Response to Andrea Di Muro (2026.8.6)

Public justification (visible to the public if the article is accepted and published):

Dear Dr. Lin, thank you very much for the prompt minor corrections; I'm glad now to accept
this version of the manuscript for final publication; thank you very much for choosing Solid
Earth for the dissemination of your research results; best regards,

Andrea Di Muro,

SE Executive Editor.

Response:

Dear Editor,

Thank you so much for your message and for accepting our manuscript for publication in
Solid Earth. We greatly appreciate the efficient handling of our paper and are honored to
share our research through your journal. Please let us know if anything else is needed from
our side.

Best regards,

Dr. Lin

Response to Mario Ebel (2026.7.28)

Notification to the authors:

Please number the supplement tables as "Table S1" and "Table S2" (instead of
"Supplementary table 1" and "Supplementary table 2")

Response: Thank you for your reminder. | have revised the table title accordingly based on

your feedback.



Response to Andrea Di Muro (2026.7.23)

Dear Dr. Lin,
I have carefully read your answers to the reviewers and the new version of the manuscript,
which represents a substantial improvement with respect to the first submission. I want to
thank you for the clarifications and additions you have provided in several sections of the
paper, following the suggestions of the reviewers.
My opinion is that the manuscript is now ready for final publication in Solid Earth, but still
requires some polishing and rephrasing. In the attached pdf, I have pointed several sentences
needing some rephrasing and clarification.
I invite you to perform this final step of corrections, before final acceptance of your research
paper, which represents, together with the new data you provide, a very interesting review of
the evolution of this part of the China Orogenic Belt;
Looking forward to the final version of your manuscript,
Best regards
Andrea Di Muro
SE Executive Editor
Response: Thank you very much for your suggestions on our manuscript. Based on your
comments, we have made the following main revisions:

1. We have addressed and revised all the issues raised in the PDF file you provided, one
by one.

2. We have further checked and corrected the grammar and spelling errors throughout
the entire manuscript.

3. We have added the sampling locations of the whole-rock geochemical samples in

Figure 2.



4. We have indicated in the caption of Figure 3 that panels (a—d) belong to the Ligiao
pluton and panels (e—h) belong to the Xianping pluton.
5. We have changed "Beixinggou granite™ to "Post-collisional granites™ in Figure 7.

6. We have rewritten the third conclusion.

Response to Polina Shvedko (2026.7.23)

Notification to the authors:

1. The use of coloured or marked text in the .pdf manuscript file is not permitted. Text
highlighting is only allowed in the author’ s tracked changes file to indicate changes. For the
next revision, please send a clean .pdf manuscript file containing black text only.

2. With regard to the “Author contributions” section, we kindly ask you to use the authors’
initials rather than their full names.

Response: Thank you for your suggestion.

1. We have changed all the fonts in the manuscript to black.

2. We have used the authors’ initials in the “Author contributions” section.



RC1 'Comment on egusphere-2024-2100', Mark Allen

Review of Silurian syn- and post-collision granitic magmatism in the western section of
the North Qinling Orogen: Implications for collisional orogenic processes

By Lin et al.

This paper analyses samples from the Ligiao and Xianping plutons in the Qinling
orogenic belt. The geochronology and geochemistry studies are good, and make a case for
the plutons having similar chemistry - I-type granite, with ages of 429 Ma and 421 Ma
respectively. But, at present there is a bit of a “so what?” feel to the paper — the results are
not a surprise, and the tectonic interpretation has problems which I’ll cover later in the review.

The regional review is okay, but any and all attempts to summarise the geology of the
Qinling are open to criticism simply because we don’t yet have a unified understanding of
the range and its evolution.

Response: | am deeply grateful to Mark Allen for your thoughtful comments on this
article, as well as for the invaluable advice you have shared. Your feedback has been
extremely constructive and instrumental in enhancing our work. We have addressed all the
points that we found insightful, which will undoubtedly strengthen our paper. Our detailed

responses to the referee's comments and suggestions are shown below.

