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Abstract Well‐constrained fault slip rates are important for understanding strain partitioning within a
fault system and the associated seismic hazard. The Haiyuan fault is a significant active strike‐slip fault in
the northeast margin of the Tibetan Plateau with ongoing controversy over its late Pleistocene slip rate.
Previous work by Lasserre et al. (1999) suggested a slip rate of 12 ± 4 mm/year, which is higher than recent
geodetically determined rates on adjacent fault sections. We reanalyze and reevaluate the slip rates
benefiting from new high‐resolution airborne Light Detection and Ranging data at their two sites, located
north of the Songshan village. Based on this data, we revise field‐mapped offset constraints. At the Majia
Wan site, we document a sinistral displacement of 130 ± 10 m of the crest and 93 ± 15 m of the base of
T1/T2 terrace riser, respectively. At the Xuanma Wan site, the offset of T4/T1′ terrace riser is updated to be
68 +3/−10 m. Combining new geochronology dates, we assess the abandonment age of T2 as 26.0 ± 4.5 ka
and T1 as 9,445 ± 30 year. These data suggest a slip rate between 5.0 +1.5/−1.1 and 8.9 +0.5/−1.3 mm/year
since ~ 26 ka, based on the upper terrace and lower terrace reconstruction, respectively. Our reevaluation
supports that apparent slip rate discrepancies in northern Tibet possibly share a systematic bias due to
the use of lower‐terrace reconstruction to interpret the age of offset.

1. Introduction

The slip rate of a fault is a basic and important quantity in understanding the kinematic and strain
partitioning in a complex fault system. It is also one of the key parameters in seismic hazard evaluation.
Spatial and temporal variation of slip rate along faults shed light on their mechanical behavior (Chevalier
et al., 2005; Chéry & Vernant, 2006; Frankel et al., 2007; Friedrich et al., 2003; Kirby et al., 2007; Rittase
et al., 2014). Determining the slip rate of the significant active strike‐slip faults is also important to test
end‐member kinematic models for deformation of the Tibet plateau. For instance, one class of models
emphasizes localized deformation and relatively fast slip rates along large strike‐slip faults that bound
lithosphere‐scale blocks (Avouac & Tapponnier, 1993; Peltzer & Saucier, 1996; Peltzer & Tapponnier,
1988; Tapponnier et al., 1986, 2001; Thatcher, 2007). The other class of models advocates continuous
deformation within the plateau, minimizing the role of strike‐slip faulting in accommodating continental
deformation (England & Houseman, 1986; England & McKenzie, 1982; England & Molnar, 2005; Molnar
& Tapponnier, 1975; Royden et al., 1997, 2008). Thus, intensive efforts have been devoted to determining
the Quaternary slip rates along these major faults and to refine associated uncertainties (e.g., Bai et al.,
2018; Chevalier et al., 2016; Cowgill, 2007; Cowgill et al., 2009; Gold et al., 2011; Jiang et al., 2017; Kirby
et al., 2007; Lasserre et al., 1999, 2002; Mériaux et al., 2004, 2005; van der Woerd et al., 1998, 2002, 2006;
Zhang et al., 2007).

It is not easy to establish a well‐constrained geologic slip rate of an active strike‐slip fault, despite that
determining slip rate is simple in principle. It must meet requirements of two components simultaneously:
(1) identifying clear offset piercing lines that record the accumulation of slip and (2) tight constraints on the
age of cumulative slip, through dating relevant offset landforms with suitable geochronological techniques.
Finding offset piercing lines is relatively easy; erosional features, such as deflected channels or offset terrace
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risers, often offer excellent preserved offset markers. However, determining the time when offset starts to
accumulate is not straightforward when the offset feature is formed by erosion. It is common to use the ages
of constructional landforms as a surrogate, which provides bounds rather than the true age of the offset fea-
ture. For instance, the abandonment age of alluvial fan provides the maximum age of (thus could be older
than) the offset of channels that developed into the fan. Similarly, the initiation of the offset of a terrace riser
can be any time between the abandonment age of the upper terrace (the lower bound) and that of the lower
terrace (the upper bound). Assuming the upper terrace or lower terrace age in offset accumulation recon-
struction will yield different estimates of slip rate at the same site (Cowgill, 2007; Zhang et al., 2007).

Prior slip rate studies along the Haiyuan fault, one of the most conspicuous strike‐slip faults in the Tibetan
Plateau, have yielded a range of rates between 2.3 and 16 mm/year along various reaches of the fault
(Burchfiel et al., 1991; Gaudemer et al., 1995; He et al., 1994; Lasserre et al., 1999; Li et al., 2009; Liu
et al., 1992, 2018; Yuan et al., 1998; Zhang et al., 1988; Figure 1a). In the Laohu Shan section of the
Haiyuan fault alone, He et al. (1994) and Yuan et al. (1998) suggested a slip rate of 3.4–5.6 mm/year. Both
studies, however, lack precise offset and geochronological constraints. Subsequently, Lasserre et al. (1999)
reported an average rate of 12 ± 4 mm/year along the same section, 3 times faster than previous studies.
Recently, Liu et al. (2018) reported an average slip rate of ~4 mm/year over the past 45 ka using optically
stimulated luminescence (OSL) dating of the loess capping offset terraces. Geodetic studies based on inter-
ferometric synthetic aperture radar and GPS data suggest strain accumulation rate of 4–7 mm/year
(Figure 1b), closer to the slower rates from geology (Cavalié et al., 2008; Daout et al., 2016; Gan et al.,
2007; Jolivet et al., 2013; Wang et al., 2017).

To help to understand disparate late Quaternary fault slip rates arising from different studies, we reevaluate
the displacement of terraces at the sites of Lasserre et al. (1999), by taking full advantage of new high‐
resolution bare‐earth digital elevation models (DEMs). We date these terraces as well using a combination
of exposure‐age dating, OSL, and 14C. Our study provides better constrained bracketing measurements of
the slip rate at this site, and it suggests that the geological slip rate is the same as the geodetic loading rate
here. Published higher slip rates here can be attributed to a bias toward the systematic use of lower‐terrace
reconstructions in interpreting the age of offset, similar to the argument on the geologic slip rate on the Altyn
Tagh fault (e.g., Cowgill, 2007; Cowgill et al., 2009; Gold et al., 2009, 2011; Mériaux et al., 2004, 2005, 2012;
Xu et al., 2005; Zhang et al., 2007).

