
Replies to comments 

 

Reply to Dr. Wolfgang Schwanghart: 

 

1. The three rivers shown in Fig. 2 have in common that they have a prominent knickzone as well as that 5 

they incise into the foreland-basin. The along-river distance of the knickzone to the mountain front is in 

all cases similar. According to the stream power incision model, however, slope patches should move 

upstream at a velocity dictated by upstream area. Hence, the three rivers should have similar upstream 

areas. However, looking at the map, the three sites seem to have very different areas. A way to address 

the effect of variabe drainage areas is to calculate chi as a horizontal along-river distance. This might be 10 

very helpful because it would provide additional evidence for (or against) a common base level drop, if all 

three knickzones should have similar chi values measured from the mountain front.  

Thank you for pointing out the interesting relationship between the knickzones among the major rivers. 
We have tried using chi plots to analyze these rivers, but eventually chose to use elevation versus distance 
plots for the following reasons. First, discharge is not solely correlated to the distribution of drainage areas 15 
within these catchments. Specifically, the annual precipitation is higher (>300 mm/yr) at high elevation, 
but very low (~100 mm/yr) at mountain front and foreland (Chen et al., 2018). In addition, tributaries at 
higher elevation (over 4000 m) are supplied continuously during the summer by glacier melt, while 
tributaries close to the mountain front are ephemeral streams with no glacial coverage. Second, there is 
a strong east-west precipitation gradient for the North Qilian mountain range. For example, the annual 20 
precipitation at the mountain front decreases from 200-300 mm/yr in Maying River drainage to 100-200 
mm/yr in Beida River drainage (Geng et al., 2017). The above evidence suggests that in the western North 
Qilian Shan, topographic and geographic factors strongly influence the discharge of each of the major 
drainages, which not only makes drainage area a less effective proxy of water discharge, but also makes 
it difficult to compare different drainages by normalizing drainage areas.   25 

In general, both slope and discharge contribute to knickzone retreat rate. Among the three major rivers 
draining the North Qilian Shan, each with incised foreland valleys and prominent knickpoints, the amount 
of incision varies by a factor of two. Specifically, at the mountain front, the height of the T1 terrace above 
the Maying River is ~250 m, whereas it is ~190m for the Hongshuiba River T1 and ~130 m for the Beida 
River. These heights are controlled by the amount and rate of base level drop which is mainly controlled 30 
by the incision process within the foreland. The foreland incision rate depends on both changes in 
discharge and in sediment flux. For the Beida River, we have measurements of the incision rate from 
stream terraces available to us, but the other rivers lack such information. Possible reasons why the 
knickzone has retreated a similar distance on all three rivers thus include (1) differences in initial 
knickpoint slope and the slopes of upstream/downstream patches, (2) higher precipitation in the east 35 
versus west, and (3) possibly an earlier onset time for the period of most rapid incision in the east versus 
the west. We included this into “Discussion”, part of the section 5.4 (L458-471). 

 

2. It is interesting to note that some of the rivers draining the North Qilian Shan have steeply incised in 

the foreland while others have not, at least those that seem to have smaller drainage areas (I have not 40 

investigated this in detail, though, so this may be a bit speculative). Looking at GEarth, it seems that in 



particular those rivers with small catchments upstream the hanging wall are rather accumulating and 

form large fans with no (at least to me) obvious trend towards incision. Where these rivers drain into the 

gorges carved by the Beida river (and the other larger rivers), these smaller rivers are fluvial hanging 

valleys and show signs of headward erosion. How is it possible that under a general increase in 45 

precipitation, there are such different patterns in river incision? Or are there other processes responsible 

for the incision? For example, could a lack of sediment connectivity and increased sediment storage 

behind terminal moraines in the higher areas drained by the major rivers be a possible explanation for 

sediment starvation of the main rivers and thus incision? At least, this explanation would not be at odds 

with the data as well as your interpretation of the other terraces, as well. 50 

Regions at lower elevation and close to the mountain front receive the least precipitation, and have 
little or no glacier coverage to provide steady summer runoff. Similar to the downstream tributaries of 
the major rivers, small rivers draining the mountain front are ephemeral and dry for most of the time, 
even during the summer monsoon season. Therefore, we suggest the overall low water discharge to 
these low-elevation streams is the cause for the observed difference in incision pattern. 55 

To address above concerns regarding incision of the major rivers (1) versus small streams and tributaries 
(2), we made following changes to improve our manuscript: 

1. We included more climate background of our study area. Especially the precipitation distribution in 
the western North Qilian Shan (L62-68).  

2. We included more details on the major rivers (drainage area, annual discharge, canyon depth, 60 
glacial coverage, etc.) in the background (L83-92, table 1). 

3. We added a paragraph in “Discussion”, in which (L458-471) we discussed how drainage area is not a 
reliable proxy for water discharge in this region because of the distribution of rainfall and glacially 
modulated runoff characteristic of the North Qilian Shan, and how all these factors lead major rivers 
and small rivers to respond differently.  65 

 

3. As noted in the previous comment, I think that the paper could benefit from some more 

geomorphometric analysis. So far, the authors mainly looked at the trunk streams of the rivers, and 

focused this analysis on the Beida River. In order to generalize their findings, however, some additional 

work is required that shows that the findings are consistent with the other drainage basins having these 70 

knickzones. One interesting observation that could shed additional light on these river systems is the 

analysis of the tributaries to these rivers. Looking at the DEM in Google Earth reveals numerous fluvial 

hanging valleys tributary to the river downstream of the knickzone while they are missing upstream of 

the knickzone. Finally, comparison with incision rates measured elsewhere would help to judge the 

plausibility of the incision rates which are extremely high. 75 

Most of tributaries below the main stem knickzone form waterfalls where they join the main stem. This 
suggests when these tributary knickzones formed, the main stem was incising very fast so that the 
incision rate of the tributaries could not keep up with the main stem. This observation is consistent with 
terrace records and our model calculations. After the main stem knickzone swept through the 
downstream reach, the tributary knickzones may have not retreated upstream for several reasons. First, 80 
we argue that these ephemeral tributaries do not have enough stream power to incise fast into the 



bedrock over such a short time period (~4 kyr). Second, the extreme steepness of the hanging valleys 
and waterfalls prohibits the headward migration (i.e., Crosby et al. 2007). 

