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Responses for reviewers#1

Thank you for your comments concerning our manuscript, we found these comments
will help to improve its quality greatly. We have attempted to address each of the

comments point-by-point. Detail explanations can be found as follows.

Author’s response —Line numbers referring to the old and new version manuscripts are

preceded by L and RL, respectively

General Comment:

The authors focus on observed saline groundwater that extends far inland in the coastal
zones, and investigate the origin of groundwater salinity and elucidate the major
processes controlling salinized groundwater evolution in Luanhe River Delta using
hydrochemical and isotopic methods and sedimentary characteristics. The method for
interpreting the data is relatively standard. The text is well structured and well
supported by the figures. The evolutionary pattern of saline groundwater is innovative,
and can be used to better understand groundwater evolution in coastal zone. I would
like to recommend the acceptance of the manuscript for publication after minor
revisions. Below are my comments that may help with this process.

Response: Thank you for your general comments concerning our manuscript. The
manuscript has been improved and polished carefully for readability and succinctness.
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We have responded to the following specific comments in depth.
Specific comments:

The introduction provides a comprehensive summary of the groundwater salinization
in coastal zones due to Quaternary transgression. The relevant study of similar coastal
zones could be expended a little as it is contributed to more valuable scientific
significance in International Journals.

Response: We have revised the last paragraph of “Introduction” to introduce previous
study in Bohai Sea coast, as well as highlight the novel contribution made in the current
work.

P5 RLS to 22: “The Bohai Sea of northern China was affected by Late Pleistocene
transgressive-regressive cycles, which caused various salinity palaeo-saltwater
intrusion along the coastal aquifers (Du et al., 2015; Li et al., 2017). Several studies
have applied geochemical methods to elucidate the origin of saline groundwater and
the salinization processes under anthropogenic influence, including induced mixing
brine water from adjacent aquifers caused by groundwater overexploitation in Laizhou
Bay (Han et al., 2011, 2014; Liu et al., 2017; Qi et al., 2019). However, the association
between  groundwater  salinization  (especially  brine  formation) and
palaeoenvironmental implications are still not clear. Thus, this study applies a range of
chemical, isotopic and sedimentary indicators to examine the Luanhe River Delta
(situated along the northwestern coast of Bohai Sea) to elucidate the groundwater
salinization processes in relation to recharge, salt source, mixing behavior and
palaeogeographic evolution. The overall goal is to understand the groundwater
evolutionary pattern influenced by transgression/regression events in geologic time.
The findings will be significant to aquifer remediation activities in the region as well
as other similar sedimentary environments around the world.”

Hydrogeology: this paper is aimed to saline groundwater in coastal aquifer of Luanhe
River Delta. However, | cannot find more information about water quality in this
section. And how about the hydraulic connection between shallow and deep aquifers?
The authors should introduce more details here.

Response: We have added the information on groundwater quality in P6 RL16 tol7,
and further discuss the hydraulic connection between shallow and deep aquifers P7 RL3
to 4.



Page 9, line 6, “MIS5”. The first abbreviations need to be explained in detail.
Response: The first abbreviations have been re-check, and explained clearly.
P11 RL8: “radiocarbon ages in years Before Present (a B.P.)”

P23 RL4: “Marine isotope stage (MIS)”

Page 9, lines 19-21. How much is the depth of interface of salt-fresh groundwater? And
I cannot find any reference to support “salt groundwater primarily occurring in the first
aquifer of the delta area” in this part.

Response: We have added the location information of salt-fresh interface in P8 RL9,
and references (Li et al., 2013; Ma et al., 2014) to support “salt groundwater primarily

occurring in the first aquifer of the delta area” in this part.

Page 10, line 2, remove “Holocene sea-land transition facies” and write “Holocene delta
facies”.

Response: Change made. P8 RL13 “Holocene delta facies”.

Page 10, Line 1-3, the sedimetary phases in Fig. 2 should correspond to description of
stratigraphic architecture.
Response: We have rechecked and revised the text and Fig. 2.
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Fig.2 Stratigraphic transect along the present coastline of Luanhe River Delta,
modified from He et al.,2020.

