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Summary. The Ponjong Hydrogeological Subsystem is a part of the Gunungsewu Karst Area
on Java Island, Indonesia, and is uniquely influenced by allogenic recharge. This allogenic river
system exists because the karst in this subsystem develops over a Tertiary volcanic formation. The
contact between the Wonosari Formation limestone and the volcanic rocks, primarily composed of
explosive volcanic materials from the Semillir Formation, allows this system forming. In this area,
allogenic river catchments are dominated by relatively impermeable volcanic rocks and steep gra-
dients, which often lead to flash floods. This study aimed to determine the characteristics of the
cave and conduit networks within the underground river system influenced by allogenic recharge.
An artificial tracer test using fluorescent dyes with breakthrough curves recorded by a fluorometer
was conducted. Data analysis revealed that large, single conduits predominantly shape the cave
networks in the study area. Due to the large discharge and steep gradient of the underground river
system, a single conduit is formed instead of a maze-like cave system. The identification of con-
nectivity between the allogenic rivers and the Gremeng Resurgence highlights that the karst drain-
age basin of the Gremeng Resurgence is not part of the Beton Karst Drainage Basin, as previously
suggested by researchers who used methods other than artificial tracer tests. The development of
large underground river systems indicates a high vulnerability to groundwater pollution and the
ability to release groundwater reserves quickly. This poses a challenge for future environmental
management, particularly in relation to water quality and water resource quantity management.
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Introduction

The Gunungsewu Karst area is located in the
south-central part of the island of Java, Indonesia.
This karst area is one of the most extensive karst
areas in Indonesia with enormous water resource
potential. Several underground rivers and springs
have been utilized to meet the water needs of the

communities in the karst area and also the surround-
ing areas.

The Gunungsewu Karst Area has six hydrogeo-
logical subsystems (Fig. 1) (Haryono et al., 2017).
One of which is Ponjong Subsystem (Cahyadi et al.,
2018a; Riyanto et al., 2018). This subsystem con-
sists of springs and resurgence with large discharges
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and a well-developed underground river system
(Haryono, 2011).

Ponjong differs from the other subsystems in
Gunungsewu in the presence of allogenic recharge
(Cahyadi et al., 2018b). Allogenic is a type of water
recharge that supplies an underground river or
groundwater in karst areas and originate in non-karst
areas (Ford & Williams, 2007; Gilli, 2015). In Pon-
jong Subsystem, the allogenic recharge flows from
the north, which is a hilly area with tertiary volcanic
rocks (Adji, 2011; 2012). Some experts refer to the
catchment area of this subsystem as Panggung Mas-
sive (van Bemmelen, 1949).

The allogenic river emerging in Ponjong Sub-
system is attributable to the contact between tertiary
volcanic rocks and the underlying limestone that
forms Gunungsewu Karst Area. These volcanic
rocks are part of the four ancient volcanoes, namely
Panggung, Manyaran Wonodadi, and Wuryantoro
ancient volcano (Fig. 2) (Akmaluddin et al., 2005;
Surono, 2008; Bronto et al., 2009). On the 1:100,000
Geologic Map of Surakarta published by the Geo-
logical Agency, these volcanic materials are cons-
tituents of the Semilir Formation (Tms) and Wono-
sari Formation (Tmwl) (Surono et al., 1992).

Allogenic recharge in underground riv-
ers/groundwater systems in karst areas is thought to
have a considerable influence on the development of
cave networks (Palmer, 2007; 2001). Open systems
in allogenic rivers allow the entry of water with high

concentrations of carbon dioxide into the karst
groundwater system, and the dissolution process is
thereby more intensive than in areas controlled by
autogenic recharge (closed system) (Auler, 2013).
Moreover, large amounts of water likely cause high-
ly intensive erosion on the walls of caves and under-
ground rivers, although not throughout the year
(White, 1988; Palmer, 2007).