Contrary to the referee’s comment, tributaries of the Beida River above the main-stem knickzone do 
form knickzones. However, these tributaries exhibit gentler slope where they join the main stem than 85 
tributaries downstream of the main-stem knickzone. We interpret that these upstream tributary 
knickzones reflect an ongoing process of adjustment related to the increase in incision rate of the main 
stem since 9.5 kyr. As shown by fig. 7 of the revised manuscript, incision rate along patch 1 increased at 
the beginning of stage 1 (9.5 kyr), and this rate may not have varied much from stages 2 to 3, as the 
steep main-stem knickzone that formed during stage 2 has not yet propagated past these upstream 90 
tributary junctions.  The incision history we derive through a combination of terrace dating and 
modeling explains well this difference in tributary behavior upstream and downstream of the main-stem 
knickzone. 

In our revised manuscript, we include example tributary profiles (6 tributaries downstream of the main-
stem knickzone, 6 tributaries upstream of the main-stem knickzone) in the “Results” section (section 95 
4.1, L184-189), and include a discussion of the tributary profiles in the “Discussion” section. In section 
5.2 (L355-364) we discuss how the tributary knickzone patterns fits with the overall incision history; in 
section 5.4 (L458-471) we discuss why these tributaries cannot keep up pace with rapid incision of the 
main stem downstream of its knickzone.  

 100 

4. A short comment on the supplements: The quality of the pictures in the supplements is relatively bad. 

Consider storing the pdf with images in higher resolution. 

5. A short comment on the figures: I partly found it difficult to read these figures. Perhaps I am getting 

old, but some of these figures (in particular photos) are very small. 

We apologize for the quality of these figures. We replaced these figures with higher quality versions in 105 

our revised manuscript. Also, convert to pdf also seems to lower the figure quality, and we’ve tried to 

solve this problem, but if the quality of the pdf for the revised manuscript is still low, please contact us 

and we will provide the original figure. 
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Reply to Dr. Richard Ott 

 

My pain point is that a more thorough morphometric analysis would benefit the manuscript. The authors 120 

argue for a precipitation increase which should be regional. Therefore, it would be good to have chi-plots 

of the Beida and neighboring rivers, including tributaries, for the lower river section where the 

knickzones are located. Are the knickzones migrating up the tributaries, too? Are they at the same chi-

distance compared to the trunk rivers? If, e.g the knickpoints do not manage migrate up the tributaries 

as fast the trunk (in chi-space), this could be an indication that glacial melt is indeed the controlling 125 

factor, whereas an even increase in precipitation should affect all streams in the region in the same way. 

Thank you for pointing out the interesting relationship between the knickzones among the major rivers 

and tributaries. At this point, only qualitative analysis for neighboring rivers is possible due to lack of 

terrace age controls, and due to the sharp climatic gradient characteristic of the western North Qilian 

Shan.  130 

Please refer to our reply to the comments by Dr. Schwanghart, above, for further information. Our 

detailed response for major river knickpoints is in line 15-37; our response for small river incisions is in 

line 51-65; our response for the relationship between main stem incision and tributary knickpoints 

formation in line 76-99 of this document. 

 135 

I would appreciate more clarity in the way tectonic drivers controlling the profile geometry are ruled out. 

The first argument presented is that the current channel is carved in bedrock and not just an excavation 

of the old alluvial fill. I do not see the connection between this argument and incision due to a period of 

increased uplift. I would appreciate some clarity on this point. The second argument about incision rates 

being higher as uplift rates is good but it would be far more convincing if you present it in terms of total 140 

uplift since the abandonment of T1 versus total incision. This point would come across a lot better with 

more visual support within some figure. Also, there’s no figure that visualizes where the folding happens. 

Figure 3 would also benefit from having the locations of faults (active and now inactive) on the map, 

similar to Wang et al. 2020. 

Thanks for your suggestions to bolster our argument that knickzone-formation was not tectonically 145 
driven. We made the following changes to frame a clearer argument in our revision:  

1. Included folded T2 terrace profile in figure 3a along with T1 and river profile of Beida River. 
2. Added the location of active and inactive faults and the active fold axis into Figure 2a. 
3. Added a field photo of the inactive fault covered by T1/T2 terrace fill in the supplement (Figure S6). 
4. Rephrased our argument into two main points (L309-319): first, field evidence doesn’t support the 150 

presence of an active fault under the knickzone; second, the tectonic uplift rate due to faulting and 
folding is much smaller than the incision rate. We also include a comparison of the incision rate and 
uplift rate since the abandonment of T1 (24 kyr), and compare these rates to independent 
exhumation rate information for the North Qilian Shan. 

 155 



This might be more of a side note, but judging from Wang et al. 2020, the knickzone is located just above 

a thrust fault that became recently inactive, correct? Maybe it should be pointed out that this fault has 

been inactive for a time exceeding the age of the terraces studied here. 

Yes, the knickzone is located just above an inactive fault, which has been inactive at least since the 

penultimate glacial period (Wang et al., 2020). We added the fault location to our map (Figure 2a), and 160 

included photo evidence of this fault as we described above (Figure S6). 

 

Line 60: Please, highlight the Hexi Corridor in figure 1. I had to look up the name. 

Thank you for the suggestion. We added Hexi Corridor in figure 1 in our revision. 

 165 

Line 89: Seems like either a word is missing or something else is wrong with the sentence. 

Sorry about the confusion. We changed the sentence to “Flights of terraces inset below both T1 and T2 
terrace treads, marking progressive degradation of the terrace fill and incision into underlying bedrock.” 

 

Line 118: What grain size was the measurement performed on? 170 

The grain size of the loess is generally <100μm, we included this into our revised manuscript (table 3 

note). 

