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\Stable isotopes changes in groundwater: case study in Mudal
and Clapar springs, ProgoﬁJ

Abstract. Hydroisotope studies were carried out on Mudal and Clapar springs located in the
central part of the Progo Dome. The research was conducted by taking samples of groundwater
in each spring for three periods, representing the rainy (2016), dry (2017) and rainy (2018)
seasons. Data on stable isotope content of 80 and D were analyzed to see the hydroisotope
characteristics of groundwater. The results showed that the stable isotope content of
groundwater in both springs was relatively stable, with insignificant changes over time and
season. Mudal springs tend to show light isotopes, indicating deep aquifer or high elevation
recharge, less affected by the season. Clapar spring shows isotopes, which may be sourced
from shallow aquifer with mixing / evaporation processes and more influenced by the season.
The 3D enrichment shows the big change in Mudal spring, and medium - big change in Clapar
spring. Meanwhile, the range value of 3D in the two springs show a slightly - totally changes,
indicating that the D content also changes due to seasons, although it is small. However, the d
excess value shows that the dry and rainy season conditions are not much different in terms of
evapotranspiration or humidity.

1. Introduction

[The study of groundwater has been developed because this natural resource is becoming increasingly
important over time, in line with the needs of living things for groundwater. Various groundwater
studies have been carried out, both physically and chemically. Hydrochemical studies were also
developed using various methods, complemented by studies of groundwater isotopes (hydroisotopes).
Isotope analysis is useful to aid in the interpretation of groundwater flows as well as aid in its genetic
interpretation. The results of groundwater hydrochemical analysis can be verified by isotope analysis
so that it will produce a better interpretation of the groundwater flow system. In addition, isotope
studies have also been developed using the stable isotopes *%0 and ?H ((deuterium / D). One of the
hydroisotope studies that can be done is related to the climate aspect in an area.,

Stable isototope analysis is useful for knowing the origin of groundwater and interpretation of
catchment areas. In addition, stable isotope data can also be used for analysis of hydrochemical
processes, due to seasonal changes. [This paper intends to discuss the characteristics of the stable
isotopes 180 and D, particularly in relation to seasonal changes in the Progo Hills area. The case study
in this case was carried out on the Mudal and Clapar springs which are located in the central part of the
Progo Dome physiography [1].

Mudal spring is at an elevation of 664 m, emerging from the limestone aguifer of the
Jonggrangan Formation in Banyunganti Hamlet, Jatimulyo Village, Girimulyo Subdistrict; meanwhile
the Clapar spring is at an elevation of 437 m, emerging from the andesite breccia aquifer of the Old
Andesite Formation in Clapar Il Hamlet, Hargowilis Village, Kokap Subdistrict, Kulon Progo
Regency (Figure 1; Table 1).\
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[Table 1. Geographical data of Mudal and Clapar springs.

Coordinate

No. Spring Elevation
' Longitude (E) Latitude (S) (m)
1 Mudal  110°06'56.67"  -7°45' 42.83" 664
437 |

2 Clapar 110° 07' 34.88" -7° 47" 44.49"

2. Method

The research begins with a hydrogeological survey to determine the geological conditions and springs
in the study area. [Several springs with small to large debris are found in the central part of the West
Progo area. This area is dominated by limestones of the Jonggrangan Formation and andesite breccias
of the Old Andesite Formation. |Eyes with a large discharge L/vere selected as the sample of this study.
Mudal springs have large debits and represent the aquifer of the Jongrangan Formation, while the
Clapar springs are medium / large enough and represent the Old Andesite Formation.

Groundwater samples from both springs were taken in three periods, namely period | in the
rainy season in December, 2016; period Il in the dry season (August, 2017) and period I1l in the rainy
season (March, 2018). The difference in sampling time from each period to the next is around 8
months. In each sample, 30 ml of groundwater was put into an airtight bottle (polyethylene) by
inserting the bottle into a water source to avoid evaporation.\

Isotope testing was carried out at the Hydrology Laboratory, Center for Isotope and Radiation
Application (PAIR) - National Nuclear Energy Agency (BATAN), which is located in Pasar Jumat,
South Jakarta. The isotope content analyzed is oxygen-18 (**0) and hydrogen (°H), known as
deuterium (D) isotope. Isotope content in groundwater samples was determined using a Liquid Water
Stable Isotope Analyzer (LWIA) type DLT-100 made by LGR (Los Gatos Research) USA. Isotope
ratios were measured by a mass spectrometer and the results were referenced against the SMOW
standard. The internal standard was calibrated using V-SMOW with an analysis accuracy of + 0.1 for
310 and + 1 %o for 8D [2]. Furthermore, the results of the stable isotope test were analyzed to
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determine the changes as well as the interpretation of the influence of the seasons / climate in the study
area.

3. |Literature review

3.1. Geological setting

The study area is included in the physiography of the Dome and Hills Zone in the Central Depression
[1]. The center of this dome |physicigraphy Horms the morphology of the Jonggrangan plateau. The
Jonggrangan Formation is quite extensive in this area. Around the Jonggrangan highlands, volcanic
rocks from the Old Andesite Formation are exposed.

The regional stratigraphy of the West Progo Mountains from the oldest to the young is
composed of the Nanggulan, Old Andesite, Jonggrangan, Sentolo Formations and Alluvial Deposits
[1,3,4]. The Jonggrangan Formation is composed of conglomerates, tuff marl and limestone
sandstones with lignite inserts, layered limestone and coral limestone. Meanwhile, the Old Andesite
Formation is composed of andesite breccias, tuffs, lapilli, agglomerates and andesite lava inserts.
Mudal spring appear in the Jonggrangan Formation rocks, while Clapar spring appears in the Old
Andesite Formation| (Figure 2).

Tr— g P o

Figure 2. Mudal spring appear in the Jonggrangan Formation (top), while Clapar spring appear in the
Old Andesite Formation (bottom).

3.2. Stable isotopes
llsotopes are elements that have the same atomic number but different mass numbers. In nature,
isotopes in water can be found as stable or radioactive isotopes. The content of radioactive isotopes in
water can be used to determine age, while stable isotopes are useful for determining water genetics|
Isotope abundance is measured by the ratio of the deviation from the standard dFritz & Fontes,
1980, in] [5]. The stable isotopes ‘80 and 2H are present in water in the form of compounds *H,**0 and
IH2H°0, (Hamed, 2014, in [2])] The two isotopes are very sensitive for physical processes such as
evaporation and condensation, therefore, the content of these stable isotopes can be used to see the
climate effect on springs.
[The isotopes 80 and D are often used in the study of chemical processes. This isotope is a
stable, non-radioactive isotope and is often used as an indicator for groundwater sources [6].
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To see the influence of climate / rainfall, regression line relationships 50 and 3D groundwater
can be plotted together with the global meteoric water line GWML or the local meteoric water line
(LMWL). If the groundwater regression line is adjacent to the LMWL then the groundwater is affected
by local climate (originating from local precipitation) or by topographic effects [7].]

4. Result and discussion

4.1. Spring characteristic
IMudal Springs emerge from the limestone aquifer of Jonggrangan reef, supported by large porosity,
type of fracture and channel as well as large rock permeability. Jonggrangan Limestone is dominated
by thick to massive layered coral limestones, around the Mudal springs this reef limestone is white to
brownish white, compact and hard, with some fairly intensive tectonic stiffness. Mudal Springs has a
large fluctuation in discharge; moderate discharge during the dry season, but can discharge very large
during the rainy season, up to > 200 L/sec [8]. These springs are depressions, fractures and channels,
with large flows that develop as runoff / rivers. These springs are parennial, and at normal temperature.
Clapar springs emerge from aquifers in andesite breccias and OAF autoclastic / lava breccias,
which are supported by fracture porosity and sheeting joints with moderate intensity and low - medium
permeability. E:Iapar springs are fracture type, with small (stagnant) - medium flow rate, fintermittent,
and normal temperature.

4.2. 180 and 2H isotopes contents analysis

Stable isotope content data in Mudal and Clapar spring water can be seen in Table 2 below.
Furthermore, the absolute value and range value of the isotope content can be analyzed to determine
the hydrochemical processes that occur in the groundwater system.

Table 2. Data on stable isotope content of groundwater from the investigated springs.

Sorin I (Dec, 2016) 11 (Aug, 2017) 111 (Mar, 2018)

|
pring 180) (%o) D (%o) 180) (%) D (%o) 180 (%o) D (%)
Mudal 714011  -41.7+04  -7.39+042 -451+31 -694+039 -502+15

Clapar -6.25 £ 0.07 -40+1.8 -5.51+0.32 -347+1.0 -4.77+0.34 -38.3+3

\4.2.1. 60 and 5D absolute value. From period | to 11l, Mudal springs showed relatively stable O
isotope, while D isotope tended to be lighter (Figure 3). Groundwater with light isotope generally
flows in deep aquifers or comes from high absorption areas [9], as seen in Mudal springs which have
light D isotope (-50.2 %o) in period III (Table 3; Figure 3). This means, groundwater that appears in
Mudal springs may flow in deep enough aquifers or originate from infiltration of rainwater that
permeates at a high enough elevation. The infiltration zone may exist locally, because the Mudal
springs are indeed at a high enough elevation. |
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Table 3. Changes in the stable isotope content of the investigated springs.

Variable Spring 5180 (%o) 3D (%o0)
Mudal down-up, stable relatively get lighter
Time difference = 0.45 %o difference = 8.5 %o
Clapar get heavier up - down, stable relatively
difference = 1.48 %o difference = 5.3 %o
Season (T- Mudal lower when dry no effect
effect)  Clapar no effect higher when dry
0 0
-10
2
2 - -20
<, == Mudal 8 3o = Mudal
g spring a spring
° . 1,4 © 40 1
== Clapar -50 Clapar
-8 ‘ = : spring -60 spring
I I n I I n
Period Period

Figure 3.The development of stable isotope content over the three test periods.

(Clapar springs have groundwater with 220 heavier from period I to 111, as well as D sotope,
which is relatively stable. isotopes in springs indicate a mixing or evaporation process [7]. D isotope
indicates shallow aquifer [9]. Thus, the groundwater in the Clapar springs comes from shallow
aquifers that have undergone a mixing or evaporation process.

Compared to Clapar springs, Mudal springs contain lighter 0 and D isotopes in the three
periods studied. This shows that the stable isotopes possessed by the two springs are relatively
consistent, whereas the Mudal springs tend to have genetics from deeper aquifers (Table 4). |

Table 4. Interpretation of light / isotope content.
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\4.2.2. Range value of §*®0 and D. The stable isotope content studied showed a short range of values
and generally did not have overlapping values (Figure 4). With due regard to the 520 range value in
all periods, it appears that the groundwater from Mudal springs has isotopes 520 is light, while the
Clapar springs have value 5'%0 . The overlapping values in the three periods in Mudal springs indicate

|




that groundwater in these springs is less affected by seasonal changes, while seasonal changes have
more effect on Clapar springs.

The widest 8D range value occurs in Mudal and Clapar springs at different periods (Figure 4).
The 8D value which is relatively stable, light but appears to shift in the Mudal spring indicates that the
groundwater in this spring is less affected by seasonal changes, with relatively deep circulation. As for
the springs Clapar has relatively stable (heavy) 6D which shows significant overlapping in the rainy
period, slightly different from the range value in the dry season, indicating that groundwater in these
springs is quite affected by changes in the season. Referring to the opinion of Alam et al (2014) [9]
groundwater with heavy 8D as in the Clapar springs can be interpreted as a result of a fairly intensive
mixing or evaporation process (Table 5).]

- L - -
L} 3
3 E
3 - = —
- ™
M Delta 0-18 Period | + Deka D Period |
. - M Delta O-18 Period Il _— « Dekta D Period
2 ™ ita D Pe
8 - = Delta O-18 Period Il ] - ik I Pesie] M
G F |
- -
10 8 3 4 2 0 °
B h b - - 60 50 40 30 0 10 0
540 (%) 80 (%)

Figure 4. The values range 5'®0 and 8D for Mudal and Clapar springs. The missing values indicate the
similarity of 6D in different seasons.

Table 5. Value range interpretation 5'%0 and &D.

Water 5180 oD .
; Analysis
springs
18, :
Mudal In short, some overlap Short and long, shift 870 and 3D are relatively stable /

mild, less affected by seasonal changes

Short-a bit long, overlap 80 and 8D relatively stable / heavy,

especially in the rainy affected by season, intensive
season evaporation / mixing

Short - long, shift,

Clapar enrichment

Change 8D of groundwater usually occurs due to isotopic exchange with minerals containing
hydrogen, such as gypsum and clay minerals (Clayton et al, 1966, in [10]. However, data support for
this exchange. The 3D in these two materials is not yet known, so the cause of the 8D change
groundwater is still difficult to determine. Moreover, this variation in value is usually not large, so this
exchange is considered insignificant. Furthermore, membrane filtration is associated with increased
8D, it is difficult to happen in the study area, because this process usually requires high pressure,
which is equivalent to a sediment depth of 1.6 km (Graff et al, 1965, in [10]. In sedimentary rock
formations less than 1 km deep membrane filtration is less effective [11].

4.3. The effects of season on "0 and 0D changes

[The process that occurs related to the seasonal effect can be assessed based on the 880 against 5D of
groundwater relationship. In the dry season (period Il), the regression line of springs in the study area
is very close to the LMWL,I indicating that the enrichment of meteoric water isotope content has not
been clearly seen [12]. However, the climatic influence in this dry season can be seen from the
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presence of d-excess [7]. Further added by |Craig (1961, in [7]),] the value of the line gradient is in the
range 3-6 indicating an evaporation process.

The groundwater line in period 11l was partly below the LMWL, which indicates that it
experienced isotopic enrichment [7,8], for example due to a fairly intensive evaporation process or
mixing with surface water/runoff. The slope of the regression line that is smaller than the LMWL
gradient indicates a variation in the rate of evaporation.\ In addition, it is possible that evaporation will
occur in the catchment area along with the infiltration process [9].

4.3.1. The enrichment of **0 and D stable isotopes. Changes in stable isotope content associated with
changing seasons can cause an 3D or 5'%0 enrichment effect. O-18 isotope enrichment during the rainy
season relative to the dry season occurs in Mudal springs, while 8D isotope enrichment occurs in
Clapar springs in the dry season compared to the rainy season (Table 6; Figure 3).

lisotopic enrichment 5120 in the rainy season relative to the dry season in Mudal springs is
related to the isotopic fractionation of carbonate rocks as a result of water-rock interaction. [Enrichment
of 680 can be caused by carbonate minerals [13, 14]. Meanwhile, the 3D enrichment of Clapar springs
occurs indicating that seasonality affects the content of these stable isotopes. Season has an effect on
the evaporation process which can enrich the isotopic content of groundwater.

Table 6 shows the degrees of 3D enrichment in the springs studied. Degree of 6D enrichment is
calculated in the dry season (period Il) relative to the rainy season, both period I and Ill. The
magnitude of the changes caused by D isotope enrichment can be seen in Figure 5.

Table 6. The 8D enrichment in the dry season relative to D in the rainy season.

3D dry 3D rainy Enrichment

Spring (Period 1) period I Period 111 Degree Explanation
Mudal -45.1 -41.7 -50.2 -34-51 Uncertainty
Clapar -34.7 -40 -38.3 3.6-5.3 Medium - big

*) Negative values indicate enrichment during the rainy season
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Figure 5. D enrichment of groundwater in Mudal and Clapar springs.

From Figure 5, it is shown that the Mudal spring has large 8D enrichment (> 5 %o), but not
related to seasonal changes. The Clapar springs undergo moderate - large changes due to enrichment
during the dry season. The 6D enrichment in the Clapar springs in the dry season shows a seasonal
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effect on the D isotope of groundwater. This is confirmed by a shift in D values can occur due to
seasonal changes [9].

If the 3D range value is taken into account, then some groundwater samples appear to have
shifted (Figure 5). The two springs under study have shifted slightly - totally change.

4.3.2. The “d” value (5D-excess). [Changes in stable isotope content can occur due to the influence of
seasons due to differences in temperature]. Isotope data in the two investigated springs showed that it
was good 380 nor 8D varies considerably, both in absolute value and in range. The data that are not
much different are generally considered to have no seasonal variation (temperature effect) [7].
However, if we examine one by one, there is a “d” variable which is §D-excess which we can calculate
(Table 7). The value of d in general can be calculated with the following formula [7].

d=3D - 85180 @)

Table 7. The value of the dD-excess of groundwater.

dD-excess (“d”) (%o)

Sprin

pring | 1 1
Mudal 15.1 14.02 5.32
Clapar 10 9.38 -0.14

The “d” value or 3D excess indicates the presence of D isotope enrichment versus 5¥0 value.
The value of “d” is a relatively important parameter in relation to the climate of an area. The value of
groundwater in the study area in period I ranges from 10 and 15.1 %o; period Il amounted to 9.38 and
14.02 %o; in period III of 5.32 %o in Mudal, indicating that the range of “d” values in Mudal is
relatively higher, in all seasons. Clapar springs do not show d excess in period Ill. In general, the value
of d gets lower over time.

