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Geochemistry 50 year s ago dealt with fewer
guestions and parameters, e.g. Birch (1952)

* How does meteorite chemistry compare with
seismic properties of Earth’sinterior

¢ Isit OlivinetPyroxene or other phases ?

* How much Feinthe mantle ?

* How much Al,CaNaK (“siaic components’) isin
the mantle ?

e 11 elements of interest:
O,Mg,Si,FeNi,Al,Ca,SNaK,P
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What can geochemistry do in 2004?

e The earth is made of 90 or so chemical e ements,
about 30 w/isotopic variations

» Chemical/isotopic characteristics can betied to
geological processes - mantle isotopic chemistry is
atracer

» Wecan tell where a particular piece of mantle has
been in the past and/or what has happened to it

» Radiogenic isotopes provide clocks as well as
tracers

Questions for geochemistry

» How deeply does near surface materia circulate into the
mantle? On what time scale?

» Doesthe mantle have large scale chemical structure
(layering?)

» Doesthe core exchange material with the mantle? (Do
plumes come from the CMB?)

» What are the characteristics of mantle convection in terms
of its ability to stir and homogenize heterogeneous
materials?

» What features of mantle seismic heterogeneity are thermal
and which are chemical?

» What aspects of mantle structure are congenital ?, of recent
origin?; steady-state features?
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Components of geochemistry

» Petrology d the mantle (propartions of minerals or rock
types - e.g. lherzolite, harzburgite, edogite, pyroxenite)

» Médting d the mantle

» Trace éement compaosition d the mantle (doesn’t affed
mineralogy, bu can be indicaive of history)

» Trace éement compasition Il (water and CO,) - affeds
melting behavior.

 |sotopic compasition d the mantle (from radioadive
decg, inpu from surface reservoirs, inpu from core?)

» Sampling d the mantle (scde of sampling by magmatism;
sampling dases, invisible reservoirs)

» Materia balance- the sum of the parts must equal the
whole Earth for every element and isotope

The Birch (1952) Mantle

g neous in mineralogy and/o,
roxene + Hi-P modificag; e
d py Ions and

Homogeneous
(Oxides)

Based primarily on Vp and Vg
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Modern picture of the mantle is dynamic

The law of impermanence

Everything that forms at or near the surface gets reinjected into the deep mantle
(Yes, even the oceans)

Mean age of oceanic lithosphere = Tg41,/80 Mean age of continental
lithosphere = Tg44h/2.5

, Material arriving at CMB can have \

isotopic age 2 Tggp4y/2.5

Donald DePaolo, UC Berkeley (KITP CIDER 7/12/04)
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Consider this:
(1) “Heterogeneities’ are introduced from the top and the bottom
(2) Magmatism samples only the top and the bottom

Mean age of oceanic lithosphere = Tg1,/80 Mean age of continental
lithosphere = Tgg4h/2.5

Material arriving at CMB can have
isotopic age 2 Tggp4y/2.5

There ae key elements of the system where chemistry is dore.
(Most of what we infer about the mantle depends on hav well
we understand the processes.)

Donald DePaolo, UC Berkeley (KITP CIDER 7/12/04)
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Heterogeneities in the mantle

Old heterogeneities never die, they don’t even fade away,
they just get skinny and difficult to sample individually

- Scale range is from 10 to 104 km
- Amplitudes are large at all scales

Heterogeneities are everywhere

Heterogeneities have two ages - recycled continental lithosphere/crust
- age of injection into mantle - recycled oceanic lithosphere
- age of material being injected (enriched and depleted)
- plume injections
(trap for new players) - discards from the “subduction factory”
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Thickness of geochemical anomalies

Geochemically Anomalous
Layer (Thickness = Ap)

Isotopic contrast = 2R p
Concentration = Ch

Background mantle
concentration = Cpy

Background mantle that must be averaged with
anomalous material (effective anomaly thickness):

Ch?Rh
CbzRa

Ap = An

Making heterogeneity at a mid-ocean ridge...
Increasing potential temperature, T,
Temperature

1,480 °C, [H,0] = 0 p.p.m.,
25GPa, F;=0.135,Z,= 10.3 km

Te
PO

Increasing H,O in source

Pressure

1,300 °C, [H,0] = 750 p.p.me—
2.6 GPa, F, =0.043,Z = 3.7 km

v Y

Major anhydrous melting regime
{darker shade indicates higher extent of melting)

T, = 1,450 °C, [H,0] = 750 p.p.m.,
P,-3.8GPa,F,=0002,Z, = 10.9km
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Mid-ocean ridge factory

Hydrothermally altered

sediment
basalt, gabbro
harzburgite
strongly
depleted
- Iherzolite
Incipiently
depleted
Iherzolite
unmodified
. . Iherzolite
H,O-enhanced melting region
0.1b.y. later 10b.y. later
€ €
20 Nd +20 -20 Nd o +20
[ I I I [ I I I ]
sediment
basalt, gabbro
harzburgite
strongly
depleted
lherzolite
Incipiently
depleted
Iherzolite
unmodified
lherzolite
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Output
Signal

N

Ba Nb Th Ti

partitioning (D)
fluid fraction (F)

Impact on Mantle and Continents

Anything systematic about distribution of heter ogeneities?
@ Atlantic MORB
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Epsilon (Nd)

Anything systematic about distribution of heter ogeneities?

