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ABSTRACT: This study aims to present a conceptual model for the formation of the solution cave in
metasedimentary rocks by analyzing speleological characteristics of Back-ah-san cave (Provincial monument No.
24) in Hwasun-gun, Jeollanam-do, Korea. Baek-ah-san cave is mainly composed of three cave rooms, which are
several meters in length, and interconnecting narrow passages between the rooms. In the plan view, this cave shows
a single main passage with several immature branches and can be classified to a rudimentary branchwork cave
with at least 3 branching short passages. Based on speleological analyses related to cross sections of the passage,
speleogens and cave sediments, we estimated that about 48.4% of total investigated passage length was evolved
in epiphreatic to vadose condition. Also, ~5.1, 8.2, 11.2 and 27.0% of total had been developed at phreatic, phreatic
to epiphreatic, epiphreatic and vadose settings, respectively. Five stages on the evolution of Baek-ah-san cave have
been detected from speleological evidences as follows: 1) the initial stage of non-interconnecting cavities in the
phreatic to epiphreatic zone, 2) the interconnecting stage for phreatic to epiphreatic cavities, 3) the maximum
enlargement stage in the epiphreatic to vadose zone 4) the additional extension stage at the vadose zone, 5) the
stage of extension into the deepest area. In conclusion, our results provide a typical conceptual model for solution
caves developed in metasedimentary rocks alternating recrystallized limestone and highly fissile shale beds. The
results from Baek-ah-san cave suggest that relatively small-scale initial cavities of this cave had been evolved to
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an interconnecting cave system with various types of speleogens and cave sediments by the long-term falling of

water table and bedrock disintegrations by slate layers.

Key words: Back-ah-san cave, speleogenesis, water table, cave, karst
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24341, Republic of Korea; Seungwon Shin, Department of Geological Sciences, Pusan National University,
Pusan 46241, Republic of Korea; Yul Roh, Department of Earth and Environmental Sciences, Chonnam National
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Fig. 1. Geographic and geological setting of the Baek-ah-san cave. a) Location of the cave entrance on the regional
geographic map. b) A geologic map of the surrounding area for the Baek-ah-san Cave.
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Fig. 2. The cave map of the Baek-ah-san cave. a) A projected plan view of the cave with the datum line for the projected
profile (note the dashed line). Note that the opened final section of the cave map indicates the possibility of further
extensity. b) A projected profile. Note that the profile has been drawn until Room 3.
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Fig. 3. Outcrops around the cave entrance. Note a caving helmet for the scale. a) Titled and crackled outcrops right
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above the cave entrance (the thick arrow) and b) The entrance of the Baek-ah-san cave enclosed by crystalline lime-
stones of the roof side and quaternary head deposits of the wall side. Dashed lines describe enlarged joints by slight

displacements and dissolution.
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Vacancy of block
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Fig. 4. Speleological observations at both of exterior and interior area near the entrance. a) The entrance of the
Baek-ah-san cave enclosed by crystalline limestones of the roof side (above the dashed line) and quaternary head
deposits of the wall side (below the dashed line). Also, there is a small steel gate for the cave conservation. b) The
entrance view from the cave interior. Note that cave wall is entirely composed of quaternary head deposits (an area
between dashed lines). The passage height in a position taken the photograph was measured to 0.8 m. ¢) Gravel
deposits in Room 1. The thick arrow indicates an erosional surface on the current cave wall, suggesting that most
of the cave room was filled with original gravel deposits. d) Gravel deposits observed on the surface of the current
cave wall. e) A breakdown observed in Room 1. Note lithified gravel deposits on the breakdown.
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Fig. 5. Speleological observations at the middle section of the cave. a) Niche and notch indicating the water level in
the past. b) Small-sized scallops on the cave roof. The widths of scallops are typically less than 4 cm. ¢) A crystalline
limestone interbedded with thin shale layers. A gravel size on the right-side of the photograph is 7 cm. d) Gravel deposits
in the concave part of the cave passage. €) A canyon-type cross section showing the differential dissolution of parent rocks
composed of slate, mudrock and limestone beds. f) Breakdowns from the cave roof by gravity and splitted slate layers.
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Fig. 6. Speleological observations at the deepest section of the cave. a) 5.5 m height waterfall in the cave. Note
the upper part of the waterfall commenced with slate beds. b) Waterfall view from the bottom. A series of normal
faults have been observed in the lower part of the waterfall. Refer to a) for a scale. ¢) A large scale breakdown block
produced by splitting of a slate layer. d) Interbedded limestone and slate layers observed from cave wall. ) The
cave stream channel flowing out from the deepest section of the cave. The passage height in a position taken the

