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Response to Reviewer comments for "Arid Coastal Carbonates and the Phanerozoic Record 

of Carbonate Chemistry" [Paper #2021AV000386] 

We thank the reviewers and editor for their constructive suggestions. We have addressed more of 

these below (reviewer comments in bold, responses in plain text).  

 

Reviewer #1 (Formal Review for Authors (shown to authors)): 

 

Note: A complete response is detailed at the end of the reviewer comments. 

 

This manuscript presents a new approach to reconstructing changes in ancient seawater 

carbonate chemistry via abundance of arid coastal carbonate facies, supported by a 

compilation of these facies spanning Phanerozoic time and a set of models to illustrate 

connections between facies abundance and key parameters like Omega and alkalinity. This 

is an interesting and elegant application and I think it would be of wide interest to the 

readership of AGU Advances given the important connections between ancient seawater 

carbonate chemistry and the carbon cycle, silicate weathering, evolution of 

biomineralization pathways, etc. In general, I found the manuscript to be clear and well-

written (in particular, I thought the Plain Language Summary was great, and I think those 

can be difficult to write well) and, as a reader and community-member, I would be excited 

to see this manuscript published and to begin brainstorming applications for this novel 

proxy approach. 



 

 

 

However, prior to publication, I have a few recommendations for clarification and possibly 

minor expansions to the modeling approach, which I think would constitute a moderate 

revision. In particular, despite my overall positive impressions of the manuscript and the 

clarity of the writing, I was left feeling a bit confused about the treatment role of CaCO3 

mineralogy (i.e., calcite vs. aragonite). I also wondered whether the surface water-kinetic 

model underestimates the role of temperature because it does not include the temperature 

dependency of carbonate precipitation kinetics. I describe both of these questions in more 

detail below: 

 

1. Carbonate mineralogy. I felt somewhat confused by the authors switching between 

referring to Omega_aragonite (e.g., Key Point #1 and Figure 2) vs. Omega_calcite (which 

appears to be what is used in the model, based on Table 1 and Figure 5). In some places in 

the manuscript, the authors specify whether an Omega value refers to aragonite or calcite, 

while in other places they do not. I'm assuming the authors chose to model only calcite 

because the Ridgwell (2005) reference presents just Omega_calcite? I think it would be 

helpful to explicitly tackle the mineralogy issue: be more careful about which Omega is 

referred to throughout the manuscript (or explain where it is used more generally vs. 

specific to one CaCO3 phase), and justify why the model uses calcite solubility and 

precipitation kinetics even though aragonite saturation state is referenced at other places 

in the manuscript. Furthermore, it seems like it would not be that difficult to incorporate 

mineralogy into the same set of models and I think they would be strengthened by 

illustrating the effect (or lack thereof?) of mineralogy. Solubility and precipitation kinetics 

of calcite and aragonite are different, so it seems like mineralogy could be important-

perhaps not the most important effect for this Phanerozoic-scale record, but I think useful 

for readers envisioning future applications of this work focused on smaller slices of time. I 

suggest that the authors consider adding "mineralogy" as an extra sensitivity test for the 

model, and potentially comparing endmember scenarios in the applications to the record 

(assume only calcite vs. assume only aragonite). Maybe that will show that it is not 

important! But even that result I think would be useful to see. As it is, this feels like some 

missing context/information, given that the text refers to saturation states of both calcite 

and aragonite in addition to showing calcite/aragonite seas in Figs 4 and 5, but don't 

exactly address whether they think mineralogy has a role to play in their facies record. 

 

2. The role of temperature in the surface water-kinetic model. The sensitivity tests in Fig 3a 

show that the surface water-kinetic model is most sensitive to Omega, but that alkalinity 

and temperature are still relatively important. My understanding is that this test did not 

incorporate the temperature sensitivity of carbonate precipitation kinetics, given that only 

a single pair of (k, n) parameters were given in Table 1 (as a minor aside, I think it would be 

more appropriate to use the parameters in Table IV in Zhong and Mucci, rather than the 

choice made from Table III, given that those authors concluded that salinity had no effect 

on kinetics within error of the method). Lopez et al. (2009) showed that there are 

differences in both k and n for calcite precipitation rate as a function of temperature, 

confirming the earlier findings by Burton and Walter (1987); it's not clear to me if there's 

any rationale to not incorporate this temperature-dependency into the model, particularly 

because this effect also seems like it could be important for future applications of this 

work. For example, recent applications of the ooid size Omega proxy to Neoproterozoic 

and early Triassic giant ooids (Trower 2020, GRL and Li et al. 2021, Geology) concluded that 



 

 

the combination of aragonite seas + warmer temperature may have been key in enabling 

ooids to get so large (because this combination maximizes precipitation rate). Because the 

new approach suggested here is one that could be compared or combined with the ooid 

size proxy approach, I think it would be worth these minor model modifications to explore 

whether mineralogy + temperature effects might be important. Or, if the authors have 

considered these effects already and decided to exclude them, it would be helpful to 

readers to explain their rationale in more detail. 

 

Lizzy Trower 

 

Thank you for these extremely helpful recommendations. In response to these comments, we 

have 1) added minerology as a variable in both models and 2) re-worked the kinetic model so 

that it now contains the rate constant (k) and reaction order (n). These modifications have 

resulted in several changes to the manuscript, including what is hopefully a better exploration of 

how carbonate chemistry, minerology, and temperature might interact in these environments. 

