï˛ •ˆÏï˛ ÌyˆÏÜ˛– ~•z
ç#ÓyŸ¬ ˆÌˆÏÜ˛ xyÜ,˛!ï˛ñ !¢Ó˚y!Óöƒy§ñ ˛õe!Ü˛öyÓ˚y Ä ˆÓÑyê˛yÓ˚ í˛z˛õ!fiÌ!ï˛‡xö%˛õ!fiÌ!ï˛ •zï˛ƒy!ò ˆòáy ÎyÎ˚– ˜çÓ
Ü˛yÓ≈ö ÌyÜ˛yÓ˚ ú˛ˆÏ° ~•z ç#ÓyˆÏŸ¬Ó˚ !ÓˆÏŸ’£Ïî ˛õÂô!ï˛ (maceration technique) §y•yˆÏÎƒ ˛õyï˛yÓ˚ Ó!•hflÏˆÏÓ˚Ó˚
ˆÜ˛yˆÏ£ÏÓ˚ xyÜ,˛!ï˛ñ §Iyñ ˆÓ˚yü Ä ˛õeÓ˚rô  •zï˛ƒy!ò §¡õˆÏÜ≈˛ ï˛Ìƒ ˛õyÄÎ˚y ÎyÎ˚– !°àöy•zê˛ (lignite) Ä Ü˛Î˚°y
(coal) !˛õT˛ ç#ÓyˆÏŸ¬Ó˚ í˛zÍÜ,˛T˛ í˛zòy•Ó˚î–

4. ˆÜ˛yˆÏ£ÏÓ˚ á!öç˛õ,=˛ §ÇÓ˚«˛î ı ç#ÓˆÏÜ˛yˆÏ£ÏÓ˚ üˆÏôƒ á!öç ˛õòyÌ≈ xö%˛≤Ã!ÓT˛ •ˆÏÎ˚ ˜ï˛!Ó˚ •Î˚ ~•z ç#ÓyŸ¬–
á!öç˛õ,=˛ çˆÏ° ç#Ó ˆò•yÇ¢ !öü!Iï˛ •ÄÎ˚yÓ˚ ˛õÓ˚ Óy•zˆÏÓ˚ ˆÌˆÏÜ˛ ≤Ã!ÓT˛ ˆÎÔ!àÜ˛ ˛õòyˆÏÌ≈Ó˚ Ä˛õÓ˚ ˆÜ˛y£Ï
xû˛ƒhsˇÓ˚fiÌ !Ü˛å%È !ÓçyÓ˚ˆÏÜ˛Ó˚ (reducing agent ˆÎüö !•í˛z!üÜ˛ xƒy!§í˛ñ •y•zˆÏí»˛yˆÏçö §y°ú˛y•zí˛V §üß∫ˆÏÎ˚Ó˚
ú˛ˆÏ° oyÓƒ ˆÎÔà SˆÎüö !§!°ˆÏÜ˛ê˛V xoyÓƒ ˆÎÔˆÏà S!§!°Ü˛yˆÏï˛V ˛õ!Ó˚îï˛ •Î˚– ~•z xoyÓƒ ˆÎÔàà%!° ˆÜ˛y£Ï≤Ãyã˛#Ó˚
Ä xhsˇÉˆÏÜ˛y£Ï#Î˚ à•ùˆÏÓ˚ (intercellular space) çüy •ˆÏÎ˚ ~Ü˛!ê˛ üçÓ%ï˛ ˆàÔî Ü˛yë˛yˆÏüy àë˛ö Ü˛ˆÏÓ˚– ˆÜ˛y£Ïà%!°
á!öç˛õ,=˛ •ÄÎ˚yÎ˚ ~Ó˚)˛õ ç#ÓyŸ¬ xhsˇà≈ë˛ö ˛õÎ≈ˆÏÓ«˛î Ü˛Ó˚yÓ˚ ˛õˆÏ«˛ í˛zÍÜ,˛T˛–

á!öç˛õ,=˛ ç#ÓyŸ¬ ò%ÛôÓ̊ Ï̂öÓ̊– ̂ ˛õ!ê ∆̨̂ Ïú˛Ü˛¢ö (Petrifaction) Ä §ü#Ü˛Ó̊î (mummificatioan)–

SÜ˛V ˆ˛õ!ê˛∆ˆÏú˛Ü˛¢ö ı ~•z ˛õÂô!ï˛ˆÏï˛ ˆÜ˛y£Ï ≤Ãyã˛#Ó˚ Ä xyhsˇÉˆÏÜ˛y£Ï#Î˚ à•ùÓ˚ á!öç ˛õ,=˛ •ˆÏÎ˚ ˆÜ˛yˆÏ£ÏÓ˚ §%¤%˛
§ÇÓ˚«˛ˆÏîÓ˚ §y•yÎƒ Ü˛ˆÏÓ˚– á!öç!ê˛ !§!°Ü˛y •ˆÏï˛ ˛õyˆÏÓ˚– !Ü ˛ˆÏ˛õyÜ,˛fiê˛y°y•zö (cryptocrystalline) Ä ~üÓ˚ú˛y§
(Amorphous) !§!°Ü˛y ~áyˆÏö §ÇÓ˚«˛ˆÏî §y•yÎƒ Ü˛ˆÏÓ˚– ˆÎüö Ó˚y•z!ö ã˛yê≈˛ Ä àyö!úœ˛rê˛ ã˛yê≈˛– ˆÜ˛y£Ï Î!ò ã%˛ö≈Ü˛
(calcified) §¡õ,=˛ •Î˚ ï˛áö Ü˛Î˚°y ̂ ày°Ü˛ (coal ball) ̃ ï˛!Ó˚ •Î˚– xAàyÓ˚ Î%ˆÏàÓ˚ (Carboniferous) í˛z!qˆÏòÓ˚
xhsˇà≈ë˛ö ̂ Ó!¢Ó̊ û˛yà ̂ «˛ Ï̂e Ü˛Î̊°y ̂ à˛y°Ü˛ ̂ Ì Ï̂Ü˛•z çyöy ̂ à Ï̂åÈ– ̂ °Ô• ̨õy•zÓ̊y•zê˛ (pyrite) ú˛§ Ï̂ú˛ê˛ (phosphate)

≤Ãû,˛!ï˛Ä ç#ÓˆÏÜ˛yˆÏ£Ï xö%≤Ã!ÓT˛ •ˆÏï˛ ˛õyˆÏÓ˚– ï˛ˆÏÓ §y•zÓ˚y•zê˛ xfl∫FåÈ •ÄÎ˚yÎ˚ ~Ó˚)˛õ ç#ÓyˆÏŸ¬Ó˚ xhsˇà≈ë˛ö ˛õÎ≈ˆÏÓ«˛î
Ü˛Ó˚̂ Ïï˛ xˆÏöÜ˛ §üÎ˚ x§%!ÓˆÏô •Î˚–

SáV §ü#Ü˛Ó˚î ı §ü#Ü˛Ó˚î ˛õÂô!ï˛ˆÏï˛ §,T˛ ç#ÓyŸ¬Ä ò%ÛôÓ˚̂ ÏöÓ˚ •ˆÏï˛ ˛õyˆÏÓ˚–

(i) ÓÓ˚̂ Ïú˛Ó˚ üˆÏôƒ §ÇÓ˚«˛î ı ~•z ôÓ˚̂ ÏöÓ˚ ç#ÓyˆÏŸ¬ñ ç#ÓˆÏòˆÏ•Ó˚ ï˛Ó˚° Ü˛°y o%ï˛ ë˛y[˛yÎ˚ çˆÏü !àˆÏÎ˚ §)-
ˆÜ˛°y!§ï˛ ÓÓ˚ú˛ Ü˛°y (microcrystalline ice) myÓ˚y ≤Ã!ï˛fiÌy!˛õï˛ •Î˚– xï˛ƒ!ôÜ˛ ë˛y[˛yÎ˚ ˆÎû˛yˆÏÓ xyüÓ˚y
áyòƒoÓƒ §ÇÓ˚«˛î Ü˛!Ó˚ ï˛yÓ˚ §ˆÏAà ~•z ˛õÂô!ï˛Ó˚ ï%˛°öy Ü˛Ó˚y ˆÎˆÏï˛ ˛õyˆÏÓ˚– !≤’ˆÏfiê˛y!§ö í˛z˛õÎ%ˆÏà çüyê˛ ÓÑyôy
x!ï˛Ü˛yÎ˚ üƒyüÌ (mammoth) •y!ï˛ üƒy§ˆÏê˛yí˛ö (mastodon) Ä à[˛yÓ˚ ~•z ôÓ˚ˆÏöÓ˚ ç#ÓyˆÏŸ¬Ó˚ xyò¢≈
í˛zòy•Ó˚î–
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(iii) Ó˚çˆÏöÓ˚ üˆÏôƒ §ÇÓ˚«˛î ı àyˆÏåÈÓ˚ !öÉ§,ï˛ Ó˚çˆÏöÓ ̊ (resin) üˆÏôƒ ˆåÈyˆÏê˛yáyˆÏê˛y Ü˛#ê˛˛õï˛Aàñ ˆÓ˚î%ñ ú%˛°
≤Ãû,˛!ï˛ xyê˛ˆÏÜ˛ !àˆÏÎ˚ xyˆÏhflÏ xyˆÏhflÏ ï˛yÓ˚ üˆÏôƒ !öü!Iï˛ •Î˚ ˆÓÇ !Ó¢%‹Ò#Ü˛Ó˚ˆÏîÓ˚ ú˛ˆÏ° (dehydration)

x!ÓÜ,˛ï˛û˛yˆÏÓ §ÇÓ˚!«˛ï˛ •ˆÏÎ˚ xƒyüÓyÓ˚ (amber) ˛õˆÏÌ ç#ÓyŸ¬ àë˛ö Ü˛ˆÏÓ˚– ~•z ˛õÂô!ï˛!ê˛ ç°•#ö (dehy-

drated) í˛z!qò Ä ≤Ãyî# ˆò•yÇˆÏ¢Ó˚ Ü˛yöyí˛y Óy°§yˆÏü (canada balsam) xyÓ,ï˛ Ü˛ˆÏÓ˚ §ÇÓ˚«˛î Ü˛Ó˚yÓ˚ §ˆÏAà
ï%˛°ö#Î˚–

15.6 ç#ÓyŸ¬#Ü˛Ó˚î ˛õÂô!ï˛ Ä §ÇÓ˚«˛ˆÏîÓ˚ ¢ï≈˛§ü)•

ç#ÓˆÏò• xŸ¬#û)˛ï˛ •Î˚ ˆû˛Ô!ï˛Ü˛ (physical) Ä ˜çÓ Ó˚y§yÎ˚!öÜ˛ (organo chemical) ~•z ò%!ê˛ ≤Ã!Ü ˛Î˚yÓ˚
üyôƒˆÏü– ˜çÓ ˛õòyˆÏÌ≈Ó˚ o%ï˛ ˛õ!Ó˚Ó•ö (transportation) Ä !öüIö (immersion) ~ÓÇ ç°y¢ˆÏÎ˚Ó˚ (basin)

≤ÃÜ,˛!ï˛ñ àë˛öñ çˆÏ°Ó˚ àû˛#Ó˚ï˛y ≤Ãû,˛!ï˛ •° í˛zˆÏÕ‘áˆÏÎyàƒ ˆû˛Ô!ï˛Ü˛ (physical) ≤Ã!Ü ˛Î˚yÓ˚ xöƒï˛ü– ç#ÓÈÙÈ
ˆò•yÇˆÏ¢Ó˚ o%ï˛ ˛õ!Ó˚Ó•ö ç°ˆÏflÀyˆÏï˛Ó˚ ï˛#Ó ï˛yÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚– ˆò•ˆÏÜ˛yˆÏ£ÏÓ˚ §ÇÓ˚«˛î !öû≈˛Ó˚ Ü˛ˆÏÓ˚– ç°y¢ˆÏÎ˚Ó˚
çˆÏ°Ó˚ ≤ÃÜ,˛!ï˛Ó˚ Ä˛õÓ˚– ç° !öhflÏÓ˚Aà •ˆÏ° SˆÎüö í˛z˛õ•…ò Ä •…ˆÏòV ˆò•yÇ¢ §•ˆÏç í%˛ˆÏÓ ÎyÎ˚ ~ÓÇ §ÇÓ˚«˛î
cÓ˚y!ß∫ï˛ Ü˛ˆÏÓ˚ xàû˛#Ó˚ ç° Óy ï˛Ó˚Aà§ÇÜ%˛° xÓfiÌy §ÇÓ˚«˛ˆÏîÓ˚ ˛õ!Ó˚̨ õrÌ#– §%ˆÏ˛õÎ˚ çˆÏ°Ó˚ (fresh water) ï%˛°öyÎ˚
°Óîy=˛ çˆÏ° ç#ÓˆÏòˆÏ• åÈeyˆÏÜ˛Ó˚ §ÇÜ ˛üî Ü˛ü •Î˚ ú˛ˆÏ° °Óîy=˛ çˆÏ° ç#ÓˆÏòˆÏ•Ó˚ §ÇÓ˚«˛î û˛y° •Î˚ñ xˆÏöÜ˛ §üÎ˚
çˆÏ° x!:ˆÏçˆÏöÓ˚ fl∫“ï˛yÄ åÈeyˆÏÜ˛Ó˚ Ó,!Âô ˆÓ˚yô Ü˛ˆÏÓ˚–

˛õ!°hflÏˆÏÓ˚Ó˚ àû˛#Ó˚ï˛y Ä ˛õ!°Ó˚ ≤ÃÜ,˛!ï˛Ó˚ Ä˛õÓ˚ §ÇÓ˚«˛î !öû≈˛Ó˚¢#°– !ü!• ˛õ!° ö%!í˛¸̨ õyÌÓ˚ !ü!◊ï˛ ˛õ!° xˆÏ˛õ«˛y
û˛yˆÏ°y– ö%!í˛¸˛õyÌÓ˚ !ü!◊ï˛ ˛õ!°ˆÏï˛ â£Ï≈ˆÏîÓ˚ ú˛ˆÏ° ç#ÓˆÏò•yÇˆÏ¢Ó˚ «˛!ï˛ •Î˚–

í˛z˛õ!Ó˚í˛z=˛ ˆû˛Ô!ï˛Ü˛ ≤Ã!Ü ˛Î˚yà%!°Ó˚ §ˆÏAà §ˆÏAà ã˛ˆÏ° !Ó!û˛ß¨ ≤ÃÜ˛yˆÏÓ˚Ó˚ Ó˚y§yÎ˚!öÜ˛ ≤Ã!Ü ˛Î˚y– çˆÏ° oÓ#û)˛ï˛
!§!°ˆÏÜ˛ê˛ñ ú˛§ˆÏú˛ê˛ñ Ü˛yÓ≈ˆÏöê˛ ≤Ãû,˛!ï˛ ˆÎÔà ˆò•ˆÏÜ˛yˆÏ£Ï ≤Ã!ÓT˛ •ˆÏÎ˚ xôÉ!«˛Æ •Î˚ ~ÓÇ üçÓ%ï˛ Ü˛yë˛yˆÏüy ˜ï˛!Ó˚
Ü˛ˆÏÓ˚Ï Îy Ä˛õˆÏÓ˚Ó˚ hflÏˆÏÓ˚Ó˚ Ü ˛üÓô≈üyö ã˛y˛õ ˆÌˆÏÜ˛ ˆÜ˛y£Ïà%!°ˆÏÜ˛ Ó˚«˛y Ü˛ˆÏÓ˚– Ü˛áöÄ Ü˛áöÄ ˆÜ˛yˆÏ£ÏÓ˚ ˆ§°%ˆÏ°yç Ä
!°ày!üö xAàyÓ˚#û)˛ï˛ •Î˚– Ó!•hflÏˆÏÜ˛ !Ü˛í˛z!ê˛Ü˛° Ä ˆÓ˚î%Ó˚ Ó!•ÉhflÏÓ˚ (exine) x!ÓÜ,˛ï˛ ÌyˆÏÜ˛– ˆÓ˚î% ≤Ãyã˛#ˆÏÓ˚
ˆflõyˆÏÓ˚yˆÏ˛õyˆÏ°!°ö (sporopollenin) öyüÜ˛ ~Ü˛ ˆÎÔà ÌyˆÏÜ˛ Îy ˆÓ˚î%Ó˚ xyÜ,˛!ï˛ Ä ≤ÃÜ,˛!ï˛ x«%˛] Ó˚yáˆÏï˛ §y•yÎƒ
Ü˛ˆÏÓ˚– ˛õ!°hflÏˆÏÓ˚Ó˚ §yˆÏÌ ç#Ó ˆò•yÇ¢ Ó•%ò)Ó˚ ˛õÎ≈hsˇ ˛õ!Ó˚Óy!•ï˛ •ˆÏ° ˆ§à%!° ˆû˛ˆÏhflÏ ÎyÄÎ˚yÓ˚ §Ω˛yÓöy ÌyˆÏÜ˛ ú˛ˆÏ°
e%!ê˛Î%=˛ ç#ÓyŸ¬ ˜ï˛!Ó˚ •Î˚– xyò¢≈ ç#ÓyŸ¬ §ÇÓ˚«˛ˆÏîÓ˚ çöƒ ç#Ó ˆò•yÇˆÏ¢Ó˚ fl∫“ ò)Ó˚c ˛õ!Ó˚Ó•ö Óy ˆÜ˛yˆÏöyÓ˚Ü˛ü
˛õ!Ó˚Ó•ö öy •ˆÏ° (in situ) û˛yˆÏ°y •Î˚–

xˆÏöÜ˛ §üÎ˚ ç#ÓyŸ¬ §%§ÇÓ˚!«˛ï˛ •ÄÎ˚yÓ˚ ˛õÓ˚ ˛õ,!ÌÓ#Ó˚ xû˛ƒhsˇˆÏÓ˚Ó˚ ôùÇ§ydÜ˛ Ü˛yÎ≈yÓ°# ˆÎüö !à!Ó˚ç!öï˛
Ü˛yÎ≈yÓ°# (organic activities) •zï˛ƒy!òÓ̊ ú˛ Ï̂° «˛!ï˛@ˇÃhflÏ •Î̊–

15.7 ç#ÓyˆÏŸ¬Ó˚ öyüÜ˛Ó˚î

ç#ÓˆÏòˆÏ•Ó˚ ˜Ó!ã˛ˆÏeƒÓ˚ üˆÏï˛y ~ˆÏòÓ˚ öyˆÏüÓ˚Ä ˜Ó!ã˛eƒ xyˆÏåÈ– ≤Ãçy!ï˛Ó˚ !m˛õò öyüÜ˛Ó˚î !°!öÎ˚%§ (Linnaeus,