In general, d excess is influenced by air mass which is usually different, where the dry season
tends to be dry, while the rainy season has humid air [7]. \Liotta (2006, in [10]) #tates that in rural
areas, the isotopic exchange between rainwater and humidity can slightly shift the value of d.
However, the d value was not significant for the springs studied. However, the d values in the two
springs in the two seasons varied, not showing a significant difference. This less significant difference
shows that the humidity in the air during the dry and rainy seasons is not much different, |as well as the
evapotranspiration conditions that can occur quite intensively in the two seasons.\

In dry conditions, evapotranspiration as a controller for groundwater recharge is usually
relatively reduced, while in the rainy season / humid air, evapotranspiration is greater [7]. In addition,
in the dry season, many plants are dormant, while in the rainy season the plants are more developed.
Thus, the differences in evapotranspiration and humidity conditions in all seasons were not significant.

lIn addition, large d values usually occur in high permeability rocks or thin soil resulting in rapid
infiltration [7]. This rapid infiltration causes groundwater to experience no / less evapotranspiration.
\Mataair Mudal has a character like this, supported by the large number of fractures, cracks and
dissolving cavities in the limestone that make up the aquifer of these springs. Significant shifts in d
values can occur in both the Jonggrangan and Old Andesite Formations aquifers,

5. Conclusion

This groundwater hydroisotope study was carried out on two selected springs in the West Progo Hills,
namely the Mudal springs which emerged from the limestone of the Jonggrangan Formation and the
Clapar springs which emerged from the volcanic breccias of the Old Andesite Formation. Both springs
have the characteristics of stable isotope content of groundwater which is relatively stable, with
insignificant changes with time and season. Based on its absolute value, Mudal springs have an isotope
that tends to be light, indicating deep aquifer, or high elevation recharge. Meanwhile, Clapar springs
show isotopes, which come from shallow aquifers with a mixing / evaporation process and are more
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influenced by the season. Based on the range value of §**0 and 5D, Mudal springs contain isotopes
that are less affected by seasonal changes, while Clapar springs are seasonal. Based on season, 6D
enrichment shows uncertainty, while Clapar Spring has a medium - big change character. [The range
value of 8D in both springs is slightly - totally change, which means that it changes due to the change
of seasons even though it is small. Meanwhile, the “d” value varies independently of the season, which
can be interpreted that the evapotranspiration and humidity conditions during the dry and rainy seasons
in the study area are not much different.
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ICGOES 2021 <icgoes2021@easychair.org> 13 Maret 2021 17.04

Kepada: T Listyani Ra <lis@itny.ac.id>
Dear all authors,

Hope this email finds you well.
As the date of the conference approaches, this is a reminder to all of you regarding the papers and registration.

The decision on your papers has been sent to you. For publication, please incorporate all revisions suggested by
reviewers.

You can upload your revised paper by click 'update file' on your EasyChair dashboard account, a maximum of 3
weeks after the conference. Otherwise, your paper will not be considered for publication. Your paper will be review
again by reviewers to ensure all revisions have been addressed before we proceed with the proof-read and
finalization stage.

The payment deadline has been extended to 15 March 2021 at 23:59 pm.
If you have inquiries about payment and registration, please email us at icgoes@ugm.ac.id with the Subject:
Payment-registration ICGoES 2021 Paper ID No.29.

After payment, you can do the registration. Student presenter must provide their Student ID and submit together with
a payment receipt.
Please follow the instructions of payment and registration at https://icgoes.geologi.ugm.ac.id/registration-and-fee/

Log in to access full ICGoES 2021 pages can be done after registration.

The committee will send by email all scheduled programs and access to the conference.

General information, registration, and presentation guidelines are already available on the website. Feel free to use
your own template for the presentation.

Thank you for your contribution and kind cooperation.
Sincerely yours,

Organizing Committee
ICGoES 2021
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Acknowledgments and Announcement to Presenter ICGoES 2021

icgoes@ugm.ac.id <icgoes@ugm.ac.id> 5 April 2021 10.18
Kepada: lis@itny.ac.id

Dear Prof./Dr./Mr./Mrs. T Listyani Ra,

On behalf of the committee International Conference on Geological Engineering and Geosciences, and the
Department of Geological Engineering UGM, we would like to say thank you very much for your kind cooperation as a
presenter in our conference. We apologize if there any technical difficulties or problems during preparation, reviewing
process, and during the event. Please find the attached certificate as our appreciation for your contribution.

We still have the second review process for your paper using the same EasyChair system (https://easychair.org/
conferences/?conf=icgoes2021). The expected schedule is as follows:

» 8 April 2021 — Deadline for Submission Revised Full Paper

» 16 April 2021 — Documentation in Portal Website and Certificate Distribution

* 14 May 2021 — End Review Process (including second revised version if any)

* 1 May — 18 June 2021 — Proof Read to all Co-Authors

* 18 — 30 June 2021 — Approval from Editorial Board

* 5 July 2021 — Submitted to IOP Conference Series: Earth and Environmental Science

To ensure the above schedule run smoothly, we appreciate your cooperation by following the term and condition
below:

* Full Paper must follow the template of IOP. See the template in https://icgoes.geologi.ugm.ac.id/paper-submission/
or https://publishingsupport.iopscience.iop.org/author-guidelines-for-conference-proceedings/

* Leave the blank authorship in the Word file

* All submission should be in the Word file

» Address all comments/suggestions from reviewers to avoid further revisions

« All emails of the main author and co-authors must be valid and active email, not bounced, we will send proof read to
all co-authors. If these conditions are not met by the authors, we will exclude the paper from publication

After proof read is completed, we will ask the approval from the editorial board before we submitting the final paper to
the IOP Conference Series: Earth and Environmental Science (https://iopscience.iop.org/journal/1755-1315).

If you have inquiries about publication, please email to: icgoes@ugm.ac.id with Subject: Publication ICGoES 2021
Paper ID Nof..]

Information about ICGoES Announcement and Paper Publication could be downloaded here:
https://drive.google.com/file/d/1CxnudjI8HTCWMXFd9thsy2XAWFgluU9w/view?usp=sharing

Thank you for your kind cooperation and continuous support.
Sincerely yours,
ICGoES 2021 Committee

Universitas Gadjah Mada
Indonesia

bk ICGoOES Certificate - T Listyani Ra.pdf
343K
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UPDATED IMPORTANT DATES

16-18 Mar 2021 ICGOES Conference Date

8 April 2021 Deadline for Submission Revised Full Paper

16 April 2021 Documentation in Portal Website, Certificate Distribution
14 May 2021 End Review Process (Incl. Revised Version)

1 May — 18 June 2021 Proof Read & Finishing

5 July 2021 Submitted to IOP Publishing
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=  Full Paper must follow the template of IOP https://icgoes.geologi.ugm.ac.id/

o https://icgoes.geologi.ugm.ac.id/paper-submission/

o https://publishingsupport.iopscience.iop.org/author-guidelines-for-conference-proceedings/

= Leave the blank authorship in the Word file

= Address all issues based on comments/suggestions from reviewers (also from attachment and presentation session)
= 2nd Review will be carried out, double-blind

= All email should be clarified (not bounced, must be an active email), we will send proof read to all co-authors

= Submission Process and Review through EasyChair System
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ICGOES 2021 <icgoes2021@easychair.org> 7 April 2021 20.18
Kepada: T Listyani Ra <lis@itny.ac.id>

Dear authors,

we acknowledge that we received new files for your ICGoES 2021
submission. The information about this update is shown below.

Number: 29
Authors: T Listyani Ra
Title: Stable isotopes changes in groundwater: case study in Mudal and Clapar springs, West Progo
Uploaded by: T Listyani R A <lis@itny.ac.id>
Updates:
Full Paper / E-Poster, version 7 (1308409 bytes)

To access the new version of your submission you should log in to
the ICGOES 2021 EasyChair page.
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Listiani RA <lis@itny.ac.id>

ICGOES 2021 <icgoes2021@easychair.org> 1 Juni 2021 21.23

Kepada: T Listyani Ra <lis@itny.ac.id>
Dear authors,

We have received the reports from reviewers on your revised paper, “Stable isotopes changes in groundwater: case
study in Mudal and Clapar springs, West Progo”, which you have submitted to ICGoES 2021.

Based on the advice received, your paper is subjected to MINOR REVISION. We still found substantial issues in your
paper that need your attention. Please do revise properly as suggested by reviewers.

Please check all comments suggested by reviewers below. You should incorporate any revisions and resubmit them
back to us through EasyChair within 7 days before we proceed to a final decision.

Thank you for your contribution and kind cooperation
Sincerely yours,

Editorial Committee

ICGOES 2021

SUBMISSION: 29

TITLE: Stable isotopes changes in groundwater: case study in Mudal and Clapar springs, West Progo

REVIEW 1 —mmmmmememmmeeeeee

SUBMISSION: 29
TITLE: Stable isotopes changes in groundwater: case study in Mudal and Clapar springs, West Progo
AUTHORS: T Listyani Ra

----------- Reviewer comments to author -----------
Dear Authors,

Thank you for the revision of the manuscript, most of the suggestion was already revised, however there are still
some basic information shall be given and also some statement which may be change according to the data and
facts. Please check on my attached file.

——————————— Reviewer comments to the revised manuscript -----------

Dear Authors,

Thank you for the revision of the manuscript, most of the suggestion was already revised, however there are still
some basic information shall be given and also some statement which may be change according to the data and
facts. Please check on my attached file.

<This review contains an attachment, see the file

review_1.docx attached to this letter.>
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Stable isotopes changes in groundwater: case study in Mudal
and Clapar springs, West Progo

Abstract. Hydroisotope studies were carried out on Mudal and Clapar springs located in the
central part of the West Progo Dome. The research was conducted by taking samples of
groundwater in each spring for three periods, representing the rainy (2016), dry (2017) and
rainy (2018) seasons. Data on stable isotope content of **0 and D were analyzed to see the
hydroisotope characteristics of groundwater and their relationshio| to climate change. The
results show that the stable isotope content of groundwater in both springs was relatively
stable, with insignificant changes over time and season. Mudal springs tend to show light
isotopes, indicating deep aquifer or high elevation recharge, less affected by the season. Clapar
spring shows heavy isotopes, which may be sourced from shallow aquifer with mixing /
evaporation processes and more influenced by the season. Meanwhile, the range value of 8D in
the two springs show slightly - totally changes, indicating that the D content also changes due
to seasons, although it is small. The 8D enrichment shows the medium - big change in both
spring springs, but uncertainty in Mudal. However, the D-excess value shows that the dry and
rainy season conditions which may be related to temperature or precipitation are not much
different.

1. Introduction

The study of groundwater has been developed because this natural resource is becoming increasingly
important over time, in line with the needs of living things for groundwater. Various groundwater
studies have been carried out, both physically and chemically [1-5]. Hydrochemical studies were also
developed using various methods, complemented by studies of groundwater isotopes (hydroisotopes).
Isotope analysis is useful to aid in the interpretation of groundwater flows as well as aid in its genetic
interpretation. The results of groundwater hydrochemical analysis can be verified by isotope analysis
so that it will produce a better interpretation of the groundwater flow system. In addition, isotope
studies have also been developed using the stable isotopes **0 and 2H (deuterium / D). One of the
hydroisotope studies that can be done is related to the climate aspect in an area.

Stable isototope analysis is useful for knowing the origin of groundwater and interpretation of
catchment areas. In addition, stable isotope data can also be used for analysis of hydrochemical
processes, due to seasonal changes [6]. This paper intends to discuss the characteristics of the stable
isotopes 0 and D, particularly in relation to seasonal changes in the West Progo Hills area. The case
study in this case was carried out on the Mudal and Clapar springs which are located in the central part
of the West Progo Dome physiography [7].

Mudal spring is at an elevation of 664 m|, emerging from the limestone aquifer of the
Jonggrangan Formation in Banyunganti Hamlet, Jatimulyo Village, Girimulyo Subdistrict; meanwhile
the Clapar spring is at an elevation of 437 m|, emerging from the andesite breccia aquifer of the Old
Andesite Formation in Clapar Il Hamlet, Hargowilis Village, Kokap Subdistrict, West Progo Regency
(Figure 1).

The study area is included in the physiography of the Dome and Hills Zone in the Central
Depression [7]. The center of this dome physiography forms the morphology of the Jonggrangan
plateau. The Jonggrangan Formation is quite extensive in this area. Around the Jonggrangan
highlands, volcanic rocks from the Old Andesite Formation are exposed (Figure 1) [8].
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\Figure 1. Location of Mudal and Clapar
springs in Geological map [8]. Mudal
spring is located at Jonggrangan
Formation, while Clapar at Old Andesite
Formation,

The regional stratigraphy of the West Progo Mountains from the oldest to the young is
composed of the Nanggulan, Old Andesite, Jonggrangan, Sentolo Formations and Alluvial Deposits
[7-9]. The Jonggrangan Formation is composed of conglomerates, tuff marl and limestone sandstones
with lignite inserts, layered limestone and coral limestone. Meanwhile, the Old Andesite Formation is
composed of andesite breccias, tuffs, lapilli, agglomerates and intercalation of andesite [8]. Mudal
spring appear in the Jonggrangan Formation rocks, while Clapar spring appears in the Old Andesite
Formation (Figure 2).
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Figure 2. Mudal spring appear in the Jonggrangan Formation (top), while Clapar spring appear in the
Old Andesite Formation (bottom).

Although West Progo Hills is classified as a non-groundwater basin [10], there are many springs
can be found even though they have generally small discharge. However, several springs with
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moderate to large discharge can also be found on these hills. Large discharge can be found in the
limestone aquifers of the Jonggrangan Formation. The presence of springs in the West Progo Hills
zone is highly controlled by the local topography [11], in addition to lineament factors [12].
Geological lineaments play a role in the occurrence of springs, where the emergence of these springs is
greatly influenced by the density and distance of lineaments to the location of the springs.

2. Method

The research begins with a hydrogeological survey to determine the geological conditions and springs
in the study area. Several springs with small to large discharge are found in the central part of the West
Progo area. This area is dominated by limestones of the Jonggrangan Formation and andesite breccias
of the Old Andesite Formation. Springs with a large discharge were selected as the sample of this
study. Mudal springs have large debits and represent the aquifer of the Jongrangan Formation, while
the Clapar springs are medium / large enough and represent the Old Andesite Formation.This research
focuses on isotope studies, but in the field, some groundwater hydrochemical data is also taken
together with isotope sampling.

Groundwater samples from both springs were taken in three periods, namely period I in the
rainy season in December, 2016; period Il in the dry season (August, 2017) and period 11 in the rainy
season (March, 2018). Precipitation of research area at the time of sampling can be seen in Table 1.
The difference in sampling time from each period to the next is around 8 months. In each sample, 30
ml of groundwater was put into an airtight bottle (polyethylene) by inserting the bottle into a water
source to avoid evaporation.

Table 1. Precipitation data in research area (mm/month) [13-15].

Spring Dec, 2016  Aug, 2017 Mar, 2018
Mudal 216 2,5 218
Clapar 311 13 152

Isotope testing was carried out at the Hydrology Laboratory, Center for Isotope and Radiation
Application (PAIR) - National Nuclear Energy Agency (BATAN), which is located in Pasar Jumat,
South Jakarta. The isotope content analyzed is oxygen-18 (**0) and hydrogen (H), known as
deuterium (D) isotope. Isotope content in groundwater samples was determined using a Liquid Water
Stable Isotope Analyzer (LWIA) type DLT-100 made by LGR (Los Gatos Research) USA. Isotope
ratios were measured by a mass spectrometer and the results were referenced against the SMOW
standard. The internal standard was calibrated using V-SMOW with an analysis accuracy of + 0.1 for
30 and + 1%o for 8D [3]. Furthermore, the results of the stable isotope test were analyzed to
determine the changes as well as the interpretation of the influence of the seasons / climate in the study
area.

Isotope data analysis was carried out by looking at the absolute value trend and the relative
value of Mudal and Clapar isotope content in three periods. In addition, the 5'¥0 and 8D relationships
in groundwater springs compared with meteoric water lines were also analyzed to assist in the genetic
evaluation of groundwater in the springs. Analysis of changes in isotope content related with seasonal
effects can be done by looking at the 8D enrichment and D-excess (d) of the groundwater.

