
~ 
lJ\1\1 6 

nTn~i1n,..~tJil\JLtlannTan 

LL~hm.J~Eln t~ndi~;fU111L~th::aJ1nl. 3,500 ~1uihJ1LL~1 LL~::iinTlLTI~ElU~ElU 
'IJ 

fHHl91L1fl1 ~.:lli~~EJL11H13J11t1i'Ui'n11LTI~ElUL'YI1ifl~-;nnn11Lii~m'ti1LYh::Lfl~ nTnii~ 
~ 'II 'IJ 

1ElEJLL£Jn 1El£JL~ElU n11Ln~El'Ylnzltl LL~::mJu~UL"'1 -;nm"'~~~n-LEl.:l tl1L~\tni'Yl£J1fii1H~f , ~ 

L~ElflUi1 L UEl~~ 'Ylit.J~h~ &) LTI£JLUULL~hl.~WllU1~ L"' tlJ mJUL~ tl1~ L1£Jni1 li"'1'Ylit.J LL ~UL~ [J 

(Pangaea) LL~~ El3J1'Ylit.lt "'qjvhfii'!Ynt~LLtJn El amnnnULUUL 1~1ni1i.f1 UU1J1LLi1 ~ufj 

in1Ym::Lihmit1~1~ &J ~~L "liuiJ~~uu~ L11L ~unum.Jd' t~£J1El£J~ EJ-s::"'i1~ LL~uLt.l~ EJn t~nfj 
~ 'II 

1 ...l .. .., •• 1 .. • .. .., .., ... d .r ... ... :' 
Eln1H'Yllii::Ln~1lL"1.11 ~ n'l::LlJ~ LL~::LL~U~U ~'V\1 ~~aJ1n'YlH~ UEJnlil1nULL~1 n11"n~L'lf1::"11EJ--1U1 

'II ~ 

m:: LLH~ aJ 1i11\r, LL ii --1 LL~::n17L tJ~ £lULL tJ Gl--1 El nl. 'VI1l5j tJ--1 L UUa niJiil,;' £J'VI rt~~ ii Tl11 aJ ~1~ ru ~'Yi1 
~ 'II ~ 

1iL t.l~ an 1£lniin11Lt.l~ £JULLt.IGl~ ml~~ a~L 1~1~1m "liunu .,~~::L ~'" L~lil1n in'lYm::TI~ L~£J1 
'II 

"11El~LL3hl1H1£J~1~ ') -;J::ftfltl ')LU~£JULLU~~Ltl ~~1~tyfl~Ltlni1,fU~fl it'ni'Yl£l1fii1H~f~ui1 

'Ylit.l El El HL"1L~ u~::~ au &J LTI ~ m.~o ~L "li1"'1'Yl1t.1Lm ~tJ ",-~u1L 1mLm ~tJ "::1~a am{i.tJ.:~ Lmlt'l:: 

1 L'lfU~LaJm 

~"llitif1~~1"'tt"i1 L~nL 11iim1Ltl~ £JULLU ~~ Elnl. "'1l5j ~1nn11Ltl~ £JULLU ~~ El n1. "'1l5j.,~n~11 
~ 'II ~ 'II 

rJ~~~ L iLn~TI111J~~tJn~~1L~n El1fiL "liu n17Lii"1lL"ll1LVh::Lfl~ n11~::~1£J"llfl~1i11J1LLii~ 
'IJ 

n11Lfi~LL~~~~lvn 113JLtJn~nT'HTI~BU~"llB~LL~ULU~flnLt'ln~1£J ~~~t'I1J1~1nnTlLTI~fl~~ 

"llfl~LtJ~an 1~n,f~iiLid~UL~~1L~n L"li\1. n11Ln~'lfl£JL~BU 1fl£JLL£Jn 1B£JLL"n"llB~~\l. ~~ 

H1L 'VI""'in ~ fl n11LTI~ flU~L"li1''lf\l.nU"ll El~ LL~\I.LU~ an hn rh L ~,f1Lt'ln hi~1::'VI'Unn~n11 
~ 

LTI ~ El U ~"11 El \1 LL~UL t.J ~ El n L ~ mn n fl~;f \1. .,~ tfu ~~ ~ fl~ L~1£J aJ U'l:: Lij \l.Gft'l1 \1. n11m LL~:: 

L~1£J aJn11i'U Ht11\l.n11nl.1 UEIU 1 T1 ~ 
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di ~;t'U.111n eJ \1, LL~L \1, ~ 'l~ 1 fl n n EllJ ~ w;fu ,X n 1'YJ [J1 fl1 «~f~-\1 ~911 'U.1"t1tl1fD L ~ eJ eJ n1J1 tJ 

tl 
.. ~... 1 -. .r .. ... .. .,. 