1753) ïÑ˛yÓ˚ ≤Ãçy!ï˛ §¡∫rô#Î˚ @ˇÃˆÏrÌ §Ó≈≤ÃÌü ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ö– ç#ÓyˆÏŸ¬Ó˚ ˆ«˛ˆÏe !m˛õò öyˆÏüÓ˚ ¢%Ó˚% fiê˛yö≈ÓyˆÏà≈Ó˚ @ˇÃrÌ
≤ÃÜ˛y!¢ï˛ •ÄÎ˚yÓ˚ ï˛y!Ó˚á 1820 §y° ˆÌˆÏÜ˛– ç#Óhsˇ Ä ç#ÓyˆÏŸ¬Ó˚ ≤ÃˆÏÎ˚yà !û˛ß¨ •ˆÏ°Ä öyüÜ˛Ó˚̂ ÏîÓ˚ xyhsˇç≈y!ï˛Ü˛
!Ó!ô ~Ü˛•z Ó˚Ü˛ˆÏüÓ˚–
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ˆÓ!¢Ó˚û˛yà ˆ«˛ˆÏe•z ç#ÓyŸ¬ ˛õyÄÎ˚y ÎyÎ˚ !Ó!FåÈß¨ xAà ≤Ãï˛ƒAà !•ˆÏ§ˆÏÓ– á%Ó Ü˛ü ˆ«˛ˆÏe•z ç#ˆÏÓÓ˚ §¡õ)î≈
ç#ÓyŸ¬ ˛õyÄÎ˚y ˆàˆÏåÈ– !Ó!FåÈß¨ xAà ≤Ãï˛ƒˆÏAàÓ˚ ˆ«˛ˆÏe ò%•z Ó˚Ü˛ü àî ÓƒÓ•yÓ˚ xö%ˆÏüy!òï˛ •ˆÏÎ˚̂ ÏåÈ– ~Ü˛!ê˛ xÓ˚àƒyö
àî Óy xAàçàî (organ genus) Îy ÓƒÓ•,ï˛ •Î˚ ~Ü˛!ê˛ Óy ~Ü˛y!ôÜ˛ §¡∫rôÎ%=˛ xï˛ƒˆÏAàÓ˚ ˆ«˛ˆÏe ~ÓÇ ˆÎà%!°ˆÏÜ˛
!ö!ò≈T˛ ã˛y!Ó˚!eÜ˛ ˜Ó!¢T˛ƒyÓ!°Ó˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ ~Ü˛!ê˛ !ö!ò≈T˛ ˆàyeû%˛=˛ Ü˛Ó˚y ÎyÎ˚– ˆÎüö !ê˛ˆÏ°yú˛y•z°yü
(Ptilophyllum) í˛z•z!°Î˚yüˆÏ§y!öÎ˚y (Williamsonia) ≤Ãû,˛!ï˛ xAàçàî ÎyˆÏòÓ˚ í˛z•z!°Î˚yüˆÏ§y!öˆÏÎ˚§#
(Williamsoniaceae) ̂ àyeû%˛=˛ Ü˛Ó˚y ÎyÎ˚–

xöƒ!ê˛ ú˛ü≈àî (form genus) Îy ÓƒÓ•,ï˛ •Î˚ ˆ§•z §Ó ≤Ãï˛ƒˆÏAàÓ˚ ˆ«˛ˆÏe ÎyˆÏòÓ˚ ˛õyÓ˚flõ!Ó˚Ü˛ §¡õÜ≈˛
xK˛yï˛ñ ú˛ˆÏ° ~ˆÏòÓ˚ !ö!ò≈T˛ ˆÜ˛yöÄ ˆàyeû%˛=˛ Ü˛Ó˚y §Ω˛Ó •Î˚ öy– ~Ó˚)˛õ àî Ü,˛!eüñ !Ü˛v fl∫Ó˚)˛õ ≤Ãüy!îï˛ •ˆÏ°
~ˆÏòÓ˚ xöƒ fl∫yû˛y!ÓÜ˛ àˆÏî fiÌyöyhsˇ!Ó˚ï˛ Ü˛Ó˚y ÎyÎ˚– ˆÎüö §y•zˆÏ˛õÓ˚y•z!ê˛§ (Cyperites) àîñ ~•z àî!ê˛
ˆ°!˛õˆÏí˛yˆÏí˛ö‰ˆÏí»˛!°§ Óà#≈û)˛ï˛ ˆàyˆÏeÓ˚ ˆ°!˛õˆÏí˛yˆÏí˛ö‰ˆÏí»˛!§ (Lepidodendraceae), !§!ç°!Ó˚ˆÏÎ˚!§
(Sigillariacae) Ä ̂ ÓyˆÏÌ yˆÏí˛ö‰ˆÏí»̨ !§ (Bothrodendraceae) ̂ Î ̂ Ü˛yöÄ à Ï̂îÓ˚ ̨õyï˛yÓ˚ ã˛!Ó˚e Ó•ö Ü˛ Ï̂Ó˚– §%ï˛Ó˚yÇ
~•z àî!ê˛ˆÏÜ˛ !ÓŸªy§ˆÏÎyàƒû˛yˆÏÓ !ö!ò≈T˛ ˆÜ˛yöÄ ˆàyeû%˛=˛ Ü˛Ó˚y ÎyÎ˚ öy–

ú˛ü≈ Ä xÓ˚àƒyö àˆÏîÓ˚ öyü Ä xyò¢≈ (type) !û˛!_Ü˛ •ˆÏï˛ •ˆÏÓ– §%ï˛Ó˚yÇ !ÓÓÓ˚̂ ÏîÓ˚ §üÎ˚ xyò¢≈ §Ç@ˇÃˆÏ•Ó˚
§%!ö!ò≈T˛ í˛zˆÏÕ‘á ≤ÃˆÏÎ˚yçö– öyüÜ˛Ó˚̂ ÏîÓ˚ §üÎ˚ ÎyˆÏï˛ ≤Ãï˛ƒAà!ê˛Ó˚ ≤ÃÜ,˛!ï˛ §¡õˆÏÜ≈˛ çyöy ÎyÎ˚ ˆ§ !Ó£ÏˆÏÎ˚ öçÓ˚ Ó˚yáy
òÓ˚Ü˛yÓ˚– ˆÎüö öyˆÏüÓ˚ ˆ¢ˆÏ£Ï ÈÙÈú˛y•z°yü (-phyllum) ÌyÜ˛ˆÏ° ˛õyï˛yñ ÈÙÈÜ˛y˛õ≈y§ (-carpus), Ü˛y˛õ≈ö ÌyÜ˛ˆÏ° Ó#ç Óy
ú˛°ñ ÈÙÈÄçy•z°ö (oxylon) ÌyÜ˛ˆÏ° ˆàÔî Ü˛y¤˛° xÇ¢ !öˆÏò≈¢ Ü˛Ó˚̂ ÏÓ– ˆÜ˛yöÄ ~Ü˛!ê˛ ç#ˆÏÓÓ˚ ≤ÃyÎ˚ §Ó Ü˛Î˚!ê˛
xAàçàî §¡õˆÏÜ≈˛ flõT˛ ôyÓ˚îy ˜ï˛!Ó˚ •ÄÎ˚yÓ˚ ˛õÓ˚ §¡õ)î≈ í˛z!qò Óy ≤Ãyî#!ê˛ ˆòáˆÏï˛ ˆÜ˛üö !åÈ° ˆ§ §¡õˆÏÜ≈˛
ˆüyê˛yü%!ê˛ ~Ü˛ê˛y ôyÓ˚îy ˜ï˛!Ó˚ •Î˚– ˛õ%öà≈ë˛ˆÏöÓ˚ (reconstruction) ~•z ôy˛õ ˛õÎ≈hsˇñ ˆ˛õÑÔåÈyÓyÓ˚ ˛õÓ˚ ˛õ%Ó˚yç#Ó!Óò
≤Ãyã˛#öˆÏcÓ˚ !Ó!ô ~ (rule of priority) §Ó≈y!ôÜ˛ ≤Ãyã˛#ö S§yˆÏ°Ó˚ ̨ õÓ˚V ̃ Óô ≤ÃÜ˛y!¢ï˛ ̂ Î ̂ Ü˛yöÄ xAàçàˆÏîÓ˚ öyˆÏü
§¡õ)î≈ ç#Ó!ê˛Ó˚ àˆÏîÓ˚ öyüÜ˛Ó˚î Ü˛Ó˚ˆÏï˛ ˛õyˆÏÓ˚ö– ~•z ˛õ!Ó˚!fiÌ!ï˛ˆÏï˛ xAàç àî!ê˛ fl∫yû˛y!ÓÜ˛ ≤ÃyÜ,˛!ï˛Ü˛ àˆÏîÓ˚
(natural genus) §üï%̨°ƒ–

˛õ)ˆÏÓ≈•z í˛zˆÏÕ‘á Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ ˆÎ öyüÜ˛Ó˚ˆÏîÓ˚ !Ó!ô ç#Óhsˇ Ä xŸ¬#û)˛ï˛ xÇˆÏ¢Ó˚ ~Ü˛•z ≤ÃÜ˛yˆÏÓ˚Ó˚– !ö¡¨ Ä í˛zFã˛
§Ü˛° ˛õòˆÏÜ˛•z ê˛ƒyÜ˛§ö (taxon) öyˆÏü x!û˛!•ï˛ Ü˛Ó˚y ÎyÎ˚– §Ü˛° öyü•z °y!ï˛ö û˛y£ÏyÎ˚ à!ë˛ï˛ •ˆÏÓ Óy öyü!ê˛ˆÏÜ˛
°y!ï˛ˆÏöÓ˚ üˆÏï˛y Ü˛ˆÏÓ˚ !öˆÏï˛ •ˆÏÓ– ≤Ã!ï˛!ê˛ ≤Ãçy!ï˛ ˛õÎ≈yÎ˚Ü ˛ˆÏü xˆÏöÜ˛à%!° ˛õˆÏòÓ˚ xhsˇà≈ï˛–

ˆÎüö ≤Ãçy!ï˛ → àî → ˆàye → ˛õÓ≈ → ˆ◊!î → !Óû˛yà– ~•z ˛õò ˛õÎ≈yÎ˚Ü ˛ˆÏüÓ˚ ˛õ!Ó˚Óï≈˛ö ˜Óô öÎ˚–
ˆÎ ˆÜ˛yˆÏöy ˜Óô öyˆÏüÓ˚ çöƒ

(1) xyò¢≈!û˛!_Ü˛ (type) •ÄÎ˚yñ
(2) fl∫#Ü,˛ï˛ û˛yˆÏÓ ≤ÃÜ˛y!¢ï˛ •ÄÎ˚yñ ~Ü˛y!ôÜ˛ öyü ÌyÜ˛ˆÏ°ñ
(3) §Ó≈≤Ãyã˛#ö öyü!ê˛ @ˇÃ•î Ü˛Ó˚y Ä öyü!ê˛

(4) °y!ï˛ö û˛y£ÏyÎ˚ à!ë˛ï˛ •ÄÎ˚y ≤ÃˆÏÎ˚yçö–
ç#ˆÏÓÓ˚ ≤Ãçy!ï˛ñ àî Ä ˛õˆÏÓ≈Ó˚ !Î!ö í˛zò‰û˛yÓÜ˛ ïÑ˛yÓ˚ öyü•z ç#Ó!ê˛Ó˚ öyˆÏüÓ˚ ˆ¢ˆÏ£Ï í˛zˆÏÕ‘!áï˛ •ˆÏÓ– xˆÏöÜ˛ §üÎ˚

˛õˆÏÌÓ˚ í˛zò‰û˛yÓÜ˛ öyü!ê˛Ó˚ ˛õyˆÏ¢ ïÑ˛yÓ˚ öyü ü%!oï˛ öyÄ Ü˛ˆÏÓ˚ ÌyÜ˛ˆÏï˛ ˛õyˆÏÓ˚ö ~ˆÏ«˛ˆÏe ïÑ˛yÓ˚ öyˆÏüÓ˚ ˆ¢ˆÏ£Ï ‘ex’ Î%=˛
Ü˛ˆÏÓ˚ !Î!ö ˛õÓ˚Óï˛#≈ Ü˛yˆÏ° öyü!ê˛ ü%!oï˛ Ü˛Ó˚ˆÏåÈö ï˛yÓ˚ öyü!ê˛Ó˚ í˛zˆÏÕ‘á Ü˛Ó˚ˆÏï˛ •ˆÏÓ– ˆÜ˛í˛z Î!ò öyüÜ˛Ó˚ˆÏî ˆÜ˛yöÄ
§ÇˆÏ¢yôö Ü˛ˆÏÓ˚ö ï˛y•ˆÏ° í˛zò‰û˛yÓˆÏÜ˛Ó˚ öyˆÏüÓ˚ ˛õˆÏÓ˚ ‘emend’ Ü˛Ìy!ê˛Ó˚ Ä ï˛yÓ˚˛õÓ˚ §ÇˆÏ¢yôˆÏÜ˛Ó˚ öyü Ó§yˆÏï˛ •ˆÏÓ–
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15.8 ç#ÓyŸ¬ ̂ Ì Ï̂Ü˛ ç#Ó Ï̂ò Ï̂•Ó̊ ̨õ%öà≈ë˛ö (Reconstruction)

ç#ÓyŸ¬!ÓòÓ˚y ˆÓ!¢Ó˚û˛yà ˆ«˛ˆÏe•z ç#ÓˆÏòˆÏ•Ó˚ §¡õ)î≈ ˆò•yÓˆÏ¢ˆÏ£ÏÓ˚ ç#ÓyŸ¬ ˛õyö öy– §yôyÓ˚îï˛ í˛z!qò Óy
≤Ãyî#ˆÏòˆÏ•Ó˚ !Ó!û˛ß¨ xÇ¢ xy°yòy xy°yòyû˛yˆÏÓ !Ó!û˛ß¨ çyÎ˚ày ˆÌˆÏÜ˛ ˛õyÄÎ˚y ÎyÎ˚– í˛z!qòˆÏòÓ˚ ˆ«˛ˆÏe ü)°ñ Ü˛y[˛ñ
˛õyï˛yñ Ó#ç§• xöƒyöƒ í˛zÓ≈Ó˚ xÇ¢ ~ÓÇ ≤Ãyî#Ó˚ ˆ«˛ˆÏe !¢°#û)˛ï˛ •yí ¸̨ÈÙÙÙÈ•yï˛ñ ˛õyñ ˆ◊!îã˛Ü ˛ñ ˛õÑyçÓ˚ñ Ü˛ˆÏ¢Ó˚%Ü˛yÓ˚
xÇ¢ñ Ü˛ˆÏÓ˚y!ê˛ñ òÑyï˛ñ !Ü˛ü Óy §°yŸ¬ (Caprolite) !ÓK˛yö#Ó˚y §Ó≈≤ÃÌü ~•z á[˛yÇ¢à%!°Ó˚ !Ó¢Ïò ã˛!Ó˚e !ÓˆÏŸ’£Ïî
Ü˛ˆÏÓ˚ö ÎyÓ˚ Ä˛õÓ˚ !öû≈˛Ó˚ Ü˛ˆÏÓ˚ xyˆÏhflÏ xyˆÏhflÏ àˆÏí˛¸ ÄˆÏë˛ ~Ü˛!ê˛ §¡õ)î≈ í˛z!qò Óy ≤Ãyî#ˆÏòˆÏ•Ó˚ xÓÎ˚Ó– xÓ¢ƒ ï˛yÓ˚
xyˆÏà ~•z ≤Ãçy!ï˛Ó˚ xöƒyöƒ öü%öy ~ÓÇ Ü˛!ö¤˛ §¡õˆÏÜ≈˛Ó˚ xöƒ ≤Ãçy!ï˛Ó˚ ˛õÎ≈yˆÏ°yã˛öy ≤ÃˆÏÎ˚yçö–

ç#ÓˆÏòˆÏ•Ó˚ á[˛yÇ¢à%!°Ó˚ ˛õ%ö!î≈ü≈yˆÏîÓ˚ §üÎ˚ ˆÎ§Ó ≤Ãyüyîƒ ï˛ˆÏÌƒÓ˚ (evidence) §y•yÎƒ ˆöÄÎ˚y •Î˚ ï˛yˆÏòÓ˚
ˆüyê˛yü%!ê˛ ò%Ûû˛yˆÏÓ û˛yà Ü˛Ó˚y ÎyÎ˚ (i) ≤Ãï˛ƒ«˛ ≤Ãüyî– (ii) ˛õˆÏÓ˚y«˛ ≤Ãüyî–

≤Ãï˛ƒ«˛ ≤Ãüyî ı xŸ¬#û)˛ï˛ç#ˆÏÓÓ˚ á[˛yÇ¢à%!°Ó˚ üˆÏôƒ ˜çÓ §ÇˆÏÎyà (organic connection)

ÌyÜ˛ˆÏ° ˆ§à%!° ˆÎ ~Ü˛•z í˛z!qò Óy ≤Ãyî#ˆÏòˆÏ•Ó˚ ï˛y ≤Ãüyî Ü˛Ó˚y §•ç •Î˚– ˛õ%ö!ö≈ü≈yˆÏî ~•z ôÓ˚̂ ÏîÓ˚ ≤Ãï˛ƒ«˛ ≤ÃüyîˆÏÜ˛
§ÓˆÏÌˆÏÜ˛ !ÓŸªy§ˆÏÎyàƒ ÓˆÏ° üˆÏö Ü˛Ó˚y •Î˚– xyˆÏÜ≈˛Ä˛õˆÏê˛!Ó˚§ (Archaeopteris) í˛z!qˆÏòÓ˚ ˛õ%ö!ö≈ü≈yˆÏîÓ˚ xyˆÏà
(Archaeopteris) Ó°ˆÏï˛ ~Ü˛!ê˛ !Óã%˛ƒï˛ (dispersed) ˆê˛!Ó˚ˆÏí˛yÜ˛y•zˆÏê˛Ó˚ ¢yáy Ä Ü˛ƒy!°çy•z°ö (Callixylon)

ˆÜ˛ ~Ü˛!ê˛ !çü‰ˆÏöyflõyˆÏü≈Ó˚ Ü˛y[˛ ÓˆÏ° üˆÏö Ü˛Ó˚y •ï˛– ã˛y°≈§ ˆÓÜ˛ (Charles Beck, 1960) §Ó≈≤ÃÌü ~•z ò%!ê˛
xÇˆÏ¢Ó˚ üˆÏôƒ ˜çÓ §ÇˆÏÎyà ≤Ãüyî Ü˛ˆÏÓ˚ö Îy ˆÌˆÏÜ˛ ˆ≤Ãy!çüˆÏ˛õyflõyü≈ (Progymposperm) ôyÓ˚îy ≤Ã!ï˛!¤˛ï˛
•Î˚–

˛õˆÏÓ˚y«˛ ≤Ãüyî ı ˛õˆÏÓ˚y«˛ ≤Ãüyîà%!°Ó˚ üˆÏôƒ
SÜ˛V §Aà# ç#ÓyŸ¬§ü)•
SáV àë˛öàï˛ !ü°
SàV ˛õÓ˚yà §ÇˆÏÎyààï˛ !Ü˛å%È ã˛!Ó˚e Îy ˆÌˆÏÜ˛ ≤Ãüyî Ü˛Ó˚y ÎyÎ˚ ç#ÓyŸ¬à%!° ~Ü˛•z í˛z!qòû%˛=˛ •zï˛ƒy!ò

xöƒï˛ü–
xˆÏöÜ˛ §üÎ˚ ˆÜ˛yöÄ ç#ÓyˆÏŸ¬Ó˚ ˛õ%ö!ö≈ü≈yˆÏî ï˛yÓ˚ §Aà# ç#ÓyŸ¬à%!°Ó˚ í˛z˛õ!fiÌ!ï˛ Ä §Çáƒy í˛zˆÏÕ‘áˆÏÎyàƒ û)˛!üÜ˛y