 

Line 180-2: The Loess was dated to 3.2kyrs, therefore this is a minimum age and not the age of the 

terrace, correct? And same would apply to the incision rates. 175 

This is correct. The age of 3.2 kyr from the loess cap is a minimum age, which suggests the duration of 

the rapid, 2nd incision stage could be even shorter, and thus the incision rate even faster. Because we 

explicitly state that we calculate the maximum duration and the minimum incision rate of the 2nd stage, 

treating the loess-cap date as a minimum date for the underlying terrace deposits does not affect our 

results. 180 

However, one should consider 3.2 kyr can be a close approximation of the terrace age because for the 

western part of the North Qilian Shan and the Hexi Corridor, loess was deposited continuously at least 

since mid-early Holocene (Küster et al., 2006). Our other samples, taken from the bottom of the loess 

cover on top of an older terrace tread just across the canyon give ages of 5.7 kyr and 6.5 kyr (Wang et 

al., 2020), which suggests that loess started depositing in this area no later than 6.5 to 5.7 kyr B.P. 185 

Therefore, we consider the loess on the low terrace began to be deposited immediately after the 

abandonment of the terrace. 

In the revised manuscript, we included a clarification of the loess age, the justification for treating this as 

a terrace age, and explained how even if treated as a minimum date, it does not affect our conclusions 

(L260-264; L393-398). 190 



 

Line 192-3: This is weird. Why would the river cut through bedrock instead of the soft alluvium? 

This is related to the period of relatively low incision rate prior to 9.5 kyr B.P. During that time, the Beida 

River meandered and widened its bedrock channel. Parts of the river reach, especially close to the 

outlet, eroded into and flowed on top of a bedrock strath cut laterally as the canyon widened. Once the 195 

pace of incision increased post 9.5 kyr B.P., base level fall at the mountain front led to isolation of the 

river course within this bedrock part of the canyon floor. Once entrenched into bedrock, the river could 

not access the more easily mobilized alluvial fill deposits of its former canyon bottom. We included this 

discussion in L338-342 in our revision. 

 200 

Line 234-243: This sounds good to me, but I feel like the whole paragraph could be a lot shorter if there 

was somewhere a geologic map of the Beida and the neighboring rivers, with the steep segments 

highlighted. Could also be in the supplement. 

Thank you for the suggestion. We included a geologic map of Beida and neighboring rivers in the 
supplement (Figure S1) and made the argument more concise (L321-322). 205 

 

Figure 1: I have two points that are more of a suggestion. It would be good if the color map could be 

changed to something that is perceptually uniform (e.g. https://www.fabiocrameri.ch/colourmaps/), and 

please add an underlying hillshade to improve visibility of the topography. 

Thank you for the suggestion. We improved our figure quality in our revised manuscript as suggested. 210 

 

Figure 3: The label of Fig. 2C needs to be changed to 3C. I find it very confusing that the samples are 

indicated by alphabetical labels, because intuitively I would think that the letters indicate the locations of 

the picture panels. Please, use numbers or something else instead. Also, please highlight the geologic 

contacts. I cannot see the contact between alluvial fill and bedrock in figure 3D. 215 

We apologize for the confusion about the labels. We changed the labels for sample sites into B-01 to B-

05, and highlight the contact between alluvial fill and bedrock in figure 3d. 
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Reply to Dr. Sean Gallen 225 

(1) Figures: Many of the figures are too small and difficult to follow. Some figure additions are needed 
(e.g., terrace stratigraphy in key locations as in Wang et al. (2020) Figure 4b,c and additional river 
profiles in the region). I also have several specific suggestions that I think can help improve the 
presentation of the figures, as well as a couple of suggestions for additional figures. I include the specifics 
in my detailed line-by-line comments below.  230 
We apologize for the figure quality; we replaced these with higher quality versions in our revised 
manuscript, and we added additional figures as suggested, specified in replies below 
 
(2) Structure: I struggled quite a bit with the structure and flow of the manuscript. I think that part of this 

has to do with the legacy of revisions of a previous version of the study. The motivating observation is 235 

the observed knickzones in the river profiles, but the key data is the incision history from the terraces. A 

cleaner presentation of the results might focus on the terraces first and then discuss the characteristics 

of the river profile in the context of the incision rates and patterns. This could also serve to streamline the 

discussion because the terraces record the incision pulse, which presumably generated the knickzone due 

to variable substrate erodibility. Currently, from the results onward, the terrace and river profile 240 

discussions are mixed together, making a really interesting story challenging to follow. I think that this 

mixing of analyses and discussion makes it more difficult for the reader to clearly visualize the key points 

of the conceptual model for knickzone formation – climate-driven incision pulse causes downcutting in 

the alluvial fan downstream of the mountain front and an upstream change in substrate erodibility 

results in the formation of the knickzone. This is in the paper, but it could be presented more clearly and 245 

concisely. 

Thanks for your suggestion. We realize that our result and discussion of river profiles and terraces are 

mixed together and may benefit from some restructuring.  

We rearranged the “Results” section as follows: 

4.1. Beida River profiles. In this section we included the part about river patches in section 4.1 of the 250 

original manuscript, and also included descriptions of tributary profiles with figures into this section. 

4.2. Beida River terrace development. In this section we included contents of terraces that’s in section 

4.1 of the original manuscript, and contents of the strath exposure originally in section 4.3. We also 

included descriptions of terrace substrate with figures for sample locations, and describe terrace 

continuity within our research area. 255 

4.3 Incision rate estimation. We kept this section the same as the original manuscript. 

For the “Discussion” section we made following changes: 

5.1 Channel width and bedrock incision rate (originally 5.3) 

5.2 Beida River knickzone formation and incision stages (originally 5.1). We added evidence from 

tributary profiles/knickzones to further strengthen our argument of knickzone formation; we also 260 

clarified the description for the different incision phases and stages. 

5.3 Coupled incision model for knickzone formation (originally 5.2). 



5.4 Climate implications of the Beida River incision history. In this section, we combined the contents of 

sections 5.4 and 5.5 in the original manuscript. We rearranged this section to discuss the climate 

implication for different incision stages.  We also discussed how and why the major rivers and adjacent 265 

small rivers draining the western North Qilian Shan responded differently to the same mid-Holocene 

climate event.  