Characterizing dissolution passages and flow
connectivity is the first part of defining karst drain-
age basins. Defining the karst drainage basin (KDB)
or catchment area is very important in environmental
management (Abdulrazzaq et al., 2022, Imrani et al.,
2023). Karst areas with highly developed dissolution
passages have very different characteristics from
undeveloped karst areas. In addition to the vulnera-
bility to pollution, these conditions are also related
to the storage and release properties of karst aqui-
fers, thus determining the condition of water re-
sources in a region.

This study aimed to determine the characteris-
tics of the cave passages and their connectivity with-
in the Ponjong Hydrogeological Subsystem. Under-
standing the effects of allogenic recharge on the
network shape is crucial for managing karst areas in
general (Eppelbaum et al., 2014), and particularly
those regions affected by allogenic recharge in the
future. This paper presents a case study of the Kali-
mati Sinking Stream - Gremeng Resurgence system,
an underground river system at the research site.
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Fig. 1. The Hydrogeological System of Gunungsewu Karst Area
(Sources: Shuttle Radar Topography Mission United States Geological Survey)
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Methods

The artificial tracer test resulted in breakthrough
curve from which the characteristics of the karst
cave networks were identified. Breakthrough curve
recording was done with 2 fluorometers placed in
Gremeng and Beton Resurgence. Tracer test is a
method of tracking or tracing subsurface channels
using water tracing agents (Stanley et al., 1980;
Kiss, 1998; Field, 2003; Field, 2005; Worthington,
2011). This research used two tracing agents or fluo-
rescent dyes, namely uranine and tinopal. Both sub-
stances were selected because they are safe to use
and easily detected even in minute concentrations
(Hess and White, 1989; Behrens et al., 2001,
Benischke et al., 2007).

The quantities of dye tracer used in this study
are based on the equation proposed by Benischke et
al. (2007), as shown in Equation 1. This equation
was chosen because it generally does not overesti-
mate the amount of dye tracer needed and does not
result in a flat curve in the breakthrough curve
(BTC) recording, as it does not exceed the maximum
concentration that the fluorometer can detect. M rep-
resents the quantity of dye tracer required, in Kkilo-

grams (kg). L is the distance from the injection point
to the observation point, where the fluorometer is
installed, measured in kilometres (km). Q is the dis-
charge during artificial tracer tests conducted at the
study site, in litres per second (L/s). C is the target
peak concentration to be obtained, measured in mi-
crograms per litre (ug/L). The peak concentration
refers to the maximum concentration recorded by the
fluorometer.
M =1,9.10"°(LQC)%% 1)
The fluorescent dye was injected into Kalimati
Sinking Stream (Fig. 3), and its appearance was ob-
served at Beton and Gremeng Resurgences. This
procedure was carried out because underground riv-
ers controlled by allogenic recharge can form maze
caves, which are underground passageways with
many branches (Palmer, 2007). The observation re-
sults were recorded in a fluorometer and analysed
based on the shape of the resultant breakthrough
curve. Some conduits that are identifiable by the
breakthrough curve analysis are shown in Fig. 4.
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Fig. 2. The Ancient Volcanoes around the Ponjong Hydrogeological Subsystem
(Sources: Geological Map from Geological Agency of Indonesia and DEMNAS from Geospatial Information Agency of Indonesia)
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Fig. 3. The Hydrological Conditions of the Karst Area with Ponjong Hydrogeological Subsystem
(Sources: Shuttle Radar Topography Mission United States Geological Survey and Field Survey)
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Fig. 4. Several Types of Cave Networks in Karst Underground River
(Modification from Goldscheider et al., 2008)
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Results and Discussion

The analysis results showed that the fluorescent
dye (uranine) injected into Kalimati Sinking Stream
appeared in Plalar Resurgence. From this resurgence
site, the monitoring detected that the karst water
flew through a surface river toward Sumurup Sink-
ing Stream before re-emerging in Gremeng Resur-
gence. Since the fluorometer at Beton Resurgence
did not read the presence of uranine, it implies that
the allogenic system of Kalimati is not part of the
networks that shape Beton Resurgence. This finding
is different from previous studies in the same loca-
tion because they employed different methods,
namely topographic considerations (Budiyanto, Les-
tari, 2019), topography, cave distribution, and sink-
ing stream (Pratiwi, 2013), and water balance (Les-
tari et al., 2014). Fig. 5 illustrates the complete con-
nectivity between the sinking streams and resur-
gences at the research site.