ˆöÎ˚– ˆÎüö ˆüí%˛ˆÏ°y§y ˆöy!Î˚ (Medullosa noei) Ü˛yˆÏ[˛Ó˚ ç#ÓyˆÏŸ¬Ó˚ §yˆÏÌ˛ ≤Ãã%˛Ó˚ ˛õ!Ó˚üyˆÏî xƒy!°Ì˛õ‰ˆÏê˛!Ó˚§‰
(Alethopteris) ˛õyï˛yñ ˛õƒy!ã˛ˆÏê˛T˛y (Pachytesta) Ó#ç •zï˛ƒy!ò ˛õyÄÎ˚y ÎyÎ˚– Î!òÄ ~à%!°Ó˚ üˆÏôƒ ˆÜ˛yöÄ
˜çÓ §ÇˆÏÎyà ˛õyÄÎ˚y ÎyÎ˚!ö !Ü˛v !Ó!û˛ß¨ çyÎ˚àyÎ˚ ~•z í˛z!qòxÇ¢à%!°Ó˚ !öÎ˚!üï˛ í˛z˛õ!fiÌ!ï˛ ~à%!° ˆÎ ~Ü˛•z
í˛z!qˆÏòÓ˚ !Ó!û˛ß¨ xÇ¢ ï˛y ≤Ãüyî Ü˛ˆÏÓ˚– xÓ¢ƒ ~ ôÓ˚̂ ÏöÓ˚ ˛õˆÏÓ˚y«˛ ≤Ãüyî !û˛!_Ü˛ ˛õ%ö!ö≈ü≈yî §Ç¢ˆÏÎ˚Ó˚ |ˆÏôù≈ öÎ˚–

xyÓyÓ˚ xAà§ÇfiÌyöàï˛ û˛yˆÏÓ !û˛ß¨ í˛z!qò xÇˆÏ¢Ó˚ xhsˇà≈ë˛öàï˛ !üˆÏ°Ó˚ Ä˛õÓ˚ !û˛!_ Ü˛ˆÏÓ˚ ï˛yˆÏòÓ˚ üˆÏôƒ ˜çÓ
§ÇˆÏÎyà ≤Ãüyî Ü˛Ó˚y ÎyÎ˚– Oliver Ä Scott (1904) Ü˛yÓ≈!öˆÏú˛Ó˚y§ Î%ˆÏàÓ˚ Lagenostoma lomaxi Ó#ˆÏçÓ˚
í˛zˆÏÕ‘áˆÏÎyàƒ ˜Ó!¢T˛ƒ !•ˆÏ§ˆÏÓ Ü˛ƒy!˛õˆÏê˛ê˛ @ˇÃ!rÌÓ˚ (capitate gland) í˛z˛õ!fiÌ!ï˛Ó˚ Ü˛Ìy í˛zˆÏÕ‘á Ü˛ˆÏÓ˚ö– ~Ü˛•z §ˆÏAà
ïÑ˛yÓ˚y (Lyginopteris oldhamia) í˛z!qˆÏòÓ˚ Ü˛y[˛ Ä ˛õyï˛yÓ˚ üˆÏôƒ ~Ü˛•z ôÓ˚ˆÏöÓ˚ @ˇÃ!rÌÓ˚ í˛z˛õ!fiÌ!ï˛ °«˛ƒ Ü˛ˆÏÓ˚ö–
ÎyÓ˚ Ä˛õÓ˚ !û˛!_ Ü˛ˆÏÓ˚ xÓˆÏ¢ˆÏ£Ï ~•z í˛z!qò xÇ¢à%!°Ó˚ ˜ç!ÓÜ˛ §ÇˆÏÎyà ≤Ãüy!îï˛ •Î˚– !í˛¡∫̂ ÏÜ˛Ó˚ ˆÓ˚î%Ó˚̂ Ïrô Ó˚ üˆÏôƒ
˛õyÄÎ˚y ˆÓ˚î%Ó˚ í˛z˛õ!fiÌ!ï˛ Ä•z ˆÓ˚î%Óy•# xÇ¢!ê˛Ó˚ §yˆÏÌ !í˛¡∫Ü˛Óy•# xÇ¢!ê˛Ó˚ ˜çÓ §ÇˆÏÎyà ≤Ãüyî Ü˛ˆÏÓ˚– xˆÏöÜ˛
§üÎ˚ ç#ÓyŸ¬ ç#Ó ˆò• á[˛yÇ¢à%!°Ó˚ üˆÏôƒ ˆÜ˛yöÄ !ö!ò≈T˛ ~Ü˛!ê˛ xÇˆÏ¢Ó˚ xö%˛õ!fiÌ!ï˛ ˛õ%ö!ö≈ü≈yˆÏî §y•yÎƒ Ü˛ˆÏÓ˚–
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15.9 ç#ÓyŸ¬ ˛õÓ˚#«˛yÓ˚ !Ó!û˛ß¨ ˛õÂô!ï˛

í˛z_üÓ˚)ˆÏ˛õ §ÇÓ˚!«˛ï˛ ˆÎ ˆÜ˛yöÄ ç#ÓyˆÏŸ¬Ó˚ Ó!•à≈ë˛ö åÈyí ¸̨yÄ xhsˇà≈ë˛ˆÏöÓ˚ ˛õÎ≈ˆÏÓ«˛îÄ §Ω˛Ó– ï˛yÓ˚ xyˆÏà !Ó!û˛ß¨
Îy!sfÜ˛ Ä Ó˚y§yÎ˚!öÜ˛ ˛õÂô!ï˛Ó˚ üyôƒˆÏü xŸ¬#û)˛ï˛ ˆò•yÇ¢à%!°ˆÏÜ˛ xî%Ó#«˛î Îsf !òˆÏÎ˚ ˛õÓ˚#«˛yÓ˚ í˛z˛õˆÏÎyà# Ü˛ˆÏÓ˚
ˆï˛y°y •Î˚–

á!öç˛õ,=˛ (petrified) Ü˛yˆÏ[˛Ó˚ Óy xöƒ í˛z!qò xÇˆÏ¢Ó˚ ≤ÃfiÌˆÏFåÈò Ä °¡∫̂ ÏåÈˆÏòÓ˚ çöƒ ÓƒÓ•,ï˛ ˛õyÌÓ˚ Ü˛yê˛y
ÎˆÏsfÓ˚ §y•yˆÏÎƒ ˛õyï˛°y xÇ¢ ˆÜ˛ˆÏê˛ !öˆÏÎ˚ âˆÏ£Ï âˆÏ£Ï «˛#î Ü˛ˆÏÓ˚ ï˛y xî%Ó#«˛î ÎˆÏsf ˛õÓ˚#«˛y Ü˛Ó˚y •Î˚ (thin section

method)– !¢°yÓ˚ ≤ÃÜ,˛!ï˛ xö%ÎyÎ˚# !Ó!û˛ß¨ Ó˚Ü˛ˆÏüÓ˚ x¡‘ (acid) Ä «˛yÓ˚ (alkali) ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ !¢°yˆÏÜ˛ à!°ˆÏÎ˚
ï˛y ˆÌˆÏÜ˛ í˛z!qò xî%ç#ÓyŸ¬ (plant microfossil, ˆÎüöñ ˆÓ˚î%ñ !Ü˛í˛z!ê˛Ü˛°ñ ê˛∆y!Ü˛í˛ ≤Ãû,˛!ï˛V ˛õ,ÌÜ˛ Ü˛Ó˚y •Î˚
(maceration method)– ~û˛yˆÏÓ !°à‰öy•zê˛ Ä Ü˛Î˚°yÓ˚ üˆÏôƒ xyÓÂô xî%ç#ÓyŸ¬ˆÏÜ˛ §yôyÓ˚îï˛ ˛õ,ÌÜ˛ Ü˛Ó˚y •Î˚–
xˆÏ˛õ«˛yÜ,˛ï˛ öÓ#ö !˛õê‰˛ (peat) !ÓˆÏŸ’£ÏˆÏîÓ˚ ˆ«˛ˆÏe ~•z ˛õÂô!ï˛Ó˚ ~Ü˛ê%˛ xò°Óò° Ü˛Ó˚y •Î˚– ~ˆÏ«˛ˆÏe
~!§ˆÏê˛y!°!§§ acetolysis; acetic anhydride Ä cone.H

2
So

4
, 9 : 1 xö%˛õyˆÏï˛V ˛õÂô!ï˛Ó˚ §y•yÎƒ ˆöÄÎ˚y

•Î˚– ~åÈyí˛¸yÄ !°à‰öy•zê˛ Ä Ü˛Î˚°yÓ˚ ê%˛Ü˛ˆÏÓ˚y û˛yˆÏ°yû˛yˆÏÓ ü§,î Ü˛ˆÏÓ˚ ï˛y ˛õyÌˆÏÓ˚Ó˚ xhsˇà≈ë˛ö ˛õÓ˚#«˛yÓ˚ í˛z˛õˆÏÎyà#
xî%Ó#«˛î ÎˆÏsfÓ˚ (petrographic microscope) ˛õ!ï˛ï˛ xyˆÏ°yÓ˚ (reflected light) §y•yˆÏÎƒ ˛õÓ˚#«˛y Ü˛ˆÏÓ˚
Ü˛Î˚°y •zï˛y!òÓ˚ üˆÏôƒ ˆ≤Ãy!Ìï˛ í˛z!qò xî%ç#ÓyŸ¬à%!°Ó˚ xyÜ,˛!ï˛ ≤ÃÜ,˛!ï˛ §¡õˆÏÜ≈˛ çyöy ÎyÎ˚–

Ü˛ï≈˛ö ˛õÂô!ï˛ (Thin section method) : ≤ÃÌˆÏü á!öç˛õ,=˛ ç#ÓyˆÏŸ¬Ó˚ ˛õåÈ®üˆÏï˛y xÇ¢ ˛õyÌÓ˚Ü˛yê˛y
ÎˆÏsfÓ˚ §y•yˆÏÎƒ Ü˛yê˛y •Î˚– ~Ó˚˛õÓ˚ Ü˛!ï≈˛ï˛ ï˛° ò%!ê˛ Îsf ˛õ!Ó˚ã˛y!°ï˛ ˆ°y•yÓ˚ ã˛yòˆÏÓ˚Ó˚ Ä˛õÓ˚ (section grinding

macline) Ü˛yÓ≈Ó˚yu˛yü ã)˛î≈ (carborndum powder) Ä çˆÏ°Ó˚ §y•yˆÏÎƒ ü§,î Ü˛Ó˚y •Î˚– !Ü˛å%Èê˛y ü§,î •ÄÎ˚yÓ˚
˛õÓ˚ ê%˛Ü˛ˆÏÓ˚y!ê˛ˆÏÜ˛ xƒyÓ˚y°í˛y•zê˛ (araldite) Ä •yˆÏí≈˛öyÓ˚ (hardener) öyüÜ˛ ò%!ê˛ Ó˚y§yÎ˚!öÜ˛ !ü◊î !òˆÏÎ˚ ~Ü˛!ê˛
Ü˛yã˛áˆÏ[˛ xyê˛ˆÏÜ˛ ˆòÄÎ˚y •Î˚– û˛yˆÏ°yû˛yˆÏÓ xyê˛ˆÏÜ˛ ÎyÄÎ˚yÓ˚ ˛õÓ˚ ç#ÓyŸ¬á[˛!ê˛ˆÏÜ˛ ˛õ%öÓ˚yÎ˚ Ü˛yÓ≈Ó˚yu˛yü ã)˛î≈ !òˆÏÎ˚
Ü˛yˆÏã˛Ó˚ ã˛yòˆÏÓ˚Ó˚ Ä˛õÓ˚ ü§,î Ü˛Ó˚y •Î˚ Îï˛«˛î öy ˆÜ˛y£Ï§• xöƒyöƒ xhsˇà≈ë˛ö flõT˛ •Î˚– xÓˆÏ¢ˆÏ£Ï ~!ê˛ˆÏÜ˛ Ü˛yöyí˛y
Óy°§yü (canada balsam) !òˆÏÎ˚ «˛#î Ü˛yã˛á[˛ (cover slip) !òˆÏÎ˚ xyÓ,ï˛ Ü˛ˆÏÓ˚ xî%Ó#«˛î ÎˆÏsf ˛õÓ˚#«˛y Ü˛Ó˚y
•Î˚–

Îy!sfÜ˛ Ü˛ï≈˛ö ˛õÂô!ï˛ˆÏï˛ xˆÏöÜ˛ê˛y ç#ÓyŸ¬ öT˛ •Î˚ ï˛y•z Óï≈˛üyˆÏö Ó˚y§yÎ˚!öÜ˛ Ü˛ï≈˛ö ˛õÂô!ï˛ Óy !˛õ° ˛õÂô!ï˛Ó˚
(Peel method) §y•yÎƒ ˆöÄÎ˚y •Î˚ ˆÎáyˆÏö ~Ü˛!ê˛ ç#ÓyŸ¬á[˛ ˆÌˆÏÜ˛ xˆÏöÜ˛à%!° «˛#î Ü˛!ï≈˛ï˛ xÇ¢ ˛õyÄÎ˚y
ÎyÎ˚–

Ó˚y§yÎ˚!öÜ˛ Ü˛ï≈˛ö Óy !˛õ° ˛õÂô!ï˛ (Peel method) : ~•z ˛õÂô!ï˛ˆÏï˛ ç#ÓyˆÏŸ¬Ó˚ ê%˛Ü˛ˆÏÓ˚y!ê˛ ˆÜ˛ˆÏê˛ í˛z˛õ!Ó˚í˛z=˛
˛õÂô!ï˛ xö%ÎyÎ˚# ü§,î Ü˛Ó˚y •Î˚– ~Ó˚˛õÓ˚ ü§,î xÇ¢!ê˛Ó˚ Ä˛õÓ˚ !¢°yÓ˚ ≤ÃÜ,˛!ï˛ xö%ÎyÎ˚# xƒy!§ˆÏí˛Ó˚ ˛õyï˛°y xyhflÏÓ˚î
ˆòÄÎ˚y •Î˚– SÜ˛yÓ≈ˆÏöê˛ Î%=˛ ˛õyÌÓ˚ •ˆÏ° •y•zˆÏí»˛yˆÏÜœ˛y!Ó˚Ü˛ xƒy!§í˛ ~ÓÇ !§!°Ü˛yÎ%=˛ •ˆÏ° •y•zˆÏí»˛yˆÏÜœ˛y!Ó˚Ü˛ xƒy!§í˛
ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚V– ü§,îï˛°!ê˛ xü§,î •ˆÏ° xƒy!§í˛ û˛yˆÏ°y Ü˛ˆÏÓ˚ ô%ˆÏÎ˚ !öˆÏï˛ •Î˚ ~ÓÇ ï˛yÓ˚˛õÓ˚ !˛õ° oÓˆÏîÓ˚
˛õyï˛°y xyhflÏÓ˚ ˆòÄÎ˚y •Î˚– û˛yˆÏ°yû˛yˆÏÓ ¢%!Ü˛ˆÏÎ˚ ÎyÄÎ˚yÓ˚ ˛õÓ˚ !˛õ° hflÏÓ˚!ê˛ xyˆÏhflÏ xyˆÏhflÏ ï%˛ˆÏ° !öˆÏÎ˚ ï˛yÓ˚˛õÓ˚ ˆ§!ê˛ˆÏÜ˛
Ü˛yöyí˛y Óy°§yü !òˆÏÎ˚ «˛#î Ü˛yã˛á[˛ !òˆÏÎ˚ xyÓÈ,ï˛ Ü˛Ó˚y •Î˚–

!ÓˆÏŸ’£Ïî ˛õÂô!ï˛ (Maceration method) : Ü˛Î˚°y Óy ~çyï˛#Î˚ !¢°yˆÏÜ˛ ã)˛î≈ Ü˛ˆÏÓ˚ ï˛yÓ˚ üˆÏôƒ !§!°Ü˛y
ÌyÜ˛ˆÏ° ï˛y ò)Ó˚ Ü˛Ó˚yÓ˚ çöƒ §Ó≈≤ÃÌü •y•zˆÏí»˛yˆÏÜœ˛y!Ó˚Ü˛ xƒy!§í˛ ˆòÄÎ˚y •Î˚– ˛õy!ï˛ï˛ ç° !òˆÏÎ˚ ÓyÓ˚ÓyÓ˚ ô%ˆÏÎ˚ !öˆÏÎ˚
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ï˛yÓ˚˛õÓ˚ ~ˆÏï˛ âö öy•z!ê˛∆Ü˛ xƒy!§í˛ (HNO
3
) Ä ˛õê˛y!¢Î˚yü ˆÜœ˛yˆÏÓ˚ê˛ S~Ó˚ ÓòˆÏ° ˆ§y!í˛Î˚yü ˆÜœ˛yˆÏÓ˚ê˛Ä ÓƒÓ•yÓ˚

Ü˛Ó˚y ã˛ˆÏ°V !òˆÏÎ˚ çy!Ó˚ï˛ Ü˛Ó˚y •Î˚– çyÓ˚î !Ó!Ü ˛Î˚y §¡õß¨ •ˆÏ° û˛y° Ü˛ˆÏÓ˚ ˛õ!Ó˚◊%ï˛ ç° !òˆÏÎ˚ ô%ˆÏÎ˚ !öˆÏï˛ •Î˚–
~Ó˚̨ õÓ˚ çy!Ó˚ï˛ xƒy!§í˛ Î%=˛ xÇˆÏ¢ 10 û˛yà Ü˛!fiê˛Ü˛ ˛õê˛yˆÏ¢Ó˚ (10% KOH) oÓî ˆòÄÎ˚y •Î˚– !ö!ò≈T˛ åÈyÜ˛!öˆÏï˛
oÓî!ê˛ ˆåÈÑˆÏÜ˛ !öˆÏÎ˚ ˛õ!Ó˚flÀ%ï˛ ç° !òˆÏÎ˚ ˆ§!rê˛∆!ú˛í˛zç ˆü!¢ˆÏö Ü ˛üyàï˛ ô%ˆÏÎ˚ !öˆÏï˛ •Î˚– «˛yÓ˚ Î%=˛ •ˆÏ° !@’§y!Ó˚ö
oÓ Ï̂î (50%) ~!ê˛ˆÏÜ˛ §ÇÓ˚«˛î Ü˛Ó˚y •Î˚–

