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Speleogenesis of Neobaeng-i cave, Seokpo-myeon, Bonghwa-gun,
Gyeongsangbuk-do, South Korea

Sunyoul Kwon - Tae-yeong Park - Hyori Ahn - Sangyun Kim - Kyoung-nam Jo'
Department of Geology, Kangwon National University, Chuncheon 24341, Republic of Korea
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ABSTRACT: A cave geological analysis of Neobaeng-i cave (total length: 335 m), Bonghwa-gun, Gyeongsangbuk-do,
was conducted to present the epigenic speleogenesis and a conceptual model of the cave. The development of cave
passages has been limited to several strata, which consist of limestone-shale couplet and flat pebble conglomerate
facies, between meter-scale thick shale beds in the middle member of the Dumugol Formation. Neobaeng-i cave
can be classified as a drawdown vadose cave, mainly obeyed by the stratal dip of approximately 30 degrees. It
can be also correspond with a branchwork cave controlled by cave water originated from surface point sources
although it is atypical because of the immature stage in cave development. Based on the columnar section of strata
involving Neobaeng-i cave, 60% and 40% of the total passage has been distributed over 0~3 m and 3~9 m intervals,
respectively, from the bottom of the section. The most active depth interval for the passage development is 2~3
m, and it accounts for 24% of the total. This is considered as the 'inception horizon'. The evolutionary process of
the cave can be divided into three stages as follows: 1) the stage of the initial unconnected conduit under
phreatic-epiphreatic conditions, 2) the stage of the doline formation and passage connection/enlargement, and 3)
the stage of current stagnation for cave development. The second stage can be subdivided into three substages:
clogged passages in the relatively narrow spots with allogenic sediments, partially flooded passages, and reopened
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passages. In conclusion, the speleogenesis of Neobaeng-i cave has been strongly affected by the basal geological
setting like the alternations of limestone-shale beds and, in the latter period, by the evolution of surface karst
landforms and large-scale input of allogenic sediments.

Key words: solution cave, limestone cave, speleogenesis, doline, karst landform
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%3 QJtiCultural Heritage Administration, 2022). NF2.2 XAH E79F(Plecotus ognevi)e] T8
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=9 ok Frhek 4= glom, o]z ol A7R] &4l 2. AR A

A7l A-8E7] o|dola I -Gale=ol gt

Rt AAH 7 HE5H] WiEdl Ao s Az Yol gz9| it= FALGS AEE &3t
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Fig. 1. Geological map of the study area (modified from Choi et al., 2004). (a) and DEM topography map (b) and
(c). The yellow areas in (b) and (c) represent sediment in the valley, slopes with angles less than 15 degrees, while
the blue areas indicate steep slopes with angles more than 15 degrees. Red dash line indicate dry valley. In (c), the
cross-section profile is shown along the lines a, b, ¢, and d in (b).
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Fig. 2. The cave map of the Neobaeng-i cave. (a) A projected plan view of the cave. (b) A projected profile view
of the cave and passage cross-section. (c) is a rose diagram showing the measured structure data in the cave.
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Fig. 3. Doline and passage type of Neobaeng-i cave. (a) the yellow dash lines represent the observed geological
structure at doline, and the yellow triangle indicates the solution structure. (b) and (c) are enlarged images of (a).
In (b), white line represents the boundary between limestone and limestone-shale layers. In (¢), ‘G’, ‘P’ and ‘W’
represent limestone texture (Dunham, 1962). ‘G’ = grainstone, ‘P’ = packstone, ‘W’ = wackestone. (d) and (e) illus-
trate typical forms of fissure passages. White dotted line and plane indicates geological structures, joint and fault.
(f)~(h) show tube and keyhole passages inside the cave.
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Fig. 4. Solution and sediment features observed in the Neobaeng-i cave. (a)~(c) show typical examples of ‘differential
solution’ in the cave. (d) and (e) display linearly arranged ‘solution pocket’. (f)~(k) illustrates sediment features
inside the cave. (f) and (g) are sediments near the entrance. Sediment consists mostly of cobble to sand-sized particles,
and artificial waste is observed in (f). (h) shows boulder and block formed by ‘breakdown’. In (j) and (k), white

