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Call for Paper : GSTF Journal of Geological Sciences (JGS) Vol.3 No.1

Dari: JGS (jgs@globalstf.org)

Kepada: listyani_theo@yahoo.co.id

Tanggal: Senin, 17 Oktober 2016 11.01 WIB

Dear Dr. Theophila Listyani,

Based on the quality and merits of your paper submi�ed through the 5th Annual Interna�onal Conference on
Geological & Earth Sciences (GEOS 2016) , Global Science and Technology Forum (GSTF) is pleased to invite you
to submit your extended research paper for review and publica�on in the GSTF Journal of Geological Sciences
(JGS) Vol.3 No.1 (Print ISSN: 2335-6774, E-periodical: 2335-6782). Since your paper was published in the
conference proceedings, please expand the ar�cle by conduc�ng addi�onal research/experiment as JGS is a
new publica�on.

The JGS editor–in-chief, Dr. Zhi Wang, Professor, Department of Earth and Environmental Sciences California
State University, Fresno, USA heads a dis�nguished team of associate editors to referee your paper for
publica�on. (Click here for full editorial board)

GSTF JGS is hosted and published on Springer’s Open Access pla�orm - Global Science Journals (GSJ). It is
indexed by EBSCO, CrossRef, Proquest. Furthermore, JGS will also be available in the GSTF Digital Library, a
repository of proceedings and journals managed by the Global Science and Technology Forum.

 

Your submission to GSTF Journal of Geological Sciences (JGS) must be original that is unpublished and cannot be
under review for publica�on elsewhere during the �me it is being considered in JGS. Furthermore, a�er you
submit a paper to GSTF Journal of Geological Sciences (JGS) you must await the response from GSTF and only
then resubmit elsewhere if your paper is rejected-or withdrawn at your request.

Please note that since you have a�ended the conference, the fee for review, produc�on and distribu�on of
the journal will be waived for a digital copy. A fee of USD 100 will be applicable (subsidized by GSTF) if you wish
for your ar�cle to be hosted and published online on Springer’s Open Access publishing pla�orm for
independent journals.

Authors must consult i) Guidelines to Paper submission / Forma�ng and ii) Submi�ng your paper on the JGS
(Vol.3 No.1) Journal Webpage

We look forward to hearing from you soon about publishing in the JGS Vol.3 No.1. Please do not hesitate to
contact the undersigned at jgs@globals�.org  for further queries.

Best Regards,
Ib�sam Maria Ram
Programme Manager

Global Science and Technology Forum
10 Anson Road, #13-12 International Plaza, Singapore 079903

 maria@globalstf.org  +65 6327 0165  http://www.globalSTF.org  GSTF Facebook
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The informa�on in this e-mail is confiden�al and may be legally privileged.  It is intended solely for the
addressee(s). Access to this e-mail by anyone else is unauthorised.
If you are not the intended recipient, any disclosure, copying, distribu�on or any ac�on taken or omi�ed to be
taken in reliance on it, is prohibited and may be unlawful.
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RE: Call for Paper : GSTF Journal of Geological Sciences (JGS) Vol.3 No.1

Dari: Maria (maria@globalstf.org)

Kepada: listyani_theo@yahoo.co.id

Tanggal: Senin, 21 November 2016 08.59 WIB

Dear Dr. Theophila Listyani,
 
Thank you for your email.
 
You may submit a different paper to JGS. Please note that however, should you submit a different paper, a
payment of USD 275 for a digital copy will be imposed.
 
Kindly submit your paper through the following link; https://easychair.org/conferences/?
conf=gstfjgsvol3no1
 
Below are also the guidelines for paper submission.
•             All papers are encouraged to follow the IEEE standard template (Double-column, 10-pt Times New
Roman, Single-spaced), plus keywords.
•             Papers in PDF Format
•             Images (line graphs, images), B/W only; minimum 300dpi resolu�on.
•             Author Profile: Maximum 100 words
•             Author photo: 300dpi resolu�on
 
A�ached herewith a sample template for your perusal. We would also appreciate if you could incorporate a brief
author’s profile and photo at the last part of your paper.
 
We look forward to receiving your paper. Please do not hesitate to contact the undersigned for any
further clarifications or should you have any difficulty uploading your paper. Thank you.
 
Best Regards,
Ibtisam Maria Ram
Programme Manager

Global Science and Technology Forum
10 Anson Road, #13-12 International Plaza, Singapore 079903

 maria@globalstf.org  +65 6327 0165  http://www.globalSTF.org  GSTF Facebook
 

  
The information in this e-mail is confidential and may be legally privileged.  It is intended solely
for the addressee(s). Access to this e-mail by anyone else is unauthorised.
If you are not the intended recipient, any disclosure, copying, distribution or any action taken or
omitted to be taken in reliance on it, is prohibited and may be unlawful.
 

From: theo listyani [mailto:listyani_theo@yahoo.co.id] 
 Sent: Thursday, November 17, 2016 9:20 AM

 To: JGS <jgs@globalstf.org>
 Subject: Bls: Call for Paper : GSTF Journal of Geological Sciences (JGS) Vol.3 No.1
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Dear committee...
May I send the other paper, different with my paper of last October seminar? 
Thank you
 
Regard,
TL
 

Pada Senin, 17 Oktober 2016 11:01, JGS <jgs@globalstf.org> menulis:

 

Dear Dr. Theophila Listyani,

Based on the quality and merits of your paper submitted through the 5th Annual International
Conference on Geological & Earth Sciences (GEOS 2016) , Global Science and Technology Forum
(GSTF) is pleased to invite you to submit your extended research paper for review and publication in
the GSTF Journal of Geological Sciences (JGS) Vol.3 No.1 (Print ISSN: 2335-6774, E-periodical: 2335-
6782). Since your paper was published in the conference proceedings, please expand the article by
conducting additional research/experiment as JGS is a new publication.
The JGS editor–in-chief, Dr. Zhi Wang, Professor, Department of Earth and Environmental Sciences
California State University, Fresno, USA heads a distinguished team of associate editors to referee your paper
for publication. (Click here for full editorial board)
GSTF JGS is hosted and published on Springer’s Open Access platform - Global Science Journals (GSJ). It is
indexed by EBSCO, CrossRef, Proquest. Furthermore, JGS will also be available in the GSTF Digital Library,
a repository of proceedings and journals managed by the Global Science and Technology Forum.

 

Your submission to GSTF Journal of Geological Sciences (JGS) must be original that is unpublished and
cannot be under review for publication elsewhere during the time it is being considered in JGS. Furthermore,
after you submit a paper to GSTF Journal of Geological Sciences (JGS) you must await the response from
GSTF and only then resubmit elsewhere if your paper is rejected-or withdrawn at your request.
Please note that since you have attended the conference, the fee for review, production and
distribution of the journal will be waived for a digital copy. A fee of USD 100 will be applicable
(subsidized by GSTF) if you wish for your article to be hosted and published online on Springer’s
Open Access publishing platform for independent journals.
Authors must consult i) Guidelines to Paper submission / Formatting and ii) Submitting your paper on the JGS
(Vol.3 No.1) Journal Webpage
We look forward to hearing from you soon about publishing in the JGS Vol.3 No.1. Please do not hesitate to
contact the undersigned at jgs@globalstf.org  for further queries.
Best Regards,
Ibtisam Maria Ram
Programme Manager

Global Science and Technology Forum
10 Anson Road, #13-12 International Plaza, Singapore 079903

 maria@globalstf.org  +65 6327 0165  http://www.globalSTF.org  GSTF Facebook
 

  
The information in this e-mail is confidential and may be legally privileged.  It is intended solely
for the addressee(s). Access to this e-mail by anyone else is unauthorised.
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GSTF Journal Format.doc
53kB

If you are not the intended recipient, any disclosure, copying, distribution or any action taken or
omitted to be taken in reliance on it, is prohibited and may be unlawful.
 

