Basalt lava erupts from Pu'u "O’o spatter and cinder
cone at Kilauea Volcano, Hawai'i. Lava spilling from the
cone has formed a series of "a’a lava channels and
flows.




Kameni mefeq.riti | praiskonski stroncij

Prva diferencijacija u svemiru
na metalne i nemetalne taljevine
koje su se ukrutile tvoredi
planete (proces brz, unutar 100
ma). Porijeklo meterita od
hipotetske planetarne tvorevine,
Sto je razorena meteoritskim
impaktom.




Fe-NiI meteorit | hondritski meteorit

Starost Zemlje poistovjeCuje se sa staroS¢u kamenih meteorita.



Starost bazaltnog ahondrita Juvinasa

Starost bazalthog ahondrita Juvinasa 4.6 +
0.1 (Allegre, 1976). Isokrona konstruirana
iz stakla, tridimita, kvarca, piroksena, cijele
stijene i plagioklasa. Inicijalna vrijednost
BABI (Basaltic Achondrite Best Initial),
(87Sr/88Sr)_ .= 0.698990 + 0.00047
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e 0.69898 + 0.00005
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The Juvinas meteorite fell on June 15, 1821 at 3:00 pm near the village of
Libonnes in France. It is an achondrite, Eucrite (AEUC). A single stone of
91 kilograms fell. Almost half of Juvinas is lost, the rest is mostly in Paris
Natural History Museum. It is a very difficult historic fall to acquire.




Rb-Sr starosti meteorita i podetni odnos (8/Sr/86Sr)

pocC

Table 8.1 Summary of Rb-Sr Dates and Initial *’Sr/**Sr Ratios of Meteorites

DATE (”’_S_f)
MATERIAL METHOD 10° YEARS 26Sr /s REFERENCE
Juvinas (achondrite) Mineral isochron 4.60 0.69898 1
+0.07 +0.00005
Allende (carb. chondrite) Mixed i1sochron 4.5-4.7 0.6988 2
Colomera Mineral isochron 4.61 0.6994 3
(silicate inclusion, +0.04 +0.0001 :
iron meteorite) iem
Enstatite chondrites Whole-rock 1sochron 4.54 0.6993 4 Fotnd
+0.13 +0.0015
Enstatite chondrites Mineral isochron 4.56 0.7005 4 .
£015 40,0030 Allende hondrit
Carbonaceous Whole-rock isochron 4.69* 0.6983° 5
chondrites +0.14 +0.0024
Amphoterite chondrites Whole-rock isochron 4.56 0.7005 6
+0.15 +0.0015
Bronzite chondrites Whole-rock isochron 4.69 0.6983 7
+0.14 +0.0024
Hypersthene chondrites Whole-rock isochron 4.48 0.7008 8
+0.14 +0.001
Kriahenberg (amphoterite) Mineral isochron 4.70 0.6989 9
+0.01 +0.0005
Norton County (achondrite) Mineral isochron 4.7 0.700 10
+0.1 +0.002

Note: All dates are based on a value of 1.39 x 107 "'y~ ! for the decay constant of ®’Rb.
1 Five of 11 specimens fit the bronzite isochron within experimental error. The others scatter widely
possibly because of rubidium and strontium contamination.

1. Allegre et al. (1975) 6. Gopalan and Wetherill (1969)
2. Wetherill et al. (1973) 7. Kaushal and Wetherill (1969)
3. Sanz et al. (1970) 8. Gopalan and Wetherill (1968)
4. Gopalan and Wetherill (1970) 9. Kempe and Miiller (1968)

5. Kaushal and Wetherill (1970) 10. Bogard et al. (1967)

Norton County ahondrit

Poc“:.etn_a vrijednost .(87Sr/868r)poé pojedinih tipova meteorita je sli¢na ali se ipak malo
razlikuje. To ukazuje na procese u najranijoj fazi radanja suncevog planetarnog sustava.



Silicates and Silicates, iron compounds,
iron compounds ~_ ~ ices and frozen gases.

Inner disk heated by young Sun.
lces and gases cannot condense. Mercury
Particles that condense here are

mainly silicates and iron compounds..

g Earth Mars Jupiter Saturn ‘

H"'-\. W
== lcy particles

Cold outer disk. " Rocky particles

Ices and gases condense here, as
well as silicates and iron compounds.

Heat from the young Sun prevented ice from condensing in the inner parts of the Solar Nebula. The planetesimals—and
ultimately the planets—that formed there are therefore composed mainly of rock and iron.



lzotopni razvoj Sr u solarnoj nebuli

[ I l Inner disk heated by young Sun
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Heat from the young Sun prevented ice from condensing in the inner parts of the Solar Nebula. The planetesimals—and
ultimately the planets—that formed there are therefore compaosed mainly of rack and iron
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Time in Units of 10 X 10% Years

Odnosi  (°7Sr/®¢Sr) .« u pojedinim meteoritima
zvani ALL, ADOR, BABI ukazuju na rane procese
radanja suncCevog sustava.




