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Dear professor Helmut Weissert,

We really appreciate the careful scrutiny that you took on our manuscript. The con-
structive comments and suggestions have pushed us to greatly improve the article.
Below are replies to your comments.

1) Introduction The authors start their study with a rather general sentence: “The Juras-
sic was a typical greenhouse period”, what is a “typical greenhouse” ? The Jurassic
was an interesting time because of major plate tectonic changes affecting global cli-
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mate. The fragmentation of Pangea resulted in the collapse of a Monsoonal-type cli-
mate in the earliest Jurassic and by the end of Jurassic a more zonal climate was
established. Jurassic was, no surprise, a time with cooler and warmer climate, possi-
bly even with Ice Age episodes and the new data in this study confirm that changes
in Early Jurassic pCO2 were considerable. In their study, the authors compare data
collected from the Sichuan Basin with data from the Colorado Plateau and from North
China and northern Gondwanaland. As a reader I am, of course, interested in the pa-
leogeography of the Early Jurassic and in the relative paleopositions of the study site
and of other localities mentioned in the text. I recommend that the authors add a figure
showing the plate tectonics of the Early Jurassic and showing the locations mentioned
in their study. In addition to paleogeography, paleoclimate models could help to better
understand climate trends in SW China and in North America, both discussed in this
study. However, there are almost no models available on Early Jurassic climate. One
of the few simulations providing information on precipitation pattern and aridity in the
Early Jurassic can be found in Robertson et al. (Sedimentology, 2017). The authors
may refer to this study. Models may help to better formulate hypotheses and questions
addressed in this study. And, clear hypotheses and questions facilitate reading of the
paper . Âż The authors may considerably improve their introductory part. Time win-
dow chosen: Your time window is defined by post-mass extinction time (Hettangian)
at the base and the Toarcian OAE at the top. If you extend part of your discussion
to the Mesozoic-Cenozoic (terrestrial proxies have begun to provide information: line
41) then you soon are moving on slippery grounds: Many, many studies on terrestrial
climate exist for the Late Mesozoic and even more for the Cenozoic. Focus on your
time window, even in your figures (fig 8).

We deleted the sentence “The Jurassic was a typical greenhouse period”. This gets
rid of greenhouse, but still expresses that the Jurassic was hotter than today. More
works (almost rewriting) were made in the paragraph, with suggestions of the referee,
to enhance expression of the Early Jurassic changeable and oscillating climate.

C2



Following the suggestion, we have added a global map of climatic paleogeography, on
which locations of the study area and correlative Colorado Plateau are marked. We
replaced the previous Fig. 1 as Fig. 1b and the new paleogeographic map as Fig.
1a. Please see the new Fig.1. We laid the global Early-Middle Jurassic climate zones
(Boucot et al., 2013) on the Early Jurassic ( 193 Ma, Sinemurian) paleogeographic
map (Scotese, 2014), instead of a GCM map selection in the paper by Robinson (not
Robertson) et al. (2017. Fig. 5, page 223, 64(4), Sedimentology). This is because
oceans and continents (plates) are not distinct and climatic zones are not shown in the
Early Jurassic GCM maps.

We further deleted the Gondwanaland term in the text, because it was a superland
(composed of Antarctic, Africa, South America, India, Australia, New Zealand, etc.)
of the South Hemisphere during the Paleozoic, and began to disassemble after the
Pangea break-up since the Late Triassic, and it was not an independent supercontinent
when the Pangea formed.

For the time window, we focused the interval of the Sinemurian to the early Toarcian
in section 5.2 (pCO2 discussion) and figure 8 although we still keep the Hettangian in
section 5.1 (climate evolution) as the Hettangian sediments can be observed in some
investigated sections, and they show the climate transition from more humid to arid into
the Jurassic.

2) Material and methods

The methods you apply are up-to-date and they provide useful information on past
climate. I recommend to add a paragraph on your selection procedure of CO2 con-
centration in soils. You have this discussion in your notes, that is fine. However, the
S(z) value is a crucial value for your pCO2 estimates, please include your selection
arguments in your main text. See also your line 162, where you may discuss the S(z)
selection procedure if you did not do it in your method paragraph.

We have deleted the supplementary data Note S2, and placed the main part in the sec-
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tion 3.3 (Calculation of atmospheric CO2 concentration). Then we added the notes for
the procedure of CO2 concentration estimate and S(z) value selection in the revision.
Totally 27 lines (line 155 to 181) were added.