Page 10, line 12, ““7 ka BP”. Abbreviations need to be checked, please check throughout
the paper.
Response: “7 ka BP” change to ““7 ka B.P.” in P9 RL1.



Page 12, line 5, “Daqingher”. Do you mean Daqinghe?
Response: We are sorry for the negligence of writing. Change made.

Page 12, line 19, and Table 1, which water samples does “P18” represent? “CSW”?
Please explain in the text.

Response: The “P18” represent “CSW”, P10 RL5 “1CSW (P18 sample)”.

Try to report Table 1 and 2 as online supplementary material.
Response: Table 1 and 2 will be reported as online supplementary material (Table S1
and S2).

la: The figure shows there are river samples “L01...” or “S01...”, but I cannot find these
samples in Table 1, please check.

Response: We have revise the sample label in Fig. 1a.

2 [@OY] Borehols

: / Bohai

18] Evaporation poo!

1
118°00"

The transgression_line of Holocene —_—sW
1 Alluvial Fan : Delta |

Reclamation area Bohai Sea
= Yo 0/m




Some figure labels / legends are rather small and hard to read, e.g., figures 4, 6.

Response: The Fig 4 has been improved, while the Fig 6. has been removed to avoid

superfluous discussion (as suggested by reviewer#2).
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Fig. 4 Stable isotope compositions of different water samples. Seawater mixing line:
mixing between deep fresh groundwater and seawater; CSW mixing line: mixing

between deep fresh groundwater and CSW.

Page 26, Line 9-11, changing “palaco-coast zone” to “palaco-coast line” maybe more
appropriate. In addition, there need more international references to support “100 m
depth below present sea level”.

Response: Change made, P23 RL8 “palaeo-coast line”, and we have added the
references (Liu et al., 2020; Li et al., 2014) in P23 RL9 to support “100 m depth below

present sea level”.

Page 26, Line 2-7, there are summary of coastal brine groundwater formation, | agree
with most of the interpretations. However, how about brine groundwater in other
coastal aquifer? Whether these brines have similar formation processes? Appropriate
extended discussion could further convey some new understanding that ideally is
applicable to other study areas.



Response: We have improved this section to convey how the insights of this study
improve understanding of brine groundwater in Bohai sea coast.

P27 RLI2 to 19: “The coastal brine groundwater is a special product of geological
evolution, which have been found in Bohai Sea coast such as Bohai Bay (Li et al., 2017)
and Laizhou Bay (Han et al., 2014). The change in sea level over the Late Pleistocene
would have favoured marine intrusion and similar sedimentary environment in Bohai
coast, allowing this study infers the following conditions for its brine formation: (1)
stable evaporative environments (e.g. lagoon), (2) suitable climatic conditions (e.g.
arid), (3) seawater entering evaporative environments (e.g. storm or tide), and (4) long-

term scale for salinity accumulation.”

Page 33, Line 18-19, “Laizhou Bay” is not covered in any part of the article, please
delete.

Response: According to comments raised by reviewer #2, we have rewritten the last
paragraph to highlight how our results contribute to the similar research in salinized
coast aquifers, to increase the global relevance of the paper.

P29 RL20 to P30 RL7: “Given that most coastal zones around the world experienced
transgression/regression events in the Quaternary period, the findings of this work will
promote better understanding of the origin of salinization in coastal aquifers. In addition,
it is important to recognize the potential leak of connate saline groundwater previously
preserved in adjunct aquifers that can occur due to over-extraction of deep groundwater.
To effectively prevent pollution from saline groundwater movement, this study
recommends extensive characterization of groundwater interface dynamics, such as
fresh/saline, fresh/brine, and brine/seawater interfaces and also maintain continuous

monitoring of water quality and levels across the aquifers.”



Responses for reviewers#2

Thank you for your comments on our manuscript. We found the comments helpful
towards improving the quality of the manuscript. We have attempted to address each of

the comments point-by-point. Detail explanations are as follows.

