Combined natural and numerical-modeling constraints on

subduction interface strength at deep metamorphic conditions
Ana Lorena Abila™, Whitney Behr', Jonas Ruh'~ |

'Geological Institute, Department of Earth Sciences, ETH Zirich, Zirich, Switzerland *Contact: aabila@erdw.ethz.ch
’Institut de Ciencies del Mar (ICM), CSIC, Barcelona, Spain

746

EGU23-

U

Outstanding Student & PhD
candidate Presentation contest

B Eclogite Bl Peridotites

4 4
3a. F I oW Laws 4. RESU ItS \ 2000 Iy ' ' ' | GgQuanzos slocis MBlueschis

[_|Calcareous Rocks
| Zhang and Green (2006) 100 ': 100 —
Tokle et al. (2019) B -

1. Overview

Catalina Schist Wet quartz dislocation (n=4)

I Makbal Complex
Tokle et al. (in prep.) Halilbagi Unit

1
2
3
4] Hirth and Kohlstedt (2003) Biga HP-Slice
5
6

22

4

10

e 0% v 6°C/km 500 1w
s N 80C/km - : - ol
- _ e 10°C/km s |

b:

What is the absolute viscosity range of
deep subduction interfaces?

~
[}

Yukon-Tanana Terrane

ilairet et al. (2007) 3.5+¢ Kulet Eclogite
beaCkl et al. (2003) Susa Shear Zone

Dry
eclogite

(o))
)

Blueschist diffusion (6 = 100 um) | -

U1
(@)

e The rheology of the subduction interface long-

Lithology Distribution [%]

, , 10 Maobei HP-Slice = N
and short-term subduction dynamics. Lago Superiore Melangd N — 6°C/km -
e Current constraints on average subduction _ 3 - N |
interface viscosity come from flow laws, - < o . . Pl e e
L L . - < \ \
overestimating the true viscosity range possible. = Q )/ ™ N \ Temperature [°C]
. : > . 20 dT — . P
e Our goal is to place more precise bounds on 2107 6°C L 2.5 = 101% . 1
the global range of shear zone viscosity for § dz 7 eclogite -~ - \ - \

. . D P I _ i |
natural subduction shear zones at deep S IS : P oY :
subduction conditions. 2 : ‘ ‘ 50 | :

 WWe modelled the rheology of nine published 1019 ¢ =101 | )
shear zones to obtain a range of viscosities. | - E
1.5 - _ e I £
 6°C/km e
_____________ . L o <
r HP 3 S/km B . _ 1 O — 12 \\\\ -
18 ranulite - 107 C/km 18 | | | e |
10 cohial L 10
2a. Shear Zone Sources 400 500 600 700 800 900 hoo | 00 500 000 400 500 600 700 800
Area Unit Lx (m) Ly (m) Map Source P (GPa) T (°C) PT Source O O
y ; Temperature [ C] Temperature [OC] Temperature [ C] Temperature [°C]