  

(3) Support for the preferred interpretation (and maybe some additional restructuring): I think the 
authors can rely more on the geochronology to support their favored interpretation. For example, the 270 
emplacement T1 fill terrace corresponds (roughly) with rapid cooling around the LGM and T2 the timing 
of the preceding full interglacial. This information is not new but presented in Wang et al. (2020), so it is 
unclear to me why the apparent correlation between fill terrace deposition and climate isn't presented in 
the background section. Doing so would place the link between climate and incision-aggradation cycles 
in the reader's mind early and key them into thinking about temporal links between the terrace 275 
stratigraphy and climate as they read through the rest of the manuscript. Additionally, I think that the 
authors can more strongly interpret the timing of inset terrace deposition with regional and global 
climate records and that this would help their arguments. For example, T1' is abandoned roughly at the 
Preboreal-Boreal transition. This seems like a missed opportunity in the discussion.  
Furthermore, in looking at Google Earth, I think observations from adjacent drainages can be used to the 280 

benefit of the climate and discharge interpretations. Importantly, it is evident from Google Earth that the 

only rivers that incise into the alluvial fan/fill north of the range front are those that drain high 

elevations. This is clearly recognized by the author's and mentioned in their interpretations, but what is 

missing are observations from satellite imagery (or Google Earth) and river profiles (not just from the 

trunk channels) from adjacent rivers to help support this kind of interpretation. This would be a small 285 

added figure/analysis but could help convince a skeptical reader. 

Thank you for the suggestion. We included the T1 and T2 and their climate correlation in the 

background (L96-98), and revisited this in the discussion (L410-415). 

We recognize that abandonment of T1’ may correspond to a regional increase in incision rate near the 

end of the last glacial termination. This event seems to be recorded by several lakes located in the 290 

Northwest China (i.e., Hartmann, 2009; Jiang et al, 2008; Li et al, 2009; Rhodes et al, 1996; Wang et al, 

2013); we have added this information to our revised manuscript (L420-425). 

As you point out, the incision history of adjacent drainages can provide additional evidence for the 

climate hypothesis we propose. We focused our discussion of adjacent drainages on two main aspects in 

our revision: 295 

1. Adjacent major rivers have similar deeply incised canyons and prominent knickzones. This supports 

that the transition from aggradation to incision of the foreland of these major rivers was a regional, 

climatically driven event (L426-428).  

2. Adjacent small rivers and tributaries have only incised shallowly into the foreland-basin alluvial fill, 

which we interpret to be due to lack of rainfall and glacial coverage in lower elevations where these 300 

rivers originate. This is further evidence of how discharge strongly affects the incision behavior of 

rivers of the North Qilian Shan (L458-472). 

 



(4) Slope Patch: I was a little confused by some aspects of the slope patch approach used here. I 
understand the formulation in Royden and Perron (2013), and I see what the authors are trying to do. My 305 
main question has to do with the observation of variable channel width that is not included in the 
analysis here. In the slope patch formulation in Royden and Perron (2013), they use the general stream 
power model (E = KA^mS^n). This equation presumably accounts for/assumes hydrologic (Q) and 
hydraulic (W) scalings with A encapsulated by exponent m. To handle these along stream changes, 
Royden and Perron (2013) use a coordinate transformation of distance, introducing the non-dimensional 310 
distance chi. From chi, along with other non-dimensionalization, Royden and Perron (2013) come up with 
their elegant slope patch solutions.  
As I understand it for this application, Q is assumed to be uniform (or approximately so) over the length 

of the study area; however, W is shown to vary. It seems that equation 3 only works as applied in the 

manuscript if W is also uniform with only S and I varying along the channel length. It seems like the 315 

observed variations in W make it difficult to apply this simplified version of the slope patch approach as 

presented in equations 2-5. 

That said, I do think that this analysis is useful, but I think that the caveats and assumptions made in this 

simple analysis need to be discussed and explained fully. As written, I think many readers might not 

realize that this analysis is limited to channel sections where Q and W are assumed to be uniform or that 320 

one needs independently constrained incision records for this kind of analysis. These requirements make 

the approach limiting and not general. I think these limitations/data requirements needed to be more 

clearly articulated. I also think the slope patch discussion could be rounded out by linking the modeled 

changes in incision rate and river profile geometry through time back to the observed slope patches in 

section 5.2. For example, how close are the observed and modeled slope patch gradients when run to the 325 

modern?  

I realize this is a long comment that can probably be handled with the addition of a few sentences in the 

methods and discussion; I just wanted to make sure that I completely communicated my questions and 

tried to articulate where and why I was a little confused. 

The referee’s comment highlights an inadvertent point of confusion where we describe our model 330 

approach. We do not require discharge to vary with time in our model, only that incision rate at base level 

varied over time, driving formation of the three slope patches we observe. Changes in Q are a likely cause 

of the increase of incision rate during formation of patch 2, but not required (e.g. a decrease of sediment 

flux may also explain enhanced incision of the foreland basin). Specifically, eq. 6 through 9 involve only 

incision rate and channel slope, not discharge or channel width directly.  335 

In response to the referee’s comment, we clarified in the methods section that our model does not strictly 

require changes in discharge with time (L163-165). In the discussion of channel width and discharge 

variation that follows, we point out how both changes in channel width and discharge may explain aspects 

of the incision history, and that increased discharge overall, and especially during the second incision stage, 

are likely explanations for the observations (as would be a decrease in sediment flux; L286-290).  340 

We agree to the referee that we need to emphasis this analysis is limited to channel sections where Q and 

W are assumed to be uniform. We have added this to our methods section (L170-171).  

Our modeled results generally fit well with the observed slope patch. We included a comparison of the 

modeled result with the observed river profile in our revision (L399-403, figure 8). 



 345 

(5) Terrace stratigraphic relationships: It is really hard to understand the general terrace stratigraphy 

without photos and figures. One suggestion is to add a composite terrace stratigraphy for several 

locations along the river to illustrate the relationships between the fill terraces and the inset terraces. 

What I have in mind is something like figure 4b and c in Wang et al. (2020). It was hard for me to 

understand the context of the terrace observations without a figure like this. Also, from figure 4 in Wang 350 

et al. (2020), it looks like the T1' terrace is a cut terrace (meaning it is cut into the T1 fill terrace) and is 

not a strath terrace. Is this correct? If so, does it become a strath terrace up valley? Also, how might this 

play into the interpretations forwarded in the study (i.e., strath vs. cut terraces)? 