In addition to Kalimati, the tracer dye was in-
jected into Seropan Sinking Stream. Although this
dye did not appear at Gremeng Resurgence, it was
detected in Beton Resurgence. It indicates that Sero-
pan Sinking Stream and Gremeng Resurgence are

from two separate systems. These results are in line
with Pratiwi (2013) and Lestari et al. (2014) but con-
trary to Budiyanto, Lestari (2019) that include Sero-
pan Sinking Stream into the Gremeng Resurgence
system.

Recording by fluorometer at Gremeng Resur-
gence produced a breakthrough curve, as presented
in Fig. 6. The breakthrough curve was in a single
form, representing a single conduit (Goldscheider et
al., 2008; Leibundgut et al., 2009; Gilli, 2015). The
steep curve with a short transit time shows that the
cave network is well-developed and somewhat large.
A single conduit is the characteristic of caves affect-
ed by allogenic recharge in addition to maze cave.

The BTC of artificial tracer test results at Kali-
mati Sinking Stream — Gremeng Resurgence showed
that the dye tracer was first detected after 82
minutes. This indicates the rapid flow of water in the
underground river, the highly developed dissolution
tunnels, and the very high susceptibility to contami-
nation. The dye tracer concentration peaked approx-
imately 22 minutes after injection and was last de-
tected after 223 minutes.
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Fig. 5. The Connectivity Between the Sinking Streams and Resurgences in Ponjong Hydrogeological System Based on Tracer Test
(Sources: Shuttle Radar Topography Mission United States Geological Survey and Field Survey)
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Fig. 6. The Breakthrough Curve at Gremeng Resurgence

Single conduits develop in karst areas controlled
by allogenic recharge because the water intermittent-
ly flows in a large quantity (for example, flash
floods) and at a fast rate as a consequence of under-
ground river flow with high gradient. The high gra-
dient is caused by the vast difference in elevation of
sinking stream and resurgence over a short horizon-
tal distance. Cahyadi et al. (2022) mentioned that
underground river passages formed in Beton Karst

Drainage Basin / KDB (located east of Gremeng
KDB) also have single conduit characteristics for all
dissolution passages formed (Fig. 7). The BTC
recorded at Beton Resurgence shows a shorter time
span between the first and last detections compared
to the BTC at Gremeng Resurgence. With relatively
similar spacing, this suggests a more developed dis-
solution tunnel in the Beton KDB.
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Fig. 7. The Breakthrough Curve at Beton Resurgence
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The catchment area of the allogenic river sys-
tem that enters Gremeng Resurgence is 13.25 km?
(Cahyadi et al., 2018b). It is mostly composed of
volcanic rocks like basaltic-andesitic lava, tuff, vol-
canic breccia, and agglomerates. Because these
rocks poorly absorb water, the rain falling on them
transform to high amounts of runoff. Also, the eleva-
tions of Sumurup Sinking Stream and Gremeng Re-
surgence differ by 60 m with a horizontal distance of
800 m, creating a high gradient. Area of watershed
of allogenic river, the geological character of the
catchment, and high gradient are the factors that
form a single conduit system. Unlike this network
system, Pindul — an underground river system in
Wonosari Basin — has multiple conduit networks and
a slightly sloping breakthrough curve (Cahyadi, Ag-
niy, 2016). Despite its broader catchment area, Pin-
dul has a low gradient that allows the development
of these networks.

