laz el

I (bl (o) 1 (5590

“S39guse 9 douile” Jgl sy

o0 pulB
b é‘é).o




wbeyle b,le b b o Oladllan (o5 5

e (ol e

HL (wlas &

S{ST ST

swieo sl ojlw g Hle

,k LS)“)ﬁ Al

He (wbas luwly

& 2l ol

¥ syl ol

I 50 5l s 59 835

W 51 65103 0 e 9 (5,1
I G § buxo 9 chli>
H oo

H 5o Wl g dluol

I (S g baue cblagg
(215 5) Sboys ylgy
JE 50 (el lg

HJE s g oyls
2l

—



K& (ol o)

Olascws 9 S ylow g bl &9l

L

He 3l gyle Al

Sl oslgplo (b (uSe g (bl (o) G AL ()

i (5005 oleio 31 abolio 5 o AL 4t

bl (o) wledie S 30 (gld il (59 (3] (675 )58 g HLE Al agd

ke (owls

oo s s

st 85w g 5o pblio dngd 9 (5 75 4 gl

sl ansl ol s gl 5T

e (owlad Lo
b ¥ 5,185 ol g gy 0¥

I ST
oo b cllls g gl 0 lgnle b wXe jl solawl b g b lw ol alds anps
HE Gy s Jnd g o0 Judxi g clilo
)Lé 090 ,_gl& M J.o.l."ug wbﬁ

—



JE Gielsd a0
HE il Goe g (SoiS e Juld
)Lé Qs)b ‘.5"3{2"‘ ‘SLQ)L&.&LM:

a9l Olgm ) cairs LSis b S
b O
S gl OF @il ()
abgs yo g (Ludoxi plxil 9 (539 gm9 50 g (2 leouis G JIUT ploxil (ol 51 (6 S Ao
Se3P P59 98 oo and
S99 lads 930l 9 (559l gigdl g o
abgsyo gL Jodoxi 9 (yw (i < b (6 35 digd plxd
_ S S5 0925 53
Sl (s cq 5 jo 0k g Cughby g Lo Cud g (g 5 o3Il
RS ) GIS )99 o‘) )“ W



SleMb! g 4k

O Gl lb,l5s

HE L (S9,5 g b 4l

sl o)leprlo g (olsd sl e
Slny slo 4l

b ooy gl Al

rbe




Sl oylgalo sbb Se wyy

-y

201¢ (1( )SIC

39 R 558842 .40 m E13296464/91m N elev. 874 m Eye alt "4 42ikmH |







m N o &H v
b oy (G Al wy




596119

3357000

3356000

3355000

3354000/

3353000

3352000

33510000




.
:
.
s

3 ablic g b addi

3 oobdo

.
u»

&

-

Y

ANGARE ARFEA

GEOLOGICAL MAP

LEGEND

TOPOCRAPHIC LINE
DRAINAGE
ELEVATION POINT
ROAD

CROSS SECTION
GEOLOCICAI, CONTACT
SFPRING

CAVE

DIP & STRIKE OF LAYER
OVERTURN LAYER
FAULT

AN
2N
i

=4

¥

A
A
T ANTICLINE AXIS

. 2501
AN

\

LANDSLIDE BODY

[ABLET, RECENT CLASIC DEPOSITS
SANDSTON AND GYPSUM{RAZAK FORMATION)
WELL BEDED GRAY TO WHITE CRYSTALLIZED

WEAK STRENUCTH, THIN BEDED LIMESTONE
LIMESTONS{ASMARI FORMATION)

(ASMARI FORMATION)

% 2
e
E g
ﬂ <
H 5
5 5
3 5
tNE
g §

\7

GREEN AND RED MARL WITH LAYERS OF
LIMESTONE(ASMARI FORMATION)
UNSTABLE LIMESTONE,

(ASMARI FORMATION)

AN

N

GREENISH GRAY MARI, LIMESTONE, AND

SHAILE(GURPI FORMATION)

q

\

\
\ \cy\\ X

000209

QooLog

000009

00066S

00086

SO%
P,
5555

SR

20
922255227
G

3356000

500(mater)

100

o2
K2
554527

3353000




o3 &blio g b Al aned

—

.

o l .

b ) W

&

.