photograph was measured to 0.4 m.
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Fig. 7. Speleothems of the Back-ah-san cave. a) Cave-coralloids on the wall surface showing notch structures. b)

Small stalactites and a broken curtain. ¢) An active curtain. d) Thin flowstone crusts with the corroded surface. €)
Well-preserved flowstone with a large number of tiers. f) A close-up view of tiers with tiny cave popcorns.
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Table 1. A summary of speleological features identified from the Baek-ah-san Cave.

Classification Characters

Description

Related

Interpretation (references) length (m)

Macro-scale Rudimentary

A single main passage linked to

Free flows in the epiphreatic
zone at the unconfined setting

geomorphic branchwork cave short and narrow branches from (Dom and Wicks, 2003; 11.0
small numbers of surface sources
Palmer, 1991)
Mainly horizontal passages  BETE © RS TEC,
Step-like profile alternated with the inclined p X 143.0
ASSACES and less permeable horizons
passag (Palmer, 2007)
Rudimentary branchwork
Gradual enlargement Distinct in the deeper area, but  cave-type evolved at the
. . . 120.0
of main passage screened by collapsed passages epiphreatic to vadose zone
(Palmer, 1991)
Meso-scale Elliptical cross Elliptical cross sections with a gh N slepfirated phreatlc d
eomorphic section near horizontal major axis issolution (Lauritzen an 14.5
& Lundberg, 2000)
The narrow passage width of less Lithologically controlled
Chimney-type than 0.6 m and irregular cave wall passages by epiphreatic to 105
passage surfaces; interbedded between  vadose erosion (Ford and )
limstone and slate Williams, 2007)
. . . Passage development at
Solution notch :Zglfailerrlsltcdléxlt(l)l riizlrnltlorlzontal epiphreatic zone with static 11.0
P groundwater level (Palmer, 2007)
5.5 m height; interbedded slate P.hreatlc. to epiphreatic
S . dissolution below the
and crystalline limestone; An . .
Waterfall . . impermeable strata in the lower 9.0
abandoned high level gallery; level of th cfall (Lauri
slight recession of waterfall evel of the waterfall (Lauritzen
and Lundberg, 2000)
Epiphreatic dissolution by
Anastomotic Development of an active stream relatively low velocity of
passages with several channel on the lowest part along flowing water after the cave 17.0
closed loops the inclined cave floor. overflow events (Sebela et al.,
2004)
Epiphreatic development by
Micro-scale Scallo Small scale scallops developed in relatively high flow velocity 40
geomorphic P the cave roof during cave floodings (Curl, )
1974)
Corrosional seepage water flow .
: . Corrosion processes at the
Redissolution surface pathways on the former flowstone - 1.5
vadose setting (Palmer, 2007)
surfaces
Sedimentol Extremely angular, grain-supported, Near in-situ slope deposits in
. Head deposits very poorly sorted breccia in the the cave outside (Sustersic, 5.5
ogic
near entrance area 2004)
Allogenic sediments from the
entrance; high-density flow
Gravel to mud Mainly sub-rounded and poor  during the intermittent cave 145