~1n!JnTltu.n 11n1~a::a1 r.J'71 EJ-\1 an~n,.,11::'U. uam VI'U.mnnn1~Ln~ L ~EJ'U.n~::';lmnn n1'1J 

mfua'U. l~aan L'lf~~di~';l1n~::Lij~'71EJ-\111 L '711 l v.J 
'II 

2. n1~~ty~uf~f-\llVIqj (Massive Mass Extinction) tl7::111tu. 245 ~1utlnau 

Ln~n17Ltl~ t.JULLUth1'71 El\111~ El1n1f!El ~1 \l'l1~L ~1 ri Ell ~Ln~n1'l«ruwuf~f-\11 ,_, nl~«~'71 El-\1 
'II .... ~ ., ~ 

i.,~:a1~ 1~u 96% '71EJ-\Ii-\l~:a1~ l 'U.n::La LLa:: 75% '71EJ-\1~~1~~n1::~n~uVI«-\Iuuunft'nl~uf 
'II '11"*1 ~ 

..,til tl ... .J' ... ... ... ' ... ... ~ l ' .J' ' ... 
L u ~1 n !I n1 'ltu. u 'U. n1n tn fl1 «~~1::1p1 n11~ty 'V-l'U. ~~~ \1 VI tyu u1 ';!:: L n ~ ';11 n n11 

L tl~ r.JULLtl fl-\1~1111i'El'U.LLfl:: ~1111 L~'U.'71 El\11 an eJ £11\IUlJ'V-1 ~'U. n1L Vli\lil~1 ~tli'u~1 L3.h1u 

3. tl~1n!Jn1~mL~aun~::';ln~~l~ t 'U.L«1f (Dinosaurs' Green House) tl'l::111tu. 

135-115 ~1utlnau "li1\IL 1~1dLuw.d1~ft'~'Yi'1t.J'71El\13JVI1t.Jfl Mesozoic 1 u"lltu.::~l~ 1 1mnf~" 
~ ~ 

L~uL v.Ju v·hu l ~wu L ~u hi"Yi'1 ltl Lilu"li1\IL 1 fl1~tani'Elu;1'uLLa:: El tu.VIIl ii ft'\lni1 L~111~ t.J il 
~ 'II 'II 

VI« mn \1.';11 n 'lf1 n ~ n ~h u nvf l w1i1\l L 1 a1d11 L '711 l v.J 111 n 111 u il n1 ~tl::n LLa ::tl ~a mi1'1J 
• 'II ~ 

tl' '4 '4 tl' A !"I ,. ..1 o l ., ,. "' tJ "" .. .,. ' .J' o l ., 
Tn'llJEl'U.L~EJEJn L'IJ~ '1J\1Lu'U.n1'1J'YJ'YJ1 VILn~1111::L7EJ'U.n~::';ln ~fl';J1n !Jn~r.J1L,.,fl1'U."t11 VI 

' .J' !"I ..11 " .,f ' ..1 ' A 'I tJ - !T ... "11'1\1 L 1 a1 'U.L uu ~:: u ::n an~ au '71 ua £11\13..11 n., «~"11'1\1 L 1 a1V1 'U.-\1 L 'U. ~=1~fl1 «~1 Lfln 
~ 

4. umt1LLii\IL'VIaj (Modern Ice Age) tl~::mru. 1.65 i1ullneJu 1\I';J1fl113Ji'Elu , 
LLfl::Lfl'U. L~tt-\1 ~an1::nu'i\ El tan n11fi Ellii'1'71 El\1 LL~'U. J1 LLii\1'71U1~ L 'VI ru~tlnflfl11'Y11tl~1\l 61 L 'U. ., ~ J 

u~J1 LLii\1 ~au iJ a::a1 ultl Ld a tan amht111nif'U. m~Ltl ~ u 'U.LLtl a \I ~1 LL w!.i.\1'71 EJ\In1tl'il1\l ') 
~ ~ 

n1~V11I 'U.L 1 £JU'71 EJ\1 n1:: Lunt 1L U11V11 «11"t11 ~=~u ~1fu aul~ a an L'lf~~ ~1 LLa::'V-1 ~\1-\11 u 
~ ~ 

LL«\1 EJTn~ Ef «::'Yi' aun«u~a~ fl\1 ';l::ii ~alii a1nin~'71 EJ\Illii EJ1n1f!L u"li1\l £JflJ1 LLii\1 (Ice Age) ;w 'II ~ 