arrows indicate sediment remaining on the cave wall.
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Fig. 5. Geological column of Neobaeng-i cave section.
The shale, under the 0 m of the column, is basement rock
of the cave.
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o] 37k A7) ke Holth. AvkAlsl 7]
g SENE 524 A Askee 500 7H
$ei8 252 AR/ GREUA o] o]l
Ae Aoz & d2A ArkPalmer, 1991). o]t
Huo] 529 Aol o] AR A4 Bt of¢-
22 R O] §-AEA] ol /IX]H] Wii2el F=4
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Holg= st 7tolA EE o Q= N10°W
0 No4oW Wl 2o HeE uet sxgos
9= sE 93 Baoh ulwa BAE Hua
Fe|2 Ho} Mol 45 WAlo] ARt s 72
oA A= GE 7IsAE YriPalmer, 1999, 2007).

SEf - of

2| - AR - Rt
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2 24 4 3tk
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ERP BEETERERS BEL SRR
A JU7HA] 9] 2|52 F3h Xlﬂ:—r—J o571
o Aekr9] f-50] L&s| o] Fold 4= A "t
ol gZoll A Ueht= o3t XFe 2HE&
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Fig. 6. Photographs of sedimentary facies observed inside Neobaeng-i cave. (a) and (b) show shale and limestone
layers between 0~2 m in the geological column (scale bar is 15 cm). In (a), ‘Sh’ is shale facies, ‘L’ is limestone
facies. (¢) and (d) are limestone pebble conglomerate in the cave. The scale in (c) is 6 cm, and in (d) it is 8 cm.
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Table 1. A summary of cave geological features identified from the Neobaeng-i Cave.

Characters

Description

Interpretation (references)

Branchwork cave

In a plan view, a short passage joins the
main passage; multiple point-sources
for the groundwater recharge; no closed
loop

Free flows in the vadose or the epiphre-
atic zone (Palmer, 1991; Dom and
Wicks, 2003)

Drawdown
vadose cave

In profile view, a passage development
following bedding plane dip; exposed
impermeable caprock (shale) to surface

Change from initial phreatic conditions
to vadose conditions due to rapid draw-
down of the water table (Ford and Ewers,
1978)

Fissure

Development along geological struc-
tures such as joints; pinch-out shape at
top of passage

Hydrological changes such as periodic
flooding or epiphreatic condition (Palmer,
2007)

Tube, tabular, lenticular shape passage;

Phreatic condition (Ford and Williams,

Pat;;aege Tube rounded cross section 2007; Palmer, 2007)
Hydrological changes from the phre-
Internal . ’ e

characters Kevhole Placed at the other passage type floor; atic to the vadose condition in a cave
Y narrow channel; erosion feature passage (Ford and Williams, 2007; Palmer,

2007)
Differential Ahigh relief shale layer on the passage EriZiomgglrll;?tféiwérﬁoﬁﬁgitggt:;é)ls?gr;

solution wall; looks like niche and notch shape gy

(Palmer, 2007)

Solution pocket

Located on the cave passage ceiling; a
hole size of 5~10 cm; arranged linear
along a fissure

Periodic water table change from flood
or epiphreatic condition (Lauritzen and
Lundberg, 2000; Palmer, 2007)

Breakdown

The boulder size clasts larger than 50
cm; remaining collapsed surfaces on the
roof or the passage wall

Buoyancy removed (drawdown);
collapse along the weak plane of the
rock (White and White, 2000; Palmer,
2007)

Diamicton facies

Various particles from silt to gravel;
very poor sorting

Steep gradient passage or flooding
(Bosch and White, 2004)

Main joint plane; bedding plane; small

Controls on the initial genesis of cave
conduits (Palmer, 1999; Klimchouk
and Ford, 2000)

Thick shale at the top & bottom; lime-
stone-shale couplet facies; limestone

Geological
structure fracture
External
characters )
Limestone
and shale

and shale interbedding

A perched or confined aquifer con-
dition by the shale bed; passage devel-
opment focused the limestone bed
(Klimchouk and Ford, 2000; Palmer,
2007)