2. Geologic Setting

The importance of localized deformation in accommodating Indo‐Asian convergence is best illustrated by
the fault system of the northeast Tibet plateau, which includes the Haiyuan, Altyn Tagh, Kunlun, and
Xianshuihe strike‐slip faults (Tapponnier & Molnar, 1977). The ~1,000‐km‐long Haiyuan fault follows the
northern rim of the Tibet plateau from Hala Lake (~97°E) to Liupan Mountain (east of 106°E). Along most
of its length, the Haiyuan fault is characterized primarily by sinistral strike‐slip, while to the east at Liupan
Mountain, it transforms into thrusting with a slight left‐lateral slip component.

The Laohu Shan section is located along the central portion of the Haiyuan fault and exhibits a strike of 100°
to 105°, which has a well‐expressed rectilinear fault trace in geomorphology. This section is at the eastern
end of the 260‐km‐long proposed “Tianzhu seismic gap” along the Haiyuan fault (Gaudemer et al., 1995).
Paleoseismic investigation roughly corroborated this inference and found that the last major event occurred
~1,000 years ago, probably associated with a historical earthquake in Common Era, 1092 (Liu‐Zeng et al.,
2007). Between major events occurring every 800–1,000 years, moderate magnitude earthquakes also
occurred in this section, the recent ones being 20 October 1990 Mw 5.8 Tianzhu earthquake and 2000 Mw
5.6 Jingtai earthquake (Committee for Chinese Earthquake Bulletin, 1990; Cai et al., 1992; US Geological
Survey National Earthquake Information Center, 2000). The 35‐km‐long very eastern end of the Laohu
Shan section is likely creeping at a rate of ~5 mm/year indicated by the analysis of interferometric synthetic
aperture radar data (Cavalié et al., 2008; Jolivet et al., 2013), despite that numerous geomorphic offsets of gul-
lies were found to cluster at amounts of sell‐separated increments, similar to the geomorphic offset pattern
on noncreeping faults (Chen et al., 2018).

Our two study sites, which were first investigated by Lasserre et al. (1999), are ~2 km apart and located near
the western end of the Laohu Shan section, north of the Neogene Songshan basin (Figure 2). To the north of
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the Haiyuan fault, the core of the Songshan exposes a basement composed of Silurian green schist with a
culminating elevation above 4,000 m, while Triassic sandstone is exposed south of the main fault.

A perennial channel, Majia Wan stream, originates from the range ~1.5 km north of the fault. This stream
crosses the Haiyuan fault and then joins with two other south‐flowing streams with similar‐size catchments.
Sinistral displacements of streams, fluvial terraces, and risers are clearly evident along with the primary fault
trace (Figure 3). A speculative, conjectural secondary fault branches northeast from the main trace at the
intersection with the Majia Wan stream. The pair of faults bound a north‐tilted push‐up ridge that transi-
tions into a ~70‐m‐wide, ~600‐m‐long depression to the east. Only the principal fault trace (the Haiyuan
fault) shows distinct evidence of apparent horizontal slip and vertical throw.

Figure 1. Tectonic setting of the study area. (a) Map showing fault geometry and locations of slip rates from previous
studies along the Haiyuan fault, based on the Shuttle Radar Topography Mission data with 30‐m resolution. Blue rec-
tangle outlines Figure 2. (b) Regional GPS velocity field with respect to the stable Eurasian plate (Wang et al., 2017)
and active faults in northern Tibetan Plateau. ATF = Altyn Tagh fault; KLF = Kunlun fault; YMSF = Yumu Shan
fault; CMF = Changma fault; LSSF = Longshou Shan fault; GLF = Gulang fault; ZW‐TXF = Zhongwei‐Tongxin fault;
LPSF = Liupan Shan fault; RYSF = Riyue Shan fault; ELSF = Ela Shan fault. (c) Map of major active faults and location of
the Haiyuan fault in the Tibetan Plateau. LiDAR = Light Detection and Ranging.
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In addition to theMajiaWan site, we also re‐examined the XuanmaWan site of Lasserre et al. (1999), located
~2.2 km to the west of Majia Wan and to the north of the Heima Zhuang He (“He” as River in Chinese;
Figure 2). Between the faceted spurs to the north and a string of hills to the south, there exist flat and distinct
terraces cut by the Haiyuan fault. Several small rills flow down these facets and into Heima Zhuang He. The

Figure 2. Light Detection and Ranging‐derived 1‐m high‐resolution digital elevation model showing the locations of two
study sites, the Majia Wan site and the Xuanma Wan site, which were previously studied by Lasserre et al. (1999).

Figure 3. Field photo and sketch of the Majia Wan stream terraces. View toward the ESE, showing distinct terraces and
fault.
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Xuanma Wan stream is also displaced by the Haiyuan fault. A detailed description of the geologic and geo-
morphic setting of this site is given in Lasserre et al. (1999).

3. Methods
3.1. LiDAR DEM Analysis

An airborne Light Detection and Ranging (LiDAR) scan of the Haiyuan fault was acquired in 2011 for study-
ing the activity of the Haiyuan fault and assessing its related seismic hazard (Chen et al., 2014). The LiDAR
data were processed to generate a 1‐m resolution bare‐earth DEMwith vertical mean square errors less than
10 cm and the horizontal mean square errors less than 20 cm (Chen et al., 2014). In this paper, we extract a
~8‐km2 region from this data set to reevaluate the offset geomorphic features and slip rate determination at
the Majia Wan and Xuanma Wan sites (Figure 2).

The resolution of the LiDAR‐derived DEM is high enough for meaningful calculation of various topographic
indexes, such as hillshade, contour lines, slope, curvature, contributing area, and openness. Yokoyama et al.
(2002) initially defined the openness to describe the degree of dominance or enclosure of a location on an
irregular surface. The openness value is an angular measurement of the largest possible zenith (positive
slope angle) and nadir (negative slope angle) averaged over eight azimuth directions (0°, 45°, 90°, 135°,
180°, 225°, 270°, and 315°) within a special window size. That is the openness has two perspectives, includ-
ing negative values and positive values, which represents concavity and convexity of the surface, respec-
tively. The openness measure is calculated within a moving window. In general, a large window size (a
few hundred meters) will emphasize the macrolandscape, while a small window size (a few meters) will
enhance local microtopography. We apply a 10‐m window to emphasize local landforms in this research.
To better express the detailed topographic features, Chiba et al. (2008) proposed Red Relief Image Map to
extend the openness parameter by using topographic slope gradient information overlain by the difference,
I, of positive openness and negative openness:

I ¼ Op−Onð Þ.
2

(1)

where Op is positive openness and On is negative openness. We calculated the negative openness, positive
openness, and Iwith our high‐resolution DEM in Landserf 2.3 software (http://www.landserf.org/) and then
merge this value with a topographic slopemap generated in ArcGIS 10.2 (https://www.esri.com). Since it has
been proved that people's eyes are more sensitive to red color (Chiba et al., 2008), the RRIM map is always
expressed by gray‐scale image layer of openness difference (I) overlapped by red color topographic slope
layer. Besides this, we extracted D‐infinity contributing area parameter with TauDEM toolbox, which is
the contribution area per unit contour length using the multiple flow direction D‐Infinity approach.
Superposition of D‐infinity contributing area and RRIM provides a better image of the microtopography.
We also used multiple topographic profiles spaced 8 to 20 m apart to depict the abrupt changes in the slope
of the terrain. These changes provide added clues for tracing the crest and base of a terrace riser.