3) Discussion of your data

In your discussion, you present first your sediment proxy data stage by stage, then, in
a next chapter, you discuss your pCO2 data through the Early Jurassic. This structure
of the text makes the reading of the discussion, at least for me, quite difficult. I prefer
to see a climate discussion starting with the drivers of climate change, in this case
changes in carbon cycling and in pCO2, which are both global signals (See, for exam-
ple, the new and detailed C-isotope curve for the Hettangian-Pliensbachian in Storm
et al., PNAS, 2020). You can, if you take a general reference curve as a start, project
your data into this curve and test, if pCO2 trends coincide, for example, with C-isotope
trends, you can see if regional climate pattern (China, N-America etc) reflects some
of the global trends. This may make the paper much easier to read and you can eas-
ily show the regional pattern as part of a global climate curve. You may refer in this
discussion, if possible, to the few available model data. Of course, you also will use
literature data you chose for your study your figure 8 (e.g. Dera et al. 2011 and many
others, as you cited correctly). A discussion starting with the global pattern also can
make it easier to understand your comparison with regional data from N. America.

In the section 5 of the revision, we start with an introduction of the globally oscillated
Early Jurassic climate with causes. Then we discuss the climatic change of the GSB
based on sedimentary proxies and compare to other places of the world. In section
5.2, the pCO2 record and rapid change (event), and correlation to the global climate
(sea water temperature) and carbon cycle are discussed. This contexture aims to test
the hypotheses from the marine climate records.

In figure 8, we assembled the Early Jurassic carbon isotope ratio curve of organic
matter (Fig. 8a) from the Mochras borehole, Cardigan Bay Basin, UK (Xu et al., 2018;
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Storm et al., 2020) with seven-point average smoothing against depth (mbs). We did
not combine the carbon isotope ratio curves of organic matter from the Paris Basin with
that of Cardigan Bay Basin into one because the former is mainly against depth, and
the latter against time.

4) Details and corrections, including some comments on language

Abstract : : :terrestrial sediments show more complicated environment and climate: :
:” I assume that you want to say that climate proxies in terrestrial sediments are more
complex and more difficult to interpret than many marine proxies. Please do not write
“carbon-oxygen isotopes”, but carbon and oxygen isotopes. line 42 You are rather
imprecise in your wording, when you write about a “negative feedback : : :. has been
hypothesized to account for: : : in the carbon cycle” > what to you exactly mean? 105
: : :descriptions for sedimentary facies analysis were executed: : : 116 the description
how to distinguish dolomite from a calcite the field is not really needed. It should be
basic knowledge for students in geology: : : 216 : : :a distinct transfer of climate.. ???
239 : : : a warm-humid climate followed the Late Triassic: : :. > Late Triassic climate
244-248 You compare North American climate with GSB climate throughout your study,
this is ok, however, I like to know why you chose North America, what are hypotheses
on climate similarities and differences between N. America and SW China. 248 Âż
here it will be interesting to discuss climate pattern in the Early Jurassic, why is which
regional climate similar/ different from another regional climate? 305 Interesting is the
observation that lake facies was widespread during a dry period in the Toarcian. You
may further comment on this. 318 you use dolomite formation as a climate proxy, this
is fine. You may refer to literature on dolomitization along the Persian Gulf (“Arabian
Gulf”) , eg. by McKenzie and others. 120 chichen-wire > chicken-wire (anhydrite) 253
That is the reddish rocks developed through the whole member: : :.., but it started:
: : revise 257 : : :. Calcisols were also interpreted with the description of abundant
calcretes: : :. (??) revise style 282 The Ma’anshan Member is likely the Pliensbachian:
: :. 302 In other hand,: : : 321 : : :can serve the determination: : : I did not mark the
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many additional small language inconsistencies Âż please revise text carefully.

In the abstract, we have deleted the sentence “Unlike marine archives, terrestrial sed-
iments show more complicated and dynamic environment and climate”, added a new
sentence to introduce the climate of the Early Jurassic, and changed all the “carbon-
oxygen” as “carbon and oxygen” in the text, tables, and figures.

Line 42. The questionable sentence was partly cited from the original paper (Xu et al.,
2017). We deleted the sentence that is not distinctly relevant to the topic, and added
another sentence to complement the subject of this paragraph.

Line 105. We revised the sentence as “We have made observations and descriptions
of sedimentary characteristics for lithofacies analysis at six outcrop sections. . .. . .”.

Line 116. Yes, we agree that the dolomite recognition is basic for any students in
geology. We have deleted the sentence relevant (lines 115-123).

Line 120. We have corrected “chichen-wire” as the “chicken-wire”.

Line 216. Taking the S(z)=2000 ppmV for pCO2 estimate originates from the calcisol
determination and (semi-) arid climate indication (details are in the added parameter
conditions in section 3.3). This climate condition is harmonized with the results indi-
cated by climate-sensitive sediments, and may not be the representative of a climate
transfer.

