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Paired together, fault gouge dating and low-temperature thermochronometry overcome the limitations and
assumptions inherent in each independent technique. Here we establish timing of brittle faulting along the
West Qinling fault of northeastern Tibet by dating several size fractions of fault gouge clay that represent
variable populations of illite polytypes. Results show that the authigenic or fault-generated component of
illite formed at 50±8 Ma and that the detrital component formed at 236±7 Ma indicating a Middle Eocene
age of faulting and a Middle Triassic age of the wall rocks. Comparing this dataset with published
thermochronology from hanging wall rocks supports the interpretation that the West Qinling fault initiated
at ~50 Ma and continued until at least Middle Miocene time and that authigenic clay growth occurred at
ambient temperatures of ~110 °C. Lack of overprinting of younger clay ages at this site may indicate that rocks
were out of the thermal window for authigenic clay formation during later faulting episodes. The potential for
temperature to control illite growth has implications for interpretation of authigenic illite ages and their
relationship to deformation episodes within fault zones.
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1. Introduction

Measurements of timing and rates of upper crustal deformation
are central in the ongoing debate regarding the relative roles of
tectonics and climate in mountain building (Whipple, 2009; Willett,
1999). However, a paucity of independent measures of fault motion,
erosion, and elevation change in active orogens hinders progress in
understanding the complex interaction of these competing processes
(Whipple, 2009). Dating fault motion in particular is challenging
because offsets of stratigraphic units useful in determining fault
timing are not always preserved and stratigraphic ages are often
poorly constrained. Thus, isotopic dating of clays in fault gouge pro-
vides an important alternative to directly date brittle fault motion
because the energetics of faulting and fluid flow promotes growth of
authigenic clay during faulting episodes within the shallow crust.

Fault gouge clays are assumed to comprise a two population
mixture of mica polytypes: (1) detrital illite (2M1) derived from wall
rocks and (2) authigenic or in situ illite (1Md) formed within the
brittle fault zone during faulting. Isolation of pure authigenic clay for
isotopic analysis is typically not possible (Grathoff et al., 2001; Pevear,
1992). As a result, ages from different clay size fractions that contain
different relative percentages of each clay polytype are used to deter-
mine the age of the pure authigenic clay assuming a two-endmember
mixing model (Haines and van der Pluijm, 2008; Solum et al., 2005;
van der Pluijm et al., 2006).

Because fault ages calculated using the two-end member mixing
model correspond to discrete events that represent either the timing
of short-lived faulting or a finite period of fluid-present fault motion
(Haines and van der Pluijm, 2008; Solum et al., 2005; van der Pluijm
et al., 2006), determining the complete history of fault activity from a
single fault-gouge age is unlikely. Illite ages determined for faults with
prolonged histories are thought to represent the last major period of
fault motion assuming that new authigenic illite growth occurs with
each successive faulting event and the complete overprinting of illite
grown during the earlier phases of deformation (Solum et al., 2005;
Haines and van der Pluijm, 2008). Whether such assertions should
apply to all cases, however, remains largely untested.

The conditions under which authigenic clay forms in a fault zone
are critical to the interpretation of illite ages. Temperature is likely to
be one of the key parameters controlling its growth but due to limited
temperature data within fault zones dated using the illite age analysis
technique, the growth temperature of authigenic illite in fault gouge is
not well constrained. Early experimental work and studies of basin
brines suggest that the 2M1 polytype grows above 280 °C and that it is
the most stable phase (Velde, 1965), whereas the 1Md polytype is
thought to form at significantly lower temperatures below 200 °C
(Grathoff et al., 2001; Velde, 1965). If the window of growth
temperatures of authigenic illite is relatively narrow, then the range
of fault depths where formation can occur will also be limited.
Importantly, in this case, there will be a relationship between depth

http://dx.doi.org/10.1016/j.epsl.2011.02.028
mailto:duvall@umich.edu
http://dx.doi.org/10.1016/j.epsl.2011.02.028
http://www.sciencedirect.com/science/journal/0012821X


521A.R. Duvall et al. / Earth and Planetary Science Letters 304 (2011) 520–526
and age of fault events and, specific periods of fault motion (i.e. first or
last slip event or some stage in between) could be targeted for sam-
pling if exhumation history along the fault is independently known.