The development of advanced dissolution tun-
nels with large single conduits allows for rapid flow
of underground rivers. This will certainly lead to
rapid release of water from the aquifer. This causes
the water that enters the underground river to be dis-
charged quickly. On the other hand, the connectivity
of the Gremeng Resurgence with the allogenic rivers
at the ground surface causes the vulnerability to pol-
lution from the Gremeng Resurgence to be very

high. Protection of the karst drainage basin in
Gremeng Resurgence requires management of the
area outside the karst area which is an allogenic wa-
tershed. It is an integral part of the karst area that
feeds the Gremeng Resurgence through autogenic
recharge.

Conclusions

The breakthrough curve represents the deve-
lopment of an extensive, single conduit cave net-
work in the Ponjong Hydrogeological Subsystem.
Also, the absence of fluorescent dye emerging at
springs or other resurgences indicates that maze cave
does not form in the study area. Single conduits are
the result of intermittent allogenic recharge with a
substantial quantity. Kalimati Sinking Stream is lo-
cated at a significantly different elevation than
Gremeng Resurgence, results in high gradient and
rapid flow of water in the underground river system.
Consequently, instead of a maze cave, a single con-
duit dominates this system.

Acknowledgement

This research is part of the first author’s disser-
tation and is funded by the 2019 Research Grant for
Young Lecturers of Universitas Gadjah Mada. Au-
thors would like to thank all parties who have assist-
ed in this research.

REFERENCES

Abdulrazzaq ZT, Ahmed MM, Salih SA, Asfahani J (2022) Hydro-geophysical parameters estimation of porous aquifer using geoe-
lectrical technique — case study from Baiji-Tikrit Sub-Basin, Irag. ANAS Transactions Earth Sciences 1:3-16. https:/
doi.org/10.33677/ggianas20220100068

Adji TN (2011) Baseflow separation of the Bribin River Upstream in Gilap Cave Flowage, Sewu Mountain Karst, Gunung Kidul,
Yogyakarta. Jurnal Geologi Indonesia 6(3):165-175. https://doi.org/10.17014/ijog.6.3.165-175 (in Indonesian)

Adji TN (2012) Wet season hydrochemistry of Bribin Cave in Gunung Sewu Karst, Indonesia. Environmental Earth Sciences
67(6):1563-1572. http://dx.doi.org/10.1007/s12665-012-1599-x

Akmaluddin, Setijadji DL, Watanabe K, Itaya T (2005) New interpretation on magmatic belts evolution during the Neogene-
Quaternary periods as revealed from newly collected K-Ar ages from Central-East Java, Indonesia. Proceedings Joint Convention
Surabaya 2005 — HAGI-IAGI-PERHAPI. The 30th HAGI, The 34th IAGI, and The 14th PERHAPI Annual Conference and Ex-
hibition. http://repository.ugm.ac.id/digitasi/download.php?file=3261

Auler AS (2013) Sources of water aggressiveness — the driving forces of karstification. In: Treatise on Geomorphology, vol. 6. Else-
vier Inc., London p 23-28, https://doi.org/10.1016/B978-0-12-374739-6.00099-3

Behrens H, Beims U, Dieter H et al. (2001) Toxicological and ecotoxicological assessment of water tracer. Hydrogeology Journal 9:
321-325. https://doi.org/10.1007/s100400100126

Benischke R, Goldscheider N, Smart C (2007) Tracer techniques. In: Methods in karst hydrogeology. Taylor and Francis Group,
London, p 147-170

Bronto S, Mulyaningsih S, Hartono G, Astuti B (2009) Waduk Parangjoho and Songputri Reservoirs: alternative eruption sources of
Semilir Formation in Eromoko Area, Wonogiri Regency, Central Java. Jurnal Geologi Indonesia 4(2):79-92. http://dx.doi.org/
10.17014/ijog.4.2.77-92 (in Indonesian)

Budiyanto E, Lestari EP (2019) Sensitivity of Gremeng Karst Spring to rainfall in its catchment area. Jurnal Geografi: Geografi dan
Pengajarannya 17(1):63-70 (in Indonesian)

Cahyadi A, Agniy RF (2016) Breakthrough curve analysis for passage characterization in Pindul underground river system.
https://osf.io/preprints/inarxiv/3bs2v/ (in Indonesian)