15.10 ç#Óy Ï̂Ÿ¬Ó̊ à%Ó̊%c

ç#ÓyŸ¬ ï˛yÓ˚ ˆ§Ô®Î≈ Ä ˆã˛•yÓ˚yÓ˚ ˜Ó!ã˛ˆÏeƒ ≤Ãy˜Ïà!ï˛•y!§Ü˛ üyö%£ÏˆÏÜ˛Ä xyÜ,˛T˛ Ü˛ˆÏÓ˚!åÈ°– xy!ò ≤ÃhflÏÓ˚Î%ˆÏàÓ˚ üyö%£Ï
!≤ÃÎ˚ÏçˆÏöÓ˚ §üy!ôˆÏï˛ §%®Ó˚ §%®Ó˚ §yü%!oÜ˛ ç#ÓyŸ¬ §y!çˆÏÎ˚ ü,ˆÏï˛Ó˚ ≤Ã!ï˛ ◊Âôy çyöyï˛– üôƒÎ%ˆÏàÓ˚ öyöy ≤ÃÓyˆÏò Ä
çö◊%!ï˛ˆÏï˛ ç#ÓyˆÏŸ¬Ó˚ ˜òÓ¢!=˛ Ä oÓƒà%ˆÏîÓ˚ Ü˛Ìy ˆ¢yöy ÎyÎ˚– xyÓ˚ ¢y°@ˇÃyü !¢°yÓ˚ Ü˛Ìy ˆÜ˛ öy çyˆÏö⁄ ~Ó˚y
xƒy Ï̂üyöy•zê˛ (Ammonite) öy Ï̂ü ~Ü˛ ôÓ̊ Ï̂öÓ̊ §yü%!oÜ˛ ≤Ãyî#Ó̊ ç#ÓyŸ¬– !ü¢ Ï̂Ó̊Ó̊ üÓ̊%≤Ã Ï̂ò Ï̂¢ ~ Ï̂òÓ̊ ̂ òÓÓ̊yç ç%!˛õê˛yÓ̊
!•ˆÏ§ˆÏÓ Ä xyüˆÏòÓ˚ ˆòˆÏ¢ öyÓ˚yÎ˚î !•ˆÏ§ˆÏÓ ˛õ%Ïçy Ü˛Ó˚y •Î˚– xŸ¬#û)˛ï˛ Ó˚çö Óy xƒyüÓyˆÏÓ˚Ó˚ (amber)

üˆÏôƒ •,òÎsfñ ü!hflÏˆÏ‹ÒÓ˚ xˆÏöÜ˛ ˆÓ˚yà !öÓ˚yüˆÏÎ˚Ó˚ oÓƒà%î xyˆÏåÈ ÓˆÏ° üˆÏö Ü˛Ó˚y •Î˚– ˆÓ˚í˛ •z!u˛Î˚yöÓ˚y xy!Ó˚ˆÏçyöyÓ˚
ç#ÓyŸ¬ ˛õyˆÏÜ≈˛Ó˚ ˛õyÌÓ˚ •ˆÏÎ˚ ÎyÄÎ˚y !Ó¢y° àyˆÏã˛Ó˚ à%Ñ!í ¸̨à%!°ˆÏÜ˛ ˜òï˛ƒòyˆÏöyÓ˚ •yï˛ ÓˆÏ° û˛yÓï˛ñ ~ï˛ ˆà° ç#ÓyŸ¬
§¡õˆÏÜ≈˛ üyö%ˆÏ£ÏÓ˚ xq$ï˛ §Ó ôyÓ˚îyñ !ÓŸªy§ñ oÓƒà%î •zï˛y!ò–

Óï≈˛üyˆÏö ç#ÓyŸ¬!Óòƒyñ !ÓˆÏ¢£Ï Ü˛ˆÏÓ˚ ̨ õ%Ó˚yí˛z!qò!Óòƒy Óy í˛z!qòç#ÓyŸ¬!ÓòƒyÓ˚ ≤Ãû)˛ï˛ í˛zß¨!ï˛ •ˆÏÎ˚̂ ÏåÈ– ̂ ◊!î!Óöƒy§
(Taxomony), Óy›!Óòƒy (Ecology), ̃ çÓ Ó˚§yÎ˚ö (Biochemistry), í˛z!qò ̂ Ó˚yà!Óòƒy (Plant Pathology)

≤Ãû,˛!ï˛ í˛z!qò!ÓòƒyÓ˚ !Ó!û˛ß¨ ¢yáy û)˛!Óòƒy (Geology), û)˛ˆÏày° (Geography) ˛õ%Ó˚yï˛_¥!Óòƒy (Archaeology)

≤Ãû,˛!ï˛ xöƒyöƒ ¢yáyÓ˚ §ˆÏAà í˛z!qò ç#ÓyŸ¬!ÓòƒyÓ˚ §Ó˚y§!Ó˚ §ÇˆÏÎyà ≤Ãüy!îï˛ •ˆÏÎ˚ˆÏåÈ– ~•z ¢yáy!ê˛Ó˚ à%Ó˚%c
ö#ˆÏã˛ §ÇˆÏ«˛ˆÏ˛õ xyˆÏ°yã˛öy Ü˛Ó˚y •°–

1. ç#ˆÏÓÓ˚ í˛zÍ˛õ!_Ó˚ xyˆÏ°yã˛öyÎ˚ ˆòáy ˆàˆÏåÈ ˆÎ ˛õ,!ÌÓ#ˆÏï˛•z ˆû˛Ôï˛ Ä Ó˚y§yÎ˚!öÜ˛ !Ó!Ü ˛Î˚yÎ˚ ˜çÓ ˆÎÔà
˜ï˛!Ó˚ •ˆÏÎ˚!åÈ° Îy ˆÌˆÏÜ˛ ç#ˆÏÓÓ˚ í˛zÍ˛õ!_ âˆÏê˛ˆÏåÈ– ç#ÓyŸ¬ ˆÌˆÏÜ˛•z çyöy ÎyÎ˚ ~•z ≤ÃyˆÏîÓ˚ §,!T˛Ó˚ Ó˚•§ƒ
≤ÃyÌ!üÜ˛ ç#Ó ˆÜ˛üö !åÈ°ñ ˆÜ˛üö Ü˛ˆÏÓ˚ x!:ˆÏçö (O

2
) Ä ÄˆÏçyö ˜ï˛!Ó˚ •°ñ ˆ≤ÃyÜ˛ƒy!Ó˚í˛zê˛ (Prokryote)

ˆÌˆÏÜ˛ •zí˛zÜ˛ƒy!Ó˚ÄˆÏê˛Ó˚ (Eukaryote) í˛zÍ˛õ!_ •° •zï˛ƒy!ò–

2. í˛z!qò ç#ÓyŸ¬ ˆÌˆÏÜ˛ û)˛ï˛_¥#Î˚ §üÎ˚Ü˛yˆÏ° !Ó!û˛ß¨ í˛z!qòˆÏày¤˛#Ó˚ í˛zò‰Óï≈˛ö Ä !ÓÓï≈˛ö §¡õˆÏÜ≈˛ §üƒÜ˛ ôyÓ˚îy
˛õyÄÎ˚y ÎyÎ˚–

3. í˛z!qò ç#ÓyŸ¬ ˆÌˆÏÜ˛ xï˛#ˆÏï˛ !Ó!û˛ß¨ í˛z!qˆÏòÓ˚ í˛zÍ˛õ!_ Ä !Ó°%!ÆÓ˚ ~Ü˛!ê˛ §Ω˛yÓƒ ˛õ!Ó˚§Çáƒyö ˛õyÄÎ˚y
ÎyÎ˚– öï%˛ö ≤Ãçy!ï˛Ó˚ í˛zqˆÏÓÓ˚ ˆã˛ˆÏÎ˚ ≤Ãçy!ï˛ !ÓˆÏ°yˆÏ˛õÓ˚ •yÓ˚ ˆÎ xˆÏöÜ˛ ˆÓ!¢ ï˛y ≤Ãüy!îï˛ •ˆÏÎ˚̂ ÏåÈ–

4. í˛z!qò ç#ÓyŸ¬ ˆÌˆÏÜ˛•z xyüÓ˚y çyöˆÏï˛ ˛õy!Ó˚ !Ü˛û˛yˆÏÓ xï˛#ˆÏï˛ •y°Ü˛y í˛z!qò Ü ˛ˆÏü Ü ˛ˆÏü fiÌˆÏ° fiÌyöyhsˇ!Ó˚ï˛
•ˆÏÎ˚!åÈ° ~ÓÇ fiÌˆÏ° x!û˛ˆÏÎy!çï˛ •ÄÎ˚yÓ˚ çöƒ !Ó!û˛ß¨ ã˛!Ó˚e ˆÎüö §ÇÓy•# Ü˛°yÓ˚ í˛z˛õ!fiÌ!ï˛ñ !Ü˛í˛z!ê˛ö
Ä !°à‰!öˆÏöÓ˚ í˛z˛õ!fiÌ!ï˛ñ àƒy§#Î˚ xyòyö ≤ÃòyˆÏöÓ˚ çö ˛õeÓ˚rô  ≤Ãû,˛!ï˛ fiÌ°ç í˛z!qˆÏò ˜ï˛!Ó˚ •ˆÏÎ˚!åÈ°ñ ˆ§
§¡õˆÏÜ≈˛Ä ~Ü˛!ê˛ §%flõT˛ ôyÓ˚îy ˛õyÄÎ˚y ÎyÎ˚–

5. ˆÜ˛yö öï%˛ö í˛z!qò ç#ÓyˆÏŸ¬Ó˚ xy!Ó‹ÒyÓ˚ xˆÏöÜ˛ §üÎ˚ ≤Ãã˛!°ï˛ ôyÓ˚îy ÓòˆÏ° ˆòÎ˚– ˆÎüö ã˛y°≈§ ˆÓÜ˛
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(Charles Beck, 1960) Archaeopteris í˛z!qò ç#ÓyŸ¬ xy!Ó‹ÒyÓ˚ Ü˛Ó˚yÓ˚ ˛õÓ˚ ˆ≤Ãy!çü‰ˆÏöyflõyü≈
(Progymnosperm) öyˆÏü ~Ü˛ öï%˛ö í˛z!qòˆÏày¤˛# §¡õˆÏÜ≈˛ ôyÓ˚îyÓ˚ §)ã˛öy •Î˚–

6. ü•yˆÏò¢#Î˚ !Óã%˛ƒ!ï˛ (Continental Drift) ï˛_¥ ≤Ã!ï˛¤˛y Ü˛Ó˚yÓ˚ §üÎ˚ çyü≈yö !ÓK˛yö# ÄˆÏÎ˚àöyÓ˚
(Wegner, 1910) í˛z!qò ç#ÓyŸ¬ˆÏÜ˛ xöƒï˛ü ≤Ãyüyîƒ ï˛Ìƒ !•ˆÏ§ˆÏÓ ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ö– ÄˆÏÎ˚àöyÓ˚ üˆÏö
Ü˛ˆÏÓ˚ö àˆÏ[˛yÎ˚yöy (Gondwana) ≤ÃÜ,˛ï˛•z ~Ü˛!ê˛ x!ï˛ ü•yˆÏò¢ (Super continent) !åÈ°– ˛õˆÏÓ˚ ~!ê˛Ó˚
!Ó!û˛ß¨ ü•yˆÏò¢à%!° SˆÎüöñ xˆÏfiê˛∆!°Î˚yñ xy!ú ˛Ü˛yñ ò!«˛î xyˆÏü!Ó˚Ü˛yñ û˛yÓ˚ï˛Ó£Ï≈ñ xƒyrê˛yÜ≈˛!ê˛Ü˛y •zï˛ƒy!òV
û˛yà •ˆÏÎ˚ ~ˆÏÜ˛ xˆÏöƒÓ˚ ˆÌˆÏÜ˛ ò)ˆÏÓ˚ §ˆÏÓ˚ ˆàˆÏåÈ– Óï≈˛üyˆÏö ~•z ü•yˆÏò¢à%!°Ó˚ ˛õy!ü≈Î˚yö (Permian) Î%ˆÏàÓ˚
û)˛hflÏÓ˚ ˆÌˆÏÜ˛ @’y§˛õ‰ˆÏê˛!Ó˚§ (Glossopteris flora) í˛z!qòÓ˚y!çÓ˚ í˛z˛õ!fiÌ!ï˛ ≤Ãüyî Ü˛ˆÏÓ˚ ˆ§ ˆ§•z §üˆÏÎ˚
ü•yˆÏò¢à%!° ~Ü˛!eï˛ xÓfiÌyÎ˚ !åÈ°–

7. í˛z!qò ç#ÓyŸ¬ û)˛ï˛y!_¥Ü˛ §üˆÏÎ˚Ó˚ í˛z!qˆÏòÓ˚ !ÓhflÏyÓ˚ Ä ˛õ!Ó˚̂ ÏÓ¢ §¡∫̂ Ïrô xÓ!•ï˛ Ü˛ˆÏÓ˚ ~ÓÇ ≤ÃbˆÏû˛ÔˆÏày!°Ü˛
(Palaeogeography) xÓfiÌy ̨õ%öà≈ë˛ˆÏö !ÓˆÏ¢£Ï §•yÎ˚ï˛y Ü˛ˆÏÓ˚–

8. û)˛hflÏˆÏÓ˚Ó˚ ≤Ãyã˛#öï˛y !öô≈yÓ˚̂ Ïî !ÓˆÏ¢£Ï §y•yÎƒ Ü˛ˆÏÓ˚– ~ˆÏ«˛ˆÏe !Ü˛å%È §)ã˛Ü˛ ç#ÓyˆÏŸ¬Ó˚ (index fossil) §y•yÎƒ
ˆöÄÎ˚y •Î˚– ̂ Îüö Dicroidium í˛z!qò ç#ÓyˆÏŸ¬Ó˚ í˛z˛õ!fiÌ!ï˛ §yôyÓ˚îï˛ ê˛∆yÎ˚y!§Ü˛ (Triassic) Î%à !ã˛!•´ï˛
Ü˛ Ï̂Ó̊–

9. í˛z!qò ç#ÓyŸ¬ñ !ÓˆÏ¢£Ïï˛ í˛z!qò xî% ç#ÓyŸ¬ (microfossil) ≤Ãyã˛#ö §ü%oï˛ê˛ (palaeo shore line)

!öô≈yÓ˚ˆÏî §y•yÎƒ Ü˛ˆÏÓ˚– xˆÏöÜ˛ §üÎ˚ !à!Ó˚ç!ö (Orogeny), !•ü˛õÎ≈yÎ˚ (glacial) Óy !•ü!ÓÓ˚!ï˛Ó˚
(interglcial) §üÎ˚ §ü%ˆÏoÓ˚ í˛z˛õ!Ó˚ï˛ˆÏ°Ó˚ (sea-level) ̨õ!Ó˚Óï≈˛ö âˆÏê˛ Îy xö%ç#ÓyˆÏŸ¬Ó˚ §y•yˆÏÎƒ !öô≈yÓ˚î
Ü˛Ó˚y ÎyÎ˚–

10. í˛z!qò ç#ÓyŸ¬ û)˛hflÏÓ˚ !ÓöƒyˆÏ§ x˛õ!Ó˚•yÎ≈ó xyhsˇç≈y!ï˛Ü˛ Ü˛y°hflÏÓ˚#Î˚ ~Ü˛Ü˛ (Chronostratigraphic

unit) Ä xyM˛!°Ü˛ ç#ÓhflÏÓ˚#Î˚ ~Ü˛Ü˛ (Biostratigrphic unit) àë˛ˆÏö §y•yÎƒ Ü˛ˆÏÓ˚– ò%•z Óy ï˛ˆÏï˛y!ôÜ˛
!Ó!FåÈß¨ hflÏˆÏÓ˚Ó˚ ˛õyÓ˚¡õÎ≈ !öî≈ˆÏÎ˚ §y•yÎƒ Ü˛ˆÏÓ˚ ~ÓÇ fl∫yû˛y!ÓÜ˛û˛yˆÏÓ•z á!öç §¡õò SÜ˛Î˚°yñ ˆ˛õˆÏê˛∆y!°Î˚yüV
≤Ãû,˛!ï˛ xö%§rôyˆÏö §y•yÎƒ Ü˛ˆÏÓ˚–

11. ≤Ãy˜Ïà!ï˛•y!§Ü˛ Î%ˆÏà üyö%ˆÏ£ÏÓ˚ !Ó!û˛ß¨ í˛z!qˆÏòÓ˚ ÓƒÓ•yÓ˚ §¡õˆÏÜ≈˛ xyüÓ˚y çyöˆÏï˛ ˛õy!Ó˚– à%•yÓy§# üyö%£Ï
Ü ˛ˆÏü Ü ˛ˆÏü Ü˛#û˛yˆÏÓ ã˛y£Ï xyÓyò ¢%Ó˚% Ü˛Ó˚° ˆ§•z !Ó£ÏˆÏÎ˚ xˆÏöÜ˛ !Ü˛å%È xyüÓ˚y í˛z!qò ç#ÓyŸ¬ ˆÌˆÏÜ˛ çyöˆÏï˛
˛õy!Ó˚– ≤Ãbí˛z!qò!ÓòƒyÓ˚ ~Ü˛ àˆÏÓ£Ïîy ̂ ÌˆÏÜ˛ xyüÓ˚y çyöˆÏï˛ ̂ ˛õˆÏÓ˚!åÈ ̂ Î xï˛#ˆÏï˛ üyö%£Ï !Ó˚ë˛yÓ˚ (Sapindus)

¢ƒy¡õ% !•ˆÏ§ˆÏÓ ÓƒÓ•yÓ˚ çyöï˛–

12. xˆÏöÜ˛ §üÎ˚ ̨õ%Ó˚yˆÏÓ˚î%!Óòƒy (palacopalynology) x˛õÓ˚yô#ˆÏÜ˛ ôÓ˚ˆÏï˛ §y•yÎƒ Ü˛ˆÏÓ˚– Erdtman (1969)

~•z !Ó£ÏˆÏÎ˚Ó˚ §y•yÎƒ !öˆÏÎ˚ x!fiê˛∆Î˚yÓ˚ !û˛ˆÏÎ˚öyˆÏï˛ ~Ü˛!ê˛ Î%ˆÏàÓ˚ ˆÜ˛ˆÏ§Ó˚ §üyôyö Ü˛ˆÏÓ˚!åÈˆÏ°ö–

13. xˆÏöÜ˛ §üÎ˚ í˛z!qò ç#ÓyˆÏŸ¬ !öí˛z!Üœ˛Ü˛ xƒy!§í˛ ≤ÃyÎ˚ x!ÓÜ,˛ï˛ xÓfiÌyÎ˚ §ÇÓ˚!«˛ï˛ •Î˚– Golenberg