S. California, Catalina Schist 636 o1 Hoover et al., 4 650 - 750 Cisneros et al.,
dtalina >cnis . -
USA 2022 2022
Tien Shan, , Sobolev et al. Togonbaeva et
Makbal eclogite 354 805 2.4 550-610 - -
Kyrgyzstan 1986 al. 2010
Sivrihisar, E. . . Whitney et al. Davis and
Halilbagi unit 1136 973 Y 23 475-520 o
Turkey 2014 Whitney, 2006 . % 106
| | Sengin et al. Sengin et al, Makbal eclogite Maobei HP-slice (Xu et al., 2006) Time: 9.9525 ka 10 | ex e
W. Turkey Biga HP-slice 3205 938 1.9 550 - 675 ® SE o
2011 2014 _ DF, DF,
Yukon-Tanana Petrie et al. Ghent and N-W Donghai | ' l (
Canada 4104 2735 ! 23 480 - 520 ) _ < —n€ — Maobei Slice Lianyungang Slice —» I | U I
Terrane 2015 Erdmer, 2011 3000 | Slice ) PN I, - | 8 ® Use plate convergence rates
N Kayahkst Kulet eclogite, 6808 6658 Kaneko et al., 19 680 - 780 Zhang et al., m p e m e n a l 0 n 2950- = ; — - - B | B .
. Kazankstan . . - { /e -
Kokchetay massif 2000 2012 7+ = < S-E L from plate reconstructions to set
Ghignone et al. Ghignone et al. — 4\l & e o 0
W. Alps Susa Shear Zone 1608 432 202% 23 500-530 202210 Vi1 = —€ely 2900 }/\ 1o L NEZ 2 f =" > the shear VelOCit
: _ |8t 1 %, = ) O = Y
Dabie-Sulu, Maobei HPslice 3515 1942 Xuetal, 2006 2.6 750-850 Xu etal., 2006 T il i R A ///\ = /’/'/ A0\ A% S -
. aopel -Slice uetal., . - uetal., \ \ = \ = | YAlS // —
China \ X \ i B 74 o772 = = < o m -M g -
Lago Superiore Federico et al Liou et al oy \\ 2800 : i {,//@W!ﬂ/// Z / o 2 ;l"ﬁ(;l(/;( o ¢ ore non clange Set
W. Alps 80 >Up 53 77 | 1.6 450 - 500 v \ \ Sobolev et al. (1986) by 2 XXX . .
shear zone 2007 1993 \ \ 2750- / g o 500 tions (i.e. layered, purely wea
\ . -
= J J oy & dAdt [ S T fd;@.; ¢ : .
< >~
5 R |z | = ko % e xx V4 ¥ 800 1000 2000 2000 atrix) to the analysis
C —
. c 9))
) 3 ) 2 f f €ij dAdt | 3 O 3000 % ' 1000
2 g R ) A b Time [k
ol 5 (S =y . X |m y
5 s . S._) o— 4_’ [ ]paragneiss Orthogneiss [ | Eclogite I uttramafic rocks . ‘ 4
S = - Ductile thrust [ | Fault Foliation [ A Drill hole [~ 8 Cross-section - v 7 1 200
= 2 " 2900— = | ‘ | ' vidilio RO | ' 0 400 x10°
® Q ) N = 1 g _E - |Orthogneiss |_=.".|Paragneiss %.Eclogute_ Ultramafic TDCk%DUCtHB thrust _+Un|| hole | oo gJr [ VIP&] 10 w Re erences
\\ é \ o . ) _ 4 Cisneros, M., Behr, W. M., Platt, J. P, & Anczkiewicz, R. (2022). Quartz-in-garnet barometry constraints on formation pressures of eclogites from
\ \ - . ANERY &\ the Franciscan Complex, California. Contributions to Mineralogy and Petrology, 177(1). https://doi.org/10.1007/s00410-021-01876-4
A |
. Sample Q* -N-r | ' ' | Davis, PB., Whitney, D.L. Petrogenesis and structural petrology of high-pressure metabasalt pods, Sivrihisar, Turkey. Contrib Mineral Petrol 156,
Unit L thOlO o n m I (kJ /mol) (MPa Reference \\ \\ ' S——y 217-241 (2008). https://doi.org/10.1007/500410-008-0282-4
8 m -1 \ — - 12 \ Federico, L., Crispini, L., Scambelluri, M., & Capponi, G. (2007). Ophiolite m.lange zone records exhumation in a fossil subduction channel.
unt S ) € 10 \ ” Geol 35(6), 499. https://doi /10.1130/G23190A.1
N ___ _\_vy_ eology, , 499. https://doi.org/10. .
| t ~ Ghent, E., & Erdmer, P. (2011). 14—Very High-Pressure Epidote Eclogite from Ross River Area, Yukon, Canada, Records Deep Subduction. In L. F.
eclogite, e ; . . : ;
. 403 + 33 Zhang and : Dobrzhinetskaya, S. W. Faryad, S. Wallis, & S. Cuthbert (Eds.), Ultrahigh-Pressure Metamorphism (pp. 441-457). Elsevier.
[1] Eclogite metabasalt 3.5 0 0 10° V> = €L ‘ https://doi.org/10.1016/B978-0-12-385144-4.00013-8
/