Cahyadi A, Riyanto IA, Adji TN et al (2018a) Hydrostratigraphy and its impact on the emergence of springs in the Panggang Sub-
System, Gunungsewu Karst Region, Gunungkidul Regency. Proceedings of Seminar Nasional Geografi Il organized by Him-
punan Mahasiswa Pascasarjana Geografi (HMPG) UGM. https://doi.org/osf.io/preprints/inarxiv/pc9fv/ (in Indonesian)

Cahyadi A, Riyanto I, Irshabdillah MR et al (2018b) Inventory and characterization of allogenic river flow system in Karst
Gunungsewu Area of Gunungkidul Regency. Research Report (Faculty of Geography, Universitas Gadjah Mada), Yogyakarta,
Indonesia, 92 p. https://acadstaff.ugm.ac.id/karya_files/inventarisasi-dan-karakterisasi-sistem-aliran-sungai-alogenik-di-kawasan-
karst-gunungsewu-kabupaten-gunungkidul-0eab08e1810838be9e4be72cdfed4ac? (in Indonesian)

95


http://repository.ugm.ac.id/digitasi/download.php?file=3261
https://doi.org/10.1016/B978-0-12-374739-6.00099-3
http://dx.doi.org/
https://osf.io/preprints/inarxiv/3bs2v/
https://doi.org/osf.io/preprints/inarxiv/pc9fv/

A.Cahyadi et al. /| ANAS Transactions, Earth Sciences 2 /2025, 89-97; DOI: 10.33677/ggianas20250200156

Cahyadi A, Adji TN, Haryono E, Widyastuti M, Agniy RF (2022) Tracing flow directions of the Pentung Allogenic River in
Gunungsewu Karst Area, Gunungkidul, using artificial tracer test. IOP Conference Series: Earth and Environmental Science, vol.
1098 (1). https://iopscience.iop.org/article/10.1088/1755-1315/1098/1/012048

Davis SN, Thompson GM, Bentley HW, Stiles G (1980) Ground-water tracers — a short review. Groundwater Journal 18(1):14-21.
https://doi.org/10.1111/j.1745-6584.1980.tb03366.x

Eppelbaum L, Zheludev V, Averbuch A (2014) Diffusion maps as a powerful tool for integrated geophysical analysis to detecting
hidden karst terranes. ANAS Transactions Earth Sciences 1-2:36-46

Field MS (2003) A review of some tracer-test design equations for tracer-mass estimation and sample-collection frequency. Envi-
ronmental Geology 43:867—881. https://doi.org/10.1007/s00254-002-0708-7

Field MS (2005) Tracer-Test design for losing stream-aquifer systems. International Journal of Speleology 35(1):25-36.
http://dx.doi.org/10.5038/1827-806X.35.1.4

Ford D, Williams P (2007) Karst hydrology and geomorphology. John Wiley and Sons Ltd., Chichester, West Sussex, United State
of America, p 576. https://doi.org/10.1002/9781118684986

Gilli E (2015) Karstology — karst, caves and springs: elements of fundamental and applied karstology. CRC Press, Boca Raton, Flor-
ida, United State of America, p 256. http://dx.doi.org/10.1201/b18380.

Goldscheider N, Meiman J, Pronk M, Smart C (2008) Tracer tests in karst hydrogeology and speleology. International Journal of
Speleology 37(1):27-40. http://dx.doi.org/10.5038/1827-806X.37.1.3

Haryono E (2011) Introduction to Gunungsewu Kkarst. Field Guide. Asian Trans-Disciplinary Karst Conference.
https://osf.io/preprints/inarxiv/7w2sh_v1

Haryono E, Barianto DH, Cahyadi A (2017) Hydrogeology of Gunungsewu Karst Area: field guide for the 2" annual scientific week
of the association of Indonesian groundwater experts. https://osf.io/preprints/inarxiv/t5dgp/ (in Indonesian)