(1990) §Ó≈≤ÃÌü ê˛y!§≈Î˚y!Ó˚ Î%ˆÏàÓ˚ üƒyàˆÏöy!°Î˚y (Magnolia) ˛õyï˛yÓ˚ xAàyÓ˚#û)˛ï˛ !˛õT˛ ç#ÓyŸ¬
(coalified compression) ˆÌˆÏÜ˛ ˆÜœ˛yˆÏÓ˚y≤’y§!ê˛í˛ !çö rbc ˛õ,ÌÜ˛ Ü˛ˆÏÓ˚ö– ~•z xy!Ó‹ÒyÓ˚ ≤Ãüyî Ü˛ˆÏÓ˚
ˆÎ !öí˛ z !Ü œ ˛Ü˛ xƒy!§í˛Ä §ÇÓ˚!«˛ï˛ •ˆ Ïï˛ ˛õyˆ ÏÓ ˚ ~ÓÇ ~Ü˛!ê˛ öï% ˛ö ¢yáy ˛õ %Ó ˚ y !çö!ÓòƒyÓ ˚
(Palaeogenetics) §)ã˛öy •Î̊–
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15.11 §yÓ˚yÇ¢

û)˛ï˛y!_¥Ü˛ Î%ˆÏàÓ˚ ≤ÃyˆÏîÓ˚ !ã˛•´ˆÏÜ˛ ç#ÓyŸ¬ ÓˆÏ°– ≤Ãyã˛#ö ˛õ,!ÌÓ#Ó˚ •y!Ó˚̂ ÏÎ˚ ÎyÄÎ˚y ç#ÓˆÏöÓ˚ xö%§rôyˆÏö ≤Ãôyö §•yÎ˚
•° ç#ÓyŸ¬– û)˛hflÏˆÏÓ˚Ó˚ !Ó!û˛ß¨ !¢°yhflÏˆÏÓ˚Ó˚ üˆÏôƒ ˛õy°!°Ü˛ !¢°yhflÏÓ˚ ç#ÓyŸ¬ §ÇÓ˚!«˛ï˛ •ÄÎ˚yÓ˚ ˛õˆÏ«˛ xyò¢≈ ˆû˛Ôï˛
Ä ˜çÓ Ó˚y§yÎ˚!öÜ˛ÈÙÙÙÈ ~•z ò%!ê˛ ≤Ã!Ü ˛Î˚yÓ˚ üyôƒˆÏü §yôyÓ˚îï˛ ç#Ó ˆò•yÇ¢ xflø#û)˛ï˛ •Î˚– ˆû˛Ôï˛ ˛õ!Ü ˛Î˚yÓ˚ üˆÏôƒ
˜çÓ ˛õòyˆÏÌ≈ o%ï˛ ˛õ!Ó˚Ó•öñ !öüIöñ çˆÏ°Ó˚ àû˛#Ó˚ï˛y ≤Ãû,˛!ï˛ í˛zˆÏÕ‘áˆÏÎyàƒ– Ó˚y§yÎ˚!öÜ˛ ¢ï≈˛à%!°Ó˚ xöƒï˛ü ≤Ãôyö
•° çˆÏ° oÓ#û)˛ï˛ !§!°ˆÏÜ˛ê˛ñ ú˛§ˆÏú˛ê˛ Ü˛yÓ≈ˆÏöê˛ ≤Ãû,˛!ï˛Ó˚ í˛z˛õ!fiÌ!ï˛ Îy ˆò•ˆÏÜ˛yˆÏ£Ï ≤Ã!ÓT˛ •ˆÏÎ˚ xôÉ!«˛Æ •Î˚ ~ÓÇ
ç#ÓyˆÏŸ¬Ó˚ üçÓ%ï˛ Ü˛yë˛yˆÏüy ˜ï˛!Ó˚ Ü˛ˆÏÓ˚–

xŸ¬#û˛ÓˆÏöÓ˚ ôÓ˚ö xö%ÎyÎ˚# ã˛yÓ˚ Ó˚Ü˛ˆÏüÓ˚ §ÇÓ˚«˛î •ˆÏï˛ ˛õyˆÏÓ˚ñ ˆÎüö SÜ˛V !§ˆÏüˆÏrê˛¢ˆÏöÓ˚ ú˛ˆÏ° ç#ÓˆÏòˆÏ•Ó˚
í˛z˛õ!Ó˚ï˛ˆÏ°Ó˚ §ÇÓ˚«˛î SåÈy˛õñ xö%Ü,˛!ï˛ Ä ˆüy”˛Vñ SáV ç#ÓˆÏòˆÏ•Ó˚ ¢=˛ xÇˆÏ¢Ó˚ §ÇÓ˚«˛î SàV xAàyÓ˚#û)˛ï˛ !˛õT˛
xÓfiÌyÎ˚ §ÇÓ˚«˛î Ä SâV ç#ÓˆÏÜ˛yˆÏ£ÏÓ˚ á!öç˛õ,=˛ §ÇÓ˚«˛î Sˆ˛õ!ê˛∆ˆÏú˛Ü˛¢ö Ä §ü#Ü˛Ó˚îV– xyÜ,˛!ï˛àï˛û˛yˆÏÓ ç#ÓyŸ¬
ò,¢ƒüyö Ä x!ï˛«%˛o xö%ç#ÓyŸ¬ •Î˚– ç#ÓˆÏÜ˛yˆÏ£ÏÓ˚ xû˛ƒhsˇÓ˚fiÌ Ó˚y§yÎ˚!öÜ˛ §ÇÓ˚!«˛ï˛ •ˆÏÎ˚ Ó˚y§yÎ˚!öÜ˛ ç#ÓyŸ¬ ˜ï˛!Ó˚
Ü˛ˆÏÓ˚– xyÓyÓ˚ ≤Ãyî#Ó˚ ˜ç!ÓÜ˛ Ü˛ˆÏü≈Ó˚ !ã˛•´ Sã˛°yˆÏú˛Ó˚yÓ˚ !ã˛•´V §ÇÓ˚!«˛ï˛ •ˆÏ° ˆ§à%!°Ä ç#ÓyˆÏŸ¬Ó˚ xyÄï˛yÎ˚ xyˆÏ§ñ
~ˆÏòÓ˚ ˆê˛∆§ ú˛!§° ÓˆÏ°–

ç#ÓyŸ¬ Ä ç#Óhsˇ ç#Ó Ï̂ò Ï̂•Ó̊ öyüÜ˛Ó̊ Ï̂îÓ̊ xyhsˇç≈y!ï˛Ü˛ !Ó!ô ~Ü˛•z Ó̊Ü˛ Ï̂üÓ̊– ç#Óy Ï̂Ÿ¬Ó̊ ̂ «˛ Ï̂e !m˛õò öyüÜ˛Ó̊ Ï̂îÓ̊
¢%Ó˚% 1820 §y° ˆÌˆÏÜ˛– ˆÎˆÏ•ï%˛ ˆÓ!¢Ó˚û˛yà ˆ«˛ˆÏe•z !Ó!FåÈß¨ xAà ≤Ãï˛ƒˆÏAàÓ˚ ç#ÓyŸ¬ ˛õyÄÎ˚y ÎyÎ˚ ï˛y•z
ç#ÓyˆÏŸ¬Ó˚ öyüÜ˛Ó˚̂ Ïî ò%•zÓ˚Ü˛ü àˆÏîÓ˚ ÓƒÓ•yÓ˚ !§Âô– !ö!ò≈T˛ ã˛y!Ó˚!eÜ˛ ˜Ó!¢ˆÏT˛ƒÓ˚ Ä˛õÓ˚ !û˛!_ Ü˛ˆÏÓ˚ !Ó!FåÈß¨ xAà
à%!°ˆÏÜ˛ ˆÜ˛yöÄ !ö!ò≈T˛ ˆàyeû%˛=˛ Ü˛Ó˚y ˆàˆÏ° ï˛yˆÏòÓ˚ xAàçàö ~ÓÇ !ö!ò≈T˛ ˆÜ˛yöÄ ˆàyeû%˛=˛ öy Ü˛Ó˚y ˆàˆÏ° ÓˆÏ°
ú˛ü≈àî– ~Ü˛!ê˛ ç#ˆÏÓÓ˚ §Ó Ü˛Î˚!ê˛ xAà §¡õˆÏÜ≈˛ flõT˛ ôyÓ˚îy ˜ï˛!Ó˚ •ˆÏ° ˛õ%Ó˚yç#Ó!Óò ç#Ó!ê˛Ó˚ §Ω˛yÓƒ §¡õ)î≈
xÓÎ˚Ó ˛õ%öà≈ë˛ö Ü˛ˆÏÓ˚ö– ç#ÓyŸ¬!ÓòƒyÓ˚ §ˆÏAà !ÓK˛yˆÏöÓ˚ !Ó!û˛ß¨ ¢yáyÓ˚ §Ó˚y§!Ó˚ ˆÎyà Ó˚̂ ÏÎ˚̂ ÏåÈ ÓˆÏ° üˆÏö Ü˛Ó˚y •Î˚–
˛õ,!ÌÓ#ˆÏï˛ ≤ÃyˆÏîÓ˚ í˛zˆÏß√£Ï ˆÌˆÏÜ˛ ¢%Ó˚% Ü˛ˆÏÓ˚ ç#ˆÏÓÓ˚ í˛zò‰Óï≈˛öñ !ÓÓï≈˛öñ !Ó!û˛ß¨ §üˆÏÎ˚ ï˛yˆÏòÓ˚ í˛zÍ˛õ!_ñ !Ó°%!ÆÓ˚
˛õ!Ó˚§Çáƒyö xyüÓ˚y ç#ÓyŸ¬ xö%§rôy Ï̂öÓ˚ üyôƒ Ï̂ü çyö Ï̂ï˛ ̨õy!Ó˚– ~åÈyí ¸̨y û)̨ ï˛y!_¥Ü˛ §ü Ï̂Î˚Ó˚ ̨õ!Ó˚̂ ÏÓ¢ñ ≤Ãb Ï̂û˛Ô Ï̂ày!°Ü˛
xÓfiÌyÓ˚ ˛õ%öà≈ë˛öñ û)˛hflÏˆÏÓ˚Ó˚ ≤Ãyã˛#öï˛y Ä ˛õyÓ˚flõÎ≈ !öô≈yÓ˚îñ á!öç §¡õò ï˛Ìy ç#ÓyŸ¬ çµy°y!öÓ˚ xö%§rôyˆÏö
ç#ÓyˆÏŸ¬Ó˚ à%Ó˚%c x˛õ!Ó˚§#ü–

15.13  ≤Ãyhsˇ#Î˚ ≤ÃŸ¿yÓ!° Ä í˛z_Ó˚üy°y

1. §!ë˛Ü˛ í˛z_Ó˚!ê˛ˆÏï˛ ( ) !ê˛Ü˛ !ã˛•´ !òö

(a) ˆÎ ÓåÈÓ˚!ê˛ˆÏÜ˛ í˛z!qò ç#ÓyˆÏŸ¬Ó˚ !m˛õò öyüÜ˛Ó˚ˆÏîÓ˚ §)ã˛öyÓ˚ ï˛y!Ó˚á ÓˆÏ° àîƒ Ü˛Ó˚y •Î˚ ï˛y •°
(i) 1753, (ii) 1720, (iii) 1820, (iv) 1920

(b) ç#ÓyŸ¬ §ÇÓ̊!«˛ï˛ •ÄÎ̊yÓ̊ çöƒ §Ó Ï̂ã˛ Ï̂Î̊ xyò¢≈ !¢°yhflÏÓ̊ •° (i) ̨õy°!°Ü˛ (ii) xy Ï̂@¿Î̊ (iii) Ó̊˛õyhsˇ!Ó̊ï˛
(iv) ̂ Ü˛yöÄ!ê˛ öÎ̊–

(c) û˛yÓ˚ˆÏï˛ ̨ õ%Ó˚yí˛z!qò!ÓòƒyÓ˚ x@ˇÃà!ï˛ Ä !ÓhflÏyˆÏÓ˚Ó˚ §)ã˛öy Ü˛ˆÏÓ˚ö (i) Ó#Ó˚Ó° §y•y!ö (ii) ú˛y•zfiê˛üƒyöˆÏê˛°
(iii) x!üÎ̊ Ü%̨ üyÓ̊ ̂ ây£Ï (iv) ¢ú˛–
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(d) ç#ÓyˆÏŸ¬Ó˚ xhsˇà≈ë˛ö ˛õÎ≈ˆÏÓ«˛î Ü˛Ó˚yÓ˚ ˛õˆÏ«˛ í˛zÍÜ,˛T˛ §ÇÓ˚«˛î •° (i) xAàyÓ˚#û)˛ï˛ !˛õT˛ xÓfiÌyÎ˚
§ÇÓ̊«˛î (ii) xö%Ü,̨ !ï˛ (iii) ̂ Ü˛y Ï̂£ÏÓ̊ á!öç˛õ,=˛ §ÇÓ̊«˛î (iv) åÈÑyã˛

(e) í˛z!qò ç#ÓyˆÏŸ¬Ó˚ öyˆÏüÓ˚ ˆ¢ˆÏ£Ï –oxylon ÌyÜ˛ˆÏ° ï˛y í˛z!qò!ê˛Ó˚ ˆÎ xÇ¢ !öˆÏò≈¢ Ü˛Ó˚ˆÏÓ ï˛y •° (i)

˛õyï˛y (ii) Ó#ç (iii) ü)° (iv) ̂ àÔî Ü˛y¤˛° xÇ¢–
2. (a) xŸ¬#û˛ÓˆÏöÓ˚ ôÓ˚ö xö%ÎyÎ˚# ç#ÓyŸ¬ Ü˛ï˛ ≤ÃÜ˛yˆÏÓ˚Ó˚ •Î˚⁄

(b) ç#ÓyŸ¬ §ÇÓ˚«˛ˆÏîÓ˚ ¢ï≈˛à%!° Ü˛# Ü˛#⁄
(c) ç#ÓyˆÏŸ¬Ó˚ öyüÜ˛Ó˚î Ü˛#û˛yˆÏÓ Ü˛Ó˚y •Î˚⁄
(d) ç#ÓyŸ¬ ˆÌˆÏÜ˛ §¡õ)î≈ ç#ÓˆÏòˆÏ•Ó˚ ˛õ%öà≈ë˛ö Ü˛#û˛yˆÏÓ Ü˛Ó˚y •Î˚⁄
(e) ç#ÓyŸ¬ xö%§rôyˆÏöÓ˚ à%Ó˚%c Ü˛#⁄

í˛z_Ó˚üy°y
1. (a) (iii)

(b) (i)

(c) (i)

(d) (iii)

(e) (iv)

2. (a) 15.5 oT˛Óƒ
(b) 15.6 oT˛Óƒ
(c) 15.7 oT˛Óƒ
(d) 15.8 oT˛Óƒ
(e) 15.10 oT˛Óƒ
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~Ü˛Ü˛ 16 û)˛ï˛_¥#Î˚ §üÎ˚ §yÓ˚!î Ä û)˛ï˛_¥#Î˚ xï˛#ˆÏï˛ !Ó!û˛ß¨ í˛z!qˆÏòÓ˚
í˛zÍ˛õ!_ Ä !ÓhflÏyÓ˚

àë˛ö

16.1 ≤ÃhflÏyÓöy Ä í˛zˆÏj¢ƒ

16.2 û)˛ï˛_¥#Î˚ §üÎ˚ §yÓ˚!î

16.2.1 xyˆÏ˛õ!«˛Ü˛ §üÎ˚ §yÓ˚!î

16.2.2 !Ó¢%Âô §üÎ˚ §yÓ˚!î

16.3 ç#Ó !ÓÓï≈˛ˆÏöÓ˚ â!í˛¸ Óy Ü˛ƒyˆÏ°u˛yÓ˚

16.4 û)˛ï˛_¥#Î˚ xï˛#ˆÏï˛ ç#ÓyˆÏŸ¬Ó˚ xö%Ü ˛ü

16.5 §yÓ˚yÇ¢

16.6 ≤ÃŸ¿yÓ!°

16.7 í˛z_Ó˚üy°y

16.1 ≤ÃhflÏyÓöy Ä í˛zˆÏj¢ƒ

ˆÎ ˆÜ˛yöÄ âê˛öyÓ˚ xö%Ü ˛ü çyöyÓ˚ çöƒ §üˆÏÎ˚Ó˚ ~Ü˛!ê˛ üy˛õÜ˛y!ë˛Ó˚ òÓ˚Ü˛yÓ˚ •Î˚– §üÎ˚ ˛õ!Ó˚üyˆÏ˛õÓ˚ ~Ü˛Ü˛ !•ˆÏ§ˆÏÓ
ˆ§ˆÏÜ˛u˛ñ !ü!öê˛ñ â^ˇê˛yñ !òöñ üy§ñ ÓåÈÓ˚ ≤Ãû,˛!ï˛ xyüyˆÏòÓ˚ ˛õ!Ó˚!ã˛ï˛– x“ §üˆÏÎ˚Ó˚ ÓƒÓôyö ˛õ!Ó˚üyˆÏ˛õÓ˚ çöƒ ~à%!°
ÓƒÓ•yÓ˚ Ü˛Ó˚y •Î˚ñ !Ü˛v û)˛!ÓK˛yˆÏöÓ˚ âê˛öyÓ!°Ó˚ ˛õÓ˚¡õÓ˚y !öî≈ˆÏÎ˚ fl∫yû˛y!ÓÜ˛û˛yˆÏÓ•z ~•z üy˛õÜ˛y!ë˛ í˛z˛õˆÏÎyà# öÎ˚–
û)˛!ÓK˛yö#ˆÏòÓ˚ ôyÓ˚îy xyç ˆÌˆÏÜ˛ ≤ÃyÎ˚ 460 ˆÜ˛y!ê˛ ÓåÈÓ˚ xyˆÏà ˛õ,!ÌÓ#Ó˚ çß√ •ˆÏÎ˚!åÈ°– Ü˛yˆÏç•z ~Ó˚ í˛zˆÏÕ‘áˆÏÎyàƒ
âê˛öyÓ!°Ó˚ xö%Ü ˛ü °«˛ Óy ˆÜ˛y!ê˛ ÓåÈˆÏÓ˚Ó˚ !•ˆÏ§ˆÏÓ Ü˛Ó˚y •Î˚– ï˛y•z ˛õ,!ÌÓ#Ó˚ §,!T˛ ˆÌˆÏÜ˛ Óï≈˛üyö Ü˛y° ˛õÎ≈hsˇ
§üˆÏÎ˚Ó˚ ˆÎ !ÓhflÏyÓ˚ ï˛yˆÏÜ˛ Ü˛ˆÏÎ˚Ü˛!ê˛ §%!ÓôyçöÜ˛ !Óû˛yˆÏà !Óû˛=˛ Ü˛Ó˚yÓ˚ ≤ÃˆÏÎ˚yçˆÏö•z û)˛ï˛_¥#Î˚ §üÎ˚ §yÓ˚!îÓ˚
xÓï˛yÓ˚îy–
í˛zˆÏj¢ƒ ı ~•z ~Ü˛Ü˛ ˛õyë˛ Ü˛ˆÏÓ˚ xy˛õ!ö