3.2. Terraces Dating

Geochronological techniques applied include 14C, optically stimulated luminescence, and in situ cosmo-
genic 10Be. Material for 14C dating was collected at a depth of ~120 cm in a stream‐cut face of the east
bank of Majia Wan stream and analyzed by accelerator mass spectrometer at Beta Analytic Inc., in
Miami. Ages from this study and from Lasserre et al. (1999) were calibrated using the Libby half‐life
(5,568 years; Table 1). Prior studies have documented the ubiquity of loess deposits in the western
China (Hetzel et al., 2004, 2006; Zhang et al., 2015), including our study area. All of our OSL samples were
collected in stainless steel tubes 5 cm in diameter and 30 cm in length. The sample preparation and measure-
ment of these samples were conducted under subdued red laboratory light at the State Key Laboratory of
Earthquake Dynamics in the China Earthquake Administration following the sample treatment methods
described in the supporting information of Yang et al. (2018). The pertinent sample details and ages obtained
are presented in Table 2.

We applied a depth profile approach for cosmogenic 10Be dating with amalgamated samples of small pebbles
(Anderson et al., 1996). Samples were processed following the revised method of von Blanckenburg et al.
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(2004) at the Helmholtz Laboratory for the Geochemistry of the Earth Surface at the GFZ German Research
Center for Geosciences. Accelerator mass spectrometry measurements were conducted at Cologne
University in Germany (Dewald et al., 2013; Table 3).

We extended the method proposed by Hetzel et al. (2004) to infer terrace ages from depth profile samples
buried by loess accumulated over only the latter part of the terrace history. For clarity, we ignore the effect
of radioactive decay of 10Be because target landform ages are much shorter in its half‐life. As the schematic
drawing of Figure 4 illustrates, this approach divides the duration, t, since the terrace was abandoned, into t1,
which is the time elapsed between the abandonment of the terrace and beginning of loess deposition, and t2,
which denotes the time since the onset of loess accumulation, that is given by the contact age of loess imme-
diately above fluvial deposits. The concentration, Ctot, of

10Be in sediments at the contact with loess is the
sum of three terms:

Ctot ¼ C1 þ C2 þ Cinh (2)

C1 andC2 accumulate over t1 and t2, respectively, andCinh is the inherited
10Be acquired in the sediment prior

to terrace deposition. Loess accumulates on the stable terrace surface at an assumed constant rate α over t2,
and the concentration C2 increases until the time we collect the samples. This concentration is given by

C2 ¼ ∫
t2
0 P0e

−
ρgd
Λ þρlαt2

Λ

� �
dt (3)

where d denotes the depth of a 10Be sample below the base of the loess, ρl is the density of loess (1.4 g/cm
3),

ρg is the density of sediment (2 g/cm3 at our study site), Λ is the attenuation length of terrestrial in situ cos-
mogenic nuclides (TCNs) production (160 g/cm2; Braucher et al., 2011), P0 is the surface production of 10Be
based on the scaling scheme (Stone, 2000), α is the temporally steady accumulation rate of loess, and t2 is the
contact age. This equation is solved for the boundary conditions to yield

C2 ¼ P0Λ
ρlα

e−
ρgd
Λ 1−e−

αt2ρl
Λ

� �
(4)

For the surface 10Be production rate, P0, we use a value of 4.5 atoms/g/a as the 10Be reference sea level‐high
latitude production rate recalibrated according to (Siame et al., 2012). Subtracting C2 from the total concen-
tration, we solve for t1 and Cinh from the age‐depth relationship:

Ctot−C2 ¼ P0t1e
−

dρg
Λ þ Cinh (5)

We simplify equation (5) to a linear relationship:

Ctot−C2 ¼ Mx þ Cinh (6)

Table 1
Radiocarbon Results From the Majia Wan Site, Haiyuan Fault

Sample name
Laboratory
numbera δ13C (‰)

14C ageb

(years B.P.)
Calibrated agec

(years B.P. ± 2σ) Material
Sample

depth (cm)
Stratigraphy on
sample location Description

T1C‐6 Beta‐454398 −22.9 8,500 ± 30 9,445 ± 30 Charcoal 150 Sand layer This study

SSC1.1 SSC1.1 −25 9,060 ± 160 10,094 ± 184 9,867 ± 164 Charcoal 120 Beige colored reworked
loess under small angular
pebble beds

Lasserre et al.
(1999)

SSC1.2 SSC1.2 −25 8,750 ± 100 9,711 ± 177

SSC1.3 SSC1.3 −25 8,830 ± 50 9,795 ± 112

aSample of this study processed at Beta Analytic Inc., Florida (Beta). Sample of Lasserre et al. (1999) processed at Lawrence Livermore National Laboratory.
bThe 14C age was calculated using the Libby half‐life of 5,568 years and following the conventions of Stuiver and Polach (1977). cCalibration of this study cal-
culated using the databases associated with the 2013 INTCAL program. Calibration of Lasserre et al. (1999) according to Stuiver and Reimer (1993).
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where the slope,M= P0t1, and the dependent variable x ¼ e−
dρg
Λ . Through linear regression, we

determine the best fit and error for Cinh andM from our four TCN samples. With this estimate
for t1, we calculate the whole time since the abandonment of terrace by

t ¼ t1 þ t2 (7)