Y

8

w
®

500(meter)

HORIZENTAL & VERTICAL SCALE

100

WELL BEDED GRAY TO WHITE CRYSTALLIZED

LIMESTONE(ASMARI FORMATION)

B
:
3
]
5
Z
g
g
:
8
E:
N

GREENISH GRAY MARL, LIMESTONE, AND

(ASMARI FORMATION)
SHAILE(GURPI FORMATION)

\

\\GU\\\

UNCONSOLIDATED SEDIMENT, TEXTURALLY
VARIABLET, RECENT CLASIC DEPOSITS
SANDSTON AND GYPSUM(RAZAK FORMATION)

Q
8
&
g
g
2
3
=
B
3
=z
g
=
2
:

GREEN AND RED MARL WITH LAYERS OF
LIMESTONE(ASMARI FORMATION)

9t

ARENY

B1




]
MIN

: ‘—'}

DSV

2600

= BE=1 == =4 = =3 o=

b i e e e e b

feed e ] e ed e e

R e
lllllllll HH
HH T Wu THHH
N <HHH |

e fad f—r
(R T S D U5 Sy S
=3 =3 k== ==
el i | =g hed

S S - el WSS R NSV S ] -

hnd el hed g e feed

el el el Rl R B | ([Bee!

e el b e s e ]

2600

2500

250(meter)
]

HORIZENTAL & VERTICAL SCALE

Al




Prichernomorsky artesian basin and its tectonic position
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Crimean Mountains: Geomorphology and Geology

of MES and NAS of Ukraine

Karkinitsky Bay

Legend

~ large karst springs

. other karst springs
° known caves
—— karst provinces

— — karst regions

karst areas

karst plato

Karst regions (numbers in circles)

1- Plain Crimea
(predominantly deep-seated, active hypogenic karst in

stratified carbonate strata)
BIaCK Sea 2 - Piedmont Crimea
(predominantly exposed, relict h ickarstin
carbonate strata)

3 - Mountainous Crimea
redomonantly exposed, active epfigenic and relict
ypigenic karst of fold-block massifs of carbonate rocks)
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Crimean Mountains: Geomorphology and Geology

| Lower Cretaceous
Palaeocene .—--4 Piedmont Suture
Upper Cretaceous [O] caves




Inner Range of the Crimean fore-mountains:

27 caves in the Eocene and Paleocene

| Eocene | Lower Cretaceous
| Palaeocene .—--A Piedmont Suture
" | Upper Cretaceous  [©] caves




Inner Range of the Crimean fore-mountains:
Zmeinaya Cave
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The Jeita Cave (9km)

Représentation schématique du systeme
hydrogéologique de Jiita

Hakim (1981)

I: Aquifére épikarstique.
II: Zone d’infiltration.
I11: Zone du Kars noyeé.
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Inner Range of the Crimean fore-mountain: the east sector
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DATA SUMMARY for : PARIAN1.dat NG LUTS

! . ] G0 g A ‘5)1.0]— s oold
Number Of Files=1 Station Aliases= 0

Included Length= 4597.9 Feet  1401.5 Meters 0.87 Miles
Total Surveyed= 4597.9 Feet 1401.5 Meters 0.87 Miles
Horizontal Length=3890.0 Feet 1185.7 Meters 0.74 Miles

Cave Depth=361.3 Feet 110.1 Meters
Surface Length=585.5 Feet 178.5 Meters
Surface Width= 685.8 Feet 209.0 Meters

Surface Area= 401583.6 Ft"2 37308.3 M2

Cave Volume= 3510610.6 Ft*3 99409.4 M"3

Average Diameter= 27.6 Feet 8.4 Meters

Wall Area= 426180.8 Ft"2 39593.5 M"2

Floor Area=111401.1 Ft"2 10349.5 M"2

Average Inclination=25.8 Deg.

Highest Station= Al 0.0 Feet 0.0 Meters
Lowest Station=A59 -361.3 Feet -110.1 Meters
North Most Station=B31 500.7 Feet 152.6 Meters
South Most Station=A55 -185.2 Feet -56.4 Meters
East Most Station=B31 348.6 Feet 106.3 Meters
West Most Station=C1 -236.9 Feet -72.2 Meters
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Odessa cave area
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Surface Landforms
- Solutional Sculpturing (Karrens)

- Landforms with - relief
Doline, Poljes, Shaft, Cutters

- Landforms with + relief
Pinnacle, Residual hills, Cone, Tower

- Drainage
Karst valley, spring

Underground Landforms
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Glacio-karst in
Pyrénées-Mount
Perdu.

