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Integrated Analyses of Soil CO; and Rn Gases and Groundwater Geochemistry for Detecting Hidden
Geothermal System with a Case Study of Mt. Endut Field in Indonesia
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Geothermal energy holds significant promise for sustainable power generation, yet many resources
remain locked in Hidden Geothermal Systems (HGS) that lack surface manifestations. Exploration of these
blind systems is risky and costly due to the absence of obvious indicators such as hot springs or fumaroles.
Developing robust, integrated, and cost-effective exploration approaches is therefore essential to reduce
uncertainty.

This research develops and applies a multi-method geochemical framework to identify and characterize
hidden systems by selecting the Mt. Endut area, west Java, Indonesia, as a case study. The approach
integrates (1) a low-cost portable CO; flux device (PCFD), (2) soil-gas geochemistry (CO; flux, '*C-CO,,
22Rn, 2°Rn), and (3) hydrogeochemistry of groundwater and surface waters combined with least-squares
mixing models. Consequently, these methods provide complementary evidence to detect concealed
geothermal fluids and improve confidence in exploration outcomes. This dissertation consists of the
following seven chapters.

Chapter 1—Introduction: The introduction sets out the research background, challenges in HGS exploration,
and the specific objectives. Although Indonesia has vast geothermal potential, many resources remain
underutilized due to exploration risks. The novelty of this dissertation lies in an integrated geochemical
approach: developing affordable instrumentation, applying multi-tracer soil-gas and groundwater
geochemistry, and cross-validating datasets to confirm hidden reservoirs. Mt. Endut, adjacent to the
Cikawah geothermal field but with no surface manifestations, was chosen as the study area.

Chapter 2—Regional Geology: This chapter outlines the geology and tectonic framework of Mt. Endut. The
stratigraphy consists of Tertiary sedimentary units overlain by volcanic andesite. The NNE-SSW Endut
normal fault is identified as a critical structure, which plays a central role in geothermal fluid circulation.
Previous geophysical studies hinted at hidden geothermal potential, but without field confirmation. This
geological background provides the structural context for subsequent geochemical investigations.

Chapter 3—Development of the portable CO, Flux Device: The design and validation of the PCFD are
presented. The instrument was tested against a Shimadzu Intelligent Flowmeter and a commercial West
System device, yielding sufficient agreement (R* = 1.00 and 0.97, respectively). The PCFD can measure

fluxes up to 100,000 g m? day™!, covering the full range expected in geothermal areas. Its low cost and
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portability make it a valuable tool for exploration, particularly in remote or resource-limited settings.

Chapter 4—Soil Gas Analysis: Soil-gas surveys identified localized CO, flux anomalies along structural
features. Stable carbon isotopes distinguished hydrothermal CO; from shallow biogenic sources. Radon
isotopes provided depth-sensitive tracers:

e Rnindicated gas transport along deeper fractures.

e 22Rn reflected near-surface diffusion and short-lived seepage.
In addition, these tracers showed that the Endut normal fault functions as a partial barrier that restricts
fluid migration but permits localized leakage, producing detectable geochemical anomalies.

Chapter 5—Hydrogeochemistry: Groundwater samples were analyzed for major ions, trace elements, and
stable isotopes. Using a least-squares mixing model, geothermal fluid contributions of up to 16.8% were
quantified in shallow aquifers. 3'®0 and 8D signatures confirmed meteoric recharge at elevations between
617 and 828 m. Key geothermal tracers such as Cl, Li, B, Sb, Cs, and As supported the presence of deep
fluid mixing, despite the absence of surface hot springs.

Chapter 6—Integrated Conceptual Model: Results from soil-gas analysis and hydrogeochemistry were
integrated into improving a conceptual model of the geothermal system:

e The Cikawah system is sustained by a shallow andesite intrusion with active surface discharge.

e The Endut HGS is supplied by a deeper heat source but remains concealed beneath a thick cap rock.

e The Endut normal fault separates the two systems, acting both as a boundary and a leakage pathway.
This integrated model provides a coherent understanding of the Mt. Endut geothermal area, confirming
the existence of a hidden reservoir.

Chapter 7—Conclusion and Future Work: This chapter summarizes the main results, contributions, and
recommendations for future research.

