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Abstract  - The southern slope of Mount Karang is covered by complex volcanic deposits with complicated texture 
and structure. The study on zone or location of water resources which would be exploited required a comprehensive 
hydrogeological approach. Through detailed geological mapping, spring sampling, and well drilling were carried out. 
Representative spring water samples were taken to be analyzed in the laboratory, and to obtain the data of physical 
groundwater, chemical groundwater, stable isotopes 18O (oxygen-18), and deuterium contents, as well as the age of 
the groundwater. In general, the groundwater facies of the studied area showed Ca, Na, KHCO3 with several sites 
indicating changes to CaHCO3 during the dry and rainy seasons. The synthesis results of the stable isotope 18O (oxy-
gen-18) and deuterium contents, verified by the physical and chemical groundwater controlled by geological setting 
in the groundwater subbasins, show the anomaly of residence time as trapped by the normal fault in the middle of 
the studied area. The existing normal fault might control this anomaly of residence time of groundwater surround-
ing site JH1, JH9, and JH20. However, the distribution of three different water source zones occurred. All group of 
groundwater indicated a complex flowing with geological setting controlling the physical, chemical content, and the 
age of the groundwater. At last, sites JH4, JH5, and JH9 show that the zones are proper to be developed as sustain-
ability groundwater resources.
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Introduction

Background
Water resource sustainability has become a 

global concern for all stakeholders: the govern-
ment, business activists, and community. The 
Indonesia government, researchers along with 

NGO also concerned with the environment 
issue. They actively proclaime how important 
water resource conservation and the ground-
water balance to maintain the sustainability of 
water resource for their need. Moreover, the 
rapid industry development causes water need 
proportion increases. 
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Various approaches were made to gain potential 
knowledge based on hydrogeological conditions 
and water resource dynamic patterns. A research 
was conducted around the northern slope of Mount 
Karang, Banten Province, Indonesia. This area is a 
water resource to support Serang City as the prov-
ince capital, besides to fulfil various Indonesian 
national strategic industries (Figure 1).

Research interest in this area is shown by pre-
vious studies including Nishimura et al. (1986; 
1992), Iwaco and Associate (1987), Santosa 
(1991), Rusmana et al. (1991), Endyana et al. 

(2011), and Harada et al. (2014) who are oriented 
to the geological framework. Syariman and Hen-
darmawan (2010) presented measurements of the 
hydrological elements of rainfall to evapotrans-
piration. Meanwhile, Alam et al. (2014a; 2014b; 
2019) and Hartanto et al. (2019; 2021; 2022) 
reveal hot spring water for geothermal potential. 
The Serang City is located in the northeast of 
Mount Karang with developing industrial activi-
ties (see Figure 1). It highly depends on Rawa 
Danau water resources. The water supply from the 
northern slope of Mount Karang is the key to the 

Figure 1. Geological setting of the studied area showing the distribution of sampling. (modified after Harada et al. 2014).
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sustainability of water in Rawa Danau. However, 
database on the slope of Mount Karang is lack.

Disclosure of the groundwater characteristics 
related to the age or time of its existence in a 
certain zone, is often neglected in observations. 
Whereas determining water sources is very 
important to see its sustainability ((Putranto et 
al., 2020; Nugraha et al., 2021; Akurugu et al., 
2022; Mahdid et al., 2022; Tyne et al., 2022; 
Chen et al., 2023). Research on water resources, 
especially in Indonesia, still depends on conven-
tional hydrogeological (geological setting) ap-
proaches, very few use stable isotopes. However, 
the combination of these approaches will verify 
and validate each other (Singh, 2013; Alam et 
al., 2014; Kharisma et al., 2015; Bershaw and 
Lechler, 2019). The residence time of groundwa-
ter is related to the total travel distance and the 
average groundwater velocity as described by 
Darcy’s Law. The groundwater moving through 
aquifer is equivalent to the basic content of the 
isotope dating during groundwater flowing from 
recharge to discharge (Loaiciga, 2004).

The geological setting, i.e. the lithology type, 
distribution, stratification, and architectural forms 
that differ from each other will become the wa-
ter bearing formation. Water as the filling fluid 
moves following the geological setting of an 
area with its dynamics (García-Gil et al., 2023). 
The interaction of water and rocks along with the 
geological setting is indicated by the quality or 
the chemical content of the water (Suhendar et al., 
2020; Gebeyehu et al., 2022). Meanwhile, groun-
dwater is a dynamic substance that follows nature 
laws, and flows depends on the head of pressure 
and temperature as well as hydraulic gradients. 
However, both approaches will ultimately verify 
other analyses of the area condition (Rademacher 
et al., 2001; Thiébaud et al., 2010; Urrutia et al., 
2019; Xia et al., 2022).