..1 ' ' "' ' ... ... ' .J' t t LLfl::'l::£J::L1a1"t1El1J El'U. LL~~L V111 El'U. 11 1 :n-;:Jn'lL 'VIfl1\l.lil::flnf11lJ~11"il1n1\l ~"il'l"ll El-\1 an 
~ 'II l!oJ 'II ~ 
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..r .. ..r ~,..: ' 1 ... ' ' ..: .. . "1 .... 
Lll ElWI.I.\I'VI3J'U.u'YI t·.J1'\.UJ1 am "111 ~'l::£J::EllJ El '\.I. (Interglacial) L 'lEI £.1 2J1';1'\.1.{1\Iu';l';JlJU 'II , , 

a ci1\lt 'ln'i1111 fl'il71n17L ~11"11 El\IT11111iau';l:: ta.imnum111an t~1un1'l'il LLa~\1~1ui\IT111LLa:: 
'II 

n11 LL 'ln"ll El\1 n17fi1Tl1111 L "ll1 L';J Lfl £J1n1Jn17LU~ £.1\I.LLU a\1"11 a\111~ el1n1flfi ~ El n17 
'II 

"" .1..1 .I ~ .4 ~ ' "" ., 
'il71';1 ~au'VIan!1'U."ll a...1 n11 Lu a £.1'\.I.LLu a \I '\.I. '\.I.LEl\1 'If\ln17'il11';1 ~auu U';J::"ll1 £J «UlJ «'t u 'Ylt'J~lJ 

n1'lLU~ £.1'\.I.LLU a\lfl iifi113J a::Lfi £J'i!U7::n autt1~1 £Ji'UH1'\.1.~1\I ') 111n111 £.1 L 'VIii El'U.n17~ a 

1l1Y'l~n'D'Elf n11anu1 £JL '\.I.L~El\1~1\1 ') nUH13J11m'i1 L~nnui1iia::t 'lLn'il.;ff'U.LLa::£i«1L 'VI'i1111 , 
~ ... .. ' ..t 0 ·' ..: 'l !-111... .... ...~... .. _, .... ·' 

';11n£l:: ~7 'If\lt.Jan17fln1Y1L'VIa1Ufl1'ltln'\.1.1111u7::1J1at.Ja LY'lEl 'VI L'ii'VIami1U'Yl'il 'V11El u'llJu'l-\1 
'II ~ , 

1im7~';l::~i1 'l ~'VI amnu~1'~ 51 rlii a ut~1un17W';J11tu.1 a ci1\lrln1u ... J 'II 

L '\.l."li1\l L 1 a1 hJ '\.1. 1'\.1. fl ~1'\.1.111 £iun1 'Y1 £.11fl1 H'ilf-;i1U 1'\.1.111nflt~Y'llJ'VI a mi1U"ll a\ln11 
~ 

J1 ~u LLa::!il1 LLti7'Y11\I «111Y'l a1n1fl~1\l 'J ';11n ~t11it i'il a1n1fl..t11an ';11n n17'ii7::'VIun£i\l 

m111';11\l~i11,Jii a1n1fl"11 a-.1 1aniim7LU~ £.1'\.I.LLUa\1 mh.Jmn111£JL ua~'il ~\ltl11n!J a a nm Lrl a 

-' ..., .::iA 0 A IIIII .:II .... o I CIJ ~ A 

1J'\.I.nli7tu.1'YI £.11';)1'U.1'U.111n L 72J'Yl';J::1Jn11H11...1 LL1JlJ';J1 a a \I LLH'il\ln17LL1J...1'i11"ll El\l"ll'\.l.'il'\.1. 

LLa::ihl."lla\11anrliin17ria~1Lilwffu ') ~1'\.l."li1-\IL1a1111U1U ~\ILUU'VI a'nj1UrlLLCi'ii\IL ~L ~ui1 

11 ii El1 mfliin11L U~ £.1'\.I.LLU a.J LLa:: Lrl El 13Ju 1U111d'rJ\IY'llJEini1n17n7::';11 £.1"11 El\I'Yiitl ~1\1 ') iim1 
'II 

2.1 U'Uillfll"t~LL~UJLU~ll" (Precambrian Eon) • 
ii'VI imnuL ~ EJ\Ill'a EJit'iiL 'Yh,fu rl'V'la';l::u an t~·:h11iia1n1fliin11LU~£JULLUa...1 