Below is a summary of the changes in response to re-working these variables: 

• We have now included minerology as a parameter in the sensitivity tests (Fig. 3a, b) 

 

• We have also added additional descriptors to the word ‘Omega’ where it appears in the 

text; it should now be explicit when referring to either calcite or aragonite Omega versus 

Omega for carbonate minerals in general.  

 

• The contours in Figure 3c to Omega_calcite. Aragonite Omega is still used wherever 

modern data was incorporated for comparison (i.e., Figure 2a) but everything else has 

been switched to Omega_calcite for simplicity and consistency with the inputs from 

Ridgwell’s model.  

 

• The parameters in Table 1 now include k and n values from Burton and Walter (1987). We 

chose these values over more recent studies (e.g., Lopez et al., 2009) so that changes in k 

and n due to temperature and minerology both come from a single source. 

 

• The text in section 3.2 (lines 278-291) has been updated to reflect the addition of 

temperature and mineralogy to the sensitivity plots. 

 

• Figures 5c and 5d now show model results that have been ‘spliced’ so that the 

appropriate mineralogy is displayed for periods of calcite/aragonite seas 

 

• The results in sections 3.3 (lines 323-341) and the discussion in 4.1 (lines 358-374) have 

been updated to reflect the addition of temperature and minerology to Figure 5. While 

our general result still holds—that the facies abundances and model results generally 

mimic the relevant variables for carbonate chemistry over the Phanerozoic—we discuss 

show how temperature and minerology could cause departures from the general trend.  

 

 

 

  



 

 

Reviewer #2 (Formal Review for Authors (shown to authors)): 

 

Note: Responses detailed throughout reviewer comments. 

 

Figure 2 (b, d) implies that teepees are forming at the sediment surface, and above the 

water table. This is the case for typically small scale gypsum and halite polygons (including 

teepees), that form in the upper part of the intertidal of modern sabkha environments, 

which are only occasionally flooded by seawater or meteoric water after rainstorms. These 

structures indeed have a very limited potential of entering the sedimentary record. 

Carbonate polygons (including teepees at the polygon boundaries) form in the deeper part 

of the intertidal, which is typically a marine carbonate environment with no contribution of 

evaporites or microbial mats. Carbonate cementation occurs within the sediment, and not 

at the sediment surface, as implied in Fig. 2. The authors are obviously aware of this (line 

100), as they explain their data with cementation from porewater, as opposed to surface 

water for pisoids so that Figure 2 is quite confusing and does not match with statements 

made in the text. 

Figure 2 now clearly shows tepee structures forming below the water table.  

 

Additional confusion results from statements around line 115: Lokier and Steuber describe 

polygons from the carbonate-dominated lower intertidal of Abu Dhabi, while the examples 

for the low preservation potential of such structures from the same region by Court et al. 

are from high intertidal or supratidal (sabkha) halite or gypsum polygons that indeed have 

a low preservation because of their mineralogy and position in the inter-supratidal sea-

level range. The study of Court et al. is thus unrelated to the carbonate teepees in Lokier 

and Steuber. 

We agree that the variety of polygons documented in Court et al., (2017) differ from the 

megapolygons described by Lokier and Steuber (2009); we apologize if we gave the impression 

that they were equivalent as the authors of the cited studies were quite clear in their descriptions 

and terminology.  

We still think that the study of Court et al., (2017) is worth pointing out to readers because three 

of their transects include facies associations from the lower intertidal zone (their SFA-1 and SFA-2) 

yet no tepees were observed. Lokier and Stueber (2009) surmise that modern tepee structures in 

Abu Dhabi are unlikely to enter the sedimentary record in any recognizable way, and in that sense 

the subsequent study by Court et al., (2017) supports that idea by investigating the Holocene 

record directly. Furthermore, some discussion of the Holocene sedimentary record at Abu Dhabi 

seems necessary to properly bridge the ‘recent versus ancient’ theme.  

Considering these comments, we have expanded section 1.1 and changed the wording in the 

section header from ‘modern’ to ‘recent’. Regarding Court et al., (2017), the wording is now:  

“Subsequent trenching by Court et al., (2017) in Abu Dhabi did not reveal any tepees in the 

Holocene record even though several sections contained lower intertidal deposits.”  

This should be more accurate as the line previously implied that tepees of interest were rare 

instead of absent entirely.  

 

As hardground formation that may result in the formation of large-scale polygons and 

teepees, occurs from porewaters just below the sediment surface, what is the role of 

bacterial sulfate reduction, which should increase alkalinity, and is known to support early 

cementation? It appears that this source of alkalinity in not considered in the geochemical 

model. 



 

 

This is a great question and adding parameters for microbial metabolisms is a high 

priority for future work on this topic! We see this as two related questions:  

1) What are the relative roles of microbial metabolisms versus evaporation/starting 

seawater chemistry in determining porewater chemistry in modern environments? 

2) How might the relative contributions have been different in the past based on what 

we know (or suspect) about the redox evolution of Earth’s surface? 

In terms of the first question, calibrating an appropriate range for sulfate reduction in the model 

requires a dataset that includes: 1) two parameters of the carbonate system measured in 

porewaters (DIC, alkalinity, pH, etc.), 2) porewater profiles for H2S to estimate the amount of 

alkalinity added by sulfate reduction, and 3) δ13C values for both porewaters and carbonate 

cements.  

