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INTRODUCTION 
The Jid fault of the Kharkhiraa Mountains is 
situated in the transpressional regime of the 
Mongolian Altai.  The Mongolian Altai are an 
intraplate orogenic belt on the western border 
of Mongolia (Cunningham, 2003).  These 
findings support the theory that the Mongolian 
Altai are a large-scale flower structure 
resulting from Late Cenozoic transpression, a 
distal response to the Indo-Eurasian collision.  
Dextral strike-slip faulting and range bounding 
thrust faults dominate the flower structure.  
Mountain building is located primarily at 
smooth restraining bends in the strike-slip 
faults that result in localized dip-slip 
movement.  The Jid fault, a 15-km segment of 
the Mongolian Altai flower structure, is 
generally a dextral strike-slip fault while 
experiencing localized dip-slip movement. 
The dip-slip and oblique movements of the Jid 
fault have facilitated the formation of basins to 
the east and the Jid Mountains to the west 
(Fig. 1). 
The study area, at an altitude of 2100 m, 
experiences the climate of a cool steppe 
(Kosterin, 1999).  Low shrubs and grasses 
dominate the area, a continental intermontane 
basin.  The modern aridity of the Kharkhiraa 
Mountains has decreased the discharge and 
stream power of streams considerably, as well 
as the rate of hill slope denudation in the 
region.  The majority of drainages in the area 
are intermittent and dominated by catastrophic 
and debris flow processes.  This adds large 
amounts of colluvium to the alluvial sediment 

and limits incision processes to plucking and 
cavitation. 

METHODS 
Stream channels, transverse to the fault scarp, 
were measured to examine the incision 
processes and nature of knick point migration 
in the area.  Profiles of the streams include 
depth of incision, location of modern knick 
points and depocentres. 
Field measurement of small (1-5 m wide) 
streams shows knick point propagation 
through deformed fan sediment at the fault 
scarp.  This scarp is believed to have been 
created by Holocene movement.  Although 
large channels are the most representative of 
orographic effects, low order channels 
transverse to scarps can illustrate drainage 
response time on a basin specific scale.   
Analysis of remotely sensed images was used 
to explore the tectonic influences on the high 
order streams of the area (Fig. 1).  The 
majority of high-order drainages in the area 
are transverse to the Jid fault and drain east. 
Canyon 3 at the southern terminus of the fault 
is transverse to the fault, encasing westward 
flow through the range.  Canyon 1 houses the 
major tributary to the Hara Tarvagtai River 
(HTR), 1 km wide, which flows north, sub-
parallel to the fault trace.  The largest drainage 
of the area is the Kharkhiraa River (KHR), fed 
by significant meltwater and snow.   It is 
located on the northernmost section of the Jid 
fault and also flows transverse to the fault 
trace. 
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Analysis of overall drainage system 
geometries and stream behavior, using aerial 
photos and Aster satellite images, allows for 
the proposed basin evolution model of stream 
capture, barbed drainages, and depocentre 
shifts. 
Topographic investigation of a UTM Zone 46 
SRTM Digital Elevation Model (DEM) (Fig. 
1) was used in conjunction with geomorphic 

analysis to explore drainage adjustment to 
fault movement.  Remote measurement of 
longitudinal profiles and catchment area was 
used to create the gradient and stream power, 
or local slope-area, profiles of Figure 2. 

 
 

RESULTS AND DISCUSSION 
Morphometry and the location of modern 
knick points have been studied in detail as 
major indicators of base level change or, 
adversely, tectonic uplift (Snyder et al., 2000; 
Whipple et al., 1999; Peakall et al., 2000).  
This change in the relative height of the 
headwaters causes channel elongation and 
upstream incision in order to return to steady-

state conditions, i.e., equal 
uplift and erosion rates.  
The modern knick point 
can illustrate the degree of 
advancement toward 
steady-state conditions.  
The comparison of knick 
point location in each 
drainage of the study area 
will show hydrological 
responses to various 
tectonic events and the 
significance of position on 
fluvial response.  
The Jid fault has shaped 
the drainage network in the 
area as lateral movement 
dominates Canyon 1 and 
vertical uplift dominates 
transverse channels (see 
Fig. 1 for locations).  The 
response of Canyons 1, 2, 
and 3 has dominated 
modern geomorphology of 
the fault bounded basin 
and its development 
through various 
transpressional 
movements.  
As shown by Figure 3B 
through D, progressive 
right lateral shift has 

caused the adjacent basin to elongate in the 
direction of footwall movement capturing a 
greater number of southern tributaries and 
catchment area.  Stream power and discharge, 
dependent on area, also increase with lateral 
movement.  Coupled with uplift, this increase 
in stream power and discharge encourages 
accelerated incision and the formation of 