... 'II 

aci1\lt1 'lu"li1\l 90% LL7n"lla\IEJ1£J 1an L1111iCi11111Il'Y1711J1~i11l'VI1Ci11'Y17LLa::'Y11u~1\l 51 , , J 

dj ua ci1...1 h LLa:: a"~ th:: n EllJ"ll El \11J77 tn n1 fl L tlua ci1...1 t 1U1\I LL~ ';11 n n11~n 1!1-1 Y'l1Ji1 
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A .. .. I ~ ... I I J' 4 ."1 ..... 
Elt\.L~IUJL't'ltl\1 10 EI\1~1L'If~L'Iftl1'fL'Yl1'U'U LL~1f1Eitl ') EllJEIW'lJ'U~'Ufl\lu~~'l.m 
~ 'II ~ ~ 

i.:~s:J-i1'ilLL'm ') \l.1~::Ln'il;t'UU7::3J1nL 3,800 i1'UUrlEI'U LL~i.:~s:J-i1'ilL~~1\i'l~ 

itJ11~Lrltl1rllJ11iiEI1m~1.JL~tl\ltt'EitiU'ilLfh,f'U i.:~~L1Tln~EI 2,700-1,800 i1'UUrlEI'U L't'I~'Yl 
'II 'II 'II 

~n1::i~n1::~1t1rl'UEI ~1YlLfl ~ EI'Ufl111EI ~~~rl'ULU'U1!1a'YliUL ~ nJ'YlitJ L~ti11J1L 1 nLLn~~'UEJ 
'II 'II ., 'II 

A "" A ..... A I .. A .fl .. ol I 1 A 

«m 'If\I'Ufi1'Yltl1~11'f~1L1tln'1l'EI11 LLW'UL~tl (Pangaea) 'If\1Lu'U111~1m·n LLu~11 LL~'U~'U 
'II 

~ 1 tl '11. I ... !' "' 'I ~ I I ., .. 

'Yl\1~11~ an~n nfl~ll ~u~1ti'U.1LL"ll\I~'UL1fl1'U'U Elt11\IL"ll'\HU Ontario LL~:: Wyoming linT~· 

J1LL'ii\l E1 ~1\IUEI t1 3 LL~u~l~l~tJ::~~tJ::~ Elfl'lUn~;tu7::~11\l 2,500-2,200 i1'Utlri EI'U 

.r .. ...~ • ..r... .., ... I ... ~ •• ~ " ... .1 ... .r "' 
'Utln~1n'U~~fi17~n~1L3JEIL 11 ') Uti\11J Elfi ~~11LnEilJ'Y1\I LLEIY"t1fi1 ~'il Lfl tl\)nunfl~11~1 ti~1LL "ll\1 

'lwrl1.:~na1,fu ') ,f.:~flll~1LL~\l..:~~~"a~lniniu~u61'f'illn'il13J LU'U~\ILL1'f~\IL~L ~u11 tanl.Jn 
'II 'II 'II 

flfi11Yl1tiJ1LL'ii.:~ ~1m~t~n11 Snowball Earth ~\IU1~::LiiU«1111::«~n11tl"llEI\I t~mL~1 ti1 
~ ~ 

~1ni1J1 LL ii.:~ L ~ ~1,_fU1'f11117fl ~::fi' EI'U. 't'I~\I\11ULL~\I El1fi'ilEJn~U1tJuEin tan t~,f\1~11~ LL~ 

J1LLii\l L Vl~1dtJ\ItlnUnfl~ 11~1 U~l1f1JEl L 'U.'ilLLfl::LL3Jn111~1n11 L "ll11 W ~\I 1'f13J11fltl ~ El tlfi1'If 
'II ~ 'II 

mfuEJu 1'il El em 1'If~tiu11t11n1~L ~ m~::a1 mL~uJ1LL;j.:~~l.Jnf!a3J t~n El r.i ~.:~111 tl~~.:~nilm-:i 
'II • 'II 

A ,! A .al ..., ~ .¥. 1 I I !" ~ .r.l tl A 
El1i'lJ1 tiL 't'I3JL'il11Ln tl1n1J L -:i"El\IU 11 ~nUT;J:: tllJ EIULL~::'U1 LL"ll\I'Ylunfl~ll ~::~1 tl 7::111nL~'U.\I 

~ ~ 

fl.:~ LLaj11 ~:: s:J n11~ n ~1 ~1 n LLuulil1 ~ El "t~ t1 fl EJ11 ~ 1 L 'il Elf'l u i1~ ~uu 1.1 
~ 

l17::111a~ai111~1~1l'Y17U'iL 1m~uEJ~fnL~llJ1LL ii.:~ LL~::Liluu1L 1m ~i\lii'i1'il El1tltl El ~ LL~::il 
~ 'II 'II 'II 

11f11U1n17"ll El\li\1 iJ:ai'ilVI a1 r.J"ll'ii.'il tl11 nnn17m'Y11\11lii El1n1flaUfl\l LVI nJ~ Lfi'il;fuflf.:JiftJ\1 ~ 'II ., 

i~i1 LUUfl113Jflfl3JLfl1EI~ ~\IL VI ni El £l LL~n LUU fl LL u 'U.EIUi1LUU"li1\IL 1 fl1~11ii El1n1~iin17 
~ "tl 'II 'II 

