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Noble Gas Release as a Deformation Signal
Hypothesis:
• Noble gas release may be related to deformation state of rock
• Natural gases may be used to signal deformation

Objectives:
• Discovery of real-time gas emission during rock fracture
and relate to deformation

• Demonstrate new tool in experimental rock deformation
(Bauer et al 2016)

• Evaluate tool to signal deformation
• Develop inverse models used to infer fracture
characteristics (Gardner et al 2017)



Given:

The geogenic noble gas composition and amount present
depends on lithology, geologic history, age of the rock, and
fluids present.

Release depends on initial gas content, pore structure and its
evolution during deformation, deformation amount, and
deformation dependent permeability and conditions of fracture
versus intracrystalline flow.



Earthquak0
IfPrediction

14.

r,
t

11191111111011
r:P,;1111111E IC, giii II git'' NUJ "

11r. 1111111r11111111illerlitkit!, id 011 mil I

s _,,,, te. . is 10
1111 OVA -6 iI

''• 3111.11ktrIlit-111$111511\iilt Iloilo II
• -- 

• tttt -

D. Garisto, 2016, 2010 Chile Earthquake, C. AlUilez

2

,41,V11111.r •

.... ... t ttt 01 
„..., ,„„,

_

11114

111mor"7--,- A

k•AtGU 3logosr
American Geo k skalUnlo;

15-

10 -

o -

Volcanic
precursor

—0—Magmatic emission
—A—Crustal emission

Er
up
ti
on
 o
n
s
e
t
 

10'

7 10"

,io'°

Jul 11 Aug 11 Sep 11 Oct 11 Nov 11 Dec 11 Jan 12

D ate

101

t

Cn
CD.
c.7)
3
F).
CD

CD

cn
(IT

Potential
Applications Wellhead 3He, He, 36Ar, Ar,

20Ne, 22Ne, 78Kr, 84Kr,
86Kr 131Xe,, 126xe, 129,ne , ,

132xe, 134xe, 136xe, 222Rn

■

Padrón, et at, 2013 Resource Assessment
(modified from King,



Today

• Data to support a field test
planned for later this summer.

• •
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• Test system combines triaxial rock deformation and mass spectrometry to
measure noble gas flow before, during, and after rock fracture.

• Results/relationships of specimen strain, microstructural evolution,
acoustic emissions, and noble gas release for a range of conditions in a
rhyolite
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Rhyolite from Blue Canyon Dome in Socorro, NM

Densely welded tuff, —30Ma
aphanitic
quartz (55 %),
sanidine (45 %)
[high temperature K feldspar K(A1Si308)]

Many microfracture, some filled with quartz
Many sub millimeter pores
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Results

(1) Rhyolite characterized for field test, helium present

(2) Noble gases are released and measured real time during
deformation

(3) Gases are released from intracrystalline sites.

(4) The noble gas release signal is sometimes precursive to
macrofracture

(5) Gas released depends on initial gas content, pore structure
and its evolution during deformation, deformation amount,
and permeability



Thanks!

Questions?
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