In this study, we determine timing of fault motion using 40Ar/39Ar
dating of illite in fault gouge for a major reverse fault in northern Tibet
where the erosional history from thermal data is precisely known
(Clark et al., 2010). There are several advantages to combining results
from fault gouge dating with thermochronometry at the same
location. Cooling histories from thermochronometry place important
constraints on the temperature of authigenic illite growth and thus
interpretation of gouge ages. Additionally, comparison of thermal
histories with gouge ages from a single or multiple faults offers
independent information on the timing of discrete fault events along
specific structures that relate to range growth, and may also provide
separate evidence for potential erosional periods that are related to
climate rather than fault motion.

2. West Qinling field site, northeastern Tibetan Plateau

Recent work in northern Tibet has shown that thrust faulting
initiates at around the time of collision, which is significantly earlier
than previously thought. Observations of an early, collision-age defor-
mation history are not predicted simply by existing end-member
descriptions of plateau formation (Clark, in review; Clark et al., 2010;
Dayem et al., 2009; Kong et al., 1997). Although continuum (England
and Houseman, 1986) and step-wise growth (Tapponnier et al., 2001)
models of Tibet are widely cited as contrasting end members for
plateau development, they share the view that edge forces resulting
from India's northward advance into Asia (collision circa 50 Ma,
Rowley (1996)) produced high strain rates and crustal thickening that
first accumulates at the plate boundary and then propagates outward
in time. Mid-to-late Miocene compressive structures along the distal,
northeastern plateaumargin (Fig. 1) are well documented (Fang et al.,
2005; Lease et al., 2007; Meyer et al., 1998; Zheng et al., 2006).
Additionally, regional deformation at or near collision time is implied
by clock-wise rotations up to 40° and onset of basin deposition
between 55 and 52 Ma in the greater Xining basin region (Dai et al.,
2006; Dupont-Nivet et al., 2004; Horton et al., 2004) and by at least
29 Ma in the Linxia basin (Fang et al., 2003), as well as by low-
temperature thermochronology (Clark et al., 2010) and structural
observations (Yin et al., 2008) that indicate Eocene activity along
major northern Tibet thrust structures (Fig. 1).

We compare the fault gouge age results with the thermal history of
hanging wall rocks along a segment of the West Qinling fault in
northeastern Tibet (Fig. 1) where the slip history likely took place
along only a single strand. Eocene thrust activity is proposed along
this fault, which is one of the longest and most continuous structures
within the northern margin of the plateau. Recently published apatite
(U–Th)/He ages (closure temperature of 60–70 °C) from samples
collected along a single depth transect show an interval of steep age/
depth gradient starting at ~45–50 Ma and continuing through at least
12.5 Ma, which is interpreted as an increase in erosion rate of hanging
wall rocks due to thrusting along the West Qinling fault (Clark et al.,
2010). Assuming that faulting is the cause of accelerated erosion,
Clark et al. (2010) proposed that initial rapid cooling at the West
Qinling fault signals the first major thrust activity in northeastern
Tibet, coincident with the timing of India–Eurasia collision. Forward
thermal modeling of helium data that considers radiation damage
effects on helium closure temperature and regional geologic con-
straints suggests sedimentary cover of up to 2 km over the West
Qinling rocks during Late Cretaceous through Eocene time (Clark
et al., 2010). Sediment deposition during this time implies regional
lowlands and basin inversion following the initiation of the West
Qinling thrust fault. We sampled gouge from a site along this fault
located near the helium transect (Fig. 1). Although the fault zone is
more complex to the west and east, it appears to be comparatively
simple at the sample site (BGRM Gansu, 1989). Here, the moderately-
dipping (~45°) reverse fault is exposed as a single strand that bounds
the Linxia basin (Fig. 1). Hanging wall rocks are dominantly Middle–
Late Triassic flysch deposits of the Songpan Ganzi complex and
footwall rocks are primarily Neogene fine-to-coarse grained sand-
stones (BGRM Gansu, 1989) deposited within the Linxia basin as a
result of flexural loading (Fang et al., 2003). Subsidence patterns
derived from several measured stratigraphic sections (Fang et al.,
2003) indicate that the basin is flexurally loaded from the south by the
West Qinling fault (Fig. 1). Based on detailedmagnetostratigraphy, six
cycles of fining upward sedimentary sequences were deposited
within the Linxia basin from at least 29 Ma through 1.7 Ma (Fang
et al., 2003). Poor fossil control at the base of the deepest section
prevents tighter age estimates and earlier sediment deposition may
have occurred.