LU~ tiULLtl~.:~ El~1\13J1nm t1 

2.2 tJ"i3UJfi\11L1UJt,-t"lfon (Phanerozoic Eon) • 
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1J~1l~fiVi1L1UlhL'll'~n Ylf]~ijn1~LflgElU~"llEh1LU~Eln Liiln (Plate Tectonics Theory) n1l~ 

m~~n~1n1~LU~£JULLUiil--111iiEl1n1flLUEl~fi~1£Jifu 
'II 

nau~11u1 (Gondwana) ~--11.h::nEJlJ~1£JYI1ULLEJmn1 mll'in1l~ ~UL~r.J LLElUfl1fn~n1 

LLiii::El El ffLfi~La r.JLfl ~ ElU~lui1 LiilnL9i nTHfl~ ElU~"ll El--1n ElU~11U1 LLiiiU~rht ~L n~n11" 

Ll.l~ r.JULLuiii--1'Y11-11liifl1 ff~f ~_,.,;1 t ~Ln~m,.Ll.l~ r.JuLLl.l a-1"l1 El-11l ii EJ1n1fll~111111 
'II 'II 

2.2.1 a.JM1tlfl'rt1Lnfotezf5n (Paleozoic Era) • 
LUr.Jfl Cambrian u~::111nl. 570 a1uihiElU 5:i11~u1n1,.L~1lifumh--1 • 

,.1~L ~1 t~mu V'l1::"llEJ--1a~f'4i1Vi1nVIEJ r.J LLa::~.,ii~1~~5:i n,-::~nau VI i-1 t~ r.J L~11 iiu,-1nLJ t ~L ~'" 

~1 nn1,-fln~1~ El ff~iil iith u&h~ru 1 un11""lh r.J EJnlJ1 r.Jn-1n1,.Ll.l~ r.JULLU iil-1"11 El-11lii mmfll 
.. \I 

LL~UYI1UL Ur.Jfl Cambrian El tiL Uii1::~~~~1 rh L ~in~ni.::El1n1fi!EllJ~U 
• \I 'II • 

,f.,V\11~ ~..1-;)::m.it ua::~';)~ff\1 nEJu~11U15:i"1LLVIU\I~~"EJtl1na.ff1 Liiln t~ 
'II 'II \I 'II 

LUUii11£J£Jfl Ordovician LLiii::~Ur.Jfl Silurian Gondwana Lfi~ElU~"li111LU • • 
~.ff1tanhi 'thL~El1n1fiiL~11VIU11L~uifu LU"llnl.::~ Siberia, Kazakhstania LLiil:: China rJ-1Eltl 

'II 

1 ua::~';l~~1 Yii'mJT1'\.l. it n11.lu,-,-Viu,-~ El\IElL3J'imL VlilEl (Laurentia) LLiil::fl'h.Ju,-,-wu,-~ 
'II • • • • 

"llEl-1tJ hl.lL VIUE LLa::i'aLSUtJ (Baltica) V13JU 'Yl1uL;i3JuT~mL "li13J1Ln~i~nuu'1nm'ln~fl!uu 
• • 'II 

ff~1" 3JV11ff3J'YI,.LLr.Jnfl11.l Laurentia, Baltica, Siberia LLiil:: Gondwana i'uff~r.Jfl Ordovician 
'II • • • 

Lilwli1..1 L 1iil1~ El1n1fi!VIU11Lflumn 5:i LL~u ,r1LL;j--1l.Jnflii13J u'iL 1m Yl1..1~ Ell!. L9i"ll El--1 Gondwana • 
LUr.Jfl Devonian LL~Un111 Laurentia nu Baltica Lfi~ElU~L"li1111U::'YI:: • 

Laurentia nu Baltica li1L~Ln~m"ll1LWilElULVIilEl"llEl\l Appalachains 
\I 

"li1\l L 1ii11"l1El\l Mississippian Lm ~r.J LLa::u1--1~1'\.l."ll EJ--1 £J hu';l::EJtl1nanu 
• 'II 

'YI1..1~n LiilnL 'VIUEl Siberia, Kazakhstania LLiil:: China ';l::EJtlfl1--1YI1--1~1U"li\J"llEl-1 Laurussia 
'II 
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LL~: 1 Utlfl Pennsylvanian LL~wn1tJ Kazakhstania ';l:~m1u Siberia LL~: Laurussia ';!:: 
~ 