meta abb ro 2 72 P Green (2 007) St Ghignone, S., Gattiglio, M., Balestro, G., & Borghi, A. (2020a). Geology of the Susa Shear Zone (Susa Valley, Western Alps). Journal of Maps, 16(2),
8 Wldth (I__X) 79-86. https://doi.org/10.1080/17445647.2019.1698473
Ghignone, S., Borghi, A., Balestro, G., Castelli, D., Gattiglio, M., & Groppo, C. (2020b). HP tectonometamorphic evolution of the Internal Piedmont
quartZite, SChiSt, 1 '] 75 X Tokle et al. Zone in Sus‘a Valley (western alps): New petrologic insight from garnet+chloritoid-bearing micaschists and Fe-Ti Metagabbro. Journal of
[2] Wet Quartz : 4 0 1" 125 12 Metamorphic Geology, 39(4), 391-416. https://doi.org/10.1111/jmg.12574
metapel Ite 10 (201 9) . . . Hilairet, N., Reynard, B., Wang, Y., Daniel, I, Merkel, S., Nishiyama, N., & Petitgirard, S. (2007). High pressure creep of serpentine, interseismic
1 ) We C h Ose p u b I | S h ed SeCtl O N S W th deformation, and initiation of subduction. Science, 318(5858), 1910-1913. https://doi.org/10.1126/science.1148494
. . . . Hirth, G., & Kohlstedt, D. (2003). Rheology of the upper mantle and the mantle wedge: A view from the Experimentalists. Inside the Subduction
[3] Blueschist blueschist 2 1 2 0 383 2.97°X Tokle et al. minim al retrogress IVE Overp Il nt/ defl n ed Factory, 83-105. https://doi.org/10.1029/138gm06
101 (2022) Hoover, W. F, Condit, C. B, Lindquist, P. C., Moser, A. C., & Guevara, V. E. (2022). Episodic slow slip hosted by talc-bearing Metasomatic Rocks:
' _ ' High strain rates and stress amplification in a chemically reacting shear =zone. Geophysical Research Letters,
shear zone width, and well-constrained 45021 htpssidorora/10.1029/209361101063
. . . o B MY T Kaneko, Y., Maruyama, S., Terabayashi, M., Yamamoto, H., Ishikawa, M., Anma, R., Parkinson, C. D., Ota, T., Nakajima, Y., Katayama, I., Yamamoto,
.. meta-pe”d()tlte, 3 leth and PT Cond ItIOnS, then generated or dlgltlzed J., & Yamauchi, K. (2000). Geology of the Kokchetav UHP-HP metamorphic belt, northern Kazakhstan. The Island Arc, 9(3), 264-283.
[4] Wet Olivine eridotite 3.5 0 1.2° 480 + 22P 90 Kohlstedt (2003) . https://doi.org/10.1046/j.1440-1738.2000.00278.x
p C rOSS SeCtI O n S . Liou, J.G., Zhang, R,, Ernst, W.G,, Liu, J., and McLimans, R., 1998, Mineral parageneses in the Piampaludo eclogitic body, Gruppo di Voltri, Western
Ligurian Alps: Schweizerische Mineralogische und Petrographische Mitteilungen, v. 78 pp. 317-335
[5] Antl Orite cor enti nite 3 8 O O 00089 + e_0_86 Hllal ret et al ) \P(ELZ?;_,\'AQ:;r?a“'or;ir’;ﬁ/e\q\(,\jﬁg:]eI?anncj;c\j/:%Q;i:iiacaellérf‘algaarcj{zs(;)' (;;);_Sé.sieologic Setting of Eclogite-facies Assemblages in the St. Cyr Klippe,
8 p . 3.2P (2 OO7) 2 ) We eXtra pO I ated th e d i Stl’i b U ti on Of Rybacki, E., Konrad, K., Renner, J,, Wachmann, M., Stockhert, B, & Rummel, F. (2003). Experimental deformation of synthetic aragonite marble.
Journal of Geophysical Research: Solid Earth, 108(B3). https://doi.org/10.1029/2001jb000694
. I Sengiin, F, Yigitbas, E., & Tun,, I. 0. (2011). Geology and tectonic emplacement of eclogite and Blueschists, Biga Peninsula, northwest Turkey.
[6] A it bl 59 0 0 249 06 RYbaCkl et al . b I OC kS tO C reate d reCta n g u I ar SeCtl on / Turkish Journal of Earth Sciences. https://doi.org/10.3906/yer-0912-75
ragonl c marbpoie . e (2 003) m ai nti N i n g b I OCk d i Stri b uti on We Sengiin, F, Davis, P. B, Tun., i. 0., & Yigitbas, E. (2014). Petrology and geochemistry of eclogites from the Biga Peninsula, northwest Turkey.