çß√yÓ!ô xyç ˛õÎ≈hsˇ ˛õ,!ÌÓ#Ó˚ ÓÎ˚§ˆÏÜ˛ Ü˛ï˛à%!° §üÎ˚ !Óû˛yˆÏà û˛yà Ü˛Ó˚y •ˆÏÎ˚̂ ÏåÈ ï˛y çyöˆÏï˛ ˛õyÓ˚̂ ÏÓö–
!Ó!û˛ß¨ §üÎ˚ !Óû˛yˆÏà í˛zq(ï˛ í˛z!qòÜ%˛° §¡õˆÏÜ≈˛ §üƒÜ˛ ôyÓ˚îy ˛õyˆÏÓö–
§üˆÏÎ˚Ó˚ §ˆÏAà §ˆÏAà ÓòˆÏ° ÎyÄÎ˚y ç#ÓˆÏöÓ˚ ˜Ó!ã˛eƒ xyÓ˚ !ÓÓï≈˛ˆÏöÓ˚ ôyÓ˚yà%!° §¡õˆÏÜ≈˛ xÓ!•ï˛ •ˆÏÓö–

16.2 û)˛ï˛_¥#Î˚ §üÎ˚ §yÓ˚!î

˛õ,!ÌÓ#Ó˚ §,!T˛ •ˆÏÎ˚!åÈ° ≤ÃyÎ˚ 460 ˆÜ˛y!ê˛ ÓåÈÓ˚ ˛õ)ˆÏÓ≈– ï˛áö ˆÌˆÏÜ˛ xyç ˛õÎ≈hsˇ §üÎ˚Ü˛y°ˆÏÜ˛ Ü˛ˆÏÎ˚Ü˛!ê˛ §üÎ˚ !Óû˛yˆÏà
û˛yà Ü˛Ó˚y •ˆÏÎ˚̂ ÏåÈ Îy û)˛ï˛_¥#Î˚ §üÎ˚ §yÓ˚!î (Geological time scale)

û)˛ï˛_¥#Î˚ §üÎ˚ üyöò[˛ ~Ü˛!òˆÏö Ó˚!ã˛ï˛ •Î˚!ö– xT˛yò¢ ¢ï˛ˆÏÜ˛Ó˚ üyé˛yüy!é˛ ˛õ,!ÌÓ#Ó˚ !¢°yhflÏÓ˚à%!°ˆÏÜ˛



334

!¢°y Ä ç#ÓyˆÏŸ¬Ó˚ !û˛!_ˆÏï˛ ã˛yÓ˚û˛yˆÏà û˛yà Ü˛Ó˚y •ˆÏÎ˚!åÈ° ÎyÓ˚ Ü˛yÎ≈Ü˛y!Ó˚ï˛y á%Ó §#!üï˛ !åÈ°– ˛õÓ˚Óï˛#≈Ü˛yˆÏ°
Ú§%˛õyÓ˚˛õ!ç§ö ï˛_¥Û (Principle of Superposition), ç#ÓyŸ¬ ˆày¤˛#ï˛_¥ (Principle of Faunal

Assemblage) ≤Ãû,˛!ï˛ û)˛hflÏÓ˚!ÓòƒyÓ˚ ü)°ï˛_¥à%!° ≤Ã!ï˛!¤˛ï˛ •ÄÎ˚yÓ˚ ˛õÓ˚ §üÎ˚ üyöò[˛ ˛õ!Ó˚üy!ç≈ï˛ Ä
˛õ!Ó˚Ó!ô≈ï˛ •ˆÏÎ˚ˆÏåÈ–

~í˛yü ˆ§çí˛z•zÜ‰˛ Ä Ó˚í˛!Ó˚Ü˛ üy!ã≈˛§ö (1830) §Ó≈≤ÃÌü ÓÎ˚§ xö%ÎyÎ˚# hflÏÓ˚yö%Ü ˛ˆÏü öyüÜ˛Ó˚î ¢%Ó˚% Ü˛ˆÏÓ˚ö–
1835 §yˆÏ° ~ÑÓ˚y !Ó ˆÏê˛ˆÏöÓ˚ ÄˆÏÎ˚°¢ xM˛ˆÏ°Ó˚ ˛õy°!°Ü˛  (Sedimentary) !¢°yà%!°ˆÏÜ˛ Ü˛ƒyü!Ó Î˚yö
(Cambrian) Ä !§°%!Ó˚Î˚yö (Silurian) öyˆÏü !Óû˛!=˛ Ü˛ˆÏÓ˚ö– ò%ÓåÈÓ˚ ˛õÓ˚ ˆ§çí˛z•zÜ˛ xyÓ˚Ä ~Ü˛!ê˛ öï%˛öï˛Ó˚
hflÏˆÏÓ˚Ó˚ öyü ˆí˛ˆÏû˛y!öÎ˚yö (Devonian) Ó˚yˆÏáöñ ˛õˆÏÓ˚ Ü˛ˆÏÎ˚Ü˛!ê˛ !ÓˆÏ¢£Ï !¢°yhflÏˆÏÓ˚Ó˚ xÓfiÌyö !öˆÏÎ˚ ò%•z Órô%
ˆ§ç•zí˛zÜ˛ Ä üy!ã≈˛§ˆÏöÓ˚ üˆÏôƒ !ÓÓyò ÓyˆÏô– û)˛ï˛_¥#Î˚ §üÎ˚ §yÓ˚!î Ó˚ã˛öyÜ˛yˆÏ° ~•z !ÓÓyò Úˆ§çí˛z•zÜ˛ üy!ã≈˛§ö
!ÓÓyòÛ öyˆÏü ˛õ!Ó˚!ã˛ï˛– ïÑ˛yˆÏòÓ˚ ç#Ój¢yÎ˚ ~•z !ÓÓyˆÏòÓ˚ !ö‹õ!_ •Î˚!ö– ïÑ˛yˆÏòÓ˚ ü,ï%˛ƒÓ˚ ˛õÓ˚ Ä•z §ü§ƒyÎ%=˛
hflÏÓ˚à%!°ˆÏÜ˛ xˆÏí≈˛y!û˛!§Î˚yö (Ordovician) öyˆÏü ~Ü˛!ê˛ öï%˛ö !Óû˛yˆÏà ˆú˛°y •Î˚– ≤Ãyã˛#öˆÏ_¥Ó˚ !òÜ˛ ˆÌˆÏÜ˛
xˆÏí≈˛y!û˛!§Î˚yö xyˆÏà •ˆÏ°Ä §üÎ˚ üyöòˆÏ[˛ ~Ó˚ ≤Ã!ï˛¤˛y xˆÏöÜ˛ ˛õˆÏÓ˚ •ˆÏÎ˚ˆÏåÈ Îy ≤Ãüyî Ü˛ˆÏÓ˚ §üÎ˚ üyöòˆÏ[˛Ó˚
!ÓÜ˛y¢ Ä ˛õ!Ó˚Óô≈ö §%¢,C°û˛yˆÏÓ •Î˚!ö–

16.2.1 û)˛ï˛_¥#Î˚ §üÎ˚ §yÓ˚!î (Relative time scale)

~•z §üÎ˚ üyöòˆÏ[˛ ˛õ,!ÌÓ#Ó˚ àï˛ 60 ˆÜ˛y!ê˛ ÓåÈˆÏÓ˚Ó˚ âê˛öy Óy •z!ï˛•y§ !°!˛õÓÂô Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ– ˛õy°!°Ü˛ !¢°yÎ˚
§ÇÓ˚!«˛ï˛ §Ó≈≤Ãyã˛#öñ §%flõT˛ Ä §ˆÏ®•yï˛#ï˛ ˆÎ ç#ÓyŸ¬ ˛õyÄÎ˚y ÎyÎ˚ ï˛y ˆÌˆÏÜ˛ ¢%Ó˚% Ü˛ˆÏÓ˚ ˛õÓ˚Óï˛#≈Ü˛yˆÏ°Ó˚ !Ó!û˛ß¨
ç#ÓyˆÏŸ¬Ó˚ Ü ˛ü˛õÎ≈yˆÏÎ˚ xy!Óû≈˛yˆÏÓÓ˚ Ä˛õÓ˚ !û˛!_ Ü˛ˆÏÓ˚ ~•z §üÎ˚ üyöò[˛ Óy §yÓ˚!î Ó˚!ã˛ï˛ •ˆÏÎ˚̂ ÏåÈ–

≤Ãyã˛#öˆÏcÓ˚ !òÜ˛ ˆÌˆÏÜ˛ û)˛ï˛_¥#Î˚ §üÎ˚ §yÓ˚!îˆÏÜ˛ ò%!ê˛ §%!Ó¢y° ü•yÜ˛“ Óy •zÄö (Eon) ÎÌy à%Æç#Ó# Óy
!Ü ˛˛õ‰ˆÏê˛yˆÏçy!Î˚Ü˛ S!@ˇÃÜ˛ Kryptos ¢ˆÏ∑Ó˚ xÌ≈ à%Æ Óy ˆày˛õöV Ä Óƒ=˛ç#Ó# Óy ú˛ƒyöyˆÏÓ˚yçy!Ó˚Ü˛ S!@ˇÃÜ˛
Phaneros ~Ó˚ xÌ≈ Óƒ=˛ Óy §%flõT˛ ~ÓÇ Zoe Ü˛ÌyÓ˚ xÌ≈ ç#ÓöV ~ û˛yà Ü˛Ó˚y •Î˚– ~•z ü•yÜ˛“à%!° !Ó!û˛ß¨
x!ôÜ˛“ Óy ~Ó˚yÎ˚ (Era) !Óû˛=˛– ≤ÃyˆÏîÓ˚ ≤Ãyã%˛Î≈ xyÓ˚ ï˛yÓ˚ ≤Ãüyî !•ˆÏ§ˆÏÓ §ˆÏ®•y•#ï˛ ç#ÓyŸ¬ ˆòáy ÎyÎ˚ ≤ÃyÎ˚ 60

ˆÜ˛y!ê˛ ÓåÈÓ˚ xyˆÏà– ï˛áö ˆÌˆÏÜ˛ xyç ˛õÎ≈hsˇ ˆ§ §üˆÏÎ˚Ó˚ !ÓhflÏyÓ˚ ï˛yˆÏÜ˛ Óƒ=˛ç#Ó# ü•yÜ˛“ Ó°y •Î˚– à%Æç#Ó#
ü•yÜ˛“ˆÏÜ˛ ≤ÃyÜ‰˛ÈÙÈˆÜ˛ü!Ó Î˚yö (Pre-cambrian) ~ÓÇ xy!Ü≈˛Î˚yö Óy xƒyˆÏçy!Î˚Ü˛ Sç#Óö•#öV x!ôÜ˛ˆÏ“Ó˚ û˛yà Ü˛Ó˚y
•ˆÏÎ˚ˆÏåÈ– ˆÜ˛í˛z ˆÜ˛í˛z ~ˆÏÜ˛ xy!Ü≈˛ÄˆÏçy!Î˚Ü˛ Sç#ÓˆÏöyˆÏß√£Ï xÓyï˛ xî%ç#Ó#Î˚V ~ÓÇ ˆ≤ÃyˆÏê˛yˆÏÓ˚yˆÏçy!Î˚Ü˛ S§Óyï˛
xî%ç#Ó#Î˚V !Óû˛yˆÏà !Óû˛=˛ Ü˛ˆÏÓ˚̂ ÏåÈö–

~•z ü•yÜ˛ˆÏ“Ó˚ xyˆÏàÓ˚ ≤ÃyÎ˚ 400 ˆÜ˛y!ê˛ ÓåÈÓ˚ xÌ≈yÍ ˛õ,!ÌÓ#Ó˚ ÓÎ˚ˆÏ§Ó˚ ≤ÃyÎ˚ xy!¢ ¢ï˛yÇ¢ §üÎ˚ ç%ˆÏí˛¸ xyˆÏåÈ
à%Æç#Ó# ü•yÜ˛“– ~•z ü•yÜ˛“ ç#ÓˆÏöÓ˚ í˛zˆÏß√£Ï Ä Ü ˛ü!ÓÜ˛yˆÏ¢Ó˚ ~Ü˛ ò#â≈ •z!ï˛•y§ !°!˛õÓÂô Ü˛Ó˚y xyˆÏåÈ– ï˛ˆÏÓ
~ˆÏòÓ˚ ≤ÃyÎ˚ §Ó•z xî%ç#ÓyŸ¬ ÎyˆÏòÓ˚ ¢%ô%üye xî%Ó#«˛î ÎˆÏsfÓ˚ §y•yˆÏÎƒ•z ¢öy=˛ Ü˛Ó˚y §Ω˛Ó– A

Óƒ=˛ç#Ó# ü•yÜ˛ˆÏ“ ç#ÓˆÏöÓ˚ ˜Ó!ã˛eƒ xyÓ˚ !ÓÓï≈˛ˆÏöÓ˚ ôyÓ˚y xö%§Ó˚î Ü˛ˆÏÓ˚ ~ˆÏÜ˛ !ï˛ö!ê˛ x!ôÜ˛ˆÏ“ (Era)

ÎÌy ˛õ%Ó˚yç#Ó#Î˚ (Palaeozoic), üôƒç#Ó#Î˚ (Mesozoic) Ä öÓç#Ó#Î˚ (Caenozoic) û˛yà Ü˛Ó˚y •ˆÏÎ˚ˆÏåÈ–
≤Ã!ï˛!ê˛ x!ôÜ˛“ ~Ü˛y!ôÜ˛ Ü˛ˆÏ“ (Period) !Óû˛=˛– Ü˛“à%!° û)˛ï˛y!_¥Ü˛ §üˆÏÎ˚Ó˚ ü)° !Óû˛yà Ó°y ã˛ˆÏ°– ˆüyê˛
~àyÓ˚!ê˛ Ü˛“ !ã˛!•´ï˛ xyˆ Ïå È– ˛õ %Ó ˚ yç#Ó#Î ˚ x!ôÜ˛ˆ Ï“ ˆÜ˛ü!Ó  Î ˚ yö (Cambrian), xˆÏí ≈ ˛ y!û˛!§Î˚yö
(Ordovician), !§°%!Ó˚Î˚yö (Silurian), ˆí˛ˆÏû˛y!öÎ˚yö (Devonian), Ü˛yÓ≈!öˆÏú˛Ó˚y§ (Carboniferous)
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§üˆÏÎ˚Ó˚ Óƒy!Æ !ü!°Î˚ö xyö%üy!öÜ˛ §üÎ̊
ÓåÈ Ï̂Ó̊Ó̊ üy Į̈̂ õ !ü!°Î̊ö ÓåÈ Ï̂Ó̊Ó̊ üy Į̈̂ õ
Duration Began ü•yÜ˛“ x!ôÜ˛“ Ü˛“ í˛z˛õÜ˛“ í˛zˆÏÕ‘áˆÏÎyàƒ û)˛ï˛_¥#Î˚ âê˛öyÓ!° Ä !Ó!û˛ß¨ ç#ÓˆÏày¤˛#Ó˚

(m.y.) (m.y.)ago (EON) (ERA) (PERIOD) (EPOCH) xy!Óû≈˛yÓñ !ÓÜ˛y¢ Ä !Ó°%!Æ

Last xô%öy xyô%!öÜ˛ í˛z!qò Ä ≤Ãyî#Ü%˛°–

5.000 years (RECENT/HOLOCENE)

ü•yˆ Ïò¢#Î˚ !•üÓyˆ Ï•Ó˚ x@ˇ Ã ÈÙ È ˛õÿ˛yÍ §M˛y°ˆÏöÓ˚
ú˛ˆ Ï° í˛ z !qòÜ%˛ˆ Ï°Ó˚ ˛õ %ö!Ó≈öƒy§– í˛ z !° üƒyüÌ‰ Ä
Óy•z§ˆÏöÓ˚ í˛ z ˛õ!fiÌ!ï˛– xyô%!öÜ˛ üyö%ˆ Ï£ ÏÓ ˚ xy!Óû≈˛yÓ–
xy!®§  ≤Ãû,˛!ï˛ ˛õÓ≈ˆÏï˛Ó˚ í˛zFã˛ï˛yÓ,!Âô ç!öï˛ xyÓ•yÄÎ˚y
õ!Ó˚Óï≈˛ˆÏöÓ˚ ú˛ˆÏ° ï,˛îû)˛!üÓ˚ §,!T˛– •y!ï˛ñ í˛zê˛ñ ˆâyí˛¸yÓ˚
í z̨̨ õ!fiÌ!ï˛–

üyˆÏÎ˚y!§ö ˛õ,!ÌÓ#Óƒy˛õ# ü•yˆ Ïò¢#Î˚ û) ˛áˆÏ[˛Ó˚ §M˛y°ˆÏöÓ˚ ú˛ˆ Ï° xy“§ñ

(MIOCENE) !•üy°Î˚ ≤Ãû , ˛!ï ˛õÓ≈ˆ Ïï˛Ó ˚ í˛ zFã˛ï˛y Ó ,!Âô– ï˛y˛õüyeyÓ˚ • …y§–

ü,ò% ë˛y[˛y xyÓ•yÄÎ̊y– í z̨Fã˛ x«˛yÇ¢ çyÎ̊àyÎ̊ ̂ üê˛y!§ Ï̂Ü˛yÎ̊y
§yÓ˚!§!í˛ú˛y•z°yˆÏüÓ˚ í˛z˛õ!fiÌ!ï˛– ˆÓí˛¸y°ñ Ü%˛Ü%˛Ó˚ Ä
ç°•hflÏ#Ó˚ xy!Óû≈˛yÓ–

öy!ï˛¢#ˆÏï˛y£÷ñ xyo≈ xyÓ•yÄÎ˚yÎ˚ í˛z_Ó˚ Ä ò!«˛î ̂ ày°yˆÏô≈
âö xÓ˚̂ ÏîƒÓ˚ §,!T˛– ≤ÃyÎ˚ §ÓÓ˚Ü˛ˆÏüÓ˚ xyô%!öÜ˛ í˛z!qˆÏòÓ˚
í˛z˛õ!fiÌ!ï˛– ˆâyí˛¸yÓ˚ xy!Óû≈˛yÓ–