Izotopna evolucija stroncija na Zemilji

Koliko je stara Zemlja?
Odgovor: Prema meteoritima 4 600 ma !

Koliko je stara kora?

Prva kora nastala primarnom diferencijacijom.

Odgovor:

Kora mora biti vrlo stara.
Najstarije stijene na Greenlandu
su gnajsevi (3 710 ma,
Moorbath, 1975), a to znaCi da
su nastali troSenjem kore barem
200 ma ranije. Stara kora sadrZi
metavulkanite, zeljezovite
kvarcite (sedimenti, voda !l!),
konglomerate s  granitskim
valuticama (3710 ma, vjerojatno
sve-prisutna homogenizacija).

Vrlo niski odnos (°7Sr/®8r) . =
0.7004 u granitima, ali viSi od
BABI




Izotopna evolucija terestrickog stroncija

Atmosphere

O

87Sr/%8Sr ratios of igneous rocks:

MORB
Continents
Ocean Islands
VS.

Meteorites

0.7025
0.7119
>0.704

0.699

Not to scale

Volcanic mountain belt

Asthenosphere

Asthenosphere

87Sr/36Sr trajno se mijenja od pocetka

stvaranja Zemlje proporcionalno odnosu
87Rb/36Sr.

Odnos 8’Rb/3Sr bitno se mijenja u razlic¢itim
dijelovima litosfere i astenosfere.

Primarna diferencijacija Zemljinih geosfera
i recikliranje materijala tektonikom ploca
ucinili su Sr-izotopnu sistematiku
heterogenom.



|lzotopna evolucija terestrickog stroncija
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Radial Structure of the Earth
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|zotopna evolucija terestrickog stroncija. Tri zakrivljene linije A predstavljaju razvoj

(87Sr/86Sr) u Plastu ispod Kore koji se tijiekom vremena usporava zbog uceSca u
stvaranju Kore.

Linija B je rast (87Sr/86Sr) u osiromasenom Plastu (depleted) u ranoj fazi stvaranja Kore.
Linija C je rast Sr-izotopa u Kori stvorenoj prije 2.9 by.



Pitanje:

Da li je moguce je razlikovati podrijetlo magme na
osnovi (87Sr/8Sr)

(87Sr/86Sr)

|lzotopna evolucija terestrickog stroncija
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|lzotopna evolucija terestrickog stroncija

Pitanje:
Kako objasniti ekstremno visoke
vrijednosti odnosa Sr-izotopa?

5 Mount Shasta -
/—/—’—’_/,%
u__‘—'_'_'_ -
5] i
210 R
15- R
90 i
9 " 10 . 2 30

km

Mt. Shasta lavas span a wide range
of Sr isotopic chemistries

As crystals form,
Rb enriched in melt,
eventually can get

'. ultra-enriched (37 Sr/¢Sr)
) Crystals form in magma chamber,

By / host rock, which
- ' &Tleie | has high 87Sr/fSr

Rb stays in melt

| Or magma melts

Or magma chambers
with different histories
mix prior to eruption




Tektonika ploca

Pitanje: Kako prepoznati magmatske izvore?

f,,,«fasf ‘?"'Sr/“’ﬁ‘p,- pad starosy’
é__ﬁ________. !
> 0?05;7 ) "U‘W{‘&- . WCLM_

\HC_,R* R —

i 0.70386

0.70280
Odgovor: Tektonomagmatski procesi

stvaranja magme u subdukcijskom
okolisu (vulkanski luk Andskog tipa,
e vulk. oto¢ni luk Aleutskog tipa), u

Ande ¢
dneili

Wf) audexG” X pazalli

P

R sy srednjo-oceanskim grebenima, vruéim

§ tockama u oceanu, u kontinentu, itd.,
dign [ - /// k- prepoznaju se u karakteristicCnom
(Es_) R = | odnosu (87Sr/8¢Sr).

PR Ande |

ool L 1 1 11, | | Sistematska varijacija poCetnih vrijednosti (87Sr/%8r) . u

Y HE T eel vulkanskim i plutonskim magmatima centralnih Anda
Age in Millions of Years




Homogenost Plasta

Pitanje: Da li je plast homogen ili heterogen?

ATMOSPHERE MORB OIB
o8 SEDIMENT
! ceanic crust - : -
cont. crust el | CONTINENTAL CRUST
=l Sub-oceanic || lithosphere ' TR ST e
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lithosphere (young)
200 — (old) N
I g"
S g
==
£ 400
&
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(Laminated mantle) Hydrated ocean-floor
600 -

Recyeling — Oceanic sediment
o ) .
I .~ Continental sediment

700+ ‘ ‘ N Sub-oceanic lithosphere
LOWER MANTLE
800— I
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Munang

Izotopna geologija ostvorila
moguénost studiranja dubokih
procesa komunikacije od Kore do
granice donji-gornji Plast.