Have another go at drafting figures 1a and 1b — the boundaries don’t quite match
between the two parts. Also, be clearer about the correlations that are intended. There is a
broad match of colours between the Qilian/Qaidam/Kunlun regions to the west and the units
of the Qinling, but it is not clear what is meant to be correlated and what is not. The Qinling

map can be improved to add more of the important tectonic units, such as the Erlangping



Unit and the Shangdan Suture Zone — both of these are wide enough to be marked on figure
1, and they are important in the regional tectonic evolution.

Response: We have modified figure 1. The study area of this paper is the western section
of the North Qinling Orogeny. The Kuanping Unit, Erlangping Unit and Shangdan Suture
zone have been added to figure 1a.

Changes in manuscript: lines 65-68.

There are few comments or criticisms to make on the geochronology and geochemistry
parts of the paper. They are done well in my view. It would be good to have more description
of the field relations and contacts. Are the samples foliated in any way? This is not mentioned,
so presumably not, but there are hints of grain alignments in figures 3b and 3f.

Response: The original structures observed in Xianping pluton are believed to have been
formed during magmatic crystallisation process. During the process of magmatic
crystallisation, the magma at the edge of the Xianping pluton remains thermoplastic due to
the influence of its melt. The upwelling magma, along with the pressure of surrounding rocks,
results in the formation of local shear, leading to mylonitization of surrounding rocks, the
minerals are flattened and elongated. This causes the minerals to become flattened and
elongated, and it also leads to the formation of augen structures and banded structures.

Changes in manuscript: lines 112-113 and 127-134.

The tectonic interpretation needs more thought, but | don’t expect full agreement with
everything | suggest here.
First, please define what you mean by “syn-collision” and “post-collision” — this is

central to the paper as the phrases appear in the title. But, it is not clear what is meant by each



term. Also think about “orogeny”. Collisions can last for 10s of millions of years, and
orogenies for even longer as they typically include a phase of pre-colllisional, oceanic,
subduction. The India-Eurasia and Arabia-Eurasia examples show us that plate convergence
can last for 10s of millions of year after initial continental collision. Presumably all the
magmatism and deformation associated with this overall convergence is still *“syn-
collisional”. But, during this time the overriding plate can experience episodes of extension
(See Tibet), tectonic escape (Anatolia) and possibly slab break-off, or delamination — all
while convergence continues. So, how can we define “post-collisional”? I’ll argue that the
term should be kept for processes and events that take place after overall plate convergence
has stopped, and should relate to a different tectonic cycle and setting. | think *“post-

collisional” commonly gets applied to magmatism and deformation that is very much part of



(UHP) metamorphic conditions. During the process of continental collision and subduction,
both the previously subducted oceanic crust and the continental crust undergo decompression
melting as they are exhumed and the crust thickens, and accompanied by partial melting of
crustal material to produce tonalites and peraluminous granites, without input of mantle
materials (Chen et al., 2013; Liu et al., 2014; Song et al., 2014). Additionally, crustal melts
derived from the deep subducted continental crust during exhumation could metasomatize
the overlying lithospheric mantle, leading to the formation of mafic magmas (Zhao et al.,
2012). The post-collisional is used to describe magmatism that occurs after the major
collisional event, which typically marks the end of orogeny. It occured in the relaxation phase
following the main orogeny, characterized by the large-scale horizontal movement of plate
boundaries in the early phase and, in the late phase, by the delamination and collapse of
orogeny, extension of the lithosphere, and crust-mantle interactions, such as the post-
collisional magmas in the North Qaidam UHP metamorphic belt (Wu et al., 2014; Wang et
al., 2014).

Changes in manuscript: We have defined the *“syn-collision” and “post-collision” in

section 6.3 from line 374 to 391.