Serang City which is very strategic for In-
donesia industries, highly requires support on 
the water resource supply. The Mount Karang 
area as the main water resources of Serang City 
has led a hydrogeology research in the direction 
of how groundwater storage conditions on the 

Mount Karang slopes for the sustainability of 
water supply. This paper shows empirical volca-
nic rock architecture with the fluid character of 
water when flowing in rocks as validated by the 
age or residence time of water.

Geographically, the studied area is located 
at -6°10' 39.4" to -6° 16' 33.8" E Latitude and 
105°58' 6.7" to 106°3'37" Longitude (Figure 1). 
This research was carried out on November 2007 
to December 2008, and analysis activities were 
carried out on January-July 2023 after obtaining 
validation from expertise in PT Tirta Investama 
- Danone, France.

Methods

Studying the geological conditions of the 
researched area through geological mapping ap-
proach by traversing an outcrop, was conducted 
in the field (Barnes and Lisle, 2004). This method 
used equipment including geological compasses, 
hammers, loupes, and topographical maps. Rock 
outcrops were observed in the field, and rock sam-
ples were determined to represent the researched 
area for mineral content analysis. The similarities 
and differences in rock types are mapped and 
presented in the form of geological maps. Groun-
dwater sampling was carried out from springs and 
wells, and one from an exploration bore hole with 
the depth of 60 m below the surface. 

The sampling method was carried out random-
ly and periodically from springs and wells. The 
contents of the isotope 18O (oxygen-18) and iso-
tope 2H (deuterium) were identified using a mass 
spectrometer with prior preparation (Fritz and 
Fontes, 1981; IAEA-Vienna, 2009). Meanwhile, 
the age of the groundwater was determined espe-
cially after the subsurface geological features had 
been reconstructed.

18O Isotope Analysis
Identification of the 18O isotope content was carri-
ed out by reacting 2 ml of water sample with CO2 
gas, and shaking it for 4-6 hours until an isotope 
equilibrium was reached. From this reaction, the 

IJ
OG



Indonesian Journal on Geoscience, Vol. 10 No. 3 December 2023: 419-432

422    

18O isotope was transferred from the water sample 
into CO2 gas as the following equation:

H2
18O + CO16O  → H2

16O + CO18O  ............... (1)

The CO2 gas resulting from the reaction above, 
was then analyzed in the mass spectrometer to 
measure the 18O/16O ratio.

Deuterium Analysis
Deuterium identification was carried out through 
the reaction of water samples with Zn powder 
(shoot) at 450o C under vacuum conditions to 
produce H2 gas as the equation below:

H2O + Zn  →  ZnO + H2  ............................. (2)

The H2 gas produced from the above reaction, 
was then analyzed in the mass spectrometer to 
measure the D/H ratio.

Tritium Analysis (Age of Groundwater)
Tritium content identification in water sample 

was analyzed using electrolytic enrichment. Wa-
ter samples were first distilled to remove miner-
als that might interfere in the counting process. 
About 3 gr of Na2O2 were added to 500 gr of 
distilled samples, then they were placed in steel 
electrolytic cells. After a week, about 20 gr of the 
water sample left in the cell was distilled again. 
As much as 10 ml of distilled-enriched samples 
were placed in counting vials with the addition 
of 10 ml of scintillation cocktail (Ultima Gold 
LLT). Counting was done using Liquid Scintil-
lation Counter (LSC) Packard Tri-Carb in twelve 
cycles in 90 minutes/cycles for each sample. In 
addition, tritium standard spike before enrichment 
and spike after enrichment were also measured 
in the same batch of counting.

The physical properties of water such as pH, 
electric conductivity, temperature, and total dis-
solved solids were measured directly in the field 
with a portable equipment. Water chemical analy-
sis was carried out at least from twenty springs and 
exploration wells, which were spread over various 
aquifers and elevations. All samples were tested 

by using ion chromatography metrohm for anions 
and cations, while the bicarbonate was tested using 
auto-titrator. The dominance of cations and anions 
is determined by Piper’s (1944) trilinear diagram. 
Thus,  the resulting groundwater facies could be 
used to verify the interpretation.

