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Composite or Stratovolcano — {Mt. Fuji, Japan)

£
-f.-. - =

Composed of alternating
< ... layers of teprha and lavas
=~ flows (mostly of

@ andesitic/rhyolitic
composition)

Crater

Active lava flow

Ash layer
Old lava flow




(GGlobal Distribution of Subduction Zones




Structure of an Island Arc
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Volcanic Rocks of Oceanic Island Arcs

Table 16-1. Relative Proportions of Quaternary Volcanic
Island Arc Rock Types

Locality B B-A D
Talasea, Papua 9 23 9
Little Sitkin, Aleutians 0 /8 18
Mt. Misery, Antilles (lavas) 17 22 12
Ave. Antilles 17 42 39
Ave. Japan (lava, ash falls) | 14 85 2
After Gill (1981, Table 4.4) B = basalt B-A = basaltic andesite

A = andesite, D = dacite, R =rhyolite

High proportion of basaltic andesite and andesite




TABLE 8-2 Representative chemical compositions of various basalts
L N N N N N N N N N N N N N N N N N NN NN N NN N NN NN N NN N NN NN N NN NNNNN NN

Components N-MORB*“ E-MORB*“ oIT? OIAB°¢ IATY CFTe®
Si0, 48.77 47.74 50.51 47.52 51.90 50.01
TiO2 1.33 1.59 2.63 3.29 0.80 1.00
Al,04 15.90 15.12 13.45 15.95 16.00 17.08
Feo,0g4 1.33 2.31 1.78 7.16 — —
FeO 8.62 9.74 9.59 5.30 9.56 10.01
MnO 0.17 ' 0.20 0.17 0.19 0.17 0.14
MgO 9.67 8.99 7.41 5.18 6.77 7.84
CaO 11.16 11.61 11.18 8.96 11.80 11.01
Na»O 2.43 2.04 2.28 3.56 2.42 2.44
K20 0.08 0.19 0.49 1.29 .44 0.27
Ps05 0.09 0.18 0.28 0.64 0.11 0.19

2N-MORB, normal mid-ocean ridge basalt; E-MORB, enriched MORB.
bOIT, ocean island tholeiite.

“OIAB, ocean island alkali basalt (Kohala, Hawaii).

4]AT, island arc tholeiite.

“CFT, continental flood tholeiite.



Alkaline * *

Alkali vs. silica
AFM
FeO*/MgO vs. silica

diagrams for 1946 analyses from
~ 30 1sland and continental arcs
with emphasis on the more
primitive volcanics

Data compiled by Terry
Plank (Plank and Langmuir, 1988)
Earth Planet. Sci. Lett., 90, 349-370.




K,O is an important discriminator — 3 sub-series
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Early crystallization of an Fe-Ti oxide phase

Probably related to the high water content of calc-alkaline
magmas 1n arcs, dissolves — high {,,

A Tonga-Kermadec O Guatamala + Papua New Guinea




XOPOITIO U3BECTHO, UTO OCTPOBOAVXHBIE JIaBbhI
(B TOM UHcJIe U IPDUMUATUBHDBIE) HauboJIee
OKUCJIEHDBI II0 CPAaBHEHUIO C ADYTIUMU
re0OTEeKTOHNUECKUMU 0OCTaHOBKAMMU.

OyruTUBHOCTH KUCJIOPOAA oIIpeaeJieHHAY B

DPa3JIMUHBIX OCTPOBOAYXXHBIX IIepUO0OTHUTaX
TakKXe OUueHb BbBICOKAd (BIJIOTH 10 QFM+ 2).

[ IpeamniosiaraeTcd cTporad 3aBUCUMOCTH
MEXIY CTelleHbIO IIJIaBJIeHU,
OKUCJIUTEJIPHON OOCTAHOBKOU M
oboramreHueM IIePEHOCUMBIMHU BO (PJIIOUIE
nJIEMEeHTaMU.




