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Continuity and Transport Properties of Shale Smear in Sedimental Basin

Miki TAKAHASHI

Abstract

00 To quantify the transport properties of faults, a series of laboratory experiments is
performed on permeability change during deformation of simulated shale smear. The fluid
sealing potential of faults is important for better understanding of the hydrocarbon migration-
accumulation process and abnormal fluid pressure build-up below faults in a sedimentary
basin. One of the possible mechanisms of the fault sealing process is role of shale smear
characterized by migration of mudstone into the fault plane, forming a barrier to the fluid flow.
To evaluate the sealing potential of a fault, it is necessary to develop tools and methodology to
monitor the permeability of faults during deformation, and to compare experimental results
with field observations. First, the author investigated the smear continuity developed in
deltaic sediments on Airport Road outcrop, Miri, Sarawak, Malaysia. At this site, the critical
shale smear factorl SSF..: showing maximum continuous smear at a shale-thickness/throw
datalwas approximately 8, which is larger than previously reported data at other sites. Then
the author conducted experiments using sandstone-shale interbedded specimens obtained
from the Miri formation. The natural specimen was inserted into a part of an artificial fault
of pre-cut Berea sandstone, and the permeability of the sample was measured. Similar to
results of the previous experiments on siltstone by Takahashill 2003[] permeability show the
following three stages:[0 100 Regime 1, rapid reduction due to compaction prior to faulting,00 20
Regime 2, constant and relatively lower permeability, and] 30Regime 3, permeability recovery
caused by erosion of smear. Except for an experiment with a sandy specimen, moreover, all
experiments show permeability recovery of 0.5 orders of magnitude after Regime 1. This
characteristic permeability change from Regime 1 to Regime 2 for mud-rich specimens appears
to indicate dilation induced by fault propagation in the over-consolidated specimen at starting
fault sliding. Fault structures observed from the outcrop and from experimental products are
similar. The laboratory experiments can thus accurately reproduce the mechanism of fault
sealing by shale smear, suggesting that experimental studies are essential to understand fault
sealing by shale smear.
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Table lal Experimental Conditions.

Sample Run Lo Hint On Py G eft Van Hin D Throw Clay Content
No. No. OmmO OmmO OMPallMPaldl MPalOO mmO O mmUOJd mmOO mm0O god
1 test030606  98.3 9.1+ 0.3 50 10 40 0.28 8.1 5.24 3.8 49
2 test030501 96.5 16.6+ 0.6 25 5 20 0.28 14.7 1055 8.6 44
3 test030424 98.1 122+ 1.6 50 20 30 0.28 9.8 455 2.2 53
4 test030320 94.1 9.6+ 0.6 75 15 60 0.28 7.5 — 5.8 41
5 test030425 94.0 9.3+ 0.3 50 10 40 0.28 7.8 8.05 6.6 29
6 test030507 97.4 123+ 0.7 75 15 60 0.28 10.6 415 25 36
Lo: Initial total length V.a: Axial shortening velocity
Hin: Initial thickness of Miri specimen Hmi: Thickness of Miri specimen after a run
o.: Normal stress on pre-cut surface D.a: Axial displacement of an experimental rum
P,: Pore pressure Throw : Fault throw measured from an experimental product
0 . Effective normal stress
O lbOOoooooooomm
Table 1b0 Results of Permeability Measurement.
Sample Run Kint Kniriint Kin Kreg2
No. No. 010°®m’0  010°°m0  010°°mi0  O10°%meg SCRws  Remarks
1 test030606 1.85+ 0.07 1.71+ 0.06 248+ 4.73 476+ 1.93 104 o Fig. 7
2 test030501 0.19+ 0.03 0.11+ 0.02 0.81+ 155 227+ 0.92 74 o
3 test030424 — — — — 236  failed
4 test030320 — — — — 53  failed
5 test030425 2.99+ 0.04 298+ 0.04 357+ 0.14 3.57% 0.14 34 Fig. 8
6 test030507 1.28+ 0.04 152+ 0.05 159+ 1.90 3.74+ 1.42 151

ki : Initial bulk permeability

kmiinc . INitial permeability of Miri specimen
Kmin: Minimum permeability

Kreg2 : Permeability in regime 2
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