Hess JW, White WB (1989) Chemical hydrology. In: Karst hydrology: concepts from the Mammoth Cave Area. Springer, New
York, United State of America, p 145-174

Imrani ZT, Zeynalova KZ, Hidayati GA (2023) A study of caves and their speleotourism potential in Azerbaijan. ANAS Transac-
tions Earth Sciences 1:100-110. http://doi.org/10.33677/ggianas20230100097

Kiss W (1998) Tracing technique in geohydrology. Balkema, Rotterdam, Netherland, 602 p

Leibundgut C, Maloszewski P, Kiills C (2009) Tracers in hydrology. Wiley Blackwell, New York, USA, 432 p

Lestari Y, Haryono E, Fatchurohman H (2014) Identification of catchment area criticality level to determine management direction:
case study of Beton Spring Catchment, Ponjong, Gunungkidul. In: Environmental ecology of Indonesian Karst Areas: maintain-
ing the preservation of Indonesia's Karst Areas, Second Edition. Deepublish, Yogyakarta, Indonesia, p 52-65 (in Indonesian)

Palmer AN (2001) Dynamics of cave development by allogenic water. Acta Carsologica 30(2):13-32

Palmer AN (2007) Cave geology. Caves Books, Dayton, Ohio, United State of America, p.454

Pratiwi ES (2013) Weaknesses and constraints of the application of the EPIK method in determining intrinsic groundwater vulnera-
bility zoning in the Gunungsewu Karst Area, Indonesia. In: Environmental ecology of Indonesian Karst Areas: maintaining the
preservation of Indonesia's Karst Areas, First Edition, Deepublish, Yogyakarta, Indonesia, p 53-63. https://books.google.co.id/
books/about/Ekologi_lingkungan_Kawasan_Karst_Indones.html?id=i05iEQAAQBAJ&redir_esc=y (in Indonesian)

Riyanto 1A, Cahyadi A, Adji TN, Haryono E et al (2018) Connectivity analysis and characterization of passage using tracer test in
epikarst spring of Panggang Sub system, Gunungsewu Karst Area. Proceeding of Indonesian Hydrogeologist Expert Community
Annual meeting (in Indonesian)

Surono BT, Sudarno I, Wiryosujono S (1992) Geology of the Surakarta-Giritontro Quadrangles, Java: Bandung, geological research
and development center, Indonesia, scale 1:100,000

Surono S (2008) Sedimentation of the Semilir formation in Sendang Village, Wuryantoro, Wonogiri, Central Java. Jurnal Sumber
Daya Geologi 28(1):29-41 (in Indonesian)

van Bemmelen RW (1949) The geology of Indonesia. Vol. 1A, General geology. Martinus Nijhoff, The Hague, Netherland

White WB (1988) Geomorphology and hydrology of karst terrains. Oxford University, New York, p 480

Worthington SRH (2011) Management of carbonate aquifers. In: Karst management. Springer, Dordrecht, Netherland, p 241-263

OCOBEHHOCTHU NOA3EMHOI'O CTOKA PEK C AJINIOT'EHHBIMU BOJJAMM, BBISIBJIEHHBIE METOA0OM
NCKYCCTBEHHOI'O TPACCUPOBAHUSI B KAPCTOBOM PETMOHE I'VHYHI'CEBY (MHJOHE3USI)

Kaxuaau A.'", Ansxu T.H.%, Xapsono 3.2, Buabscryrn M.Y, Arnmii P.®.%, Haydan M.2,
Cernasan H.2, ®aronu I'.2, lIparama A.J1.%, Puiianto U.A.%, ®aTtuypoxman I'.5
Kagpeopa sxonozuueckoii 2eozpagpuu, 2eozpaguueckuii paxyromem, Yuueepcumem I'adacax Maoa, Hnoonesus
Jicoxvsikapma, 55281
2[pynna no uccnedosanuto kapema, 2eozpagpuyeckuii paxyromem, Ynusepcumem I'adocax Mada, Hndonesus

