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1. Introduction southern wall rocks fault zone
Quantifying the structure of seismic fault zones over a wide range of scales requires exceptional exposures and novel methods of south southern fault thick (1m) north 3. MacrOfraCtu"ng In Zones A' B' Cand Iaboratory measurements e
data aquisition and analysis. The Gole-Larghe Fault Zone in the Italian Alps - containing abundant pseudotachylyte attesting to its Q zone margin cataclasites of P-wave Ve|0c|ty and permeab|||ty N
seismic nature - is continuously exposed over glacier-polished outcrops for hundreds of metres to kilometres, providing a unique op- \ 10 E
portunity to quantify the fracture networks and physical properties of a seismic fault zone. The fault zone was exhumed from = e timerairastire doneiy ey T Macrofracture density (joints + faults) shows a small but abrupt increase at the southern
depths of 8-10 km, and formed in a tonalitic pluton containing a well developed system of cooling joints. > e Maorofrastire domeity minor oot 5 margin of the fault zone, and then increases gradually towards the centre of Zone C (Figure A, N sl , ]
& 25 |- . . . . . : c 10k Higher permeability of 3
. . . . . o . = - - - left). The southern margin is better defined by a large and abrupt increase in the percentage of =z e from Zone B
We carried out a series of transects across the Gole Lgrghe Fault Zc?ne by integrating hlgh-preusmn GPS measurement.s,aenal phc?tog- 5 Zone A Zone B faults as compared to joints (Figure B).The total thickness of fault rocks as a percentage of tran- 2 duepto rom Zone® -
raphy, photogrammetry analysis, and sample collection. The data is managed in a geospatially-referenced ArcGlIS project. Collectively, wi 20 1 sect length is much higher in Zone C than elsewhere (Figure C). 2 ool open m:ocrofracture& i
the transects cross around 700 metres of fully-exposed fault zone and wall rocks, allowing us to measure every fracture encoun- 3 _ = :
tered and quantify such parameters as the fracture density, fault rock thickness, and laboratory seismic velocities and permeabilities. é ©r ot ang e P-wave velocities were measured on samples collected away from main faults or joints. Zones A &
v _ considered and B have relatively low P-wave velocities (Figure D) due to the presence of open microfrac- 1020 £ <
2 0 Detapoinislocatedal tures (see below).In contrast, the area close to and within Zone C has uniformly higher P-wave - Lower permeability of samples from Zone C
(U B [ [ ° ° [ [ [ [ ° B . ° .
[southern wall rocks | [Gole Larghe fault zone | £ | o . velocities (Flgur.e D) even although it has higher mlcrofract.u.re densities, becaus.e microfrac- ol due to pervasive sealing of microfractures.
= - . tures are pervasively sealed (below).Saturated P-wave velocities show much less difference be- 0 - N N o . N -
(q®) I . . . . .
I E — . e = X e e ¥ tween the 3 zones, reflecting the saturation of open microfractures in Zones A and B (Figure D). Effective pressure (MPa)
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2.Field characteristics of Zones A, B, C Thick (1m) cataclasite SE | *
° yF = separating zones B and C U S 20 | | i :
€5 | '
§ = L ] - Low density of open microfractures - Intermediate density of microfractures - High density of sealed microfractures
= : L9 : - Microfractures are both inter- and intra-granular - Fracture sealing increases towards Zone C - Sealing minerals are K-feldspar, epidote, chlorite
© - S - - North-South trending, conjugate set dominates - North-South set dominates, but increasing im- - North-South and East-West trending sets domi-
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= ' N L ¢ "u| ¢ 1) The investigated area contains 3 distinct zones. Zone A is the jointed wall rock, Zones B and C are within the Gole Larghe fault zone.
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O 8 - . o : 2) Zones B and C are differentiated because Zone C has: i) higher macrofracture and microfracture densities, and; ii) proportionally
q>) ** B u ‘0. [ | i °
. . - . | . 4 O T : o | ¢ o o thicker fault rocks, than Zone B.
Well developed set of E-W trending magmatic E-W trending cataclasite- and pseudotachylyte Intensely fractured. Dominant E-W trending > 4000 2o . ¢ o 1l & - . —
cooling joints, infrequently reactivated as bearing faults, nucleating on cooling joints. Dis- faults accompanied by thick zones of cataclasis = vE e ° i . ¥
cataclasite-bearing faults. placements up to a few metres. and more complex secondary fracture patterns. a- . * . ° . 3) P-wave velocities and permeabilites of samples collected from all three zones are controlled by microfracture populations. An unex-
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: pected result is that P-wave velocities are high in Zone C even although microfracture densities are high. This is because microfrac-
Zone A Zone B Zone C . S N Y (R R A R S Y- tures in Zone C are pervasively sealed.
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