üƒyàˆÏöy!°ˆÏÎ˚§#ñ °ˆÏÓ˚§# Ä çyà‰°yöˆÏí˛!§ ˆàyeû%˛=˛
à%ÆÓ#ç# í˛z!qˆÏòÓ˚ ≤Ãyã%˛Î≈–
!ö¡̈ Ü ̨ # Ï̂ê˛¢y Ï̂§ ≤ÃÌü §˛õ%‹õÜ˛ à%ÆÓ#ç# í z̨!q Ï̂òÓ̊ í ẑ̨ Ïß√£Ï–
~Ü˛Ó#ç˛õe# Ä !mÓ#ç˛õe# í˛z!qò– ≤ÃÌü xyüÓ˚y Î%=˛
hflÏöƒ˛õyÎ˚# ≤Ãyî#– í˛y•zˆÏöy§ˆÏÓ˚Ó˚ !Ó°%!Æ–
ü,ò % xyÓ•yÄÎ˚y– !àÇˆ Ïàyñ Ü˛!öú˛yÓ ˚ñ §y• zÜ˛y§‰
§y•zÜ˛y!í˛Î˚ˆÏÎ˚ˆÏí˛Ó˚ ≤Ãyã%˛Î≈– í˛zFã˛ˆÏ◊!îÓ˚ ˛õï˛Aà Ä ˛õy!áÓ˚
!ÓÜ˛y¢– í˛y•zˆÏöy§ˆÏÓ˚Ó˚ ≤Ãyã%˛Î≈–
¢%‹Ò xyÓy•ÄÎ˚y– §y•zÜ˛y§ Ä !àÇˆÏày çyï˛#Î˚ í˛z!qˆÏòÓ˚
!ÓÜ˛y¢– @’§˛õ‰̂ Ïê˛!Ó̊ Ï̂§Ó̊ §Çáƒy •…y§– í˛y•ẑ Ïöy§ Ï̂Ó̊Ó̊ !ÓÜ˛y¢
≤ÃÌü hflÏöƒ˛õyÎ˚# ≤Ãyî#–
ò!«˛î ˆày°yˆÏô≈ ë˛y[˛y Ä ¢%‹Ò xyÓ•yÄÎ˚y– @’§˛õ‰ˆÏê˛!Ó˚§ñ
çyï˛#Î˚ í˛ z!qˆÏòÓ˚ !ÓÜ˛y¢– Ó,«˛Ó˚ ) ˛õ °y•zˆÏÜ˛y˛õí˛ Ä
ˆfl≥˛ö˛õ‰!§ˆÏí˛Ó˚ !Ó°%!Æ–
í˛z£÷ Ä xyo≈ xyÓ•yÄÎ˚yÎ˚ çß√yˆÏöy ü§ñ °y•zˆÏÜ˛y˛õí˛ñ
ˆfl≥˛ö˛õ‰!§í˛ ú˛yî≈çyï˛#Î˚ í˛z!qò– Ü˛!öú˛yˆÏÓ˚Ó˚ í˛zÍ˛õ!_–
í˛z£÷ xyÓ•yÄÎ˚y– xy!ò ú˛yî≈ñ Ó#çÓy•# ú˛yî≈ñ Ó,«˛Ó˚)˛õ
°y•zˆÏÜ˛y˛õí˛ Ä Ü˛ƒy°yüy•zˆÏê˛Ó˚ ≤Ãyã%˛Î≈– í˛yöyÎ%=˛ ˛õï˛ˆÏAàÓ˚
í˛zÍ˛õ!_–
xyo≈ Ä ¢%‹Ò xyÓ•yÄÎ˚y– §˛õ%‹õÜ˛ à%ÆÓ#ç# í˛z!qò åÈyí ¸̨y
§ÓÓ˚Ü˛ü §ÇÓ•öÜ˛°y Î%=˛ í˛z!qˆÏòÓ˚ !ÓÜ˛y¢– !Ü˛å%È í˛z!qˆÏò
x§üˆÏÓ˚î%≤Ã§)ï˛y Ä Ó#ç Óy•#ï˛yÓ˚ ≤ÃÜ˛y¢– !°û˛yÓ˚ÄÎ˚yê≈˛ Ä
åÈeyÜ˛– üyˆÏåÈÓ˚ !ÓÜ˛y¢– ≤ÃÌü í˛zû˛ã˛Ó˚–
ü,ò% í˛z£÷ xyÓ•yÄÎ˚y– §ÇÓ•ö Ü˛°yÎ%=˛ fiÌ°ç í˛z!qˆÏòÓ˚
xy!Óû≈̨ yÓ– ≤ÃÌü Ÿªy§ÎsfÎ%=˛ ≤Ãyî#ñ Ó y!Ü˛Ä Į̈̂ õí˛ Ä ̂ Ü˛yÓ̊y°–
ü,ò% í˛z£÷ xyÓ•yÄÎ˚y– §Ó%ç Ä ˆ°y!•ï˛ ˜¢ÓyˆÏ°Ó˚ ≤Ãyã%˛Î≈–
≤ÃÌü ˆüÓ˚%ò[˛# ≤Ãyî#– @’y˛õˆÏê˛y°y•zê˛ñ ö!ê˛°ˆÏÎ˚í˛ ≤Ãû,˛!ï˛
xˆÏüÓ˚%ò[˛# ≤Ãyî#Ó˚ ≤Ãyã%˛Î≈–
í˛z£÷ xyÓ•yÄÎ˚yÎ˚ §ü%o çˆÏ° ö#°yû˛ §Ó%çñ §Ó%ç Ä
ˆ°y!•ï˛ ˜¢ÓyˆÏ°Ó˚ ≤Ãyã%˛Î≈ƒ– §yü%!oÜ˛ xˆÏüÓ˚%ò[˛# ≤Ãyî#Ó˚
≤Ãyã%˛Î≈– ≤ÃÌü ê˛∆y•zˆÏ°yÓy•zê˛ Ä ˆú˛yÓ˚!ü!öˆÏú˛Ó˚y–
í˛ z£ ÷ xyÓ•yÄÎ˚yó ÓƒyÜ˛ˆ Ïê˛!Ó˚Î˚yñ ö#°yû˛ §Ó%çñ Ä
ˆ°y!•ï ˜¢Óy°–
                        ˛õÈ,!ÌÓ#Ó˚ çß√–

!ê˛e 16.1 xyhsˇç≈y!ï˛Ü˛ û)˛ÈÙÈï˛_¥#Î˚ §üÎ˚§yÓ˚!î Ä !Ó!û˛ß¨ ç#ÓˆÏày¤˛#Ó˚ xy!Óû≈˛yÓ Ä !ÓÜ˛y¢

ˆÜ˛yÎ˚yê˛yÓ˚öy!Ó˚
(QUATERNARY)

≤’y Ï̂Î̊y!§ö
(PLIOCENE)

≤’y•zˆÏfiê˛y!§ö
(PLEISTOCENE)

x!° Ï̂ày!§ö
(OLIGOCENE)

•ẑ ÏÎ̊y!§ö
(EOCENE)

˛õƒy!°Ä!§ö
(PALEOCENE)

í˛zFã˛

!ö¡̈

í˛zFã˛
üôƒ
!ö¡̈
í˛zFã˛
üôƒ
!ö¡̈

í˛zFã˛

!ö¡̈
í˛zFã˛
üôƒ
!ö¡̈
í˛zFã˛

!ö¡̈

í˛zFã˛

üôƒ

!ö¡̈

í˛zFã˛
!ö¡̈
í˛zFã˛

!ö¡̈

í˛zFã˛
üôƒ
!ö¡̈

ˆÜ˛ü!Ó Î˚yö
(CAMBRIAN)

xˆÏí≈˛y!û˛!§Î˚yö
(ORDOVICIAN)

!§°%!Ó̊Î̊yö
(SILURIAN)

!ü!§!§!˛õÎ̊yö
(MISSISSIPPIAN)

ˆ̨õö!§°!û!̨öÎ̊yö
(PENNSYLVANIAN)

˛õyÓ̊!üÎ̊yö
(PERMIAN)

ˆí˛ˆÏû˛y!öÎ˚yö
(DEVONIAN)

ê˛∆yÎ˚y!§Ü˛
(Triassic)

ç%Ó˚y!§Ü˛
(JURASSIC)

Ü ˛#ˆÏê˛¢yö
(CRETACEOUS)

ê˛yÓ̊!§Î̊y!Ó̊
(TERTIARY)

öÓç#Ó#Î̊
(CENOZOIC)

üôƒç#Ó#Î̊
(MESOZOIC)

˛õ%Ó˚yç#Ó#Î˚
(PALEOZOIC)

≤ÃyÜ‰̨ Ï̂Ü˛ü!Ó Î̊yö
Ä xy!Ü≈˛Î˚yö

(PRECAMBRIAN

ARCHAEAN)

Óƒ
=˛

ç
#Ó

# (
P

H
A

N
E

R
O

Z
O

IC
)

Ü˛y
Ó≈y

öˆ
Ïú˛

Ó˚y
§

(C
A

R
B

O
N

IF
E

R
O

U
S
)

!ö
¡¨ 

ê˛y
Ó˚!

§Î
˚y!Ó

˚
(P

A
L

A
E

O
C

E
N

E
)

í˛zF
ã˛ 

ê˛y
Ó˚!

§Î
˚y!Ó

˚
(N

E
O

C
E

N
E
)

25-

7-

26-

38-

54-

64-

141-

195-

255-

280-

325-

345-

395-

435-

500-

570-

25

4.5

19

12

16

11

76

54

30

55

45

20

50

40

65

70

4,130

4700-

à%ÆÓ#ç#
(CRYPTOZOIC)
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Ä ˛õyÓ˚!üÎ˚yö (Permian) öyˆÏü åÈÎ˚!ê˛ Ü˛“– üôƒç#Ó#Î˚ x!ôÜ˛ˆÏ“ ê˛ ∆yÎ˚y!§Ü˛ (Triassic), ç%Ó˚y!§Ü˛
(Jurassic), Ü ˛#ˆÏê˛¢y§ (Cretaceous) öyˆÏü !ï˛ö!ê˛ Ü˛“ ~ÓÇ öÓç#Ó#Î˚ x!ôÜ˛ˆÏ“ ê˛y!¢≈Î˚y!Ó˚ (Tertiary) Ä
ˆÜ˛yÎ˚yê˛yÓ˚öy!Ó˚ (Quaternary) öyˆÏü ò%!ê˛ Ü˛“ Óï≈˛üyö– ~•z Ü˛“à%!° xyÓyÓ˚ !Ó!û˛ß¨ í˛z˛õÜ˛ˆÏ“ (Epoch)

!Óû˛=˛ S!ã˛e ı 16.1V

16.2.2 !Ó¢%Âô §üÎ˚ §yÓ˚!î (Absolute time scale)

§Ó˚y§!Ó˚ ÓåÈˆÏÓ˚Ó˚ üyˆÏ˛õ ˛õ,!ÌÓ#Ó˚ ÓÎ˚§ Óy ˛õ,!ÌÓ#Ó˚ !Ó!û˛ß¨ hflÏˆÏÓ˚Ó˚ ÓÎ˚§ !öô≈yÓ˚î Ü˛ˆÏÓ˚ ˆÎ §üÎ˚ §yÓ˚!î ≤Ã›ï˛ Ü˛Ó˚y •Î˚
ï˛y •° !Ó¢%Âô §üÎ˚ §yÓ˚!î– ~•zû˛yˆÏÓ û)˛hflÏˆÏÓ˚Ó˚ ÓÎ˚§ !öô≈yÓ˚̂ ÏîÓ˚ ≤ÃˆÏã˛T˛y í˛zö!ÓÇ¢ ¢ï˛y∑# ˆÌˆÏÜ˛ ¢%Ó˚% •ˆÏÎ˚̂ ÏåÈ–
§Ó≈≤ÃÌü ~Ü˛çö •zÇˆÏÓ˚ç û)˛!Óò Óƒyí‰˛!° ˛õ!°üy!ê˛Ó˚ (sediments) xÓˆÏ«˛˛õ!îÜ˛ •yˆÏÓ˚Ó˚ (depositional rate)

§ Ï̂Aà !¢°yhflÏ̂ ÏÓ̊Ó̊ ̂ üyê˛ ̂ Óô (thickness) à%î Ü˛ Ï̂Ó˚ ̂ Ü˛ü!Ó Î˚yö ̂ Ì Ï̂Ü˛
xyô%!öÜ˛ Ü˛y° ̨õÎ≈hsˇ §üˆÏÎ˚Ó˚ !ÓhflÏyÓ˚ ≤ÃyÎ˚ 75 ̂ Ü˛y!ê˛ ÓåÈÓ˚ !fiÌÓ˚ Ü˛ˆÏÓ˚ö–
xy§° ÓÎ˚ˆÏ§Ó˚ §ˆÏAà ~•z !ÓÓ˚yê˛ ï˛ú˛yˆÏï˛Ó˚ Ü˛yÓ˚î •° ˆÎ !ï˛!ö
!¢°yhflÏˆÏÓ˚Ó˚ àyë˛!öÜ˛ x§Aà!ï˛ Óy ˆåÈò (unconformity) à%!°ˆÏÜ˛
!•ˆÏ§ˆÏÓÓ˚ üˆÏôƒ ôˆÏÓ˚ö!ö– ˛õÓ˚Óï˛#≈Ü˛yˆÏ° ~Ü˛çö xy•z!Ó˚¢ û)˛!Óò ç!°
§ü%oçˆÏ° °Óîï˛yÓ˚ •yÓ˚ ˆüˆÏ˛õ §ü%ˆÏoÓ˚ ÓÎ˚§ ≤ÃyÎ˚ 9.5 ˆÜ˛y!ê˛ ÓåÈÓ˚

!fiÌÓ˚ Ü˛ˆÏÓ˚ö– ≤Ã!ï˛ ÓåÈÓ˚ §ü%oçˆÏ° °Óîï˛y Ó,!ÂôÓ˚ •yÓ˚ çyöy ÌyÜ˛ˆÏ° xy!ò §ü%ˆÏoÓ˚ ¢)öƒ °Óîï˛y ˆÌˆÏÜ˛ Óï≈˛üyö
§ü%ˆÏoÓ˚ °Óîï˛y xy§ˆÏï˛ ~Ó˚Ü˛ü §üÎ˚ °yàyÓ˚•z Ü˛Ìy– x@ˇÃò)ï˛ !•ˆÏ§ˆÏÓ ~•z û)˛!ÓòˆÏòÓ˚ í˛zqyÓö# ¢!=˛ ≤Ã¢Ç§ö#Î˚
!Ü˛v à,•#ï˛ xAà#Ü˛yÓ˚à%!° e%!ê˛˛õ)î≈ ÌyÜ˛yÎ˚ ~ÑÓ˚y !ö!ò≈T˛ °ˆÏ«˛ƒ ˆ˛õÑÔåÈyˆÏï˛ ˛õyˆÏÓ˚ö!ö– ~Ó˚˛õÓ˚ °í≈˛ ˆÜ˛°!û˛ö û)˛ï˛yˆÏ˛õÓ˚
Ü ˛üÓ,!ÂôÓ˚ •yÓ˚ ˆüˆÏ˛õ ˛õ,!ÌÓ#Ó˚ ÓÎ˚§ 2-3 ˆÜ˛y!ê˛ ÓåÈÓ˚ !öî≈Î˚ Ü˛ˆÏÓ˚ö– Ó›ï˛ ïÑ˛yÓ˚ !•ˆÏ§Ó !öû≈˛%° •ˆÏ°Ä xAà#Ü˛yÓ˚
û%˛° ÌyÜ˛yÎ˚ ~•z !•§yÓ fiÌyÎ˚# •Î˚!ö– ïÑ˛yÓ˚ ôyÓ˚îy !åÈ° ˛õ,!ÌÓ#Ó˚ xû˛ƒhsˇÓ˚#î ï˛y˛õ ˛õ,!ÌÓ#Ó˚ àÓ˚ü xÓfiÌyÎ˚ í˛zÍ˛õ!_Ó˚
çöƒ– ̂ Î Ï̂•ï%̨  ï˛áöÄ ̂ ï˛ç!fl;Î̊ï˛y (Radioactivity) xy!Ó‹,Òï˛ •Î̊!ö ̨õ,!ÌÓ#Ó̊ xû˛ƒhsˇ̂ ÏÓ̊•z ̂ Î ï˛yÓ̊ !öçfl∫ ï˛y˛õçö Ï̂öÓ̊
≤Ã!Ü ˛Î˚y xyˆÏåÈ ï˛y ˆÜ˛°!û˛ˆÏöÓ˚ xçyöy !åÈ°–

ˆï˛ç!fl;Î˚ï˛y xy!Ó‹ÒyˆÏÓ˚Ó˚ §ˆÏAà §ˆÏAà ˛õ,!ÌÓ#Ó˚ ÓÎ˚§ !öô≈yÓ˚ˆÏî ~Ü˛ ˜Ó≤’!ÓÜ˛ ˛õ!Ó˚Óï≈˛ö xyˆÏ§– û)˛hflÏˆÏÓ˚
ˆï˛ç!fl;Î˚ ˆüÔ!°Ü˛ ˛õòyÌ≈ (radioactive elements) §¡∫!°ï˛ xˆÏöÜ˛ á!öç ˛õòyÌ≈ (mineral) xyˆÏåÈ– ~•z

á!öç ˛õòyÌ≈à%!° ˆÜ˛°y!§ï˛ (crystallisation) •ÓyÓ˚ §üÎ˚ ˆüÔ!°Ü˛
˛õòyÌ≈à%!° ~Ó˚ üˆÏôƒ xAà#û)˛ï˛ •Î˚– §üˆÏÎ˚Ó˚ ˛õ!Ó˚ˆÏ≤Ã!«˛ˆÏï˛ ~ˆÏòÓ˚
û˛yAàˆÏöÓ˚ §y•yˆÏÎƒ ÓÎ˚§ !öô≈yÓ˚î Ü˛Ó˚y •Î˚– ~•z ˆüÔ!°Ü˛ ˛õòyÌ≈à%!°Ó˚
˛õyÓ˚üyî!ÓÜ˛ !öí˛z!Üœ˛Î˚y•zà%!° x!fiÌÓ˚ (unstable) ÌyÜ˛yÎ˚ ~Ó˚y
!öÎ˚!üï˛ û˛yˆÏÓ ~Ü˛ !ÓˆÏ¢£Ï •yˆÏÓ˚ §%!fiÌÓ˚ (stable) ̂ üÔ° ̨õòyˆÏÌ≈ ̂ û˛ˆÏä
ÎyÎ˚– ˆÎüö ã˛y˛õñ ï˛y˛õ Ä xöƒyöƒ xÓfiÌy í˛zˆÏ˛õ«˛y Ü˛ˆÏÓ˚ •zí˛zˆÏÓ˚!öÎ˚yü

xï˛ƒhsˇ Ÿ’Ì •yˆÏÓ˚ §#§y (Lead) Ä !•!°Î˚yˆÏü ˛õ!Ó˚îï˛ •Î˚– ~Ü˛ @ˇÃyü •zí˛zˆÏÓ˚!öÎ˚yü ≤Ã!ï˛ ò¢ °«˛ ÓåÈˆÏÓ˚ S1 !ü!°Î˚öV
ˆû˛ˆÏä 1/7000 @ˇÃyü !§§yÎ˚ ˛õ!Ó˚îï˛ •Î˚– §%ï˛Ó˚yÇ ˆÜ˛yˆÏöy !¢°yÎ˚ Î!ò •zí˛zˆÏÓ˚!öÎ˚yü !§§yÓ˚ xö%˛õyï˛ !öû≈˛%°û˛yˆÏÓ
!öî≈Î˚ Ü˛Ó˚y ÎyÎ˚ ï˛y•ˆÏ° Ä•z !¢°yÓ˚ ≤ÃÜ,˛ï˛ ÓÎ˚§ !öô≈yÓ˚îÄ §Ω˛Ó– fl∫yû˛y!ÓÜ˛û˛yˆÏÓ•z ˆ§•z !¢°yhflÏˆÏÓ˚ Î!ò ˆÜ˛yˆÏöy
ç#ÓyŸ¬ ÌyˆÏÜ˛ ï˛y•ˆÏ° ï˛yÓ˚ ÓÎ˚§Ä !öô≈y!Ó˚ï˛ •ˆÏÎ˚ ÎyÎ˚– ~û˛yˆÏÓ•z xyˆÏ˛õ!«˛Ü˛ û)˛ï˛_¥#Î˚ §üÎ˚ §yÓ˚!îÓ˚ ˛õy¢y˛õy!¢