Result and Discussion

Geological Setting
The geological setting of the studied area 

located within West Java - Banten Block 
(Nishimura et al., 1986; 1992) comprises various 
rock formations, both Tertiary sedimentary rocks 
and mainly Quaternary volcanics with the suc-
cession as associated with Sunda Arc Quaternary 
volcanism in Java (Nishimura et al., 1992). The 
volcanic rock is known as Rawa Danau Complex 
as the centre for the pumice tuff eruption which is 
as "Tuff Banten" (Bemmelen, 1949), a product of 
Rawa Danau Volcanic Complex Caldera ( Bem-
melen, 1949; Kaars et al., 2001).

The volcanic activity in the Rawa Danau Com-
plex started at Plio-Pleistocene, characterized by 
a succession of many volcanics, mainly andesite 
formed from several major volcanic bodies, ac-
tive during successive phases, and culminating 
in a caldera formation period accompanied by 
an acid eruption (Bemmelen, 1949; Rusmana et 
al., 1991; Santosa, 1991).

The dominant geological structure in West 
Java-Banten Block area is northwest-southeast 
and northeast-southwest trends of fault which 
are the product of Early Miocene and Late 
Plio-Plistocene tectonic activities. There also 
found several lineages that have north-south and 
east-northwest-southwest and north-south trends 
(Bemmelen, 1949; Mulyadi, 1985; Santosa, 1991; 
Rusmana et al., 1991; Suryadarma and Fauzi, 
1991). Several outcrops indicated displacement 
the Southern block relative to the Northern block 
of rock.  These displacement form lineament 
along the fault, as shown in Figure 1.

Geological setting of the studied area were 
also identified based on the previous geologi-
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cal information (Santosa, 1991; Rusmana et al., 
1991; Endyana et al., 2011; Harada et al., 2014; 
Alam et al., 2014a, 2014b, 2019), and further 
surveys carried out in this study. A prominent 
feature in the studied area is the presence of two 
volcanoes, namely Karang Volcano (1750 m msl.) 
located in the south part and Parakasak Volcano 
(793 m msl.) located in the south-southwest part 
of the researched area.

Geomorphologically, this area is dominated 
by volcanic landforms, with high terrain in the 
southwest-southern part and northeastern part, 
and low terrain in the northern part of 2 - 55o 
slope. The terrains were composed of volcanic 
eruption products with a small portion of alluvial 
deposits. The highest elevation is 1,750 m asl. and 
the lowest elevation is 90 m asl.

The high terrain volcanic landform is steep, 
characterized by the morphology of the Karang 
Volcano and Parakasak Volcano, both of which are 
still in conical shape. Based on the distribution of 
concentric contours, the Karang Volcano shows 
that its northern part is steeper than the southern 
part, while the Parakasak Volcano shows its south-
ern part is steeper than the northern one.

Geologically, of the studied area is mostly 
composed of pyroclastic deposits (tuff and volca-
nic breccias) and lava flows (dominantly andesite 
and minor basalt). The constituent lithological 
units can be divided into two main rock groups 
based on the products of caldera formation, 
namely pre-caldera and post-caldera.

The pre-caldera rock group comprises pyro-
clastic deposits, while the post-caldera rock group 
consists of pyroclastic deposits and lava flows. In 
addition, surface deposits in the form of alluvium 
are present as surface deposits. Figure 1 shows 
the geological setting of the studied area. In more 
detail, the pre-caldera consisting of rock group 
which is divided into two units, namely old vol-
canic products, from old to young, weathered tuff 
(Qvdw) and pumice tuff (Qvdt). Meanwhile, the 
post-caldera rock group is divided into seven units, 
i.e. Mount Kamuning volcanics from old to young 
consisting of tuff (Qvkt 2) and andesitic-basaltic 
lava flows (Qvkl 2); Mount Parakasak volcanics 

from old to young, comprising of volcanic breccia 
(Qvpb) and lapilli tuff (Qvpt); and volcanic prod-
ucts of Mount Karang, from old to young composed 
of volcanic breccias (Qvkb), tuffs (Qvkt 1), and 
andesitic-basaltic lava flows (Qvkl 1). In each rock 
unit, sedimentary stratigraphic relationships were 
observed in outcrops, and petrographic analysis 
was made on various volcanic products. The fol-
lowing is the geological succession of the area: 

Old Volcanic Product Weathered Tuff Unit 
(Qvdw)

Qvdw is characterized by exposed rocks 
showing a very strong weathering level, com-
posed of red-brown and reddish-grey tuff in a 
fresh condition. These deposits are part of the 
Rawa Danau Volcanic Complex, interpreted to 
be the oldest volcanic products.