3. Illite age analysis

Fault dating is accomplished by measuring 40Ar/39Ar of clays in
fault gouge. It is rarely possible to date 100% fault-formed clay as most
size fractions of gouge material include both detrital and authigenic
phases and thus comprise a mixture of grain ages (van der Pluijm
et al., 2006). As a result, a mixing line of individual gouge clay size
fractions that contain various percentages of authigenic clay is created
to circumvent this issue. The percentage of 2M1 polytype plotted
against apparent argon age for several size fractions is extrapolated to
pure authigenic and pure detrital illite end member ages assuming
that these are the only two K-bearing components within the sample
(Fig. 2). Coarse (0.2–2.0 μm), medium (0.05–0.2 μm), and fine
(b0.05 μm) grained clay sized fractions were prepared for analysis
of gouge sampled from the fault zone (Fig. 1). All fault-rock materials
were disaggregated and separated into clay-sized fractions by first
gravitational and centrifugal settling, and then drying under low-heat
lamps. Carbonate minerals, which obscure peaks used for polytype
quantification, were removed with a weak (~1 M) acetic acid solution
after separating a small aliquot of material for 40Ar/39Ar dating.

A possible complication when analyzing fine-grained crystallites is
the displacement of 39Ar that results from the nuclear transformation
of 39K. This “recoil effect” may lead to a significant loss of neutron-
induced 39Ar and thus produces erroneously old ages. To circumvent
this issue, all clay size fractions were packaged into fused silica vials
and sealed prior to irradiation, thereby retaining any 39Ar expelled
due to recoil (see van der Pluijm et al., 2001 for details on this glass
encapsulation technique). Irradiation was performed at the McMaster
University Nuclear Reactor (MNR) research facilities and Ar mea-
surement took place at the University of Michigan. The sample vials
were first broken open and the initial (recoiled) gas was analyzed
followed by step-heating under a defocused laser until sample fusion
occurred. Due to Ar recoil (Dong et al., 1995) and because each size
fraction comprises a mixture of grain ages, the resulting age spectra
from this study do not yield clear plateaus and we determine the time
of faulting by plotting total gas ages rather than retention ages on the
illite-age analysis plot (Fig. 2).

X-ray diffraction methods were utilized to quantify the percentage
of the detrital 2M1 and authigenic 1Md illite polytypes for each
aliquot. The separate size fractions of clay were step scanned from 16
to 44 2Θ with a 0.05° step size at 30 s per step using a Scintag X-ray
diffractometer at the Electron Microbeam Analysis Laboratory
(EMAL), University of Michigan. We used an end-packer device
similar to that described in Moore and Reynolds (1989) in order to
create near-random powder mounts for scanning, which is necessary
to quantify illite polytypes accurately. The relative intensity of the
(002) and (020) peaks was used to determine whether randomness
was achieved (Pevear, 1992). Illite polytype quantification was
accomplished by using the WILDFIRE© program (Grathoff and
Moore, 1996; Reynolds, 1994). Modeling of the data entailed