This PhD study makes three main contributions:

1. Innovation: development of a validated, affordable CO; flux device.

2. Discovery: confirmation of the Mt. Endut Hidden Geothermal System through multiple geochemical
lines of evidence.

3. Framework: demonstration of an integrated exploration methodology for reducing risk in blind
system detection.

Future work should expand this framework to other volcanic regions, incorporate advanced geophysics,

and apply long-term monitoring. Beyond its scientific value, the approach supports Indonesia’s renewable

energy strategy and global energy transition goals.
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BAEAREBTZ ALY —O D> ThLIHBAERAZFH L BEITITREERFO CO, &
WD TAHR <, RIFICELA SN TRIEHEB RN KGR A HEEICH S THRERICH
WE BT, HARKBEE W RERFELNH D, ORI B E &
WAELZEEIML TWL2, SHMAREZ —BRE ST 5121, #TNICITEEESFE
THLOOMBICEHKHERPRIBE R EOMBIKBEL DR VWE NI HEREITRLR S
() MBS 27 LOBELERIBAAIXRIZR D, AL, LEIT RO CO, 77
v 7 A RBRENAR « 7 KA RBRE, #FARFER Y, 8L OHEIREFOKEM®
Mrick o CHEBEMBY AT AR OATRESRZ R L, TOY AT LAORKMKEBKERN
EHOPICLIED TOMERILFHMETCHDL, AV KR TT « DX UERBHOT
TallZ 4=V RETF—ZARZT 4 O/RELEERBEREITRD 4 JIZEBEDLND,

1) kD CO 7 7 v 7 APELITEMTHMIEICE DLV MENRDY, Zhzdk®
THREDICHANRELEMAAbE CO, 7T v 7 2lEMH (PCFD) #BI% L,
EN LA TORIEERIZ LY PCFD O EMERIE A2 L RRETHL Z &
RER L7, PCFD IC XV =T all7 s — VRO XD @iz c7r 7 AL
R TH, BB TEZOMEICEIT S5 Co, 7T v 7 ARENARRIZ/R > T,

2) RFFRNARSPC OF — X2 XLV, PCFD THIE L7= 237 D CO, 7T v 7 AT
WTAER I bBKERSFAE T 55 AR E CE/, 72 68 Hi L TRAEL 72
P N R 222Rn &V 22Rn DR (222Rn,22Rn) B LN 22Rn BED T — ¥
DA GLENDL, TRUYTADY —RAREEZERT, BHICXST 2 FEEZREL
oo TNHICEDV T 2 EWBERBIEMAS AT LAOERIZ/R > TS LERT
Tl bz, BKERTEW CO2 77 v 7 AMD2E\ 22Rn Y — A D K16 H
By g o s O HEE b FTERIC R o T,

3) KRB SITIC K D EE A A, EIL#KE (Cl, Li, B, As, Rb, Sb, Sc), KZEF
AR (80 & 8D) ZMlAADLELE~ALT b L —Y—FK/Ph2FEAETVICEY, &
BT 4= NICBIT M T ARK~DOEREITHEFEALOREAS LT 1.1~16.8% D FiHIZ &
D, BREFEFZ T 2 EWEMNEITRELI R E0D, FAKEICH > liED E
APRRE ST, £z, BMH T KOKEZTEICRBEEMRE, 7L 7 A RER
b7 E DR 72 KEHME 7 a2 AZER T 25 2 &N o7 v 7 ZFH» 6
ST, D b HBAEKOIRGEOKI BN DL,

4) Ak T — ZRREHTRE B & UG — HUE i (MT) SRAEIC K 2 iRt fi, EHRE~
YT OMEICELY, Frv Ty 7ERELS, ZOREENFFICEN Z & THEER
TOEAPMZONTH FKICE2HREBEMLTNHEHE I, ZOMKEMEICH
Bk AN T, BEMBES AT AR > TWVDH ERENICHKTE -,
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b, KX TORBFEOFEMMELGHMEITE S, BEMB S X T LO8E LK
HICEATE2 2R RENTZOT, Fiff kL, EBELE F53T2L2A0807< 720,
XoT, Kigxxixttt (L% OFMmXE L TMELLI LD LERDD, /=, &
THESH I8 H, MXHNARLZFNICHE L-EEIZOWTHBZ2IT Y, HEE N E %
WP RGEEZHB - L TWA I 2ERL, K ERDT,

F o, RERCE, KB RFZAMFERE 14 5LF 2 HICEYT I L0 LHEL, AR
L CIE, YEMXOELIRZATEONELZEHNLEZLOLETHZ 2R D,