Old Volcanic Product Tuff Slate Unit (Qvdt)
The Qvdt sediment is light grey-white to 

dark grey-brownish red, massive, fine- to coarse 
grained, is soft to moderate, clast supported, 
moderately disaggregated, and contains a signifi-
cant fraction of the clast rounded white pumice, 
vesicular with a diameter of 1-5 cm. Petrographi-
cally it is vitric tuff with mineral assemblages 
composed of (in descending order of abundance) 
volcanic glass (+ pumice), plagioclase, rock 
fragments, pyroxene, opaque minerals, quartz, 
amphibole, iron oxide, chlorite, and clay miner-
als. This deposit was identified as part of the 
Banten Tuff.

Kamuning Mountain Product Tuff Unit (Qvkt 
2)

Qvkt 2 is predominantly composed of light 
grey to dark grey tuff, fine- to medium grained 
with clastic material consisting of ash and lapilli 
with a small fraction of fine ash; matrix sup-
ported, moderately disaggregated, and very poor 
in coarse-grained materials.

Mount Kamuning Andesite Lava Unit (Qvkl 2)
Qvkl 2 is composed of andesite-basaltic lava 

flows, dark grey, dense, massive, moderately 

IJ
OG



Indonesian Journal on Geoscience, Vol. 10 No. 3 December 2023: 419-432

424    

vesicular, and some with sheeting joint at the bot-
tom. The petrographic analysis shows a mineral 
assemblage comprising of plagioclase, pyroxene, 
opaque minerals, and iron oxide.

Solid Volcanic Breccia Unit for Mount Para-
kasak Products (Qvpb)

Qvpb is made up of volcanic matrix supported 
to clast support breccia, brownish colour, very 
poorly segregated, generally very solid, up to 1.5 
m thick, composed of andesite-basaltic angular 
fragments, grey to reddish colour, up to 12 cm in 
size in a fine granular matrix, yellowish brown 
tuff, partially oxidized and weathered.

Mount Parakasak Lapilli Tuff Unit (Qvpt)
The Qvpt deposits are brownish to to yellowish 

grey colour, massive, matrix to clast supported, 
moderately to poorly disaggregated, and contain a 
significant fraction of white rounded pumice clast, 
medium vesicular up to 4 cm in diameter; mixed 
with the andesite-basaltic clast, angularly dense, 
brownish red, in small volumes. Petrographically, 
it lithic tuff with mineral assemblages composed 
of (in descending order of abundance) rock frag-
ments, volcanic glass, clay minerals, chlorite, 
opaque minerals, quartz, and iron oxide.

Volcanic Breccia Unit of Mount Karang Prod-
ucts (Qvkb)

Qvkb is composed of volcanic matrix sup-
ported breccia, brownish to yellowish grey, poorly 
sorted, up to 1 m thick, comprising of andesite-
basaltic angular fragments, gravel to boulder size, 
embedded in a matrix of tuff volcanic material. 
The results of petrographic analysis of rock frag-
ments and matrix of mineral assemblages are 
composed of volcanic glass, rock fragments, 
plagioclase, pyroxene, quartz, and clay minerals.

Solid Tuff Unit of Mount Karang Products 
(Qvkt 1)

Qvkt 1 is predominantly composed of brown-
ish yellow to reddish ̶brown tuff, fine-grained and 
solid, comprises of andesitic-basaltic crystals and 
lithic fragments, sometimes showing continuous 

and some discontinuous layers. Locally, dark 
brown to yellowish andesite lava flows, massive, 
about 35 cm thick occur.

Mount Karang Lava Product Unit (Qvkl 1)
The main type of Mount Karang lava products 

are andesitic to basaltic. The lava flows are dark 
grey, porphyric, vesicular, usually massive, and 
thick (5 m), joint sheet-like structures in several 
locations. Petrographically, mineral compositions 
are plagioclase, pyroxene, opaque minerals, and 
volcanic glass.