IIpe11oJiar'daioT, uTO CTECIICHD
IIJIaBJICHHUA MAdHTHHA 1104 OCTPOBHBbIMHAX

nyramu cxogHa ¢ COX—o6cTaHoBKaMU,
T.e. > 15%. mpenJararoT MHTEDPBAJI
10-25 %, cuuTaooT, UTO

OCTDOBOAYXHASI MaHTHS IIDETEPIIEBAET
miaBJeHre 15-35%.(1988-1994)




REEs

Slope within series 1s
similar, but height varies
with FX due to removal of

Ol, Plag, and Pyx
(+) slope of low-K — DM

Some even more depleted than
MORB

Others have more normal
slopes

Thus heterogeneous mantle
sources

HREE flat, so no deep garnet
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Multi-Element Diagrams

Tectonic Setting from
distinctive trace
element patterns
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NMpuBHoOC dhnrongom NMnaBneHne maHTUN
pPacTBOPUMbLIX KOMIMOHEHTOB 6e3 yyactua cnonpa




What 1s it about subduction zone setting that
causes fluid-assisted enrichment?
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10 - ~ 9Be since 10Re i
Be/Be,, vs. B/Be,, diagram (Be,, = ’Be since '*Be 1s so
rare)
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Petrogenesis of Island Arc Magmas

Sea level
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Oceanic crust

0 Mixing of magma .

Sedimentary rocks /
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“Flux Melting” at a Subduction Zone

Sea level




Typical thermal model for a subduction zone

Volcanic Front Secondary chain

=
-
~
=
Q.
o)
(]




30HAaJIBbHOCTD
OCTPOBHBIX

HYTL.

I E—

3aAyroBble 6accell HbI
(foxHO—-KHTat ckoe Mope, ByJikaHUUeCKAY (PPOHT IIpeAOyTroBble 06CTaHOBKM
OX0TCKOEe MOpe U T.I)




12

Toura Yniu, 8.5 .
24 cm/ron CBA3b CEUCMUYHOCTU U
8.3 10:x. UYniu CKOpPOCTU cyoayKunmn
Iepy,8.2 95
CB Snonus K
8.2 aM4aTKa 9
9.0 R/ —_
=< | Yem monoxe
IleHTp. AMepHKa E oKeaHu4eckKas nnuTa u
o AnleyTckme (9)-11321 8. 8 5 B Bbiwe ckopocTb
HAsa, 7. ' = §| cydaykumm, Tem Bbllle
Cymarpa,7.9 KouymoOus = 7
KepMm 38 Z ll CEeUICMUYHOCTb U bonblue
' 2l BEpOATHOCTb KPYMNHbIX
N3y-bonnn P = -
3 PIOKI A sorca o8 =l 3eMneTpsiceHnn.
) Hoas 3exanaua - 8.0 9.7 =
7.2 7.8 g | Hem cTapue
> 4 S« oKkeaHW4yecKasi nnuTa, Tem
MapuaHnckne 0-Ba ‘3" & S ll 6onbLe yron HaknoHa
Banyary 0 . .
7.9 cencmorokaribHOM 30HblI.
aJIbIC JIbI *
<0 73 diyma CroTTa O6pa3oBaH1e 3a4yroBbIX

GacceHOB XapaKTepHoO
AN HeBbICOKUX
CKOpocCTeun cyoayKuum
160 120 80 40 0 naunT, BoO3pacTtom bonee

Bo3pacTt okeann4yeckoi qurocdepnbl (MJIH. JIET) 50 MnH. net




P (GPa)

] I 1 l ) I I I 1 I ) I 1

~ Subducted Crust 200

-

Red curves = age of
the subducted slab

Yellow curves = age
of arc system

1 1 1 1

1f e

1 1

| 1 1 | 1 1
200 400 600 800 1000 1200




6 Subducted Crust




@) and liberation of water takes place (mature arcs

with lithosphere > 25 Ma old)

Slab (M)

ONLY occurs 1n arcs
subducting young
lithosphere, as 5
dehydration of

chlorite and/or 4
amphibole release
water the wet
solidus to form Mg-
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Amphibole-bearing hydrated peridotite should melt at ~ 120 km