Author’s response —Line numbers referring to the old and new version manuscripts are

preceded by L and RL, respectively

General Comments

This is potentially an interesting and valuable dataset; however, the paper as written
does not do it justice. Most of the sections of the paper are too long and lack focus. The
Introduction and Study Area sections are generally clearly written but it is not always
clear how the information here relates to the groundwater chemistry (which is the main
topic). They should be shorter and better focussed on the specifics of the work carried

out.

Response: Thank you for the positive comments. We have reorganized the paper in
response to your recommendations, including condensing the introductory material
highlighting the key points. We have removed section 2.2 and some negligible
information in section 1 which are not very relevant to the topic of this work. We also
changed “P5 L11 to P6 L5” to “P5 RLS8 to 227, showing clear background issues

relevant to the topic.

P5 RL8 to 22: “The Bohai Sea of northern China was affected by Late Pleistocene
transgressive-regressive cycles, which caused various salinity palaeo-saltwater
intrusion along the coastal aquifers (Du et al., 2015; Li et al., 2017). Several studies
have applied geochemical methods to elucidate the origin of saline groundwater and
the salinization processes under anthropogenic influence, including induced mixing
brine water from adjacent aquifers caused by groundwater overexploitation in Laizhou
Bay (Han et al., 2011, 2014; Liu et al., 2017; Qi et al., 2019). However, the association

between  groundwater  salinization  (especially  brine  formation) and



palaeoenvironmental implications are still not clear. Thus, this study applies a range of
chemical, isotopic and sedimentary indicators to examine the Luanhe River Delta
(situated along the northwestern coast of Bohai Sea) to elucidate the groundwater
salinization processes in relation to recharge, salt source, mixing behavior and
palaeogeographic evolution. The overall goal is to understand the groundwater
evolutionary pattern influenced by transgression/regression events in geologic time.
The findings will be significant to aquifer remediation activities in the region as well
as other similar sedimentary environments around the world.”

Unfortunately, the Results and Discussion sections which are critical to the study are
very hard to follow. Material is repeated, the writing is difficult to understand in places,
and it is not clear what is important. The interpretation of the data (in particular the 14C)
is superficial and uncritical. These sections really need rewriting.

Response: We have thoroughly revised the Results and Discussion to reduce repetition
and improve the readability. We have re-examined the interpretation of *C data
(revised section 4.3), and further revised the text to also improve the discussion.

The Conclusions and Abstract also need to convey something of the general importance
of this study and how it relates to work occurring elsewhere. Case studies are
publishable in international journals such as HESS. However, unless they have
relevance to researchers working elsewhere, they may be better in a regional journal.

Response: Thank you for this important suggestion. We have revised the Conclusions
and Abstract to convey the major significance of our work for the scientific community

working elsewhere.

P3 RL3 to 5: “This study presents an approach for utilizing geochemical indicator
analysis with paleogeographic reconstruction to better assess groundwater evolutionary

patterns in coastal aquifers.”

P29 RL11 toP30 RL 7: “Our study shows that multiple water types are particularly
associated with complex geographic evolution in coastal areas. The variation in sea-
levels (when it rises) causes lowland coastal areas to be inundated by seawater, which
induces palaeo-seawater intrusion. The costal deltas developed after significant drop in
the sea levels. The concentration of saline water in the lagoon environment at the delta-



front continuously provided salinity to the groundwater. Thus, under the effects of
evaporation, mixing, and dissolution, brine groundwater was formed. In contrast, the
lateral recharge of surface water and irrigation return would cause slow wash-out of
salinized groundwater in the delta plain.

Given that most coastal zones around the world experienced transgression/regression
events in the Quaternary period, the findings of this work will promote better
understanding of the origin of salinization in coastal aquifers. In addition, it is important
to recognize the potential leak of connate saline groundwater previously preserved in
adjunct aquifers that can occur due to over-extraction of deep groundwater. To
effectively prevent pollution from saline groundwater movement, this study
recommends extensive characterization of groundwater interface dynamics, such as
fresh/saline, fresh/brine, and brine/seawater interfaces and also maintain continuous
monitoring of water quality and levels across the aquifers.”

Specific Comments

Abstract

The abstract is not clearly written and not that informative. For example, “The results
of hydro-geochemical modeling (PHREEQC) suggest that the salty sources of
salinization are seawater and concentrated saline water (formed after evaporation of
seawater)” is not clear.