Yes, T1’ and inset terraces below T1’ are all cut terraces. The ‘strath’ in our manuscript refers to the 

bedrock (paleo canyon floor and walls) below the terrace fills, we will clarify this in our revision. T1 and 355 

T1’ are the terraces that can be traced and correlated along the river, which means they were formed 

while the river was more or less stable (or at a steady state). Terraces below T1’ are local terraces that 

cannot be correlated, formed while the river was incising and meandering as it did so.  

We added this information into section 4.2, and clarified the description of the terrace relationships. We 

also added figures illustrating terrace relationships, as we also describe in our reply for comment 2. 360 

 

Detailed line-by-line comments.  
L 13: incision accelerated from what value to 25 m/ky?  
From 6 m/ky. We rephrased the sentences to ”over a duration of less than 1.5 kyr, during which incision 
accelerated from 6 m/kyr to at least 25 m/kyr.”. 365 
 
L 14: "faster" rather than "larger"?  
We changed to faster. 
 
L 17: "We interpret that this period of increased…"?  370 
We changed this sentence as suggested. 
 
L 28-29: The role of lithology is critical here and probably deserved more discussion in section 5 

somewhere. Without the change in erodibility due to the lithology change at the range front, the 

knickpoints would be causing the profile to relax (assuming elevated incision is due to an increase in Q, 375 

as suggested). It seems worth explaining this to the reader in some detail later. 

Thanks for the suggestion. We emphasize the role of lithology in the revised discussion (L302-308). 

 

L 43 [Figure 1]: Make the map of figure 1 larger, label some of the key geographic features mentioned in 
the text on the map (e.g., Hexi corridor), provide a zoomed-in shaded relief map of the location with the 380 
three highlighted rivers, and combine the current figure 1 and 2. Doing this would introduce the reader 
to all of the general key observations without having to flip back and forth and look in google earth to 
understand much of what is written. This might also be a good location to show some google earth 
images of the studied and adjacent rivers (see part of my major comment 3 above). Also, are the glaciers 
in this map active or from the Pleistocene?  385 



Thank you for the suggestion, we improved figure 1 as recommended. The glaciers in the map are 
active, we added this information in the caption. 
 
L 51 [Figure 3]: The photos in figure 3 are very small but really important. Please make them bigger. It 
would also be useful to add some photos showing the key relationship that the river didn't reoccupy the 390 
same valley filled with T1.  
We enlarged figure 3. We have already included multiple photos showing the key relationship that the 
river didn't reoccupy the same valley filled with T1 in the supplement (Figure S5). 
 
L 66-72: Is there any information on Pleistocene ELAs or glacial extents in this region? It might be 395 
relevant.  
The ELA during the LGM is ~400 m lower than present. We included this information in our revised 
manuscript (L74-76). 
 
L 85-94: The typical convention in name/labeling terraces is that the older units have lower numbers and 400 
the younger units have higher numbers. This is the same convention as bedrock map units. It appears 
that in this study and in Wang et al. (2020) the opposite is used (older have higher numbers than 
younger). Because of this, I found this section very confusing the first time I read it until I saw figure 5. 
Also, why not label the inset terraces with something like letters? The lack of naming for them makes 
reading a little awkward.  405 
More than one naming convention exists for flights of terraces. We have followed the labeling system 
previous researchers have developed for the North Qilian Shan and other rivers within northwest China 
so that it would be easier to cross reference with other publications. We hesitated to label inset terraces 
below T1’ in our original manuscript because they are local features abandoned as the river 
progressively cut its gorge (e.g., Merritts et al., 1994) and therefore its difficult or impossible to correlate 410 
other terraces upstream and downstream. The most extensive terraces present are labeled T2, T1, T1’. 
For local inset terraces, we revised our manuscript to label the terraces below T1’ as T1’a, T1’b, T1’c, etc. 
in figures and descriptions (Figure 2, table 2); we also emphasized that these labels do not imply that we 
can correlate these along the river. 
 415 
L 99: I can't see the reverse fault offsets in figure 1.  
We added the fault in figure 2a. 
 
L 114: inset rather than insect.  
Sorry about the mis-spelling. We corrected the typos and grammar mistakes in our manuscript. 420 
 
L 119 [Table 1]: Can a row be added to link these ages to the terraces they were collected from? Having a 
composite terrace stratigraphy figure preceding this table and naming/labeling the inset terraces will 
make this pretty easy to do.  
Yes, we added a row to link the ages to the terraces (Now table 2). 425 
 
L 124: see my major comment 4 regarding this section.  
Please refer to our reply to comment 4. 
 
L 128: Need to link A and Q in some kind of statement.  430 
We realize that we do not use A in our calculations going forward, so we decided to remove A here, 
because the term Q/W is sufficient for our application of the stream power equation. 
 



L 136: km^2  
L 137: km^2 435 

We apologize for our careless mistake. We corrected this in our revised manuscript. 

 

L 162-164: These changes in width impact hydraulic geometry and thus shear stress imparted by a flow 
of a given magnitude. How might these changes in channel width impact the assumptions made in the 
simplified slope patch calculations?  440 
We discuss this effect in the discussion section (5.3, now 5.1). Generally, narrowing of the channel leads 
to enhancement of incision rate. This is most obvious for patch 1 and patch 3, which have similar slopes 
but different incision rates (patch 3 is narrower and thus incises faster). Please refer to our reply to 
comment 4 for more details. 
 445 
L 171-182: This section would be easier to follow if the inset terraces were labeled or named, and there 
were some figures showing their composite stratigraphy in a few key locations along the river.  
We improved the introduction of the terraces in the revision, as we described in reply for comment 2. 
 
L 184 [Figure 4]: can the y-axis label be oriented as in figure 2 with the labels reading from bottom to 450 
top? Also, I don't understand panel b, and I assume the y-axis is mislabeled (should be elevation rather 
than width). How does the channel bed have negative elevation?  
Panel b is mislabeled and should be height. We apologize for this mistake. The channel bed downstream 
of the mountain front is negative because we set the elevation of the channel bed at the mountain front 
as 0 (base level). We fixed these mistakes in our revision 455 
 
L195-198: Photos of these critical relationships would really help!  
We have included photos of exposure of the T1 strath in supplement (Figure S5). 
 