4. Geomorphic Mapping

At the Majia Wan site, three groups of terraces can be distinguished. From low to high relative
elevation, and thus from youngest to oldest, these terraces are designated T1, T2, and T4. From
the extracted topographic profiles along both sides of fault zone, these terraces show increas-
ing elevation above the modern riverbed with overall tilting toward the SSE (Figures 5 and 6).
The youngest and lowest set of terraces (T1) is mainly preserved along the east side of Majia
Wan stream, accompanied by several extremely narrow patches at the west side of the stream
north of the fault. To the south of the fault, T1 spreads in a fan‐shaped manner along both
sides of Majia Wan stream, which is presently incised ~3.2 m below the T1 surface
(Figures 5b and 5c). The main tread of T2 forms a broad, smooth surface east side of Majia
Wan stream to the north of the Haiyuan fault, narrowing to a bench south of the fault and end-
ing in an indistinguishable boundary with T1 to the south. Adjacent to the fault, animal
and/or manmade rills obscured the riser between T2 and T1, making it difficult to recognize
the west edge of T2 immediately south of the fault. To the north of the fault, within T2, an iso-
lated remnant topographic high stands ~8.0 m above the streambed. A smooth and shallow
gully is inset into T2 immediately to the west of this high remnant (Figures 6 and 7). The oldest
terrace surface (T4) is preserved west of Majia Wan stream, where it stands as much as ~13 m
above the nearby riverbed (Figure 5). The terrace crest of T4 exhibits a convex shape with a
narrow flat tread. In the vicinity of the fault zone, the T4 terrace tread deviates from its
north‐south orientation, likely due to deformation by faulting (Figure 6).

With exception of immediately south of the Haiyuan fault where obscured by rilling, the inter-
vening riser between T2 and T1 (the T2/T1 riser) is well defined along the east bank of Majia
Wan stream. North of the fault, the T2/T1 riser trends straight and at an angle to the fault trace
to within a few meters of the fault. South of the fault, the T1/T2 riser is obscured by closely
spaced north‐south trending rills formed by animal and/or manmade trails. The underlying
topography suggests that the riser is unusually wide in this area and narrows to the south away
from the fault (Figure 6). Possible origins for this wide riser include collapse of the free face of
the adjacent fault scarp, gradual offlap of Majia Wan stream as slip accrued on the fault, or
deposition of materials eroded from T2 further north of the Haiyuan fault. To better depict
the distinct crest and base of the T2/T1 riser to the south of the fault, we combined multiple
topographic profiles and Red Relief Image Map covered by the contributed area map as an
assistant (Figures 6 and 7). We thus made both the crest and base of the T2/T1 riser as the off-
set geomorphic markers (Figure 8).

Likewise, we also remapped the XuanmaWan site using the high‐resolution DEM combining
the contour lines and derived DEM products (Figures 9a and 9b). This mapping shows distinct
terraces with clearly distinguishable risers. Our mapping confirms the overall mapping by
Lasserre et al. (1999), except that the lowest terrace level T0 is now distinguished
(Figures 8b, 8d, and 8e).

5. Geochronology

We augmented the original 14C dating of T1 from Lasserre et al. (1999) with one additional
sample N‐T1 and applied optically stimulated luminescence and in situ terrestrial cosmogenic
10Be to date T2. We excavated two pits (T2N‐1 and T2N‐2) on the T2 north of the fault to
expose the stratigraphy of T2 terrace, one pit (T2S) in triangular zone of sloping T2/T1 riser
to the south of the Haiyuan fault to constrain the west edge of T2. We took high‐resolutionT
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photographs and recorded detailed stratigraphic observations of each excavation (Figure 10). All of these pits
reveal a different depth of loess, from 60 to 120 cm, capping T2 terrace deposits.

5.1. Radiocarbon Dating on T1

Lasserre et al. (1999) reported three 14C ages from T1, extracted at a depth of ~120 cm in a stream‐cut face of
the west bank of Majia Wan stream. The average of three samples yields a date of 9,867 ± 164 year B.P. Due
to the existing age constraints already provided, we only added one charcoal sample to this data set. We
extended an additional 50 cm into the stream‐cut face on the eastern bank of T1, upstream of the fault, which
is a different position to Lasserre et al. (1999), to more precisely describe its stratigraphy and obtain the

Table 3
Measured 10Be Concentrations at the Majia Wan Site, Haiyuan Fault

Trench
Sample
ID

Latitude
(°N)

Longitude
(°E)

Elevation
(m)

Deptha

(cm)
Thickness

(cm) Shielding

10Be/9Beb

(10−12)

10Be concentration (105 atoms/g)

Value Errorc

T2N‐2 T3‐95 37.14046 103.49173 2,799 95 5 1 2.101 9.43 0.311
T3‐125 125 1.809 7.66 0.255
T3‐215 215 1.821 6.70 0.224
T3‐295 295 1.294 5.06 0.167

T2S YX‐150 37.1385 103.49257 2,804 150 5 1 2.899 10.01 0.326
YX‐180 180 1.111 4.52 0.153
YX‐260§ 260 1.303 4.70 0.157
YX‐320 320 0.579 2.16 0.075

aDepth beneath the surface. bMeasured 10Be/9Be ratios were corrected for procedural blanks and calculated by using half‐life for 10Be of 1.36 ± 0.07 × 106 year.
This standardization is equivalent to 07KNSTD within rounding error. Absolute calibration of 10Be accelerator mass spectrometry standards (2007) Nuclear
Instruments and Methods in Physics Research. cUncertainties on 10Be concentrations are calculated using the error propagation method (Balco, 2006).

Figure 4. Carton showing the concept and various parameters used in terrace dating, using those 10Be and optically sti-
mulated luminescence (OSL) samples collected in the pit T2N‐2.
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Figure 5. Topographic profiles extracted from Light Detection and Ranging digital elevation model, showing distinctively
different levels of terrace surfaces at the Majia Wan site. (a) Locations of topographic‐ and curvature profiles. (b and c)
Profiles located on the north of the Laohu Shan fault. Also shown are two depth profiles at the position of profile B,
indicating ~ 2‐melevation difference between optically stimulated luminescence (OSL) sample in T2N‐1 and TCN samples
in T2N‐2.

Figure 6. Multiple topographic profiles transect distinct terraces. (a) Successive northern profiles show the topography
change as closing to the fault. Those profiles also indicate that the gully is located in the T2 tread. (b) Sequential topo-
graphic profiles located on the southern side of the Haiyuan fault. These profiles also show a more gradual T2/T1 riser
than that on the northern and upstream side of the fault.
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additional carbon sample. This deposit exhibits well‐defined stratification,
with well‐sorted, clast‐supported angular granules interbedded with two
different thicknesses of reworked sand and loess, and overlain by ~60
cm of loess. We collected an organic sample at a depth of ~150 cm for
radiocarbon (14C) dating (T1C‐6; Figure 10a). It yields a slightly younger
age of 9,445 ± 30 year B.P., which basically confirms, yet with a reduced
error, the age acquired by Lasserre et al. (1999; Table 1). We use our
sample to constrain the maximum abandonment age of T1 as 9,445 ± 30
year B.P.