IDicoxvaxapma, 55281

$Kagedpa ceoungpopmamuxu, paxyivmem HayKu, mexHONO2UU, UHHCEHEPUU U MAMEMAMUKY,

Yuusepcumem Maxa Kapuvs Azus, Unoonesus
IDicoxvaxapma 55282
4lloxmopckas npozpamma no 2eozpaguu, 2eozpaguyeckuii paxynomem, Ynusepcumem I'adacax Mada, Unoonesus
Jicoxvaxapma, 55281
SOmoenenue mexnonozuu 3emuu, Ipogheccuonanvrulii konnedoic, Ynugepcumem I'adacax Mada, Hnoonezus
Iicoxvaxapma, 55281
*Aemop, omeeuaiowuii 3a nepenucky: ahmad.cahyadi@ugm.ac.id

Peztome. I'nnporeonorudeckass noacucreMa [IOHIDKOHT sIBISieTCsl 4acThi0 KapcToBoW obsactu I'yHyHrceBy Ha ocTpoBe SIBa,

WnpoHe3ns n HaXOAMTCS MOJ] YHHKAIBHBIM BIMSHHEM aJUIOTEHHOTO MMUTAaHUA. JTa aJUIOTeHHAs! pedHas CHCTEMa CYyILIECTBYET MOTO-
MY, Y4TO KapcT B 3TOH MOJICHCTEME Pa3BUBACTCS HaJ TPETUYHOW ByJKaHWU4YecKoil Gopmaumeit. KoHTakT Mexny usBecTHsiKamu Qop-
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Manuu BoHocapy U ByJIkaHHYECKHMH ITOPOAAMH, COCTOSIIIIMU B OCHOBHOM M3 AKCIUIO3UBHEIX BYJIKaHHYECKHX MaTepHAIOB (hopMa-
n CeMmmp, mMo3BoJIsieT ChOpMHUPOBATHCS 3TOH cucTeMe. BBIIo yCcTaHOBIIEHO, YTO B 3TOM paiioHe B BOJOCOOpaxX aJUIOTEHHBIX PeK
Mpeo6IagaloT OTHOCHTENLHO HENPOHUIIAEMbIE BYJIKaHUYECKHE MOPOJBI U KPYThle YKIOHBI, YTO YacTO MPUBOAUT K HEOXKUIAHHBIM
naBojkaM. Llenbio JaHHOTO HcclieoBaHUs ObIIO OMPEAEIUTh XapaKTePUCTHKN KapCTOBOM CHCTEMBI MOA3EMHBIX KaHAJIOB MO BIIHSA-
HHEM aJUIOTEHHOTO NMUTaHUs. BbUT NpOBeaeH MCKYCCTBEHHBIH MHAMKATOPHBIA TECT C MCIOJIb30BaHUEM (NIyOPECLEHTHBIX KpacHuTe-
JIei, KpUBbIE MIPOPBIBA PETHCTPUPOBATIUCEH QuryopumerpoM. [lorpyxaromuiicss pyueit KaaumaTtu pacnonoskeH Ha CyIIeCTBEHHO OTIH-
YaloIeics: BrICoTe, HeXXeNMH [ peMEeHI CKUif HCTOYHHUK, YTO IPUBOJUT K BHICOKOMY YKJIIOHY M OBICTPOMY TEUEHHIO BOJBI B ITOJ3€MHOIT
peuHol cucrteMe. AHAJIM3 NAaHHBIX ITOKA3all, YTO IEIIepHbIe CETH B pailoHe HCCIenoBaHM (GOPMUPYIOTCS IPEUMYIIECTBEHHO KPYTI-
HBIMH OJJUHOYHBIMH KaHayaMu. }3-3a G0bIIOro pacxola M KPyTOTo YKJIOHA MOJ3€MHOM PEYHON CHCTEMBI BMECTO JIAOMPHHTOO00pa3-
HOH TIeIepHOH CHCTEeMBI 00pa3yeTcsi OANHOYHbINA KaHall. BeIIBICHNE CBSI3M MKy QJUIOTEHHBIMHU peKaMH U [ peMEeHI CKIM MCTOYHH-
KOM ITOAYEPKUBAET, YTO KapCTOBBIA BOJOCOOPHBIN OacceltH I peMEHICKOro HCTOYHHKA HE SIBIISIETCS YacThi0 beTOHCKOTO KapCTOBOTO
BoJ0cOOpHOTO OacceifHa, Kak MpeAonarall paHee HCCIIeI0BaTeN!, UCTIOIb30BaBIINE MIPU HCCIEJOBAHUH UHBIE, KPOME UCKYCCTBEH-
HBIX HHAUKATOPHBIX TECTOB, METO/BL.

