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Bishop Tuff * Research Objectives: Conducted welding experiments on unconsolidated Bishop Tuff and yield * Research Objectives: Physical properties and strength of Bishop Tuff
« Long Valley, California strength tests on both unconsolidated and densely welded tuff. - Measurements: pore pressure, permeability, bulk modulus, shear modulus, Young’s modulus
- welded rhyolitic tuff composed » Measurements: strain %, yield strength (MPa), density (g/cn’)

of ash and pumice lapilli

* deposited 0.76 Ma during a
large caldera-forming eruption,
estimated as a VEI 7 event

Yield Strength (Mpa)

e eruptive remnant: Long Valley
Caldera Above: Members of 2022 RORD ——
cohort investigating faults in the
Bishop Tuff

Bulk Modulus (K) versus Confining Pressure (MPa) with Differential
¢ Flgure 3: bulk modulus, K (GPa), VETSUS Stress* and Isotropic Stress for Bishop Tuff, Sample RORD22 13 2

confining pressure (MPa) with 1sotropic
stress and differential stress.

» Data was collected from low to high
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compression apparatus
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Rock mechanics experiments

| . | |  Figure 2: strain (%) versus yield strength (MPa) from uniaxial compression tests. Samples were
* pyroclastic deposits have unique mechanical loaded at room temperature and squished until failure to calculate yield strength. Density and

and hydraulic properties yield strength were used as proxies for the degree of welding. Apparatus: New England Conglu810ns. Bulk. moduluso le[h 1sotr9plc
, , o e Fisure 1: SEM imace of deformed pumice Research Autolab 3000 stress increases non-linearly with increasing
* rock mechanics experiments can give insight S ' & P ' : :
. . Bubbles in the pumice are hichlv deformed confining pressure whereas bulk modulus with
to these properties and how volcanic tuff . 1€ puim 1ghly , , o . . . differential st o bet 322 MP
deforms over time and crinkly, indicative of high temperatures Conclusions: The degree of welding primarily correlates with strain at high temperature ditierential Stress (Vgrymg ctween U =20 a)
and stresses. The blue arrow indicates the and would require 120 - 250 % strain to achieve welding similar to naturally welded Tuff. increases linearly with increasing confining *Loads between 0-25 MPa
2022 RORD REU program: direction of ap pl ied stress pressure. Differential stress (blue) first, isotropic stress (orange) second

* 5 labs

Above: deformed * 10 students

Bishop Tuff * 8 faculty collaborators

' Overall motivation

Massive volcanic eruptions often create thick rock sequences that have significantly different
mechanical and hydraulic properties from the rest of Earth’s crust. Defining the full yield surface
for welded tuff provides critical knowledge for understanding and evaluating the mechanical properties
of tuff deposits, and may give insight to the mechanisms of explosive volcanic eruptions.
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About RORD Faculty Leaders: Heather Savage, Philip Skemer, Lars Hansen

Research Opportunities in Rock Deformation (R.O.R.D.) is an NSF-funded REU (Research
Experiences for Undergraduates) internship program that provides laboratory and field-based
research experience in rock mechanics and structural geology. R.O.R.D. is designed to introduce
undergraduate students from diverse backgrounds in earth science, geoscience, and engineering
to the field of rock deformation, even if they’'ve never heard of it before! We are currently accepting
applications for our 2023 cohort. Please see sites.wustl.edu/rord for more information.
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Rice University Kathryn Cornette, Steven Johnson, Melodie French
* Research Objectives: The effect of water on P* and finding the brittle-ductile transition zone of the Bishop Tuff.

* Measurements: permeability, porosity, bulk modulus, volumetric and axial strain, and pore pressure

* Figure 9:
differential Stress
(MPa) versus axial
strain. Data
collected from dry
triaxial tests.

* Figure 8: confining pressure | conelusions: Isotropic compression tests (Fig 8) showed that the critical
(MPa) versus Volumetric strain hydrostatic pressure, P*, at which inelastic compaction begins, is around 72
Wlth,P*' Dqta collected. from | Mpa under dry conditions and 54 MPa under saturated conditions. Dry

tWO 1SOtrop1c COmpression tests. | ...+ ia1 tegts (Fig 9) showed that the brittle-ductile transition occurs around a

Apparatus: Rapid Rock Triaxial confining pressure, Pc, of 15 MPa and a unmiaxial compression test revealed

Testing System, RTR-2000 an average yield strength of 31 MPa.

University of Pennsylvania Hannah Tebbens, Jessica Wen, David Goldsby, Nir Badt

* Research Objectives: Investigate the effect of varying amounts of intracrystalline water content
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Apparatus: New England Apparatus: Cryogenic Biaxial
Research Autolab 2000 HPHT Friction Apparatus
* Research Objectives: Carbon sequestration capacity of the Bishop
‘ ~ lab locations Tuff and Ice-on-rock friction experiments using the Bishop Tuff.

 Measurements: pore pressure, permeability, P-wave velocity,
acoustic emissions, friction, frictional healing and relaxation, a - b

. Permeability During CO, Flow-through of Bishop Tuff
* Figure 4: L1Es [
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Permeability was
recorded every 0 . 2 e 5 6
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and parameters were set to 50 MPa confining pressure and 150°C.
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on the properties of quartz at room temperature.

 Measurements: load (nM), water content (ppm), modulus (GPa)

 Figure 6: Load (nM) versus modulus(GPa) for qtz crystals
with variable water content. Experiments were conducted
on single crystal qtz with water contents varying from 160

to 2480 ppm (H/S1).
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tip * Figure S: Frictional relaxation measurements from ice-on-rock friction

experiments. Blue and red points are from experiments with Bishop Tuff,
and green and orange points used granitic rocks. Both tuff experiments
were conducted at -6°C and 100 kPa normal stress. R values indicate
rock surface roughness of sliding surface.

* Figure 7: Load (nM) versus
Hardness (GPa) for qtz crystals
with variable water content.

Conclusions: Increasing trends in permeability (Fig. 4) exhibits that

Bishop Tuff did not sufficiently facilitate carbon mineralization. Ice-on-

Conclusions: Found no significant impact on rock experiments suggest more permeable rocks have higher steady-

Hardness or Elastic Modulus at room temperature.

state friction, frictional relaxation, and frictional healing.