5.2. Dating From T2N‐1

Both pits north of the fault (T2N‐1 and T2N‐2) exhibit similar deposits
with poorly to well‐sorted angular clasts including a sand lens and capped
by 70‐ tot 90‐cm depth of loess (Figures 10b and 10c). In T2N‐1 we col-
lected one OSL sample from a sand lens within the T2 deposit (J2‐1)
and one sample from the overlying loess (J2‐2; Figure 10b and Table 2).
The deeper sample has an age of 28.0 ± 2.7 ka, which sets an upper limit
for the age of T2.

5.3. Dating From T2N‐2

We collected four 10Be samples T2N‐2 to assemble a depth profile, and
three OSL samples to date accumulation of the overlying loess. The OSL
ages are ordered in a correct stratigraphic sequence and indicate steady
loess accumulation since the latest Pleistocene (Table 2). By plotting
OSL age versus loess depth, we predict the onset of loess accumulation
on T2 at 12.8 ± 2.0 ka, at an accumulation rate of 6.8 cm/ka (Figure 4).
Using equations (2)–(7), we model our four 10Be samples to estimate that
the T2 terrace deposit was originally abandoned at 26.0 +1.6/−1.5 ka
(Figure 4). The T2 deposits carry an inherited 10Be concentration of 5.14
± 0.34 × 105 atoms/g (Table 4 and Figure 10c). In this calculation, we have
not enough samples to well constrain the confidence interval, which tells
us how confident we are in the results. Therefore, it is necessary to use the
t distribution, which is a statistical probability distribution to estimate the
mean of a normally distributed population when the sample size is small
and the standard deviation is unknown, to acquire a reasonable confi-
dence interval (Kotz, 2004). First, we had a group of three different ages
with a mean age of 26.0 ka, which is the degree of freedom (df) should
be 2. Second, we set our confidence level to be 90%, in terms of α =
(1%–90%)/2 = 0.05. Combining df and α, we then determine t = 2.920 by
checking the t value table. Finally, using the error corrected formula,
which is t × σ, where σ denotes the standard deviation, we thus deter-
mined the exposure age of 26.0 ± 4.5 ka with 90% confidence level
(Table 4).

5.4. Dating From T2S

From T2S, we collected three OSL samples from the capping loess, one OSL sample from interbedded loess
within the T2 sediments and four 10Be samples arranged as a depth profile (Figure 10d). The stratigraphy in
this pit can be divided into the capping 120‐cm loess layer and two gravel layers (upper and lower) separated
by a 10‐cm‐thick reworked loess lens. The OSL samples from the capping loess yield the contact age, t2, of
15.39 ± 4.14 ka and a loess accumulation rate of 6.7 cm/ka. The 10Be concentrations of the four TCN samples
do not decrease monotonically with depth, as would be expected from a simple sediment accumulation his-
tory. There is likely a gap in sedimentation between the gravel layers, explaining higher concentration of YX‐
260 relative to YX‐180. This is also supported by the OSL date of 80.9 ± 7.7 ka from the reworked loess
between these layers. The high concentration of sample YX‐150 is not easily explained but may reflect

Figure 7. Characterization of the microtopography of the MajiaWan site by
different morphologic enhancement methods. (a) Hillshade relief map
overlain by 1‐m contour lines. (b) RRIM overlain by contributing area map,
based on Landserf software and TauDEM toolbox, respectively. Black
arrows denote the crest and base of the T2/T1 riser, as well as the white and
dashed lines indicate. Also shown are location of samples, whose symbols
are the same as in Figure 8.
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inadequate averaging of small pebbles. Collectively, these samples cannot be modeled as a depth profile, and
thus, we correct individual concentrations for loess accumulation only and report maximum surface
exposure ages, t, using equation (5) to calculate t1 assuming that Cinh = 0. We apply the same densities for
loess and gravel as applied for T2N‐2. We calculate maximum ages of 50.1 ± 5.6 ka and 32.2 ± 4.9 ka for

Figure 8. Geomorphic interpretation of the Majia Wan site. (a) Mapping from this study showing the piercing lines of dif-
ferent displacement. Also shown are locations of depth profiles for terrace surface dating. The rectangle with a dashed blue
line marks the research area of Lasserre et al. (1999), showing as Figure 8b. (b) Geomorphic map covering on a high‐
resolution photograph from Lasserre et al. (1999).
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the two 10Be samples from the upper gravel layer. Ages calculated for the lower gravel layer are 89.3 ± 6.7
and 87.0 ± 6.9 ka. However, these ages do not account for the hiatus in deposition between layers, and
the actual age of the lower gravel layer is likely greater than 100 ka.

Figure 9. Displaced geomorphic features at the XuanmaWan site. (a) Slopemap with contour lines covering shaded relief
map. (b) Geomorphic interpretation of the Xuanma Wan site. Also shown is the location of a 14C charcoal sample of
Lasserre et al. (1999). (c and d) H igh‐resolution photograph and geomorphic map from Lasserre et al. (1999), respectively.
(e) Field photo with SSW‐looking view, incorporating geomorphic interpretation and offset measurements.
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6. Results
6.1. Offset Determination

At the Majia Wan site, several offset piercing lines can be matched across the Haiyuan fault, including the
T4/T1 riser on the west side of the Majia Wan stream and the crest and base of the T2/T1 riser on the east
side of the stream (Figure 8a). We determined displacements by projecting the mapped crest and base of
the T2/T1 riser into the fault trace. To the north of the fault, the crest and the base of the T2/T1 riser is

Figure 10. Photos of sampling of the Majia Wan site. (a) Photo with detailed stratigraphic observation and 14C sampling
in N‐T1. (b) Photo with detailed stratigraphic observation and optically stimulated luminescence (OSL) sampling in
T2N‐1. (c) Field photo of T2N‐2 sampling pit. (d) Photo with detailed stratigraphic observation and samples collected in
T2S depth profiles. The red star marks the carbon‐14 dating sample, whereas the blue stars and white rectangles indicate
the 10Be samples and OSL samples, respectively.
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linear and well defined, although the base of the riser shows a small curved segment approaching to the
fault, which contributes a small amount to the uncertainty in measurement of displacement. Main
uncertainty comes from the identification of the riser‐fault intersection to the south of the fault, due to its
gentle slope and heavy modification.