At the time of this writing, we are not aware of a single dataset that encompasses all these points. 

There are very close candidates such as Bontognali et al., (2010), which focuses microbial dolomite 

rather than calcite or aragonite, Rivers et al., (2019) which focuses mostly on surface water, and Ge 

et al., (2020). However, as discussed by Ge et al., (2020), it is difficult to discern the influence of 

sulfate reduction from bulk δ13C values as they tend to be dominated by marine allochems rather 

than volumetrically minor cements. Interestingly, Ge et al., (2020) suggest the use of secondary 

ion mass spectrometry (SIMS) to target the cements and indicate that such work is already 

underway. Such a publication would certainly motivate us to revisit and expand on the approach 

presented here in a way that is necessary for deep time (see below). We summarize this in section 

3.1 regarding data in modern environments (lines 272-276).   

With regards to the current study, one might question whether changes in sulfate reduction 

might be an overlooked driver for the changes presented here. We think this is unlikely for a few 

reasons; first, the sulfate reservoir in seawater is relatively large (28 mmolar) such that sulfate 

concentrations are unlikely to be the limiting factor for sulfate reduction. For example, the data in 

Bontognali et al., (2010) show H2S concentrations from sulfate reduction on the order of 10-4 

moles, indicating that even in microbial mats, sulfate reduction does not exhaust the available 

supply of sulfate; therefore, other factors limit the rate of sulfate reduction. Second, the present-

day sulfate concentrations of 28 mmolar are believed to be among the highest of the entire 

Phanerozoic (Demicco et al., 2005), so it is hard to imagine that sulfate concentrations played a 

more important role in the past. In the case that sulfate reduction contributes to cement 

precipitation for tepees—which is a possibility—it’s very likely that the error is not time-

dependent for most of the Phanerozoic.  

The serious caveat here is that microbial metabolisms would need to be addressed before this 

work can be confidently extended into the Precambrian. In summary, we agree that microbial 

metabolisms may play an important role, and future efforts will need to account for this, 

especially if the results are to be extended beyond the Phanerozoic.  

Why are carbonate hardgrounds - so common in the sedimentary record - not included in 

the discussion? They form by the same processes, but only occasionally result in the 

formation of teepees.  

Great question. Yes, hardgrounds form by similar processes but are also subject to a wider range 

of destructive processes induced by burrowing animals. Recent work on hardgrounds (e.g., Cherns 

and Wright, 2016) suggests that trends in hardground abundance are like those of flat-pebble 

conglomerates (Sepkoski, 1982) and indicators of bioerosion. The result is that the record of these 

features is tied to Phanerozoic animal diversity as evidenced by significant changes during the 

Ordovician. While these features are extremely interesting, it is difficult to tie them directly to 

seawater chemistry since animal behavior plays a key role.  



 

 

We have updated the discussion in lines 410-421 to include a brief comparison of the trends 

documented here with those documented for other features such as hardgrounds and flat-pebble 

conglomerates and cite the role of burrowing animals in more open marine, subtidal 

environments as a driver of different trends.  

The required supersaturation for massive cementation may only occur in marginal basins or 

on extended shelf platforms, and not in 'normal' marine environments. Generally, the use 

of the term 'evaporitic' should be considered more carefully in the current paper. Among 

the search terms used in the compilation of the data base, only 'sabkha' relates to 

evaporitic environments, all others essentially to peritidal deposits that may occur on 

restricted shelf platforms with high salinity, but not necessarily related to the deposition of 

evaporites. Essentially, the authors investigate carbonate (and not evaporitic) sedimentary 

structures and particles. 

We can see how the use of broad terms like ‘evaporitic’ might cause confusion. Although our use 

of the term ‘evaporitic’ was meant as a catch-all term for brines with salinities greater than 35 ppt, 

we now see that many readers will take ‘evaporitic’ to mean ‘containing sulfate or halite salts’. 

We have amended the last paragraph of the introduction so that lines 88-91 now read: 

“Here we hypothesize that textures in mesosaline coastal systems, which are slightly 

evaporitic but below gypsum saturation, are also sensitive to secular changes in carbonate 

chemistry and can provide a high-resolution record.” 

 

This should clear up confusion as the previous lines reference established work in evaporite basins 

in which carbonates underlie sulfate and/or halite salts. This work specifically deals with 

environments that have salinities higher than seawater but lower than gypsum saturation. We 

have also clarified or replaced the word ‘evaporitic’ elsewhere in the text to differentiate between 

mesosaline and hypersaline settings.  

 

I recommend extending the section on 'Modern versus ancient arid coastal settings' to 

include a detailed summary of the current knowledge about the formation of carbonate 

polygons and teepees, thus clarifying the inconsistencies described above. This could be at 

the expense of some of the details of the geochemical modeling, which can be included in 

the supplemental materials. 

Fig. 1: I recommend using photographs that show the 'main characters of the plot' more 

clearly, without the need to highlight features. Fig. b may show oncoids and a different 

image, e.g. a thin section micrograph, may show the characteristics of pisoids more clearly. 

 

Figure 1 now includes a photomicrograph of a pisoid showing truncated laminations indicating 

grain transport, breaking, and subsequent re-coating.  

 

Line 125: This statement appears to question the approach of this study. It implies that 'all' 

modern examples may not be analogs of 'all' ancient teepees and pisoids. What about a 

differentiation between 'all' ancient examples? 