3. Stable isotope review
Isotopes are elements that have the same atomic number but different mass numbers [16]. In nature,
isotopes in water can be found as stable or radioactive isotopes. The content of radioactive isotopes in
water can be used to determine age, while stable isotopes are useful for determining water genetics
[17].

Isotopes contained in water, namely hydrogen atoms (*H, 2H, ®H) and oxygen atoms (*¢O, 'O,
180) often be used in hydrogeological studies [18,19]. The abundance of *H isotope is about 99.985%,
2H is about 0.015%, and *H is < 0.001%, while the **0 isotope is about 99.63%, 'O is about 0.0375%,
and 0 is around 0.195%. [17]. Isotope abundance is measured by the ratio of the deviation from the



standard [16]. The stable isotopes %0 and ?H are present in water in the form of compounds *H,*%0
and !H?H%Q, [17,20]. Since the abundance of H,*O and HD*O molecules compared to the
abundance of H>'%O is very small, the measured abundance is usually the relative abundance of an
international standard water / SMOW (Standard Mean Ocean Water). [6].

The 80 and D isotopes are often used in the study of chemical processes. This isotope is a
stable, non-radioactive isotope and is often used as an indicator for groundwater sources [6]. The %0
and 2H isotopes are natural tracers because they are stable [21-23], that is, they are not affected by the
water-rock interaction process at low temperatures [24]. Therefore, isotopes are often used in genetic
studies, determination of groundwater infiltration zones [5,25-28], as well as studies of mixing
groundwater from different sources [29]. Even, the geological structure control in deep groundwater
flow systems can also be determined by groundwater isotope analysis [5].

The 0 and D isotopes are very sensitive for physical processes such as evaporation and
condensation, therefore, the content of these stable isotopes can be used to see the climate effect on
springs. The isotopic fractionation process in precipitation is a temperature dependent process [6].
Thus, if there is a change in seasonal temperature in a place, it will be seen that there is a variation in
the stable isotope composition of the precipitation where a light value occurs in a cold month. For the
same reason, precipitation will also have a lighter isotope content in the arctic / high latitudes, in
places further away from the sea and in places of higher elevation. Every 100 m elevation increase, 0
in rainwater will decrease of 0.15 - 0.5 %o and ?H will be depleted by 1 - 4%, [30].

Stable isotope content in rainwater shows a linear relationship in the form of a global meteoric
water line. The relationship between 80 and 3D of the precipitation water follows the equation of the
meteoric water line. From the results of the global investigation [31] the equation for the meteoric
waterline (GMWL) was known as 8D = 8580 + 10%.. Rainwater tends to contain the stable isotopes
5180 and §%H which are depleted at higher latitudes. This phenomenon also occurs when the two stable
isotopes move deep inland. For this reason, the plot results of the two isotopes yield slightly different
slopes known as the local meteoric water line [32].

Based on research of the recharge area of the underground river water system in Gunungkidul,
Yogyakarta [3], it is known that the local meteoric water line (LMWL) equation for the area is §°H =
7.978 50 + 8.423|. This LMWL value is then used for isotope studies in the West Progo area, because
of its relatively close location and considering that the LMWL value in the West Progo area is not yet
available.

To see the influence of climate / rainfall, regression line relationships 50 and 3D groundwater
can be plotted together with the global meteoric water line GWML or the local meteoric water line
(LMWL). If the groundwater regression line is adjacent to the LMWL then the groundwater is affected
by local climate (originating from local precipitation) or by topographic effects [1].

4. Result and discussion

4.1. Spring characteristic

Mudal Springs emerge from the limestone aquifer of Jonggrangan reef, supported by large porosity, as
well as large rock permeability. The porosity developed as fracture and channel types. Jonggrangan
limestone is dominated by thick to massive layered coral limestones. Around the Mudal springs this
reef limestone outcops show white to brownish white colour, compact and hard, with some fairly
intensive tectonic of joints characteristics. Mudal Springs has a large fluctuation in discharge. The
discharges show; moderate magnitude during the dry season, but can be very large discharge during
the rainy season [11]. When the isotope sampling was carried out, the Mudal spring discharge was
measured to be 100 - 236 L/s, but at the end of the dry season (September 2018), it appears that this
|matrix discharge has decreased drastically to <50 L/s.The spring can be classified as depressions,
fractures or channels type of spring. Mudal spring has large flow that develop as runoff / rivers. This
spring is a parennial spring although has big change of discharge over season. Based on its
temperature, Mudal is classified as normal spring. The physico-chemical data show groundwater of
Mudal spring has a temperature range of 23,1 — 24°C, pH of 6.7 — 8.3, TDS of 225 — 254 ppm and EC
of 380 — 418 uS /cm.
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Meanwhile, Clapar springs have smaller dimensions than Mudal springs.Clapar springs emerge
from aquifers in andesite breccias and autoclastic / lava breccias of Old Andesite Formation, which are
supported by fracture and sheeting joints [porosities Mith moderate intensity and also controlled by low
- medium permeability. Clapar springs have fracture type of springs. The discharge of springs usually
small (stagnant) - medium flow rate, with small fluctuation of discharge. These springs can be
classified as normal springs based on their temperature of water. The physico-chemical data of these
springs show the temperature of 23.7 — 24.5°C, with pH range of 7 — 8.2, TDS of 75 — 97 ppm and EC
of 157 — 185 uS /cm.

4.2. *®*0 and 2H isotopes contents analysis

Stable isotope content data in Mudal and Clapar spring water can be seen in Table 2 below.
Furthermore, the absolute value and range value of the isotope content can be analyzed to determine
the hydrochemical processes that occur in the groundwater system.

Table 2. Data on stable isotope content of groundwater from the investigated springs.
| (Dec, 2016) 11 (Aug, 2017) 111 (Mar, 2018)
180 (%o) D (%o) 80 (%o) D (%o) 80 (%o) D (%o)
Mudal  -7.1+0.11 -41.7+04 -739+042 -451+31 -694+039 -502z%15
Clapar -6.25+0.07 -40+x18 -551+032 -347+10 -477+034 -383%3

Spring

4.2.1. Absolute value of 60 and sD. From period I to 111, Mudal springs showed relatively stable O
isotope, while D isotope tended to be lighter (Figure 3). Groundwater with light isotope generally
flows in deep aquifers or comes from high absorption areas [2], as seen in Mudal springs which have
light D isotope (-50.2%o) in period III (Figure 3; Table 3). It means that groundwater that appears in
Mudal springs may flow in deep enough aquifers or originate from precipitation of rainwater that
infiltrates at a high enough elevation. The infiltration zone may exist locally, because the Mudal
springs are indeed at a high enough elevation.
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Figure 3. The development of stable isotope content over the three test periods.

Table 3. Changes in the stable isotope content of the springs.

Variable Spring 3180 (%o) 3D (%o)
Mudal down-up, stable relatively get lighter
Time difference = 0.45 %o difference = 8.5 %o
Clapar get heavier up - down, stable relatively
P difference = 1.48 %o difference = 5.3 %o
Mudal  lower when dry no effect

Season (T-effect) )
Clapar  no effect higher when dry
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Clapar springs have groundwater with *¥0 heavier from period I to I, as well as D isotope, which is
relatively stable. The isotopes in springs indicate a mixing or evaporation process [1]. The D isotope
indicates shallow aquifer [2]. Thus, the groundwater in the Clapar springs comes from shallow
aquifers that have undergone a mixing or evaporation process.

Compared to Clapar springs, Mudal springs contain lighter 0 and D isotopes in the three
periods studied. This shows that the stable isotopes possessed by the two springs are relatively
consistent, whereas the Mudal springs tend to have genetics from deeper aquifers (Table 4).

Table 4. Interpretation of light / heavy isotope content.

| 1] 1]
Spring 8180 3D 580 3D 5180 3D Interpretation
(%0) (%0) (%0) (%0) (%0) (%0)

- Deep aquifer, or

Mudal -1.1 -41.7 -7.39 -45.1 -6.94 502 High elevation recharge

- Shallow aquifer
Clapar -6.25 -40 -5.51 -347 477  -38.3 - Mixing with run off or other
source / evaporation

When compared with GMWL and LMWL, it appears that the absolute values of isotopes
contained in the Mudal springs at all periods tend to move away from the two meteoric water lines
(Figure 4). Clapar springs contain isotopes that tend to be close to the meteoric water line during the
rainy (period 1) and dry (Il) seasons. Fl'his considerable deviation in period Il for Clapar springs
indicates the influence of water from other sources or pollution.

The interpretation of water sources in the Mudal and Clapar springs is also supported by
physico-chemical data from the groundwater| Mudal springs release water from deep aquifers
characterized by cooler temperatures. The pH value which tends to be alkaline indicates a long
interaction with carbonate rocks in the relatively deeper aquifer, This condition is also supported by
the TDS and EC values which are much greater in the water from the Mudal springs than Clapar.

A Mudal M Clapar
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Figure 4. The relation of §**0 and 8D in groundwater of springs.

4.2.2. Range value of 60 and dD.
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The stable isotope content studied showed a short range of values and generally did not have
overlapping values (Figure 5). With due regard to the 3'80 range value in all periods, it appears that
the groundwater from Mudal springs has isotopes §*80 is light, while the Clapar springs have value
5180. The overlapping values in the three periods in Mudal springs indicate that groundwater in these
springs is less affected by seasonal changes, while seasonal changes have more effect on Clapar
springs.

The widest 6D range value occurs in Mudal and Clapar springs at different periods (Figure 5).
The 3D value which is relatively stable, light but appears to shift in the Mudal spring indicates that the
groundwater in this spring is less affected by seasonal changes, with relatively deep circulation. As for
the springs Clapar has relatively stable (heavy) 8D which shows significant overlapping in the rainy
period, slightly different from the range value in the dry season, indicating that groundwater in these
springs is quite affected by changes in the season. Referring to the opinion of previous research [2],
groundwater with heavy 8D as in the Clapar springs can be interpreted as a result of a fairly intensive
mixing or evaporation process (Table 5).

Monthly rainfall in the three periods shows that during the rainy season there is quite a lot of
precipitation in both Mudal and Clapar (Table 1). In the dry season (period Il), the precipitation is very
low. However, the values range 50 for Mudal spring did not show any clear changes. This means,
the 80 isotope content in Mudal springs is relatively stable and less affected by the amount of
precipitation. This also indicates that the Mudal springs are supported by relatively deeper aquifers.
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Figure 5. The values range 5'80 and 8D for Mudal and Clapar springs. The overlaping values indicate
the similarity of 8D in different seasons.

Table 5. Value range interpretation 60 and &D.

Water 3180 oD

- Analysis
springs

18, H
Mudal  Inshort, some overlap  Short and long, shifted 570 and 3D are relatively stable /

Short-a bit long, overlap 5180 and 8D relatively stable / heavy,
especially in the rainy affected by season, intensive
season evaporation / mixing

Short - long, shifted,

Clapar enrichment

light, less affected by seasonal changes

(Change 8D of groundwater usually occurs due to isotopic exchange with minerals containing
hydrogen, such as gypsum and clay minerals [33,34]. However, data support for this exchange. The 6D
in these two materials is not yet known, so the cause of the 3D change groundwater is still difficult to
determine. Moreover, this variation in value is usually not large, so this exchange is considered
insignificant. Furthermore, membrane filtration is associated with increased 8D, it is difficult to
happen in the study area, because this process usually requires high pressure, which is equivalent to a
sediment depth of 1.6 km [35]. In sedimentary rock formations less than 1 km deep membrane
filtration is less effective [36].
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4.3. The effects of season on 6'°0 and 6D changes

The process that occurs related to the seasonal effect can be assessed based on the §'%0 against 5D of
groundwater relationship. In the dry season (period 1), the regression line of springs in the study area
is very close to the LMWL, indicating that the enrichment of meteoric water isotope content has not
been clearly seen [37]. However, the climatic influence in this dry season can be seen from the
presence of d-excess [1]. Further reasearch added that the value of the line gradient is in the range 3-6
indicating an evaporation process [31].

The groundwater line in period Ill was partly below the LMWL, which indicates that it
experienced isotopic enrichment [1,11], for example due to a fairly intensive evaporation process or
mixing with surface water/runoff. The slope of the regression line that is smaller than the LMWL
gradient indicates a variation in the rate of evaporation. In addition, it is possible that evaporation will
occur in the catchment area along with the infiltration process [2].

4.3.1. The enrichment of **0 and D stable isotopes. Changes in stable isotope content associated with
changing seasons can cause an 3D or 5'%0 enrichment effect. O-18 isotope enrichment during the rainy
season relative to the dry season occurs in Mudal springs, while 8D isotope enrichment occurs in
Clapar springs in the dry season compared to the rainy season (Table 6; Figure 3).

Isotopic enrichment 5120 in the rainy season relative to the dry season in Mudal springs is
related to the isotopic fractionation of carbonate rocks as a result of water-rock interaction. This was
also supported by the TDS and EC values of groundwater in the Mudal springs which were much
greater than the Clapar springs, both during the rainy and dry seasons. Enrichment of 880 can be
caused by carbonate minerals [34,36]. Meanwhile, the 3D enrichment of Clapar springs occurs
indicating that seasonality affects the content of these stable isotopes. Season has an effect on the
evaporation process which can enrich the isotopic content of groundwater.

Table 6 shows the degrees of 6D enrichment in the springs studied. Degree of 8D enrichment is
calculated in the dry season (period Il) relative to the rainy season, both period | and Ill. The
magnitude of the changes caused by D isotope enrichment can be seen in Figure 6.

Table 6. The 8D enrichment in the dry season relative to D in the rainy season.

Sorin 8D dry 3D rainy Enrichment Explanation
pring (Period 1) period | Period III Degree P

Mudal -45.1 417 -50.2 -34-5.1 Uncertainty

Clapar -34.7 -40 -38.3 3.6-53 Medium - big

*) Negative values indicate enrichment during the rainy season

Figure 6 shows that the Mudal spring has medium - large 8D enrichment (>5%o), but not related
to seasonal changes. The Clapar springs undergo moderate - large changes due to enrichment during
the dry season. The 8D enrichment in the Clapar springs in the dry season shows a seasonal effect on
the D isotope of groundwater. This is confirmed by a shift in 8D values can occur due to seasonal
changes [2].

A spring that has 8D enrichment >5%o is classified to have a big change, while moderate change
is indicated by D enrichment of >3 - 5%., meanwhile, a small change is indicated by 8D enrichment of
>1 - 3%o [2]. The enrichment 8D <1 indicates no enrichment. If the 3D range value is taken into
account, then some groundwater samples appear to have shifted (Figure 6). The two springs have
shifted slightly - totally change.

4.3.2. The “d” value (0D-excess).
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Changes in stable isotope content can occur due to the influence of seasons due to differences in
temperature. Usually, the temperature effect is related to the elevation of an area. However, in this
study it is difficult to study the effect of elevation, considering that the two springs studied do not have
a contrasting elevation difference. The humidity aspect also cannot be studied considering the absence
of data. Isotope data in the two investigated springs showed that it was good 880 nor 3D varies
considerably, both in absolute value and in range. The data that are not much different are generally
considered to have no seasonal variation (temperature effect) [1]. However, if we examine one by one,
there is a “d” variable which is dD-excess which we can calculate (Table 7). The value of “d” in
general can be calculated with the following formula [1].

d=3D - 85180 @)
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[Figure 6. D-enrichment of groundwater in Mudal and Clapar springs. ]

Table 7. The value of the 3D-excess of groundwater.

dD-excess (“d”) (%o)
| 1 1
Mudal  15.1 14.02 5.32
Clapar 10 9.38 -0.14

Spring

The “d” value or 3D excess indicates the presence of D isotope enrichment versus ¥0 value.
The value of “d” is a relatively important parameter in relation to the climate of an area. The values of
groundwater in the study area in period I range from 10 and 15.1%o; period II range from 9.38 to
14.02%o; in period III of 5.32%o in Mudal, indicating that the range of “d” values in Mudal is relatively
higher, in all seasons. Clapar springs do not show d excess in period Ill. In general, the value of d gets
lower over time.

In general, 3D excess is influenced by air mass which is usually different, where the dry season
tends to be dry, while the rainy season has humid air [1]. In rural areas, the isotopic exchange between
rainwater and humidity can slightly shift the value of d [38]. However, the d value was not significant
for the springs in the study area. However, the d values in the two springs in the two seasons varied,
not showing a strong difference. This less difference can be interpreted that the humidity in the air
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during the dry and rainy seasons is not much different, as well as the evapotranspiration conditions that
can occur quite intensively in the two seasons [38].