 



Paper Title (use style: paper title) 
Subtitle as needed (paper subtitle) 

 

Authors Name/s per 1st Affiliation (Author) 

line 1 (of Affiliation): dept. name of organization 

line 2: name of organization, acronyms acceptable 

line 3: City, Country 

line 4: e-mail address if desired 

Authors Name/s per 2nd Affiliation (Author) 

line 1 (of Affiliation): dept. name of organization 

line 2: name of organization, acronyms acceptable 

line 3: City, Country 

line 4: e-mail address if desired

 

 
Abstract—This electronic document is a “live” template. The 

various components of your paper [title, text, heads, etc.] are 

already defined on the style sheet, as illustrated by the portions 

given in this document. (Abstract) 

Keywords-component; formatting; style; styling; insert (key 

words) 

I.  INTRODUCTION (HEADING 1) 

This template, modified in MS Word 2003 and saved as 
“Word 97-2003 & 6.0/95 – RTF” for the PC, provides authors 
with most of the formatting specifications needed for preparing 
electronic versions of their papers. All standard paper 
components have been specified for three reasons: (1) ease of 
use when formatting individual papers, (2) automatic 
compliance to electronic requirements that facilitate the 
concurrent or later production of electronic products, and (3) 
conformity of style throughout a conference proceedings. 
Margins, column widths, line spacing, and type styles are built-
in; examples of the type styles are provided throughout this 
document and are identified in italic type, within parentheses, 
following the example. Some components, such as multi-
leveled equations, graphics, and tables are not prescribed, 
although the various table text styles are provided. The 
formatter will need to create these components, incorporating 
the applicable criteria that follow. 

II. EASE OF USE 

A. Selecting a Template (Heading 2) 

First, confirm that you have the correct template for your 
paper size. This template has been tailored for output on the A4 
paper size. If you are using US letter-sized paper, please close 
this file and download the file for “MSW_USltr_format”. 

B. Maintaining the Integrity of the Specifications 

The template is used to format your paper and style the text. 
All margins, column widths, line spaces, and text fonts are 
prescribed; please do not alter them. You may note 
peculiarities. For example, the head margin in this template 
measures proportionately more than is customary. This 
measurement and others are deliberate, using specifications 
that anticipate your paper as one part of the entire proceedings, 

and not as an independent document. Please do not revise any 
of the current designations. 

III. PREPARE YOUR PAPER BEFORE STYLING 

Before you begin to format your paper, first write and save 
the content as a separate text file. Keep your text and graphic 
files separate until after the text has been formatted and styled. 
Do not use hard tabs, and limit use of hard returns to only one 
return at the end of a paragraph. Do not add any kind of 
pagination anywhere in the paper. Do not number text heads-
the template will do that for you. 

Finally, complete content and organizational editing before 
formatting. Please take note of the following items when 
proofreading spelling and grammar: 

A. Abbreviations and Acronyms 

Define abbreviations and acronyms the first time they are 
used in the text, even after they have been defined in the 
abstract. Abbreviations such as IEEE, SI, MKS, CGS, sc, dc, 
and rms do not have to be defined. Do not use abbreviations in 
the title or heads unless they are unavoidable. 

B. Units 

• Use either SI (MKS) or CGS as primary units. (SI units 
are encouraged.) English units may be used as 
secondary units (in parentheses). An exception would 
be the use of English units as identifiers in trade, such 
as “3.5-inch disk drive”. 

• Avoid combining SI and CGS units, such as current in 
amperes and magnetic field in oersteds. This often 
leads to confusion because equations do not balance 
dimensionally. If you must use mixed units, clearly 
state the units for each quantity that you use in an 
equation. 

• Do not mix complete spellings and abbreviations of 
units: “Wb/m2” or “webers per square meter”, not 
“webers/m2”.  Spell out units when they appear in text: 
“. . . a few henries”, not “. . . a few H”. 

• Use a zero before decimal points: “0.25”, not “.25”. 
Use “cm3”, not “cc”. (bullet list) 

Identify applicable sponsor/s here. If no sponsors, delete this text box. 

(sponsors) 



C. Equations 

The equations are an exception to the prescribed 
specifications of this template. You will need to determine 
whether or not your equation should be typed using either the 
Times New Roman or the Symbol font (please no other font). 
To create multileveled equations, it may be necessary to treat 
the equation as a graphic and insert it into the text after your 
paper is styled. 

Number equations consecutively. Equation numbers, within 
parentheses, are to position flush right, as in (1), using a right 
tab stop. To make your equations more compact, you may use 
the solidus ( / ), the exp function, or appropriate exponents. 
Italicize Roman symbols for quantities and variables, but not 
Greek symbols. Use a long dash rather than a hyphen for a 
minus sign. Punctuate equations with commas or periods when 
they are part of a sentence, as in 

   +   =  ()    +   =  () () 

Note that the equation is centered using a center tab stop. 
Be sure that the symbols in your equation have been defined 
before or immediately following the equation. Use “(1)”, not 
“Eq. (1)” or “equation (1)”, except at the beginning of a 
sentence: “Equation (1) is . . .” 

D. Some Common Mistakes 

• The word “data” is plural, not singular. 

• The subscript for the permeability of vacuum 0, and 
other common scientific constants, is zero with 
subscript formatting, not a lowercase letter “o”. 

• In American English, commas, semi-/colons, periods, 
question and exclamation marks are located within 
quotation marks only when a complete thought or 
name is cited, such as a title or full quotation. When 
quotation marks are used, instead of a bold or italic 
typeface, to highlight a word or phrase, punctuation 
should appear outside of the quotation marks. A 
parenthetical phrase or statement at the end of a 
sentence is punctuated outside of the closing 
parenthesis (like this). (A parenthetical sentence is 
punctuated within the parentheses.) 

• A graph within a graph is an “inset”, not an “insert”. 
The word alternatively is preferred to the word 
“alternately” (unless you really mean something that 
alternates). 

• Do not use the word “essentially” to mean 
“approximately” or “effectively”. 

• In your paper title, if the words “that uses” can 
accurately replace the word “using”, capitalize the “u”; 
if not, keep using lower-cased. 

• Be aware of the different meanings of the homophones 
“affect” and “effect”, “complement” and 
“compliment”, “discreet” and “discrete”, “principal” 
and “principle”. 

• Do not confuse “imply” and “infer”. 

• The prefix “non” is not a word; it should be joined to 
the word it modifies, usually without a hyphen. 

• There is no period after the “et” in the Latin 
abbreviation “et al.”. 

• The abbreviation “i.e.” means “that is”, and the 
abbreviation “e.g.” means “for example”. 

An excellent style manual for science writers is [7]. 

IV. USING THE TEMPLATE 

After the text edit has been completed, the paper is ready 
for the template. Duplicate the template file by using the Save 
As command, and use the naming convention prescribed by 
your conference for the name of your paper. In this newly 
created file, highlight all of the contents and import your 
prepared text file. You are now ready to style your paper; use 
the scroll down window on the left of the MS Word Formatting 
toolbar. 

A. Authors and Affiliations 

The template is designed so that author affiliations are not 
repeated each time for multiple authors of the same affiliation. 
Please keep your affiliations as succinct as possible (for 
example, do not differentiate among departments of the same 
organization). This template was designed for two affiliations. 

1) For author/s of only one affiliation (Heading 3): To 

change the default, adjust the template as follows. 

a) Selection (Heading 4): Highlight all author and 

affiliation lines. 

b) Change number of columns: Select the Columns icon 

from the MS Word Standard toolbar and then select “1 

Column” from the selection palette. 

c) Deletion: Delete the author and affiliation lines for the 

second affiliation. 

d) For author/s of more than two affiliations: To change 

the default, adjust the template as follows. 

e) Selection: Highlight all author and affiliation lines. 

f) Change number of columns: Select the “Columns” 

icon from the MS Word Standard toolbar and then select “1 

Column” from the selection palette. 

g) Highlight author and affiliation lines of affiliation 1 

and copy this selection. 

h) Formatting: Insert one hard return immediately after 

the last character of the last affiliation line. Then paste down 

the copy of affiliation 1. Repeat as necessary for each 

additional affiliation. 

i) Reassign number of columns: Place your cursor to the 

right of the last character of the last affiliation line of an even 

numbered affiliation (e.g., if there are five affiliations, place 

your cursor at end of fourth affiliation). Drag the cursor up to 

highlight all of the above author and affiliation lines. Go to 

Column icon and select “2 Columns”. If you have an odd 



We suggest that you use a text box to insert a graphic 
(which is ideally a 300 dpi TIFF or EPS file, with all fonts 
embedded) because, in an MSW document, this method is 
somewhat more stable than directly inserting a picture. 