We see how this statement was misleading and did not appropriately summarize the hypothesis 

and approach of the study. Lines 136-137 (formerly 125) now read: 

“Differences between recent versus ancient tepees and pisoids could be reconciled if ancient 

environments were characterized by higher rates of carbonate precipitation.” 

This should better communicate the main idea of the study: that ancient examples could form 

under the same processes, just to a greater degree. Thus, we are looking at variables 



 

 

(temperature, starting chemistry, and minerology) that might have led to greater precipitation 

rates in the same environments in the past.  

The rest of the paragraph contains text from section 2.1 that support this point and have been 

moved here.   

 

Line 184: It is stated that data from marine brines rather than continental brines were use in 

the geochemical modeling. In Sabkha environments, this distinction is difficult (see 

ascending brine model of Wood et al., 2002), as continental and marine brines are typically 

mixing. This, however, is not a real issue, as the depositional environments that are the 

topic of this paper are essentially marine. 

Good point. We are aware of the ascending brine model but, as you point out, the influence of 

non-marine brines tapers off towards the shoreline, and Wood et al., (2002) still provide some 

relevant measurements such as their site 2-4, which appears to be on the seaward side of the 

“chloride plateau” (Patterson and Kinsman, 1982) indicative of Tertiary brines. They also have 

three samples in their Table 2 marked as “seawater” collected from the Khor al Bazam lagoon and 

the Gulf of Arabia which have salinities of 42-53 g/L which seemed relevant for surface water 

environments.  

 

Database references in the supplemental material appear to be unordered and should be in 

alphabetically order. 

 

The database should now be in alphabetical order 

 

Further comments are appended as 'sticky' notes to the pdf: 

The data used appear to come from very different coastal settings, e.g. continental brines 

may contribute more significantly to the porewater database, while the surface water may 

be predominantly marine. In sabkha porewater, low aragonite saturation may be the result 

of Ca removal by gypsum precipitation. 

These are important questions that we tried to account for this as much as possible, and we admit 

that the text did not provide adequate detail in this area. For datasets where continental brines 

are important (i.e., Wood et al., 2002 and Wood et al., 2005), we only used values that were likely 

marine using the criteria outlined in the comment on line 184 above. From the file 

modern_brines.csv (highlights for emphasis): 

 
The data from Wood et al., (2002) are all marked as “nonmarine” and thus do not appear in the 

box plots in Figure 2. The data from Wood et al., (2002) only include three measurements which 

could reasonably be assumed to be marine derived because they are seaward of the “chloride 



 

 

plateau” (Patterson and Kinsman, 1982) as per their discussion. In any case, these data only 

constitute 3 of the n = 39 porewater measurements.  

We also limited entries to those that were still below gypsum saturation (from the R file 

Fig_2a_modern_data): 

 
Of course, we take full responsibility for not communicating this in the text; the above excerpts 

are just for full transparency and for cross-referencing with the initial submission files. We have 

updated the caption in Figure 2 to provide more context.  

 

  



 

 

Reviewer #3 (Formal Review for Authors (shown to authors)): 

 

Review of "Arid Coastal Carbonates and the Phanerozoic Record of Carbonate Chemistry" 

by Smith et al., submitted to AGU Advances 

 

This manuscript tests the hypothesis that carbonate facies in arid coastal environments - 

tepee and pisoid structures - can be used to reconstruct changes in ocean carbonate 

chemistry in Earth's history. The authors compile a database of these carbonate facies and 

find that their distributions display statistically significant changes through time and track 

first-order shifts in alkalinity and saturation state. These trends are subsequently 

interpreted in terms of supercontinent cycles and evolutionary changes in marine 

calcification processes. Because of this strong relationship, the authors suggest that tepees 

and pisoids can be used as independent sedimentary proxies for marine carbonate 

chemistry. Tepees and pisoids are preserved much further back in geological history than 

pelagic carbonate sediments on oceanic crust, implying that these structures can be used to 

constrain carbonate chemistry across the Phanerozoic and possibly even further back in 

time. 

 

No edits required. 

 

I quite like the approach the authors have taken in this paper and have learned several new 

things over the course of this review. Overall, I recommend publishing this paper following 

revisions but I do have a number of suggestions for the authors to consider. Disclaimer: my 

background is in paleoclimate reconstructions and carbon cycle modeling, but I am no 

expert in carbonate sedimentology - I hope other reviewers are able to comment more 

specifically on the interpretation of the sedimentary structures discussed here. 

 

Thank you for your constructive suggestions. 

 

In general, I think the paper would benefit from an additional figure with a map showing 

the locations of the coastal carbonate deposits that the authors have compiled. As currently 

presented, I think a reader will find it difficult to evaluate how widespread these deposits 

are through space and time and what that means in terms of paleogeography and 

paleoenvironment. Such a visual display would also make it clearer which sites are currently 

included in the database and which sites may be underrepresented or could be studied for 

future research. 

We have added two panels in the supplementary information (Figure S1) that show the location 

of all database entries as well as the total density for the Phanerozoic (i.e., all time slices). We 

hope this provides the necssary spatial context to the study.  

 

On a related note, the authors describe a systematic approach to compiling their database 

based on extensive literature search, but only present the final database without a 

quantitative breakdown of all potential entries. How many potential entries were excluded 

based on each of the criteria presented here? This could be addressed in simple table form, 

but I do think this is important as it gives a feeling for how easy it is to extend this 

methodology in future studies. 

