Quantifying the Effects of Shear Strain on Melt Distribution and Permeability

Adaire Nehring, Dr. Wenlu Zhu, James Bader
University of Maryland, College Park

I Resuits
- Beneath mid-ocean ridges,

dverent Eoceand™ Low Strain Melt Fraction Distribution

1N e man,t U INg INAGUCIN RSN < N e 2 - - o
> partlaFmFe)It J J % a i AR Low Strain
‘ - l\éelt segarat s from.soli Bz T e
; and moyes 1o the surface by e AN Y Region 3
%)5%15 ow (Kelemen et al; ,“_E-..:};:..; My Region 1: 0.085
. 1" | :*} Sy B Region 2: 0.079
- Transportation rate affects B et AT , Region 3:0.084
eochemlstrsy and geophysi- o Region 2
al prOCQSSe . original image interactive threshold
- Affected by permeability 1. Noise Reduction I II 10
and melt migration 0 1L -
005 006 0.07 008 0.09 0.1 011 0.12

- Porous flow through grain-scale networks (Miller et al., ; |
2015) 9N S Reglon 1 Melt Fraction
= e | O PrPtae OLO0S s slanincant at p
. < 0.05 and frail to reject the nu othesis.
3. Melt Fraction - Less heterogenoujs, more homo)égnous

High Strain

Melt Rich Averages:

Melt Poor (1) Melt Rich: 0.134
B Melt Poor (2) Melt Poor (1): 0.033
Melt Poor (2): 0.092

N
o

EMBand1 MBand2 MBand3 Averages:

—
(9 )
—
o

Co

(o))

Frequency

i

>
O
-
)
3 10
O
v
u
A=

U
N

0
0.01 0.01 0.01 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18

Melt Fraction

- ANOVA:E—vaIue of <0.00001 is highly significant
a’M:) < 0.05 so we fail to reject the null’hypothesis
- More heterogenous, less homogenous

- Stress-driven melt channelization
- Network of melt-rich bands in anisotropic systems

- Homogenous porous flow
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HypOthESIS s - Permeability increasing as melt fraction increases.
- Higher slope values than dotted line (Miller 2014).
- I_claligheﬁ shear strain, melt will segregate into melt-rich e 150y
and melt-poor regions lue: 100 .
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- Melt distribution more homogeneous 4. Permeabiliity [ -Various image analysis tools on the X-ray synchrotron microtomography images
High shear strain . . . - Created a 3D melt distributign to form a digital rock and conduct virtual flow
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regions 2) Axis connectivity module to test for connected melt i-S,g’gcrlgl\C/)\{Cstram | found no connectivity, and the melt to be more homogenous and
- Change as a function of strain 3) Regions where melt fraction was calculated . . .
, . . , , . . - At hl?h strain | found melt connectivity, melt to be more heterogenous and
- Anisotropic in melt geometry and permeability 4) Site locations with sizes that calculated permeability anisotropic, and a higher slope