France-Spain
transnational WH site

~100 m high wall
karren in quartz
conglomerate.

Cultural WH site at
Meteora, Greece
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‘; (a) Vadose

1 (c) Deep phreatic

Permanently saturated zone

{e) Phreatic with loops

Permanently saturated zone

Figure 8.18 Types of caves.
Source: Adapted from Ford and Ewers (1978)

——

—— -

(b) Water-table or epiphreatic

Permanently saturated zone

é).é.;.o‘sLb)L&

(d) Deep phreatic

- -
e

Permanently saturated zone

Permanently saturated zone

with loops

Spring
',--P

—— e ™

{f) Mixed loop and

epiphreatic

Spring

e

o




Passages: ~ N

-Single conduit passages

*Maze Passages



Passages:

- Single conduit passages
- Linear Passages
- Angulate Passages
- Sinuous Passages
- Maze Passages
- Network Maze Passages

- Anastomotic Maze Passages
- Spongework Maze Passages






Passages:

- Single conduit passages
- Linear Passages
- Angulate Passages
- Sinous Passages
- Maze Passages
- Network Maze Passages
- Anastomotic Maze Passages
- Spongework Maze Passages
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Flow Regims:

- Hydraulic control
o Elliptical tubes: Full pipe
Rectangular Passage
> Canyons: Free surface

- Structural Control



R Elliptical tube Rectangular passage: Rectangular passage:
wide canyon modified tube

Canyon

Figure 3.5 Cross sections of passages with shapes controlled by the
hydraulics of flowing water.




Joint control in Bedding control
horizontal beds in vertical beds

| | | [ | g Bedding control in

| | | | |

Bedding control in horizontal beds

Combination joint and bedding plane control

Figure 3.6 Cross sections of passages resulting from structural control of
limestone dissolution.




Single conduit caves

Branchwork caves

Tight maze caves

Loose maze caves

Three-dimensional mazes (Tiered Cave)

High Gradient Caves



TYPE OF RECHARGE
VIA KARST DEPRESSIONS DIFFUSE HYPOGENIC
SINKHOLES SINKING STREAMS INTO POROUS
(LIMITED DISCHARGE (GREAT DISCHARGE THROUGH SANDSTONE SOLUBLE ROCK
FLUCTUATION) FLUCTUATION) DISSOLUTION BY ACIDS OF
SINGLE PASSAGES AND D;,%ggﬁﬁg ggl%ﬁgERMaﬂ
BRANCHWORKS CRUDE BRANCHWORKS, MOST CAVES ENLARGED ol L
(USUALLY SEVERAL LEVELS) USUALLY WITH THE FURTHER BY RECHARGE MOST CAVES FORMED BY
& SINGLE PASSAGES FOLLOWING FEATURES FROM OTHER SOURCES MIXING AT DEPTH
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=18 SHAFT AND CANYON RAMIFORM CAVES,
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Figure 25. Summary of cave patterns and their relationship to types of recharge and porosity. Maps are plan views unless otherwise noted
and are generalized to represent typical caves in each category. Many exhibit rudimentary forms, multiple stages of development, or combina-
tions of more than one type. Individual passages differ in specific layout according to the local physical setting.
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ingle conduit cave

Flemings Cave

meters

Figure 3.9 Fleming Cave, an example of an angulate cave in nearly vertical limestone.
Fleming Cave is formed in Helderberg limestone in Huntingdon County, Pennsylvania.
[Map prepared by B. L. Smeltzer.]
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Single conduit caves

Fletcher’s Cave

Figure 3.10 Fletcher Cave, an example of a sinuous, single-conduit cave.

Fletcher Cave is formed in the Mississippian Greenbrier limestone in Monroe
h County, West Virginia. [Map adapted from Hempel (1975).]




Branchwork caves

Plan view of a
branchwork cave



Branchwork cav

Fisher Cave
0

meters

Figure 3.11 Fisher Cave, an example of a branchwork cave made of sinuous elliptical tubes.
Fisher Cave is formed in the nearly horizontal Ordovician Gasconade dolomite in Franklin County,
Missouri. [Map courtesy of the Missouri Speleological Survey.]