Line 239. Yes, the climate of the Hettangian (early Early Jurassic) is similar with that
of the Late Triassic, but different from other ages of the Early Jurassic. The evidence
of the Late Triassic warm-humid is provided in the first sentence of the first paragraph
in section 5.1. And the warm-humid climate continued in the Hettangian age (verified
in subsection 5.1.1). It is noted that we have stressed a total climate condition of the
Early Jurassic as a (semi-) arid in the whole article even though the Hettangian was
different in climate from the main Early Jurassic.

Line 244-248. Yes, we compared the climate between GSB and (North) America
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through the section 5.1. From the comparison, we can see that: in the Hettangian,
warm-humid climate in GSB was different from the arid climate in North America, but
in the Sinemurian-Toarcian, both had the similar (semi-) arid climate. There are two
reasons for us to compare the GSB with America in climate. One is that they were
close in paleolatitude ( 15-30N. Fig. 1a) and similar climate zone (tropical) of the North
Hemisphere in the Early Jurassic. The other one is that relatively complete climate-
sensitive records of the Early Jurassic have only been published and are available in
North America. In North (-west) China, the Early Jurassic succession is also complete,
but the warm-humid climate is totally different from the GSB although we sometime
compare them in the text. The comparison of the GSB and North America illustrates
that the secular Early Jurassic (semi-) arid climate in the two regions could not have
been responded to the (e.g., CAMP and Karro-Ferrar LIP) volcanism, which may have
led to the global oscillation climate. This hypothesis is added in the last paragraph of
section 5.1. The secular (semi-) arid climate could be related to the paleogeography.
The aridity for the two regions does not obscure the total trend and eventful change of
pCO2 demonstrated in section 5.2 as pCO2 is a global signal of climate.

Line 253. Yes, this sentence was confusing. We rewrote as: “Differences in the color
appearance show that the reddish color started in the middle member in the central
basin (Location A6. Fig. S2) but almost developed through the whole member in the
western basin (Location A4. Fig. 6)” (new lines 272-274).

Line 257. We have revised the sentence to “We also interpret the reddish muddy
sediments with abundant calcretes as the calcisol at sections of Dafang (Location A8.
Zhang et al., 2016), Tianzhu (Location A9. Li and Chen, 2010), and Weiyuan (Location
A10. SBG, 1980a) (new lines 276-278).

Line 282. The sentence was deleted in the new version as the age assignment is
introduced in section 2. It is actually repetitious.

Line 302. We have composed this sentence with the first sentence in the paragraph.
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Line 305. Yes, arid climate indication seems not consistent with the large lacustrine
transgression. We then added some phrases in the next sentence (together com-
posing a composite sentence), to show the possibility of arid records. Actually, the
next couple of paragraphs are the process that verifies the arid climate by proxies of
climate-sensitive sediments (lacustrine micritic dolomites, gypsum) and carbon and
oxygen isotopes of lacustrine carbonates as well as (lacustrine or land side) reddish
mudrocks.

Line 318. As we know, there are a number of hypotheses for the formation of dolomite
mineral, such as primary authigenic origin, diagenetic replacement, microbial media-
tion. Yes, McKenzie J. and her team have much contributed to the microbial dolomite.
We have referred to her papers in the revision, while we preferred to interpret the
dolomites formed in an arid/evaporate climate condition especially when it is associ-
ated with gypsum (references added).

Line 321. We have considered the issue, and reorganized the sentence with others in
the same paragraph. Please see the new version. Other similar issues were carefully
checked and corrected in revision.

Figures I

like your figure 6 which serves as a very good baseline for your discussion (you may
also add data from Xu et al. from the same study area in figure 6 or elsewhere?)

Adding the δ13Com curve (Xu et al., 2017) in western GSB in figure 6 is a good idea.
But the T-OAE δ13Com curve (Xu et al., 2017) is too short (thin strata) to occur in the
figure, i.e., the height of the curve is less than 1 cm if it is placed in the corresponding
position. The other problem is that it is difficult to in age correlate between the two
sections.

Fig 8

You plot changes in temperature not temperature, please correct this in the figure. The
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global paleosol curve is, in this case not very helpful. I also wonder, if you should start
your curve after the T-J boundary (?). The high-resolution data are not really discussed
in your work and you did not include any T-J boundary data.

In figure 8, the seawater temperature was corrected!

Yes, the global paleosol curve is not very helpful for the observation and comparison
of the Early Jurassic global climate, but we have to keep it in the figure as it shows the
present situation of the global paleosol pCO2 reconstruction except for this work.

Yes, we agree and delete the high-resolution latest Triassic data in the figure.

In addition, we have done lots of correction and amendation for the whole text, com-
paring to the previous version.

Thank you for time!

Yours sincerely,

Xianghui Li, Jingyu Wang, Troy Rasbury, et al.

Interactive comment on Clim. Past Discuss., https://doi.org/10.5194/cp-2020-35, 2020.

C9