Fig. 1. Shaded relief location map of West Qinling study area in northern Tibet. Faults and basins shown are those thought to be active during the Eocene (55.8–33.9 Ma). Inset
a: extent of Fig. 1 within the greater Himalaya/Tibetan Plateau region. Inset b: generalized geologic map simplified from BGMR Gansu (1989). Q—quaternary deposits, N—Neogene
sandstones and shales of the Linxia basin, K—Cretaceous sandstones and shales, Tr—Triassic flysch deposits (Songpan Ganzi complex), P—Permian rocks, C—Carboniferous rocks, and
An—Archean rocks. A–A′ line shows the location of the (U–Th)/He vertical transect in Clark et al. (2010). Lower frame shows a photograph of the West Qinling fault gouge sample
site.

522 A.R. Duvall et al. / Earth and Planetary Science Letters 304 (2011) 520–526
matching measured x-ray diffusion patterns for each clay size fraction
with those generated usingWILDFIRE© for variable populations of the
two illite polytypes. Typical precision for this method is on the order
of 3–5% as determined by comparing synthetic and natural samples
(Haines and van der Pluijm, 2008).
4. Results

Four clay size fractions were analyzed in this study. Modeling of
XRD powder patterns for each aliquot indicates 23, 45, and 63% (±3%)
2M1 for the fine, medium and coarse clay fractions respectively with
an additional fine size fraction at 20% (±5%) (Table 1). Corresponding
40Ar/39Ar total gas ages for these aliquots are 94.1±0.5, 131.1±0.7,
170.6±0.5, and 95.2±3.2 (Table 1). A least squares regression (York,
1968) of 2M1 percentage versus illite Ar age constrains a 50±8 Ma
(MSWD=0.6) age of the authigenic component and a 236±7 Ma
(MSWD=0.9) age of the detrital component (Fig. 2). The larger errors
(≤16%), calculated using a York regression (York, 1968), mostly
reflect the statistics of low sample numbers compared with other
similar fault gouge studies that produce repeat analyses that differ less
than 2 Ma (e.g. van der Pluijm et al., 2001). Additionally, the range in
percentage of illite components within the individual clay size
fractions (20–65% 2M1 in the West Qinling sample) also affects the
intercept errors.

Several assumptions are inherent in illite age-analysis. First, illite
from fault-gouge samples is derived from a two end-member system
(e.g. no late diagenesis) where these end-member polytypes have
known and identifiable x-ray diffraction patterns. Second, we assume
that authigenic illite is primarily a product of faulting at low-tempera-
ture conditions (b200 °C) and that the authigenic age represents the
time of illite formation rather than a time when the sample passed
through a particular thermal window or “closure temperature”. In
addition, we assume negligible Ar loss from the sample in nature. We
consider our results in the context of these assumptions and demon-
strate their reliability.

The relationship between detrital illite percentage and Ar age is
useful in assessing the two end-member assumption because the
percentage of detrital illite should be linearly related to age for the
different clay size populations only if two distinct polytypes exist
within the mixture. If authigenic and/or detrital illite components
with variable argon ages due to post-faulting diagenesis, preservation
of multiple phases of detrital illite from wall rocks, or multiple phases
of authigenic illite grown during different faulting events are present
within a single fault gouge sample, then a linear relationship between
illite percentage and age is highly unlikely because more than two
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Fig. 2. a. 40Ar/39Ar results for the coarse, medium, and two fine fractions of West Qinling fault gouge. b. Illite age analysis plot for West Qinling fault rocks. Plot displays percent
detrital (2M1) illite versus the age (expressed as eλt−1). Black symbols represent total gas ages. Horizontal error bars represent uncertainty on 2M1% (precision 3–5%) (Haines and
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argon-age end members comprise the mixture. The age and 2M1