In dry conditions, evapotranspiration as a controller for groundwater recharge is usually
relatively reduced, while in the rainy season / humid air, evapotranspiration is greater [1]. In addition,
in the dry season, many plants are dormant, while in the rainy season the plants are more developed.
Thus, the differences in evapotranspiration and humidity conditions in all seasons were not significant.

In addition, large d values usually occur in high permeability rocks or thin soil resulting in rapid
infiltration [1]. This rapid infiltration causes groundwater to experience no / less evapotranspiration.
Mudal spring has a character like this, supported by the large number of fractures, cracks and
dissolving cavities in the limestone that consist the aquifer of these springs. Mudal aquifers are
examples of karst aquifers which usually have conduit characteristics and have the potential to have
underground rivers due to interconnected conduits. However, large shifting in d values can occur in
both the Jonggrangan and Old Andesite Formations aquifers.

5. Conclusion

This groundwater hydroisotope study was carried out on two selected springs in the West Progo Hills,
namely the Mudal springs which emerged from the limestone of the Jonggrangan Formation and the
Clapar springs which emerged from the volcanic breccias of the Old Andesite Formation. Both springs
have the characteristics of stable isotope content of groundwater which is relatively stable, with
insignificant changes with time and season. Based on its absolute value, Mudal springs have an isotope
that tends to be light, indicating deep aquifer, or high elevation recharge. Meanwhile, Clapar spring
shows heavier isotopes, which come from shallow aquifers with a mixing / evaporation process and
are more influenced by the season. Based on the range value of §'%0 and 8D, Mudal springs contain
isotopes that are less affected by seasonal changes, while Clapar springs are seasonal. The range value
of 8D in both springs is slightly - totally change, which means that it changes due to the change of
seasons even though it is small. Based on season, 3D enrichment in Mudal shows uncertainty, while
Clapar spring has a medium - large change character. Meanwhile, the “d” value varies independently
of the season, which can be interpreted that the climate conditions during the dry and rainy seasons in
the study area are not much different.
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Stable isotopes changes in groundwater: case study in Mudal
and Clapar springs, West Progo

T. Listyani RAY

1Geological Engineering, Yogyakarta National Institute of Technology
“lis@itny.ac.id

Abstract. Hydroisotope studies were carried out on-Mudal and Clapar springs located in the
central part of the Progo Dome. The research was conducted by taking samples of
groundwater in each spring for three periods, representing the rainy (2016), dry (2017) and
rainy (2018) seasons. Data on stable isotope content of 80 and D were analyzed to see the
hydroisotope characteristics of groundwater. The results showed that the stable isotope content
of groundwater in both springs was relatively stable, with insignificant changes over time and
season. Mudal springs tend to show light isotopes, indicating deep aquifer or high elevation
recharge, less affected by the season. Clapar spring shows isotopes, which may be sourced
from shallow aquifer with mixing / evaporation processes and more influenced by the season.
The 6D enrichment shows the big change in Mudal spring, and medium - big change in Clapar
spring. Meanwhile, the range value of 3D in the two springs show a slightly - totally changes,
indicating that the D content also changes due to seasons, although it is small. However, the d
excess value shows that the dry and rainy season conditions are not much different in terms of
evapotranspiration or humidity.

1. Introduction

The study of groundwater has been developed because this natural resource is becoming increasingly
important over_time, in line with the needs of living things for groundwater. Various groundwater
studies have- been carried out, both physically and chemically. Hydrochemical studies were also
developed using. various-methods, complemented by studies of groundwater isotopes (hydroisotopes).
Isotope-analysis is useful to aid in the interpretation of groundwater flows as well as aid in its genetic
interpretation. The results of groundwater hydrochemical analysis can be verified by isotope analysis
so that it will produce a better interpretation of the groundwater flow system. In addition, isotope
studies have also been developed using the stable isotopes 0 and ?H ((deuterium / D). One of the
hydroisotope studies that can be done is related to the climate aspect in an area.

Stable isototope analysis is useful for knowing the origin of groundwater and interpretation of
catchment areas. In addition, stable isotope data can also be used for analysis of hydrochemical
processes, due to seasonal changes. This paper intends to discuss the characteristics of the stable
isotopes 80 and D, particularly in relation to seasonal changes in the Progo Hills area. The case study
in this case was carried out on the Mudal and Clapar springs which are located in the central part of
the Progo Dome physiography [1].

Mudal spring is at an elevation of 664 m, emerging from the limestone aquifer of the Jonggrangan
Formation in Banyunganti Hamlet, Jatimulyo Village, Girimulyo Subdistrict; meanwhile the Clapar
spring is at an elevation of 437 m, emerging from the andesite breccia aquifer of the Old Andesite



Formation in Clapar 1l Hamlet, Hargowilis Village, Kokap Subdistrict, Kulon Progo Regency (Figure
1; Table 1).
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Table 1. Geographical data of Mudal and Clapar springs.

Coordinate .

No Spring Elevation
' Longitude (E) Latitude (S) (m)
1 Mudal 110°06' 56.67" -7° 45' 42.83" 664
2  Clapar 110° 07" 34.88" -7° 47' 44 .49" 437

2. Method

The research begins with a hydrogeological survey to determine the geological conditions and springs
in the study area. Several springs with small to large debris are found in the central part of the West
Progo-area. This area is dominated by limestones of the Jonggrangan Formation and andesite breccias
of the Old Andesite Formation. Eyes with a large discharge were selected as the sample of this study.
Mudal springs have large debits and represent the aquifer of the Jongrangan Formation, while the
Clapar springs are medium / large enough and represent the Old Andesite Formation.

Groundwater samples from both springs were taken in three periods, namely period I in the rainy
season in December, 2016; period Il in the dry season (August, 2017) and period Il in the rainy
season (March, 2018). The difference in sampling time from each period to the next is around 8
months. In each sample, 30 ml of groundwater was put into an airtight bottle (polyethylene) by
inserting the bottle into a water source to avoid evaporation.

Isotope testing was carried out at the Hydrology Laboratory, Center for Isotope and Radiation
Application (PAIR) - National Nuclear Energy Agency (BATAN), which is located in Pasar Jumat,
South Jakarta. The isotope content analyzed is oxygen-18 (**O) and hydrogen (*H), known as
deuterium (D) isotope. Isotope content in groundwater samples was determined using a Liquid Water
Stable Isotope Analyzer (LWIA) type DLT-100 made by LGR (Los Gatos Research) USA. Isotope
ratios were measured by a mass spectrometer and the results were referenced against the SMOW



standard. The internal standard was calibrated using V-SMOW with an analysis accuracy of + 0.1 for
880 and + 1 %o for 8D [2]. Furthermore, the results of the stable isotope test were analyzed to
determine the changes as well as the interpretation of the influence of the seasons / climate in the study
area.

3. Literature review

3.1. Geological setting

The study area is included in the physiography of the Dome and Hills Zone in the Central Depression
[1]. The center of this dome physicigraphy forms the morphology of the Jonggrangan plateau. The
Jonggrangan Formation is quite extensive in this area. Around the Jonggrangan-highlands, volcanic
rocks from the Old Andesite Formation are exposed.

The regional stratigraphy of the West Progo Mountains from the oldest to the young is composed
of the Nanggulan, Old Andesite, Jonggrangan, Sentolo Formations and Alluvial Deposits [1,3,4]. The
Jonggrangan Formation is composed of conglomerates, tuff marl and limestone sandstones with lignite
inserts, layered limestone and coral limestone. Meanwhile, the Old Andesite Formation is composed
of andesite breccias, tuffs, lapilli, agglomerates and andesite lava inserts. Mudal spring appear in the
Jonggrangan Formation rocks, while Clapar spring appears in.the Old Andesite Formation (Figure 2).

Figure 2. Mudal spring appear in the Jonggrangan Formation (top), while Clapar spring appear in the
Old Andesite Formation (bottom).

3.2. Stable isotopes

Isotopes are elements that have the same atomic number but different mass numbers. In nature,

isotopes in water can be found as stable or radioactive isotopes. The content of radioactive isotopes in

water can be used to determine age, while stable isotopes are useful for determining water genetics.
Isotope abundance is measured by the ratio of the deviation from the standard (Fritz & Fontes,

1980, in [5]. The stable isotopes 30 and 2H are present in water in the form of compounds *H,**0 and

1H2H%Q, (Hamed, 2014, in [2]). The two isotopes are very sensitive for physical processes such as



evaporation and condensation, therefore, the content of these stable isotopes can be used to see the
climate effect on springs.

The isotopes 120 and D are often used in the study of chemical processes. This isotope is a stable,
non-radioactive isotope and is often used as an indicator for groundwater sources [6].

To see the influence of climate / rainfall, regression line relationships 820 and 8D groundwater can
be plotted together with the global meteoric water line GWML or the local meteoric water line
(LMWL). If the groundwater regression line is adjacent to the LMWL then the groundwater is affected
by local climate (originating from local precipitation) or by topographic effects [7].

4. Result and discussion

4.1. Spring characteristic

Mudal Springs emerge from the limestone aquifer of Jonggrangan reef, supported by large porosity,
type of fracture and channel as well as large rock permeability. Jonggrangan. Limestone.is dominated
by thick to massive layered coral limestones, around the Mudal springs this reef limestone is white to
brownish white, compact and hard, with some fairly intensive tectonic stiffness. Mudal Springs has a
large fluctuation in discharge; moderate discharge during the.dry season, but can discharge very large
during the rainy season, up to > 200 L/sec [8]. These springs are depressions, fractures and channels,
with large flows that develop as runoff / rivers. These springs are -parennial, and at normal
temperature.

Clapar springs emerge from aquifers in andesite breccias and OAF autoclastic / lava breccias,
which are supported by fracture porosity and sheeting joints with moderate intensity and low -
medium permeability. Clapar springs are fracture type, with small (stagnant) - medium flow rate,
intermittent, and normal temperature.

4.2. 80 and 2H isotopes contents analysis

Stable isotope content data in Mudal and Clapar spring water can be seen in Table 2 below.
Furthermore, the absolute value and range value of the isotope content can be analyzed to determine
the hydrochemical processes that occur in the groundwater system.

Table 2. Data on stable isotope content of groundwater from the investigated springs.

i | (Dec, 2016) II (Aug, 2017) 111 (Mar, 2018)

|
PTG 1609 (%0) D (%) 180 (%o) D (%) 180 (%o) D (%)
Mudal  7.1+011  -41.7+04 -739+042 -451+31 -694%039 -502+15

Clapar -6.25 £ 0.07 -40+ 1.8 -5.51+0.32 -34.7+10 -477+x0.34 -38.3%3

4.2.1. 680 and oD absolute value.

From period I'to 111, Mudal springs showed relatively stable O isotope, while D isotope tended to be
lighter (Figure 3). Groundwater with light isotope generally flows in deep aquifers or comes from high
absorption areas [9], as seen in Mudal springs which have light D isotope (-50.2 %o) in period III
(Table 3; Figure 3). This means, groundwater that appears in Mudal springs may flow in deep enough
aquifers or originate from infiltration of rainwater that permeates at a high enough elevation. The
infiltration zone may exist locally, because the Mudal springs are indeed at a high enough elevation.

Table 3. Changes in the stable isotope content of the investigated springs.
Variable Spring 580 (%o) 3D (%o)




Mudal down-up, stable relatively get lighter

Time difference = 0.45 %o difference = 8.5 %o
Clapar get heavier up - down, stable relatively
difference = 1.48 %o difference = 5.3 %o
Season (T- Mudal lower when dry no effect
effect)  Clapar no effect higher when dry
0 0
-10
-2
2 - -20
<4 == Mudal & 39 == Mudal
? :I spring a spring
BN 6 | w .40 -
— - == Clapar -50 e Clapar
-8 . . . spring -60 : : . spring
| I 1] | I Il
Period Period

Figure 3.The development of stable isotope content over the three test periods.

Clapar springs have groundwater with 80 heavier from period | to 111, as well as D sotope, which is
relatively stable. isotopes in springs indicate a mixing or evaporation process [7]. D isotope indicates
shallow aquifer [9]. Thus, the groundwater in the Clapar springs comes from shallow aquifers that
have undergone a mixing or evaporation process.

Compared to Clapar springs, Mudal springs contain lighter 0 and D isotopes in the three periods
studied. This shows that the stable isotopes possessed by the two springs are relatively consistent,
whereas the Mudal springs tend to have genetics from deeper aquifers (Table 4).

Table 4. Interpretation of light / isotope content.

Spring 8180 oD (%0) 6180 oD (%0) 0180 D (%o0) Interpretation
(%0) (%0) (%0)
Mudal -7.1 -41.7 -7.39 -45.1 -6.94 -50.2 - deep aquifer, or
- high elevation
recharge
Clapar . -6.25 -40 -5.51 -34.7 -4.77 -38.3 - Shallow aquifer
- Mixing /

evaporation

4.2.2. Range value of 60 and oD.

The stable isotope content studied showed a short range of values and generally did not have
overlapping values (Figure 4). With due regard to the 580 range value in all periods, it appears that
the groundwater from Mudal springs has isotopes 320 is light, while the Clapar springs have value
5180 . The overlapping values in the three periods in Mudal springs indicate that groundwater in these
springs is less affected by seasonal changes, while seasonal changes have more effect on Clapar
springs.



The widest 8D range value occurs in Mudal and Clapar springs at different periods (Figure 4). The
3D value which is relatively stable, light but appears to shift in the Mudal spring indicates that the
groundwater in this spring is less affected by seasonal changes, with relatively deep circulation. As for
the springs Clapar has relatively stable (heavy) 6D which shows significant overlapping in the rainy
period, slightly different from the range value in the dry season, indicating that groundwater in these
springs is quite affected by changes in the season. Referring to the opinion of Alam et al (2014) [9],
groundwater with heavy 8D as in the Clapar springs can be interpreted as a result of a fairly intensive
mixing or evaporation process (Table 5).
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Figure 4. The values range 5'®0 and 3D for Mudal and Clapar springs. The missing values indicate
the similarity of 0D in different seasons.

Table 5. Value range interpretation 5'®0 and 3D.

Water 0180 oD

X Analysis
springs

50 and 3D are relatively stable /

mild, less affected by seasonal changes

Short-a bit long, overlap 30 and 3D relatively stable / heavy,

especially in the rainy affected by  season, intensive
season evaporation / mixing

Mudal  In short, someoverlap Short and long, shift

Short - long, shift,

Clapar enrichment

Change 6D of groundwater usually occurs due to isotopic exchange with minerals containing
hydrogen, such as gypsum and clay minerals (Clayton et al, 1966, in [10]. However, data support for
thiscexchange. The 6D in these two materials is not yet known, so the cause of the 6D change
groundwater is still difficult to determine. Moreover, this variation in value is usually not large, so this
exchange is considered insignificant. Furthermore, membrane filtration is associated with increased
oD, it is difficult to happen in the study area, because this process usually requires high pressure,
which is equivalent to a sediment depth of 1.6 km (Graff et al, 1965, in [10]. In sedimentary rock
formations less than 1 km deep membrane filtration is less effective [11].

4.3. The effects of season on 5*°0 and 6D changes

The process that occurs related to the seasonal effect can be assessed based on the 320 against 5D of
groundwater relationship. In the dry season (period Il), the regression line of springs in the study area
is very close to the LMWL, indicating that the enrichment of meteoric water isotope content has not
been clearly seen [12]. However, the climatic influence in this dry season can be seen from the
presence of d-excess [7]. Further added by Craig (1961, in [7]), the value of the line gradient is in the
range 3-6 indicating an evaporation process.



The groundwater line in period I11 was partly below the LMWL, which indicates that it experienced
isotopic enrichment [7,8], for example due to a fairly intensive evaporation process or mixing with
surface water/runoff. The slope of the regression line that is smaller than the LMWL gradient indicates
a variation in the rate of evaporation. In addition, it is possible that evaporation will occur in the
catchment area along with the infiltration process [9].

4.3.1. The enrichment of **0 and D stable isotopes.

Changes in stable isotope content associated with changing seasons can cause an 3D or %0
enrichment effect. O-18 isotope enrichment during the rainy season relative to the dry season occurs in
Mudal springs, while 6D isotope enrichment occurs in Clapar springs in the dry.season compared to
the rainy season (Table 6; Figure 3).

Isotopic enrichment 80 in the rainy season relative to the dry season in Mudal springs is related
to the isotopic fractionation of carbonate rocks as a result of water-rock interaction. Enrichment of
5180 can be caused by carbonate minerals [13, 14]. Meanwhile, the 3D enrichment of Clapar springs
occurs indicating that seasonality affects the content of these stable isotopes. Season has an effect on
the evaporation process which can enrich the isotopic content of groundwater.

