Geoclemistry. Geahemical evolutionand fingerprinting of eredrial resevoirs

Outline
1. Properties of silicate ligds
2. Adiabatic decompressiamelting
» Melting temperature(s) dferzolite
* Model for midocean rigies
Melting in mantle plumes
Effects of wier andpyroxenitéeclogiteveins

Phaseequilibria of meltng (only the basics)

o g &~ w

Melt percolation models..... U series isotopes

Some quesbnsabout plumes ingereral
and the Hawaiian plume in particular

1. How big is the plume ihorizontal dimensions?
e Width of teanpeaatureananaly
e Width of upwellingvelocty anomaly
e Width of melting region
e Width(s) d isotopic aromalies
e Widths at dept»200km veraus width in he meting
region(90 - 15km)
2. How hot is the plume (and why do we think so)
e Atits core
« Atthe fringes 6themelting region

Donald DePalo, UC Bekeley (KITP CIDER 7/20/04)



Geoclemistry. Geahemical evolutionand fingerprinting of eredrial resevoirs

2000 T T T T T T T
)
% mantle solidus
S 8
1800 | |2 £
c ] )
IS = 10% melting
g 8
B =
< <]
~ = H
O 1600 T -
o A 1480°C —— |
3
©
[} o —
g 1380°C
& 1400 i
R
1280°C
1200 B
1000 1 1 1 1 1
0 10 20 30 40 50 60 70 80
Pressure (kb)
There is curenty one availdle e L s
modelfor the Hawaiian lume = % e e e
= Soite] 1566
X 120 = 1545
N 1519
1601 ; 148
0.191
.80 -
g :
X 120 F 0.088
N
160 [
0.003
9.63
. 801 C) 3
E
=120 4.38
N
160 I (10" kg m3s)
0.01

400 O 100 200 300 400 500 600

X (km)
Melt Supply to Crust-- Hawaiian Plume
X (km) 4.274
-100 q WOQ 200 300 400 500
100 Melt flux (108 kgm2s™!
£ ( 9 ) 2.332
=
E Q
Figure 8(a), Ribe and Christensen, EPSL, 1999 0.001

Donald DePalo, UC Bekeley (KITP CIDER 7/20/04)



Geoclemistry. Geahemical evolutionand fingerprinting of eredrial resevoirs

R&C (1999)qg at 110kmdepth
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QuickTime™ and a TIFF (LZW) decompressor are needed to see this picture.
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R&C (1999)geneate theplume with a rdial thermalananaly at he
bottam of thebox (400km depth). At 170 km depth Tis appox.:

) r2 -
"T(r) " T.exp —
© a1l
Where g, 65km, ard g, =300K. These values gendin detail
on theviscosity stactue d the plume The widh o thethemal
anomay is abaut 130km (1s at170km), which is thefull width at
aboutl7% d q,,. Constrants are (aRbuoyancy flux, (b) H/W of
swell, (c) rateof magna poduction
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Fig. 2. (a) Squares: estimates of uplift along the axis of the
Hawaiian swell [4.24]. Solid and dashed lines: uplift predicted
by the reference model with and without depletion buoyancy,
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Fig. 3. Solid lines: values of lithospheric thickness z; (top panel),
thermal buoyancy flux B (middle), and plume viscosity np (bot-
tom) required to predict sumultaneously a tofal melting rate
M=14x10* kg 571, maximum uplift H = 1350 m, and swell
. width W = 600 km, as functions of potential temperature 6; of
LongltUde incipient melting. Dashed lines: maximum allowable ranges of
z1. B, and i, consistent with estimated uncertainties in M (£
1600 kg s71). H (£ 100 m). and W (4 30 km)_ Dots: values of
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Integraed
amaunt of
melting

QuickTime™ and a TIFF (LZW) decompressor are needed to see this picture.

Melting rate

In the R&C (B99 model,the maxinum degreeof melting reacheds
about20%. Thecoreof the pume aes nomelt eoove90km deph. At
the edgesf the melthg regian, meltng stes at abat 120km depth. At
120 kn depth the plme widh has increasebly éboutl.6times agesult
of spreding benedt thelithogphere

In the R&C (B99 model,thewidth of themelting region & 120km
depth is Bout120km, andthe total mai produdion varieshorizontally
as:

G § 2
Nl G =,
where Gis about0.06 m¥m2yr, ardag  30km. The widh of the

meltingregion is alput 1/3 theradiusof the themal anomal (which has
spread to 100km width at120 kmdept).

