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Goals For This Talk

* [ransmagmatic system perspective

e Reconstructing the P-1-X+t evolution
of magmas in the crust

e Recent advances & exciting future
directions
» Causes of eruption initiation®
» Causes of intra-arc diversity”?
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The Mantle Matters
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What does mantle melting really mean?

solid + melt

Temperature (C)

Peridotite = 100 §
= . Sc:azlg-_Change Solid + Melt =
60% oOlivine
159% clinopyroxene N
O
15% orthopyroxene S .. Solid
10% plaaioclase/spinel/qarnet 2 isool- 3
<9.5kbar  >9.5kbar >18 kbar 1730 §
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Magmatic Volatiles are Largely Mantle Derived
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Magmatic Volatiles are Largely Mantle Derived
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Volatile-Effects on Mantle Solidi

volatiles (H20, CO2) lower melting temperature at a given depth
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Volatile-Effects on Mantle Solidi

volatiles (H20, CO2) lower melting temperature at a given depth
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Magmatic Diversity Inherited From the Mantle

lllustrates relationships between

Pressure, 1400
Temperature,
Extent of Melting (Melt 0/o) g 1300
&
Melt Major Element Composition 2 0o -
generated during mantle melting "
110025\ "

Figure after Kushiro (2001)
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Magmatic Diversity Inherited From the Mantle
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Magmatic Diversity Inherited From the Mantle
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Mantle Flow & Delivery of Melts to the Lower Crust

newer models include fluid flux & viscosity, temperature- & strain-dependent grain size, porosity,
compaction pressure efc.

AEincluding compaction pressure effects |

5, B Distance [km] Distance [km]

fluid pools |l o+

beneath arc 1 g 3

- o et ®
o -
g g
o -
) 3

‘I 10— ° -
_ 2nd peaR\ N
E 10—4 A T=0.8 Myr dehydration 7

1()*‘8

%
focusing in g -
high-permeability ‘e el
layers and —
compaction channels 61 3

J
Wilson et al., 2014

Cerpa et al., 2019

Evidence for punctuated mantle flux?
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Crustal Anatomy of Magmatic Systems
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Crustal Anatomy of Magmatic Systems
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Evidence for Important Role of the Lower Crust

Contributions to
Mineralogy and
Petrology
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Evidence for Important Role of the Lower Crust
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Experimentally-Constrained Crustal Crystallization Paths
(“Liquid Line of Descent”)
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How We Do An Experiment?




Goals For This Talk

v Iransmagmatic system perspective

* Reconstructing the P-1-X+t evolution
of magmas in the crust

e Recent advances & exciting future
directions

» Causes of eruption initiation®
» Causes of intra-arc diversity?
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Anatomy of Silicic Volcano
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What can we learn from a feldspar crystal?
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Under what temperature & pressure conditions did this
crystal form?

1200

............................................................................................................

Petrologic datum

o8 Melt Inclusion
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1000
Alkali Feldspar Solid Solution + Liquid Volcanic Earthquakes
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o : M
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Projection
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www.tulane.edu/~sanelson Kent & Koleszar, [AVCE[’ 2017

Composition of feldspar + co-existing melt are temperature-dependent (good thermometers)
Other minerals have a compositions that are strongly pressure-dependent (good barometers)

good compendium of volcanic thermometers & barometers: Putirka, RiMG, 2008


http://instruct.uwo.ca/earth-sci/300b-001/kd.htm
https://www.tulane.edu/~sanelson/eens211/2compphasdiag.html

Under what temperature conditions did this crystal form?

with a single eruptive unit over time at same volcano
(history of particular magma body) (history of a magma reservoir)
Yellowstone, Wyoming Aucanquilcha Volcanic Cluster, Chile
ca. 260 ka rhyolite lava andesite-dacite lavas
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- 250
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900 150 =4
- 50
8 . - 1100
2 850 XS
..E Amph - 1000
8. 800 =
S - 900 B
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750 \/\ P e g0 £
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Walker et al., 2013
Till et al., 2015



Under what P-T-X conditions did this crystal form?