To have non-visible rules on your frame, use the 
MSWord “Format” pull-down menu, select Text Box > 
Colors and Lines to choose No Fill and No Line. 

number of affiliations, the final affiliation will be centered on 

the page; all previous will be in two columns. 

B. Identify the Headings 

Headings, or heads, are organizational devices that guide 
the reader through your paper. There are two types: component 
heads and text heads. 

Component heads identify the different components of your 
paper and are not topically subordinate to each other. Examples 
include Acknowledgments and References and, for these, the 
correct style to use is “Heading 5”. Use “figure caption” for 
your Figure captions, and “table head” for your table title. Run-
in heads, such as “Abstract”, will require you to apply a style 
(in this case, italic) in addition to the style provided by the drop 
down menu to differentiate the head from the text. 

Text heads organize the topics on a relational, hierarchical 
basis. For example, the paper title is the primary text head 
because all subsequent material relates and elaborates on this 
one topic. If there are two or more sub-topics, the next level 
head (uppercase Roman numerals) should be used and, 
conversely, if there are not at least two sub-topics, then no 
subheads should be introduced. Styles named “Heading 1”, 
“Heading 2”, “Heading 3”, and “Heading 4” are prescribed. 

C. Figures and Tables 

1) Positioning Figures and Tables: Place figures and 

tables at the top and bottom of columns. Avoid placing them in 

the middle of columns. Large figures and tables may span 

across both columns. Figure captions should be below the 

figures; table heads should appear above the tables. Insert 

figures and tables after they are cited in the text. Use the 

abbreviation “Fig. 1”, even at the beginning of a sentence. 

TABLE I.  TABLE TYPE STYLES 

Table 

Head 

Table Column Head 

Table column subhead Subhead Subhead 

copy More table copya   

a. Sample of a Table footnote. (Table footnote) 

 

Figure 1.  Example of a figure caption. (figure caption) 

Figure Labels: Use 8 point Times New Roman for Figure 
labels. Use words rather than symbols or abbreviations when 
writing Figure axis labels to avoid confusing the reader. As an 

example, write the quantity “Magnetization”, or 
“Magnetization, M”, not just “M”. If including units in the 
label, present them within parentheses. Do not label axes only 
with units. In the example, write “Magnetization (A/m)” or 
“Magnetization {A[m(1)]}”, not just “A/m”. Do not label axes 
with a ratio of quantities and units. For example, write 
“Temperature (K)”, not “Temperature/K”. 

ACKNOWLEDGMENT (HEADING 5) 

The preferred spelling of the word “acknowledgment” in 
America is without an “e” after the “g”. Avoid the stilted 
expression, “One of us (R. B. G.) thanks . . .”  Instead, try “R. 
B. G. thanks”. Put sponsor acknowledgments in the unnum-
bered footnote on the first page. 

REFERENCES 

The template will number citations consecutively within 
brackets [1]. The sentence punctuation follows the bracket [2]. 
Refer simply to the reference number, as in [3]—do not use 
“Ref. [3]” or “reference [3]” except at the beginning of a 
sentence: “Reference [3] was the first . . .” 

Number footnotes separately in superscripts. Place the 
actual footnote at the bottom of the column in which it was 
cited. Do not put footnotes in the reference list. Use letters for 
table footnotes. 

Unless there are six authors or more give all authors' 
names; do not use “et al.”. Papers that have not been published, 
even if they have been submitted for publication, should be 
cited as “unpublished” [4]. Papers that have been accepted for 
publication should be cited as “in press” [5]. Capitalize only 
the first word in a paper title, except for proper nouns and 
element symbols. 

For papers published in translation journals, please give the 
English citation first, followed by the original foreign-language 
citation [6]. 

 
[1] G. Eason, B. Noble, and I. N. Sneddon, “On certain integrals of 

Lipschitz-Hankel type involving products of Bessel functions,” Phil. 
Trans. Roy. Soc. London, vol. A247, pp. 529–551, April 1955. 
(references) 

[2] J. Clerk Maxwell, A Treatise on Electricity and Magnetism, 3rd ed., vol. 
2. Oxford: Clarendon, 1892, pp.68–73. 

[3] I. S. Jacobs and C. P. Bean, “Fine particles, thin films and exchange 
anisotropy,” in Magnetism, vol. III, G. T. Rado and H. Suhl, Eds. New 
York: Academic, 1963, pp. 271–350. 

[4] K. Elissa, “Title of paper if known,” unpublished. 

[5] R. Nicole, “Title of paper with only first word capitalized,” J. Name 
Stand. Abbrev., in press. 

[6] Y. Yorozu, M. Hirano, K. Oka, and Y. Tagawa, “Electron spectroscopy 
studies on magneto-optical media and plastic substrate interface,” IEEE 
Transl. J. Magn. Japan, vol. 2, pp. 740–741, August 1987 [Digests 9th 
Annual Conf. Magnetics Japan, p. 301, 1982]. 

[7] M. Young, The Technical Writer's Handbook. Mill Valley, CA: 
University Science, 1989. 
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RE: Call for Paper : GSTF Journal of Geological Sciences (JGS) Vol.3 No.1

Dari: Maria (maria@globalstf.org)

Kepada: listyani_theo@yahoo.co.id

Tanggal: Selasa, 22 November 2016 15.33 WIB

Dear Dr. Theophila Listyani,
 
Thank you for your email.
 
Please be informed that JGS is an Online Publication, therefore there will be no deadline for this issue
until 31st December 2016.
 
We look forward to receiving your submission soon.
 
Please do not hesitate to contact the undersigned for any further clarifications. Thank you.
 
Best Regards,
Ibtisam Maria Ram
Programme Manager

Global Science and Technology Forum
10 Anson Road, #13-12 International Plaza, Singapore 079903

 maria@globalstf.org  +65 6327 0165  http://www.globalSTF.org  GSTF Facebook
 

  
The information in this e-mail is confidential and may be legally privileged.  It is intended solely
for the addressee(s). Access to this e-mail by anyone else is unauthorised.
If you are not the intended recipient, any disclosure, copying, distribution or any action taken or
omitted to be taken in reliance on it, is prohibited and may be unlawful.
 

From: theo listyani [mailto:listyani_theo@yahoo.co.id] 
 Sent: Tuesday, November 22, 2016 4:20 PM

 To: Maria <maria@globalstf.org>
 Subject: Bls: Call for Paper : GSTF Journal of Geological Sciences (JGS) Vol.3 No.1

 

Dear Committee..
Let me know when JGS Vol 3 No. 1 will be published, when will the dead line for submitting,
so I can prepare my paper immediately...
Thank you so much...
Regards,
TL, Indonesia
 

Pada Senin, 21 November 2016 8:59, Maria <maria@globalstf.org> menulis:

 

Dear Dr. Theophila Listyani,
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Thank you for your email.
 
You may submit a different paper to JGS. Please note that however, should you submit a
different paper, a payment of USD 275 for a digital copy will be imposed.
 
Kindly submit your paper through the following link; https://easychair.org/conferences/?
conf=gstfjgsvol3no1
 
Below are also the guidelines for paper submission.
•             All papers are encouraged to follow the IEEE standard template (Double-column,
10-pt Times New Roman, Single-spaced), plus keywords.
•             Papers in PDF Format
•             Images (line graphs, images), B/W only; minimum 300dpi resolution.
•             Author Profile: Maximum 100 words
•             Author photo: 300dpi resolution
 
Attached herewith a sample template for your perusal. We would also appreciate if you
could incorporate a brief author’s profile and photo at the last part of your paper.
 