Table 6 shows the degrees of 8D enrichment in the springs studied. Degree of 6D enrichment is
calculated in the dry season (period IlI) relative to the rainy season, both period | and Ill. The
magnitude of the changes caused by D isotope enrichment can be seen in Figure 5.

Table 6. The 8D enrichment in the dry season relative to 6D in the rainy season.

5D dry 6D rainy Enrichment

Spring (Period 1) Pperijod I Period Il Degree Explanation
Mudal -45.1 417 -50.2 -34-51 Uncertainty
Clapar -34.7 -40 -38.3 36-53 Medium - big

*) Negative values indicate enrichment during the rainy season
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Figure 5. D enrichment of groundwater in Mudal and Clapar springs.



From Figure 5, it is shown that the Mudal spring has large 6D enrichment (> 5 %o), but not related
to seasonal changes. The Clapar springs undergo moderate - large changes due to enrichment during
the dry season. The 8D enrichment in the Clapar springs in the dry season shows a seasonal effect on
the D isotope of groundwater. This is confirmed by a shift in 6D values can occur due to seasonal
changes [9].

If the 8D range value is taken into account, then some groundwater samples appear to have shifted
(Figure 5). The two springs under study have shifted slightly - totally change.

4.3.2. The “d” value (6D-excess).

Changes in stable isotope content can occur due to the influence of seasons due to differences in
temperature. Isotope data in the two investigated springs showed that it was good 5'®0 nor 8D varies
considerably, both in absolute value and in range. The data that are not much different are generally
considered to have no seasonal variation (temperature effect) [7]. However, if we examine one by one,
there is a “d” variable which is dD-excess which we can calculate (Table 7). The value ofd in general
can be calculated with the following formula [7].

d=8D - 8510 1)

Table 7. The value of the 8D-excess of groundwater.

dD-excess (“d”) (%o)
| | i
Mudal 15.1 14.02 5.32
Clapar 10 9.38 -0.14

Spring

The “d” value or 8D excess indicates the presence of D isotope enrichment versus 880 value. The
value of “d” is a relatively important parameter in relation to the climate of an area. The value of
groundwater in the study area in period I ranges from 10 and 15.1 %o; period II amounted to 9.38 and
14.02 %o; in period III of 5.32 %o in Mudal, indicating that the range of “d” values in Mudal is
relatively higher, in all seasons. Clapar springs do not show d excess in period Ill. In general, the value
of d gets lower over time.

In general, d excess is influenced by air mass which is usually different, where the dry season tends
to be dry, while the rainy season-has humid air [7]. Liotta (2006, in [10]) states that in rural areas, the
isotopic exchange between rainwater and humidity can slightly shift the value of d. However, the d
value was.not significant for-the springs studied. However, the d values in the two springs in the two
seasons varied, not showing a significant difference. This less significant difference shows that the
humidity in the air during the dry and rainy seasons is not much different, as well as the
evapotranspiration conditions that can occur quite intensively in the two seasons.

In dry conditions, evapotranspiration as a controller for groundwater recharge is usually relatively
reduced, while in the rainy season / humid air, evapotranspiration is greater [7]. In addition, in the dry
season, many plants are dormant, while in the rainy season the plants are more developed. Thus, the
differences in evapotranspiration and humidity conditions in all seasons were not significant.

In addition, large d values usually occur in high permeability rocks or thin soil resulting in rapid
infiltration [7]. This rapid infiltration causes groundwater to experience no / less evapotranspiration.
Mataair Mudal has a character like this, supported by the large number of fractures, cracks and
dissolving cavities in the limestone that make up the aquifer of these springs. Significant shifts in d
values can occur in both the Jonggrangan and Old Andesite Formations aquifers.



5. Conclusion

This groundwater hydroisotope study was carried out on two selected springs in the West Progo Hills,
namely the Mudal springs which emerged from the limestone of the Jonggrangan Formation and the
Clapar springs which emerged from the volcanic breccias of the Old Andesite Formation. Both springs
have the characteristics of stable isotope content of groundwater which is relatively stable, with
insignificant changes with time and season. Based on its absolute value, Mudal springs have an
isotope that tends to be light, indicating deep aquifer, or high elevation recharge. Meanwhile, Clapar
springs show isotopes, which come from shallow aquifers with a mixing / evaporation process and are
more influenced by the season. Based on the range value of 380 and 8D, Mudal springs contain
isotopes that are less affected by seasonal changes, while Clapar springs are seasonal. Based on
season, 6D enrichment shows uncertainty, while Clapar Spring has a medium - big change character.
The range value of 6D in both springs is slightly - totally change, which means that it changes due to
the change of seasons even though it is small. Meanwhile, the “d” value varies independently of the
season, which can be interpreted that the evapotranspiration and humidity conditions during the dry
and rainy seasons in the study area are not much different.
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Stable isotopes changes in groundwater: a case study in
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Abstract. Hydroisotope studies were carried out on.Mudal and Clapar springs located in the
central part of the West Progo Dome. The research was conducted by taking samples of
groundwater in each spring for three periods, representing the rainy (2016), dry (2017), and
rainy (2018) seasons. Data on stable isotope content of 0O and D were analyzed to see the
hydroisotope characteristics of groundwater and their relationship to climate change. The
results show that the stable isotope content of groundwater in both springs was relatively
stable, with insignificant changes over time and season. Mudal springs tend to show light
isotopes, indicating deep aquifer or high elevation recharge, less affected by the season. Clapar
spring shows heavy isotopes, which. may be sourced from a shallow aquifer with
mixing/evaporation processes and-are‘more influenced by the season. Meanwhile, the range
value of 6D in the two springs shows slightly - totally changes, indicating that the D content
also changes due to seasons, although'it.is small. The 3D enrichment shows the medium-large
change in both spring springs, but uncertainty in Mudal. However, the D-excess value shows
that the dry and rainy season conditions, which may be related to temperature or precipitation,
are not much different.

1. Introduction

The study of groundwater has been developed because this natural resource is becoming increasingly
important over time, in line with the needs of living things for groundwater. Various groundwater
studies have been carried. out, both physically and chemically [1-5]. Hydrochemical studies were also
developed using various methods, complemented by studies of groundwater isotopes. Isotope analysis
is helpful to aid inthe interpretation of groundwater flows as well as aid in its genetic interpretation.
The results of hydrochemical groundwater analysis can be verified by isotope analysis to produce a
better interpretation of the groundwater flow system. In addition, isotope studies have also been
developed using stable isotopes **0 and H (deuterium / D). One of the hydroisotope studies that can
be done is related to the climate aspect in an area.

Stable isotope analysis helps know the origin of groundwater and the interpretation of catchment
areas. In addition, stable isotope data can also analyze hydrochemical processes due to seasonal
changes [6]. This paper intends to discuss the characteristics of the stable isotopes '®0 and D,
particularly concerning seasonal changes in the West Progo Hills area. The case study, in this research,
was carried out on the Mudal and Clapar springs located in the central part of the West Progo Dome
physiography [7].

Mudal spring is at an elevation of 664 meters above sea level (masl), emerging from the limestone
aquifer of the Jonggrangan Formation in Banyunganti Hamlet, Jatimulyo Village, Girimulyo
Subdistrict. Meanwhile, the Clapar spring is at an elevation of 437 masl, emerging from the andesite
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breccia aquifer of the Old Andesite Formation in Clapar Il Hamlet, Hargowilis Village, Kokap
Subdistrict, West Progo Regency (Figure 1).

The study area is included in the physiography of the Dome and Hills Zone in the Central
Depression [7]. The center of this dome physiography forms the morphology of the Jonggrangan
plateau. The Jonggrangan Formation is quite extensive in this area. Around the Jonggrangan
highlands, volcanic rocks from the Old Andesite Formation are exposed (Figure 1) [8].
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Figure 1. Location of Mudal and Clapar
springs inGeological map [8]. Mudal
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The regional stratigraphy of the West Progo Mountains from the oldest to the young is composed
of the Nanggulan, Old Andesite, Jonggrangan, Sentolo Formations, and Alluvial Deposits [7-9]. The
Jonggrangan Formation comprises conglomerates, tuff marl, and limestone sandstones with lignite
inserts, layered limestone, and coral limestone. Meanwhile, the Old Andesite Formation comprises
andesite breccias, tuffs, lapilli;agglomerates, and intercalation of andesite [8]. Mudal spring appears in
the Jonggrangan Formation rocks, while Clapar spring appears in the Old Andesite Formation (Figure
2).
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Figure 2. Mudal spring appears in the Jonggrangan Formation (top), while Clapar spring appears in
the Old Andesite Formation (bottom).



Although West Progo Hills is classified as a non-groundwater basin [10], many springs can be
found even though they generally have small discharges. However, several springs with moderate to
large discharge can also be found on these hills. Large discharge can be found in the limestone
aquifers of the Jonggrangan Formation. The presence of springs in the West Progo Hills zone is highly
controlled by the local topography [11] and lineament factors [12]. Geological lineaments influence
the occurrence of springs, especially significantly controlled by the density and distance of lineaments
to the location of the springs.

2. Method

The research begins with a hydrogeological survey to determine the geological conditions and springs
in the study area. Several springs with small to large discharge are found in the central part of the West
Progo area. This area is dominated by limestones of the Jonggrangan Formation and andesite breccias
of the Old Andesite Formation. Springs with a large discharge were selected as the sample of this
study. Mudal springs have large discharge and represent the aquifer of the Jongrangan Formation,
while the Clapar springs are medium/large enough and represent the ‘Old Andesite Formation. This
research focuses on isotope studies, but some groundwater hydrochemical data is-also taken together
with isotope sampling in the field.

Groundwater samples from both springs were taken in three periods: period I in the rainy season in
December 2016, period Il in the dry season (August 2017), and period 111 in the rainy season (March
2018). Precipitation of the research area at the time of sampling can be seen.in Table 1. The difference
in sampling time from each period to the next is around eight months. In each sample, 30 ml of
groundwater was put into an airtight bottle (polyethylene) by inserting the bottle into a water source to
avoid evaporation.

Table 1. Precipitation data in research area (mm/month) [13-15].

Spring Dec 2016  Aug 2017 Mar 2018
Mudal 216 2,5 218
Clapar 311 13 152

Isotope testing was carried out at the Hydrology Laboratory, Center for Isotope and Radiation
Application (PAIR) - National Nuclear Energy Agency (BATAN), located in Pasar Jumat, South
Jakarta. Isotope content in groundwater samples was determined using a Liquid Water Stable Isotope
Analyzer (LWIA) type DLT-100.made by LGR (Los Gatos Research) USA. The isotope content
analyzed isoxygen-18 (180) and hydrogen (2H), known as deuterium (D) isotope. A mass
spectrometer measured isotope ratios, and the results were referenced against the SMOW standard.
The internal standard was calibrated using V-SMOW with an analysis accuracy of + 0.1 for §'°0 and +
1%ofor 8D [3]. Furthermore, the stable isotope test results were analyzed to determine the changes and
interpret the influence of the seasons/climate in the study area.

Isotope data analysis was carried out by looking at the absolute value trend and the relative value of
Mudal and Clapar isotope content in three periods. In addition, the 3'®0 and 3D relationships in
groundwater springs compared with meteoric water lines were also analyzed to assist in the genetic
evaluation of groundwater in the springs. Analysis of changes in isotope content related to seasonal
effects can be done by looking at the 8D enrichment and D-excess (d) of the groundwater.

3. Stable isotope review
Isotopes are elements that have the same atomic number but different mass numbers [16]. In nature,
isotopes in water can be found as stable or radioactive isotopes. The content of radioactive isotopes in
water can determine age, while stable isotopes help determine water genetics [17].

Isotopes contained in water, namely hydrogen atoms (*H, ?H, ®H) and oxygen atoms (*°0, Y0, *°0),
often be used in hydrogeological studies [18,19]. The abundance of 'H isotope is about 99.985%, *H is



about 0.015%, and °H is < 0.001%, while the '°O isotope is about 99.63%, 'O is about 0.0375%, and
80 is around 0.195% [17]. Isotope abundance is measured by the ratio of the deviation from the
standard [16]. The stable isotopes *20 and ?H are present in water in compounds *H,'0 and *H?H*0,
[17,20]. Since the abundance of H,'0 and HD'®O molecules compared to the abundance of H,'°0 is
very small, the measured abundance is usually the relative abundance of an international standard
water / SMOW (Standard Mean Ocean Water) [6].

The **0 and D isotopes are often used in the study of chemical processes. This isotope is a stable,
non-radioactive isotope and is often used to indicate groundwater sources [6]. The **0 and ?H isotopes
are natural tracers because they are stable [21-23]. That is, they are not affected by the water-rock
interaction process at low temperatures [24]. Therefore, isotopes are often used in genetic studies to
determine groundwater infiltration zones [5,25-28] and studies of mixing groundwater from different
sources [29]. The geological structure control in deep groundwater flow<systems can also be
determined by groundwater isotope analysis [5].

The 0 and D isotopes are very sensitive to physical processes such as evaporation and
condensation. Therefore, the content of these stable isotopes can be used to-see the climate effect on
springs. The isotopic fractionation process in precipitation is a temperature-dependent process [6].
Thus, if there is a change in seasonal temperature in a place, it will be seen that there is a variation in
the stable isotope composition of the precipitation where a light value occurs in a cold month. For the
same reason, precipitation will also have a lighter isotope content .in the arctic/high latitudes, further
away from the sea, and higher elevation places. For_every 100 m elevation increase, **O in the
rainwater will decrease by 0.15 - 0.5 %o, and *H will be depleted by 1 - 4%, [30].

Stable isotope content in rainwater shows a linear relationship inthe form of a global meteoric
water line. The relationship between 30 and 3D of the precipitation water follows the equation of the
meteoric water line. From the results of the'global investigation [31], the equation for the meteoric
waterline (GMWL) was known as 3D = 85"%0 + 10%o.. Rainwater tends to contain the stable isotopes
3'®0 and 5°H, which are depleted at_higher latitudes. This phenomenon also occurs when the two
stable isotopes move deep inland. For this reason, the plot results of the two isotopes yield slightly
different slopes known as the local meteoric water line [32].

Based on the research of the recharge area of the underground river water system in Gunungkidul,
Yogyakarta [3], it is known that the local meteoric water line (LMWL) equation for the area is 8°H =
7.978 50 + 8.423 %o. This LMWL value is then used for isotope studies in the West Progo area
because of its relatively close location and considering that the LMWL value in this area is not yet
available.

To see the influence of climate/rainfall, regression line relationships %0 and 8D groundwater can
be plotted together with the global meteoric water line GWML or the local meteoric water line
(LMWL). If the groundwater regression line is adjacent to the LMWL, the groundwater is affected by
local climate (originating from local precipitation) or topographic effects [1].

4. Result and discussion

4.1. Spring characteristic

Mudal Springs emerge from the Jonggrangan reef limestone aquifer, supported by large porosity
permeability. The porosity developed as fracture and channel types. Jonggrangan limestone is
dominated by thick to massive layered coral limestones. Around the Mudal springs, these reef
limestone outcrops show white to brownish-white color, compact and hard, with some fairly intensive
tectonic of joints characteristics. Mudal Springs has a large fluctuation in discharge. The discharges
show; moderate magnitude during the dry season but can be very large discharges during the rainy
season [11]. When the isotope sampling was carried out, the Mudal spring discharge was measured to
be 100 - 236 L/s, but at the end of the dry season (September 2018), it appears that this discharge has
decreased drastically to <50 L/s.The spring can be classified as depressions, fractures, or channels type
of spring. Mudal spring has a large flow that develops as runoff/rivers. This spring is a parennial



spring, although it has a significant change of discharge over the season. Based on its temperature,
Mudal is classified as a normal spring. The physicochemical data show groundwater of Mudal spring
has a temperature range of 23,1 — 24°C, pH of 6.7 — 8.3, TDS of 225 — 254 ppm, and EC of 380 — 418
uS /cm.

Meanwhile, Clapar springs have smaller dimensions than Mudal springs. Clapar springs emerge
from aquifers in andesite breccias and autoclastic / lava breccias of the Old Andesite Formation,
supported by fracture and sheeting joints porosity with moderate intensity controlled by low - medium
permeability. Clapar springs have fracture-type springs. The discharge of springs is usually small
(stagnant) - medium flow rate, with small discharge fluctuation. These springs can be classified as
normal springs based on the temperature of the water. The physicochemical data of these springs show
a temperature of 23.7 — 24.5°C, with a pH range of 7 — 8.2, TDS of 75 — 97 ppm, and EC of 157 — 185
uS /cm.