We have added references in section 2.1 (lines 166-178) that give an example for each class of 

features we did not consider.  



 

 

 

I feel the paper nicely presents the model setup and outcomes in relation to changes in 

marine carbonate chemistry during the Phanerozoic, but the paleogeographic and 

paleoclimatic context for this discussion relies on fairly old literature sources and could be 

more fleshed out. Against what environmental backdrop did these global changes occur? 

Were tepee and pisoid structures consistently formed in the same environments and 

latitude bands through time? Were certain time intervals more prone to their formation 

because of plate configuration, climate state or both? This newly accepted paper by Scotese 

et al. (2021) on Phanerozoic climate history may be useful for such 

discussions: https://www.sciencedirect.com/science/article/pii/S0012825221000027 

 

Thank you for pointing out this thorough review. Figures 4 and 5 now use the updated polar 

ice/no polar ice trends from this paper. We have also cited it in the expanded discussion of global 

versus local drivers (lines 358-374) as it provides not only globally averaged temperatures, but 

also tropical ones which are more relevant to this study.  

 

Finally, I was a little confused by the order in which the figures and tables are presented in 

relation to their descriptions in the text. Why is the current Table 2 not referenced earlier, 

e.g. in section 2.1 where the database is first described? Conversely, Figures 2 and 3 are 

only referenced 1-2 pages after the position where they are currently depicted. Tweaking 

this table and figure placement a bit would improve the clarity of the story in my opinion. 

We agree and have changed the placement of Table 1, as well as Figures 2 and 3 as per the 

suggestions above.  

 

Additional comments: 

 

Line 47: "Carbonate rocks are physical products of Earth's carbon cycle" 

Of course, carbonates are physical/material remains of carbon cycle processes but there are 

chemical in nature. Consider adapting the sentence to reflect this? 

Line 47 now reads: ‘Carbonate rocks are physical, chemical, and biological products of Earth’s 

carbon cycle’ 

 

Line 111-112 and 124-126: "Tepees and pisoids from modern coastal settings are imperfect 

analogs for ancient deposits." and "The small size and poor preservation of Holocene 

examples raises questions as to whether ancient examples formed under distinctly different 

environmental conditions." 

The authors use data from modern evaporitic environments as inputs for their model in 

sections 2.2 and 3.1, but do not discuss what the apparent contradiction presented in the 

lines above means for their model results. Are the processes that formed these carbonate 

structures comparable between modern and ancient deposits and is the difference strictly 

related to differences in carbonate system variables? Or do we perhaps understand past 

environments better than modern environments? I think this conundrum deserves more 

discussion but perhaps the answer is that we still do not know. 

We see how this statement was misleading as Reviewer 2 voiced similar concerns.  To address 

this, lines 136-137 (formerly 125) now read: 

“Differences between recent versus ancient tepees and pisoids could be reconciled if ancient 

environments were characterized by higher rates of carbonate precipitation.” 

https://www.sciencedirect.com/science/article/pii/S0012825221000027


 

 

This should better communicate the main idea of the study: that ancient examples could form 

under the same processes, just to a greater degree. Thus, we are looking at variables 

(temperature, starting chemistry, and minerology) that might have led to greater precipitation 

rates in the same environments in the past.  

The rest of the paragraph contains text from section 2.1 that support this point and have been 

moved here.   

 

Line 154-155: "ad hoc limit of two database entries per a 5x5 degree latitude/longitude 

rectangle" 

How did the authors come up with the number 2 as a cutoff? What metric was used to 

evaluate the effects of this choice on reducing bias? 

We would point out that 202 of the 242 entries (83.5%) do not co-occur with other entries in the 

same 5x5 rectangle and time slice so the cap on entries only applied to a minority of cases.  

Why use a cap at all? There are some studies of sedimentary features (e.g., Wright and Cherns, 

2016) that use the raw number of studies binned by time as a proxy for abundance; however, this 

is not the best option for this study because there are a few well-known tepee and pisoid sites 

that would severely skew the database. As an example, a google scholar search for “tepee 

structures Guadalupe Mountains” will turn up >30 entries in the first few pages alone, which 

would constitute >10% of entries for the entire database as it stands now. Including more entries 

just pushes the relative proportions of tepees and pisoids towards 100% since one well-

documented occurrence in the literature begets other citations. In short, we were concerned that 

a higher (or no cap) was more likely to record non-geological aspects of the area such as its ease 

of access (e.g., a national park) or its publication history.   

Thus, the point of the cap was for the metric to be as conservative as possible since including 

more cases in data-dense areas likely artificially inflates the abundances for that time slice. We 

allowed maximum of two studies instead of one because there were at least two possible 

outcomes, and we felt it offered some measure of protection against false positives.  

 

Line 158-160: "we chose to count published occurrences rather than total thickness or the 

areal extent of deposits because tepees and pisoids were often described in the text but 

were not finely resolved on stratigraphic columns." 

I agree this is the most pragmatic approach given the available data, but how would this 

decision impact the subsequent modelling exercise, qualitatively or quantitatively? Does it 

matter at all? 

 

We do not think this affects the modeling per se as the model and database employ two different 

sets of assumptions. The key assumption for the model is that the correct processes that form 

these facies can be extrapolated from modern environments, but those processes (i.e., carbonate 

precipitation) were enhanced in the past. Again, we realize this was badly articulated in the 

original submission in Section 2.1 and we hope to have clarified that in the revision. The key 

challenge for the database is in finding a metric for how common or rare these facies were in the 

appropriate environments in the past.  