We look forward to receiving your paper. Please do not hesitate to contact the undersigned for any
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Abstract— Jakarta Groundwater Basin is the Quaternary basin 

and has three zones of the aquifer, where the deepest aquifer is 

confined aquifer (Aquifer III). Stable isotope 18O and 2H 

(Deuterium/D) in this research studied to see its evolution, 

particularly in this deep groundwater. Isotopic evolution is 

studied to determine the distribution patterns of distribution and 

factors that may control in the evolution process. The research 

method was sampling of groundwater from bore wells that tap 

water from the Aquifer III, and then tested for the content of 

stable isotope and its TDS. Analyses have been done by using 

primary data and some secondary data of stable isotope and TDS 

data. The results showed that the isotopic evolution occurs in the 

deep aquifer, influenced by the action of water on rock minerals 

along groundwater flow. In general, isotopic enrichment occurs 

in line with groundwater flow, where the content of the stable 

isotope is heavier toward the north. This isotope enrichment 

related to the isotopic fractionation processes. Increasing of TDS  

in deep groundwater is followed by increasing of  the isotope δ18O 

content, but it is unclear followed by an increasing of δD. 

Increasing of isotope content of groundwater in the aquifer is 

influenced by the groundwater flow velocity, where the rapid 

flow may occurred in the central part of the research area 

indicated by contours that curve northward, especially on the 

δ18O distribution contour pattern. 

Keywords- deep groundwater, stable isotope, evolution  

I.  INTRODUCTION (HEADING 1) 

Jakarta Groundwater Basin is formed by Quaternary 
deposits which is unconformable overlaid of Tertiary basement 
rocks. According to regional physiography, this basin is located 
in the Coastal Plain area of Jakarta, Bogor Anticlinorium and 
Quaternary Volcano (Fig. 1) [1]. Groundwater is quite 
abundant available in this basin, but sometimes saline / 
brackish groundwater can be found. Brackish groundwater is 
also found even in the deep aquifer. Groundwater in the basin 
has a wide variety of chemical types and characteristics of the 
isotope. Chemical and isotopic characteristics are associated 
with genetic of groundwater. Isotopic evolution of deep 
groundwater in the basin can be studied to understand the 
genetic flow of groundwater. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Jakarta Groundwater Basin in physiographic map of West Java [1]. 

 

High salinity of groundwater in Jakarta has been formed 
prior to human disturbance at a considerable distance from sea 
water (fossil water) [2]. For the deep aquifer, the water salinity 
was caused by a combination of connate Pleistocene and 
Holocene vertical infiltration of sea water. This opinion was 
supported by the analysis of hydrochemistry as well as 18O and 
2H isotopes [3]. 

Studies on stable isotope in Jakarta Groundwater Basin 
have been done by several researchers, among others, using 
statistical methods to identify the presence of sea water 
intrusion [4]. Meanwhile, use of natural isotope data has also 
been used to determine the source of groundwater in Jakarta 
includes groundwater recharge and leakage even though not 
related to the existence of saline groundwater [5]. 

The author has been analyzed the stable isotopes which 
includes oxygen-18 (18O) and deuterium (2H or D) to determine 
the isotopic composition of the groundwater. The isotope 
analysis would be expected to note the things that relate to the 
groundwater flow pattern and its isotopic evolution, 
particularly in the deep aquifer. Deep groundwater in this paper 
is the groundwater which is flow in deep, confined aquifer 
(Aquifer III) according to the division from Soekardi (1982) in 
[6]. 
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II. METHOD 

To determine the isotopic evolution of groundwater in the 

basin it needs to know the content of stable isotope 18O and 2H 

(deuterium) because these isotopes can be an indicator of 

groundwater resources [7]. TDS of groundwater chemistry data 

were also used to support the isotopic analysis of the evolution. 

Secondary data were used to analyze groundwater flow and 

isotopic evolution includes geological data (surface and 

subsurface), hydrogeological data (groundwater level) as well 

as isotope groundwater data. The primary data collected from 

an sample of deep groundwater drawn from Sunter bore well. 

Furthermore, groundwater samples were tested content of 

isotopes in the Hydrology Laboratory, National Atomic Energy 

Agency, in Jakarta. Compilation of secondary and primary data 

was conducted to determine the evolution of groundwater 

isotopes in the studied aquifer. 

III. REGIONAL GEOLOGY 

Jakarta Groundwater Basin is the Quaternary basin with a 

thickness of 250 m which deposited in a marine, delta and 

fluvial environments [8]. The upper part of Quaternary 

sediment consists of Upper Pleistocene alluvial fan deposits 

that were exposed in the southern part of the basin, while in the 

north it consists of Holocene marine and non marine sediments. 

Jakarta Groundwater Basin stratigraphy made [9] based on 

the compilation of the Geological Map of Jakarta and 

Karawang Sheet. Rock constituent of groundwater aquifers are 

generally Quaternary sediments of young volcanoes debris, 

river and beach sediments, unconformable overlaid Tertiary 

rocks. Tertiary rock outcrops which limit Jakarta Groundwater 

Basin are located on the west - southwest namely Serpong, 

Genteng, Bojongmanik Formations and Mt. Dago basalt 

intrusion; in the south around Bogor found Klapanunggal 

Formation and in the southeastern region found Serpong, 

Jatiluhur and Klapanunggal Formations outcrops. Some of 

these rock formations composed of Tertiary carbonate rocks. 

For example, Bojongmanik Formation composed of sandstone, 

claystone with limestone intercalation. Klapanunggal 

Formations composed of limestone reefs. 

Quaternary sediment boundary in Jakarta Groundwater 

Basin in three dimensions is not clear. Bore well data indicate 

Tertiary rocks at a depth of 69.50 m in Babakan. Based on 

geological maps and bore well data the bottom limit of 

Quaternary sediments seen as uneven but like horst and graben 

blocks of Bogor to  Depok that deeper to the north - northeast 

[9]. 

The division of the aquifer system in Jakarta Groundwater 
Basin generally refers to Soekardi (1982) in [6] as follows. 

1.  Group of free aquifer (Aquifer I) at a depth of  0-40 m. 

2.  Group of upper confined aquifer (Aquifer II) at a depth 
of 40-140 m. 

3.  Group of lower confined aquifer (Aquifer III) at a depth 
of 140-250 m. 

This aquifer division performed by the marine facies clay 

layers that separate the three aquifers system. 

The groundwater level of Aquifer III in Jakarta in 1995 at  

Kosambi Coast - Pluit area suspected to be under the sea level, 

while in the Tanjung Priok - Marunda estimated between 0-5 m 

(above sea level/asl) [10]. The groundwater level at the central 

part of the research areas such as Tangerang approximately 10 

m (asl), Gambir -10 to -20 m (asl), Pulogadung between 0 to -5 

m (asl) and Bekasi between 10 to 15 m (asl). The southern part 

of the study area have groundwater level ranged between 20 to 

50 m (asl), at Serpong between 30 to 35 m (asl), Pasarminggu 

between 25 to 30 m (asl) and Depok approximately 50 m (asl) 

(Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
Figure 2. Groundwater table map of Aquifer III [10]. 

 

Deep groundwater flow in the Aquifer III of Jakarta 

Groundwater Basin generally runs from south to north, with 

some depression cone in the northern part of the basin. This 

means that the recharge of groundwater in the aquifer III comes 

from the south. By calculating the difference of the of 

groundwater δ18O and δD contents to rain water, the recharge 

zone for the Aquifer III  known to be in the area slopes Mt. 

Salak at an altitude of  977 to 1537 m in the south basin [11]. 

 



Based on the old well data from 1904 until 1922, it is 

known the high saline groundwater is already exists in Jakarta 

area before groundwater drilling conducted on a large scale in 

1960 [2]. The spread of saline / brackish groundwater in 1996 

can be seen on the iso chloride map [3]. The distribution of 

saline/brackish groundwater in Aquifer III limited in several 

places include Kapuk, Ancol and north Gambir areas by 

forming a circular pattern. 

IV. BASIC THEORY 

Isotopes are elements that have the same atomic but 

different mass numbers. An example is the three isotopes of 

hydrogen: 1
1H, 1

2H, 1
3H. Isotope abundance measured by the  

standard deviation ratio according to Fritz and Fontes (1980) in 

[15] as follows. 