àyë˛!öÜ˛ x§Aà!ï˛ û)˛hflÏˆÏÓ˚Ó˚ xÓˆÏ«˛˛õ
ˆÜ˛yÌyÄ x!Ó!FåÈß¨ •Î˚!ö– ï˛yÓ˚y ~Ü˛y!ôÜ˛
ˆåÈò Óy xÓˆÏ«˛˛õ !ÓÓ˚!ï˛ !Óû˛=˛– ~•z
!ÓÓ˚!ï˛ˆÏÜ˛ àyë˛!öÜ˛ x§Aà!ï˛ ÓˆÏ°–

1896 §yˆ Ï° ˆ•ö!Ó˚ ˆÓˆ ÏÜ˛ˆ ÏÓ ˚°
ˆï˛ç!fl;Î˚ï˛y xy!Ó‹ÒyÓ˚ Ü˛ˆÏÓ˚ö– 1900

§yˆÏ° Ü%˛ƒ!Ó˚ ò¡õ!ï˛ !˛õã˛ˆÏÓœu˛ ˆÌˆÏÜ˛
§Ó≈≤ÃÌü ˆÓ˚!í˛Î˚yü !ö‹Òy¢ö Ü˛ˆÏÓ˚ö–
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!Ó¢%Âô §üˆÏÎ˚Ó˚ !•ˆÏ§Ó ˆòÄÎ˚y §Ω˛Ó •ˆÏÎ˚̂ ÏåÈ S!ã˛e ı 16.1V– í˛z_ˆÏÓ˚y_Ó˚ àˆÏÓ£ÏîyÓ˚ ú˛ˆÏ° ~•z §üÎ˚ üyöòˆÏ[˛Ó˚ ≤Ã!ï˛
!öû≈˛Ó˚¢#°ï˛y Óyí ¸̨̂ ÏåÈ–

ˆï˛ç!fl;Î˚ á!öç˛ ˛õòyˆÏÌ≈Ó˚ ~Ü˛!ê˛ í˛zˆÏÕ‘áˆÏÎyàƒ ã˛!Ó˚e •° ~ˆÏòÓ˚ xô≈ç#Óö (half life) Îy !Ó!û˛ß¨ §üÎ˚
!öô≈yÓ˚î Ü˛Ó˚yÓ˚ çöƒ ÓƒÓ•,ï˛ •Î˚– xô≈ç#Óö
•° ~Ü˛!ê˛ !ö!ò≈T˛ §üÎ˚ ÎyÓ˚ üˆÏôƒ ~Ü˛!ê˛
x!fiÌÓ˚ á!öç ˛õòyˆÏÌ≈Ó˚ ü)° ˛õ!Ó˚üyˆÏîÓ˚
xˆÏô≈Ü˛ «˛Î˚ •ˆÏÎ˚ Óy!Ü˛ xˆÏô≈Ü˛ xÓ!¢T˛
ÌyˆÏÜ˛– §%ï˛Ó˚yÇ ~Ó˚Ü˛ü ̂ Ü˛yö á!öˆÏçÓ˚ ≤ÃÌü
xô≈ç#Óö ˛õÓ˚ ü)° ˛õ!Ó˚üyˆÏîÓ ̊½ xÓ!¢T˛
ÌyÜ˛ˆÏÓñ !mï˛#Î˚ xô≈ç#Óö ¼ ˛õÓ˚ xÇ¢ñ
ï,˛ï˛#Î˚ xô≈ç#Óö ˛õÓ˚ 1

8
xÇ¢ xÓ!¢T˛

ÌyÜ˛ˆÏÓ– ≤Ã!ï˛!ê˛ ˆï˛ç!fl;Î˚ ˛õòyˆÏÌ≈Ó˚ !öçfl∫
xô≈ç#Óö xyˆÏåÈ– ˆÎüö •zí˛zˆÏÓ˚!öÎ˚yü 235

xô≈ç#Óö 713 !ü!°Î˚ö ÓåÈÓ ˚ (1

!ü!°Î̊ö = 10 °«˛ ÓåÈÓ̊V– ̂ Ü˛yöÄ  öü%öy Ï̂ï˛
Î!ò 50 ¢ï˛yÇ¢ •zí ẑ̨ ÏÓ̊!öÎ̊yü 235 ~ÓÇ Óy!Ü˛
50 ¢ï˛yÇ¢ §%!fiÌÓ˚ xÓˆÏ¢£Ï ˆ°í˛‰ 207

S!§§yV ˛õyÄÎ˚y ÎyÎ˚ ï˛y•ˆÏ° öü%öy!ê˛Ó˚ ÓÎ˚§
•ˆÏÓ 713 !ü!°Î˚ö ÓåÈÓ˚– Î!ò ˆòáy ÎyÎ˚
25 ¢ï˛yÇ¢ •zí˛zˆÏÓ˚!öÎ˚yü 235 ~ÓÇ 75

¢ï˛yÇ¢ ̂ °í‰˛ 207 xÓ!¢T˛ xyˆÏåÈ ï˛y•ˆÏ° Ó%é˛ˆÏï˛ •ˆÏÓ ̂ ï˛ç!fl;Î˚ !öí˛z!Üœ˛Î˚y§!ê˛ ò%!ê˛ xô≈ç#Óö x!ï˛Ü ˛ü Ü˛ˆÏÓ˚ˆÏåÈ ~ÓÇ
öü%öy!ê˛Ó˚ ÓÎ˚§ •ˆÏÓ 1426 !ü!°Î˚ö ÓåÈÓ˚ S!ã˛e ı 16.2V–

ˆÎ §Ó xy•zˆÏ§yˆÏê˛yˆÏ˛õÓ˚ xô≈ç#Óö xˆÏöÜ˛ ˆÓ!¢ ï˛yˆÏòÓ˚ §y•yˆÏÎƒ xˆÏöÜ˛ ≤Ãyã˛#ö ÓÎ˚§ !öô≈yÓ˚î Ü˛Ó˚y ÎyÎ˚–
•zí˛zˆÏÓ˚!öÎ˚yü (U-235 : xô≈ç#Óö 713 !ü!°Î˚ö ÓåÈÓ˚ó U-238 : xô≈ç#Óö 4510 !ü!°Î˚ö ÓåÈÓ˚Vñ
˛õê˛y!¢Î˚yü S˛õê˛y!¢Î˚yü 40 - xyÓ˚àö 40 : xô≈ç#Óö 1300 !ü!°Î˚ö ÓåÈÓ˚Vñ Ó˚%!Ó!í˛Î˚yü SÓ˚%!Ó!í˛Î˚yü 87-

fiê˛∆ö!§Î˚yü 87 ı xô≈ç#Óö 47000 !ü!°Î˚ö ÓåÈÓ˚V ≤Ãû,˛!ï˛ ˛õÂô!ï˛à%!° ÓƒÓ•yÓ˚ Ü˛ˆÏÓ˚ ≤Ãyã˛#ö û)˛hflÏÓ˚ åÈyí˛¸yÄ
Ó!•!Ó≈Ÿª ˆÌˆÏÜ˛ xy§y í˛zÕÒyÓ˚ ÓÎ˚§ ~üö!Ü˛ ãÑ˛yò ˆÌˆÏÜ˛ xyöy !¢°yÓ˚ ÓÎ˚§Ä !öô≈yÓ˚î Ü˛Ó˚y §Ω˛Ó •ˆÏÎ˚̂ ÏåÈ–

í˛z˛õ!Ó˚í˛z=˛ xy•zˆÏ§yˆÏê˛y˛õà%!°Ó˚ ï%˛°öyÎ˚ Ü˛yÓ˚Óö ÈÙÈ 14 xy•zˆÏ§yˆÏê˛yˆÏ˛õÓ˚ xô≈ç#Óö á%Ó Ü˛ü S5730 ÓåÈÓ˚V–
ú˛ˆÏ° Ü˛ˆÏÎ˚Ü˛!ê˛ xô≈ç#Óö ˛õyÓ˚ •ÄÎ˚yÓ˚ ˛õÓ˚ §ÇÓ˚!«˛ï˛ ˜çÓ ˛õòyˆÏï≈˛ Sí˛z!qò Óy ≤Ãyî#V C-14 xyÓ˚ ˛õ!Ó˚üy˛õˆÏÎyàƒ
xÓfiÌyÎ˚ ÌyˆÏÜ˛ öy– ï˛y•z 50,000 ÓåÈÓ˚ ˛Óy ï˛yÓ˚ ˆÓ!¢ ÓÎ˚ˆÏ§Ó˚ ç#ÓyˆÏŸ¬Ó˚ ÓÎ˚§ !öô≈yÓ˚î ~•z ˛õÂô!ï˛Ó˚ myÓ˚y
!öû≈˛%°û˛yˆÏÓ Ü˛Ó˚y ÎyÎ˚ öy– §y¡±!ï˛Ü˛ û%˛ï˛_¥#Î˚ âê˛öyÓ!° !ÓˆÏ¢£Ï Ü˛ˆÏÓ˚ ˆÜ˛yÎ˚yê˛yÓ˚öy!Ó˚ Ü˛ˆÏ“Ó˚ ˆ¢£Ï û˛yˆÏà âˆÏê˛
ÎyÄÎ˚y ï%˛£ÏyÓ˚ñ ≤’yÓöñ §yü%!oÜ˛ ï˛ˆÏ°Ó˚ ˛õ!Ó˚Óï≈˛öñ ç#ˆÏÓÓ˚ !ÓhflÏyÓ˚ •zï˛ƒy!òÓ˚ !öô≈yÓ˚ˆÏî ~ÓÇ ≤Ãbï˛y!_¥Ü˛ àˆÏÓ£ÏîyÎ˚
~•z ˛õÂô!ï˛Ó˚ ÓƒÓ•yÓ˚ x˛õ!Ó˚•yÎ≈–

!ã˛e ı 16.2 ˆï˛ç!fl;Î˚ «˛ˆÏÎ˚Ó˚ ú˛ˆÏ°
•zí˛zˆÏÓ˚!öÎ˚yü 235 (235U) ̂ ÌˆÏÜ˛ !§§y

207 (207Pb) ~Ó̊ í z̨Í˛õ!_
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16.3 ç#Ó !ÓÓï≈˛ˆÏöÓ˚ â!í ¸̨ Óy Ü˛ƒyˆÏ°u˛yÓ˚

û)˛ï˛y!_¥Ü˛ §üˆÏÎ˚Ó˚ !•ˆÏ§ˆÏÓ ≤ÃyˆÏîÓ˚ í˛zˆÏß√£Ï
!ÓÜ˛yˆÏ¢Ó˚ xö%Ü ˛ü ~Ü˛öçˆÏÓ˚ ˆòˆÏá ˆöÓyÓ˚
çöƒ ˛õ,È!ÌÓ#Ó˚ §,!T˛Ü˛y° ˆÌˆÏÜ˛ Óï≈˛üyö
˛õÎ≈hsˇ §üˆÏÎ˚Ó˚ !ÓhflÏyÓ˚ˆÏÜ˛ ~Ü˛!ê˛ Óy!£Ï≈Ü˛
Ü˛ƒyˆÏ°u˛yÓ˚ Óy â!í˛¸Ó˚ üˆÏï˛y Ó˚)˛õ ˆòÄÎ˚y
•ˆÏÎ˚ˆÏåÈ– öÓÓˆÏ£Ï ≈Ó˚ ≤ÃÌü ü%•)ˆÏï≈˛ Î!ò
˛õ,!ÌÓ#Ó˚ §,!T˛ •ˆÏÎ˚ ÌyˆÏÜ˛ñ ≤ÃÌü ≤Ãyî Ä
ç#ˆÏÓÓ˚ í˛zˆÏß√£Ï •Î˚ üyˆÏã≈˛Ó˚ ˆ¢ˆÏ£Ï ~ÓÇ
§yàÓ˚çˆÏ° ~ˆÏòÓ˚ !ÓÜ˛y¢ ã˛°ˆÏï˛ ÌyˆÏÜ˛
öˆÏû˛¡∫Ó˚ ˛õÎ≈hsˇ– öˆÏû˛¡∫Ó˚ ˆ¢£Ï §ÆyˆÏ•
≤ÃÌü fiÌ°û˛yˆÏà ç#ˆÏÓÓ˚ ≤Ã§yÓ˚ âˆÏê˛– ~•z
Ü˛ƒyˆÏ°u˛yÓ˚ xö%ÎyÎ˚# xyô%!öÜ˛ üyö%ˆÏ£ÏÓ˚
xy!Óû≈˛yÓ âˆÏê˛ 31 !í˛ˆÏ§¡∫Ó˚ §yÎ˚yˆÏ•´
S!ã˛e ı 16.3V–

16.4 û)˛ï˛_¥#Î˚ xï˛#ˆÏï˛ ç#ÓyˆÏŸ¬Ó˚ xö%Ü ˛ü

≤ÃyÎ˚ 460 ˆÜ˛y!ê˛ ÓåÈÓ˚ xyˆÏà ˛õ,!ÌÓ#Ó˚ çß√°@¿ ˆÌˆÏÜ˛ xyç ˛õÎ≈hsˇ !ÓÓï≈˛ˆÏöÓ˚ ôyÓ˚y xö%§Ó˚î Ü˛ˆÏÓ˚ !Ó!û˛ß¨ §üˆÏÎ˚
!Ó!û˛ß¨ Ó˚Ü˛ˆÏüÓ˚ ç#ˆÏÓÓ˚ §,!T˛ Ä !ÓÜ˛y¢ •ˆÏÎ˚!åÈ°– ï˛yˆÏòÓ˚ üˆÏôƒ ̂ Ü˛í˛z ̂ Ü˛í˛z !Ó°%Æ •ˆÏÎ˚ ̂ àˆÏåÈ ̂ Ü˛í˛z Óy öï%˛ö ̨õ!Ó˚Ó!ï≈˛ï˛
˛õ!Ó˚ˆÏÓˆÏ¢ !öˆÏçˆÏÜ˛ üy!öˆÏÎ˚ !öˆÏÎ˚ xyçÄ !ê˛ˆÏÜ˛ xyˆÏåÈ– ~•z ˛õyë˛ƒyÇˆÏ¢ xyüÓ˚y §üˆÏÎ˚Ó˚ x@ˇÃà!ï˛Ó˚ §ˆÏAà ¢%ô%üye
í˛z!qòÜ%˛ˆÏ°Ó˚ ˜Ó!ã˛eƒ Ä ï˛yÓ˚ ˛õ!Ó˚Óï≈˛ö xyˆÏ°yã˛öy Ü˛Ó˚Ó–

˛õ,!ÌÓ#ˆÏï˛ ≤ÃyˆÏîÓ˚ §M˛yÓ˚ Ü˛#û˛yˆÏÓ •ˆÏÎ˚ˆÏåÈ ï˛y !öˆÏÎ˚ üï˛˛õyÌ≈Ü˛ƒ xyˆÏåÈ– ˆÜ˛í˛z ˆÜ˛í˛z üˆÏö Ü˛ˆÏÓ˚ö Ó!•!Ó≈Ÿª ˆÌˆÏÜ˛
í˛zÕÒy Óy ô)!°Ü˛îyÓ˚ §yˆÏÌ ≤Ãyî ~ˆÏ§ˆÏåÈ– xˆÏöˆÏÜ˛Ó˚ üˆÏï˛ ~•z ˛õ,!ÌÓ#Ó˚ ˛õ!Ó˚ü[˛ˆÏ°•z ≤ÃyˆÏîÓ˚ í˛zqÓ Ä Ü ˛ü!ÓÜ˛y¢
•ˆÏÎ˚ˆÏåÈ– ~ÑˆÏòÓ˚ üˆÏï˛ xy!ò ˛õ,!ÌÓ#Ó˚ ˛õ!Ó˚ü[˛ˆÏ° !åÈ° •y•zˆÏí»˛yˆÏçöñ öy•zˆÏê˛∆yˆÏçöñ !üˆÏÌöñ xƒyˆÏüy!öÎ˚y Ä ç°#Î˚
ÓyˆÏ‹õÓ˚ ≤Ãyã%˛Î≈– ~•z§Ó àƒyˆÏ§Ó˚ !ü◊ˆÏî xyÜ˛yˆÏ¢Ó˚ !Óò%ƒÍ ˛õyˆÏï˛ ˜ï˛!Ó˚ •ˆÏÎ˚!åÈ° !öí˛z!Üœ˛Ü˛ xƒy!§ˆÏí˛Ó˚ ü)°
í˛z˛õyòyöà%!° Îy §yàÓ˚çˆÏ° âö#û)˛ï˛ •Î˚– Ü ˛ˆÏü x˜ÏçÓ ≤Ã!Ü ˛Î˚yÎ˚ ≤Ã›ï˛ ~•z ˜çÓ í˛z˛õyòöà%!° ˆÌˆÏÜ˛ xy!ò
~Ü˛ˆÏÜ˛y£Ï# ç#ˆÏÓÓ˚ çß√ •Î˚– ü%=˛ x!:ˆÏçö öy ÌyÜ˛yÎ˚ ~•z Óî≈•#ö xÓyï˛ xö%ç#Ó#Ó˚y Ó˚y§yÎ˚!öÜ˛ !ÓˆÏŸ’£Ïî myÓ˚y
≤ÃˆÏÎ˚yçö#Î˚ ¢!=˛ xy•Ó˚î Ü˛Ó˚ï˛– ˛õˆÏÓ˚ !Ü˛å%È !Ü˛å%È xö%ç#Ó# !öˆÏçˆÏòÓ˚ áyÓyÓ˚ !öˆÏçÓ˚y ˜ï˛!Ó˚ Ü˛Ó˚ˆÏï˛ ¢%Ó˚% Ü˛Ó˚°–
ˆÜœ˛yˆÏÓ˚y!ú˛° â!ê˛ï˛ ~•z §yˆÏ°yÜ˛§ÇˆÏŸ’ˆÏ£ÏÓ˚ ú˛ˆÏ° ≤Ãã%˛Ó˚ ü%=˛ x!:ˆÏçö ç° Ä Óyï˛y§ˆÏÜ˛ §¡õÈ,=˛ Ü˛ˆÏÓ˚ ï%˛°°–
~Ó˚˛õÓ˚ ô#ˆÏÓ˚ ô#ˆÏÓ˚ ˜ï˛!Ó˚ •° ÄˆÏçyö àƒy§ (O

3
) hflÏÓ˚– Ü ˛ˆÏü ~•z ÄˆÏçyöhflÏˆÏÓ˚ «˛!ï˛Ü˛Ó˚ x!ï˛ˆÏÓà%ö# Ó˚!Ÿ¬ Ä
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