In cases where the models and data do not perfectly correlate, we would need to look more 

closely at both sets of assumptions; a bad fit could result because 1) the models break down due 

to processes that are unaccounted for, or 2) there’s a problem with the database because it’s 

incomplete or there is a metric that’s not helpful. But it’s probably useful to keep track of these as 

separate (but related) assumptions that may break down independent of one another.  



 

 

 

Line 294-295: "These results are consistent with process-based understanding of how these 

features form." 

References are needed here, also because the rest of the paragraph doesn't contain any 

relevant ones. This also links back to my earlier comment on processes governing modern 

and ancient tepee and pisoid formation. 

 

We have now included an explicit reference to section 2.1 which has been expanded. As 

mentioned before, the section should make it clear that we do not invoke different processes, but 

extensions of the same processes we see today but modified by variables such as different 

carbonate chemistry. 

 

Line 383-386: "In deeper time, evaporitic environments are especially valuable proxies for 

carbonate chemistry because they do not rely on skeletal carbonates. As such, they could 

provide a reasonable bridge between the Phanerozoic and the Precambrian as far back as 

the Paleoproterozoic (Grotzinger, 1986) or even Archean (Hofmann et al., 2004)." 

Realistically, what is the preservation potential of suitable coastal evaporitic environments 

as far back as the Precambrian, Paleoproterozoic or Archean? I imagine that further back in 

time these environments will become more and more limited to a few sites, which may then 

skew the observations from those sites to local environments that may not represent global 

carbonate chemistry trends (as the authors also point out in section 4.1). 

Great question. We would like to point out that two of the authors on this study recently 

published a paper in Earth Science Reviews (Cantine et al., 2020) which gives a very up-to-date 

approach for analyzing occurrences of Precambrian carbonate facies including tepee structures 

and pisoids. Still, the path forward involves more work in modern/Holocene environments to 

answer some of the questions raised by Reviewer 2 (i.e., sulfate reduction, etc.). Other possibilities 

include better site-specific metrics such as the size and spacing of tepee deposits or perhaps an 

analysis of the cortical stratigraphy of pisoids (see Trower et al., 2020 work on ooids).  

 

Table 2: I quickly glanced at the numbers and realized that for both the Cambrian-Devonian 

and mid-Jurassic-present time intervals the numbers do not add up to the correct totals 

under 'all deposits'. The Cambrian-Devonian numbers add to 80 (not 85) and the mid-

Jurassic-present numbers add to 85 (not 80). Have these numbers been switched by 

accident? Does this impact the statistical analyses and subsequent modeling somehow? 

Thank you for catching this! Those numbers are indeed flipped. Thankfully, it appears this was a 

copying/typesetting error on our end; we double-checked the R script in the Github repository to 

make sure that error was not present in the script that does the statistical analysis (i.e., the file 

named ‘Table_2_stats’.R’ at www.doi.org/10.5281/zenodo.4420159).   

 

Figure 4: I suggest adding a simple visual legend panels A and B to immediately make it 

clear that the blue and green bars represent the tepee and pisoid counts compared to all 

counts in grey. This is already written in the caption but adding it to the figure itself would 

make it even clearer at first glance (and makes the figure better for use in presentations). 

The suggested visual legend has been added to Fig 4.  

 

Figure 5: The performance of the model is evaluated against the alkalinity and saturation 

state estimates from Ridgwell (2005). This study is now >15 years old, have there been no 

newer studies that modeled the same parameters over the Phanerozoic? 

http://www.doi.org/10.5281/zenodo.4420159


 

 

We suspect part of the longevity of this citation is that some of the key figures have been re-

printed in a subsequent review paper (Figure 5 in Zeebe 2012) although that too is now a decade 

old. It appears that other well-cited models for calcite Ω, pH, etc. were published around the same 

time, particularly Riding and Liang (2005) and MAGic (Arvidson et al., 2006 and subsequent 

updates). Nevertheless, recent review papers (Turchyn and DePaulo, 2019) are still referencing 

Rigwell (2005) and Zeebe (2012), and a recent biogeochemical model for calcifying cyanobacteria 

across the Phanerozoic (Aloisi, 2019) is still using Ridgwell (2005) as an input. We suspect this is in 

part because 1) the model outputs are available through the author’s website, and 2) the model is 

based on the PANDORA model and thus it’s possible to use only surface ocean values of 

parameters rather than outputs that are averaged over the entire ocean.  

Still, this is an interesting point; there seems to be no update of these Phanerozoic-scale 

geochemical models. It seems like the recent work on this topic (especially with subsequent 

GENIE models) is centered on 1) implementing more sophisticated biogeochemical models that 

handle redox reactions and 2) studies that are focused on specific time periods, especially those 

with notable carbon cycle perturbations as summarized in Appendix A of Hülse et al., 2017.  

 

Table S1: This table was not included in the submission materials but I was able to access it 

via the link to the Github repository provided. Since this is the primary dataset upon which 

the paper is built, I recommend to make it part of the main supplementary files to be 

uploaded with the paper, along with tables S2-S4. 

This file should now be bundled with the re-submitted files for revision.  