Geological Structure
Several faults could be identified as step slopes 

in the studied area have northeast-southwest 
trend. The structure could well be observed in 
the volcanic breccia (Qvkb) and lava (Qvkl 1) 
units of the Karang Volcano products. A normal 
fault in the middle of the studied area is possible 
to be the barrier for groundwater flowing from 
the upstream to downstream. Besides that, due 
to the fault becomes a secondary porosity, the 
groundwater flow system may have deep circu-
lation along the fault. How far the relationship 
between groundwater and fault, can be verified by 
groundwater chemistry and stable isotope content 
(Jaunat et al. 2013; Galli et al. 2017). 

Groundwater Chemistry
The groundwater physical characteristics 

that have been measured in the field are tem-
perature, electrical conductivity (EC), total 
dissolved solids (TDS), spring discharges, and 
well discharges. The values   obtained ranged 
from 20 - 26.2 ºC for water temperature and 
22.7 - 31°C for air temperature, EC between 34 
- 163 μS/Cm, TDS between 23 - 109 mg/l, and 
the flow rate around < 5 l/sec up to >100 l/sec. 
Meanwhile, the groundwater chemical proper-
ties was obtained from water quality analysis 
in the laboratory taken during the rainy season 
(March-April 2008) and during the dry season 
(August-October 2008). The results of field 
measurements and laboratory tests are presented 
in Tables 1, 2, and 3.
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Groundwater Facies
The occurrence of springs and their chemical 

characteristics of groundwater is largely deter-

mined by the geological setting of the aquifer. 
Through geological outcrop data, the studied area 
is covered by the relatively impermeable and per-

No Sample 
ID

Research 
Object Lithology Longitude

(E) Latitude Elevation 
(masl) pH EC 

(µS/Cm)
TDS 

(mg/L)

Air 
Temp 
(°C)

Water 
Temp 
(°C)

Discharge 
(L/sec)

1 JH - 1 Spring Breccia, Tuff 106,036 -6,227 320 7,2 89 59 26,9 25 10
2 JH - 2 Spring Lava 106,033 -6,226 300 7,8 123 83 30,2 23,7 > 100
3 JH - 3 Well Breccia 105,993 -6,202 131 6,8 163 109 29,3 26,3 -
4 JH - 4 Spring Breccia 105,995 -6,204 145 6,8 125 84 27 25,5 >100
5 JH - 5 Spring Breccia, Tuff 105,998 -6,203 160 6,2 128 86 26,6 25,3 >100
6 JH - 6 Spring Lava 106,026 -6,231 350 6,9 128 85 26,1 23 10
7 JH - 7 Spring Andesitic Lava 106,007 -6,238 320 6,4 111 75 26,2 24,7 50
8 JH - 8 Spring Vesicular Lava 106,011 -6,245 370 6,7 133 89 25 23,8 >100
9 JH - 9 Spring Tuff Breccias 106,005 -6,243 350 6,7 128 86 26,1 24,9 <10
10 JH - 10 Spring Lava 106,005 -6,239 320 6,6 128 85 26 24,6 50
11 JH - 11 Spring Lapilli Tuff 106,003 -6,258 430 6,7 91 61 26,2 24,8 20
12 JH - 12 Spring Lava 106,019 -6,234 350 6,7 109 73 26,7 25,2 <10
13 JH - 13 Spring Lava 106,037 -6,245 550 7,8 86 59 25 23,8 <5
14 JH - 14 Spring Lava 106,034 -6,250 650 7,9 97 65 22,4 23,1 <5
15 JH - 15 Spring Lava 106,032 -6,249 610 7,6 55 37 23,3 21,6 <5
16 JH - 16 Spring Laharic 106,033 -6,244 550 7,1 29 20 23,4 22,9 <5
17 JH - 18 Spring Unknown 106,019 -6,224 260 6,7 118 80 27,2 25 <5
18 JH - 20 Spring Volcanic Breccias 106,010 -6,223 230 6,7 85 59 27,2 26,2 <10

Table 1. Data of Physical Properties of Groundwater and Springs in the Studied Area

No Sample ID Season Cl- 
(mg/L)

Na+ 
(mg/L)

SO4
2- 

(mg/L)
HCO3

- 
(mg/L)

K+ 

(mg/L)
Ca2+ 

(mg/L)
Mg2+ 

(mg/L) Groundwater Facies

1 JH- 1 Dry 6,24 9,16 0,90 62,38 3,94 9,16 3,66 Ca, Na-K: HCO3
Rainy 4,42 7,90 0,69 56,01 3,10 8,22 1,99 Ca, Na-K: HCO3

2 JH- 2 Dry 4,80 8,92 2,44 64,98 3,62 10,12 4,46 Ca, Na-K: HCO3
Rainy 4,90 8,12 4,03 67,22 3,63 12,33 1,99 Ca, Na-K: HCO3