Donald DePalo, UC Bekeley (KITP CIDER 7/20/04)
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R&C (1999)do not spedically menton te ypwelling velodtiesin ther
modelplume. Fraon themelting rateat the oreof the pume itcan be
inferred hat themaximumupwelling rate is bout 35 cmgr. This value
is similar tothatobtainel by Watson and McKenzi€l991) with a
simpleraxisymmetricmodel

Upwelling rate plume width &d tenperatre ae all inerrehted The
relationshps, anl the éfects d the assumptions aboumartle rheobgy;,
were investigate by Haurietal. (194)

resnt Arrangement a la
resen
500 Ka DePaolo et al. 2001

400 Ka Melt Supply*

600 Ka cm/ ysr 5
800 Ka -
Mauna Kea —
Hualalai 2.7
Mauna Loa L
Kilauea -
—.001
T 20 km
N

*Ribe and Christensen (1999)
Magma capture area
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Post-shield alkalic centers

Melt Supply*
cm/yr

Melting region at
120 km depth (2%
of max)

Melt-producing
region at 170 km
depth

Thermal anomaly at
170 km depth (2% of max)
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G. Hartand DePalo (in prep), solidus from Hirschmam (2000). Equations from Asimow et al

Dry melting

___Ec_)re____

r” melting 49e — = =
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MORB range

90 km

120 kn

Dry melting
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Effect d H,O on mdting tenperatue, from Hirschman etal. (2001)
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Effect d H,O on mdting tenperatue, from Hirschman etal. (2001)

Model - dry
@Higher- P
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Magma generation and composition summary

Two main tyes ofbasalt
— Tholeiitic
— Alkaline

« Tholeiitic basaltforms atlower pressurandwith highermelt
fractions

« Alkali basalt forms mly athigherpressure rad with snall melt
fractions

« Andesiteforms in islaml arcsat highpressuréecausef the
abundaneof H,0

(P.S. Thdollowingis qualitative, butat least { may baundestandabl¢

The differerce betwen Tholeiitic and Alkali basalt can be
understQgd with this diagm.

Diopsi de

Low Pressure, dry
Pressure <1 kbar

OLIVINE

@liivine Orthopyroxene Quartz

Donald DePalo, UC Bekeley (KITP CIDER 7/20/04)
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Tholeiitic basalt will crysallize OPX and with extensive
fractional crystallizatiomasyexeatually crystallize quartz

Diopside  Tholelitic
Crystallization
(OL, OPX,
OPX+CPX,
CPX+Q)

Low Pressure, dry
Pressure <1 kbar

Olivine Orthopyroxene Quartz

Alkali basalt will na cr}/stallize OPX or Quartz
Clinopyroxel

ne

Diopside  Alkaline
Crystallization
(OL, OL+CPX)

Low Pressure, dry
Pressure <1 kbar

Olivine Orthopyroxene Quartz

Donald DePalo, UC Bekeley (KITP CIDER 7/20/04)
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The high pressure v&on of the phase diagrarhavs

why Alkali basalt is formed at high pressure
ClinopyrDieprsi de

High Pressure, dry
Pressure 20 kbar

Olivine Orthopyroxene Quartz

Mantle peridotiteis OL-rich. This version of the diagram

shows approximaieidentents of rocks
Diopsi de

High Pressure, dry
Pressure 20 kbar

Mantle
Peridotite

Olivine Orthopyroxene Quartz

Donald DePalo, UC Bekeley (KITP CIDER 7/20/04)
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Clinopyroxene

First liquid to
High Pressure, dry form as
Pressure 20 kbar peridotite

begins to melt

Mantle
Peridotite

Olivine Orthopyroxene Quartz

Clikdgpsksie Up to 20%

_ melting, the
Lo Pressure, liquid
composition
stays the same
and the solid
Mantle still has all 3
Peridotite minerals