Reconstruction of offset by backslipping shows that the crest of the T2/T1 riser is offset by 127 and 134 m
based on the near‐field and far‐field projection, respectively (Figures 11a and 11b). Combining both of the
displacement values and the above‐mentioned uncertainty, the crest of the T2/T1 riser is offset by 130 ±
10 m. Meanwhile, the T4/T1 riser on the west side the stream appears to also be offset by 130 ± 10 m, which
basically confirms the estimate of 125 ± 10 m of the same feature by Lasserre et al. (1999; Figure 8b). On the
other hand, the back slip of the base of this riser gives the best estimate of the offset to be 93 m (bb′ in
Figure 11c). An upper bound of this offset is constrained by the location of the T2S pit south of the fault.
The dating from the T2S pit confirms that it is not covered by the Holocene T1 terrace fills. Thus, the base
of the T2/T1 riser should be to the west of the T2S pit. Projecting the position of the T2 pit to the fault (bb
″ in Figure 11c) would yield the upper bound of 108 m, which also indicates the uncertainty on the order
of 15 m. Collectively, the offset of the base of the T2/T1 riser is 93 ± 15 m.

At the Xuanma Wan site, our mapping is similar to that by Lasserre et al. (1999; Figures 9b, 9d, and 9e),
except that our projection of the base of the T4/T1′ riser to the Haiyuan fault differs. We determined a
maximum displacement for this riser of 67 m using a near‐fault projection. If instead we project the base
of the T4/T1′ from the far‐field, the offset may be as small as 58 m (Figures 9b and 9e). If the method in
Stewart et al. (2018) is used, the base of T4/T1′ riser is offset by 68.0 ± 2.4 m (black lines in Figures 9b
and 12a), which is similar to the upper bound of our back slip estimate. The difference is mainly due to
the distance to over which the marker is projected to the fault, which are defined as far‐field and near‐field
on account of the geometry of the terrace riser extending from the fault zone. Again, using the method by
Stewart et al. (2018), the middle and the top of T4/T1′ is offset by 70 ± 1.1 m and 70 ± 1.5 m, respectively
(white lines and dashed lines in Figures 9b and 12b and 12c). Combining all different scenarios and recon-
struction of offset by back slip, the best estimate of the offset is determined to be 68 +3/−10 m (Figure 13). This
estimate is less than but within the low end of 80 ± 10mmeasured by Lasserre et al. (1999), which was based
on optical images (DEMwas not yielded at the time, due to an erratic flight of the plane acquiring air photos,
Lasserre et al. (1999).

6.2. Age Determination of T2

We estimate the age of abandonment of T2 as 26.0 ± 4.5 ka from the combined analysis of 10Be and OSL sam-
ples from T2N‐2. This age is consistent with the OSL date of 28.0 ± 2.7 ka from T2 sediments in T2N‐1 and
also consistent with the more limited age information from pit T2S, which loosely brackets T2 between the
15.4 ka loess contact age and the 32.2 ± 4.9 ka 10Be age for sample YX‐180, uncorrected for inheritance.

6.3. Slip Rate Determination

Riser displacement caused by successive strike‐slip earthquakes starts to be recorded sometime between
the abandonment of the upper and lower treads. Cowgill (2007) discussed the impact of the lower‐terrace
and upper‐terrace reconstruction scenario in slip rate calculation in detail and proposed six geomorphic
indices assisting to identify the accurate reconstruction of fluvial risers. The lower‐terrace

Table 4
Cosmogenic Age Determinations at the Majia Wan Site, Haiyuan Fault

Trench Sample ID Depth (cm)

10Be concentration
(105 atoms/g)

Inheritance
(105 atoms/g)

Loess
thickness, (cm) Age (ka)

T2N‐2 T3‐95 95 9.43 5.14 ± 0.34 90 26.0 ± 4.5
T3‐125 125 7.66
T3‐215 215 6.70
T3‐295 295 5.06

T2S YX‐150 150 10.01 — 120 50.1 ± 5.6
YX‐180 180 4.52 32.2 ± 4.9
YX‐260 260 4.70 89.3 ± 6.7
YX‐320 320 2.16 87.0 ± 6.9
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Figure 11. Offset reconstruction of the crest (a, b) and base (c) of the T2/T1 riser on the left bank of theMajia Wan stream.
(a) Near field and (b) far field projection of the crest of T2/T1 riser yield offset of 127 and 134 m, respectively. (c) Near‐field
projection of the base of T2/T1 riser south of the fault suggests an optimal offset of 93 m. Note that the upstream and
downstream piercing lines can match each other preoffset that can be used as the surface markers.
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reconstruction model yields a maximum slip rate by assuming that stream flow on the lower tread always
has enough power to completely erode and refresh the riser such that offset does not begin to accrue until
the lower surface is abandoned. In contrast, the upper‐terrace reconstruction model provides a minimum
slip rate based on the assumption that the flow over the lower terrace is too weak to refresh the riser.
Therefore, the riser offset would start accruing as soon as the riser forms by incision of the upper tread
(Cowgill, 2007).

At the Majia Wan site, dividing the cumulative displacement of the crest of the T2/T1 riser (130 ± 10 m) by
the minimum abandonment age of the T2 tread (26.0 ± 4.5 ka) yields a minimum left‐lateral slip rate of
5.0+1.5/−1.1 mm/year (Figure 14). If we use the lower terrace reconstruction scenario, the cumulative displa-
cement of the base of the T2/T1 riser (93 ± 15 m) and the abandonment age of the T1 tread (9,445 ± 30 year)
would yield amaximum slip rate of 9.8 ± 1.6 mm/year. This is less than the estimate of 12.7 ± 1.2mm/year in
Lasserre et al. (1999), which used the T4/T1 riser on the west bank (125 ± 10 m) as the offset marker and the
age of T1 terrace (9,867 ± 164 year) as the offset age. Hence, their optimal estimate of ~12.7 mm/year is
equivalent to the lower terrace reconstruction (T2 age) scenario to provide a lower bound of 8 mm/year
on the slip rate. However, the sample they dated was from the loess cover (~14 ka) on T2 remnant within
the fault zone and thus considerably younger than the abandonment of T2 surface (~26 ka).