 

 
 

δ = standard deviation (‰) 

R = isotopic ratio, example: 18O/16O 

This study used 18O and D (deuterium) isotopes. These 

isotopes are often used in the study of chemical processes. 18O 

and D are non-radioactive, stable isotopes and mainly serve as 

an indicator of groundwater resources [7]. 

Relationship between δ18O and δD precipitation water 

follows the meteoric water line equation. From the results of a 

global investigation [12] it was obtained an equation for 

meteoric water line as follows: δD = 8 δ18O + 10 ‰. 

Fractionation process of isotopic in precipitation is a 

process that depends on the temperature [13]. Thus, if there are 

changes in seasonal temperature at somewhere it will look their 

stable isotope composition variation of precipitation where the 

light value occurs in the cold months. For the same reasons 

precipitation will also has a light isotope content in the polar 

regions / high latitudes, in places further away from the sea as 

well as in places with higher elevation. 

Source of groundwater is meteoric water. Groundwater 

with the isotope composition at meteoric water line comes 

from the atmosphere and is not affected by other isotopic 

process. Deviation from the meteoric water line shows the 

isotopic fractionation processes, which can occur due to the 

exchange with rock minerals (IAEA 1983) in [14], [15]. Then, 

the deviation can be examined to determine the processes that 

occur during the evolution of groundwater in an area. 

The δ18O and δD values has been used to determine the 

genesis of saline groundwater from oil fields in Illinois, 

Michigan, Alberta and Gulf Coast [14]. The results of this 

study indicate that the genesis of saline groundwater is not 

necessarily connate water but can be derived from local 

recharge which subsequently evolved. This conclusion is 

drawn on the basis of the following facts as follows. 

1.  The relationship between TDS with δ18O and δD. 

Increasing TDS followed by increasing of heavier isotope 

content of groundwater, especially on the δ18O. 

Extrapolation of data δ18O towards groundwater with low 

salinity will be in touch with local meteoric water isotope 

composition and not to the value of the seawater isotope. 

This indicates that the saline groundwater is not connate 

water. From this fact, it was concluded that the original 

groundwater which occurred since the time of marine 

sedimentation has been missed for compaction and then 

flushing occurs. 

2.  The relationship between δ18O and δD. 

Plot between these two values indicates that the 

groundwater with the lowest salinity meteoric comes near 

to water line, whereas groundwater with higher salinity 

indicates δ18O enrichment. The relationship between δ18O 

against δD showed that saline groundwater studied form the 

regression line which is not cut the point of sea water, 

which means groundwater was not associated with sea 

water. Groundwater studied showed great δ18O enrichment, 

while enrichment δD were relative small. 

Change in the δ18O groundwater composition mainly 

caused by the isotope exchange that occurs between limestone 

and groundwater.  Clayton (1959) laboratory experiments  

showed that the isotope exchange between water with calcite 

much faster than silicate [14]. Thus it can be expected that the 

exchange of oxygen between water against the limestone is a 

dominant factor in saline groundwater. 

Rocks that influence on the isotope value in rocks 

diagenetic environment has also been investigated. 

Petrographic and stable isotope geochemistry in the limestone 

formations of El Abra in Mexico showed its diagenetic 

environment. The δ18O  values range from -12.41 to -4.02 ‰ in 

these rocks indicate meteoric diagenesis [16]. 

Changes δD of groundwater may be caused by isotope 

exchange with hydrogen bearing minerals such as gypsum and 

clay minerals or hydrocarbons. However, fundamental data 

concerning the exchange between δD and the three materials 

haven’t been established yet, so it is difficult to determine the 

cause of the δD groundwater change. In addition, the variation 

of the value in one area is not large, so it is concluded that this 

exchange is not significant [14]. 

In rural area, isotope exchange between rainwater and 

humidity can slightly shift the values of deuterium excess. In 

high relief, the interaction between rainfall and orographic 

clouds can shift the values of deuterium excess significantly. 

The slope lower of LMWL could be due to the high value of 

the deuterium excess of a higher place and associated with 

orographic precipitation than evaporation during the rain fall. 

The results obtained showed that local orographic features can 

significantly alter the isotopic composition of precipitation 

[17]. 
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Other researchers give the possibility of changes in isotope 

for membrane filtration. Phillips and Bentley (1987) in [18] 

considered that membrane filtration (reverse osmosis) can 

enrich δ18O and δD, while Graf et al, 1965 in [14] explained 

that this process is associated with increasing of δD. 

V. RESULT AND DISCUSSION  

A. Isotope Data 

The primary data represent deep groundwater of Aquifer III 
took from bore well at Sunter in 1997 [19]. This sample has 
been taken in the well which constructed with a telescope 
system so the groundwater in each aquifer zones did not be 
mixed. In addition to the primary data this study was also used 
secondary data [10], [4]. These data are presented in Table 1 
below. 

TABLE I.  DEEP GROUNDWATER (AQUIFER III) ISOTOPE DATA OF 

JAKARTA GROUNDWATER BASIN.TABLE TYPE STYLES 

No. δ18O (‰) δD (‰) TDS (eq/l) Source 

1 -5.55 -31.5 0.113 [19] 

2 -5.85 -35.17 0.037 
[10] 

3 -5,73 -30,52 0.020 

4 -5.7 -35.2 

No data [4] 

5 -5.81 -35.6 

6 -6.22 -34.3 

7 -5.9 -32.6 

8 -5.91 -34.4 

9 -6.19 -35.9 

10 -6.19 -37.3 

11 -5.5 -32.3 

12 -6.23 -37 

13 -6.69 -33.7 

14 -4.91 -31.5 

15 -6.18 -37.5 

16 -6.16 -37.9 

17 -6.59 -38 

18 -6 -35.9 

19 -6.23 -33.3 

20 -5.83 -33.5 

21 -6.14 -38.5 

22 -6.02 -36.7 

23 -6.21 -35 

24 -6.18 -37.7 

25 -6.57 -38.5 
 

Sea water : δ18O = -1.23‰; δD = -6.45‰ [4] 

 

B. Relation of δ18O and δD to TDS 

The increase of the isotope content can be associated with 
salinity increasing (TDS) of groundwater [14].  Basically,  the 
salinity is same as TDS of groundwater [20]. Relations 
between TDS against δ18O and δD in deep groundwater 
(Aquifer III) form a line with gradient 2.55 (Fig. 3). The 
gradient of this line is also included in the range of 
groundwater gradient as in [14] which mean that also showed a 
good relationship between increasing of TDS with increasing 
of δ18O. This is also supported by a correlation of 0.83. Bad 
correlation between TDS against δD (0.14) showed that 
increasing of δD did not relate to the increasing of TDS. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Relation of δ18O and δD to TDS of deep groundwater in Jakarta 
Groundwater Basin. 

 

C. Relation between δ18O and δD 

Local meteoric water line (LMWL) for the Jakarta-Bogor 
area was created by the National Atomic Energy Agency in [5] 
that δD = 7.98 δ18O + 14.14 (Fig.4). The regression line of 
groundwater isotopes in Aquifer III runs far from LMWL. The 
regression line in this aquifer has equation as δD = 3.94 δ18O – 
11.44. With gradient 3.94 then extrapolating the regression line 
for Aquifer III will not intersect with the point of sea water, 
which means that the saline groundwater in this aquifer is not 
connate water or derived from mixing with sea water. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Relation between δ18O and δD in deep groundwater (Aquifer III). 

Notes: ○ [17]; ● [10]; ■ primary data [18] 

 

Increasing of δ18O relatively to local meteoric line can be 
caused by carbonate minerals [14], [21]. Calcareous rocks are 
thought to cause an increasing of groundwater δ18O in the study 
area include limestone. From the research [22] known that in 
some places limestone consists of the Aquifer III, and may 
result the increasing of δ18O groundwater. In addition, the 
limestone is also present in the Tertiary rocks of Klapanunggal 
and Bojongmanik Formations. Thus there would be interpreted 

 

 



that deep groundwater recharge water also through the Tertiary 
limestone. 

The gentle sloping gradient of relationship line between 
δ18O and δD of Aquifer III shows that there was increasing of  
δ18O groundwater without significant increasing of δD. This 
indicates that the groundwater in the aquifer comes from 
meteoric water with isotopic exchange by calcite [14]. 