There is also a lot of repetition: Page 2 lines 10-20 give the same information three
times and some of the same information also appears on Page 3 lines 1 to 6.

Try to put a bit more detail into the abstract (report the important results and highlight
the important general points) rather than just the repeated brief summaries. Abstracts
are important as they are what the reader uses to see if the paper might be worth reading,
so they need to convey enough detail and a sense of importance.

Response: We have rewritten the unclear sections and removed the repetitive texts.

Also, the main results and key points have been incorporated into the Abstract.

P2 RL10 to P3 RL2: “The isotopic indicators (?°H, 80, 1*C) facilitate the distinciton
between old and new groundwater recharge. Results of the hydro-chemical analysis
using PHREEQC indicate that the origin of salt in saline and brine groundwater is from
a marine source. The 80-Cl relationship diagram yields three end-member mixing of

groundwater with wo mixing scenarios suggested to explain the freshening and
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salinization processes in study area. When interpreted with data from palaeo-
environmental sediments, we found that groundwater salinization may have occurred
since the Holocene marine transgression. The brine is characterized by radiocarbon
activities of ~50 to 85 pMC and relatively depleted stable isotopes, which is associated
with seawater evaporation in the ancient lagoon during delta progradation, as well as
mixing with deeper fresh groundwater which probably was recharged in cold late
Pleistocene. As for the brackish and fresh groundwater, they are characterized by
river-like stable isotope values where high radiocarbon activities (74.3 to 105.9 pMC)

were formed after the wash-out of salinized aquifer by surface water in the delta plain.”

Introduction

The introduction covers a lot of topics, but it is not clear how the paper will address
these topics. It has a general literature review feel to it rather than setting up the study.
The final sentence seems to be indicating how prior research on sediment cores helps,
which is not what the paper is about. Try to focus on aspects that relate more directly
to the study and add an objectives section at the end so the reader has an idea of what
you are trying to achieve.

Response: As shown above, we have rewritten the last paragraph of Introduction, and
added a paragraph to clearly introduce the objectives of this study. Some irrelevant
sections have also have been removed.

Study area

This is comprehensive, but like much of the paper it is long. What details are important
here and focus on those. Some of the geological history is a bit superfluous.
Response: “MIS 3 and 5 transgressions” information in the previous section 2.2 is not
very relevant. The narrative on the “Holocene transgression” has been incorporated into

previous section 2.3, whereas section 2.2 has been removed.

Results

The sections on major ion geochemistry (4.1) and stable isotopes (4.2) present the data
but could be more succinct. There is a tendency to repeat information (especially in the
major ion section).

Response: We have removed the repeated information, and consolidated the narratives

to make it more succinct (revised 4.1 and 4.2).
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More importantly, there are some data that you interpret in Section 5 that would have
been better presented here, for example you introduce Fig. 6 in section 5. If you are
going to split the discussion from the results, make sure that you are not describing data
in the discussion section.

Response: We have made changes to ensure description of data is confined to Section

4. The previous Fig. 6 and its narrative have been removed (as suggested by reviewer).

Radiocarbon (Section 4.3)

This section deals with the data in a superficial way. Conventional radiocarbon ages
assume simple one-dimensional, non-dispersive flow (piston flow) such that all the
groundwater collected at the well was recharged at the same time. This is obviously an
oversimplification as groundwater flows along paths of varying lengths and undergoes
hydrodynamic dispersion and diffusion. Thus, groundwater has a range of residence
times and, while a mean residence time may be defined, this does not equate to a
specific age (Maloszewski and Zuber, 1982; Cook and Bohlke, 2000; Suckow, 2014).
The use of a uniform input value for 14C of 100 pMC rather than accounting for the
long term variation in atmospheric al4C also yields “ages” in radiocarbon years (not
ages BP as is in Table 2).