sediments

sorted pebble grains

flooding mainly under the
epiphreatic to phreatic setting
(Bosch and White, 2004)
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Table 1. continued.
Classification Characters Description Interpretation (references) Related
length (m)
Sedimentol Abandoned erosional Central incised channel above the Occurrenceﬁ) fmt.err;lntter(llt
ogic channel sediment fillings cave stream flows in the vadose 93
zone (Bosch and White, 2004)
Initial autogenic in-situ deposits;
Breccia deposit in the central part removal of matrix materials by
Boulder to very coarse of the abandoned erosional continuous stream flows after the 20
pebble sized breccia channel; grain-supported fabrics deposition in the epiphreatic to )
with matrix-free empty space vadose zone (White and White,
2000)
A very angular cave-in fitted right Large blocks of cave-in
. produced by gravity in
above the cave roof; in sector B, * . .
. epiphreatic to vadose zone;
one block covered with the
Breakdown i cave flooding after the 95.0
solidified gravel to mud deposits;
breakdown; enough passage
more frequently collapsed for the coll hi
assages in the deeper part size or the collapse (White
P and White, 2000)
. Small scale of less than 0.5 m width Nop-eroded sed1ment .
Sediment patches AR . . residues after high density
and height; sediment piles with o .
composed of gravel . . flow deposition during cave 12.0
d . gravel and mud-matrix observed in L .
eposits the convex cave wall flood in epiphreatic to vadose
zone (Bosch and White, 2004)
Very angular debris produced
Medium to very coarse Fragmentation and debris pile by high fissility of slate beds 530
pebble sized breccia right under the slate beds and gravity in the vadose zone ’
(White and White, 2000)
Collapses and fragmentations
. . Interbedded Meter-scale slate disintegrations of metan.lolrphos.ed 1nspluble
Lithologic T . . rocks by initial dissolution and
crystalline limestone and centimeter-sized . . . 53.0
) gravity predominantly in the
and slate beds fragmentations . .
epiphreatic to vadose zone
(Palmer, 2007)
Free-fall induction of water
A set of normal faults in the lower flows on the perched water
A set of faults around e . .
crystalline limestone part of the table by slate aquiclude inthe 7.5
the cave waterfall
waterfall vadose zone (Ford and
Williams, 2007)
oFsha 7o) T F2 o] Rojdl 27 gejel K ge] ghaaka B4l gl AnEA, S

% F=(branchwork cave) 2 SJEITH 1 2; Palmer, Z3 BEESLA X S2] vHEF Q] w o o3t AEH &

1991; Dom and Wicks, 2003). o]} s
o E3} o7t TN RE W 242 Fmrt

9] BoKflat-lying) T2 EAL Ho|x
and Williams, 2007). $HHALS] 71|25 A &

QJck(Ford

HAF e BT B LEA H(epikarst) WA o2 gt FEE AR HolA A
S RRE | FEF Ao AT A2 7= AR B FEE AXSHAL Yok TEbA W‘FFE A G e
AL HEste] 2 4 HY(point-source)S 5 5/ <J5tH Hopits = AA 3