In contrast to the evolution of δ18O then evolution of δD is 
less obvious [18]. This is confirmed by the statement that δD is 
not affected by the reaction of the aquifer material at low 
temperature [19]. Therefore, the content of δD of groundwater 
study did not clearly indicate an increase to LMWL (Fig. 4). 

In the research area, δD fractionation may occur due to 
isotopic exchange between water with H2S which can be 
derived from the reduction of sulfate or gypsum. The presence 
of gypsum known from XRD analysis of Sunter and Tongkol 
bore wells [23]. 

Membrane filtration processes in the micro-pore clay 
system can affect the increasing of δD in the study area [24], 
[14]. This increasing may occur considering the number of clay 
as a medium for ion filtration process. However, membrane 
filtration is easier occur in a deep aquifer because this process 
requires high pressure, which is equivalent to `depth of 1.6 km 
sediment [24]. Filtration membrane does not really matter in 
sedimentary rocks which are less than 1 km depth [20]. 

D. Distribution of Groundwater Isotopic Content 

δ18O contour patterns of groundwater in the Aquifer III 
form an image that juts into the north in the central area (Fig. 
5) with anomalies in the form of centralization in the 
northeastern of research area. The amount of δ18O content of 
this aquifer is -6.69 ‰ to -4.91 ‰. 

The content of the studied groundwater isotopes were 
generally more and more heavy from south to north. Water 
recharge comes from the south with light δ18O characteristics. 
Furthermore δ18O content of groundwater becomes heavier 
because of the evolution that occurs due to the reaction of 
groundwater against limestone. 

The increasing of  δ18O groundwater content is affected by 
the flow velocity. Rapid groundwater flow may occurred in the 
central part of the research area marked by relatively protrudes 
contour to the north. In the northeastern part of the study area 
occurred circle contour containing heavy δ18O (-4.91‰). It is 
believed to be related to the presence of limestone known in 
bore wells nearby [22]. 

Increasing of δ18O and δD contents from south to north 
were conformable with groundwater flow. Contour patterns in 
some places on the δD distribution map (Fig. 6) seemed more 
concave to the south. This shape differences may be caused by 
groundwater flow speed difference where in the southward 
trending contour pattern, the area have relatively slow 
groundwater flow. Rapid groundwater flow is expected to 
occur in several places marked with contour that juts into the 
north. This is particularly evident on the δ18O distribution 
contour map, but at a δD distribution map there was some 
variations. Thus, the evolution δD is less clear pattern, and this 

evolution is usually not affected by the reaction of the aquifer 
material at low temperature [20] as happened in the studied 
basin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5. Contour map of δ18O of deep groundwater in Aquifer III. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 6. Contour map of δD of deep groundwater in Aquifer III. 

 

 



VI. CONCLUSION  

Evolution of 18O and 2H (D) stable isotopes was studied in 
deep groundwater of Jakarta Groundwater Basin. In this basin, 
deep groundwater flow generally runs from south to north, with 
some concentration in the northern part of the basin. Isotopic 
evolution influenced by the action of water on rock minerals 
along groundwater flow. Isotopic enrichment occurs in 
harmony with groundwater flow, where the stable isotope 
content is generally heavier towards the north. Stable isotope 
enrichment is in association with isotopic fractionation 
processes. The fractionation process may occur in the basin. 
The increasing of  TDS of deep groundwater is followed by an 
increase of δ18O isotopes content, but it is unclear followed by 
an increase of δD. Increasing of the isotope content of 
groundwater in the aquifer is influenced by the speed of 
groundwater flow. Rapid groundwater flow may occur in the 
central part of the research area marked by contours that juts 
into the north. Pattern indented contour is more clearly seen in 
the δ18O distribution contour map, while this pattern on δD 
distribution maps is more varied. 
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Abstract— Jakarta Groundwater Basin is the Quaternary basin 

and has three zones of the aquifer, where the deepest aquifer is 

confined aquifer (Aquifer III). Stable isotope 18O and 2H 

(Deuterium/D) in this research studied to see its evolution, 

particularly in this deep groundwater. Isotopic evolution is 

studied to determine the distribution patterns of distribution and 

factors that may control in the evolution process. The research 

method was sampling of groundwater from bore wells that tap 

water from the Aquifer III, and then tested for the content of 

stable isotope and its TDS. Analyses have been done by using 

primary data and some secondary data of stable isotope and TDS 

data. The results showed that the isotopic evolution occurs in the 

deep aquifer, influenced by the action of water on rock minerals 

along groundwater flow. In general, isotopic enrichment occurs 

in line with groundwater flow, where the content of the stable 

isotope is heavier toward the north. This isotope enrichment 

related to the isotopic fractionation processes, which may be 

occur because of the limestone that consists of the aquifer III and 

Tertiary limestone of Klapanunggal and Bojongmanik 

Formations. Increasing of TDS  in deep groundwater is followed 

by increasing of  the isotope δ18O content, but it is unclear 

followed by an increasing of δD. Increasing of isotope content of 

groundwater in the aquifer is influenced by the groundwater flow 

velocity, where the rapid flow may occurred in the central part of 

the research area indicated by contours that curve northward, 

especially on the δ18O distribution contour pattern. 

Keywords- deep groundwater, stable isotope, evolution  

I.  INTRODUCTION (HEADING 1) 

Jakarta Groundwater Basin is formed by Quaternary 
deposit which is unconformable overlaid of Tertiary basement 
rocks. According to regional physiography, this basin is located 
in the Coastal Plain area of Jakarta, Bogor Anticlinorium and 
Quaternary Volcanoes physiographic units (Fig. 1) [1]. 
Groundwater is quite abundant available in this basin, but 
sometimes saline / brackish groundwater can be found. 
Brackish groundwater is also found even in the deep aquifer. 
Groundwater in the basin has a wide variety of chemical types 
and characteristics of the isotope. Chemical and isotopic 
characteristics are associated with genetic of groundwater. 
Isotopic evolution of deep groundwater in the basin can be 
studied to understand the genetic flow of groundwater. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1. Jakarta Groundwater Basin  in physiographic map of West Java [1]. 
 

High salinity of groundwater in Jakarta has been formed 
prior to human disturbance at a considerable distance from sea 
water (fossil water) [2]. For the deep aquifer, the water salinity 
was caused by a combination of connate Pleistocene and 
Holocene vertical infiltration of sea water. This opinion was 
supported by the analysis of hydrochemistry as well as 18O and 
2H isotopes [3]. 

Studies on stable isotope in Jakarta Groundwater Basin 
have been done by several researchers, among others, using 
statistical methods to identify the presence of sea water 
intrusion [4]. Meanwhile, use of natural isotope data has also 
been used to determine the source of groundwater in Jakarta 
includes groundwater recharge and leakage even though not 
related to the existence of saline groundwater [5]. 

The author has been analyzed the stable isotopes which 
include oxygen-18 (18O) and deuterium (2H or D) to determine 
the isotopic composition of the groundwater. The isotope 
analysis would be expected to note the things that relate to the 
groundwater flow pattern and its isotopic evolution, 
particularly in the deep aquifer. Deep groundwater in this paper 
is the groundwater which is flow in deep, confined aquifer 
(Aquifer III) according to the division from Soekardi (1982) in 
[6]. 
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II. METHOD 

To determine the isotopic evolution of groundwater in the 

basin it needs to know the content of stable isotope 18O and 2H 

(deuterium) because these isotopes can be an indicator of 

groundwater resources [7]. TDS of groundwater chemistry data 

were also used to support the isotopic analysis of the evolution. 

Secondary data were used to analyze groundwater flow and 

isotopic evolution include geological data (surface and 

subsurface), hydrogeological data (groundwater level) as well 

as isotope groundwater data. The primary data collected from 

an sample of deep groundwater drawn from Sunter bore well. 

Furthermore, groundwater samples were tested content of 

isotopes in the Hydrology Laboratory, National Atomic Energy 

Agency, in Jakarta. Compilation of secondary and primary data 

was conducted to determine the evolution of groundwater 

isotopes in the studied aquifer. 