In this paper, there are two similar plutons in terms of chemistry and timing (only 8 Myr)
apart, and yet one is assigned to a “syn-collisional” setting and the other to a “post-collisional”
setting. The older Ligiao pluton is shown in figure 13a and being linked to slab break-off, the
younger Xianping pluton is shown in figure 13b as being linked to delamination. Note that
there is not independent evidence for either of these popular tectonic processes having taken
place at these times. Given that the broadly I-type chemistry of both plutons is typical of
Andean-type subduction zones, it is a simpler interpretation to assume that both plutons took

place in this tectonic setting, without the need for further complications. There is an obvious



objection to this scenario, in that there is evidence for collision that pre-dates both plutons,
e.g. UHP metamorphism of continental protoliths in other parts of the North Qinling. But,
these events can be accommodated by models where collision of microcontinents along the
Proto-Tethyan margin did not terminate subduction. See Allen et al (2023) and Li Sanzhong
et al (2018) for alternative scenarios, that are not simply the 2D cross-sections typically
adopted by studies of local parts of the Central China Orogenic Belt. There are surely other
and better models waiting to be developed.

Response: We agree with your model where collision of microcontinents along the
Proto-Tethyan margin did not terminate subduction. The Qinling Complex in the western
section of the North Qinling Orogeny granulite-facies
metamorphism with a clockwise P-T -facies
or retrograde overprinting metamorphism, suggesting that the granulite-facies rocks may
have been formed by the continent-continent collisional orogeny in the Paleozoic (Guo et al.,
2022; Mao et al., 2017, 2018). In contrast, the ages of granulite-facies metamorphism in the
Qinling Complex, located in the eastern part of the North Qinling Orogeny is mainly
concentrated between 430 and 450 Ma (Liu et al., 2013; Xiang et al., 2014; Zhang et al., 2009,
2011). The zircon U-Pb age of the Ligiao pluton is 429 Ma, coinciding with the timeframe of
magmatism during the second pulse, specifically the slab break-off (Ren et al., 2021; Qin et
al., 2022). This aligns with the granulite-facies metamorphism period at 433-424 Ma (Mao
etal., 2017, 2018), suggesting that the Ligiao pluton likely formed during the slab break-off
phase of the syn-collisional process. Pay attention, the collision of Yangtze Block and North
Qinling Orogeny along the Wushan-Shangdan Ocean margin might not terminate subduction
(Li et al., 2018b, 2018c; Allen et al., 2023). The zircon U-Pb age of the Xianping pluton is
421 Ma, coinciding with the post-collisional orogenic process within the error range (420-

409 Ma; Ren et al., 2021; Qin et al., 2022). It is also close to the timeframe limit of the



amphibolite-facies or retrograde overprinting metamorphism from 411 to 402 Ma, suggesting
that the Xianping pluton was formed during the post-collisional stage.

Changes in manuscript: line 403-417.

I don’t fully understand Figure 13. If the labelled accretionary complex in the south
relates to the oceanic plate subduction, what is the unlabelled continental tract immediately
to its north and to the south of the remnant slab shown in 13a? How and why does this
remnant slab disappear in the delamination event shown in 13b? As noted above, there seems
to be no independent evidence for either slab break-off or delamination at the times and places
shown. Given the simplicity of the chemistry of the I-type granites in the study, why are they
not evidence for active oceanic subduction at this time — similar to the widespread

magmatism of ~430-420 Ma in many other parts of the Central China Orogenic Belt.

represent periods of collisional orogeny. We have already responded to the discussion of the
Ligiao and Xianping pluton tectonic setting in the previous comment.

Changes in manuscript: line 430-444.

References:
A couple of test references at the start of this section need to be deleted.

Response: We have deleted the references at the start of this section.

“Mark” et al should be “Allen” et al — here and in the main text.

Response: We have fixed this error.



Changes in manuscript: line 629-631.

Figures:

Clear and appropriate. The tectonic cartoons need a re-think, as described above.

Changes in manuscript: line 442-444.



RC2: 'Comment on egusphere-2024-2100', Massimo Coltorti

I read with great interest the manus of Lin et al.'s. | agree with my colleagues that the
manuscript may be a useful contribution to understanding the evolutionary history of this part
of China. However, | believe that the manuscript needs to be substantially rewritten and
reorganized before final publication. Even before addressing the scientific aspects, the text
needs to be proofread by a native speaker. Many sentences are incomprehensible due to
inappropriate syntax.