L 204 [Figure 5]: I don't find panel a very helpful because the fill terraces (besides T1) aren't the main 460 
part of this manuscript, but the inset terraces are. I can't see the distribution of the inset terraces here 
with respect to T1, so I don't get much out of this panel. Panel c should be enlarged to make it easier to 
read.  
We highlighted the inset terraces with another color, and we enlarged panel c in the revision. 
 465 
L216-218: What about tectonic subsidence? No correction is needed for that?  
Thank you for pointing out that subsidence also contributes to the comparison of terrace elevations. 
Unlike for the hinterland, where we have good constraints on uplift from deformed terraces, we do not 
have a marker of subsidence of the foreland. However, in our 2020 paper, we did estimate tectonic 
subsidence from our mechanical model of folding and found this to be a fraction (<10%) of the 470 
hangingwall uplift. The subsidence rate mainly affects the comparison of our 4.5 kyr and 3.2 kyr 
terraces, which bracket the most rapid period of incision. The 4.5 kyr terrace, located in the hangingwall, 
is corrected for ~4m of tectonic uplift. Correction of the 3.2 kyr terrace, located in the footwall, for 
tectonic subsidence would be less than 0.5 m.  
Rather than introduce a model for subsidence in this paper, we stated in the revised manuscript that 475 
terraces in the foreland are not corrected for tectonic subsidence, because this is a small fraction of the 
hangingwall uplift, and cited our 2020 paper as a source for this information (L252-255). 
 



L235-237: It would be nice to see some images of this from Google Earth or something. These 

observations are very helpful to the interpretations presented here. 480 

We included field photographs of the incised gorges of these three rivers as a supplement figure (Figure 

S2). 

 

L239: Be careful here. The change in erodibility of the alluvial fan and the bedrock is essential to explain 
the knickpoint. The driver of incision might be a temporal increase in Q, but if that occurs in uniform 485 
substrate, the river profile will relax, forming an "inverted" knickpoint that migrates upstream. Here, the 
inferred elevated Q forces the river gradient to relax in the alluvial fan (incision), and this base level fall 
steepens the "harder" bedrock rock reach upstream. The interaction of the inferred climate change along 
with the spatial change in substrate erodibility explains the observations. Both are required.  
The change of lithology we mention here is the lithology underlying the present knickzone location. We 490 
rephrased this in our revision as “A second alternative hypothesis is that the Beida River knickzone 
formed at its present location” (L319-320).  
 
L245-249: Yes, changes in substrate erodibility are needed as stated here.  
L305-324: It seems like this would be better placed before the slope patch discussion. It also makes me 495 
wonder about the utility/generality of the slope patch approach used here. The Royden and Perron 
(2013) formulation implicitly takes changes in width into account via the calculation of chi, here that 
doesn't work. It might be helpful to highlight this point earlier in section 3.3 and mention that this point 
will be discussed in detail in section 5.  
Similar to our reply for major comment 4, we treat width as constant within a patch, therefore the 500 
simplification of the chi function (eq. 3) is valid. We placed this section before the slope patch 
discussion, and made a clearer statement of the role of the channel width (L285-290). 
 
L 325: It seems like showing the relaxation of the river profiles beneath the incised alluvial fan surface for 
a few of the rivers would help support the point that there is a reduction in the river channel gradient 505 
beyond the range front. In the framework used here, the two most obvious explanations are changes in 
water discharge and/or sediment flux. Considering that the rivers that show this behavior all drain high 
elevations, the interpretations forwarded here seem reasonable to me. The key observation that isn't 
explained well in my mind is that the river gradients have declined downstream of the knickzones in the 
alluvial fans. The gradient decline, coupled with the change in substrate erodibility, generates the 510 
knickzones, correct?  
Yes, that is our interpretation. In our manuscript we referred the gradient decline of river channels in the 
foreland as fast incision/base level drop since we are focusing on the changes at the mountain front. In 
our revision, we point out in the background that the depth of canyon incision into the foreland decreases 
downstream (L90-92). In the “Results” section, we compare the present channel slope with the alluvial 515 
fan slope (L181-183). In our revised discussion, we bring this observation into our justification for an 
increase in discharge or decrease of sediment flux as driver(s) of knickpoint formation (L303-308). 
 
L 378-395: I am left wondering if it might be helpful to explain the possible links between climate and the 

previously dated T1 and T2 fill terraces earlier in the study. This is all based on published data and will 520 

help establish a link between climate and geomorphology in the study area before diving into the inset 

terraces. It can be revisited here, but much of this section is related to previous studies and knowledge 

gained, so it seems better suited for the background. 



We included the T1 and T2 and their climate correlation in the background (L97-98), and revisited this in 

the discussion (L410-415). 525 

 

 

 

 

 530 

Reply to Dr. Chris Sheehan 

 

Major Comment: 

My only major comment concerns some of the assumptions that go into the coupled incision model and 

the discussion of its results. The model assumes a simplified Beida River incisional history occurring in 535 

three stages: Stage 1 (~9.5 – 4.7 ka, ~5.63 m/kyr), Stage 2 (~4.7 – 3.2 ka, ~18.6 m/kyr), and Stage 3 (~3.2 

ka to present, ~11.56 m/kyr). Using the incision model, these discrete stages suggest that the knickzone 

was created over a duration of ~700 years with a minimum incision ate of ~50 m/kyr. The actual incision 

history was likely much more complex, but I think that simplifying it into three stages for the sake of this 

analysis is perfectly justifiable.  540 

However, I am curious to know how slightly different yet plausible incision scenarios might affect the 

model results. In particular, the boundary between Stages 2 and 3 is inferred to be 3.2 ka. However, this 

is only based on a single datapoint (a single OSL sample from sampling site B). One could imagine a more 

complex incisional history between 4.7 ka (the boundary between Stages 1 and 2) and present. For 

example, perhaps the incision rate has gradually decreased since ~4.7 ka, implying that Stages 2 and 3 545 

would display an exponential curve on Figure 7 rather than two linear segments. Alternatively, perhaps 

the terrace at site B was abandoned much later than implied by the ~3.2 ka depositional age, justifying 

the inclusion of a fourth Stage in the model. 