At Xuanma Wan site, Lasserre et al. (1999) also adopted the lower terrace reconstruction in calculating the
slip rate, using the offset of the base of the T4/T1′ riser on the western bank (80 ± 10 m) and abandonment
age of T1′ (14C 7,624 ± 43 year, Table 1). Our updated measurement of the T4/T1 riser offset, thanks to new
high‐resolution DEM data (the same line mark as the T4/T1′ riser in Lasserre et al. (1999)), is only 68 +3/−10
m. Dividing the cumulative displacement of the T4/T1′ riser (68 +3/−10 m) by the abandonment age of the
T1′ tread (7,624 ± 43 year) yields an upper bound slip rate of 8.9 +0.5/−1.3 mm/year (Figure 14). Since T1′
terraces in the Majia Wan site are generally fill terraces, the abandonment of the lower terrace is likely to
be younger than the initiation of offset accruement, and 8.9 +0.5/−1.3 mm/year is very likely to be an overes-
timation of the true fault slip rate. We also note that this lower terrace bound is slightly lower than the same
bound of slip rate of 9.8 ± 1.6 mm/year at MajiaWan site using a lower terrace reconstruction. Therefore, we
consider the slip rate of 8.9 +0.5/−1.3 mm/year as the upper bound. By combing the upper bound (8.9 +0.5/−1.3
mm/year) and the lower bound (5.0 +1.5/−1.1 mm/year) determined from this study, the average late
Pleistocene slip rate of the Haiyuan fault along the Laohu Shan section is between 5.0 and 8.9
mm/year (Figure 14).

Figure 12. Delineation of various terrace features and their offsets at the Xuanma Wan site by the method in Stewart et al. (2018).
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7. Discussion
7.1. The Upper Terrace Versus Lower Terrace Reconstruction

The shape and offsets of the T2/T1 riser and T4/T1 riser at the Majia Wan site suggest incomplete riser
refreshment. Left‐lateral faulting moved the left‐bank riser away from the channel, usually making it less
susceptible to incision (sheltered corner; Figures 15a and 15b). Indeed, the T2/T1 riser on the east bank
slopes gently toward the active channel on the downstream side of the fault, suggesting a gradual

Figure 13. Reconstruction showing offset measurements of the base of T4/T1′ riser, (a) the lower bound of 58 m by a far‐
field fault‐perpendicular line projection and (b) the upper bound of 70 m by the method in Stewart et al. (2018).
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downcutting as offset accrued (Figure 15c). T1 filled in against this feature, and as a consequence, the base of
the T2/T1 riser is offset less than its crest. The T4/T1 terrace riser on the west bank also accrued left‐lateral
offset before the abandonment of T1 (Figures 15d and 15e). This riser occupies an unprotected position,
moving in front of Majia Wan stream as offset accrued. This further reinforces that streamflow was
insufficient to completely refresh the risers adjacent to the stream, supporting our upper terrace age
interpretation. In addition, the active channel shows a left‐lateral dogleg bending with a similar amount
of apparent offset (~100 m) if projected from far on both sides. These observations together indicate
consistently that the Majia Wan stream must be too weak to incise vigorously since the abandonment of
the T2 surface.

A key interpretation in our re‐examination of the Majia Wan site is that the T2/T1 riser started to accrue the
offset some time after the abandonment of the upper terrace T2 and before the formation of T1. Our

Figure 14. Slip rate estimates from the offset and age data. Combining the slip rates of both sites thus determines a left‐
lateral slip rate in the range of 5.0–8.9 mm/year, along the Laohu Shan section of the Haiyuan fault since ~26 ka. Note
that the light grey shaded zone indicates the lower and upper bound rate of 11 ± 4 and 12 ± 4 mm/year studied by
Lasserre et al. (1999).

Figure 15. Schematic diagrams showing our preferred evolution of morphotectonics at the Majia Wan site. We set the time when the T2 tread was abandoned
as the beginning of our story. After T2 was abandoned (a), the Haiyuan fault offset T4 and T2 and the push‐up ridge was formed (b), following the incomplete
T2/T1 refreshment, which cause the southern T2/T1 riser to gentle slope toward the active channel (c), which supports the upper‐terrace reconstruction
(Cowgill, 2007). Then the incision and offset of the floodplain to abandon the tread of T1 (d). Later, due to subsequent slip of the Haiyuan fault, the base and
crest of the T2/T1 riser accumulate unequal displacement, and the T4/T1 riser on the west bank of the Majia Wan stream accrued displacement (e). Based on
this model, we believe that the T2/T1 riser is more credible to document the offset at the Majia Wan site.
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reevaluation of the two sites from Lasserre et al. (1999) highlights the effect of the assumption of the upper‐
terrace or lower‐terrace ages for the onset of offset accumulation. Our observations thus do not support the
assumption of the lower‐terrace reconstruction in previous slip rate calculations in Lasserre et al. (1999),
which likely overestimated the slip rate by a factor of 2. This is similar to the Cherchen river site on the
Altyn Tagh fault by Mériaux et al. (2004), as shown by Cowgill (2007). The lower terrace age for offset on
the Kunlun fault, on the other hand, has a smaller effect on its slip rate estimate because the upper terrace
is close in age (Li et al., 2005; van der Woerd et al., 1998, 2002).

It is not well understood why the lower‐terrace reconstruction sometimes is an appropriate assumption and
sometimes is not. Globally, there are cases showing that riser offset follows the lower‐terrace reconstruction,
for instance, on the San Andreas fault in California (Weldon & Sieh, 1985), or the Wairarapa fault and the
Wellington fault in New Zealand (Berryman, 1990; Carne et al., 2011). The key factor may be the competi-
tion between how fast the fault moves and lateral erosion during the formation of the lower terrace tread
(Cowgill, 2007; Mériaux et al., 2005; Ouchi, 2004, 2005). The ability of the river to incise laterally or vertically
is affected by regional climate, sediment supply, tectonic forcing, and river gradient (e.g., Hancock &
Anderson, 2002; Lague et al., 2005; Malatesta et al., 2018; Poisson & Avouac, 2004). In New Zealand, the
drainages producing offset risers are generally large, permanent rivers, which are powerful enough to fre-
quently refresh their banks. Whereas in northern Tibet, the semiarid climate condition leads to ephemeral
river channels that incise only during infrequent strong storms and have lower power to refresh their banks.
Specifically, at the Majia Wan site, the small and ephemeral river channel is dry most of the time. Where it
crosses the fault, the river is 0.8 km downstream from the mountain front and has a very low gradient
of 0.0449.