Response: We are sincerely grateful for your insightful and constructive comments. In
response, we have substantially rewritten and restructured the manuscript. The entire text has
also been carefully proofread to eliminate grammatical errors and to ensure fluency and

coherence throughout.

The number of acronyms should be reduced and standardized. It's extremely difficult
for readers without a thorough knowledge of the geology of the area to understand which one
is being referred to, especially when different acronyms identify the same object (e.g. NQO
indicates Northern Qilian Orogen, but NQLO, as far as | can tell, also indicates the Northern
Qilian Orogen).

Response: We greatly appreciate your constructive comments and suggestions. In this
study, NQO refers to the North Qinling Orogen, while NQLO refers to the North Qilian
Orogen. We have standardized all acronyms in the manuscript and minimized their usage.
Three widely adopted acronyms for tectonic units are retained, namely CCOB (Central China
Orogenic Belt), NCB (North China Block), and YB (Yangtze Block). Two acronyms for
granitic plutons are also preserved, including LP (Ligiao pluton) and XP (Xianping pluton).

Additionally, two acronyms for granitic plutons are preserved: LP (Ligiao pluton) and XP



(Xianping pluton). All other acronyms including QO, NQO, NQLO, MS, WSS, and WSO
have been replaced with their full unabbreviated forms throughout the text.

Changes in manuscript: the entire manuscript.

As already noted, the division of the Geological Background into 2.1 and 2.2 seems
inconsistent. It would be better to simplify it and combine it into a single chapter. I, for one,
would be very interested in learning about the Paleozoic evolution of this part of the world,
but | confess that | found it very difficult to follow and, above all, to see how it reflected the
topic addressed in the manus.

Response: Thank you very much for your attention to the research on the Paleozoic
evolution of the western section of the North Qinling Orogen. We apologize for any confusion
caused by the unclear description of the geological setting in this manuscript. In response to
your valuable comments, we have simplified and combined Sections 2.1 and 2.2, so that the
revised content can facilitate your understanding of the tectonic evolution of this region.

Changes in manuscript: line 69-105.

I also agree with Mark that defining two granites that differ by only 8 Ma, out of 400,
as syn- and post-collisional is rather risky, even taking into account that the age interval
recorded by the zircons of the two granitic intrusions is partially overlapping (LP, 417-435,
average 429; XP, 408-432, average 421). One zircon from XP syenogranite giving an age of
426+ 5.33 (see Fig. 4d). The two models believed to be responsible for the genesis of the two
plutons are also hypothesized but no solid evidence is provided that these events actually

occurred. Moreover, the two inferred models for the genesis of the two plutons are



hypothesized but no solid evidence is provided that these events actually occurred in such a
short time span.
Response: We agree with Mark’s model where collision of microcontinents along the
Proto-Tethyan margin did not terminate subduction. The Qinling Complex in the western
-facies
metamorphism with a clockwise P-T -facies
or retrograde overprinting metamorphism, suggesting that the granulite-facies rocks may
have been formed by the continent-continent collisional orogeny in the Paleozoic (Guo et al.,
2022; Mao et al., 2017, 2018). In contrast, the ages of granulite-facies metamorphism in the
Qinling Complex, located in the eastern part of the North Qinling Orogeny is mainly
concentrated between 430 and 450 Ma (Liu et al., 2013; Xiang et al., 2014; Zhang et al., 2009,
2011). The zircon U-Pb age of the Ligiao pluton is 429 Ma, coinciding with the timeframe of
magmatism during the second pulse, specifically the slab break-off (Ren et al., 2021; Qin et
al., 2022). This aligns with the granulite-facies metamorphism period at 433-424 Ma (Mao
etal., 2017, 2018), suggesting that the LP was likely formed during the intermediate stage of
slab break-off in the syn-collisional process. Pay attention, the collision of Yangtze Block
and North Qinling Orogeny along the Wushan-Shangdan Ocean margin might not terminate
subduction (Li et al., 2018b, 2018c; Allen et al., 2023). The zircon U-Pb age of the Xianping
pluton is 421 Ma, coinciding with the post-collisional orogenic process within the error range
(420-409 Ma; Ren et al., 2021; Qin et al., 2022). It is also close to the timeframe limit of the
amphibolite-facies or retrograde overprinting metamorphism from 411 to 402 Ma, suggesting
that the XP was formed during the early stage of the post-collisional phase.
Based on our study of the tectonic evolution of the western section of the North Qinling
Orogen we consider that slab break-off occurred during the syn-collisional stage (438-423
Ma), whereas delamination took place during the post-collisional stage (421-409 Ma). Our