The combination of a variable atmospheric A14C and more realistic flow models makes
a non-trivial difference to calculated residence times of up to several thousand years in
some cases (i.e. it is not just a matter of terminology: e.g., Cartwright et al., 2020).
Additionally, many regional aquifers show macroscopic mixing between younger and
older groundwater such that there are large volumes of groundwater that contain tritium
but which also have “old” 14C (Jasechko, 2016; Jasechko et al., 2016). While you may
not have the data to assess some of these issues, you should at least acknowledge them
and recognise the limitations. The correction for addition of 14C-free carbon from the
aquifer matrix is not always correct. A simple way to check on the reasonableness of
this calculation is to estimate what the initial A14C of the Modern waters are. Those
waters were recharged over the last few decades (post nuclear tests) so there has been
negligible decay of 14C and the initial A14C = measured 14C / q. The estimated initial
A14C values for the data in table 2 are: GO1 = 125 pMC, G06 = 169 pMC, G07 = 104
pMC, G08 = 150 pMC, G09 =139 pMC

The 14C activities in the atmosphere were as high as this following the nuclear tests but
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soil zone CO2 (from where groundwater derives its DIC) are generally below 120 pMC
(Jenkinson et al., 1992; Tipping et al., 2010) and I am not aware of modern groundwater
with 14C activities any higher than that. Anomalously high estimates of initial A14C
(above 120 pMC) indicate that the correction cannot be correct. That is not necessarily
surprising as the 13C of the end-members are not always well known and can be locally
variable, and there are other unaccounted for processes (such as methanogenesis, open
system calcite dissolution, recharge from river systems) that may be locally important.
However, this needs to be recognised rather than just presenting the results uncritically.
The distribution of 14C activities with depth implies that the general interpretation here
is correct; however, the details of the interpretation are oversimplified; at the very least

some error propagation is needed.

Response: According the Reviewer’s comments, significant changes have been made
in the section cited. We have revised the section to introduce factors that may influence
the *C value and limitations.

P14 RL10 to P16 RL2: “The properties of '*C and sampling depth is shown in Fig. 5,
which elucidates the negative correlations , showing that variations of '*C activities
could be attributed to radioactive decay aquifer. There are multiple processes that can
impact the '*C properties including groundwater mixing and dispersion, long-term
variation of atmospheric '“C and free '*C dilution (e.g. carbonate dissolution)
(Cartwright et al., 2020). Due to the relative impact of these processes (which are not
well established in the study area), the uncertainty regarding the correction of
radiocarbon ages to real groundwater ages is very high. Consequently, we estimate
groundwater age as a range of the residence time. Uncorrected ages are considered the
maximum age, while corrected ages are the minimum age that are determined based on
two hypothetical models on carbonate dissolution that mainly affect the '*C contents of
water samples (Lee et al., 2016).

Fig.5 shows activities of the '*C in the shallow groundwater are within 30.6 t0105.9
pMC. These values indicate relatively modern recharge before atmospheric nuclear
testing period of the 1950s and 1960s. The radiocarbon activities in the deep fresh
groundwater are less than 12 pMC, which is consistent with the palaeo-water recharge.
This indicates that there are weak connection between shallow and deep aquifers.
Therefore, we assume that the shallow aquifer is an open system, while the deep aquifer

is a closed system. The §'*C mixing and chemical mass balance (CMB) models are used

12



to estimate to corrective factor q, respectively (Clark and Fritz, 1997).

For 8'3C mixing model, q = (8"Cpic - 8"Cearp)/ (8 Crucy - 8"*Cearp) (Pearson
and Hanshaw, 1970), where §'*Cpic is the measured &'°C of DIC in groundwater;
813Ccars is the §'°C of DIC from dissolved soil mineral, using 8'*Ccars = 1.5 %o (Chen
et al., 2003); §'*Crecn is the §'°C in water when it reaches the saturation zone. In this
study, we use a 8'°Crecn of -15 %o, which has been suggested as appropriate for soils
in northern China dominated by C4 plants (Currell et al., 2010). The model yielded
some relatively low q values (0.59 of G06-15 and 0.65 of G08-15), possibly since
several unaccounted factors would contribute to variable §'*Crecn values, e.g. local

methanogenesis and pH or temperatures in the soil zones.”

Discussion
This is not very well written and it loses focus. I generally agree with the results but the
explanations tend to be overly long and very confused.