Cold Seal Experiments on Late Bishop Tuff

200 -

160 -

P-T conditions
of feldspar formation:

p—
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720°C, 150 MPa
(for Late Bishop Tuff bulk
composition)
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S
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100 75 50 25 O

700 740 780 820
Temperature (°C)
Gardner et al., 2014



Thermodynamic Modeling of Silicic Magmas:
Rhyolite-MELTS calculations for the Late Bishop Tulff
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Where in the crystallization sequence did this crystal form?,.;

Thermodynamic Modeling of Silicic Magmas:
Rhyolite-MELTS calculations for the Late Bishop Tulff
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Mark Ghiorso (Today’s Tutorial!)



How old is this crystal?

Compilation of 238U—230Th (light blue circles) and 230Th—226Ra (dark blue diamonds)
ages of bulk mineral separates of major phases,
expressed as pre-eruptive residence age

Major phase ages — bulk mineral separates

el 8 |SE|(S Cascades Andes B = S @ 88 QE Mty |8 2
S e EE 8 3 S 200 E:8 S 2
kv Q@ E = R T & -g < g 3
~ 1000 4= % > §_% 2 %
8 @ g @ cals >
i POy N ©
- 2 £
® z 8
© : )
% 100 . ‘o o . o
Q e D : .
o Ceoe | ® o ® o °
I fo ||° o | @ o | % *
r”; o $ I ? | ® o ll® e o
Z‘ 10 - ® Q— @9 o ; .—'l_ ® oo ; | % |
o e ¢ of[|* W s Lol | [ | 0’T'
P A ' 07 e |o &
2 ee ¢ 11 o L ‘ﬁf % [ y ® | e
g 1.0 & et N | B I B R P
o . u o | ) ¢ |
8 l o S o
i 0.1 (N 2 R W NN w - NN W l W

Feldspar was in magma

Cooper, 2017
reservoir for ~80,000

years

30



Clues from intracrystalline disequilibrium
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Clues from intracrystalline disequilibrium

7=
caldera

| | |
50 100 150

Distance (km)

31



Clues from intracrystalline disequilibrium
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Clues from intracrystalline disequilibrium
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Clues from intracrystalline disequilibrium
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Clues from intracrystalline disequilibrium
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Clues from intracrystalline disequilibrium
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Clues from intracrystalline disequilibrium
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Crystal spent a small % of its lifetime in a magma with
<50% crystals

40Ar/S9Ar eruption age

l U-series or U-Th-Pb crystal ages

time above rheological lock-up T
(diffusion dating)

/N

rheologiical lock-up

Magma Reservoir
Temperature
sje1sA1n o,

0 0.1 L 10 100 1000
Years Before Eruption
Cooper & Kent, 2014; Rubin et al., 2017 =



Goals For This Talk

v Iransmagmatic system perspective

v’ Reconstructing the P-1-X+t evolution
of magmas in the crust

e Recent advances & exciting future
directions

» Causes of eruption initiation®
» Causes of intra-arc diversity?

36

120 km




Cataloging eruption initiation via different crystal P-T-X-t paths

50 km? 50 km?

magma
reservoir

magma __y
recharge 4

recharge
rate: 0.05 km?/yr

0.025 km?/yr

50 0 50 100 150
time since begin recharge (yr)

DeGruyter et al.; 2015




Cataloging eruption initiation via different crystal P-T-X-t paths

3 3
—
magma __x,. gooo gooo g°o° 35} eruption/W /\AJ

reservoir
o
S w
magma __y, %5 S o
recharge ;;,§ 0.05km¥yr 3
[«)] | oud
S w

0.025 km?/yr

Injection
Triggered

DeGruyter et al., 2015

Volatile Overpressure
Triggered

Magma Mixing
Triggered
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What Initiated Yellowstone’s Lava Creek Tuff Eruption?
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What Initiated Yellowstone’s Lava Creek Tuff Eruption?