3 o] AR HA F=2 dFRshe FHE Btk E9 23N SdE Ae= ?SH@,%‘—’F

F2 /U-_‘?‘_
A2, ¢

el U = KT 2 F1). FEEP] 77 A2 AF2 o|F T 20qA 9] 52 T

A BRE = AGFEHS 2 FReWopMtsE 2 2o $AS

98 BojZTHE 1),
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2 5gFos SR AR, 52 X S
AlLlgt U] 270 FHe] 9 Fele SRRk
2 3 g3 S HojEth ol g Y F= o
H A4 2ot P 59 7F A2 ol BA =
QA A|51re] B80| 9 ) Esh) (phreatic
zone) = AFESI ol A 2|29 FHo] FAEU
S Z 02 FHHKRE 1; Lauritzen and Lundberg,
2000). ofof| gFaf 3749 FH HHF +H T2
& A st o] &3 A= dFsta Y= TEEY
7%, A 0 2 Hagt Y P (chimney-type) 5=
0| $AIS Ao r Hol 2 AR asel 7]t
oA A e 2 whE §-520 ol s FAEE U
A 3471 5 Ao B2 eEe Sut §
o] 2J3f] F/AdH A= e rhFord and Williams,
2007). 275 A FefsHH EA F w2 (notch)= A+
IS AAsH= SAl A71H o= FA)E A
St A|A|HL §lrk(Palmer, 2007). ¥Wokbib =
F4Fol A= o8 2 Y &qtR 2 FE=E]
BFhsl whAFE 52 (anastomosis) @] SR Hol=
o, ol T2 FAET= {22 ATkt FAket
F25TY & WSk Qi) FA oY FEE
8l AstE vt FEi7F FAE Z10%t
(Sebela et al., 2004). WolAtEZo] AL Zo 2] 7|
slee] s} HIFH 02 o]oi 2] Eot 5
2457 A dEHA d AL g AEET, o
3t Woibm o] E4o] BtE T=E FAH
H 21E vlS AR wuEn AqtRE A
FHsHy E4 5 Algn|g 27|19 AYHE F=2
B8 FA ApFIE AT WA T2 WRE &
2= YR SEAAIE Bt AL 88| A4
I Qlek. 53], o]Hgt At AWH O A= 4
Sz A oA fo) Bl =d AEE A4
3Hek(Curl, 1974). o]9} 22 St = | FEjsH 5
AE STEoEH Wopibs=9] T 17kt 1 Q1
ol A= 23 2S5 A ASh= EA o] F36HA
ZHe| = W, 3 ololF e SR = AR ES}
ol Al F71H ) o2+ 2HA FAEE AL
2 afjAe 4 qick

o ibgZoll A= YT5E ohdt S Hol
£ E3Eo| #EEY, o]5& F8l @A7HA st

>
0f>
Y
Fr
e

274 ASE = AUtk s+ Hd
A47] et EHE Ao 2 A=
o] ZHd B4 EI-ERE A E] Sl ol
AR} FE Rl ElAE 4 ERE ¢
= YTE =57 Uk FAE Ao s sj4
tHSustersi¢, 2004 19 3, 4). o|% 74T} 5
2 UFE ol HEE FEEHUA A skret A
T ERE 77 A D ol FEHUS AR #
E) webs 29 viA], A 24, 2T FF
A&} A 2R Ato]o] A—E RS (1 2),
A WA T oA e A 2719 Eud
94 A2 YFERE FEEHN, 2 18
Q1 E$- Al FEH F7HE T35 T80l 84t Y

25 AA Ao W HHE A v
B to] ol2 8 tke] 9 EAES ERA
Ao 2 s Hh(Bosch and White, 2004). o] A
YRE HHBL o 77ko] WA ARESYE
H §710) B0 Holun 52 W F271 2
A sk s eo] Bk ol W glol
B0 FYRE U F247 FAHo] olF
ol 42 243 AFo] WAE Ao weken
(1™ 4; Bosch and White, 2004). T3}, 0|5 52
FURE 72 A T3 YollA wEEE 71 fle
21z (cobble) WA A& (boluder) 2712] 218 <
A2 YTHRERE 94 5HHE F9 old =3
& B T WARAA delet g o= sjAE
= th(White and White, 2000). wh2kA] o]t 2}
52 F2Y 77 o HAo] TAT 4= 3l

F740] QU whe, WAl YaEe] Eo]
& WEE ] = AL FAYA-E(paragenesis)
o s A 717+ T T2 HAH Fio] SAlSH
239 23E A AJglth(Lauritzen and Lundberg,
2000). 0|9} 22 FHol =3 35 B 271 9
A T B3 E 59 5 EEY ARS A WA F
oA TEE =AY 2719 YWiky} gyt RS
&3 e £ 94 EHES FlAA=E g4l
o UATHH 4e).