F 27t B3 =2 R 1R 2b9] “fissure
dominant”)& 7|3k 48] 57} Tol A ekt 3
o P X5ke) xS = ik
yiolgaz, 53] T2 A7 FtolA 7HE &
RS B 5 Qs B2e] gy By B
o]t 1d 2b9] “tube dominant”). EE§ EF L= 3
slefjel o] T2 AA7}F Ashkrz YA UL A
slspole] BE HEuo] AA oltgo HEA §
A &= BASHE A9 FAEE FejolthFord

and Williams, 2007). Y9jo]5Z9 EEY 2=
3] 22k Jod T Al g Sl RHEEHEA] ol Y
A](niche) B =X|(notch)o} ZZ wj-¢- F2A =
o] FAE A& HAHH 3e, 31, 3g, 3h, 6b).
olZFt ol F=9 FEE T2 AFx %
sHA 24 T2 T2 AL S AR £ o]
= W A5 5 AYESY B2 s AlY
o] ZH 9= 1A 23 245 F4AI717]
o RS Aoltk. 8= FH-shFolA 7=
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AA BEE = GAAHE SR THE A3Y T2
S B oE e, o2 5= A &7
z270] TR0l wet H3lst a2 Al
K3 1; Palmer, 2007). 2 3tFF7toA 2 F 2
2 Ugei e 939 SRt Y99S Yot x5}
ol FAHAE TFsAS moianl, 1 A
FARE luioke] ghaisty B4, & AsighAlY
.5 %] ofs) 24E 77 Eelo] pga) S}
| & (solution pocket) 5] 7 Z3}chd |23
= Qe wEbA Yol s=9] I =
TIRHCERE FUIH FEEELEY
wHs| AAST Yoo, 9 Sy
A3 S A AR 2 Y7o w2
A L-AY 153 XSl 93l xujE =5kt
E71d 2= 4T 4= ok

HwolgaollA WaE= dEAQ n|AF<l 2}
H &9l nAF Y §A5S ot 29 A &
A A ovA] 245 A 5 At H
4a, 4b, 4c, 4d, de). =T A9 ApH Gl £
S WA A& ANAA ol sl A 43
£ 71| &3l 2lolo]| ofsie] HAYETHPalmer, 2007).
Hilolg= Y7ot 5= sk 7] HA WA
g Ao FEHAA Yeh= 2PE g3 1
A gL 27| F5(initial conduit) A A|7]HE &
7R o= Al71ou FAdE 4= s S0l A9 4
oj= AR o] A &3l nAF FA o]Foll= 11
Y| 2o o] 2] E3e& ZsHAl XAl o
A dAL} FARRE TEE XS o] F Y HA]
ol LAYA 7t S HIAA = =
A&t UHol 529 84152 T Hol AW & 3
A oA TS 4 JATHE 229 =4 FA] 2.
o &AFZ F= AR =3 AN F714
52 7H8 A o] Yste] FAE= AR dHA
QlthFord and Williams, 2007; Palmer, 2007). L
olf= HF x| 2 24 stllA= T A
sl7}F X[k ol =Este] 7 -8-4](mixing cor-
rosion) Z-g-0] YRR 1L, |5k HEEZ] A5
s17dol| o3 A2l E wet A|sto] E24 3¢ 23t
(injection effect)7} =tjs}te]7] wjEo]chLauritzen
and Lundberg, 2000; Osborne 2004; Bella and Bosak
2012). webA Lol sao) BEsk= 8AF2 2
7] 2 T2 A AIZIRE EAY FIH $Hes
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E

o o
>~

f[rt
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lo X o
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< YR MR EF F7ho] 2RSS
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£ T2Y FEE Sl RIS ATE =
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TR} FARH SElH-S w52 E Hato] £
SEA|TE, o] A oAM= YRl FUE BAAE F
o] T X ghskrt. whEba] TAIZE F-9-o o3t A
B0 A E] Ay FU2 A 2 H o
TE ST 7RSS BESHA AR v
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Fig. 7. (a) Graph showing cave development volume per meter in the geological column. (b) Graph indicating the
deviation between the direction of a cave passage and dip direction of bed (Palmer, 1999).
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Fig. 8. Stages 1~3 are a speleogenesis model of the cave. During Stage 2, the cave gradually expands downstream

through the repeated process shown in a~c.
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