Olivine Orthopyroxene Quartz

Donald DePalo, UC Bekeley (KITP CIDER 7/20/04)
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For >20%
melting, CPX is
eliminated
from the solid,
and the liquid
composition
becomes moe
and more
OPX-rich
(more
tholeiitic)

cliRippedfe

High Pressure, dry
Pressure 20 kbar

Mantle
Peridotite

Olivine Orthopyroxene Quartz

clirippei@dae

Prossure 20 Kbar The solid
gradually loses
CPX, then
OPX until just
Mantle OL remains
Peridotite

40 i
Olivine 20 Orthopyroxene Quartz

Donald DePalo, UC Bekeley (KITP CIDER 7/20/04)

17



Geoclemistry. Geahemical evolutionand fingerprinting of eredrial resevoirs

When liquidsformed atP>2(kb arebrought to the suface ad ciystallize,
those carespanding to lbwer% melts are seeo be akali basat, those at

higher% melts ar¢holditic Climspyeese

Low Pressure, dry
Pressure <1 kbar

Olivine Orthopyroxene Quartz
Summary diagram

50 g

£

©

N .
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o "

Tholeiitic basalt
10
0 . 25
% melting
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Examples Hawaii has highmelt fractions ahigh pressureand hace
the most omnmon lavas aretholeiitic. Tahiti is mostly akaline (it is a
weaker plune). MORB are alwaysholeiitic
50 g
£
o Alkali basalt
2|5
o = "
= [ Tahiti | Hawaii |
% QOld lithosphere
Qo thickness
o Tholeiitic basalt
MORB
10
0 . 25
% melting

QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.

Backscattered electnamege of an periment“charge”
showing viteous cebon sphees. Duringhe exeriment he
periddite melts and e liquid is squeezed inttothe space

between the dyeres (P 4.5Gp3a

Donald DePalo, UC Bekeley (KITP CIDER 7/20/04)
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Lherzdite w/
more CPX

Donald DePalo, UC Bekeley (KITP CIDER 7/20/04)
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MOR melting
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Lheralite: Perdatite with Olivine > Ox + Cpx

Olivine

Pyrolite/
Primitive UM

Dunite

40

Olivi ne Websterit e Pyroxenites

0

Orthopyroxenite

VA Websterit e

I it
Orthop yroxene Clinopyroxenite

Clino pyroxene

In plumes, depletion isdgths correspond to CPX* mode
0%

CPX*
8%

QuickTime™ and a TIFF (LZW) decompressor are needed to see this picture.

15%

(*Need toinclude garnet n the
model here.)
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For trace element partitiing we use the expressi:

QIq 1
G D Fu D)

But, what is F for real siations?

For MOR model mean F
is about0.(6 t00.10.
Varies from 0.20a
0.00xover the melt zame.

For Hawaii model mean
F is about0.%4 t00.(5;
averagecbver entire
melting region Varies
from 0.2 t00.00x.

‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘

QIq 1

& D FQ D)
C‘//q i

Co 5 For D;=0

For weaker plumes,
mean F may &

0.01; but also lavas
may repreent small
F as volcano drifts
off ofthe plume.

Donald DePalo, UC Bekeley (KITP CIDER 7/20/04)
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Other experiments shaving difference
betweentholeiitic and alkalic basdt
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QuickTime™ and a
TIFF (LZW) decompressor
are needed to see this picture.
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Veins of eclogitédpyroxenite in the mantle: melting effeds

Donald DePalo, UC Bekeley (KITP CIDER 7/20/04)
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Model for melt percolation; 1D steady state uing

Donald DePalo, UC Bekeley (KITP CIDER 7/20/04)
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Melts prodiced atigherP ae not n equiibrium withlheralite or
harzbugite at lower P(theyare too SiQ-poor). They reactwith the solid

as they pass th, preciptating @hag.gigsolng pyroxene.
Diopsi de

Low Pressure, dry
Pressure < 1 kbar

Liquid
produced
at 20kb

Olivine Orthopyroxene Quartz
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Computer models of migration
with formation of melt bannels
Marc SpiegelmanLDEO

Ridge Channels containing upward flowing liquid

Mantle "depletiormap"

Mid Ocean Ridge computer models M&upgiegelmanLDEO
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