Bulk Earth

@ Atlantic MORB

B Pacific MORB

¥ Marine Sediments
@ Indian MORB

Younger cont,

-20
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Lower cont.
crust
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x
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B »
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87Sr/86Sr

crust

OLder cont.
crust
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Hofmann, 03

Epsilon (Nd)

-20

-30

0.70

0.7

Anything systematic about distribution of heter ogeneities?
@ Atlantic MORB
B Pacific MORB
Bulk Earth i
Chondrites
{ =
»
x
o x % ]
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x
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Oceanic crust modified by Pb and Rb loss High 206ph204pp, Jow 878r/868 = “HIMU”
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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)

3He contours
\ (ca. 120km depth)

Thermal anomaly at
170 km depth (2% of max)
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Melting versus tracers...

(110 km)

y (km)

(140 km)

(1hpuo) Aiddns e

(Modeling from Jull & Ribe, 2002) i i
Em

Sampling issues, Pt. 2:
Over what vertical distance areisotopic ratios averaged?
[

DePaolo, JGR, 1996
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Estimating dispersivity in the Hawaii melting region
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For MOR’sthe
channeling instability
may apply; makes for
very large verticd
dispersion - i.e. lots of
averaging. May na be
the cae for plumes (?)

Donald DePaolo, UC Berkeley (KITP CIDER 7/12/04)



Geochemistry: Overview: the geochemist' s Earth (reservoirs, budets and processes)

OK, so what do we think we know......?

Mid-ocean Ridge Basalts.....

The typical mantle that melts at MOR's...

- is not average mantle material; it is too depleted in LILE
- represents a small fraction of the total mantle (10 - 20%)
- probably contains recycled continental + oceanic crustal material

Donald DePaolo, UC Berkeley (KITP CIDER 7/12/04)
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Mantle Plumes...

- Exist

- Bring materials up from depth that are different from the ambient upper mantle

- Consist of material that is not primitive (usually “less depleted” than MORB)

- Sometimes contain Helium that looks primitive (but with Nd, Sr, Pb, Hf that does
not look primitive)

Island Arcs and Backarcs.....
The typical mantle that melts at arcs...

- is depleted in LILE but less so than for MORB
- is typically affected by subducted materials via fluids

Donald DePaolo, UC Berkeley (KITP CIDER 7/12/04)
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Mantle map in terms of what is “depleted” or “enriched”
in incompatible elements:

Most highly depleted zones (in LILE)

Partly enriched zones (in LILE

0& ed with scattered enricheg, regio
(% ns

\ess @

Recycled materials with addi-
tions of *He from core?

Wherewearegoing in the next 2 weeks....

Lecture 1. Overview: The Geochemists™ Earth (reservoirs, budgets and processes). DePaolo.

Lecture 2. Background A. Initial Conditions — the early earth and moon, meteorites, extinct
radioactivities, terrestrial reservoirs and lithologies. Hart.

Lecture 3. Background B. The Tools — Systematics and behavior of trace element and
radiogenic isotope tracer systems (diffusion, partitioning, spidergrams, radioactive
decay. mixing in open systems). Hart.

Lecture 4. Physics of melting and melt migration: trace element and U-series models. DePaolo.

Lecture 5. Stable isotopes and rare gases: tracers of the shallow carth and tracers of the deep
carth? Hart.

Lecture 6. Geochemical evolution and fingerprinting of terrestrial reservoirs: Core, Bulk
silicate earth (BSE), Continental crust (CC). DePaolo.

Lecture 7. (continuation of Lecture 6). Geochemical evolution and fingerprinting of terrestrial
reservoirs: Primitive upper mantle (PUM), Depleted MORB mantle (DMM) and other
mantle domains (HIMU, EM1, EM2, FOZO). Hart.

Lecture 8. Distribution of heat-producing radioactivities (K, U, Th) in the Earth. Hart.

Lecture 9. Terrestrial budgets and evolution modeling. DePaolo.

Donald DePaolo, UC Berkeley (KITP CIDER 7/12/04)
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Geochemistry Tutorials....

Exercises: a) Nuts and Bolts: chemistry, mass specs, standards and constants, normalization,
precision (Hart).
b) Navigating GERM: finding and evaluating geochemical reference data
(Hart and DePaolo).

d) MELTS - understanding differentiation with the MELTS program (Stolper or
Asimow).

e) Crust-Mantle Box models; Integrating geochemical reservoir models with
tomographic and geodynamic constraints (DePaolo).

f) Melting and melt migration: porous flow and focussed flow models, U-series
constraints, spidergram inversions (DePaolo and Hart).

¢) GEOROC and PETDB: the world of MORB and OIB data manipulation (Hart).

Donald DePaolo, UC Berkeley (KITP CIDER 7/12/04)
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