Lfi~EJu~\tJ'Yn-31~ 'tlEIU'Yl1-3~1'U.L~';l::"JiunmL~'U. Gondwanaland lu"li1-3 Pennsylvanian 

3.11 tl LL~'U.~'U.~1U 1 VI tU';l:: E1 r.iL tU~::~';l~ ~-3'Yh L ~ in~m:: EJ1n1fiVI'U.11 Lfl'U. 
.. 'IJ 'IJ 'IJ 

lu"li1-3~'U.'tlEJ-3 Permian Siberia ';l::~~nu Kazakhstania LLa::';l::Lfi~EJ'U. 

lll'Y11-3~T\.I.L~ 3J1~Eifl1J Laurussia-Gondwana 113JLU'U.~h~'Y1111L~[J1 L'U."ll1-3L1tnd' China 

nU~1'U.~L VI~ EJ';J::Lfl~ EI'U. ll.J'Y11-3~::iu~n 'Yh L ~na1 tJLtl'U.1lln'Yl1tJLL WUL\i [J (Pangaea) 'tl'U.1~ 

L Vlrumn 11ij Enn1fiL 'U."li1-3ifVI'U.11 LflU111n Lii~ [JfiJ1LLii-3 ,)~ LiJU"li1-3 L 1a1~VI'U.11Lfl'U. ~ ~~ L 'U. 
.. 'IJ ~ ~ 

(!.lLtlePI!nnl.ll' 
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2.2.2 3JM1UALaJTaT!fan (Mesozoic Era) • 
huJV\1 r.J fiL11 h·1'1l~ n 1l'VI1'YilU LL 'rl'U.L~ tJ L~ ~ El'U. ~LtJ "~::~~~ ~1 LL~:: . ~ ~ 

LLr.Jn~'HJEJn~1nfl'U. Laurasia ('Yiitlm11i"n1LVIilmL~::m·n:ntJ) LLr.Jn~1EIEln~1n Gondwana 
~ 

('YlitlmaJ'i"mL~ LLEJW'i"n1 ~'U.L~r.J EJEI~L~7L~r.J LL~::LLEI'U.~Tfn~n1) 11VI1r.J~U dJ-u."lh-ll~ii • 
mu'VIni:i~-11 LL~::u1nm.ff1 hmnii am'VInahh-11 nuL~nll'm.1nu L "ll"i'au t" t.~iifl1111 ~uLLtl7"111 . ~ ~ . ~ 

t)~n1 ~ L n";f'U.LLc;\ rJ-IILlii'" L ';J\1.1J1nun 

n~1-11 tlf'l Triassic LL~'U.'Yiitliin17n1::~1 r.J~~1L~11Elll'U.7::wi1-lltnn t~n • 
.. ., .. 1 'I ... ' .. tl .. 1 .. ..! ..,tl .. ... .. ' 

LVI'U.Eln'l.J'lln ~n ~Iii LL~'U.'YI1 'YI1-11'1ln ~nLVI'U.El~::L~~El\1. ~ 'YI1\ILVI'U.El"lJEl\IL~'U.fl'U.tl~~7 LL~'U. 
~ ~ 

'YilU'Yl1-II'Un 1Gln 1~ (Gondwana) Lf'l~El'U.~~h-u..ff1 t~n;fu Ltl'Y11-11Li'U.fl'U.6~~1 
~ ~ 

1 'U.tlfl~\1.~ El\1 Cretaceous EIL11i"n1Liii'LL~::LLElmn1 L~11LL!ilnEI amnnnu • 
~'U.L~ m~11 LLr.J n El Eln';J1n Antarctica LLGl::Lfl~ au ltl 'YI1-IILVIilmtLEJL ir.J 1 u~ m::~11VI1 ~11'YI7 

~ . 
a'U.L~ £J Ln";f\1.111 t.IVI Gt-11 L 'U.L 1~1L~t.l1rl'U. Laurasia "::1ua Eln LL~::LLtlW1nT;J::L'l.JUL "Ji1'VI1ll'U. 
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maf1n1 L 'VIilelLL£J n El amnn Laurasia m111E1 £JLL£Jn 1n~nurn~!il::1'U.!iln'lJ El~ Greenland 

h~"li'h'IL 1fn lahnu 'VIa~1nmfu !i'IEl'U~U'lJEl~ Cenozoic ~n11Lfl~ El'UEl EJn'Yl1~~~u,j1~'1JEl~ 
A '1.1 I I .. A ."1 ..... 