Entrance

Skull Cave

a0
/]
X5

L

X "Q: .
1‘

Figure 3.12 Skull Cave, an example of a branchwork cave made of predom-
inantly angulate and linear passage elements. Skull Cave is formed in gently

dipping Devonian Helderberg limestone, in Albany County, New York. [Map
courtesy of Ernst Kastning.]




aTes s - A Brady’'s Bend Cave
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Figure 3.13 Bradys Bend Cave, an example of a tight network maze cave.
Bradys Bend Cave is in the Pennsylvanian Vanport limestone in Armstrong
County, Pennsylvania. [From White, 1976a. Map courtesy of the Pennsyl-
vania Geological Survey.]




es

Entrance
Entrance

Greenville Saltpeter Cave

150
meters

Figure 3.14 Greenville Saltpetre Cave, an example of a loose maze cave.
Most cave development is along bedding planes, and most of the passages
are elliptical tubes. Greenville Saltpetre Cave is formed in the Mississippian
Greenbrier limestone in Monroe County, West Virginia. [From Hempel
(1975).]
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Ragge Javre Raige

meters

Figure 3.16 Profile of Ragge Javre Raige Cave in N orway, showing relation

of stair-step profile of the cave to the slope of the land surface. [Adapted
from Courbon (1972).]
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Figure 3.17 Plan and profile of the Sistema Huautla, Oxaca, Mexico. The
names on the map are those of the various entrances to the system.
[Courtesy of the Association for Mexican Cave Studies.]
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Figure 3.18 Profile of the Swago Pit section of the Swago-Carpenters Cave
System, Pocohantas County, West Virginia, showing stair-step profile.




Solutional Sculpturing:
1. Channel Features
2. Hydraulic Features
3. Etched Features

4. Residual Features
(Peteromorphs)



Figure 3.19 Vertical rills in relation to small anastomosis channels. The
photograph was taken in Fossil Avenue in the New Discovery section of

Mammoth Cave, Kentucky.




Figure 3.20 Pendants resulting from exposure of closely spaced'anasto-
mosis channels by breakdown along the bedding planes containing the chan-
nels. Rickwood Caverns, Blount County, Alabama. [Courtesy of Barry F.
Beck.]




Figure 3.22 Small scallops on walls, floor, and ceiling of a well-scoured

flood overflow passage in Horn Hollow Cave, in Carter Cave State Park,
Kentucky.
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Tavrskaya Cave: Meso-forms:

fallen pendants
and partitions




Morphogenetic Map Tavrskaya Cave
PLAN Crimean Fore-Mountain, Inner Range

o
- ~~




a3l Ol o LSCis by S




40

-50

-6.0

-7.0

1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15 16 17

Tavrskaya Cave:
Mineralogical evidence of hypogene speleogenesis

Phreatic calcite crust

Stibnite

Isotope profile of the host rock across
the wall, showing wall-rock alteration
zone
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Figwe 4. In ity pictares, electron microscope imapes and diffraciograms of some miserals from Corons ‘e Sa Craba Cave: A-B-C

Clanaber, D-E. Basalwainite; F-G-H Spheniscidive; §. Lizardive; 1 Alnite.
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Figarw JC. A hollow cryasal of sironfianile,

is srongly related to the presence of CO, nocording 10 the
welldknown equation:

SrO0, + CO, + H,0 =S + 2HCO,
So in waters in contact with the atmosphere (with a partial
pressure of CO, of sround 350x10* atm), the solubility of
strontianite reaches around 0.011 g L, only about ten tianes
less than that of celestine (013 g L) (Fig. 4).
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Figure 10 The Aopper-Kke surfoces of the strontianise cryrsals
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Field/Laboratory




Segment 8 (%Age- 3 f"::n(t)op - Pet rog ra p hy a n d
A

e Regular deposition of dense calcite,
dark grey to light yellow-beige

Segment 7

Segment é

e Regular lamination (<0.2mm)
generally visible at the sides of the
speleothem - in the centre gray
1o  translucent dense calcite.