I think the authors should add a few sentences in Section 5 that discuss how their model results might 

vary under different circumstances. Importantly, they should address how their conclusion that the 550 

knickzone was created over ~700 years at a minimum rate of ~50 m/kyr might vary. I don’t think they 

need to perform a full sensitivity analysis (though that would be interesting!), nor do they need to 

quantify the duration and magnitude of knickzone formation under specific, alternative conditions. 

Rather, I think they should just briefly list some plausible scenarios that could either increase or decrease 

the implied duration of knickzone formation and qualitatively discuss the effects. I think this could be 555 

done just by adding a few sentences to Section 5.1. 

I listed this as a major comment because the 700-year duration and 50 m/kyr incision rate are a major 

takeaway of this study (I expect that they will immediately grab the readers’ attention in the abstract). 

Therefore, I think it is very important to put them in context. 



Thank you for bringing up this important point of understanding. The three-stage incision history we 560 

derive is supported by both the terrace record of channel incision and the existence of three distinct 

slope patches along the bedrock channel. We agree with the referee that the ages of the inset terraces 

inform, but do not define, the stage boundary ages. Incision may have been more complex in detail, but 

major deviations from the three-stage model should have produced a different channel profile than 

what we observe. What is less certain in our model is the exact position, in time, of the stage 565 

boundaries, and therefore the maximum rate of incision during the second stage. We made this point 

clearer in the conclusion of our revised manuscript (L396-398). In response to other reviewer comments, 

we discuss further how age control affects our model uncertainty (e.g. that the 3.2 kyr age is from a 

capping loess) (L393-395). We also included a validation of the modeled results, which shows that our 

model provides a good explanation for the observed Beida River profile and incision history (L399-403; 570 

figure 8). 

 

Minor Comments: 

1. I think that Table 1 could benefit from two changes. First, it is extremely difficult to tell which sample 

name the 1-sigma and 2-sigma results correspond to. I recommend realigning the data in the calibrated 575 

age column so that their corresponding sample names are unambiguous. Second, I recommend adding a 

column showing the elevational position of each sampling site relative to T1. This will allow the readers 

to quickly reference the relative age of each terrace. 

We rearranged the table to make it more reader friendly, and adding a column to show the terrace 

height relative to T1. 580 

 

2. I have an issue with one of the authors’ arguments against the knickzone being a lithologic feature. I 

do agree with the authors’ interpretation that the knickzones on the Beida River and its neighboring 

rivers were created by climatic forcing and are not likely the result of lithologic variations (i.e. variations 

in K in equations 1-3). The strongest evidence ruling out a lithologic origin is the lack of a knickzone 585 

preserved on the T1 strath (lines 240-241) and the continuous projection of terraces across patch 2 

(Figure 6). 

However, consider this excerpt from Lines 236-239: “In the neighboring Maying and Hongshuiba River, 

similar to the Beida River, present river channels also incised into Late Pleistocene fill terraces..., forming 

prominent knickzones 10-15 km upstream of the mountain front (Figure 2). This suggests these 590 

knickzones share similar origins, reflecting regional forcing. Local variations of lithology would thus be an 

unlikely cause for knickzone formation.” If I am interpreting this correctly, the authors argue that if the 

Beida River knickzone was a lithologic feature, we would not expect to see similar knickzones on the 

Maying or Hongshuiba rivers because the lithologic variations along the Beida River would not likely be 

present along the other two rivers. I disagree with this reasoning. I am unfamiliar with the regional 595 

geology of the North Qilian Shan, but I can see on Google Earth that there are SW-dipping lithologic 

contacts along the Beida River corridor. These contacts are roughly parallel along their NW-SE strike, and 

so without a more detailed geologic map, it seems entirely reasonable that the Beida, Maying, and 

Hongshuiba rivers might cross the same bedrock units in each of their knickzones. Also, it appears on 



Google Earth that the Beida River crosses lithologic contacts (marked by stark color contrasts) at the 600 

transition from patch 1-2 and patch 2-3. 

I recommend that the authors examine the spatial relationships between the Beida River patches and the 

underlying lithologic contacts. I still agree with their interpretation that the knickzone is most likely a 

transient feature created by climatic forcing, but if it happens that the knickzone is underlain by a low-

erodibility rock type, then this might be a contributing factor worthy of a brief discussion. Alternatively, if 605 

the boundaries between the three patches do not correspond with major lithologic transitions, then this 

will strengthen their interpretation. The authors could also extend this analysis to the other two rivers. 

Since I am unfamiliar with this region, I do not know if the authors can obtain a geologic map with 

enough detail to perform this analysis. If they cannot, I would be satisfied if they just removed their 

argument in Lines 236-239 and relied on their evidence in Lines 240-241. 610 

Thank you for your suggestion. We realize our lithology argument in Lines 236-239 of the manuscript is 

not strong enough. We added a geologic map of the region with the knickzones of the three rivers 

highlighted, and included it as a figure in the supplement (Figure S1). We also clarified our discussion of 

how lithology and faulting do not appear to have let to initiation of the knickzone at its present location. 

 615 

3. Between Lines 363 to 371, it is unclear to me whether some sentences are information from Tan et al., 

2018 (cited in Line 362) or the authors’ own interpretations. I think that these require clarification. 

Specifically, these lines: 

• Lines 363- 364: “Between 24 kyr and 9.5 kyr B.P., the Beida River drainage was under the dominant 

influence of the arid westerly moisture source.” 620 

This is our suggested scenario based on the climate records we presented in the paragraph above this 

line. We realize we haven’t clearly introduced this idea and needed to cite the sources properly first in 

the revised manuscript.  

• Lines 365-367: “During the Early Holocene, the humid Asian monsoon expanded to the central North 

Qilian Shan, where it affected the Hei He main stem and filled Juyanze lake to its highest lake level.” 625 

This is based on Herzschuh et al., 2004 and Hartmann and Wünnemann, 2009. We have mentioned this 

once in the background, but we now revisit this evidence again before we present our conclusion. 