percentage of the size fractions from the West Qinling fault site are
well fit by a linear segment and the 2M1 percentage correlates
positively with grain size and total gas age, both of which support the
two-population illite assumption (Fig. 2). Separation of finer clay size
fractions would improve the error on the linear regression used to
determine the authigenic age, but gouge from the West Qinling fault
does not containmeasurable quantities of super fine clay (≪0.05 μm).
Thus, we were unable to produce a size fraction with less than 20%
2M1. A coarser size fraction (N65% 2M1) could also improve the
intercept constraints, however, previous studies have shown that
fractions greater in size than 2 μm are likely to be contaminated with
other potassium bearing phases (e.g. potassium feldspar) and thus
yield uninterpretable Ar ages (e.g. van der Pluijm et al., 2001).
Table 1
Table 1 shows the percentage of detrital (2M1) illite and total gas and retentive Ar ages
in Myr for the four fractions of fault gouge clays from the West Qinling fault site.
Corresponding Ar release spectra are shown in Fig. 2.

Clay size
(μm)

Detrital illite
(%)

40Ar/39Ar total gas age
(Myr)

40Ar/39Ar retention age
(Myr)

Fine (a) 23±3 94.1±0.5 159.3±0.8
Fine (b) 20±5 95.2±3.2 172.6±5.6
Medium 45±3 131.1±0.7 181.1±0.8
Coarse 63±3 170.6±0.5 202.4±0.6
The growth of authigenic illite is assumed to be lower than the
closure temperature to argon loss and thus, the authigenic illite age
represents the time of formation. Here, we can estimate the tem-
perature conditions of illite growth by comparing the authigenic
illite age to the temperature history of West Qinling hanging wall
rocks. One-dimensional forward thermal models of West Qinling
apatite helium data constrain accelerated hanging wall erosion at 45
or 50 Ma following a period of isothermal holding since 110 Ma,
assuming a layered thermal structure and using the helium closure
temperature from the radiation damage model (RDAMM) kinetics of
Flowers et al. (2009) (Clark et al., 2010). Fig. 3 shows the time–
temperature history of West Qinling hanging wall rocks given these
model results and assuming a geothermal gradient within basement
rocks of 25 °C/km (grey dashed line Fig. 3) and 30 °C/km (black
dashed line Fig. 3). Using this thermal history and the fault gouge age
and errors, a temperature of 108±10 °C is estimated at the time of
authigenic clay formation (Fig. 3). Though it cannot be ruled out that
fluid circulation may be responsible for a different thermal regime
within the fault zone, if temperatures were similar within the fault
and the hanging wall rocks, then gouge formation occurred well
below the approximate 250 to 350 °C illite closure temperatures
estimated using the equations of Dodson (1973) and recently
published muscovite diffusion parameters appropriate for a cylin-
drical geometry (E=64 kcal/mol and Do=4 cm2/s; Harrison et al.,
2009) for effective diffusion radii of 0.05 to 2 μm and cooling rates
ranging from 1 to 10 °C/Ma. This supports the notion that argon age
of authigenic illite represents formation and not subsequent cooling
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adapted from Clark et al., 2010.
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and provides further information on temperature of authigenic illite
growth.

5. Discussion

A fault gouge age of 50±8 Ma overlaps with accelerated cooling
rates of hanging wall rocks at 45–50 Ma (Clark et al., 2010) (Fig. 3).
Correlation between these two datasets indicates that erosion of the
hanging wall was commensurate with fault motion. Neogene-aged
footwall rocks within the Linxia Basin in contact with the fault gouge
(BGRM Gansu, 1989; Fang et al., 2003) (Fig. 1) suggest faulting must
have occurred after the Eocene Epoch, likely during Miocene time.
However, correlations of these sediments to well-dated stratigraphic
sections are tenuous. Continued rapid exhumation of West Qinling
hanging wall rocks until at least 12.5 Ma (the age of the deepest
sample dated) supports long-lived fault activity (Clark et al., 2010).
The interpolated Triassic detrital illite age also agrees well with
independent geologic constraints. Footwall sandstones at the West
Qinling site are likely derived from eroded Songpan Ganzi rocks in the
hanging wall and thus the hanging wall and footwall have the same
detrital Ar signature. Middle–Late Triassic sediments of the Songpan
Ganzi complex were reportedly deposited in a thick package of ten to
twenty kilometers (Weislogel, 2008), thick enough to likely reset
muscovite argon ages during burial assuming an average crustal
geothermal gradient. Later burial events significant enough to reset
Ar are not known, however Late Triassic and Jurassic magmatism
occurred regionally (Weislogel, 2008). Therefore, a Triassic detrital
age at this site is expected regardless of dominant footwall or hanging
wall contribution to the fault zone.