Crust and
Mantle Wedge

P-T-t paths of
{2 mantle wedge
peridotite
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Oceanic crust

Copyright © McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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Origin of Andesitic Magmas

Modification of a Basaltic “Parent”

> Fissures with '

1. Crystallization in Magma Chambers

2. Assimilation of Continental Crust

3. Magma Mixing:
(basalt + rhyolite = andesite)

AFC Process = Assimilation Fractional Crystallization




AHOe3uThI HauboJIee XapaKTEePHbBI AJII OCTPOBHBIX OVT.
x o6nJire BhIZbIBAET MHOI'OUUCJIEHHBIE OUCKYCCUH II0
IIOBOAY MEXaHHU3MOB UX 06pazoBaBHUI. KJroueBad
IIpobJieMa OCTPOBOAYXHBIX aHOE3UTOB 3aKJIIOUAETCS B
TOM, UTO OJII MAaHTUU HBIX BBIIIJIABOK OHU CJIUIIKOM
6oraThbl KpeMHE3EMOM B MaJIOMarHe3uaJIbHbI, a OJIS

KOPOBBIX, HA060pOT, cCoAepXaT CJIUIOIKOM MaJlo
KpeMHe3eMa. 110 Bcei BHAOMMOCTH, II0OIBJIEHUE
aHIEe3UTOB TpebyeT cuenudPUuUeCcKuX YCJIOBUY , KOTOpPbIE
peaJiu3yIoTCd B IpeaeJiaX OCTPOBOAY XHOMU
re0TEKTOHHUUECKOM 0OCTaHOBKH.




1.MozeJib IJIaBJIEeHUS CUOAPATUPOBAHHON BepxHell MaHTHH |
HanpuMep, Green, 1973]. Jo6aBJieHre BoObl IIDA YMEPEHHDBIX
maBJieHugX B cucteMe CMAS cMmenmaeT cocTaBbI BBIIIJIABOK B 60JIee
KPEMHE3EMHUCTYIO CTOPOHY IIO CpaBHEHHIO ¢ 6a3ajibTaMu. OOHAKO,
06pa30BaBIIXECS PACIJIaBbl JOJIXHBI ObITH BHICOKOMAarHe3naJIbHBIMH,
UTO HE COOTBETCBYET IPUPOOHBIM aHIOE3UTAM.

2. UacTHuHOEe IJIaBJIEHHE KOPOBBIX IIOPOX [HaIIpuMep,
Beard&Longfren,1991] .

3. JuddepeHIINAIINIO UCXOOHBIX 6a3aJIbTOBBIX MarM HamnboJIee 4acTo
IIPUBJIEKAIOT OJISI 0OBSICHEHUS IIPOUCXOXOECHUI aHOE3UTOBBIX

ceputi .[HampuMmep, Tatsumi, 1995]

4. CMmemeHue MexOy 6azajibTaMu U garnuTamMu [Anderson, 1976;
Sakuyama,1981].

D. _CMemeHHe Mexay 6azajibTaMU ¥ KOPOBBIMH pacIlJlaBaMHU
[Eichelberger,1978 |

6. i1 06pa3oBaHus HEKOTODPBIX aHAe3UTOB (aZaKuTOB) IIPUBJIEKAIOT
[LJIaBJieHne cy6aynupoBanHoit muuThl [Defant&Drummond, 1990]
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Oceanic Island Arcs
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3a 15 mnH. net Aneyrtckas
ayra caBsuHynacb Ha 400 KM Ha
ceBep, T.e. ~2.6 cm B rog.

[Ona nonagaHna cy6ayumpoBaHHOM
NAUTbI NOA4 BYNKaHNUYECKNU QOPOHT
HeobxoaMMO OKOJS0 2.5 MIH. neT

[lna co3gaHna coBpeMeHHOU
cencModoKarnbHOW 30HbI Ha
ypoBHe LLinnyHckoro mbica
OOCTATO4YHO S MIIH. NeT

B

m  Zavaritsky
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