Questions

1) What proportion of the Earth’s heat producing
elements (K, Th and U) reside today within the
continental crust?

2) How has the continental crust composition
changed through time?

3) When was the continental crust extracted from
the mantle? [setting the mantle’s heat budget!]



Geoneutrinos: trying to see the mantle from the crust

Physicists are detecting electron anti-neutrinos
28 July 2005 | www.nature.com/nature | £10 THEINTERNATIONAL WEEKLY JOURNAL OF SCIENCE (geoneUtranS) generated by U and Th decay
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Fractional geo-neutrino flux at SNO+~*
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Bulk Silicate Earth Models
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Estimates of the flux of Geoneutrinos at ongoing and proposed detectors
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Geoneutrino Flux on Earth Surface
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Upper crust major elements: grid sampling

”

Eade & Fahrig (1973): >14,000 grid samples

from Canadian Shield for major and a few
trace elements
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Space shuttle view of Thunder Bay, Ontario



Trace elements: analyses of fine-grained
sedimentary rocks

@%’-ﬁ"" e 31k i '.
Sﬁaf’e% & loess {
. Quentitatlve transport of /nsolub/e elements from
sité of weathering to depesition

Mancos Shale; Utah; photo USGS




Goldschmidt’s idea

-« Glaciers pulverize rocks as they

‘ move

» Deposits less susceptible to
modification by weathering or sorting

~ « Continental ice sheets sample large

. areas

« Sample fine-grained glacial deposits
to determine composition of average
UCC
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Concentrations linked to LREE

Loess data

Upper crustal
Estimates
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First-order
Observations

Less scatter on diagrams

10

Regional differences easier

to see 3
. . . Tg 0 Neoproterozoic
===) Persistent depletions in Sr : -
(except for WY tillites) ; wa

Temporal changes (e.g.,
transition metals)

Sr/Srce

Sr/Sr* =

[(Ceucc*Nducc)

10

0.1

0.1
CsRbBaTh U Ta NbLa Ce SrNd SmZr Hf EuGdTbDy Y Ho Er TmYb Lu V Sc Cr Co Ni

Quaternary

- Global loess
Il - Antarctica till

- Pennsylvania till
Cs RbBaTh U Ta NbLa Ce Sr Nd SmZr Hf EuGdTbDy Y Ho Er TmYbLu V Sc Cr Co Ni

Late Paleozoic

s

- Yangtze tillites
B - Virginia tillites
- Idaho tillites
CsRbBaTh U TaNbLa Ce SrNdSmZr Hf EuGdTbDy Y Ho Er TmYbLu V Sc Cr Co Ni

Paleoproterozoic

SN S

- Wyoming tillites
- Ontario tillites




UCC estimates

Eade & Fahrig, ‘73
Shaw et al., '67, ‘76
Condie, 93

Gao et al., ‘98
Taylor & McLennan
Rudnick & Gao ‘03
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Th/U ratio of the UCC
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The UCC contains much of the K, Th
and U in the continental crust

K Th U

UCC 2.32% 10.5ug/g 2.7 ug/g
UCC mass* 15.6 70.7 18.2
Bulk crust mass* 314 115.8 27

% in UCC 50% 61% 67%

*x 107° kg for K, x 107° kg for Th & U
Huang et al., 2013, G-cubed



Huang et al (2013) G-cubed

Global Earth Reference Model

- 7 layers for the top 200 km
- Integrate 3 global models for the crust
- New crust model with uncertainties
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Seismic Velocities of Deep Crustal Rocks
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Composition of Vafic & Felsic Components

Non-Gaussian distributions
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K, Th and U in the middle and lower crust
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How to Track Uncertainty?

Monte Carlo simulation: highly desired for the propagation of
asymmetric uncertainties

Xto

o x | v Generate random samples
Input | A || - for inpujcs, including
\ / correlation
f(x,y,...)

MC simulation

S

Confidence interval centered on the median

v’ Calculate output variables

v’ Statistical analysis

Output



Uranium Abundance in Middle Continental Crust layer
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Average middle Cont. Crust U abundance is O.97i8:§2 ug/g

Rudnick and Gao (2003) 1.3 ug/g



Geological model — Continental Crust

(ppm)
<——— Upper crust 2.7

<«——— Middle crust 1.0
~35km

E Upper mantle 0.01
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crust — mantle
boundary

Surfaces of each layer is defined by geophysical data (i.e., gravity and seismic)
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Regional Uranium Flux

using only SNO+ 7
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