4.2. %0 and H isotopes contents analysis

Stable isotope content data in Mudal and Clapar spring water can be-seen in Table 2 below.
Furthermore, the isotope content's absolute value and range value can be analyzed to determine the
hydrochemical processes that occur in the groundwater system.

Table 2. Data on stable isotope content of groundwater from the investigated springs.

| (Dec 2016) Il (Aug 2017) 11 (Mar 2018)
0 (%o) D (%o) 80 (%o) D (%o) 80 (%) D (%o)
Mudal -7.1+011 -41.7+04 -7.39+#042 -451+31 -694+0.39 -502+15
Clapar -6.25+0.07 -40+18 -551+0.32 -347+10 -477+034 -383+3

Spring

4.2.1. Absolute value of §**0 and dD. From period I-to 111, Mudal springs showed relatively stable O
isotope, while D isotope tended to be lighter (Figure 3). Groundwater with light isotope generally
flows in deep aquifers or comes from high absorption areas [2], as seen in Mudal springs, which have
light D isotope (-50.2%o) inperiod TII (Figure 3; Table 3). It means that groundwater that appears in
Mudal springs may flow in deep enough aquifers or originate from precipitation of rainwater that
infiltrates at a high enough elevation. The infiltration zone may exist locally because the Mudal
springs are indeed at a high enough elevation.
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Figure 3. The development of stable isotope content over the three test periods.

Clapar springs have groundwater with *0O heavier from period | to Il and a relatively stable D
isotope. The heavy isotopes in springs indicate a mixing or evaporation process [1, 2], strongly
supported by groundwater isotopes of dug wells in the area [33]. The D isotope indicates a shallow




aquifer [2]. Thus, the groundwater in the Clapar springs comes from shallow aquifers that have
undergone a mixing or evaporation process.

Table 3. Changes in the stable isotope content of the springs.

Variable Spring 30 (%o) 3D (%o)
Mudal down-up, stable relatively get lighter
Time difference = 0.45 %o difference = 8.5 %o
Clapar get heavier up - down, stable relatively
P difference = 1.48 %o difference = 5.3 %o
Mudal  lower when dry no effect

Season (T-effect) )
Clapar  no effect higher when dry

Compared to Clapar springs, Mudal springs contain lighter **0 and D-isotopes in the three periods
studied. It shows that the stable isotopes possessed by the two springs are.relatively consistent,
whereas the Mudal springs tend to have genetics from deeper aquifers (Table 4).

Table 4. Interpretation of light / heavy isotope content.

| ] 11
Spring 50 8D 30 oD %0 8D Interpretation
(%0) (%0) (%o0) (%o0) (%0) (%60)

- Deep aquifer, or

Mudal -7.1 417 -739 451 -6.94 © -50.2 High elevation recharge

Shallow aquifer
Mixing with runoff or other
sources/evaporation

Clapar -6.25 -40 5581 -347. 407 -38.3

When compared with GMWL and LMWL, it appears that the absolute values of isotopes contained
in the Mudal springs at all periods tend to move away from the two meteoric water lines (Figure 4).
Clapar springs contain isotopes that tend to be close to the meteoric water line during the rainy (period
I) and dry (Il) seasons. This considerable deviation in period Il for Clapar springs indicates the
influence of the water from other-sources or runoff.
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Figure 4. The relation of "0 and 8D in groundwater of springs.



The interpretation of water sources in the Mudal and Clapar springs is also supported by
physicochemical data from the groundwater. Mudal springs release water from deep aquifers
characterized by cooler temperatures. According to other researchers, a higher temperature may be
sourced from mixing groundwater and surface water [2]. The pH value, which tends to be alkaline,
indicates a long interaction with carbonate rocks in the relatively deeper aquifer. This condition is also
supported by the greater TDS and EC values of water from the Mudal springs than Clapar.

4.2.2 Range value of 4**0 and JD. The stable isotope content studied showed a short range of values
and generally did not have overlapping values (Figure 5). With due regard to the 5'°0 range value in
all periods, it appears that the groundwater from Mudal springs has isotopes 20 is light, while the
Clapar springs have value §*%0. The overlapping values in the three periods in Mudal springs indicate
that groundwater in these springs is less affected by seasonal changes, whileseasonal changes have
more effect on Clapar springs.

The widest 6D range value occurs in Mudal and Clapar springs at different periods (Figure 5). The
oD value, which is relatively stable, light but appears to shift in the Mudal spring, indicates that the
groundwater in this spring is less affected by seasonal changes, with relatively deep.circulation. As for
the springs, Clapar has relatively stable (heavy) 6D, which shows significant.overlapping in the rainy
period, slightly different from the range value in the dry season, indicating that groundwater in these
springs is immensely affected by changes in the season. Referring to previous research [2],
groundwater with heavy 8D as in the Clapar springs can.be interpreted as a result of a fairly intensive
mixing or evaporation process (Table 5).

Monthly rainfall in the three periods shows that during the rainy season, there is quite a lot of
precipitation in both Mudal and Clapar (Table 1). In the dry season (period 1), the precipitation is very
low. However, the values range 3'°0 for Mudal spring did not show any clear changes. The %0
isotope content in Mudal springs is relatively stable-and less affected by the amount of precipitation. It
also indicates that the Mudal springs are supported by relatively deeper aquifers.
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Figure 5. The values range 5'°0 and 8D for Mudal and Clapar springs. The overlapping values
indicate the similarity of 6D in different seasons.

Table 5. Value range interpretation 5'°0 and 3D.

Springs 3'%0 3D Analysis

3'®0 and 8D are relatively stable/light,

Mudal Inshort, some overlap  Short and long, shifted less affected by seasonal changes

Short-a bit long, overlap 30 and 8D relatively stable/heavy,
significantly in the rainy affected by season, intensive
season evaporation/mixing

Short - long, shifted,

Clapar enrichment




Change 3D of groundwater usually occurs due to isotopic exchange with minerals containing
hydrogen, such as gypsum and clay minerals [34,35]. However, data does not support this exchange.
The 6D in these two materials is unknown, so the cause of the 8D change in groundwater is still
difficult to determine. Moreover, this variation in value is usually not large, so this exchange is
considered insignificant. Furthermore, membrane filtration is associated with increased oD. It is
difficult to happen in the study area because this process usually requires high pressure, which is
equivalent to a sediment depth of 1.6 km [36]. In sedimentary rock formations, less than 1 km deep
membrane filtration is less effective [37].

4.3. The effects of season on %0 and 6D changes

The process that occurs related to the seasonal effect can be assessed based on the 80 against 8D of
groundwater relationship. In the dry season (period Il), the regression line of springs in the study area
is very close to the LMWL, indicating that meteoric water isotope content enrichment has not been
clearly seen [38]. However, the climatic influence in this dry season can be seen from the presence of
d-excess [1]. Further research added that the value of the line gradient is in the range 3-6,.indicating an
evaporation process [31].

The groundwater line in period I11 was partly below the LMWL, which indicates that it experienced
isotopic enrichment [1,11], for example, due to a fairly intensive evaporation process or mixing with
surface water/runoff. The slope of the regression line smaller than the LMWL gradient indicates a
variation in evaporation rate. In addition, evaporation may occur in the catchment area along with the
infiltration process [2].

4.3.1. The enrichment of *°0 and D stable isotopes. Changes in stable isotope content associated with
changing seasons can cause an 8D or §'°O enrichment effect. O-18 isotope enrichment during the rainy
season relative to the dry season occurs in Mudal springs, while 8D isotope enrichment occurs in
Clapar springs in the dry season compared to the rainy season (Table 6; Figure 3).

Isotopic enrichment §'*0 in the rainy season relative to the dry season in Mudal springs is related
to the isotopic fractionation of carbonate rocks due to water-rock interaction. It was also supported by
the greater TDS and EC values of groundwater in the Mudal than Clapar springs, both during the rainy
and dry seasons. Enrichment-of 3'°0 can be caused by carbonate minerals [35,37]. Meanwhile, the 8D
enrichment of Clapar springs occurs, indicating that seasonality affects the content of these stable
isotopes. The season (affects the evaporation process, which can enrich the isotopic content of
groundwater.

Table 6 shows the degrees of 6D enrichment in the springs studied. The degree of 8D enrichment is
calculated in‘the dry season (period II) relative to the rainy season, both periods I and III. The
magnitude of the changes.caused by D isotope enrichment can be seen in Figure 6.

Table 6. The 6D enrichment in the dry season relative to 6D in the rainy season.

affiin 3D dry 8D rainy Enrichment Exolanation
P9 (Period 1) “Period | Period 11l Degree P

Mudal -45.1 41.7 -50.2 -34-51 Uncertainty

Clapar -34.7 -40 -38.3 3.6-53 Medium-large

*) Negative values indicate enrichment during the rainy season

Figure 6 shows that the Mudal spring has a medium-large 8D enrichment (>5%o) but is not related
to seasonal changes. The Clapar springs undergo moderate - large changes due to enrichment during
the dry season. The 8D enrichment in the Clapar springs in the dry season shows a seasonal effect on
the D isotope of groundwater. It is confirmed by a shift in 6D values that can occur due to seasonal
changes [2].



A spring that has 6D enrichment >5%o is classified to have a large change, while moderate change
is indicated by D enrichment of >3 - 5%.. Meanwhile, a small change is indicated by 6D enrichment of
>1 - 3%o [2]. The enrichment 6D <1 indicates no enrichment. If the 8D range value is considered,
some groundwater samples appear to have shifted (Figure 6). The two springs have shifted slightly -
totally change.

4.3.2. The “d” value (0D-excess). Changes in stable isotope content can occur due to the influence of
seasons due to temperature differences. Usually, the temperature effect is related to the elevation of an
area. However, it is difficult to study the effect of elevation in this study, considering that the two
springs studied do not have a contrasting elevation difference. The humidity aspect also cannot be
studied considering the absence of data. Isotope data in the two investigated springs showed good
3'%0, nor 8D varies considerably, both in absolute value and in range. The‘data that is not much
different is generally considered to have no seasonal variation (temperature effect) [1]. However, if we
examine one by one, there is a "d" variable which is dD-excess which we can calculate (Table 7). The
value of “d” in general can be calculated with the following formula [1].

d=38D - 830 (1)
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Figure 6. D-enrichment of groundwater in Mudal and Clapar springs.

Table 7. The value of the D-excess of groundwater.
dD-excess (“d”) (%o)

Spri
pring I I "

Mudal 15.1 14.02 5.32

Clapar 10 9.38 -0.14

The “d” value or 3D excess indicates the presence of D isotope enrichment versus the 3*20 value.
The value of “d” is a relatively important parameter concerning the climate of an area. The values of
groundwater in the study area in the period I range from 10 and 15.1%o; period II range from 9.38 to
14.02%o; in period III of 5.32%o in Mudal, indicating that the range of “d” values in Mudal is relatively
higher, in all seasons. Clapar springs do not show d excess in period Ill. In general, the value of d gets
lower over time.



In general, 3D excess is influenced by air mass which is usually different, where the dry season
tends to be dry, while the rainy season has humid air [1]. In rural areas, the isotopic exchange between
rainwater and humidity can slightly shift d [39]. However, the d value was not significant for the
springs in the study area. However, the d values in the two springs in the two seasons varied, not
showing a great difference. This less difference can be interpreted that the humidity in the air during
the dry and rainy seasons is not much different. The evapotranspiration conditions can occur quite
intensively in the two seasons [33].

In dry conditions, evapotranspiration as a controller for groundwater recharge is usually relatively
reduced, while in the rainy season / humid air, evapotranspiration is greater [1]. In addition, many
plants are dormant in the dry season in the dry season, while the plants are more developed in the rainy
season. Thus, the differences in evapotranspiration and humidity conditions in_all seasons were not
significant.

In addition, large d values usually occur in high permeability rocks or thin soil, resulting in rapid
infiltration [1]. This rapid infiltration causes groundwater to experience no / less evapotranspiration.
Mudal spring has a character like this, supported by many fractures, cracks, and dissolving cavities in
the limestone that consist of the aquifer of these springs. Mudal aquifers are examples of karst aquifers
that usually have conduit characteristics and can have underground rivers' due to interconnected
conduits. However, a large shifting in d values can occur inboth the Jonggrangan and Old Andesite
Formations aquifers.

5. Conclusion

This groundwater hydroisotope study was carried out on two selected springs in the West Progo Hills,
namely the Mudal springs, which emerged from the limestone of the Jonggrangan Formation and the
Clapar springs from the volcanic breccias of the Old Andesite Formation. Both springs have stable
isotope content characteristics, relatively stable, with insignificant changes with time and season.
Mudal springs have an isotope that tends.to be light, indicating deep aquifer or high elevation recharge
based on their absolute value. Meanwhile, Clapar spring shows heavier isotopes, which come from
shallow aquifers with a mixing/evaporation process and are more influenced by the season. Based on
the range value of 5'®0 and 8D, Mudal springs contain isotopes that are less affected by seasonal
changes, while Clapar springs.are seasonal. The range value of 8D in both springs is slightly - totally
change, which means that it changes due to the change of seasons even though it is small. Based on
the season, 8D enrichment in Mudal shows uncertainty, while Clapar spring has a medium-large
change character. Meanwhile, the “d” value varies independently of the season, which can be
interpreted that the climate conditions during the dry and rainy seasons in the study area are not much
different.

6. Reference

[1] LeeKS, Wenner DB, Lee | 1999 Using H- and O-isotopic data for estimating the relative
contributions of rainy and dry season precipitation to groundwater: example from Cheju Island,
Korea J. of Hydrology 222 pp. 65 - 74, Elsevier Science BV

[2] Alam, BYCSSS, Itoi R, Taguchi S. & Yamashiro R 2014 Spatial variation in groundwater types
in Mt. Karang ( Java, Indonesia) volcanic aquifer system based on hydrochemical and stable
isotope 8D and §'°0 Analysis Modern Applied Sci. 8 6 pp 87-102

[3] Satrio, Sidauruk P 2015 Karakteristik air tanah dangkal Kota Semarang pada musim penghujan
berdasarkan pendekatan isotop stabil (**0, *H) dan Kimia Air J. llmiah Aplikasi Isotop dan
Radiasi, 11 1.

[4] Satrio, Prasetio R, Hadian MSD, Syafri | 2017 Stable isotopes and hydrochemistry approach for
determining the salinization pattern of shallow groundwater in alluvium deposit Semarang,
Central Java Indonesian J. on Geosci. 4 1 pp 1-10



[5]

(6]
[7]
(8]
(9]
[10]

[11]

[12]

[13]
[14]
[15]
[16]

[17]
[18]

[19]
[20]
[21]

[22]

[23]

[24]

[29]

[26]

Setiawan T, Alam BYCSSS, Haryono E, Hendarmawan 2020 Hydrochemical and environmental
isotopes analysis for characterizing a complex karst hydrogeological system of Watuputih area,
Rembang, Central Java, Indonesia Hydrogeol. J. 28 5, p.1635-1659.

Payne B 1988 The Basic Principles of Isotope Techniques in Hydrology and Examples of Their
Application (Padova: Centro Internazionale di Idrologia “Dino Tonini”, Universita’ Degli Studi)
Van Bemmelen RW 1949 The Geology of Indonesia Vol. 1A (Netherland: Martinus Nijhoff,
The Hague).

Rahardjo W, Sukandarrumidi, Rosidi HMS 1977 Geological map of Yogyakarta sheet Scale 1:
100.000 (Bandung: Geological Agency).

Budiadi Ev 2008 The role of tectonics in controlling the geomorphology of Kulon Progo
Mountainous Regions, Yogyakarta Dissertation (Bandung: Padjadjaran University).

Geological Agency 2011 Atlas Cekungan Air Tanah Indonesia (Bandung: Ministry of Energy
and Mineral Resources)

Listyani RA T, Sulaksana N, Alam BYCSSS, Sudradjat A 2019 Topographic control on
groundwater flow in central of hard water area, West Progo Hills, Indonesia Int. J. of
GEOMATE 17 60 pp. 83-89

Listyani RA T, Sulaksana N, Alam BYCSSS, Sudradjat A, Haryanto AD 2018 Lineament
Control on Spring Characteristics at Central West Progo Hills, Indonesia, Int. J. of GEOMATE
14 46 pp 177-184

Badan Pusat Statistik Kabupaten Kulon Progo 2017 Kabupaten Kulon Progo dalam Angka 2016
(Yogyakarta: BPS Kab. Kulon Progo)

Badan Pusat Statistik Kabupaten Kulon Progo 2018 Kabupaten Kulon Progo dalam Angka 2017
(Yogyakarta: BPS Kab. Kulon Progo)

Badan Pusat Statistik Kabupaten Kulon Progo 2019 Kabupaten Kulon Progo dalam Angka 2018
(Yogyakarta: BPS Kab. Kulon Progo)

Fritz P & Fontes JC 1980 Introduction Handbook of Environmental Isotope Geochemistry Vol.
1 (New York: Elsevier)

IAEA 1981 Stable Isotope Hydrology Technical Report Series No. 210 (Vienna: IAEA)

Mazor E 2004 Chemical and Isotopic Groundwater Hydrology 3™ Ed. (New York: Marcel
Dekker)

Goldscheider N & Drew D 2007 Methods in Karst Hydrogeology (London: Taylor & Francis
Group)

Hamed Y 2014 Stable isotope ratios in meteoric waters in EI Kef Region, Northern Tunisia:
implications for changes of moisture sources Earth Science & Climatic Change 5 2-6

Kendall  C, McDonnell JJ 1998 Isotopes Tracers in Catchment Hydrology (Amsterdam:
Elsevier Sci.)