7.2. Slip Rate at Various Time Scales

It has been suggested that large strike‐slip fault systems may exhibit rate fluctuations over geologic and geo-
detic time scales (Chevalier et al., 2005; Rittase et al., 2014), which have prompted controversy concerning
whether disparate slip rate measurements indicate secular variation in slip for the major strike‐slip faults
of the Tibetan Plateau. Secular variation in fault slip may be associated with earthquake clusters
(Rockwell et al., 2000; Wechsler et al., 2017) or due to variations in fault zone mechanics and measurement
interval (Chevalier et al., 2005). However, there are also works suggesting that the difference of rate for
strike‐slip faults over different time scales are not significant (Meade et al., 2013).

Our best estimate of left‐lateral slip rate along the Laohu Shan section of the Haiyuan fault is 5.0–8.9
mm/year since ~26 ka. The lower bound of this geologic slip rate over the last 26,000 year is similar to geo-
detically inferred strain accumulation rates of 4–7 mm/year along the same segment of the fault (Cavalié
et al., 2008; Daout et al., 2016; Gan et al., 2007; Wang et al., 2017). From a regional perspective, the extensive
measurements presently available imply that the average slip rate of the main part of the Haiyuan fault is 7.0
± 2.0 mm/year, with no evidence of Latest Quaternary secular variation (Figure 16a). Other studies have
documented consistent slip rates over multiple time scales, as we have here (Blisniuk et al., 2013; Cowgill
et al., 2009; Gold et al., 2009; Grove & Niemi, 2005; Le Beon et al., 2008, 2012; Toké et al., 2011). In terms
of lateral variation, excluding earlier studies of Zhang et al. (1988), He et al. (1994), and Yuan et al.
(1998), which lacked rigorous geochronological constraints, the horizontal slip rate along the Haiyuan fault
appears to slightly decrease eastward from Jinqiang He section to that broken in the 1920
Haiyuan earthquake.

7.3. Implication for Block Models of Deformation

How fast the active strike‐slip faults in Tibet move is an important topic, as it provides basic data in evaluat-
ing end‐member kinematic models for deformation of the Tibet plateau. Block models suggest that most
deformation occurs along major block‐bounding faults, with little internal deformation of the blocks.
Continuum models, at the opposite extreme, imply that slip occurs on many fault with roughly comparable
slip rates. Reassessment of the slip rate sites of Lasserre et al. (1999) shows that the left‐lateral slip rate on the
Haiyuan fault is about half of that previously reported. A similar situation exists about the slip rate of the
Altyn Tagh fault (e.g., Cowgill et al., 2009; Mériaux et al., 2004, 2005; Zhang et al., 2007). Since in early stu-
dies high slip rates (10–30 mm/year) on major strike slip faults were used to constrain block models (e.g.,
Avouac & Tapponnier, 1993), it led to the implicit assumption that the block models would fail if the fault
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slip rates were significantly less than the previously determined high geological estimates. Indeed, low slip
rates estimated from geodesy have been used to argue that continuum models are more appropriate (e.g.,
Wright et al., 2004; Zhang et al., 2004). However, studies show that quasi‐rigid block models provide a
first‐order description of GPS velocity field of Tibet and predict low slip rates on the block bounding faults
in northern Tibet (Meade, 2007; Thatcher, 2007; Wang et al., 2017). Updated estimates of geologic slip
rates on major strike‐slip faults in northern Tibet are similar to those predicted by GPS data and block
models, within the uncertainty of each method. The generally good agreement between geologically
observed and GPS predicted rates and style suggests that relative block motions described by present‐day
deformation have been sustained over a geological time scale. Collecting more well‐constrained fault slip
rate data across a system of faults in Tibet would help to evaluate whether intrablock deformation is as
important as slip on major faults, by showing strain accommodation by a small number of major faults or
by a fault population without as much distinction of major and minor faults.

8. Conclusions

The high‐resolution DEMs generated from airborne LiDAR along the Haiyuan fault provide a valuable
opportunity to interpret details of microtopographic features useful for slip rate evaluation. We apply these
data in conjunction with detailed field mapping and additional geochronology to reinterpret two sites origin-
ally described by Lasserre et al. (1999). The abandonment ages of terraces have been determined through a
combination of 10Be, OSL, and 14C dating methods. The configuration of serial offset piercing lines suggests

Figure 16. Summary of slip rates along the Haiyuan fault at diverse time scales (a) and at different locations along the
fault (b). Squares denote upper‐terrace constrained slip rates by Li et al. (2009) (1) and this study (2). Diamonds indicate
slip rates based on a lower‐terrace reconstruction by Lasserre et al. (1999) (3) and Lasserre et al. (2002) (4). Circles
denote those without specification of geochronological constraints by Zhang et al. (1988) (5), Burchfiel et al. (1991) (6), He
et al. (1994) (7), Gaudemer et al. (1995) (8), Yuan et al. (1998) (9), and Liu et al. (2018) (10). Triangles are geodetic rates
from Cavalié et al. (2008), Jolivet et al. (2013), and Daout et al. (2016). Error bar for interferometric synthetic aperture
radar (InSAR)‐derived geodetic rate represent the width of InSAR tracks. The horizontal bar with gray shading indicate a
reasonable uniform slip rate of 5–9 mm/year over multiple time scales and along strike of the Haiyuan fault. JQH =
Jinqiang He; MMS = Mao Mao Shan; LSH = Lao Hu Shan.
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an upper‐terrace abandonment age scenario better clocks the accrual of slip for the offset T1/T2 riser at
Majia Wan stream. We find that the Haiyuan fault has accrued 130 ± 10 m of offset since the abandonment
of T2 at 26.0 ± 4.5 ka, which yields an average left‐lateral slip rate of 5.0 +1.5/−1.1 mm/year. A lower‐terrace
age constraint yields an upper bound of slip rate of 9.8 ± 1.6 mm/year by using the T2/T1 riser and the age of
T1 abandonment. This is smaller than the original study by Lasserre et al. (1999) that also used a lower ter-
race age constraint. An upper bound in slip rate of 8.9 +0.5/−1.3 mm/year is suggested by the lower terrace
reconstruction at the Xuanma Wan site. Our reevaluation of the sites in Lasserre et al. (1999) highlights
the effect of the assumption of the upper‐terrace or lower‐terrace ages for the onset of offset accumulation.
Apparent slip rate discrepancies in northern Tibet possibly share a common bias due to a systematic appli-
cation of a lower‐terrace reconstruction to interpret the age of offset.
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