Despite evidence of a protracted West Qinling fault history, post-
Eocene fault motion does not appear to be reflected in the fault gouge
age. Multiple episodes of fault slip that generate more than one
preserved population of authigenic illite could, in theory, be difficult
to resolve using fault gouge dating of illite polytypes because different
populations of 1Md illite are indistinguishable by XRD analysis thus
producing a pseudo end member. In such cases, the 100% authigenic
illite would record a mixture of ages rather than the timing of a
discrete fault event. A linear relationship between illite age and per-
centage of detrital component, however, requires that illite polytypes
are grown in the same relative proportions during each event for all
size fractions. Such conditions are extremely unlikely given the wide
variability in percentage of authigenic and detrital illite for same size
clay fractions in previous fault gouge studies (Haines and van der
Pluijm, 2008; Haines and van der Pluijm, 2010; Solum and van der
Pluijm, 2007; Solum et al., 2005; van der Pluijm et al., 2006). Thus, a
well-defined linear relationship between Ar age and the percentage of
illite polytype likely only results from a single fault episode. Based on
West Qinling cooling history, geologic relationships at the fault gouge
site, and the linear trend of the fault gouge data, we conclude that the
estimated fault age records the earliest phase of fault motion, rather
than an average of the fault duration or older and younger pulses that
mix to form a 50 Ma age of faulting.

5.1. Implications for conditions of authigenic illite growth in fault zones

The absence of overprinting by younger fault motion suggests that
conditions for illite growth existed only during a relatively short
interval of fault activity (b10 Myr) at this sample site compared to the
longevity of the West Qinling as an active fault bounded range
(~50 Myr). High potassium (K) content, large surface area, circulating
fluids, and temperatures below at least 200 °C are thought to be
generally appropriate for precipitation of 1Md illite (Grathoff et al.,
2001; Pevear, 1992). Wall rock material at the West Qinling site is
predominately made up of shales and fine-grained sandstone, which
commonly have high K concentrations conducive to forming clays in
fault gouge. The geologic record suggests no changes in wall rock
material occurred as faulting progressed, so we expect that K was also
available during later faulting events. We also assume that ample
surface area for clay growth during later fault episodes existed
because the fault zone would have been developed after faulting
initiated during the Eocene. Fluids likely play an important role in clay
gouge formation; however, determining the presence and tempera-
ture of fluids circulating during the time of fault motion is outside the
scope of this study.

Wall rock temperatures derived from thermochronometry (Clark
et al., 2010) suggest that the purely authigenic illite component
formed at ~110 °C assuming that the fault and wall rock experienced
similar thermal histories (Fig. 3). One possible explanation for the lack
of overprinting of younger fault ages at this site is that rocks moved
outside the thermal window suitable for illite formation as thrust
faulting and erosion of uplifted hanging wall rocks progressed. In this
interpretation, we expect that the later fault events are recorded
in gouges not yet exhumed to the surface. Unfortunately, suitable
exposures of fault gouge are rare and other sites along the fault,
including along more deeply exhumed segments, have not been
identified. A fault gouge study from the Sierra Mazatàn extensional
core complex in Mexico (Haines and van der Pluijm, 2008) with
reliable, independent temperature constraints provides an important
comparison to our results. At this site, onset of faulting is deduced
from the timing of rapid cooling recorded by 40Ar/39Ar of K-feldspar
from ductile footwall rocks (Wong and Gans, 2003). The detrital illite
age (2M1) matches with the approximate timing of mylonite
formation whereas the authigenic age (1Md) is assumed to date the
later stages of faulting because it is only slightly older than an
ignimbrite that caps the mylonitic carapace (Haines and van der
Pluijm, 2008). Extrapolating the K-feldspar cooling data through the
brittle history of faulting, the authigenic age and errors can be used to
constrain the temperature of 1Md illite formation at this site to
between 110° and 160 °C (Haines and van der Pluijm, 2008), which
overlaps with the temperature constraint from the West Qinling fault
presented here.