 
Figure 1.  DEM of study area.  Jid fault is shown by solid line, Kharkhiraa 
River (KHR) and Hara Tarvagtai River (HTR) by heavy dashed line, 
transect of northern (Fig. 2A) and southern (Fig. 2B) basins by light dashed 
line, canyons and scarp dammed lake noted. 
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Canyon 1.  Canyon 1 does not directly cross 
the fault, and its current knick point location 
can be modeled simply by relative base level 
fall and accelerated incision.  The modern 
knick point of Canyon 1 is believed to have 
migrated from the base level, at the range 
front, to its current location 19.93 km from the 
divide (Fig. 2A). 

Possibly due to preexisting structures or 
landforms, a restraining bend has caused the 
fault to fragment into multiple strands (Fig. 
2A).  The restraining bend (shown in Fig. 3D 
through G and Fig. 1) caused increased dip 
slip and uplift.  A slight alteration in the dip of 
the eastern strand changed the nature of 
movement from west side up to east side up.  
This divide prevented Canyon 1 from 
annexing more drainages and catchment area, 
causing considerable downcutting to occur and 
the formation of Canyon 2.  The amount of 
incision in Canyon 2 suggests a high uplift 
rate and basin tilt at the restraining bend.  This 

marks the modern divide between the northern 
and southern fault-parallel drainage basins, 
and the obstruction of the southern drainage 
outlet. 
Figure 2B shows low points in the southern 
basin, believed to be historic basin epicenters.   
Progressive lateral movement shifted the basin 
epicenter south, closer to its current location.  

Spatial analysis shows the 
distance between the 
modern lake and historical 
epicenters is approximately 
equal to that between 
Canyon 1 and HTR.  These 
locations could show two 
episodes of stabilization in 
the drainage networks 
during quiescent, or 
tectonically inactive, 
periods: (1) HTR is the 
main outlet for northern 
drainage, and southern 
drainage is ponded at an 
epicenter proximal to the 
restraining bend as both 
basins continue to lengthen 
to the south and further 
uplift occurs at the 
restraining bend: (2) 
Canyon 1 becomes the 
main northern outlet and 
the southern epicenter 
shifts south. 
The presence of other large 
drainages on the western 
flank of the Jid Mountains 

(Fig. 1) suggests that Canyon 3 is well 
established. The stream of Canyon 3 has 
responded to the increased uplift at the 
restraining bend by incising through the range 
and its original watershed limits to pirate the 
ponded water in the easterly basin and remain 
in steady state conditions with the propagation 
and uplift on the southern fault segment.  
Trench data from the southern basin shows 
that normal movement accompanies the right-
lateral movement, creating a half-graben 
basin.  Base level drops on both the eastern 
and western flank increased incision, and 
subsequently enabled the southern basin to 

 
Figure 2.  Longitudinal profiles and local stream power for northern (A.) 
and southern (B.) basins. Knick points are shown with arrows, for locations 
see Figure 1. 
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outlet through Canyon 3 to the basin below.   
The modern knick point of Canyon 3 is 88.76 
km from the restraining bend and 20.5 km 
from the modern scarp (Fig. 2B). 
The last movement along the fault has damned 
southern drainage and created a shallow lake 
(Figs. 1 and 3G).  The direct intersection of 
the drainage and the fault causes more 
dynamic feedback from tectonic movement, 
and cannot be viewed as a simple base level 
drop.  Not only does the original knick point 
migrate upstream from the base level but also 
another knick point is generated at the 
intersection.  This dynamic style of feedback 
can explain the presence of a second smaller 
knick point at the scarp intersection in the 
profile of the southern basin (Fig. 2B).   

CONCLUSIONS 
High-order drainages adjacent to the Jid fault 
have responded to tectonic movement in order 
to stabilize during quiescent tectonic periods.  
Hydrological feedback to fault movement has 
shaped the geomorphology of the Jid 
Mountains.  Accelerated incision and stream 
capture has resulted in the formation of 

canyons in the area.  Due to the modern aridity 
of the study area, these canyons can only be 
explained by a fluvial attempt to achieve 
steady-state conditions. 
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Figure 1.  Basin Evolution Model.  As Jid fault moves dextrally, 
footwall basin elongates to south.  Uplift of Jid Mountains causes 
incision on western flank giving southern drainage a southwest 
outlet. 

 