3 JH- 3 Dry 5,76 11,75 14,76 88,38 4,13 14,00 5,32 Ca, Na-K: HCO3
Rainy 3,92 11,29 6,16 87,13 4,08 15,62 4,24 Ca, Na-K: HCO3

4 JH- 4 Dry 4,80 8,67 6,16 72,78 3,50 11,67 4,44 Ca, Na-K: HCO3
Rainy 4,42 8,65 4,96 64,73 3,10 13,15 3,49 Ca, Na-K: HCO3

5 JH- 5 Dry 5,28 9,84 13,01 75,38 3,56 12,84 4,36 Ca, Na-K: HCO3
Rainy 3,91 8,12 4,96 64,73 3,59 13,15 3,74 Ca, Na-K: HCO3

6 JH- 6 Dry 4,80 7,37 3,57 64,98 3,65 11,28 2,37 Ca, Na-K: HCO3
Rainy 3,43 6,85 2,22 74,68 4,00 13,97 3,98 Ca, Na-K: HCO3

7 JH- 7 Dry 5,76 7,25 9,72 59,78 2,42 11,67 3,06 Ca, Na-K: HCO3
Rainy 5,89 6,05 8,93 47,30 2,19 11,50 3,98 Ca, Na-K: HCO3

8 JH- 8 Dry 3,84 10,53 10,52 70,18 2,40 13,23 3,19 Ca, Na-K: HCO3
Rainy 5,39 7,19 11,60 58,50 2,69 14,79 4,48 Ca, Na-K: HCO3

9 JH- 9 Dry 7,68 9,09 4,96 62,38 2,30 12,45 4,60 Ca, Na-K: HCO3
Rainy 4,42 7,44 5,20 69,71 2,22 14,79 4,24 Ca, Na-K: HCO3

10 JH- 10 Dry 4,80 8,95 7,65 59,78 2,54 14,79 2,25 Ca: HCO3
Rainy 4,43 7,25 7,40 64,73 2,62 13,97 4,49 Ca, Na-K: HCO3

11 JH- 11 Dry 7,68 7,37 5,92 38,99 0,83 8,56 3,22 Ca, Na-K: HCO3
Rainy 4,90 6,40 5,44 44,81 0,82 9,04 3,99 Ca, Na-K: HCO3

12 JH- 12 Dry 5,76 9,09 1,12 64,98 1,90 13,23 3,19 Ca, Na-K: HCO3
Rainy 5,39 6,05 0,69 62,24 2,01 13,15 3,49 Ca: HCO3

13 JH- 13 Dry 4,80 9,72 0,50 64,98 2,59 11,67 3,20 Ca, Na-K: HCO3
Rainy 3,43 6,57 3,11 59,75 2,27 10,69 2,99 Ca, Na-K: HCO3

14 JH- 14 Dry 4,80 9,79 0,50 62,38 2,68 11,28 2,04 Ca, Na-K: HCO3
Rainy 3,92 7,50 0,69 62,24 2,30 12,33 1,99 Ca: HCO3

15 JH- 15 Dry 4,80 6,15 0,90 36,39 2,44 7,00 1,82 Ca, Na-K: HCO3
Rainy 4,90 4,92 0,69 39,83 2,44 8,22 1,99 Ca, Na-K: HCO3

16 JH- 16 Dry 4,32 9,84 2,89 57,19 1,72 6,23 2,77 Ca, Na-K: HCO3
Rainy 5,39 5,83 3,11 27,38 1,51 4,52 1,24 Ca, Na-K: HCO3

17 JH- 17 Dry 7,68 10,20 7,15 57,19 3,20 13,23 4,12 Ca, Na-K: HCO3
Rainy 6,38 8,12 5,92 69,71 3,35 13,15 4,98 Ca, Na-K: HCO3

18 JH- 18 Dry 6,24 9,65 6,17 51,99 2,42 10,89 2,74 Ca, Na-K: HCO3
Rainy 8,83 7,25 8,16 47,30 2,22 10,68 3,24 Ca, Na-K: HCO3

Table 2. Data of Chemical Properties of Groundwater Sample During Dry and Rainy Seasons

IJ
OG



Indonesian Journal on Geoscience, Vol. 10 No. 3 December 2023: 419-432

426    

Figure 2. Distribution of groundwater subbasin and groundwater facies during the rainy and dry seasons.