T 9 S BI5E S22 ol YR+
7R 58] SAISHA W == tE Rk 43¢
Z Ateloll FAE v HEdol S8 ©]7]A
Fotar 271 g o] WAl whet A E Aol 1™
5f, 6¢; White and White, 2000). 0|24 =He] o
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f
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ek S4o] ofat B U Y 2AL e of
NNE & 4 v, woprEze] SRERL 4
ST} HBY A BT W YA ATE T
Zofl 9|3} A3k S| A HYH O 2 A%
Moz Yl Z7kekn Ex7} SEstHA @R

Foll o2 AR AFPH FZZE FAHL HA
FTH 2 6a, 6b; Lauritzen and Lundberg, 2000).
oj¢} T2 EAEL TS XTSI = AF9
A EAof| it F= R 72 U o] 3A 3
FIS ¢SS BAFE P2 AL &, 52
P 270l F2 X3 &of-8o] FHE 27]
35 3 Fa5HA 71oqsk= ¥, 27 &
EHA ARz JR] F71H 24004 Haet:
o] 24 2430 o3 A} 2 Wopis=9]
EAZ o] TS AR gadr]). o|¢h= RitE
Wolilza o FE= U 7] ol divt ol
o|Fo|]7] oHE AL E AGEHE=Y|, I o= R
7h- o] Mg vFS-9] o] A F-E x&sk= Hd B4
S 2 Q3| F=9 57}t &3] WAYE 7HsAdol o
$ =7] wfjZolch

slollE 2o ERAAE BROAE B2 94
o]% &= W (cave flooding) T FAT =X &
3h4 Qo] g SR Ee) 240 HalE £
& 470 28 4 100, B9 B2AANE B4 FA)
$3 EHo] BAAKTY 7d). o= BHEL
HlobiE 2 Uhno] (4 02 Qhg el 2 Bl
ool e B340 ok} Asttd &
Jo] wjof] wet ZA| WS HaL, vt 52 Wi

o o]2& AF AZHE IA WEHHA T2l &3
o oatsheta 9 ghilzhg | o] T FE
A | 5= U2S GAIsHFL Itk(Palmer, 2007).

5.2 oS =9 HMIIN

Holibga W tol| A &1t 2| g Hjshs], E&st
7, dosty EES EYR2 NS T2 P =
27 v &2 et ek 1; 11 8). o] Ax}
o2 71 A} Zolg Hol&= ditE A
2 EAof| oA HEFd Z2IE vERd 5= Q)
2 o] Ao = AFEEH EAS 2
PAZ] v &3} o2 et EAS A9l b
£ A AABHAE it A e E4S Al
Q5te] A3 Aol A= 3ol A Mgt Ao
2 A== FE7F AA 2AFHo)e] 51%, Z3}|
ol A AR 7oA FAE T2 82%, 4
R 23 g A3 529 ol 11.2% 2 Yet
U Azt S7kehe FdS BoF oy, AR s
-S71d A7l A BAE S22 = 484%2 d=EF o
2 22 HES Yl S71d I ZAJst
= TEE27.0% 2 AA3] 22 v&S AR T
R 3H-B 7| o 7t vhA = W HES AF
Z)&ct. T3l it A Feehs £ AT 2
A Ao A= 23, 3o AR s, ARz st
o, AR-zstd-57 1o, 371 vlgo] 2+ 1.9, 3.0,
18.4, 66.9, 27.0% 2 eI} AFREZSI]-E 7] T o] A]
W 2 v S-S AR ok Ja AR Eshy 9 5
71t 270] JF o2 Ag AR Yehth=

ai}
o

I~
ox M

=

o oot [0 &
g o

a]

48.4

Total sum
(except for macro-scale, %)

laml

T
phreatic to
epiphreatic

T
epiphreatic to vadose
Vi

r
hreatic
P ! adose

epiphreatic

b]

66.9

Total sum (%)
&
I

18.4
9.9

0 — I:I

T T

T
epiphreatic to
vadose

phreatic to

epiphreatic vadose

phreatic epiphreatic

Fig. 8. The statistical results on the location of passage formation based on the speleological evidences presented
in this study. a) Results excepting macro-scale geomorphic evidences from the cave map. b) Results reflecting all

the speleological observations.
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HollA 48 Y AHE BTtk = 1 359 I A 27] FF9 d20l F=