Razliciti rezervoari Kore i Plasta
prema izotopnom sastavu, EM
(enriched mantle), DM (depleted
mantle), PM (?, primitive mantle),
PREMA (prevalent mantle), HIMU
(mantle with high U/Pb).

Plast je izotopno heterogen !!!
(odnosi se i na druge izotopne
sisteme, Sm/Nd, U/Pb, Th/Pb
itd.

Odgovor: Plast pokazuje visok stupanj heterogenosti na
osnovi izotopnog sastava i slozenosti procesa na mikro i
makro skali sto dovodi do osiromasenja ili obogacenja
inkompatibilnim elementima i njihovim radiaktivhim

produktima (depletion ili enrichment)



Srodnost stijena

Bazaltna provincija (jura) Storm peak, Transantartica Mts. (3’Sr/%¢Sr) . varira
od 0.7094 do 0.7133. Odli€éna korelacija s glavnhim elementima.

Pitanje: Podrijetlo magme jedinstveno ili ne?
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Odgovor: Ne, odlicna korelacija (7Sr/®¢Sr) . s glavnim elementima i visoka
varijabilnost govore u prilog mijesanja magmi.



Prirastanje (akrecija) kontinentalne kore kroz
orogene

Rb/Sr datiranje kratonskih tvorevina u
Sj. Americi. Prirastanje kontinenata;
starija jezgra u sredini kontinenta, na
rubu mladi orogeni, uo€i magi€énu
vremensko trajanje orogenetskog
ciklusa (Wilsonovog ciklusa) od 400
ma.
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LEGEND: DATES IN MILLONS OF YEARS

MAINLY LESS THAN 440 800~1700
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Kako prepoznati po

Odgovor o)
o |z Gornjeg, Plasta, (87Srl"‘5Sr)Iooé < 0 70‘0 ako q&e kontaminacije
o (37Sr/?€Sr),,,¢ > 0.706, izvor magme u Plas u, ali jelznacajna qslmllaC|ja \sﬁje 13z
kore. _,ﬂ_a% s andad. Z ik A
e Pretaljivanje stlyena kore ako se (37Srl‘3"'Sr)poc naIaZ| |zvan\bdrucja vrugdnos‘tl

karakteristicnih za plaét

t = 488 + 34 m.y. : - $ t=411 + 6 my.

a7 i i § R Wy 87 gy )
5’) - 0734 + 0.002 : « JYE - ) = 0.7038 + 0.0010
Sr/q : 3 ! i St/

‘Cuelo-stljenska Rb-Sr |sokrona Za,‘_bJOtIt kvarc :
monzonit Martin , Dome~ u Mlller0vom gbrskom SjevernOJ “Karolini:- IzraZ|t

lancu Transantarktickih planina.”; (873,-/863,-) = 0.70 § :f"m- .‘ '1:1
Granitska magma nastald' ili jakom kontaminacijom - ~ s podruetlo |z Plas't"a
stijenama Kore ili njihovim pretaljlvanjem PREMA A —

87Q /86 = Sl : -
_( Sr/ Sr)poc ,0734+0002 s S5 e T T *._,;.:_ -

i




Kontrola 1zot0pn0g sastava (mﬁfﬁ&?).-or o - morske

vode —
- _____.,-:'.i'l

Izotopni sastav morske vode zmﬂjmm c1mben1c1ma,

Vulkanska aktivnost (hldrotermaW 703, Tx
10" g/ma; :
Karbonatnawrekristalizacija (0!-71)9* 0.5 x 1018 g/ma)

Donos rijekama (0.711, 3 x .1018g/mz.1)
Sastav morske yode (0:7095==1x 10!° g/ma)




Promjena sastava morske vode (8/Sr/86Sr) kroz vrijeme

Controls on
Seawater Sr

. » Ssawater Sr River influx
Isotopic composition | 112x10'%g 3x 10y "M_{;-f
(C.70524) 0.711)
\ { ) f
t ! E Runout? [._..--"'f
L
Carbonate =— \_/ —= | lydrothermal
recrystallisation exchange
0.5x 10" g/ Myr 1x10% g/ Myr
(0.709) (0.703)

Varijacije (87Sr/B8Sr), 101 voda
tijiekom fanerozoika izmjerene
na fosilnim Skoljkasima.
Dijagram se kontinuirano
dopunjava i uto€njava.

Seawater Sr Isotopic Curve (as measured on old and young carbonates)
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Kronostratigrafska vremenska skala 534S,
513C, 87Sr/%°Sr
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