PuT;He Y, Zhang T, Wu J, Zhu G, Chang L 2013 Isotopic and geochemical evolution of ground
and river waters in a karst dominated geological setting: A case study from Lijiang basin,
South-Asia monsoon region Appl. Geochem. 33 pp 199-212
Murillo RS, Brooks E, Elliot JW, Bolla J 2015 Isotope hydrology and baseflow geochemistry in
natural. and human altered watersheds in the Inland Pacific North, USA Isotopes in
Environmental and Health Studies 51 pp 231-254
Marfia AM, Krishnamurthy RV, Atekwana EA, Panton WF 2004 Isotopic and geochemical
evolution of groundwater and surface waters in a karst dominated geological setting: a case
study from Belize, Central America Appl. Geochem. 19 937946
Listyani RA T 2001 Perkiraan elevasi daerah resapan berdasarkan analisis isotop stabil airtanah
(studi kasus : zone akifer 111 Cekungan Airtanah Jakarta) Wahana Teknik 3 3 Kopertis Wil. V
Yogyakarta
Blasch KW, Bryson JR 2007 Distinguishing sources of groundwater recharge by using §°H and
880 Ground Water 45 pp 294308



[27]

[28]

[29]

[30]
[31]

[32]

[33]

[34]
[35]
[36]
[37]
(38]

[39]

Mukherjee A, Fryar AE, Rowe HD 2007 Regional-scale stable isotopic signatures of recharge
and deep groundwater in the arsenic affected areas of Bengal, India J. Hydrol. 334 pp151-161
Singh M, Kumar S, Kumar B, Singh S, Singh IB 2013 Investigation on the hydrodynamics of
Ganga Alluvial Plain using environmental isotopes: A case study of the Gomati River Basin,
northern India Hydrogeol. J. 21 pp 687-700
Coplen T 1993 Use of Environmental Isotopes in Regional Groundwater Quality Ed. Alley WM
(New York: Van Nostrand Reinhold) pp 227-254
Clark I 2015 Groundwater Geochemistry and Isotopes (Florida: Taylor & Francis Group)
Craig H 1961 Isotopic Variations in Meteoric Waters American Association for The
Advancement of Science 133 3456

Gaj M, Beyer M, Koeniger P, Wanke H, Hamutoko J, Himmelsbach T 2015 In-situ.unsaturated
zone stable water isotope (*H and '®0) measurements in semi-arid environments using tunable
off-axis integrated cavity output spectroscopy Hydrol. Earth Syst. Sci. Discuss. 12 6115-6149
Listyani RA T 2019 Groundwater flow model based on geology, hydrochemical and stable
isotope at central West Progo Dome Dissertation (Bandung:. Faculty of Geological
Engineering, Universitas Padjadjaran)

Listyani RA T 2016 Groundwater flow and its isotopic-evolution in.deep aquifer of Jakarta
Groundwater Basin J. of Geological Sci. 3, 1

Clayton RN, Friedman I, Graf DL, Mayeda TK, Meents WF, Shimp NF 1996 The Origin of
Saline Formation Waters, Isotopic Composition J..Geophys. Res. 71 16 pp. 3869 - 3882.

Graf DL 1965 Chemical osmosis, reverse’ osmasis, and the  origin of subsurface brines
Geochimica et Cosmochimica Acta 46 Pergamon Press Ltd., USA.

Drever JI 1988 The Geochemistry of Natural Waters 2™ Ed (New Jersey: Prentice Hall Inc.)
Geyh MA 1990 Isotopic Hydrological Study in the Bandung Basin, Indonesia Project Report
No. 10, Project CTA 108 (Bandung: Environmental Geology for Landuse and Regional
Planning)

Liotta M, Farvara R, Valenza M 2006 Isotopic composition of the precipitations in the central
Mediterranean: origin marks and orographic precipitation effects atmospheres J. of Geophys.
Res. 111 D19 AGU Publication

Acknowledgment

This

paper is based on the results of the 2016 STTNAS internal research and dissertation data.

Therefore the authors would like to thank STTNAS for the finance of this research.



11/15/22, 1:34 PM Email Institut Teknologi Nasional Yogyakarta - ICGoES 2021 - Proofreading Request for your Paper ID 29

INSTITUT

TEKNOLOGI NASIONAL T . . .
YOGYAKARTA Listiani RA <lis@itny.ac.id>

Technoprensur In/f

venwgy

ICGOoES 2021 - Proofreading Request for your Paper ID 29

ICGoes FT UGM <icgoes@ugm.ac.id> 4 Agustus 2021 08.11
Kepada: Listiani RA <lis@itny.ac.id>

Dear Corresponding Authors Paper ID 29,

Thank you for your response and proofreading result. We are sorry for our mistake, your final paper is now well
received.

All corrections from you will be addressed carefully.
We will get back to you as soon as possible with the updated publication information.

Thank you for your kind cooperation
Sincerely yours,
ICGOES 2021

Editorial Committee
[Kutipan teks disembunyikan]

https://mail.google.com/mail/u/0/?ik=cab986d209&view=pt&search=all&permmsgid=msg-f%3A1707123132560135426 &simpl=msg-f%3A170712... 1/



11/15/22, 1:22 PM Email Institut Teknologi Nasional Yogyakarta - ICGoES 2021 - Article 012013 already Published in the IOP Conference Series

INSTITUT

TEKNOLOGI NASIONAL Listiani RA <lis@itny.ac.id>

Technoprensur InvFustus vEnagy

ICGOES 2021 - Article 012013 already Published in the IOP Conference Series

ICGoes FT UGM <icgoes@ugm.ac.id> 26 Oktober 2021 22.00
Kepada: Listiani RA <lis@itny.ac.id>

Dear Corresponding Authors,

Hope this email finds you well.

We are pleased to inform you that your paper entitled "Stable isotopes changes in groundwater: a case study in
Mudal and Clapar springs, West Progo" has been published officially in the IOP Conference Series: Earth and
Environmental Science Vol.851 and is available online at: https://iopscience.iop.org/issue/1755-1315/851/1

We encourage authors to share this publication information with their respected colleagues.
Please find also the report for the Turnitin similarity index of your paper in the attached file as a reference.

Thank you very much for your kind contribution, and see you at the next event.
Sincerely yours,

ICGoES 2021
Editorial Committee

ﬂ Turnitin_012013.pdf
3365K

https://mail.google.com/mail/u/0/?ik=cab986d209&view=pt&search=all&permmsgid=msg-f%3A17146948393266816518&simpl=msg-f%3A171469... 1/1


https://iopscience.iop.org/issue/1755-1315/851/1
https://mail.google.com/mail/u/0/?ui=2&ik=cab986d209&view=att&th=17cbd1df1c432a33&attid=0.1&disp=attd&realattid=f_kv87tdko0&safe=1&zw

Stable isotopes changes in
groundwater: a case study in
Mudal and Clapar springs, West
Progo

by T Listyani R A

Submission date: 16-Aug-2021 08:54AM (UTC+0700)
Submission ID: 1631809173

File name: 014_ICGOES_2021_-_Listyani_RA.pdf (730.16K)
Word count: 5761

Character count: 30192



Stable isotopes changes in groundwater: a case study in
Mudal and Clapar springs, West Progo

T Listyani R A"

'Geological Engineering, Yogyakarta National Institute of Technology
"E-mail: lis@itny ac.id

Abstract. Hydroisotope studies were carried out on Mudal and Clapar springs located in the
central part of the West Progo Dome. The research was conducted by taking samples of
groundwater in each spring for three periods, representing the rainy (2016), dry (2017), and
rainy (2018) seasons. Data on stable isotope content of '*0 and D were analyzed to see the
hydroisotope characteristics of groundwater and their relationship to climate change. The
results show that the stable isotope content of groundwater in both springs was relatively
stable, with insignificant changes over time and season. Mudal springs tend to show light
isotopes, indicating deep aquifer or high elevation recharge, less affected by the season. Clapar
spring shows heavy isotopes, which may be sourced from a shallow aquifer with
mixing/evaporation processes and are more influenced by the season. Meanwhile, the range
value of 8D in the two springs shows slightly - totally changes, indicating that the D content
also changes due to seasons, although it is small. The 6D enrichment shows the medium-large
change in both spring springs, but uncertainty in Mudal. However, the D-excess value shows
that the dry and rainy season conditions, which may be related to temperature or precipitation,
are not much different.

1. Introduction

The study of groundwater has been developed because this natural resource is becoming increasingly
important over time, in line with the needs of living things for groundwater. Various groundwater
studies have been carried out, both physically and chemically [1-5]. Hydrochemical studies were also
developed using various methods, complemented by studies of groundwater isotopes. Isotope analysis
is helpful to aid in the interpretation of groundwater flows as well as aid in its genetic interpretation.
The results of hydrochemical groundwater analysis can be verified by isotope analysis to produce a
better interpretation of the groundwater flow system. In addition, isotope studies have also been
developed using stable isotopes O and °H (deuterium / D). One of the hydroisotope studies that can
be done is related to the climate aspect in an area.

Stable isotope analysis helps know the origin of groundwater and the interpretation of catchment
areas. In addition, stable isotope data can also analyze hydrochemical processes due to seasonal
changes [6]. This paper intends to discuss the characteristics of the stable isotopes 'O and D,
particularly concerning seasonal changes in the West Progo Hills area. The case study, in this research,
was carried out on the Mudal and Clapar springs located in the central part of the West Progo Dome
physiography [7].

Mudal spring is at an elevation of 664 meters above sea level (masl), emerging from the limestone
aquifer of the Jonggrangan Formation in Banyunganti Hamlet, Jatimulyo Village. Girimulyo
Subdistrict. Meanwhile, the Clapar spring is at an elevation of 437 masl, emerging from the andesite




breccia aquifer of the Old Andesite Formation in Clapar II Hamlet, Hargowilis Village, Kokap
Subdistrict, West Progo Regency (Figure 1).

The study area is included in the physiography of the Dome and Hills Zone in the Central
Depression [7]. The center of this dome physiography forms the morphology of the Jonggrangan
plateau. The Jonggrangan Formation is quite extensive in this area. Around the Jonggrangan
highlands, volcanic rocks from the Old Andesite Formation are exposed (Figure 1) [8].
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Figure 1. Location of Mudal and Clapar
springs in Geological map [8]. Mudal
spring is located at Jonggrangan
Formation, while Clapar is at OId
Andesite Formation.

The regional stratigraphy of the West Progo Mountains from the oldest to the young is composed
of the Nanggulan, Old Andesite, Jonggrangan, Sentolo Formations, and Alluvial Deposits [7-9]. The
Jonggrangan Formation comprises conglomerates, tuff marl, and limestone sandstones with lignite
inserts, layered limestone, and coral limestone. Meanwhile, the Old Andesite Formation comprises
andesite breccias, tuffs, lapilli, agglomerates, and intercalation of andesite [8]. Mudal spring appears in
the Jonggrangan Formation rocks, while Clapar spring appears in the Old Andesite Formation (Figure
2).

Figure 2. Mudal spring appears in the Jonggrangan Formation (top), while Clapar spring appears in
the Old Andesite Formation (bottom).




Although West Progo Hills is classified as a non-groundwater basin [10], many springs can be
found even though they generally have small discharges. However, several springs with moderate to
large discharge can also be found on these hills. Large discharge can be found in the limestone
aquifers of the Jonggrangan Formation. The presence of springs in the West Progo Hills zone is highly
controlled by the local topography [11] and lineament factors [12]. Geological lineaments influence
the occurrence of springs, especially significantly controlled by the density and distance of lineaments
to the location of the springs.

2. Method

The research begins with a hydrogeological survey to determine the geological conditions and springs
in the study area. Several springs with small to large discharge are found in the central part of the West
Progo area. This area is dominated by limestones of the Jonggrangan Formation and andesite breccias
of the Old Andesite Formation. Springs with a large discharge were selected as the sample of this
study. Mudal springs have large discharge and represent the aquifer of the Jongrangan Formation,
while the Clapar springs are medium/large enough and represent the Old Andesite Formation. This
research focuses on isotope studies, but some groundwater hydrochemical data is also taken together
with isotope sampling in the field.

Groundwater samples from both springs were taken in three periods: period I in the rainy season in
December 2016, period II in the dry season (August 2017), and period III in the rainy season (March
2018). Precipitation of the research area at the time of sampling can be seen in Table 1. The difference
in sampling time from each period to the next is around eight months. In each sample, 30 ml of
groundwater was put into an airtight bottle (polyethylene) by inserting the bottle into a water source to
avoid evaporation.

Table 1. Precipitation data in research area (mm/month) [13-15].

Spring Dec2016  Aug 2017 Mar 2018
Mudal 216 25 218
Clapar 311 13 152

Isotope testing was carried out at the Hydrology Laboratory, Center for Isotope and Radiation
Application (PAIR) - National Nuclear Energy Agency (BATAN), located in Pasar Jumat, South
Jakarta. Isotope content in groundwater samples was determined using a Liquid Water Stable Isotope
Analyzer (LWIA) type DLT-100 made by LGR (Los Gatos Research) USA. The isotope content
analyzed is oxygen-18 (180) and hydrogen (2H), known as deuterium (D) isotope. A mass
spectrometer measured isotope ratios, and the results were referenced against the SMOW standard.
The internal standard was calibrated using V-SMOW with an analysis accuracy of + 0.1 for 8O and +
%o for 8D [3]. Furthermore, the stable isotope test results were analyzed to determine the changes and
interpret the influence of the seasons/climate in the study area.

Isotope data analysis was carried out by looking at the absolute value trend and the relative value of
Mudal and Clapar isotope content in three periods. In addition, the "0 and 8D relationships in
groundwater springs compared with meteoric water lines were also analyzed to assist in the genetic
evaluation of groundwater in the springs. Analysis of changes in isotope content related to seasonal
effects can be done by looking at the D enrichment and D-excess (d) of the groundwater.

3. Stable isotope review
Isotopes are elements that have the same atomic number but different mass numbers [16]. In nature,
isotopes in water can be found as stable or radioactive isotopes. The content of radioactive isotopes in
water can determine age, while stable isotopes help determine water genetics [ 17].

Isotopes contained in water, namely hydrogen atoms ('H, *H, *H) and oxygen atoms ('°0, "0, "*0),
often be used in hydrogeological studies [18,19]. The abundance of 'H isotope is about 99.985%, °H is




about 0.015%, and *H is <0.001%, while the '“O isotope is about 99.63%, '’0 is about 0.0375%, and
80 is around 0.195% [17]. Isotope abundance is measured by the ratio of the deviation from the
standard [ 16]. The stable isotopes '*O and H are present in water in compounds 'H>"*O and 'H*H'O,
[17,20]. Since the abundance of H2"*O and HD'O molecules compared to the abundance of Ha2'*O is
very small, the measured abundance is usually the relative abundance of an international standard
water / SMOW (Standard Mean Ocean Water) [6].

The O and D isotopes are often used in the study of chemical processes. This isotope is a stable,
non-radioactive isotope and is often used to indicate groundwater sources [6]. The 'O and *H isotopes
are natural tracers because they are stable [21-23]. That is, they are not affected by the water-rock
interaction process at low temperatures [24]. Therefore, isotopes are often used in genetic studies to
determine groundwater infiltration zones [5,25-28] and studies of mixing groundwater from different
sources [29]. The geological structure control in deep groundwater flow systems can also be
determined by groundwater isotope analysis [5].