No Sample 
ID  

Sampling I 
(Rainy)

Sampling II 
(Dry)

Sampling 
III 

(Transition)
Rainy Season Dry Season 

δ18O δD δ18O δD δ18O δD Tritium 
(TU)

13C  
(o/oo)

pMC Age 
(Year BP)

Tritium 
(TU)

13C  (o/oo) pMC Age 
(Year BP)

1 JH- 1 -7,8 -48,4 -8 -50,3 -7,9 -48,8 1,82 -13,04 78,40 1545 1,45 -13,50 79,60 1419
2 JH- 3 -6,5 -40,6 -6,7 -40,8 -6,6 -40,9 2,65 -13,71 89,43 456 2,18 -13,50 89,85 417
3 JH - 4 -6,3 -40,3 -6,4 -39 -6,5 -40,4 3,86 -13,75 96,56 Modern 2,12 -13,75 86,85 698
4 JH - 5 -6,2 -39,5 -6,4 -40,1 -6,4 -39,7 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
5 JH - 9 -8,7 -53,2 -6 -33,5 -7,3 -42,2 3,88 -14,2 100,64 Modern n.d. n.d. n.d. n.d.
6 JH - 13 n.d. n.d. -7,5 -46,5 -7,7 -46,8 n.d. n.d. n.d. n.d. n.d. n.d. n.d. n.d.
7 JH- 15 -7,5 -45,3 -7 -44,9 -7,2 -44,9 3,98 -14,5 105 Modern n.d. n.d. n.d. n.d.
8 JH - 18 -6,7 -38,2 -6,4 -38,4 -6,6 -37,9 2,53 -14,2 87,27 658 1,87 -14 84,91 884
9 JH - 20 -7,6 -46,5 -7,5 -46,2 -7,5 -47 3,96 -14,5 108,2 Modern 1,69 -13,75 82,77 1095

Table 3. Data of Stable Isotope Content of Groundwater Sample During Dry and Rainy Seasons

meable rocks. Therefore, the groundwater subbasin 
distribution can be described. The determination of 
groundwater basins is in line with some researches 
on groundwater basins by Nisi et al. (2015), Da-
ranond et al. (2020), Li et al. (2021), Toth et al. 
(2022), Akurugu et al. (2022), and Al Haj et al. 
(2023). The results of delineation of permeable 
and impermeable rocks are shown in Figure 2 as 
the distribution of groundwater subbasin.

Groundwater facies analysis and showed the 
contents of Ca, Na, KHCO3, and CaHCO3, indica-
ting the presence of water-rock interaction during 

their flowing in the shallow or deep circulation 
aquifers (Figures 3 and 4) as described by Patel 
et al. (2023). In general, the groundwater facies 
are Ca, Na, KHCO3 facies. The anomaly cases 
occurred in the development of CaHCO3 in the 
site JH10 in the dry season, and sites JH12 and 
JH14 in the rainy season, respectively.

Stable Isotopes of Groundwater
Data on oxygen and deuterium isotope content 

from springs and wells are plotted in graphs to 
meet the global meteoric water line, as shown in 
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Figure 5. The groundwater trend of the oxygen 
and deuterium content on the studied area is close 
to the global meteoric water line. However, the 
very close trend might indicate that the studied 
area at that time (500 years to 1,100 years BP 
based on the groundwater age data on the studied 
area) was hotter compared to global conditi-

ons (Kolodny et al., 2009; Luz and Barkan, 2010; 
Hughes and Crawford, 2012; Kato et al., 2021; 
and Aron et al., 2021). 

Based on the stable isotope content of oxygen 
and deuterium in groundwater, the studied area 
can be divided into three large groups. Group 1 
consists of 18O (oxygen-18) -6.7‰ and below, as 

Figure 3. Trend of groundwater facies on the sites in the dry season.

Figure 4. Trend of groundwater facies on the sites in the rainy season.
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shown in site JH1, JH13, JH15, and JH20. Group 
2 shows the content of 18O (oxygen-18) -6.6 ‰ to 
18O (oxygen-18) -6.4 ‰, as shown in the site JH3 
and JH18. Meanwhile, group 3 is represented by 
site JH4, JH5, and JH9 with a content of 18O (oxy-
gen-18) -6.3‰. This grouping provides a diversity 
indication of groundwater recharge places in vari-
ous altitude areas of the catchment area. Meanwhi-
le, plotting between 13C and 18O reveals that sites 
JH1, JH9, and JH20 might indicate an anomaly 
of residence time (Figure 6). The occurrence of 
these sites is controlled by geological setting on 
the basis of groundwater subbasin developing near 

the fault, indicating the groundwater flow in deep 
circulation. Such sites (JH1 and JH20) might be 
the recharge places on a short distance, but the resi-
dence time is longer. Meanwhile, for other groups, 
the stable isotope content has a quite linear trend.