Response: The entire section has been reorganized to ensure succinctness.

Section 5.1

The relative residence times here are fine; however, this section needs to deemphasise
the discussion of absolute ages (see above).

Response: We have made change to avoid the discussion of absolute ages, such as P17
RL 11 to 12 “residence time of P15-150 and P14-300 samples (range from 33951 to
39050 a B.P)”.

Some of the terminology is poor (‘“has a slightly higher stable isotope content than
deeper groundwater, which is typical of the recharge source as the atmosphere has
changed since the last deglaciation”) — I can guess what this means but it is verging on
being unintelligible.

Response: The sentences have been rephrased.

P17 RL 13 to 14: “The stable isotopes of P16-100 are more enriched, reflecting recharge

history of warm climate during the last deglaciation.”

Some of the material here is repeated later — for example you discuss mixing at the

bottom of page 20, but that is repeated in Section 5.3
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Response: We have merged and consolidated the repeated part (P19 L3 to 11) into
Section 5.3.

Section 5.2.

I am not sure what the Scholler plot adds. It is a common observation that saline
groundwater has a similar geochemistry to ocean water (not because it is always
necessarily derived from ocean water as mineral precipitation and ion exchange can
modify its geochemistry during evaporation). You have reported the salinities and water
types, which is enough.

Response: We have removed the interpretation of Scholler plot to avoid superfluous

discussion.

Here again, the explanation of the results is not always clear (e.g., “the salinity of
salinization groundwater mainly originates from seawater or, the CSW which is subject
to evaporated seawater” and “Due to reach saturation, there were loss of ions follow
mineral precipitation such as...” and “Calcite and gypsum will be dissolved along with
surface water during lateral recharge, resulting in brackish groundwater samples plotted
above the mixing line, highlighting surface water flushing processes in the study
region”). Having to guess the meaning of these sentences detracts from the study.

Response: The sentences have been rephrased to make sure that the meaning is clear.

P18 RL19: “the salt in these water samples is mainly of marine origin.”

P19 RL3 to 10: “(1) Ca*" depletion of P18 and P12 samples are shown in Fig. 6d. This
phenomenon is likely explained by gypsum (CaSQOs) precipitation. The evaporation line
reveals that the Ca®" composition of evaporating seawater follows a hooked trajectory
(Fig. 6d). During evaporation to the point of gypsum saturation, residual CSW becomes
progressively decreased Ca®" concentration. (2) Ca®>" and SO4>" excess in most fresh
and brackish samples (Fig. 6¢ and d) could be attributed to mineral dissolution along
with stream water recharging, highlighting some degree of dilution with continental

runoff since Holocene regression.”

It is not always clear what the important points are here, so while you are probably

interpreting the processes correctly, why are they important? Somewhere in this section,
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you need to explain how this information relates to your overall objectives and why
these pieces of information are important.
Response: We have further improved this section to clearly explain the implication of

salty sources and hydrochemical evolution for salinization and/or freshening processes.

P18 RL20 to 22: “The major ions concentration in some samples (such as brine) are
higher than those in the seawater, suggesting the enriched ions are associated with

evaporation processes, rather than seawater intrusion (Colombani et al, 2017).”

P19 RLS to 10: “Ca*" and SO4* excess in most fresh and brackish samples (Fig. 6¢ and
d) could be attributed to mineral dissolution along with stream water recharging, this
may indicate that some degree of dilution with continental runoff occurred since

Holocene regression.”

Section 5.3.

The general model of mixing (Fig. 9) is also probably correct and it is clearer from the
objectives why you are doing this. However, again this section could be shorter; the
general introduction on the first few lines is probably not needed and the explanations
on Pag 25 are repetitious. As with the rest of the discussion section, there are no
attempts to justify the results (the end-members for example are just assigned without
comment).

Response: According the comments, we have removed the superfluous part, and further

discussed the reasonability of end-members in different mixing processes.