III. REGIONAL GEOLOGY 

Jakarta Groundwater Basin is the Quaternary basin with a 

thickness of 250 m which deposited in a marine, delta and 

fluvial environments [8]. The upper part of Quaternary 

sediment consists of Upper Pleistocene alluvial fan deposits 

that were exposed in the southern part of the basin, while in the 

north it consists of Holocene marine and non marine sediments. 

Jakarta Groundwater Basin stratigraphy made [9] based on 

the compilation of the Geological Map of Jakarta and 

Karawang Sheet. Rock constituent of groundwater aquifers are 

generally Quaternary sediments of young volcanoes debris, 

river and beach sediments, unconformable overlaid Tertiary 

rocks. Tertiary rock outcrops which limit Jakarta Groundwater 

Basin are located on the west - southwest namely Serpong, 

Genteng, Bojongmanik Formations and Mt. Dago basalt 

intrusion; in the south around Bogor found Klapanunggal 

Formation and in the southeastern region found Serpong, 

Jatiluhur and Klapanunggal Formations outcrops. Some of 

these rock formations composed of Tertiary carbonate rocks. 

For example, Bojongmanik Formation composed of sandstone, 

claystone with limestone intercalation. Klapanunggal 

Formations composed of limestone reefs. 

Quaternary sediments boundary in Jakarta Groundwater 

Basin in three dimensions is not clear. Bore well data indicate 

Tertiary rocks at a depth of 69.50 m in Babakan. Based on 

geological maps and bore well data the bottom limit of 

Quaternary sediments seen as uneven but like horst and graben 

blocks of Bogor to  Depok that deeper to the north - northeast 

[9]. 

The division of the aquifer system in Jakarta Groundwater 
Basin generally refers to Soekardi (1982) in [6] as follows. 

1.  Group of free aquifer (Aquifer I) at a depth of  0-40 m. 

2.  Group of upper confined aquifer (Aquifer II) at a depth 
of 40-140 m. 

3.  Group of lower confined aquifer (Aquifer III) at a depth 
of 140-250 m. 

This aquifer division performed by the marine facies clay 

layers that separate the three aquifers system. 

The groundwater level of Aquifer III in Jakarta in 1995 at  

Kosambi Coast - Pluit area suspected to be under the sea level, 

while in the Tanjung Priok - Marunda estimated between 0-5 m 

(above sea level/asl) [10]. The groundwater level at the central 

part of the research areas such as Tangerang approximately 10 

m (asl), Gambir -10 to -20 m (asl), Pulogadung between 0 to -5 

m (asl) and Bekasi between 10 to 15 m (asl). The southern part 

of the study area have groundwater level ranged between 20 to 

50 m (asl), at Serpong between 30 to 35 m (asl), Pasarminggu 

between 25 to 30 m (asl) and Depok approximately 50 m (asl) 

(Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
Figure 2. Groundwater table map of Aquifer III [10]. 

 

Deep groundwater flow in the Aquifer III of Jakarta 

Groundwater Basin generally runs from south to north, with 

some depression cone in the northern part of the basin. This 

means that the recharge of groundwater in the aquifer III comes 

from the south. By calculating the difference of the δ18O and 

δD of groundwater contents to rain water, the recharge zone for 

the Aquifer III  known to be in the area slopes Mt. Salak at an 

altitude of  977 to 1537 m in the south basin [11]. 

 



Based on the old well data from 1904 until 1922, it is 

known that the high saline groundwater is already exists in 

Jakarta area before groundwater drilling conducted on a large 

scale in 1960 [2]. The spread of saline / brackish groundwater 

in 1996 can be seen on the iso-chloride map [3]. The 

distribution of saline/brackish groundwater in Aquifer III 

limited in several places include Kapuk, Ancol and north 

Gambir areas by forming a circular pattern. 

IV. BASIC THEORY 

Isotopes are elements that have the same atomic but 

different mass numbers. An example is the three isotopes of 

hydrogen: 1
1H, 1

2H, 1
3H. Isotope abundance measured by the  

standard deviation ratio according to Fritz and Fontes (1980) in 

[15] as follows. 

 

 
 

δ = standard deviation (‰) 

R = isotopic ratio, example: 18O/16O 

This study used 18O and D (deuterium) isotopes. These 

isotopes are often used in the study of chemical processes. 18O 

and D are non-radioactive, stable isotopes and mainly serve as 

an indicator of groundwater resources [7]. 

Relationship between δ18O and δD precipitation water 

follows the meteoric water line equation. From the results of a 

global investigation [12] it was obtained an equation for 

meteoric water line as   δD = 8 δ18O + 10 ‰. 

Isotopic fractionation process in precipitation is a process 

that depends on the temperature [13]. Thus, if there are changes 

in seasonal temperature at somewhere it will look their stable 

isotope composition variation of precipitation where the light 

value occurs in the cold months. For the same reasons 

precipitation will also has a light isotope content in the polar 

regions / high latitudes, in places further away from the sea as 

well as in places with higher elevation. 

Source of groundwater is meteoric water. Groundwater 

with the isotope composition at meteoric water line comes 

from the atmosphere and is not affected by other isotopic 

process. Deviation from the meteoric water line shows the 

isotopic fractionation processes, which can occur due to the 

exchange with rock minerals (IAEA 1983) in [14], [15]. Thus, 

the deviation can be examined to determine the processes that 

occur during the evolution of groundwater in an area. 

The δ18O and δD values has been used to determine the 

genesis of saline groundwater from oil fields in Illinois, 

Michigan, Alberta and Gulf Coast [14]. The results of this 

study indicate that the genesis of saline groundwater is not 

necessarily connate water but can be derived from local 

recharge which subsequently evolved. This conclusion is 

drawn on the basis of the following facts as follows. 

1.  The relationship between TDS with δ18O and δD. 

Increasing TDS followed by increasing of heavier isotope 

content of groundwater, especially on the δ18O. 

Extrapolation of data δ18O towards groundwater with low 

salinity will be in touch with local meteoric water isotope 

composition and not to the value of the seawater isotope. 

This indicates that the saline groundwater is not connate 

water. From this fact, it was concluded that the original 

groundwater which occurred since the time of marine 

sedimentation has been missed for compaction and then 

flushing occurs. 

2.  The relationship between δ18O and δD. 

Plotting between these two values indicates that the 

groundwater with the lowest salinity meteoric comes near 

to water line, whereas groundwater with higher salinity 

indicates δ18O enrichment. The relationship between δ18O 

against δD showed that saline groundwater studied form the 

regression line which is not cut the point of sea water, 

which means groundwater was not associated with sea 

water. Groundwater studied showed great δ18O enrichment, 

while enrichment δD were relative small. 

Change in the δ18O groundwater composition mainly 

caused by the isotope exchange that occurs between limestone 

and groundwater.  Clayton (1959) laboratory experiments  

showed that the isotope exchange between water with calcite 

much faster than silicate [14]. Thus it can be expected that the 

exchange of oxygen between water against the limestone is a 

dominant factor in saline groundwater. 

Limestone that influence on the isotope value in rocks 

diagenetic environment has also been investigated. 

Petrographic and stable isotope geochemistry in the limestone 

formations of El Abra in Mexico showed its diagenetic 

environment. The δ18O  values range from -12.41 to -4.02 ‰ in 

these rocks indicate meteoric diagenesis [16]. 

Changes δD of groundwater may be caused by isotope 

exchange with hydrogen bearing minerals such as gypsum and 

clay minerals or hydrocarbons. However, fundamental data 

concerning the exchange between δD and the three materials 

haven’t been established yet, so it is difficult to determine the 

cause of the δD groundwater change. In addition, the variation 

of the value in one area is not large, so it is concluded that this 

exchange is not significant [14]. 

In rural area, isotope exchange between rainwater and 

humidity can slightly shift the values of deuterium excess. In 

high relief, the interaction between rainfall and orographic 

clouds can shift the values of deuterium excess significantly. 

The slope lower of LMWL could be due to the high value of 

the deuterium excess of a higher place and associated with 

orographic precipitation than evaporation during the rain fall. 