The ™O and D isotopes are very sensitive to physical processes such as evaporation and
condensation. Therefore, the content of these stable isotopes can be used to see the climate effect on
springs. The isotopic fractionation process in precipitation is a temperature-dependent process [6].
Thus, if there is a change in seasonal temperature in a place, it will be seen that there is a variation in
the stable isotope composition of the precipitation where a light value occurs in a cold month. For the
same reason, precipitation will also have a lighter isotope content in the arctic/high latitudes, further
away from the sea, and higher elevation places. For every 100 m elevation increase, 'O in the
rainwater will decrease by 0.15 - 0.5 %, and *H will be depleted by 1 - 4% [30].

Stable isotope content in rainwater shows a linear relationship in the form of a global meteoric
water line. The relationship between 8'*0 and 8D of the precipitation water follows the equation of the
meteoric water line. From the results of the global investigation [31], the equation for the meteoric
waterline (GMWL) was known as 8D = 83"™0 + 10%,. Rainwater tends to contain the stable isotopes
8'%0 and &°H, which are depleted at higher latitudes. This phenomenon also occurs when the two
stable isotopes move deep inland. For this reason, the plot results of the two isotopes vield slightly
different slopes known as the local meteoric water line [32].

Based on the research of the recharge area of the underground river water system in Gunungkidul,
Yogyakarta [3], it is known that the local meteoric water line (LMWL) equation for the area is 8’H =
7.978 80 + 8.423 %o. This LMWL value is then used for isotope studies in the West Progo area
because of its relatively close location and considering that the LMWL value in this area is not yet
available.

To see the influence of climate/rainfall, regression line relationships 8'*O and 8D groundwater can
be plotted together with the global meteoric water line GWML or the local meteoric water line
(LMWL). If the groundwater regression line is adjacent to the LMWL, the groundwater is affected by
local climate (originating from local precipitation) or topographic effects [1].

4. Result and discussion

4.1. Spring characteristic

Mudal Springs emerge from the Jonggrangan reef limestone aquifer, supported by large porosity
permeability. The porosity developed as fracture and channel types. Jonggrangan limestone is
dominated by thick to massive layered coral limestones. Around the Mudal springs, these reef
limestone outcrops show white to brownish-white color, compact and hard, with some fairly intensive
tectonic of joints characteristics. Mudal Springs has a large fluctuation in discharge. The discharges
show; moderate magnitude during the dry season but can be very large discharges during the rainy
season [11]. When the isotope sampling was carried out, the Mudal spring discharge was measured to
be 100 - 236 L/s, but at the end of the dry season (September 2018), it appears that this discharge has
decreased drastically to <50 L/s.The spring can be classified as depressions, fractures, or channels type
of spring. Mudal spring has a large flow that develops as runoff/rivers. This spring is a parennial




spring, although it has a significant change of discharge over the season. Based on its temperature,
Mudal is classified as a normal spring. The physicochemical data show groundwater of Mudal spring
has a temperature range of 23,1 — 24°C, pH of 6.7 — 8.3, TDS of 225 — 254 ppm, and EC of 380 — 418
uS /em.

Meanwhile, Clapar springs have smaller dimensions than Mudal springs. Clapar springs emerge
from aquifers in andesite breccias and autoclastic / lava breccias of the Old Andesite Formation,
supported by fracture and sheeting joints porosity with moderate intensity controlled by low - medium
permeability. Clapar springs have fracture-type springs. The discharge of springs is usually small
(stagnant) - medium flow rate, with small discharge fluctuation. These springs can be classified as
normal springs based on the temperature of the water. The physicochemical data of these springs show
a temperature of 23.7 — 24.5°C, with a pH range of 7 — 8.2, TDS of 75 — 97 ppm, and EC of 157 — 185
uS fem.

4.2."50 and *H isotopes contents analysis

Stable isotope content data in Mudal and Clapar spring water can be seen in Table 2 below.
Furthermore, the isotope content's absolute value and range value can be analyzed to determine the
hydrochemical processes that occur in the groundwater system.

Table 2. Data on stable isotope content of groundwater from the investigated springs.

I (Dec 2016) 11 (Aug 2017) 111 (Mar 2018)
B0 (%o) D (%) 50 (%0) D (%o) B0 (%o) D (%o)
Mudal -7.1+£0.11 417+04 739042 451=x3.1 -6.94+039 -502=x1.5
Clapar -6.25+0.07 40+ 18 551032 347+10 477+034 -383+3

Spring

4.2.1. Absolute value of 5"*0 and 6D. From period I to III, Mudal springs showed relatively stable O
isotope, while D isotope tended to be lighter (Figure 3). Groundwater with light isotope generally
flows in deep aquifers or comes from high absorption areas [2], as seen in Mudal springs, which have
light D isotope (-50.2%e) in period III (Figure 3; Table 3). It means that groundwater that appears in
Mudal springs may flow in deep enough aquifers or originate from precipitation of rainwater that
infiltrates at a high enough elevation. The infiltration zone may exist locally because the Mudal
springs are indeed at a high enough elevation.
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Figure 3. The development of stable isotope content over the three test periods.

Clapar springs have groundwater with '*O heavier from period I to III and a relatively stable D
isotope. The heavy isotopes in springs indicate a mixing or evaporation process [1, 2], strongly
supported by groundwater isotopes of dug wells in the area [33]. The D isotope indicates a shallow




aquifer [2]. Thus, the groundwater in the Clapar springs comes from shallow aquifers that have
undergone a mixing or evaporation process.

Table 3. Changes in the stable isotope content of the springs.

Variable Spring 810 (%) 3D (%eo)
Mudal down-up, stable relatively  get lighter
Time difference = 0.45 %o difference = 8.5 %o
Clapar &8 heavier up - down, stable relatively
P difference = 1.48 %o difference = 5.3 %o
Mudal  lower when dry no effect

Season (T -effect)
Clapar  no effect higher when dry

Compared to Clapar springs, Mudal springs contain lighter 'O and D isotopes in the three periods
studied. It shows that the stable isotopes possessed by the two springs are relatively consistent,
whereas the Mudal springs tend to have genetics from deeper aquifers (Table 4).

Table 4. Interpretation of light / heavy isotope content.

I II III
Spring 80 D REO] 3D 80 oD Interpretation
(%o0) (Ob0) (%)  (%0) (%)  (%o)

- Deep aquifer, or

Mudal -1.1 41.7 -7.39 -45.1 -6.94 502 High elevation recharge

- Shallow aquifer
Clapar -6.25 -40 -5.51 -34.7 4.77 -38.3 - Mixing with runoff or other
sources/evaporation

When compared with GMWL and LMWL, it appears that the absolute values of isotopes contained
in the Mudal springs at all periods tend to move away from the two meteoric water lines (Figure 4).
Clapar springs contain isotopes that tend to be close to the meteoric water line during the rainy (period
I) and dry (II) seasons. This considerable deviation in period III for Clapar springs indicates the
influence of the water from other sources or runoft.

A Mudal B Clapar
0
GMWL

=20 - +10
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o
w
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Figure 4. The relation of "0 and 6D in groundwater of springs.




The interpretation of water sources in the Mudal and Clapar springs is also supported by
physicochemical data from the groundwater. Mudal springs release water from deep aquifers
characterized by cooler temperatures. According to other researchers, a higher temperature may be
sourced from mixing groundwater and surface water [2]. The pH value, which tends to be alkaline,
indicates a long interaction with carbonate rocks in the relatively deeper aquifer. This condition is also
supported by the greater TDS and EC values of water from the Mudal springs than Clapar.

4.2.2 Range value of §"°0 and 5D. The stable isotope content studied showed a short range of values
and generally did not have overlapping values (Figure 5). With due regard to the 8'*0 range value in
all periods, it appears that the groundwater from Mudal springs has isotopes &'*0 is light, while the
Clapar springs have value 3'*0. The overlapping values in the three periods in Mudal springs indicate
that groundwater in these springs is less affected by seasonal changes, while seasonal changes have
more effect on Clapar springs.

The widest 6D range value occurs in Mudal and Clapar springs at different periods (Figure 5). The
6D value, which is relatively stable, light but appears to shift in the Mudal spring, indicates that the
groundwater in this spring is less affected by seasonal changes, with relatively deep circulation. As for
the springs, Clapar has relatively stable (heavy) 6D, which shows significant overlapping in the rainy
period, slightly different from the range value in the dry season, indicating that groundwater in these
springs is immensely affected by changes in the season. Referring to previous research [2],
groundwater with heavy 6D as in the Clapar springs can be interpreted as a result of a fairly intensive
mixing or evaporation process (Table 5).

Monthly rainfall in the three periods shows that during the rainy season, there is quite a lot of
precipitation in both Mudal and Clapar (Table 1). In the dry season (period II), the precipitation is very
low. However, the values range 80 for Mudal spring did not show any clear changes. The O
isotope content in Mudal springs is relatively stable and less affected by the amount of precipitation. It
also indicates that the Mudal springs are supported by relatively deeper aquifers.
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Figure 5. The values range 80 and 8D for Mudal and Clapar springs. The overlapping values
indicate the similarity of 8D in different seasons.

Table 5. Value range interpretation $'*O and 8D.

Springs 30 8D Analysis

8'®0 and 8D are relatively stable/light,

Mudal  In short, some overlap  Short and long, shifted less affected by seasonal changes

Short-a bit long, overlap 880 and 8D relatively stable/heavy,
significantly in the rainy affected by season, intensive
season evaporation/mixing

Short - long, shifted,

Clapar .
p enrichment




Change 6D of groundwater usually occurs due to isotopic exchange with minerals containing
hydrogen, such as gypsum and clay minerals [34.35]. However, data does not support this exchange.
The 8D in these two materials is unknown, so the cause of the 6D change in groundwater is still
difficult to determine. Moreover, this variation in value is usually not large, so this exchange is
considered insignificant. Furthermore, membrane filtration is associated with increased d8D. It is
difficult to happen in the study area because this process usually requires high pressure, which is
equivalent to a sediment depth of 1.6 km [36]. In sedimentary rock formations, less than 1 km deep
membrane filtration is less effective [37].

4.3. The effects of season on 6"*0 and 5D changes

The process that occurs related to the seasonal effect can be assessed based on the 3'*0 against 8D of
groundwater relationship. In the dry season (period II), the regression line of springs in the study area
is very close to the LMWL, indicating that meteoric water isotope content enrichment has not been
clearly seen [38]. However, the climatic influence in this dry season can be seen from the presence of
d-excess [1]. Further research added that the value of the line gradient is in the range 3-6, indicating an
evaporation process [31].

The groundwater line in period III was partly below the LMWL, which indicates that it experienced
isotopic enrichment [1,11], for example, due to a fairly intensive evaporation process or mixing with
surface water/runoff. The slope of the regression line smaller than the LMWL gradient indicates a
variation in evaporation rate. In addition, evaporation may occur in the catchment area along with the
infiltration process [2].

4.3.1. The enrichment of '*0 and D stable isotopes. Changes in stable isotope content associated with
changing seasons can cause an 3D or 8O enrichment effect. O-18 isotope enrichment during the rainy
season relative to the dry season occurs in Mudal springs, while 8D isotope enrichment occurs in
Clapar springs in the dry season compared to the rainy season (Table 6; Figure 3).

Isotopic enrichment 60 in the rainy season relative to the dry season in Mudal springs is related
to the isotopic fractionation of carbonate rocks due to water-rock interaction. It was also supported by
the greater TDS and EC values of groundwater in the Mudal than Clapar springs, both during the rainy
and dry seasons. Enrichment of 8"*O can be caused by carbonate minerals [35,37]. Meanwhile, the 6D
enrichment of Clapar springs occurs, indicating that seasonality affects the content of these stable
isotopes. The season affects the evaporation process, which can enrich the isotopic content of
groundwater.

Table 6 shows the degrees of 8D enrichment in the springs studied. The degree of 6D enrichment is
calculated in the dry season (period II) relative to the rainy season, both periods I and III. The
magnitude of the changes caused by D isotope enrichment can be seen in Figure 6.

Table 6. The 6D enrichment in the dry season relative to 6D in the rainy season.

Spring BQ dry OD rainy Enrichment Explanation
(PeriodI)  PeriodI  Period Il ~ Degree

Mudal 45.1 -41.7 -50.2 -34-5.1 Uncertainty

Clapar -34.7 40 -38.3 36-53 Medium-large

*) Negative values indicate enrichment during the rainy season

Figure 6 shows that the Mudal spring has a medium-large 6D enrichment (>5%o) but is not related
to seasonal changes. The Clapar springs undergo moderate - large changes due to enrichment during
the dry season. The 6D enrichment in the Clapar springs in the dry season shows a seasonal effect on
the D isotope of groundwater. It is confirmed by a shift in 8D values that can occur due to seasonal
changes [2].




A spring that has 8D enrichment >5%o is classified to have a large change, while moderate change
is indicated by D enrichment of >3 - 5%.. Meanwhile, a small change is indicated by 8D enrichment of
>1 - 3%o [2]. The enrichment 8D <1 indicates no enrichment. If the 3D range value is considered,
some groundwater samples appear to have shifted (Figure 6). The two springs have shifted slightly -
totally change.

4.3.2. The “d" value (3D-excess). Changes in stable isotope content can occur due to the influence of
seasons due to temperature differences. Usually, the temperature effect is related to the elevation of an
area. However, it is difficult to study the effect of elevation in this study, considering that the two
springs studied do not have a contrasting elevation difference. The humidity aspect also cannot be
studied considering the absence of data. Isotope data in the two investigated springs showed good
8'%0, nor 8D varies considerably, both in absolute value and in range. The data that is not much
different is generally considered to have no seasonal variation (temperature effect) [1]. However, if we
examine one by one, there is a "d" variable which is 6D-excess which we can calculate (Table 7). The
value of “d” in general can be calculated with the following formula [1].

d=45D - 85"0 (1)
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Figure 6. D-enrichment of groundwater in Mudal and Clapar springs.

Table 7. The value of the 8D-excess of groundwater.

dD-excess (“d”) (%o)

Sori
pring 1 I
Mudal 151 1402 532
Clapar 10 038 0.14

The “d” value or 8D excess indicates the presence of D isotope enrichment versus the 6'*0 value.
The value of “d” is a relatively important parameter concerning the climate of an area. The values of
groundwater in the study area in the period I range from 10 and 15.1%e.; period II range from 9.38 to
14.02%so; in period III of 5.32%, in Mudal, indicating that the range of “d” values in Mudal is relatively
higher, in all seasons. Clapar springs do not show d excess in period III. In general, the value of d gets
lower over time.




In general, D excess is influenced by air mass which is usually different, where the dry season
tends to be dry, while the rainy season has humid air [1]. In rural areas. the isotopic exchange between
rainwater and humidity can slightly shift d [39]. However, the d value was not significant for the
springs in the study area. However, the d values in the two springs in the two seasons varied, not
showing a great difference. This less difference can be interpreted that the humidity in the air during
the dry and rainy seasons is not much different. The evapotranspiration conditions can occur quite
intensively in the two seasons [33].

In dry conditions, evapotranspiration as a controller for groundwater recharge is usually relatively
reduced, while in the rainy season / humid air, evapotranspiration is greater [1]. In addition, many
plants are dormant in the dry season in the dry season, while the plants are more developed in the rainy
season. Thus, the differences in evapotranspiration and humidity conditions in all seasons were not
significant.

In addition, large d values usually occur in high permeability rocks or thin soil, resulting in rapid
infiltration [1]. This rapid infiltration causes groundwater to experience no / less evapotranspiration.
Mudal spring has a character like this, supported by many fractures, cracks, and dissolving cavities in
the limestone that consist of the aquifer of these springs. Mudal aquifers are examples of karst aquifers
that usually have conduit characteristics and can have underground rivers due to interconnected
conduits. However, a large shifting in d values can occur in both the Jonggrangan and Old Andesite
Formations aquifers.

5. Conclusion

This groundwater hydroisotope study was carried out on two selected springs in the West Progo Hills,
namely the Mudal springs, which emerged from the limestone of the Jonggrangan Formation and the
Clapar springs from the volcanic breccias of the Old Andesite Formation. Both springs have stable
isotope content characteristics, relatively stable, with insignificant changes with time and season.
Mudal springs have an isotope that tends to be light, indicating deep aquifer or high elevation recharge
based on their absolute value. Meanwhile, Clapar spring shows heavier isotopes, which come from
shallow aquifers with a mixing/evaporation process and are more influenced by the season. Based on
the range value of 3'*0 and 8D, Mudal springs contain isotopes that are less affected by seasonal
changes, while Clapar springs are seasonal. The range value of 8D in both springs is slightly - totally
change, which means that it changes due to the change of seasons even though it is small. Based on
the season, 8D enrichment in Mudal shows uncertainty, while Clapar spring has a medium-large
change character. Meanwhile, the “d” value varies independently of the season, which can be
interpreted that the climate conditions during the dry and rainy seasons in the study area are not much
different.
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