






186 Solum and van der Pluijm 

et al. (2002), use of polytypism quantification instead of dis­
crete illite/mixed-layer I-S has the advantage of making use of 
the entire three-dimensional crystal structure, and not just rely­
ing on 001 reflections. In addition, it is not possible to use dis­
crete illite/mixed-layer I-S quantification if a sample contains 
little or no I-S, and the use of discrete illite/mixed-layer I-S 
dating may also be complicated by fault-related neoformation 
of illite. For example, gouge along the Lewis thrust (Vrolijk 
and van del' Pluijm, 1999; Yan et aI., 2001) and the Moab fault 
(Solum et aI., 2005) is enriched in illite relative to protolith, 
indicating that when I-S-bearing material is deformed, discrete 
illite may form. Note that this contradicts the assumption that 
all discrete illite in a sample is detrital. The formation of illite 
from smectite during burial is also well-documented (Ahn and 
Peacor, 1986; Freed and Peacor, 1989, 1992; Lindgreen et aI., 
1991; Buatier et aI., 1992). Moreover, in order to lise discrete 
illite/mixed-layer I-S quantification to extrapolate authigenic 
ages, the detrital/authigenic ratios must be normalized based 
on the percentage of illite interlayers in the mixed-layer I-S 
(Ylagan et aI., 2002), which accounts for the general lack of 
potassium in the smectite in I-S (not including exchangeable 
cation sites). Therefore, the smectite interlayers should not be 
included in age-related calculations. If this renormalization is 
not conducted, the proportion of the detrital phase is under­
estimated, resulting in invalid extrapolations (Srodon, 1999), 
although with illite-rich I-S, this renormalization results in 
only minor adjustments. For these reasons, polytype quanti­
fication may be preferred over discrete illite/mixed-layer I-S 
quantification when dating fault rocks in most settings. 

METHODS 

Sampling Locations 

Fault rock samples were collected along the Snake River 
and Hoback River sections of the Wyoming segment of the 
Idaho-Wyoming thrust belts (Dorr et aI., 1987; Coogan, 1992) 
(Figs. 1 and 2). A generalized stratigraphic section of the 
region is shown in Figure 3. The Absaroka thrust was sampled 
-22.5 km (14 mi) west of Hoback Junction, Wyoming, in the 
Snake River Canyon along the north side of Highway 26. At 
this location, the Mississippian Madison limestone (intensely 
fractured with abundant calcite veins within 2-4 m of the fault) 
is faulted against the Cretaceous Bear River Formation. Small 
outcrops of limestone in the hanging wall and sandstone in the 
footwall make the location of the fault easy to determine; how­
ever, clay gouge is not well-exposed. We sampled a footwall 
outcrop of faulted clay-rich gouge, with abundant slickenlines 
and polished surfaces, -5 m from the main fault. 

The Darby thrust was sampled along Fall Creek Canyon, 
-1 km (0.6 mi) along a dirt road that forms off from Fall Creek 
Road, -5.1 km (3.2 mi) from the intersection of Fall Creek Road 
and Highway 26 (-6.8 km [4.2 mi] west of Hoback Junction, 
Wyoming). The Jurassic Nugget sandstone, brecciated for 

a distance of 5-7 m from the fault, is in fault contact with a 
Mesozoic carbonate, which is similarly intensely fractured nea.r 
the fault. The gouge is up to 0.3 m wide, well-consolidated, 
and composed of a red/yellow sandy clay and carbonate with 
anastomosing foliations. 

The Bear thrust was sampled at Red Creek, along Highway 
191, -4.8 km (3 mi) east of the mouth of the Hoback River Can­
yon. Here, the Pennsylvanian Tensleep Formation was emplaced 
over the Triassic Chugwater Formation. Gouge along the main 
fault is not exposed, but many small thrusts with displacements 
from -1-3 m are exposed in the Chugwater Formation along the 
banks of the Hoback River, below the main thrust. 

No suitable exposures of gouge along the Prospect thrust were 
found on the west side of Granite Creek, -1.4 km (0.9 mi) from 
the junction of Granite Creek with the Hoback River, -18 km 
(11.2 mi) east of Hoback Junction in the Hoback River Canyon, 
where the Jurassic Nugget and Triassic Chugwater Formations 
are emplaced over the late Paleocene Hoback Formation. For 
comparison with fault rock samples, a clay-rich rock -10m from 
the fault contact in the hanging wall of the fault within the Chug­
water Formation was collected. At this location, detrital musco­
vite grains were common and visible to the naked eye. 

Sample Preparation 

Unconsolidated samples were placed in beakers filled with 
distilled water and allowed to disaggregate for approximately 
one week. Consolidated samples were crushed using a jaw 
crusher and then treated in the same manner as unconsolidated 
samples. After initial soaking, the samples were suspended and 
allowed to settle multiple (three or more) times. After each 
settling, the remaining clear liquid was decanted to remove 
dissolved salts. Samples were treated with a small amount of 
powdered sodium carbonate to aid deftocculation. Following 
rinsing, the <4 Ilm fraction was separated using gravity settling 
(hereafter referred to as the "clay fraction"). The settling was 
repeated approximately three times to increase the volume of 
the fraction. The <2 Ilm fraction was separated from samples 
in which the <4 Ilm fraction contained K-feldspar, as indicated 
by X-ray diffraction (XRD). The clay fraction was then placed 
in multiple 50 mL plastic centrifuge aliquots, each of which 
was treated with an ultrasonic probe for 5 min. Following this 
treatment, the <0.5 Ilm fraction was separated using centrifugal 
settling. A similar procedure was used to extract the <0.05 ,urn 
fraction from the sample. In this fashion, a gouge sample was 
separated into coarse (4-0.5 Ilm), intermediate (2-0.5 Ilm), 
medium (0.5-0.05 ,urn), and fine «0.05 Ilm) fractions. 

During extraction, clay samples are commonly treated 
with weak acids and organic solvents to remove carbonates, 
iron oxides, and organic matter. Moore and Reynolds (1997) 
cautioned that possible effects of each of these treatments on 
mixed-layer clays, such as illite-smectite, have not been quan­
titatively evaluated, and so we did not apply these treatments to 
our samples. Moreover, while the presence of these phases can 
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Figure 3. Simplified stratigraphic section for the general area of the Wyoming thrust belt (modi­
fied from Dixon, 1982; Wiltschko and DOIT, J983)_ T-Tertiary; K-Cretaceous; J-Jurassic; 
lk-Triassic; P-Permian; IP-Pennsylvanian; M-Mississippian; D-Devonian; S-Silurian; 
O-Ordovician; -E:-Cambrian_ 