The authigenic illite formation temperatures estimated are similar
to the thermal range of two of the most commonly applied
thermochronometers, apatite helium (~60–70 °C) and apatite fission
track (~110 °C). Thus, comparison among results from these tech-
niques provides powerful means to assess upper crustal deformation.
Constraints on the relatively narrow temperatures of authigenic illite
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growth also permit targeted sampling of clays in fault gouge that
correspond to particular periods of fault motion if the exhumation
history of potential sample sites is reasonably well known.

5.2. Implications for tectonic history of the Tibetan Plateau

The depth of exhumation at the West Qinling fault site (Clark et al.,
2010) predicts that the fault agemeasured here should correspondwith
the beginning of rapid cooling of hangingwall rocks. Indeed, our results
show overlap between the 100% authigenic illite age and the beginning
of accelerated exhumation, which indicates that faulting was a first-
order control on erosion in this part of the orogen. Commonly, the
erosional response to dip-slip fault motion inferred from low-
temperature thermochronometry is employed as a proxy for fault
motion (Wagner and Reimer, 1972). Increased fluvial incision occurs in
response to faulting because accelerated rock-uplift rates in the hanging
wall drive increased erosion by steepening river gradients, channel
narrowing, or some combination of both (for the same discharge)
(Duvall et al., 2004; Whipple, 2004; Whipple and Tucker, 1999).
However, increased rates of erosion can occur solely with increased
precipitation (Reiners et al., 2003) where relief is pre-existing, thereby
complicating unique correlation of erosion events with faulting
episodes. The combination of fault related gouge ages and thermo-
chronometry offers an avenue by which we can circumvent the
ambiguity of precipitation versus fault driven exhumation patterns.

Together, the geologic history of the West Qinling fault from clay
gouge dating and thermochronometry shows an internally and
regionally consistent fault history that begins in the Eocene and
extends through much of the Miocene. Our result offers definitive
evidence of Eocene-age reverse faulting within the northeastern
Tibetan Plateau and, alongwith reported ages on thrust faults near the
Qaidam Basin (Clark et al., 2010; Yin et al., 2008), suggests that
compressive deformation across a significant portion of the northern
margin of the plateau initiates within 10 Myr of the initial collision
between India and Eurasia. Recent model results show that far-field
lithospheric deformation due to the Indian indenter shortly after
collision is permissible provided that Asian lithosphere can be
approximated as a thin viscous sheet, given a strong lithosphere
north of Tibet and relatively thick crust in southern Tibet at the onset
of plateau building (Dayem et al., 2009). Alternatively, faulting in
northern Tibet signifies the constant stress and strength conditions
that characterize the orogen since collision (Clark, in review).

6. Conclusions

Dating of illite from the West Qinling fault in northern Tibet
suggests thrust fault motion at ~50 Ma. This age fits well with
erosional and geologic constraints from hanging wall rocks and the
adjacent foreland basin. Results from this site demonstrate that the
40Ar/39Ar age of authigenic illite represents a single interval in West
Qinling fault history rather than an amalgamation. Our results also
show that the fault-formed illite age does not always represent the
latest phase in fault motion (Haines and van der Pluijm, 2008; Solum
et al., 2005) as in this case, we document the initiation of faulting.
Instead, authigenic illite growth appears to be restricted to a thermal
window of the fault history (108±10 °C), thus the stage of faulting
recorded will vary among sample sites depending, at least in part, on
thermal history.
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