 

  



 

 

Authors’ Response to Peer Review Comments on First Revision of 

Manuscript (2021AV000386R) 

Response to Reviewer comments for "Arid Coastal Carbonates and the 

Phanerozoic Record of Carbonate Chemistry" [Paper #2021AV000386] 

 
We thank the reviewers and editor for their constructive suggestions. We have addressed 

more of these below (reviewer comments in bold, responses in plain text).  

 

Reviewer #1 (Formal Review for Authors (shown to authors)): 

 

The authors have done a great job addressing my previous comments about details 

in the model - it was intriguing to see that mineralogy and temperature do, in fact, 

matter for the surface water-kinetic model. I only have a few final very minor 

comments for clarity, but otherwise recommend that this manuscript be accepted 

for publication. I think it will be of broad interest to the readership 

of AGU Advances. 

 

Although the authors have clarified where they refer to calcite vs aragonite 

saturation states throughout the manuscript, Key Point #1 still refers specifically to 

"marine aragonite saturation" - wouldn't it be more appropriate to generalize this 

one as "carbonate mineral saturation state"? It also wasn't entirely clear to me why 

the authors chose to describe the different carbonate saturation states in the text as 

"calcite Ω", or "aragonite Ω" rather than "Ωcalcite" or "Ωaragonite", the latter of 

which are, in my experience, the typical use. There are a few places in which the 

typical subscript format is used (e.g., Table 2, some of the equations), so it's not 

currently completely consistent one way or the other. I think it would be more clear 

if the subscript format was used consistently throughout the text, including in axis 

labels in figures, rather than having the mineral name in the text (which in some 

cases was not the word immediately next to Ω), both because it is more immediately 

visually obvious which Ω is being referred to, and because it generally seems 

appropriate way to differentiate these two variables by referring to their different 

symbols (i.e. with subscripts). 

 

In a couple places in the manuscript, the authors refer to "surface Ω" - I assume 

this refers to the surface ocean? I think it would be helpful to add another modifier 

in there to clarify, like "surface seawater Ω". Especially in a journal with a broad 

audience like AGU Advances, "surface" could mean different things to different 

readers. 

 

In the second paragraph of section 1.1, the word "pseudomorphs" is misspelled (the 

e and u are switched). 

 

Lizzy Trower 

The terminology throughout the text and in Figure 3 should now be consistent. The 

spelling of "pseudomorphs" has been corrected as well.  



 

 

 

Reviewer #2 (Formal Review for Authors (shown to authors)): 

 

Important aspects of the manuscript have been clarified and/or improved, and my 

previous comments have been adequately considered. The comparison of the 

Phanerozoic distribution of teepees and pisoids with the distribution of hardgounds 

is a very valuable addition for further discussion and research. 

 

There is just one important item that should be taken care of. I recommended that a 

brief review of the phenomena that produce teepee structures should be included. 

This has not been adopted and the current revision still has erroneous references. 

Details about the remaining issues are provided below, and should be addressed. I 

would argue that Lokier and Steuber, 2009, may contain the most up-to-date 

summary of the 'current' knowledge about teepee formation, and Christ et al., 

Petrography and environmental controls on the formation of Phanerozoic marine 

carbonate hardgrounds, Earth-Science Reviews (2015), provides a review of 

processes (including microbial) of hardground formation. Teepees are not covered 

in the latter publication, but there are data about the Phanerozoic distribution of 

hardgrounds. 

Lines 102-110 now 1) give a brief overview of early hypotheses for the origin of layer-

parallel expansion and 2) correctly cite Lokier and Stueber (2009) as the study that 

demonstrated that displacive cements are the most likely mechanism rather that volume 

changes due to moisture and temperature cycles.  

 

This point of criticism (detailed below) is considered important, as the main proxies 

addressed in the paper need to be represented adequately to improve the overall 

impact of the hypothesis presented. 

 

Line 132: Lokier and Steuber did not map the polygons described by Shinn, 1969, 

but rather contrasted the intertidal polygons of their study with the subtidal 

occurrences described by Shinn. They highlighted differences in preservation 

potential, concluding that in the higher-energy intertidal setting of their study, 

teepees will survive erosion less frequently than in lower-energy subtidal settings. 

The reference to Shinn (1969) has been removed from this line to prevent confusion. The 

point still stands in that tepee structures only comprise ~2% of the active polygon borders 

even in low energy environments that should be more favorable for their preservation.  

 

Line 134: Neither the surface transects nor the trenches described in Court et al., 

2017, actually reach the hardground with teepees described in Lokier and Steuber, 

2009. The hardground would be the next unit below the lowest unit (BFA-1) 

described in Court et al., 2017, which only contains some rip-up clasts of the 

hardground below, as does their most seaward facies (SFA-1). The Court et al. 

paper is thus unrelated to - and does not discuss - the preservation potential of the 

local carbonate hardground and its teepees. To avoid confusion, the paper should 

not be referred to in this context. The geometry of the regressive deposits and the 

position of the hardground in the sedimentary sequence of the recent Abu Dhabi 



 

 

coastline may be difficult to understand from these two publications, and is shown 

more clearly in several older publications, e.g. Lokier and Steuber, Quantification of 

carbonate-ramp sedimentation and progradation rates... Journal of Sed. Research, 

78 (2008). 

We have removed the references to the transects in Court et al., (2017) from this section. 

 

Reviewer #4 (Formal Review for Authors (shown to authors)): 

 

The manuscript presents novel and interesting data on distribution of arid coastal 

carbonates and their link to the paleo environments of Earth hydrosphere. The text 

and figures are well presented, clear and easy to follow. Significant changes were 

performed following the 1st round of review and these produced a well written 

manuscript. 