• Lines 368-371: “During the mid-Holocene, the Asian monsoon grew stronger, starting in the Hei He 

drainage around 5.4 to 5.1 kyr B.P., and then expanding further to the western North Qilian Shan a few 

hundred years later. This peak of monsoon influence lasted less than 700±340 yr, which led to an 630 

increase of precipitation therefore an increase of water discharge and incision rate.” 

“the Asian monsoon grew stronger, starting in the Hei He drainage around 5.4 to 5.1 kyr B.P” is based on 

Herzschuh et al., 2004 and Hartmann and Wünnemann, 2009.  

“then expanding further to the western North Qilian Shan a few hundred years later. This peak of 

monsoon influence lasted less than 700±340 yr, which led to an increase of precipitation therefore an 635 

increase of water discharge and incision rate.” is our suggested scenario based on the lake records and 

our modeling results. We have clarified these points in the revision. 



If previous research demonstrated that the Asian monsoon expanded into the North Qillian Shan in the 

early Holocene and then strengthened during the mid Holocene, then this independently supports the 

authors’ conclusions that the knickzone was created by mid Holocene climatic forcing. However, it is 640 

unclear to me whether this was previous research or a novel idea presented here. 

In our revision, we rearranged our discussion to concisely reintroduce the evidence for a mid-Holocene 

strengthening of the monsoon before presenting our conclusion (L430-459). 

 

4. In Lines 335-346, the authors argue that a discharge contribution from melting glaciers would not 645 

have been enough to trigger knickzone formation. While this intuitively seems correct to me, I’m not sure 

that I agree with their reasoning. They cite metrics of modern glacial melt and discharge contributions, 

compare these to possible conditions in the past, and conclude that mid Holocene melt contributions 

could not have triggered knickzone formation. However, the authors have not quantified the actual 

discharge increase necessary to create the knickzone. Without this information, I don’t think that the 650 

other metrics presented here definitively rule out glacial melt as the primary driving mechanism. I 

recommend modifying the sentence in Lines 345-346 to clarify this. 

We revised our argument and suggest that increased glacial melt may also have contributed to 

knickzone formation (L427-430). 

 655 

5. Can the authors comment on how the long-term (i.e. averaged over several glacial / interglacial 

cycles) bedrock incision rate may compare to the tectonic uplift rate? Beida River incision clearly 

outpaces uplift during the transition from glacial to interglacial conditions, but averaged over 105-year 

timescales, is the river more or less in steady-state? Quantifying this long-term trend requires dating 

several generations of strath terraces (see Pederson et al., 2006), and so this may not be possible to do 660 

for the Beida River. Still, it might be useful for the authors to add a few sentences discussing this in 

Section 5. 

Unfortunately, terrace straths older than T2 are largely absent from the Beida River canyon; removed by 

incision and widening of the canyon over time. The best, though less direct, information on long-term 

uplift rate is the exhumation rate measured from thermochronology (~1 m/kyr, i.e. Zheng et al., 2010). 665 

We added a sentence citing these rates in the background of the revised manuscript (L58-59), and cited 

these rates where we compare the Holocene incision rate to the tectonic uplift rate (L315-316). 

 

Line-by-line comments: 
• Line 114: “insect” should be “inset”. 670 
• Line 135: “drainage area of Beida River” should be “drainage area of the Beida River”. 
• Lines 136 and 137: “km2” should be “km2”. 
• Lines 158, 245, and 384: “Beida River” should be “the Beida River”. 
• Lines 169 and 170: “above present riverbed” should be “above the present riverbed”. 
• Line 219: “Incision rate” should be “The incision rate”. 675 
• Line 220: I think there may be unwanted spaces after some periods in this line. I think “between 4. 7 to 
3. 2” should be “between 4.7 to 3.2”. 



• Line 246: “It is likely that knickzone” should be “It is likely that the knickzone”. 
• Line 381: “correspond” should be “corresponding”. 
• Line 382: “dating of T2 terrace” should be “dating of the T2 terrace”. 680 
• Lines 382-384: This sentence is awkward. I recommend breaking it into two sentences and changing 
“similar to that T1” to “similar to how T1”. 
• Line 387: “similar age as T2 terrace” should be similar age as the T2 terrace“. 
• Line 388: “Shagou River” should be “the Shagou River”. 

We corrected these typos and grammar mistakes in our revised manuscript. 685 
 
• Line 128: “A is drainage area” is unnecessary. Drainage area does not appear in this particular 
formulation of the stream power equation (Q is used instead), and so the variable “A” does not need to 
be defined. 
Yes. We removed A from our revision.  690 
 
• Lines 172-173: Is site C on the T1’ terrace? If so, shouldn’t the samples imply that T1’ was abandoned 
AFTER 9.5 ± 0.16 ka (not prior)? The changes that I recommended for Table 1 could 
help clarify this. 
Yes, it should be after. We corrected this in our revision. 695 
 
• Lines 172-180: While reading this section, I found it difficult to construct a mental map of the terrace 
position / age relationship due to their heights being listed relative to different surfaces. This is later 
clarified very well in Figures 6 and 7, but those figures are neither shown nor referenced for another 5 
pages. I think the changes I recommended for Table 1 will be very useful here, because the readers will 700 
have already seen these data, and they can flip back to the table for a visual aid if necessary. 
Thanks for the suggestion. We made the changes to the table as recommended, and we added a figure 
showing the terrace structure for the sample site, and presented a clearer description of the terraces in 
our revision (section 5.2).  
 705 
• Lines 198 199: Does this mean that none of the inset terraces below T1’ have exposed straths? 
All the inset terraces are cut terraces into T1 fill. We clarified this in our revision (L219). 
 
• Line 229-230: Tying into my previous comment concerning long-term incision rates, over what period of 
time is the average uplift rate ~0.6? 710 
The ~0.6 m/kyr uplift rate is measured post the abandonment of T1 (24 kyr) terrace. We clarified this in 
our revision as: “Based on our previous research (Wang et al., 2020), the average vertical uplift rate at 
the mountain front since the abandonment of T1 is only ~0.6 m/kyr.” 
 

 715 
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