. Geodinamica Acta, 25(3-4), 248-266. https://doi.org/10.1080/09853111.2013.858954
. . Sobolev, N. V., Dobretsov, N. L., Bakirov, A. B., & Shatsky, V. S. (1986). Eclogites from various types of metamorphic complexes in the USSR and
f r O r I e n ted th e SeCtl O n S fO r tO p —tO—th e— I eft the problems of their origin. Geological Society of America Memoirs, 349-364. https://doi.org/10.1130/mem164-p349
. . A n Q . Tagiri, M., Takiguchi, S., Ishida, C., Noguchi, T, Kimura, M., Bakirov, A., Sakiev, K., Takahashi, M., Takasu, A., Bakirov, A., Togonbaeva, A., & Suzuki,
Genel‘al ﬂOW laW equatlon . €= o d_mexp - ﬁ S h earin g A. (2010). Intrusion of UHP metamorphic rocks into the upper crust of Kyrgyzian Tien-Shan: P-T path and metamorphic age of the Makbal
* Complex. Journal of Mineralogical and Petrological Sciences, 105(5), 233-250. https://doi.org/10.2465/jmps.071025
Togonbaeva, A., Takasu, A., Tagiri, M., Bakirov, A. B., Bakirov, A. A., & Sakiev, K. (2010). Newly described eclogites from the Neldy Formation,
1 . . . . Makbal district, Northern Tien-Shan, Kyrgyzstan. Journal of Mineralogical and Petrological Sciences, 105(2), 80-85. doi:10.2465/jmps.091015c¢
QuartZ water fugaCl’[y (Sh Inevar et al . 201 5), Wlth A1l = 5521 f — 3 A e( Ao ETP A 3 ) 3 ) We ran the Vv i SCO I aSti C mOdel <m0d ifi ed Tokle, L., Hirth, G., & Behr, W. M. (2019). Flow laws and fabric transitions in wet quartzite. Earth and Planetary Science Letters, 505, 152-161.
MPa, A2 =31.28 MPa, A3 =-2.009 x 10-5 m3. aHzo setto 1. — H>O 1 p https://doi.org/10.1016/j.epsl.2018.10.017
Tokle, L., Hufford, L., Behr,, W. M., Moralez., L., & Madonna, C. (2022, August 7-12). Diffusion Creep of Sodic Amphibole-bearing Blueschist via
. . . . . . frO m R U h / 2 02 1 ) fO r ~ 1 O ky. Microboudinage [Poster presentation]. Rock Deformation Gordon Research Conference, Lewiston, ME, United States.
2 For bl UeSCh |St, bOUd In SpaCl ng O is Used lnStead Of d, and Is set at 1 OOIJ m. Whitney, D. L., Teyssier, C., Seaton, N. C., & Fornash, K. F. (2014). Petrofabrics of high-pressure rocks exhumed at the slab-mantle interface from
the “point of no return”in a subduction zone (Sivrihisar, Turkey). Tectonics, 33(12), 2315-2341. https://doi.org/10.1002/2014tc003677
3 o e . . . . Xu Z, Zeng, L, Liu, F, Yang, J., Zhang, Z., McWilliams, M., & Liou, J. G. (2006). Polyphase subduction and exhumation of the Sulu
Wet OI ivine fu gaC|ty <COH) si set at 600 MPa. 4) We tOO k th e med 1an Val ue d uri ng Stab I e high-pressure-ultrahigh-pressure  metamorphic  terrane.  Ultrahigh-Pressure  Metamorphism: Deep  Continental  Subduction.

https://doi.org/10.1130/2006.2403(05)

Zhang, J., Green, H.W., & Bozhilov, K. N. (2006). Rheology of omphacite at high temperature and pressure and significance of its lattice preferred
orientations. Earth and Planetary Science Letters, 246(3), 432-443. https://doi.org/10.1016/j.epsl.2006.04.006

Zhang, R.Y,, Liou, J. G., Omori, S., Sobolev, N. V., Shatsky, V. S., lizuka, Y., Lo, C.-H., & Ogasawara, Y. (2012). Tale of the Kulet eclogite from the

*Flow laws are reported as either activation enthalpy (QQ) or as activation energy and creep to represent the Strength of the shea

. . 3
VOl ume (Ea T PV) ) Ea 15 kJ/mOI/ V 15 cm /m0| ) Kokchetav Massive, Kazakhstan: Initial tectonic setting and transition from amphibolite to eclogite. Journal of Metamorphic Geology, 30(5),
537-559. https://doi.org/10.1111/j.1525-1314.2012.00980.x