Greenland 'li'~LL£Jn El Eln LuEl£J1~!il m 'UEl~1l'Utl~u111llJ'U 
~ 

~El111LU"lh~ Mid•Cretaceous U1::111tll. 100 ~1UUriElUEl11l~!i'ILlh.l."li'1..1 

~i'EJu ~ H'!il'lJ EJ~tJ,-::1~ ft1 H'lilflan hw il Elm 'VIn D LU~ v "~ ni1L ui111"i1uu£1~ 6-12 EJ..1 ft1 
~ ~ 'II 'II ~ 

-.... "" 
) 

late Cf'et.ceoua 70 my 

..1 I t T ~ .... 1 'I ... "" ... "iUYI 6.3 1::'VI11~1l'VI1£JflL1l ft'L'll'un 1l'V11'YI1u Pangaea L!i'ILflaEJ'U.LL'ilnElEln111nnu u q 

mh.,"lf1 ~ 'th L ~ n17'VI1J'U.L 1 tJ U"ll El..1 n 1::LL H'J'1 L 'U1J'VI1 ft'1J'YI"iilfl111J 
J • ~ 

..... ... ..... ..f 
'lfiJ'li'Elunumn"llu 

76 GE 410 



1::vr:h.J"Ih.J Cenozoic e:Hl~LCil'lL~tl LLCilntHlmnn Antarctica LL£l:: 

Lfl ~ El'\.1. ~'th11.J Cil El'U.L 'VI ilEl El ci1.J'l1Cil L~1 m2.tin1 L 'VIilem£l:: 1~L~2.12.11 L ~Elll ~ mi't.u U'U.fl El" El Cil 

't1U.1Cil 1 'VI ol-;nnn111::L flCil'tl El..11l L '111' ~ 'YI::L£l Lll~LCil ElfL 'lL u£Ju.LnCii';J1n m'lLfl~ ElU.LLEJmi"'U.'tl El..1 
~ ~ 

L 'Vi£l'YILan ') ~1'\.1. 'YI::L£l LLCii.J Ln Cii';J1nn17LL£Jn't1El..1El111LU EJU.El Elml1nLLElvfim 

2.l'V11£Jfl Cenozoic ;1El"Ii1..1 65 ~1'U.iiLtlu.£Jfl~Ciln1EJ'tiEl..11.h::~~1£{Cili1£ln 
~ ~ . 

LtlU."If1\l L 'HI1~'VI '\.1.11 L ~'U. ~ EJ11U. 1'1-L Lil El'Yiitl ~1..1 ') £i n11Lfl ~ El'U. ~ 2.11 ~~1 LL 'VI \i\l~i'i' nfl'U. L 'U. 
~ ~ 

U';l';IU'\.1. 'Yini..1'YinEJ ti1..1TlL~2.1Lti~EJ'U. 'VI~..1';11nmn1~EltJ~U.~Ciltln~1 u."Ii1..1L 1£l1i'U. ') 'VI~..1';11n . . ~ ~ 

~\4711 55 ~1'\.I.Uri El'U. El1n11'1~11Lfl'U.a..1 1Cil £JLu'Vi1:: 1 U.L'tiCil£l::~';JCil~..1 LL~LliL"Iin11L~'U.a..1EJti1..1 
~ ~ 

i1 ') LL~LtlU.n11£lCil Eltll. 'VIllD £lCil£l.J El ci1..171CiiL ~b L u."Ii1.:1 50-38 ~1'\.I.Uri ElU. ~2.1£itt1 LL ii..1tlnfl£l2.l , ~ . 
11L'tl1~ Antarctic L'U."Ii1.J 50 ~1'\.I.UriElU. LL£l::'lu."li1\l 38 ~1'U.UriElU.~..1Ltl'U."Ii1..1tl£l1£J'tiEl..1~3!'£J 
~ 

Ltl~ EJ'U.LLtl a\1"1.1 t~..1n1::mnt1 ~., L 'VI aLi EJ'U. 7::vr:h-\l m1i7m 'l~LLa::LLEl'U.~nfn~m 

711 ') 29 ~1'\.I.UfiElU. LL~'U.J1LLii-\ILLa'U.qJ1fn~mijn17'ti£J1£J~1EH.h..12.11n 

LL~nii'VI ~mn'!.m~Cil\l'"h 'l u."Ii1.Jtl£l1 £Jtl7::111 ru. 25 ~1'U.tlri EJu. wu·hiiff'"' ~ih l3J'LnCil EJ ti'l"" 'Yiitl 
Q v 

~ ~ 

riEl'U.'tiEl.J1lL"l..1'!.i.1LLii..1ui'L1rn Northern Hemisphere ii~n~tu.::m7riEli1LL~'U.1l1LLii..1LLtJtJfl117 
~ 

tJi'L 1 W.LLa'U.qJ1fn ~ n1 qJ::1 'Uta an L 'U.'tl rn::L~ EJ 1rl 'U.n L~aJL n qJ,r 1 LL ;j\1 tJi'L1 mn £l1.J li'V\1 ~11 'YI1 , 
mfn~fl LLa::rJ\ILnq)L'VIqJnTHll'~u.') ~L~mnunDa1n1~ Mia Messinian Salinity Crisis , ~ 