P21 RLS to 14: “Stable isotopes of high TDS saline and brine samples fall between the
seawater and CWS mixing lines, further suggesting potential three end-member mixing
processes (Douglas et al., 2000). Therefore, we considered SWO01 (seawater but with
most enriched §'%0) and P18 (most saline but with relatively depleted §'*0) as two
saline end-members. The P16-100, which is most likely recharged during the Last
Deglaciation, was chosen to represent fresh end-members that could have been

impacted by overlying seawater or CSW during Holocene transgression.”

P22 RL4 to 7: “The LHO2 (depleted §'%0) and SHO2 (relatively enriched §'%0) were

selected to represent river water end-members range for different continental runoff in
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study area, while the G09-15 (saline but with river-like stable isotope) was considered

as a groundwater end-member.”

Section 6

This is far better written than most of the paper. It is still long and some of the narrative
could be shorter. This material is not generally well linked to the geochemistry and it is
not always clear how much it is a synthesis of previous studies rather than a discussion
of this study.

Response: We have removed the superfluous discussion and focused on delineating the

link between groundwater evolution and palacoenvironmental settings.

P25 RL7 to 14: “The good fit between the measured hydrochemistry and simulated
evaporation lines (Fig. 6 and 7) is an indicator that the brine samples were associated
with the seawater which was exposed to evaporation during geological history. Previous
research has revealed that lagoon was active during the progradation of the old Luanhe
River Delta between 7 and 3.5 ka B.P. (He et al., 2020; Xu et al., 2020). Meanwhile,
the relatively arid climate had been developed since 5500 a B.P., which may lead to
increased evaporation (Jin, 1984). The ancient lagoon would be an ideal location for

evaporating seawater that had been trapped due to storms or tides (Fig. 9b).”

P26 RL18 to P26 RL4: “In addition, the brackish and low TDS saline groundwater with
relatively modern age (e.g. G09-15), and river-like stable isotopes (Fig. 4 and 8), are
compelling evidence that freshening processes have occurred in the delta plain. Since
the semi-humid palacoclimate, some abandoned channels have developed into small
rivers after the diversion of the ancient Luanhe River (Gao, 1981), such as the Suhe
River and Shahe River. Firstly, the lateral recharge from the surface stream plays a role
in washing out the salty groundwater. Secondly, due to the inefficiency of saline
groundwater throughout human history, river irrigation has been commonly used for

agricultural activities in the study region, freshening the upper saline aquifer (Fig. 9¢c).”

Conclusions
Most of these repeat details from the main part of the study. It would be better with a
much briefer summary of these and some consideration of how what you have done

here has improved understanding of processes in these environments more generally.
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Also, how do your results fit into the broader research going on elsewhere. Explaining
that will give the paper more impact.

The last paragraph does not relate well the to study as there is no discussion of
groundwater levels, monitoring, or policy. While those things may be important, it is

not clear how your research informs them. Perhaps that could be the focus of this section?

Response: According to comments, we have re-organized the Conclusions, and
rewritten the last paragraph to highlight how the insights of this study improve

understanding and management of coastal groundwater systems elsewhere.

P29 RL 11 to P30 RL7: “Our study shows that multiple water types are particularly
associated with complex geographic evolution in coastal areas. The variation in sea-
levels (when it rises) causes lowland coastal areas to be inundated by seawater, which
induces palaeo-seawater intrusion. The costal deltas developed after significant drop in
the sea levels. The concentration of saline water in the lagoon environment at the delta-
front continuously provided salinity to the groundwater. Thus, under the effects of
evaporation, mixing, and dissolution, brine groundwater was formed. In contrast, the
lateral recharge of surface water and irrigation return would cause slow wash-out of
salinized groundwater in the delta plain.

Given that most coastal zones around the world experienced transgression/regression
events in the Quaternary period, the findings of this work will promote better
understanding of the origin of salinization in coastal aquifers. In addition, it is important
to recognize the potential leak of connate saline groundwater previously preserved in
adjunct aquifers that can occur due to over-extraction of deep groundwater. To
effectively prevent pollution from saline groundwater movement, this study
recommends extensive characterization of groundwater interface dynamics, such as
fresh/saline, fresh/brine, and brine/seawater interfaces and also maintain continuous

monitoring of water quality and levels across the aquifers.”
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