oje} &2 A= WoptsEY 7] 35 B4 (conduit)E T3 o|FoiFE A= HETh(Ford
o] Z3rfjoll A AJ&Ee] T2 o B2 F2 A and Williams, 2007). EgE, AFE3-57]0) A
FEI) 2 o]FofH F Ashpero] A& o] 2AUANAE LAY T2 HH =M
O 2 sl wet Sl MY S A0l A7 R &40l TAHME Ao S En.
EQol SHH= Fe dnst M Vst T2 2 A SEFEE AA ATt 22 Y=
A sk 40l o) M H FEFEAIEE AR otbE=Ee] HAAF AN & 5 ko] A2}
ook HF Zofo A9 27] FF WE2 FE A dl-F7Id o] o] WoibegEe] A 12 3
A5 4R ol SPEHYE AR FAHAT, FRE I VM Fed 2H o= AdEn.
o|F HEsitiel B 2U& AXHA F71H4] AR 9 FEA A A2 H M S F
g3, F4l, a1 IFS AN HF Ao & & Hopibe = A DAE F5HAR a0kt 4
off o] Aol AT 27] 2o} 5 EE v JUTHIH 9): 1) EIPRASFEI vlaqtE 51
&2 HaAE Uehlle ACZ gtk web o 3F FAEA, 2) ARES 3F A2 2L ) B
otitE= B4 2710l Z3H oA mlaqtmel  REsdl-grid) Ho &3 94 4) F71d F7F &
EH3 FFol SAIEH R P, YA A DA, 5) A AR 9% DAl S2A T Alst
sk Akl o3 FFo] AFES o 0|25 $HY 3 Hrole 2 Aot e+ AT F

Quaternary head deposits _ /- -
P A — wial I Stage 1- Deep phreatic condition
""" E\ \ ST S, - Formation of the initial proto-caves
Ancient ground surface
Initial conduits
__________ Stage 2 — Epiphreatic condition
______________________________ 4 Linkages between proto-caves by initial conduits
Mo PISSA0ES| e oo

Stage 3 — Epiphreatic to vadose condition
Largest extension rate and dominant sediment transport

Stage 4 — Vadose condition
Additional extension and breakdown

>

New passages

Removal of breakduwr\_ﬂ ?

Stage 5 — Current vadose condition
Limited extension in the deepest area

Figu. 9. Summarized speleogenesis of the Baek-ah-san cave composed of five stages. Note that Stage 3 has been
interpreted to the major stage for the present condition of this cave.
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2 95 AR we 9 shzho = s B71A Az
TR &2 A5 5ol olRolFe A
o2 FAHCh FEAWY WA Holibs 2
o WAEHGRA Y APAS 89 52 P4
@2 A Glck(Palmer, 2007). E5), 522
o 9 o] Bl Askewl ST AR A
o] 9182 BN AZETH W7} vl Aitae) 27] %
sl 35 94 F 92 B2 W] o|Rojx
FHL Holzrhe 52 WopiHg o] AXSF
L 20 BEAWNY SHOo= 5 4 g

6. 4 E

A Skeof] AT A =7 E A|24 3 wWopig

2 F2 PUHEA A == G e 54
Sl 98l 7HAF F22 R ol¥l dAFtolA
£ Hopks=9 HAH =341 ol HXH
e R AR R e = s g e N B
EAo oaf & FFS W2 A o= A5kt i
opibE =2 23 W 27] &3l 35 34 DAel
A 5B AR Z3-E7 |t 999 2t & DAzt
A Aol S AA FAHILH, v F
A& 3, olF D Aol o & FF=H2 AL
2 Helth E3 sk spd FAlol A3 STt
S o= e T AAE oHA YRelA o]dF
O] ZI|F o] WA | o] Th=9] Ykl YA o] WAYs}
£ @AY Hotibg=S ol& ALz FAHr. o]y
gt Wobits= 9] FIX A A1dn= 71E &
3 5= 53] BAEH AR £x3= A3gE=
O] FAAS Aot T2 LS ARSI Uk
ZARe 2

o] AT 2018 E A RT3 | & REAIR) ]
AP FRATA G 2| U ol 44 7|2
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