The results obtained showed that local orographic features can 

significantly alter the isotopic composition of precipitation 

[17]. 



Other researchers give the possibility of changes in isotope 

for membrane filtration. Phillips and Bentley (1987) in [18] 

considered that membrane filtration (reverse osmosis) can 

enrich δ18O and δD, while Graf et al, 1965 in [14] explained 

that this process is associated with increasing of δD. 

V. RESULT AND DISCUSSION  

A. Isotope Data 

The primary data representing deep groundwater of Aquifer 
III took from bore well at Sunter in 1997 [19]. This sample has 
been taken in the well which constructed with a telescope 
system so the groundwater in each aquifer zones did not be 
mixed. In addition to the primary data this study was also used 
secondary data [10], [4]. These data are presented in Table 1 
below. 

TABLE I.  DEEP GROUNDWATER (AQUIFER III) ISOTOPE DATA OF 

JAKARTA GROUNDWATER BASIN.TABLE TYPE STYLES 

No. δ18O (‰) δD (‰) TDS (eq/l) Source 

1 -5.55 -31.5 0.113 [19] 

2 -5.85 -35.17 0.037 
[10] 

3 -5,73 -30,52 0.020 

4 -5.7 -35.2 

No data [4] 

5 -5.81 -35.6 

6 -6.22 -34.3 

7 -5.9 -32.6 

8 -5.91 -34.4 

9 -6.19 -35.9 

10 -6.19 -37.3 

11 -5.5 -32.3 

12 -6.23 -37 

13 -6.69 -33.7 

14 -4.91 -31.5 

15 -6.18 -37.5 

16 -6.16 -37.9 

17 -6.59 -38 

18 -6 -35.9 

19 -6.23 -33.3 

20 -5.83 -33.5 

21 -6.14 -38.5 

22 -6.02 -36.7 

23 -6.21 -35 

24 -6.18 -37.7 

25 -6.57 -38.5 
 

Sea water : δ18O = -1.23‰; δD = -6.45‰ [4] 

 

B. Relation of δ18O and δD to TDS 

The increasing of the isotope content can be associated with 
salinity increasing (TDS) of groundwater [14].  Basically,  the 
salinity is same as TDS of groundwater [20]. Relations 
between TDS against δ18O and δD in deep groundwater 
(Aquifer III) form a line with gradient 2.55 (Fig. 3). The 
gradient of this line is also included in the range of 
groundwater gradient as in [14] which means that also showed 
a good relationship between increasing of TDS with increasing 
of δ18O. This is also supported by a correlation of 0.83. Bad 
correlation between TDS against δD (0.14) showed that 
increasing of δD is not related with the increasing of TDS. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Relation of  δ18O and δD to TDS of deep groundwater in Jakarta 
Groundwater Basin. 

 

C. Relation between δ18O and δD 

Local meteoric water line (LMWL) for the Jakarta-Bogor 
area was created by the National Atomic Energy Agency in [5] 
that δD = 7.98 δ18O + 14.14 (Fig.4). The regression line of 
groundwater isotopes in Aquifer III runs far from LMWL. The 
regression line in this aquifer has equation as δD = 3.94 δ18O – 
11.44. With gradient 3.94 then extrapolating the regression line 
for Aquifer III will not intersect with the point of sea water, 
which means that the saline groundwater in this aquifer is not 
connate water nor derived from mixing with sea water. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 4. Relation between δ18O and δD in deep groundwater (Aquifer III). 

Notes: ○ [17]; ● [10]; ■ primary data [18] 

 

Increasing of δ18O relatively to local meteoric line can be 
caused by carbonate minerals [14], [21]. Calcareous rocks are 
thought to cause an increasing of groundwater δ18O in the study 
area include limestone. From the research [22] known that in 
some places limestone consists of the Aquifer III, and may 
result the increasing of δ18O groundwater. In addition, the 
limestone also presents in the Tertiary rocks of Klapanunggal 
and Bojongmanik Formations. Thus there would be interpreted 

 

 



that deep groundwater recharge water also through the Tertiary 
limestone. 

The gentle sloping gradient of relationship line between 
δ18O and δD of Aquifer III shows that there was increasing of  
δ18O groundwater without significant increasing of δD. This 
indicates that the groundwater in the aquifer comes from 
meteoric water with isotopic exchange by calcite [14]. 

In contrast to the evolution of δ18O then evolution of δD is 
less obvious [18]. This is confirmed by the statement that δD is 
not affected by the reaction of the aquifer material at low 
temperature [19]. Therefore, the content of δD of groundwater 
studied is not clearly indicates an increasing to LMWL (Fig. 4). 

In the research area, δD fractionation may occur due to 
isotopic exchange between water with H2S which can be 
derived from the reduction of sulfate or gypsum. The presence 
of gypsum known from XRD analysis of rocks from Sunter 
and Tongkol bore wells [23]. 

Membrane filtration process in the micro-pore clay system 
can affect the increasing of δD in the study area [24], [14]. This 
increasing may occur considering the number of clay as a 
medium for ion filtration process. However, membrane 
filtration is easier occur in a deep aquifer because this process 
requires high pressure, which is equivalent to `depth of 1.6 km 
sediment [24]. Filtration membrane does not really matter in 
sedimentary rocks which are less than 1 km depth [20]. 

D. Distribution of Groundwater Isotopic Content 

δ18O contour of groundwater in the Aquifer III form an 
patterns  that juts into the north at central area (Fig. 5) with 
anomalies in the form of centralization in the northeastern of 
research area. The amount of δ18O content of this aquifer is -
6.69 ‰ to -4.91 ‰. 

The content of the studied groundwater isotopes were 
generally more and more heavy from south to north. Water 
recharge comes from the south with light δ18O characteristics. 
Furthermore δ18O content of groundwater becomes heavier 
because of the evolution that occurs due to the reaction of 
groundwater against limestone. 

The increasing of  δ18O groundwater content is affected by 
the flow velocity. Rapid groundwater flow may occurred in the 
central part of the research area marked by relatively protrudes 
contour to the north. In the northeastern part of the study area 
occurred circle contour containing heavy δ18O (-4.91‰). It is 
believed to be related to the presence of limestone known in 
bore wells nearby [22]. 

Increasing of δ18O and δD contents from south to north 
were conformable with groundwater flow. Contour patterns in 
some places on the δD distribution map (Fig. 6) seemed more 
concave to the south. This shape differences may be caused by 
groundwater flow speed difference where in the southward 
trending contour pattern, the area have relatively slow 
groundwater flow. Rapid groundwater flow is expected to 
occur in several places marked with contour that juts into the 
north. This is particularly evident on the δ18O distribution 
contour map, but at a δD distribution map there are some 
variations. Thus, the evolution δD is less clear pattern, and this 

evolution is usually not affected by the reaction of the aquifer 
material at low temperature [20] as happened in the studied 
basin. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 5. Contour map of δ18O of deep groundwater in Aquifer III. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Contour map of δD of deep groundwater in Aquifer III. 

 

 



 
 

VI. CONCLUSION  

Evolution of 18O and 2H (D) stable isotopes has been 
studied in deep groundwater of Jakarta Groundwater Basin. In 
this basin, deep groundwater flow generally runs from south to 
north, with some concentration in the northern part of the 
basin. Isotopic evolution influenced by the reaction of water on 
rock minerals along groundwater flow. Isotopic enrichment 
occurs in harmony with groundwater flow, where the stable 
isotope content is generally heavier towards the north. Stable 
isotope enrichment is in association with isotopic fractionation 
processes. The fractionation process may occur because of the 
limestone that consist of aquifer III and Tertiary limestone of 
Klapanunggal and Bojongmanik Formations. The increasing of  
TDS of deep groundwater is followed by the increasing of δ18O 
isotopes content, but it is unclear followed by the increasing of 
δD. Increasing of the isotope content of groundwater in the 
aquifer is influenced by the speed of groundwater flow. Rapid 
groundwater flow may occur in the central part of the research 
area marked by contours that juts into the north. Pattern 
indented contour is more clearly seen in the δ18O distribution 
contour map, while this pattern on δD distribution maps is 
more varied. 
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