geochronological data indicate that the Ligiao pluton (429 Ma) was emplaced during the



middle stage of syn-collisional processes, while the Xianping pluton (421 Ma) formed in the
early post-collisional stage. Therefore, although the U-Pb ages of the two plutons differ by
approximately 8 Ma, it cannot be taken as evidence that slab break-off and delamination
occurred within a short interval of 8 Ma.

Changes in manuscript: line 403-417, 430-450 and 533-559.

I would also recommend placing the petrology section before the geochronology,
immediately after the petrographic description. By the way, regarding petrography, Fig. 3
reports hornblende, which is not mentioned in the description of the accessory phases of the
Ligiao pluton. And with regard to petrography, it would be interesting to verify whether
compositionally the XP syenogranite can derive from fractionation of the LP granite. And
following this line of reasoning, whether there could be any connection with the medium-
basic (intermediate?) intrusive rocks surrounding the two granites (see Fig. 2), although older
in age.

Response: We thank the reviewer for the constructive suggestions. In accordance with
the reviewer's comments, we have revised the manuscript accordingly. The specific
modifications are summarized as follows:

(1) The sample-related contents originally presented in Section 4.1 have been relocated
to Chapter 3 and renumbered as Section 3.3 to improve the logical flow of the manuscript.

(2) Additional petrographic descriptions concerning hornblende have been incorporated
into the petrography subsection of the Ligiao pluton.

(3) The Xianping syenogranite can’t derive from fractionation of the Ligiao granite. This
inference is critically supported by zircon Hf isotopic data: the Ligiao granites have positive

nf(t) values of -0.1 to +3.4 with corresponding two-stage model ages of 1197 to 1411 Ma.,

whereas the Xianping granites have negative wr(t) values of -18.5 to -13.6 with



corresponding two-stage model ages of 2259 to 2560 Ma. These differences indicate that the
Ligiao pluton and Xianping pluton formed by different process. Accordingly, we have refined
the discussion in the petrogenesis section: the Ligiao pluton was formed by partial melting
of juvenile felsic crust with the involvement of mantle-derived material., whereas the
Xianping pluton was formed by partial melting and highly fractional crystallization of the
ancient felsic crust.

(4) The Baihua intermediate-basic igneous complex, which occurs adjacent to the Ligiao
and Xianping plutons, has a zircon U-Pb age of 450 to 444 Ma. It was formed in an island-
arc tectonic setting (Pei et al., 2005, 2007b, 2009).

Changes in manuscript: (1) line 142-149; (2) line 123;

The text also contains many errors that we call minor, but which, taken together,
contribute to making the reading more difficult and the work less prestigious. For example,
the diagram by Peccerillo & Taylor (1976) does not have any Mugearite series, but a
Shoshonitic one!

Response: We have carefully reviewed the full manuscript and revised all minor errors
as detailed below:

(1) Corrected the term "Mugearite” to "Shoshonitic™ in Figure 6c;

(2) Fixed the incorrect citation references in the captions of Fig. 6b and Fig. 6c.

(3) We have reformatted and reorganized all figures and tables throughout the
manuscript to improve their presentation and clarity.

Changes in manuscript: line 221, 223-226, 228.



Summarizing, | feel there is still a long way to go to transform this interesting
manuscript into a valid and robust contribution to the geological knowledge of this very
important part of the Eurasian continent.

Response: We sincerely appreciate your candid and professional insights. The direction
you have pointed out is most pertinent, and we will carefully address these shortcomings in
our future work to further strengthen the substance and clarity of this manuscript. Thank you

once again for your invaluable comments.
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