Discussion
The geological conditions greatly determine 

the characteristic verification of the physical 
and chemical content of groundwater, as well 
as the content of stable isotopes of 18O and deu-
terium, and the age of groundwater developing 
residence time in the studied area. However, the 
groundwater with rich Ca and HCO3 content 
along with low EC (below 100 μS/Cm) may 
indicate the groundwater flow occurs at the top 
part (Freeze and Cherry, 1979; Clark and Fritz, 
1997). Therefore, the interaction of groundwater 
and rocks rich in K-felsdspar (albit/Na+K >>) 
reflects a relatively long and deep circulation 
of groundwater flow with an EC value of more 
than 150 μS/cm. In general, groundwater facies 
type Ca, Na, KHCO3 might indicate the spring 
and drilled well (the site JH3) flowing in an 
intermediate flow path. However, changes in 
sites JH10, JH12, and JH14 are greatly affected 
by the short groundwater flow. Their chemical 

Figure 6. Anomaly of groundwater residence time in several sites.

Figure 5. Trend of stable isotope content which is close to 
the global meteoric water line (Craig, 1961).
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contents indicated CaHCO3 facies with an EC 
value is less than 100 μS/Cm.

The groundwater flow which is quite near to 
the catchment area is depicted in site JH1, JH13, 
JH15, and JH20. The interpretation of the flow 
nearest to the recharge place is supported by EC 
data, which is quite minor, and shown by the trend 
in the stable 18O isotope content of group 1 (as 
shown in Figure 6). The formation of groundwater 
in these springs is easily to understand, because 
its existence is near the faults and related to 
subsurface groundwater basin boundaries. The 
movement of groundwater tends to circulate 
deeply and is detained. Hence, the water does 
not flow to the surface promptly and retained in 
the aquifer, and is certainly older than the other 
springs. The fault could be as a geological trap 
causing the residence time of groundwater long. 
The course of deep circulating water is verified by 
groundwater chemical facies type Ca, Na, KHCO3 
as described by Chebotarev (1955).

Some long to intermediate distance water 
movements are indicated by sites JH3 and JH18 
in the studied area. Both water samples contain 
stable isotopes of group 2 18O. The chemical facies 
characteristic indicates rather intermediate or dis-
tance flow part, although it appears after the basin 
boundary, but is located near the fault. In contrast 
to the previous two types, sites JH4, JH5, and JH9 
show indications of long-distance flow movement, 
and are supported by verification of EC data and 
chemical facies. Moreover, the presence of springs 
in groundwater subbasins does not move signifi-
cant hindrance. The spring water tends to acquire 
a large discharge, and is intermediate in the age.

Based on groundwater characteristics and 
geological control, the water resources that are 
very sufficient for monitoring are sites JH4, JH5, 
and JH9. Groundwater flow system through those 
sites in the groundwater sub-basin might indicated 
that groundwater does not being obstructed during 
flow path. Thus, these locations are proper to be 
developed to meet the needs of industry in the 
southern part of    Rawa Danau. However, a proper 
extraction needs to be calculated in more detail, 
and the catchment area is necessarily conserved.

Conclusion

The geological setting of the studied area 
divided into groundwater subbasins greatly con-
trols the chemical characteristic and the stable 
isotope content of groundwater. However, such 
groundwater subbasins are not the barrier for 
groundwater flow system and might have been 
connected to each other. The geological trap con-
trolling residence time of groundwater happened at 
sites JH1 and JH20, indicating older groundwater 
than other In general, springs in the studied area 
show groundwater flows that circulate deeply 
and moves short, intermediate, and long distance. 
Three sites were selected to be utilized to meet 
the needs of industrial areas in the southern part 
of Rawa Danau (Serang Regency), i.e. sites JH4, 
JH5 and JH9, due to their long-distance flow 
movement which are verified by EC data and 
chemical facies. This groundwater flow system 
indicates that the sustainability of groundwater 
resources is better than short distance or interme-
diate flow systems, needed by the industry.
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