Lnq)~ul u 'YI::LaLli~Lq) afL 7L itm.t 'l u."Ii1.:~ 5.8 ~1utlri auiim'lLnCil L n~ mhu. 1'U.11'VI1~1 £l';J1nn17 

1::L 'VIEJ"l..El-\IJ1Ltl~.ff""u,-,-mm~ ~\lfh 'l~J1~1u.~u. ')"l..a.J 1anaCil£l.J riEl 'l~LnCilfl112.lti.:~£J1n~u 
~ , 

1::uunD Enn1~ ~ EJ2.11L 'U."li1\lL1a1 5.3 ~1u.tlriEJu nTlLfl~ EJ'U.~1't1El-.'IL11~ EJn 1£ln 'Yh l ~LnCil 
~ 

"lit!\! LLfltJflui'a Cil1f (Straits of Gibraltar) ii m::LL~tt1L ~£J1n11n L'VI a tY ElUn~tJL "li1 ltJ1 'U. 'YI::La 

Lli~Lq) afmitr.m LLa::~\lt-~a~ anD a1m~ 1an nTntl~ tJ't.mtl a.:~ 'l u 7::W:i1-\17a £J ~ a"l.. a \I Miocene 
~ 

LLa:: Pliocene L~LLri n11L Yl 2J"l..a\17::~uJ 1'YI::LaL 'iia.J';J1nm7L ~11;1''1-L"l..a..Ja m'VI11D';Jun..1 3 ~1'\.I.U 
~ ~ 

riau.'l'U."Ii1..1 Mid-Pliocene 'VI~.J';J1n~uam'V11lD£lqJa\JLL~1n~mJ1auau.anflf\l 111 ') 2.5 ~1'\.I.U 
~ ~ , 

GE 410 77 



" ..... I " I 0 fit • 
~1Eltn\171~L11"11EhHL~\I.\1.1LL"lh1"liEl\l Northern Hemisphere 

' ~ 'I .. ..1 ,. .... iJ .... 
"ll1\1~11:U'VI\1.11Lu\I.L\I.:U'V11£Jfl Cenozoic :u~11:ULmn L£l\ln1J'VI~1£J ';J';J£.1 

~ 

L~:u L~tJ'YlitlL~:uiim7tJn~1itu1~ m'-l.Yn::1J1L 1m~::~';J~ft'\IL 1.1. Northern Hemisphere ·rh 1"' 
'IJ ,. 

LLf.J\1. J1LLii\lfi£l~1l~~1 tJ L "lf1.1. n17fi El~1"11El\IL YlElnL "111~111 ~£JLL~::~111J tl\1~ L1J~ L n~'VI~\1';11n£i ,. 

Palcocl!nc f>O'''Y Middle Oligocene JOmy 

w.v~.~:ne/PIIocene 6.5my 
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3.1~1r.J~ Cenozoic i~~~~~L~r.J~ Quaternary period ~~L~3Jr;l~1wli1~ 
~ , , 

1.6 ~1~iJfi el~LL~::L1eJ r.J3.11'il'J.l.ii~iJ-;J';J1J~ "li1~dLiJ~nTHJ eJ~n~lJ"llel~ r.Jmt1LLii~an~f~L 'Vi11:: , , 
mnn11 32%"1JeJ~~11~nnm.Jn~~3Jr;l1r.J,r1LLii~ r.~~dnmLU~Lil~~eJ~ff1~~eJ Pleistocene ~ 

'II , , 'II 

fl1EllJfl~3J'lh~eJ1n1fl"""11L~uLL~:: Holocene ~mn1fleJ1J~ulwrl1~ 10,000 iJ~~'Yi1r.1 , , , 
.... :- ..I .f .. 1."1 ...... ' .. !"1 .... "'1!11" 

1::~1JU1Yl::L~Lu~ r.J~~"lJU 'lf~ Uu";J";JlJUmln113.1~1~ ') "lJ el~3J'J.l.Mr.JLu~~1n1::~U L'VI L~n"lleJ~L 11 'II , , , 

r;l eJ~ e1 cih~~n11:: e11 n1 ~"lJ e:1 ~ 1~ n~ ~~~ u n11L tl~ r.J~LLtl ~~"ll eJ~ 1~n 1~ r.1 n1::1J1~n11Y11~ 
'II 'II 
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