sanidine quartz quartz
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What Initiated Yellowstone’s Lava Creek Tuff Eruption?
sanidine

quartz

— 130
: rim-core
Popit ~,  Pop.2 E boundary | .,
3 v m
/, 1" resorf)tion , / | E 1110 ¢
i T B [w 3 , core T
. qa 1 1100 @
RIM INTERIOR mﬂNTERIOR ?A : /\ &>f
/ l f ‘ \KE 190 O
‘ "’\MA\fransecthm",;A,/' . g(E)II:_)I\ic]?err?seitaysurementS AA\EA?AAAAA 1 80
57 170
__ 56 I S S B
X 55 m Pop. 1 distance from rim (um)
= :
E 54 @ POp 2
o 28 core-rim
(7))
& 52 I boundary '\
S 51
S 50 core-rim
@) 49 boundary
“° - reconstruct G
825 840 . E’
e 5 P-T history 5
__ 820 boundary lgog & . =
3 recorded In g
2 815 I core-rim d . GE)
Q.“_‘ . boundary )1 )( ) 1 | —
s [ ' ion, within a decade of | h
= eos | rejuvenation, within a decade or eruption, was the most

7 BESEERERREREEE  |ikely mechanism to produce the overpressure required to

trigger the LCT supereruption

Shamloo & Till, 2019



Tie patterns from volcanic deposits to volcanic hazard assessment

Remote Sensing
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How do we couple crystal records’ view of magmatic processes with
monitoring signals to better forecast eruptions?



Exciting Future Directions:

What drives intra-arc diversity?
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What Drives Intra-Arc Diversity?

Significant heterogeneity in
geophysical observables along strike.
Why?

Lower Crust Depth Slice Measured Surface Heat Flow

Teleseismic Surface Wave Tomography
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What Drives Intra-Arc Diversity?

What produces the along strike variations in erupted volumes and compositions the
Cascades?

Mantle-driven model

heterogeneous mantle flux +
compositions drive arc diversity

?

BEEN

P
Y G |

Crust-driven model

heterogeneous crustal structure
&
stress drive arc diversity

Y9499



Heat Calculations

How much heat is released into the crust along strike to produce
Quaternary Cascades volcanism?

CRYSTALLIZATION (HEAT RELEASED) >700°C

CRUSTAL MELTING (HEAT CONSUMED)

120 km

MANTLE-DERIVED MAGMA GENESIS
\ <1400°C
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Experimentally-Constrained Crustal Crystallization Paths

(“Liquid Line of Descent”)
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Till et al., 2019, Nat. Comm.

L AS A FUNCTION OF FINAL ERUPTED COMPOSITION Sty
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Heat PrOduced By CrySta"izatiOn Monogenetic Volcanism
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Total Magmatic Heat Released to Crust

100% Crystallization

60% Crystallization:
40% Crustal Melting

700 -
~ 600
E
~ 5004
O
=
S  400-
@)
>
>, 300
| -
o :
S 200/ ;
O
fd
©
S 1004
@)
South 09?) of‘?) of"@
6/ 00@/ \6’
5> o o

Till et al., 2019, Nat. Comm.

cocsssee 100% Crustal Melting
(heat consumed)

0?‘6 Df;) 0?’6 b/‘\?) 03’6 096
@I v@l 6@’ 6@1 4 @I 6/
o N o N o g
Latitude (°N)

4.5E20
4E20
3.5E20
3E20
2.5E20
2E20
1.5E20
1E20
5E19

North

(r) 196png 1eaH anewbepy



Volume of Mantle Basalt Required

100% Crystallization

60% Crystallization:
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Volume of Mantle Basalt Required

100% Crystallization

60% Crystallization:
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Statistical Correlation Between Magmatic Heat & Geophysical Observations
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1D Thermal Model to Interrogate the Geophysical Observations
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Intriguing Results & Testable Hypotheses

The =2-fold variability in volume of basaltic magma &
magmatic heat input regulates the observed volcanic activity

Mantle-driven model

heterogeneous mantle flux +
compositions drive arc diversity
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Crust-driven model

heterogeneous crustal structure
&
stress drive arc diversity

Y9499



Goals For This Talk

v Iransmagmatic system perspective

v’ Reconstructing the P-1-X+t evolution
of magmas in the crust

v Recent advances & exciting future
directions

» Causes of eruption initiation®
» Causes of intra-arc diversity?
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