Segment 5

Segment 4

eDiameter: variable/ thickened in its
middle part (max. 18cm)
eShape: dish-stacks / candle-shape

Segment 3

Segment 2

Segment 1

wing-patterns: abundant fluid |
inclusi . el i ti :
Iaverina




U/Th Dating

U-series dating results of JeG-stm-1 stalagmite (Jeita

\ .

Sﬂ[I‘HgMg) . 238 (opb) 2320y, B0y 2327, 2 g 230, 238 20 age (y1) 207y, age (y1)® RETTIG

(ppt) {atemic = 10 7y (measured) (activity) (uncorrected) [l:urml:md]" (corrected)
J1 158.9+0.3 26517 1065+28 31.4+1.8 01074200008 11995+08 11949+ 101 324+18
12 158.5+£0.3 160+£7 1471 +£69 200+£1.9 L0971 312000081 0o57 £96 0020+ 97 208+£210
13 172.6+£0.3 117+7 2033+131 202+1.8 0,08 34400007 0226+84 O2()7+£ 85 300+£19
14 148.5£0.2 126+7 13RTLT0 I02+£1.8 (L0710 0.0007 TROO£R2 TT76+£83 inu+l19
14 171.4+£0.3 157+8 1150 £6(0 252418 0.06366870.00058 G000 £67 6973 L 68 257+1.8
Jo 146.7£0.3 B2+8 1763+£173 28.3+19 00599+ 00009 B356+£105 B340+ 106 288+£20
I7 183, 14£0.3 1a8£7 O81+43 233417 005452 0.0005 S070+a1 5044+ 63 237+1.8
I8 126.2+0.2 410£8 194+5 23.5£2.0 00383200007 4165+£73 4073 L R6 237+£20
Ja 114.6+0.2 352+ 8 1R5+5 230+1.9 00345400006 3TIR+62 insl+T6 242+19
J10 129.0£0.2 146+ 7 402£21 19.9+1.9 0,02 T 0, 0004 2002147 2060+ 50 200+1.9
J11 177.9£0.3 1323£9 2841 18.6+£1.8 (.01 28+ 0.0003 1384 £37 1172113 IENES R

*Th dating results. The error is 2a.

Jaag=015TT =107 % y 1, Ay =2.8263 % 107 % y 1, Jyye= 155125210710y 1,

Corrected “*°Th ages assume the initial >**Th/"*Th atomic ratio of 4.4+2.2% 10 ®. Those are the values for a material at secular equilibrium, with the bulk earth
“2Th/AH1J value of 3.8. The errors are arbitrarily assumed 1o be 50%.
a E.LI-U — |:[2.LI-U ! lm]--l]xli-;il_-.: 1) 1000,

 Ages are relative to 2006 (or year before 2006).

| R

9 T - = =L Mg =T
5 itiar was calculated based on Z°Th age (T, ie. 5 Wi =6 " Usneasued #e 4.

Cheng &
Edwards



Age - U/Th yr

Growth rate of JeG-Stm-1 with respect to distance. (in
cm) from top - assuming linear growth rates between

consecutive datings.
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3"°0 & 3"°C (%o V-PDB)

Oxygen and Carbon

Stable Isotope

5 Ka represents the
time when the major
Phoenician Cities were
built. (cutting of Cedar
trees, ...)

THREE main intervals:

Top: 1.1 -5.8 ka
Middle: 5.8-10
Base: 10.3 - 11.9 ka

End of Last Ice Age

—~—3"C (%o vpdb)

——§"0 (%o vpdb)
« Mcicpms uth  Nader et al. (2007) -LJS

Verheyden et al. (2008) - Quaternary Res.



5°C (%0 vpdb)

Oxygen and Carbon Stable Isotope
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JeG-Stm-1 diameter (in classes of cm) with respect, to
age (U/Th) - the corresponding oxygen isotope values
are also included.

§ -7
1:6.0to 7.9 cm,
2:8.0t0 9.9cm;
165
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S SCid ogxi b 355 Hypogenic origin of the Odessa caves
General
model
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Interaction of upwelling flow along transverse fractures (deep flow system)
with lateral flow along certain high-permeability beds and bedding planes




Inner Range of the Crimean fore-mountains:
Zmeinaya Cave




Entrance

PROFILE

Tavrskaya Cave
Crimea, Inner Range
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Cavernous fringe of fracture conduits, vuggy zones, isolated
caverns
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