Kniouesvie cnosa: annozennas pexa, UCKyCCMEEHHbI UHOUKAMOPHbLI Mecm, pasmbleéatue neuwjepHo20 npoxood, gyopecyenm-
Hble UHOUKAMOPbL
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Xiilasa. Ponjong hidrogeoloji alt sistemi Indoneziyamin Yava adasinda yerloson Qunungsevu karst bdlgasinin bir hissesidir va
allogen qidalanmanin 6ztinamoxsus (unikal) tesiri altindadir. Bu allogenik cay sistemi, karstin ti¢iincii dovr vulkanik siixurlar tize-
rinds inkisaf etmasi naticosindo mévcuddur. Bu bolgads Vonosari formasiyasina aid shongdasi siixurlari ilo asasan Semilir formasi-
yasina mansub, partlayis monsgali vulkanik siixurlardan ibarat piroklastik qatlar arasinda miisahids olunan litoloji kontakt bu sistemin
formalagmasina sorait yaradir. Aparilmig todgigatlar noticosinds miisyyan edilmisdir ki, bu regionda allogen ¢ay hovzalorinds
nisbaton zaif sukegiron vulkanik siixurlarin vo Koskin yamaclarin {stiinliik toskil etmasi gofil sel hadisslarinin bag vermos ehtimalini
artirir. Bu igin magsadi allogen gidalanma saraitinds faaliyyot gostoran yeralti karst kanallar sisteminin hidrogeoloji xiisusiyyatlorini
Vo axin dinamikasini Gyranmokdir. Bunun tigiin fliioresan indikatorlardan istifads edilorak siini trasser tocriibasi aparilmig, alds edilon
naticalor flilorimetr vasitosilo geyds alinmigdir. Kalimati udulan axari, Gremenq bulagina nisbston ohomiyyatli dorocods forgli
hipsometrik soviyyado yerlosir ki, bu da yeralt1 ¢ay sisteminds yiiksok hidrogeoloji qradiyent va siiratli axin rejiminin formalas-
masina sabab olur. Aparilmis moalumat tohlili gostormisdir ki, todgigat sahosindoki karst bosluglari vo magara sobokalori asason iri
6l¢iilii, tok axinli kanallardan ibarotdir. Yeralt1 ¢ay sistemindo bdyiik su sorfi vo koskin meyillik noticosinds labirintvari magara
sistemi formalagmur, oksina, nishaton stabil hidrodinamik rejimo malik tok (monokanal) tipli karst kanali inkisaf edir. Allogen
caylarla Gremenq bulag: arasinda slagenin miisyyanlogdirilmasi gostorir ki, Gremenq bulaginin karst mongsli su toplanma hvzasi,
avvalki todgiqatgilar torofindon irali siiriildiiyti kimi, Beton karst hovzoesinin bir hissssi deyil. Bu natics, siini indikator sinaglari
istisna olmagla, miixtalif todgigat tisullarindan istifado etmis ovvolki todqiqatlarin forgli naticalorini tokzib edir vo bulagin miistoqil
hidrogeoloji sistema monsub oldugunu vurgulayir.

Agar sozlar: allogen ¢ay, siini trasser sinagi, magara kegidinin yuyulmasi, fliioresan indikatorlar
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