 

Note that some references are incomplete 

This is probably due to the lead author’s inexperience with LaTex. I am using the official 

AGU template but see that some references with longer author lists are truncated with 

elipses even though their .bib entries are complete. I am hoping this can be sorted out 

with the production staff.  

 

L79-97: Somehow it would be useful to explain here, what are tepees and pisoids 

Lines 92-95 now read:  

“To test this hypothesis, we compiled data from Phanerozoic arid coastal deposits and 

tested for secular trends in two common facies: tepee structures, which are polygonal 

expansion features in hardgrounds, and pisoids, which are large (>2mm) coated grains.” 

 

L200-204: Justification of variables is unclear. For example, why Ca not 

considered? (Arp et al., 2001) 

Good question. We decided not to treat Ca as an independent variable in this analysis 

because of the way Ωcalcite was modeled by Ridgwell (2005). We thought about 

‘decomposing’ Ridgwell’s Ωcalcite values into Ca and [CO3] components, but the author 

did not treat them as independent in the model; i.e., output variables such as pH and 

[CO3] depend on the Ca concentrations.  

So yes, using a range of Ca concentrations while holding [CO3] constant would be the 

ideal approach, but doing so would “break” the logic of how [Ca] and [CO3] were in 

related in model in the input Ωcalcite curve. In the end we felt it was most defensible to 

treat Ωcalcite as an independent variable even though it is really a composite of other 

factors.  

Even if Ωcalcite is treated as a composite variable, we still needed [Ca] for the ion-

interaction models. By the same reasoning above we used Stanley and Hardie (1998)—

the same input for Ridgwell (2005)—rather than a more recent curve. In short, we though 

the approach we used is not exactly ideal, we felt it lessened the risk that our result could 

be interpreted as accumulated errors from mis-using the results of previous studies.   

We have updated lines 208-209 as follows: 

“Note that we used starting Ωcalcite rather than starting [CO3] as a variable because [Ca] 

and [CO3] were not independent variables in Ridgwell (2005).”  



 

 

 

L202-204 Mg is important driving factor of carbonate mineral precipitation: thus 

the source of data should be clearly explained. 

We have amended these lines to make it clear that Mg were taken from Demicco et al., 

(2005). 

 

Note that phosphate is another very important controlling factor of CaCO3 

precipitation in seawater, but it is even not mentioned. 

This is a very interesting topic. We would be remiss not to point out some exciting 

research has been published recently about [P] and carbonate chemistry, namely Toner 

and Catling (2019) and Ingalls et al., (2020, GRL). These papers consider both the 

relationship of [P] to carbonate chemistry (pH and/or alkalinity) as well as the role of 

evaporation in concentrating [P]. In particular, Ingalls et al., (2020, GRL) proposes a 

geologic proxy (P/Ca ratios in carbonates) that could, with further work, be used to make 

a high-resolution record that could be combined with an approach like the one here.   

For now, I’ll just say that 1) I think the topic probably deserves its own study, and 2) any 

potential effects on evaporitic carbonates would probably be most noticeable beyond the 

Phanerozoic, when surface ocean [P] concentrations could have been much higher (e.g., 

Planavsky et al., 2019). I think it’s a less likely driver for the Phanerozoic when [P] is 

biolimiting for geologic timescales. But recent developments on this topic definitely on 

our radar as an avenue for future work.  

 

Fig. 3 is well drafter which is appreciated. Note however that Mg (and Mg:Ca ratio) 

is one of the major factors determining aragonite vs calcite precipitation fro from 

seawater. The role of Mg and its changes over the Phanerozoic are not considered at 

all. 

Sorry if this was not sufficiently clear; we did consider calcite/aragonite seas in Figure 5c 

and 5d  now consider show changes in minerology corresponding to these periods.  

 

L401 Please, elaborate some mechanisms behind this dependence 

This line now reads (new text in italics):  

“In contrast, weaker carbonate buffering before the mid-Mesozoic should have permitted 

large changes in marine carbonate chemistry.  In particular, most models of the pre-

Mesozoic carbon cycle posit that carbonate Ω values were inversely proportional to the 

area of submerged continental shelves and thus subject to long-term trends in sea level 

and tectonics (Grotzinger & Knoll, 1995; Zeebe & Westbroek, 2003).  The reason is that 

kinetic rate laws such as Eqn.  6 give precipitation rates (mass/time) per unit area; if 

carbonate production is limited to warm-water shelves, a loss of shelfal area needs to be 

balanced by higher Ω to maintain the same precipitation rate and vice versa.” 

 

L421-440: This is very nice discussion of current views on seawater chemistry in the 

past 

Thank you! We hope readers find it interesting as well. 

 

L442-464: This discussion is not sufficiently elaborated because the role of tepee and 



 

 

pisoid facies is not presented. The link between Phanerozoic and Precambrian arid 

coastal deposits is not explained. 

The last line now reads: 

“Using the Phanerozoic record as a guide, Precambrian records of tepees and pisoids 

(e.g., Cantine et al., 2020) could greatly clarify the role of tectonics, climate, and 

additional factors that may have influenced marine carbonate chemistry during key 

transitions in early life.”   

Hopefully this clarifies how tepees and pisoids relate to the different ideas about 

Precambrian marine chemistry discussed earlier in the paragraph.  

 


